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ABSTRACT

A-“test has been conducted by OFEPE which aimed at obtaining
information onthe impact of five main parameters on the metrical
decuracy of typical orthophotos and stereo-orthophotographs.

These parameters consist of the scale of the aerial survey to
rectify, that of the survey from which the D.T.M is derived,

that of the orthophoto, the slit width and the scanning direction.

ree scales were considered for aerial surveys and D.T.Ms(1:60 K,
30 K and 1:16 K-scale) and two for output products (1:25 K and
5 K-scale).

The test area covered a full frame at 1:30 K-scale and had a

ide range of relief and slopes. It was fitted with as many as
271 fixed points, including 170 mnatural features and 101 signali-
ged points, sulted to 1:16 K and 1:30 K-scale surveys. Seven
oducing centers delivered a total number of 90 products,out of -
‘which 59 were assessed, analyzed and retained for their results,
comprising 29 orthophotos and 30 stereomates. Four assessing
centers,using six different instruments, carried out a total of
5657 pointings, delivering 2243 average measurements, out of

hich 230 were rejected through seven iterative cycles, due to
xcessive residuals, higher than 2.58 times the value of the
velated r.m.s.e. As a result 2013 measurements were kept.

iAfter assessing the pointing precision, the planimetric and
heighting accuracies were considered. .

egarding planimetry, four plane transformations were compared
that converted orthophoto co-ordinates of each product into
iground co-ordinates and comprised three similarities and one
;affinity. Similarities were respectively based on two remote
points, on the GCPs used in the rectifying stage (six on the
average), and on the whole fixed points available (GCPs and
check points).

“When usinga two-point base, extrapolation outside this base
should not take place. Better reszults are obviously obtained
“when manymore points are used : the improvement reaches 10 %
‘by adjusting the transformatiom on 7 GCPs, 15 % by using 10 to
12 known points and 20 ¥ with 20 points.

~The accuracy at GCPs used in orthophoto production is better,
by 20 % to 50 Z.

~Regarding altimetry, two assessing methods were used; the first
-one, based on two points displaying the largest elevation diffe-
- rence, the second ome, based on the whole fixed points avallable
“iin each stereo-orthophoto pair (GCPs and check points).




elivers better results by 21 % on the average.

points were found to have an improved accuracy by up

nplanimetry and 40 % in altimetry. Emphasis has thus

1aid on the importance of point identification, interpre-

ty of detail, ecasiness of pointing, all the more as some

‘exampies show that identification errors can sometimes overpass
hepointing errors by many times.

ear-nadir points benefit from improvements in acecuracy of
21 % in planimetry and 31 % in height, while points near to
corners are conversely degraded, but only by 5 %; as a result
the nadir-half of a pair is 8 % better than the other ome, so
that it should be recommended to rectify the whole nadir area

of each photograph, especially when blocks of several strips
have to be rectified.

Neighbouring points display great improvements as regards their
relative accuracy, reaching 27 ¥ in planimetric differences and
44 % in elevation differences., Such a high homogeneity makes

stereo-orthophotos best suited to map revision and civil engi-
neering projects.

The whole improvements have a cumulative effect at points which
own several properties and benefit from an addition of impro-

vements, such as e-g targetted GCPs, near-nadir targetted points,
or near-nadir neighbouring points.

The value of the D.T.M actually used in the rectification stage
has been approached by assessing orthophoto~-pairs from both
frames of an aerial pair. The heighting accuracy achievable
from stereoc-orthophotos is generaly better than that of the
original D.T.M, by a factor ranging from 0.8 to 3.4 times, and

amounts to 3.7 x H/10 000 on the average (H being the altitude
of the rectified survey),

Some absolute results show that high levels of accuracy can be
reached, such as those displaying at natural points a r.m.s.e
of 50 microns, resultant vector in %X,y at photo scale,or of
1.3 x H/10 000 in height. It was demonstrated that off-line
differential rectification of an aerial pair at 1:16 K-scale
into a stereo-orthophoto pair at 1:5 K-scale, using a D.T.M
derived from aerial surveys at 1:60 K-scale could ultimately
provide as good an aceuracy as 0.60 m (r.m.s.e) in height
at targetted points (i.e 2.5 x H/10 000),0.90 m (r.m.s.e) for

%,y resultant vector, also at targetted points (i.e 56 microns
at photo scale),

But large discrepancies are noted between absolute results, as

a function of the input parameters, since many products resulted
from an off-limit use of small-scale data, as the test was also
speclally designed to get a better acquaintance with the impact
of scale parameters, over a wide range,

i ethod, showing
i ncies resulted also from the assessing m , 0w i
Dlizzigﬁns of up to 30 % in results., Discrepancies were f}nally
zgted between similar products from tge ﬁami ce?tezi ggigizied
it i the top lev
it is mot so easy a task to reac : t
E?athe data quality, probably requiring very stringent quality
control at each stage.

i i lving only
ral formulae have been esta?llshed,.lnvo )
zg:izgro%eﬁiput, DTM and output data, qlsreggrdlng the illt
width which did not appear very significant in this test.

i t in this test with
1 to the whele products carr%ed ou s tes : .
gEenggggZ precision ef + 20 % in plaglmizgg ggdggigglénég Eslght
h h approximate, they can be : :
chéogé tEeoggst g?ficient ;nd cost-saving scales complying with
a required accuracy for the orthophoto.

They are expressed as follows :

2
2 2 ORTHO
PHOTO DTM ) 0.25 )
eky = 0.75 X( 15 ooo) +0.20 x (15 ooo) * (5500

2
2 ORTHO
PHOTO DT f . 0.25
e7, = 0.30 X(m) +0.10 % (—“*“15 600 (5 000 000)
2 2 ORTHO
TO ] DTM \ ) )
eiy = 0.30 X(Tgﬂgﬁﬁl + 0.50 x (13“666 +0.25 (§gp0

in which

i i ters, on

= .s.e in planimetry (resultant vector) in me .

exy iﬁz ztgung,pon natuer points (including some targettgd
points), of the resulting orthophoto, off-line scanne
in whatever x or y direction ,

i i i the ground, on
e e = r.m.s.e in height, in meters, on ,
xRy natural points (including some targetted po}ntsg of
stereco-orthophoto-pairs off-line scanned resp. in the
x and y directions,

(1)

This term "average precision” means that two-thirds of theeozigg;
photos carried out using similar parameters, have ? r.m];s.1eSS
differing from the e value comEuted by the§e formulae, by

than * 20 % in plamimetry and ¥ 35 ¢ in height, Tberefore gwg—e
thirds of measured r.m.s.e in planimetry are ranging from 0. xy

to 1.2 exy.




Eithe aerial survey (ranging from 16 K to
e rectified,

zoftthe DTMé i-e of the survey which was plot-
ito contours and gave rvise to th i
g into contours e DTM, (ranging

'scale of the orthophoto and st -
(ranging from 5 K to 25 K). erec-orthophoto

cale ranges within which these formul
omewhat extended towards both larger a
as  shown by some examples. As a result

“from the same survey as that to be ortﬁo
ments of up to 4.5 or 5.0 times are allo
while complying with well established ma

ae are applicable, can
nd smaller scales,
when deriving the D,T.M
photoprinted, enlarge-
wed for the orthophoto,
P accuracy standards.

ngv:ﬁiség,tgaigczi?e ? D.T.ﬂlfiim a scale smaller than that of
s avai it i

to use this one, sinze it coulg bg,m;;elioggrongly Eranpiacd

are given showing that a D.T.M derived from a

that of the survey to rectify by a factor of 2

a}lows enlargements of as much as res

times for the orthophoto, e

Z, 3 or 4 times,
3.5 times, 3.0 or 2.3

Existing height databases and/o

r D
shoul@ the;efore be taken inté ace
off-line differentially rectifying

-T.M derived from space surveys
ount whenever possible, when
a given survey.

Eﬁélzngfgitgl procesging methods, which should still improve

Toric tE oduct quality, will be an incentive for further deve-

scale§ elitereomorthcphoto technique. Appropriate tests at ¢

roate cggid gg gggdiiiggrltgan those used in the present OEEPE
y_could : ater om, in order to a

possibilities evolving from CCD cameras and digiisisie§2§figsggin

RESUME

‘L'OEEPE a effectué un essai visant & étudier 1'influence de cing
facteurs essentiels sur la précision métrique des orthophotos et
“stéréo~ orthophotographies.

1 s'agit de 1'échelle du levé aérien & orthophotographier, de
selle du levé dont om a tiré le M.N.T, de 1'échelle de 1'orthophoto,
‘de la longueur de la fente et du sens de balayage.

:bn a pris en compte trois échelles pour les levés aériens et les
M.N.T (1 : 60 K et 1 : 30 K et T : 16 K) et deux échelles pour les
produits en sortie (1 : 25 Ket 1 : 5 K).

‘Le polygone d'essai concernait un cliché entier & 1'échelle de

1 : 30 K, et comportait une gamme étendue de reliefs et de pentes.
1111 était équipé d'un nombre élevé de points de coordonnées connues,
*371 en tout, répartis en 170 points maturels et 101 points pré-
balisés qui avaient été établis en vue des levés aériens au

%1 : 16 K et au 1 : 30 K. On a obtenu au total 90 produits, four-

* nis par sept centres deproduction, et dontpn & pu évaluer, analy-
! ger et conserver 59 d'entre eux, répartis en 29 orthophotos et

7 30 stéréo-associés. L'évaluation a &été faite par quatre centres
utilisant six appareils de mesures différents; au total 5657 poin-
tés ont été effectués, fournissant 2243 mesures moyennées, dont

on a 40 éliminer 230 d'entre elles au cours de sept itérations,
pour résidus excessifs, supérieurs & 2,58 fois la valeur de
1'e.m.q. résultante. Finalement on a comservé 2013 mesures.

Une fois estimée la précision de pointé, on a étudié les préci-
sions plani et altimétriques,

En ce qui concerne la plamimétrie, on a utilisé comparativement
quatre transformations planes pour convertir les coordonnées-or-
thophoto de chaque produit en coordonnées-terrain.

Parmi elles, figuraient trois similitudes et une affinité. Le
calcul des similitudes a été effectué em utilisant successivement
deux points éloignés, puis l'ensemble des points d'appui ayant
servi & produire l'orthophote (six en moyemne) et enfin 1'ensem-
ble des points connus (points d'appui et points de vérification}.

Lorsque 1l'on se base sur deux points seulement, il faut éviter
Loute mesure en extrapolation sur ces points. On obtient naturel-
lement de meilleurs résultats en se basant sur un plus grand
nombre de points destinés & établir la similitude; c'est ainsi
que 1'amélioration atteint 10 % lorsque la similitude est compen-
sée sur 7 points d'appui, 15 % en faisant la compensation sur

10 ou 12 points connus, et 20 % avec 20 points.




aluation; la

leures précisions

fication peuvent

Les points situés
de 21%
situés dans les c
Il en résulte que
amélioration de 8

dresser des blocs

utilisé dans 1a

tos est
facteur allant de
3,7 x B/10 000 (H
photographier).

Quelques exemples
veau d'exactitude
d'une e.m.q. (sur
résultant x, y en
altimétrie. I1 est

ei'qul concerne 1l'altimétrie,

ant la dénivelée maximale,

nus disponibles dans chaque couple stéréo-orthophoto (points
d'appui et points de vérification).
la seconde méthode sont de 21 %

métrie et 40 % en altimdtrie.

sur 1'importance de la photo-identification d'un point, sur
celle de la facilitéd de pointé
d'autant que certains exemples

erreurs de pointé.

% en planimétrie et 31% en altimétrie,tandis

redresser en orthophoto 1'ensembl
de chaque cliché successif,

On constate que la précisioen
considérablement accrue : 1'amélioration atteint 27
sition planimétrique relative et 44 A
forte hemogénéité rend les
propriédes a la révision des cartes et

On a pu obtenir une idée de 1a valeur du M.N.T.
phase de redressement,
constitués des orthophotos des deux cli
L'exactitude altimétrique accessible k|

ate que la précision aux points ayant servi d'appui pour
ife 1'orthophoto est de 20 % 3

50 % meilleure.

on a utilisé deux méthodes
premigre étant basée sur les deux points présen-

la seconde sur 1'ensemble des points

Les résultats obtenus par
meilleurs en moyenne.

On a constaté que les points pré-balisds présentaient de meil-

»1'amélioration allant jusqu'ad 35 7 en plani-

Aussi faut-il mettre 1'accent

et d'interprétation des détails,
montrent que les erreurs d'identi-
quelquefois dépasser de plusieurs fois les

au veisinage du nadir ont une précision meilleyre
que les points
oins sont dégradés, mais de 5 ¥ seulement.

la moitié nadirale d'un couple présente une

4 sur 1'autre, ce qui incite 3 recommander de

e de la zone entourant le nadir
notamment lorsqu'il s'agit de re-
contenant plusieurs bandes de clichés,
relative de deux points voisins est
% sur la po-
sur la dénivelée. Cette
stéréo-orthophotos tout & fait ap-
aux projets de génie civil,

Les points qui
nsi de la somme
points d'appui
-balisés ou de points

effectivement

en évaluant les couples
chés d'un couple aérien.
Partir de stéréo-orthopho-

généralement meilleure que celle du M.N.T. original, 4d'un

0,8 & 3,4 fois,

et se situe en moyenne i
étant la hauteur

de vol des clichés & ortho-

montrent que 1'on peut atteindre un haut ni-
absolue, Il en est ainsi de ceux qui font état
points naturels) de 50 microms pour le vecteur
coordonnées~cliché oy de 1,3 x H/10 000 en

-

établi que le redressement différentiel en

3 Er i : en stéréo-orthophoto
difEéfesd;unécgygigeag§iinm?ﬁ‘%' iiguKde levés aériens au 1 : 60 K
" £i alément fournir une exactitude caracté;isee par une e.m.q
e %gnne que 0,60 m en altimétrie en des points pré-balisés
?gggt 2,5 x H/1Q 000) ou 0,90 m sur le vecteur résultant x, y

.~ également en des points pré-balisés (soit 56 microns sur le cli-

ché aérien). Mais on a pu remarquer d'impor{antei dlsgo;dgg;zs
3 fonction de la valeur de -

les résultats absolus, en : X para-
dg?ies introduits. Cela provient aussi qe‘ce que % o? a rialéisses
Ee nombreux produits en dépassant les 11m1te§tgeneg?rggz?leasur

ig & i j j t les paramitres d'é

niére & faire jouer justemen D : d

gsemglus grande amplitude et mieux en déterminer 1'influence.

-~ (4 =
Les discordances résultent également de la met?gde daevaluizéon,
faisant apparaitre des variations allant jusqu'a 30 7 sur Ses
résultats, Mais on a pu aussi relever des discordancii pgurinSi
cimilai falisé a tre, mettant a
i laires, réalisés par le méme cen s
D Tence qu' ] i simple d'atteindre le plus haut
évidence qu 1l n'est pas si simp . e
sgvzgu autorgsé par la gualité des do?n§e§ et qu 11hfaut pour cela
recourir a un strict contrdle de qualité & chaque phase.

On a toutefois pu établir des formu%es génériigz giigg?iesgzle-
i i 3 trée e so
ment intervenir les échelles d'en s Ry
égli de la fente dont 1'influe
M.N.T., en négligeant la loygueur' Lt uence
' &s significative dans cet essai. La p i
n'est pas apparue trés gnif ! oss . plelst
liquent aux différents px
avec laquelle ces formules s'app € 5 produits
falisé i + 20 % en moyenne en planim
alisés pour cet essai est.dg . 1 ;| _
Zi + 35 7Pen moyenne en altlmetrle(1)ékm1q%%ppgo?hegz;czzhgiigg
- . i 3 choix
euvent donc servir de référence ans le 5 €
%2: Elus économiques et les mieux adaptées & des conditions de
précision demandées sur l'orthophsoto.

Ces formules sont les suivantes :

2 ORTHO
PHOTO MNT ) 0.25

exy= 0.75 x(3 066) + 0.20 x{15gp5) * (% 006)

PHOTO |2 ( MNT )2 + 0.25 x DRTHO) 2
e2 = 0.30 x{+EI8I8)" + 0.10 x({F%55 . ORIHO

2 MNT ORTHO \ #

PHOTO ' 0.25 )

e%y = 0.30 X(Tﬁ‘ﬁﬁﬁ) +0.50 x{ 15555 x (3‘666

imétri 4 tant), en mdtres sur le
= e.m.q. planimétrique (vecteur résul , Le
%egrginp en des points naturelsl(cgmgortant'quglguesago%giaya_
pré-balisés) d'une orthophoto réalisée en différé, p
ge dans un sens quelconque, X ou y.

(1)

. Voo
Le terme de "précision moyenne" signifie que les deux;tﬁizs d'or
thophotos réalisées avec dei parametrisuiggng}ggigsozes formules,
.q. qui différe de la valeur e, cale 4" apré e
gémmging de + 20 % en plani et + 35 % en a}tlmetrle. P?gegogiire
quent, les 2/3 des e.m.q. mesurées en plani sont compr
¥

0.8 exy et 1.2 exy'




timétrique, en mdtres sur le terrain, en
oints'naturels (comportant quelques points
alisés) d'une stéréo-orthophotographie, réalisde
{fFéré par balayage respectivement en x et en V.

ZUSAMMENFASSUNG

i :OEEPE fihrte einen Versuch durch mit dem Ziel, den Einfiuﬁ von flnf
919._ 1ichen Parametern auf die metrische Genauigkeit von typischen
weiﬁzthlzoj und Stereoorthophotos zu untersuchen. Es handelt sich bei
1:595 Parametern um den MaBstab der Aufnahme, von welcher d?s ents?re-
EH nde DGM abgeleitet wurde, den MaBstab des Orthophotos sowie um die
EinfluBgroBen Spaltlinge und Abtastrichtung.

inva sé de 1'échelle du levé adrien 3 redrasser (si-
tuée en principe dans la gamme de 1 : 16 K 4 1 : 60 K}

 ORTHO = inverse de 1'échelle de 1'orthe et de la stéréo-

photo (situéde en principe dans 1a gamme de 1 3 5 K
al: 25 K).

Eh”wurden drei MaBstibe fiir Luftaufnahmen und D&M (1:60 000, 1:30 000
xéwie 1:16 000) und jeweils zwei MaBstiébe fUr Ausgabeprodukte {1:25 000
s ) T3 3 -

und 1:5 000) bei der Untersuchung berlicksichtigt.

Les gammes d'échelles & 1'intérieur desquelles ces formules
s'appliquent peuvent &tre quelque peu étendues vers les grandes
échelles comme vers les petites, ainsi que 1'ont montrd quelques
exemples. Il en résulte que par exemple, si le M.N.T. est extrait
du méme levé adrien 3 orthophotographier, on peut réaliser des
orthophotos avec des agrandissements allant jusqu'i 4,5 a 5,0

fois, tout en restant dans les normes courantes de précision
cartographique .,

D#s Versuchsfeld umfaBte ein volles Bildformat Tm MaBstab 1130 0:9 und
bainhaltete unterschiedliches Relief und Hangnelgu?ge?. Dariiber 1n:u.:,01
war es mit 271 Festpunkten versehen, davon 170 natlirliche Punkte ﬁg

5 gnalisierte Punkte, die auf 1:16 000 und ]:?G 000 Aufnahmemaﬂs;; e
.abgestimmt waren. Sieben beteiligte Stellen 11ef?rten 1nsgesamtE ..
Ausgabeprodukte, von welchen 59 bewertet, analysiert und derenaorz: .
nisse gespeichert wurden, wobej es sich um 29 Ortfophotos und . de
paare handelte. Yon vier Auswertestellen wurden mit sechs verschiedenen
Instrumenten insgesamt 5657 Punktmessungen durchgefilhrt, welche ?243
‘gemittelte Beobachtungen ergaben, von denen 230 im Verlauf von s1eben-
Iterationen aufgrund zu groBer Restfehler eliminiert werden ?uﬂten, die
iiber den 2,58fachen Wert des dazugehfrigen mittleren quadr?t1schen
.'Fehiers hinausgingen. SchlieBlich wurden 2013 Messungen beibehalten,

En revanche, chaque fois qu'un M.N.T issu d'une échelle inférieu-
re & celle du levé i redresser est disponible, il est vivement
recommandé de s'en servir, car il peut permettre de réduire les
colits, Les exemples fournis montrent qu-avec un M,N.T provenant
d'une échelle deux, trois ou gquatre fois Plus petite que celle

du levé & redresser, on beut encore aller jusqu'a des agrandis-
sements respectivement de 3.5, 3.0 ou 2.3 fois pour 1'orthophoto,

Il y a donc lieu de tenir compte de 1'exist
données altimétriques et/onde la
de levés spatiaux, chaque fois

réaliser les orthophotos d'une p

ence des bases de
bossibilité d'extraire le M.N.T
que cela s'avaére possible pour
rise de vue donnde,

Les méthodes entizrement numériques de traitement qui ne feront
qu'améliorer 1a qualité du produit final, constitueront um sti-

mulant pour un développement ultérieur da la technique stéréo-
orthophotographique.

Nach erfolgter Bewertung der Einstellgenauigkeit wurden die Lage- und
Hohengenauigkeiten untersucht.

1l pourrait s'avérer intéressant de m
vers des échelles supérieures et inférieures & celles de 1'essai
OEEPE actuel, pour é&valuer les possibilités réelles résultant
des méthodes numériques de traitement et des chambres de prises
de vues a CCD.

ener des essais dirigés

Zur Beurteilung der Lagegenauigkeit wurden vier ebene Transformationen
verglichen, wobei die Orthophoto-Koordinaten eines jeden Ausgabepro?uk-
tes in Geldndekoordinaten umgewandelt wurden. Diese Umwandlungen bea?—
halteten drei Ehnlichkeitstransformationen und eine Affintransformat1on.




ichiunter Verwendung aller verfiigbaren Festpunkte (Paf-
ontira punkte} realisiert.

yendung einer 2-Punkte Basis sollte eine Extrapolierung auBerhalb
joser Basis nicht stattfinden. Bessere Ergebnisse lassen sich offen-

. 16h'erzie]en, wenn eine bedeutend griBere Anzahl von Punkten be-

ot wird: das Ergebnis verbessert sich um 10 %, wenn sich die Trans-
““formation auf sieben PaBpunkte stiitzt, um 15 % auf der Basis von 10 bis
.12 bekannten Punkten und um 20 % bei 20 Punkten.

Bei den in der Orthbphotoproduktion verwendeten PaBpunkten ist die er-
zielte Genauigkeit gréiBer, und Zwar um 20 % bis 50 4.

Bei der Beurteilung der Hbhenmessung gelangten zwei Verfahren zum Ein-
satz; bei dem einen Verfahren wurde die grifte Hohendifferenz benitzt,
bein zweiten die Gesamtheit der in jedem Sterecorthophoto verfiigharen

Festpunkte {PaBpunkte und Kontrollpunkte).

Das zweite lieferte um durchschnittlich 21 % bessere Ergebnisse.

Bel den signalisierten Punkten konnte eine um bis zu 35 % bessere Lage-
genauigkeit und eine um bis zu 40 % bessere Hohengenauigkeit ermitteit
werden. Besondere Beachtung muB deshalb der Bedeutung der Punktidenti-
fizierung, der Detailinterpretierbarkeit und der Mefibarkeit der Punkte
gewidmet werden, da einige Beispiele deutlich zeigen, daB Identifizie-
rungsfehler manchmal die Einstellfehler um ein Vielfaches lbertreffen.

ahe Punkte profitiersn von einer Genauigkeitsverbesserung um 21 %
v Lage und um 31 % in der Hihe, wohingegen fiir die in den Ecken:
areichen liegenden Punkte Genauigkeitsverluste hingenommen w?rd?n mu§—
1Terdings ledigtich in einer GrdBenordnung von 5 %. Somit ist die
1fte eines Bildpaares um 8 % besser als der restliche Modell-
{¢hi, so daB eine Entzerrung des gesamten Nadirbereichs eines jeden
tos zu empfehlen ist, insbesondere dann, wenn Blicke von mehreren

fen zu entzerren sind.

“nachbarte Punkte zeigen groBe Verbesserungen in bezug auf ihre relati-
Géhauigkeit, welche eine GriBenordnung von 27 % bei den Lage- und von
‘bei den Hohengenauigkeiten erveichen. Aufgrund dieser hohen
omogenitidt eignen sich Stereocrthophotos bestens fiir die Kartenfort-

ung und Ingenieuranwendungen,

diese Yerbesserungen haben kumulative Wirkungem an solchen Punkten,
‘mehrere der erwdhnten Eigenschaften besitzen und zudem noch von
teren Verbesserungen profitieren, wie z.B, signalisierte PaBpunkte,
irnahe signalisierte Punkte oder nadirnahe benachbarte Punkte.

Werte des tatsdchlich zur Entzerrung genutzten DGM wurden aus Ortho-
ﬁbtopaaren der jeweiligen Luftbilder abgeleitet, Die aus Stereoortho-
.fos erzielbare HohenmeRgenauigkeit ist im allgemeinen grifer als die
Original - DGM, und zwar um einen Faktor zwischen 0,8 und 3,4; sie
eicht im Mittel den Wert 3,7 x H/10 000 {wobei H die Flughbhe der zu
‘entzerrenden Luftbilder darstellt),

“Einige absolute Ergebnisse zeigen, daB ein hehes Genauigkeitsniveau er-
jelbar ist, wie z.B. im Falle der natlirlichen Punkte, die einen mitt-
Jeren quadratischen Fehler von 50 pm als vektoriellen Lagefehler im
i1dmaBstab oder von 1,3 x H/T0 000 in der Hshe aufweisen. Es konnte
.ezeigt werden, daB bej der off-line Differentia]entzgrrung eines




om:Magstab 1 = 16 000 in ein Stereocorthophotopaar vom

ektoriellen Lagefehler, ebenfalls bei signalisierten Punkten ({d.h. 56

pm;im“ﬁiidmaﬂstab) erreichbar ist.
Demgegentiber konnten groBe Widerspriiche zwischen verschiedenen absolu-
ten Ergebnissen festgestellt werden, die von der Grige der Eingabepara-
meter abhingen. Das rihrt daher, daB bei diesem Versuch die Grenzen der
itblichen Parameterwahl weit Uberschritten wurden, um deren EinfluB
besser bestimmen zu knnen,

Die Widerspriiche ergaben sich auch aus der Jeweils eingesetzten Auswer-
temethode, wobei sich Schwankungen von bis zu 30 % in den Ergebnissen
zeigten, SchlieBlich wurden Schwankungen innerhalb hnlicher Produkte
ein und derselben Auswertestelle festgestellt, woraus man erkennen
konnte, wie schwierig es ist, bed gleicher vorgegebener Datenqualitit
gleiche Spitzenqualitit der Auswerteergebnisse zu erhalten. Mdg1icher-
weise erfordert dies strenge Qualitidtskontrollen in jedem Bearbeitungs-
stadium.

Ungeachtet dessen wurden allgemeine Formeln aufgestellt, die ausschlieB-
1ich den MaBstab der Fingabe des DGM's und der Ausgabe beinhalten, wobei
die Spaltlénge aufgrund ihrer bei diesen Veffahren geringen Signifikanz
auBer acht gelassen wird.

Diese Formeln gelten flir alle bei diesem Versuch erzeugten Produkte bei
einer mittleren Genauigkeit von + 20 % in der Lage und von ¢+ 35 % in der
Hohe. Der Ausdruck "mittlere Genavigkeit® bedeutet, daB 2/3 der mit

gleichen Parametern gefertigten Orthophotos einen mittleren Fehler
haben, der weniger als + 20 % in der Lage und weniger als 35 % in der

ifon den e-Werten der nachfolgenden Formeln abweicht. Folglich

gé 2/3 der gemessenen mittleren Lagefehler zwischen 0,8 exy und 1,2

'Nénng1eich es sich nur um Niherungswerte handelt, so kbnnen sie
fur die Auswahl der kostenglinstigsten Mafstibe dienen, die den
aerten Genauigkeitsanspriichen fiir das Orthophoto geniigen.

'Fofmein sehen wie folgt aus:

mittlerer quadratischer Fehler in der Lage {Vektor) in Me-
tern in der Natur, an natirlichen Punkten {einschlieBlich
einiger signalisierter Punkte} des erzeugten Orthophotos,
off-1ine abgetastet in x- oder y-Richtung.

mittlerer quadratischer Fehler in der Hihe, in Metern in
der Natur, an natlrlichen Punkten {einschlieBlich einiger
signalisierter Punkte} bei Sterecorthopaaren, off-line ab-
getastet in x- resp. in y-Richtung.
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PHOTO

1 : MaBstab der zu entzerrenden Luftaufnakme {im Bereich
von 16 000 bis 60 000).

ung ‘der Endprodukte bewirken sollen, werden somit auch in Zukunft
55

aiz flr Weiterentwicklungen im Bereich des Sterecorthophoto-
DTM

1 : MaBstab des DGM, d.h. der Aufnahmen, aus denen das DGM
generiert wurde (im Bereich von 16 000 bis 60 000)

.rfah ens:darstellen. 3 | N
uen: Versuchsreihen in groBeren und kleineren als bet den gegenwdr

EPE-Tests verwendeten MaBstidben kinnten die Moglichkeiten der

ORTHO 1 : MaBstab des Orthophotes und Sterecorthophotos

{im Bereich von 5 000 bis 25 000).

Aus einigen aufgefiihrten Beispielen ist ersichtlich, daB die fiir die
angefiihrten Gleichungen relevanten MaBstabsgrenzen in gewissem Umfang
sowohl auf kleinere als auch auf griéBere MaBstiibe ausgedehnt werden
kénnen. Wird somit das DGM von derselben Aufnahme abgeleitet, die auch
fiir den Orthophotodruck vorgesehen ist, so sind VergréBerungen vom 4,5 -

5,0fachen fiir das Orthophoto unter Einhaltung gewohnter Genauigkeits-
standards zuldssig.

Demgegeniiber wird dringend empfohlen, bei Verfiigbarkeit eines aus einem
kleineren als dem zu entzerrenden MaBstab hergeleiteten DGM auf Ietz-
teres zuriickzugreifen, da sich auf diese Weise eventuel] eine Kosten-
einsparung erzielen 148t, Weitere Beispiele zeigen, daB die Orthophoto-
herstellung noch méglich ist mit einem DEM, dessen Ursprung 2, 3 oder
4mal kleiner ist als die zu entzerrenden Aufnahmen. Diese Aufnhahmen
kinnen dann noch um den Faktor 35, 30 oder 23 vergrifert werden.

Bei der off-line-Differentialentzerrung sollte deshalb - wenn irgend
miglich ~ stets auf vorhandene Hihendatenbanken und/oder aus Weltraum-
aufnahmen abgeleitete DGM zurlickgegriffen werden.
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1 - INTRODUCTION

Further to the Steering Committee decisions taken in 1982, to
re-activate OEEPE in the realm of orthophotography, an inquiry
was conducted by a new orthophoto Working group and circular
letters sent in 1983 as a preliminary step for establishing

a test on the accuracy of orthe- and stereo-orthophotography.

As soon as enough positive answers were received, a meeting
of the Group was held in June 1984 at the IGN (F) and a working
schedule distributed to the participants,

The test consisted of three main stages

- i - data collection (control and DTM)

- 1i - production of the ortho and sterec-orthophoto products

- 1ii - assessgsment and analysis of results

If the first two stages were easilz carried out well within
the anticipated deadline (about 1 % year),the third one was
tonger than expected (3 % years) because of a very scarcity of
operative centers capable of measuring large format stereo-

orthophotos pairs quickly and of a lack of people at the IGN (F)

ready to assess the results in due time, after they were even-
tually received.

Anyway six years for managing a full test involving 13 centers
and 90 products should not be considered as abnormal and it is
a task which only few organisations could achieve thoroughly,
but in which OEEPE succeeded in obtaining seme results reported
in parts 4 to 8.

Twelve intermediate reports were regularly presented to keep
the Steering Committe aware of the status of the test, from
1983 to 1990, and for approval.

The progress of the three stages is represented in fig, 1,
while a full description of the test and of the results are
presented in this report.

As can be seen, stage 3 started before stage 2 was fully
achieved while some 13 % of the products available have not
yet been assessed, partly due to some redundancy but for not
more delaying this report; the test can now be considered as
completed significantly,
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FIG 1

OBJECTIVES

Taking into account previous international tests on orthophoto-
printing, such as those undertaken by ISPRS Commission IV,

the OEEPE test was especially devoted to the use of D.T.M. in
off-line ortho and stereo-orthephoto-printing.

Through a large amount of products, differing from each other
in only one parameter, sometimes two parameters, it should be
possible to obtain more information on the impact of each
separate parameter inte the f£inal metrical accuracy of a typi-
cal ortho and stereo-orthophotograph. The five main parameters
which were considered are the scale of the aerial survey, that
of survey from which the D.T.M. was derived, that of the
orthophoto, the slit width and the scanning direction. Moreover
some redundancy being obtained by aiming at rectifying both
frames of most of the stereopairs into orthophotos and stereo-
mates, some information should be drawn on the best arrange-
ment for producing both the orthophoto and its stereomate.

Laying the stress on the use of 3 scales of D.T.M., this test
should bring a better knowledge of the enlargements allowable
between input and output products, especially as regards

input data at a scale of 1 : 30 K, and promote the establishment
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and use of altimetric databases for off-1in inti
- thophote-printi i i
at larger scale, whether the products b rie b e Flying Helght
or digotal procédures. P e carried out by analog : Camera above ground Reference
The formulae derived in Part 8 and their e i f = 302.82 un
xten .
zigéztzgige surveys, constitute a positive ansié?ntgot§2:iler égﬁ %;aéagglatES) 2 100 m ) g§r2351692 70
ns. o b i ¢ ca v
EO3 - for cadastral
19 x 19 cm puUrposes
3 - PR
OJECT DESGRIPTION ] f = 152,56 mm
: WILD 2 400 m ~ Gorses
Ny . ) 15 UAG 290 FR-69-1692-160
1 PREPARATION OF THE TEST 24 x 24 cnm - for cadastral
. purposes
n order to reduce the cost and len
the gth of the test, the
Yagliﬁosen among existing data,taking into account,the aizgf Lrpro3-00m '
lability of aerial surveysand control at several scales. ?ELEG 97 4 500 m - ﬁacgpeile—
ariva
3.1.1 TEST ARFA 24 x 24 cm TR69La23T3
- for standard
. ' base map series
The test area is located in France, in the Massif Central area ]
around the small town of Lacapelle Marival (Lot "dé ny’ : f =15
consisting of 1200 peopl ? épartement”) ) SAem
people. G WILD 9 200 m - FR—81/60-7 045
It . ) 5 15 UAG - gpecial coverage
datgis ?ngiggigangel;f relief from 350 m up to 628 m above e 3 100 at small scale
slo eé . , % alleys as deep as 150 m near its sides and 24 x 24 cm over France
P anging from moderate (some 30 % slepes in the middle}

to steep (many 50 % to 60 % slo i i
(mar 4 pes on the hillsid .
The terrain is gently rolling in the middle of thzsgrea.

Due to the neighbourhood of the "Causse de Gramat" the forest
tsdnot very thlcg, while many natural features are dissemina-
ed over the entire test area, which is portrayed on the basic

ma t : - i i
10?3§. 1 25 K-scale with a 10 m contour interval (appendix

Few changes having eccurred in this area, the photographs
taken at 1 : 60 K-scale twelve years later were quite similar
to the previous ones.

The testarea consists of the entire area of the full frame
n® 32, at 1 : 30 K-scale (appendix 10.3).

