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Weele .. ............ e e e e e e e e e e e e e . v . 335 i Cette publication réunit les travaux présentés au Symposium que P'Organisation d'Etndes
Closing Address (Prof. L.-Solaini} o 343 Phcftc‘;grammétrlquesl Exp"érimen.tales SOBEPE) a tenu 3 Bruxelles les 12, 13 et
L 4 14 juin 1973 et les discussions qui ont résulté des exposés.
Liste de tici d i ) : .
s participants du Symposium de 'OEEPE de Bruxelles 1973 <. 345 % . symposium était consacré & Pétude de la précision de la triangulation adrienne sur Ia

B'és_e des résultats atteints, 3 la date de la réunjon, dans les études cxpérimentales menées
par POEEPE en utilisant les prises de vues réalisées sur le polygone d’essai d’Ober-
schwaben, en République Fédérale d’Allemagne.

Al} discussions are edited by j, Kure, Enschede.

1 Les domaines des recherches présentées au Symposium sont au mombre de trois. Le
[ altogether 119 figures, 68 tables and 1 mag | premier concerne 'étude de la précision des bandes et des blocs en fonction de la
' | répartition des points d’appui. La précision atteinte expérimentalement est confrontée 3
celle théoriquement attendue, I porte également sur la comparaison des différentes
méthodes de compensation appliquées aux clichés grandangulaires et super-grand-
angulaires.
Le deuxiéme centre ’intérét a teait 4 la recherche de méthodes de réduction des erreurs
de toute nature an moyen de nouveaux procédés de prise de vues et d’exploitation des
elichés.
Enfin, Ie¢ troisifme point traite de Papproche physique des processus générateurs
d’erreurs.

La premidre étude, la plus avancée, a été exploitée par I'Institut de Photogrammétrie de
Stuttgart sous la direction du professeur Ackermann, Elie a donné lieu 4 quatre communi-
cations. La deuxidme a été développée aux Instituts de Photogrammétrie des Universités
de Lidge et de Mons, sous la direction du professeur Wiser (deux communications
présentées). La troisitme a été exécutée & D'Ecole Polytechnique de Milan, sous la
direction du professer Cunietti. Ce dernier a exposé les résultats obtenus jusqu'a présent.

Les autres communications faites an Symposium se référent 3 la préparation du champ
d’essai d*Oberschwaben, 3 la possibilité d’élimination des erreurs systématiques dans des
prises effectudes sur un champ d’essai (Rheidt), A la réduction des erreurs systématicques
par compensation analytique d*un bloc et, finalement, aux résultats des expériences faites
& PITC sur l'utilisation des réseaux.

Ces derniers travaux sont strictement 1iés aux recherches sur Ie champ d'Obetschwaben et
ahoutiront certainement & de nouvelles études trés étendues.

Ta recherche la plus avancée, comme cela a été signalé ci-dessus, est celle du professeur
Ackermann, Les résultats en sont d’un intérdt considérable. Certaines déductions théo-
riques ont été confirmées, mais, en méme temps, de nouveaux problémes ont surgi, par
exemple celui de linfluence et du traitement des erreurs systématiques. Lls exigeront
encore des études trés approfondies et peut-8tre trés longues.

Les discussions se sont déroulées d’une manidre assez vive; leur niveau scientifique était
glevé et elles ont mis en évidence les points les plus délicats de la triangulation aérienne.
Cette dernidre a d’ailleurs atteint une précision remarquable. Les discussions ont surtout
permis aux spécialistes des différents pays de s liveer & un large échange d’idées A partir
d’une quantité considérable de résultats concrets. '
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77 personnes ont participé au Symposium. Elles appartenaient 3 12 nationalités diffé-
rentes: 6 Pays non membres de FOEEPE {taient présents. Leurs représentants ont pu se
rendre compte tent de la méthode de travail appliquée au sein de 'OEEPE que de
I'importance et des dimensions des questions qui sont abordées et, dans la limite du
possible, résolues.

On peut finalement constater une fois de plus Uintérér de ces réunions restreintes des
spécialistes sur wn théme bien défini, réunions qui ont un caractére complétement
différent des grands Congrés internationaux,

. Décembre 1973
L Solaini

Président de POEEPE
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'Openmg Addresses

Cakme! Verberckt of the Institut Geographlque Militaire welcomed the participants to
the ingugural session of the Symgposium and expressed his appreciation for the fact that
"0 ‘many diplomatic represcntatives of the OEEPE member countries were present, thus
 illustrating their interest in the work of the organisation.

...The official opening was petformed by Général Daih, Com_manclant of "Ecole Royale

. Ministiere de la Défense Nationale, who welcomed the pasticipants and expressed his best
“wishes for a successful symposium.

" ‘Prof. Solaini, President of the QEEPE, remarked that this symposium coincided with the
20t anniversary of the QEEPE and briefly cutlined its inauguration, aims, structure and
" function, He proceeded to outline the tasks of the various scientific commissions and
Bfﬁeﬂy summarjsed a number of the experiments executed by the OEEPE,

'. In conclusion, Prof, Wiser, president of the aerial trungulatlon commission, outlined the
aims of the symposiam. He summarised a number of problems occurring in the field of
aerial triangulation and indicated the direction in which solutions would be sou.ght for the

ful symposivm and hoped that there would be a fruitful exchange of ideas.

13

‘Militaire and president of the Comité de Coordination des Activités Scientifiques du -

elimination of triangulation etrors. Finally, Prof, Wiser wished the participants a success-
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fgations into the Accuracy of Aerial Triangulation
Obetschwaben

Scope of the Test

symposzum is the aerial triangulation test Oberschwaben. The test is
e accuracy of aerial triangulation methods, and with irs empirical

f the technical part of the symposium it is expedient to sketch briefly
"c 'c:)'rganisation, and the scope of the Oberschwaben test.

iorial methods have achieved great progress in the field of aerial triangula-
past decade. It is block-adjistment in particular which promoted the
on-of aerial triangulation very much,

Hi methods for strip- and block-adjustment in 3 groups, according to the
sutation: the interpolation method with polynomials, the method of
odels', and the fully analytical or bundle method. The polynomial method,
mplest“scems to be most widely nsed, The other two methods, being more
ore demanding, are increasingly applied as computer programs have been
riuttiber of places. The practical experience with computational methods
cckia&Justment is very satisfactory, especially most recently. As a result,
has gained confidence in the accuracy capability and the performance of

c&'ts supported by a number of theoretical studies into the accuracy of
; which have been undertaken for a number of years and which have
,.to_some extent, rather recently. The theoretical studies have resulted in

if we look deeper into the matter of accuracy of aerial triangulation, however, the
te of knowledge is by far not as satisfactory as the wide practical application
jangulation methods would suggest. In fact, very little is known about the
of.the 3 groups of methods. The decision about which cne to use is usually
general gr'ol.mds (apart from the availability of computer programs). There

le disagreement amongst expetts about the relative evaluation of the various




Although the polynomial methods are generally considered the least rigorous their wses
claim that the accuracy performance is far better, than many experts prefer to believe, O
the other hand everybody agrees that the bundle method gives the most rigorous anid

methed.

Our lack of knowledge concerning the comparison of methods is, of course, due to th

f'aa:'cil tl;at until very recently nobody had computer programs available for more than og
meihod. .

1:3. In a different way, the situation of the theoretical accuracy studies concernin
different control distributions is not too satisfactory either, It is true, that for both the:

investigations have been undertaken which give » good insight into the effects of contro
on accuracy. It has been mentioned above, that in practice such “:.l'u:q:»r(e:tica]]}r derive
rules are applicd, seemingly with great success.

Nevertheless, it must be pointed out that all theoretical accuracy studies are based o
simplificd assumptions, In other words they refer, in pfinciple, to simplified mathematica
madels rather than to reality-models. Usually plate coordinates or model coordinates ar
treated as observations to which are attributed independent random errors only; for lack
of better knowledge and for reasons of simplicity. Such simplifying basic assumptions are
by no means realistic. It is therefore, in principle, an open question, by how far th
requts of such theoretical accuracy studies can be considered sufficiently realistic. Do th
errors of real photographs behave according to the theoretical assumptions? Does th
mathematical model sufficiently predict reality? Such questions cannot be answeted b
theory alone. :

r[‘he same gap between mathematical model and reality appiies to recent theoretical
iwestigations which consider systematic errors of Image coordinates. It also holds fo
theoretical comparisons of methods, |

The conclusion is, that the validiry. of theoretical models has to be evaluated and tested
by (expertment. Experimental testing of theoretical models is a fundamental necessity
which photogrammetry shares with science and engineering in general,

1.4, There are quite a numbef.of additional problems in aerial triangulation, related to
acciracy, about which little is known or about which' scientific confirmation is still
lacking, Some of them are briefly listed:
— Comparison of wide-angle- and super-wide-angle photography in aerial triangulation,
— accuracy of blocks with 20 % versus 60 % side overlap,’ :
— accuracy with signalized tie-points versus natural points and artificially marked points; '
the effect t.:rf the number of tie-points used, - .'
— inﬂuence of laboratory camera calibration, test field calibration, and reseau-corrections
on the accuracy of adjusted strips and blocks, r

- an;‘xlytical aerial triangulation versus semi-analytical procedures with model- and/or ::
strip-formation by analogue instruments, o

i6

The
teférred to as program 1 of the Oberschwaben test.

il
hizt great efforts would be required in order to get significant results, due to the
&cts aerial triangulation deals with,

iscussions and preparations during 1967/68 the Comité Ditectenr of OEEPE
fall 1968 to take up the challenge and set up a new series of tests.
AB with its president, Prof, P, Wiser, was asked to investigate erupirically, by
‘tests, the accuracy questions of strip- and block-triangulation,

éstigations were to be directed, in first instance, towards 3 groups of problems:

by statistical methods the agreement or disagreement of empirical results with
tical accuracy models {or accuracy hypotheses in statistical terminology), in view
groups of parameters: ovetlap, block-size, and distribution of control points,

ctermine by experiment the accuracy relations of different methods of aerial
gulation and to test the results against theories, when available,

gwe empirical results for a number of accuracy problems which are not easily
ssible to theoretical treatment, such as wide-angle versus super-wide-angle, sig-
ized points versus natural or artificially marked points, planimetric versus spatial
leck-adjustment, different polynomiel formulae, reseau photography, test field
armera calibratien ete,

ibove list of problems relates in first instance to statistical investigations. It will be

T fé is 2 second approach to study accuracy guestions of aerial triangulation. It is the
ifivestigation of the complete error properties of the single photograph and of its

easurements, I all error components of a photograph, including the correlation with
adjacent photographs, would be completely known the accuracy of any configuration
of photographs {i.e. strips, blocks) could be derived by the theoretical method of
propagation of errors and be relied upon. This kind of investigation will, perhaps, be the

“ultimate one. Whilst not pursuing the experimental investigation of the single photograph,
-iievertheless the Comité Directeur of OBEEPE decided to make full use of the test material

by initiating the Oberschwaben test program I1. The intention was to study various errar
components of madels and strips more thoroughly by using 90 % longitudinal overlap,
repeated measurements etc,, in order to obtain more detailed analysis of the effective
errors and of their interrelation. '

2, The Test Field Oberschwaben

2.1, Within Commission AB of OEEPE the specifications for a test field and for the
aerial photography were worked out. A test area was selected which, of course, had to be
a compromise of diverging conditions. According to its geographical location the test area
was given the name “Oberschwaben® (Upper Suechia) which is the geographical and

17




histortcal name of the area between Danube and Lake of Constance in southern Germany

. . .. 2 .
see fig. 1. 'The actual test area, delimited by various conditions, covers 2500 km~. it is
rectangle, with a north-south extension of 62.5 km, and cast-west extension of 40.0 km

on-to the fiying of the Oberschwaben test area a number of photographs were
with the same cameras, of the 2 km x 2 km camera calibration test field Rheidt,

an. Unfortunately it was not possible to have the camera test field photographed
cly prior to, or after, each air survey flight of the Oberschwaben area, Thus the
'the Rheidt photographs for detecting and correcting systematic image errors is

The area is gently rolling or hilly, with keights above sea-level between about 400 m an
800 m, Due to the glacial and post-glacial history the surface features are moraines

maors, bands and patches of forests, and fertile agricultural arcas, sce aerial photograp reduced

on page 43,

épcomparator Mecasurements

2.2. From the national system of trigonometric points of first, second, and ¢hird orde
548 points were selected and signalized; see fig. 2. They were to be used as control point.
and as check points in the tests, Of 484 of them also the heights are given,

After the processing of the films paper prints and glass-diapositives of the photo-

were drawn.

preparation of the measurements was dotte by the Institue fur Angewandte Geodiisie
3); Frankfurt. Each point was marked in the paper prints and given a number, Also
errestrial coordinates were issued.

The photo-scale was chosen to be 1: 28 000, by compromising between contradictory
spectfications: The phote-scale had, an one hand, to be large enough to cover the area b
several hundred photographs; on the other hand the photo-scale had to be small enoug
to avoid any noticeable influence of errors of the terrestrial coordinates of the trigono

. | . - measurements for program I were done by stereocomparater. The principle was
metric and height poines, d 'S measure the photographs only once. The total measuring work was subdivided

s and given to 4 different photogrammnietric centres of member countries of

In addition, all standard tie-points (§ per model) were targetted in the terrain, by doubl
signals each. Thus the results of the triangulation tests would not be influenced b
possibly poor point-transfer, the effects of which could be studied separately.

PE. Therc were measured

he. 8, wide-angle strips no. 1, 3, 5, 7, 9, 11, 13, 15 by the Institut fiir Angewandte
odisie (IFAG), Frankfurt, with stereocomparator Zeiss PSK,

The Institut fiir Angewandte Geodisis (IfAG), Frankfure, agreed to signalize the test fiel
and to do all preparatory work, in cooperation with the Landesvermessungsamt Baden
Wiirtternberg, The paper of Mr. Belzner, page 35, will give more details about the tes
field and its preparation,

€7 wide-angle sirips no. 2, 4, 6, 8, 10, 12, 14 by the Photogrammetric [nstitute
the Technical University of Vienna (in cooperation with the Bundesamt fir Eich-
d Vermessungswesen}, with stereacomparator Wild StK 1,

super-wide-angle strips no. 1, 3, 5, 7, 9, 11, 13, 15by the Potogramme-

2.3, Aerial photographs were taken in spring £969 by Firma Hiussermann, Waiblingen 8
he Dienst van het Cadaster, Den Haag, with stereacomparator Zeiss PSK,

with the wide-angle camera Zeiss RMK A 15/23 and with the super-wide-angle camer
Zeiss RMK A 8,5/23. As for both wide-angle and super-wide-angle photography th
photo-scale 1 : 28 000 had to be obtained, the relative flying heights were 4284 m an
2380 m, respectively. With either camera a block of 15 strips with 60 % lateral overla
was flown. The strips ran in north-south direction {or vice versa), each having 25 models

7. super-wide-angle strips no. 2, 4, 6, §, 10, 12, 14 by the International Institute
for‘Aerial Survey and Earth Sciences (ITC), Delft, with stercacomparator Wild StK 1,

hus each of the 4 centres measured a complete (sub-jblock of 8 x 26 =208 or 7 x 26 =
photographs, respectively {equal to 8 x 25 = 200 or 7 x 25 = 175 models, respec-
1y}, each with 20 % lateral overlap. Those 4 blocks will be referred to as

block Frankfurt,

: ack Vienna,

_ tck The Hague,

fock Delft.

Such for each type of photography the test arca was covered by 390 photogrighs,

VoL

Because of the targetted tie-points pin-point flying was asked, which caused som
difficulties,; During all photo-flights statoscope recordings were taken with the Zeis
Statoscope § 2.

The photography as described up to here refers to the test program I. Additional .
Wide'angic photogl‘ap}ls WwWere taken ftom t]'le eastern hdlf OF thc tast areca FD]' t}'le, tes

program I strips with 90 % longitudinal overlap and with reseau photographs (Zeiss®
RMEK AR 15/23).

Of course, the blocks Frankfurt and Vienna combined form a wide-angle block with 60 %
ateral overlap, of 390 photographs or 375 models. Accordingly the blacks The Hague
and Delft combined form a super-wide-angle block with 60% lateral overlap of
: 390 photographs or 375 models.

Unfortunately there were bad weather conditions during spring 1969. Alse because of the
difficulties of the pin-point flying the total coverage was only reached by 4 days of flying -

during a period of 2 1/2 months, The long delay caused problems due to growin
vegetation and destruction of signals.

-Thc-preparation and the measurement of the photographs of program 1 lasted through
- 1969 and 1970,




3.2. The comparator-measurements, after reduction and correction, are directly used as
observations for the bundle method of block triangulation.

For the method of independent models the sterescomparator measurements were pro-
cessed by analytical relative orientation to models (= stereo-pairs). For the pelynomial
adjustments strips were formed, by computation, from the previously computed models,
Thus, all later adjustments by different methods refer ultimately to the same measure-
ments from stereocomparators, The IfAG, Frankfurt, provided the analytical model
computations, except for the block Vienna, the models of which were computed by the
Technical University of Vienna.

4. The Adjustments

4,1, The plate-coordinates and model-coordinates, obtained as described above, served
as input-data for the series of strip- and block-adjustments of the test program I, For that
program the Photogrammetric Institute of Stuttgare University acted as pilot centre. [
did and still continues the computations of most of the strip- and block-adjustments o
program I, They consisted first of a great number of strip adjustments, with the method
of independent models, and with 8 versions of polynomial adjustments, lately supple
mented by bundle adjustments. The total test program amounts to almost 1800 differen
strip adjustments. Paralle] with the strip adjustments the block-adjustments commenced
concentrating at first on the method of independent models. More recently.the block
adjustments extended to the bundle method, and during the last weeks to polynomial
{by IfAG, Frankfurt).

4.2, The results of the strip- and block-adjustments of program ¥ which are available b
now will be presented during the first day and the morning of the second day of thi
sympositm. The afterncon of the second day wili be devoted to a description, and to th
available restlts, of the test program Il which is directed by Prof. Wiser and the Universit
of Litge as pilot centre. On the third day reports will be presented on special inve
tigations concerning reseau, test field camera calibration, and systematic image errors,

The test programs I and II have, as yet, not been fully completed. It will take a few mor
years to scientifically exploit the material of the test Oberschwaben to the full extent.

it is expected, however, that the results presented at this intermediate stage will be o
sufficient interest to the aerial triangulation experts. Some of the results obtained ar
indeed, "somewhat surprising, They give sufficient occasion to reorient some views o
aerial triangulation, and they will have influence on the future research in aerial triangul
tion.

4.3, The presentations of this symposium are intended to give information and to b
evalaated from 3 points of view:

— a demonstration of the high level of accuracy which aerial triangulation can cbrain,

— an evaluation of the empirical results in view of current theories on the accuracy of
aerial triangulation, 4

— conclusions about rescarch, further development, and ultimate accuracy potential of;
acrial triangulation. ;
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is proposed that the panel discussion at the end of the symposium will consider and
“évaluate the presented results accordingly. It is hoped that there will be enough evidence
o conclude on future research and progress in aerial triangulation,

At the end of this introduction | may be permitted a personal note of thanks and of
appreciation to all institutions and persons by whose efforts the remarkable results of the
LEPE test Oberschwaben have been obtained.
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ampiem de 'essal

alation Oberschwaben est le sujet de ce symposium. Ce test
méthodes de ]’aérotriangulation ct son évaluation empirique, cn

partie technigue du symposium, il semble utile de donner un
de. Porpanisation et de ampleur de Pessai Oberschwaben.

arnitre décennie un progres remarquable a été constaté dans le
hgilation en ce qui concerne les procédés numériques. Clest surtout la
de bandes qui a beaucoup avancé Papplication de la triangulation

'mpe_r;sa'tion sont classées en 3 groupes selon les unités numeériques: la
ation, polyﬁémiale, la méthode des modéles indépendants et la
analytique ou méthode de getbes. La méthode polyndmiale dtant la
emible étre employé le plus souvent. Grice au développement de

¢ ependant, oa emploie & présent de plus en plus souvent les
1 sont plus précises et plus exigeantes. L’expérience pratique avec
és de compensation est trés satisfaisante, surtout ces derniers
nfiance que on donne dans Ia capacité de précision et dans

5.

$i.1:f plusienrs études théoriques concernant la précision des bandes
,.s qul ont été entreprises il v a quelques anndes et qui ont été
On a déduit de ces études théoriques des régles concernant la
précision que ce soit de la grandeur et de la forme des blocs ou de 1a

e.contrdle. Or applique cee régles en pratique ct les résubtats sont

e plus prés la question de la précision de Vaérotriangulation on
:le niveau des connaissances scientifiques est loin d*étre aussi
nrrait croire.

ns que trés pen de choses en ce qui concerne la comparaison des
Ce sont des raisons trés générales qui déterminent le choix de
tant plus que les différents programmes d’ordinateurs ne sont pas
Aussi i n'y a toujours pas d’accord entre les spécialistes sur
des différentes méthodes.




Bien que les méthodes polyndmiales soient considérées en général comme les moin
précises, ceux qui les emploient prétendent qu’elles atteignent un degré de préeisic
beaucoup plus élevé que I'om pourrait croive. Par ailleurs, tout le monde affirme que
méthode des gerbes est la méthode Ia plus précise, donc la plus adéquate. Mais dans un
certaine mesure, c’est toujouits une question d’opinion persomnelie pour comparer
méthode des gerbes & la méthode des modeles indépendants.

Notre manque de connaissances en ce qui concerne la comparaison des méthodes es
naturellement d au fait que jusqu’d présent personne ne disposait de programme;
d’ordinatenrs pour différentes méthodes.

1.3, Sur un autre plan, les études théoriques sur la précision concernant les différente
repartitions des contréles ne sont pas trés satisfaisantes non plus. Il est vrai que pour £
méthode des gerbes aussi bien que pour la méthode des modéles indépendants on a
entrepris de nombreuses recherches qui donnent une idée assez précise des effets de
contréles sur la précision. Comme il a été mentionné plus haut, ces régles théoriques son
appliquées en pratique avec un succés appréciable.

It faut néamoins souligner que toutes les études théoriques concernant la précision sont

basées sur des suppositions simplifiées. Autrement dit, elles se référent en principe & des
modéles mathématiques simplifiés plutde qu'd la réalité. Par manque d’une meillenre

méthode et pour des raisons de facilité on traite habituellement les coardonnées cliché ou

les coordinées modéle comme des observations anxquelles on attribue au hasard des
erreurs indépendantes. Ces suppositions fondamentales simplifi¢es ne correspondent pas
du tout 4 la réalité. En principe, la question reste donc ouverte pour savoir jusqu'a quel
point on peut considérer les résultats de ces études théoriques comme suffisamment
séalistes. Est-ce que les erreurs des photographies réelles ressemblent aux présomptions
théoriques? Est-ce que le modile mathématique prédit suffisamment la céalité? Ce sont

des questions qu’on ne peut pas résoudre uniguement sur un plan théorigue.

La méme divergence entre le modéle mathématique ct la réalité apparait dans les

recherches théoriques qu'on a entreprises récemment considérant les erreurs systéma-
tiques des coordonnées photographiques. Ce probiéme se pose aussi pour les com
paraisons théoriques des méthodes,

En conclusion, on peut constater que la valeur des modéles théoriques doit étrd expéri
mentée et vérifie par des essais pratigues. Les tests expérimentaux des modéle
théotiques sont dune nécessité fondamentale en photogrammétrie de méme qu’en tou
domaine scientifique.

1.4, Dans Paéroteiangulation il existe encore un grand nombre d’autres probléme
relatifs & la précision dont on sait trés peu de choses et sur lesquels on manque encor
d’informations. J’en cite quelquesuns bri¢vement:

— la comparaison de clichés grand’angulaires et super-grand’angulaires dans Paérotriangs
lation,

— la précision des blocs de 20 % par rapport aux blocs de 60 % de recouvrement latéral

ciston par points de liaison signalés par rapport aux points naturels ou marqués
¢ciellement, leffet du nombre de points de liaison utilisés,

flience de Pétalonnage de la caméra en laboratoire et de I’étalonnage en champ
a1 et des corrections par résean sut la précision des bandes et des blocs compensés,

riangulation analytique par rapport aux procédés semi-analytiques avec formation
déle et/ou bande par des instruments analogues,

értaines de ces questions on dispose de quelques informations empiriques ou
ptigies. Toutefois elles ne peuvent pas éire considerées comme résolues,

rsque POEEPE a considéré la situation scientifique que je viens de décrire, la
¢ d’effectuer des tests empiriques étendus a parw évidente. De méme il fur
ste que des efforts considérables seraient nécessaires pour obtenir des résultats
ants, efforts dus & l'extension des champs d’essai dans 'aérotriangulation.

iite de longues discussions et préparations durant les années 1967/68 le Comité-
cur # décidé en automne 1968 de relever le défi et d’entreprendre une nouvelle série
On a chargé la Commission AB sous la présidence du professeur Wiser d’une
¢ empirique par tests contrdlés sur les questions de la précision dans la triangu-
les bandes et des blocs.

herches devaient tout d'abord s’occuper de 3 groupes de problémes:

spétimenter par des méthodes statistiques la concordance ou la divergence des
tats empiriques par rapport aux modéles théoriques de précision (ou hypothéses
précision en termes statistiques) en considérant 3 groupes de paramétres: le
uvrement des clichés, la grandeur des blocs et la répartition des points de contréle;

¢terminet par des essais les relations de la précision entre les différentes méthodes de
otriangulation et comparer ces tésultats 4 des théories si elles existent;

onner des résultats empiriques pour quelques problémes de précision difficiles 3
oudre sur un plan théorique, tels que clichés grand’angulaires par rapport aux clichés
r-grand’angulaires, points signalés par rapport aux points naturels ou marqués
iellement, compensation planimétrique par rapport i la compensation spatiale,
différentes formules polyndmiales, la photographie des réseaux et I"étalonnage en
hamps d’essai,

¢ liste des problémes se rapporte en premier lieu & des recherches statistiques. Nous
éférons comme programme | du teste Oberschwaben. Il y existe une autre
ilité concernant "étude des questions de la précision dans Paérotriangulation. Tl
“de 1a recherche de toutes les propriétés des erreurs de chague phote et de ses
iites. Si Pon avait une connaissance compléte de tous les éléments des erreurs d'une
0"y compris leur corrélation avec les photos voisines, la préeision de n’importe quelle
iguration.de photos (par exemple bandes, blocs) pourtait étre dérivée par la méthode
srique de la propagation des errenrs et Pon pourrait s’y référer. Ce genre de recherche
peut-ftre le dernier. Bien que les recherches concernant un seul cliché n’aient pas été
yurstivies, le Comité Directeur de 'OEEPE a pourtant décidé d'utiliser pleinement le
matérie]l da test en langant le programme test Oberschwaben I1. On avait Pintention de
adre une étude plus détaillée des différents éléments causant les erreurs des modéles et




des bandcs. On a utilisé 90 % de recouvrement longitudinal, des mesures répétces cte. afir ographie décrite jusqu’ici fait partie du programme test I. Pour le programme

d’obtenit des analyses plus détailiées des erreurs effectives ot de Jeurs relations entre clles, s photos grand’angulaires supplémentaires ont &té prises de la partie est du

bandes avex 90 % de recouvrement longitﬁdinal et avec des phatos & réseaux
K AR 15/23), '

usement les conditions météorologiques n'étajent pas bonnes au printeraps 1969
ison des difficultés pour les prises de vie visées il a4 falln une période de
is pour effectuer les 4 jours de vol nécessaires pour couvrir le total du chantier.
élai 'z causé des problémes dus 3 la végétation et & Ja destruction des signaux.

2. Le champ d’essai Oberschwaben

2.1.  Au sein de la Commission AB de 'OEEPE on a élaboré les spécifications pour ui
champ d’essai et pour la photographic aétienne. Le choix de Pemplacement du champ
été forcément un compromis de conditions divergentes. On a appelé le champ Ob
schwaben {Souabie du Sud). Cest le nom géographique et historique de la région entee I
Danube et le Lac de Constance en Allemnagne du Sud {voir tableau 1). Le champ d'essa
délimité par des conditions différentes et couvrant 2 500 km? au total forme un rectang
de 62,5 km du nord ax sud et de 40,0 km de I'est & Youest. Cette région vallonnée eg
située & 400 — 800 m audessus du niveau de la mer. Elle est couverte de maraines, di
marécages, de bois ct de terres fertiles datant de époque glaciaire et post-glaciaire.

s des vols effectuds pour le champ d’essai Oberschwaben quelques photos ont éré
¢ les mémes caméras, du champ d’essai de calibration Rheidt, prés de Boum,
km x 2km. 1 n'était malheureusement pas possible de photographier ce

ssal immédiatement avant ou aprés les vols do champs d’essai Oberschwaben,
aleur des photos de Rheidt pour la recherche et la correction des erreurs
5 est quelque peu limitde.

2.2. 548 points ont ét¢ sélectionnés parmi les points trigonométrigues de 1°, 2% et 3!
ordre du systéme national (voir tableau 2). On les a marqués 4 Paide de repéres afin d
pouvoir les utiliser comme points de contrile ct comme points de comparaison. Po
484 points la hauteur était également connue.

'aide du stéréocomparator

avoir développé les films on a tiré des épreuves sur papier et des diapositives.
ot pour la prise des mesures a été faite par l'Institut fiir Angewandte
TFAG), Francfort. Chaque point a été marqué sur les épreuves et muni d'un

L'échelle a été fixé 3 1:28 000 en compromis de spécifications contradictoires. D*ux
part Déchelle devait étre assez prande pour pouvoir couvrir la région par plusicu
centaines de photos, d'autre part elle devait étre suffisamment restreinte pour éviter qu
les erreurs des coordonnées terrestres des points trigonométriques et des points

hauteur n'aient d'influence sensible.

méme on a établi des listes des coordonnées terrestres,

comparator a €té utilisé pour toutes les mesures concernant le programme 1, On

“principe de nc mesurer les photos quune seule fois, On a divisé le travail en
on les a données & 4 centres de photogrammétrie différents faisant partie des
es de 'OEEPE.

Par ailleurs tous les points de liaison standard {6 par modele) ont été signalés an sol pi
2 signaux chacun. De cette fagon les tésultats des essais de triangulation ne seront
influencés par la possibilité d’un transfert imprécis de points dont les effets pourront &

étudiés 4 part.

des: grand’angulaires ne. 1, 3, 5, 7, 9, 11, 13, 15 par IInstitut fiir

L'nstitut fiir Angewandic Geodidsle (1fAG) & Francfort a accepté de placer les signaux ¢ dte Geodiste (IfAG), Francfort, & Paide du stéréocomparator Zeiss PSK,

de se charger de tous les travaux préparatoires en coopération avec le Landesvermessun
amt Baden-Wirttemberg. Le rapport de M. Belzner donnera des détails supplémentai

concernant le champ d'essai et les travaux préliminaires.

: grand’angulaires no. 2, 4, 6, 8, 10, 12, 14 par P'Institut Photogrammé-
PUniversizé Technique de Vienne en coopération avec le Bundesamt fiir Bich-
ngswesen, a I'aide du stéréocomparator Wild StK 1,

éﬁper-grand’;ngulaires no. 1, 3, 5, 7, 9, 11, 13, 15 par le Foro-
Dienst van het Cadaster, Den Haag, 4 'aide du stéréocomparator Zeiss

2.3, Au printemps 1969 la Maison Haussermann, Waiblingen, a fait les prises de vu
Paide de fa caméra grand’angulaire Zeiss RMK A 15/23 et de la caméra super-grand'an
laire Zeiss RMK A 8,5/23. Comme pour les clichés grand’angulaires et super-grand’an,
laires Péchelle 1328 000 devait étre obtenue, les hauteurs telatives de vol éeaient. d
47284 m et de 2 380 m respectivement, A l'aide de chague caméra un bloc de 15 bande
avec 60% de recouyrement latéral a été effectué. Les bandes allant du nord au sud {o
inversement) ont 25 modéles chacune, Ainsi le champ d’essai est couvert de 390 pho
par chaque type de photographic. '

des sﬁper-grand’angulaires no. 2, 4, 6, & 10, 12, 14 par I'International
for ___Aetial Survey and Earth Sciences (ITC), Delft, a l%aide du stéréocompa-
45K 1.

niére chacun dcs 4 centres a mesuré un bloc complet de 8 x 26 = 208 ou
it -7 x 26 = 182 photos {égal 4 8x25= 200 on 7x25= 175 modéles,
t).avec 20 % de recouvrement latéral,

La signalisation des points de fiaison a exigé des prises de yue visées, ce qui a entra
quelques difficnltés. Pendant tous les vols on a effectud des mesures au statoscope & Pa
du statoscope Zeiss S 2.




‘I ne sont toujours pas enticrement achevés. L'exploitation
complet demandera encore plasieurs années.

Ces 4 blocs seront désignés par

— bloc Franctort,

— bloc Vienne, quie:les résultaty obtenus & ce stade intermédiaire des travaux ne
— bloc La Haye, les spécialistes de la triangulation aérienne. Quelquesuns de
_ bloc Delit. i-eneffet quelque peu surprenants. ils auvrent da possibilité de

- ) #ie concernant la triangulation adrienne et ils auront une
Les blocs Prancfort et Vienne combinés forment naturellement un bloc grand’a 8

avec 60 % de recouvrement latéral de 390 photos ou 375 modeles. De méme Ie
Haye et le bloc Delft forment ensemble un bloc super-grand’angulaire avec 6
recouvrement latézal de 390 photos ou 375 modéles. '

venir.

ce symposium sont i considérer de 3 points de wvue

egré de précision atteint en aérotriangulation,

La préparation et la prise des mesures des photos du programme [ ont duré de

1970, s’ empiriques par rapport aux théories courantes sur la

3.2, Aprés la réduction et la correction on a utilisé les mesures effectuée
comparator directement pour la méthode des gerbes de la triangulation par bloc:

Pour la méthode des modéles indépendants on a transformé les mesures du sté
parator en modiles par orientation relative analytique (= stéréo-couples). Pour la iy
polynémiale on a formé des bandes & partir des modéles numériques prévisibles
toutes les compensations réalisées plus tard par différentes méthodes ant pour
mémes mesures prises 3 'aide du stéréocomparator. L'IfAG, Francfort, s’est ¢
calcals analytiques 4 exception du bloc Vienne dont les modéles ont été cal
"Jniversité Technique de Vienne.

wetion j'ai 'honneur de remercier trés chaleureusemnent vous les
sonnés-d’ont Peffort appréciable a permis d’obtenir ces résultats

4. Les compensations

4.1. Les coordonnées cliché et les coordonnées modile obtenues comme cit
ont servie d’input data pour les séries de compensation des bandes et des |5
programme test I. Pour ce programme Plnstitut Photogrammétrique de I'Un
Stuttgart 2 été le centre pilote. Il a effectué et il continue 3 effectuer les ca
plupart des compensations de bandes et de blocs du programme L. {ls consistates
en un grand nombre de compensations de bandes en utilisant la méthode de
indépendants et 8 versions de compensation polyndmiale, complété récemme
compensation de erbes. Le programme total du test séléve & prés de 1800 cc
tions de bandes différentes, En méme temps on a commencé la compensation de
se concentrant d’abord sur la méthode des modéles indépendants, Récemment |
sation de blocs a été étendue & la méthode des gerbes et depuis quelques sem
méthode polynémiale (par PI{AG, Francfort). '

4.2. Au cours de la premidre journde et dans la matinée de la deuxidéme jout
symposium on présentera les résultats de la compensation des blocs et des b

programme test I L'aprés-midi de la deuxidme journée sera consacrée 2 la descrip
programme test I et A4 la présentation des résultats disponibles, élabor
présidence du pofesseur Wiser de I'Université de Lige. An cours de la 3°
présentera des eapports concernant des recherches spéciales sur le réseau, 'ét
Ies errenrs systématiques. :
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16.4(430—313.5]

iiental research as is the task of the OEEPE requires, as a rule, special
¢li as aerial photographs, control points, check data, etc. Therefore the
vablishing of a test field and its photographic coverage stand mostly at the
hipraject performed by the OEEPE. The carrying out of this work
ices to be rendered by the members of the Organization, according to
oncerning the Formation of the OEEPE,

ifigs and publications of the OEEPE a seties of tast ficlds are listed which
Blished by institutions of different membee countries and used by the
articular by Commission A, B and C, ¢, g.: Oberrict in Switzerland
‘ommission C, Vorarlberg in Austria {1954/55) used by Commission B,
outhern Germany {1959) uscd by Commission B and C, Mentioned be
titest Field located in the neighbotrhood of Florence which has been
photographed for the first time in 1954 and once again in 1958 for the
performed by Commission A.

€ decision fell in favour of the proposal claberated by Prof, Ackermann,
mé time the Steering Committee accepted the offer of the German Group of the
¢stablish the test field. '

|
|
|




; & mesh width of 2 760 m. at an image scale of 1 : 30 000, The grid points had to
arred to the tetrain in order to establish the signalized tie-points, also required. It
spedient to adapt these grids to the map grid and coordinate grid respectively of
’ Krijg&r system,

— At léast 300 signalized points (1 or 2 points per model) with coordinates {position
elevation) of sufficient aceuracy, to be used either as control points or as check po

— Signalized tie-points (6 points per model)

— Photographic coverage in the image scale of approximately 1 : 30 000 with wide-ang
camera {15/23) and super wide-angle camera (8,5/23), pin-pointed photography with.
forward ovetlap of approximately 60 % {about 20 models per strip), strip distance fi
§0% side overdap (for the formation of 2 undependant test blocks with 20 %
ovetlap).

the following data have been obtained:

ale (for the mean tecrain level 650 m above mean sea level): 1 : 28 000

dth {at the same time strip distance and stereo base): 2 500 m

narth-south on GauR-Kriiger grid lines.

The search for an area corresponding to these requirements has been concentrated alrea
at an early stage of the project upon Southern Germany, precisely said upon the regio
the state of Baden-Wiirttemberg. One of the reasons for this has been the fact that the
the net of the trigonometric points (trig points) of the national survey is the mg
favourable one with respect to accuracy and density. Another reason which should not;!
overlooked has probably been the circumstance that some of the gentlemen participati
in the preparation originate from this region and are well familiar with the geographic a
geodetic features, -

inally planned square form of the test field with an extension of approximately
i both directions had to be discarded due to the regional conditions existing in
aben as to the topographic features and the homogenity of the trig point net,

ps with 26 images each (see the enclosed map 1 : 200 000),

_'lﬁnwing, a compilation of the data resulting from the planning work is given:

Oberschwaben is the historically and topographically interesting south-eastern part of t and size: western border: northing 3536.5km | in the Gaus-
State of Baden Wiirttemberg, located between the Danube in the north and the Lake. southern border: easting 8286.0 km , KrigerSystem
Constance in the south. In the east, elong the river Iller, Oberschwaben borders at ¢ westfeast extension 40 km
Free State of Bavaria. In general, the terrain is slightly undulated, its elevation rangh h/north . 62.5 k
mostly from 500 m to 700 m sbove mean sea level; only small parts of the region shi south/north extension 2.5 km
extreme values of 410 m and 810 m respectively. For planning, the mean terrain level area: 2 500 square kilometers
been adopted with 650 m abave mean sea level, .

N elevation: mean terrain level 650 m above mean sea level
The detail planning for establishing the test field has first been carried out within 1 .
scope of a student’s task at the photogrammetric institute of the Stuttgart Universy owest point approx. 410 m above mean sea level
The final dates have been elaborated by the Institut fir Angewandte Geodisie (IfA highest point approx, 810 m above mean sea level

Frankfurt a. M. § ti ith Prof, Ackermann.
anicturt a. M. In cogperation with e " 1: 28 000 {nominally for the mean terrain level}

In the following, some plenning details are shortly described:

' of camera stations and strip axes 2500m

The requirement to dispose of at least 300 control and check points the coordinates
which are known, has been the very starting point. In order to reduce the field work ¢
reasonable extent, we had to strive for getting along with the points already existi
Baden-Wiirttemberg disposes of a very pood and dense first to fourth order trig point
with 1 or 2 points per square kilometer {in open terrain) and a planimetric accuracy
the trig points of 5 em to 10 cm; the elevation of most of the points is also determin
with an accuracy of approximately 20 cm. The monuments of the trig points are in go
condition. All this information has been obtained from the State Survey Office Stuttg
the valuable assistance of which during all phases of work merits special recognition.

of flight strips: i5 } corresponding to a forward and '

of images per strip: 26 side overlap of approx. 60 %

more has been decided that the size of the signals be at least 60 et x 60 cm and
e permissible maximal deviation of the signalized tie-points from the point of the
theoretical) be 125 m.

l..inning phase has been concluded with the provision of maps and other data for the
rmance of the field work and the photo flights, including:

ering of the 2 500 m grid into the maps 1 : 25 000 and 1 : 50 000

selection of the trig points to be signalized; this was done by means of trig point
xes and trig lists provided by the State Survey Office Stuttgart.

The subsequent considerations as to the image scale yielded as limiting value a scale
1: 20 000 so that possible errors of the po'int coordinates with <5 f in the image can
neglected. Later on has been decided to perform the planning of the work at an
scale of 1: 30000, The requirement of executing the piv-pointed aerial photogra
with a forward and side overlap of 60 % entails that the camera stations form a squ
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nd signalization af the nearly 1000 points have been accomplished from
1 April 1969 by 6 motorized field crews consisting of the crew leader, one
nd enc driver, working also as rod man. Bad wcather not only retarded the

A valuable help for the preparation and performance of the field work have been print
aerial photographs 1:12 000, originating from a photographic coverage of the ent
state in 1968, The selected trig points as well as the theoretical positions and toleran
circles for the tie-points have been transferred from the maps 1: 25 000 to these prig

work by one week but also impeded the work in the beginning. Two crews
upplicd by the lastitut fiir Angewandie Geodisic which has also been
or the entire preparation and supervision of the work, Topographic units of
ani Federal Army had supplied four field crews, thus having a large share in the

Firally, forms snd instructions for the field work have been prepared and a work pl:
time plan, and a cost plan for the establishing and aerial photography of the test fig

Oberschwaben have been set up.

ttion of the work. The working areas of the different crews have been fixed
the different sheets of the Topographic Map 1 : 25 000, The control peints
tie-points have been signalized simultaneously. The control points have been
‘means of trig lists and index maps 1 : 25 000, For the tie-points, the acrial
“1:12 000 have been the most reliable base as they showed the terrain
re whereas the maps 11 25 000 were partially obsolete. A point and signaliza-
tiption and a positional sketch of each point have been entered in the forms
ntioned, The average output of signalization. work amounted to 12 points per
w. Examples of signalized points are shown in fig, 1.

3. Establishing of the Test Field

Under the concept of ”Establishing a Test Field* we understand the entirety of the fi
work such as the selection, marking, and signalization of all required points, the measw
ments necessary for the determination of the coordinates of these points, the watch
and maintaining of the signals up 1o the termination of the photo flights, and finally
dismounting of the signals, '

In the test Field Oberschwaben exist two different types of points: Firstly, the ¢ o;
trot and check paints the coordinates {position and elevation) of which’
required for the investigations. As has already been poiated out at the beginmi
trigonometric points of the state survey have been used for this purpose. In the select
of the points care had to be exercised that a uniform density within the test field an
higher density at the borders of the test field was obtained and only clearly visible pos
werc signalized. The monuments of the trig points in Oberschwabcen are of diffcrent sh
and size: there are old, largesized stones protruding from the ground at different heig
and there are also new stones the surface of which is level with the ground. The
points have been signalized with white, square plates at a size of 80 cm x 80 em. T
have a centrical, 30 cm x 30 cm wide opening which permits their horizontal positio
on ground level with high stones, too. Top and sides of the stones have been painted v
white, weatherproof dispersion paint. 544 of such stones have been signalized.

second type of pointsare tie-points which had to be marked by pegs and signals
at the 447 intersections of the 2 500 m grid, Coordinates for these points have not b
required. The tie-points have been signalized by plates at a size of 60 cm x 60 em,
security reasons, 2 plates have normally been placed at a distance of approximately 3
{corresponding to appr. 1 mru in the photograph) wheteby a suitable place located wi
2 tolerance circle with a radius of 125 m around the theoretical position has been cho
usually in north-south direction of the connecting line. ‘The signal plates consiste
white, 1 mm thick Polystyrol; one plate costed about DM 2.25 and DM 1.25 respective
As a rule, the plates have been fastened by long nails or wire needles; on inclined gré
the plates have becn fastened on pegs by means of nails,

iree motarized crews (1 crew leader, 1 driver/rod man) have inspected the signals
termination of the photo flight. 1n addition, the signals have been supervised for
s by a low flying helicopter crossing the area along the north/south lines of the
grid. Missing signal plates, in particular those of tie-points have been reported to
crews. The signals of approximately 11% of the points had to be repaired or
during the time in question, On an average, each crew checked 27 points per

ismounting of the signals which took place from 29 May until 25 June 1969 has
dled the same way as has been the checking, reaching an aversge output of
‘per day and crew. Approximately 27 % of the signals have been found to be
destroyed or seriously damaged, the main reason for this probably being the
st beginning in June.

tedsurcments for determining the control and check point coordinates have been
to the meastring of 40 auxiliary points located in the very neighbourhood of trig
being unfit for use. This work has been carried out during signal checking. In
to this, the centering elements of about 100 trig points still marked cccentrically
d Witrtternberg monuments have been ascertained for converting the coordinates
e centre of the signal, The eccentricities ranged from 10 cm to 25 cm, the
ns have been measured by means of a compass.

g signalizacion work a special test has been prepared, the so called Signal Test
tten. At the place of a tic-point 64 signal platcs have been laid out in a grid form
§m grid distance on a plane mcadow. The same plates were used as in the test field
but different shape has been given to the plates, namely hotizontal, inclined and
¢ forms. Also dummics of high stones have becn uscd.

In order to facilitate in certain cases the identification of the signalized control and c
points in the photographs, identification helps at a size of 20 ¢m x 200 cm have been
out in angular or line arrangement. This has proven to be necessary for approxim

100 pointe.

utrpase of this test has been to find out wether or not the different kinds of signals
épm%ection with the position of sun and camera influence the representation of the
s in the photographs as well as the measuring accuracy. The test area Baustetten is
d by more than 40 photographs of the regular flighes,

Abaut 20 tie-points located in wooded regions have been signalized in a special ma

e. g. as elevated points,
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graphy S
¢ out of the photo flights the Executive Bureau of the OEEPE has issued a
on to tender, based on a very detailed Hst of specifications set up by the
pineering Office Haufermann, Waiblingen, has been awarded the contract and
e flights with the photographic aircraft Aero Commander 560 F. Messts,
Oberkochen, placed the following aerial cameras (with accessories) at the
he OEEPE:

ide-angle camera RMK A 8,5/23 with 125% 5-Pleogon A
camera RMK A 15/23 with Pleogon A 2
affiera RMK AR 15/23 with Pleogon AR.

pe scale of 1: 28 000 have been covered;

test field with wide-angle and super wide-angle camera by pin-pointed
3g .hy {approximatcl}r 60 % forward and side overlap), 15 strips cach, with
cgraphs per strip (a total of 780 photographs)

f.the test field with wide-angle and resean camera, 5 strips each {stxips Nr. 6, 8,
and 14), with a forward averlap of 90 % and a side overlap of approximately

gram suggested by Prof. Wiser.
.g. photo flights the differences of flying height have been recorded by statos-

altitudes amounted

de-angle and resean camera to 4 950 m above mean sea level

super wide-angle camera to 3 050 m above mean sea level.

film:material used has either been Agfa-Gevaert Aviphot Pan 30 PE or Kodak PlusX
1 (Bstar). The following photographic data be mentioned:

Exposure time:  between 1/250 and 1/350 sec.

56 0r 6,3

for RMK 15/23 with and without reseau: yellow filter B

for RMK 8,5/23: yellow filter with compensating coat B 33,
1. e. transmittance in the centre 33 %,

Figure 1 mple of a wide-angle photo is shown in fig, 2.
Signalized Points of the Test Field Oberschwaben ;

top! control and check points,

plate size 80 ¢cm x 80 cm ad weather conditions. The flights have been carried out on:

bottom: tie-points, plate size 60 cm x 60 cm 9, 26 April, 12, 13, 22, 27 May, and 10 June 19€9.

left: standard type with 2 plates
at appr. 30 m distance
right: special type used in forest

tain difficulty encountered in the execution of the flichts has been to meet the
ement of making pin-pointed photographs from sach a high flight altitude and for
elatively long strips, 2 requirement which probably has not been made before. For flight

total of approximately 1 000 photographs), This part has been intended for a

2
\




cts of the Topographic Map 1 : 50 000 and the Zeisg
en used. The aircraft crew has acquitted itself of it
rask in a satisfactory manner, As has been revealed by computation results of th
an, the mean deviation of the camera stations from the theoretical positio

100 m in flight digection as well as in transverse direction. A

amounts to approximately
an aircraft operating speed of approgimately 250 km per hour, a time crror of 1 se
onal error of approximately 70 m i

corresponds with pin-pointed photography to a positi
flight direction. :

navigation, adequately prepared she
Navigation Telescope NT 1 have be

asrotriangulati

of the images has not been quite satisfactory. The finaj
d out by the ITC and AG revealed that th
evelopment of the fitms too high
great differences in densit

The photographic quality
examination of the aegative films carrie
exposure time has mostly been too short and the d

contrasts. The super wide-angle films shawed uncxpectedly
corners. The measuring tests performed in the course of th

signalized points could be identified and meas
s an even more careful adaption an
mmended, thereby utilizin

beiween the centre and the
examination revealed, however, that the
ured satisfactorily. As conclusion for future project
supervision of the entire photographic process must be reco
all possibilitics offered by scientific-technical photography.