3.1.2 AERIAL SURVEYS

The larger scale has not been used inte the orthophoto recti-
fication but only for delivering additional photogrammetric
control in the built-up area of Lacapelle Marival. The three
smaller scales have been rectified as follows

The main interest of this test area lies in the availability

of four standard photogrammetryi .
IGN (F) as follows & ic aerial surveys, taken by

- Over the entire test area (37 km2), regarding frames n° 31,
32 and 33 at 1 : 30 K-scale and over the southern part,
regarding frames n°® 64 and 65 at 1 : 60 K-scale.

over two small parts of the area (8.5 km2) located near

the 5-W (Lacapelle) and N-E corners of the area (a steep

area), regarding frames n® 3, 5, 14 and 16,at 1 : 16 K-scale,

in order to reduce the amount of work to do.
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REPARATLION OF GONTROL

¢y of the orthophoto products‘beingdetermined by
fparamount importance to establis
‘evenly distributed over the en
g of features capable of being ident
calés, with co-ordinates known in X, ¥y and z and tied to the
ambert national grid system, without requiring additional
‘field survey.

tire test area, consis-

-Mr. NAUDIN, from IGN (F), was successfully charged with prepa-
ration of control for the whole scales. After reviewing the
existing control, previously established at the IGN (F% for
stereoplotting these surveys, he identified additional sharp
natural distinctive features,clearly visible onto two surveys
at least, chosen among fences, field boundaries and road
junctions; their co-ordinates were determined by five opera-

tive centers partici ating in the test (61D {DK),
IPUS (P} and ITPT (T

some co-ordinates being

A general catalog, briefly describing each GCP and che
including good witness diagrams showi
features, was established by Mr. NAUDIN, and delivered to each
operative center without masking the co-ordinates of each point
for an easier search of these points which should be used

either for producing orthophotos or assessing the products
(appendix, 10.2),

¢k point,
ng the location of the

The accuracy of these points can be inferred from the origin

of their determination and from some redundancy in their
measurements,

As a result, GCPs and checked points g

athered in this inventory
consisted of the six following classes

IGN-8 : 25 points determined from previous field surveys,

carried out by IGN (F) in 1969, Their accuracy is
about 20 cm. One point was signalised.

22 points, located in the Laca

pelle built up area,
plotted from photographs at 1 : 7 K-scale.

: 30 points, of which 27 are targetted, determined
from measurements onto a stereocomparator, followed
by model ad%ustment in an IBM computer, established

at the IGN (F) in 1970, Photographs used at 1 : 16 K
scale allowed a 30 cm accuracy.

A~16 K : 54 points, of which 30 are targetted, obtained from
a block aerial triangulation at 1 : 15 K-scale

carried out at the IGH (F) in 1970, Their accuracy
is of about 35 cnm,

ified at different photo

IGM (I),IGN (F)
, mainly from the survey at 1 : 16 K scale,

checked by two independant measurements.

i which only 24 are targetted,.stereo
1i§t€géngiém0§ : 16 K-scale Photography, ﬁ§ i part
pf stage 1 of the test, by five centers w 19r
5 ovided resp. 67 peints (GID (BK), fromnp?imlﬁ)
pT 3-5), 44 points (IPUS (D) from pair n 218,
TOO poiéts (IGM {(I) and ITPT(I} from pairs n
o a ohoo (F) and the

ing was performed by IGN !
gi;zitzgegiiugacy was 40 cm (on each coordinate}.

i termined
iti 1 points were eveptually de )
i% gggliéﬁn?F)? especially suited to check ortho
photos from 1 : 60 K-scale survey.

. R £
fixed points comprised 271 points, o
2 y%Othzrzeiggﬁgaiffeatureg (63 %) and 101 (37 Ai tzzgets
hicht 'dZntify without any sketch, at 1 : 16 K—s;a e an
”ggtzn at 1 : 30 K-scale, but never at 1 : 60 K-scale.
iz distribution was evenly ensured throughout the tisiaize:i—
e s i r demsity in both oppesite corners, that o ¢ _p
Arigg§ snd that of the steepest terraln of the area (ap

endix 10.2).

“PREPARATION OF CONTOURS

4 i tional mapping agencies
nsi i h resent trend in the nat _agenci
n::%zﬁigghth:ighting databases at geglum icaii Ez gigizzﬁlng

e map series at 1 : 2 -scale
outours Dii?isat 1p: 30 K-scale and storing the rel;tegogﬁzing
ol tFlggtEr format, it was decided to deliver to each %in ol
niez the required altimetric data in a format consis g
ntours stored on magnetic tape directly.

Fach operative center was respons;bie ﬁoiozgzgg:igﬁtghihgrg;tho
[les ired for rectifying aerial pho 2 : Tt
leitiiggmorthophotos it has agreed to do, u31€§e1§§nggﬂr§-(l)
gorithms te interpolate the relevant data from

(i) In this way, NLS (5) reported that interpolation was

KBS (SF)
i i its own KURVA and ORTC programs,
%;h;iveg bﬂAEEiﬁ%'; interpolation method of finite elements,

' i - i logarithmic law
[ the SORA-OPS Version 16-A with a

%gg égigl?gxes, TFAG (D) by the HIFI-S program aggiiggpézirby
different modified versions implemented onto a mi

Eclipse from Data General.
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Contours from aerial surveys at 1 : 30 K and 1 t 60 K-scale

jeré stereoplotted and digitised by the IGN (F) at a vertical
interval of 10 m, while those from surveysat 1 : 16 K-scale

cware stereo-plotted by IGM (I) and ITPT (I) and automatically
digitised with both time and space interval, at a vertical
interval of 5 .,

Residuals on GCPs were within the 2

0-35 cm range,
Spot heights were added to these pl

ots.

In additioy, a pair at 1 : 60 K-seale was scanned by IGN (F)
along profiles in the y direction, at 125 g step interval, for
a comparison with contours.

3.2 DISTRIBUTION OF TASKS
—— R MY LABRS

Stage 1 (data collection) started as soon as a large majority
of the products listed in stages 2 (production) and 3 (assess-
ment) was secured, Waiting till the whole products be engaged
would have delayed the test for many years !

4

out of which
3.3.1),

rimary importance for the results

3.2.1 OPERATIVE AND ASSESSING CENTERS

The test was conduc

ted by IGN (F) acting as pilot center
(but also as operat

ive and assessing center),

Seven centers carried out a total of ninet
which Fifty nine

centers and eventual

about the two thirds

‘The distribution is as follows

.

: ber of
: ber of products Num
of o d produced, | Products measured by tge
Eroigze assessed (asse551n§) centers an
(groducing) ‘and (analysed
centers snalysed orthos stereo-orthos|Total
21 19
23 10 9 10 19
- 14 16 - 30
27 16 - -
6 6 - -
5 5 - -
6
3 3
2 -
- 3 1 4
6 3 - -
90 59 29 30 59

. .
Ih()se flft nine PIOdUCtS were measured elther separately a /
Y nd/or

ed into orthophotQ i 3
diign%o the following distribution :

-pairs and stereo-orthophote pairs accor-

g d as Total of
ASSeSSin Ntl[{:be]: of. arrangements measure
i qing}_e OrthOPhOtO OrthOpl:lOtO Stere?photo ]
_..centers [ E N ()f
1 1.
1
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ts
: lopped by ROSS Instrumen

: i -orthophoto plotter deve t was made
A i - 0S5 stereo-OLEN the 08 (GB). The prototype w
S5?ngrdsﬁicﬁrgagzlgz:dbEZnpzzz%;;zdwgightgotgzgieiogaioor .. ?d igmﬁéis%gg§? ?i accepts a 1§rge foimazkzg E;ii ggg X
uality (genmerally insufficient number of check points easily jailab ed has a free hand motion device, a tra

tereoviewed onto products derived from 1 : 60 K-scale photography)_ 00 ‘mm an

ystick for px removal.
3.2.2 COMBINATION OF INSTRUMENTS

i ilers
mbinatious of stereo~orth9photo ?rlnFerslggg Egmﬁeasuring
'qomblgtained each combination being 1nvof ed in mea
F?Eiwgng HUmbér of arrangements, among the forty
o

: § 3.2.1) ¢
. . . listed above (§ 3.
In order to obtain more reliable tesults, an attempt was made :ngements *

to involve a wide range of instruments,

Five centers produced ortho and stereo-ortho
WILD-OR 1 (IGN (F), ITC (NL), NB S (SF), NL
a2 sixth center used a Zeiss- Z 2 (IFAG (D).
With such well known off-line orthoprojectors, scale correction

is achieved by differentially adjusting the optical magnification
and direction correction is achieved by image rotation.

photographs using a
5 (8) and WH (CH)) and

RIS~ OTAL N°
ORTHO-PROJECTORS |WILD OR1 ZEI55~22 of zrrangements
Products from the seventh center, carried out on-line with a GPM, measured
were not measured, MEASURING
Six instruments were used for measurements onta the products deili- STRUMENTS
vered to the four assessing centers, as follows i 2 17
i : ORTOSTER 14 3
-~ i) IGN (F) used the ORTOSTER, a home made prototype, fitted LGN .
with encoders storing data on tapes. This ORTOSTER accepts : 17
a large format of size 330 x 570 mm, and has resolutions of : STEREOGRAPH 9 8
2 emm in x, y and 1 cmm in Px, free hand motion, and fine- s 6
adjustement track-ball devices, : NEC (CDN) : STEREOCOMPILER 6 0 i
- 11) IPTU (A) used a STEREOGR ' (same arrang"
fitted with Diadu ion, o ucr’ (GB) @ CP1 0 1 measured on bgth
data on tapes. Th . - “ROSS instruments
size up to 550 x 750 mm, has . veL (6B)-05 (GB):
adjustment screws. 0 2
. : DSR1 2
- i1i) NRC (CDN) used its STEREOCOMPILER, built in iis laboratories, ucs. (GB) * KERN
which was specifically designed to accomodate stereo-orthopho- 12 43
tos and had been in use for about twelve years for research TOTAL 31
purposes,
This instrument accepts a ver

y large format of size up to

ons of 1 cmm but did not store data
» ¥ and px listings; it has a free
r bearings and a Px micrometer,

400 x 720 mm, has resoluti
on tape,while delivering x
hand mofion deviee with ai
- 1iii} UCL (GB) used three types of instruments : 2.3. POINTING PRECISION

hieve ten
it h ' The four assessing centers havetbeentgegugztegftngive points
i as s on ;
: i of measuremen nto in=-
Footwheel. Sgciiiiivefgiuigz purpose of determining a value of the po
: a ’ -
- a KERN DSR1 analytical stereoplotter accepting a small format

: ting precision.
of 250 x 250 mm and storing very accurate data on a floppy :
disc,

en
The standard deviation from the iveraggtﬁgetgisgoiﬁpiﬁ:t:uzli_
t rovides an order of magni _bot :
?;aiﬁriﬁgniisgrument and the reliability of pointing a given
point by the operator.

e B AT




Such values lead to a pointing precision of 33 microns :
(57 : V 3), for the resultant vector and the average of three':

It is quite different from the absolute peinting accuracy
- pointings, which is fully negligible with regard to 150 microns,

because small discrepancies do not mean that the identifica-
tion and pointing are not wrong, but that the error is the
same for each pointing.

However the pointing precision is a part of the pointing accu-
racy, a prerequisite for obtaining good results.
The results from each center are as follows :

11) IPTU (4)/ STEREOGRAPH

- i) IGE (F)/ORTOSTER : — ——
Stereo 1 : Scale Number i Number | Pointing standard‘dev1at10p
ortho of of of at ortho-scale {microms), in
1 . . . s N° photo jortho points| rounds X y  Vector (x,y)
Stereo scale of | Number | Number Pointing standard deviation :
Stage | grthe qf of at ortho-scale {microms), in 29-76 30 K ; s K 12 10 37 56 67
phota | ortho | points| rounds x y | Vector {x,y) 90-91 30 K % 5 K 13 10 37 52 65
2.1.1} 19-21f 30K| 25K 24 10 51 53 73
40-42| 30 K| 25K 27 10 69 67 9% Weighted Average 37 54 66

a5

60 60

Weighted Average

order of magnitude as in 1) (IGN (F))
1id. Two rounds of measurements
the pointing precision on the

: ¥V 7), which is fully
value of the planimetric

The results are of the same
and the same comments are va
naving been done at each point,
average is therefore 47 microns, (66
negligible with regard to the smallest
r.m.s.e of 194 microns.

These figures could seem rather high; it 1s the reason why
the IGN %F} operators have always carried out two and often
three rounds of measurements at each of the GCPs and check
points onto each product to assess.

111) NRC {CDN) / STEREOCOMPILER

So that the final pointing standard deviation was reduced resp.
to 60 and 50 microms (85 : ¥V 2 and 85 : V 3), for the resultant

vector, after two and three rounds. Considering the smallest . .__T
value obtained for the planimetric r.m.s.e at ortho-scale, Stereo 1 : Scale Nurber | Number | Pointing standard deviation
which is about 150 microns (appendix 10.5)}, the pointing ortho of of of at ortho-scale (microms}, in
precision appears to be imvolved for may be 7 % in this result, N° photo lortho points | rounds X ¥ Vector (x,y)
which is quite acceptable. . ; -
Moreover other values of the pointing precision, actually 26-29 16 K 25 K 4 2 ha 23 69
obtained from these three rounds of measurements are better, 27-25 66K 5K 1 3 23 25 34
whatever the pointings be done,mono or sterecoscopically, as
shown in the following table ’ ’ 26-28 6K.5K 1 7 6 36 44
Weighted Average 33 42 54
Pointing standard deviation
gggo/ stage | ortho 1 =1 Nug?er Nug?er at ortho-scale (microms),in
reg scale P i ; ]
' t b in i) and ii) can be applied here.
N° | photo : ortho | points rounds X y Vector (x,y) The same comments as above )
Mono | 2.25 16 t30k ; S5k| 28 3 37 3% | 50
Mono 2.2.2 13 30K 25K 48 3 45 37 58
Stereo | 2.23 15 0K % 5K 59 3 34 44 56
Stereo | 2.25 16 |30K ' S5K| 61 3 37 47 59
Stereo | 2.2.2 13 3K, 25K 48 3 42 50 57
Weighted . Average 39 41 57




As regards the CP1 and ROSS instruments, no such rounds have
been performed, but they are reported to being capable of
producing an accuracy which appears quite similar to that of

the previous instruments (appendix 10.1, [1]), resulting in
negligible pointing errors,

As regards the DSR1, the requested rounds having been performe
the results are as follows :

Mono/ 3 1 : | Bumber| Number | Pointing standard deviation
Stereo Stage orggo of Scale| of of at ortho-scale {microns), i
photo ¢ ortho | points| rounds x y {Vector (x,y)

Mono 1.12 81 |60 K | 25 K| 11 10 15 15 21
Stereo| 1.12 81 |60 K | 25 K| 11 10 18 22 28
Stereo| 1.12 81 |60 K .« 25 K 2 5 12 18| 22
Stereo 1.14 84 160 K » 25 K 11 10 18 23 29
Stereo .11 84 |60 K ‘ 25 K 2 5 12 32 35
Weighted Average 26

However, it can be of interest to exawine the related pointing

These results appear to be the best ones at orthophoto scale.
They show that using a first order analytical plotter, with a
format of smaller size than that of the other instruments and
a much larger viewing magnification (range 5 x - 20 x in the
DSR1 instead of 1 x - 3 x in the other ones), improves the
quality of measurements to a large extent.

Can it be concluded that the main part of the relative pointing:
error in the three other assessing centers is attributable to
the guality and magnification of the instrument available and
that the repetitivity of am operator pointing to a well-defined
feature is within a standard deviation of 25 microns, resulting:
vector, at orthophoto-scale ?

error at the original photo~scale as shown in the following
table :

Viewing | Ortho{ 1 : scale of ﬁﬁ;gir Eiliﬁé‘é%_iii?ia’éﬁlii‘éiiﬁﬁ
Instrument N® | photo :orthc ggngi:u- B} s lestor (x,p)
ORTOSTER 19-40-13| 30K '25K | 798 45 44 63
ORTOSTER 15-16 0K’ 5K b4y 6 7 9
STEREOGRAPH | 7290 | 30 K. SK | 250 6 9 11
STEREOCOMPIL. | 26-27 16K 5K 18 10 13 17
DSR1 81-84 | GOK.25K | 350 7 8 11
.

inti igi her sensitive to the
Pointing precision appears to be rat
enlarge%ent ratic between the original photograph and ghe
orthophoto product, whatever the viewing instrument used, as
shown on the following curve:

Pointing precision at photo-scale
{resultant vector )
microns
60 ] .
40 +
20 R
T

Enlargement
ratio (ortho/phote)

i ici i hyperbolic law such as
Thz Zgﬁfil?té?g)cgzgggcé?gf ?ﬁghaggee$gnt can b:'considered
is good, hence inciting to use an enlargement of at 1eastf_
2.5 x when orthophotoprinting, in order to draw full benefit
from the original photograph content.

inti isd i i lightly better
In general, the pointing precision in X 1s sllg
tha% in y,’which is probably a result generally encountered
in stereoscopic measurements.




eter at ground scale, are shown

L — N

fine products which havebeen delivered, measured
‘ed,comprising twenty nine orthophotos and thirty
tes, are distributed as a function of the five para-
iwolved in the test,as indicated in tables 1 and 2.

1 : Photo-gscale 1 : ortho-scale

Pointing precision
(resultant vactor)

0.66 m

30 K 95 Kk

1+ 60 K 1 : 30K 1 : 16 K Total

1.80 m

30 K 51

0.
S 30 m 4 39 16 59
K 0
4Al__k___%;gzjl__%___%__j 22 30 7 59

Number of products from different
photo and DTM - scales

Emphasis is again eas

¥ to lay on the interest to enlarge

at least 2.5 x the hoto i
on the following cusve : tnto orthophotos, as shown TABLE 1
Scale of the Scanning Slit width
coutput product| direction 4 and: o o
Pointing precision 1: 25 K;1:5 K - S 5 am .
at - ! ! '
meter ﬁ (resultant Vector%round scale ' ; ]
1.8 . 19 L 40 33 | 26 39 ¢ 20
1.6 | 5 : ;
1.4 ‘Total 59 59 59
1.2
1.0 +
0.8 TABLE 2
0.6 ¢ *
0.4
0.2 [He' use of medium scale aerial surveys (1:30 K) and medium
small scale DTM {(1:30 K and 1:60 K) have therafore been
- efiphasized as anticipated. However, the remaining number of
1,2 2.4 Enlargement . roducts derived from aerial surveys ab 1:60 K-scale is smaller
3.2 5 5 g nt ratio than expected. In fact that scale did not deliver so good re-

{ortho/photo)

tilts and some products could not be included in the analysis,
icause of a relative scarcity of check points stereoviewed
onto the resulting orthophotos and of difficulties in identi-
fying and accurately pointing to them, all the more as no tar-
getted points were visible on these products.




As -a result, two classes of products are vacant out of the
expected twenty three, The fifty nine products available are
distributed amongst the remaining twenty one classes as indi-
cated in table 3, while their distribution amongst the operatitve
centers are listed in table 4 as regards the orthophotos and
table 5 as regards the stereoc-orthophotos.

TABLE 3

DISTRIBUTICN OF THE 59 PRODUCTS AMONGST

THE DIFFERENT CLASSES.

asss 1:Scale of Slit San | *Fomat Prodiet n° Nuber
Three classes of format can be noted {table 3) consisting ; Aerial | DM, Ortho | Width | Direct, | -,class of
of products the size and number of which are as follows Foto n° products
- class 1, small format : products at an output scale of 1:25 K 1.1.1 0K 0K K 5 mn y 1 B~ 1
of size either 22 x 26 cm (full frame) or 12 x 26 cm {stereopair): (PFB 8)
amounting to nineteen products (n® 10 to 14, 19 to 23, 32, 33, (profile)
36, 40 to 43, 81, 84).
- class 2, medium format : products at an output scale of 1.1.2 0 X €0 K LK o m y 1 - 1
1:5 K, coming from photographs at 1:16 K-scale, of size about B
30-35 cn by about 50-65 cm, amounting to sixteen products 1.1.3 80 K 60 K BK | bm y 1 35-3%- 2
a =
( n° 24 to 29, 50 o 53, 62 to 67). 211 PK 80 K %K | 5m y 1 —19-20-21-22-73 5
- class 3, large format : products at an output scale of 1:5 K,
issuing from photographs at 1:30 K-scale, of size about 2.1.2 K MK 5K 5mm X 3 7274~ 76~78~ 4
35-65 em by 75-90 cm, amounting to twenty four products
(n® 15 to 18, 37 to 39, 44 to 49, 72 to 79, 90 to 92) 2.1.3 NK 60K 5K | 8m x 3 =1FI-TI-F 4
2.1.4 DK 60 K 5K | 8m y 3 -37-38-30- 3
MEASUREMENTS
2.2.2 2K DK BEK | Smm % 1 -10-11-12-13-14— 5
Each product or arrangement of products has been measured by 2.2.3 K K %K & y 1 A0~ ~2-03 4
two rounds, sometimes three rounds, each of them including
closure measurements on GCPs. Some products have been assessed 2.2.4 0K DK 5K 4 m y 3 - hSAE-4)- 4
by dividing them into smaller parts and measuring them succes-
sively. 2.2.5 K DK SK [ 5m b 3 ~15-16-17-18~ 4
As a result 2243 measurements have been performed from the 59
products combined in the 43 arrangements analyzed, each measure- 2.2.6 DK PK 5K [ 8m y 3 —48-40- 2
ment comprising the average of the x, y, px values of pointings
issued from the relevant two or three rounds., The actual number 2.2.7 DK DK 5K | 8mm X 3 -00-91-92- 3
of pointings which have been carried out is as follows
2.3.1 DK 16K PK | Sm X 1 -3- 1
IGN (F) 3120
IPTU((A) 1752 3.1.2 by 80 K SK | 8em X 2 —£6-67- 2
NRC (CBN) : 276
UCL (GB) 509 324 16K PK 56 {5m X 2 ~2-26-28-29- 4
Total number of 5657 3.2.2 16K K 5K 18m X 2 2527 2
polntings 3.2.3 6K | 0K | 58 {8m | vy 2| 5051 2
This total number includes pointings carried out for determi- 3.3.1 16 K 16K 5K 1 4m y 2 -52-53- 2
ning the pointing precision, and is thereby more that twice as
much as the number of averaged measurements (2243), used as 3.3.2 16 K 16 K 5K 5 i X 2 6264~ 2
inputs in the further computations for assessing planimetric
and altimetric accuracies (chapter 4 and 5). 3.3.3 15K 16K 5K 8 mn x 2 6365~ 2
2 classes TOLAL 0
* Format : class 1: size 12 x 26 cm or 22 x 26 cm
class class 2: size about 30-35 cm by about 50-65 cm

class 3: size about 55-65 cm by about 75-%90 cm



TABLE 5
DISTRIBUTION OF THE 30 STEREQ-ORTHOPHOTOS
AMONGST THE OPERATIVE CENTERS
{1ist arranged in ascending order of their number).

TABLE 4
DISTRIBUTION OF THE 29 ORTHOPHOTOS AMONGST THE
OPERATIVE CENTERS
(List arranged in ascending order of their number).

Aerial Operative center and instrument for
Ortho class Aerial Operative center and instrument for (C]éasz) Lav(vl%or pﬁgtg gro duction ! assessment
n° (stage) | photo n® production | assessment stag o £ :
! t
10 2.2.2 33 : ’ po J
13 2.2.2 32 ! 1 2.2.2 in, !
IGN(F)-0R1 - . 2.2.2 lin. 31
ig %gg % © : TONE)-oRoES %2 2.2.2 Lin. 2 IGN(F)-ORL ' TGN(F)-ORTOSTER
. ! 17 2.2.5 lin, 32 !
19 2.1.1 31 ! 18 2.2.5 lin. 33 \
21 211 39 } NLS(S)-OR1 1 IGN(F)-ORTOSTER 4
- A 20 2.1.1 lin. 31 ;
1 32 NLS(S)~0R1 IGN(F)-ORTOSTER
26 3.2.1 14 ! 27 2.1.1 1:!.n. 32 l
27 3.2.2 3 }NBS(SF)-ORl | NRC(CDN)~STRREO~ 23 2.1.1 in. :
3.2.1 16 COMPILER .
24 3.2.1 1in. 16 q
' 25 3.2.2 lin, 5 MES(SF)-OR1 + NRC{CDN}-STERFD-
32 2.3.1 32 IGN(E)-ORT | IGN(F)-ORTOSTER 78 3.91 1lin. 14 ! COMPTLER
R ] |
> b o TFAG(D)-Z2 , UGL(GB)-GP1-ROSS % 1.1.3 lin. 64 TFAG(D)-Z2 ' UCL(GB)-CPL-ROSS
= : - . |
37 2.1.4 32 IFAG(D)~Z2 ! TETU(A)-STEREOGRAPH % 2 i : iiﬂ % } ea(oy-22 | TPTUA)-STEREDGRATH
i Pl . |
s 5503 o }IFAG@)-zz ' 1GN(F)-ORTOSTER : .
- : 41 2.2.3 Lin. 32 } IFAC(D)-72 i TCN(F)-ORTOSTER
44 2.2.4 32 ; 43 2.2.3 lin. 33 |
46 2.2.4 33 , N :
) 1in, 32
48 2.2.6 32 IFAG(D)-Z2 . IPTU(A)-STEREOGRAPH fg %%2 i 3 |
g(z) ggi 3 : 49 2.2.6 lin. 33 1FAG(D)-Z2 | TPTU(A)-STEREDGRAPH
= ; 51 3.2.3 1in. 5 ,
62 3.3.2 3 ! 53 3.3.1 lin. 5 ,
.3. 1
63 3.3.3 3 |
s | AN |
72 2.1.2 32(s) TTC(NL)-OR1 ' TPTU(A)}-STEREOGRAPH 2 33 o 2 i
i 2102 = ' 76 2.1.2 Log. 31 ITC(NL)-OR1 1 TPTU(A)-STEREOGRAPH
74 2.1.2 32(N-E) \ 3 |
75 2.1.3 32{N-E} 77 2.1.3 log.
. : 78 2.1.2 Log. 33 |
‘ 79 2.1.3 Log. 33
81 A !
84 i%f SZ }ITC(NL)-GM | UCL(GB)-DSR1 : |
; o 2.2.7 %;“‘ gg } WH(CH)~ORL 1 TPTU(A)-STEREOGRAPH
90 2.2.7 32 WH(CH)-OR1 ¢ IPTU(A)-STEREOGRAPH 92 2.2.7 2 - |
TOTAL: 30

(1 lin = linear law
Log = logarithmic law



As described hereafter,
formations have been com
achieving a conversion o

measurements to be
to eliminate those
of the r.m.s.e, in
mum error with a 1
terative cycles were necessary fo
no extra measurement having to be
computation,

any residual,

In fact, the first e
in 60 % of these lar
thirds of the rounds
80 % of these wron
rounds cleared.

The following table shows the
fig. 2 the relevant curve whic

enabling a comparison with those fro
established in the IGN (F) Lambert g

Once these transformations performed,

excessive, requiring a cancelling proc
considered as gross
measurements exceedin

m the general catalog,

rid system.

ycle was the most efficient one,

ge gross errors being detected an
cleared from errors.
g measurements were dele

errors,

Iterative Number of measurements
cycle cancelled by the cycle
ND

Number of measurements
cancelled after the cycle

Total

in chapter 4.1,1,different plane trans-
puted and applied to those measure

some residuals appeared
edure for eliminating such
It was decided

g 2.58 times the value
which corresponds to the maxi-
% confidence level to be reached. Seven ji-

T stabilizing the procedure,
rejected after this last

resulting

d two

After the second cycle,
ted and 84 % of the

progress of this procedure and
h is very smooth

i he reduction decreases slowly and

'-'he golizt;nio;gci;;ic;l curves related to ten orthgpgotos.
fig: o eg discussed whether these cycles were stoppe 0? in

'COU1d i In fact, if the procedure had stopped at the fou
Lottt noeﬁ additional measurements should have been kepE as
._cle, Seihich would have changed the resulting r.m.s.e.d yt

WhOIE% ercents, maybe 10 % as a maximum for one product,
”nighaiseﬁog very significant out of the whole orthophetos.

ments,

a few measurements in
more, reaching a total
the following table :

imited to

umber of cancels WaS.llmlte
egghnround, from two to flvg, seldgm
£ 230, mainly 10 %, as indicated in

Type of Number of Number and % Numbeiegints
i ts of peasu
potnt achieved | cancels | used
Targetted 738 68 E 9.2 ? 670
Natural 1505 162 19:%-5 _____ }%f? ___________
TOTAL 2243 230 : 10.3 % 2013

Percentage

This table shows that targetted points are slightly less

137
46
26
14

~NOY B LN R

137
183
209
223
227
230
230

59.6
79.6
90.9
97.0
98.7
100.0
100.0

%
%
A
%
A
%
%

eliminated than natural features, because of a? eas;ﬁieiggggl-

fication; moreover, it shows that th? ngmgeiigr $gath81r .
i i latively infe

: carried out onto targets is re & 1 37375

' ion i 1.3 % wversus 373%),
tion in the general catalogue :

Egzaise such points were lacking on products issued from

1:60 K~-scale photographs.

ercentage of gross errors detected
fter iterative cycles

2

which
€ errors were often large gross blunders,

ooy e
1 /// Gross errors detection
50%;
FIG 2
0! U

Iterative cycle N°



cycle n®

ORTHOPHOTO N° 4k

ORTHO N°21

ORTHOPHOTC N° 5%
CRTHOPHOTO N°13

=

g

%g; #ﬁ

5.5;' \ 201}-

.\\\cycle n
T~ q

| T

T, 2 3 u =2 X

L9

| ORTHOPHOTO N°4( ORTHOPHOTO N°'72

| -
Eh

, ORTHOPHOTC N° £2

ORTHOPHOTO N° 63

cycle,

Reduction of the
(resultant vector
FIG 3 elimination in successi
I tiens, down to T

lanimetric r.m.s.e
; after gross errors
ve cycles of computa-
» value from the last

PLANIMETRIC ASSESSMENT

{ PLANE TRANSFORMATIONS

.1.1 FOUR ASSESSING METHODS

As indicated imn 3.3.2 several transformations have been compu-
ted and applied to the measurements of each separate round,

in order to convert the orthophoto co-ordinates into ground
co-ordimates and enable a comparison with true co-ordinates
1isted in the general catalogue and established in the IGN (F)
Lambert grid system. :

For that purpose, four methods have been set up, comparatively
used and applied to most of the orthophotographs. They consis-
ted of three similarities and one affinity, the effects of
which were therefore those of translations, rotations and
gscaling either similar along x and y or different. Hence

they permitted it to evaluate the accuracy of the different
products by computing residuals, standard deviations and
r.m.s.e, on GCPs and check points as well, first for each
round then for each orthophoto as an average of the related
rounds, weighted according to the number of points in the
round., Complete lists of residvals in x and y are given in
appendix 10.6, relatively to the whole sets of measurements
and assessing methods.

4.1.2 SIMILARITY ON TWO POINTS

4.1.2 - a) Considering that a user willing to draw full benefit
from the metric qualities of an orthophoto and to perform
measurements onto it, will be eager to check the scale of his
product by using a minimum of two known points, at least to
correct for possible shrinkage, a first similarity has been
computed by using only two remote known points. These base
points were chosen by a computer program as being those dis-
playing the largest distance between them in the round, in a
similar way as a user should have operated., They were either
GCPs or check points.

By computing both centres of gravity related to these two points (in
fact, their mid-point)}, one from the measurements, in ortho-
photo co-ordinates, the other from the general catalogue, in
given ground co-ordinates and. superimposing them, the two
parameters of the plane transformation were expressed as
follows :




X = Xo

Y = Vo

,X - Xo (1)

Y - Yo

a - b[
b a

where 3

X, Y are ground co-ordinates of a point

Xo, Yo are the ground co-ordinates of the centre of gravity
X, ¥ are orthophoto co-ordinates of the image-point

Xo Yo are the orthophoto co-~ordinates of the centre of gravity
?
a, b are the two similarity parameters,

Applying formula (1) to either of these distant points previous-
1y chosen,provides the value of a and b directly and that of
the orthophoto scale { V aZ + b2 y.

Then applying formula (1) to the whole other points converts
their orthophoto-coordinates into ground co-ordinates and
provides the expected residuals by difference between computed
coordinates and known co-ordinates. These residuals are denoted
DX1,DY4 in the list of appendix 10.6. Of course, for both

base points,residuals are exactly 0,00 m.

This very simple method, which is well within the possibility

of any user, has been efficiently applied to the whole ortho-
photos.

Comments oa the results printed onto each separate form of
appendix 10.5, are given in 4.1.6.

1.2 - b} Impact of the base length

A test has been made outlining the impact of a reduction of
the base length on the results of the similarity computed
using the two points at both ends of the base, Ten orthophotos

were involved in this test and, the results are indicated in
table 6 and fig.4.

They comply well enough with an anticipated hyperbolic rela-
tionship such as that expressed by formula (2{ :

y = 0.6 /x + 0,4, (2) and drawn on curve (C) (fig. &)

where :

y = ratio between both values of the r.m.s.e. obtained for the

resultant vector (x, y) on the same check points ,using a simi-
larity computed on a smaller base length and a longer one.

x = ratic between the two related base lengths,

oD | nlo MEEEHC |, RS,
N° BASE LENGTH R.M,S.E (x,y) AT
CHECK POINTS
21 0.80 1.35
21 0.91 1.03
44 0.42 2.49
46 0.46 1.3
48 0.42 .- 2,40
72 0.63 1.18
73 0.29 1.72
74 0.66 1.23
75 0.57 - 1,57
90 0.80 1.07

VARTATIONS OF PLANIMETRIC R.M.S.E
AS A FUNCTION OF THE
BASE LENGTH USED FOR A
SIMILARITY TRANSFORMATION OF

COORDINATES (SCALING ON TWO POINTS)
TABLE 6

x : ratio between a smaller base and a longer
one, providing two slmilarity control
poiats,

¥ : relevant ralio between planimetric r.m.s.e

(c) on check points

. IMPACT OF THE BASE LENGTH
ON THE ORTHOPHOTO ASSESSMENT
THROUGH A TWO-POINT SIMILARITY

fO % Base ratio
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: iztgig };g ztigﬁgr?{c;e?ﬁieﬁn:, :ﬁ;i?goéiglggkzu;izgz’awgisﬁ OnggHOIU [(\)hf]m‘tég;s Olgug::gk R.m.sii,ggeiﬁl;ét‘gctor) Ratio Impr_ovirgen
every user should be aware of ,when scaling his orthophoto, points at check points, 2/l i
after similarity on rl
.1.3 SIMILARITY ON THE WHOLE GCPs 2 points WholezGCPS
T r
4.1.3 - a) The second approach which was practised to convert 9 . any any 1.00 0%
orthophote coordinates into ground coordinates is a well-known I S S RN AU AR S I
one and consists of a similarity based upon the whole GCPs, 4.71 4.08 0.97 3%
namely points used as GCPs when producing the orthophotos. figgi ::ﬁig) g ig 3.20 3,59 1.12 =12%
’ 2.03 2.03 1.00 0%
The same formula (1) as in 4.1.2 is used but centres of gravity are __90_(1_ I_'m_m_d2 R R BT A IS AN Bl . S
determined as those of the whole GCPs and parameters a and b s 23 7.94 1.09 -9%
are obtained by solving the set of equations (1) related to 13 CETP?H§{ - ﬁ_ L _}2 vvvvv [t DA PN R IR
cach GCP, by a least-squaresadjustment. Hence applying formula y ) 5.88 0.66 34%
(1) to tﬁe whole GCPs and check points converts the orthophoto _13 E% rounﬁ:) g ii §‘gz 6.18 0.88 127
coordinates and provides the expected residuals(denoted DXz, :19 {2 rounds) 5 2% 3.33 3,91 0.96 4%
DY in the list of appendix 10.6), standard deviations and :22(1 igglﬂ 5 1 416 EXT 076 249
r.m.s.e. as well. e E1 round; 5 47 1.99 %'%é é'gg -;Z
: 1.20 . . A
Comments on the results printed onto each form of appendix . 63 ?;f???é__ . ?_ B 7;,?3 ____________ Tl S
10.5 are given in 4.1.6 and here after as regards the impact S 32 0.81 19%
i : 1 round 6 12 5.36 4. . f
of GCPs quality. 22 gz roundg) 6 13 .75 h.67 0.74 ;g;
4.1.3 - b) Impact of the number of GCPs, on check points fg% ((11 ro?lrrllcc]i)) 66 Z% 22?& 177_; 8;; 23
TOo . . A
Through the different rounds of measurements, different arran- —  “od . ool 70 M 7000 0 7 L D ] - - - - - - - il e
gements are available in which the number ¢f GCPs actually 13 (2 round) 7 10 4,16 3.50 0.84 16%
used is ranging from 2 to 15. e T M U T Lo D R R
) 13 (1 round) 8 10 3.56 3.38 0.95 5%
When only two GCPs are used, no least-squares adjustment is 16 (1 round) 8 10 3.11 2.55 0.82 18%
feasible and the conditions are in fact those of 4.1.2.a,  ogee ofp 00 U R e e TR SIS
differing in that the distance between GCPs is generally 10 {2 rounds) 10 15 5.27 4,83 0.91 9%
shorter than that used in 4.1.2, where the two points chosen = i o] =7 ' 77 S S Sl AR Bl diiel el Bl
for controlling the similarity displayed the largest pessible 13 (9 rounds) 15 15 5.74 4.19 0.73 27%
distance in the orthophoto. Hence an opportunity was given to -
compare both results as a function of the base length, which average 11%
provided the comparison carried out in 4.1.2.b.