1t should also be mentioned that before and after the photo flights petformed over thy

rest ficld Oberschwaben, the test field Rheidt near Bonn fas been photographed severs
+imes in order to check function and calibration of the three cameras,

5. Concluding Work
After completion of the photo flights and the field work and after delivery of the pho
material (copyiag of prints and diapositives have Leen includedin the contract), the 7.1
has performed the following concluding work:

of the signalized points in the paper prints, Thereby h
of the points could be identified wi
ed on the prints, and that the re

— 1dentification and marking
been found owt that approximatcly 90 %
certainty, that only about 4,5% could not be detect
has been doubtful.

— Computations of the coordinates for control and check points sig
or as suxiliary points, prepatation of the coordinate lists.

sed for the investigations and preparation o

nalized cccentricall

_ Selection of the photographs to be u
photograph and point lists.

— Preparation of an index map 1: 100 000 of the signalized points and flighes strips {st
the enclosed map, a reduction at scale 1 : 200 000 of this index map}.

— Preparation of 82 photographic point sketches of points signalized irregularly.

— Preparation of a report explaining the signalization, numbering, etc. to the restituti

centres,
— Distribution of photographs and accompanying data to the pilot and restituth

centres.

Figure 2
Sample of a Wide-angle Photo 1 : 28 000 Oberschwaben: Bad Waldsee
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S ﬁvork also included the determination of expenditure of time and money. Some
e. already been mentioned in my report ‘on the field work, Taking into

s been cavered by car, The wotk done in the office before and after the
the field work required nearly the same time as did the field work i e,
¢ approximately 3 000 hours.

for the test Ffeld Oberschwaben have been ascertained with
DM 123 000, of this sum being personnel expenses {salaties, travel
. From the material expenses of about DM 86 000,~, approximately
¢ been spent for the photo {flights, including the preparation of paper
'diaPDsitivcs. This amount and the putchase costs of the signal plates
} have been born by the QEEPE, leaving an amount of DM 140 000,~ to
erman budgets In these calculations only the prime costs have been put
rges {or general costs are contained in the calculations no more than a
the cameras furnished by Messrs, Zeiss on a loan basis free of charge,
plied by the State Survey Office Baden-Wiirttemberg, and for the
erformed by the German Federal Army to assist signal checking.

ofi of these figures I should like to finish my report on the work carried
est field Oberschwaben, Thanks to the understanding cooperation of
id individuals, this first phase of an extensive working program has
oximately one and a half year. I do hope that the results of the
d to this symposivm will convince all of you that the establishing
waben has been worth its while,




RESUME:
En général les études expérimentales de POEEPE exigent linstallation et le s
photographique des champs d’essai particuliers, En 1968 la Commission A/B «Aéro
gulations a établi son nouveau programme d’essai, Conformément 4 ce programmeg
1969 le groupe allemand de POEEPE a installé le champ d'essai d’Oberschwaben.

choisi la région d’Ob_erschwaben, situde au sud-est du pays de Badc-Wurtemberg
fixes de la triangulation est 14 d’une de
{précision planimétr sout. Minstallation et les vols du champs d’essai d’Oberschwaben s'élevaient 3

ix de cldture étaient: Examen du matériel photographique
piquage des points sur les copies-papier, caleuls, préparation d’une carte
<arte annexée), listes et rapports explicatifs pour le centre pilote et les

premier lieu, parce que le canevas des points
suffisante (12 points sur 1lm®) et d’une précision satisfaisante
sélevant & 5—10 ¢m) pour en obtenir les points de contréle et les points de compari
désirés et signalisés {1—2 points sur un modéle) sans levés couteux. '

La planification montraentre autres les données suivantes pour le champ d

Surface 2 500 km? (40 km x 62,5 km),
Echelle-image 1/28 000 {pour un niveau moyen du terrain de 650 m au-dess
niveau de la mer},
Distance des stations de prise de vue et des axes de bandes 2500 m ;
recouvrement longitudinal et latérat de 60 %) done,

15 bandes de vol avee 26 photos chacune.

I’ installation du champ d'essai, cest-i-dire les travaux sur le terrain pg
sélection et la signalisation (y compris consréle et démontage) des points ainsi que
des mesures supplémentaires, commenga en mars 1969 avec 6 brigades de topoge
mototisées. On y a choisi 544 points de contrdle et de comparaison qui ont été sigr
4 Taide de plaques de matitre plastique d'un format de 80 cm x 80 cm. En méme ¢
on 2 créé 442 points de jonction {sans coordennées) en forme d’un gquadri
distance des points étant 2 500 m. Pour chacun de ces points on a normalement
2 plaques de signaux d'un format de 60 cm x 60 cm avec une distance d’environ
{environ 1 mm sur les photos). Dans cette premiére phase la prestation s'éleva a 12
par journée par brigade. 11 fallait contrdler les signaux jusqu'd la fin des vols pl
graphiques et il fallait aussi les démonter (prestation chaquefois environ 26 poin
journée et par brigade) (voir fig, 1).

Le vol photographique avec lequel le Bureau Exécutif a chargé une
allemande s'effectua 3 'aide de I'avion Aero Commander 560 F et des chambres d
RMK A 8,5/23 (chambre supergrand-angulaire), RME A 15/23 (chambre grand-ang
et RMK AR 15/23 (chambre réseau). :

Les prises de vue ont été exécutées & Péchellc-image de 1/28 000 (altitude de vol 3

ou 4 950 m respectivement au-dessus du niveau de fa mer}:

— de tout le champ d’essai & Iaide des chambres grand-angulaire et supergrand-af
par des prises de vue visées {environ 60 % de recouvrement longitudinal et I
15 bandes chacune avec 26 photographies (au total 780 photographies, voir fig. 2

— d’une région partielle (les bandes Nos. 6, &, 10, 12 et 14) a laide des cha

grand-angulaire et réseau, 90 % de recouvrement longitudinal et 20 % de recouv

latéral (au total environ 1 000 photographies).




épendent models)

t important results of the strip adjustment tests should be pointed out

ment methods give a very high accuracy

-wide-angle photography the bundle method shows a higher accuracy
od of independent models

ight “super-wide-angle photography is less accurate than wide-angle photo-

pected that these findings are of interest for future investigations and that
an:be drawn for practical applications of strip triangulation and of block

subject in the historical development of spatial aerial

r a long time both terms were treated as equivalent, that means aerial
problems were understood as strip triangulation problems. First of all this

‘nature of a steip which is the direct reproduction of the process of taking
raphs. An additional reason is the fact that in the beginning aerial triangula-
rstood as a method for which photogrammetric instruments could be used.
e strips were formed with first-order stereo-plotters and then were trans
¢ ground coordinate system by simple analytical or graphical methods.




The development of electronic computers gave the opportunity to use aerial eriangu Independent Models
to a larger extent than it happensd up to then. But an economic application was
possible if the behaviour of the accuracy of strips was known well enough. F. Acke
[1}, [2] has published extensive theoretical investigations on this subject. But until

there haven’t been any comprehensive empirical tests on aerial triangulation.

5 with independent models were performed with the program STRIM
metric Institute of Statrgart Usniversity [3]. Model coordinates
tical relative orientation served as input data, The principle of the
i the performance of a seven-parameter transformation for each model.
eters of all transformations of a strip have to be determined simul-
ining elements are the horizontal and vertical ground control points as
ts which are commen to two adjacent models. The projection centres
dey tie points with the same weight assumptions.

At present time strip triangulation is losing its importance as the multiple possibili
modern computers support the use of block adjustment methods which of cour
more tigorous. Strips will only e applied when specially shaped objects have
treated such as highways and rivers. But also in this connection strips have not
considered separately because they can be conceived as special cases of blocks.

lem is solved by the method of “indirect observations” with every
Anyway, the knowledge of the accuracy of strip adjustments should be brought to a Aiern
or less final stage. The OBEPE test field Qberschwaben has been prepared among ésters. The ground coordinates of the control poinis are treated as
things for clearing up this question. The test programme [ will determine experime 7 - .

the accuracy relations of strips and blocks, The present paper deals with the results o iion represents the transformation for a point ¢ within a model j:
strip adjustments. i i

o
%
B
o

»

Three groups of problems, in first instance, have to be investigated:

V. = = NR; — Y + Y
— the dependency of the absolute accuracy of strips on the bridging distance 4 7 i: Z:: 7 )
— the accurzcy of different strip adjustment methods i i i i
— the accuracy relations of wide-angle and super-wide-angle photography.
The disposition of the paper is as follows. First of all the different strip adjus int number
methods applied for the Oberschwaben test are described. Then the results :
adjustments ate presented separately for each investigated method including a comy _ odel number
of wide-angle and super-wide-angle photography. The next chapter will test the agre ector of model coordinates of peint i
or disagreement of empirical results with theoretical accuracy models. Finally a re easured in model |
lation will be given of the most important results and conclusions found in this stud tor of grotnd cootdinates of point {
rknown parameters)
2. The Different Strip Adjustment Methods ector of residual errors (corrections) to
Strip adjustments can be performed by different methods which are ranging fro : transformed point i of model §
simplest graphical interpolation methods to rigorous least squares adjustment proce v scals factor . .
. . ' : : orientation

Four of these techniques were chosen which are considered to be of the greatest p \
importance: 3x3 orthogonal matrix parameters

p : {3 independent unknowns) of model
— the method of independent models g (7 unknowns}
— the interpolation method by second-degree polynomials _
— the interpolation method by third-degree polynomials e t procedure equation (1) has to be linearized. We then get:
— the bundle method. | |

. - da dx o X x*

The formulations of all four methods are briefly described before the results w —x  —y db — |d¥, + |Y — |¥ (2
presented, ' o —z dc dZg z z




-planimetry and elevation separately

da, db and dc are the increments of the three independent elements of the orthog
matrix for which a special variant of the Rodriguez-Caylay-matrix was used.

etry and elevation are adjusted by separate polynomials with five or
gch for Ax and Ay in common and for Az. The following equations are

The formation of the strip by joining all models together and the transformation in
ground control system is performed simultaneously. Therefore the method is rigorot
respect o the mathematical model of independent stereo-pairs.

second-degree third-degree

iy +ayx — by yagx® — 2byxy +a3x® — 3byaty

2.2. The Interpolation Method by Polynamials Bo +ayy + byt 2agay +bax® | +3agety +hax’ (5}
In principle strip triangulations with polynomials don’t belong to the group of adjust
methods but represent an interpolation procedure, Least squares adjustment is only
to determine the parameters of the interpolating polynomial. The equation system for
adjustment is made up only by the coordinates of the control points. The rem

points are transformed after that by the polynomial formulae. '

to be joined together bfr

tao +.‘:1:xr+¢:2_y+c;.|:f:2 +caxy +csx3 +csx2y

\lynomiais for planimetric adjustment

ar to case ¢. but the transformation for Ax and Ay is supposed to be
formal functions are represented by the Cauchy-Riemann-differential-

For the strip triangulation with polynomials all models have
arv Ay au v

technique of strip formation so that each terrain point is given only one set of co i S
pates x, y, z within a strip coordinate system. The strip formation is either performe ox Ay "y Do (6)
first-order stereo-plotters or by means of a special computer program.
Usx+dx; V=y+h '

Second-degree and third-degree polynomials were chosen for the test Oberschw ! yroy (7)
which are celatively simple but in most cases provide satisfactory results. Both polyn riiation equations read as follows:
formulae are forfncd in four different ways with different interrelations between x, second~degree third-degree
z. These four variants ate: s 2 .

biy+age’ ") —2baey | Faal=3my’) —ba(lyy7)

b1x+ 2033€y+b3 (xz—-yz] +q3(3x2y_y3J+b3(x3__3xy2)

a. Spatial polynomials
waben strips were formed analytically by the sbove mentioned program
er to avoid overdetermination only the minimum number of control points
refore two control points x, y, # are required at the beginning of the strip
ol point z at the end of the strip.

When spatial polynomials are used Ax, Ay and Az are treated in common. That mea
11 parameters (sccond-degree] or the 15 parameters (third-degree) respectively have
determined simultaneously. The equations are:

second-degree third-degree
Ax =gy tapx—by—-c1zt agx? — Zhaxy — 2e9%2 +ﬂ-3x3 — 3b3x2y — .?n:gsu:2
.ﬂy = bu +£I]_}' + blx - dlz + 2{1236)’ + ngz - Qa’gxz + 3a3x2y + b3x3 — 3d3x2
Az=cytaztex +d1y + 2ayxz + cpcz + 2dyxy + 3&33:22 +csx3 + Sdgx"]'y '

mputer program was developed at the Photogrammetric Institute of Stuttgart
» determine the parameters of the polynomials {6]. This program particularly
h the requirements of the test Oberschwaben and is not prepared for general

b, Independent polynomials
P poy Bundle Method

atate equation for Ax, Ay and Az eac
(third-degree).

Independent polynomials require one sep
equation includes five parameters (second-degree) or seven parameters

corresponding equations read:
second-degree _ third-degree
Ax =g +ayx +agy tazx’ +aaxy +age® 4 agx’y
ﬁy=bo+blx+bgy+b3xg + baxy +bsx® ¥ bexty

Ar=ggteoywteyt c;,;u:2 + cany + csxa + csxzy

o the other techniques the bundie method is not based on models but on single
ographs. In this respect it represents the most general procedure but demands
ncy of the computer program and the computer itself, In the bundle methad
d plate coordinates of any image point are expressed as a function of the three
f the outer orientation, of the three coordinates of the projection centres
the ground coordinates of the terrain point which is related to the image point
Wi ground coordinates of a control point are treated as constants within tht;
. All other ground coordinates are parameters to be determined by the
nt procedure. Therefore the problem is solved by adjustment of “indirect




as adjusted with six different control point distributions, These are distin-
ie bridging distance which on principle is expressed in base lengths or in the

The non-lincar condition equations for a pointiina photo j may be written as:

ridged madels i So the term { = 4 b means four models are bridged, or

a1 (X=X oj) + agj(¥i—Yoj) + a3j(Zi—Zoj)
s are arranged in intervals of four base lengths.

¢
arf(X—Xoj) + agi{Vi—Yoj) + agf{Zi—Zoj)

it

xij + 1y i
oint distributions being investigated are:

aaj(Xi=Xoj) +asi{¥i—Yojl + acjlZiZoy) i=1b,2b, 4b, 6b, 8b, 12.5b.

4 L=
y‘] uyq a.”;(x"-—x u}) + aaj(Yf'_Yoj) + a9j{Zi_'Zﬁj)

hat all available terrain points are used as control points. This variant

with ‘use for discovering gross errors in the measurements or in the ground
Fifs i image coordinates of a pointiina photo j maining versions are shown in figure 1.
, ;
Vse o Py = residuals (corrections) to the image coordinates ¥jj, yij f control points consists at least of two points which should be located as
i - [} .
c ! = calibrated focal length ssible at the edge of the strip. At the beginning and at the end of the strip
ot meters of photo § 4 control points were chosen because there existed very unfavourable
axf - - d9j = omentation para ; ef oints had to be used which differed more or less from the ideal
f - elements of a 3 x 3 arthogonal matrix herefore points ha e us 55 ¢ idea
LV s = oordinates of point { Sy : . .
Xiy Y1, Zi ground ¢ P £ photo i ments with independent models are treated in this paper most extensively,
. lecti oto . . .
Xoj Yoj, Zoj = ground coordinates of the projection centre 02 P ! method and the results are available in a complete form. Compared with

ethod independent models have the advantage that they are applied more

After the linearization of equation (9) we get: élll-'ci\rfér the world,

vij = KI_I dk; + L;}‘ dt} — f;J

with t with Independent Models
vj = vector of the residuals to the image coordinates _ Photography
. : - dinates {d
Ky = coefficient matrix of the increments of the unknown ground coordinates (€ agle blocks consisting of the strips 1, 3,...15 and 2, 4, ... 14 were

the Institut fir Angewandte Geodisie (IfAG), Frankfurt, and by the

dk; = increments of the ground coordinates X;, Y1, Z;
ic Institute of the Technical University of Vieana and they will be

coofficient matrix of the orientation parameters (dt;)

Lj = (3 indopendent <l s of th rankfurt block and Wien block.
L= i rientation parameters (3 indepencent eiemen . _ _ ) ‘
dgy increments of the o ) P _ d gross ervors firse of all a run was started with all control points (i = 1 b}.
nal matrix and 3 coordinates of the projection centres) ' t : .
Ee _ lows a rough conclusion en the precision of the trigonometric system the
fi_f = constant vector irdinates are based on.

The Oberschwaben strips wete adjusted with the program PAT-B of the Photogram
Institute of Stuttgart University [10]. This program is still in 2 stage of dcvelllopm
the strips of just two blocks could be computed until now. Therefore only the re
the Frankfurt block and of the Den Haag block are available.

ion of the Frankfurt block was stxarted very early, That means provisional
coordinates had to be used because a final list was not yet existing.
dious process of eliminating and correciing points was necessary. Some
up to 6 runs with the version i = 1 b until all gross errors were eliminated,
is the first run of strip 9 yielded already satisfactory results.

the final cooedinate list 14 points of a total of 550 control points
ect which is equivalent to about 3 %. 5 points could be corrected at once
dinates were punched wrong or their point numbers were permutated. The
ts were checked by the TfAG and the Landesvermessungsamt Baden-
a consequence of whick six addicional points could be corrected. There
takes when computing eccentrically signalized points or there were wrong
the original catalogue. After all, 3 points remained incorrect and had to be
urned out that after the photo flight their targets had been destroyed.

3. Resulis

For the discussion of the results the following items are referred to:
it represents the accuracy of an observation wi

— 0 standard error of unit weight;
weight 1, e. g of model or image coordinates
— g mean square value of a group of true coordinate residuals, e. g. of hol:lzo_
vertical coordinates; it represents the absolute accuracy of a strip and is t¥

a standard error.




ple may illustrate this. The true residual errors of all z.coordinates of
gented for twa control intervals in relation to the strip length, Figure 6
ule, For the case i= 12.5b the strip deformations are very clear and
expected, When 8 models are bridged there are nearly no systematic effects ta
tack dots refer to the western part and the light dots to the eastern part of

There were no gross errors at the coordinates of the tie points. This proves the extre
accirate measurement of the photos by the IFAG. As a consequence only 3 poin
0.2 % of a total of about 1400 measured points remained incorrect which seems to

excellent result.
For the Frankfurt block the standard errors gt and the standard ervors of unit weighi
of each strip as well as their mean squere values are shown in table 1, The results
arranged in respect to the bridging distance.

First of all we can find a very high accuracy being obtained by the rigorous
adjustment. One reason for this may be the use of signalized points but on the other §
the results show the effectivity of aerial triangulation. oo = 8.5 fim is by far better
the value of 16 m sssumed until now.

sblem to be solved by the test Oberschwaben is the relation between

nd super-wide-angle photography. For the same photo scale super-wide-angle
uld be more accurate in elevation » than wide-angle photographs.

e-angle blocks of Oberschwaben were measured by two centres, that is the
ng of the strips 1, 3,...15 by the Fotogrammetrische Dienst van het
{ague, and the block consisting of the strips 2, 4, ... 14 by the Inter-
¢ for Aerial Survey and Earth Sciences, formerly Delft, The blocks are
Deri Haag block and Delft block.

This applies also to the absoluse accuracy which varies from 6 gm to 20 pm in plani
and from 9 um to 41 um in elevation (about 0.06 %00 to 0.27 %fgp of the flying h

Compared with the Frankfurt block the Wien block is a little less accurate, Table
 fignre 2 show the mean square values of the true residuals of all strips for the two bl

separately.

ations were stacted with the Den Haag block there were found 60 gross
ata, that is equal to about 4 % of all measured points, 40 gross errors fell to
ts. which means a percentage of about 8 %. At 6 points the point numbers
ed. All the remaining points had to be eliminated, a quite unsatisfactory

On principle the aceuracy of strip adjustment significantly depends on the br
distance. With an increasing number of bridged models the standard errors of x, y
sre increasing, too. This behaviour is more distinct for the Wien block than for
Frankfurt block. Indeed, the curve of accuracy is ascending very slowly between
and i = 8 b, The standard errors are increasing by the factor 1.2 (Prankfurt) and by
factor 2.0 (Wien) in x and y and by the factor 1.4 in z. Fromi=8b toi= 1258
standard errors ate increasing by the factor 1.4 in « and y and by the factor 1.8 inz

elft block another problem rose. Two models of strip 12 showed such a lot
also at the projection centres that they couldn’t be used for the strip
The repeating of the comparator measurement and of the analytical relative
idn't siucceed, 30 strip 12 was eliminated from all future strip adjustments. In
n the Delft block consists of only 6 strips. The photo which is common to
3 was flown about 2 months later than the remaining photos of the strip,
lain the fajlure of these models. The block adjustments of the Delft block
formed without trouble including strip 12, Because of the connection of the
nodels to two adjacent strips it was possible to eliminate the projection
points, In this case no gross errors ocurred.

The x- and y-coordinates of the Frankfurt block are almost equally accurat
maximum difference is less than 10 %. In contrary the Wien block gives a less aca
y-caotdinate than the x-coordinate (maximum difference about 30 %).

When considering the behaviour of each strip (table 1 and figures 3, 4, 5) ¢
sometimes a real disorder, In x and y the ”band width® of the standard errors is
narrow, especially between i= 2B and i = 8 b, but the behaviour of an individu
often is vety surprising. Anyway, the increasing trend of the curve is already visib
can also find ont that bad or good strips in principle remain bad or good for all co
point distributions. Let's consider the y-coordinate of strip 11, for example, the accu
of which is worse than that of all other strips, But the values of 14 gm to 20 pm art
absolutely satisfactory. Strip 13 is in the beginning very accurate (6 ym to 8 ym]
becomes worse for { = 12.5 b. The z-coordinates show the greatest variations of each
Strip 5 is a very curious example while the accuracy of strip 15 is very homogeneous:

figure 7 show the results of the strip adjustments with independent models
en Haag block and Delft block. The accuracy of the x-, y- and z-coordinates
much between the two blocks, This applies also to the control interval i= 14
trol points, The standard error of unit weight ¢y varies from about 8§ um to
standard ervors of the x-coordinates vary for different control intervals from
‘pm, those of the y-coordinates from 11 pm to 2% um, and those of the
_'.from 15 pm to 46 pm. '

As a conclusion of these examples we can say that the behaviour of a single strip no ;
is not significant for the general beliaviour of a certain strip adjustment method. Onl:
mean square valie of a greater number of strips allows a definite statement, Thism
explained of course by the character of the sirip deformations which can’s be pred
precisely enough. '

nces between the results of Den Haag and Delft block amount up to 60 % (i =
erage difference still is about 30 % in x and 7 and about 25 % iny. gy differs




ections are used. But there are some practical results obtained
i consists of at least three contral points so that the adjustment
mined, Anyway, these results are not used for further discussions.

A significant difference between the Delft block and the Den Haag block wag
shown by the relative orientation. While the Delft block yielded a mean y-paral
the oricntation of about p, = 4 ym which agrees with Frankfurt and Wien blo
Den Haag block showed a mean y-parallax of about py = 7 um. This means in’
that the differences must be caused by the measurement already.

kinds of polynomials we'll get the expected result that third-degree
iote accurate than second-degrec polynomials (see table 4), Figure 9
for the wide-angle bleck including the method of independent

Obviously the accuracy of the super-wide-angle strips depends on the number of
models, too, From i= 2b to i= 6b the curves are flat and the standard er

increasing by a multiplier of 1.3 (x, v, z} and fromi=6b toi=12.5 bbya mu]t
1.6 {x, y) and 2.0 (z).

.Pclynomials the accuracy of the y-coordinates is worse than that of
inates, This is mainly cansed by the Wien block where the difference
“up to 30 %. Using third-degree polynomials the y-coordinate is more
oordinate and the z-coordinate is inferior to both of them,

3.1.3. Comparison of Wide-angle and Super-wide-angle Photography

In order to compare the accuracy of wide-angle and super-wide-angle photogra
the mean square values of every two blocks are discussed. The results are shown i
and in figyre 8.

een second- and third-degree polynomials are almost constant from
hey are cqual ta about 30 % in x and 2z and to about 70 % iny. Only
1 are bridged the differences are reduced to 5% (») and 50 % {v).

nee is shown when polynomials are compared with independent
e the differences are no longer constant but are decreasing with an
distance. Second-degree polynomials differ about 150 % in x, ¥ and
om independent models at a control interval i = 2 4. In the case of a
f 12.5 base lengths second-degree polynomials are inferior only by
y while z is more accurate (about 10 %) than the independent medel

The most important conclusion is that super-wide-angle photography is inferio
contro} intervals and for all coordinates, The mean difference is about 30 % in pls
and about 20 % in elevation. ¢y differs only to a maximum of 5%. In addit
y-coordinates are on principle less accurate than the x-coordinates. The differ
smaller for wide-angle than for super-wide-angle photography.

The relation between the accuracy and the bridging distance is practically the sz
both kinds of photography. This means the curves are only shifted in parallel to
amount,

“ride-angle photography shows the same results (figure 10). Nevertheless,
“difforences 1o be mentioned. ln all cases the x-coordinates show the

and the z-coordinate the lowest one. The distinctions between second-
 palynomials amount to about 50 % in x, 25 % in v and 30 % in z when 2
¢ bridged. Compared with the method of independent models the accuracy
¢.polynomials is worse by about 150% in x and 100% in y and z (i =
itferences are reduced to about 30 % in x, y and z for a bridging distance of

But it must be pointed out that the above results refer to the use of just one aeria
for wide-angle and super-wide-angle respectively. Therefore the conclusions ma
valid in general. However, other experimental investigations have shown that supé
angle photography even in height is nat more accurate than widz-angle photograp
H.-K. Meier [9]}.

3.2. Strip Adjustment with Polynomials

All Oberschwaben strips were adjusted with eight different versions of polynomial
are Four versions for second-degree and third-degree each.

Table 5 shows the results of all versions for the Frankfurt black, The four version
only very little especially for the z-coordinate. The difference in z is less than
between version 1 and the other versions which of course are identical. Therefore i
to be justified when using polynomial adjustments to treat planimetry and el
separateiy.

dfiwl‘menf with Bundles

ents with bundles are a rigormls method in respect to least sguares and to
atical model, From a theoretical point of view bundle adjustments should be
ate than the method of independent models because they directly use the
ate coordinates as observations within the adjustment procedure. The
sults may show if this is experimentally proved or not, Up to now only the
the Frankfart block and of the Den Haag block are available but they already
markable statements.

Similar results are obtained from the super-wide-angle block [(table 6). That's w
future discussions only the results of the adjustment by spatial polynomials {vers
are considered.

There is still one remark necessary to the third-degree polynomials when 12,5 mo
bridged. In this case the z-polynomials theoretically are not determinable becaus

58



For the Frankfurt block table 7 shows the standard errors of each strip and th
square values of all strips. In figure 11 and figure 12 the accuracy of the bundle me
compared with the other methods. These figures are corresponding with table
table 6.

The standard error of unit weight oo is much smalles than oo of the met
independent models {0y = 4.6 pm and ¢o = 6.7 gm compared with g¢ = 8.4 tm an
9.3 um). It now represents the standard error of an observed plate coordinate x of;
means the standaed errors of plate and model coordinates are in a ratic between
and 1; 2, This agrees reasonably with the theoretical law of error propagation.

For wideangle photography the absolute accuracy shows an unexpected bel
(table 5 and figure 11}, The average standard errors of planimetry are not at all;
than those of the method of independent models. In addition the precision.
z-coordinate is significantly inferior for the bundle method. The average dif
amounts to about 25 % and is neatly the same as for third-degree polynomial:
12,5 models are bridged the height accuracy of the bundle method is even wot
that of second-degree polynomials, i

The figures 13, 14, and 15 show the diagrams of the standard errors of each stri
Prankfurt block., Compared with the figures 3, 4, and 5 of the independent
method che behaviour of the x- and y-coordinates is not much different. O
2-coordinates ate still more confusing, for example strip 5 or strip 1.

The absolute accuracy of the super-wide-angle strips shows quite different characig
{table 6 and figure 12). Up to a bridging distance of 6 base lengths the bundle met
sbout as accurate as the method of independent models. But fori =8 b and # = 12
bundle method is more accurate — as expected, The increase of the accuracy i
30 % in planimetry and about 45 % in height.

The reason for this behaviour of the bundle method can be the fact that it is infl
to a greater extent by systematic errors than the method of independent
H. Bauer [4], H. Bbner [5], and K. Kubik [8] did some theoretical and practical
tions on this subject which may lead to this conclusion.

Of course the above results have to be proved by the strip adjustments with bus
the remaining two blocks Wien and Delft. It has to be mentioned that the Fra
block is the most accurate and the Den Haag block the Ieast accurate of th
Oberschwaben blocks, So it is possible that the mean accuracy of Frankfurt/Wie
and of Den Haag/Delft blocks will answer the theoretical expectations much better.

For the same reason it is not yet justified to compare the bundle results of wide-a
super-wide-angle photography. In this respect also the results of the Wien block 2
Delft block have to be considered.

4. Comparison of Empirical Results with Theoretical Investigations

From the beginning of aerial triangulation a very unfavourable behaviour o
adjustments was discovered which was effected by the so-called strip deformati

-ahout these deformations a suitable error propagation for strip
giired, The most extended theory up to now is the Vermeir theory
principle of the double summation of errors,

on the experi.mental results of the method of ihdependent models
Ath theoretical accuracy models. The Oberschwaben results obviously
le Vermeir theory, That means the double summation of errors is
effects especially for short bridging distances. Therefore another

adjustrnent the anblock theory may be of greater interest because it’s
inethod of independent models. It presumes a simplified stochastic
jnates being treated as equally accurate and uncorrelated.

dj tment no similar theoretical investigations are available. In this case
“will be used.

st theories the method of simulation was applied to test the empirical
ally formed strip was derived in which the number and location of the
nts would come as close as possible to the actual values of the
ps. Then coordinates were assumed for all points, In order to get
fese coordinates all the model points were superposed by random
-.Bt_'oduccd by electronic computation, After all, the strip was adjusted
f independent models using the program STRIM. All five control point
b to i = 12.5 b) were computed. The whole process was repeated eight
tain significant results. The absolute accuracy was found in the same
dctical cases by comparing the true coordinates of a certain number of
3 _heiI adjusted coordinates. With the method of simulation both, the
d the super-wide-angle block were treated.

iown_in table 8 and in figure 16 and 17. The values are devided by che
nit weight 0y in order to allow a direct comparison of all metheds,

wide-angle block are most surprising because the theoretical accuracy
method is worse than the empirical one, The different number of tie
ith cases (anblack: 4 and Oberschwaben: 6 x 2) may be one explanation.
ssumptions in the computation of the absolate accuracy could be another

wlited and the empirical results are compared the simulation on principle
tic accuracy. This of course is due to the assumption of random etrors
nce of the zcoordinates amounts up to 55 %.

| ]ibj:ography the values of the Vermeir t]‘leory are not shown in figurc 16
¢ too bad and wouldr’t fit into the diagram, They are up to three times as
pirical values,

le-angle photography the theoretically derived accuracy is higher than the
xcept the Vermeir theory in height. The difference between simulated and
tesults amounts up to 60 %, which is another symptom that the measure-
super-wide-angle biock must be less accurate than that of the wide-angle




The values based on the Vermeir theory were published by K. Kubik (see [7]). Th
actually smaller than those H. G. ferie has calculated. The comparison with the em
values of the standard errors doesn’t show too great differences. But the relation bet
wide-angle and super-wide-angle is really not realistic,

Finally the maximum standard erross of the anblock theory are compared wi
practical results, These are supposed to occur about in the middle between control
sections. In the Oberschwaben strips groups of check points were chosen whi
located in that special areas, and the mcan square values of their standard error

computed, )
Figure 18 demonstrates that in this respect only the results of the super-wide-angle
match with the anblock theory. The maximum standard errors of the wide-angle
generally are by 50 % smaller than those of the theory. This is once more a sign
outstanding accuraey of the Frankfurt block.
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dération les handes des 4 blocs du test Gberschwaben pour des examens
ompensations par bandes.

ois guestions suivantes:

e de précision absolue des bandes de la repartition des points de

difféventes méthodes de compensation par bandes

¢ précision entre les prises de vue grand’angulaires et supergrand’angu-

méthodes de compensation différentes:

s modéles indépendants

interpolation avec des polyndmes de 2° degré

iterpolation avex des polyndmes du 3¢ degré

&5 faisceaux.

té effectuds 4 Stuttgart 4 I'aide de programmes de Pinstitut de Photo-
Université de Stuttgart cn différenciant 6 versions de points de contréle.
ints de contrdle de manidre qu'il y ait une distance de 1, 2, 4, 6, 8¢t
cas d’une distance d’un seul modéle signific que tons les points de
bles ont été utilisés.

suivantes permettent d’apprécier la précision:

Gyenne de Punité de poids; clle donne la précision d’une observation de
g5t 4 dire de coordonnées de madéles ou de clichés

artée moyenne d'un groupe d'erreurs vraies de coordonndes x, y et z; elle
técision absolue d*une bande.

ur j1 4 Taide de poines de compataison.

us large place anx résultats des compensations par bandes avec modéles
ot donné qu’il s'agit d’un procédé assez rigonreux d’une grande impor-
it ce qui concerne les compensations par faisceaux on ne dispose jusqu’y
résultats des bandes du bloc grand'angulaire de Francfort et du bloc
ire de Den Haag.




trés par 7 tableaux selon de différents points de vue et
P P OEEPE - OBERSCHWABEN

empiriques sont comparés anx évaluations théorigu
de la théorie «Anblock» et dela théorie de Verny

Les résultats sont mos
14 illustrations. Les résulrats
I'aide de la méthode de simulation,

Control Intervals for strip - adusiments

céalisation de la plupart des estimations con
andes et d'autre part des résultats inatten
mens théoriques et expérimentaux.

En conclusion on constate d'une part Ia
pant la précision des compensations par b
Ces résultats restent & vérifier par d'autres exa

RSN EXENEXNENEDEDER D

Voici les résultats les plus intéressants: I2b
— Les procédés rigoureux de compensation donnent une précision trés élevée.
— La précision des compensations pat bandes dépend essentiellement de la distanc . .
points de contrble. i
= &b
— La précision ne décroit que trds lentement entre une distance de 2 et 8 modéles. -
— Uniquement pour les prises de vue supergrand’angulaires la méthode des fais m—l—]—m—i—lﬂ—l—ﬂm
donne une précision plus élevée que Ja méthode des modéles indépendants. ' *
, ., - ixBh
— Bien que les palynémes donnent dans guelques cas des résultats satisfaisants, il
cependant nettement inférieurs aux procédés rigoureux. 'I' } I i | [ I ‘ H | I I [ | ‘ !- ] | ! ! ‘ I | .[
i=8b

¢s de vue supergrand‘angulaires sont méme

— Pout les modéles indépendants les pris
¢ vue grand’angulaires.

1a hautenr moins précises que les prises d
_ Pntre les différentes mod@les théoriques €t les résultats empiriques il ¥ & de - .
gences plus ou moins prononcées. Il ‘ [ | ‘ [ ‘ | | | l |* -{ ‘ E ‘ | Il 1 ‘ | H
i=1266
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Table 1 — OEEPE Oberschwaben — Frankfurt block

{Wide-angle, 1: 28 000, 8 strips with 25 models each)

Absolute accuracy of strip-adjustment with independent models for differ

intervals

Data in gm, referring to the photo scale

Control strip strip strip strip strip strip strip
interval i
11 13
{base lengths) 1 3 > 7 9
i=} 19 6.4 7.0 6.4 6.4 6.8 7.9 5.3
Ky 5.9 6.9 5.5 6.5 7.4 8.3 5.7
M 9.2 12.0 10.4 13.2 11.3 10,2 7.1
T 8.8 10.2 8.7 2.0 9.4 10.3 5.8
i=2 fim 5.6 8.2 8.6 7.1 11.1 11.4 6.1
Ky 7.9 8.9 8.2 7.1 11.1 13.9 7.9
K, 11.8 15.9 13.9 17.9 17.5 15.4 10.4
Og 9.0 10.1 8.6 8.3 8.7 0.8 6.7
i=4 a, | 114 9.6 8.9 10.0 10.4 1i.8 6.8
Fy 8.9 9.3 8.6 10.0 10.7 14.6 8.6
M, 13.9 15.7 13.9 20,0 16.4 16.4 121
O 8.9 10.1 8.6 8.0 8.7 9.7 6.7
i=6 K| 132 13.9 9.6 10.7 9.6 11.8 6.4
Hy 8.2 10.7 8.2 11.4 11.8 14.3 8.2
m, | 18.9 17.5 17.5 204 18.7 15.7 12,5
Tg 3.9 10,0 8.5 7.9 8.8 0.1 6.6
i=8 e 1 114 12.5 10.4 11.8 11.8 13.2 8.2
Hy 10,7 10.7 10.0 9.3 11.4 15.7 12.5
i 21.8 17.5 14.3 20.7 18.9 24.6 18.2
T 5.0 5.9 8.6 8.0 8.7 9.8 6.6
f=125 p 150 | 204 | 132 | 175 | 139 | 257 | 171
1, 13.9 16.8 14.0 11.4 15.¢ 20.7 19.3
t, 32.5 27.5 41.4 25.0 28.2 40,7 34.3
Ug 8.9 9.9 8.5 7.9 8.7 9.7 6.6

i = 1 means all control points are used.
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hwaben — Wide-angle block

&y of different strip-adjustment methods for different control

ferting to the photo scale 1: 28 000

rank furt black {8 strips)
2. indep. 279 deg. 3 deg.
Ies

> models polynom. polynom.

Wien black (7 strips)

j_ndcp‘ 21‘1d. 3“1 c]eg

models polynom. polynom.

deg,

6.6 16.6 13.1 6.4 226 16.7
6.7 19.9 12.6 6.8 28.1 15.8
10.1 21.0 15,4 0.0 217 16.2
8.8 - - 8.9 — —
9.1 16.8 13.8 7.5 22,8 17.1
95 214 14.0 9.6 274 15.4
14.0 23.1 17.9 14.7 23,9 18.6
8.4 - - 8.6 - —
10.0 17.5 14.3 8.9 239 17.8
10.2 216 14.0 11.1 31,2 17.4
147  24.4 19.0 14,7 244 19.1
8.4 - - 8.6 - -
10,5 18.5 14,7 114 24.6 18.5
10.2 231 13.9 13.9 342 18.4
162  25.6 20.4 204 27.4 21.3
8.4 - - 8.6 - -
11.2 18.9 15.3 154  27.2 20.3
11.6 23.9 14.7 16.1 359 20.3
18.0  27.8 22,2 20.4 27.5 22.6
8.4 - - 8.6 - —
168  22.0 22.6 19.7 319 28,9
154 277 17.8 26.0 415 27.0
309 30.8 - 393 325 -
8.4 — - 8.6 - -

rol poines are used.
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OEEPE Oberschwaben — Super-wide-angle block

Absolute accuracy of different strip-adjnstment methods for different co.-

intervals
Data in gm, referring to the photo seale 1: 28 000

Control interval

(base lengths)

ren Haag block (8 strips)

indep, and deg.
models polynom. polynom.

bundles

3% deg. | indep.

Delft block (6 s_f:
274 gy,

models polynom,

; PE Oberschwaben

ol intervals

in g, referring to the photo scale

e-angle and super-wide-angle, 1 : 28 000}

lute accuracy of different strip-adjustment methods for different

fx - 8.4 278 16.2
™ - 9.9 2856 22.4
it - 111 340 22.1
o - 10.2 - -

71 117.8
8.2 19.1
9.6 24.5
8.7 —

e 99 111 290 17.9
iy 187 139 284 22.2
i 17.6 175  37.8 25.2

Ty 7.1 9.6 - —

9.6 184
11.1 18.%
15.4 26.6

8.1 -

Wide-angle block

Super-wide-angle black

L}
.

e 1.0 132 298 18.5
1y 16.1  15.0  30.7 24.6
it 18,5 20.4 435 28.4

Jo

10.7 15.2
12.8 20.2
16.4 27.7

Hox
Hy
My

Op 6.6 9.3 - -

7.9

14.3 20.9

17.2 24.1

204 29.6
7.9 -

My 15.1 21.4 33.0 21.6
Ky 17.9 20.7 34.6 28.5
jin 23.1 32.9 45.4 36.7
Op 6.5 9.2 - —
e 20.5 27.1 37.8 31.7
My 23.1 28.6 41.6 36.3
iy 31.7 46.4 57.1 —

6.4 9.1

18.9 22.6
19.3 26.0
33.9 372

i = 1 means all control points are used,

“indep, 2"%dep. 374 deg, indep, 274 deg, 3¢ deg,
. models polynom. polynom. models polynom. polynom,
6.5 158.6 14.9 7.8 23.3 15.0
6.7 24.1 14.2 9.2 24.3 18.5
10.1 21.3 16.3 10.4 29.6 21.0
8.8 - — 3.5 - -
8.4 19.8 15.4 10.4 24.3 16.3
9.5 24.4 14.7 12.6 241 19.6
14.3 23.5 18.2 16.5 32,7 240
8.5 - - 3.9 — —
9.5 20.7 16.0 12.0 25.1 17.0
-10.6 260.5 15.7 13.9 26.0 21.3
14,7 24.4 19.0 18.5 356.5 26.0
8.5 - - 8.7 - -
16.9 21.6 16.6 142 27.6 17.%
121 28.8 16.2 15.8 28.1 22,6
- 18.3 26.5 20.8 20.1 36.4 26.6
8.5 — - 8.6 — -
231 17.8 18.2 27.3 19.2
30.3 17.5 19.0 29.8 25.0
3 27.7 22,4 27.4 38.3 32.2
5 - 86 - =
i8.2 274 25.7 23.4 31.1 25.6
20.1 34.8 22,6 24,4 34.7 30.1
35.1 316 - 40,6 48.2 -
8.5 — — 8.5 - —




Tzble 5 — OEEPE Oberschwabern — Frankfuset block

(Wide-angle, 1: 28 000, 8 strips with 25 models each) iEPE Oberschwaben — Den Haag block
ai-wide-angle, 1: 28 000, 8 strips with 25 models each)

te accuracy of different strip-adjustment methods for different control
als

‘in Mm, referring to the photo scale

Absolute accuracy of different strip-adjustment methods for differen;
intervals

Data in pm, referring.to the photo scale

Control Adjustment with

interval ¢ Adjustment with

bundles] indep, 2nd degree polynomials 3td degree polyne

(base lengths) {of rays {models L @ (3 @ (v 2 & _]::.ﬁndleg indep, | 24 degree polynomials | 3¢ degree polynomials

ofrays [models| (1) (2) (3) ) | W @ & @

=1 — | 66 | 166 153 167 167 {131 120 133
Ky — | 67 | 199 187 194 193 12'6 10.5 119 ~ | 84| 278 270 27.8 27.6 | 162 153 162 16.0
D% B 12-; 21.0 21.0 21.0 210 | 164 164 164 — | 99| 286 269 283 282 | 224 200 219 219
Go - . - - e = - =

— | 111 | 34.0 339 33.9 33.9 | 221 223 22.3 223
- | 102 - = - = - - e

i=2 M, 2.7 2.1 16.8 16.0 169 169 | 13.8 12.8 14.0-
Hy 8.4 2.5 214 202 209 20.6 | 140 122 133
M, | 162 14.0 231 230 23.0 23.0 (179 178 17.8
g 5.1 8.4 — —

9.9 | 111 | 29.0 285 28.9 28.6 | 17.9 17.6 17.9 17.6
157 | 13.9 | 284 26.9 281 28.0 | 222 205 217 216
17.6 | 17.5 | 37.8 37.8 37.8 37.8 | 252 253 25.3 253
70| 96| - - - | - - . _

i=4 u, | 101 10.0 | 17.5 169 17.7 17.7 | 143 13.8 144
Wy | 99 | 102 | 216 20,5 210 20.8 | 140 12.7 134 1.0 | 132 | 208 204 297 20.6 | 185 18.2 185 18.4
i | 188 | 147 | 244 242 242 242 1190 190 19.0 161 | 150 | 307 292 303 303 | 24.6 235 24.0 239
oo | 46 | 84} -~ - - -} - - 185 | 204 | 435 434 43.4 434 | 28.4 285 285 28.5
67 | 04 - - - | - - _ _
i=6 120 | 105 | 185 17.9 18.6 18.6 | 147 14.3 149 -

11.1 10.2 23.1 21.8 226 22.6 | 13.9 129 13.3
21,7 16.2 25.6 25.5
4.6 8.4 - —

13.6 16.1 322 325 321 32.0| 195 195 19.5 194,
17.6 17.1 331 334 327 327 | 253 257 249 2438
20.3 21.8 42,8 427 42.7 427 | 27.8 27.9 27.9 279

6.6 0.3 - - — — - - — -

SFFF

11.2 18.5
11.2 11.6 23,9 2331 233 23.1 {147 143 14.1
22.8 19.0 27.8 27.7 27.7 27.7 {222 222 222
44 8.4 - - —

151 | 214 | 33.0 326 32.8 32.8 | 216 222 217 21.7 -
17,9 | 207 | 346 351 343 343 | 285 315 28.2 28.2
231 | 329 | 454 452 452 452 | 367 36.6 36.6 36.6
65 | 9.2 - - - - - - - =

§EEFF

17.1 16.8 22.0 225 22.2 22,2 1226 316 224

i=12.5 u,
Ky 17.5 15.4 7 27,3 27.2 27.0 {178 201 17.0
fy

Gy

205 | 27.1 | 37.8 382 37.6 37.6 | 31.7 29.4 314 30.4
231 | 28.6 | 41.6 43.1 415 41.5 | 363 521 355 35.1
3.7 | 464 | 571 569 569 569 | - - _—  _
64 | 91 e

411 30.9 30.8 30.8 30.8 30.8 — — —
43 | 84| - - - —-{ - - -

i = 1 means all control points are used,

{1) x, ¥y, z in cornman

{2) =, y, # separately

{(3) x, ¥ —z, planimesry and elevation separatety
(4) same as (3), x, ¥ conformal.

5 all control points are used,

 in common

separately

%, planimetry and elevation separately
3 (3), #, ¥ conformal.
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Table 7 = OEEPE Qberschwahen — Frankfurt block
(Wide—angie, 1: 28000, B strips with 25 models cac}l}

intervals

Data in um, referring to the photo scale

Absolute accuracy of strip-adjustment with bundles of rays for different

Cantrol

strip | strip strip strip strip strip strip strip |
interval {
‘ 1 3 5 7 - 9 11 13 i5
{base lengths) :
i=2 L, a.6 8.6 B.6 9.6 10.0 12.8 6.1 12.1
Fy 10.4 7.5 6.8 7.5 7.9 9.3 7.5 9.6
M, 17.9 16.1 15.0 16.8 17.5 20.7 11.4 14.6
Op 5.2 5.5 5.1 5.0 5.2 5.7 4.4 4,7
i=4 1 7.9 9.3 2.3 10.4 8.6 12.8 8.6 14.1
”JJ 11.8 9.3 3.2 10.4 9.3 10.7 8.6 10.7
M, 1%.6 22.8 21.4 16.8 18.9 23.2 10.4 14.3
Jg 4,6 4,9 4,7 4.6 4.9 4.9 4.1 4.3
i=Q s 8.6 9.6 10.7 14.6 12.5 13.9 8.6 15.0
Hy 14.3 13.2 9.3 0.6 11.1 il.1 8.6 10.7
e 17.5 25.0 314 1B.6 22.8 20.4 10.0 22.2
oo | 46 | 477 45| 41| 48| 54| 40| 43
i=38 M, 1128 13.6 12,5 13.2 11.1 13.2 11.4 15.0
iy 12.1 11.4 10.7 12.1 9.6 10.7 9.3 12.5
M, 27.1 21.8 22.8 23.9 18.9 26.0 16.4 23.6
%a 4.4 4.4 4.4 4.1 4.6 4.8 4.0 4.1
Ci=12.5 w, 14.6 23.2 15.4 17.5 17.1 17.1 18.2 11.8
Ky, 16.4 21.4 17.5 22.2 10.4 20.4 16.1 12.8
. 27.8 T0.7 54.4 17.8 26.8 32.5 30.7 40.4 .
Fg 4.4 4.3 .4 4.0 4.6 4.7 4.0

4.2

80

’E Oberschwaben
-angle and super-wide-angle, 1: 28 000)

ical and empirical accuracy of steip-adjustment with independent
|5 for different control intervals

M

5 Of -

Tn

Wide-angle block Super-wide-angle block
.empiri— simula- anblock Vermeir{ empiri- simula- anblock Vermeir
cal " tion theory theory cal tion - theory theory

.0 16 10— 1.2 10 10 -
1.1 1.0 1.0 = 1.4 1.0 1.0 —
1.7 L1 — — 1.9 1.2 — -
1.1 11 1.3 — 1.4 1.1 1.3 -
1.2 1.2 1.3 — 1.6 1.1 1.3 -
1.7 1.3 — 4.9 2.1 1.5 — 2.8
13 12 16  — 16 12 16 -
1.4 1.3 1.6 — 1.8 1.3 1.6 —
2.2 1.4 — 5.6 2.3 1.7 — 3.2
1.6 1.5 2.0 - 2.1 14 2.0 —
1.6 1.6 2.0 — 2.2 1.6 2.0 —
2.3 2.2 - 6.0 3.2 3.1 — 3.5
2.1 1.9 2.6 — 2.8 2.0 2.6 —
2.4 1.9 26 - - 2.9 1.9 2.6 —
4.1 2.6 — 7.4 4.8 3.6 — 4.3

81




-the Subjects 1—3 under the Chairmanship of Prof. H. G. Jerie

here any discussion on the scope of the Oberschwaben programme as
hermann? As this does not seem to be the case, are there any questions on
dealing with the preparation and flying? This seems to have been clear
proceed to the discussion on Stark’s paper on the sttip adjustment

sifice the reliability of polynomial strip adjustments depends upon the length
Would suggest that the accuracy investigations of the polynomial adjust-
Lave been confined to strips of 10—15 models in lenpth.