For a number of GCPs greater than two,table 7 indicates the
results by comparing both r.m.s.e, (resultant vector x, y)
on the same check points, between the first plane-transformation
(similarity on Ewo points) and this second one (similarity on
whole GCPsg. Only rounds in which the number of check points

was exceeding ten were considered, while some discrepancies

can be noted.

RELATIVE PLANIMETRIC TMPROVEMENTS (Igz= 1 - r2/ril)
obtained at check points by increasing
beyond twe the number of control points

for determining a similarity which transforms
orthophoto coordinates into groundcoordinates

TABLE 7 (see FIG 5)
It can be inferred from the variations of the ratio between
both r.m.s.e. as a function of the number of GCPs involved,
that the improvement in the results can be approximated by a
linear function of this number, expressed by :

I3 = 0.02 Wy - 0,04 (3),(running as straight line (D) in fig.5)
with a correlation Ffactor of (.64



improvement (%) of the r.m.s.e on check points
by using a similarity based on Ny GCPs.

=
o
|

= number of GCPs (Nb »2) actually used for similarity
determination.

This improvement is obviously due to a better adjustment of

the plane transformation when increasing the number of points
which it is based on, through a reduction of the resulting
arror. Though relatively slow, this improvement can reach

at least 10 7 with six or seven control points, which is worth-
while and not out of reach of a demanding user.

1.3 ~ ¢} Impact of the type of points : control versus check
Zr points.,

Numbe . .. :
. ) tﬁe%;;gﬂigilﬁlnngdehﬂ@HUﬂg “For a number of control greater than five points (six to eight
+ i Yy transformation points) used to determine the similarity transformation, it
o 3 4 5 e 3 g 3 10 — = can be meaningful to compare the accuracy on these control
15 points with that on check points, The improvement I, noted on

control peoints,ranges from 13 % to 73 %, with a value of 40 7
on average, as shown in table 8.

1.4 AFFINITY ON GCPs

" 4.1.4 - a) In the next step, the question of whether scale
variations could not occur between the x and y directions of
: the orthophotos, was considered. Hence an affinity based on
GCPs replaced the above mentionned similarity.

IMPROVEMEIT METR
obtained on o PLANI. IC A.CCURACY‘ Ty

beyond'Z the mumber of
determine a similarity
hoto coordinates intg

control points which This transformation may be outlined as follows :

converting ortho-

see table 7). ground coordinates X - Xo a b X 7 Ko (4)
B —_— Y - Yo (o4 d ‘ ¥ - ¥o
T i ,
rte]i:timpfwement jo Felated to check points
transfve Y Lo their r.m.s.e in the 1st ! where :
. O?r?atan using & similarity based on
polnts. X, Y are ground co-ordinates of a point
Xo Yo are ground co-ordinates of GCPs centre of gravity
Xy, ¥ are orthophoto co-ordinates of the image-point
-Xo Yo are orthophoto co-~ordinates of GCPs centre of gravity

a,b,c,d are the four affinity parameters

Applying formula (4) to the whole GCPs, the number of which
should exceed three, provides the value of the four parameters,
a,b,c,d, using a least~squares adjustment method. Hence applying
formula (4) to the whole GCPs and check points converts the
orthophoto coordinates into ground coordinates and provides




the expected residuals,{denoted DX 3, DY 3 in the list of I
appendix IO.QL standard deviations and r.m.s.e. as well, After similarity on whole GCPs, 2
' R.M.S.E (resultant vector) Improvement
Comments on the results printed onto each form of appendix 190.5, in meter of acguracy
are given in 4.1.6 and hereafter regarding the impact of the - at GCPs
typegef peints and scale variations. & at GCFs at check points over check points
4,1.4 = b) Impact ot the type of points : control versus check ig g'gg Z'%i ég é
points 15 2.45 3.16 22 %,
For a number of control greater than five points determining 16 1.73 3.17 45 %
the affine transformation (six to eight peints), it can be 21 3.96 5.65 30 7
meaningful to compare the accuracy on those control points with 40 2.05 3.65 43 7
that on check points. The improvement noted on the same ortho- 42 3.31 4.01 17 %
photos as that of table 8 (in 4.1.3.c) ranges from 13 ¥ to 77 %, 50 0.66 1.73 62 %
with an average of 49 %, as shown in table 9. 52 0.35 1.29 73 %
66 0.62 1.73 64 7%
4.1.4. - ¢) Scale variations in X/Y :
By computing the scales 1:54 and 1 : 5 , resp. in the x and y TOTAL :
directions, from the value of the fouryparameters of the affine 10 ORTHOS AVERAGE 40 %
transformation, using the following formulae
5. = 2 2 IMPROVEMENT I, OF PLANIMETRIC ACCURACY
X a® + ¢ 2
vf‘“g“__f? (5) AT GCPs (in number from six to eight) versus
Sy - b=+ d check points, for a similarity transformation
adjusted on GCPs.
small variations appeay mainly as regards the smaller scale TABLE 8
products, the scale Sx being larger than Sy by a factor of
10 -3 on average (table 10).
The maximum error ,either absolute or relative,which could re- .
sult for an orthoﬁhoto of size 22 x 25 cm reaches 0,25 om, RTHOPROTO ﬁf;eg gfflnlt{tontGCPs{ ) Improvement
and can therefore be considered as negligible. e +Mew b ATESULLARt vector of accuracy
in meter at GCPs
Scaling the orthophoto onto the orthophotoprinter was therefore at GCPs at check points over check points
quite satisfactory for practical uses.
10 3.47 3.97 13 %
‘ 13 2.39 4.59 48 7
4.1.5 - SIMILARITY ON THFE WHOLE POINTS 15 . 1,81 3,35 46
16 1.63 3.13 48 %
4,1.5 = a) In the fourth and last step, the similarity was com- 21 3.18 5.71 44 %
puted by using the whole points available, both control and 40 1.21 3.27 63 ?
check points. A least-squares adjustment permitted it to de- 42 2.58 3.79 32 %
termine the value of both a, b parameters of the plane trans- 20 0.67 1.75 62 %
formation from the set of equations {1) obtained by applying 52 0.29 1.26 77 %
formula (1) to each point, either GCP or check peint, the 66 0.70 1.80 61 %
barycenter being that of the whole points.
TOTAL : 10 GRTHOS AVERAGE 49 7

Then applying formula (1} to each point converts its orthophoto
co-ordinates and provides the expected residuals,({denoted

DX 4, DY 4 in the list of appendix 10,6}, standard deviations
and r.m.s.e as well,

IMPROVEMENT OF PLANIMETRIC ACCURACY

at GCPs (im number from six to eight), versus check points,for

an affine transformation adjusted on GCPs.

TABLE 9




“1': SCALES, from affine transformation

RELATTVE
in x in ¥y Average 1 : SCALE
5x 5y (sx + 8y)/2 VARIATION

16 25 000 24 974 24 987 13
13 24 996 24 998 24 997 1
19 25 074 25 090 25 082 8
21 24 990 25 048 25 019 29
40 24 971 25 001 24 986 15

24 25 24 969 33

: 24 9G4 25 019 25 D07
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SCALE VARTATIONS IN X AND Y

from affinity transformation

TABLE 10

No distinction can be made between GCPs and check point and
as there is no bias, the average of residuals is zero, in x
and y and as the number of peoints is high enough, standard
deviations and r.m.s.e are very near to each other (X VZ/n

ZVZ /n-1).

Comments on the results printed onto each form of appendix
are given in 4.1.6.

I8

10.5

.1.5 - b} Impact of the number of controel points of the

transformation,on confrol points

Having achieved the four transformations above mentioned,

which involve very different numbers of control points used

for determining the parameters of the similarity, it is now
possible toe review the impact of the number of these control
peints on themselves, or more exactly, te study the improvement
in accuracy for points which were simple check points and turn
to be control points of the similarity.

It is mot exactly what was done in 4.1.3 c, 4.1.4 b, tables

§ and 9, in which the accuracy on GCPs was compared to that on
check points, for a number of six to eight GCPs. Now the range
is increased up to 56 control points and the accuracy is stu-
died on these actual points, as they are turning frem a check
point position into a control point position for the similarity.

Two ways are used for that purpose. First, by comparing the
r.m.s.¢ on control points in the second transformation (4.1.3,
similarity on the whole GCPs) relatively to the r.m.s.e on
these same points, in the first transformationm (4.1.2, on two
points}, in which they were check points merely. The relevant
number of control points is vanging from 6 te 10. Second, by
comparing the r.m.s.e on the whole points, which are control
peints of the fourth transformation (4.1.5, similarity on the
whole points of each set) to the r.m.s.e they had before, in
the first transformation (4.1.2, on two points) in which they
were check points, The relevant number of control points is
ranging from 11 to 56.

Results are indicated in table 11 and fig.6 in which curve(C)
represents an hyperbolic law expressed by :

Ty = 0,14 + 1.56/Nb (6)

with a correlation factor of 0.97
where 13 = accuracy improvement obtained on N, points, by
turning them into control points for similarity
transformation.

Nb = number of related points

Of course, for a very small number of such points, the increase
of accuracy is very high; for two points, it should tend to
infinity as residuals on the two points which determine the
similarity are zero,




OR'H-EO%’HO‘I‘O

NUMBER OF
CONTROL
POINIS
FCOR THE

SIMELARITY

IMPROVEMENT OF ACCURACY
AT CHECK POINTS
WHEN TURNING INTO A

CONTROL POINT POSITION, IN
Znd TRANSFORMATTON
RELATIVELY
TG 1st ONE

AVERAGE
TMPROVEMENT 13
FOR EACH
CLASS OF

4th TRANSFORMATTICN | NUMBER OF POTNTS
RELATTVELY
TO ist ONE

450 6 767
42 6 30% Class 1: 6 pts
424 6 55%
50 6 487 51%
52 6 38%
66 6 617%
13 7 43% Class 2: 7 pts 43%
13 8 27% Class 3: 8§ pts
16 8 37 29%
10 10 15%
$ 10 20% Class 4: 10-13 pts
81 11 17% ,
73 12 217 19%
72 13 19%
16 13 19%

37
13
42
19
21
75

14
15
16
17
18
18

1%

29% Class 5: 14-18 pts
327

20% 23%

197

257,

40
74
10
44
46
48

el

20
20
Z1
1
21
22
24

21%

32% Class 6: 20-24 pts
167
167 227
39%
7%
23%

63
52
62
66
50

43
52
52
55
56

17%
7% Class 7: 48-56 pts
5%
22% 17%
32%

13: TMPROVEMFNT OF PLANIMETRIC AGCURACY AT POINTS,

FIRST BEING CHECK POINTS IN A TWO-POINI SIMILARTTY
THEN TURNING INTC CONTROL POINTS FOR DETERMINATION OF

ond AND 4th TRANSFORMATION OF SIMILARITY

TABLE 11

50

Mumber of control points for
the similarity

40

(Ch

50
{see table 11)

planimetric accuracy
s turning into

40

Improvement of
for check point
control points

LO%
30%
204
10%

Q.
50%
Class number




For 6 to 8 points, the improvement isabout 35 % to 40 % ,value
which io ofconred mear Lo that obtained ind.1.3cc and 4% b. ORTHO--| NUMBER | NUMBER OF GCPs | IMPROVEMENT OF R.M.S.E.
Then the improvement of accuracy decreases and is stabilized PHOTO oF FOR ORTHOPHOTO (resultant vector) AT .
beyond 15 to 20 peints at a value of about 20 %. N ROUNDS PRODUCTTON GCPs RELATIVELY TO THE
These results are coherent with those derived from formula (3}, OTHER POINTS
(4.1.3, b; fig. 5) and table & (4.1.3.c), obtained for 6 to 8
control points; the following relationship between the impro-
vements I1 , 12 and I3 3 (17- 13) = (1 - 12). (1 - 1I1) is 13 19 4 to 8 23 %
well satisfied. Indeed for Nb = 6, I1 = 20 % {table 7) 65 %
Ip =40 %, I3 = 50 % (table 11), expressing that the improve- 15 1 3 °
ment of accuracy on peints turming into a centrol position 16 5 5 to 8 35 %
(1 - I3 ),is the product of improvements on check points when 19 5 4 to 6 37
increasing the number of GCPs {1 - Ii) by the improvement of ° °
accuracy of GCPs relatively to check points (1 - I3). 21 8 4 to 7 5%
. These results permit it to determine the extent to which a 40 11 5o0rb 25 %
better accuracy can be obtained for both GCPs and check points 42 & 5 or 6 15 %
when using a given orthophoto, by an increase of the number of 6 50 %
points used as control points for the plane-transformation of 50 1 °
coordinates., It could be recommended to use up to twelve or 52 1 6 23 %
fifteen such control points, which provides an improvement o
of 20 % to 253 % on both GCPs and check peoints, 62 1 5 a1 %
63 1 5 32 %
.1.5 - ¢) Impact of the type of points 66 1 6 57 %
This fourth transformation offers the opportunity
to outline the improvement of accuracy related te GCPs, name-
ly to points which were used as control points for the ortho- TOTAL WEIGHTED AVERAGE : 22 %
photo production, since those GCPs take the same part as the 12 ORTHOS | 58 ROUNDS
other points in the determination of the parameters of the

transformation. Hence the ratio of the r.m.s.e computed from
those only GCPs to the r.m.s.e on the whole points provides
the expected value as indicated in table 12 for 12 orthophotos,

amounting to 58 rounds of measurements, IMPROVEMENT OF PLANIMETRIC ACCURACY

4 general improvement can be noted, ranging from 3 % to 57 %, AT POINTS USED AS GCPs FOR THE ORTHOPHOTO PRODUCTIORN

with a value of 22 7, on the average. This improvement is
primarily due to a better geometric positioning of those GCPs
on the orthophotegraph, evolving from the special part taken
in rectifying the aerial photograph, and, for a smaller part
(2 %), to a slight reduction of the resulting pointing error
at GCPs, due to three rounds of measurements instead of two

at the other points, TABLE 12

4.,1.6 COMPARISON OF ASSESSING METHODS

4.1.6 - a) Having achieved the planimetric assessment through
four plane tramsformation methods for the majority of the
products, it is possible to compare these methods as regards
variations of accuracy on GCPs, check points, and on the
whole points as well.



ﬁ”fig- the value of r.m.s.e on check points is put equal ORTHOPHOTGC NUMBER OF | RESULTING NUMBER iATIO RATIO

61,0, for the first transformation, while it is equal to N° ROUNDS OF 2/r1 r3/rl

er¢ on control points used for setting up the similarity, oL POINTS

because they are only two base points, which is the strict CONTR

minimum, causing residuals to be zeros at these. points.

10 & 34 0.76 0.71
Table 7 'indicates the improvement of accuracy of the second 132 0.55 0.43 :
transformation (based on the whole GCPs used for the orthopho- 13 19 !
to production) over the first one ; this improvement reaches 15 5 .21 0.76 0.66
11 % on average on check points. 16 5 35 0.54 0.51
It is therefore efficient to use more than two points, for 19 5 26 0.72 0.48
example five or six, in the determination of the similarity, 45 0.70 0.57
as said already in 4.1.3 - b and 4,1.5 -b . 21 8
37 1 6 0.82 0.98

Table 13 shows the variations of r.m.s.e on control points 57 0.56 0.33
of the similarity, between the second and third transformation 40 11
and their value, relatively to that of r.m.s.e on check points 42 4 22 0.59 0.46
in the first transformation, which is about half this one. 6 0.929 0.30
The accuracy is improved on control points in the third trans- 50 1
formation, relatively to the second one, because the affine 52 1 6 0.27 0.22
transformation provides better adjustments on control points 5 0.28 0.24
and smaller residuals, as four parameters are involved ins- 62 1
tead of two. Only orthophotos in which control peoint number 63 1 5 0.35 0.25
is over four were considered in table 13. 66 1 6 0,29 0.33
Table 14 provides the ratio between r.m.s.e on check points,
from the third and second transformations. From 14 orthophotos, TOTAL 1
it may be seen that this ratio shows little variations around : . f .
the average value of (.99 so that applying an affine transfor- 14 ORTHOS WEIGHTED AVERAGE \ 0.59 0.47
mation instead of a similarity does not appear worthwile. !

Table 11 indicates results related to the fourth transforma-
tion, in the fourth column. In this transformation, the whole
points are used as control points for the similarity, which
are check points all the same, so that the r.m.s.e on check

where xy r.m.s.e on check peints in the 1st transformation

r, = r.m.s.e on control points in the Znd transformation
peints 1s the same as that om control points. The average B : in the 3rd transformation
improvement over 22 orthophotos, relatively to the first I, = Tr.m.s.e on control points

transformation, reaches 21 %.

Hence , it may be seen that this Fourth assessing method
produces superior results to any previous method, increasing
by 21 % the accuracy obtained; however, it requires much more
control points for the similarity.

REDUCTION OF PLANIMETRIC R.M.S5.FE ON CONTROL POINTS
IN A SIMILARITY AND AFFINE TRANSFORMATION BASED ON
THESE POINTS RELATIVELY TO R.M.S.E ON CHECK POINTS
In fig.7 the overall comparisouns. may be seen. IN A SIMILARITY CON TWO POINTS

4.1.6 - b) Scale Variations

TABLE 13

Table 15 indicates more completely than table 10 does, the
scales resulting from the fourth assessing methods for 22
orthophotos. Small to very small deviations from the theoreti-
cal value can be noted for a large number of products, espe-
cially for those at a scale of 1 : 5000.

The maximum relative deviations are - 2.5 x 10~3 and + 3.3x10-3
which would result in variations of ~0.63 mm and 0.83 mm at
orthophoto scale for a line of 250 mm long.



ORTHOPHOTO NUMBER
N° oF
MEASURFEMENTS

RATIO

84

16 78
83

28

67
56
52

52
48
55
48

0.99

WEIGHTED AVERAGE

where ¥y, ¥3 = r.m.s.e (resultant vector x, y) on check points

resp. in the 2nd and 3rd transformatienm (affinity)

COMPARISON OF PLANIMETRIC R.M.S.E BETWEEN AFFINITY
AND SIMILARITY BASED ON WHOLE GCPs

ORTHOPHOTO |1 : SCALE AVERAGES FROM TRANSFORMATIONS .
GENERAL

N° N° 1 N° 2 N° 3 N° 4 AVERAGE
10 24 937 | 24 953 | 24 987 | 24 960 24 959
13 24 935 | 24 986 | 24 997 | 24 989 24 989
19 25 019 | 25 063 | 25 082 | 25 017 25 045
21 94 986 | 25 015 | 25 019 | 24 979 24 999
40 24 992 | 24 991 | 24 986 | 24 996 24 991
42 24 981 | 24 974 | 24 970 | 24 978 24 976
15 5 001 5 004 4 992 5 000 4 999
i6 5 000 4 999 4 995 5 000 4 998
37 5 001 4 999 & 999 5 000 5 000
44 5 000 4 998 N.A. 5 000 4 999
46 4 998 4 999 N, A. 4 999 4 999
48 5 000 4 996 N.A. 5 001 4 999
50 & 994 4 998 4 997 4 997 4 996
52 4 996 4 997 4 998 4 998 4 997
62 4 997 4 996 4 996 4 997 4 997
63 4 996 4 995 4 996 4 996 4 996
66 4 999 4 996 4 994 4 996 4 996
72 4 999 4 995 5 007 4 999 5 000
73 4 998 5 007 N.A. 4 998 5 001
74 5 003 4 997 4 999 5 004 5 001
75 4 993 4 996 N.A. 5 005 5 000
90 4 998 4 997 4 997 5 000 4 998

TOTAL :
22 ORTHOS

TABLE 14

SCALE VARIATIONS AS A FUNCTION
OF THE ASSESSING TRANSFORMATIGN

TABLE 15




on the whole points

on ground control points

#hhTransformation N

Jish 21\& 3"3'

CHECK POINTS
GCPs

WHOLE {CHECK Pts}_
+ GCPs)

COMPARISON OF PLANIMETRIC R.M.S.E OW

RESULTING FROM FOUR ASSESSING TRANSFORMATIONS
( 1st, 2nd, &4th : similarity,resp. on 2 points,
GCPs, whole points)

( 3rd : affinity on GCPs. )

£.1.7

As a conclusion, scaling the orthopheto onto the orthophoto-
printer was generally quite satisfactory, though it is re-
commended to check the actual scale of the product when accu-
rate improvements are required, at least by using two distant
control points for clearing any possible film shrinkage.

GAUSSIAN DISTRIBUTION OF RESIDUALS

4.1.7 = a) Histogram in X

.Table 16 indicates the distribution of |D X 4| = R residuals,
resulting from the 4th transformation, arranged in 7 classes.
Large variations can be noticed across the 18 orthophotos and
75 rounds involved, due to the very small number of points in
each class for each round, since a round censists of 17 to 25
points on average. But the gemeral average complies with a
quite gaussian law, as shown off in fig. 8, proving a good
agreement of the results with the normal distribution of ac-
cidental errors.

4,1.7 - b) Histogram in ¥

Table 17 indicates in a similar way as above the distribution
of R = |D Y 4| residuals, resulting from the 4th transforma-
tion. The same comments as in X can be made as regards varia-
tions across the 25 rounds and the fairly good general agree-
ment with a normal distribution of accidental errors (in £ig.9)

4,1.7. - ¢) Comparison of r.m.s.e in X and Y

Table 18 indicates the ratio obtained between the values of
r.m.s.e in y and x, as can be partly deduced from tables 16
and 17, second column. This ratio is ranging from 0.63 to
1.77, with an average of 1.13; out of 22 orthophotos, 14 have
a ratio greater than 1.0.

This result can be explained by the format of the orthophotos
which is rather rectangular, of sizes 22 x 26 cm, 30 x 50 cm,
55 x 85 em, 65 x 75 cm..., giving rise to a ratio of 1.2 to
1.7 between y and x sides, and to corresponding larger errors
in the y direction, mear the smaller side, the errors being
more or less oriented in a radial direction, as they are pri-
marily caused by heighting errors.

Anyway, the valueswhich have been kept in each form of appen-
dix 10.5 are the resultant vector x,y which is the most appro-
priate indicator of the metrical accuracy of a product.




RM.SE ¥ X RMS.E INY RELATIVE MMER OF FOINTS
AL 'THE 4th AT TEE 4th 1N FACH CLASS CF |D¥4| = R RESTIUAL
TRAGFORMATETY| 1 2 3 4 E 6 ’
R Ro | Rog2Ro|2Ro Ro R Ro | £ RoRE Ro | 2 RotR<2 Ro| R32 Ro
(nmeter) | R § FRET | TFRBo | BoRegRo| 3ReBG Ro ) 3
3.81 36 - 12 12 4 8 4
10 { 1.27 41 18 4 12 10 {229 24 36 4 17 23 0 0
18 12 0 0 11 2.08 24 12 0
13 f1.48 12 24 24 17 0 12 11 1.48 18 29 18 12 12 11
3.53 40 20 15 10 0 10 5 13 5.00 20 40 10 20 0 0 10
16 1.53 17 28 28 6 | 11 10 0 16 1.65 28 6 44 6 5 11 0
19 3.15 17 11 22 39 11 0 0 19 3.41 17 33 17 22 0 6 5
921 “{ 2.73 5 40 10 35 5 0 5 : 3,80 30 20 15 20 5 5 5
2.18 26 11 26 21 11 0 5 S 21 { 3.30 26 26 11 16 5 16 0
1.81 19 30 22 8 10 8 3 : 1.73 30 22 22 5 11 8 2
40 J1.87 23 31 8 15 12 11 0 2.15 27 19 23 19 4 0 &
2.08 33 33 12 | 11 0 0 11 40 2.43 | 44 | 22 11 0 6 1 6
2.07 33 22 17 12 0 11 5 2.58 33 33 0 17 11 0 g
47 3.56 37 21 26 0 5 0 11 3.05 11 26 42 11 0 5
1.98 39 17 17 6 z 11 5 42 {3_28 39 17 17 11 0 11 5
A 1.16 19 19 19 24 14 5 p bk 0.88 33 19 14 10 19 5 2
46 1.33 43 14 14 10 10 0 9 46 0.84 29 10 29 24 4 0 5
48 1.35 36 18 18 5 9 9 5 s 1.59 36 23 18 9 5 v
50 0.94 29 28 18 7 7 i 7 0 1.22 32 25 9 20 5 2 ;
52 0.75 37 15 19 12 6 7 4 52 0.91 29 37 10 6 4 3
62 0.58 27 33 8 17 4 7 4 6o 0.99 29 33 11 13 2 2 1g
63 0.50 21 38 13 6 10 8 4 63 0.84 31 25 19 7 4 6
66 0.80 29 22 16 15 6 7 5 66 1.41 25 29 13 13 13 4 3
74 1.74 25 25 10 15 20 5 0 74 1.69 35 25 10 10 5 15 0
75 1.45 39 11 6 22 17 5 0 75 1.68 33 17 22 11 0 11 6
90 1.13 38 17 17 8 8 12 0 90 0.97 25 29 17 8 8 13 0
GENE v .
NERAL AVERAGE |, B23.9 % 1165 7(12.5 2] 7.4 % | 6.34 |49 , GENERAL AVERAGE |40 ¢ wio5.8 % l16.2 2(12.3 2| 6.2 2 | 5.6 2| 5.3 %
18 ORTHO- / 25 ROUNDS [N ] ’ T e 8 ORTHO- /25 ROUNDS |~ T
PHOTOS PHOTOS 70,6 %

DISTRIBUTION OF RESIDUALS IN X
IN THE 4th TRANSFORMATTION

DISTRIBUTION OF RESIDUALS IN Y
IN THE 4th TRANSFORMATION

TABLE 16

TABLE 17




ORTHOPHOTO RATIO BETWEEN R.M.S.E

Ne IN Y AND X
------- theoretical Gaussian curve 13 1.06
actual curve obtained 12 8.22
16 1.19
19 1.08
21 1.23
37 1.04
40 1.11
42 1.04
4 0.82
46 0.63
1 2 3 4 5 6 7 Classes of residuals 63 1.69
66 1.77
HISTOGRAM IN X 72 0.70
FI1G 8 73 0.69
48 1.17
50 1.30
Number of residuals 52 1,22
62 1.72
veeasrctheoretical Gaussian curve 74 0.97
actual curve obtained 75 1.16
90 .90
WEIGHTED AVERAGE 1.13

4 5

HISTOGRAM IN Y
FIG 9

RATIO BETWEEN R.M.S5.E IN Y AND X
FROM THE 4th TRANSFORMATION

TABLE 18




IMPACT QF THE TYPE OF POINTS

4.2

4.2.1 TARGETTED POINTS

One third of the measurements were carried out on targetted
points easy to stereoview on products at 1 : 5 K-scale,
derived from photographs at 1 : 16 K and 1 : 30 K-scale,

and to a less extent, on orthophotos at 1 : 25 K-scale. It is
peossible to outline the improvement of accuracy obtained at
targetted points, considering three classes of products, as a
function of the input and output scales. Table 19 indicates
improvements on targetted points, relatively to natural fea-
tures, related to 20 orthophotos and to the 4th assessing
tranformation, These improvements are ranging from 3 % to 50 %7,
with values in each class as follows, on the average (fig.11):

1 : scale of Improvement at targets
N°® aerial survey ! orthophoto in planimetric

1 0K - 25 K 16 %
2 30 X Y 5K 25 %
16 K - 5K 40 %

The signalised points were established for cadastral purposes
at 1 3+ 7 K-scale and 1 : 16 K-scale, so that the results are
in agreement with the goal aimed at,

Hence it is highly recommended to use scome targetted points
to obtain a better overall accuracy of the product, at least
among points used as GCPs.

These results highlight once more the proper account which
should be taken of the identification of details, and of the
availability of well-defined points belonging to distinctive
features, with unarguable ease of identification, for the
purpose of control or measurements as well,

4.2.2 TARGETTED CONTROL POINTS

It can be of interest to determine whether targetted control
points benefit from both improvements or not, as control
points and as signalised peints,

Referring to the 2nd transformation, in which control points
are the same for both orthophoto production and assessment,
it should be noted that GCPs comprise the same proportiom of tar-
gets as check points do (33 %), so that the improvement of
accuracy on GCPs and targetted GCPs, over check points, cannot
be attributable to a biased distribution of targets in GCPs.

asss NMEER OF RM.S.E. (result. wector) | REATIVE
oF MEASUREMENTS (N PLANIMEIRIC
PRODKCT TARGEITED | MATURAL, TARGETTED | NATURAL TRV
FOINIS | FOINTS FOINIS AT THRGETS
OVFR NATURAL
FOINTS
10 % 3 % 2.68 3.9 B
N1 13 82 7 k5 3.10 3.9 i
19 0 53 83 438 4,53 5%
(VBB 2 5 97 142 419 4,30 &
0 7 15 22 2.46 2,72 1% 7
&2 25 %3 3.0 3.5 0%
TOTAL: WEIGHIED AVERAGE 6%
6 (RIS
15 2 pul 43 2,60 357 | 3 7%
16 % 52 73 1.73 266 | .38 Y
37 18 10 28 2,15 2,23 | 2.8 4%
N 2 b 97 15 & 1.% .78 | 147 07
46 % 7 2 1.3 1.8 | L% %Y
(VW58 | 48 16 6 2 2.02 209 | 2.0 37
74 14 6 0 2.13 285 | 2.3 5%
75 13 5 18 1.9 2.5 | 2.16 27
%0 k7, 16 48 1,18 1.97 | 1.9 0
TOTAL: WEIGIIRD AVERAGE, 59
9 (RIS
i) 17 9 % 1.02 1.68 0%
3 52 19 B 52 0.69 1.3 07
62 18 % 52 0.78 1.28 ¥
(6E>5K) | & 17 31 48 0.74 1.07 L
6 19 £ 5 1.10 1.82 {0
TORAL: WEIGHTED AVERACE, 0%
5 (RIS
CEERAL
TRAL:

:

IMPROVEMENT OF PLANIMETRIC ACCURACY
AT TARGETTED POINTS
(USING THE 4th TRANSFORMATIOR)




icatés the results among those orthophotos mem= ORTHO-| NIMBER OF TOTAL | R.M.S.E (result,vector) | RELATIVE
the previous table 19, which have a significant oF PHOTO | MEASUREMENTS ON NUMBER in meter, on Egﬁggﬁgygcp
f: GPCs and targetted GPCs. Comsequently, the whole of IE £
odﬁctstf class 3 have been removed along with a large PRODUCT N° TARGEITED | NATURAL | \mycts | TARGEITED NATURAL| WHO OVER NATURAL
¥t of those of class 2 which reduces the statistical value GCPS GCPs 0N CCPs GCPs {POINTS | GCPs GCPs
“ofthe results. However, the average improvement of planime~
ic accuracy at targetted GCPs over non-targetted GCPs appears 10 16 18 34 7.04 &.77 3,73 57 %
‘of the same order of magnitude as at ordinary points, 19 % 06 39
for class 1 versus 16 % and 39 % for class 2 versus 25 %. 1 13 19 113 132 2.98 3.07 |3 o
h £ b tated that i ts h lati 19 6 20 26 4.96 4.18 4,37 -18 %
It can therefore be state at improvements have a cumulative : —25K a
effect at points which own both related properties. (30K ) 21 16 29 45 3.48 4,20 |3.96 17 %
40 22 35 57 1.42 2,36 2.05 40 %
2. POINTS FROM AERIAL SURVEYS AT 1 : 7000 o
w2l : 42 11 11 22 1.83 4.31 3.3 58 %
Seme orthophotos located around La Capelle~Marival for a large | .
part of their area, comprise several points which have been WEIGHTED AVERAGE I 19 %
determined by plotting stereopairs at 1 : 7000. Though their :
number is rather small, an improvement of accuracy of 7 % .
may be shown in table 21, relatively to the other points, : 9 15 11 10 21 1.49 4,82 3.50 69 %
probably due to a better accuracy of their co-ordinates and i o
to an easier identification of the feature, Y (30R—25K) | 16 20 15 35 1.52 1,98 |1.73 3%
. [ i o
4.2.4 POINTS FROM AERIAL SURVEYS AT 1 @ 30 000 WEIGHTED AVERAGE : 39 %

Conversely it can be of interest to assess whether check points
determined by plotting stereopairs at 1 : 30 Q00 have a de-
graded accuracy or not. Table 22 indicates the results from

9 orthophotos. The improvement of accuracy of 3 % obtained

is not very significant, whence it can be asserted that these

points have about the same accuracy as the other points, on
the average.

IMPROVEMENT OF PLANIMETRIC ACCURACY
AT TARGEITED GCPs
(USING THE 2nd TRANSFORMATION)

4.3

IMPACT OF THE LOCATION OF POINTS

TABLE 20

4.3.1 NEAR-NADIR POINTS

Let us denote Near-Nadir points, those which are located insi-
de an arbitrary area determined by a circle surrounding the
nadir point, corresponding to peints viewed at an angle equal
to 15° with the principal axis. The radial distance of those
so~called near-nadir points is smaller than or equal to 4 cm,
at photo scale, and this nadir area is about 11.5 % of the
area of a stereopair (fig. 10). About 191 measurements can

be identified as at near-nadir points, out of a total of

1860 measurements in a set of 20 orthophotos listed in table
23, which corresponds fairly well to the relative surface of
the nadir area (191 : 1860 = 10.3 % instead of 11.5 ).




NUMBER
or
POINTS
FROM 1 : 7 K

R.M.5.E (resultant vector)

in meter
AT POINTS AT OTHER
FROM 1 : 7 K POINTS

RELATIVE
IMPROVEMENT
AT POINTS

FROM 1 : 7 K

13

7 2.76 2.83 3%

19 5 6.83 8.22 17 %
21 5 3.77 5.16 27 %
66 3 2.21 1.62 -36 %
TOTAL o
4 Orthophotes , 20 points WEIGHTED AVERAGE 7%

IMPROVEMENT OF PLANIMETRIC ACCURACY
AT POINTS PLOTTED FROM 1

: 7K-SCALE SURVEY

OVER OTHER POINTS (USING 4 th TRANSFORMATION)

TABLE 21

ORTHOPHOTO NUMBER OF R.M.S,E (resultant vector) RATIO
N° MEASUREMENTS in meter
AT POINTS AT POINTS AT OTHER Ry
PLOTTED FROM| FROM 1 : 30K|  POINTS 30
. Ru
1 : 30 K R30 Ro
13 34 3.04 3.19 0.97
21 15 4.54 4,38 1.04
37 3 2.06 2.64 0.78
40 16 1.94 2.59 0.75
42 8 2.48 3,40 0.73
44 - 8 1.96 1.56 i.26
48 4 1.77 2.09 0.85
74 4 2.42 2.43 1.00
90 10 1.92 1.51 1.27
TOTAL
9 Orthophotos 102 points WETIGHTED AVERAGE 0.97

COMPARISON OF PL
BETWEEN POINTS PLOTTED FROM 1
ARD OTHER POINTS (USING 4 th TRA

TABLE 22

ANIMETRIC ACCURACY

¢ 30 K-SCALE AERIAL SURVEY
NSFORMATION)

FRAME
e
v 3 PATR
5 J‘;A/*B
17 //
//G;
4
3 yd
T
T -~
N 5 -
. ~
' Ny
3 N
™~
\\*i
L\ \\ \\\
i Relative Relative
Parts of a pair fren mee
Plani | Height
1 : Nadir area 11.5 % 0.81 0.71
* .03
2 : Corner area 21.0 % 1.031 1
3 : Intermediate area 67.5 % 1.021{ 1.03
Total, on a pair 100.0 % 1.00 1.00
7 .94
A : Nadir half 50 % 0.96 0
y/ .06
B : Corner half 50 % 1.04 1
7 .00
Total, on a pair 100 % 1.00 1.0




“ Relative improvement of accuracy at
: targets over natural points

404 ‘o Planimetry

* Heighting

1 2 3 Class number

(30K>25K) (30 K55 K) (16 K-5K)

(see tables 19 and 28)

IMPROVED ACCURACY AT TARGETTED
POINTS

FIG 11

4.

An improvement of 21 7 on the average is reached at near-nadir
points, over other points located in the other parts, which is
significant of the better quality obtained in the nadir area
of an orthophote, due to a much smaller impact of possible
errors in the D.T.M interpolated from contours in this area.
it is a most important result which leads to recommend that
the whole nadir area be always used when rectifying an aerial
photograph, instead of processing by stereopairs, involving

‘ only half this nadir area (see chapter 6).

3.2 TARGETTED NEAR-NADIR POINTS

In a similar way as in 4.2.2, regarding the cumulative effect
at points having two separate properties, it is possible to
check the improvement at targetted near-nadir points. Only

two orthophotos have a significant number of such points

as follows :

Orthophoto n° Number of targetted Improvement at tar-
Near-Nadir points getted Near-Nadir
points, in planimetry

13 13 37 %
40 7 34 %
WEIGHTED AVERAGE : 36 %

Considering that, from table 19, the improvements due to the
property of being targetted were 21 % and 14 % resp. for
orthophoto n® 13 and 40, and that the lmprovement due to the
property of being a near-nadir point was respt. 15 % and 11 %
{(see 4.3.1), the resulting improvements I should be as follows :

(1-21 %) x (1 - 15 %)
(1-14 %) x (1 - 11 %)

I

ORTHO N° 13 : (1 - I)
ORTHO N° 40 : (1 - 1)

whence resp. I = 32 % and 24 % values which are not that far
from the observed omes of 37 % and 34 %.

It can once more be stated that improvements have a cumulative
effect at points which own two distinct properties.

3.3 POINTS NEAR TO THE CORNERS

Points are arbitrary said to be located in the corners of the
aerial photograph, when the viewing angle shown with the ver-
tical axes is beyond 35° so that their radlal distance is over
10.5 cm, at photo scale (area n® 2, fig, 10). This area is

about 21 % of that of a stereopair and about 468 measurements




ORTHOPHOTO
Nq-W

.- NUMBER OF

MEASUREMENTS

AT NEAR-NADIR
POINTS

IMPROVEMENT OF PLANIMETRIC
ACCURACY AT NEAR-NADIR

POINTS

13
15
16
19
21
26
29
37
40
42
44
48
50
52
62
63
66
72
73
90

44
12

9

11
i0
18

3
9

16

O

=
<

[T

PLWwwLwwww

15
50
21
68
30
72
38

11
19

21
28
17
13

?3?3:°?$?€?£?$a€?&e€}€}$?8}3oNN

1
B~
(%]
]

TOTAL :
20 ORTHOPHOTOS

191

measurements

WEIGHTED
AVERAGE 21 %

IMPROVEMENT OF THE PLANIMETRIC

ACCURACY AT NEAR-NADIR POINTS
OVER OTHER POINTS (USING THE

4 th TRANSFORMATION)

TABLE_ 23

have been identified as related te such points out of 1833,
which is a little more than the relative surface of this cor-
Ciher area {468 : 1863 = 25.5 % instead of 21 ¥) because some
‘more check points have been established in lacapelle-Marival

(s-W cornerg and in the more rugged N-E cormer. A list of 21
orthophotos is given in table 24 resulting in a slight degra-
ding of the accuracy at points near the cormer of 3 % relative-
“1y to the whole points, which is 5 % relatively to the

points which do not belong to the corner area. It is perhaps
" Jess than it could be expected, all the more as one third of
the orthophoto does not show similar degrading in the corners.
Perhaps this area is too large and could have been restricted
or the DTM was good enough relatively to other sources of

errors.

©3.4 NADIR HALF OF A PAIR

 The nadir half of a pair is the narrow rectangular strip in
fig. 10, having a longer side through the nadir point and the
other one dividing the stereopair into twe equal parts. Table
25 indicates the results for 18 orthophotos and 424 measure-
ments at points located in this area, out of a total of 837
measurements corresponding to the rounds involved, which is
in good agreement with the relative surface of this area
(424 : 837 = 50,7 % instead of 50,0 %), which results from an
even distribution of check points all over the test area.

As a result, an improvement of 4 % can be noted for the plani-
metric accuracy in the nadir half relatively to the whole pair,
which represents an improvement of 8 % between this nadir

half and the other one.

Referring to fig. 10, the nadir half denoted A, consists mainly
of parts 1 {nadir area, relative surface 23 % of A, r.m.s.e
0.81) and 3 (intermediate area, relative surface 77 % of A,
r.m.s.e 1.02) which vields an approximate value of its r.m.s.e
equal to V\0.23 x(0.81¢ + 0.77 x(1.02%2 = 0.976, quite near

to the value obtained (0.96).

4,3.5 NEIGHBOURING PGINTS

As many photogrammetric products, orthophotos are primarily
used as tools for interpolating points near to each other,
either for map up-dating or for civil engineering projects.

It can be of interest to assess the homogeneity of an ortho-
photo and to outline the improvement of accuracy in the rela-
tive positioning of two neighbouring points, located at a
distance of e.g. less than 3 % of the size of the orthophoto
from ecach other (from 40 m to about 200 m).




RATIO BETWEEN PLAN
METRIC R.M.S.E AT COgyE
NERS AND R.M,§.E AT

WHOLE POTNTS

TOTAL

21 ORTHOPHOTOS R

MEASUREMENTS

PLANIMETRIG ACCURACY

NEAR CORNERS
(USING THE 4 th TRANSFORMATIGN)

TABLE 24

_QRTHOPHCTO NUMBER OF RATIO BETWEEN
- MEASUREMENTS PLANIMETRIC R.M.S.E.
N° AT POINTS IN NADIR HALF
IN NADIR o THE AND R.M.S.E ON WHOLE
POINTS

10 8 17 0.97
15 28 43 .85
16 22 48 0.83
19 36 83 1.09
21 37 68 0.96
26 58 92 0.95
27 8 32 1.13
29 14 38 0.93
37 18 28 1.07
40 43 65 0.92
48 i5 22 0.93
50 26 56 1.04
52 23 52 0.95
62 i5 52 1.04
66 26 55 0.98
74 9 20 0.93
75 10 18 0.98
90 28 48 0.95

TOTAL 424 837 WEIGHTED 0.96

18 ORTHOS Measur Measur AVERAGE

PLANIMETRIC ACCURACY
IN THE NADIR HALF
OF A PAIR
(USING THE 4 th TRANSFORMATION)

TABLE 25

89




through a total number of 82 rounds,
‘noted for the majority of the pairs,
vement obtained reaches 27 %, Thus it
orthophotos have better homogeneity at

ve accuracy in smaller areas.

4.3.6 NEAR-NADIR NEIGHBOURING POINTS

Considering in the previous table 26 th
ring points are located in near-nadir a
N in ceolumns), it is
improvement on these pairs, res

near-nadir points {improvement
improvement 27 %).

1 -1 = (1-21%2) x (1-27 %) whence T =

4.3.7 TYPE OF RELIEF

Four cate
both the
deviation

cated the results regarding the relative plani-
metric error’ between 25 pairs of neighbouring points, measured
¢ large improvements can be
while the average impro-
may be asserted that
short distances which

makes them very suited to many users who need a better relati-

at 4 pairs of neighbou-
reas (pairs marked with
possible to verifyonce more the cumulative
ulting from the fact they are
21 %) and neighbouring points

Indeed, the average observed improvement

at these four pairs
of points is 38 % while it should be about :

42 %, near to the actual
value of 38 %.

gories of relief have been considered as function of
maximum in height differences and elevation standard
8 around the average value, as follows -

Class of relief H pax —H pin

Elevation standard

RATIO (IN THE ROUNDS) BEIWEEN THEIR
DISTANGE RAEIVERAM'(I;%E PLANIMETR( IC | RELATIVE HEIGHTING
FRROR AND FRROR AND
R.M.S.E. BEIWEEN R.M.S.E. BEIWEEN
TWO POINTS TWO POINTS
(V2 x R.M.S.E, {(VZ x R.M.S.E.
OF THE ROUNDS) OF THE ROUNDS)
70 m 5 0.62 0.48
135 m 5 1.26 o.gg,
75 m 5 0.88 8'43
155 m 1 0.27 0.43
120 m 1 1.25 0.12
100 m 1 0.62 059
Fer ; o8 0.13
Q m .
%go m 1 8'32 8.32
80 m 3 . .
100 m 6 0.80 0.%
125 m 1 0.62 3.61
165 m 4 0.30 0.6
0m 1 0.88 N.A.
180 m 3 0.40 117
190 m 4 0.68 0.5
145 m 5 0.71 %
75 m 3 0.70 {1).54
190 m 9 0.55 54
40 m 2 1.41 (1).28 .
225 m 2 0.45 N 0.28 N
70 m 1 0.40 N 69 X
180 8 0.63 ¥ o.35
85 m 3 1.44 0.20
70 @ 5 0.82 0.
0.56
averacEs 0073

35 to 100 m
100 to 180 m
160 to 220 m
210 to 240 m

o N

Some orthophotos having similar
scales of aerial photograph, DTM
to different classes of relief,
type of relief can be approached

parameters as regards the
and orthophoto, but belonging
a review of the impact of the

RELATIVE PLANIMETRIC
AND HEIGHT ACCURACIES BETWEEN
TWO NEIGHBOURING POINTS
{USING THE LAST TRANSFORMATION)

near nadir points}

TABLE 26




Two ‘comparisons between the r.m.s.e (resultant vector) obtained
canibe carried out as follows : ’

ORTHOPHOTO
N i1

CLASS OF RELIEF
I1I Iv

IMPROVEMENT
II/1IT oxr/1IV

72 2.01 m
73 2.02 m

74 2.37
75 2.16
37 2.18

2.18 m

A small improvement of 7 % to 8§ ¥ i

i nt ¢ A > seems resulting from a smoo-
thﬁr relief, but it is difficult to be more affi%mative as
other parameters have changed (operative center, slit width).

5.1

ALFTIMETRIC ASSESSMENT

SETTING UP STEREO~-ORTHCPHOTO-PAIRS

5.1.1 TWO ASSESSING METHODS

In order to eliminate systematic errors such as those resulting
from a wrong value used for the ratio of the air base to the
flying height, from film shrinkage or from small unwanted
rotations between the orthophoto and its stereomate when measu-
ring the Px parallax, the formula parameters giving elevations
as function of parallaxes were always determined from the
measurements themselves.

Twe methods aimed at computing these parameters were used, both
requiring height control points, and described hereafter in
5.1.1-a and 5,1.1-b.

Then applying these formulae at each peint allows to convert
the observed parallax into height above datum, to compare the
computed values to the known values listed in the general
catalogue and to obtain the standard deviation and r.m.s.e.

5.1.1-a) Adjustment on two points.

In a way similar to that which a user would follow when chec-
king the formula delivered to him together with the stereo-
ortho-pair, parameters are determined hereat two points having
the largest height difference of the pair.

When a linear interpolation is used, the method is quite simple,
referring to the following formula :

(7)

where Px =observed parallax at a point between orthophoto
and stereomate image peints.

Px = k.{z-2z0)

k = constant, near to the ratio of the air base B to
the flying height H..

Z = elevation of the point

7o = datum constant.

Two points are required to determine k and zo in formula (7),
and the software obviously chooses those &t which z is maxinum

and minimum.




ek and z. known

» 2z is derived from py applying (7) at
each point.

When a logarithmic interpolation is used, a first iteration
with formula (7) gives similarly an approximate value for
k = B/He, (Ho being fixe

d equal to the given fFlying height)
and zo. Applying then the logarithmic formula (8) :

P, = = B, log (Ho - 2 + 2, ) /Ho (8) with the above

values of B, H, and Zo,

gives rise to residuals dpy at the
two previous base points

Differentiating (8) in Px, B and z, permits it to determine
the small variations dB and dze to be brought to B and z,
to remove residuals dpx at both base points

+

dp, = -dB. log (Ho=z + 2z0)/Ho - B dzo/(Ho-2z + z,) (9)

In general one round of iteration is enough.

5.1.1-b) Adjustment on the whole points

In a way similar to that of the
plane-transformation of co
sment, parameters are dete

method used in the fourth
-ordinates in the

When a linear interpolation is used,

the method refers to
ich is applied to the w

hole points, using for k

When a logarithmic interpolation is used, referring teo {8) and
applying it to the whole points using the values previously
obtained in 5.1.1-a) for B and Zo, gives rise to residuals

dpx which are selved by formula (9) and a least-squares adjust-
mefit.

5.1.2 COMPARISON OF METHGDS

A large number of stereo-orthophoto-
by both above methods,

extent the second one p

pairs having been assessed
it is possible to determine to what
rovides better results.

Table 27 provides a list of 19 orthophotos, involving 22 ste-
reomates, which have thus been assessed twice, An improvement

reaching up to 41 % can be noted, while the average improvement
in heighting accuracy is 21 %,

. HEIGHT RESULTING
ORTHOPHOTO | STEREO-ORTHO- R-MziﬁEmeizr) RESULTING
“ PHOTO BY COMPUTING INTERPOLATTON WHOEEISSINTS
° N° PARAMETERS ON
) TWQ POINTS { THE WHOLE POINTS
90 37 %
14 3.04 m 1. 7%
ig 11 and 12| 2.99 2.80 Ry
5 18 1.54 1.04 32
16 17 0.87 0.59 32
19 22 1.75 1.39 21 %
21 20 and 23| 1.89 1.38 27 1
37 38 and 39 ?.32 i.g% 9 1
47 . . ;
22 45 1.68 1.59 12 x
48 49 2.68 2.31 1 X
50 51 1.21 0,86 29 %
52 53 1.12 0.77 3
66 67 1.27 0.87 o3
72 76 1.31 L.35 3t
77 2.21 . 7
;Z 78 1.30 1.27 13 é
75 79 1.01 g.g% 10
2.80 . %
38 g% 2.53 1.78 30 %
AVERAGE 21 %
TOTAL
19 ORTHOS {22 STEREOMATES

COMPARISON OF
ALTIMETRIC ASSESSING
METHODS AND RESULTS

TABLE 27
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5.2.1 TARGETTED POINTS

Similarly to the analysis carried out im 4.2.1 regarding the
impact of targetted pointson planimetric accuracy, three clas-
ses of products can be considered as a function of the input

and outpul scales, Table 28 indicates improvements on targetted
points, relatively to natural features, computed from 19 stereo-
ortho-photo-pairs, using the second adjusting method (5.1.1-b).
These improvements are ranging from - 33 % to + 81 % showing

1
It is interesting to point out that it is exactly the same TOTAL R.M.S.E IN HEIGHT RELATIVE -
{ improvement as that obtained for the planimetric assessment when gmﬁg? MEAEIUI;"{EME?‘NgEON NUMBER in meter, on ALTIMETRIC
using 4 plane transformation based similarly on the whole points PﬁOTO TARGFTTED | NATURAL OF TARCETTED|NATURAL} WHOLE  ; IMPROVEMENT
instead of two only. PATR POINTS |POINTS | MFASLs | POINTS |[POINTS |POINTS O%EIR Tﬁ%ﬂs
i+
Hence it may be stated that using some more than two height N POINTS
"control points should be recommended when deriving elevations
above datum from stereo-orthophoto-pairs, the altimetric accu- 10 - 14 15 4 49 1.69 1.98 1.90 15%
racy being improved improportion up to 21 % on the average, : 3 2.10 3.12 2.80 3%
w1 - 11 pp o e 157 | 1232 | 130 | -17%
This improvement comes not only from a reduction of the resul- %?. - g% i; 12:75 146 1:75 1:32 1.38 -33%
ting error when using an average on several points, but from 30 k525 K) 40 - 43 95 35 &0 3.61 .26 | 4.00 15%
removing by a least-squares adjustment a possible rotation 42 - 41 27 36 63 3.89 4.08 4,00 5%
between the stereomate and the orthophoto when setting up the
pair onto the carriages of the measurement device. Indeed . i o
removing .y parallaxes from the pair can sometimes reveal dif=- gogi]fRS WEIGHIED AVERAGE ! +97
ficulties due to non-error free D.T.M, which involves radial -
distorsions including unwanted y parallaxes in the orthophoto 19 37 0.82 1.21 1.04 32 7%
production stage. 16 - 17 15 33 48 0.40 0.66 0.59 4
For example, when calibrating formula (7) using points n® 717 o g; - gg} 16 10 26 3.92 3.92 | 3.92 0%
and 2704 as height control for stereopair n® 26-24, at v 2 Lh ~ &7 12 9 21 1.97 1.78 1.89 -1 %
1 : 5 K-scale, the results gave rise to large residuals and S K) |46 - 45 14 7 21 1.61 1.54 1.59 - 32;
systematic errors indicated by the following values : 30 K= 74 - 78 14 6 20 1.07 1.64 1.27 gif/o
_ 5 18 0.45 1.57 0.91 ~
altimetric standard deviation : 3.84 m n- 13 14 48 1.75 1.64 1.72 -7%
average residual 3.5l m 90 - N 34
r.m.s.e. in height 5.17 m TOTAL : WETGITED AVFRAGE : +17 %
Iaspecting the distribution of residuals DZ over the pair sho- 3 PAIRS : -
wed clearly the impact of an unwanted K rotation in the inner 50 - 51 19 34 53 0.57 0.98 0.86 425
orientation of the pair, represented by a linear relationship N 3 52 - 53 19 30 49 0.59 0,86 .77 32°[,
such as DZ = -64 + 0.027 x Y with a correlation factor of O.85. 53 - 65 7 38 45 0.74 0.89 0.87 170/e
After correcting for such a rotation, the results were drama- 7 19 33 52 0.61 0.99 0.87 38 %
tically improved as follows : (16 K=>5 K) | 66 - 6
1 q
TOTAL = WEIGHTED AVERAGE P+ 35 %
altimetric standard deviation 1.73 m 4 PATRS ]
average residual : 0.88 m
r.m.s.e. in height : 1.92m GENERAL
TOTAL :
5.2 IMPACT OF THE TYPE OF POINTS 19 PAIRS

IMPROVEMENT OF HEIGHTING ACCURACY
AT TARGETTED POINTS
(USING THE 2nd ASSESSING METHOD)

TABLE 28
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This improvement
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heighti
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he peointi
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5.2.2 POINTS FROM AERIAL SURVEY AT 1:7 000

19 7 as indicated in tahle
» related to Planimetry.

5.2.3 POINTS FROM AERTAL SURVEY AT 1

This result ig similar to

ated to the planimetric ac.
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points dete

: 30 000
g accuracy as the other

which could have resulted

repancies, with average values in each class as

1 : scale of Improvement at

targets, in height
— ]

-
25 K 97
5K 17 %
5K 35 %

30 000

e

quite similar to those obta

ined in pPlanimetry
the im

Provements be slightly inferior to

a difficulty in identifying
4 natural point involves a
of the terrain being inferior

¥y and interpretabi-
targets being
16 K-scale.

29, to be

probably results from a higher accuracy of
levation and from an easier identification of the feature.

IVE
MBER R.M.S.F. IN HEIGHT IggkéEEgENT
THoRuoTo o re METeT OTHER | AT POTNTS
ORI AT POINTS A OINTS
PﬁgR FR531§T§ % | FROM 1:7 K| POINTS | FROM
14 %
: 2.19 2.55 $ 1
Y g i.02 1.43 %1 ;
LY 5 0.66 0.95 £y
i - %g 3 1.38 1.27
66 -
E = 19 %
TOTAL: 20 POINTS WEIGHTED AVERAG
4 PAIRS

IMPROVEMENT OF HEIGHTING ACCURACY

OVER OTHER POINTS (using 2nd
assessing method)

- URVEY
AT POINTS PLOTTED FRCOM 1:7 K SCALE S

TABLE 29
RATTO
UMBER OF R.M.S.E. IN HEIGHT
STEREO- il S in meter R O
HOPHOTO | MEASUREMENT meter )
R AT POTNTS AT POINTS | AT OTH 3
N° FROM 1:30 K | FROK 1:3 n
30
0.99
2.38 2,40 0.99
3 - %% 1% 1.18 %.gg 0.72
i - 2.87 . 03
e ] 4,36 3.70 1.18
AL 8 2.10 1.74 121
pr ! 4 1.11 2.31 0.48
3 1.58 X .24
el 8 p 1.72 1.65 1.04
30 - 92 5 1.55 1.78
90 -
E = 1.00
TOTAL: 56 points WEIGHTED AVERAG
9 pairs

OINTS PLO :30
BETW?S%VEY AND OTHER POINTS (using 2nd
assessing method)

TABLE 30




5.3 [1IMPACT OF THE LOCATION OF POINTS

5.3.1 NEAR-NADIR POINTS

Using the same definition for near-nadir peints as that given

in 4.3.1 (Fig. 10}, about 119 measurements have been performed
on such points, out of a total of 991 measurements related to

21 stereo-orthophoto-pairs, which, corresponding to a proportion

of 12 %, is exactly the relative surface of the nadir area
(11.5 7).

The improvement of heighting accuracy at those points aver
other points shows wide discrepancies around the average value
of 31 %,as indicated in table 31. This improvement is higher
than in planimetry and is significant of the better quality
obtained in the nadir area of an orthophoto.

It is an additional incentive to rectify the whole nadir area
of an aerial photograph into orthophotograph, even when the
stereomate is required, instead of processing by stereopairs,
which involves only half the nadir area (see chapter 6).

5.3.2 TARGETTED NEAR-NADIR POINTS

5

In a similar way as inplanimetry, regarding the cumulative
effect at points having two separate properties, table 32 shows
that the improvement obtained at targetted near-nadir points,
results from both advantages. Indeed an improvement of 26 %

can be noted when a targetted point turns into the position of
being a targetted near-nadir point, which is not far from the

value of 31 ¥ related to any point becoming a near-madir peint
(see 5.3.1).

.3.3 POINTS NEAR TO THE CORNERS

100

Using the same definition for corner areas of aerial photographs
rectified into orthophotos, as that given in 4,3.3 (fig.10),
about 291 measurements may be reviewed on such areas, out of
1042 measurements carried out on 21 sterec-orthephoto=-pairs
listed in table 33, which gives a ratio of 291 : 1042 = 2§ %y
a little greater than the relative surface of corner areas

{21 %), but in the same roportion and for the same reason as
in planimetry (see 4.3.3?.

The accuracy at points near to the corners as indicated in
table 33, is fairly similar to the accuracy on the whole ortho-
photo, seo that nodegradation appears in the corner in the
heighting accuracy, conversely to the planimetric accuracy
which was 5 % worse. A good compensation can therefore be
pointed out over the entire area of the aerial photograph,

- STEREO-
“ORTHOPHOTO

NUMBER OF
MEASUREMENTS

IMPROVEMENT OF
HEIGHTING ACCURACY

EAR-NADIR POINTS AT NEAR-NADIR POINTS
PA}R AT N OVER OTHER PCINTS
N

- 13 50 %
13 18 12 71 %
15 - 18 I
16 - 17 9 3 i
19 - 22 5
21 - 20 0 7
21 - 23} 10
37 - 38 9 24 %
37 - 39}

36 7

40 - 43 5 7
42 - 41 9 —-4& 7
44 - 46 0 16 %
i 4} 1
48 - 49 5 gg é
50 - 51 3 5 ;
52 - 33 3 e %
62 = 64 3 2 ;
63 - 65 3 2 i
66 - 67 3 o2 i
73 - 77 3 A
90 - 91 14 49
90 - 92
TOTAL WEICHTED 31'7
21 pairs 119 measurements a

AVERAGE

TABLE 31

TMPROVEMENT OF HEIGHTING ACCURACY
AT NEAR-NADIR POINTS OF THE ORTHOPHOTO
OVER OTHER POTNTS

(USING THE 2nd ASSESSING METHOD )
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STEREO- NUMBER OF IMPRO
VEME
ORgi(]):gHOTO TARGETTED ACCURACY E% giRgg%ggglNG
A NE?g;ﬁ%gIR NEAR-NADIR POINTS OVER

OTHER TARGETTED POINTS

13 - 11 11 y
15 - 18 5 % z
16 - 17 2 10 %
21 - 20 5 35 7
37 - 38

37 5 7 11 %
0 - 43 3

42 - 41 3 73
47;4—47 4 47
3 - 77 4 v
74 - 78 1 25 %
75 - 79 1 56 %
90 - 91

90 - 92} 10 2%

TOTAL WEIGHTED

AVERAGE :

56 points 26

IMPROVEMENT OF HEIGHTING
ACCURACY AT TARGETTED NEAR-NADIR POTNTS OF THE
ORTHOPHOTO (USING THE 2nd ASSESSING METHOD )

TABLE 32

STEREO - NUMBER OF RATIO BETWEEN R.M.S.E IN
ORTHOPHOTO MEASUREMENTS HEIGHT AT CORNERS AND
N° NEAR TO R.M.S.E
CORNERS AT WHOLE POINTS

10 - 14 21 1.04

13 - 11 50 0.91

i5 18 6 0.44

16 17 18 1.36

19 22 26 1.19

21 20

21 23 35 1.06

40 - 43 11 1.22

42 = 41 20 1.16

44 46

64 - 47 6 0.99

48 - 49 3 0.98

50 - 51 12 0.74

52 53 11 1.04

62 64 21 0.87

63 65 21 0.82

66 -~ 67 12 1.11

74 - 78 8 0.86

75 79 4 1.19

90 - 91

90 - 92 6 0.83

TOTAL 291 WEIGHTED 1.01

21 pairs measurements [AVERAGE

HEIGHTING ACCURACY
NEAR TO CORNERS OF THE ORTHOPHOTO
(USING THE 2Znd ASSESSING METHOD)

TABLE 33




: e RATIO BETWEEN
“relatively to 579n, the D.T.M used, confirming the interest STERFO — NUMBER OF I~ R.M.S.F IN HEIGHT
of deriving &t tes from the same D.T.M, as that used for ORTHOPHOTO MEASUREMEN AT POINTS TN NADIR HALF
the orthg; e PATR THE NADIR | THE AND R.M.S.E ON WHOLE
L : o N HALF PAIR POINTS
5.3.47 NADIR {IALF OF A PAIR
Referri to fig. 10, it has been possible to review 305 measu- 43 1.15
rements schieved at points locstad in the nadir half of a pair, 15 - 18 gg 4B 0.86
bamely the part which includes the nadir point of the aerial 16 - 17 30 83 0.80
bhotograph rectified into an orthophoto. %3 - %% 37 68 0.77
These measurements were related to 15 stereo-orthophoto-pairs - 38 78 1.05
- . . 37 18
cemprising a total of 606 measurements, in good agreement with 37 - 39
the relative surface of this area : 40 43 19 65 1.8%

305 : 606 = 50.3 % instead of 50.0 %. 48 - 49 15 22 0 ae
Table 34 shows that an improvement of 6 % can be noted for the 50 - 51 %g 52 1.09
heighting accuracy in the nadir half relatively to the whole 52 - 53 76 55 0.95
pair, which represents an improvement of 12 % between this b6 - 67 9 20 1.16
tadir half and the other one, of the same order of magnitude 74 - 78 10 18 1.01
as that obtained in planimetry (4.3.4). 75 - 79

: . R . X 90 - 91 28 48 0.92
Referring again to fig. 10, the nadir half a consists of two 90 - 99
parts :
606 WEIGHTED o
T part 1, nadir area with a relative surface of 23 % of & TOTAL 305 t AVERAGE ©-94
and r.m.s.e of 0.71 15 pairs measurements
T part 2, intermediate area with a relative surface of 77 %

and r.m.s.e of 1.03
which yields an approximate value of its r,

—
0.23 x(0.712 + 0.77 x(1.09 = 0.966, near
actual value of 0.94,

m.s.e equal to

enough t6 the HEIGHTING ACCURACY

IN THE NADIR HALF
OF A PAIR
(USING THE 2nd ASSESSING METHOD)

5.3.5 NEIGHBOURING POINTS

The same neighbouring points as those mentionned in 4.3.,5, for
planimetric assessment, have been used for evaluating the im-
provement of relative heighting accuracy between peints very
near to each other (less than 200 m). Table 26 indicates tha
results regarding the relative height errors between 25 pairs
of neighbouring points, measured through 82 rounds. Very large
improvements can be noted for the majority of the pairs, while
the average improvement obtained reaches 44 %. Thus it may

be asserted that stereo-orthophotos have better homogeneity

at short distances in both components, the orthophoto and

the stereomate as well, which makes then very suited to many
users who need a better relative accuracy for determining
elevation differences more aceurately in smaller areas,

TABLE 34




ng near to each other, their accuracy
should be improved by 44 7, and as near-nadir points, it shoulq -
be improved by an additional 31 %, whence a total improvement I,
given by 1-I=(1-449 (1 - 31) which yields I = 61,4 %,

Table 26 gives for these

4 pairs of points an average value
of 61.6 %, which is exactly the assumed value,

5.3.7 TYPE oF RELIEF
—_— Ty ARl

Using the same four classes of relief as in 4,3.7,
metric assessment, three comparisons b

can be made, involyi
regarding the scaleg

for plani-

Results are indic
as in planimetry,
with a smoother re
26 %. The height{
ruggedness of the

ated in tahle 35; they confirm the same trend
towards a general improvement of accuracy
lieﬂproviding figures better from 17 % to
Ng accuracy is much more

terrain than is the plani

R.M.S.E. IN HEIGHT

TMPROVEMENT

< ohRRL II1 or/IV
CLASgan RELIEF . 1T/

11 111
37 - 38 3.92
1 1.35
1z 1.54
e . 1.27
mog

17 %

AVERAGE 1.54 1.86
10 - 14 1.90 2 80
e 2.80 32 %
AVERAGE 1.90

1.04
15 -~ 18
16 - 17 0.59 . 89
bh - 47 189
o n 2.31
48 - 49 2.31
90 - 91 1.65
90 ~ 92 —
AVERAGE 0.81 1.84

6 - ARRANGEMENTS OF ORTHOPHOTOS AND STEREOMATES

Various arrangements of orthg
used as showyn inp fig. 12 wed by DUCHER (2],
{31 and KrAUS (417 each of them has its own advantages and
drawbacks, Version n 2, resorting to alternate Festitution
from fuill frames, is the
is easier, deliv
out in two phase
required, printi
into orthophotos

photos and st

ereocmates can be
» which were revie

actice because it
ers larger format orthophotos

S, starting with orthophotos first, then, when
ng out the stereomates, However rectification
is made in thig version up to the adges of
photagraph, including the corners, while in version 3, applying
a2 mixed restitution from full frames, rectification into ortho-

mited to a smaller size areg around the center in
id the increased geometric distortion typically

edges and corners of photographs, and to reduce
e of lean-over or hidden features.

order to aveo
found at the
the importanc

As a result from
ments summed up ip
the same metrical

the above planimetri

fig. 10, versions 1,2 and 4 should deliver
accuracy; conversely version 3, in which

HEIGHTING ACCURACY

AS A FUNCTION OF RELIEF
{USING 2nd ASSESSING METHOD)

TABLE 35




Version

7T
A l N1
7 _

mixed restitution from pairs

adir area is fully rectified into orthophoto, provides
_image resolution and draws penefit from 20 % to 30 %
vements of accuracy over this areaj version 3 is confirmed
livering slightly better results, beoth in planimetry and

ht of about & % to 6 %.

4ct, this improvement is probably higher, because, as was
tfed out in 4,3.3, some more check points, especially from
16 K-scale survey, have been established nearer to the

ges than to the nadir point, so that the value of the r.m.s.e
he nadir half of a pair is relatively higher than it should
a few percents. In additiom, when rectifying aerial surveys

f?==§f N J & N°2 ' n'{sting of several strips of photographs with 15 7% overlap,
' sorthophotomapping over wide areas, on a regular basis, ai-
) - med: for example at map revision or at base map series, the

gth of the nadir half will be reduced by the same ratio of
29, As a result the accuracy of the nadir half should be
?roved by a few extra percents, more than the whole frame
tself, reaching anm eventual value of 10 %.

al . .
ternate restitution frop full frames

s
T HHH . N°3
TR

mixed restitution from

arsion 3 should therefore be recommended, especially when

arge areas,involving many strips and photographs in each strip,
ite required for orthophotoprinting, although the resulting
strical improvement is not perhaps so high as expected.

full frames

=
T - n N4

double restitution from alternate

ASSESSMENT OF D.T.M.

1t is possible to approach the value of the D.T.M. actually
i1sed for generating orthophotos and stereomates, by measuring
parallaxes between hoth orthophotos from both frames of a pair
of merial photographs. Then by comparison with the heighting
accuracy, it may be interesting to outline the improvement ob-
tained relatively to the D.T.M and to the x accuracy.

frames

.1 PARALLAXES BETWEEN ORTHOPHOTOS

D.T.Ms from aerial surveys at 1 : 30 K and 1 : 60 K-scale have
been used to rectify both frames of a pair inteo or thophotos,

so that by measuring parallaxes between these orthophotos, it
has been possible to obtain an order of magnitude of the quality

of the DTMs.

Arr.
angements of orthophotos and stereomates

FIG 12
The problem is first to establish an approximate relationship
between these parallaxes dpx and the source error dz in the DTM.

Two approaches can be used :

~-i) Assuming that the error dz in the DTM actually used for
generating profiles onto the orthophotoprojector is exactly the
same For both orthophotos of the pair, the relationship is gi-
ven by the well-known following formula : :

B . dz (10)
H




measurements dp directly:*

~ ii) A 5
)] ssuming now that this error is not
ated orthophotos=pairs are

both ortho

p photos and d ! ex

ri enoti actly th

5¢ te separate x-errors o8 them by dzy end de heotne for - F.e e is computed from the

dpl and de ! 2 they give 5.1 pxobtaineg from the rel

: values

. in table 36.

dp = dpy - dp, nits for epmy are then derive
: 6, column g, delivering the

i accuracy of the pD.T.M actua

producing the orthophotos.

Th
e parallax measured from tha pair i
is
d €from (13) and listed in

required order of magnitude
11y interpolated and used |

with dp = d
1 %.21 and sz:-,B_‘i.dZZ (fig. 13)
g .
discrepancies can be noted for this accuracy which should
gidered together with the slit width : the high value
19-21 and 40-42 can

Assuming that
a
hoph . '
b Lime opoarried out : d for e from orthophoto-pairs n®
fe -
terval of 100 to 125 m;

. 1
with errors dz arge numbern ofort

r.m.s.efpry ist! 2 at each ti
. time
each ; and that
time at a po i the plained bETg relatively large step in
: that comparing the value of eng,o{ about Atm, gigh thaEtOf
cale, is not a bad resu

with x varyi :
ying from O to B

. x P

s1it width of 100 m aft groum

iZ into account the steep slopes encountered in the test

The better accuracy obtained for epry from orthophoto-pair

2
en =
EK) "%. jjﬂ Z(Edzl)z .
H - b . . G4=66 18 connected to a reduction of the slit width by five
: “round-scale. These results do not apply se well to the pair

26-29.

whence
2 Som (11) ?
COMPARISON WITH THE HEIGHTING AND X ACCURACIES

. a)1it is interesting to compare the order of magnitude of

* : e r.m.s.€ epry of a D.T.M, with the r.m.s.e in height obtai-
d when measuring elevations from a stereo-orthophoto-pair car=

D.T.M or a similar one.

Formul
a (11) can be obtained similarly fr
om

od out using the same

Blving rise to the r.m.s.e
due to other sources

crepancies can be noted,probably
21-20, 21-23, 19-22,

five stereo-orthophoto-pairs (n®
D.T.M as pairs n° 19-21

If some dis
errors,

2
efy = 1 J (dp,)?
It 1

2
epy, = 1 .
1= - lz-E:(xidz,)z and x varying from . 94, and 29-28) created by the same
H i 0 to B : . . "
: ) and 26-29 show a heighting accuracy €z of 2.5 to 3.4 x times
etter than that of the D.T.M used in creating them {table 36}.

‘Such a result fully confirms those previously noted by KRAUS
interesting features of this method

43, and is one of the most i
imed at stereo-plotting clevation data automatically through

B
2
J x"dx whence epi - B
tereo-orthophoto-pairs.