Tlie test was not set up in order to thoroughly investigate the polynomial
Ssults stand on theit own merit. Of course, many more cases could and

State Survey Office of Baden-Wilrttemberg claim a planimetry accuracy of
" a height accuracy of 20 cm for the trigonometric network, We have not

here is a distinct difference in these results with those of Mejer on the
of WA and SWA photography.

ér used measurements with the Planimat. He obtained about equal accuracies
L SWA photography.

 the tests to be extended using natural or pricked tie points as opposed to the
signalised tie points in these investigations?

wr: Ordinary methods of point transfer are included in the investigations.
results indicate, however, that there is oanly a slight detetioration of about
final accuracy. :

I would like to ask Mr. Belzner whether the misidentification of tie points was
& small size of signal used, namely 60 em?



Belzner: In spite of their small size, most of the points were identifiable since we
double points.

Considering the theoretical cxpectation and the sample size I sec no special
ot an explanation,

Ackermann: The philosphy behind the signalisation was due to the rather poot ex
ence with previons OEEPE test fields. Naw, since we were dealing with such a ]
number of measurements, we did not have time to investigate doubtful points and mi
rejected them,

"1 would like to ask Dr, Stark two questions, Fisstly, what was the y-parallax
‘in the Vienna block and secondly, what docs 0, in a bundle adjustment imply,

d to y—Para]la,xes?

The y—parallax accuracy of the Vienna block was also about 4 gm. As to your
qﬁestion, 0, in a bundle adjustment represents the standard etror of a singlc plate

Verlaine: Am T coerect in inferring from Prof. Ackermann’s introduction that he ¢

ers the lack of improvement in using a bundle adjustment to be due to the syste
erroxs in the styip?

ate, either x or -

an: Unfortunately our time is up and so after thanking the three authors for their
ation of their papers and you, the audience, for participating ia the discussion, 1
close this sessian,

Ackermann: 1 think this is indeed due to systematic image errors which the b
adjustment ist not as capable of absorbing as the indcpendent model adjustment,

Baetsfe: 1 come to the same conclusion. The stochastic model must be correct it
wants good results,

Ackermann: When Stark says that rigorous methods give good resules this doe
exclude the possibility of obtaining better results with an improved method.

Baetsle: Ot by using more complicated models with mote unknowns?

Ackermann: Although the stochastic model is simplified, the bundle adjustment itse
fairly rigorous.

Baetsle: Perhaps we have to define the term tigorous*?
p g

Chairman: A possible definition is: *the best we know at present®,

Ackermann: Rigorous" means either sufficiently rigorous, generally accepted as rigor
or as rigorous as possible, for the time being. The real problem is in choosing signific
realistic, and workable mathematical models,

Gotthardt: 1 find it difficult to relate the interpolation formulae in Stark’s papet with {
results preseated in tahle 5, :

Stark: The 284 and 3*¢ degree polynomials are tabulated separately,

Leberl: T have a question on the presentation of the results in the form of mean squ
values of the coordinate residuals. Could not the correlation between the residuals

different points partly explain the difference found between the results of the bund]e-
model adjustments?

Ackermann: This may be so.

Auer: s there an explanation for the significant reduetion in height accuracy in both t

model and bundle adjustment when the bridging distance increases from 8 to 12.5 m,
els?

Stark: { cannot offer an explanation,
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(4)

37(430—313.5):528.14

berschwaben, Program I
Ir;)ck-Adjustment by Independent Models

17 tables)

nrt, Stutigart

pe.r' deals with the results of the block-adjustments by. the method of
models, as part of the Oberschwaben test program 1 of statisticel investi-

w essentials are briefly recafled. With regard to photography and photo-
have (see [1], [2])

¢ photography, f= 153 mm, photo scale 1 : 28,000, relative flying height
m, pin-point exposures; ’ _

ps of 25 models each, total 375 models, lateral overlap g = 61 %, longitudinal
p=561%, base-length b = 2,500 km;

block of 375 models is subdivided in 2 blocks of g = 22 % lateral overlap
h, respectively, 8 or 7 strips: uneven strip numbers, 8 x 25 = 200 models,
rankfurt; even strip numbers, 7 x 25 = 175 models, block Vienna;

f wi&e—angle photography, f = 85 mm, photo-scale 1 : 28,000, relative flying height

80 m; pin-point exposures;

ips of 25 models each; total 375 mbdels, lateral overlap g = 61 %, longitudinal
ap p = 61 %, base-length b = 2.500 km;

otal block of 375 models is subdivided in 2 blocks of g =22 % lateral overlap
with, respectively, 8 or 7 strips: uneven strip numbers, 8 x 25 = 200 models,
The Hague; even strip numbers, 7 x 25 = 175 models, block Delft.




— 438 tie-points, targetted by double signals, 30 m apart;

thus, most of the models contained 6 x 2= 12 targeteed tie-points each, locate
6 standard positions.

All the measurements were done by stereccomparator, in 4 different centres (F
Vienna, The Hague, Delft).

The comparator coordinates were

— transformed inte the platc coordinate systems by plane similarity transfor
{4-patameter-transformations) and

_ corrected fot radial lens distottion, refraction, and earth curvature.

The corrected plate coordinates were processed to model coordinates, by cot
independent models through analytical relative orientation, utilizing all measur
(rather than a selection of & points only). Each of the resulting models consists

— 2 perspective centres {air stations)

difor the planimctric block-adjustment by independent models which is

— an average of about 15 model points.
A?ubloclc—adjustment.

The tecordings of a model contain the numbers of the points, and their x-, y-,
nates, referring to the independent rectangular model-coordinate-system. Thi
completed by constants and control data, formed the input-data for the blo
ments by the method of independent models.

actual series of block-adjustments started the data etrors had to be
this purpese the O-versions of the block-adjustments were computed
dl-given points were introduced as contrel-points. All model points were
i at least one of the residual coordinate crrors excecded the tolerance of
tatistical aim of the investigation in mind no special efforts were made
oints by clearing their particular source of error.

1.3, The pilot centre Stuttgart (Photogrammetric Institute of Stuttgart Universit
{and still continues) the computations of the block-adjustments by applying its
program PAT-M-43 for block-adjustment by the method of independent model,
The Control Data CDC 6600 computer of the University Computing Centre has by
for the quite extended series of computations.

ustments and oz Notation

mtq the accuracy of the method of independent models is, in first
d:with the separate or combined influence of 4 different groups of
£ planimetric and height accuracy of adjusted blocks:

The block-adjustment of independent models consists, in principle, of sim
3dimensional similarity transformations (7-parameter-transformations) of al
taking all tie-points (including air stations) and coutrol-points into account. T
ter program PAT-M-43 achieves the 3-dimensional adjustment by ireration
planimetric and height adjustment, and by relinearisation and updating the tf
tions in between the iterations. Usually 2—3 iteration steps were sufficient.

hy (wide-angle / supcr-wide-angle)
g§-=20%{q=60%)

For the various block-adjustments the input data were weighted as follows:

— coordinates of model points
be results, first a review is given of the notations used, and of the

x, ¥ weight 13 x weight 1
b the code-symbols of the various cases,

— coordinates of perspective centres, according to previous investigations,

review the results of the various block-adjustments are, in this paper,

x, y weight 0.25; z weight 1
marized by the numerical values of a few cssential terms only. The

— control cocrdinates

X, Y weight = ; Z weight o . i
or of unit weight of the planimetric part of adjustment; expressed in

m and of ym with reference to the terrain and to the photo-scale,

1‘
,




a Blani.mt..:tric control the height control-points have to be ar d 1

ay in chains across the block, for g = 20 % lateral overlap, see [r‘jang';h .
ons ca;u .be d;a;ly :istinguished by the *bridging distai::e“ i v!r'l'lichuis;
tween chains o cight control-points, i ) §

1 ar:angcmcn.ts of versions 1 to g, with ;fiﬁi;;sgcii:a:::: é?l'gfh;. e
th?, res?ecnvely. It also shows that along the perimeter ::I: c’l'4, :
points is only #2, which is demoted by i=4(2}, 6(3 e, Those
‘cantrol-points avoid poor height accuracy at the ope:n edgis Et;;l I'EZZ;B

of unit weight of the height adjustment; in cm and jm!

Ol standard error
" peuett x- and y-errors of the check-poin

U, Hy ool mean square values of the
and pm
By = 4/ (pg + ,uy:) 72 = root mean square value of the "true’ planimctrid

errors of the check-points; in cm and pum; is considered representat
he adjusted block '

absalute planimetric accuracy of t

e root mean square value of the nerge® height errors of the check-po
and pm; is considered rcpresentative for the absolute height accur % lateral overl . .
adjusted block o o e aPl the chains of height control-points can be dissalved
hed. i r‘;m c8s square shaped meshes. Such an arrangement of
esceibed, in fig, 4,by i = 4/4, { = 6/5 and i = 8/7 and is referred to as’

Uiz /G0 absolute planimetric and height accuracy of the adjusted blo
of 0y, respectively; siuch terms are suited for theoretical evalnation
2.2, For the investigation into the relation of accuracy and block-size,
arvangements of control-points, the blocks are subdivided in subblocks. The t&
adjustments having not been completed, as yet, here only the subdivisi
wide-angle block Frankfurt are represented. Fig. 1 shows the subdivision

distinguish 4 different sizes:

Meylops
5%, respectively.

ng chapters the accuracy results of block-adj
ng ch -adjustments b
.Is will be presented, as far as available up taJnZw.en *0 the method

inguish clearly between 3 different points of view, when evaluating

{ dthm paper is ‘the presentation of empirical results as such. It is ¢h.
it 1e of the various accuracy values which is of special inter. L 5 he
1 as to the theoretician. In the same sense some empiri a;s o,
parameters will be stated, pirical relation-

_9x 4= 8models, 12 subblocks no, 1—12

_4x 8= 32models, 6 subblocks no. I-V1

—§ x 17 = 136 models, 2 subblocks A, B, pastly overlapping
— § x 25 = 200 models, the block Frankfurt.

_:- hardly dou!::ts or arguments about the empirical results the real
agreement with theory, or by how far the results can be considered

The subblocks are square shaped, or close to it,

theoretical knowledge (see [4]) the arrangements of plani
distribution of control along the perimetet of a blos

various arrangements are distinguished only by the average distance of cont
the perimeter. The distances ate denoted by i and expressed in muleipl

length. Apart from the version O which uses all known terrain points

distinguish 5 different yersions of planim i
average distances between control-points of 2, 4, 0, 2
fig. 2. Version 5 is the case of 4 planimetric controk-points only, located i

of a block.

In principle, those versions are maintained fo
also to describe appropriately the arrangeme
60 % lateral overlap or with an additional fram
fig, 2. With blocks of 60 % lateral overlap it
areas which have no double coverage.

Note: The results concerning control version 5 (4 cotners) of rectangul

8 x 25 = 200 models will be plotted in the diagrams with respect to
interval between control of i = 21 (21~ quadratic mean of 16 and 25),

e.""?mj t}mes that the final purpose of the Oberschwaben investi-

" t!ing o .a;:lcuracj{ h.ypotheses, or, in other words, comparison of
theoretic prediction, Agreement would mean confirmation of

its application also outside the tested range. e

2.3. Following
points consider only

;)rz_h will, E'm 'this paper, only be dealt with to some extent, for
fé': f;rel:?mar}' resulfs should be completed by the a.djustm,ents
e fa_c :ﬁg conclusions can be drawn. Secondly, theoretical
ilable for accuracy parameters, but rather for some of them
ere is not only one, generally accepted theory on the accuracy of
rlldeed, the results of the tests will motivate research into ;Yo(:e

+ different sizes of blocks. '
nt of planimetric control 1
e of models around the con
is 'preferéble not to conside

mpn;cal :;j;lts with (simplified) theoretical estimates will show

pect and disagreement in some others, There will be sufficient
. ,

grs_:ments are ma.mly. caused by systematic andfor correlated
50 opens the question why there are agreements in other




. comparing the empitical results of the PAT-M-4 adjustment with't
corresponding PAT-M-43 adjustments. Here in particular both resules
identical, as the planimetric iteration step within PAT-M-43 is, in fact,

_ Pa"pcr a few remarks will be made, concerning the evi
riatic' magé errots, A complete discussion, however, and the explanat
siilts’ should consider the combined results of the other presentations as well,’
conclusions can be drawa only at the end of the symposium., : ent.

liminary adjustments have not been continued into the main series of
2.6. The evalyation of the results has to consider that the test Oberschwib results are briefly compiled in tables 3 and 4. They refer to partly
sponds in many respeets to ordinary practical working conditions of aerial trigs sints than the later adjustments. They also refer to a slightly different
In some other respects, however, special (ideal) test conditions are valid: ' out gross data errors, with less rigid rules than adoptedlater on. And
the subblocks were selected different from fig. 1. Thus, by comparing the
jminary planimetric adjustments with the corresponding ones of tables
7 they can serve as intevesting examples for the degree of variation to be
mewhat differing treatment of the same material.

— special conditions: signalized peints only, pin-peint exposures; errors of
control are supposed to be negligible . =

— standard or poor conditions: flying spread over 2 1/2 months (growing ve
signals destroyed), reflying due to gaps, large tilts; standard image quality of w
photographs, poor image quality of superwide-angle photographs {undere “results of the planimetric block-adjustments are of independent interest
stercocomparator measurements according to standard routine; radial syr'ﬁ " they are summarized in the tables 3 and 4, as well as graphically

corrections of plate coordinates; standard method (Schut) for analytical the figures 5 and 6.

‘orientation, : : . .
f* the separate planimetric block-adjustments are in general and good

. ith the planimetric results of the 3-dimensional adjustment with independent
3. Preliminary Investigations B fig. 7, 25 and tables 6, 10, 16, 17. Therefore, they will not be discussed

3.1, Independerice of Planimetry and Heights
he case of a bordered block (see fig. 2) with an additional frame of models

‘actually controlled area which needs some comments here. The understanding
lock-adjustment would utilize all models for the computation, whilst the
uracy is considered of the innex parts of the block only and referred to as
The results of tables 1 and 2 confirm empirically, for the method of independent been theoretically predicted that, for otherwise equal circumstances, the
that indeed plan- and height accuracy have no mutual influence, For a given arrange ; rame improves the accuracy within the controlled area, see [4]. In practice,
of planimetric control-points the planimetric aceuracy of the adjusted blocl ty is relied upon, Instead of densifying planimetric perimeter control it is often
affected by the arrangement of height control. Similarly, for a given arrange to expand the photo-coverage somewhat beyond the arca of immediate
height control-points the height accuracy of the adjusted block proves no

clepe'nldcnt on whel:_hcr the block is well or is poorly controlled in planimetr stiresults from the bordered block show, as theoretically expected, a clear improve-
empirical confirmation extends to rather extreme cases, beyond control distri the case of 20 % lateral overlap. However, the block with 60 % lateral overiap

which are likely to be met in practice. It alse extends to both wide-angle- and sup ¢ effect not very clearly,
angle-blocks of independent models. .

Theory predicts that the planimetric accuracy of an adjusted block is practicall

pendent from the height accuracy, and vice versa, see [5). The independence is ¢
icafly valid for flat tercain. : .

As a result, the following discussions can entirely separate considerations of plani dard Errors of Unit Weight

accuracy from those of height accuracy, _ : ‘ _
5 the standatd errors of unit weight are compiled as obtained from the varions

3.2. Planimetric Block-Adjustment justments to be treated in chapters 4 and 5.

During th 1 , . i ing table 5 the results impress first by a remarkable consistency and also, perhaps,
bl “;:g; ck(}ar y parts of the Lavestigations the wide-angle models, in particular er small magnitudes. Until 2 years ago the values would have been considered

ock Frankfurt, were wsed f-or a .number of planimetric block-adjustments with: ionally small, Recently similar or better values have been obtained more often
program PAT-M-4, The planimetric block-adjustment by independent modets 'igng_]'lzed points!).

known as the "Anblock““method, Fr deals with planimetric coordinates only an
previous levelling of the independent models. cial interest is the ratio between the g¢-values for wide-angle and super-wide-angle,

xpected, the planimetric values (Gop) for s.w. a. are consistently larger by about
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30 %. This ratic is almost maintained also with blocks of 60 % side overlap. Howeve
precision values of the z-coordinates of model points, as indicated by vop, are somse
unexpected. The values of oy range for wide-angle (g = 20 %) between 7.5 im
9.6 um or 0.05%9 Fk and 0.06 % b, which is considered very good, As expecte
Gopr values for super-wide-angle are smaller, but the difference amounts only to ;
13 % or 1 um. Contrary to Oop the values of 0oy are slightly increased to about 9 g
blocks of 60 % side-overlap and show no difference any moore between w. a, and
For a given block the values a5 p and to a lesser degree also oy are slightly influeric

etric Accuracy, g =20 %

tric results of the adjustments of the 4 different blocks of 20 % side overlap
d graphically in figures 7 and 8.

irst to wide-angle (fig. 7} the overall results, expresses in ftm, must be consid-
satisfactory from a practitioner’s point of view. Nevertheless a few facts which
ite expected, can be pointed out:

rage accuracies of planimetric coordinates (,,) of the 2 blocks Frankfust and
differ considerably, perhaps more than might have been expected. However,
jifferences are not indicated by the values of Gop.

the distribution of ground control. Fewer ground control reduce the values of g,

togf. 1f the theoratical assumptions of independent random errors alone would be
the values of 0¢ would not be affected at all by variation of block-size, cont ¥
overlap. If the oy values are affected it must be due to either tensions in the terve
system of ground control and/ar systematic or correlated errors in the photogramim
data. The obviously small effects would seem to indicate the presence of small
random effects only. Nevertheless, theoratical considerations indicate the effects ash
significant,

each of the blocks the accuracies i, and p, of the x- and y-coordinates differ
siderably. It is particularly noticeable that the ratios between p, and p1y, are
d between the blucks Frankfurt and Vienna,

o obvious explanation for such facts. It may be related to the strips running
th-south in one case and mostly south-north in the other (Frankfurt: 5 strips
h, 3 strips south-north; Vienaa: 5 strips south-north, 2 strips north-south), see
ost Lkely the effect is just accidental, i. c. hardly statistically significant (will
checked by statistical tests).

Even accepting the somewhat unexpected values for super-wide-angle the standard
of unit weight, as obtained from block-adjustments with independent models, indi
high and consistent precision of the independent models, with some evidence of sy

atic error effects.

the general relationship between planimetric accuracy My and distance i of the
ric controb-points on the perimeter is concerned fig. 7 suggests a linear relation-

4, Variation of Conirol for Given Block-Size . t theory predicts a parabola Hy ™ i€, 21,

Its of the super-wide-angle blocks The Hague and Delft (fig. 8) can, in first
e commented along the same lines as for the wide-angle blocks, Also here the
‘differ considerably, although the values of oop are practically equal. Also the
es between [ty and g, are marked, although of lesser magnitude and of consist-
t is to be menticned that all 8 strips of the black The Hague run north-south,
i strips of the block Delft run south-rorth, see fig. 9.

4.1, The main series of block-adjustments with independent models is presented i
chapter, It deals with the effect of different arrangements of planimetric and
control-points on plan- and height-accuracy, respectively, of adjusted blocks. Her
block-size is kept fixed; the adjustmnents refer always to the maximum availabl
{200 models and 175 models, respectively, for ¢ = 20% side overlap; 375 models
g = 60 % oveclap) of the rectangular blocks Oberschwaben. :

mingly linear relationship between iy and f of fig. 7 shows up in fip. 8 for
de-angle only up to i= 8. The case of 4 corner points does here not well agree
extrapolation of the straight line, and even less with the theoretically expected
This case carries littte weight, however, having a large confidence interval.

The variation of control goes through the versions 1 through 5, increasing graduaH
distances i between planimetric perimeter control and the bridging distances i betw
chains or grid of height control, The results are listed in tables & through 15:

— table &: widc-angle block Frankfurt, g=20%

— table 7: wide-angle block Vienna, g=20% nimetric Accuracy, q =60 %

— table 8: super-wide-angle block The Hague, g=20% imetric results of the adjustments of the total wide-angle block and of the total

— table 9: super-wide-angle block Delft, - q=20% ide-angle block, each with 375 models and with 60 % side averlap, are displayed
10, 11, and 14, and in fig. 10. As far as planimetric control is concerned the

— table 10: wide-angle block Oberschwaben, g =60% :

v versions 1—5 were used, slightly modified to enclose the area of double overlap
xcluding the margins on 2 sides (see fig. 2).

— table 11: super-wide-angle block Oberschwaben, q=060%
— tables 12, 13: summaries of tables 6—9%, g=20%

imetric results, as presented in fig. 10 show some features which have already
et with blocks of 20 % side overlap. Here the super-wide-angle black has marked
enices between g, and iy, whilst the wide-angle block does not show such effect,

— tables 14, 15: seummaries of tables 10, 11, g=60%

The results will be classified and reviewed according to various points of view.
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The overall dependence of pi,y on § is monotonously increasing, Whilst up to { = 8 straig
lines would fit the curves very well the standard errors of the case of 4 corners
considerably smaller than linear extrapolation would suggest. But again this case car
the least significance. '

e-angle blocks, Such little improvement is even less than for planimetry, and ir is
y less than theory predicts, see {5], and what would generally have been
d. Most unexpected, however, are the empirical results for bridgiag distances
1an § = 4, Here the height accuracies of blocks of 60% side overlap do not even
or comparable bridging distances, the results of blocks of 20% side overlap,
his holds for both wide-angle and super-wide-angle blocks.

The most important, and highly surprising, result is the empirical comparison o
2 cases of overlap, see fig. 11. The planimetric accuracy of 60 % side overlap is ¢
moderately improved compard with equivalent control versions of blocks with 20 %
overlap. This is quite contrary to the general expectation and also contrary to thcorg
results which claim an improvement approximately. by a factor 1.5 (33 %), see [5].:
empirical improvements arc for

— wide-anigle: 18%uptoi=38, 41 % for version 5
— super-wide-angle: 16%uptoi=38, 9 9% for version 5.

with 60 % side overlap allow, in principle, relaxation of the chains of height
points until the controlpoints form a grid. Three such versions have been
teéd, The results give again occasion for some warnings, as the grid pattern of height
.[;oints seems not to meet theoretical expectation. The results differ considerably
: comparable ones obtained with the chain pattern of height control-points, The

ccuracies deteriorate from the chain arrangement to the grid arrangement of
ntrol-points. Fig. 14 shows that the height errors increase rapidly if the mesh-
the grid pattern is increased. With 7 = 8/7 the values for 2 happen to be 49 um for
le and 64 pm for super-wide-angle which is a Factor of 2.1 and 1.8, respectively,
ared to the equivalent bridging distance of i = 8{4) with chains.

4.4. Height Accuracy, q=20%

The results of the height accuracies of the adjusted blocks, with 20 % side over]ag
collected in tables 69, and 13 and displayed in fig, 12 and 13.

ight accuracies as obtained with blocks of 60 % side overlap are most unexpected,
‘way highly irregular. They can only be explained by very great tensions in the
d biocks, pethaps due to systematic image errors which go with the flight

The first statement must be, that the obtained height accuracy is excellent, in partic
of the wide-angle blocks; for instance, ft; = 16 gm = 0.1%p0. 1 when bridging 6 mo
The wide-angle blocks Frankfurt and Vienna show very good mutual agreement up.
brldglng distance of 3 models. On]y with the ]ong brldglng distance of 12.5m
{3 chains) the 2 blocks diverge somewhat, but rather not significantly. The depende
for widc-angle, of height accuracy iy on bridging distance f is less strong as m
perhaps, have been expected. The ratio of 23pm= 0.15 Y%oh for i=12.
13 pm = 0.08%0 hfori= 2 is only 1.8.

iparison of Wide-angle and Super-wide-angle

vious presentation has touched repeated!}' the comparison between wide-angle
per-wide-angle results, Such a comparison is of great practical importance, in

lar as there is not much known about it, neither by experiment nor by theory,
and 15-19 and tables 12 and 13 summarize the empirical results of the
hwaben tests with independent models. Reviewing them it seems that we are faced

The very favourable and consistent results of the wide-angle biocks are not to the”
degree shown by the super-wide-angle resules (fig, 13, table 13). The 2 blocks The 5}
and Delft diverge stronger, with the exception of short bridging distances. Alsi
dependence of height accuracy on bridging distance is somewhat more pronou
Again, the ratios of g4 and jt, of the 2 blocks are reversed.

e startling results.

always been expected, that the planimetric accuracy of super-wide-angle blocks is
¢ up to the planimetric accuracy of wide-angle blocks. This is directly confirmed
5. The ratlo of the standard errors of unit weight is 1.3, that of the planimetric
of adjusted coordinates (Msey ) is 1.2, or rather 1,27 up to i = 8. The difference in
ric accuracy shows up in the standard erroes of unit weight. Hence the ratios
re practically equal for both wide-angle and super-wide-angle, see fig, 16. This
s approximately for blocks with 60 % lateral averlap. Only the (weak} case of
ol-points in the corners of the block does not entircly fit into that rule,

4.5. Height Aceuracy, q = 60 %

The height accuracies (t,} concerning the blocks with 60 % side overlap are S“mmm
in fig, 14 and in tables 10, 11, and 15.

With height control arranged conventionally in chains across the block the h
accuracy is, also for blocks with 60 % side overlap, a function of bridging distan
Fig. 14 shows, however, that the crrors increase rather rapidly with increasing brid
distance. This holds for both wide-angle and super-wide-angle blocks. When com
with the height accuracies of blocks of 20 % side overlap, for the same bridging distan
the ctesults are startling. For short bridging distances (i = 2, i = 4) the blocks of 6!
lateral overlap have moderately increased height accuracy, compared with blocks of yl
lateral overlap. The improvement amounts to only 14 % for wide-angle and 11

t surprise is the comparison of the height accuracies of wide-angle and super-
gle blocks. First, the standard error of unit weight (o9y) for super -wide-angle is,
of microns in the negative scale, by 13 % smaller than for wide-angle. In terms of
of the flying height the ratio for the standard crrors is, however, 0.05 %% b

gle} : 0.08 %y, (super-wide-angle) or 1 : 1.6.Whilst such a ratio might have been
it must be considered a surprise that the absolute heighe errors (), expressed




i1 vall “cases which have been compi fienting on the figures it should first be mentioned that agreement between
g The average difference amounts to: and theory can, in this context, be stated on 3 different levels:
cause of the reversed effect from the respe
olute height accuracy is even more marked (1.4 :
o5 Wi f 0 {fie. 19, i il
ratiﬁzif T;J‘re{a]fsalzie ::fghim:ilc}:;r:lzytirﬁi:fSE;Ztiideeii;:ae i usually treats o‘nljv the ratio .uzfao‘ o th’is is the most suitable parameter for
of the wide-angle blocks is a5 high as 2.2 ; 1. This is definitely more n. Agreement with theory would, in this case, leave open the actual numer-

11d have been expected. This picture is generally confirmed and even aggravated aliies of Gojr, and consequently of ;.
results of block-adjustments with 60 2 lateral overlap.

agreement would be the case, when the numerical values of 4, would be
e. This would imply also the theoretical knowledge of 044,

_ be the case that the ratio u, /oo for a certain bridging distance {for instance
If the empirical results can be takep as generally representative, which is questionabl 008 .nc:t agree with t heory, but that from there on fl;he 11'{ﬂu51}1ric of brlcldgL;lg
would mean that the general belief into the superior height accuracy of super-wide-s : is in agreement with theory. Thus some degree of predictability would be

photography will have to be modified drastically, at least as far as block-triangulatio ned, e. g by the test parameter

. . 2 . _

independent models is concerned, f-‘; ) - ”.!: Y {i,2 indexing bridging distance),
ToH Hz{ 2) -

4.7. Comparison with ﬂqeory ok now at fig. 20 we can state satisfactory agreement between theory and
p to here have been commented as surprising, other nental results for the wide-angle blocks, on the basis of the test parameter . {0op.
pectation. Such statements have, in fact, been comparizon
retical expectation, without specifying the theory very mi

Some of the results obtained u
E;gigfilcna]af;:lflr::l:it‘;lil;ezx osite conclusion is to be drawn from fig, 21 conccrning‘ super-wide-angle results.
pirical height accuracy, as expressed in terms of f,{oq g, is really not in agreement
For a number of parameters the theoretical equivalent is obvious or is known fi ieory. If, however, the test-parameter p(7//,12) is applied, the empirical curve
theoretical investigations, Examples are: somewhat closer agreement with the theoretical curve. 1t means that the influence
ering the bridging distance as compared with the height accuracy for a certain

— constant values for ¢, (st d i ight; I
o (standard errors of unit weight; ogp, ng distance (here for example { = 2) is to a reasonable degree as predicted by theory,

OpH )}

— equal accuracy results of the wide-angle blocks Frankfurt and Vienna on the one h
and of the super-wide-angle blocks The Hague and Delft on the other

— almost equal accuracies w,, and 8y for any block-adjustments. - o curacy as Function of Block-Size

Tt has been shown, that the experimental values for g,

had Tittle variation. Concerning investigations of chapter 4 referred to the influence of different arrangements of
second and the third item, however,

the empirical findings disagreed in quite a numbe nirol-points on the accuracy of adjusted blocks of independent models, for given
cases quite considerably from theoretical expectation, aithough the differences might i imum) block-size. It is of equal interest to study in the same way the dependence of
be significant, It is intended to apply proper statistical tests, during the final stage of t curacy on block-size, for given arrangements of control-points. This investigation has
Oberschwaben investigation, in order to measure the agreement of experiment wi en completed, at this moment, only for the wide-angle block Frankfurt. The area was
theary according to statistical rules, divided accarding to fig. 1, and the same patterns of control distribution were utifized

There i : described in sections 2.3 and 2.4,
ere I a second group of parameters for which a theory is not available, not worki

out, or only formulated in rather loose terms. The most important example is t e results are summarized in tables 16, 17 and in fig. 2227, They will be discussed
comparison between wide-angle and super-wide-angle. With regard to whatever theo Eparately for planimetry and for height,
may be used for 4 comparison, the empirical relationship for heights is rather unexpecte

velations is concerned with the dependence of accuracy - Planimetric Accuracy as Function of Block Size
ghts and on distances of planimetric perimeter control-points
for given block-size. For such relationships theoretical values have been worked out, s
[5). The theoretical values for planimetric aceuracy as function of § are not yet publishe ) ‘1 . . . , .
Therefore th . . . { = constant, bridging distance constant, or, for planimetric perimeter control, intervals
clore they are not considered here, at this moment. However, the theoretica :

re'latil-anship for height accuracy as function of bridging distance 4, for block-adjustment b.‘,?z::n ;{mitmllp oints constant. Here the total number of control-points is increasing
with independent models. It is considered in fig, 20 and 21. with block-size

hen studying the dependence of accuracy on block-size the arrangement of control-
oints is kept fixed, There are 2 cases to be distinguished:
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inmary and Conclusions

— number of control-points constant for blocks of different size, for example 4, 8§,

. Thi i i . intervals { increase with block- . . _ : o .
ete. This case applies only to planimetry. Here the intervals { increas cfore closing this presentation it may be recalled that the first intention was to

the empirical results of block-adjustments according to the method of independent
Is, The presentation of the test-results should be cleari}r separated from theoretical
erations, in order to permit everybody to draw his own conclusions,

The results of the first case, i = constant, are represented in fig. 22, for planimetry, T
figure also shows the theoretical relationship according to [5]. 1t refers to the planim
accuracy of adjusted tie-points with 4 tie-points per model, for the case i = 2 which
known as the case of "dense perimeter control® and which is more and more applied
practice. The theoretical relationship predicts that with dense perimeter control
planimetric accuracy of adjusted blocks is almost independent of block-size, and that
close to values of ggp. From the graphs in fig. 22 it can be concluded, that the empix
results confirm the theoretical trend. However, close agrecment is only reached ;
adapting a factor 1.4. With this modification the case of dense perimeter control, whic

' of great practical importance, is sufficiently confirmed to be relied upon in practice.

of the investigation is a comparison of the empirical results with theory, with the
o confirm or to disproye the a?plicabﬂity of theory ta Predict results of practica]

- At the same time statements are asked about relationships which are not or not
ell covered by theory. !

ight have been expected from a general point of view the results of the independent
block-a&justments confirm some aspects of theory and disagree with others. Thus

tal Picturc SCEITLS confusing to some extent, It is therefore attemPted to summarize
ential results and to draw some conclusions, It should be remembered, however,
ome of the results still await completion by additional adjustients to come and are

Perhaps to a slightly lesser degree the weak dependence of planimetric accurac
block-size can be considered confirmed also for relaxed petimeter control {i=4, i
i=8).
Fig. 23 and 24 refer to the case where the number of control-points is kept const
while block-size is increasing. 3 curves are plotted, concerning, respectively, 4, 8 and
planimetric perimeter controlpoints. Fig, 24 shows in addition the theoretical exp
tions, according to [4] and |5]. It needs no sophisticated statistical test to realize tha
empirical results are, for those cases, not at all in agreement with theory. It is onf
dense perimeter control (i = 2) that the experimental results agree well with theory.
from there on, with increasing values for { the actual errors increase much more r;ip1
than theory would predict, reaching disagrecments by a factor 2 and more, Althoug
disagreement is considerable, it is nevercheless quite systematic, which can also be
from the representation of fig, 25, The various results seem ta be guite consistent al
cach other, 1t could be concluded that quite distinct effects must be acting which are’
taken into account by the ¢heory which considers random errors only.

éred preliminary,

Reviewing the results of the block-adjustments by the method of independent
Is it is of great practical importance to point first to the high level of accuracy which
en reachied quite consistently, For example:

dard errors of unit weight between 5.9 and 9.0 gm for planimetry, and between
nd 9.6 um for heighes

pimetric covrdinate accuracies of blocks of 200 (175) models with dense perimeter
iteol of 12,1 (11.9) pm for wide-angle, and of 15.4 (14.0) um for supeewide-angle

ght accuracies of biocks of 200 (175) models with bridging distance of 6 models of
9 (16.1) ptm = 0.1 %go b for wide-angle, and of 18.4 (22.6) ptm for super-wide-angle;
niferred to units of the terrain it is 15 km bridging distance and height accuracy of

(45) em for wide-angle and 52 {63) cm for super-wide-angle,

5.2, Height Accuracy as Function of Block-Size

f:_ﬁe high accuracy capability of acrial triangulation has been demonstrated,

The cvaluation of height accuracy, for given arrangements of height control is give
fig. 26 and 27 as function of block-size, for different bridging distances, and as funct

There are 2 number of results which are not quite i : i
of bridging distance, for different blocks-sizes. a0t quite Iu sgrecment with theory or

do not meet general expectation:

Theory predicts, that for given bridging distance i the height accuracy i, should
practically independent of block size, see [5]. Fig. 26 confirms that this rule is effec
to an astonishing degree and thus can evidently be relied upon in practice. '

en wide-angle and super-wide-angle results are compared it is not only the planime-
_accuracy of s. w. a. which is poorer by about 20 %, as was more or less expected,
it is also the height accuracy which is poorer by about the seme percentage. It

etrts that some reorientation of thoughts concerning the qualities of super-wide-angle

The sacond remarkable result is the slow increase of the height errors with increa _
' hotography can be advised.

bridging distance. Fig. 27 shows the comparison with theory. Generally speaking
agrecment of the test results with theory is quite satisfactory, up to i = 8. Combini
resnlts in fig. 27 an empirical average curve is suggested the slope of which is somew
fess than of the theoretical curve. However, when considering fig. 20, it scems that
smaller slope is a peculiarity of the Frankfurt block which will be rectified by the resu
. of the Vienna block. Thus it is quite likely that the height accuracy as functio
bridging distance i, for different block-sizes, will agree very well with theory, when
results of the Frankfurt block will be combisted with those of the Vienna block.

100

he use of 60 % side overlap instead of 20 % did not improve the accuracy as much as
ected, neither in planimetry nor in heights, Also the grid pattern of height control
s not meet expectations. Thus in general some caution seems to be justified against
_lying too much on the theoretical merits of 60 % side overlap.




— In addition the tests revealed a number of other features which also do not ver ist refer to systematic and/or correlated image errors, and consequently also to
agree with theoretical expectation in general or with theory proper. Conclusiong - andjor highly correlated crrors of model coordinates, and perhaps also errors
drawn will depend, however, on the results of statistical tests of significanc ometric points will have to be considered.
applied. Examples are: The accutacy of x- and y-coordinates is very ofte
different; also different blocks flown with the same camera differ more tha
have been expected.

evidence encugh that indeed there arc systematic errors prevailing in the
ic material. Vector diagrams of residual errors, which can only be mentioned
post the hypothesis of systematic errors. Also a preliminary analysis of the
s presentcd here agrees in many points with such a hypothcsis. The conclusion

Thus indeed guite some results of the tests were not expected at all or do not ¢
agree with theory. Nevertheless, it must be mentioned that often the deviations
theory are not erratic but are quite consistent, Therefore they show still some i
interrelations which do agree with theory.

at adjustmcnt methods with a more refined mathematical model will have to be

v doing so, first a better agreement between theory and tests is expected and,
considerably increased accuracics ought to be obtained.

6.4. A number of accuracy features of the test results are in good agreemen
theory. Fortunately these arc features which are of great practical importance:

iis to be seen whether a more detailed analysis of the results and a more
¢ated theory of the accuracy of zerial triangulation will be able to explain all the
btained here and to reach full agreement between the refined theory and the
1 results. It is not the least result of the Oberschwaben investigation to raise new
is and to put new emphasis into the research on aerial triangulation, from which
vanced methods of block triangulation will emerge.

— The experimental resules confirm that with dense perimeter control the plaaim
accuracy is, with about 12 pim, very good in absolute terms, in addition it is alsa al
independent of block-size as theory predicts; of course the empirical confirmatio
the theory can only be claimed up to blocks of 200 models.

— The empirical height accuracy turns out to be independent of block size, for a
bridging distance: secondly the empirical height accuracy as function of bri
distance is in good agreement with theory, .

Ackermann: On statistical investigation into the accuracy of aerial triangulation —

From a practical point of view those two cases, which refer to wide-angle photogeal
e test project Oberschwaben, — See p. 15 — of this book.

are of great importance, Dense perimeter control for planimetty and chains of h

contrel are not only the most favourable arrangerments of control—points, they' are als
ones on which practice relies very much. It is therefore a most satisfactory result beysj
all possibly debatable details and all unexplained features that the Oberschwaben ¢
with the independent model method confirm the reliability and applicability o
theoretical relations between accuracy and those arrangements of control which are

H. Belzner: The planning, establishing and flying of the test field Oberschwaben, —
See p. 35 — of thia book.

Ackermanm: Aecrotriangulation with independent models. — F. Ackermann;
H. Ebuner; H. Klein: A programme package for block adjustment with independent
odels. — In: Informations relative to Cartography and Geodesy, Series 11, No, 27,
mstitat fir Angewandte Geodiisie, Frankfurt a, M., 1972,

widely used in practice.

6.5. Pollowing the scientific logic of the Oberschwaben investigation it would now
necessary to go into a thorough analysis of the causes for agreement and disagreement af
the empirical results with theory. It has been stated earlier that this paper does
attempt to extend to an explanation of the results. '

F, Ackermann: Theoretische Beispiele zur Lagegenauigkeit ausgeglichener Blicke. —
Bildmessung und Luftbildwesen 35 (1967) p. 114—122,

F. Ackermann: GesetzmiBigkeiten der absoluten Lagegenauigkeit von Blocken. —

Generally speaking the situation is rather clear. 1f empirical and theoretical results do n Bildmessung und Lufbildwesen 36 (1968) p. 3—15.

agree it is always the theory which is not the appropriate description of what has actu.
happened. If such disagreements are sufficlently consistent it is the theory which mus
refined. :

F. Ackermann: On the theoretical accuracy of planimetric block-triangolation, —

Photogrammetria 21 {1966} p, 145170,

With regard to the accuracy hypotheses of aerial triangulation it has always been knov
that they are moxe or less simplified, In particular, only independent random errors h
been taken into account., The obvious conclusion is that the Oberschwaben materi
contains error effects which cannot be sufficiently described by the concept of indepen
ent random variates, Thus the explanation of the accuracy behaviour of the empiric

| H. Ebner: Theoretical Accuracy Models for Block-Triangulation. — Bildmessung und
Luftbildwesen 40 (1972) p. 3—11.
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Pour les compensations des blocs on a usilisé le matériel du programme I du bln ¥ 1 ¥ }
: : el B e Bt <
Oberschwaben: :}? e & @ o < o S o %
. " o [}
— grand’angulaire; bloc Francfort, & x 25 = 200 modéles, g = 20 — —
bloc Vienne, 7 x 25 = 175 modéles, ¢ = 209
bloe total, 15 x 25 = 375 modeles, g = 60 o o o o o o o
e - pEE|FS | ¥§% 82|89
— supergrand'angulaire; bloc Den Haag, 8 x 25 = 200 modéles, g = 20 R — —
' bloc Delft, 7 x 25 =175 modéles, g = 209
bloc total, 15 x 25 = 375 modéles, ¢ = 60 % a o ot o SURN <+ o
« E B v = o @ o 3 =]
- ; o ol =+
Voici les résultats les plus significatifs: 2o a A o =
— On peut qualifier de trés bonnes les précisions planimétriques et altimé
obrenues, surtout en ce qui concerne les prises de vue grand’angulaires . _
o=t . + % 2 =
— Les expectatives théoriques de précision qui sont d'une grande importanc - bE g 5 5 o G © g @
- [} 13 - - | CA = L )
Papplication pratique se sont réalisées dans une large mesure: le bord du bloc.& 2
couvert d'un grand nombre de points de contrdle, la précision planimétrique dépi " &
. - ) ~ P ' 4 - - i)
peine de la grandeur du blog; c'le méme [a précision altl‘métnque ost njdependau; £ E . + o « o @ o o o
grandeur du bloc et elle est uniquement défini par la distance des chaines des po o= JHE| o 9 o 8 o 8 o
- + N I - =T | —t — —
contrle altimétriques. 2 A
-1}
. . -1 . L
— Par ailleurs, des divergences considérables apparaissent cependent catre les résil 5 E"E :
- - . . ' T Lo
effectifs et les expectatives théoriques. Ceei concerne avant tout les repartition 3 % | w ! ey = w
. - . , — et —n c
points de contrdle moins dense et les blocs de 50 % de recouvrement latéral, % g 3 - B . £ @ B “C:]' ‘Ao
. ) . = g - LR S
— La précision altimétrique des prises de vue supergrand’angulaires a été médiocre - Fla~1%5 G - "
. . . - - . Pt - . vy
rapport aux peises de vue grand’angulaires; c’est dgalement un résultat inattendu. o4 g & o = - e Bk -
. . F s o
— Llexistence d’erreurs systématiques (ou hautement corrélides) d’image et de mot O = -45 S5
+ * . ' - . ’ - 3 b
fournit Pexplication de la divergence entre la théorie ct les résultats empiriques. I} plq T & o 2 o - g g
[ - 4z
de fortes indices pour cela. & g O ; g £ £ g
. .x N . N . : g g a s e 1} 3]
Les développements ultérieurs auront pour tiche de corriger 4 l'aide de méthe E)J L= -3 o B -+ -+

mathématiques améliordes les erreurs systématiques pendant la compensation des blot

soit par modéles indépendants soit par faisceaux. On en attend une augmentatio

considérable de Ia précision et une plus grande conformité entre la théorie {qui prend _

considération les erceuts accidentelles seulement) et les résultats empiriques. 105
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Independence of planimetry and heights

Block The Hague (5. w. a.) — Independent models

g
§§
o, % = @ ~ =+ ™
o -~ oh oo oo
SEE| R N p 3
- —~
* x
= 1] - W
- 3 8 . 8 <
| B | EE | &L | EE
] ] g o ] ﬁ 2
Y - ] 8 o n - <9
-y oo ¢ =+ G o =
o 2 - A oo ~ 0, —
[ =
o
i A
L o o o o & =
E n g & 5
5 T B 5] o
9 o b}
=5 = =1 = <+

s

Table 3
ERSCHWABEN

odels — wide-angle

planimetric adjustments

*) very poor he_igh_t cont_ro_l system _glmost

g=20% (block Frankfurt) g = 60% (Frankfurt and Vienna)”
dop Moy By Jop Hyy By
[t | 11 om (}'_ Il Cl {}'_
pm ptm oP pm pm oF

21 (15) 19 (16)

75 (54 (O 68 (58 089

20 35 L8 18 35

7.0 125 : 64 125 20
19 49 k 18 48

6.8 175 . 63 171 27
18 71 17 60

6.5 25.4 3.9 6.1 21.4 3.5
17 113 65 17 74

62  40.3 ' 61 264 *3

] frame of models around controlled area
[ 2] i
9 Hay P2 My
T _ —

Uop Mxy My Gop Jop Hxy My dgp
19 52 33 L3 18 36 30

67 186 118 - 64 129 106 7
i8 58 36 20 17 47 42

6.6 20.6 12.9 ’ 61 168 150 24
18 79 55 31 17 73 68

64  28.1 186 > 61 261 243 0
17 102 61 17 69 63

62 364 218 >3 6.1 246 225 7




Table 5
RSCHWABEN — Independent models

Table 4
OEEPE — OBERSCHWAEREN

Black Frankfurt (w. a.) — Independent models standard errors of unit weight (647, Gog)

Subblocks — Preliminary planimetric adjustment .
' control — version

blocks 0 1 2 3 4 5
i=2 i=4 i=6 i=8 4 corners

planimetric Oop By
subblock control em cm
{perimeter) Hm m

Frankfurt 7.2 6.9 6.7 6.6 6.3 6.0

1 subbloek _ i=2 20 36
8x16 7.1 12.8

= 128 models

Vienna 6.9 6.5 6.3 6.2 6.1 5.9

g=60% 6.8 6.4 6.3 6.2 6.1 6.0

i=16 18 88

(4 corners) The Hague 9.0 8.7 8.3 8.1 8.0 7.6

Delft 8.8 8.7 8.5 8.4 8.3 8.1
2 subblocks i=2 20 30

6x12 7.2 10.8
=72 models

q=60% 8.5 8.2 8.0 7.9 7.8 7.6

A, B 7.0 67 62 6.0

1— V1 67 65 6.0

1-12 6.6 6.2

Anblock 71 68 65 6.2
i=12
(4 corners) - i=2 i=4(2) i=6(3) i=8(4) i=12.5(6)

6 subblocks Frankfust 9.2 8.4 8.3 84 8.3 8.4

4z8
= 32 models

Vienna 8.5 7.8 7.7 7.6 7.6 7.5

qg=060% 9.6 9.2 g1 9.0 9.0 8.7

The Hague | 8.8 7.7 7.6 7.5 7.5 7.5

(4 corners)

Delft 7.8 6.8 6.7 6.5 6.5 6.5

g=60% | 97 82 92 90 8% 87

24 subblocks i=2 .
5% 4 6.6 . 10.0
}; » A AB 8.3 8.2 8.2 8.3
= mo 5
i=4 18 34 1—VI 8.1 8.3 8.3
{4 carners) 6.4 12.0

1-12 8.5 8.5
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Table 12 Table 13

OEEPE — OBERSCHWABREN ERSCHWABEN

Independent models, g = 20% - Planimetric accuracy odels, g =20% — Height accuracy

ntrol versions .
cont control version

block 0 1 2 3 4 5
i=2  i=4{2) i=6(3) i=8(4) i=12.5(6)

blocks
i=6

Frankfurt cm

{m

Frankfurt ¢m {27.4 ) 36.2 38.7 44.6 45.1 53.1
Mm (9.3 12.9 13.8 15.9 la.1 19.0

Vienna eom | (17.2) 332 402 463  47.6.
M

Vienna em (25.0 ) 37.9 42.2 45.1 54.2 76.1
Um {89 ) 13.5 15.1 16.1 19.4 27.2

mean em | (17.8) 335 442 524  60.9-
pm '

mean cm {26.2 }  37.4 405 449 499  65.6
pm (94) 132 145 160 17.8 234
Yoo i | { 0.06) 0.09 009 010 0.2 0.5

The Hague

The Hague cm (27.5 ) 42.3 45.1 51.6 53.0 64.1

Delfe HMm { 9.8} 15.1 16.1 18.4 i8.9 22.9

Delft em | (253 ) 413 438 634 794 919
pm | (9.0) 147 156 226 282 328

mean cm (26.4 ) 41.8 44.5 57.8 67.3 79.2
pm (24) 145 155 206 240  28.3
Yoo B | { 0.11) 0.18 019  0.24 0.28 0.33

Frankfust

Vienna

Frankfurs ( 1.06)  L54 166 191 193 227
mean (0.90) 179 242 292 349
Vienna (1.05) 175 196 213 256  3.61
The Hague mean ( 1.06) 165 182 202 227 3.02
aogle  Delft {0.84) 160 214 260  3.09
- The Hague (1.12) 197 243 246 254 3,07
Delft ( 1.16) 236 232 346 432 505

2.23 3.54 4.18

mean .