— e
° g+ DT (12)

and (11) is darq \/5- .
where dp, and glved from (12) as being the r 2 - b) As regards the x accuracy, the value of the r.m.s.e
. P, are assumed to have the +M.s epx obtained from the parallaxes between both orthophotos of a
c Same r.m.s. . ‘pair is systematically inferior to the r.m.s.e which could be
onsidering B expected from the planimetric accuracy between points located
atated . thgt Z;gr£2E$:%gf (10) and (11), it may th onto two similar orthophotes.
y erefore b
H " Hence it may be stated that other sources of error are involved
vhen pointing separately topoints on orthophotos, consisting of
(13) the pointing precision of the assessing instrument and of errors
in identification of the detail and in pointing it to the right
place, all errors which are cancelled when pointing simultaneous-
ly to both orthophotos for measuring parallax between them.

i
B Px € °pry 1-22. H
B

. ep,




.ORTHOPgOTO 1 : SCALE OF SLIT
PAIR N ggRIAL DM {0RTHO| WIDTH
070 {ground
scale)

R.M,S5.E. (i
MEASURED (in meter)

on
PARATIAX

IN X {DERIVED|IN 7
on for | at ;
WO | D.T.M.| & *nrmy

POINTS

OF A PAIR

TABLE 36

ASSESSMENT OF D.T.M
BY MEASURING PARALLAXES
AT TMAGE POINTS OF BOTH ORTHOPHOTOS

perspective centers

exact location om a map

shifted locations on both

orthophotes of a pair

due to DTM errors dz1&z2
x]

©7.2 = ¢) Orthophoteprinting bo

h as follows :

ing these errors in a formula suc

2, (VZ.epp)? + (V2. ed)?

mbin

VT e (13 bis)

epy
= r.m.s.e in x at a polnt of the orthophoto
= r.m.s.e of parallaxes at corresponding points of :

the orthophoto-pair.

epp = pointing precision, defined in 3.2.3

epq = r.m.s.e i

o x in identification of a feature.

yields an order of magnitude of erq for the relevant ortho-

““hotos as follows

r.m.s.e in identification in x

: Orthophoto erg H
N° in meter in microns in microns
(ground scale) [{at photo-scale) | {at ortho-scale)
19 and 21 1.80 60 70
26 and 29 0.83 52 160
40 and 42 1.14 38 40 |
44 and 46 0.90 30 170

As shown in this table, the identifying accuracy is ranging

from 30 to 60 microns at photo-scale, which represents an impor-
tant part of the resulting planimetric accuracy and emphasizes
once more the need to take proper aceount of the ease of iden-
tification and interpretability of detail, all the more as an
orthophoto is a sophisticated enlargement with a rather degraded
image quality.

th frames of a pair has often been

considered as a method well suited to checking the quality of a
D.T.M, ineluding the interpolation algorithm and for removing
§T0OSS Errors. Indeed formula(i3bis)shows that parallax measure-
ment at corresponding image points onto such an orthophoto-pair
contains smaller errors than absolute measurements at points of

each separate orthophoto, because errors in identifying a peint
and pointing errors in the x and y co-ordinates are there totally
!

removed.



Egondof may be 2 times in size,
he p¥ parallax, or any other
the orthophoto, at the
backlashes, distortions
}nvolye an error twice a
impeding it to be very a

or impr
s much
ccurate

8 - GENERAL RESULTS
—_—

8.1 ABSOLUTE RESULTS
_— e

Previously noted, so
mewha
wien results related’to produit1
Stage and even between di ¢
%1ven product,
or, of the GCP

Fesults from eas epupeck po
the1F absclute value without
sgeclflc characteristics or t
oL product which it belongs t

C.

However, taking into account the

instruments g
nd laboratori
r
of cases studied, j be

nunber of samples

distribution of the woryoo?, Py

e residuals,

Hence d i ifi

mon def?éii%gg gpeclflcation

large variations

and assessing its

the scale and sp

Process, the number and

Eﬁrg§tted points used astgggsongg
€ Leatures permitting a proper i

f the metrieal
exXist in the way

production stage,

baying further attenti
o the average results

quality accordin i
C g to th
aclng of D.T.M used durine th

Moreover
positioning error of g point on
oo tag due to mechanical
P slope corrections, will

on the assessment of the D.T.M
- * L

arge discrepan

» of the opera-

ch separate product should not be Cround. .

onsidered for
on to its
of the type

Stereo-~orthophotes produced, of miarge mente corp biho and

asurements carried out,

, ful;y valiqated by the large

s should be regsort or a com-
d ed to f
quality of an orthophoto
?

: a

of producing an orthophoio

put and output sec

d g the rectification ates

E ESEd? the availability of

dec ,points, the quality of
entification, the type of

produced with a reduc-.
an error in measuring

&f and its location in the original picture, the arrangement
d-for orthophotoprinting, the locatlon‘of the area studle@

tie orthophoto, the type of tranformation used fo; assessing

product, especially the length of the base used in case when
points are used for scaling or the number of points used as

ol for the transformation.

‘only assessing stage can provide wide variations }n Yhe
fical accuracy of a product, reaching up to % gO %, if not
30 % of the average value of this accuracy. It is thgrefore
¢ssary to be very careful when carrying out the various
ages of a test and not to rely on an 1so}ated result on the
ceuracy of a single orthopheto fox extending conclusions to
accuracy attainable by any orthophoto of the same type.

hese general remarks being given, it is interesting to refer

& appendix 10.5 comprising the absclute results for each ortho-

“ph tograph of the test. Let us point out fgr example some very
‘ood results as those obtained in stages n° 3.12 or 3.33 anq

ther stages n® 3 as well, 1t is stated that an absolute heigh~

ing accuracy of up to 0.90 m on undistinctive points and 0.60 m

. targetted points (2.5 x B/10,000) can be reached from an

rial stereopair at 1 : 16 K-scale rectified inte a stereo-

Fthophoto=-pair at 1 ¢ 5 K-scale, using a P.T.M derived from
rial surveys at a scale of 1 : 60 K.

imilarlya r.m.s.e for planimetric resultant vectors of 0.90 m
“an be reached om targetted points; moreover replacing the pre-
g¢ious D.T.M by another one interpolated between contours stereo-
plotted from surveys at 1 : 16 K-scale, the same scale as the
priginal photo being rectified, provides a planimetric accuracy
5f 0.60 m on targetted points (40 microns at photo-scale).

Of course, such results have mot been obtained for each product
nd they can be considered as a limit which is however attaina-
ble, probably when an optimum contrel of the various error sour-
ces is kept throughout the whole orthophotoprinting process.

“Unfortunately results from smaller scale photographs were mnot so
good, due to obvious difficulties in identification of ground

control and check points.

an histogram indicates in fig. 14 the distribution of the pla-
nimetriec accuracy {(r.m.s.e resultant vector} at photo-scale,
which is quite regularly shaped, showing an average value of

. 108 microns with 72 % of the orthophotos having a r.m.s.e infe-
rior to this value.

Conversely the histogram drawn in fig. 15 regarding the same
distribution at orthophoto-scale appears as a two domes-shaped
curve, with a general average of 340 microns and only 60 % of
the orthophotos which can be considered as within the American
NMAS (90 % within 0.5 mm or rT.m.s.e inferiox to 310 microns)
but 70 % being within 0.43 mm.




In fact, three classes of
of which being beyon
from small-scale DTM
and products resultin
rectified into orthophotos at 1
surveys at 1 60 K and 1 30 K-scale, corresponding to some-
what too great enlargements (see table 40, 7 and 9},

Besides such results were basi , ause this test
was also designed in such a way as Yy out products gene-
rally considered ag off-limits, to have a better know-

over a wider range;

products s
d the N.M.A.S
and aerial p
g from 1 :

hould be considered, two

-y namely : products resulting

hotograph, far beyond limits,
scale aerial photegraph

53 K-scale, using D.T.M from

H H

to carr
in order

ter,
microns, which ig well
while the third class

of 190 microns, well r

provides an average o
e run of the
»_Comprising 12 products,

elated to the run of the £

£ 413
second dome,
has an average

irst dome,

So that the general ru
compared to fig.14, it
of planimetric acecuraci
scale and at ort
dered,provided

tof curve in fig.15 ig

can be said that Gaussian distributions
es are fairly well obtained , at photo-
hophoto-scale, related to the 25 products consi-
they be classed as said before,

ghting accuracy,

fig.
Y a sin

16 shows a distribution
gle~dome curve,

racterized b with an a

verage value of
3.7 x B/10,000 Ffor the L.m.s.e. in height, with 68 % inferior to
this average, the smallest value being 1.3 x H/10,000 and the
highest one 8

.7 x /10,000,

products, the lat-

quite well explained:

: 10“/0,_

B

Planimetric r.m.s.e

o

8.2 RELATIVE RESULTS

However interesti
product,

Providing many va
much worse than ty

8.2

e general average of

a) Planimetric comparisons

A4 total of 47 comparisons has been studied

consisting of
(see table 37)

10 comparisons of products which differ in the variation of

only one parameter (scale of the derial survey, DTM ar ortho-
photo or slit width).
8 comparisons with chan

ges in 2 parameters (scan direction
and operative center ip i

addition to the 4 previous ones)
21 comparisons with changes in 3 parameters
? " " " 4 "

1

tr " ] "

5

S (resultant vector)
J/// 108 in microns
0% T & %0 i 15:0
QTA, 2‘1(3 : 4“‘:(5 a 6 T Class of r.m.s.e.
HISTOCRAM OF THE PLANIMETRIC
ACCURACY AT PHOTO-SCALE
FIG 14
Number of products in each class
40% 1
30%
20%+ ' /
\\" * Planimeiric r.a.s.e
10k {(resultant vector)
ﬂo 240 + —>, in microns
Ok 255 300 kb6 500 600
: 4 Ak e --biéss of r.m.s.e.
- 6
1 23 4 3

HISTOGRAM OF THE PLANIMETRIC
ACCURACY AT CRTHO-PHOTO-SCALE

FIG 15




" NUMBER OF NUMBER
1 of 22 combinations of changes,

GOMPARISONS OF CHANGING PARAMETERS - - i invol
s : 4@ comparisons 1invo ved a tota
?éTg CHANGES CHANGING AERI&L'Dsg%}E OF tiof the 63 combinations which it would have been possible to
ARAMETERS| PARAMETERS| SURVEY ORTHO| SLIT | SCAN changing the 6 parameters studied, from one by one up
FHOTO { WIDTH | DIRECT™" five by five ( i=6 iy 6
TOTAL g z: 1= 1C§= 26 _ 1 = §3), if three times more
NUM
BER 2 hophotos had been produced to comply with such a thorough
10 3 1 X X Ziarch which would have required Somemore years for comple-
2 n !
i X rrom these comparisons it has been possible to derive the gene-

noting that the results were mot
h of the slit nor to the scan direc-

“formulae given in 8.3,
7 sensitive to the lengt

3
8 IZ 2 X X h (except for the height accuracy). The accuracy of some pro-
ll X octs are ranking in the right order of the slit width (orthopho-
2 X 44 and 46 compared with n® 48) but for others it is the
" sverse : for example, despite the use of 8 mm slit in the or-
4 thophoto n° 73, planimetric accuyracy appears to be slightly
1 X X E tatter than in the orthophoto n® 74 in which a 5 am slit was
1 X X X ged, A similar inversion can be noted for orthophotos n® 62
21 /1 3 X X 3 X d 63.
2 § X %
g X X % X .= b) Planimetric vs altimetric accuracy
X
f X X X X “comparison between the heighting accuracy and the planimetric
N X X X accuracy has been carried out for 28 stereo~orthophoto-pairs.
X X s indicated in table 38, a general improvement appears in the
& X heighting accuracy, all the more important as thescanning direc-
1 X X : ‘tion used for printing out the orthophoto and its stereo-partner
4 X p P
7 i X X X : s the x direction . This improvement, sometimes negative as
1 X X X £ ‘regards the y direction, amounts o 35 % in the x direction
X X X %j ‘and 11 % in y,on the average.
1 _{1 5 X X ) “This result is entirely coherent with the estimates of the accu-
X X X acy of a D.T.M., given in chapter 7. Indeed, the heighting
TOTAT, 2{22 combinations ARRANGEMENT OF COMPARISONS ‘accuracy ez was assessed as being about three times better than
47 comparisons | OF PRODUCTS WiTH ‘that of the DTM used (see 7.2), epTM , so that ez = %.QDTM‘
CHANGTNG TABLE :
PARAMETERS —atE 37 From formula (12) 4in7t . , the r.m.s.e, resultant vector, related
.to that epry of the DTM is

Number of preducts in each class

n

e = Vriﬂep
1

V2 uB [ e ¥ 0.5 ¢ epry

40 /F *

syl HISTOGRAM OF THE HEIGHTING ACCURACY . V3

20% 4 hence exy ¥ 0.5 « 3.ez = 1.5+ ez

10% - Fic 16 and the resulting improvement should be : SX¥ 7 &z _ 33 %
exy :

value which is quite similar to that obtained above from the

Heighting T.m.s
‘M.5.e.
whole stereo-orthophotos.

(in H/10,000)

DR R —ee e
Class of r.m.s,e.




reg-ortho-".

STEREQ- R.M
ORTHOPHOTO M. 5.8 (in meter)
IN IMP
PATR HETCHT L Iy AcgggfggNT OF i an improvement confirms the interest of the ste
I\ ¢ ANIMETRY HEIGHT VS PL 0 , process for getting spot heights or comntours- This impro-
resultant WHEN SCANNANIMETRY Znt can alsa be explained by the fact that the x-parallax
3 vector) X DIRECTION YING I ween amn image-point on the orthophoto and the corresponding
13 - 36 4. 80 DIRECTION nt on the stereo-partner has a higher accuracy ¢han that of
21 - 22 1.39 2'80 + N tocation of the image-peint itself, as it has already been
21 - gg} 1.38 4';’3 + (1;; 5 ed [1}-
;2 - 76 1.35 2. + 70 ¢ g in x provides better heighting results because diffe-
73 - 78 1.27 2'01 + 33 % between the profiles actually used for creating the
75 - 77 1.54 2'37 + 46 % d the stereomate are larger when profiling in the
37 - 79 0.91 2'02 + 24 ¢ causing worse altimetric parallaxes, as expected
- 38 .16 + 58 ¥ 4d noted in [2] and [4) .
37 - 39 3.92 2.18 - :
- 11 ' © - 80 ¢
10 - 14 %'80 3.70 + o 80 %
4éy - - 90 3 24 7 PRATICAL FORMULAE
47 1.89 <34 + 527
46 = 45 1,59 1.47 ?
15 - 18 1' 1.54 - 29 %
16 - 17 o'gg 3.11 + 67 ¥ -39 3.1 A FORMULA FOR PLANTMETRIC ACCURACY
48 - 49 ’ 2.38 o ’
2,31 + 75 7 .
96 - 91 1.65 2. 04 e feviewing the r.m.s.&, resultant vector (x,¥), computed by the
20 - 92 1.78 1.49 - 11 % - 137 Fourth assessing method, namely using & plane transformation
6 - 67 0.87 1.49 - 19 7 igtablished on the whole points available (GCPs and check points),
26 - 24 1.73 1.61 + 46 f ghrough 24 orthophotographs classed in 9 categories depending on
29 - 28 2.09 3.44 + 50 ¢ the scales of the input, DIM and output products, permitted a
gg - g% 0.86 %.g% + 29 i general practical relationship to be set Up, as said in 8.2.a.
C 0.7 i
b2 - 64 0_93 1.17 + 43 7 The following formula was established :
63 - 65 0 87 1.17 + 239 + 34 % :
40 ~ 43 3.91 1.17 + 26 o
42 - 41 3.99 3-46 )
TOTAL - 23 i3z 2 PHOTO 2 oM 2 ORTHO % |(14)
28 Sééé 23 % exy = 0,75 % (15 000) + 0,20 x (W) + 0,25 X (-S—O—D—O )
E0-~
0
PATRg AVERAGE  : + 35 %
o + o
1 in which
ey = r.Mm.5.8, 10 planimetry (resultant yector) in meters, on
Y the ground, on natural points {(including some targetted

points), of the resuliing orthophoto.

PHOTO = 1 : scale of the aerial survey (rangin

rectified into orthophoto.

DM = 1 : scale of the D.T.M., i-e of the survey which was plot-
ted into contours and gave rise to the D.T.M. {ranging
from 16 K to 60 k)

ORTHO = 1 : scale of the orthophoto

g from 16 K to 60 X)

COMPARISON OF ACCURACIES :
PLANIMETRIC VS ALTIMETRIC

(ranging from 5 K to 25 K)

TABLE 38

a is an approximate one,
to obtain

it should be emphasized that this formul
orthophoto

which can be applied in the conditions of the test,
an order of magnitude of the accuracy attainable for an

produced and assessed in those conditions.




Among those conditions are

- similar classes of

- similar scale~ranges as those used in the
- regular distributions of GCPs and e

= good proportions of well-defined features
fixed co-ordinates, used as GCPs and chec
Using signalised points is highly recommen
tion in the test was 33 %).

T 20 assessing method based on a similarit

adjustment on at least seven peints, and
fifteen points.

- a stereo-con

60 microns, resultant vector and two-round

The scamming direction can ba e

ither x or v,
of 4 mm or 5 mm is recommended

The B/H ratio is assume
that formula (14) can b
for both D.T.M. and orthophoto. Indeed in
ratio is much smaller and the D.T.M
cements of images due to relief are
they can comply with propertionally

d to be about 0.6 ,but
e applied when usin

less accu
similarly

Formula (14) is right at about + 20

relief (from 100 m to 240 m as maximum
elevation differences and 40 m to 75 m for the elevation
standard deviation)

heck points over the entire
area of the orthophoto which covers the full original frame

; with accurately
k points as well.

y using a least-squares
preferably twelve or

piler allowing a pointing standard deviation of

sbut a 8 mm slit can also provides
similar results.

g longer focal length
such a case, the B/R

less accurate corrections,

+ % for two thirds of the 24
grthophotos considered, as shown in tabhle 39.(see also foot-note
1),p.6).

8.3.2 COMMENTS AND EXAMPLES OF ATPLICATION OF THE

test

ded (their propor-

measurements,

and a slit width
it should be noted

rate but the displa-
smaller so that

PLANIMETRIC

FORMULA

8.3.2 - a) Comments

Formula (14} (see 8.3.1
main components into

-i) The scale of the

) indicates the tetal effect of three

the accuracy which can be obtained in
Planimetry in orthophotoprinting} the following comments can be
given :

photograph to be rectified

factor. The accur
proportionally to
than if the scale
increased.

-ii)} The scale of the BTM, namely that of the
from which the D.T.HW, is derived, has the

acy of the results is impro
the increase of this scale
of DTM and/or that of the o

is the driving
ved nearly

and much more
rthophoto were

aerial photograph
least impact on

the results, Examples listed hereafter in
that smaller scale DTM can be efficiently
there is little to be gained when stereopl

8.3.2 - b) confirnm
used and that

otting D.T.M

1 : SCALE OF VARIATéON(BEgE%EN
) THO- | R.M.S.E. {r )
AERIAL | D.T.M. | O8O | etor x,y) MEASURED
SURVEY AND COMPUTED
BY FORMULA §142
in meter in %
0K | 60K | 25K | + 1.15 + 25 %
+1.00 + 28 %
19 30K | 60K | 25K | 1 ol7s MES
- - 0.55 - 211
7 - 0.53 S
73 30 K | 60K 5k | - 0.53 iy
> - 0.37 - 14 %
7 oy
- + 0.77 + 24 %
I + 0.53 + 17 f
13 0k | 30K | 25K | T35 MV
P + 0.39 + 12 %
42 :
- 0.54 - 26 7%
PP - 0.47 - 23 %
pg: + 1.10 + 54 !
1 30K | 30K sk | 153 P18 9
is + 0,03 + 1 é
Pt - 0.52 - 25 % 3
32 30K | 16K | 30K | -0.55 - 15 7
- 21 7 - 21 %
T 16 K| 60K S K | - 0.44 21 % :
16 K | 30K 5K | + 0.16 +12 % +12 %
50 i
t 008 ¥ g é -1
2 + 0.03 % ;
62 16 K | 16 K 5k | +0.03 3t
63
1. AVERAGE -4 %
24 ORTHOPHOTOS 9 CLASSES GENERA

VARIATIONS OF ACTUAL PLANIMETRIC ACCURACYozﬂATION)
ORTHOPHOTOS IN THE TEST (FROM THE FOURTH TRANSF
AROUND COMPUTED VALUES GIVEN BY

PRACTICAL FORMULA (14)

TABLE 39




from the same survey as that to rectify.

QOMEUTED WITHIN
1 SR OF TR | B ANDEIRIC R.S.E.

-iii) A conclusion drawn by this formula is that the output APRIAL | D.T.M. L eI (resultant vector) N.MAS.
scale has not a very strong impact on the result at SURVEY (QUTPUT) | AT GRODD | AT CRIED-
ground-sciale. However orthophotoprinting should (INEUT)
always be considered as an en

largement of the original
survey. If the output scale is very near to that of the

input product, a loss of accuracy appears at ground scale
which is caused by problems of feature detectability and
lack of ease of identification. Meanwhile considering that
D.T.M:used for creating an orthophoto are often stereo-
plotted fromthe actual survey to rectify, formula (14)

can yield the maximum enlargement to be used to comply with
mapping accuracy requirements at orthophoto-scale, such as
for example the U.S5. N.M.A.S which set a limit of 0.50 mm

(in meter) | (in mm)

0.18 mn
WK BEK 4.6 m
% % 0K 125K 4lm 0.32 1mm

- X, elargarent poss.
- max. enlargenent poss.

— for 25 K mep
Yoy B et by GID ()

45K 45K 10K 3im 0.31 m

K NE LK 3.7m 0.15 mn

- U955 digital test
K 2.9m 0.24 mn

resultant vector) for 90 % of points, corresponding to a WK K 2 _ good for 25 K
r.m.s.e, of 0,31 mm. DK | 0K | BK 35m 0.14 T vngpymdﬂm
The maximum value obtained is anm enlargement of 4.51 «x, :

which is not enough pract

ised and should be recommended

DK WK 5K 2.5m 0.50 tm
ratio, instead of smaller enlar-

~ compare with ex. n’ 6
for a hetter cost/benefit

Booc- olin &) ]

5 |§8Ee §|F 8|9 |F9

3.2m .13 m
DK | DK | BE 0 .
K | 20m 0.40 mo - efficient
gements of 2.5 x to 3 x, more often used. %;ﬁ ﬁié 3?)[( 3.5m 0.12 m ot very
- see [, test for o
8.3.2 - b) Examples 1 %K 3 BK | HK 3.0m 0,12 mm ision, ,]@m{ga{'}ﬂﬂ;
s T : r.a.s.e. ob 18
rarging £rom 0.10-0.17 mm
A set of applications of formula (14) is given in tables 40, 41
and 42; they provide examples related respectively to medium _ ement: .
scale products, ranging within scale-limits of the test, to x| 25K 5K 1.5m 0.31 m yes max. enlarg poss
larger scale products and to smaller scale products derived,for 12 2, - 1955 digital test,
the latter,from high altitude photography or space imagery as OK 12K 21m 0.18 m yes see [6]
well, by an off-limit application of formula (14). 112 %E »Ek! K | 19m 0.16 m yes .
" pore efficient then ex. 1° 9
Most of examples display a r.m.s.e better or equal to that cor- % | oK 5K 2.2m 0.40 mn ™ _mszfﬁalt for 5K ;
responding to US.N.M.A.S based on a value of 0.50 mm {resultant b ZOK PK 5K 1.5m 0.31 mn yes Ve !
vector at orthophoto-scale) at a 90 % level of confidence 16 0 - see [7], SUDHIRY (IN test,
(i-e 0.31 wm at a r.m.s.e level of confidence of 68 %). 17 BE | BK 65K 1.2m 0.18 mn yes rm.s.e: ptained 0.17 m
-i) Table 40 shows a wide variety of combinations which could
be wused for an efficient off-lina production of orthophotos K | 0K 5K 2.0m 0.40 mn ™
at medium scales, using D.T.M derived from altimetric data 18 15[( 0K 5K 1.8m 0.35 mm o ible use of alti-data
bases which are currently established by stereoplotting 19 lSK 0K SK 13w 0.2 m yes ] mplﬁslat LYK
aerial surveys at 1 : 30 K or 1 : 60 K, aimed at a regular D BK VK 4K 1.3m 0.32 nm yes
digital coverage of entire areas of countries. Some exam- a4 15[( 15K 5K 11m 0.22 mm yes
ples indicate a very good agreement with the results from 2 B
other previous tests %examples n° 11 and 17), others show

that there is lii‘:tle to be gained using D.T.M at the same
g%a;evgslgg? aerial photograph to rectify (examples n® 6 vs 8, e e
OF PRACTTCAL FORMULA (14)
RANCING WITHIN LIMITS OF THE OEEPT TEST
(AT MEDIUM SCALE} :
COMPUTED (AND EXPECTED) PLANTMETRIC ACCURACY
OF ORTHOPHOTOS

TABLE 40

-ii) Table 41 shows that formula (14) can be extended to larger
scales than those involved in this test and examples. n®4, 5
and 9 display(a good agreement between accuracy computed

14

from formula and that obtained in different other
previous tests,




(%] iN w N —_

O ® o~ o

12K
12K
0K
DK

8K
8K
8K
4K

a simpilar way that formula (14) IS
gmaller scales than those used in this tést:

and good agreements Tesult from examples N® 1, 4 and 5
“with other previous tests. Some examples illustrate the
. possibility of efficiently mer%ing data from space and
i aerial surveys (see examples n~ 11, 12 and 13), to obtain
5K 1.0m 0.20 m . orthophotes at medium to large scale (1 : 10 K to 1 s 25 K),
%K yes | - used in BRG - using aerial photographs at 1 & 30 K and 1 : 60 K-scale -
2K 1.3m 0.26 mm i and D.T.M derived from SPOT data and/or, in the future, i
2K 2 yes | - usad in Rhineland-Palatimaps: from new space projects at 5 m. pixel size, currently .
K 0.80m 0.40 m o (Hﬂlsaaﬁﬂ : being developed by NASA, ESA or CNES, expected to deliver :
10K 4 = wsed in french Jocal " stereco-viewing through fore and aft-looking sensors with '
K 0.75 m 0.19 comumities - prod, TGN () a B/U ratie of 0.75. :
10K " e "553[7111‘131“11\1@%@ : -
25K | 0.20m | 0.28mn rm.s.e, chtained 0,19 m -
yes |- see [9], Mtem~testr.n, 3.3 FORMULAE FOR HEIGHT ACCURACY - !
VK| 25K ] 1.0 e - ‘s
e 0,40 m o -pmﬁﬂmﬁlseogxsl feviewing the r.m.s.e in 7 computed by the second assessing i
5K 2K 0.67 data Fase tl.ahl thod, using a calibration on the whole points, through 25
67 m 0.3 mm m 'pxsﬂﬂei; £33K areo-orthophoto-pairs classed in 12 categories, depending on
8K 2K 0.5 m ¢Mahﬁe3t§1§u1 i scales of the input, DTM, output products and scanning
0.28 m yes | - compare with LK ° ifection, permitted two general practical relationships to be
4K | L.BK{ 0.8n 0.23 sergle o 3 stablished, as follows :
.23 mm yes ﬂE&EKﬂ,Hnﬁiﬂg:gyhga- ;
r.m.s.e. range 0.20-0.46 m
ORTHO\
y [13)

EXAMPLES OF EXTENDED
APPLICATION OF FORMULA (14)
TO . LARGER SCALE

2
e = i SR
Z, 0.30 x{(35660

2
e =
Z, = 0.30 x(35 500

PHOTO ‘)2

2
+ 0,10 x CHMesy) + 0.25 x (57o00

ORTHO, 1(16)

2 2
+ 0,25 x (3—665)

2
PHOTO DTM
) + 0.50 x (75 500)

COMPUTED (AND EXPECTED) PLANIMETRIC
ACCURACY OF CRTHOPHOTOS

‘in which

TABLE 41
X! eZY
PHOTO =
DTM =
ORTHO =

= r.m.s.e in height, in meters,omn the ground,on
natural points, (including scme targetted points)
of stereo-orthophotopairs scanned resp. in the
X and Y directions.

acale of the aerial survey {ranging from 16 K to

60 K) to be rectified

1 : scale of the DTM, i-e of the survey which was plot-
ted into contours and gave rise to the DTM, (ran-
ging from 16 K te &0 K%

scale of the orthophot

ging from 5 K to 25 K)-

1 :

1: o and stereo-orthophoto (ran-




8 150K 150 Groinland
K[ 100K 14
ok m 0.14 - i &
AFRTAL FHOID { oK 5%![({ Hm G.22 m ;: —xumifd]{b]e icj 0o
: - 10m 0.20 mm yes -u%dingiiﬁmt
120
K| &4k 10m 0.15 rm yes |~ usad in Alaska (UGS}
10
8K K| 24K 5.7m .24 mm -

yes | - used by USGS (iap)

60 K .
150K 25 K 6.2 0 -
11 m .25 mm yes very
ml].d be
00K K o . yes - would very [y
( 1 ) 20 5.0m 0.25 mn e efflCl t
SPACK l;-sil'B D.T.M. frem e, n ;
10K 4.4 m 0 yes - very I
( ) 15K o .29 T wodd be aff
ent
K 1 K 1(] K 36m 0.36 nm nw - wauld e

AFRIAL BOIG | (SPACE)

efficient prodet usi _
fnmem.nggit irg D.T.M.

TABLE 42

iepancies an
arates the X

hey
te from

g a g am slit.

sign
garithmic la

Se.

?brm
of
instead of + 20
(see also foot-note

ould be emphasize
: wate than formula (14) in planimetry,

d twice less orthophoto
and y scanning directions.

can provide an order ©
atereo-orthophotopairs pro

conditions of the test

o B/H ratio is assumed
mm or 3 mm ,but moO signi

jficant differences
ws for the x-parallaxes intr

te, probably due to

ulae (15) and (16) are right

the 25 stereo-orthophotopairs,
¥ for formula (14) in planimetry).

7.3.4 COMMENTS AND EXAMPLES OF APPLICATION

£ill much
due to wider
ginp each class which

d that these formulae are s

ude of the accuracy attaina-
duced and assessed in the

, listed in 8.3.1.

f magnit

to be 0.6 and the slit width about
ficant differences should appear

have been noted between linear and
oduced into the stereo-

a lack of measurements at overhead featu-

at about + 35 % for two thirds
-as it can be seen in table 43

(1),p.6).
OF THE ALTIMETRIC

: FORMULA

the absolute r.
one (from 11 %

~1i) When scanning
tified remains

in planimetry.

-iii) The impact of the orthophoto scal

planimetry, con
should be considered as enlargements ©

-iv)} The results are bet
direction from 20 %
the profiles actual

photo and its

tion, introducing extra error
re inferior to those which would be obtained

-v) The results a

8.3.4 - a) Comments

-i)} Comparing formulae
tement given in 8.2

the scale of the D.T.M overpasses
photograph. Anyway the impact of

(15) and (16) to (14) emphasizes a sta-

- b) and table 38 ,according to which
m.s.e in height is lower than the planimetric
to 35 %), strengthening the interest of

stereo-orthophoto printing.

in x, the scale of the photograph to be rec-
the driving factor while when scanning in ¥,
the impact of that of the

the input is smaller than

e is the same as in

firming that stereo~orthophoto printing
f the original survey.

ter when profiling in X than in the y

to 45 %, because differences between

ly used for off-line creating the ortho-

partner are larger in y than in the x direc-
¢ in the x-parallax.

directly by plotting the original stereopair.




3.4 - b) Examples ; la (15)
; 1 : SCALE OF VARTATION BETWEEN AVERAGE SCAN : lication of the altimetrlc.formgtﬁinAthe
ORTHOPHOTO | AFRTAL | D.T.M. |ORTHO- R.M.S.E, IN 7 VARTATION | DYRECTION Some exarﬂﬂestgilzng, consisting of scalesé‘ﬂggig‘%a‘gds smaller
i 4 b
R e PUTID Y S sE| EG are Biions of the test and of scales conbinations which could
" mﬂ?ﬁ??(m-?%SML gggs ponditioer values. A wide variety of comis displayed.
in meter in % gzduSngfor stereo-orthoephoto printing, Lte of
© : agree to the results
33-36 | 60K [ 60K | 25K | + 0.44 +97 +9 1 : be seen that some examples fulty o8 0ce 8, 2y 75 9, 10
i . ; Y 1t can ious practical tests (see ex Pscale aerial photographs,
19 - 22 2.54 64 ora“11) Cither from space Ao o tioner this fogmula. Converse-
- T oL - I3 . ‘an i itional validation . indicate
gi-_gg} 0K 60K 2K T3 R B Y .§hiczsg§iggibigiizgliiopreviogs tﬁSFShﬁiiggaicﬁizé¥ tEice better
- yr PR ent delivered a helg jectors. The reason
‘that this instrum 1 sterec-ortho projec ' of the
- - f other analog o . f both frames
¥ 38} 30 K 60 K 5K + 0.83 + 27 % + 27 % y ‘than Egét'lges in an en-line KQCtlflcatioglgshed by the GPM,
- prgba uziﬂg exactly the same D'T.M' esaitner
44 = 47 + 0.03 + 29 gi;réreating both orthophoto and its p o requize-
46 - 45 30K | 0K 5K | -0.27 -15% +4% y ' stated that Stereo-oFthOPhOEO pr;gg;ggs_
48 - 49 + 0.45 + 24 % it ii ggzed?gﬁcult to cope with, us;ngrzzzm;’ﬁtg in a near Futu-
men hould bring imp
- _ - o - o . 1 hotografﬂfﬂ9trY'5 . .
0 -5 16K O K oK 0.73 ks 4 % Y Ezgéﬁichpcould foster its production
52 - 53 16 K 16 K 5K - 0.26 -25% -257% y
72 - 76 - 0.40 -23%
74 - 78 = 0.48 ~ 27 % o
73 - 77 DK 60 K 5K - 0.2t -127 =27 % x
5=-79 - 0.84 -~ 48 %
13 - 11 0.6 0% o
10 - 14 30K 30 K 25K - 0.90 R - 16 % x
15 - 18 - 0.32 -23%
16 - 17 - 0.77 -5 % o
0-o01 | KR sk Dond Ik Ly X
90 - 92 + 0,42 + 31 %
66 - 67 16 K 60 K 5K - 0.59 - 40 % - 40 % x
26 - 24 16 K 0K SK { +0.95 +97 % +97 % x
62 - 64 + 0.3% + 48 7 9
63-65 | 1K 116K | 5% | 703 rgq | +281 x
25 STHREO-
ORTHOFHOTO 2 x 6 CLASSES
PATRS
—J

VARIATIONS OF ACTUAL
HETGHT ACCURACY OF STEREO-ORTHOPHOTOS
IN THE TEST AROUND COMPUTED VALUES
GIVEN BY FORMULAE (15) AND (16)

TABLE 43




'EXAMPLE 1 : SCAIE O
JEX : F THE
: Agﬁiég/ D.T.M. CRTHO- AE%?ﬁnggC COMMENTS
(SURV’EY PHOTO GRI'IM.S.E. AT
IR OUND SCALE
) (OUTPUT) | (in meter)
FROM
STEREQ-0ORTHO
1 8 SCAN IN X
20 K 820 K
EEACE— 100 K 3o m - values of 20 m to 3
i m to 30
£ have been obtained bymstér
2 - — - plotting pairs directly <
- .
300, (B 12 m - sae [14], r.m.s.e, ¢
obtained is 4 m —'1033ge

CONCLUSIONS

stereo-orthophotos gives

OFEPE test on orthophotos and
gories of products

4re insight into accuracy of different cate
nd agsessing methods.

ce : the scale of

The results did not
except for the
dard limits.

hree parameters are of paramount importan
ut and output products and DTM source.

jppear very gensitive to the scan direction,

gight accuracy, nor to the slit width, within stan

arried out using & GCPs om the average,
which is a standard number, but the impact
of GCPs number on the accuracy has not

ost products were ¢
ainkty frem 5 to 7,
of a large variation
Been studied.

the number of control points used for
formation of orthophoto co-ordinates
ed in a very detailed way.
hould be used for scaling,
acting as control,

However the impact of

astablishing the trans
into ground co-ordinates was studi
t two remote fixed points 3
outside these points,

30K 30
K 10K l.6m - a value of and extrapolation
general]_; Ogégi; gg mis should not take place,
. [ y
5 25K = po directly stereoplotting pair 1t should be recommended to use & gimilarity adjusted on the
6 25 K 75 Kk 0 K 2.7 m - see [5] whole Fixed points available, keeping perhaps inactive two or
] K 14 m has be » 2 value of 0.97 m three fixed points, if their aumber allows for such a further
7 16 K 16 K o5 en obtained, using a GpM check. When using 7 GCPs for ajusting the plane—transformation,
] S K 0.85 m ~ see [7] sup the imprevement reaches 10 % relatively to a meré scaling on
g s a bBUBYtﬁst: two points; this improvement is of 15 % by using 10 or 12
10K 10 K 10 K 1 +5.2. obtained 0.71 m known points for this transtormation and could be of 20 % with
1m - see [9] . 20 points.
9 » 2 value of 0.44 m
10K 16 K 4K 055 beaaobuuned,tming a GPM has 1t should be recommended to use some targetted points, at least
1 =Jo m ~ see [7), RIPON test: as GCPs, the improvement over natural points reaching up to
0 10K 10 r..S.e. obtained: O 35 % or 40 % regarding the plani and height accuracy at targets,
K 2.5k 0 ained: 0.40 m Py b e ; ;
50 m - see [9] : when their size 1s very apprepriate to the scale. This empha-
pthmer; analog stereo~ortho- cizes the importance of point identification and interpretabi-
M range of %m&aa r.o.s.e, 1lity of detail. Measurements should be carried out at well-de-
4 K 4K 1.25 4 -1.7m fined points,on distinctive features, easy to point to. The
25 K 0.2l n - see [10] ; value of the r.m.s.e in identifying a point can be assessed as
ros.ol FRG'test giving a ranging within 30 and 60 microns at photo-scale,and as reaching
-8.e. of 0,22 - 0.24 up to 4.3 Eimes the value of the peinting error, caused by the
asseasing instruments.