OEEPE — OBERSCHWABEN

blacks

Table 12

Independent models, g = 20 % — Planimetric accuracy

control versions

i=4

i=6

HWABEN

angle

Feankfurt cm
Hm

(65)

12.1

47.9
17.1

537.9
20.7

Table 13

:.q =20% — Height accuracy

control version

Vienna cim
Mm

(17.2 )

33.2

40.2

46.3

The Hagne

Deift

Frankfurt
Vienna

mean

{ 0.90)

1.79

2.42

2.92

angle

The Hague
Delft

mean

{ 0.84)
{ 0.87)

1.6%

2.39

2.60

2.89

0 2 3 4 5
i=2  i=4(2) i=6(3) i=8{4) i=12.5(8)

(27.4 ) 36.2 387 446 451 531

e (9.8) 129 138 159 161 19.0

cm (25.0 ) 37.9 422 451 542  76.1

fm (89) 135 151 161 194  27.2

cm (26.2 ) 371 405 449 499 65.6

um {94) 132 145 160 17.8 234

Yo b | { 0.06) 0.09 009 010 012 015

he Hague cm (27.5 } 423 451 516 530 641
um (98) 151 161 184 189  22.9

cm (25.3 ) 413 438 634 791 919

Hm (9.0) 147 156 226 282 328

¢m (26.4 ) 418 445 57.8 67.3 792

pm (94) 149 159 206 240 283
%0 k| ( 0.11) 0.18 0,15 0.24 0.28  0.33
‘Frankfurt ( 1.06) 154 166 191 193 227
{ 1.05) .75 196  2.13 256  3.61
mean { 1.06) 1.65 1,82 2,02 227 3.02
The Hague { 1.12) 1.97 2.13 2.45 2.54 3.07
Delft ( 1.16) 216 232 346 432 505
mean . ( 1.14) 207 223 300 354 418
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OEEPE - OBERSCHWAREN

Block Frankfurt - Independent madels, subblocks

Height accuracy as function of bridging distance i

-

" thenyry (2}

scussion about the Snbject 4 under the Chairmanship of Prof. G. Konecny

irman: The main objectives of Prof. Ackermann’s paper appear to be the presentation
he practical results and their comparison with photogrammetric theory. Who wishes

pen the discussion?

#ssl: T would like to ask Prof. Ackermann whether he considers the discrepancies found
ween theory and practice to be only due to the theory being wrong. Since we are only
ing here with one bleck, should we not also compute the reliability of the practical

lts.

ermann: OF course, there are always two effects to be considered: the possibly
adequate theory and the confidence intetval due to the limited sampkemze. Notwith-
ding proper statistical testing to come, the empirical results suggest safficiently
dequacy of the theory. We have, in fact, just started to determine the statistical
njﬂca,nce of the results by means of compuret simulation.

: There appears to be a definite anomaly between the strip- and block -adjustment
5ults of the SWA blocks in that the Delft steip-adjustment is more accurate than that of
¢ Hague, but the situation is reversed in the block-adjustment.

er: 1 have three short q_uest_ibns. What is the relative accuracy of the height control,
n that the absolute accuracy is 20 cm? Secondly, how many of the height control-
nts were elevated? Finally, were the SWA blocks measured stereoscopically?

ckermarm: We have no special information on the relative accuracy of the height
ntrol, With regards to the observations, we did not prescribe a measuring procedure.
nyhow, also the SWA blocks were measured on stereocomparators,

stner: T can let you have the figures on the percentage of clevated points.

Proctor: If we are dealing with height accuracies in the order of cms , should we not also
[0k into the effects of carth curvature and deformations of the geoid?

bel: First of all, I would Hke to question Prof, Ackermann’s remark that blocks with
)% side overlap ate not as intetesting as those with 20 % side overlap. Secondly, would
ot be of interest to also publish the maximum vslues of residuals in addition to the
ean values? :

chermann: There must be some misunderstanding as 1 did not say that the 60 % side
'exlap was - less mterestmg in practice but Only wished to caution users that the
"Provcmcnt in accuracy with 60 % instead of 20% side ove.rlap has not been as great as
dicted theoretically. As to your sccond question, we intend to pui:hsh both mean and
dximum values in the final report,

ria: The use of blocks with 60 % side overlap is of practlcal value for cadastral purposes
view of the double measurements made at each point. While [ have the floor I would
50 like to remark that { do not consider 2 mesh of height control to be a practical
roposition, I consider the establishment of bands of control to be more logical.




o

5 ) _

{430—313.5):528.14
f Different Methods of Block Adjustment

| tables}

Ackermann: 1 doubt whether the discre
.second question, the shape of the block
is well-controlted. It has not been tested,

Pancy you mentioned is significant. As tate of the Empirical Investigatiohs

is not :

k Owev:;ally relevant provided hat the p barschwaben was started to investigate the accuracy of strip and block
. ) obtainable under practical conditions. The aceutacy of blocks depends on
Chairman: I am afraid that we have to

close this session now and I '
Prof. Ackermann for hLis contribution. e

Ackermann: Before closing T would like to point out that the Oberschwaben

4 + Foow » - . ma-
available for individual Investigations to OEEPE member countries :

ve empirical results of such a test may be used in two different ways. First
the possibility to check theoretical accuracy models for block triangulation
far and secondly they allow for the determination of aceuracy relations of the

methods of adjustment, based exactly on the same practical material.

‘of this lecture is the presentation of the results obtained by polynomial block
ot and by bundle block adjustment and the comparison with the corresponding
f independent model block adjustment, presented by Prof. Ackermann [1].

ult of the great computational demand up to now only the block Frankfust {wide
0% side lap) was adjusted by the polynomial method as well as by the bundle
With this block the effect of the control distribution on the accuracy was
ted completely. Against that the accuracy dependency on the block size is'nt
yet.
at reasons only an intermediate report without a critical statistical valuation can be
presently, However already the results obtained up to now allow for some impor-
‘onclusions and indicate very clearly in which direction further research and

pment activities ate necessary,
nitrol Point Distributions

ordance with the results of preceding theoretical investigations on most favourable
| point distributions for planimetry and height the types, presented in figure 1 were
2. The only one degree of frecdom is the bridging distance i expressed in units of
ase lenpth.,

low for a valid comparison of the different methods of block adjustment not only
same types but even exactly the same control points were used with polynomials,
ependent models and bundles,

Polynomial Block Adjustment

he polynomial block adjustments were performed at the IfAG Institate in Frankfurt,
ing a Telefiunken TR 440 computer. For that | want to thank Prof. Férstmer and
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results obtained are shown in table 3. The standard deviation gy of the wunit weight
te represents the mean accuracy of an image coordinate, As we see g depends strongly
he control distribution used. With independent model block adjustment the corre-
nding values 04, and- 04, representing the mean accuracy of model coordinates in

inimetry and height, were influenced by the control diseribution only te a much
_aﬂcr extend [1]. ~ '

Mr. Nijflein very much. The necessary strip formations started from the clea.n:d up m
coordinates which had already been used in the independent mode! block adjustments

For the polynomial adjﬁs*tment Dr. Schut’s iterative prograrm, version 1966 was’use_d 3
The basic transformation is conformal in % and y. In planimetry as well as in he
second degree polynomials were chosen. According to the. }ndependeflt m?dcl b.
adjastmerits weight 1 was given to the photogrammetric coordinates of tie points an

i

omparison of yg in the Jast collumn of table 3 with the corresponding values after the
sidle strip adjustments, presented by Dr, Stark [4], shows similar results. Only with the
“bridging distance ¢ = 12 the result of block adjustment is significantly superior.

control points.

The results obtained with the five different control versions are represc,ntem.i in t‘a,‘ole .
height the control distributions used are practicly the same as with the strip adjustn_? i
treated by Dr. Stark [4). A comparison of the corresponding root mean square valu,
shows nearly no difference between blocks and strips.

able 4 theoretical accuracy models for bundle block triangulation are shown, They
been derived very recently and ate based on random errors only [6]. The standard
tions Omeqan ate theoretical expectations of the empirical RMS values u. Figure 4
figure 5 give a comparison of the theoretical and empirical accuracy. There is a strong
sagreement between theory and test., It indicates the existence of systematic image
ors being not compensated by the bundle block adjustment, o

A very important guestion in combination with the empirical resuli:.s Prest::nted of €
is the level of confidence of the different values g A few repeated slmulatm_ns: perfo
with independent models have shown that the standard deviation of Jx,y is in the o
of 5% of piy,y in case of 2 dense perimeter control, but even 20 % of My y if 4d§_;
points are used only. However, as far as the accuracy ratios between .t.hc e
methods of block adjustment are concerned we may expect a much higher l.ev_
confidence due to the fact that-exactly the same material is used with the dlf'F-
mnethods. '

In figare 2 and 3 the polynomial results are plotted, together with th:a correspa
results of the block adjustments by independent models. Table 2 contains the acc
ratios between polynomials and independent models.

other facts indicate existing systematic errors too. Fitstly, in theory there is
acticly no influence of the height control configuration on the planimetric accuracy
the height accuracy is nearly independent of the planimetric control distribution, The
pirical results however confirm the first theoretical result only. Against that table 5

s that 4z is influenced very much by the planimetric control configuration, The same
e for Og.

ndly, the theory based on random errors only let expect 2 change to the werse in
tiracy when the mumber of tie points is reduced. But the opposite happened with the
le block adjustments of the Gberschwaben material. Reducing the number of tie
s per each photo from 18 to 9 the accuracy was improved as shown in table 6.

In planimetry the degree of inferiority of the polynomial results depend? strongly b; )
number of control points used: With a dense perimeter control the ratio is.2.13. If on
control points are available the ratio decreases to 1,36.

figure 6 and figuré 7 the accuracy obtained by bundle block adjustment is compared
fith the accuracy after independent model block adjustment. In both fgures the
responding results are plotted, whilst table 7 contains the accuracy ratios of both

ads.

'In height the polynomial results are inferior too, but there is practicly no dependency.
the control density. The accuracy ratio varies between 1.66 and 1.85 only,

Further computations have to show whether the accuracy of the po_lynomial Bl
adjustments can be improved by different weight assumptions or by thicd degree
nomials, :

we have the most surprising results of the test: independent models give a better
racy than bundles. The accuracy ratio varies betweén 1.04 and 1.35 in planimetry

between 1.17 and 1.41 in height, The denser the control the more the tesules of
ependent models are superior, . '

Valuating the results two aspects have to be Jistinguished. On the one hand th
confirms that quite good results can be obtained by polynomial block Q.dJLls‘tmEI.lt‘ 0
other hand the improvement of the results by application of biack adjustment.
indapendeﬁt models, being a different computational treatment only is reaily rernarka

comparison indicates that, in spite of it’s principial generality the bundle block

tment obviously is more sentive against systematic errors than the block adjustment
dependent models.

4. Bundle Block Adjuétment

The bundle block adjustents were performed at the Institu‘te of Photogrammete ‘ _
Stuttgart, using a Control Data CDC 6600 computer and the program PAT- . ting from the same practical material of the block Frankfart and the same level of
Previously the original image coordinates were cleared up with the same care as thgm i‘clearance the highest acouracy affer block a Gustment was obtained by the method
coordinates before. The weight 1 was used for all image coordinates. In accordanc
the adjustment by independent models the control points were treated as efmrfre. :
the performance of the bundle block adjustments I want to. thank Mr. Schneider he

depenident models. Table 8 furthermore indicates most favourable computer ranning

§s'for independent models. By that facts the high efficiency of the model block
stment method is demonstrated under practical conditions,
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Taking an average the bundle results are worse at 25 % and the polynomial resu
-approximately, Whilst the inferiority of the polynomial block adjustment was
the worse results of the bundle block adjustment are most surprising. Responsible
fact scem to be the systematic errors, being present in the material. This
errors obviously impair the bundle block adjustment more than the block adju
independent models, :

ermarnt, F.: Testblock Oberschwaben, Program I, Results of Block Adjustment
ndependent Models. See p. 87 — of this book,

er, H.: Theoretical accuracy models for block triangulation, Invited paper of
mmission II1, 12th Congress of the International Society of Photogrammetry,
gawa. Bul (1972), 214221,

To show the effect of those systematic errors in figure § to figure 13 the P
difference vectors at the check points are P]otted for the control versions 1 an
the three adjustment methods used. With the same planimetric control alt thre
show rather similar vector distributions. Obvicusly the main error is an affini _
and angle. It should be mentioned here that no a priori correction of image_ _'
coordinates was performed. From such corrections based on camtera calibrat

hut, (. H.: A fortran program for the adjustment of strips and of blocks by
tynomial transformations. National Research Council of Canada, NRC - 9265,
686,

rk, E.: Testblock Oberschwaben, Program I, Results of Strip Adjustments. See
49 — of this book.

fiducial mark mcasurements a real improvement of accuracy can be expected
instance [71).

feixuier, H.: A universal computer program for analytical aerotriangulation, Pre-
snted paper of Commission I, 12th Congress of the lnternational Socicty of
hotogrammetry, Ottawa., AVN (1972}, 281289,

The test Oberschwaben demonstrates, that systematic errors can exercise a large
over the results of block adjustments. Based on theoretical studies this was po
already earlier by Dr. Kubik {8]. '

chubert, E.: Theoretische Biindelblockgenauigkeit. Diplomarbeit am Institut fir
hotogrammetrie, Univessitit Stuttgart, 1973,

As far as further research and deveiopment activities are concerned from th
obtained it follows that we have to take into account rigorously not only randen
but systematic errors too, The most favourable way doing this today is the intrody
of additional parameters into the block adjustment to compensate for the sys
ervors as far as possible, A first suceessful step in this direction was done by Dr. B
Dr. Miiller [9].

{ipeld, E.; Savolainen, A.: On the effect of some ertor sources in bundle adjast.
ent. The photogrammetric journal of Finland, Vol, 6 (1972}, 1, p. 31-54,

ubik, K.: Systematic Image Brrors in Aerial Triangulation. Invited Paper of
ommission I, 12% Congress of the International Society of Photogrammetry,
ttawa, 1972,

The main question concerning block adjustment in such an extended form is the
selection of the type and number of the additional parameters. The solution
question can be optimised by a concept treating these parameters not as free un

Bauer, FH.; Miiller, J.: Height Accuracy of Blocks and Bundle Adjustment with

but as observations. More about this concept may be found in [10]. 2th Congress of the

dditional Parameters, Presented paper of Commission IIT, 1
nternational Society of Photogrammetry, Ottawa 1972,

Based on this extension general computer programs for bundie block adjustment
!ﬂod{ acbustment by independent models should be developed. ﬁbkppiylng these Pﬂ? Ebner, H.: Zusitzliche Parameter in Ausgleichungen. Z{V (1973), 385—-391.
in practice we may expect to meet the accuracy tesults as predicted by the theo :

investigations,

examine la précision empirique de. trois procédds de compensatian par blocs spatiaux
la répartition des points de contréle en se basant sur le méme matériel pratique du
Francfort (grand’angulaire, 20 % de recouvrement latéral). Comme on pouvait s’y
ndre, la compensation par blocs avec polynémes se montre la moins efficace des trois
éthodes. Ce qui surprend par contre, c’est que la compensation par blocs avec modéles
dépendants donase une plus grande précision que la compensation par faisceaux
gurtant théoriquement plus rigoureuse. Ce fait s'explique par les erreurs systématiques
i, apparemment, se propagent moins favorablement dans les blocs 4 faisceaux que dans
blocs & modéles indépendants. En raison de ces résultats on recommande pour {"avenit
¢ compensation des erreurs systématiques aussi universelle et aussi automatique que
ssible pendant la compensation par blocs.
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Table 4

Theoretical accuracy after bundle block adjustment

wide angle 20 % side lap

Planimetry: perimeter control points in a distance of i base lengths
Ox mean ™ Oy mean ™ (0.7 + 0.011i%} gg
{block size 10 steips, 21 photos each)

Height: chains of control points in 2 distance of i base lengths
Oz mean ~ (1.2 +0.16i) 0y

{(independent of block size)

Table 5

control points g e
.y N [m] [#4m]
f :g ,-1:; 5.7 18
i 2‘:)} i 11; 4.0 i3
i jg i i; 5.6 28
(f=2‘:)} s=ﬁ *0 2

animetry: perimeter control points in a distance of { base lengths

pht: chains of control points in a distance of { base iengths

MS of the coordinate differences at check points

Block Frankfurt: wide angle, 20 % side lap
bundle block adjustment

effect of planimetric control on height accuracy
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Table 6

control version

® B OR R
e
R g R ®
,._.m9302
- 0 <

ide angle, 20 % side lap

.bundle block adjustment

Block Frankfurt

nt by reducing the number

of tie points per photo from 18 to 9

accuracy improveme

161




Table 8

Telefunken TR 440 Control Data CDC 460

Polynomials

10 iteration steps 1.7 CP sec/model {0.6 CP sec/model)

35 iteration steps 5.9 CP sec/model {2.0 CP sec/model) Planimetry Height
Independent models if2 base

3 iteration steps 0.9 CP sec/model i base lengths < > lengths <_

=1 ) £}

Bundles o T .

3 iteration steps 34CP seffmodel \ o

CP = central processor time 3 )

Block Frankfurt: wide angle, 20 % side lap
Computer running time for block adjustment

Y
o
Py

1 o o)

> 1 base lengths <

Control distributions for 20 % side lap

Figure 1




=T xy indep
T

¥
%Y tesl
- mode} X

= X=¥ theory

2 4 8 8
P,y = RS of

2 4 B 8 (26) T(perimeler]

the ¥ and y differances at check points

8lock Frankfurt: wige angla, 20 ¥ side
Empirical planimetric accuracy aftar by
Comparisan of polynomials and independe

= RHS of the 1 and y differances at chack peints
lap

ock adjustment

Block Frankfurt: wide angle, 20 % side lap
nt models

Planimetric accuracy aftar byndie block adjustment
Comparicon af theory and empirical test

Figure 2 Figure 4

polynomials

test
_zo —r_-_g___‘J,"""ﬂ"""*m5‘___.—F""‘—‘-—-—-

independent madef o —mm—=— theory

e em——
I T

o

2 4 [ 8 12 i {chains)

T -
2 4 5} [} 12 i ichains)

RH3 of the z differences at check paints

Fz

Black Frankfurt: wide angle, 20 % side 3ap
Height accuracy after bundle block adjustment
Compsrison of theory and empirical test

-
=
~

= RNS of the z differences at check pofnts

BTack Frankfuvt: wide angle, 20 ¥ side Tap
Empirical height accuracy after block adjustment
Comparisan of polynomials and independent podels

Fipure 5

Figure 3



WCK FRANKFURT Polynomials, 4 Control Points
scale 1: 700, max, 5.2% m
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BLOCK FRANKFURT Bundles, 4 Control Points
wector scale 1@ 350, max. 5.04 m

. FRANKFURT Independent Models, 4 Control Points
ale 1 : 700, max. 4,30 m
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BLOCK FRANKFURT Independent Models, i =2

vector scale 1@ 350, max. 1.26 m

E- . A oo bout the Subject 5 under the Chairmanship of Prof. G. Konecny

i A . ! - A - ' F Y A ; l .
2 . . .. 4 L A Y 7 ! : Dr. Ebuner has shown that it is now possible to make detailed comparisons
H , - : L arious methods of adjustment, Who wishes to open the discussion on the
;E A . o h v . L ) - ! af\questions raised?

= - ™ . q :

i . ~ - - . . r P 7 hink that there is no doubt that the behaviour of g, is influenced by systematic
i oo " '“ - t . . . also believe that these systematic effects cannot be computed from the
f & . . - - . . s . g b With respect to the proposal to control the systematic errors by the introduc-
ﬁ 3\ ' L. ditional parameters, 1 believe this to be only fruitful with the availability of
H TN a - — .o r : rol. Finally I would like to temark that I do not think that one can say that the
i 4 - - .: o . inferior to the independent model adjustment on the basis of one sample.

- —~ i - .

E \ -~ <. - . . ’ ; - “cant offer no explanation for the sthall variation of g, in the indqpenclent model
% . ~ N - o — s " ! fit, As Far as the presence of systematic efrors is concerned, we do not know how
: " g _ - . . L e ative the Oberschwaben block is as regards the ratio between random and
: ic errors. Certainly the largest systematic errors are affine errors in_scale and

-

ke mfluence of the inclusion of additional parameters increases with a decrease

”f;i&g‘mg distance.

The number of additional parameters should be restricted. T may also add that a
affine corrections were not applied initially since we did not want to disturb the
izt that we now intend to correct for affinity and other systematic errors,

r; Prof. Ackermann outlined this earlier. A unit weight was used for all three
dinates of the model points and for the z coordinate of the perspective centres. The x
v coordinates of the perspective centres had a weight of 0,25,

R Lm e ##n [y T e e e T T T LU S e s e L -' er: NO'
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Lindig: Why were about 10% fewer points used in the bundle than the ind
mode! adjustments?

Ebner: There werc only a few points less.

Waldhéusl: 1 think the difference between the independent model and bund
ments js to be expected due to the use of different weights.

Ebmer: 1 consider the difference unexpceted since it is contradictory to our t
predictions.

Waidhdusl; The inflaence of systematic errors differs for planimetry and heig
one can expect the results to differ. Furthermore, when comparing the in
model and bundle adjustment in height, the former has an additional degree o
and so one could expect a better fit.

Amer: With the bundle adjustment being more sensitive to systematic errors :
longer to compute, can one say that the simpler methods such as an independ
with separate plan and height adjustment is more suited to photogrammetric pr

Ebner: The computing time is certainly longer with the bundle adjustment .
admit that the independent model adjustment compares favourably with th
this test.

Ghairman: So fat only second degree polynomials have been used. Would you
improvement with third order polynomials?

Ebner: We intend to include third order polynomials and do expect an improve

Jerie: For smaller bridging distances should one not also consider sections of

als?

Chairman: In concluding this session, a number of problems raised by Prof. .
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remarquable. Toutefols, la chose devait 8tre vérifiée sur une base statistique plus larg
projet «Oberschwaben» en a fourni Poccasion. Ainsi que M. Gamps vous Pexp
tout-d-Theure, cing instituts et laboratoires, employant cing types diff;
d’instruments analogiques et de comparateurs et travaillant suc huit rubans disting
participé 4 un programme dénommé: «Oberschwaben 2A». Le premier point de ce
concernait la reproductibilité des erreurs résiduelles, qui a été vérifide daos tout
restitutions et dans toutes les vardantes d’exploitasion des mesures. Vous en
tout-d-Pheure quelques exemples, puisés dans un ensemble de résultats beascou
considérable pour &tre présenté ici dans sa totalité,

s méthodes sont concevables pour ce traitement. Elles sont plus ou moins
¢s, selon gqu’elles concernent la totalité des causes d’erreurs systématiques, ou
ent une partie de celles-ci. D’autre part, elles peuvent étre fondées sur des principes
ifférents, A savoir;

1%y L’élimination a priori,
2°} La détermination directe,

30} La détermination indirecte,

4%) L'élimination a posteriori.

atre catégories de Procédés ont été, ou seront évoquées au cours de ce symmposium.

On peut se demander pourquoi la reproductibilité, donc la mature principale wemple, dans la deuxidme, on peut ranger les méthodes fondées sur un éralonnage.

systématique des erreurs, n’a pas été plas t5t établie de maniére irréfutable, Ce ret
dii & plusieurs causes.

'}: trouvons l'emploi du résean {cf. Visser et Kure), ainsi que Ia calibration de
re au laboratoire ou mieux, par photographie d'un territoire-témoin (cf, Kupfer).
la quatriéme, se pla,cent kes méthodes qui traitent les erreurs systématiques an stade

1°) L'importance du travail expérimental & fournir. Le projet Oberschwaben 2A, 1y
la simplicité de son objet, a réclamé prés de mille connexions de photos, connesxin; : :
qui devaient étre exécutées dans les conditions de précision et domogéndité ¢ . utkume au Congrés d’Ottawa et la communication que M. Bfmer présente :‘a, Bruxc]lcs.
rigoureuses.

2°} La similitude des diagrammes d’erreurs résiduelles dans les restitutions répéré

peut s¢ manifester claitement que si on dispose d’un résean trés dense de point;
contrble planimétrique et altimétrique soigneusement balisés. Dans e bloc &
schwaben, il en existe plus de 80 pour chague ruban de 25 modéles. Je ne pen.
que, dans le passé, une telle densité, sur une surface aussi étendue, ait jamai
disponible pour Ia recherche: :

alisation de leur distribution, Ce résultat peut &tre obtenu si la prise de vues est
ricée de telle sorte quiun méme point du terrain figure dans phisieurs photos, avec des
gobrdonnées-image  systématiquement différentes. Par exemple, en réduisant la base
tographique au guart de sa valeur usuelle, on obtient un ruban a 90 % de recouvre-
ment longitudinal décomposable en quatre rubans indépendants a 60 % de recouvrement,
t point du terrain est alors observable dans quatre modéles différents, 3 une place
Z&ifferente dans c}laque modéle. Toutes les causes d’erreurs systcmatl.ques. défauts
iques et mécaniques de la chambre de prise de vues, irrégularités de la réfraction,
auts optiques et mécaniques de Pinstriament d’observation, etc. sont donc différentes
tr chacune des guatre obsetvations d’on méme point. On peut donc penser que la
pennes de ces cbservations sera dépomvue de systématisme. Cest bien ce qui ressort
-résultats que M. Camps vous présentera. Vous constaterez que, sur un ensemble
bservations assez impottant pour aveit une signification statistique, la précision est
que douhiée.

3") La prépondérance des errenrs systématiques ne peut &tre mise en évidence g que
composante accidentelle des erreurs est faible, ce qui exige, non seulement un
soin dans les observations, mais encore une qualité générale trés élevée du mat
photographique et des appareils de restitution. Cette qualité est maintenant atteii
et ce gu'on pouvait seulement deviner dans les observations des atinées 50 est de :
évident dans les résubtats des années 70.

U résulte des valenrs que vous trouverez dans la communication de M. Camps g
tapport de la partie systématique 3 la partie accidentelle des etreurs est au moins de 2
Cette valeur est en bon accord avec le rapport de Pécart-type de contrdle & Pécari-typ

Punité de poids que M. Bauer a constaté dans la compensation par faiscoaux du ]:al
Oberschwaben.

t sait que, d’une facon générale, le prix de la précision est proportionnel & son carré, 1l
y awralt dong, en principe, rien de déraisonnable 4 multiplier par quatre le nombre des
otos et des observations, dotit le cofit ne reptésente gu'une pattie, et non la plus
portante, des frais totaux. Mais si Pon décidait de quadrupler la couverture photo-
aphique minimum, il y auralt lieu de vérifier s'il ne serait pas plus avantageux de

La reproductibilité des errcurs résiduelles et la prépondérance de leur composs
systématique entrainent plusienrs conséguences importantes.

a} L'amélioration des résultats ne peut étre obtenue par la répétition pure et simple mbiner la prise do vues 4 60 % de recouvrement latéral avec un recoyvrement longi-

observations.

dinal de 80 %. Cette vérification est possible au moyen du matériel photographique

Oberschwaben, Elle pourrait faire I'objet d'un essai ultériear.

b) Les procédés de compensation fondés uniquement sur la distribution normale
erreurs sont inadéquats. La composante systématique doit faire Fobjet d’un traiteme
spécial




proposée appartient 3 la troisiéme cardporie. . : '
atégorie. C'est une v ifférences Dz et DI des variations d’altitude et de longueur des basas:

P mrﬁplétﬁ‘ de ce que j'ai dé PR
éveloppé S T o ;
tionsy. Son principe consiste 3 déterminzpl Jadis sous le nom de amég i Jes sommes de ces variations, désignées par Sz et SI. On trouve alors, pou
. . ) r les err i : o .
P'un’ couple siéréoscopique par la mesure des variani e;’-f Sl ‘_iezélements dg e erzeur de transmission d’*échelle dE; entre les modéles M; et My
.gtlbissellt des bases auxilial o5 altitude et dE ]01[' - -
(fig. 1) liaires transversales observables dans deux modéles . Szie1,4+ 0,76 Shty ;=23 dE; (2)
“aation de Perreur dinclinaison transversale dwy; est fondée sur la comparaison
os des demi-bases A;Cj, C;B;, etc. En désignant par ¢ et s des variations de pente

gtieur, 01l trouve;

A
- A Ajed Alsd

Stier i+ 312 Sspe1,i=— 24 dwy (3)

montrer, et c’est 13 que réside I'intérét de la méthode, que les carrections dy, dE

sinsi caloulées ne sont pas influencées par les parallaxes longitudinales et trans-

‘engendrées par les déformations du film et par les errenrs systématiques locales,

s et mécaniques, de la chambre de prise de vues et de 1'appareii de restitution,

tervient Perreur accidentelle de mesure de la coordonnée Y des points A, B, C. O,

3iavons vu précédemment que cette erreur purement accidentelle est, en moyenne,
ment inférieure aux erreurs systématiques.

al. ' “ic dtre complet, ajoutons que les mesures prévues permettent aussi le calcul des
] : itions db, et dX de la composante verticale de la base et du dévers. Toutefois, les
Figure 1 — Clichég P, e rs de ces corrections ne joulssent pas du méme privilége que les précédentes, Elles
nt cependant améliorer l'orientation relative usuelle sur six points, parce qu’elles
intervenir des points de téglage plus nombreux, ou mienx placés.

B%.q

o, E:li ::alsc:::cesm':ent, ?‘our ét.ril:e'r toute ambiguité, des not
Portans Jusqu'a trois indices. Je Wexpliciterai g t de quitter ce sujet, signalons qu'in avautage important du procédé est de traiter
La photo », représentée dans la figure 1 s : . n seul coup les errenrs systématiques et les erret_lrs accidentelles, sar"hs distinction de
L'erreur dinclinaison longitudin Igd " aSSO'.":Ice)a la photo P;_ 1, forme le modal: are ou d’origine. Du point de vue de la métrologie générale, son mérite est de fournir
. gl ale dy; de ce cliché est donnée par: i corrections, au sens strict du mot, et pas seulement des incréments stochastiques tels
i'ils résultent des procédés probabilistes de compensation.

assez lourdes,
exemple,

sz+l,x' +0,76 D'lf‘l'l,i =4 d.p‘
Dans cette expression, le coefficient 0,76 est d¢ iné i ant aux inconvénients, les plus évidents somt la multiplication des observations et
Dans cette équation, »/% est dcterminé par la position des points A ef : irtout I'augmentation du nombre de modéles formant un ruban de longueur dennée.
Dans I cas du matériel Oberschwaben, par exemple, le raccourcissement nécessaire de la
4 O 201 = Zir g~ Zpey fjasc photographique fait passer le nombre de photos de.25 3 33 par rul:::m. I.l a été trouvéd
. ' : précédemment que cet élément défavorable n’empéchait pas une amélioration des résul-
LiT72 (_ZA,-’,-_L‘- +Zpg tats. Commme ce premier essal portait sur un seud ruban de grande longuenr, il a paru
souhaitable d'appliquer la méthode dans des conditions statistiques plus satisfaisantes; ce
iB; mesurée dans le couple M;. La signification que permet le bloc d’Oberschwaben. Ces essais sont compris dans le sousprogramme 2B
Une notation andlogue concerne | _ ' auquel participent trois Centres. Malheureu:scment, un démarrage trés tardif du

ne les lonpuenrs. On a: programme 2 et des contretemps de toute espece font que les observations ne sont pas
terminées.

Dairy,i=zim1 — 2
ez =Zii1 — 2
dans lesquels: 2
i1,
teprésente Laltitude moyenne de Iz base A
des avtres symboles s'drablit de méme.

Dls1 =ty ;— by,
Un troisitme procédé appartient, lui anssi, an groupe des méthodes indirectes. Tl n'est pas

Z‘- i = L.- ..

- Lidvl1—Ligg .1 s . pes L

i i i1 inédit non plus. 11 a été testé sur rubans artificiels, mais c’est seulement dans le cadre du
T Latgie —Liag 4 ' projet Oberschwaben qu’il recevra, éventuellement, une confirmaticn statistiquement

) va]able.

avec:

dans lesquels, par exemple, 1.

photo P; du modale M. Hlbivt désigne la lon.gucur A

i+1Bj+1 mesurée dans la

178
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éthode est fondée sur la notion de sparallaxe latente» que je définis coning ¢tablir des formules analogues pout lerreur d'inclinaison transversale dAw et

Aprés orientation relative sur six points de téglage, il existe généralement en ces
des parallaxes résiduelles mesurables ou calculables; ce sont des parallaxes app

. \ , .
B,lenl qu’elles alent un sens statistique, efles ne sont pas la mesore des erreurs des &g
d'orientation du couple. Si celui- :

eur de déversement dk.

& viens de I'indiguer, la validité de la formule {4) est soumise 3 une condition. 11

la parallaxe latente soit la méme au point principal et aux quatre points
s qui Tentcurent. Physiquement parlant, et pour les conditions des photos
chwaben, cela signifie que les erreurs systématiques sont constantes a Pintérieur
Varcle de 20 mm de rayon, & Péchelle des clichés, Cette hypothése de travail paraft
ible en ce qui concerne les déformations du film. Par exemple, les abservations de
‘et Kure dans lenr étude des réseaux montrent que le vecteur cdéformation du
volue progressivement et peut étre considéré comme stable 2 Iintérieur d'un
ile restreint. En ce qui concerne la distorsion optico-mécanique secondaire, les
fonnages de chambres et les réglages d’instruments d’observation conduisent générale-
anx mémes conclusions. Enfin, on peut supposer que les turbulences atmos-
jques qui altérent localement la réfraction normale sont localement stables.

tas] ci pouvait, comme c’est en principe e cas e
grammetrie terrestre, recevoir une orientation relative impeccable grice 4 des.i
extérieures, on constaterait dans le modtle ainsi formé des parallaxes d’origine’
déformations du film, défauts du matédel de prise de vues et de restitution .
moyen de ces parallaxes, on pourrait caleuler les erreurs des éléments d‘ér'ie
relative commises dans le cas précédent. Ce sont ces parallaxes, qui restent cachées
procédé usuel d’orientation telative, que Jappelle gparallaxes latentes». Il s%a i
déterminer, bien qu’elles ne soient pas directement observables, - ¥

Cette 'détermination est possible en utilisant des combinaisons lindaires de parall
Mesurées en des points auxiliaives judicicusement choisis, Plusieurs dispositions, pi
moins compliquées, sont possibles. On peut, par exemple, faire corrcspondr’e
points auxiliaires & chacun six points usuels de réglage. Une formulation particulidre
simple sera obtenue si les points auxilisires se trouvent sur des hotizontales o

_ verticales passant par le point principal correspondant, 4 une distance de celuici &
quart de la base photographique {fig. 2).

onstance des erreurs systématiques dans une zone limitée de la photo peut encore se
ire d’un fait expérimental bien connu. Quand on augmente le nombse des points de
ge de Porientation relative, en les prenant par groupes dans les zanes centrées sur les
¢s principaux 1, 2, ...6 et quand on introduit ces parallaxes surabondantes dans le
1 usuel de 'orientation relative, le gain de précision est nul ou faible, en tout cas txés
Zrieur 4 ce qu'on obtiendrait si les parallaxes latentes n’étaient pas constantes, ou

ey 2 ] sque, dans les zones ol kes points surabondants sont choisis,
[+] .
& a3 4 1
a B, e . . g o .
’ Mﬁ % I oi quiil en soit, la validité et I'efficacité de la formule (4} dépendent de deux facteurs
44 1 P i
’ ' I tradictoires: d’une part, la constance de la parallaxe latente, qui demande que les
" - : ints auxiliaites solent compris dans un petit domaine; d’autre part, ia minimisation du
n,o L, 5, | teur k qui suppose que les points auxiliaires soient choisis aussi loin que possible du
- N - . - + . ’ )
1 o 2 I oint principal. Une distance égale au guart de la base photographique parait un
. [ . .
——h | onpromis acceptable.
52- 62 l ! LI
. : : ne autre question se pose: avec quelle précision la formule (4) et les formules analogues
5, 2] . -
IR R ermet-¢lle la détermination de Perreur totale, latente et apparente?
5, e, 1
o 4 Dans le procédé uswel dorientation relative, la valeur finale de la convergence résulte de
variations successives qui peuvent s’exprimer par:
Figirre 2

Ay= (3—5+6-4)
Pour alléger les notati i ' e

ger les notations, nous désignons les parallaxes par le seul indice du point ofi ellé
sont mesurdes ou calculées, Dans ces conditions, et sous une réserve que nous aurons’

H r
examiner, etreur latente de convergence du couple est donnée par:

La valeur de ces variations dépend donc de la mesure de quatre parallaxes aux points
principaux .3, 4, 5 et 6. Au contraire, la détermination de erreur latente de conver-
gence, avec le méme coefficient k, demande la mesure de seize parallaxes. Lécart-type de

dy=Fk * (31—33432—-34451—5 — :
{ H54-52+43—-41+42—44+63—61+64—62) (4 cette détermination est donc deux fois plus grand, Pour que le calcul de la convergence

avee latente soit avantageux, il faut que Perreur & corriger soit, en moyenne, au moins deux
F fois plus grande que sa partie accidentelle. C'est bien ce qui semble se dégager des
k= a0 résultats otenus dans lcs.Programmes Oberschwaben 1 et 2, ol ’on traite cependant des
questions de nature hien différente.
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Pour conclure, je dirai que j'ai voulu attirer votre attention sur un éventail de .méthq
présentant une grande souplesse d’application et méme susceptibles d’étre combinées i
une procédure plus ou moins ;omplexe. Je me garderai de les présenter comm
panacées. Bn ce qui concerne les deux derniéres, elles doivent encore recevoir la sanct
dPune expérimentation étendue et rigourense. Plusieurs centres de recherche y
occupés. Si les résultats obtenus le justifient, les procédés que je viens d’évequer £
I'objet de publications détaillées.

(7)

{528.735—187(430—-313.5):528.11

ésultats obtenus dans le cadre du projet Oberschwaben 2A

ee 15 figures)

E. Camps, Ligge

UMMARY: p. 194
ABSTRACT:

. i - uction
Experimental evidence has been gained of the preponderancy of non-accidental eer trod

aerotriangulation (e. g. in F. Camps’ paper: "Résultats obtenus ., . ‘). Consequently

pujs de nombreusss années, le mystére qui plans sur la nature systématique, acciden-
efficiency of purely probabilistic processes of adjustment is ikely to be impaired. ‘

e ou pseudo-accidentelle des erreurs en aérotriangulation ainsi que sur leur comporte-
ent reste entier. Comme dans tout domaine de mesure, il existe certainement des erreurs

Three different methods for the previous treatment of non-aceidental errors are prop.

; outes natures mais, jusqu’a présent, on n’est pas encore parvenu & délimiter la part de
L e

scune d’entre elles. Le probléme est d'une extréme complexité imputable 4 la fois aux
a) independent strips, mterférences des erreurs Ies unes sur les autres et 3 leur mode de propagation.

ent of model defermations . I . ; .
b) measurem ' programme 2A n'a évidemment pas la prétention de vider complétement la question:

but est plus modeste et plus restreint, il ne vise 3 soulever, si c’est possible qu'un tont
tit coin du voile,

c) determination of "latent parallaxes”.

Experimental results of method a} are to be found in F. Camps’ paper quoted abov

précisément, Pidée directrice du programme 2A est de se fajre une opinion sur
Discussion: p. 207,
ints 3 mesarer. 1] s'agit donc d'un programme de recherche essentiellement expéri-
ntal, ce qui implique des mesures trés soignées, longues, fastidieases gui ne nont
leurs pas encore complétement terminées. Les résuftats que nous présentons aujour-
ui sont donc forcément incomplets et es conclusions qui en découlent doivent étre
aisidérées comme de simples indications générales.

thode d'investigation

ruban & 90 % de recouveement longitudinal est décomposé en quatre rubans 4 60 %.
“obtient ainsi quatre rubans indépendants présemtant tous les mémes points de
ntréle, mais ceux-ci sont chaque fols situés dans des zones différentes des clichés. Ces
ans sont restitués successivement soit par voie analogique, soit par voie analytique,
ur contrbler que les variations constatées sont bien le fait de la localisation des points
ns les clichés, un des rubans est restitué quatre fois de suite dans des conditions aussi
tigues que possible.

total, on dispose donc des résultats fournis par:

es restitutions des quatre rubans indépendants,

les quatre restitutions répétées d*un méme ruban.

L compate enfin les résultats moyens de chaque groupe de guatre restitutions.

nfluence que peut avoir sur la précision des résultats la jocalisation dans le cliché des .



Matériel photographique 3 compensation on a employé la formiule:’

1l est constitué de deux rubans du bloc d'Oberschwaben, ce sont les rubans n”
décomposés d’une part en 12/1, 12/2, 12/3 et 12/4 et d’autre part en 14/1, 14/
1444, ;

Les rubans 12/3 et 14/3 ont été sépétés quatre fois,

A=Ax® + Bxy + Cx + Dy +E.

e coordonnée est compensée séparément. Les coefficients A, B, C,; D,
dant sur six points: deux au début, deaxau

zs selon les moindres carrés en se fon 1% a
\ et deux 4 la fin du ruban. II efit été souhaitable de conserver les mémes poinis

i pour la compensation des quatre rubans indépends:nts; m.alheurcuser.nf:nt, la chlosc
¢ possible que pour le ruban 12. Pour le ruban 14, il aurait fallu choisir df:? points
beaucoup trop loin des extrémités du ruban. Force fut donc de choisir deux
es de points d*appui, Pan pour les rubans 14/1 et 14/2, Pautre pour les rubans 14/3
/4. De plus, Pun de ces points nayant pas été mesuré dans tous les mblans ?ar

ins centres, on a été-confraint de le remplacer dans ce cas par un autie Moins bien
i Les écarts résiduels sont alors postés en graphiques et I'on en calcule la moyenne

ithmétique et la dispersion.

Les rubans étant composés d’environ 25 couples, il en résulte quun essai coni
restitution de 175 couples. Enfin, dans chaque ruban, il y a & peu prés 80 pe
conttile. '

Centres participants

Les mesures ont &té effectudes dans les centres de Francfort, Lidge, Milan,
Munich. Tous les participants ont traité le ruban 14 sauf & Mous ot l'on a re
ruban 12, ' ’

onsidére ensuite les deux groupes de rubans: les quatre rubans indépendants et les
¢ rubans répétés. Dans chaque groupe, on calcule pour chague point la moyenne
métique des écarts résiduels. On obtient ainsi des écarts moyens que I'on porte anssi
graphiques et dont on calcule également la moyenne et la dispersion.

I. A Francfort, la restitution est analytique sur stéréocomparateutr P
mémes mesures ont donné licw 4 trois versions selon le mode de calcul de Porie
relative. '

1. Orientation relative fondée sur six points naturels choisis par Popés

ont été effeceudes 4 laide d'un ordinateur IBM 370. Les pro-
identifiés par des croquis ainsi que sor tous les points marqués an sol.

es ces opérations
mmes sont en Foreran 1V,

2. Orientation relative comme au 1°, mais en plus on a englobé des points
ciels» préalablement piqués sur les clichés.

résultats numériques sont rassemblés dans les tableaux qui suivent. Pour chaque
séience et pour chague ccordonnce, nous donnons la moyenne des éc’arts et leur
ersion exprimées en centimétres. A titre indicatif, nous avons fait figurer également Ia
syenne des quatre restitutions aussi bien pour fes rubans indépendants que pour les

gbans vépétés, ainsi que le rapport:

3. Otientation relative sur six points naturels.

. A Li¢ge, larestitution est analogique sur autographe Wild A7, Le centre di
ayant la charge de centraliser les résultats des différents participants et d’exécut
caleuls de compensation et de comparaison, les mesures ne sont pas encore terni
et ne figurent pas dans le présent rapport. .

r = moyenne des dispersions / dispersion des moyennes.

- . . ’ Il
sant aux graphiques des écarts résiduels, nous nous sommes limité aux plus représen-
tifs d’entre eux, Le lecteur les trouvera en annexe.

[I. Le centre de Milan a procédé aussi par voie analytique, les mesnres ont
exécutées sur le stéréacomparateur TA3/P. Deux versions sont présentées: '

. comcernent tous, les dcarts sur la coordonnée Z, la plus importante. Les écarts
¢orrespondant aux points de contrdle situés dans la zone centrale du ruban sont reliés par

1. Pune ob la transmission de Péchelle se fait 4 I"aide d’un seul point au nadir iy
| ' i trait plein; le trait interrompu et le trait d'axe représentent les écarts sur les points

cliché,
2. I'autre oii elle a lieu 4 I’aide de trois points. téraux.
Jous avons choisi de ne donner le détail des sept restitutions que pour un seul centre:
elui de Mons. Clest 13 en effet que la différence entre les restitutions des quatre rubans

indépendants et les quatre restitutions du méme ruban apparait le plus clairement.

IV.Le centre de Mons a traité le ruban 12 analogiquement sur un Wild A7,
orientations relatives sont basées sur six points naturels et la connexion des couplé’s"
fait de la maniére classique.

Bnsuite, pour les autres centres participants nous ne présentons que les résultats globaux,

V. Enfin, le cene de Munich a employé la méthode analogique pour le ruban | fest-a~dire les graphiques des écarts moyens pour les rubans répétés et pour les rubans

L'appareil de restitution est le Zeiss C8.-

- Calenls

Chaque participant a fourni au centre pilote de Lidge les coordonnées ruban exprimées
métres des points de contrdle aprés ajustement lindaire. '
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Centre de Francfort. Restitution analytique. Version 1.

Rubans indépendants

Ecarts MOYEns

Rubans répétés

Bcarts moyens Ecarts moyens

Ox

75
121
102

44

86
49
1,75

Francfort, Restitution analytique. Version 2.

Rubans indépendants

Yo

-39
27
42

Rubans répétés

Oy

44
47
33
100

54
42

1,33

Yo

1
25
14
34

19
17

Oy
68
80
80
44

68
28

2,34

Oy

44
47
43
59

48

37

1,30

Gy

174

89
101
153

129
75
1,72

&,

153
166
206
148

168
164

1,02



Centre 4¢ sza“(:f()lt‘ gstita 1071 atmlythl.le Version 3-
d R % .

Rubans indép endants

]
Ruban Xoa "

- 8
1 .

14!2 —28 68 3 105 .
14}4 — 8 47 1 67 o
1:’3,’1 —38 o129 14 89
1

88 13
Moyennes —20 91 -10 y 10‘

37 -11

Ecarts Moyens -19 e r

e

Rubans répétes

Ruban Xa Oy Yo 1
144311 —38 129 14 s—i :37
14{3/2 —34 196 17 e -
14/3/3 —27 112 —-25 - ™
141314 —14 - 159 10 )

77 -
Moyennes —28 14% 4
6 73 —25

Ecarts moyeds —25 . 144

1,05

arts moyens

Xy

21
-29
30
24

12

12

24
49
76
43

438
48

. Milan. Restitution analytique. Version 1.,

Rubans indépendani:g

O

70
61
86
63

70
33

2,12

—13

-11

Rubans répétés

Oy

63
112
125

8BS

97

88

Yo

16
—62
-29
-9

21

—22

105
92
39

2,36

105
139
114
149

127
120

1,06

49
19
—18
64

33

34

64
-17
—82

61

158
148
101
110

128
67

1,93

9z

110

59
11%
153

110
69

1,59




Centre de Francfort, Restitution analytique. Version 3,

Rubans indépendants

Ruban X s} [12% Yo

14/1 _
14/2 : —28 68 3 105 ~29
14}4 ' — 8 47 1 67 5
14/3/1

Moyennes —~20 . 21 -10 g8 13 Loy ennes

carts moyens

Bcarts moyens —1% 37 —11 37 10

Ruabans répétds

Ruban X O, Yo ay Zy

14/3/1 —38 129 14 89 -t 1 4/3/1
14/3/2 —34 196 17 72 -37 41312
14/3/3 —27 112 25 79 — 8 : 44313
14/3/4 10 : 44314

Mcyennes -28 14¢ 4 77 —25

Ecarts moyens —20 144 6 73 38 3 Ecarts moyens

21
—29
30
24

12

12

Xy

24
49
76
43

48

e Milan, Restitution anaiytique. Version 1.

Rubans indépendants

Ty YO
70 —49
61 — 7
86 —-13
63 16
70 -13
33 —11

2,12

Rubans répétés

Ux Yﬂ
63 16
112 —62
125 —29
89 — 9
97 —21
88 —22

134
85
46

105

92

39

2,36

145
139
114
149

127

120

49
39
—18
64

33
34

64
—17
—82

61

0z

158
148
101
110

12%
67

1,93

110

5%
119
153

110

69



' Réstitution analytique. Version 2.

Mons. Restitution analogigue.

Rubans indépendants Rubans indépendants .'

Ruban Oy Yo diban Xao Ox Yo Ty

14/1 77 —42 i1 —45 99 20 112

14/2 93 -2 : 52 —62 103 —41
1474 65 014 2 52 5

14/3/1 33 1341 —63 114 —62 271

Moyennes 67 oyennes —42 92 —20 129 14 182

Ecarts MOYEns 29 .carts moyens —41 Bo ~15 63 15 51

r

" 1,39 2,05 3,57

ra I
Rubans répétés Rubans répétés

Ruban o - Y, Ruban Xo Ox Yo Oy Zo 0

14/3/1 33 7
14/3f2 75 —4¢
14/3/3 86 37
14/3/4 68 28

12/3/1 -63 114 —62 271 66 146
1243/2 —14 64 -15 104 149 322
12/3{3 24 91 —36 67 71 285
12/3/4 : 21 46 37 105 80 1589

Moyennes 65 9 Moyennes —10 79 =19 137 91 230

Ecarts moyens 53 8 Ecarts moyens — 8 36 -15 109 85 225

r 2,20 1,26 1,02
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Cenire de Munich, Restitution analogique. des résultats

ps Hous a manqué pour acus livrer 3 une analyse statistique approfondie et

Rubans.indépendants use des résultats, D’autre part, il serait abusif de vouloir commenter un & un les

hiques résultant de lexpérience. Néanmoins, quelques tendances générales se

Ruban X Uy Yo . Ty Zy

1441 184 250 —111 172 —195

lure des courbes d’erreurs résiduelles est extrémement varige: si Pon trouve

14{2 —64 222 73 226 —204 guies sinusoides réguliéres, on trouve aussi pas mal de courbes présentant des ondula-
14/4 - 168 65 105 386 3 caractére tout a fait irrégulier. Cette diversité affecte aussi bien les restitutions
14/3/1 —83 174 131 353 — 21 iques que les restitutions analogiques.

M 8 253 39 314 ~ 8 En ce qui concernc la restitntion d’un raban isolé, la supériorité des apparcils
oyennes ..

tigues s'affirme de facon indiscutable. Pour la coordonnée Z, on trouve deux dearts

Ecarts moyens fatiques moyens égaux ou supérieurs 3 2 m pour les restitutions analytiques contre

our les restitutions analoglques,

La compataison des résultats obtenus selon différentes versions de calcul semble
fitrer que:

On obtient des résnltats assez dissemblables selon le nombre de points utilisés pour le
transfert de Péchelle. 11 apparait que, dans I'ensemble, le nombre de points de transfert
apporte une trés lépére amélioration.

Rubans répétés

En ce qui concerne les variantes de caleul de 'orientation relative, il est trés difficile de
q

o A 5
Ruban Xo Ox Yo Y ° tirer des conclusions valables aussi bien au sujet de la précision globale que de la forme

14/3/1 83 374 131 353 —21 des courbes, On trouve autant de concordances gue de discordances dans les gra-
14/3/2 117 237 13 213 _35 phiques d’erreurs, Nous laissons aux responsables des centres intéressés le soin d'une
. s . o 17 182 33 analyse plus fonillée de ces résultats.

14/3/4

Venons-en maintenant 3 la comparaison des rubans indépendants et des rubans

Moyenues

Ecarts moyens
dépendants que pour les rubans répétés. Une seule exception: la coordonnée X de 1a
remicre restitution analogique (Mons). Les graphiques d’erreurs résiduelles confirment ce
aractere systématique. Du c6t€ des rubans indépendants, la distribution des points est
telle qu’en général, il nest guére possible de tracer une courbe moyenne: les points
emblent disséminés au hasard autour de I'axe. Tout au plus pent-on trouver de temps en
temps quelques vestiges de sinusoide.

Au contraive, les graphiques relatifs aux rubans répétés montrent des formes nettement

lus accusées, parfois méme des sinusoides bien régulitres.

D'autre part, la dispersion des moyennes cst toujours plus faible que la moyenne des

ispersions, qu'il s’agisse des rubans indépendants ou des rubans répétés, mais le rapport:
r = moyenne des dispersions | dispersion des mOyennes

st, & deux cxceptions prés, toujours favorable aux rubans indépendants. Il vaut en
moyenne 2,29 pour les rubans indépendants contre 1,25 pour les rubans répétés. De plus,
e contraste est particulitrement marqué dans le cas des restitutions analogiques.
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Conclusion

On peut donc considérer gue la restitution de plusiears rubans indépendants est p
rable 3 des restitutions répétées d'un méme ruban. :

A notre avis, ce phénoméne trouve son explication dans Pinfluence de la localisati
points dans le cliché, Dune part, cette localisation est un pasramétre variable et il eqt
des erreurs accidentelles qui ont tendance & se compenser lorsque Pon prend la moy,
des résultats. Dans le cas de restitutions répétées au contraire, la localisation des o
étant fixe, il en résulte toujours les mémes erreurs qui, forcément, s¢ retrouvent da
moyenne. On en arrive ainsi & reconsidérer le probléme de la formation du modéle
Pon préfire, celui de Porientation relative.

1l est & noter aussi que I'avantage des rubans indépendants semble, toutes prop
gardées, plus marqué dans le cas des restitutions analogiques, ce qui conduit & peris
les clichés ne sont pas seuls & incriminer, mais que les instruments, eux aussi, peuve
le sitge d’erreurs locales. Mais c’est 13 une opinion qui demanderait 4 &tre vérifide pa

expériences plius nombreuses.

SUMMARY:

The purpose of the program Oberschwaben 2A was an experimental research abou
influence that the position of the measured points in the photographs can have 5
final result of an aerctriangulation.

A 90 % overlap steip is divided into four 60 % overlap strips. So, in each of th@e_

independent strips, the control points are the same but their places in the photogra

change from one strip to another.

Then, the aerotriangulation of the four strips is made cither analytically or anal
and one of them is repeated four times. This experiment has been done in Fra

Liege, Milano, Mons and Miinchen,

We have thus two groups of zerotriangulations:
— one for the four independent strips,

— one for the four repetitions of the same strip,

In each group, and for each control point, the mean of the four results is compute

the mean errors curves are drawn for each coordinate,

The comparison of these curves shows that the influence of the position of the poin
the plates is very important. The mean square error is more than two times preater fi
repeated strip than for the independent strips. '

In the case of the repeated strip, the mean errors curves have about the same sys
character as an isolated strip. On the contrary, this systematic character pr
disappears in the case of independent strips,

This may be explained by the fact that the vaciations of the position of the mé
points on the plates involve accidental errors which become systematic when the'p
of the points remains unchanged.
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RUBAN 121

ECARTS RES{DUERS EN Z

Figure 1

l'||—m

CEMTRE DE MONS - RESTITUTION ANALOGIGUE

ECARTS APRES COMPENSATION QUADRAT OLE

RuBAH 12/2

ECARTS RESIDUELS EH T

Figure 2

-2
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CENTRE OF MUNICH - RESTITUTIDN ANALDRIDUE

MOYEHMES DES ECARTS RESIDUEES

RUBANS INDEFENDANTS

MAOYENMEE DES ECARTS RESIDUELS EN T

iman: In opening the discussion on the papers of Prof. Wiser and Dr. Camps | wish.to_

2 two observations. First of all? systematic errors have been largely neglected in the
wetall treatment of aerial triangulation, We know of their existence and now suddenly
lear that the systematic errors are twice as large as the accidental, How are we going
ope with them? '

thardt: Is there an explanation for the differences in the four sets of analytical
isurements of Frankfurt since with large systematic errors one would expect o to be
ily constant?

5 1 can offer no explanation as yet since I have not yet had time to analyse the

cjst of the errors can be determined, including purely observational errors, and thus very
+w irregular errors are left over.

Wiser: The ratic of systematic to random components was in the order of 2 : 1. Thus,
epetitions would only reduce the total error by a factor of 1.25 instead of a factor 2 if
ly random errors occurred,

rie: What practical conclusions can be drawn from this?

iser: Since the errors no longer form a random distribution, something must be done to

uce the systematic component, prior to any adjustmnent. This is the aim of the
called Programme IL,

eric; 1 am afraid that very little can be done unless a systematic component can be
etermined which is constant over a large number of photographs.

hairman: It is certain that theee results confirm the existence of systematic ervors and T
elieve that this type of investipation should be continued. However, we must also be
alistic when comparing different results as even the theory of errors appears to be
bject to different interpretations, the late Prof. Tienstra claiming that systematic ercors
id not exist and Prof. ferie now claiming the same for accidental errors,
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ude statistique expérimentale des erreurs d’enchainement des photogrammes

v},c 6 figures, 17 tableaux)

v M. Cunieiti, Milan — A. Vanossi, Milan*)

STRACT: p. 226

ustification et but de la recherche

echerche proposée ici est si simple qu'ele peut méme sembler aaive, D’ot la néeessité
tine analyse de ses motivations et de ses justifications.

péter plusieurs fois un méme enchainement, accumuler des données sur la dispersion
ique des erreurs d’enchainement, tout cela constitue un travail peu séduisant. I se
tésente tel gu'il est en réalité: un travail d’analyse expérimentale sans ambition, visant
iniquement & constituer la base de départ d'intuitions futures moins indépendantes de la
¢alité que ne le sont souvent celles d'anjourd’hui.

e ce fait, la premiére justification réside dans la modestie de ces intentions, qui peuvent
= résumer ainsi: documenter le plus largement possible le comportement des erreurs
'enchainement, leur variabilité 4 Pintéreur de la bande, lenr importance expérimentale-
fient vérifiée, leur corrélation éventuelle avec les conditions d’ambiance de prise de vues
1 de restitution,

Le but documentaire ne peut toutefois &tre abandonné aux. caprices du hasard, car la
cherche risquerait alors de naufrager dans la matde des donndes dépourvues de toute
oordination, :

est donc nécessaire d’encedrer logiquement la recherche afin de lui permettre de
arvenir plus rapidement 4 son but.

la base de la recherche nous trouvens la convinction que nos connaissences sur le
omportement des nombrenx Phénoménes convergeant dans l’opération d’orientation des
‘photogrammes sont encore aujourd’hui élémentaires et grossiéres.

La stracture fine, le comportement particulier de chaque opération nous échappent; nous
ne voyons que la structure globale et apparente, révélée par la multiplication des effets au
cours de P'enchainement. Le résultat global nous améne souvent 4 considérer la respon-
sabilité du résultat comme susceptible d’&tre répartie en moyenne sut les différents
maillons de la chaine et nous ignorons les responsabilités localisées, souvent tout aussi
insidieuses.

La question qui se repropose au sujet des erreuss accidentelles et systématiques devient
bien plus complexe et hasardeuse quand on examine le produit final au terme d'une

*) Istituto di Geodesia, Topografia e Fotogrammetria «G. Cassiniss def Politecnico i Milano.



gle des opérations & effectuer, il faut choisir, pour entreprendre la recherche; le
4 utiliser, les instruments et les méthodes de mesure et d’enchainement, le
de vépétitions de chaque enchainement, le traitement analytique des résulrats aux
T'analyse statistigue.

it'et constitue de ce fait leur milieu naturel.

Le traitement a posteriori des résultate de 'enchainement part général
I'hypothése que le comportement accidentel des erreurs dans le cadre de la bag
bloc s’avére pratiquement homogéne. Selon cette hypothése, ni les bandes ni k&
présentent des points et des zones de connection plus faibles, oft Perreur qu
moyenne des éléments d'enchainement entre les modéles 2 une valeur plus élévd
hypothése n’a jamais été contrdlée directement, mais elle sest toujours basée unigiy
sur la convinction que les conditions de prise de vues demeurent i peu prés entiss
constantes tout le long de la bande, et que par conséquent 'enchainement lui-nig
obtenu avec des erreurs 4 pen prés constantes en tous les points de la bande ou.di

recherche ne présente aucune difficulté en ce qui concerne le marériel photo-
ae A utiliser. Toute bande obtenue & des fins pratiques ocu pour des études
ientales peut étre employée. 11 n’est point ndcessaire de disposer d’un nombre
< .glrable de points de contrble sur le terrain pour ]’étudc détaillée des erreurs. il
. de disséminer, le long de la bande, quelques points 4 coordonnées connues, en
suffisant pour contréler les déformations systématiques les plus manifestes des
La longueur de ces derniéres pourra étre variable; il est estimé routefois gu’un
mum de vingtfvingt-cing photogrammes par bande pourra suffire; Dans le choix du
¢riel photographique il faudra avoir soin de varier au maximam les conditions de la
de vues ainsi que la conformation et la situation du terrain photographié.

De méme, dans le cadre d’un bloc de bandes, toutes les bandes sont supposdes as
dgale précision, et toutes sont par conséquent traitées de la méme maniére
supposition répond-ele & la réalité? Tl est trés raisonnable de penser que les condj
prisc de vues et celles du territoire, évidemment différentes, aboutissent égaleme
situations différentes de précision de chaque bande.

‘Chaque Centre participant a la recherche devra choisir un procédé d’exécution des
tions et sera tenu de le respecier scrupuleusemeut, non seulement pendant toutes les
titions successives de la méme bande, mais aussi pour tout un proupe de bandes
finées. On doit évidemment choisir des procédés d'enchalnement susceptibles de

Dans le cas des modéles enchainés, les déformations provoquées par les erreurs co
dans les éléments d’orientation sont estimées d’importance 4 peu prés homogéne
exreurs quadratiques moyennes des éléments d’orientation des modsles sont..

estimées a2 priori du mé&me ordre de grandeur.. Cette hypothése exige, elle aus
confirmation.

tire en évidence les erreurs de restitution, comme celles d’orientation et d’enchaine-
t, de la fagon la plus divecte possible. A c¢es fins il y a lieu de conseiller les méthodes

nchainement analytique et, parmi ces derniéres, les plus simples et les moins sophis-

Gées, c'est 4 dire celles o le lien géoméirique entre les photoprammes est obtenu sans

orpensations susceptibles de masquer les errenrs,

2. Méthodologie d’exécution de la recherche expérimentale turellement, linstrument employé pour les mesures - qu'il soit analogique on analy-

ue — doit étre soumis & un contrdle périodique pour connaftre son instabilité éven-

Aucune difficulté conceptuelle n’entrave la méthodologie d’exécution de la reché
sinon la difficulté — commune 2 toutes les recherches statistiques expérimental
d’obtenir des résultats dignes de fois et significatifs. Cette validité et cette significat
ne peuvent que dériver de 'étendue de Iéchantillon examing, de la variété des condi
de prise de vues contenues dans cet échantillon et de celle des procédés de caleu
président 3 ’daboration de Penchainement, dit nombre des répétitions des essa
chaque bande, de la minutie des procédés d’enquéte statistique adoptés et des
utilisés. Cela entraine comme conséquence que le travail de recherche devient trés long
doit étre réparti sur plus d'un centre de recherche et que les résultats peuvent sembler

définitive disproportionnés 4 la longueur et 3 T'étendue du travail ainsi gu'aux cnerglé
employées.

lle dans le temps,

) L'un des éléments 4 établir dans la recherche, ¢’est le nombre de répétitions d*une

me bande dans les mémes conditions d’opération, afin que les éléments obtenus de
analyse des résultats aient une signification statistique.

es données statistiques qui nous intéressent sont: les moyennes, les écarts quadratiques

oyens (é. q. m.}, les coefficients de corrélation.

our Jes moyennes il faut disposer d*un nombre de répétitions permettant d'établir la

significativité d’une moyenne (ou de la différence entre deux moyennes), comparde 3

Thypothése nulle, au moins lorsque la moyenne (ou la différence des moyennes) est du

| ) _ ‘méme ordre de gra.naeur que 4, q. m. de la popula’cion d’ol I'on a tivé les éléments qui
H est hors de doute, dans ces circonstances, que des données per nombreuses —

intéressantes soient-elles — ne peuvent aboutir 3 aucune conclusion.

ont abouti au calcul de la moyenne ou des moyennes correspondantes; c'est-a-dire M (ou

My—M, }, approximativement égal & 1’4, q. m. 0. Si nous considérons que la moyenne est

g

Ne nous étonnons donc pas si les argumentations rapportées ici ne peuvent constituer qu& significative quand:

le début d'une recherche, début susceptible tout au plus de nous dommer quelqu:
indications sur la fagon de procéder au cours de I’étude.

txtp {1




‘¢ de Student, valeur qui a une probabilité de
. ’ 1 4 iw
“gqielgue cause accidentelle, en introduisant Phypothise choisie Sl _ i S o
?M - o), nous obtenons : les cocfficients de corrélation obtemus expérimentalement..
=), : b

: . Ly y - . = 13 . PO R
: . 3 b i c
V;; =ty : gsultats numériques des essais répétés d’enchainement:d u.ne m-eme: bande:_ .

! dans les données suivantes:
Il résulte des tableaux du test de Student, en fonction des degrés de liberté, qu :

e les points d’orientation relarifs des photogrammes; °
la plus petite du nombre 5 de répétitions & effectuer est 8. axes résidulles sur les p \
) i 'sur les points de jonction des modéles le long de la bande;
En ce qui concerne la significativité de la diffésence entre deux 4. Q- 1. on pe .
2 Yord i laire des photogrammes;
de fagon analogue, en partant de Phypothése que le nombre de répétitions do des éléments d’orientation angulaire des photogr ?
nature 3 nous permettre de considérer deux &. q- m. comme provenant de pop
dispession différente, lorsque le rapport entre le plus grand et le plus petit est ap
tivement égal 3 1,7 (6%, / 6%, = 3). En pareil cas, le test z de Fischer prend la val : - ,.
Ies {71 2=3) 2 2 P - sident que ces données numériques ne sont pas directement utilisables et quil faut
2 . , .y
g7 - &dé rtuns de caleul que nous énumérons ci-aprés.
z=1,18log |, —— = 1,15 log 143 = 0,55 aborer par des procédés oppo q
G g

des composantes de la base des différents modeles;

onnées-bande des points restitués.

la compréhension des symboles utilisés il est bon de tenir compte des bases de
Une fois en possession de cette valeur, on analyse le tablean de Ia fonetion d

calculée en fonction des degrés de liberté des deus & q. m.; dans Phypothése. ¢ auméro ndice du modéle dans la bande de m modtles.
significative une différence lorsque la valeur de » correspondante a une probabiki:

- suivantes:

. * i ' érc indice de la répétition de I’enchatnement.
0,05 % d’étre dépassée pour des causes accidentelles, on obtient qu'un total de numére p

2 - P s ' 4 . - B R . v e s 1 - H .
est nécessaite pour mettre en évidence des différences significatives éventuelles d numéro indice du point utilisé pour Porentation
indiqué. indice du point de connexion entre modsles consécutifs

Pour ce qui concerne les coefficients de cosrélation linaire le tableau n, 1 notrs m de 1a bande: 2 = en haut, N = au centre, b = en bas.

dans le cas théorique de r = 0, que les limites du champ que le coefficient r ne pe indice de la coordonnée considérée.
dépasser pour des causes purement accidentelles (avec une limite de confiance di

i 3 ro2ites . *arientation brutes des photogrammes,
varient lentement i mesure que le nombre des répetitions augmente. Pour obte 0, w, X, bx, by, bz: élémepts d i

L = r i ] * L3 ’‘ - I3 3 H i ? i
intervalles assez lmités autour de la valewr théorique, il faut augmenter énormém Agp, Hew, Ax, R, A, A:  éléments d’orientation angulaire et d’enchainement des
nombre des essais.

. modéles.
. . . , ) ' L if; 1
Le tableau n. 2 reproduit, pour certaines valeurs théoriques du coefficient de corréhiti 1.8 numéro indice du groupe de modéles successifs de 1 4
I .. .y s r.aw i 5 e
linéaire, les limites des zones ron critiques lorsque le nombre des répétitions sur lnf;su]i.li?:ﬁ> bande sur lesquels on a calculé la valenr moyenne des
sont effectués les caleuls arrive & 15. Nous tirons de ce tablean que la limite de la24; coefficients de corrédlation.

non critique atteint son maximum pour la valeur théorique r = Q. : numéro indice du point restitué le long de la bande.

H résulte clairement de cette étude Vimpossibilité pratique de procéder & des e

coefficient du terme du polynéme interpolateur des cor-
suffisants pour limiter la zone non critique pour n'importe quelle valeur de »,

rections.
Il est toutefois possible, pour obvier & cet inconvénient, de considérer non poin
valeurs de + pour les différents modales, mais sa valear moyenne pour des groupes de : & . di

; : Yeyrd i ivers modéles et aux diverses
ou six modéles consécutifs de la bande. De teile fagon on perd une partie des infori ) le Toyq du systéme d’équations d Q[‘l.entatloﬂ relasi s div
tions analytiques, mais on augmente la significativité des résultats.

" s i ‘ori i lons:
ivec les parallaxes résiduelles P sur les points d'orientation, nous calculons:

répétitions, 3
-j'La moyenne M(Pji des parallaxes résiduelles P dans les = répétitions de

En admettant ivi i i : e £ i ientation k—ié
admettant de subdiviser les bandes en groupes de ¢ing ou six modéles, Penchainoment, relatif au modéle i—itme et au point d’orientation k—iéme.

tions de la bande, nous pouvons atteindre des Emites de significativité asscz
méme dans le cas le plus défavorable {r=10).

avec 1b répéis
remarquables e
) L’é.q.m. ofP);g des parallaxes résiduelles P dans les n répétitions de lenchainement,
relatif au modele —iéme et au point d'orientation k—iéme.



¢ jonetion des modéles le long de la hande pérm e b

R =
i Sl as bxo
T ne M(R )¢ des cassures R entre le modéle i—iéme et le modéle

-aux-points commums 3 deux modéles successifs, dans les » répétitions de ) AP = arctang —bZI — arctang “‘“‘O = arctang _52'13 o -y

ment relatif 3 chaque modéle, 3 chagque point de liaison w et & o X | b, by .

coordannées f, .

Lé.qm. ofR}jp; de A P : by, o by,

~eq-m. iwi des cassures entre modéles consécutifs dans les » répétitia : AB = arctang —— — arclang —— = arctang —

a chaque modéle, 4 chaque point et 3 chaque coordonnée. : 3, g x|
L’analyse isti 414 s N . - . A .

¥ sta:mlque des éléments d’orientation angulaires des photogramm ons qu'on peut imaginer un modéle de place i = 0 oft les composantes de la base
COmposante < : s iR . . ' - oAt
. tP . s de la base est effectude, pour une premiére phase, en utilisant Jag Jant étre arbitraires, mais rostent constantes et sans erreurs a chaque répétition de la
rutes dir iTé ' 4 . s ) i . , L1z ..
prees ectement tirées de enchainement; an calcule pour chacun des élémeiif ‘en particulier on peut considérer ce qui suit:
artlon H ,
Fs . . S n by

6) la moyenne M{O); de 'élément d’ocientation O dans les re répétitions de lanc bxg = M{bxyj) = 2 :

ment pour chaque modéle. : =1 4

? g - . . —

7) L'e.qum. 6(0); de 1"élément d’orientation O dans les # tépétitions relatif bYo 0 )

maodéle, g

bz, =0

3 =1 gl - . i
::.L cours t.:lu;e deuxiéme phase, les éléments d’orientation des photogramm
Gment traités de fagon i rendre chaque élément de chaque modile indépenda hacune de ces six valenrs des éléments dorientation des modéles nous caleulons:

ervears existant dans les modzl il & '
es qui le préeédent. fa moyenne M(0’); de la valeur de I’élément ¢’ obtenue pour chague couple de

Pour les éléments angulaires des photogrammes des modéles nous calenlons: - . ‘photogrammes i, i+1, dans les n répétitions de la bande,

Yie1 — _ L4, q. m. 0 {); des valeurs de P&lément O relatif & chague couple de modéles.

nalyse siatistique des éléments d'orientation est complétée par e caleul des corré-

8% = Xy — X . lons existant entre les différents éléments d'orientation relatifs & chague modéle. La
17X mule employée est bien connue.

Aw; = Wipq = oy

pour les composantes de la base: '
P s de la base vateurs de 7f0’0’); permettent donc de calculer:

bx; : .
R; il . La moyenne M(r), des coefficients de corrélation sur des groupes de modéles

by . conséeutifs (cinq ou six en général] pour pouvoir rendre significative la valeur aux
fins d'une interprétation statistique.

bzjey be;
Ay arctang — arctang — : s points éventuellement restitués le long de la bande peuvent étre wtilisés pour étudier

Xit1 ba; propagation des erreurs accidentelles de restitution sur le percours de la bande en
byi+1 by,- . Juestion.
— arctang . 211) L6, q. m. o(t)y, des coordonnées restituées relatif & chague paint dans les n répéti-

Al arctang
b1 by

tions de I'enchainement.

Ces différences conti
ennent les ’ i ' 3 . e ; s . o
erteurs d’enchainement d'un couple de modéles consé An cas ol I'on connaitrait les coordonnées de ces points, ils pourront étre utilisés pour

tifs de la bande, mai s d . T
précédents » mais elles sont indépendantes des erreurs d’enchainement des modélss étudier la composante systématique des erceurs d’enchainement.

Pour cette étude il fant ajuster chaque bande, en utilisant tons les points connus, par une
“formule d’interpolation des errenrs du second ou du troisiéme degré, puis étudier le

Po . ¥ . . .
ur le premier modéle, nous devons raisonner 3 patt. Dans le cas du premier modéle

: ¥

' comportement des différents coefficients des termes des polyndmes interpolateurs. Nous

(3) ont été ainsi calculées:

calculerons pour ces caefficients:
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présence d’hétérogénéités éventuelles (si la formation des modéles s'avére homo-
e sous le tapport des paraflaxes comme sous le rapport des cassures) indigue
sisemblablement la présence d'une confignration de la prise de vues susceptible
ffaiblir la rigidité de I’enchainement. En outre, au sens absolu, ces données sont
rreuses d’informations expérimentales sur la valeur de 1'é. q. m. des différents eypes
déments d’orientation et d’enchainement des modéles. '

. nombre trop peu élevé d’éléments dans I"échantillon analysé rend peu significatives
. valeurs du coefficient de corrélation calculées pour les différents modeles, La
dyenne par groupes de modéles, éventuellement choisis selon des critdres parti-
liers, devient plus significative et permet soit la comparaison entre les valeurs
btenues expérimentalement et celles qu’on obtient analytiquement sur les modéles
actices, soit le contrdle des vatiations éventuelles de valeur en fonction dela variation
es conditions de prise de vues le long de la bande.

résultats des différents essais, nous donnons ci-aprés un schéma sommaire de 1a po

d’obtenir des indices statistiques énumérés au paragraphe 2d), des information
nature et sur le comportement des etreurs; :

1) Les valeurs moyennes des é. g. m. 09s des parallaxes résiduelles, soit pon
modéle sur les différentes répétitions de la bande, soit pour chaque répétitio
de la bande, fournissent une information globale concernant:

— Phomogénéité de comportement des modéles Si . 'on dispose des & q.m. des coordonnées restituées pour un certain nombere de
ints le long de la bande, on pourta comparer I'allure des é. q. m. expérimentales 4

celle qui provient des modéles théoriques.

— Puniformité d’exécustion des mesures dans les différentes répétitions.

2) Les moyennes des parallaxes résiduclles dans les différents 'points d’orien
standard des modéles M(P);z nous expliquent la présence d’erreurs systéma
d’orientation relative des modéles: si, en outre, ces valeurs moyennes se pré
avec une certaine stabilité le long de la bande, nous parvenons 4 la conclusio
existe des erreurs systématiques dans le matériel photographique, errcurs pré freurs.
ment imputables 3 la caméra. Les tests statistiques de validité calculés en ueli
€. q. m. o(P);z, peuvent étayer I'analyse des moyens,

s derniers se basent en général sur Uhypothése d’un comportement homogéne des
modéles et des éléments d’orientation. Cette comparaison pourra donner bien 3 des
uggestions pout la modification des modéles mathématiques sur la propagation des

Létude du comportement de la compensation polyndmiale, peut constituer une
onclusion utile de Penquéte sur chague bande répétée afin de permettre un choix plus
ppropri¢ du degré du polynéme & atiliser pour Dinterpolation des erreurs systé-
matiques sur chaque bande et pour vérifier si le degté du polyndme varie d’une bande
a Pautre en fonction des paramétres de la prise de vues et des conditions du terrain,

3) De méme, les moyennes et les é. q. m. des cassures entre modéles conséeutifs M,
O(R}iws permettent d’identifier la présence d’erreuts systématiques de format
modeles, localisées entre les couples de modéles consécutifs ou communes 3 &
modéles d’une bande. L’analyse quantitative de la composante systématique lo
globale peat parvenir parfois 4 Pidentification de la cause de Pecreur correspond;

ssais expérimentaux effectués

4) La comparaison entre la courbe des moyennes des valeurs brutes des &lé
d’orientation des photogrammes M(Q); le long de la bande et celle des é. q- m.
mémes valetirs 0(0); fournit une indication concernant Pinfluence des variations'd
position de la chambre sut la précision d’enchainement des photogrammes. La fés
de Ia courbe des é. g. m. et les éventuelles variations brusques de la pente constit
autant d'indications qualitatives sur Phomogéneité de comportement de la bande

u début de I'hiver 1971/72, lorsque on a accepté de participer au présent Symposium
EEPE, on nourrissait 'lllusion de pouvoir présenter une moisson considérable de

alheureusement la réalité actuelle est bien différente. On doit se borner 4 présenter les
nclusions, @ailleurs partielles, de deux seules bandes répétées; pour une troisiéme
jande, les sépétitions n'atteignent que la moitié du nombre prévu; des inconvénients de

dlcul ont empéché pour l'instant d’utiliser les résultats d*une quatriéme bande,

Les mémes courbes des é. q. m. pourront étre comparées 3 Fallure déduite par
théotique. ' '

ici maintenant un rapide compte-rendn et une description résumée du matériel usilisé

t des essais effectnds,

5) Le méme type d’analyse quantitative et qualitative peut se dérouler avec une signifi
tion plus grande sur les moyennes et sur les & q. m. des éléments d’orientatio
denchainement des modéles (0} obtenus par les calculs décrits en 2d). L’analys
ces données, compte tenu de ki valour du test de Fischer pour la comparaison d
¢. q.m,, nous fournit des indications quantitatives surtout sur 1’homogénéit.
formation des modéles et d’enchainement de modiles conséoutifs fe fong de la bandg

emier essai — Bonde 6.2.1. Reichenbach

Vol expérimental au-dessus du polygone de Reichenbach pour la Commission B de
POEEPE,

Hauteur de vol 1200 m au-dessus du sol, échelle moyenne 1 : 12 Q0D.




~ Caméra Wild RC7 4 plaques 15 x 15, dist, focale 100 mm, 10 photogramimiey

— Terrain de collines, avec variations d’altitude atteignant au maximum 9
hauteur de vol. 11 a été procédé, en juin 1967, &' 16 répétitions de Fenchafiis
ceite bande, -

gurs du premier essai il a été procédé A la restitution de 6 points de contréle

sctivement deux dans le premier modéle, deux dans le cinquitéme et deux dans le

Chaque enchainement était complété en une seule journée (6 heures).

Y

pent parfaitement identifiés. Les points de contréle appartenant 4 un méme

Deuxitme essai — Bande 14/3 Oberschwaben
1 sont situés sur les bords opposés de la bande.

~ Vol expérimental au-dessns du polygone d’Oberschwaben pour la Commiséi
’OEEPE.

int le troisidme essal les points restitués (approximativement sitnés au centre de la
de) ont été au total 6. Il s'agit de points naturels du tesrain.

— Hauteur de vol 4300 m au-dessus du sol, échelle moyenne 1 : 28 600.
=~ Caméra Zeiss 23 x 23, dist. focale 150 mm, 25 photogrammes,

ajcul des bandes a été effectué en utilisant un programme de calcul en language
an. Il se compose de deux phases:

— Terrain de collines, avec variations maximales d’altitude de 10 %, Pendant les

novermbre et décembre 1972, il 2 été procédé A la répétition de 16 enchatneme,
bande.

nsformation des coordonnées instrumentales en coordonnées-plaque;

thainement analytique des bandes en atilisant & équations aux parallaxes trans-
érsales sur 6 points standard du modeéle et une équation aux parallaxes longitudinales
;. sur le point nadiral de chague photogramme.

Durée de chaque enchainement: 2 jours; les interraptions ont toujours corresps
méme photogramme. o

stientation de la bande a été établie en imposant, dans le premier photogramme, des
ars nulles pour les éléments d’orientation (¢ = w = ¥ = 0), et ’échelle en imposant la
gur de la hauteur du point nadiral du premier modéle.

Troisiéme essaf — Rande L Vol Udine-Tarvisio

— Buit du vol: étude du tracé autorontier.

— Hauteur de vol: 1500 m. Echelle moyenne 1 ; 10 000, Ortentation du nouveau Photogramme sur le précédent est obtenue pae un procédé

— Caméra Wild RC5 23 x 23, dist. focale 150 mm, 6 photogrammes.

— Tesrain montagneux, variations d'altitude parfois supéricures 3 30 %, axe de la'
coincidant avec e centre d'une vallée,

gratif, en utilisant toujours la méme matrice.

putput final du calcul comprend:

es indications générales sur la bande

le numéro du modéle

If a été procéds, au mois de janvier 1973, & 16 répétitions de cette bande. La du
chaque enchafnement était d’une journée, “1a suite des réitérations successives et, pour chaque réitération, les parallaxes rési-
duelles de départ (en métres sur le terrain} et les éléments d’orientation de la plaque 2

du modzle

Quatriéme essai — Bande 6/1 — Vol Oberschuaben

For . R N = . . F rrain} et le nombre de réitération.
Carathristhues du vol ldenthues i celles du deuxieme essai. En féyrier ot mars 19 es p.ai*allaxcs résiduelles finales {en métres sur le terra } t omb 3

€t¢ procédé A 8 répétitions de Penchatnement de la bande. La durée de Penchafric
était de deux jours.

- les éléments d’orientation terminaux

les coordonnées-bande: — des six points d'orientation

Sur tout ce matérel, les mesures ont été exdcutde A laide du stéréocomparaten — des points connus

TA 3/P OMI A trois chariots. L’état de réglage de Pinstrument &tait nottal; en outr
qul est tres important}, la stabilité de cet instrument — constamment contrlée au co
des essais — s’est révélée satisfaisante, '

— du point de prise de vue

les cassutes en X, Y, 2 sur les trols points communs & deux madéles conséentifs (en

‘métres sur lo terrain),

Ees mesures ont été exécuté t sui : . -
tées selon le procédé suivant: e tableau 3 reproduit Poutput du programme d'enchainement.

:Dn mesure sur chaque plaque, en plus des coordonnées des repéres, les coordonni
mstrumentales de 9 points disposés sur trois lignes normales 3 IPaxe du vol. Chacun de i
9 points est pointé sur trois plaques consécutives. Ces points ont écé choisis chaque f;
par Popérateur dans la méme zone standard, mais ce ne sont pas toujours les mémes.




3 deux modéles différe du comportement de ce méme point su.l:;tcjﬁ; _
& de recouvrement. La valeur moyenne des cassures en Y et Z est négative au fieu
1:.1_.E=:I;.:3fsit:i‘n: (temarquons que toutes ces moyennes sont sta.tistiquen_l_eh_i_ﬁ.'s'ign_l_ﬁca._
5). Ce fait est intéressant, car il décéle une variation imprévue de comportement dy

ériel photographique.

5. Analyse des résultats des essais

Premier essai

La premiére analyse, exécutée sur le matériel des 16 répétitions de la bande
recherche d’un comportement systématique éventuel des parallaxes &5

modéles.
cau 6a) nous donne les moyennes et les é. q. m1. calenlés sur les valeurs brutes des

is d’orientation de chaque photogramme (Q). Les é. q. m. augmentent le long de la
du fait de Paccumunlation des erreurs d’orientation des photogrammes sccessifs, La

Cette premitre analyse a révélé, dans Penchainement de la deuxiéme répés
bande, une anomalie de comportement de avant-dernier modgle, anomalie q
enchainement inutilisable. Par conséquent, la deuxidme répétition a été élir

. s ie s 2.6.1 est trop courte pour permettre toute déduction sur la loi d’accumulation des
répétitions considérées seront donc an nombre de 15.

il est cependant possible d’obtenir quelques indications qualitatives, savoir:

+
Le sésultat de cette analyse est contenu dans les tableaux 4a) et 4b). trois éléments d’orientation angulaire, @ accuse les valeuts les plus élevées, au

but comme 3 la fin de la bande. Par contre, 2 P'élément ¥ cotrespond la dispersion
ale et finale 1a moins élevée;

rapport entre 4. g. m. du deuxiéme photogramme (les €. . m. pour le premier
togramme sont en effet toujours nuls) et celui du dernier atteint prés de quatre
et demie pour g, un peu plus de trois fois pour w et approximativement deux fois
t demie pour X;

Le tableau 4a} contient les moyennes des parallaxes eésiduelles sur chacun deg
standard. Les parallaxes sont données en millimétres sur le terrain. Le tal
rassemble les é. q. m. des moyennes. Compte tenu que la valeur du test ¢ de Studen
laquelle, dans I'hypothése nulle, les valeurs sont significatives, atteint appro
ment 2, nous voyons que la plupart des moyennes sont significatives, Deux fait;
peine d*étre soulignés: _
a) le comportement des moyennes des parallaxes résiduelles dans les 9 modé dispersion des trois éléments angulaires sugmente considérablement dans les photo-
présente aucun caractére systématique; dans les colonnes fes signes positifs et |
négatifs alternent d'une fagon qui semble tout A fait casuelle;

rammes initiaux. Cet accroissement devient négligéable dans les photogrammes de la
econde moitié de la bande {fig. 1}

‘les composantes de la base de chaque modéle (bx, Dy, bz} ont des comportements trés
fférents; les €, q. m. relatives & by sont toutes comprises dans une zone de 12 cm et
n’accusent aucun accroissement systématique le long de la bande. La dispersion de bx
vgmente le long de la bande dans Iz mesure totale de presque deux fois et demie, mais
son comportement est irés anormal dans les quatre premiers modéles. Enfin la
-dispersion de bz augmente jusqu’d un maximum de 6 fois sa valeur initiale (au
‘modéle 6) pour diminuer ensuite sensiblement (fig. 2}.

b) les moyennes les plus élevées en valeur absolue sont toujours concentrées sur le
nadiraux des photogrammes compasant le modéle, c’est A dire sur les points

Sur ces deux points les moyennes des valeurs absolues des parallaxes atteign
double des valeurs sur les quatre autres points.

L’analyse suivante concerne les cassures entre modéles conséeutifs de la bande. Le tal
n. 5 rassemble les moyennes pour chacur des points situés sur la ligne nadirale
centimétres sur le terrain. Les cassures des coordonnédes X et Z sur le point nadir
& tableau 6b) groupe les valeurs moyennes et les ¢, q. m. calculés sur les valeurs des
{éments dorientation relative de chaque modéle et des ééments de connexion entre
odéles consécutifs (O’). Analysons ces données (fig. 3} pour recheccher des corrélations
ventuelles entre la valeur de 'élément d’orientation considérée ct son é. g. m.; il est assez
vident qu’ancune corrélation n'existe.

photopramme commun i deux modéles sont toujours nulles du fait du caleul.

L’analyse de ce tableau donne lieu aux constatations suivantes:

a) les cassures dans la coordonnée X sont trés petites et, de ce fait, peu significatives;
ne femargque en outre alcyun comportement systématique le long de la bande;

b) les moyennes des cassures dans les deux antres coordonnées sont plus élevées
cassures dans la coordonnde ¥ révélent une déformation systématigec des modé
long de la bande: 1échelie d'un demimodéle est inférieute 4 Péchelle de 1'autre, C
déformation est caractéristique des erreurs d’orientation en t; '

En ce qui concerne les données du tableau nous remarguons:

a) les & . m. relatifs & Ay sont en moyenne plus élevés que ceux qui se rapportent & Aw
et & Ay et guw'en outre, le Jong de la bande, ils accusent la variation la plus
considérable: entre le 3° modéke et le 4%, le rapport des é. q. m. en Agp est A peine

€} en ¢e qui concerne la conrdonnée Z, les moyennes des cassures décélent une rotatior L . . .
inférieur & trois fois;

systématique de tous les modéles autour d’un axe longitudinal. Cetve déforma
découle, elle aussi, d'unc erreur systématique commise dans Porientation w di
modéles, avec le résultat d'une torsion de la bande;

by les é. g. m. relatifs 3 Acw sont en général moindres; le rapport entre la valeur la plus
£levée et la valeur la plus faible est 2: 13

¢) les é. g. m. relatifs 3 Ay sont encere plus petits, avec un rapport entre la valeus la plus
grande et 1a valeur la plus petite inférieur a 2: 1;

d) pour ce qui est du compertement des coordonnées Y et Z, 'unité de comportemet
des modtles successifs le Jong de la bande est interrompue par le comporteme
anormal des modéles 7—8; le comportement du point b dans la zone de recouvremen
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‘o des résultats des seize répétitions de Penchainement a suivi & peu prés conipléte
schéma de la recherche précédente; elle devra &tre compléiée en ce qui regarde”

d) les & q.m. de R (transport d’échelle} sont comprises entre wn minimmiif,
4 dixmilliémes et un maximom dun milliéme;

. ; R . + ’
e} les é. q. m, d’orientation (A®) des modéles sont comprises entre 2,3 en Pélaboration des données que l'analyse.

sont généralement le double, en valenr absolue, des £, q. m. de lincli
modeles présentant la valeur maximale de 2,1¢ et Ia valeur minimale de ¢

ons le premier des tableaux ce rapportant & cet essal (tablean n, %a et 9b):

fmoyennes des parallaxes résiduelles rarement dépassent fa valeur d’un-décimétre;
‘gont inférieures — compte tenu de Péchelle des photogrammes — 4 celles des

Le tableau 7 reproduit, pour chaque modele, les coefficients de corrélatio
couples d'éléments d’orientation 07 des modéles.

‘hainements du premier essai;

Les deux derniéres lignes de ce tablean contiennent, dans ordre: les moyen
sur les cing premiers modéles, les moyennes calculées sur les cing derniers, le
calculées sur la totalité des 9 modéles. Le degré de significativité des valeur
accuse de ce fait une angmentation considérable.

¢comportement est parfaitement systématique: les parallaxes moyennes sont toutes
sitives atx points pairs et toutes négatives aux points impairs, 3 la seule exception
modéle n. 11, ob les signes sont invertis. Si nous tenons compte qu'd chaque
Gition l'opérateur effectuait la collimation sur points différents dans la méme
, 1a présence de ce comportement systématique, non constaté au cours du premier
i1, laisse supposer la présence d’une distorsion résiduelle de I"objectif;

Les valeurs théoriques des coefficients de corrélation entre les couples de
éléments d’orientation de wimporte quel modéle de la bande sont reprodui
tableau 8. La comparaison entre ces valeurs et celles fournies par P'éiude ex
n'est toutefois possible qu’a ttre indicatif. En effet, les éléments utilisés po
expérimental sont des fonctions des éléments d’orientation de chaque mo.
modéle qui le précide. Ce fait diminue nécessairement Pintensité de la G
comme nous le voyons effectivement en comparant aux valeors théorigues leg
constatées sur tous les modéles. On remarque des valeurs du coefficient significh
différentes de zéro 13 of cely doit également se produire en théore, mals 1g
expérimentales sont dans chaque cas inférlenres, en valeur absolue, auk
théoriques.

ccord avec ce que nous avons déja vu lors du premier essai, les parallaxes maximales
nt situées atwx points 2 et 5, actrement dit aux points nadiranx. Nous constatons
galement sur ces points le maximum de dispersion des valeurs. Cette coincidence fait
altre I supgon justifié que la cause de ce phénoméne réside dans le schéma de calcul

suivi pour orientation relative.

bleau n. 10 groupe les 0o des 24 x 16 modgles. Les valeurs moyennes par colonne,
“3-dire relatives & chacune des 16 répétitions de Penchainement, sont toutes trds
hes I'une de Pautre (valeur maximale 219 mm, valeur minimale 161 mm corres-
jant & peu prés & une erreur de * 6 microns sur la plaque). Cela signifie que, sousle
ort des mesures, les 16 répétitions de Penchainement ont toutes la méme précision.
moyennes par rangée présentent au contraire des variations trés considérables (valeur
imale 317 mm; valeur minimale 98 mm*); ccla prouve qu'il existe, dans la précision
séque une disparité considérable de comportement entre les modéles d’une méme

Dans le cas seulement du premier modéle et comme conséquence du type de cale
la comparaison entre valeurs expérimentales et valeurs théoriques s’avére possib
quantitativement. Malgré I' étendue quantitative limitée de I'échantillon, et excepti
des valeurs qui auraient d &tre théoriqguement nulles, on remargue un excellen
entre les deux séries de valeurs,

La comparaison entre les deux moyennes de groupes de modiles s'avére pa
significative. Dans trois cas (pour ApA®, AxR, ADPR) les différences entre les
groupes de modéles dépassent significativement I'intervalle dans lequel peavert
pour des causes purement accidentelles, les valeurs des coefficients de corrélation

alyse qualitative du tableau n. 1la contenant les moyennes (presque toutes statisti-
ement significatives: tab. 11b) des cassures entre modéles consécutifs nous permet
tablir ce qui suit:

les cassures dans lex coordonnées X sont entiérement négligeables. En pénéral les
mayenses sont de quelques centimétres;

Dans les trois cas, nous constatons pour le deuxidme gronpe de modéles des moye
valeur absolue supérieures a celles du premier groupe de modgles, Malgré I'ignorani
causes, cette constatation doit étre soulignée ot s’avére digne d’attention.

dans la coordonnée Y le comportement des cassures sur les deux points marginanx de
la ligne nadirale n'est pas caractérisé par une allure systématique marquée. Les valeurs
des moyennes sur le point a) sont variables tout en présentant une prédominance nette
de valeurs positives, Par contre, sur le point b}, les valeurs négatives ne prédominent
que lgirement, On ne saurait rien relever de systématique en pareil cas. Pour la
cootdonnée Z les cassures sont principalement négatives sur le point a), en’ corrélation
parfaite avec les valeurs positives, sur le méme point, des cassures en ¥'; nous avons par

Dewxidme essal

A Finstar du matériel photographique da premier essai, celni du deuxiéme est con
par anc bande appartenant & un bloc utilisé pour les recherches sur la triang
aérienne, La bande 14/3 du bloc d'Oberschwaben fait en effet partie des rechet
effectuées dans le cadre de la Commission A/B pour le pragramme 2A. Ce choix
motivé: associer les résultats de deux recherches approfondies effectuées sur un mé
matériel aboutit inévitablement 4 une amélioration des connaissances sur le comp
ment des erreurs, ' '

} est & dire respectivement 12 et 3 microns sur fa plagque.
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contre, sur le point b), une corrélation opposée, des cassares de méme signg g
Z; lorsque sur les points a et b les cassures en Y sont de méme signe, les cass
sur ces mémes points sont de signe coniraire, et inversement. Les mo;
cassures en Z sont toutefois d’importance généralement supérieure: elles

méme un métre dans plusieurs modéles.

esures exécutées sur le maiériel photographique de. cet essay n’atitip
bsence de convetgence du calcul de Penchalnement, prob'abléﬁ:ient_pa;
tions considérables d’altitude du terrain, ainsi que des valeurs asser: dlevdes
ts d’orientation. Cette bande a été en effet choisie en considération du tereaji tids

dentéd. On espére ponvoir patvenir également & utiliser ces mesures, en modifiant

Mous constatons done, dans la formation des modéles, types différent de défo

- ftunément le programme de calcel.
systematiques.