) EXAMPLES OF APPLICATION OF
ORMULA (13) OVER 4 FULL RANGE

GOMPU
OFTED (AND EXPECTED} HEIGHTING ACCURACY
STEREO-ORTHOPHOTO PAIRS

OF SCALES:

TABLE 44

o use a mixed restitution frem full
he whele nadir area of each
hich the accuracy is improved
This method delivers

1t should be recommended t
frame, which allows to rectify t
successive photograph, area in w
by 21 % over other areas, on the average.
an improvement of 6 ¢ for the final result, and probably more

when a large block involving several strips has to be rectified,
as off-nadir fringes, of poorer results, can be reduced by
sharing the side overlaps between adjoining strips.




ve, resultin
several prop
nadir neighb

qualit

However

DTM and orth

manners to ch

When no hei
?Vailable,
o rectif
for the ogéh
from that of
accuracy re
the related
sometimes ch
survey,
availabl

gh
th

2'3 times for
which correspo
the orthophoto

All these improvements have

Somewhat lar
: ge d
and in their ass

general formul
ae
ines as to determ have b

hophotos.
an enlargement of the

of the proper data req

the orthophoto
quired on tge gréund
map accuracy standards
caper to commiss :
especially over wide
€ have a scale too q4i

been note
e effect
ear-nadir

& in a cumulativy
erties such as n
ouring points.

using appropriate scales

oose which scales to uge
ting data b

e DTM, which

and
As

the ortho

photo. S0 wi
nd to a ratio of 7 g;dg E
s and the D.T.M. which pr

lscrepancies have been

. een set u
ine the best way gf

Output products should

uired. Some examples s

the need to comply with

10n a special aerial
?Eeas, whenever the
erent from iis mos

;gmua better local haomo-
% and 44 7, as regards
P.1n planimetric and ele-

d as bein
eing exactl iti
it points which gwiddlth
argetted points or near

outlln}ng some useful
Eroduglng stereo=-or-
& original survey
be considered as

for ¢

y clear awareness
oW cost-effective

1f from the

a result, it could be
photographic
surveys

t appropriate

nes, 3'or even 4 times
ify, giving rise to
8p. 3.5 times, 3 or
anges are seldom used
etween the scales of
oduced them.

wging

&
3.7 x H/10 000,

about 0.5-0.7 m
carried out at
e of 1:8 K and

where a planimetric accuracy of
any Users, orthophotes could be
aerial photographs at a scal
m 1: 15 K-scale surveys.

o to 10 m is needed for
engineering projects
20 K

Sjlirban areas,
yvequired by o
5:K-scale, using
p.T.M derived fro

cural areas, where an accuracy of 2
i reliminary design phase of civil
se L151), orthophotos could be achieved at 1: 10 X or 1:
aerial photographs resp. at 1: 30 K or 1: 50 K and a

“p.M obtained from space surveys at 1: 100 K-scale,

acy, though inferior to that of
would be approximately of

to be superimposed with an
the related regular line mapj
d either from the D.T.M used in erthophoto

e sterco-orthophoto-pair, eventually deli-
thophotomap.

heighting accur
plotting product,
allowing contours
uch as that of

any case the
regular stereo

interval twice as m
they could be issue

production or from th
vering a quite complete and interesting of

her examples of application are ot could be reported,
that there is little to be gained in accuracy by using

tter D.T.M and more money to be lost by doing so.

photogrammetry and orthopho-
successful development, the
1d no longer be hampered by
ue as supplements or

In the prospect of fully digital
graphy, which are already under
stereo~-orthophoto technique shou
cost-effectiveness problems. Its val
alternatives to standard mapping and the great potential it
offers through computer-aided cartography(ksee[ﬁj)and G.T.S.,
could then be fully recognized. It ehould eventually be an
efficient by-product of the basic altimetric data bases which
are now being available or being established in an increasing
aumber of countries, and/or of DTM derived from stereoscopic

space sSurveys.

a are ready for integration

geocoded dat
m of inte-

Orthophotos and space
plicable across a broad spectru

into G.I.S and are ap
rest.

as they largely rely
ther computer-assisted
rocedure
1] and

otos are easy to produce,
£ aD.T.M and o
to use and need mo setting P
eoplotter (see

Stereo-orthoph
on automatic formation o
stages; they are simple
by comparison with a conventional ster

(9D

The results obtained in t
of data is used in input,
from field, aerial or space SUIVey;
dant of the technology used in production,
off-line orthophoto-printer is used,optical or digita
can be but improved in the future, using CCD cameras

and digital color image processes.

his OEEPE test apply te whatever kind
in analog or digital format, either

these results are indepen-

whatever type of

1, and

for example




L ZOfthOPhOtOprinting shows great promise as an important

66l in'automated mapping, either from scanned aerial photo-
taphs or CCP sensors.

Further developments should be ex
using a new generation of space s

by CNES, for the post SPOT-4 era,
polar platform, All these instrume
ring a better ground resolution an

pected around the year 2000,
ensors such as those studied
or by ESA and NASA for a

d fore and aft stereoscopy.

Should there not be room for further tests that CEEPE could
congsider later on 7

Taking into account the availabilit
digital processing methods,
more specific tegt :

y of digital input data and
two ways could be approached in a

- large-scale stereo-orthophotomapping,
color digitat data, checking the maxim
can be obtained in output products ver
and aerial surveys,

using existing DTM and
um enlargement which
sus the scale of DTM

small-scale stereo—orthophotomapping, using a DTM from 5 n

or smaller pixel size space data, checking the maximum enlar-
gement allowable in output for either aerial or space images
to rectify,

Fully digital processing should improve the heighting accuracy
attainable frop stereo~orth0phot0pairs,since, unlike now in
most orthophoto—projectors, except GPM,

images of a stereopair would be rectifie
its stereomate using exactly the same DTM
backlash or deviating value d

in the DTM between the orthophoto and its Stereomate, should
then take place,

As regards specifications of equipments for using the stereo-
orthophotes, they mainly depend on the goal aimed at. At present
5 or 6 instruments can be considered as available (see 3.2.2),
though most of them are still prototypes. They differ in size,
magnification, number of carriages for holding 1 or both stereo-
mates, compiling or revising a map, superimposition possibility,
digital recording systems... A plani

and a parallax accuracy of 1
not raise any problem.

Considering that the loss of relative hei
compared with that of the original survey
between points far from each other,
ring points, this difficulty should
back for many users.

cmm is quite sufficient and should

ghting accuracy as

» which can reach 80 %
is quite null at neighbou-
no longer be a major draw-

mprovements
Phe i ether with
the same £ilm, tog

g r to set up :

:gggeunwanted rotation,

diate wa

he cest will still remain the ma]
Ef stereo—orthophotographs.

rammetry, v
acy at always reducing costs,
¥

nts are scheduled for delive-

gsuch restric
of these products.

i P i ecialised
Stereo-irE%gEEDEZtEig?négich requires very little sp
sterecplo

ini f the user an
;iaigi?g(gee ALT and DOWMaN, [11).

metric accuracy of 2 to 3 cmm

i the stereo~orth
t when producing =0
o e brouggnd stereomate should be ﬁrlngi
both orthophoto proper register Fic 5%0 o
topair more easlly, ! lear
e Sterig-zgtgzgzgdePthe user w1thuig imme
heck the icaie and the heighting form .
ot i wider use
r restraint on a WlC
But thg development.of g;izgaiccu_
i i better products and incr Jsen
i o ether with that of geo
ra should largely remove

G.1.5. and heighting data bases, d large y hrion

i an
tions and foster the production

1 remain the simplest automated

d can be used by non-photogrammetrlsts
c
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10.4 LIST OF QRTHOPHOTQS AND STEREO-ORTHOPHOTOS

See item 3.3 and tables n° 3 4 and
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RECAPITULATION )
RESULTS FROM A I
: ERIAL PHOTOS AT 1 : 60 &k Ik 18k - cAGE 1.11 ORTHOPHOTO N° 84 Relief : class
41 Scale of HEIGAT & \un meters) .
| transt. set gy U RACY PLANI ACCURACY —
STAGE Aeria]rD. T, M) Ortho vf_l‘t 2points | wigle pis transf. set up on 1: BCALE OF Operative Center and
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- - PEB 8
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IFAG [ 1.13 160 K | 60 K | 25 g| & mm . 2] __ 115.0lna (o Eiesd® K[[125 m OR1 pSML
¥y .8
N1S 2. . 5.8 N.A
1t [30 K |60 K| 25 x| » ma] § ¢ a1 EEIGHT ACCURACY
' _ : ¥ N - 4.8 4.4 4.2
* . = : 1 number of
ITC . — 1n a round, number of points Number Tota. "
2.12 |30 K Jeo k| 5 g| 3 nm 1.3 1.3 1 ] ] cancelled measured & used| of rounds cancels meagheen e
| FoX - - .3 2.3
1me| 2.3 |30 & . I 2.2{ 2,0
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G 2.14 130 K |60 & 5 K 8 mm 40 — Stereopair u.mesé‘tlczuprtz)alrllsl orm de{y;g%le%l (meter) flying heightD
v . 3.9 13.9{ 2,5 2.2] 2.1
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1T, ) 4.4 3.713.0 The whole points
aG | 2.
23 |30 K |30 K| 25 K 4y““n 4.0 N (least sq. adjust.)
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. .G
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I6N [ 7.31 130 5 K “x™"1 1.8 n® 84 - 81 3 - 9 10 30
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(similarity)

- The whole GCPs

{similarity bgr least N.A N.A N.A N.A N.A n.A
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cancelled measured & used| of rounds cancels measurements | capcelle

—_—

siandard ‘L
: - . eviation
. standard o, s | € .(in 7] ‘oreopair Alsirnetric trar?gfnrm d(meter ;!
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- 2 poinis

(similarity) 2.33

466 512

- The whole GCPs

(similarity bty least 2.92

5q. adjus’)

384 878

- The whele GCPs
(affinity by least
5q. adjust) N-A

- Trhe whole points

{(GCPs + check pis)

(similarity bty least
{sq. adjus™ )

2.12

424 404

siandard r, m. S . e .(in Z)
Stereopair Altimetric transform.| deviation aceuracy .
set R on (meter) (rmmeter) flying heightBf |
2 points 0.89
° _ I T
n® 75 L The whole points 0.85
{least sq. adjus".
PLANIMETRIC ACCURACY
1n & round, number of poinis total mumber of
St ; Number
greopair cancelled measured [of rounds cancels |pmeasuremenis
and used uged
n® 75 - 79 3 18 1 3 18
Resgultant vector in (x, ¥ N
i i d t photo scale at oriho scale
Planimeiric groun & p(n?lcrinsj (mwrons)
transformation
L 0 r,m, s, e.|st” deviatyr,rm.s.e. dev1a jr,m. §, €.
set up on: accuracy jprecisien|accuracy prec1s1on accuracy
- 2 points
(similarity) 2.88 99 576
. The whole GCPs
(similarity by least 4.53 105 151 628 906
sq, adjus’)
e ————]
- The whole GCPd
(affinity by tleast N.A N.A N.A N.A N.A
sq, adjus )
- The whole points
{GCPs + check pts) 2,16 74 72 444 432
(similarity bly least
lsq. adjus® )




STAGE

2,14

ORTHOFHOTO N°

37

Relief : class ITI

1: SCALE OF

Ortho f[AeriallAerial [ - Operative Center and
Pro D.T. M Slit | Scan .

roduct Photo fSurvey Ortho| Width | dir, ?fiﬁiﬁffﬁlf{’ e

ssessment

o

0° 37 [n* 32 0k| 60| 5k ] ™ IFAG (D) IPTU (a)
40 m y 72
- = - STEREOGRAPH -

Oriholl Width | dir.

10

Relief : class 11

Operative Center and
Ingirument for ortho
Production]Assessment

IGN (F)
- ORTOSTER -

HEIGHT ACCURACY

I "
2;@3523{ number of points Number Total numbe
measured & used| of rounds cancelg meg?;gzéec:lmems
3 .
_ 13 2 6 26
ot i 1i i :
ereopair Ahlmetrtlc transform, divailg’?izid o .aCC%facy ° e A
set up on:
p meter) (meter} flying heightH
n® 37 - 3 2 point
. 8 points 3.96 4.85 10.8 x H/10004)
37 - 39 The whole peints
{Least sq. adjust) 3.96 3.92 8.7 x H/1006]

HEIGHT ACCURACY

El’LANIMETRIC ACCURACY

-
- The wheole GCPs
(eimilarity by least
8q, adjus”)
- ]
- The whole GCPg
(affinity by deast
sq. adjus )

- The whole points

(GCPs + check pts)

(similarity th least
(sq, adjus™ )

2.68

75

86

73

89

97

In a round, number of poing
Stereopair ) of poinis " - -
cancelled | GCPs [ measured Number ctal number of
cf r
n® 37 - 38 ] and used reunds cancels
37 - 39 i 2 or 4 14 2 9
. . Resultant i
Planime nt vector in (%, -
transf tl"lC‘ on the ground at photo Scale( . 7
sformation (rneter) (mic at ortho scale
set up on : otd deviatir, m. s, e lot . rons) 4 {microns}
Fat c 2L B EOstT deviat)r d L
- |precisioniaceuracy precisighi;éga}ghi'ﬁ}reéﬁzglﬂtr.nl.s_e,
L on accuracy
- 2 points
(similarity) 2.49 2.45
: : 83 82 498
490

450

436

536

436

i
in @ round, number of points Number T‘;tal nun%xblggs%‘r ents
cancelled measured &used] of rounds cancels nse
2 4 49
standard ., m. accsuf'acy € .(in 2!
Stereopair Altilntas,té'ti%gr‘)a:?form. d?gg%c}n (rmeter) flying heightHy
2 points 1.97 6.7 x H/lOOOU
The whole points 1.92 1.90 4.2 x /10000
{least sq. adjus.)
PLANIMETRIC ACCURACY
In z round, number of poinis toial pumber of
. Number
Sterecpalr cancelled GCPs measureéi of rounds cancels measlilsreemem&
and use f
n ig Si‘l'ﬁle 103 | 7or10| 170825 4 5 84
Resultant vector in (x, ¥ ) N e
i d t photo scale at ortho sca
Planimeiric onutrt:;g;;)un da %microns) {microns)
transformation 319 deviatjr.m, s. e.lst deviat]r.m, s, e. tg devia‘j r,m,s,e.
get up on: precisionjaccuracy precision|accuracy lprecision|accuracy
- 2 points 4,30 4.66 143 155 172 186
{similarity)
- The whele GCPs 163
(similarity bty least 3.9 4.07 132 136 158
sq, adjus’)
- The wheole GCPg
(affinity by t_least 3.73 3.77 124 126 149 151
sq. adjus }
_ Tre whole points
{GCPs + check pts) 3,9 3.9 131 131 158 158
(similarity bty least
{sq. adjus” 3




ORTHOP ° N° Relief : class 1T
HOTO N° 43 Relief : class 1y STAGE 2.23 ORTHOPHOTO & 40
1: SCALE OF T — 1: SCALE OF Operative Center and
AerialD, o IOnp;iratlveLCenter and : Aerial Aerial! ¢ Glit | Scan instrument for ortho
Survey Ortho||Width | dir, Pro:{:;::i?r: lt;\or ortho : gff:)h‘;lct Photo SurveYD. B M\Oﬁho Width | dir. ProductionlAssessmen‘ﬂ
B ssessment 1L
30 K| 30 5 mm b 4 ma GN (F
R 25 g IGN (F) ICN (5) ° 40 |n® 32 |30 K |30 K | 25 K tood v TFAG (D)| 16N (F)
=0R1 - = ORTQSTER- -7Z2 - - ORTOSTER -
HEIGHT ACCURACY ' HEIGHT ACCURACY
In a round, number of poi : - Total number of
cancelled Polnts Ina roun(g], number Ofrpeodig:ised Ij;r:o}:;i‘:is cancels meagurements
cancelle meagu
0 to 3
60
175 1 to 2 12 to 17 4 7 ——
Stereopair Altiraetric + standard  [r . m = =y standard r, m. accsuf'acy KES
o cupr;t;la?form. deviation ' accurfacy €.lin Z7 Stereopalr Altimetric transform. devia%ion {meter) flying heightH
at 13 - 11 meter; tmeter) [flying heightn set up on : {meter
13 - i —
h‘s———~—-1.2¥\ ? points 2 points 3.92
n® 13 - 11 e o 40 - 43 —
L only The whole pointg S " The whole points A
{least 5q, adjus®,) (least 59, adiust, ) N.
PLANIMETRIC ACCURACY PLANIMETRIC ACCURACY
In a round, number of pol Tt i namber of
: ’ cint i 3 n total nwm
Stereopair cancell pots Nurmber total number of In a vound, number of poiat Number .
celied measured [of roung : Stereopalr cancelled | GCPs | measured jof reunds cancels measur:é’lnent:
13 o and used 5 cancels  |yeasurement l and used =
n® 13 31111%153 used o 3
- o = 1
13 - 12| o n® 40 -43| 0t 9 | Ser6|1ste37) 11 27 212
. . Resultant v : = Rosullant vector in (X, ¥) )
Plammetmc. on the ground at phi(igogcgle(x » 7 ] i on the ground at photo scale at o(;‘it_lxgrgggl}e
transformation {meter} {microns) ai oﬁ!llgrsca]),e Plammetrlc~ irneter) Imicrons) a ;
set up on: st= deviatir.m.s. e g9 deviat] d .Ons transformation 19 seviatr. . 5. e fsid deviatjr.m. s. e jit? deviafjr.m.s. e.
——  _ ___ _ |jprecisionjaccuracy [precision ;Cg?iric; st™ deviatir,m, s, e set up on! precision |accuraey precision|accuracy |precisionfaccuracy
T SN Sl precision a(:cupacy'
- 2 points R M ——
{similarity} 4.38 5.21 146 174 - 2 points ) 2.97 3.46 99 115 119 138
175 208 {similarity
]
‘( The whole GCPs T
similarity by least - The whole GCPs
: 3.9 109 112 131
5q, adJuS%( 4 4.20 131 140 158 168 {(similarity bff least 2.81 3.27 94
] sg. adjus™}
- The whole G('Pg ] -
{atlinity by least GCPs
. -3.60 3 - The whole 14
sq, adjus ) +92 120 131 144 157 (atfinity by least 2.65 2.86 88 95 106 1
sq. adjus )
(‘G’g"; whole paints I A S A
s + check pts} _ The whole points
(similarity by least 3.70 3.70 123 123 148 148 (GCPs + check pls) 2.72 2.72 91 91 109 109
{sq. adius" ) — (similarity b@r ieast
(sq. adjus™ }

le4 165




1:8
Aerial{Aerial
Product|Photo Surve

ORTHOFHOTO N° 42

CALE OF

Ib. 7.

Ortho i Width | dir,

Production]Ass egsment

IFAG (D)
- 72 -

Relier ; class 1I

Operative Center and
Instrument for orthe

IGN (F)
- ORTOSTER -

cancelled

0 to 3
b

Stereopair
—

n’ 42 - 41

The
(leas

In 2 round, number of points

Altimetric transform,

standard
deviation

set up on ; meter)

2 points

whole pointg
t s8q. adjus®, )

63
o 'acc%f-acy ¢-lin Z]
(meter) flying heightrj

ORTHOPHOTO N° 44

Relief : clags ITL

1: 3CALE OF

. i l .
ortho  |Aeria Aemal'D'T'M\ortho Width | dir.

Slit Scan

Operative Center and
Ingtrument for ortho
ProductioniAssessment

PLANIMETRIC ACC URACY

Sterecpajr

In a round, number of points

cancelled

total number of

cancelg M easurements

used

Resultant vecior in (x , ¥)
Planimetric on the ground at photo scale at arthe scale
transformation (mreter) {microns) {microns}
. ¥ deviatyr = i d iatl
set up on ; s evi M. 8. st dayiay r.m. s, e g
precisionlaceuracy |precision aceuracy S;rec(}es‘iréi ;cgl.lu‘gc;
- oreeision)
- 2 poinis
(similarity) 3.90 156 209
I S | L ——
- The whele GCPs
(similar'ity ny least 3.68 147 152
5q. adjug’)
| — ] —_—
- The whole GCPsg
(affinity by least 3.24 3.44 108
sq. adjus )}
- Tke whole points
(GCPs3 + check pts} 3.56 3.5
. -6
{similarity hy least 119 419 142 142
(sq. adjus" )

product[Photo Survey] S e
4 mm _
. - - STERROGRAPH
n® 44 |n® 32 |30 K 30K |5 soml| ¥ e
- HEIGHT ACCURACY f .
i ' e T
round, number of points 4 N;I;;?lizs canoals L useecfn.
e ] red&used} o
cencelled measy "
d = - > e [(in Z]
’ : siandard r. m 'acc%f‘acy °
51 pair Altimetric transform. d?}"é%&% (meter) Nying heig
eree set up on:
.3 x H/10000
2 points 1.95 1.94 4
: 10000
n? 44 - 47 The whole pomtts 1.94 4.2 x U/
(Lleast sq. adjus™.)
PLANIMETRIC ACCURACY
int total number of
In a round, number of poinis Number \ B
i asured |of rounds cancels jm SuTe
me
Stereopair cancelled l oCPs neasurec
e 21 2 8 42
" - 47 4 2
- Resultant vector in {x, ¥ )at o piho seale
on the ground at photo strzlzl)e g ey
. o) ro :
Planimetmc_ {meter) d (n'l;:: el evstd e
transformation d dga‘gi:l; §é$;ib§' ?:)treggilon ms Bt Lot e
get up on: brecis
; .316 330
o p‘?LmtiSty) 1.58 1.75 53 58
{similar
718 872
- The whole GCPs 3.50 4.36 120 145
imi i least .
(similarity bg(
sq. adjus’)
N.A
A N.A
- The whole GCPg N.A NA _ -
(affinity by %east
sq. adjus )
: 294 294
- The whole pomts) 1.47 1.47 49 4
k pis . X227 - _—
(GCPs + chee
(similarity b_gy least
{sq. adjus™ }




STAGE 2.24

AerialfAepia)
ProductiPhoto Surve

1: SCALE OoF
..

ORTHOPHOTO N° 46

Slit | Scarn
Width | diy,

Ortho

IFAG (D)

Relief : clags IIT

Operative Cerﬁ.‘er and
Instrument for ortho
Production Assessment

IPTY
72 - (a)

In & round, num
cancelled

Stereopair

ber of pointg
measured & used

[Altimetric transform
set up on . )

2 points

The whole points
(least 8q, adjus-‘)

cancels

Total number of
mea,
gangments

standard

deviation
Ineier}

STAGE 2.25

ORTHOPHOTO N° 15

Relief : class T

ortho jAeria Aerial b, 7. 1\/}
produci{Photo {Survey

1: SCALE OF

Blit Sean
OrthofWidth | dir,

Operative Center and
Ingtrument for erthe
Production]Agsessment

n® 150" 32) 30 X[ 30 K

5k | 0o T6R
25 m

()

-QR1 -

iGN (F)
- ORTOSTER -

HEIGHT ACCURACY

PLANIMETRIC ACCURACY

in a round, number of points Number Total nun}gggs?:fr%nents
cancelled measured & used| of rounds cancels . nse
0 to 2 6 to 13 4 2 37
’ standard T, m. accsuf'e.cy € fin Z}
Stereopair Altimestgg_cugrgrllls:form. d?r‘gae\&:%? (meter) flying height B
2 pointg 1.14 1.54 3.4 x H/10000
n® 15 - 18 -
The whole points 1.06 1.04 2.3 x B/10000
(least sq. adjus™.) —

Stereopair

In a roy
ng I -
» bumber of pointg

cancelled

measured (g
‘ Fr
and uged

ounds

fotal number of

[
ancels easnremerrks
used

3

Planimeirie
transformation
set up on

- 2 points
{similarity)

]
- The whole GCPg
{similarity by least
59. adjus’)
—
~ The whole GCPg
(affinity by least
sq. adjus’)

- Tike whole points
{GCPs + check pig)
(similarity by least
{sq. adjus~ )

on the ground
(Ineterj

St deviatr, m, g e

Resultant vector in (x

at photo seale
(microns)

> 7))
at ortho scale
{microns)

accuracy

PLANIMETRIC ACCURACY

Stereopair cancelled

In a round, number of peints

GCPs
and uged

Number
measured jof rounds

total number of

meagurements
uge

cancels

o 15 single

n 15 - 18 0 to 2

3 to 6 6 to 13 5

2 43

Planimetric
transformation
set up on:

on the ground
[meter)

5t* deviatjr.m. s.e.ist” deviat
precisionlaccuracy precision

Resultant vector in {(x, y )
at photo scale
{microns}
T, Im.s. E.std deviafr.m.s. e,
accuracy [precigionfaccuracy:

at ortho scale
(microns)

- 2 points
{similarity)

3.36 4.02 112

134 672 804 .

- The whole GCPs
(similarity th least
sq. adjus’)

3.23 3.36 108

112 646

- The whole GCIP#
(affinity by tleast
sq. adjus

4.00 5.24 133

175 800

_ The whole points
{GCPs + check pis)
{similarity bty least
{sq. adjus" )

3.11 | 3.11 104

104 622




STAGE 2,25 ORTHOPHOTO N° 1 Relief : clags IT
J 1: SCALE OF Operative Center and
Ortho |Aeria AerialD T Ml 8lit | Scan Instrument for ortho
Product{Photo [Survey = | Ortho | Width dir. Production,Assessment
3 an 6N (F) IGN (F)
n? 16 n® 33) 30 K 30 K K
3 25 .| X -ORL - | - ORTOSTER -

ORTHOPHOTC N° 48

Relief ; class  TIL

STAGE 2.26
ive Center and
1. SCALE OF Operative JC{EH e
ol Aepiatl N 8lit | Sean Instrument ;r e ent
qorte t?frtml Sz?jxlrin.T- Orthoi|Width j dir, Production|Ass
Produc olc
o 1FAG (D) | TPTU (A) |

n° 48 n® 32130 K| 30 K L';Omy - 72 - - STEREOGRAFH

HEIGHT ACCURACY

In a round, number of points Number Total number of
cancelled measured & used! of rounds cancels jmeasivements
0 to 2 9 or 15 4 4 48
) standard r. o m, B e . (in ZJ A
Stereopair  |Altimetric transform.§ deviation Becuracy
set up on : {meter) {meter) flying height H
: 2 points 0.63 0.87 1.9 x B/10000
i’ 16 -~ 17 - . ] i
1e whole points
(Least sq. adjust, ) 0.59 (.59 1.3 x B/

HEIGHT ACCURACY

PLANIMETRIC ACCURACY

Stereopair >cancelled

||,
R C Py

In & round, number of poinis

GCPs

and used

measured lof roundg

cancels

7

total number of

Imeasurementy

usged

Planimetric
transformation
set up on:

%_H

- 2 poinis
{similarity}

— ]
- The whale GC'Ps
(similarity bty least
89, adjus’)
]
- The whole GCPg
(affinity by tleast
8q. adjus }

]
- Tre whole poinis

(GCPs + check pts)
(similarity by least
(sq, adjus™ )

on the ground

st deviatr.m, g, e,
precision|aceuracy jprecision

2.74

2.40

2.32

2.38

(meter)

2.93 921

2.57 17

2.38 79

Resultant vector in
at photo seale
(microns)

st™ deviat)r, ra. 5. e,

(x, y)

accuracy

at crthe scale
{microng)

d E .
st” deviafr.m, s, e,
precigion

accuracy

98 548

87 480

586

524

86 464

514

79 476

476

Total number of "
i Number measurernenis
f peints 1 Surs
b anggﬁréc(l], num;eeragur%d&useli of rounds cancels o
ca _
¢ : 2 . : e .30 Zl
standard r. m 'acc%i‘acy . 1
Stereopair Altirpetric transform. de;gg%%n (meter) flying heightH
gef up on:
. H/10000
2 points 2.53 2.68 5.9 x
7 B . 10000
n’ 48 49 The whole poin‘ris 2.34 2.31 5.1 x H/:
{least sq. adjus™.)
PLANIMETRIC ACCURACY
int total number of
Tn a round, number of poinis Number : -
ur
ie B meagured |of rounds cancels meas ren
Steresopa cancelled CCPs neasured 0
2 22
n® 48 - 49 2 2 22 1
‘ Resultant vector in (x, ¥ )  optho scale
on the ground at pho.to acale at e
Planimeiric (metgr] {microns} s e
rmation = i .8, e st deviatlr.m,s. e st deviajr.m.s, e,
:::ﬁnif; on: itregi?;ifg :c':zrziricy ?Jrecision accuracy |precisionjaccuracy
462 436
- 2 points 2.3t 2.1§ 77 73
(similarity)
840 1046
- The whole GCPs 4.20 5.23 140 174
{similarity bly least
sq. adjus’)
- The whole GCPd A oA WA NoA N.A
(affinity by %east N.A -
sq. adjus )}
- The whole points . . Al 408
(GCPs + check pis} 2.08 2.04 69 68
{similarity th least h—
(sq. adjus” )




STAGE 2,27

ORTHOPHOTO N°

Relief : class III

J L: SCALE OF
Ortho JAeriallAerial
Product/Phoio Survey

Operative Cen‘cer and
Instrument for ortho

Production

n® 90 n° 32{ 30 K WH (CH)

-0R1 - ~ STEREOGRAPH -

Relief : class IIT

Qperative Center and
Ingtrument for ortho
Production|Assessment

Aerial‘D. T )
Surve
30 K [30 K

wa (CH) IPTU (A)
- OR1 - |- STEREOGRAFH -

EEIGHT ACCURACY

linear

In a round, number of points

cancelled measured & used cancels

7

Total number of .
meaguremen
use% i

7

The whole points
{least sq, adjus®,)

. r., m, 3, e . lin Z)
Sterecpair Altimetric transform. accuracy tn
(meter) flying height 1
2.80 6.2 x H/1000(
n® 90 -~ 91

- ]

1.65

HEIGHT ACCURACY

logarithmic parallax

ber of
N R T cancela mzfn
: - 2 " accsuf'acy e {in Zi
Stereopair Altimestgtiilgrgé\s:form. (wmeter) _|ﬂ_3’1£§ heightH
2 points 2.53 5,6 x H/10000
n® 90 - 92

The whole points
(least sq. adjus'.)

1.78

PLANIMETRIC ACCURACY

Sterecpair

In a round, number of poinis

=

umber

cancelled measured lof rounds

. 90 - 91 T

90 - 97 5

total number of

cancels
used

10

N eASUTeIm et

PLANIMETRIC ACCURACY

In a round, number of poinis

Planimetric
transformation
set up on:

- % points
(similarity)

- The whole GCPsg
{similarity bty least
8q. adjus’)

~ The whole GCPs
(sffinity by least
sq. adjus’ )

- Tke whole points

(GCPs + check pis)
(similarity th least
(sq, adjus™ )

Resultant vector in
at photo scale
(microng)

on the ground

st™ deviat)r, m. s.e.

Precisionlaccuracy
—

]

—_ ]

(x, y)
at ortho scale
(miicrons)

d o
t° deviatr.m. s, e,
accuracy:

set up on:

Number
i of rounds cancels measureanenﬁ
Stereopair cancelled : ‘l ure
|
! H
= 3
Resultant vector in {(x, ¥ cale
at photo scal}e at Cirrr?ilgrgns)
! i icrons
Planimetric (mi ) e
transformation st~ deviat]r. m,. s.e.lki” deviayr.m. s,

F igi ac
precision|accuracy [precisionfaccur v

65

388

- & points
(similarity)

]

64

386

68

408

- The whole GCPs

{similarity by least
sq. adjus’)

- The whole GCPsd
(affinity by least
sq, adjes )

- The whole points
(GCPs + check pts)
(gimilarity bPr least
sq. adjus™ }

total number of




STAGE
GE 2.31 ORTHOPHOTO N° 32 Relief : ol .
tclass 1T
1: SCALE OF
Ortho  [Aeri ; / ive Cent o
ProductPhot | feriall, o pf Slit [ Scan &petrahve Senter and Operative Cente
Survey Ortho||Width | dir P strument for orthe ingtrament for or
Tl . roduction}A ssessment ProductionlAssessment
n n® 32 {30 K16 K 5 mm :
30 K
125 '“i x IGN (F) | 16N (F) 1TC { WL
- ORL - |- ORTOSTER - | - OR1 -
HEIGHT ACCURACY
In a round, number i .
! of points Numb
cancelled measured °r Total |
& used] of rounds number of F moints Total number of
cancels measur%ments ina round, number o points measur%{ﬂems
‘ dae cancelied measured & used cancels nae
Stereopai : . stang
pair Altimetric transform.| 4 oo ‘ard r. c B € (in Z standard v, m.__ 5. e .(in Zi
set up on : eviation accuracy . e . for R accuracy \
meter) {rneter} flying heightgf = Stereopalr Alumesté'txc,uérggs: ore- “‘?{%ﬁ‘&%" (rneter) flying height
2 points
2 points 5.3 x H/10000
The whole poinig
{least sq. adjus=. } The whole points ) 0.80 3.6 x H/10000
: (least sg. adjus’.