Les €. q. m. des ¢lé¢ments d’orientation O des photogrammes résultent du tablea ieme essai

a) Paccumulation des erreurs le Jong de la bande est évidente et trés marqué
pour les erreuss en @ et bz, Sur les 25 photogrammes ces erreurs augmenten;
7 fois, Pour w et X, 'augmentation est plus modique (3,6 fois environ);

oix du matériel photographique pour cet essai a été suggéré par le désir de comparer
mportement de deux bandes d’un méme bloc. L’analyse des résultats, sur les huit
ttons de cette bande, aura donc comme but principal la comparaison entre les deux

b) les composantes de la base bx et by sont catactérisées par des erreurs qui au 5.
beauconp plus lentement (de 1,5 i 2 fois sur toute la bande). Un compo:
analogue avait £té remarqué lors du premier essal, compte tenu de la longueur mo
de la bande. En particulier by n’augmente que dans les gquatre derniers 1
(fig. 4, &)

dant, i faut rappeler que, se composant ’échaniillon relatif au quatriéme egsai de
répétitions setlement, pas de seize, les doanées que I'on obtient sont beaucoup
15 significatives. Le centre de Milano compte poursuivre les mesures jusqu’a atteindre
at de seize, comme pour les autres essais.

llaxes résiduelles {tableaux 14a, 14b, 15}:

Les é. q. m. des éléments angulaires d’otientation et d’enchainement des modélgé'O
groupés dans le tableau n. 12b) (fig. 6): :
a) le comportement relatif entre les éléments Ay, Aw, Ax est comparable & cel
nous constatons dans le premier essai: les erveurs de Ay sont sensiblement supér
3 celles des deux autres éléments. Pour Ay et Aw le rapport entre la valeur
élevée et la valeur ta plus faible des €. . m. est d’environ deux fois et demie; p
il n’est que deux fois; :

&s valeurs moyennes sont généralement égales;

comportement systématique sur de points pairs et impairs, bien que évident, n’est
as sl marqué que dans le deuxiéme essai;

25 moyennes par colonne du 0¢ sont presque du méme ordre de grandeur et les
oyennes par ligne ont des variations considérables (entre 105 et 463 mm}.

b) les é. q.m. de ces trois éléments angulaires d'orientation se rapportant ale sires sur les points communs {tableaux 16a, 16b):

question sont inférieurs & ceux que donne le premier essai; en particulier, pour
valeur moyenne est d’environ la moitié. Cette constatation doit &tre mise en cot
tion avec le fait que la moyenne des éléments d’otientation angulaire des moddle
elle aassi trds réduite, La valeur moyenne de Aw ne dépasse jamais le degré centé
celle de Ay ne le dépasse que dans un modéle: celui pour lequel ¢, q. m. attein
maximum. Cette constacation semble &tre trés importante. La cause dun p

es valeurs des moyennes dans cet essai sont un peu plus petites surtout sur le point a)
our les coordonnée Y et 73

comportement corrélé entre Y et Z est exactement le méme.

léments d’orientation des photogrammes (tableau 17a):

il y 2 une remarquable différence soit comme valeurs soit comme comportement; les

. valeurs sont en général plus élevées;
formation du modéle; ge P ;

. . ; ¥ Pé. . m. de by ne subit aucune variation le long de la bande;
¢) le camportement des trois &léments de ’enchainement entre les modeéles est ) 9 id g ;

semblable & celui du premier essal, tout en présentant decs moyennes de valeurs.
faibles sur tous les modéles. Le rapport entre la valeur la plus élevée et la valeur la
faible se chiffre par 1: 4 pour la composante A, Notons que pout ces trols élém
les valeurs maximales sont toutes concentrées sur te dernier modele.

} Pé. q. m. de by semble méme diminuer.

léments d’orientation et d’enchainement des modéles (tableau 17b):

} aussi pour ces éléments les valeurs des ¢, . m. sont pius élevées {ordre de grandeur de
Paccroissement de 30 4 50 %)

Le dernier tablean {n. 13} relatif & cet essai est celui des coefficients de corrélatio
Considérons uniquement la moyenne des proupes des cing modéles conséeutifs. U n’yac
rien & dire 2 leur sujet. On ne pote variations justifiées de valear entre différents groupes

) étant Péchantillon peu nombreux et, par conséquent, les é. q. m. peu significatifs, on
ne peut pas tirer des conclusions moins générales.

mpossible, évidemment, déduire des informations des coefficients de coreélation linéaire.



Conclusions

I n'y a pas lieu de s’étonner que les conclusions de cette étude sur un travail, ent
incomplet, se réduisent 4 bien peu de chose. Nous avons donné, dans tout ce qui
une énumération de cas olt Pon avait pu noter des déviations significatives vis
comportement uniforme et signalé telle on telle valeur pour mettre en évide
comportement qui se distinguait des autres.

Si cet apergu d’ensemble a suffi 3 mettre en Jumiére que toutes les hypothdses thé
sur Phomogénéité de comporiement des éléments constituant une bande sont py
ment inexactes sur le plan expérimental et 3 d’approf
Ies can

convaincre de la nécessité
cette question et de mieux souligner son aspect quantitasif, ainsi que
phénomeéne 4 I'étude, nous nous estimons satisfaits.

Le temps restreint, qui a considérablement limité les recherches, les difficulté
séques du probiéme et Pexiguité de Péchantillon statistique examiné, ont empéché
stir d’apporter des hypothéses toutes formulées sur les canses des anomalies de ccrﬁ
ment. Une recherche de ce type exigerait un effort d’imagination que nous ne som

en mesure d*accomplir. '

On estime cependant que Peffort d’imagination devient toujours moindre au fu
mesure que les donndes s'accumulent et que Phétérogénéité des conditions d’opéra
s'accroit,

Certains doutes, par exemple, pourraient &tre éliminds si les mémes données de me
étaient traitdes selon d’autres programmes de calcul,

Tout en souhaitant que quelqu’un parvienne 3 découvrir la cause de ces déviations, m
a partir de données aussi peu nombreuses, on exprime le voeu que d'autres Ces
sumissent 3 celni de Milano pour poursuivre les recherches. Le Centre milanais,
s’engage pour sa part 4 compléter avant tout 'élaboration et ’étude de ce premier blo
matériel, se tient 4 la disposition de tous les intéressés pour fournir des données s
propres mesures aux fins de toute élaboration différente possible.

ABSTRACT:

The aim and justification of the research can be summed up thus to document a5 wid
as possible the behaviour of bridging errors, their variability inside the strip, th
experimentally determined entity, their eventual correlation to ambiental conditicns
exposure and plotting, Our present knowledge of the behavioar of the numerous phe
mena connected with the operation of photograph orientation is in fact elementary aii
rotigh. Experimental analysis therefore aims at supplying the future perceptions wit
more detailed information from which to start theoretical developmcnts and the con
struction of mathematical models of photogrammetry problems,

The operative methodology thus consists in homogeneously repeating the measuremen
and calculations for the bridging of a strip, for a sufficient number of times to enabl
valid deductions to be made from analysis of the resalts. An exploratory investigatio

226

ducted with statistical means established that at least fifteen repetitions were neces-
to give significant results, which consist of the statistical indices: average, root-mean-
ire deviation, coefficients of correlation, calculated on the following nomerical
ging results: residual parallaxes on the orientation points of the models, the discre-
ies between the coordinates of points common to consecutive models along the strip,
orientation elements of the photographs and, derived from these, the orientation and
ging elements of the models, the coordinates of the plotted points, the coefficients of
error interpolator polynomials,

analyses are intended to single out the entity of both the accidental and the
matic errors that may be present in the photographic materdal,

operative criteria described at the beginning of this report were applied by the Mifan
tre on four tests, each of which was composed of a seties of repetitions of the same
iip. Only the first two tests, each composed of 16 repetitions of two distinct strips,
ire able to be almost completeiy worked out and the results examined.

ese were attalytical bridgings of two strips belonging respectively to the experimental
st- fields of Reichenbach and Oberschwaben. It has not yet been possible to caleulate
¢ thitd test, while the fourth is made up of only eight repetitions of another strip from
Oberschwaben Test-field.

talysis, for the time being only partial, of the two completed teses has brought to light
w the behaviour of the different models inside the steip is quite different both with
ard to the parallax and discrepancies between models, and with regard to the orien-
ion elements of the photographs, The hypothesis of the intrinsic homogeneity of the

strip, on which all theoretical constructions are based, was experimentally verified as

eing not abways acceptable, Furthermore the presence of systematic errors of formation,

orientation and bridging of the models was brought to light, However statistical research
annot be over after such a small number of tests; If one wishes to attain significant

ults, sbove all in the search for the causes of behavioural anomalies discovered, it is
lecessary to increase the number of tests while varying the exposure conditions and the
riety of the lands photographed in every way possible, '

One goal has however been reached by this research: that of having proved that some

yPot}lesis on the internal homogeneity of the strips have no experimental foundation,

[he Milan centre will continue along this line both by completing analysis of the data

athered in this first phase of work and by extending research to other strips; it is
owever indispensable that other centres, with other systems of operating and calculating,

oin in the research in order to extend its significance and make it more meaningful from

he statistical point of view,
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Tablean 1

| Nombre répétitions

limites

intervalle

amplitude inter

15
20
25
30
50

0,52
0,45
0,40
0,375
0,275
0,20

+ 0,52
+ 0,45
+ 0,40
+ 0,375
+ 0,275
0,20

1,04
0,90
0,80
0,75
0555

1

1
=10, 41257
2, 73776

-
~4, 23770
3.01095

3
~0. 57585
3. 10593

4
-0 23672
12110

0 ¥

Tableau 2

-0,06413
312454

=0.02495
3,12534

-0, 01592
3. 12553

=0, 01362
3. 12557

r  théorique

limites zone non

critigue

intervalle

—0.01334

-

0,17
0,58
0,71
0,97

+

- 0,52

0,63
C,85
0,34
0,99

0,52
+ 0,37
- 0,12
+ (0,90
- 0,980

1,04
1,00
¢,73
0,56

0,09 trés ince

4.24184

33497400
33501, 840
33367241
34252.778
34157, 525
34098.634
33507, 749
4064924
34816, 917

i)

MIDALITA

=24, 79141
0.57327

=Ta 12748
G 60021

~1,52332
0. 60707

-0, 32508
D. 60669

-D.07040
O, BO8TS

-0.01180
0. 60516

0.00200
0. 5D6TT

Q.00517
G.6DETT

0. 00584

Tableau 3

FOLIGONY BEICHENEBACH FROVA ¥ 10

6-1

351 AESIDUE IFTVANERIE (NETRI S01 TERRENG)

~5. 84461
680,824

~3.01091
683, 68614

-6,883106
684, 31215

-0, 21465
6684, 48543

-0, 05023
&84, 52428

=0, 071556
684,532T1

0, 00766
684, 53468

-0.00581
684, 53506

(4931 RESIDI® FINALI (METRT SUL TFRRERD)

—5.00535

Ol=

0.60677

~5,B1902
-d46. 43727

-4, 34589
=48,02463

-1.07845
=48, 24941

0, 23581
-4, 25827

-0.04328
=48, 31077

=0.00102
—43.31365

0.00874
—48, 31430

a.niine
—48.31444

=£0.19137
~31,23436

~11, 59710
=36, 90656

-2, 52051
=38, 05857

1, G06B2
-36, 10098

0. 13764
~3.35757

~0.03628
-35. 37084

-0,01272
—38, 37388

-0, 00726
~38, 37457

TTERAZIONE ¥ 9

a,nii5s

=

v q
9828, 66T 466,413
16,293 583,255
G408, 228 475, 8T
9734.0T0 424,298
80849, 062 584,762
§300.260 430, 119
5438, 692 467,886
9614. 780 423,462
9016,922 1628, 370

hi 8 L]

O S0E

=, 40599

854, 535

=76, 34608
~7.01220
=1 .64.532-
0. 36605
60,0883
—a.02039
—0,0047T4

=0.00111

=0, G002%

T DT ORIENTAMERTO RELATIW (AKGOLI IN GR. CENT-COMP.BASE METRE BUL THERENG}
OH=  3.12R59T7

BY= -48.314

Bim

=38.315
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Tableau 9a

en mm sur l& terrain
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Tableau 9b

en mm sur le terrain’

8
e

sy

N = T v B - LY, I FUR ]

™3 [ PR & T 1] hy oy - =k oak mk = - Y e ey
B oW N s OO 0 el o B W N =

10,4
11,5
12,9
T,2
7,8
4,5
TsT
10,9
9,9
10,2

1+

21,3
20,7
21,4
14,4
21,3
13,0
13,5
21,6
19,3
16,7

+ 9,8

12,2
12,3
6,8
9,5
6,7
6,9
9,4
R
8,7

I+

10,4
12,5%
13,6
6,1
8,8
54
8,5
10,5
9,9
9,8

i+

21,2 +
21,2
22,6
13,7
26,4
11,3
16,3
19,4
20,1
15,9

o mn. oy la terrein

8| = as Mmooy D Lol L T o AT T T ) L= T T e Yy | - 0
w8 R R & 3 2
Bl I e 8RO gL IIFToaBR AR FERIE
+
L O O - S S T TR S - VI« S o, . S O S L S S <
Mo - o - T - TR B S R | B o RN N oD oMo oa B <
W - - - O oo - - - L] - W -
-
+
™M ) ) L = -
| BRI RIEZTSIDAREFTEILERACKZ G =
- o o™ moomoY e W - - m o W n
+|
W o= M [ - w oM - - [ ) | g
ﬂ‘r—‘ﬂ‘ﬁga\gggr‘#‘ﬂ‘g thmg:gl?-wgfg —
- [,V = YRR S TR - e T — ” ol
+]
Wk MM oW g MWW M wom i oy = o
) L5 W AR IR EIZFEDDEERIASEER =
- [ - 0 NN - N N o - - Moo -
+
£ D W W oW — D R oM B F— oM D en By B o a ® 2 5 P
= & = fh By v W o« v Ao DM N LYY = L =
o ™ - M M MM oo - had -
s
H
=+ o Mmoo - o o L T i i m om o
- CEeERARARYIRER SIS I RNREETEERITES a3 &
- - - o ARYRER - o - ® A ol
+
oW W o - - 0o Mmoo oo oo K
o 3 B e = | o= o 3 m oo R CEnoR Sow 3 [ I DO =
- W o - & - - M - - - m o -
+
ME@2RA DRSS E 2NN N G N D o o e o
L= R N B L A ) o~ = Mo 0 5 o e [~} W
o Moo L - ™ E ] o o -—
+
- M e Mmoo o o M D e b L Y o o
A r b Rada R dREeEr R % e R IER = 8
@ w - L ) o = NN bt 1
+|
vgﬂhgmmam;vggma\a\mw\h‘#nmrr— g
- - ) & b = -3 o+ o =+ L oM™ o b =
‘& AT W8T a =+ - T - & T = & & 7
+
- G =R G BN . R ] el SR B =B - I A I AN [
e @2 Momo&S g o e @ = D oo i
o o o - oo o oo - - - - = = = @ oo -
+
W o oW h®m g o lha oD o bugi; Sl g o
e = M @ - o -+ o M o
S8 2RI E §ACELSRERIRE| =
+|
Bxoyn - bR = - B ] = T R S VIR I [
MmN Eas o bl -
+| EFZERIRCBIPERFIERSIIFTIILRE] B
+
& Oh U W 0 > v M W - S MY Gt B DR MF W Bh [~ W W om M -
- A N - S AT - - S ot A TR - -
oF o d - T - - - 2 =
+




Tablean 11a

en om Bur la terrain

Tableau 11b

en cm pur le terrain -

¥
A b & e b a B
0,1 2,8 35,2 557 7,8 50,0 51,0
3,4 1,1 75,7 5,9 6645 103,8 98,0
1,9 iy 46,7 4,8 48,1 £5,2 0,2
3,2 1,5 56,9 4,8 0,7 76,1 44,4
1,5 1,4 47,1 5,2 30,8 67,3 52,0
1,0 2,8 44,6 4,0 a7,2 61,4 7,5
0,2 1,0 36,9 4,7 44,8 53,0 75,5
0,6 3,6 32,2 56 62,5 44,1 90,7
0,5 1,0 30,0 5,3 33,0 42,3 43,5
0,8 3,9 39,9 BE-TY 40,7 5138 59,5
2,1 4,5 43,1 5,6 33,5 64,5 51,3
2,0 1,6 39,6 6,0 EY Y. 54,3 593
1,3 0,5 16,0 5,1 46,2 62,4 66,3
0,2 0,7 44,3 559 31,9 £4,6 48,5
147 0,7 41,8 50 17,8 80,2 51,0
0,7 1,2 36,3 4,6 35,6 51,7 53,5
1,4 e 47,8 4,1 5047 66,6 11,5
0,% 0,4 24,6 458 18,8 34,9 58,3
0,5 0,4 28,0 3,4 39,5 EYIR] 57,68
2.6 2,0 35,9 5,5 43,3 48,4 63,7
2,2 2,1 29,3 4,4 32,2 44,0 47,1
6,6 442 46,6 4,0 39,7 0,1 62,8
2,9 8,5 47.8 4,1 48,6 66,5 78,8

D, Y

B b a 1] a
1 - 0,3 + 0,4 +107,3 + 3,1 - 6,8 -149,9
2 - 8,2 + 0,3 +147,5 + D,6 - 37,8 160,17
3 - 0,7 + 0,5 + 17,9 + 1,6 - 16,0 - 26,3
4 + 0,2 + 1,6 - 5,1 + 045 -~ 31,4 + 6,5
5 - 2,4 - 0,2 + 84,4 - 4,1 + 5,0 —11B,1
6 - 0,5 + 2,9 + 30,0 - 2,9 - 54,4 - 38,7
T + 0,1t - 0,9 + 18,8 1 2,6 - 41,2 - 28,9
& + 1,8 - 2,8 + 89,4 - 1,3 + 52,8 ~125,6
g - 0,3 + 1,5 - 24,5 + B,5 ~ 62,9 + 28,9
10 = 1,6 - 2,6 +102,9 + 1,7 + 26,6 -145,6
11 + G,2 + 5,9 - 1,6 = T,T - 41,4 + T3
12 + ©,8 - 03 ~ 17,3 + 5,2 + 4,2 + 20,8
13 - 2,4 - 0,5 + 91,5 - 0,1 + 49,4 -125,1
14 - 0,2 + 0,9 * 67,7 - 2,3 - 41,1 - 94,5
15 - 0,1 —- 0,6 + 2,4 + 0,7 + 35,6 - 3,4
15 - 0,6 - 1,3 + 71,6 + 1,8 + 37,1 =102,6
17 + 1,8 + 3,4 + 61,1 = 1,1 - 50,4 - 83,2
13 - 1,2 + 0,3 + 33,4 - 0,3 - 27,4 - 46,8
19 - 1,0 - 0,2 + 53,71 +I,9 + 34,5 - 75,2
20 - 1,9 + 341 + 2449 - 1,6 - ET40 - 32,7
21 + 1,1 + 0,2 - 24,1 + 2,2 - 5,2 + 34,3
22 |+ 4,5 v 6,4 - 28,0 - 15 - 56,9 | + 47,8
23 - 444 +19,3 + 13,0 + 2,0 =114,1 -103,0
] -.0,5 + 1,6 + 41,2 0,0 - 17,7 - 57,2
240

241




Tableau 12, Tablean 12b

a ? )
I dot | axe | m | 0" | 4ot
- 1,98 | 2592,4 ‘ 9 00 ety
0,002 0:89$ %1% #0,08 1+ 0,81 -';’622 (13:24-i0_3 0,009 2,993
T 2530 19435, T 9553 0,004 E’?ﬁ“ 0,3 | 6,98 | * 1,83 | ¥ 0.0
0,004 1,072 427 =0, )+ 0 504 0,001 | 0,20 0,017 0,006
= 195 TE5E0,005 [ iosens 0,006 5,05 | +0,% | 1,055 T s8] | = 0,03
0,005 0,87 : - 0,03 " 03004 " 01004 0,31 . 0,009 0,007
" 520 204,513 525 0,006 0,13 | = 0,35 | 0,95 Tolons | oteee
92,006 0,811 0,424 * Ol ’ 0,004 0,004 | 0,26 0,013 0,006
~ 2,33 7335, 559 99,694 0,00 .43 0,12 0,971 + 0,17 - 0,0
0,007 0,884 0,355 i 0,003 0,003 | 0,29 0,015 el
~ 2,48 TR 053 T T 5ol 013 0,584 "oz | ol
9,008 0,924 0,345 + 0,11 + 0’m3 03003 0,20 0,012 0,006
- 2042 12329, 67 iy 0,904 9,03 | v 0,02 | 1,013 *O6 ) - 0,08
0,006 | 0,976 | o500 "oro0s | oloos | 0w | oie0 S0 20
T 081 [2253,705 T o0, 47g R e T R B o O - 0,12 | 40,03
0,005 0,920 0,37 * 0,69 " 0,003 0,004 | 0,24 o ST
T 0062 T 2470,339 1T 5,251 0,005 5,90 | = 0,07 | T80 - 1,51 1 -70,00
0,005 1,121 0,280 o ' 0,004 0:003 0425 9,012 b
T TR B0 0,005 c’_,” - 2,47 1,052 — 0,08 —.G,01
0,006 1,133 0, 318 + 0,01 - 0’()(;3 0:003 0,27 9,018 2:97
6% oy 475 0,004 0158 —vr 1,004 + 3,88 + 0,12
0,007 1,317 0,317 =055 | ¥ 0.503 0,002 | 0,24 0,009 0,006
- LY T THs T eeg 117,156 9,003 .07 ¥ 4’93 1,003 - 2,34 - o
0,009 1,251 0, 520 = 9,26 * 0,104 0,004_| 0,20 8.0.014 o
R e 0,006 Lt e 5,593 =~ 1,50 + 0,01
0,009 1,246 0,365 = 0,51 " o dod 0,003 | 0,21 0,042 0.5%
BRI EE TR 7w oy —0,00 0,21 | = 0,57 | 0,953 + 0,00 1 =0,
0,011 1,096 0,457 + 0,58 - o 003 pa00d | 0,21 0,010 0,006
3,23 2319’ 787 72,557 0,006 0!41 ——FT 7, 580 + G,0d + 0,15
9,012 1,235 0’599 - 0,14 + 6’004 ():mﬂ- 0,25 0,015 0,009
o 2310’417 IR 0,006 - 0134- 70,03 3,996 + 0,10 - 0,13
P 0,012 1,269 0,438 * 3’235 0:003 0,002 | 9,30 D’?B T 2’?;”
17 0,019 0,009 T oy, [FLET 85.873 O T w,06 - 0,13 1,035 * o ? 0,007
+ 0,65 107 9,012 1,019 0,497 * 0,005 0,004 0,003 | 0,28 Tt 503
18 0.020 oot " 254 T1eTIE 0 T g N 70,10 | =0, ] 0,953 M I 2007
+ 0,59' + 1.,? 1 0,010 0,852 0,355 T 0083 . 0’003 05003 9,20 el g‘O
' 155 R 81 ~ 2,55 [ 2383,570 90,974 0’205 T - 0,01 1,121 o B ’02
~5,35 1’01 2,011 AL 0,458 - % 03 8,002 0,003 | 0,33 0,012 2'127
20 0,000 | o,(f? - 403 EE s 124,618 0’314 5,04 - 1,48 0,976 o ) 0,007
=T 2012 0,013 1,254 9,535 " olos | orone 0,005 | 0,19 o N
21 I ? T 4,32 IAg, 5y 48,983 c_.,o? ~0,58 | - 0,38 1,036 “oew | g,oc’
- n’se; + ?'? z 0,013 1,251 0,648 0,2 0'003 0,003 2425 02010 0’109
22 0,091 0,[}19 = 440 243G, 1 148,925 ; 0"024 70,5 6,08 1,054 * 0,03 * 005
n 1,9-2- 1,8 2 0,013 1,125 0,527 - 0’30. o’ool ' G,0N4 | 0,24 0,012 2’23
- 0’0?5. + 0,(‘;5 - 6,87 1549,.38_5 ~163,573 _ 0’01'4 + 0’56- - 2,47 0,638 ~40,59 ) 0’013
X S50 - 553 2,013 1,244 0,616 0,563 * §'3og 0,006 0,004 | 0,33 0,023 "
o oo 228 ~ 6 TANTI T oA 15,65 V6 | T 0,41 | = 1:85 | 1,560 el 015
, y014 0,013 1,401 9,762 0,995 * 2’305 0,006 0,004 | 0,63 ”m;‘:’ g’oz'f
' 1 ' T = 0,0 s ]
Z 0’022 - 0,0121 E 0,01; 0,94.1 ’ 24 21
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on mn sur le terrain

Tableau 14a

+ 44,8
+ 10,5
+ 78,1
+ 29,3

0,3
+ 68,4

0,3
+ G,1

- 11,4
6,8

+ 30’7
+ 57,6

+ 30,0
+129,6
+ 18,4
- 14,9

+ 29,6
+ 21,8

29,8

- 91,0
- 25,9
-140,6
- 54,7

1,3
-162,8

1,5
- 29,8
+ 22,0
+ 15,1

- 69,2
11,9

- 1,2
-232,8
- 44,7
+ 33,6

- 64,2
- 42,0

62,3

+ 47,6
+ 15,5
+ 69,7
+ 28,0

0,6
+ 95,2
+ 0,1

+ 15,0

- 12,2

T3
+ 2641
+ 51,9

+ 31,6
+129,9
+ 21,9
~ 18,8

+.35,8
+ 22,9

32,7

w 46,4
- 12,7
- §9,8
- 28,7

0,1

- 71,6
a,1
- 13,1

+ 13,5
+ T?
- 32,9
- 52,5

= 33,2

= 2815
- 24,4

30,0

+ 88,8
+ 2743
+138,7
+ 56,9

Oy 7
+169,2

+

+ 33,1
- 25,1
- 16,2
+ 70,3
+116,1

+ 72,9

+ 60,5
+ 49,9

63,0

- 45,7
~ 15,4
- 73,1
- 28,6

Q0,9

- 13,4
+ 13,1
+ 5,7
- 25,7

- 58,6

- 29,2

- 31,6
- 28,4

33,9

(Y202 )X
(025,30
4 89°0 ~ &0t + Lt + {Si-1udK
zo'0 = g0 - 2tio + 820 + [(o1 —o)n
#io + o Lo+ gLf0 — roto — sofo ~.] gifo - B - £0fo+ 50+ (6~ 1)K

Fifo + oo - lzfo+ o - &0 - 15f0 ~ tefo - 0+ g0 — €0 + £2 + Lyfp = gufo - E'p + ot + e
oato 10 + LI arin + 00 + o - (LA Lofo - 2o - 20*p - 5070 + gFio - 60 - 0zt - wofo + e
o o+ 80 - fofn + JLpd 00 + zEto = Lhfo - ot - 1050 — P+ zg'n - ogfg ~ §of0 - 610 + ZE
gaio — gk + gztq - pzin + oo + o+ 1ato + o5tn - o5t =~ z9'0 + ¥alo + O+ p2to — 627 - 690+ 1z
9150 + pLto + gn - [ ofp ~ GLfn - Loto + ZHo0 + eto - f1'o - 61%a + 2o+ 99'0 - Eifp = Z8'o + i ]
foto + vt + 1250+ 42'n - &5 - g - ogto * ey - toto ~ [+] £+ fZ50 + Lg'o - €1fa - tEfo + .1
it + aLfo = [ 610 - 950+ JOSG + E9fy 150 + trio = s1f0 - iz¢g - Lifo + - 1o - o + :18
o+ wo- | 2o+ Glto = 1Ef0 - €70 - 0 aFéo + 2pt0 - [4 45 og' D - zE'D + F5ta - EF4Q + t2i0 + L
¥z + FL0 - zo'o + N+ e - o+ oo + 0Efe ~ LSfo - P20 - o - 08ty — ¥5*o - sotn + ¥EtD ]}
gt'o + 00 - g0°0 + ALY €% - rofh = | to'o + 2z - Lefo - sty - D - g + 19'p - 9t + 1Efo + 4
tofo + 95ig ~ Effg - 6O = o+ gfo = 1 15fp - Y0 + orig - Sife - Lo TR [FA oEfg + szén » i
g'n ¥ 9o - guig - FLéo — &g - €0 - £2f0 + g ~ 9670 - rofa - oo+ 1l + 59fn = 8o~ 090 + i
L0+ pota - 60%0 - [ Shin - e§'o + o+ g - GL50 - B = 3l -2 6E0 + uetg - £ -~ 15 £ 43
o + 0g*g — s0%0 - £o'0 + g+ o€ + €zto - (IR e - Lifo - ve*p - 6L + tefo - -1 g64a + Bl
o+ osfo — €0 - qofg - 80'a + LA 38'0 - g8ty + WAL WEfg - 5fn — 80'0 + it - e+ o+ oL

££°0 + lzfo = éz'0 + f2% + lgfo - 60‘n + BEtD + Zz0 + agfo - D - geig - oL e - 690 = 20 + M - [1

1940 + g0 + 20%0 = arty - Lg% = gzt - thia + -1 I £3'n - Lotg - oo + 6o + g'o - 2840 - £ofy + g

g0y - 0z%n + €L - a0 - izf0 - g0 - o2'o - ¥o'a + Lifa.+ trfo - sufo + wio + L

B0+ | fofo- | o+ | mme | pé- 1o - | sofo- | gfofo- | mos ro = | fzlo+ | ero s g

e+ | oufo - ov'o + gLig + oln + Pito - goéo ~ [E L sofp + BF'o = so%g + B¥in + 1

[ 20+ GLto opig = Lo + 19'0 - tofo - PEFD - oo - 29t - el gEtn + ¥

gafn + | | Gzfa o+ Lito + ge'a - o - My - L' - Z€'0 + g - oty ~ irte - Beto + 3

wWrort mo+ | oo | gfe- | fofo - 1o - | ero - | igto- | gege wa={ Ho+ [ wo+ z

o'o - g+ o - 12'0 - ETD 13-4 ofio + [ setn - or'a - ey - 6% + ’

X7 | OV%F | @Pxp | aFBoF | oy | greop Sroy | wpby | xpdp | adép Gray | dpdp *qon
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Tableau 16a

en om sur le terraln

Tableau 16b

on om sur le ferrain

¥y
& b a b 1 b
1,9 2,5 31,6 Ty2 53,2 56,1 89,4
2,6 3:5 4241 6,5 48,4 64,45 73,9
3,7 3,5 40,3 6,6 68,1 63,5 107,2
3,1 3,6 44,8 8,9 31,1 17,5 5,1
4,3 3,2 5146 9,4 54,2 80,4 80,0
2,7 4,3 64,2 1,0 52,5 106,4 11,8
2,5 8,6 19,2 10,0 48,3 21,5 Thy2
1,9 5,0 17,40 641 57,5 29,2 87,2
0,1 2,0 40,1 4,1 40,1 64,4 58,9
546 4,4 39,2 4,8 32,8 60,2 47,3
8,6 94 63,5 952 T1,4 94,3 99,7
Q,2 1,4 33,9 Ts5 38,3 4844 59,?
0,4 1,0 17,2 53 50,0 27,3 13,1
§,8 43 59,8 6,0 5045 9749 69,7
1,3 L 1,7 72,8 546 53,7 114,7 15,2
1,9 0,8 30,0 4yd 58,3 5354 88,3
4,5 8,0 52,5 9,0 44,5 8444 11,1
3,9 8,2 50,2 8,9 63,7 18,4 100,3
5+5 2,8 55,0 9,0 37,6 85,7 5592
1,1 1,6 53,8 8,4 95,8 90,3 151,5
1,0 345 49,4 5,1 66,8 1741 9747
0,6 1,6 28,7 6,6 24,45 53,6 37,0

MOD, ¥
8 b a o) b a
1 - 141 + 0,3 + 26,2 - 4,7 - 4,3 - 37,1
2 + 1,2 + 2,4 - 18,8 + 3,2 - 35,8 + 25,3
3 + 2,7 + 1,9 - 38,2 - 57T | - 25,8 + 63,5
4 - 1,8 - 3,4 + 24,0 + 4,2 |+ 4,1 ~ 40,9
5 - 5,8 + 0,3 + 80,0 + 2,7 | - 36,5 | ~126,9
6 + 0,4 - 1,8 + T,5 - 8,5 - 17,7 - 2,8
7 - 3,0 - 8,1 -~ 24,3 | +8,2 | -51,0 | + 32,4
8 - 1,5 - 0,3 - 16,2 | =~ 1,6 | - 84,0 | + 28,5
g 0 - 0,1 + 2,8 + 2,7 + 14,0 - 6,9
10 + 0,4 - 2,0 + 0,% - 0,3 + 16,6 - 1,1
g - 0,7 +10,9 + 5,7 T ) - 74,1 - 8,5
12 - 0,1 + 044 + 22,0 - 243 + 14,4 - 30,6
13 + 0,4 + 0,1 + 16,8 + 7,3 - 6,3 - 30,8
14 = 4,7 = 3,1 — 42,1 ~- 4,7 - 75,9 + 19,7
15 - 0,3 —0,9 | —17,1 | =0,1 | -21,8 | 21,2
16 + 0,9 + 1,2 - 1,7 + 645 - 61,3 + 13,3
17 - 0,9 + 8,4 + 17,0 -~ 6,2 - 54,6 - 23,6
18 + 0,7 + 5,6 - 3,5 1 - 8,1 | — 46,2 | + 13,5
19 - 0,2 + 1,3 - 2,6 + 0,5 - 28,0 - 4,6
20 - 0,7 + 1,0 - 25,4 + 1,8 ~- 54,2 + 38,3
21 -~ 0,2 - 0,7 - 15,3 | = 4,7 - 14,8 | + 27,3
a2 + 0,5 0 + 19,5 + 0,7 - 9,3 - 33,7
M - 0,6 + 04,6 + 044 1 = 0,1 - 28,2 ]
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Tablean 17a

Tableau 17b

MOD, @7 w* x® bmx by ] e 1w n . 499, A5
+ 0,28 - 0,87 — 5,20 |2586,978 | =130 -
1 0,009 0,005 0,004 2,123 e ~ 0,61 - 2,20 }1,000 _ - 4,61 | + 0,22
+ 0,10 - 0,40 - ; 0,005 0,004 [1,05.10 0,011 0,008
’ 09 4,40 [2584,328 |- 77 = 0,52 - 2,20 10,999 + 2,78 -
2 0,012 0,009 | 0,004 | 2,814 0 0,007 0,004 |0;50 6,020 8,845
+ 0,17 = 0,13 = 5,46 |2508,552 |+ 7 =5.05 | = 1,06 10,071 F 3,10 | = 0,02
3 0,017 0,010 0,002 2,527 0,647 0,007 0,004 |0,27 0,018 0,02’]‘
—— p 0,60 [1,01 -~ 0,34 - 0,0
e s Teme e AN
’ 3 3 & T - 0 + 0,10
e 0,16 TI=T08 T [-T9T 2,1 |- 23,5% - %z E:ggz g',g? o:gga 0,009
G,0 0,007 0,003 2,891 0,530 * 0:09 G, 40 0,957 = 2,26 ¥ 0,01
- 0,13 - 0,99 + 449 |2411,499 | - 184,351 0,005 0,004 |0, c,073 9,009
6 0,017 0,011 0,006 3,004 0,555 — 5o ¥75,06 10,994 — 71,36 | * 0,09
- 922 - 1499 + 9,55 |2397,596 |~ 457,878 0,004 0,005 [0,51 0,011 0,007
7 0,017 0,014 0,007 2,187 0,600 + 0,70 = 6,47 {1,050 + 0,5 + 0,09
- 0,15 - 1,29 + 3,08 T12516,517 |- 459,933 0,003 0,003 [0,34 0,010 ¢,005
8 0,021 0,015 0,008 2,768 0,55¢ 0,35 - 5,69 |1,008 + 5,68 - 0,17
+0,08 | 1,60 | - 2,62 |2536,459 | = 232,877 9,005 0,009 19,32 e
9 0,021 0,014 0,010 2,852 0,621 + 1,24 - 5,10 |1,022 + 4,85 - 0
; 0,004 0,003 0,21 0,014 0, %9
¥ 0,42 — 0,41 « 1,71 |2592,136 ;- 39,814 = 0,46 =4,48 |o,582 * 4,72 - 0,05
10 0,022 0,014 0,011 | 2,760 0,502 0,005 0,005 |0,29 0,017 0,006
+ 0,45 - 0,87 ~ 8,17 [2545,749 |+ 149,805 ~ 6,08 + 7,06 11,035 - 4,29 + 0,17
n 0,229 0,215 0,011 2,588 0,756 0,006 0,004 |0,51 0,07 c,010
+ 0y - 0,80 ~ 1,13 [2533,708 — 22,711
- + 4,978 - 578 - 0,04
12 0,018 0,019 0,012 2,991 0, 506 g:égﬁ 3;2,34 0:2; 0,017 0,014
+ 0,38 - 0,96 + 3,02 |2576,3786 | - 257,006 Z 0,31 + © |0,996 - 1,34 + 0,03
13 0,019 0,020 0,012 2,75 0,720 0,007 0,003 (0,38 0,017 0,010
+ 0,46 ~ 1,27 + 3,02 [2567,100 | <= 310,958 ¥ 0,0 - 2,67 10,984 1,3 ¥ 0,03
14 0,019 0,023 0,012 2,652 0,777 " 0,008 0,005 |0,39 0,024 0,008
+ 0,61 ] + 0,34 |2526,058 | = 253,072 + 0s62 + 1,02 11,032 + 0,81 | -0
15 0,021 0,021 0,011 | 2,386 0,529 0,006 0,004 |0,22 0,025 | _ 6,012
+ 1,81 - 0465 + 1 \ = 1,24 = 8,05 [1,00% W 094 | T 0,12
y v 436 | 2608,693 - 228,304 |4 o 0,005 6,004 |0,12 0,016 0,014
16 0,000 0,022 0,013 2,329 0,848 T8 3,54 11,049 + 6,69 - 0,30
+ 0,85 - 1,89 - 6,73 [2615,900 - 189,943 0.006 0’003 0,53 0,014 0,007
17 0,015 0,022 0,013 | 2,928 0,551 075 T A3 11,965 71,27 | + 0512
+ 0,60 | - 0,83 - 8,71 |2743,941 |+ 89,696 0,005 0,007 [0,42 0y 5 0,011
© 04019 0,022 0,014 | 2,328 0,840{ 0,720 -0, > 6,56 |1,017 = 5,01 | + 0,10
+ 0,63 - 0,08 - 4,38 [2636,518 |+ 33,503+ 9,104 0,005 0,006 | 0,44 0,011 9,013
9 0,018 6,019 0,018 2,172 0,929| o,70% = 0,07 ~0,14 |9,964 - 3,17 + 0,01
. + 0,34 -0, + 2,18 |2690,350 | - 216,232[+13,715 — 0’55 0,50 |1.0%% 1+ 0,95 - 0,10
20 0,017 6,019 0,015 1,655 0,884| 0,885 0,005 0’004 0,40 0,011 0,008
+ 0,41 = 0,77 + 2,04 [2591,288 - 138,984(413,812 - 0’41' - 3,06 0,594 + 2,81 + 0,04
21 0,027 0,020 0,021 1,993 1,242} 0,959 0:007 0:004 9,28 0,019 0,011
+ 0,18 - 1,312 + 1,52 }2644,733 | - 305,965/ 9,906 _ | 479,10~ ) - 0,026
22 0,024 0,020 0,024 2,026 1,503 1,085 * 603 0,2 11,79.19 008 ;
+ 0,44 - 0,91 - 1,54 [2627,746 | - 186,978+ 11,451
23 0,027 0,025 0,021 1,943 0,638 1,148 2 19 1 5 12
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~.. about the Subject 8 under the Chairmanship of Prof. W. K. Bachmann

. Bven if Prof, Cuniett’s results are only provisional he has certainly provided us
ient material for discussion and so to whom may I give the floox?

trip 14 of the Oberschwaben block has been duplicated in both your and cur
gation. Can we now not compare the variations you found in the orientation
‘s with those we found in the coordinates?

: A large number of comparisons are certainly possible. We also intend to perforen
‘esections in order to obtain the absolute orientation elements from the model

nates.

The effort involved is considerable but I certainly think worthwhile, May I ask you
er the preliminary results indicate a degree of corelation with factoss such as the

raphic conditions and the type of terrain?

iitti; The results of the Reichenbach test were worse than those of Oberschwaben,
believe that the larger ¢ and  tilts might be an influencing factor.

The geometric regularity is certainly important.

irman: 1 think Prof. Cunietti has demonstrated the influence of both the observation
| calculating procedure on the results obtained. We must bear in mind that we are
iling with a physical process and s0 must be very much awate of the mathematical

dels used.

an der Weele: Prof. Cunietti’s comparison of the experimental and theoretical corre-
ition coefficients refers to differences in the orientation clements of successive models
d T would like to know whether the same comparison has been made for the
rientation elements of individual models,

umietii: We do intend to compute a covariance matrix for each model but our initial
intention was to see whether there was any significant difference in the results for various
types of terrain and types of photography.

Chairman: Research of this type should be done on photography of flat countries like
Holland since different results will be obtained in hilly terrain,

Van der Weele: { would say that it should be done for all types of terrain.

Ackermann: In trying to relate Prof. Cunietti’s results with those obtained by Dr. Stark 1
come to the conclusion that, even with comparator measurements, the influence of the
observational procedure is larges than was expected. Furthetmore, Dr. Stark’s results
indicate smaller teansfer errors than those obtained in this investigation, a possible
explanation being the extra degrees of freedom present in the independent model
method.



Guwnietti: 1 cannot offer any explanation for the differences found.
28.?11.18-—187(430—2.442}:778.151:528.?35.2

Wiser: T agree with the conclusions drawn by Prof. Ackermann,

age Geometry as Obtained from Rheidt Test Area Photography

Chairman: Since there appears to be no more discussion, I would like to close 't

after thanking the speakers for their presentations. b 17 Figures, 5 Tables)

G. Kupfer, Bonn

SUME see p. 267

s Test Area and its Purpose

s Rheidt Area near Bonn has been established in 1965. Its main purpose was to get a
ter understanding of the photogrammetric process, There seemed to be a strong
and for a closer insight especially into the fundamentals of the survey flight and the
cessing of Films and plates in the darkeoom, Following the experiences made with the
rection of systematic errors of heights in topographic mapping at the State Survey
ice of Northrhine-Westphalia it seemed to be justified to use the results of test area
hts for similar purposes in analytical photogrammetry, From the very beginning it was
derstood that the image coordinates were best suited for evaluation of systematic
ors and for dealing with other tasks in connection with the photogrammetric process.

Jrice then several test flights have been performed on a mutual base, 1. e. the results of
mations at the Institute of Photogrammetry, University of Bonn were handed over to
e initiating offices of the test flights without fee, A certain amount of typical resules

is been published, see ref, [3]and [4].

he test area is situated in the almost level Rhine valley, The area of approximately 2 km
2km was initially covered by an array of 5 by 5 point nests (Fig. 1), each nest
ntaining three aligned points with mostly three meters distances between adjacent
vints, This net was densified in the spring 1969 by another 16 nests after very short
egotiations with Prof. Ackermann. The field work, i e. triangulation and levelling, for
s densification, was performed by Dr. Stark, very ably assisted by his wife.

he whole net, including also electronic distance measurements, was adjusted in two
steps, the first dealing with the basic net only (Fig, 2}, the second for the densification
g 3).

ms errors of the point coordinates after adjustment were less than * 10 mm. These
zodetic errors are thonght negligeable i this context.

25 points of the basic net were marked by pillars, the remaining points as a rule by plastic
tubes. All points {one nest excluded) were signalized by plates of plastic with a square
size of 30 em by 30 cm. These signals were centered by force. The remaining signals of
one nest have been painted equally sized on the foundation of a high voltage pole.

Evaluation of Test Phatographs

The main procedure, after printing diapositives on glass and monoscopic measurement of
coordinates on a ZEISS PSK was a spatial resection of each photograph, using nine points



2 2
of the test area as contral. Por further investigation the residual error vectars of afl dx = ayo+ay et agsy +araxy + arax’ +arsy

. . : \ . \
observed on one print after spatial resection were used. +aq ﬁx"‘y +apqxy” taygx gy (6)

For completeness sake the formulae considered for transformation of comparator

dy = agptagx+......
nates into image coordinates as defined by fiducial marks may be recalled (cf. &g

ese tegression polynomials were applied to climinate systematic errors from image
Linear conformal transformation, ordinates without knowledge of their origin proper, subsequentiy followed by another
x=ag+ax — ‘1:1.}’r : atial resection after regression, Runs errors as obtained before and after regression can
\ , ¢ used as a means for judging the effectiveness of this procedure. Beyond this such
y=dytapx ta1y. olynomials have been applied to following flight missions with the same photo-
ammetric systers which partly resulted in considerable increase of overall aceuracy. This

Afine trans{prmation, olds true not only for spatial resection of single photographs but also for pairs of

! ]
x=a +ay,x tagxy ! :
o ' ' hotographs and smaller bundle triangulations.
$=dag tagix Tazay.

Pseudo-affine transformation, ' Least Squares Interpolations

x=ajetayx +a2xy ta ay’ ' s had been peinted out in ref. [4], considerable correlation exists between residual ervor
' vectots before regression. By the regression procedure it was possible to reduce this
rrelation, but there still existed a somewhat smaller remainder of it. Following the
significant success with prediction by the method of least squares in various fields of
geodesy, which has been introduced to photogrammetric tasks by K. Kraus (<f. e. g, [2]),
it seemed worthwhile to give the statistic properties of residual error vectors after space

g agx +any —aze'y' +aay?. resection a closer look. This has been done for one example in a diploma thesis of
y=as vaex Tazy ’ Dipl.-Ing. H. Ellenbeck {1], using results of twa flights already described e. g. in ref, [4]
Deformational transformation, . Tests on normal distribution and homogeneity of covariances did not yield positively,
which could be obtained however, when testing on isotropy. This held true as well for
residuals before as after regression. In spite of these facts a Taylor-Karman structure was
y=as +agx *agy + s’y + agx’. accepted, for dealiig with the two dimensional vector signals. Therefore longitudinal and
lateral correlations were computed for discrete classes, depending only on distances
between two paoints respectively, Thus covariance functions could be derived. Almost all
Cogrections for earth curvature and Photogra.mmctric refraction were made app]yﬁl correlations of residuals before. and after regression appeared to bf: significant on at lea‘st a
simplified version of Leyorhufoud’s formulae {6], bearing in mind as well the smallnes 95 percent level, Tl-fe same dlc? not hold true for cross carrelations. Hence longitud‘mal
the test area as the smal} height of this area above sea level {appr. 56 metets), _ and latersl correlations were independent, The differences between these correlations
however appeared to be significant at leagt for some classes of distances. Thus assuming a
Taylor-Karman structure seemed to be justified.

! +r ’
¥ =dgo Fdz1¥ +agaxy tdzay .

Perspective transformation,

' ' For 1
x=agtax tazy taxy —a3x

' ' o )
x=ag+aix tdgy ‘tagxy +tazy

All transformations have been applied to each photograph.

The average lens distorsion was taken account of according to the latest inspection sli

the manufacturer, . : .. .
: The whole lot of 41 nests of points have been used for derivation of covariance functions,

Hence no check points exist. A final check of the prediction procedure could only involve
filtering, For a first experiment four different filters have been nsed:

Rms errors of unit weight oo and rms errors of the check-paint coordinates have be

derived after each spatial resection.

1} Applying longitudinal and lateral covariances as obtained before regression. As there
Regression Polynomials _ exists only a limited number of classes of distances at the Test Area, it was possible to

As shown before {cf. [3], [4]), special attention was paid to systematics or detesmini use the computed discrete correlation numbers without smoothing,
5 show . [3], 14,

trends in the field of residual error vectors of cach photogeaph They result from . 2) Applying covariances as obtained after regression in the same way as explained before,
photogrammetric process which in its entirety is not correctly descril‘:»e:fl by the abo..
mentioned functional model. Despite other formulae or procedures existing these syst
matics have been described up till now using third order polynomials {8):

The above mentioned covariances were applied up to 4 maximum radial distance of
55 mm in photo scale, called filter 1. The same up to a maximum radial distance of

257
256



110 mm: filter 2. As this system tended to become il-conditioned duri . 1 0, ay] cross con‘e]_;.lti{)n
inversion the number of reference points a,p.Plied at one time had to be limii 5 n, i ak 7
maximum of twenty. .

ere fig « . .+ . . namber of distances in that class.

3) For filter 3 a smoothed Gaussian as derived from jongitudinal covariances |
applied before regression using reference points up to a maximum radial dis
110 mm (Fig. 12a}.

¢ Arca Flights in Connection with Oberschwaben Mission

1 cameras used at the Oberschwaben mission should be flown over the test area hefore

after performing the Oberschwaben flights using the same plane, There should be
r strips per flight and camera with an image scale of 1 1 10 500. So three photographs
f each strip should cover the whole test area stereoscopically,

4) The same procedure using a bisected filter 3, has been applied after regression;
filter 4 (Fig. 12b), -

Briefly the findings of Ellenbeck were as follows:

japositive prints on glass from these flights were delivered by Prof, Ackermann in

1) Application of filters 1 and 2 before regression resutted in larger remainis
ch 1871 according ta the following table.

vectors than applying regression without filtering. The difference appeared t
the verge of significance.

2) Application of flter 3, as advocated by Kraus [2] gave significantly larger residi Table 1: Rheidt Test Area Flights

errors than all procedures mentioned in paragraph 1), kt may be conceded

pethaps the Gaussian .applied in this experiment was not chosen optimally. Th Flight RMEK Dajy of Num‘ber of Image Scale Factor

not been checked up till now. Na, Flight Strips
3) Significantly better results as compared with paragraph 1) and 2) were obtaine .

applying filters 1, 2 and 4 after regression, with resulting rms errors being pract W1 15423

equal in each case. No. 111680 5.4.69 4 10040 . ... 10800
Bearing in mind that these findings only are related to ‘mere filtering, the significa W2 12. 6. 68 4 10320 _... 11060
them has yet to be proven in a real interpolation procedure. It seems to be of ;
importance that the more complicated Filters 1 an 2 did not yield better than a $1 8.5/23 _
filter 4 comparable to that described by Kraws but applied after regression, No. 111164 5. 4. 69 1 9820 . ... 9670
As could be expected, all filters yielded normally dissributed re.sidual error vectors: g7 - 13, 5. 60 4 9950 . . .. 10500
only unsignificant correlations of any kind between groups of points.

Comment: After centering and normalization the covariances of residual error vecto

ddivi . Y .
any photogtaph are computed as follows: n addition 12 prints on glass, from photcgraphs taken with the RM¥ AR 15723

0. 21 196 were purchased in August 1972. Coordinates of these plates have only been
easured on a ZEISS PSK up till now. Mo computations have been carried out. The
oliowing chapters therefore deal only with the matesial listed in Table 1,

l; = decg sin djp + dy; cOs Gk

gi = docj cos d — dy; sin &g 6 October 1969 another WA test area flight has been performed, [3], [4]. The then used

ZEISS RMK A 15/23 seems to be of the same series of fabrication. As the same

with dx;, dy; .... components of exror vector at the point P; arrangement of signalized points could be used, it might be justified to add some results
Qig vvmnens azimuth of the distance PP}, in e. g. image coordinates om this flight for the sake of comparison,
Hence for each class s of distances o
) Coardinate Mcasurements
L, :rT 4 lkilongimd'mal corre.lation_, H measurements were carried out on a ZEISS PSK. One of the operators, Dipl.-Ing.

egener, had only slight experience, the other one, Ing.(grad.) Schréter, is a skilled

Q. = [4; g ] Yateral correlation perator, Each point has been measured twice. Pointing accuracies are given in table 2,
] - i ¥




Table 3: Results of Spatial Resections for Single Photographs

The pointing accaracy is better For fiducial marks than for signalized poin
Quadratic means of photographs covering the whole test area

skilled operator pointed with higher accuracy. Judging from pointing ac
definition seems to be better in the earlier flights and least favourable i

Differer}t pointing accuracie.s for both operators mfmt‘mned before may bé Flight No. Fitting to Rins Brror at Image Scale (um)
fr_om. Flgl' 4 and 5. There histograms of pomtmg.dlfferenccs are plotted ag or Day of Fiducial Marks
distribution. ' i Within | Before Regress. [After Repress.
- Equat. G Point
Table 2! Pointing Accuracy {um] q | Nest oo | ocheckl oo 1t OCheck
i umber of iy T .
F;il?t NPhc:;s Fiducial Marks | Signalized Points (13 | s2 00| 87} 37| 51
Operator Points £ ¥ x ¥ w1 (2} 641 4.0 9.1 8.1 (5.5}| (6.0}
(5) - *g2 | 7.5 :
Wl 12
W 1030 (1) 8.9 9.4 9.2 4.7 6.3
W2 (2) | 78| 42 s8 | 69 57 ©.0
(5) - *5.8 6.5
1y | 4 95| 100]| 51| 64
s 1 2y | 59| 46 105 | 104§ (10.3)| (9.0
(5) - b *96 9.5
s 2 {1 15.0 *7.7 12.4 5.9 10.0
S/W 1027 13 | 12 | 22 23 §2 2y | 183 5.8 94 | 136} (6.8)| L8
(5) — 115 16.9
6
K 720 {1) 7.5 6.1 6.7 3.0 5.0
1069 | {2) 7.1 3.3 5.0 6.1
*
Spatial Resections for Single Photographs ‘ {5) N 4.6 3.8

Spatial resections have been performed with all photographs available. In Tabl
results are given only for photographs covering the whole test atea. The figu
quadratic means of afl photos concerned in one flight. As transformation equati
and (3) resulted in almost equal accuracies, only the simpler one is presente
Equations (4) resulted in all cases in largest residuals, hence these results are o
Standard deviations after fitting to fiducial marks according to equations (1) aad (2
to a great extent from flight to flight, although the photographic definition of the
was good. Scale factors, scale differences and deviation of rectangularity of the ax,
not only amount to considerable values unequal to one or zero respectively, The
altered within one flight to a reasonable amount, cspecially within flight S 2. I
assumes that during flight there were no discontinuities between successive exposit
these erronous values may only stem from darkroom processing, presumably from
printing procedure. These errors cannot be uncovered by computation, except one u:
reseau, Thus the errors will take full effect on the computed results. Alterating
shrinkage etc. may therefore be indicative of unfavourable results.

Rums ertors in brackets were obtained after exchanging regression polynomials,
i. e. applying polynomials from W 1 to W 2 etc.

* Fitting to fiducials that resulted in least residual rms ervors

fors within point nests have been computed against the mean error vector of each nest
cerned. Rms errors then are quadratic means of these local vectors. It may be noticed
the latest flight in October 1969 yielded better results in this respect than the
OEEPE {lights. The geometric condition of the test area must have been better during
ese flights. Only partly covered signals (by grass ete.) could have lead to larger errors.
the test area has been kept tidy during the whole season one may suspect poor
ition in the original film negatives. This could not be checked. Besides that better
inting accuracy did not necessarily result in smaller point ervor vectors,




From Table 3 it may also be seen that fitting equations (5) gave least rms ¢ ar Filtering
spatial resection before regression, flight § 2 excepted. Results of WA flights are’ :
able better than of SWA flights, '

ses of residual error vectors after spatial resections for single photographs have bee
cf. page257. Results of QEEPE flights are widely comparable with the findings i
{1]. Table 4 shows selected results. As filtering up till now was only spplied to mean
¢ vectots of point nests, results of other computations had to be adjusted for the
graphs involved. Hence all data of Table 4 look more favourable as far as compa-
% 10 Table 3. From Fig, 10e) and f} as well as from Fig. 11e} and f) the effect of
ring can be seen in comparison to resulting error vectors without filtering,.

Regression polynomials {6) have been computed from residual error vectors fro
covered photos of each flight. The given rms errors after regression have bceﬁ.’;
after linear conformal transformations (1) of fiducial marks. The results are by
than the best results obtained before regression. The usefulness of regression pol
may be demonstrated by applying them after being exchanged. The polynomials-de,
from flight W 1 wece applied to flight W 2 and vice versa, The same happened to-{
flights. The results are shown in brackets in the least two colums of Tab. 3. They:
depicted in Fig. 6. It can easily be checked, that regression by exchanged polynom
not yield as good as by what one may call auto regression. But results as obtain
exchanged polynomials are at least at the bulk of check points significantly bett
without regression at all. Only for flight W 2 one gets adverse results. For thi
however one gets only slightest improvements even after auto regression, '

3 and 14 may suggest, that a standard filter 4 (Fig. 12) should be recommended, cf,
.258, if wanted at all. Filtering may fait however after regression, if a high noise level

to be anticipated, cf. Fig. 15d) and Table 3.

ceally it may be concluded from Table 4 that a combined application of regression

d filtering promiscs least tms errors, This only confirms results in other branches of
lied statistics. 1f this procedure seems to be too expensive, mere regression may be
mmended, Up till now no exchanged filters have been applied as has been done with
ession polynomials. On the other hand it could be checked that filters 2 and 4 yielded
al results after regression. Therefore it seems possible to reject the more sophisticated
¢ 2. This should however be finally decided after application under working condi-

s (i e. block adjustment ctc.}.

Some regression polynomials are graphically presented in Fig. 7 through Fig. 9, t
and the last one showing polynomials after fitting to fiducial marks by transformati
for wide and super wide angle flights respectively. The resemblance of the polyn
for each camera from different flights seems to be obvious. Fig. § shows the eff:
tising transformation (5) in place of transformation (1) by reducing the overall amo:
additional repression considerably. It is hoped, that regression polynomials can be apol
soon to the Oberschwaben block. As the Oberschwaben flights have been perf
between related Test Area flights, application of (weighted) means of the polyné

uble Point Resections in Space

as been shown in the previous chapters that the photo coordinates have been prepared
different procedures. For all Test Area flights subsequently double point resections in
ce have been computed using the bundle method. In each case six evenly distributed
ints with full control and nine further interscction points were used for establishing the
iodel, of. Pig, 16. For the remaining points model coordinates have been computed
fincd as the center of the line of shortest distance between homologous rays. These

er points have served as check points.

shown in Fig. 7 and 9 seems to be recommendable,

Residual error vectors of some examples have been plotted, see Fig, 10a) through
Fig, 11b) and d). Whereas the initial vector fields of both photos after fitti
equations {1) seem to be of comparable structure, {Fig, 10b) and Fig. 11b) respec
the influence of regression results in appriciable higher accuracy for the photo chi
from flight W 1.

carly all afore-mentioned different sets of prepared photo coordinates have been used
or model computations up till now, the more interesting results being compiled in Tab. 5
d Fig. 17. Comparing Tab. 3 and Tab. 5, one may state for each flight that similar
ndencies in alteration of accuracies occur when procedures are changed. This holds true
i most cases for standard errors of unit weight 09 and also for errorsin planimetry 0, at
heck points, As the model area only covers about half the photo area all errors
antioned are smaller after double resection in space. The height errors 6, in the models
¢em to be independent in amount and tendency from other crrox values, This may

owever partly be due to choice of control.

Table 4: Rms Error Vectors After Spatial Resections for Single Photographs [pm]
Mean Error Vectors of Point Nests

Regression Before After

Fitting to Fiducials (1 (5) (1) (1) (1)

Applied Filter None | None 2 None | 2/4

ms errors within point nests ate not invariant against alteration of the procedore. As

Flight W1+ W 2 7.6 5.7 8.6 4.1 a7 . .
ontral points, intersection points, and check points, are differently defined, this might

! [l "
1= t]Je FOUrce Gf vartatlons.

Flight 5 2 11.9 16.6 9.5 8.4 7.6

Flight 10.69




6.5
6.7
5.9
6.2
6.4
6.6
6.2
6.2
3.7
3.7
3.4
33
4.8

5.0

4.8
44

4.7
4.6
4.2
4.2
4.5
3.8
3.7
3.7
38
5.5

3.7
3.7
3.3
34
3.8
3.5
3.6
2.9
2.7
2.9
3.0
4.2

WithinPoint Nests
39

2.8
2.7
2.6
2.7
3.2
2.9
2.7
2.8
2.5
2.5
2.2
2.4
3.6

4.3

6 of flying height.
Uy

her findings are, that the more sophisticated procedures give in general better results,
st impressing is the gain in height accuracy after regression for SWA flights which.
also true when applying exchanged polynomials. In terms of fractions of flying
ghts the rms errors are only slightly larger than those of WA flights, From these results

might conclude that application of regression should result in an appreciable gain of
ght accuracy also in block adjustment of SWA photography. Within small areas of the
del (point nests) the height accuracies o, show the same relation between WA and
' flights without significant changes for different procedures. Finally chere is also a
t accuracy in planimetry for SWA flights as comgpared to Tab. 3 within point nests.
(dverse results are obtained for WA photography.

b. 5 shows most favourable results for double resections after filtering. These however

68
74
- 59
62
42
73
77
69
77
69
124
120
74
62
53
146
152

yinmary and Conclusions

0
10.4
11.3

9.1

9.5

6.5
11.2
11.8
10,5
13i.8
10.6
10.6
10.3

6.3

53

4.5
12,5
13,0

ae geometry as obtained by the phatogrammetric systems used during the Ober-
aben missions has been investigated, To this purpose photography of two flights of

7.6
7.2
5.4
6.0
3.8
8.3
7.1
C 6.0
6.2
5.2
7.2
7.0
6.0
7.0
5.0
10.9
15.9

" Rheidt Test Area with WA and SWA camera respectively executed before and after
forming the Oberschwaben missions were at hand,

in Space.
Check Points

ion
5.6
5.5
4.1
4.6
2.3
6.2
5.7
4.8
4.9
4.1
5.3
4.8
4.9
5.6
4.5
9.2
12.1

e Test Area offers full control with forty-one point nests with three signalized points
h. Thus different analytical approaches aiming at an improvement of image geometry

uld be tested, Steps along this line were

Ty
5.1
4.7
3.5
3.8
2.6
5.5
4.2
3.6
3.7
3.1
4.8
5.2
3.5
4.1
2.1
5.9
8.8

different transformations of comparater coordinates fitting them to fiducial marks;
regression by third order polynomials;

east squares interpolations.

Go
5.6
5.2
3.2
4.3
2.6
6.7
5.1
4.1
4.6
3.5
6.2
5.8
4.4
5.1
3.7
6.7
9.3

ese different procedures have been applied up till now before spatial resections for
tigle photographs and double point resections in space.

4
4

Filter

he accuracy of fitting to fiducial marks by other than similarity transformations seems
be limited by geometrical definition of the marks. Therefore at least in some cases a
worsening effect on the residual errors is to be anticipated.

Filtering has been performed after taking the means of the coordinates within point nests,

All errors in {pm] in photo scale except @F which are given in 107
Wirhout this procedure rms errors would come out somewhat larger.

Rms Errors After Double Resect

Regres-

sion
Auto
Auto
Exch.
Auto
Auto
Exch.
Auto

| general regression by polynomials reduces systematic errors considerably, This effect is
so clearly visible if exchanged polynomials are applied, Height erross after regression
haved highly different in WA and SWA models against double point resection before

Table 5

iring
W
(1)
(1)
)
()
(5)
(1
1)
W

to

F

ression. Being of the same magnitude metrically before regression they became rather
omparable by fractions of flying height after regression,

cast squares interpolations might result in higher accuracy than other procedures, but

Flight
{No.of
Medells) [ Fiducials
W2
(8}
51
(2)
52

ly after regression. A scalar filter seems to be sufficient.

dings for spatial resections for single photographs agree widely with those for double
oint resections, at least tendencially and as far as comparable.




ME: _

amp d’essai de Rheidt prés de Bonn a été aménagé en 1965. On a djsp-o'éé [ group
nts sar une sueface de 2 km x 2 km (Fig. 1}. En généfal, c}.lat’lue grotipe comprend

ints alignés espacés de 3 m. Les coordonnées ont été}d»etermmecs.par arpentage avec .

précision supérieure 4 + 10 mm. En vue des clichés aériens, on a signalisé les points &

- de plaques blanches de 30 cm x 30 cm au centrage forcé,

publications [3] et {4] donnent un compte-rendu des résuitats du survol du ,charflp
obtenus jusqu’a présent. Lots de la mission «Oberschwabens, le champ d essai 2
evolé avant et aprés le vol photographique «Oberschwaben» avec les m,eme%
mes de prise de vaes. I1 était prévu de recouvrir lors de chaque vol le champ d’essai
oscopiquement (4fois) & Daide de 4 bandes de clichés & Péchelle de 1: 10‘50(?.
ndant, le vol avant la mission «Oberschwabeny» n’a donné qutune b.ant%e de (}:l?ches
: 1a chambre métrique 8,5/23, L’échelle effective des clichds était en pm"tle supérietre
110 000, ce qui fait que le champ d’essal n’a pas été recouvett entidrement dans

be:born in mind. The averall computational procedure (i, e. using bun;
method of independent models ete.) should as far as possible also be used F;
of Test Area photography. The same holds true for distribution of control
points etc, This has not been taken in consideration up till now. So the rmg
double point resection might be slightly larger than optimum,

In spite of these minor shortcomings at the time being, application o
polynomials to the Oberschwaben photography is highly recommended. Be
seems worth while to investigate also other types of regression procedures.
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me on P'a déerit dans les publications cleées phus haut, on’al effect}lé’ lj:s mesutres
oscopiques dans des diapositives en verre des prises de vues aerlenries i [*aide du.P}E':I’{
ZEISS. Les résultats quant & la précision aprés relévements dans ) es?ace des clichés
séparément sont indiqués dans des tables pout chaque vol photographique.

For all computations, existing programs from the Institute of Photogrammetry
rewritten in FORTRAN IV, which in the phase being has been done by'Diﬁ
Ellenbeck. This involved also recurrance to programs and findings given by Seeh,
and a paper from Lauer and Wrobel [5].

fin de déterminer et de tenir compte des parts systématiques des vecteurs des ereeurs
N . e .

iduelles, on a calculé des polyndmes de régression du 3 degré pour chaque vol

otographique. Les vecteurs des erreurs résiduelles obtenues aprés la régression montrent

sneces de ces efforts.
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piscassion about the Subject 9 under the Chairmanship of Prof, E, Gotthardt

frenan: Who would like to open the discussion on the interesting paper presented by
{. Kupfer?

ermam; | have a number of questions which perhaps I should pose successively. Pirst
], examining table 3 in your paper, it appears that there is very Lttle difference
een applying an affine or a conformal transformation onto the fiducial marks. We,
ever, believe that if the affinity is not corrected this should have a considerable
ence and I wonder if you have any explanation for the small differences found here?

for: Bearing in mind that we used a spatial resection for a single photo so that our
ilts are not directty comparable, we have discovered two different types of behaviour,
iile case there was close agreement between the results after linear and affine
formations and In the other there was an improvement with the affine fitting,

mann: My second question concerns the fact that you apply the regression polyno-
to the same photographs from which these were derived. Can these regression

#: If you examine the figures which should be added to table 3*) you will see that
is very little difference in the results when regression polynomials detived from the
jght measurements were applied to the pre-flight observations.

asrr: The similarity between the post- and pre-flight polynomials shows that one
pect this. If I may now proceed to my final question, do you have any explanation
fact that the longitudinal correlation is stronger than the lateral?

This is only in this case and may vary from flight to flight.

' would appear that there is a lot of affinity in the photographs and 1 would
that the fiducial marks are not capable of accurately defining this,

Weele: Table 4%} in your paper only presents the results for WA photography.
:since been able to compare these results with that for SWA photography?

he results do compare favourably in planimetry as far as an improvement by
ofi is concerned. However, these results are derived from the special array of
ps'of check points as given in the test area. Results may differ if one considers
oint distributions, especially the distribution of tie points in a block,

ying back to the application of regression polynomials, perhaps one could
- between the pre- and postflight polynomials and apply an additional least
erpolation for local deformations,

favour the application of polynomials although these might have to be

€3 and results in question are part of the tables in this completed version of the paper.




Konecny: 1 consider that Prof. Kupfer hus presented us with a veryhrT1celaPp-
regression analysis and would like to ask him whether this approach s sim

models of Dr. Torlegard and Duane Brown?

538.738.016.4—137(430—313.5}

‘Signal-Field of Baustetten

d results have been achieved with star photograph 110” Report

: ; Ver 0o :
Kupfer: Very g but 1 admit that we might have to go to more soph

regression techniques

icat] . Féirstner, Frankfurt a. M.
squares techniques for our applications. . s

your intcresting pre sentation.

Chairman: Thank you Prof. Kupfer for : :

ignal-field of Baustetten 64 points have been marked on a marshy meadow at 8 m
grvals in form of a grid. The points have been signalized at the same height. The signals
partly horizontal, partly tilted, pattly cylindrically cutved. Some points have, in
on, been provided with stone durnmies. From the existing aerial photographs which
fso been used for the test "Oberschwaben®, 9 wide-angle and 9 super-wide-angle
gtaphs have been selected. The diapositives have been restituted in a Stereocom-
-PSK 1. The test should demonstrate, whether or not the position of the points on
tographs depends on the type of signalization or on the position of the sun and of
era, respectively. No systematic influences of the parameters mentioned above
¢ stated, The mean error of a point measured four times amounted to 2.5 pim or
respectively, Consequently, errors of such an order of magnitude must also be
d in the test of Oberschwaben.

see .p. 287

st field *Oberschwaben® trigonometric points of the national survey have been
heck points. For signalization, the stone pillars have been painted in white and in
marked by white plastic plates 80 cm by 80 ¢m in size. In the centre of the
ere was an opening of 30 cm by 30 cm. About one sixth of the 544 stone pillars
r than 25 em {maximum 52 cm). If we take for example a stone pillar of 40 ¢cm
which is irradiated by the sun from southwest at 508 and which is photographed
heast also at 508, then the centre point of the signal surface irradiated by the
be displaced by about 12 cm or — with an image scale of 1 : 28 000 — by 4 um
lage, in case the shadows do not contribute to the photographic projection.

ints — mostly double points at a distance of 30 m — have been marked with
ic plates in the size of 60 cm by 60 cm. In order to accelerate the signalization,
ostly renounced: levelling the plates, partly they have been bent cylindrically.
sason it may be imagined that the exact position of the check poines on the
graph particularly depends on the azimuth and on the height of the sun as
he direction of taking the photographs, and that the exact position of the
with tilted or carved signals depends on the direction of the line of greatest
the curvature of the signals,

determine such influences, a field of signals has been established on a marshy
tie-point No. 604 — i. e. 2 km west of Baustetten — and covering an area of
56 m, It comprises a total of 8 x 8 = 64 points which have been marked at
"distances in the form of a square grid. In conformity with the check paints,
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Koneeny: I consider that Prof, Kupfer has presented us with a very nice appro
regression analysis and would like to ask him whether this approach is simpler ¢
~models of Dr. Torlegard and Duane Brown? :

(10)
DK 528.738.016.4—187(430—313.5}

he Signal-Field of Baustetten

Kupfer: Very good results have been achicved with star photography usin
regression techniques but 1 admit that we might have to go to more sophisticatid
squares technigues for our applications, '

Short Report

By R. Forstner, Frankfurt o, M.
Chairman: Thank you Prof, Kupfer for your interesting presentation,

n the signal-field of Baustetten 64 points have been marked on a marshy meadow at 8 m
intervals in form of a grid. The points have been signalized at the same height, The signals
ere partly horizontal, partly tilted, partly cylindrically curved. Some points have, in
dition, been provided with stone duinmies. From the existing aerial photographs which
had also been used for the test "Oberschwaben®, 9 wide-angle and 9 super-wide-angle
‘photographs have been selected. The diapositives have been restituted in a Stereocom-
parator- PSK 1. The test should demonstrate, whether or nat the position of the points on
the photographs depends on the type of signalization or on the position of the sun and of
the camera, respectively, No systematic influences of the parameters mentioned above
could be stated. The mean error of a point measured four times amounted to 2.5 pm or
4.2 pm respectively. Consequently, errors of such an order of magnitude must also be
expected in the test of Oberschwaben.

RESUME jee .p. 287

In the test field "Oberschwaben® trigonometric points of the national survey have been
used as check points, For signalization, the stone pillars have been painted in white and in
addition marked by white plastic plates 80 cm by 80 cm in size. In the centre of the
plates there was an opening of 30 cm by 30 cm. About one sixth of the 544 stone pillars
was higher than 25 cm {maximum 52 cm). If we take for example a stone pillar of 40 cm
in height which is irradiated by the sun from southwest at 508 and which is photographed
from southeast also at 508, then the centre point of the signal surface irradiated by the
sun can be displaced by about 12 cm or — with an image scale of 1 : 28 000 — by 4 um
on the image, in case the shadows do not contribute to the photographic projection.

The tie-points — mostly double points at a distance of 30 m — have been marked with
white plastic plates in the size of 60 cm by 60 cm. In order to accelerate the signalization,
one has mostly renounced levelling the plates, partly they have heen bent cylindrically.
For this reason it may be imagined that the exact position of the check points on the
acrial photograph particularly depends on the azimuth and on the height of the sun as
well as on t]ie direction Qf tal:ing the photograp}ls, and that the exact position of the
tie-points with tilted or curved signals depends on the direction of the line of greatest
slope or on the curvature of the signals.

In order to determine such influences, a field of signals has been established on a marshy
meadow at tie-point No, 604 — i e. 2 km west of Baustetten — and covering an area of
56m by 56 m. It comprises a total of 8 x 8 = 64 points which have been marked at
exactly 8 m distances in the form of a square grid. In conformity with the check points,
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gith the small extent of the field of signals on th h_q'té
{at the errors m; are approximately equal to the errsrs o
the case. Repeated measurements made by the same operator;. as
spetator, confirmed the values mg. But tlhey also confirmed t?e- irregy
f different signals by up to 8 pm, which are no more exp icable by t
sentioned above, as e. g tilt or curvature of the signals, altm‘.lde of the sum, and
heir causes are still unknown. They may be due to other kinds of deformations-c]

signals or other phenomena during the photographic process.

d of signals ncar Baustetten show that errors in the order of
fe test of Oberschwaben. Thereby one should take into
' and m,”" refer to the mean taken from

four points each have been provided with stene dummies of 20 cm, 30 cm or 4(
height and marked by signals of 80 em by 80 cm in size. The remaining points, h
have been marked in conformity with the tie-points by 20 horizoneal, 16 tilted, 8§l
curved and 8 strongly curved signals of 60 cm by 60 cm in size, The centres of 4|
were located in a horizontal plane. Due to the marshy ground, a good contrast:
aerial phatographs could be expected.

From the cxisting acrial photographs which had also been used for the block
9 wide-angle photographs and ¢ super-wide-angle photographs have been selected,
the field of signals was shown either in the centre of the image, in a corner, or
middle of an image border. The diapositives have been restituted in a Stereocomp:
PSK 1 in four sets with one run each. Between two sets the images have been turn
1008, The image coordinates have then been transfermed — without change of scale
by set onto each other, the transformation being linear and conformal. Afterwards
mean values of the coordinates of each point have been computed. All further ‘c;
lations are based on these mean values, :

Anyhow the studies of the fiel

agnitude m, will appear in t
account that the above-mentioned values na,
4 individual measurements. _ .
original publication entitled "Das Signalfeld Baustetten™ by |

(For further details see the
H. G. Neubauer.)

From the differences between the single values and the arithmetic mean we
computed the mean error of pointing mp of a point measured four times. From all a
photographs we have found on an average:

RESUME: o
Sur le champ de signaux de Baustetten on a repéré slur un Pré 1-{13:rér.:agcnx 64 Eomts a l;dne
distance de 8 m sous forme d’un réseay, les points étant signalisés a h.mérftc auteur. Les
signaux ont £té soit horizontaux, soit inclinés,. sait de cou_rbure cy]mdnql:e. Ez outre,
quelgues points ont été munis d’attrapes de'plerres. Parmi les plholtograp jes a r1:E2;z
existantes, qui ont ¢eé utilisées pour essai d’Oberschwaben éga ement, on a;i chois
angulaires et 9 prises de vues supergrand-aftgulau‘es. Les iaposi-
sur un stereocomparateur PSK 1. L'essai devait montrer si la
de de la signalisation ou de la position du
On n’a pas constaté des influences

for wide-angle photographs mo’ = 1.4 um,

for super—wide—angle Photographs mg” = 2.2 um.

As the field of signals has only a size of 2mm by 2mm on the photographs,
systematic etrors due to refraction and lens distortion can be expected. In order t
eliminate the influence of image tilt, we then performed a projective transformation

9 prises de vues grand-
tives ont été restitnées
position des points sus les photes d¢pend dumo

soteil ou de celle de la chambre de prise de wvues. : ;
tres mentionnés. L’erreur moyenne d'un point, mesulc guatre

rcspecti\rcment. Par conséquent, il nous fant compter sur

the image coordinates into the theoretical grid {terrestrial coordinates). This had be 3
necessary because we have referred the image coordinates to the centre of gravity of th
field of points, in order to cbtain a greater certainty of calculation. However, we th
have rencunced the exact perspective association of both groups of points. From all

systématiques des param
fois, s'éléve A 2,6 um ou 4,2 gm,

9 aerial photographs we have found an average: des erteurs du méme ordre de grandeur dans Pessal d’Oberschwaben.

for wide-angle photographs Cmy’ =25 pm,

for super-wide-angle photographs my" =4.1 um,

With the super-wide-angle aerial photographs, the mean error m;" increases with rising
distance of the field of points from the centre of the image. When we group the errors by

type of points, it becomes apparent that the errors resulting with the strongly curved
signals exceed the total mean value, but they are smaller with the stone dummies. This
may depend on the greater dimensions of the signal plates. From additional studies of the
errors for the different kinds of signals we obtained the following results:

— The mean displacement due to the shadow of the stone dummies only amounts to
about 1.2 gm and 1.5 um, respectively. It cthus remains within the measuring accuracy.

— Tilted signals are on an average displaced by 1 to 2 um in the direction of the line of
greatest slope.

— The slightly and strongly curved signals are, on an average, displaced by 1 to 2 um in
the direction of the photographic camera.
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DK 528.721.085.32{430--313.5}:771.536:512.52 . ( )

OEEPE Oberschwaben Reseau Investigations
(with 10 figures, 13 tables)

By J. Visser, F. Leberl and J. Kure, Enschede
RESUME see p. 316

1. Introduction

In the framework of the larger experiment on aerial triangulation, the OBEPE wished to

include an additional experiment with reseau photography. To that end, the five alternate
strips of the non-rescan wide-angle block Obesschwaber, that had been photographed

with 90 % forward overlap, viz. strips 6, 8, 10, 12 and 14, were re-photographed with

the Zeiss Reseau camera RMK AR 15/23, also at the scale 1 : 28,000 and again with 90 %

forward overlap, and with 20 % side tap. :

At ITC, which acted as a pilot centre for Commission F of the OEEPE (i. e, the
commission that deals with fundamental problems in photogrammetry), two investi-
pations have been carried out with the above resean photography. The first investigation
concetnied monocular resean observations in some 37 glass positives, the second investi-
gation concerned resean observations during stereo-restitution on the Wild Stersocom-
parator of glass positives of some 100 stereomodels. The results of these two investi-
gations, as carried out in 1970—71, were published in Photogrammetria, 27 (1971),
pages 169--199. The main findings of these investigations are given in section 2.

Meanwhile, at the Photogrammetric Institute of Stustgart Univessity, West Germany,
K. Kraus investigated the method of linear least squares interpolation, as originally
developed some 30 years apo, and further developed by H. Moritz for application in
gravimetry (1970). Kraus applied this method to photogrammetric interpolation pro-
blems, including the problem of correction for film deformation using resean photo-
graphy.

To that end, he nsed the ITC monocular observations of three OEEPE reseau plates
{nos, 302, 358 and 412 of strip 10) and the ITC stereo observations on two stereo

" models, formed by another three OEEPE reseau plates, covering the test field Rheidt
(nos. 39, 43 and 48).

The results of the linear least squares interpolations were published in Photogrammetric
Engincering, May 1972, pages 487—493 (as for the monocular observations) and in
Photogrammetria, 28 (Nov. 1972), pages 179 and 180 (as for the stereo observations).
The main findings of these two investigations are given in section 3.

At ITC, subseguentl)}; the authors of the present papes rounded off the investigations by
'induding somewhat less superior photo material in their research. Sofar, the OEEPE
Oberschwaben photography had shown to be "too good*, from the geometrical point of
view, to improve it significantly by the use of the reseau, To obtain less superior material,
ITC ozdered, at the end of 1972, besides new glass diapositives of the original negatives
{then taken 3 % years ago), also positiveson (polyester-)film,
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After observing the film positives, the transparancies wese “mistreated" by placiag,
on a heated glass plate and subsequently were re-nbserved, The results of these s
vations are presented in section 4, ;

2, The ITC Reseau Investigations 1970—1971

2.1, Monocular Resaau Investigation

In the central strip, run 10, 25 plates were selected thus forming a strip with app
mately 60 % forward overlap. Three plates were selected at the beginning, middle an
of each of the other four strips. '

The monocular reseau measurements were cartied out mainly on the Wild STK 1 Ste
comparator, using a black circular measuring mark with a diameter of 60 microns.

All 524 reseau crosses were observed in 5 plates of strip 10, In the other 32 pl
trregular Zem- and 3cm-grid of 81 paints was measured, in three instances both backw
and forwards in order to estimate the pointing accuracy. The disteibution of: t
81 points can be seen in the vector diagrams, figures 4—6. The standard deviation:
single pointing appeared o bei

Gy = 2.0i; oy = 3.1

The monocular reseau measurements were transformed, by linear conformal transfo
tion, onto the ideal grid of the 81 points. The 37 vector diagrams of residual distorti
obtained after conformal transformation of each of the 37 plates showed:

a. that the residual distortions were fairly small: very small in the central squar
12x 12 cm; outside this square the order of magnitude of the vectors is 5
7 microns, with maximum values of 20 to 24 microns along the edge of the p
graphs, See figures 1—6*}.

s

that the distortion pattern was fairly systematic throughout a strip. In order to sh
this in numerical form, average distortion values were computed per point {81 poi

for each strip. In the case of strip 10, the averages could thus be determined fi
25 plates (and in the other strips from 3 plates each). Comparing now, per point, t}
distortion values in each of the 25 plates with the corresponding average value
"noise® of 2.6 u in %, and 2.8 g in y, is found, For the other four steips, similar val
were found, Bearing in mind the accuracy of the pointing error (0, = 2.0t ©
3.1 1), it is clear that the variation of the distortion pattern within a serip'is
insignificantly small.

c. that, although the distortion patterns remained fairly constant throughout a strip; a
to some extent between adjacent strips, there was a marked difference between
patterns of the two outer strips 6 and 14,

In order to find the minimum number of reszau points, and the optimum distribution o]
these points, as required for correcting the systematic components of the film deform

*) In the presem. paper, only same of the figures as published in Photogrammetria 27 {1971‘]' are
inelnded. :

290

NN

s i

R e T N
RS
VRN

3
¥

L

N

,.
-

-

?

VECTOR SCALE 10 MICRON ——

Figure 1 — Residual distortion-plate 302
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Figure 4 — Average distortion-strip 6
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Table 1 — Section means per strip, in microns

x-component y-component
Sect. :
St.6 | St.8 |st.10|St.12 | st.14 | St 6 | St.8 | St 10 | St 12 |
1 — 0.3 - 1.6 — 0.5 - 8.6 — 5.9 —~129j—121|—-10.2 | —14.2
2 | o6 | o4 1.5 | =26 | —25 | — 57|— 48|— 16— 17
3| 34| 38 3.1 3.0 13 | — 061 06| 42| 67
4} 67| 791 75 10| 88 |- 40j— 38— 03] 19
5 734 1 84 | 95 | 166 | 122 |- 81— 97— 7.0 |- 44
6 | 26 | 41 441 102 | 70| = s3i— 89[— 57 |- 7.1
7 20| 37| 24| 55 3.6 | — 1.3]— 30 04— 07
8 1.3 29 1.6 1.5 1.7 - 0.8 1.9 1.9 0.7
9 |-17 |—04 | o0 |—41 |-21]|- 60|~ 39|— 40|[- 77
10 l—23 |55 1-30|-78|—-68 |- 75|— 80{— 62{-1L6
11 |~38 | =61 |-60 | —-79 | -66 |- 21|~ 34 |- 37|- 9.3
192 |—32 |—40 |—36 1 —42 |-19 |- 05] 06|~ 15| 54
13 0.0 1.4 — 0.5 — Q.6 1.3 1.9 1.0 0.31— 2.9
14 | 08 2.1 0.3 33 | 32 14— 34— 1.1|— 44
15 0.7 1.9 {—009 1.4 3.2 1.7{— 071 o0|- 19
16 3.5 30 [—17 | —23 | —11 4.4 6.1 5.2 59|
17 36 1 32 |—05 |—04 |—12 41| 34| 41 3.5
18 |- 0.5 02 {—02 | 02 |-01 20| 12| o4 1.0
19 |—-37 |-52 |—27 |-34|—-33 |- 04| o08|— 14| 15
20 |63 |-860 |-32|-15 |-27 09| 04|- L1]|- 1.4
21 =71 |-62 {—01 33 | 00 4.6 45 1.7 7.9
22 |—45 |-34 | 03 1.4 | - 0.5 32| 49 150 77
23 {—16 | 06 |—09 | —18 | —3.6 Lol 54| 34 6.9
24 | 25 36 | —1.3 | —25 | -47 3zl 75 6.7 9.4
25 | 47 38 |~09 | -38 | ~63 71| 123} 103 133
Mean 3.0 3.8 2.3 4.4 3.7 3.6 4.5 3.3 5.6
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tion, the plate was sub-divided into sections: :.Thé;'.;;‘.ré'rag _
was denoted as the systematic distortion component and the vati :
as the randem component. In this experiment, three. maitr :section
examined, whereby the 20cm-squaregrid was divided into t_'e.é'.}‘}écl:iively"'ZS
9 sections (see fignre 7}, while the following point distributions were tested: .

25 sections: 81, 36 and 18 points
16 sections: 81, 25 and 13 points

9 sections: 81, 16 and 8 points

Using the average plate of strip 10, the section means were determined separately for the
9 section divisions, and the variations within each section were computed. From the
restilts, the following canclusions can be drawn:

d. for a given number of sections (either 25, 16 or 9}, the number of points used to
define the systematic component is not significant. Maximum vector errors of 2.8 g,
1.8 i and 2.5 g, respectively, were found between the use of 81 or 18 points (in the
case of 25 sections), 81 or 13 points {16 sections), 81 or § points (9 sections), respec-
tively, to establish the section means.

. it is obvious that the "random component® will increase with an increase in the size of
the section, but the differences found in this investigation between using either 25, 16
or 9 sections were hardly significant. For the minimum number of points used for each
case (18, 13 and 8 points, respectively), the maximum vector errors increased from
7.1 g (25 sections) to 11.30 p {9 sections).

Under point ¢ above, mention was made that, although the distortion patterns remained
fairly constant throughout a strip, there was some variation from strip to strip, and
particularly between the two outer strips 6 and 14, In order to show this in numerical
form, the section reans wete computed, for a division into 25 sections and using
18 points, for each strip, and these means were compared in table 1. From table 1 it can
be seen that there are differences up to 11y between section means computed from
average plates of separate strips and that it is thus berter not to adopt an average
distortion pattern for the whole block.

To conclude this investigation, it was decided to simulate a practical cxample whereby
the residual distortion would be determined for 2 number of plates in the strip, say at the
beginning, middle and end, followed by the computation of the average distortion per
point (18 points) and per section (25 sections), These section mcans would now be
congidered indicative of the systematic component for all plates in the strip, and it then
remained to be seen whether the residual random components of individual plates are
tolerable or not.

Strip 10 was selected since its section means as given in table 1 were obtained from the
point averages of 25 plates, The standard deviations of the random components of three
plates were as follows:
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 analytical stereo-restitution, either of single models (5n.beh

Table 2
n of terrain coordinates of selected points such® as'sigh:
.gtand Dev sorners, etc.}, of of strips and blocks (in aerial triangulation}; point
Strip | Plate " x 5 comparator. _ REREEE
in the case of aerial triangulation on a stereocomparator, the number of pai
10 302 169 30u| 3.2p bserved per stereo-model is usually: T
10 362 169 2.9 3.8 monoculat obscrvations:  2x 4 fiducial marks
10 12 169 28 37 sterenscopic observations: g otientation points, 6—8 minor control points, 2 x 2 seale-
ints.
10 | Total | 507 | 29m| 364 teansfer points
. atistics, collected at ITC from analytical triangulation of more than

According to the st
5,000 sterco-models,
stereo-model {including teabreaks, etc., etc.).

the observation time on a stereocomparator is about 45 minutes per

In assessing these results, they should be compared with the 2,6 and 2.84 found 3
(under point b) for the difference (the noise) between the distortions in individis
plates of strip 10, and the average distortions, using 81 reference points rather than 18

In order to be able to trace, and to correct for, distortion errors in the points obgerved
. . . »
immediately after the usual stereoscopic observation of a point, the nearest resean cross

Conclusion: the rather small decrease in accuracy obviously justifies this sub-division in each of the two photographs may be observed (monocularly).

sections and the adoption of the section means as represeniative of the distortion with For highest accuracy, in © ach photograph the four r eseau crosses that surround the

observation point concerned, should be measured and the distortion of the point be
interpolated from the distortions found in the four crosses. As, however, with a centi-
metre-reseal, the nearest cross is never more than 5mm away in each coordinate
direction, we considered it sufficient to observe in each photo only the nearest cross.

that local area.

Recommendations on the use of the resean: (1] Before commencing with an aer

triangulation, select at least three platesin each strip, preferably at the beginning, middl
and end, and measure a limited but selected number of reseau points in each plate (i
see figure 12, where 8, 13 or 18 points could be measured depending on whether on
desires 9, 16 or 25 sections, respectively). (2) The analyses of these three plates pe
strip will either confiem that the distortion is small and uniform, in which case the resea
need not be used at sll during the triangulation phase, or that the distortion is significant
and irregular and that it must be corrected. In the latter case, one will first have to

examine whether the division into sections is sufficient — this will automatically yield the
stematic component within each

The additional time for the monocular observations of the nearest ¢ross in each photo has

appearcd ta be 27 seconds pet Point abserved; for a normal stereo-model in the case of
. . . A i 1 . N

aerial triangulation thus an additional 7 5 minutes is required.

Experiments

In ITC, analytical aerial triangulation has been carried out on the Wild Stereocomparator
of three of the four sub-strips of models with 60 % forward overlap, that could be formed
from the photographs of strip 10 which had 90 % forward overlap: strips 101, 10-3
and 10—-4, respectively, with 24, 23 and 22 models, respectively, The triangulation was
carried out with contact diapositives on glass.

minimum number of points required to define the sy
section, -and only this limited number of points need then be measured in each plate

during the triangulation phase.

2.2, Use of Reseau in Analytical Stereo-restitution
The measuring and computation prografnmes of the ITC Stereo-Reseay method have been

ted in such a way that all reseau-cross observations can be eliminated from the
Each stereo-model etc. can thus be computed with oy with-

In his paper as presented at the Image Deformation Conference, June 1971, Ottawa
(Sources of Image Deformation, Photogrammetric Engineering 1971, pages 1259-1268},
. Ziemann describes all sources of image deformation. A number of examples are given
for deformation of wnusual size caused by different sources. These examples demounstrate
that a dense centrally projected reseau exposed simultaneously with the original negative
is the only solufion that permits checking the image deformation at any time caused by
any source. A reseau can also be utilized to correct amy deformation of the image to an
extent limited only by its density, if analytical procedures are used'’,

A systematic procedure whereby the distortion in each observed point in each individual
photograph is located, and corrected for, will of course require some more effort in the
ohsetvational, as well as in the computational, procedure.

selec
original observations.
out use of the reseau observations.

Results after strip-adjustment according to Ackermarn:
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Tahle 2

Stand. Drev.
x Y

Suip | Plate n

10 302 | 165 | 30u| 32p
10 362 | 169 | 29 | 3.8
10 412 | 169 | 28 | 37

10 Total 507 29p| 364

In assessing thesc results, they should be compared with the 2.6 and 2.8 foun
(under point b) for the difference {the “noise”’} between the distortions in indi
plates of steip 10, and the average distortions, using 81 reference points rather than'l

Conclusion: the rather small decrease in accuracy obviously justifies this sub-division:
sections and the adoption of the section means as representative of the distortion wi
that local area,

Recommendations on the use of the reseau: (1) Before commencing with an a
triangulation, select at least three plates in each strip, preferably at the beginning, mid
and end, and measure a limited but selected number of reseau points in each plate (i
see figure 12, where 8, 13 or 18 points could be measured depending on whether |
desires 9, 16 or 25 sections, respectively). (2) The analyses of these three plates.
strip will either confirm that the distortion is small and uniform, in which case the resea
need not be used at all during the triangulation phase, or that the distortion is significan
and irregular and that it must be corrected. In the latter case, one will first have |

examine whether the division into sections is sufficient — this will automatically yield the
minitmum number of points required to define the systematic component within eact
section, and only this limited number of points need then be measured in each pla
during the triangulation phase. '

2.2, Use of Reseau in Andlytical Stereo-restitution

In his paper as presented at the Image Deformation Conference, june 1871, Ottawa
(Sources of Image Deformation, Photogrammetric Engineering 1971, pages 1259--1265)
H. Ziemann describes all sources of image deformation. ”'A mumber of examples are given

for deformation of unusual size caused by different sources. These examples demonstrate .
that a dense centrally projected reseau exposed simultaneously with the original negative .
is the only solution that permits checking the image deformation at any time caused by -
any source. A resean can dso be utilized to correct any deformation of the image to an

extent limited only by its density, if analytical procedures are used*".

A systematic procedure whereby the distortion in each observed point in each individual

photograph is located, and corrected for, will of course require some more effort in the
observational, as well as in the computational, procedure.
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o analytical stereo-restitution, either of single models (on behalf of numerical determina-
tion of terrain coordinates of selected points such as signalized cadastral boundary
corners, ete.), or of strips and blocks (in aerial triangulation), points are observed on a
comparator.

In the case of aerial triangulation on a stereocomparator, the nuomber of points to be
observed per sterec-model is usually:

monoccular chservations: 2 x 4 fiducial marks

sterenscopic observations: 6 orientation poiats, 6—8 minor control points, 2 x 2 scale-
transfer points,

According to the statistics, collected at ITC from analytical triangulation of more than
5,000 stereo-models, the observation time on a stereccomparator is about 45 minutes per
stereo-model (including teabreaks, etc., ete. ),

n order to be able to trace, and to correct for, distortion errors in the points abserved,

* immediately after the usual stereoscopic observation of a point, the nearest reseau cross

in each of the two photographs may be observed (monoculariy).

For highest accuracy, in each photograph the four reseau crosses that surround the
observation point concetned, should be measured and the distortion of the point be
interpolated from the distortions found in the four crosses. As, however, with a centi-
metre-reseau, the nearest cross is never more than 5mm away in each coordinate
direction, we considered it sufficient to observe in each photo only the nearest cross,

The additional time for the monecular observations of the neatest cross in each photo has

appeared to be 27 seconds per point observed; for a normal stereo-model in the case of
aerial triangulation thus an additional 7 %minutes is required,

Experiments

In ITC, analytieal aerial triangulation has been carried out on the Wild Stereocomparator
of three of the four sub-strips of models with 60 % forward overlap, that could be formed
from the photographs of strip 10 which had 90 % forward overlap: strips 10—1, 10—3
and 10—4, respectively, with 24, 23 and 22 models, respectively. The trianguiation was
carried out with contact diapositives on glass,

The measuring and computation programmes of the ITC Stereo-Resean method have been
selected in such a way that all reseau-cross observations can be eliminated from the
original observations. Each sterec-model ete. can thus be computed with or with-
o ut use of the reseau chservations,

Results after strip-adjustment according to Ackermann:
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Table 3 — Short bridging distances

Absolute accuracy of numerical restitution,

Nr. of models With use

With
Total | bridged between of resean ithout use of

rescal crosses

The same camera was used to photograph the test fleld Rheidt (close to Bonn}) at a scale
1: 10,500, both before and after taking the rcscan photography of the Oberschwaben

Strip
block.

nrof | ground control CIosses

models Pl Heigh Plan {cm) [Height{ Plan {cm) Some models of this test field were observed on the Wild Stereocomparator, Bach model
=1 “ght | x v fem) { X Y | (em)] was oriented absolutely with the help of 14 control points. With some 50 further check
10—1 fiest 9 15 L5 23 22 51 1 24 283 40 points, the resufts as shown in table 5 were found.

part

Table 5 — Absolute accuracy of numerical restitution

10—1 sec. 1% 15 3% | 18 1B 23

part
With use of Without use of
10-3 11 2 2 27 29 { 30|23 23 | 46 Model
[escal Ccrosses Cescau Crosses
10—4 14 3.5 2 32 34 B3| 28 26 69
6y =0.09m=9 4 0y =0.08m =8y
25 25 42 | 23 24 39/43 oy =008m=8u Oy =008m=8py
: Oy =0.13m = 0.08 %0 Z 0y = 0.16 m = 0,10 %50 Z
Conclusions: no significant difference between the two cases. H o0 H foo
For these very short bridging distances: Oy =0.08 m =8 gy = 0.07 m=7 g
Ox =0y = 24 cm = 9 microns at the scale of photography 4348 Oy =0.07m=7p Oy =009 m=9u
O =43 em = 0.10 Ypq Of‘the flying heighe O =012 m =0.075 %0 Z Oy = 0.12m = 0.075 %0 Z

Table 4 — Longer bridging distances

Conclusion: no significant difference between the two cases

Nr. of models With use i
Total btidged between of resean Without use of The reseau, of course, can oniy be used for the location and correction of the distortion
Strip nr. of | ground control Crosses reseau Crosses of the acrial photographs that is caused by an unflatness of the emulsion at the moment

of exposure, by film distortion and by the photographic processing of the negatives and

models Plan | Height Plan {em}) |Height| Plan (cm) | Height positives. Lens errors and refraction cannot be corrected for by the use of the reseau,
X Y X Y :
{em) fem) The above results show that, in the Oberschwaben resean photography, the distortion due
10—1 first 9 4.5 4.5 25 28 64 | 28 32 55

to unflatness, film distortion and photographic processing is so small that the improve-
ment of the geometry of the images, cffected by the correction for that distortion in each
point observed, is just compensated by the additional errors in the pointing to the reseau

part

10—1 sec. 9 4.5 4.5 24 26 49 | 25 25 26

part crosses (together with the variation in the distortion over distances up to 5 mm}.

103 34 33 67 | 28 31 87

10—-4 14 7 7 33 39 49 | 27 26 75

3. Reseau Investigations at Stuttgart University

3.1, K. Kraus (Phot. Eng 1972) intreduced a new definition of the irregular {or
randam) and systematic components of the film deformation. Contrary to the analysis
described in section 2.1 above, the new dc_ﬁnition works without subdividing the photo-

28 32 37 | 27 61

Conclusions: no significant difference betwecn the two cases. graph into smaller units.
For these longer bridging distances:
Ox =28 cm, 0y = 30 ¢rm = 10 microns and 11 microns respectively,
at the scale of photography
on =59 cm = 0.14 Y%y, of the flying height
302 00 ying nedg 303



Krans states that, “in the description of a vector fleld, the following items are

particular interest:

— Absolute magnitude of the vectors

— Separation of systematic and irregular components
— The range of systematic effecis and their variation as a function of distance.

It is assumed that mo correlation occurs between the x and y component of the

rvo-dimensional vectors, We ihen search for concepts or teyms describing mathematically:

the three items, separately for x- and y-directions,

The absolute magnitude of the reseau image errors I in the x- or y-direction can be
described by the variance V =M [I; 1;], where M means mean square value. The varfance
contains the irregular as well as the systematic components of the vector field.