PLANIMETRIC A
CCURACY PLANIMETRIC ACCURACY
|

total number of

Inar
ound, number of poinis

cancels neasureénems

total number of

Stereopai
pair cancellad GCPs | mes g Number
sured - .
o and used of rounds cancels Imeasuremen Sterecpaty cancelied ur
n” 32 single o _ 1" need |
' 0 i1 n° 66 - 67 55
Tesultant vector in {x, ¥ ) i
at pheto scale ai ortho scale |
]

on the ground -
imicrons}

Planimetric on the DTDurf;esrulltant vector in {x, y)
transformation {meter) at 1D(ho~to scale at ortho scale Planimetric
set up on: St= deviatjr.m. s, e,Jst% g n.ammns} d tmicrons) transformation fneter] microns) d
recision <5 Sast - deviatlr m d o st iatlr.m. s. e, |st" jat]r. 1w = iai e
I3 onlaceuracy [precisionlac .8.8.5t° deviatjr.m. s, e set up on: deviatir. 8. €.|st deviat r.m, s, €. i deviagr.m.2. ©.
CUTECY [precision|accurac precision|aceuracy [P ecisiontaccuracy |precision]accuracy
- 2 points ’ ]
(similari
rity) H.A. N.A N.A N.A N.A - 2 points
- W.A (similarity}

. ]
- The whole GCPs

- The whele GCPs

(similari
Sq_ a;lt.y bty least N.A N.A N.A
. adjus’) - N.A N.A N.A {similarity by least
sq. adjus’)
- The whele GCPs - ]
(affini .
inity by tleasl N.A N.A N.A N.A _ The whole GCPs
M N.A N.A {ailinity by I1‘555.51
sq. adjus )

sq. adjns )

_ The whole paints

(GCPs + check pte)

{similarity b@r least
(sq. adjus™ }

- The whole points
EGCPS + check pts}
similarity by least 2,69 2.9
. .94
(sq. adjus?) E— 84 92 108 118
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STAGE 3,21 ]
. ORTHOP o B o ief ; class -
HOTO N* 26 Relief : clags I 3.24 ORTHOPHOTO N 929 Relief : cla II1 1
1: SCALE OF - ; - ‘
st g Operative Center ang 1: SCALE OF Operative Cfenter;nd ‘
ProductlPhoto (g, i can Instrument for orih : Aeriall | glit | Scan Instrumgnt or ortho
e Width | dir, Production Assess*gent Orﬂ:jo ctlPhoto SurveYD‘ M Ortho[fWidth  dir. Production|Assessment
7 sodu :
. NRC (CIN) '
NBS (SF) NEC 5 wm ‘MBS (SF} l
CD; K :
~ ont . (com) . 16K 3K |5 25m | ¥ ~omt - _STEREOCOMPTLER} §
- STEREOGRAPY —
HEIGHT ACCURACY HEIGHT ACCURACY
Tn 2 round, number of po: -
. ’ points : Toial number of
cancelled Totat numb : Number o nts
> measured & used| of rounds cancels n}nggﬁcgléedments In & roizlnc(il, num;iraggrpeoégtﬁs ed| of roands cancels meagigne
1 cancelle .
—_— 34 2 ) 38 1 2 38 _
Sterecpair 15 . slandard s . : =tandard T, m . s . e in Z) i
dmestgtl?l;rgz?éform' deviation 'aCCSuf‘acy & fin " Zj] ; i A ltimetric transform, || devialion accuglciz heightHi ;
: meter tmeter)  Iflying heightpf Stereopal e up om : {meter {metex) YIRg eig
2 points 5 points 2.12 2.09 8.7 Xﬂllm
e
The whole pointg o® 29 - 28
i N.A.
= e | - |
FLANIMETRIC ACCuRACY PLANIMETRIC ACCURACY
1 - Do
Stersonas 0 & round, number of pointg - b or of points total number of i
- pair cancelied ner ' Number
Stereopair cancelled | @CPs | measured jof rounds cancels measué(‘génemﬁ
n 26 singlel and used L
50 = 2§ 1 te 5 38
z 8 1 2
n® 29 - 28 2 3
. . Resultant s Resultant vector in (x, ¥ )
Planimet vector in (x esn
transf stric on the ground at photo scale( o L- ; on the ground at photo scale at ‘D(fn“fgrgggl;e !
set uﬂr'matlon st 4 E}neter} tmicrons) § Og?il(?rggg%e P}_animetrm_ (metgr) fmnicrons) d : i
o Precigﬁf%ﬂ‘ deviatfr m s, e k9 acpiny sk transformation st? deviatir.m, s, e.|st” deviat}r.m. s, e.pt” d_e‘{iaﬂ ﬁcgéfécir ‘
———— Precisionfacoyg e s leviair. m, 5, & get up on: fei caracy jprecision]accuracy |precision : |
— ] SSCUracy |precision accuracy: | P precision)ac 7 i
- 2 points - !
(similariiy) 3.44 H.A - 4 poinis 2.42 2.68 151 187 484 536 !
(similarity) i ii
- - ] i
I~
u( 'I_‘hel\'vhole GCPs
similarity ti least N.A The whole GCFPs
s - . - . N.A.
. 54, adjus’) N-A (similarity by least N.A. | N.A. N.A. | B.A. N-A
| . adjus”
The whol ] o
- whele GCP4
(affinity by jeast
| N.A, R.A - The whole GCFPs N.A. H.A. N.A. -
4. adjus’ ) {affinity by least N.A. | R.A. N-A. :
sq. adjus )
s + check pts) " hol ints
A .A. - The whole pai W.A. N.A.
(similarity Ly least N.a. (GCPs + check pte) N.A. | H.A. N.A. | N.A.
{sq. adjus~ ) {similarity by least
(sq. adjus™ )




ORTHOPHOTO N°
27
Relief :
= : class IIT: 3.23 ORTHOPHOTO N° 50 Relief : class  TIT
Orthe 1A  BCALE OF . '
o erialfAeriall { 3 o] i .
idth | dir, Pro ductioz; ;;S:;‘tho [ o |aeriallAerially ¢ " glit | Scan Instruimeni for ortho
16 K] 30 K| 5 K Sment “duct/Photo [Survey U ]drtho Width | dir. Production|Assessment J
NRC (CDN). . 3 l16 x |30 K| 5K, ¥ wAG () | mPmU (A) |
STE:RH)(I]‘!PM_ - 72 - ~ STEREOGRAFH "l
In a round b HEIGHT ACCURACY
- s number of point RA
cancelled o points Number HEIGHT ACCURACY
sured & used| of r Total numbe : -
ounds r of - : -
I SR L il o o [T T e e gigeerts
- canc I
. ’ 29 : .
Stereopair  |Altimetric transform [ standard [7 m : 53 1- 12 ; 53
set up on ; der‘ggfé%] ( accuracy © o A . Standard  |r . W 8. v © Ln 21
met ine . : 5 1% s s c
ne 27 2 points er) flying heightF]: Stereopair Ahlme;tgécuérgrr;s:form. d?;%%*tmé% (meter) flying heighif
- 25
: The whole points 2 points 0.87 1.21 5.0 x H/10000
{least sq. adjus®,) n® 50 - 51 :
i The whole pom’gﬂs 0.86
{(least sq. adjus™.)

PLANIMETRIC ACCURACY
PLANIMETRIC ACCURACY

In a round, nuy
Stereopaip . number of poinis
¢ :
ancelled meagured - os 1n a round, number of poinis total number of
and useq |- Tounds Stereopair Nurnber
) cancelled GCPs measared [of rounds cancels measurements
and used used
Planimet TRosul n® 50 - 51 9 6 56 1 9 56
nirnetric suitant vect i
transformation On\,rgq;tgxf’;)und at phoctoorsclélle(x e Resultant vector in (¥, ¥)
get up on: F1™ deviatir. m, ¢ d tmicrons) at Oﬁﬁgrﬁﬁﬁ%e Planimetric on the ground at photo scale "\ at oriho scale
— _____ |precision aéCuiﬂaé;' %ﬁded?\f_iat v, s, e fyd o iransformation (i eter) (microns) (microns)
cisionfaccuracy’ Sprecciivla r.m. s e et up on: 5t deviatjr.m.s,e.|st” deviatlr.m.s. e.std deviafjr.m.s, e.
{- 2 pointg lonfaccuracy: ' precision |accuracy precision|accuracy iprecisionjaccuracy
similarity) :
-2 inis
\*’ (s imilarity) 1.76 | 2.22 | 110 | 139 352 444
_(sji‘;le‘lwhde GcPs
Llarity bty least
4G, adjus”)
3 - Th h P
] i lftf{cleist 1.62 | 1.64 | 101 | 102 324 328
(‘ng‘?;rhole GCPg gq, adjus’)
atlinily by least
. adjos) _ The whole GCPs
{affinity by least 1.63 1.67 102 104 | 326 334

sq. adjus )

- The whole points
{GCPs + check pts)
(similarity by least
{sq. adjus~ }

- The whole points

(GCPs + check pts) 1.54 1.51 96 94 308
{similarity bty least
(sq. adjus™ )




rho
iiduct|Photo Surve

o 62 [o° 3

Aeria AeriallD. T Evi

ORTHOFHOTO N° 62

1: SCALE oF

Ortho||Width | dir.

16 K |16 K |5 K =

Relief : class TTL

Qperative Center and

5lit | Scan Instrument for ortho

ITC (NL)
- ORL -

5 ma
25 m

Production|Ass egsment

IPTy (A)
- STEREOGRAPH -

o round, nu
cancelled

Stereopair

HEIGHT ACCURACY

set up on :

2 points

The whele pomtts
(least sq. adjus™ }

P tal number of
wierorpoe [T | el || giert
49
gtandard r, m. accsﬁi‘ac e .(in Z)
Altimetric transform. | deviation ﬂyii ¢ height B

PLANIMETRIC ACCURACY

STAGE
| 3.31 ORTHOPHOTO N° 52 Relief '
elief : clags g
II
1: SCALE OF .
Aerial i - -
ortna Pho:oa ?ef-lal - Ml oLt Operative Center and
e Oxtho | Width | oy g:stl:umfént for ortho
—— roductionfAssessment
6 K|16 K |5k IFAG (D) IPTU (A)
- 22 - - STEREQOGRATH
_ HEIGHT ACCURACY
a round i :
cancellzd’ ﬂum;‘i;é)j‘p%mts oimber o
= red & used| of rounds cance?éal " T%I?ggsc‘ﬂ' .
‘ i ° e sirements
Stere i i .
opair Altim estgtie transform dz:‘,ﬁngard i ) : RS
: frans . iation accufac a2zl
meter) (meter) i
n fiying height
: : eight
n° 52 - 53 e ”
The whole points
{least sq. adjus*, )
PLANIMETRIC ACCURACY
In aro
Stereopair und, number of points £ —
cancelled N o
N D;l}lber number of
o and neos rounds cancels .
n® 52 - 53 13
13
Planimetric Resultant vec i i .
tor '
transformation d On(riltaG:tE;Jound at photo Sclgle(x W llt th
A G
set up on : St deviat T.Ih. s, est™ ¢ rmierons) Eligl‘gﬁg%e
precision ey A R ’ -
accuracy Iprecigion ;cgzlrfic; o d_ex_riat I e |
. precision accura'cy'
{simnilari
ilarity) 1.30 1.26 81
79 2
o 60 252
-( The whole GCPs |
similarity by least
1.
| S 22 1.22 76 76 244
244
- ’I‘%ae whole GCPg
(ais‘l;imtyl-by least 1.19 1.19 74
. adjus ) . " =
5 238
(—GThe whole points
CPs + check
PRI pts} 1.
(similarity by least 1 =47 7 = ?
ity f3 36 234

180

. The whole GCFs
(gimilarity bly least

- The whole GCF3
{affinity by %eastj
sq. adjus’)

_ The whole points

(GCPs + check pis}

(similarity bty least
(aq. adjus™ )

sq. adjus’)

Tn a round, number of poinis total number of
Stereopail Number
pair cancelled GCFs measured jof rounds cancels measurement
and used uged
n® 62 ~ 64 12 5 52 52
Resultant vecior in fx, v) N
i i on the ground at photo gcale at ortho scale
Planimetric imeter) {microns) (microns}
transformation . d . d .
set up on: 319 goyiatir, m. s, e.jst" deviatlr.m, s. e st deviajr.m.S. £
) precision|accuracy precisionlaccuracy [precision aceuracy
e
- 2 points 1.17 | 1.19
(similarity)

181




3.33 o .
ORTHOPHOTO N° 63 Relief : clags 17} . LIST OF CO-ORDINATE RESIDUALS .
1! SCALE OF - f
i i T ST OF PLANIMETRIC RESIDUALS i
8;3;?1"‘ ;};rlal Aerial T na[ Slit | Scan Operative Center and P
ciPhoto [[Survey "™ Ortho | Width | dir, gr‘SSI:um.ent for orthe
2° 63 | oo duction;Assessment | 4 full list of planimetric residuals is given hereafter. ;
n® 3 016 K {16 K {5 K 8 =mm ITC (NL) | IPTU : They derive from the whole sets of measurements and four ‘
O m| * OR1 ). assessing methods.
_tel - |- STERFOGRAPH
The abbreviations denote the following expressions :
HEIGHT ACCURACY ]
In a round, number i :
- ’ T t et ]
cancelled meagur'pecfdl;fgsed Number Total number of . number of the rectified product(orthophotp),
2 . of rounds cancels meagirements. (n° du document droit).
1 IAR———
st i 1 45 : pumber of the round of measurements (each measure-
ereopair  [Altimetric tra stapdard r . m | - ment being an average of two or three pointings
nsform. | deviais S & . lin Z i i
set up on et (et accuracy ’ to each point in the round).
meter) Flving heightp
i % a x - .
n® 63-65 2 points 0.72 0.87 3 : gumber of the point which 1s r{leasurec_i and given
p—— i -6 x H/10000 in the general catalogue of fixed points.
The whole points T
(least sq. adjus®,) N.A. N.A. - type of the point in the rectification stage. It
A, ohn be either "app" (appui) i-e a ground control
point, or "ver” (vérification), i-e a fixed point
PLANIMET kept aside while settimg up the pair in the ret_:tlfl—
IMETRIC ACCURACY cation stage, and considered as a check peint in
1 . the 2nd and 3 rd assessing methods (similarities
n a round, number of poi & p -
Stereopair s MhIber ol polnis evory - based)only on GCPs really used in the production
cancelled | goPps fmber of stage).
_ meas e -
e uusr;dd of rounds cancels ‘th i 1 to & {duals i d sulting
° wi is= o 4, residuals in x and y Te i
n 83 - 65 16 from the plane-transformation of co-ordinates
n® i (see items n® 4.1.2, 4.1.3, 4.1.4 and 4.1.5).
in meters
Planimetric on the Erounlzesultant vector in (x, y ) .
transformation h‘neteox-) at I?i:ovto scale at ortho scale )
set up on: st¢ deviztir.m. 5. e . devlifll_Crons) q (microns)
coini . at)r o d e
brecisonaccuracy |precision écgélzcs Spt deviay
Y |precision
-2 i
2 points
(similarity) 1.02 1.17 64
73 204
]
—_ o
- The whele GCPs .
(similariiy by iea
st 1.1¢0 1.
sq. adjus) 13 69 7 220
S
(— The whole GCPs
affinity by least
8q. adjus’) t.13 1.15 1 72 226
- The whole points
(QCPS + check pts) 0.98 0.97 6
(similarity by least I 1 61 196
{sq, adjus®}
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L
IST OF PLANIMETRIC RESIDUALS
bD  SERIE NUMP v A (in meter) bxL p¥l px2 p¥2 B3
________________ = DX1 bri DR 2 A R e mmemmT T T e
1241 app .00 .eo  ar T
20 6105 app -3.25 -6¢ -586 - - —.88  2.8B1
. ! - 137 wer -.13  —.28 -1 63  2.81 -l.44  3.09
;g g:: abe T8 _f,gg f'?? . Lo igii 721 ver .41 -12.50 ~.91 16 -4 W47 —.19 .28
20 2906 :gg ﬁi'gg -1.25 1:44 —'f; 1025 733 ver L1 00 1 3.28 —1.11 3,22 63 3.03
20 2007 app 31 saes e NS
20 5703 -ae -oo .38
30 ase: anp Ay -0 Lse e 13 4 2001 app 256 1.65 =273 3% _.s0 .09 =-1.1y 1.0%
20 6206 a 75 -.31 1,13 s 4 2007 app .60 .00 .13 .53 —.A Lo3 -2.75  1.13
30 1csy LEE 5.63 -5.56  6.13 _4'14 3 1481 app 3.63 -1.34 .81 —.08 54 -.16 —.38  —.75 C
20 708 VEE -L.88 -2.95 1.3 ,'qs + 2005 app 2-31  5.97 ~.19 L72 -.13 Tei -.50  4.16
30 717 eer h.dd .56 -4.00 P 1 720 wver 06 1.06 -.19 L.13 .56 ‘92 —z.75 1.94
20 T14 ver 1.06 -5.88 1.50 ~g. 2 5 2802 ver .25 .38 .13 ¢e —.25 —.56 =—2.50 1.09
36 120 eep 331 -1.34 2.6 &5 Y 120 ver 4.3 -1.69 1.33 _;l41 .00 -z.88  2.06 -1.18 |
20 723 ver ~1.00 -2.66 .. 5g _1’;5 4 1o ver 6.50 1.28 5,56 .78 5.3 .53 3.44 1.78 |
20 721 wver sl.19 -2.81 gy _1'53 3 607 var 3.88  3.34 .25 22 .56 .06 .50 3.38
30 710 wer {508 -1.44 -L.50 e 3§10 ver .60 "0 -3.15 -5.44 ~—1.38 ~-5.63 3,31 -2.0% |
20 6207 wer 000 1.33 -la.4a 2'31 4 717 ver 2.75 -8.50  2.38 903 z.00 -3.50 —.08 -7.31 |
30 2802 ver ity _1oo8 TR % 604 ver 6.06 -3.81  2.58 Taaa  2.88 -9.06 2,15 —5.72
20 3803 ver 3 i 187 -i.06 s 4 733 ver 2.9 "ea 3,26 1.44 2.tL 1.00 .38 2.00
20 5702 wer 2.1% -3.97  7.63 _2'54 4 731 ver 4,56 —-5.06 .38 _sl2a  3.94 -5.78 1.75 —4.31 :
30 725 wer sy 75 -3 _1'6é % 730 ver 5.41 4.7z 5.00 2734 .69 3.81 2.6 5.3D
20 732 ver _5:33 -3.18 7.00 -2.03 . .
§g 731 ver -1,89 _4'22 —2.58 .56 12 6 2001 app -—1.5¢ -—3.19 ~-2.13 ~1.06 -.75 —.44 ~-1.88 -.88 B
730 ver -2.00 1. -1.25 -3.66 1,13 i & 2005 app --38 —i.50 31 1.78 -.19 —.0% 1.09 1.66
<72 ~1.56 .84 1.4 =4.34  -.50 -3 .3a 6 lasl spp -3.00 -1.78 .28 Z.8a 1.18 .8l La6 —.A1
1o 211241 app .00 . t 1.81  -,81 335 ¢ 2007 app .00 T00 1.56 ‘16 -.44 —.25  2.13 Lad ‘
21 1067 app -.13 -3.5% 238 1.9 - w3 5 742 ver L00 ‘oo 1.38  3.44 "1 1.81  1.50  3.34
21 2906 app  1.32 ’ -118 1l Llgg _aTeo 13 Loms § I3 ver 2.00 5,50 2,94 B.3E 1025 6.34  3.13 .47
2L 6206 app  6.36 ~3.34 .44 _.91 . sedd -1.91 S 135 wer -2.31 -11.00 -1.3% -2.30 L3.s0 -16.58 -1.06 ~8.47
21 6105 app -5 .25 —6.47 6.6 _1.g8 4 oo TlL.s3 25 -1.1 ¢ 735 var .44 ‘sp 1.06 3.00 ~—1.81 ‘31 1.44 2.91
25 2007 app 3.3 4.25 -8.88  6.13 7-)9 -5.34 7,31 _5'59 6 740 ver .38 31 1.31 3.47 -4 1.16 1.50 3.34
21 5703 a . ~1.47 50 1.31 -6 4,97 -g.18 $30 6 739 ver ‘g9 -1,13 1.43 1.39¢ -.86 —.28 1.88 1,84
31 caeiape  2.31 -5.08 33 1235 a1 15 .03 B J0 ver —s.44 -g.aa -7.33 -5.38 780 —6.94 -6.91 -5.41 :
31 aig oBR 3,00 -3.08 146 200 ~1.22 1'15 1.31 6 747 ver ~-.BL —Z.56 .50 Ti9 -.38 -1.25 .75 .18 '
3t a1 app L.00 -z.se 6 ea a3 ilaa TRS & Iif ver -s.o0 -1b.p0 -3.73 -6.88 4,08 “5.58 -3.56 ~b.94
21 31107 ver 1'23 _i-Ta 163 -oa .94 :g: ":i S J001 app -2.13 -3.59 -2.13 -1.06 hs -la4 -2.50 —1.47
21 5306 ver -3.81 ar .06 53 B1 2.42 _1. 7 2005 app 3.00 --31 ‘31 1.78  -.l9 -.09 B8 1.06
21 5892 v . ~.91  -5.38 : —.06 : T1.03 1 2007 spp .00 ‘a0 1.50 ‘36 —.1a -.z5 1.3 .41
21 7802 ver _f'fg =2.13 1,00 1::? 1.50 —4.23 i'ng 7 1491 app -t.81 -2.91  -.28 _.84 1.338 ‘g1 .81 -.91
21 76 ver -g9.9 -3.13 -3.50 .59 -38 1.75 '§“ 7 760 var 3.a8  3.00 1.38  4.59 —.56 2.31 1.50 1.00 |
21 812 var .84 ~1.69 -10,06 3 “101% 2087 - i 1 7se var -1.08 =-2.44 -2.69  -.22 _3.13 -1.50 =2.¥5 -.88
21 5702 ver 31 -4,38  —1,44 31 -10.15 16 -g.3 -63 7 788 ver 15 Ti.zs _1.s3 3.00 -3.00  1.13 ~1.56 2.4
21 3208 wer :'if -i.va ‘60 :;~gg ;‘fe -2.25 _fsg ;'g; 4 748 ver 1.75 .28 56  2.25 Joo 1,13 50 1.72
21 2803 ' -i.¢0 2,13 ! o2 -2.91 1. T 7 150 ver —.19 ~.53 -2.,19 ‘53 -5.00 ~2,31 -1.81 .03
21 733 var 5.31 5,16 3,06 _;';g Bl 1,66 2,;: —2.87 7 154 ver 2.8l ‘96 1,06 1.97 .00 T2 1.13  1.38
21 734 wer 8'33 00 =2 258 l'ﬁg -1.97  3.8a z':Z 7 155 vex .00 oo _1.56 2.33 ~1.5% 1.31 -1.63 1.72
21 138 e 3,72 -8.94 1. ~.0 2.06 -3, - 7 757 ver 5.94 -~5.34 4.50 -3.31 3.p8 -4.56 4.14 -3.80
2 737 yer o3 185 2.3t Lol 6.ss _3la a0 s 1 152 ver 3.631 -G.66  2.13 -5.19 ‘38 -7.i3  2.19 -5.69 \
21 738 ver  3.7% 1.00 .75 3.06 60 5,97 3,00 5.9 7 151 ver 1.06 .69 -.p8 ‘63 -3.13 -1,84 .78 .09
21 750 ver L.13 A3 363 2.s1  alge o120 I.bo 338
L0 1024 K900 253 —.25 2,34 RE B8 444 213 13 ¢ 2001 app -2.81 -3.75 —1.38 -1.16 _.44 .28 -z,44 -.38 :
Toza 5708 J2P .69 5,03 .19 -5 .44 1.s% 3 2005 app 13 -1.53 ‘le  1.75 -.13 .06 e 1.16 .
1025 aape LEP 06 ROt LRI ST 8 2007 app .00 Lpo 1.25 32 —.28  -.16 1,31 3.4
looy ZI06 app -1.84 -4.34 3 2,78 1.41  2.6¢ 1'25 ~2.03 § 1491 app -—2.13 -3.03 .06 1,31 8% L47 -1.33 .69
1024 300, oPb —i.23 -2.22 23 hsr 1 gl <18 3,08 4 604 ver ~-.63 -6.00 1.31 _4.78  1.44 -—3.66 L4 ~2.34
10a4 opiePR  2.25 -2.13 I35 7 s s 356 -1.56 003 ver .50 -3.81 1.19 -2.50  1.29 iar Lea -8
1024 2008 app .00 oo 181 2-91 —. 1%  1.30 2'7; -1é s 811 ver -1.75 -—6.31  —-13 —4,31 “y1 -3.47 1.3 -2.84
Loz 311 oee -06 —5.81 -1.63 - 22 181 1,72 1.33 1.06 B 626 ver .00 .00 "sp  3.75 1.25 3.13 .19 2.88
10734 EEe ver  -.6% -5.63 -2.50 2.91  —.44 -1,258 3o 2.63 s 627 wver -1.,81 -2.53 -1.25 19 -.50 -.38 -1.%4 N 14
i024 713 ey -ce Ton _ilyg Tt o-1vs 1.0 e -2.97 % 802 ver -l.06 -4.41  1.00 -2.75 1.31 -1.03  -.25  —.69
1020 720 ver -1.19  -l3q —z.3y 3.08 ¥4 4,97 -:4 ~2.69 s 803 ver 2.38 3,84 3.3 Z'e7  3.at -1.53  2.63 .84
122 720 ver -3 -3las I3 3.8 -3 3iag TS ¢  si¢ ver 1.08 -2.81 2.94 -8l 2.35 ~1.16  2.50 .22
1024 715 ver  -.94 -—i.56 - 0§ L50 2,54 1,31 7-35 2.01 a 805 ver -.38 -3.0% -.38 794 -1.31 -2.53 -.25 .16
1624 713 eer _3o7s -z.sp Tiag TihE6 =75 -2.22 gy e 2 2001 app -i.t8 .88 -1.75  -.3d 44 L06 -i.13  =.22
Tosy M2 ver -2.25 -4.37 _2.¢ o720 1te a1 1y hefs 9 2007 app .00 .60 1.56 .16 t03 2,19 -1.00
1024 731 eer  CTo4 -3.47 0 -.56 -3.00 -li3 -1lae _1‘53 .00 e 005 app 1.56 1.24 1.00  1.56 -3 .00 L6 1.97
1024 733 eor _7oPF -3.3 1.5 e 1% -l 256 -2.41 9 1491 app ~-1-69 -—2.28 .81 ~1,38 LE1 .09 .25 -1.78
ver -1.69 _1.16 -2.04 3 a5 58l 66 31 -.v2 3 614 ver —2.06 -1.13 =-2.75 -1.09 a.31 -1.91 -2.88 —.44
1025 2007 app  1.88 2.00 -2.%0 2.32 71:22 I‘gg k] 513 var =-2.00 =3.34 -2.69 _3.25 -2.00 -3,91 =-2.63 ~2.56
1025 5706 ap ) =97 1.75 2 ' 9 T62 ver 3.44 -1.53 2,75 -1.72 2.44 -2.91 z.50 =-1.0%
1025 2708 app 336 2.m1 ‘81 1'°9 56 2,05 2 s c16 ver -1.13 -z.8L -1.75 ~2.72 _il06 -3.34 -1.75 -2.06
1025 5705 anp 2 9 3008 oo g3k .18 1.5 ‘31, g 621 ver .a0 o0 .15 .08 —.f3 -1.13 0 -9 .59
1025 3016 app 2.44 3,31 49 2'"9 —eE3 241 '04 2.03 o 763 ver 2.56 2.18  1.%d 208 1.4 1.13 .15 2.629
1025 2807 ape  1.9e 00 238 ile1 Bl 278 06 -1.s9 5 765 ver 2.96 3.9L  2.15 1.4 li0 1.63  2.38  3.50
1025 570 S0P L.25 -4z g 91 —1l68 .1las g lee 304 3 618 wer 2.88 -1.32 2.19 -1.3% 2.%6 -2.18  2.13 .15
1025 120 VZE 1.31 -4.16 31 _I-BB 6 —ag -69  -1,03 5 618 ver -.83 2,66 ~-1.19 2 g8 —.st 1.97 ~-l.13 3,25
1025 718 een ~.50 -2.41 _1.55 1-23 00 -1la1 1-;: - . B8 s 615 ver -.75 -—2.75 -1.28 363 -.f3 -3.19 -1,25 -2.06
1025 716 wer 1-31 ~2.60 ~1,69 7. S1b3 1lmd -lge i 13 10 200L app, —2.50 -2.91 -1.38 1.2 -39 .31 -2.88 —.72
1025 713 yey 56 -1.91 RV L S W T . 1.4 10 2007 app .00 L0 1.38 66  ~.35 -.1% 1.31  1.44
1025 717 ver i o3 720 -z.06 1.34 Ja6 _z.9g 1028 -.ma 16 1491 app -1.94 -2.59 -.31 -1.25 .69 ‘59 -1.31 —.0%
fﬁi? 730 oy —;.22 ~16.88 _3.56 -;.;g -1.56 _.kg _1-;g -1.50 10 2005 apP 00 .00 ‘31 1.81  —.06 .06 ~1.44 116
7 - -.69 - =-2.44 - N -.44 10 2802 ver -1,50 -2.59 -.31 -1.81 ~1.88 —-2.97 -.56 -1.28
3wer 2013 7.5 34 322 .ma aTay TES0 -g.aa L eba ver 1.06 -.e1 219 .78 180 ST 1.aa 1.9
87 4 ~3lse 1133 3.63 10 s101 ver  5.19 ‘97 s.eL 2.72 6.90 1,91 4.3 1.39
<44 -4.03 10 270l ver ~—3.13 =—}.53 ~-1.63 Zl9s 2,63 -.81 -1,8% L22
10 1067 ver 2.13 -1.78 275 .86 1.08 _3,e6 2.00 —.91
16 2100 ver --88 =-5.7¢ "33 -4.75 -.5a -5,31 -.19 -4.39
10 2101 ver 35 -2.as  1.88 -1.94 ‘e -3.03 .44 -1.47

—. 44 -.81 ~-.59 -1.78 =-1.81 -.91
2.41 -3.5% 2.00 =-2.78
5.81

10 3103 wer ~-1.19 —-z.38
10 3003 ver 2.19 =-4.238 3.13 =3.,00
2903 yer -—2.36 1.03 -1.44 5.2 =1.43 5.22 -2.31



DD  SERIE Ku
————————————— TT Y:f ox1 pYl bX2
13 e T pp SERIE NUNP V_R px1 pYlL px2 Dy px3 pY3 Dx4 o¥4d
app -4.25 - b L TL e T T RSt e
11 1491 app -2.56 mi'gg T2.44  -.81 -.81  -.22 - o8
11 2007 ap : ~-63 -1.34 3 : “2.44 - 65 13 16 1200 wer 3.11 -1.89  1.00 1.0 1.18  —.07 —.06 -
e .00 0o 1 14 a1 L o1
11 2065 app  -.86 1.7 .38 T O O Te25 -1.as Ye 3110 ver 3.9 1.25  t.13 1,25 L.96 .97 .50
i1 3102 ver -2,69 '05 1i1s  2l00  _lie i3 %2 -m 16 733 ver 3.8 ~-l.la Z.23 Zl31 2.4 -—.06 .38 .13
11 6104 ver -1.13 e e ‘30 Ll 1% -62 2,06 16 764 ver 6.31 -2.94  4.69 3732 s.00 -1.8a  E.56 -1.72
11 3104 ver -2.81 2. a 263 -.53 -1.49 _2'38 -1.06 .41 i6 2704 ver -1.,19  3.8% _z.ss 1.97 -3.00 2.13 ~1.75 2.0%
11 3304 wver o0 £31 -1.06  2.53 -2,49 1'55 »31 -.66 16 2706 ver .00 ‘po —z.25 =—1.94 —2.%0 ~2.13 =-1.L3 -2.122
11 5301 ver —5.50 200 175 .28 L3l _1'03 1,31 2,14 16 5803 wer 1.00 "3 -.63 -.13 .03 06 -.13 .09
1L 2905 ver o5 -7 o3 -85 -.38 2,35 a4 118y L i06 ver -l.31  2.72 -2.81 0 204 _3.¢a  2.41 -2.75  2.53
13 i; 3904 var  1.31 -22 §'2§ —-1.01 -1.8) ws.ng *f'g’ --31 16 5802 ver 2.25 .41 .81 ~1.53 g8 —Ll.16 1.3l -1.03
3111 a . . W51 : -06  -2.19
17 1241 agg 3-;3 .22 1,00 Al -7 30 18 17 311t app 3.83  -.72 2.5% 13 2.56 -.28 1.8 109
12 1501 app _1'7: 100 -3.95 113 _2 .8 .38 .91 ‘63 1) 3616 app -2.75 -4.00 =3.25 _2.72 -3.4a =-3.96 =-3.50 -2.91
12 2007 app  -.38 —i-03 =2.39 —,97 -3.1) -89 -a.44 2.28 17 2007 app z.00 -.59 1.31 1.38 1.1%9 1.78 1.38 1.23
12 1067 app  3.63 -4 .05 ‘n1 ‘375 -.6% ~1.85 _ 33 17 15901 app ‘o6 -z.22 -.81 —.89 .28 —.66 -1.06 e
12 818 app 6 ~2.31  1.75 _.s0 3. 231 1.00  1.1s +7  Bis app 2,19 12 t44 L1.44 "43  1.25 —.586
1z 5706 a +13 -1.00 2,81 -.59 269 —.88  1.75 ‘s 17 1687 app 3.8L —3-47 2711 -1.97  2.41 -1.56 1.41 ~1.39
12701 ver l‘ﬂg -a9 .38 T3 2'3: —.81  2.25 ,'12 17 124) app .00 ‘w0 -2.06 1,03 -1.80  1.8L -3.06 1.20
12 32 - -.03 1.88 : T.h 1.09 1. i _00 00 —.44 1.4l - .83 1.16 -.56 1.25
12 2333 ver Ay s -08 —1'22 1.0 1.00 2.2; o 1; i;gi ver 4.35 _alay  3.25 —2.63 3.38 -2.88 7.33 -2.53
12 5702 ver f‘ié ;'94 1031 2les  1lee achd -5 w'si 17 5008 ver 1.13 ,09 ‘g0 1,32 Tan 1.38 m.4i 1.:1
12 57 T -6.09  -.75 _ . 2.75 3, . 2.4 —.72 .13 TR TS .69 3
12 uf? ey 38 .63 —.1s fiiz S .32 _§'§: i; i;gg vor —.33 ‘13 -1.13 .89 -1.59 L.69 150 1 ji
12 2802 wer -3 oo o' o6 -2.44 -4m -.31 1,94 69 1. 17 2007 ver 3.a1 1.2z 2.88 2.47 2,95 2.0%  2.63 .2
-3.00 - . -1. - .97 -
12 2706 ver -2.08 ~§'34 ~3.13 ~3,44 -2 :f _4.91 -2.00 -3.g8 17 2906 ver 2.00 -3.97 .88 =-2.25 ,ap —1.84 .gz _;.gl
12 2704 ver - <38 -2.25 -1.88 . 3.34 -2.44 -2 1 Geo7 ver 1.81 3.1 1.18 709 1.06 -2.39 . .
11 “lz wer iy B.se -t.ss J5 3Ly -las -1 - 17 5705 ver a1 22 ‘31 1.72 T:3 159 19 1.66
~3.131 -2, B . -1. ; : -1, . - - _1. = -2.03
13 13 3111 84 -3.00 -2.66 4.1 ﬁ: ;Z ;-f: 3.53 17 &gey ver —.i4 -~4.06 _ylis —2.18 ~-1.31 -1.8% -t 19
app 2.38 - : T —2.22
i3 3016 a 1.31 2.44 - 18 31l 4,94 13 2.69 .09 2.03 .09 3.19 .38
PP -2.13 - .13 2.13 _ 13 app . .
13 1067 app  1.43 _f';g -2.44 -1.69 -1.38% _1':4 .75 1.00 i3 3016 app -1.13 ~-1.09 ~-3.63 L3031 -3.es -z.zp -3.3L -1.09
a . -.2 . -2. - 18 1501 a . . -, - - - - .
13 hasapp oo 03 z.1e 5 2.63 .0; 2.13 .88 pp  1.44 22 50 a4 :g gg - ig ou
13 inn -2les -alls IRET T 930 Lo 1k 13 5705 app 1.88 1.88 .56 47 - s o -
3 oaslae —a -2l Y 1T 0 325 30 R T R L B W R | Tl Loy il e
app .13 ' .19 5 ! . 2.00 18 Lo6&7 app . - . -1 FER TS . .
13 2007 128 -.13 . —-09 .00 s s 219 18 31 1.31 5 1.28 165 1.06
13 2002 ver ,2'32 -00 .13 _?; -50 .66 .31 i:gg 18 2007 233 2lg1  s.a1 1.19 L7501 1.75 \75  3.06
12 817 ver .3 -4.13 -2.56 -31.34 _2-1; .53 LBE  1.5& 18 5509 ger 3.44  2.31 1.31 1l.69 1.25 1.69 1.56  2.41
13 014 ver Tiee ~3.44 L06 —2.31 ix ~3.44 -2.00 -2.28 i3 772 wver 2,38 -1.97 —-.13 -3.28 —.19 -3.25 .19 -1.%7
L3813 ver 219 ‘5-;3 =50 —4.35 .33 ‘j'zi ~.63  -.59 T 287 wer -L.31 -1,81 -3.56 ~-2.78 -3.%6 _2.75 -3.31 ~-1.78%
3 815 wver : = .94 - . —4.44 -5 - 18 769 ver  2.50 78 -.11  -.19  -.s5  —.16 28 91
—-.1 ~ .12 . 3.16 - . - .
13 631 ver 1.8 30 13 _ales A A7 Lo 53 1% d6s ver &.25 -a.03 3,75 —=5.06  3.09 ~5.03 4.13 -3.97
13 822 ver .31 ﬁs'gq ~.94 -2.6% _.aa _2'§§ =13 -2.09 1s 5807 ver 2.94 =—1.16 ‘38 -2.08 125 -2,06 ‘g -1.02
i; 820 ver 4,06 _2'62 ;‘;3 ~4.34  —.19 -4.53 ‘1-32 ~1.34 18 174 ver .00 ‘00 —2.75 -1.16 =-2.88 -1.13 -2.19 13
816 ver 1,94 . 06 -1.28  3.53 . - -2.97 16 5804 ver  -.3B ‘4q -2.31 =-.50 =2.31 .50 =2.3% .50
13 3107 ver : -2.75  2.58 -1 . =178 3.13 -
13 o .o0 - 41 2.88 - -25
14 1L ape 5031 l'f; Ly tos ay L 1.5 50 va 3111 app  4-13  z.09 2.8 -.86 0 2.ed .56 2.8 .8l
‘ 16 a - - . .53 : - .72 19 1501 a alzs  3.09 ~1.13 .4l =1.uE o =3B ~1.31 .3
14 570§ agg ;:g? =438 ~4,19 2,06 ,;:vg gl'lﬁ 2.50 .06 19 2007 aSS -31.01 5.31 .56 1,72 g 1.81 .06 1.06
14 1301 app  1.7% _1.34 .50 .69 —.1% -97 -2.95  -2.19 19 3016 app -4.88 3.16 -3.19 2016 —3.50 -2.03 -2.80 -1.25
14 1067 app 4.88 1'32 -.BB  -.75 _.a1 ’:i 2,00 .12 19 1241 app Y ‘oo -1.56 4.19 =1.'1  1.00 ~2.38 31
14 1241 ap : T 1.8 -, 44 3.3 o +25  —.,58 19 1067 app .75 -1.16 2,00 -1.81 3.36 -1.%% 1,25 ~1.72
11818 aen 708 00 -aloo 1las i i 23 -6 19 a1e spp 2.75  2.31 31 1.66 13 1.53 13 84
14 2007 app  3.19 2z 3. 81 3.a3 -;5 -4.19 .87 1s 5706 app =2.1% 5.81 13 .41 -.06 .56 L300 1.50
14 703 ver a0 ab 106 13 1,94 3 g .34 1o 786 ver  .BB  5.09 19 50 -.al 59 .69 .72
21 705 ver .25 -alge —oay 28 <319 72 2.3 in Y RS ver —2.a1 s.ma -2.el 1.3 <386 L0 _2.56  1.59
14 7G8 var : oo -2.50 -¢.9 * . -.63 1% 780 ver 3.50 2.88 2.63 .53 2.25 —.50 2.88 —-.56
—.50 0E8  —2.49 — .28
14 705 var oy -alee 73000 1.9t T3l T3l -looo -3iag 19 TS ver .00 ‘%0 2.13 6.1 1.5 —6.00 2,63 -5.03
14 7131 va -o6 -1.75 -y +25  ~1.68 19 777 wver -—3.94 5.66 -3.11 -.2z2 -2.u3 ~,031 -2.50 .59
1a 3 .25 1.00 -2 297 ~1.48 _1,69 2.25
15 ver  glip 100 213 195 2la0 2lns ~-.44 1,78 19 178 ver 5.25 1.63 4.19 -1.50 188 -1.47 4.38 -1.59
14 712 ver -1.19 03 -1.13 2,68 -1.23 200 —.en 2003 lo 785 ver -3.50 5.01 -3.94  1.31 _3.31 1.88 -3.63  2.00
14 704 v . o -1.69 . ' . .13 2
13 15 3111 a:; ;~81 -~3.93 ~.5§ _2_;; -3.50 .75 ~2.%0 ';g 100 804 app —.06 ~G.44 -.38 _3.19 -.06 -1.13 1.50 -—4.28
15 3016 app —3.43 03 2.19 a7 iy mwens B8 -2.38 16¢ 810 app .50 .44 -.82 a7 —.e3 .81 s .63
15 5706 app '34 ~3.531 3,50 .3.5¢p u3'19 L00 2,34 os los 1070 app 3.13 1.63  -~.25 .61 .50 13 1,75 1.38
15 1067 -00 00 .60 1 278 -2.91 -2.13 -1, 100 1005 app .B1 .13 .56 .19 00 -,75 1,31 .56
15 2007 any  Cigy C3dE 2. i 3 Dot 138 2o 100 es abe  dlea .63 -.as 113 =56 -1d 68 1.53
.94 - ' . - '
15 1241 app ‘on 1.50 .56 34 s .66 2.50 .4 13 100 2007 app .00 ¢c i.81  3.25 75 3,97 2,13 .22
15 818 app 1sa SO0 —2.00 63 -1.63 -ga 1.1 1.69 160 607 ver .00 .po ~4.13 -2.25 -3.00 -.84 -1.59 .44
15 1501 : .66 31 : : .94 2,38 T 160 750 ver ~—1,13 ‘06 -2.06 -2.78 =-2.41 -4.53 -1.69  =.56
15 723 ver a3 Telar 3 PR -89 .50 Jig 106  #11 var —4.38 -6.34 -6.13 -3.94 -5.38 ~2.47 -3.54 -—4.59
15 733 ver _1'31 ~5.88 -3.7% —~4.22 _3“3 -16 .81 '35 joo 802 ver =-2.44 =—3.84 -3,94 31 -3.c0  z.06 -—1.50 -1.59
15 717 ver 3-55 .66 -2,25 1.2 _2'31 —3.88 -2.84 -3.13 100 803 ver .06 -3,22 -.33% 19 —.19 1.00 1.31 -1.34
15 736 ver l-gi -2.18  2.06 -1.20 z'ji 1.78 -1.56 2.59 jo0  pos ver 4.25 -.16 3.56 .47 3.i3 -1.22  4.44 .22
15 722 ver -3.50 1.41 —-.44 2,38 -.13 —.91 .88 -1.41 100 729 ver .Bg  =2.25 1.38 LF9 -1.16 z.06 -1.28
1o J3Iver C3.50 -5.63 375 a1y sy B4 -.53 2.28 166 713 ver -2.13 3.56 —.44 Z1.44  5.7% tps 4.4
16 333 eeroTh3n 172 o108 .os -1lne 'gg -2,69 -3.06 loo  B0& ver -2.33 —.18 -5.13 -4.50 -.13 -3.19 .50
E5 725 ver 3, —-031 -2.19 1.69 ‘L - -1.13 97 160 5901 ver -—5.50 =.75 =7.63 —g.98  2.16 =5.44 .75
00 -5.72  2.69 69 ~2.35  1.15 .t : 190 738 ver 2.50 1.3
. ~4.19 2.5 - -50 2.81 ver . .31 .38 .31 -2.13 1.5¢ 1.03
16 3111 app 4.75  -.0 ’ 4,00 3.69 -3.13
16 1067 app 3.44 1'52 2,00 -.08  1.68 —.s0 1 Lo13 2101 app -1.69 ~-B.34 ~-l.00 -1.28 1.86 —.47 31 —i.16
16 2007 a 1. o 2.0 -1.59 2.25 -1, 38 -.59 1013 2007 app 3.50 =-1.75 .25 2,28 11 -.25 2.63 4.16
16 u1s shp  iles TeaE 38 mE e 116 L.8s -1.00 1043 l0e1 ap loo mo g.4s —.86 IS o2R 1.44 .63
16 1241 app oo 'gg 1-44 .88 T ‘Sg 1-:2 .87 Yo1s 2100 app -4.06 -7.16 -2.00 ~1.22 —.%1 -.06 -1.75 -1.84
16 1501 a . . -1.81  1.27 ~1.5 - o .63 1013 2802 app -2.63 -5.63 ~3.63 .88 —1.18 .56 -1.63 .81
16 5705 npp 28 <24 62 .31 5 L1 33k b6 o) 3701 var 1.13 -z.,08 .63 .13 -2.88 -2.53 3m 2.3
. 3la1 —l1s  1lss  lq1  1lap MAr oo 1553 803 ver 2.81 ~-d4.28  6.13 =247 2.9 ~2.31  4.30 =~1.47
: . 275 1.25 1013 731 ver "4p -7.03 -.56 —t.22 1.00 -1.78  1.1%  -.97
1013 732 var .00 08 —3.06 3.63 -3,38 1.3 -.88  3.89