We also introduce the covariance C (siyp) =M [l I}, which is the mean-square ua!ue.of tge :
cross product of the errors I I of all reseau poinis P; and Py, ?Fhe covariance conta?wl_s ; Ie
systematic part of the vector field, the irregular pari being fdterefi out. The empirically :
determined covariances (for some groups of approximately equal dzstzm::es s)are a perfefct ;
indicator on how the common systematic effects between the points decrease with

increasing distance between them.

bu= 1+ 2.5 nm
bg ~ + 3.5 um
k = +DMHI2mm 2

"

Figure 8

" Figure 8 shows first the variance V and the empirical covariances C (it} fora num'bef of
distances s of the y-component of the vector field of measured values of reseau points of
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Plate 358, Oberschwaben. The empirical covariances can be approximated by a con-

tinuous funiction, the covariance function, for which the well-known Gaussian curve is the

tost ropriaie:
PP C{s)=CO. Expi—k* s},

The maximum value CO is the covariance between points which are infinitely close

together (s = o). The constant k is responsible for the rate of decrease of the covariance

function with increasing distance.

The conclusion is that three constants are sufficient to describe the behaviour of the
componenis of a vector field. These are: the variance V, the maximum value CO of the
covatiance function, and the constant k, :

For the y-components of the vector field of Plate 358, we found the values:
V=184 CO=122p" k=0.0173 mm *

From these parameters the numerical values for the three terms by which we describe the
three basic features of a vector field can be derived directly:

— the mean square value of the absolute magnitude of the y-components was:
Oys =NV =431

— the mean square value of the systematic component was:
oys =A/CO=35p,

while the mean square value of the irregular component was:
Oy =NV-CO=25u

— the constant k = 0.0173 is a representative value for the behaviour of the systematic
effects depending on the distances.*

For the linear least-squares interpolation, for the details of which one is referred to Phet.
Eng,, Oct. 1972, pages 10161029, it is exactly the above 3 constants that are required.
Important practical features of the method are:

— the method is independent of the number and distribution of the resean points
observed;

~- the irregular errors of measurement, together with the short period varfations in the
distortion over distances of some millimeters only, are not transferred to the image
points which have to be corrected (interpolated), but instead are filtered out,

3.2. The method was applied on the monocular reseau observations, carried out in ITC,
of Plate 358 of strip 10 (with 524 resean points observed). The problem that was
rescarched, was the problem of how many reference points (reseau point observations)
were needed to correct the systematic component of the film deformation.

To that end, firstly 147 reseau points (distr"ibtit'e_dj as.a 2cm-grj.dj,__t_lie1:15 _5'2"_'(;'1:_4c_m.g1;id)
and next 25 (a Scm-grid) were used as reference Pbihfs, 1 the other | erpolate
All three distributions proved to be very effective, the latt
than the former., :




Next, reference points were selected along the edges of the photograph only, thede’
thus are equivalent to fiducial marks. It then appeared that, for the Phocograp.
cerned (Plate 358), the systematic fitm deformation could be caught rather well'i
casc of using 27 reference points along the edges. However, when using only 8§ of
worse, 4 reference points only, the results were very poor, “The conclusion is (."th
justified that the comventional fiducial marks in air survey cameras are wot suitéq
correct the systematic film deformation",

4.3, The method was also applied on the measurements on the two test-models

Rhc.idt, executed at ITC. The results are shown in the following table & in whic
earlier results of 1able § (section 2.2 above) are added in brackets,

Table 6

Model With wse of reseau Without use of rescau *}

0x = 6.2 u (8.8)
Oy = 5.8 u (8.0)
og = 0.075 %0 Z (0.08)

ox =7.81(7.8)
oy =7.21(7.9)
o = 0.097 Y50 Z (0.10)

39/43

ox = 6.8 u (8.0
oy = 5.5 1 (7.0
o = 0.064 %50 Z (0.075)

ox = 6.6 u(7.2)
oy = 6.0 4 (9.1)
og = 0.071 %ge Z (0.075)

43/48

L
*}The small differences between corvesponding values are primarily caused by the
fact that carlier only 14 points were used for the sbsolute orfentation, while
Kraus used all greund check points,

"Earlier a method was used by which the measured value of the closest reseau point is
directly transferred to the image point to be corrected, While that method caused no
improvement, the present method shows a significant improvement of the accuracy, For
practical applications, the improvement of 20 % of model 39/43, which originally was less
accurate, is especially important, '

According to these results, the reseau in combination with least-squares interpolation
seems to yield 7 i in planimetry and 0,075 Oy Z in height, which is independent of the
agnitude of the original film deformation”,

4, Latest Experiments

4.1, Introduction

TlTe_ experiments have been concluded at the ITC with new glass diapositives of the
original negatives, with positives on polycster film and also with "artificially aged* film
positives,
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4,2. Stereoscopic Measurements

The abbreviations used to dencte the different variants of the two test-models of Rheidt,
ars. 39/43, 43/48 as obtained from the new diapositives, are summarised in table 7.

In the models GL, FI, AA and AB, the floating mark used was a dot of ¢ = 40 ym. In

models AC, a dot of ¢ = 20 tm, surrounded by a ring of ¢ = 150 ym was used. In total,
five versians for each of the 2 models were obtained. Observation of 4 model consisted of
the measurement of each medel point, followed by the monceular measurement of the
closest resean point, Since the signalised model points are situated in groups of three, the

same reseau point is measured three times.

Table 7 — Summary of availabfe variants of each model

Abbreviation Type of photography

GL Diapositive on glass

FI Diapositive on film

AA Diapositives on film, exposed to a temperature
of 30° C during approx. 15 minutes

AB Diapositives on film, exposed to a temperature
of 40° C during approx. 45 minutes

AC Diapositives on film; Photos 39, 43 and 48 were

treated differently:

Photo 35: Washed during 1 night;
dried at 20° C
Photo 43: In fixing bath for 1 night;
washing 1 hey dried at 25° C
Pheto 48: Washed for 1 hr; dried at 40° C

4.2.1 Computation .
As before, the basic, data. for-eachi/model consists, of a list of image coordinates in the
point§iin the:cotners of the photographs were used as

comparator system, Four reseair
ré.affitiely transformed into the fiducial

fiducial marks and the comparato
system with the help of only

Theee sets of data were now obtairie:
measurernents of resean poliits
observed reseau point, This latte
observation at each reseau pcugt




Table 8 summarises the magnitude of the film deformations in the observed reseau pot
from which it can be concluded that the aging procedures did not deteriorat
geometric quality of the films to that extent as might have been expected.

Table 8 — R.m. s. value of film deformation in pm at photoscale. Values obtaing
model 33/43 from 21, in model 43/48 from 28 reseau points, after afl

transformation of measarements into the system defined by 4 fiducials .

Photo 39 Photo 43 48

43

GL

FI

AA

AB

AC AC

{a) Model 35/43 {b) Model 43/48

Next, the known deformations in the reseau points were used to interpolate correctioi
in the other points. Following the idea of Kraus, for this purpose a programmme using
linear prediction (least-squares interpolation) was written.

The correlation function in this programme can cither be computed from the known fil
defocmations in a subroutine, or a pre-specified function can be entered, Basically, thi
phaoto is split in scveral zones in such a way that not more than 30 rescau points are usei

Attempts failed to compute the coefficients Cy and Cy from the residuals per zone.
Presumably the number of reseau points was too small per zome. Use of a function
computed for the whale of the photograph, or even from a part of it, has been proposed
by Kraus (Z. Vermess.-wes., 1971/6). These functions are however not representative of
the residuals left per zone after trend subtraction (centering**). Therefore an optimum
correlation function was experimentally found by "trial and ervor*; different functions
were tried out, and the best one chosen,

Interpolation of Ax and Ay corrections has been done independently. Although the
programme allows for the consideration of cross correlation between Ax and Ay, the
simultaneous interpolation of Ax, Ay did not bring any improvement and so it was
excluded from further consideration,

All three sets of image coordinates — without, with one measurement, with three
measurements per chserved reseau point — were used for relative and absolute orienta-
tion, applying the maximnm number of available points as orientation points,

Relative and absolute orientation were carried out with more than 50 points in the case
of model 39/43, and with more than 70 points in the case of model 43/48. The residuals
left after absolute orientation were divided by the scale, and represent the outcome of the
experiteent. This is discussed next.

4.2.2. Discussion of Results

The first step was the optimization of correlation function (1). Table 9 summarises the
results obtained, Coefficients Cg, C; were varied systematically in the interpolation,
Figure 9 shows graphical representations of some of the alternatives which were tried ount.
The values for Cy, G, providing the smallest r. m.s. residuals in the 3 coordinaie
directions were found to be

Cp = .50 - .70

Gy = h0— 70 mm

for an interpolation. Table 9 — Experimental optimization of correlation function Co/(1 + d*/C;?}. Trend
Reseau points from adjacent zones are included in interpolations of a zone, if these resea polynomial of 2"d order (6 unknowns). Values in prm at photoscale
points are within a specified distance from the boundary line. This is to assure continuit
of the interpolated corrections, The separation into zones is necessary to avoid exce Cy {mm) 10 30 50 70
ively 1 lati trices.
eively Tatge corie alion mathices Rom s Value | AX| AY|AH|AX|AY |AAR [AX |AY |AH |AX |AY | AH
Within each zone a trend polynomial of specifiable order is computed (with one to ten:
coefficients). The residuals left afier the fit of the polynomial to the Ax and Ay | 53| 4119274158 (1215383 | 20.8(44.8
deformations are used as input to the linear prediction. :
.85 4714392146 [43 5 91| 4.6 42, 89 | 45| 42 |89

The correlation functions used are of the isotropic type: Ca _ —

. 70 4.6 429245 9.0 4.5 42| B9 | 45| £2 9.0

Corr.=Cg / (1 +d* | CF) (1) _

where d is the distance between 2 correlated points. 43 91 | 4543791

This function has proved to be successful in many applications, e.g. interpolation of
gravity anomalies, and in DTMs,
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Fable 11 — Lack of coplanarity after relative orientation, with and without use of
reseau, Given are r, m, s. values in um

Model Reseau GL FI AA AR AC

without 5.3 6.1 6.2 6.5 6.3

29443

with 5.9 6.0 6.6 6.5 57

without 5.4 5.8 6.7 7.6 7.0

43/48
with 5.1 5.1 6.9 6.5 6.7

Table 12 — R.m. s residuals AX, AY, AH in um at photoscale, after absolute
orientation. X-axis of terrain system approx, parallel with phato y-axis

Figure 9 — A sample of correlation functions tested. The thicker line denotes

function (Cq = .7, C; = 50) that gave the optimum result Ax| AY| AH AHly ax|av!lan AHy
Table 9 is computed from model AA 43/48, using one measurement per observed rese GL 7.2] 7.1 | 12.8 | .084 Yoq GL 4655 | 9.8 |.064 %,
point. Simitar computations were carried out for other models, providing the sam . .
cenclusion. The trend polynomial was chosen to be of 274 grder (6 unknowns). FI 7.3 | 6.9 | 10.1 | .066 Yoo F1 5.5 152 [ 9.8 |.064 %,
Taking the optimum correlation function, the number of unknowns of the trend poly Al 5.6 | 5.3 | 114 | .074 Yo AA 4.4 150 | 9.6 1.063 %0
nomial was varied. The results are shown in table 10. Obviously there is no point o p
choosing more than a 21d order trend polynomial per zone. AB 701 6.0 | 12.7 | 1083 Yoo AB 4.5 |48 1 8.9 1.059 Yoo
Ac | 7.9 5.9 109 |.072 %, ac | 41|41 110.0 {.066 %,
Table 10 — Compariscn of three trend polynomials, with 3, 6 and 10 coefficien
respectively, for AC 43748 {a) without resean, 39/43 (b} with reseau, 39/43
%
g AX|AY|AH | &H/; 1AX |AY| AR | AH/,
Tt
g GL 6.7 68| 124 | .082 . GL 6.7 | 6,0 | 10,9 | .072
2 .
Fl1 52|59 ( 133 .087 F1 48 | 6.6 1109 |.072
In table 11, the r. m. 5 values of the lack of coplanarity after relative orieatation are AA 59| 6.0 123 | .081 AA 55 | 5.6 y 9.6 |.063
i i i iorati ith the :
given, Although there is a notxce:.lble tend?ncy for d.etertloratmg stereoscopy with the AR 2158|121 | 093 AR 57 157 100 | ose
aging of the photopraphs, the magnitude of differences is fairly small,
AC 6114841551 .101 AC 45 |42 | 89 |.059

(¢} without reseau, 43/48 (d} with reseau, 43/48
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Table 12 shows the main result of the experiment, namely the r, m. s, residualg
absolute orlentation of all 5 variants of each model, with and without use of the's
In all cases, except for ¥ of model FI1 43/48, improvement could be obtained by i
of the reseau, with a maximum of almost a factor 2 for / in model AC 43/48,

This table refers to the case of a single measurement per observed reseau point,
identical results are obtained if all measurements of resean points arc included. I

ences are only of the order of fractions of ym. Therefore, these results are not f
discussed. There is no point in observing a reseau point more than once, if
prediction is applied for interpolation,

For model 39/43, the use of resean leads to a fairly uniform accuracy, what
procedure of aging was taken. The results are close to the limit of the photogramineg
state of art. Tt is interesting to note, that no correction for lens distortion or refrac
was applied, since the purpose of the experiment was only to demonstrate che use of
reseau. This in particular shows the geometric performance of the photography ¢
rather impressive, :

In model 43/48, version AC gives results superior to glass or film diapusitives. This’
not justify the conclusion that artificial aging should become a standard photogramm
procedure, The superiority of the results is purely due to the fact that a different flo
mark was used, which allows especially planimetry to be measured with a high
accuracy. This effect is more pronounced in model 43/48 than in model 39/43, since'th
signalisation of control points causes problems especially in the former model.

For the case of model AB 39/43, a graphical plot of planimetric and height residuals ws
prepared. Figures 10a, b show the error vectors for planimetry and height without, 2
figures 10c, d with use of the reseau. The distribution of errors is clearly the same, b
their magnitude is reduced by the reseau. :

Finally, table 13 lists the maximum residual per case and coordinate direction, with a
without reseau. Thess maxima are reduced by the reseau, however to a much smal
extent than the r. m. s, residuals.

Table 13 — Extreme residual after absolute orientation, without and with use of rescau
for model 43/48, Values in pim at photoscale

AX AY AH

without with without with without with

—25 — 22 ~18 — 138 - 32

13 12 19 — 18 — 40

16 - 14 18 - 17 — 32

— 18 - 19 11 - 12 — 42

— 14 10 -1t - 42

17

4,2.3, Conclusion

The above experiment clearly demonstrates that the use of the reseau provides # uniform
and excellent accuracy, irrespective of the film deformation introduced by artificial aging
procedures, Without the use of reseau, the results were far more inhomogeneous from one
version to another than with the resean. The differences of the results between different
aging methods, and between glass and film, are reduced to fractions of microns if reseau
corrections are applied.

The absclute magnitude of the film deformations in the particutar case of the two models
ander study was rather small. Post-processing of the developed films did not deteriorate
the geometric quality to that extent as expected or hoped, so that a demonstration of the
usefulness of reseau with "poor quality™ photography was not spectacular. However, it
could be clearly proved that the reseau is indispensable if the ultimate potential of the
photogrammetric process is to be exploited.

4.3, Monocular Investigations

The extension of the monocular reseau investigations was concentrated on two aspects,
namely the influence of film aging and film storage an the geometric stability and a
compatison of the stability of glass and film diapositives,

To this end, 15 diapositives on both glass and polyester film were printed from the
original film negatives, These sets of 15 positives were selected at the beginning, middle
and end of each of the 5 resean strips. The three glass and film positives of the Rheide test
area were, of course, also included in the investigation, as were the “artificially aged* film
positives. '

The measurements were restricted to the 81 point grid in each plate, these then being
confarmaily transformed using all points,

The following main conclusions coutd be drawn from the results:

— There was no significant difference in either the pattern or the muagnitude of the
distortion of the 15 "ncw™ glass diapositives compared to those prepared some three
years earliet.

— The differences between the residual distortions of the sets of glass and film dia-
positives were insignificantly small i, e. in the order of the pointing accuracy.

— The attempts to "artificially age the film positives by alternately heating and soaking
these were unsuccessful,

In general, the conclusion reached from this material was that the deformation of the
original film negatives was not adversely affected by storage and that diapositives an
polyester film are certainly not inferior to those on glass as far as geometric stability is
concerned,



RESUME:

Les bandes 6, 8, 10, 12 et 14 du bloc grand’angulaire d’Obetschwaben ont égals
été photographiées avec la chambre 3 réseau de Zeiss (chambre RMK AR 15/23). A
25 diapositives sur verre de la bande 10, et 3 de chacune des bandes 6, 8, 12 et 14
été mesurées monoculaitement sur un comparateur (voir fipures 1—6). Par bande,
tésultats étaient presque identiques sauf pour un gjeus de 2,5 & 3 microns en x et

chaque point de résean. Ce jeu correspond pratiquement & Perreur de mesure. Pow
pour les bandes différentes, les résultats étaient Mgérement différents d’ol T'on pou
constater un systématisme sighificatif différent entre les bandes extrémes 6 et 14,

Pour décrire les erreurs systématiques par photographie, ou par bande, ont peut divis
photographie en sections, mesurer un nombre de points, et caleuler Perreur par deg
(voir figure 7). Pour la photographie 4 réseau d'Oberschwaben, le choix de I'une g
conque des 9 combinaisons {nombre de sections, nombre de points mesurés) révé]
pratiquement ancune différence pour le but fixé. Une possibilité de correction pour
erreurs systématiques (dues 4 la déformation du film et 4 la non-planiété de la couche
Pingtant de Uexposition) serait la suivante: mesurer — monoculairement — trois diap
tives, une au début, une au milieu et une 3 la fin de chague bande. Selon analyse de;
figure 7, 25 points par diapositive suffiront. 8i les trois diapositives montrent’u
distortion uniforme — comme c’etait le cas pour Oberschwaben — on pourrait corrd
toutes les diapositives de la bande de ce systématisme. Si non, il faudrait mesurer

nombre approprié de points de réseau dans chaque diapositive individuelte,

Parallélement avec Dinvestigation monoculaire, un test sur stéréorestitution de phot

graphies 4 résean a 6té exécuté dans lequel, aprés chaque observation sur un pai
stéréoscopique, on a mesuré le point de réseau le plus proche, 4 gauche et 3 droite, su
stéréocomparateur. Chaque couple a été caleulé deux fois, une fois en utilisant:
obsetvations des points de réseau (ot la déviation constatée dans le point de résean le pl
proche est utilisée comme correction au point stéréoscopique) et une fois sans utﬂlsatl
des observations des points de résean.

Pour la triangulation de quelques bandes, aprds compensation selon Ackermann, 1
résultats, indiqués dans les tables 3 et 4, ont été trouvés: une précision teés grand:
indépendante de Putilisation on de la non-utilisation des observations des points

régeaun, K -

Aussi pour Ja restitution de deux couples couvrant le champ d’essai de Rheidt (avec u
grand nombre de points de contréle signalisés) on n’a pas pu constater une différenc
significative entre les deux cas: utilisation ou non-utilisation des observations des point
de tésean, :

K, Kraus {Stuttgart}, cependant, en appliquant une autre méthode pour la correction de

points stéréoscopiques {c.a. d. une correction pas seulement basée sur la déviatic

constatée dans le point de réscau le plus proche, mais sur les déviations dans tous le
points de réseau mesurés: améthode d’interpolation linéaire selon le principe des moin
dres catrées } a trouvé un résultat un peu plus favorable (voir la table 6).

Finalement, & PITC, les observations ont été sépétées avec des diapositives sur film, auss
que sur verre. Les diapositives sur film ont été gmal-traitéess afin de créer, artificielle
ment, un matériel moins bon que le matérie] photographique original d’Oberschwaben
Ceci pour démontrer la valear de la photograp]lie 3 réseau.

Discussion about the Subject 11 under the Chairmanship of Prof, E. Gotthards

Chairman: Thank you for your presentation Mr. Visser. Who would like to open the

discussion?

Amer: [ would like to know which strip adjustment procedure was used since this is of
importance when comparing adjustments carried out with and without the use of the
reseauf

Visser;: We used the Ackermann strip adjustment procedure of 1961, which nses piece-
wise polynomials.
Kupfer: My, Visser comes to the conclusion that the fiducial marks are not suited to

correct the film deformation bet I think this has to be proved in each flight.

Chairmar: Can Prof. Kupfer show us that better results are obtainable from non-reseaun
cameras?

Visser: 1 consider the resean camera to be as good as any other,

Kupfer: So far we have only examined non-reseau cameras but now intend investigating

the reseau camera,

Ligterink: Have you computed the variance factor for longer distances?
Visser: Dr. Leberl has so far used distances of up to 9 cm in the plate.
Forsiner: What does § represent in fig. 8 of your paper?

Visser: S is the distance between points used to determine the covariance function. The
example shows the y-component but a similar graph is also prepared for the x-compeo-
nent.

Ackermarn: What is the effect of assuming a negligible cross correlation and treating the
x and y cotrections separately?

Leberl: In order to determine this we assumed a certain amount of cross correlation in
one instance but the results were terrible. The problem, however, is one of interpolation
and it is quite possible that polynomials would give a better result.

Chairman: L have always ha.d some d.oubts about the least squares interpolation pro-
cedure,

Kupfer: If there is a S}rstcma.tlc teend prcscnt 1 would consider it advisable to start with
regression polynomrals since thesé wéuld- give a better result than with a least squares
interpolation, '

Leberl: 1 congider that we should
prediction although I admit th
user, since it is often difficalt

3€:do complete mjust‘lcc to the probiem of linear




Visser: 1 would still advocate the use of the reseau to correct the systematic off
film deformation.

Leberl; The effect of film deformation is extremely small.

Jerie: There are a number of other error sources whick cannct be eliminated by i
4 reseall. .

Fdrstmer: Mr, Visser claims that the rescan will not only control the effect

distortion but also that of 2 poor flattening of the emulsion and of the photo
processing.

Visser: The reseau does however not control atmospheric influences such as refr;
and air rorbulence. )

Holm: If 1 remember correctly, the photography was flown on 8 different days a
could not this be used to determine the influence of atmospheric conditions?

Furthetmore, could not the different film types used be included in the investigatio

Kupfer: 1| am unaware of the fact that differcnt film types were used in photographi
the Rheidt test area,

Ackermann: The different film types used refer to the photography of the Oberschwa
block, but no deuble coverages were flown. The fact that the flying took a total of 8 ds
spread over a period of two months is largely due to poor weather conditions and due’
the difficultics cncountered in obtaining pin-point photography,

Chairman: 1 am afraid that T have to close this session now and T want to thank you i
for your contributions. i

(12)
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Compensation of Systematic Errors by Analytical Block Adjustment with
Common Image Deformation Parametets

{with 7 Figures)

By H. Bauer, Hannover

SUMMARY :

The compensation of systematic errors by bundle adjustment with common deformation

parameters has been demenstrated.

First the algebraic model of the deformation parameters has been described, Then
computer results of the bundle adjustment with common parameters for the Ober-
schwaben test with differene arrangement of control points and with different deforma-
tion parameters followed. The increase of accuracy of this method ist 20~60 % in
Oberschwaben test.

RESUME sce p. 324

The accuracy of bundle adjustment is doubled by the common parameters in the
Oberschwaben test as against an ardinary bundle adjustment. The idea and the computer-
program for the bundle adjustment with additional parameters were developed by
Dr. Jiirgen Miiller (1} T only cooperated in the selection of the correction terms and
supervised these tests.

1, Systematic Errors in Block Adjustment

The quotient Ogheck / 0o (root mean square error at the controlpoints divided by
standard deviation of an image coordinate observation) of a bundle adjustment in the
Oberschwaben test is 18.4/5.01 = 3.7, Theoretically the guotient should be about onc.
The large difference between the theoretical value one and the real value 3.7 is a sign of
the important influence of systematic errors in a block adjustment. Kubik [2] conducted
theoretical investigations to discover which types of photo-deformations have a particu-
larly powerful effect on the results of the adjustment. Kubik supposed deformation of
the square phato to a rectangle, parallelogram, trapezoid and a star (figure 1), He found
out that the planimetric accuracy is especially affected by rectangle and parallelogram
deformations and the ‘accuracy of height by stelliform deformations of the photos,

To increase the accuracy of block adjustment it is necessary to allow for the systematic
errots. This is possible in the following way:

L Calibrat_i_ng_thé: '”a:_:j":é.rei'by 4 test area

2. Using a reseasicamera *
) chlq;gting: the figlic
4, Additional pare

the Bﬁ_ualp adjustment .




All the methods presuppose that the systematic errors are constant during the wh
flight. The first three possibilities of allowing for the systematic errors require additic
plotting expense and allow only for systematic errors of photogrammetric origin, The
of additional parameters does not involve additional plotting expense and the syst
complexes that can be dealt with may be of photogrammetrical or terrainean Origirl. '

It seems to me very important to sappose that systematic errors may be present Ln t
ground control points also. For example triponometrical points are frequently gr
control points in Germany. In Northern Germany these trigonometrical points have n
been established for nmumerical surveying but only for the production of the'm
1: 25 000. Mormal terrestrial surveying could not reveal defects in the trigonometrica
net. Today the plane insertion of the photogrammetric blocks is a method of measurin
that requires an exact geometric quality of the coordinates of the ground control poin

2. The Theory of the Additional Parameters

The theory is very simple. The error equations of the central perspective between thi
photo and the terrain are extended by additional free parameters. The equations the
run:

P=Ax +Agy +A32 -1
x are the coordinate unknowtis
y are the orientation unknowns

z are the unknown correction parameters.

What demands should the correction terms falfil?

1. The correction term should be effective,
2. The correction term should be simple and as short as possible,
3. The terms should not be correlated with each other.

4, The terms should not be correlated with the orientation uaknowns {(coordinates of th
perspective centres and orientation angles).

5. The interior orientation of the photos {focal length and principal peint) should not b
changed.

6. For practical work terms are preferable which are not affected by rotation by 180°, In:
this case it is not necessary to distinguish the direction in which the strips were flows,.
and the position of the photos in the comparator (direction of triangulation) has no
influence on computation.

We have experimented with the following terms:

1. radial and independent of direction

A =air (F'? —ry?
=ayt (% —rp”)

fo = 100 mm

2. radial and dependent on direction

A = ggt'cos 2[a— e} S

= agr'cos 4(a—¢&;)
=ﬂ11f’C05 (a — €y — xi)

€ = free reference direction

x = flight direction
3. tangential and dependent on direction
At =ay 47 cos 2(a — €,)

=a15r‘cos4(a— Es}

4, shearing
x =0
r — F
_}l =dpgXx
o afﬁnity , )
X = —dgpX
y' = “{'ﬂ,g Dyr.

The program allows four terms to be computed at the same time. For this reason we
combined the terms to correction groups with four unknown parameters.

proup 1 — radial with #2, ¥'¢ and f'cos 2{a — &;)
group 2 — shearing, affinity and tangential with 1’ cos 2(a — &)
group 3 — radial and tangential with r'cos (@ — €5 — X;)
group 4 — radial and tangential with r'cos 4(a — €).
Group 4 proved to be ineffective, it will not receive any further mention. Group 3 effects

a shifting of the principal point and therefore is not suitable, The results will not be
discussed here.

3. Results with the Correction Terms in the Test Area
3.1, Test Arvea Oberschwaben

As the first test area five strips of Oberschwaben were used, which were all flown over on
the same day. For one test series the horizontal ground control points were arranged only
on the edge of the block, bridging five models. In the second test series the horizontal
ground control points are distribuited all over the area at intervals of about two models,

The vertical control points form chains crossing the area bridgmg five mode]s in the first
series and two models in the second.

The second test atea is the whole block of Oberschwaben with eight strips and 4 sidelap
of 20 % (figure 2). The distribution of the ground control points corresponds to the first
test area,



The comparator data used are the evaluation of the wideangte flight with 20 % si
the HAG, Frankfurt, with a Zeiss PSK.

3.2. Computer Results

All the results are based on the same data. To demonstrate the increase in 2
achieved by the correction groups, the standard deviation of the checkpomt
bundle adjustment without additional parameters is set at 100 %.

With the first arrangement of the control points the bundle adjustment with
correction group (radial corrections) resulted in a 20 % increase in accuracy {fig
The proportions of the radial corrections with r'
' cos 2(a —

{independent of ditection) an

€) (dependent on direction) are of approximately equal size.

The additional second correction group with parameters for shearing, affinity’
tangential corrections shows an extreme increase in accuracy (figure 3), Among the
parameters the shearing dominates.

The second denser distribution of the control points yielded results similar to the
distribution of control points, Due to the larger quantity of control points the results
more exact from the start [fipure 3). But the accuracy of the first test series is’
surpassed. It is most interesting that the same accuracy as with both correction group
and 2 is also attained with the second correction group alone {figure 3). The Wh
correction Is then divided between the shearing term and the affmity term, 1 believe
shearing that is having an effect here is caused by a systematic error in the ground con
points, because otherwise there would be a correction of 10.7 um at the edge of th
photo.

On the basis of the results of the first test area we chose a standard correction group wit
four terms, the shearing and three terms with radial cffect. Theee radial terms arc used
particular with a view to increasing the accuracy in height. We hoped that we could
account for the planimetric deformations with the shearing alone, because the investig
tions of Kubik [2] show that the radial corrections could eliminate the effect of th
affinity for a certain extent (figure 4).

The standard correction group was used for the whole block of Oberschwaben, With the
denser distribution of control points the accuracy is about the same as in the first test
series although here the standard correction group is used while there the correction -
groups 1 and 2 were applied, The increase in accuracy achicved by the standard correc-
tion group is 32 %, in relation to an adjustment without correction.

If the horizontal contral points are only established at the edge of the block bridging five
models, the accuracy of the easting coordinates is significantly lower than that of the
northing coordinates. This effect did not appear in the first test block, With regaed to the
flight the difference between the whole block of Oberschwaben and the first block is that
the three strips were flown over on a different day than the first five strips. The flight
direction of the individual strips is itregular. This additional information was at firse not
considered in the adjustment because the error analysis of a bundle adjustment with the
standard correction group shows that the low accuracy in the casting coordinates follows
from a contraction of the block in the middle of the Jongitudinal sides (figure 5).
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The theoretical investigations of Kubik show that system complexes of this kind are due

to an affinity. To check this statement, we established a correction group with three
. a . - . ’
terms, with cortection terms for affinity, shearing and radial with 7 3, The results

. confirmed the supposition, The new correction group was able to remove the system

complexes, It was possible to increase the accuracy by about 67% as against an
adjustment without correction {figure 3).

In comparison with the planimetric accuracy the height accuracy in existing tests could
be improved only slightly, namely by about 20 %. We hoped to reach mare by a 60 %
sidelap, In the Oberschwaben test this experiment was without success. 1 believe the
reason is that the accuracy of the measurement of the intermediate strips is different
from that of the measurement by the T{AG, Frankfurt, To check the increase of height
accuracy using a 60 % sidelap with homogeneous data we conducted the Steinbergen test,

3.3. Stetmbergen Test

The test area has a size of 6 x 6 km. The photoscale is 1 : 8 000, The arrangement of the

stnps and the ground control polnts is shown on ﬂgure 5.

With a sidelap of 60 % without correction terms, Ocheck height = 17.8 pm, that iz 14 cm,
with standard correction group Ocheck heighe = 10.7 #m, cotresponding to 8.6 cm
{figure 7). This is an increasc in accuracy of about 40 %, For a sidelap of 20 % the resule
with correction group was 24.4 Hm height accuracy and without correction terms
26.0 fim. This shows that for good accuracy of height a sidelap of 60 % is necessary. Only
a sidelap of 60 % gives the stability to a block that correction tetms for height yield a
good increase in accuracy.

4. Conclusion ’

It has been possible to show adding standardized parameters to the error equations of
bundle adjustment produces a considerable increase in accuracy. A precequisite for che
success of the method is the constancy of the systematic errors, To obtain good resules it

is desirable:
to carry out the f]ight oI one day,

to prescribe a regular flighe performance,
to use only one camera,

“to commission only one institute with the piotting.

Besides the photogrammetric system comple}(cs it will always be necessary to reckon with
systematic terrestrial errors,

The methed of the additional parameters does not” separate photogrammetrical and
terrestrial system complexes. It s a practical method which yields good results at little
expense,
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La réduction des erreurs systématiques dans la compensation par faisceaux au moyen d
paramétres supplémentaires ayant été exposée, le modéle algébrique des parameétres de
déformation a été érabli. :

Ensuite, pour les essais «Oberschwaben» les résultats des compensations par falsceau
avec paramétres supplémentaires obtemus 4 partir de répartitions varifes des pomt
d’appul et de paramédtires de déformation différents ont été mentionnés.

Par ce procédé, on a obtenu une amélioration de précision de 20 & 60 % dans les essa
Oberschwaben.

TYPES OF SYSTEMATIC IMAGE ERRORS BY KUBIK

square photo

deformated
by affinfty

deformated
by shearing

daformated
t0 a trapezoid

vadial deformated
10 a star

Figure 1

gffect
planimetric errors
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dominate effect

effect height errors
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MODEL OF THE BLOCK OBERSCHWABEN
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RESULTS OF THE TEST “STEINBERGEN"
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Discussion about the Subject 12 under the Chairmanship of Prof. E, Gotthardi

Chairman: Thank you for your interesting presentation Dr. Baner. To whom may I give
the floor?

Jeria: These results are certainly very impressive but I would like to ask Dr. Bauer as to
what considerations were used in arriving at the final correction terms?

Bauer: | was OJ:LIY concerned with the effectiveness of the correction terms,

Jerie: Is there not a certain amount of danger involved in applying corrections succes-
sively?

Bauer: The correlation was always computed between successive corrections and when-
ever this was large we disregarded the latter correction.

Jerie: Is it not impractical to use a single set of correction terms for a whole block since,
for example, a block cannot be flown in a single day?

Bauer: This of course depends upon the size of the block.

Bbver: In your paper you mention that the ratio 6.pc.1/0¢ was found to be 3.7 with
dense perimeter control. Now, why should this ratio be theoretically 1, since this surely
depends upon the block size and the control distribution and in your case should be
0.757 1 agree that it is impsessive that you reduce this ratio to 1.7, but this is still twice
as large as the theoretical, We can therefore conclude that discrepancies still remain with
the inclusion of additional parameters and | believe that a proper selection of the type
and number of parameters 1o be added will become an important topic for further
gesearch,

Bauer: Regarding the theoretical ratio of 0¢pecx/@o 1 meant that it should be approxi-
mately equal to one, I agree that we have not eliminated all systematic errors with our
additional parameters and that further investigations are necessary.

Ackermann: T consider Dr. Bauer’s paper quite remarkable in illustrating how the results
can be improved with the inclusion of additional parameters and I certainly believe this to
be the beginning of a series of investigations on this topic. Regarding the fact that the
height accuracy of the Oberschwaben block was not improved by increasing the side
overlap from 20% to 60%, | do not believe this to be due to differences in the
observations of the iwo centres, Vienna and Frankfurt, It is quite possible that the two
sets of photographs have different types of systematic errors. In a similar way also the
systematic errors within each of the blocks are not necessarily constant. '

Bauer: I aptee that there may be different effects in the Vienna and Frankfurt blocks. In

the Frankfurt block we tock the ﬂight direction into account but this did not improve
the results,

Fdrstner: If one has a test field one can determine the ideal set of parameters but how
can this problem be solved in practice?




Kupfer: T think that one of the problems is the fact that we do not have a homogen
set of data in large blocks. Hence the data has to be homogenized and this could
achieved by incorporating a test field in the project area which is photographed dur'
each flying mission. The points in this test area need not even be signalized. :

Chairman: | am afraid that our time is up and that I have to close this interesting sessig
after thanking Dr. Bauer and the other speakers for their presentations and you for yo

contributions.

Final Session
General Discussion under the Chairmanship of Prof. A, ] van der. Weele

Chairman: 1 wish to welcome you all to this final session where we wilt try to eval
results of this symposmm and see whether recommendations can be made for fitiire
research efforts,

The papers presented to this symposium can be divided into three main categories:

— those dealing with programme 1, the experimental confirmation of theoretical pre-
dictions regarding various methods of aerial triangulation,

— thase related to programme 11, the investigation of the ervor properties of a single
photograph, and

— a set of miscellanecus papers. related to the determination of image errors by means of
test fields and reseau photography,

in order to bring some line into the discussion I prapose ta start with the first programme
and would like to ask Prof. Ackermant to summarise his conclusions on this.

Ackerinann: The main aim of this programme was to check the validity of theoretical

“accuracy predictions regarding strip and block triangulations, naturally hoping that a

confirmation would enable practising photogrammetrists to rely on these hypotheses. In
addition, we hoped to obtain empirical results of 2 number of problems which cannot be
determined theoretically such as accuracy comparisons of WA and WA photography, the
use of signalized against natural or artificial points, etc,

The programme has not yet been completed, but of the provisional results, some agree
fairly well with the predictions, others agree to a reasonable extent and a third group is
contradictary to the expectarions. We have purposely restricted oursclves to just present-
ing the actual results to this symposium, thus allowing each delegate to draw his own
conclusion,

As far as our programme for the immediate future is concerned, we intend to complete
the computations and will then continue with a modified programme on the basis of the
results and this meeting’s récommendations.

Chairman: Tt is now up to the audience to comment on these results and to offer
suggestions,

Proctor: In my opinion, a ‘humber of mterestmg results have becn presented but a few
anomalics have still left -a- dcgree--a Uﬁcertamty Regarding the comparison of the
independent model and bundle adjustménts; L think that the results are unfavourably
influenced by the significant piSpor
in an invited paper by M Andeérss
the adjustments of a simulated block
to those when systematic etrors were 1ntroduc'




With regard to the use of 60 % side overlap, I wonder whether we are taking enougl
account of the fact that the perspective centres restrain fictitious tilts in the direction’
the strip axes. In this respect, perhaps a bundle adjustment with 60 % side overlap mig
reduce the height control requirements? '

Ebner: As far as the accuracy ratio between blocks with 20 % and 60 % side overlap
concerned, theoretically one expects an improvement with the latter by a factor 2, T
expectation was not met in the Oberschwaben block but was however substantiated i
the Steinbergen test as reported by Dr. Baner, '

Chairman: What about Mr. Proctor’s question on the perspective centres?

Ebner: It is true that theoretically one should not expect any difference between the x”
and y directions in the bundle adjustment and this is certainly not the case with an
independent model block adjustment.

Jerie: This is only true theoretically since parallaxes arc measured within a strip in thex’
direction and points have ta be transferred in the y direction.

Ebner: The use of 60 % side overlap is only one of the possibilities. Ancther would be to
simultaneously adjust two blocks flown at right-angles to each other,

Chairman: Would the systematic crroes then be automatically eliminated in the adjust-
ment?

Ebner: Yes, they would,

Chairman: One of the cases where the experimental results contradict the theoretical
concerns the comparison of the independent model and bundle adjustments.

Is this mainly due to the increased sensitivity of the bundle adjustment to the presence of
systematic etrors?

Ackermanm: I would like to make a comment on the significance of the results. One must
bear in mind that the whole Oberschwaben test is only two biocks and its results are
therefore certainly of limited statistical significance. We knew this at the outset and so
one could question the justification for conducting this type of test. Nevertheless, I
consider it most useful, as it allows, in any case, a number of significant conclusions to be
drawn.

With regard to the problem of systematic errors, it is obvious that they are quite large in
the Oberschwaben block. We do not know how rcpresentative these etrors are for
photography in general, but I think it is important to note that large systematic esrors can
and do occur. We therefore have to refine our adjustment methods in order to prevent
poor results under such circumstances, As to the sensitivity of the bundle adjustment to
the presence of systematic errors, I think this is substantiated by the results, The effect

has been predicted by Kubik.

Visser: With regard to a possible affinity”of the Obetschivabin 1
that the reseau photography had extremely small deformiations; re ;
differential azimueh being 0.06% 44 and 0.00% g in the parameters derived for i |
photographs. Now, pethaps a certain amount of affinity results from the ground conto] -

as is suspected by Dr, Bauer?
Chairman: The ground control has not been checked.

Ackermar: 1 consider it a fairly serious accusation of the state authorities that the
grouncl control is that poor. Regarding the affinity, there are other sources which are
generally neglected, namely lens distortion and map projection, Only the mean distortion
of the four diagonals has been corrected for, whilst map projection has, at this stage, not
been taken into account. Hénce, before investigating the feasibility of refining the
adjustment, we first intend to correct the overall affinity of the film and the affinity
caused by lens distortion and map projection, We expect an improvement in the results
by, perhaps, a factor 2. . :

Chairman: As rtegards the absolute accuracy of ground control networks, when the
primary triangulation of the Netherlands was included in the Ewropean adjustment,
differences of up to 50 cm were found although one expected these to be in the order of
a few cm. This however did not affect the internal accuracy.

Now going back to Oberschwaben, if the control is suspect one should obtain the same
pattern of residuals in both the WA and SWA photography.

Ackermann: A few comparisons have heen made and no sericus effects were noticed over
short distances. Dr. Bauer suspects systematic errors in the control over the whole area,
but these would have to be in the order of 2 m to give this degree of affinity,

Kupfer: With regara to the affinity caused by lens distortion, we started to investigate
this but dropped it because the effect is so slight, One must also bear in mind that in the
camera calibration, the principal point of symmetry is only determined to an accuracy of
0.2 mm.

Bauer: My results indicate a shear in the Oberschwaben block which could be caused by
control errors in the order of 50 cm.

Forstner: 1 think it is fairly easy to blame the ground coordinates but may ! remind you
that this particular area was chosen due to the reliability of the control. I do not think
that the absolute errors exceed some 15 cm.

Chairman: In view of the checks normally applied, 1 do not think that anyone really
doubts the quality of the control.

Another problem raised was why the height accuracy of the SWA photography is inferior
ta that of the WA, Counld this be partly due to the fact that film unflatness has a greater
effect in SWA photography?

Lindig: Even the SWA measurements are inferior,



Jerie: This is probably due to the poorer resolution.

Ackermann; The initial theoretical investigations from which a superior height accer

for SWA photography was inferred were only based on geometrical considerations an
took no account of physical and instramental cffects.

It is obvious from this test that these other influences have a detrimental effect on the
accuracy, Other factors could be the type of terrain, the oblique inclination of the ra
and refraction.

Chairman: Why is the height accuracy of the SWA photography inferior to the WA in.t_l"le
Oberschwaben block and yet there is very little difference between the two in the Rhei
test area?

Ackermann: The results are not entirely contradictory since the Oberschwaben results
refer to aerial triangulation points, always located in the danger areas of the models,

Leberl: Are thete significant differences in the effect of systematic errors on WA and
SWA photography?

Konecny: | suspect that film unflatness is onc of the most important influences and this
certainfy has different effects.

Meissl; If the film is nat flat, the displacement of an image point may be fairly large but
the angular error will be small. May I also comment on the density of control pointsina-
planimetric block adjustment. The theoretical predictions indicate that a sufficient degree .
of accuracy can be obtained with only corner control. I apree with this if we only have
random crrors and the distortion is conformal, but is it still valid if systemaric errors are -
present which do not influence the boundary of the block? :

Ackermann: No, in this case corner control will not be sufficient. Coming back to the
question of film unflatness, since comparator observations are vertical to the plate the
total displacement will show up.

Meissk: T agree, but this will be corrected in the reconstruction. T believe refraction to be a
serious source of error, particularly in a heterogeneous area such as Oberschwaben.

Bormann: As far as SWA lenses ave concerned, since the physical centering is not move
accurate one can expect linearly a larger decentering distortion. Regarding the camera
calibrations themselves, these are carried out in laboratories at room temperatures and the
distortions are certainly not related to those during an actual flight.

Kupfer: As I have mentioned before, the effect of lens distortion was negligible in our
investigation. I believe film unflatness and film distortion, both during exposure and due
to processing, to be more serious effects.

Proctor: 1 know how difficult the camera calibration observations are with a WA camera
and imagine the situation is worse with a SWA camera, so perhaps the latter are less
reliable?

Ackermann: One of the reasons for only correcting the average lens distostion was the
fact that we did not want to introduce debatable refinements to the data at such an early
stage of the programme,

Lindig: 1€ large differences are found in the distortions measured along 4 semi-diagonals,
would it not be necessary to obtain information on what happens in between by perhaps
mcasuring more diaganals?

Ackermann: Certainly; we need in any case more sophisticated interpotation methods for
distortion (although preliminary trials did not give much improvement).

Eérstner: Ts it not possible to calibrate the distances between fiducial marks to a higher
degtec of accuracy in order to determine the affinity?

Chairman: A wrong impression would be created if these distances were given more

accurately since these four fiducials cannot sufficiently describe the afﬁ_u_ity. f

Ligterink: 1 have examined a numbet of calibration reports with distortions measured
along 8 semi-diagonals and very little difference was found with distortions interpolated
from the normal 4 semi-diagonals,

Chairman: | would now like to ask Prof. Ackermann to summarise his intended pro-
gramme for continuing these investigations. ’

Ackermann: The investigations will continue on 3 levels, We first intend te complete the
block adjustments and will complement the results with additional information such as
maximum errors and the reliability of the results.

In the secomd stage all corrections arc to be applied which are known a priori (film
distortion, lens distortion, map projection, test field calibration).

The third stage will concern accuracy tests with block adjustment programmes which
include additional parameters for systematic ercors,

Of importance here is, of course, the number of parameters to be added. Parallel to this,
we intend to conduct special investigations into the error properties of individual
photographs, such as'the determination of the correlation between image coordinates
both within a photograph and between adjacent photographs.

Jerie: As such, this. seems [
reseau, test felds and co
only used if something: goe
these as alternatives but ¢

Ebner: 1 agree to thls We stil
parameters in the ad_]ustme.nt The




be dangerous since they eould then assime an infinite magnitude. Two things have t
borne in mind with the introduction of additional unknowns, namely that these ad
tional parametess should be independent of each cther and of the original parameters: Ax
alternative could therefore be to introduce these as obsetvation equations,

Jerie: Your latter solution is more of a trick than a principle and these unknowns aré

certainly not normally distributed, A suitable compromise would be to limit the numbez
of additional parameters introduced.

Ebner: 1 agree that they are not measured values but do not consider it absolutely
necessary that they be normally distributed.

Meissi: T also do not consider the hypothesis of a normal distribution necessary for 2 leds
squares adjustment. As to the efficiency of Dr. Ebrer’s proposal, one has to allow t.hé
pseudo observations to vary by a considerable amount and this may have an advers
etfect on the adjustment. Great care must therefore be taken in utilising this proposal,

Wrobel: Could we not ucilise the parameters determined from the test field colibration?

proposal, €. g, what happens when one moves away from a test field?

guestions will be answered by the further experiments,

added at will without disturbing the system, even if these are not determined. '

schwaben test and T would like to ask Prof, Wiser to summarise his conclusions.

Wiser: As far as our immediate tasks are concerned, we first have to complete the
programme. Future research will be mainly directed towards finding an experimental
connection between the various procedures used such as resean, test field, common
parameters and latent patallaxes to determine the accuracy of a single photopraph. As
such we will compare the results, model by medel, performed on the same material and
also intend to compare the efficiency of various methods such as the reseau and the latent
parallax procedure.

Chairman: These results could also be supplemented with those obtained from pro-
gramme L. Is there any further discussion on this programme or on the miscellaneous
topics covered by the papers of Kupfer, Visser and Bauer which have been raised a
number of times during this discussion?

Ligterink: 1 would like to know how the strips were connected in the case of a 60 % side
overlap?

Bauer: We used a double line of tie points.

independent model adjustment without parameters?

340

In this respect I would consider it useful to discuss the operational aspects of such a
Chairman: 1 think that you are again stressing the problem and consider that these
Ackermann: One of the advantages of the proposal is that additional parameters can be _

Chairman: 1 think that we now have to discuss the second programme of the Ober-

Amer: How does the bundle adjustment with correction parameters compare with the |

Ackermarm: The improvement is significant, but surely we can add parameters to the
models too.

Chairmar: If there is no further discussion I think we can close this session. My
impression is that a few problems have been solved but that others have been raised, We
are probably headed in the right direction and 1 am pleased that the discussions have
brought forward a number of suggestions for the completion of the programme, In this
respect, one of the tasks will be to combine the findings of the three parts of the
programme.

Thank you for your attention, ladies and gentlemen, and for your participation in the
discussions.




Closing Address

In his closing address, the President of the OEEFE, Prof. Solaini, concluded that the aim
of the symposium had been fulfilled in that the number of new problems raised would
enable the organisation to refine its research programme. Prof. Solaini then proceeded to
thank all those connected with the organisation of the symposium, Prof, Wises, Prof,
Ackermann, Ir. Verlaine and the Institut Géographique Militaire.

He also expressed his appreciation towards the chairmen of the sessions, those who
presented papers and those who participated in the discussions. Prof. Solaini concluded
with the hope that this OEEPE initiative had been appreciated and that this would only
be the first of a number of international symposia crganised by the OEEPE.,
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