16 3016 app —.94 =47 -3.44 -2.06 -~3.59 ~2.41 -2.§3 -2.56
.




6105 app -13.50

5911 app

601l app .00

7.13 6.13 6.13 -—3,03 F.00 -2.81 2.69 i.53

736 ver
407 ver —1G.50 1.53 —10.88 —-3.50 —~108.38 -3.84 —12.06 =-1.47
758 ver -—2.13 2,50 -5.63 =-6.38 —6.14 -%5.16 =-4.44 ~3.06
740 ver 2.19 -~—2,43 _3,69 -7.16 -5.1% _4.59 -2.06 —1.72
739 ver 3.38 -1.66 -—1.69 ~6.63 —2.94 —4.56 —.38 -1.8!
760 ver 4.31 .06 L06 -5.50 —.B1 -3.75 .56 —-.81
ThG ver .00 .00 -3,1% -8.91 ~3.13 -7.%6 -5.31 -3.13
7154 very 2.42 -3.50 -.81 -6.41 -1.59 ~-5.41 .81 -3.78
752 ver 5.00 69 4.00 —1.44 4,25 -4.4¢4 3.06 -1.97
734 ver 13.38 9,33 13.96 2.31 13.94 2.03 10,56 5.34
RO4 ver 5.3 ~2.86 7.90 -5.47 7.31 —5.44 5.7% -5.41
627 ver .00 .00 2.94 =-1.56 2.49 -1.53 —~2.63
757 ver .00 .00 1.75 -7.06 1.4 -7.41 -3.2%
7d6 wér —5.13 .63 -4.56 =-5.44 —4,!'3 -2.69 -3.19
3304 wer 06 4.59 —.88 1.93 .06 3.1%5 1.47
2005 ver .25 5,00 -.19 .66 .56 2,28 1.84
6t0 app —1.36 ~2.58 .75 -41.90¢ L69 =3,50 -5.25
6201 app —8.586 11.91 -4.69 g.81 -~5.19 7.91 9.22
10710 app 1.06 4.72 2.56 B8 2,75 1.09 1.75
3204 app -1.63  4.47 -1.0€ ~2.03 L56 —1.53 1.22
15% app ~,06 z.146 2.44 =3.44 2.1 —-3.87 —:88
Faz ver .94 5.81 1.31 2.66 1.1 a.00 1.13 2.84
618 vel 1.56 4.31 5.08 .19 4.63 —.72 2,13 1.50
F63 ver 2,13 3.%9 .44 .31 4,18 41 2.56 15
2906 app .00 00 .50 .03 .00 g8 =111 .00
1067 app 1.13 -1.7¢ .69 —.47 .00 1.06 -1.03
315 app -—-2% —.28 1.3 .44 .00 —.63 .09
812 ver 1.6% L 2.00 -44 .31 2.12 an
a007 ver .00 .00 -1.00 72 .22 =.38 .34
5906 ver ~3.00 16 ~2.94 .38 16 -2.75 25
2906 app .00 .60 .31 -.03 00 g0 .50 .00
1067 app .31 -1.72 .30 ~.30 .00 .00 .63 -84
B1Ss app -.19 ~.75 -.49 38 e .00 .25 .00
412 vet 1.63 .26 1.8%1 .38 1.62 .31 2.00 .34
6007 wver .00 .09 —.63 1.16 .19 LT2 -.13 ]
5006 ver —3.13 —.47 -3.086 ~,16 =3.06 —-.34 =~2.01 —.25
—. 6% -.83

2.3 1.44 .50 =3.34 -1.U0 -1.13
730 app 1:¢.50 -.31 3.38 -1.53 1.581 2.03 4,81 =-1.94

.00 ~g.50 -—1.50 5,69 —6.41 ~-§.,13 -1.91
4,63 6.8 4.00 5.50 4,56 7.97

785 app 8.56 10,19
~i.31 -4.38 ~-2.,06 —2.53

.00 19 -6.13

813 ver .00
781 ver  5.44 2.13 -3.31 1072 9.19 -26.31  =-.50  -—.70
2005 apy 8.31 -.47 7.06 ~1.22 5.94 -~1.09 64.81 ~1.6%9
2705 app 3,06 2.91 1.5% 2.50 S S 1.09 .8l 2,18
270G app L 00 .00 -1.25 —~.,28 —.G3 -1.33 -1.68 -.31
1501 app .00 .00 -l.19 -1.03 -3.00 -.19 -1.19 ~1,6%
701 ver 1.38 2,41 .38 1,08 2.4 2,09 .19 1.75
105 ver 1.81 -1.75 .50 —2.47 -—1.u6 -2.5% 19 -2.94
Ti6 ver 1.06 22 2.80 —.5%. 1.KS —. 248 2,69 -1.09
50804 ver -.13 2.38 -1.31 1.38 -3.2% 2,09 —1.38 .68
716 ver 4.5% 2.11 3.06 1.91 L24 L84 2.5¢C 1.53
5705 ver 1.13 3.13 -.19 2.63 K1 2.03 -.63 2.33%
704 wver —. 42 .47 -1.15 -.09 -,47 -2.13 -.411
2806 app —1.06 1.28 -2.13 69 1.00 =2.25 53 :
967 app —3.19 .16 ~4.00 -,66 ~L. .5% -3.38 ~-.21 L
5802 app 2,06 -.175 ~.13 .15 .25 .50 .88 —-.1v !
5803 app .00 .00 1,44 —.31 .po -1,06 ~-.19 .09
5702 app .63 =2.50 1.44 ~.06 -1 .16 .63 .12
2802 app 1.6 -3.34 LA -.84 —.44 .06 .44 ~-1.5¢
5703 app =—1-61 -.31 -.31 .87 -.21 .34 —.94 1.97
731 var 3.06 -5.28 2.00 =2.22 .63 -1,02 1.9 =1.03
714 ver =2.06 —-8.16 .00 -6.38 .44 -6,91 =-1.00 -5.34
TO8 verxr —-.31 -—-1.06 - .88 —-.24 .06 —1.53 —-.15 —.31
2803 ver ~.44 -2.72 ~1 06 -1.78% —.59 =-2.03 —-,63 —1.53
721 ver .63 -1.00 .58 .63 .18 .66 .44 B4
732 ver -~ 12 2.172 —.38 5.13 -1.19 5.63 -.75 4.97
733 ver .00 00 1.25 4.03 -1.00 5.13 —.38 3.81
01l app —4.19 ~1,25 -1.31 —-.97 -, 28 -.50 -2.%4 -, 47
1084 app 1.75 -1.75 1.56 ~.69 -, 8 -.56 1.5¢6 -, 44
T80 app ~.B1 —1.34 1.38 -1.00 1.06 —.586 .06 -.50
5911 &app ~-.62 -3.97 -.i5  =1.13 ~,uG ~1.47 ~.68 -1.81
413 app 00 .00 —.88 3.75 L LE 3.09 -, 31 2.63
783 vet 1.06 -—2.81 .BB -1.50 ~, 35 -1.47 .8 -—1.38
785 ver -—1.13 .38 —-.19 2.47 2.34 ~. 69 2.12
814 ver 1.28 —-1.75 1.13 -1.34 —1.n8 -1.03 1.13 -.72
T8 ver .00 .00 2.56 —-.31 1.8 L34 1.06 .53




Db SERIE NUME v A Dxi1 oYl

pp SERIE MUMP V_R

16 1068 704
ver .25 -
1008 716 ver 1.6  —.63 _
-1.56 2.50 —. g
1008 7122 wer J5% —2.18 o 8 -3.00 -3
-3.13 — R B T 231 2,
1008 1501 app éb 2‘31 ~3.88 -2,99 4 ;f ;‘25 -2.25 : gg Jo26 1067 ver =694 -1.94 _3.75 =-2.03 -3.rl -1.53
1008 2704 a . .00 -1,33  _ 59 ’ =2.63 —4.25 _p. 1026 763 ver .00 ‘o0 4.50 -1.94 4.5 -8.12 3.06 -6.69
1008 2804 355 2‘38 -4 .38 L34 A.aa --66 -1.13 ,1'3} 1o24 3304 wer —.8L 5.19 5 69 -1.56 B.9a —1.50 3.63 ~1.19
1008 2705 app ‘33 50 1.25 ey 1'?“ 81 lzs 1033 Toz6 3104 yer -5 63 4.91 -21.7% 5 03 -2.1 2,25 -3.56 1.38
§°ﬂ5 5765 app  1.00 1‘32 -.50 —.72 _',; ‘gj 1.00 -.1g 1076 2903 ver ~-4.19 5.97 —6.1% 491 -6.13 5.00 -3.63 4.34
008 715 var X - .25 - = ~.63 )
3.9 - .24 .75 -33
1G04 71 - 1.00 2.08 _ ! .38 .BE
1008 72% et i'g? 2.63 94 i'ﬁ? 56 -1.9% 3.3 7}'22 19 1027 2100 app —4.75 ~5.38 a.pl -1.25 —1.96 —.34 -3.33 -3.9%
10 . -.58 : 3 2.50 : 1027 1491 = 0% ‘oo 7.56 —.66 1.06 34 2,38 ,60
1022 ;gi . “i-sa .28 _z::; 'f‘:i L6 cil :SZ f'gf 1027 2802 aiﬁ 413 -4.34 -2.86 -.3z  -.56  -.22 -=2.36 —2.53
roo6.8L 1 . =2.50  -.63 - o 1027 2007 a 83 -.256 —.31  1.47 .63 26 .94 27
1008 58 _ $ 53 6.0 3 2.69 _ PR - - . .
Togg C8Miver t.al 2.03 iy b0e s L6y sis0 -22 1oer 117 ver -z.63 -3.38 1.3 —d.03 "3 —1.83 -1.69 -6.59
ver  1.63  1.33 0 A4 S 1ai Tae 97 1959 730 wer 1.31 322 2.63 700 4.a0 723 2.3 4.84
1008 5706 app 1 . 1,03 .50 .25 '3: -25 1637 g0z ver 2.83 2.06 10,00 1.28 303 2.09 5.13  2.03
-84 -2.0 : 59 ipz7 803 ver —.06 1,22 4.56 —.28 1.25 .19 1.56 -.59
1009 <06 1.7 -
1008 32: app  -.81 -—2.315 _1.13 u-34 L1300 138 1,75 -1 o727 . goa ver 2.3t -2.94 E.31 -4.19 1.38 -4.59  1.69 -2.08
Lo sgge BB 131 5.5 o 297 50 -s.41  _.gp U 1027 270 ver ~-2,44 5.86 -2.0€ 5731 -3.14 4.22 -2.06 5.75
loos opa7 eep -e0 RO TS LA N E R PY e b-w7 1017 7133 ver -1.56  2.03 -2.50 350 -2.90 2.28 -1.50 .16
laoo ,7§ apo .81 —1.19 ‘38 1-2; L46 2.00  -.15 ‘4-2; 1037 720 ver -3.89 4.0 -3.25 6.81 _3.3 .47 -3.13  5.47
B - N . - " . - - _ _ _
1005 7g2 yer 25 1.06  —.63  2.63 AL 1,78 38 .35 1027 73L vex .75 -3.41 .25 L16 1.4d .06 .13 -1.78
1069 2807 .44 L.19 o0 .31 1.44 - .50 ' 1027 128 ver -.63 ~3.63 1.25 1.16 3.19 1.91 .44 -1.78
iooa 201 wer  ~.25 1.03 _9e el -se e ano as o34 102 2101 app -2z.94 -5.25 ~1.38 .41 KR 38 ~1.94 -3.3¢
ver .00 00 _li3 f-gi -.94  3.44  _.ge i-13 1627 2702 app .00 ‘28 -1.18 .06 -.88  —.31 00 1.03
16 1010 730 : . --11 06 -, 91
1016 731 ver S75 313 13 2,69 -0% -97 Lo 102e 3103 ver -1.56 -3.50 -3.88 _4.50 -1.48  -.47 -1.31 -3.84
1010 717 ver '13 —. 22 —.50 et -.94 2,34 1.38 2.4 1026 5904 ver 1.13 .18 .38 1.25 .81 2.31 .56 1.59
1010 2003 app '5: -1.97 -.56 _2'41 ‘;':: -1.19 .55 _1'43 i1g2s 3104 ver ~-1.25 1.06 -3.00 -,09 -2.31 4.56 ~-.B8 1.18
1010 2191 . -.03 0§ . T -2.47 .44 3. 1pz8 3003 ver 1.53 1.38 'y 1.53  -.25 3.11 1,18 1.50
1010 2807 mme  lag  ii L.ed Ty b .z Lo g 1hia 2001 app  5.06 .41 173 .22 33 .22 4.13 -1.25
' -1 - ) 2 . : - - - W2 . . —1.63
1010 5802 app ‘oo 6 38 147 _leg it 2.7 18 1028 3005 app L13 -2.41 .63 -2,66 s 18 00
1010 5702 app 5e 98 oo s 0 .53 T4k —'54 lozs 2100 app .81 -.75 -1.39 ‘94 -1.19 75 -2.19 .41
1610 zo0 . -12 -0 o 28 —gr | 1020 210l app .00 .60 .06 1.590 .56 38 -1.1%  1.47
1010 723 e _1.13 2,16 -.i9 1':2 -3 .31 .50 _'22 1028 3102 ver .00 o0 —2.75 —.75 -2.71 .81 L13 —.50
1010 5701 ver S00 ~2.06 -1.75 -1.34 o5 .06 L85 -.53 1028 5901 wer ‘s3  1.34 -i.s4 2.25 ~3.00 Y1 -.31  1.00
1016 733 ver _4'00 .00 .25 Zlgg “2.81 -2.78 .69 -2.13 lozs 2806 ver -1.31 -2.59 =i.13 sl  -.13 -1.16 -z.00 -1.13
1010 732 ver 1‘§§ 7.92 -4.50  6.75 :é'gi -2.03  1.38 -1.91 078 2003 wer -i.25 4.4t -2.69 < es -3.13 4.75 ~-2.38 4.4
1010 721 ver -1.31 2.53 63 1.72 o3 5.50 -3.3t 5,06 1028 811 wer 1.50 -.1%8 Tlee 1.s9 -2.00 .72 o0 -.22
1010 720 ver -3, 2.47 -2.06  1.56 1. 1.53  1.25 78 jo28 2902 wer  5.25 1.0% 3,25 2.53 2.31  1.06 3.94 1.19
-84 4.50 4.3 3,48 5'?? 1.72 -1.75 63 lo2g 2904 ver —.06  =.25 -1.00 7 -.92 (50 -1.06 .53
1011 2705 a ’ 2 1.09 -3.906 . 1028 810 ver 2.81 =-1.66 .94 -1.19 ‘49 -,31 2.13 =-1.50
pp 2.31 - . 300
1011 5706 a 238 -13 - j026 1067 ver -—1.13 -d4.60 ~1.56 -—5.63 Tap -1.06 -—.1% ~-3.69
ep 75 - A7 -.38 -
10:1 2704 1.50 ~1,19 _ . 1.59 .00
1011 aa06 S2P 318 2.4d Bl 1’:? -4 -72 el.1e _';f 1029 13204 app 3.00 .09 4.2 107 .25 1.25 2.6% 1.69
1011 2706 aPP W44 -2,59 a1 —1.99 --13 .59 Y 2 58 1029  &08 app .00 po 1.31 -—2.78 Tap -3.31  -.69 -1.72
1011 5705 ape 94 Zlas _1.3a  — g U35 .72 -l.00 “1lzg 1025 765 app ~-2-13 0.4l a4 3.ga ~1.33 3.8l -.69 2,73
1011 z28¢4 app 3.49 241 1.63  2ls9 e75 -1.03 1,34 1 1029 6206 app .00 ‘g0 3.25 =-5.15 1,09 -4.92 2.56 —17.78
1011 301 BB 2.06 -1.53 1.00 : .56 Z.69  1.58 ‘18 1029 6105 app ~13.25  6.3% —9.63 2.8 -.75 3,78 -9.63 2.53
1011 702 35? 1'33 =34 13 72‘31 ;'?3 -1.1% 78 _z‘ég lozs 740 wer -l.13  6.03 .81 L6  -7.94 T34 -1.13  -.75
1011 70 . .00 —2.38 : - 1.91 N . _ fo2s 736 ver -5.56 1.31 -1.7% 3 63 4.12  3.69 -~i,a1  1.50
1011 116 ver IeBL l.os .44 7;'32 wL.23 4 -2l3s :';Z 1028 714 ver 4,06 8.94 7.8 %75 12,34 6.41 7,06 5.19
1611 %27 ver 5.00  2.53  2.88  2.41 Ced5 0 -1.38 31 —1.1 1029 746 ver 3.06  5.31 43 2.16 5.69 1.47 3.25 z.8%
101t 715 ver S13 0 -3.53 -1.31 -3.78 2.50  1.81  2,9¢ 3'0“ 1629 752 ver ~i.25  6.14 1,18 2.38 3.4¢ 2,50 .44 2.03
101l 712 .94 ~1.74 88 -1 -2.19 -1.25 -1,44 .03 ore 754 ver 2.15 3.3L 3.8 —.d7 _i.p0 -t.06 2.00 -.88
1011 701 ver 30 00 R S SR L 51 o1les Lo 160 ver -1.06 5.78 1.1 .73 -3-00 "ga .25 .41
1011 704 : -1.13  2.25 -, T 272 -1,19 : 1028 738 ver —.94  5.28 1.06 ‘Y9 -5.#8 -.09 —.69 -1.03
L0101 702 ver -313 3Bl 1aaa Zap 203 e 206 o 1o 730 ver -0.44 2,34 -6.06 —2.3d 5.0 2.13 -6.56 -4.17
1010: 713 eer Ti-13 -3.00 2.6 ey bie oz 1m 308 1029 758 ver ¢a  a.s0 2.53 =-1.00 -2.00 -1.4t T84 ~L.66
. 2,13 -1.25 (69 -1.88 ’1-§§ -L.00 -2.81 -1.36 1029 747 ver 2.13 3.7 .08 ‘g6 2z.9% -.50 2.3 .18
1012 721 ’ - -1.53 RE -1,
612 733 ::E 38 2.28 0 -3 2,9 1.13 19 1e3p  zees ver -1.75  2.13 _4.19 -2.56 -11.06  5.84 -1.4d -1.19
1012 578% ver -1.00  5.63 -1.13 5'03 L9 2,16 .56 1p30 3304 wer  3.30 .44 .00 ‘ls -9.44 10,00  2.08 .06
1012 720 wver -o0 .00 Ton o3 Thl@ o siem —ias 75 1036 742 ver .50 5.13  1.50  2.69 494 8,16 2.25  2.84
112 732 wer 272 4.8 2.2 4',2 —-88 .34 se .38 1030 746 ver —8.13 -1.16 -$.69 -9.12 _i1.00 -4.53 —6.69 —6.25
1012 731 wer 13 5.00 -1.1g 4'uf -2.88 4,66 -1.75 _§‘31 1036 601 ver -3.25 =6.f1 —l.24 -10.6F 5.75 -18.59 -5.08 -—6.09
1012 2007 1.94 -~1.25 .50 -1, -1,00 4,81 -1,13 -81 1038 e24 ver 4.44 2.72  s.80 2,78 © 69 —.06 4.38 2.8l
Iois agos JER —.08 1.m4 .3 -lo2z 103 —s7 1.3 3.62 1030 £04 ver 1.33 =7.78 4.9 9.7 3731 ~11.03 1,89 -8.34
1912 5702 ap tiar el Tee il o-am 4 TR 1030 627 ver .00 00 3.63 es  1.81 -2.31 =-.25 .28
1012 2 : -00 .7 .. -6 .3a . 1030 757 ver .00 .0p  1.75 -B.47 5 06 -7.6% 3.19 -2.97
1012 2:3; app  -.06 —.75 ,,52 B R | 1':2 =59 1030 1070 app —.i3  3.31 ‘94 .72 -.2d4 1.28 69 1.47
1012 913 ope .00 .00 -.54 —66 15 _.az i “i.s? L 1083 app -3.38  A.36 -4 =200 208 _3.94  -.94  2.75
er .63 -z.49 .19 _z 93 T'33 .44 13 Theme LS 6201 ape -9.63 .97 ~4.19 681 o7l 1,16 -8.38 9.2
15 1 -34 ~.14 1,53 3. T el éilo app 3.31 —2.06 5,89 1.8 141 -2.06 2.63 -2.22
1026 3005 app -2.06 -~1.0 ’ —2.84 l030 3204 app -1.63 5.15 -2.00 2 g4 -2.69  2.36 53 2.19
1326 2007 app Too < lge D086 1.7 -sp g o310 18 ver 3.31 6.2¢ 3.9 2.3 12.06 ~-2.16 5.13  5.81
1026 1491 app 631 1ls0 381 4l66 363 5.aa 53 -2.94 Lo fE3 ver .83 .3p 1.9 216 100 281 .06 -.56
01 app  5.06 . 06 -.1a B . ‘56 1 08
1h26 3204 app .44 Ian 1 2 G -7 e s ;1 1035 149L app .08 .60 T.63 .84 _.1s 2.6 2.19 1.34
6201 app -6.53 1559 il TZ3 0 3iag 7237 513 -1.sa 1035 2101 app -2.56 =-5.47 -2.25 “09 "te 1.3 -2.19 -2.81
i y 31 3,19 -2,z28 1035 2802 app -—2.30 -5.36 ~1,06 ~—1.18 ~.i8 _.50 -2.44 ~3.1&
1035 2100 app -2-13 -%2.03  -.31 ~3.86 ‘i -2.33 -1.38 —6.53
‘b0 -.81 1,16 ‘00 -.41 —.25  1.53

-3.13 2,03 -3.vi 1.69
1635 2702 app -0

1026 2701 ver
~31.38
1026 3003 5.81 -B.38 -1
1026 5901 wer 1-32 2.91 e 9.;; ﬁa.;u 9.75 _J-ég 3.;:
. 5. - . N .
iggz 3904 ver -3.38 :; —e81 1.7 __,: 3-53 2,19 lis lo3s 720 ver =-3.25 4.13 -3.1d 334 -z.e¢ 7.22 -3.13  6.16
1028 2904 ver -4.13  1.84 —3.36 -.34 3.3 -39 1,31 z.28 1036 2701 ver ~2.69 3.3 -1.75 4.38 -3.86 2.66 ~-2.50 4,72
105' 2906 ver -5.56 -~3.58 ~5.44  1.7p -5, 1g ;-06 -1.50 -1,72 1035  B04 ver  2.38 =3,03 7 06 -2.06 1.5 —3.9L  3.36 -1.97
6 310X ver -1.00 4.33 ﬁ5-§6 -1,83 _s.%¢ ]’gg -1.00 66 1o3s 803 ver 1.19 ~-2.53  5.83 56 1.9 T2z 2.50 -.88
: .63 1.58 e T -3.31 -3
50 1.47 1 .78
) L0000 1,94
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102
5 2007 app  -.11 1,00 -1,1
. -1.,19

1635 402 ver
1035 163 3.29 .72 o B
1035 134 wer T334 -s.59 B g N
1035 730 yer 1oy -5.s2 1y Tiess 1040 6306 app .00 0 1.31
1035 731 wer 3 es 128 2.4 PN 1046 1241 app -1.13 66 —i.38 L9l —4.18
1035 731 wver 5 2085 _1l31 3es L02p 6206 app 10.75 -3.69 10.d44 _3.00 7.1 -8 . -2.88
Zle6 Blse las _iles 1040 1084 app -9.13 -l.pg —G.69 -.22 -4.15 L47 -5.89  —.41
1636 2000 app 1 -8 1040 180 app —b.56 ~—2.53 —4.13 134 —1.9%  —.an -3.44 -2,00
1036 2001 app 8'35 -3.81 -1.35 Lgdv 5802 apP .0 ‘g0 1.50  3.25 L.2¢ 1.sd 2.44 4.59
1036 808 app 38 3.31 394 ok L8 o-2.08 lo40 5003 app -2.75 -1.63 =94 1.47  —.%4 .19 19 2.56
1036 3005 app 1~nu S0¢ -1.63 _3'44 .09 .50 4'69 —2.50 logp - 812 ver —1.63 3025 —.s0 —.38 3.7 ~2.00 .13 .81
1836 2101 app -3 -9y ‘81 S -1.81 -1035 4 4 —q3 w1ipag 1067 ver  5.8B ~1.56  6.38 47 4.30 0 -.99 6.4y 1.23
1036 3003 ver  3.00 00 -1l8s 5oy IB e (00 4,34 e Tals ver -l.13 -5.2%  -.0E -3.40 Zlhe -a.13 .06 -2.94
1036 2906 yer oo 2.3 .30 2'4“ 146 2lgy ook -l.oe lo4p 822 ver =-2.00 -0.06 .58 To%s  —.e6 —g.66 -.63 ~5.69
1076 31gy seE 8L -T2 -ise 1-13 ] 249 3-38 1.88 1040  Bid ver ~-b.50 ~-1.38 4.9 .28 -2.19 .64 —3.31 .19
1036 310¢ ver -3 o8 53 lyl3s iled i1 228 o6 .56 e 02L wer -3.69 .88 -1.38 .28 T91 -1.13  1.63
1036 3102 ver 56 3l91 _1lgs 3 ey il 1o o .59 Toao 2006 ver 1.3p —3.00  2.80 .00 Li.mt 3013 1.31
1036 20903 vay 2.56 4.37 6o 2-09 -1,46 4,322 _2'31 ~3.19 1040 3110 ver ~6.63 .78 -4.88  1.6% 2.50 -4.63 1.12
1036 2904 ver D38 a.a7 _ales  oll2 3iep 230 81 104 sons ver —3.33 1.50 -i.43 3.56 3.28  -.94 3,94
1036 1067 wer _oTo8  ze13 -3 -63 156 _alaa 78 i040 786 ver —9.36 .28 ~6.56 1.06 2,63 -5.19 .44
1030 s1g wer TEe3bo-2.78 2,00 e 04 -8 3.80 tod0 778 ver 2.13 -2.36 4.3 -3.59 .41 4.94 -z.19
1036 3904 ver 5:25 .84 2075 z.8 3 -atey o3t lode 3107 ver Tqa -1.78  1.13 —.28 ~i.00  -83 .09
36 2902 ver : 3.0e 1,00 : 1.56 2. ci.i2
1036 611 ver 786 26 200 30 1.44 s 51 to4r 3016 ape 1,06 -1.38 _1.00 1.28 es 1,33 -8 .28 :
36 5201 ver 4,38 (BB 1,00 4,50 1.2 3.06 -12 I 3706 ape .78 =47 -2.04 Teds —il1e -1.47 -zl —08
21 1037 ’ .63 -33 1.84 2.50 1,00 2'23 1041 5602 app .00 Lg0  3.06 ~2.63 L1y —3.50 .63 1.9
1037 6332 app 00 o6 5 2.91 65 2.9 104; gtg ver 3.32 é.g; z.gg :.12 2.23 3.;3 z.gi Z.gz
spp .0 : «38 -5, ' 104 ver -.06 =-5. . -6 . . -1. — -5.
1037 3205 2EE -3100 al00 P L L ST C N ST 1ol 715 ver 2.63  —.3r 113 T84y s.as -2.00 299 -l.2d
Loay 200 app loo aley TE25 6.0 gy b 3. Lq‘iq 1041 S804 ver Tes —2.63 1.13 ~3.6% .30 i1 1,44 -3.58
1637 ;Sg ver ~-1.19 a';? l'gg 1,03 _'5g 3-27 .13 5'5; loa1 1oL wer 1,81 —.%6 z.is x.ui i.oa 1.:: z.gg 2.3;
ver -2.83 : o 5.25 1. -47  1.81 . 1041 702 ver .38 .19 .19 2.8 .94 . . .
1037 752 ver - 63 -1.81 -2 1.94  5.97 i 2.9 1041 713 ver .00 o0 -1.56 4.84 z.06  5.99 ~lof  3.34
1337 735 ver _312: _2.09 3,49 Jiap - -2 _f;g 1,53 1o41 774 ver -d,00 =2.58 Tila4  z.ea -t.e6  3.53 -3.31 R
1 iver 13 .t -2.50 -9.97 olle [raas -use wn B 2807 ver 2.89  1.66 3.0 it 4.a1 5.1 3.25 308
ver -5, . +13 . iy -ll.06 -5, 3. 1041 769 ver —6.6% =3.13 _s718  2.00 -2.88 3.13 ~4.94 —.38
1037 7ap yer gy 587 -6.00 3_32 5.94 .09 :.;2 5.84 1941 708 ver L.63 -1.16 T'4a -1.09 1,69 -L.wa .13 e
-1.13  3.28 -1.00 :-z% 104l 07 app -3.19 278 —1.13 .94 "Ly 2.06 ~—1.31 -1.4%
: 1hil 1004 app -6.06 6,16 -7 .59 ..o .84 -2.31 -5.38
1041 2804 app .7 5.31 2.18  3.47 sg 2.4 (63 4.19
1
i

1037 739 3,19 -
ver - 3.88 -1
1037 750 2,13 4,31 47 -1.50 -
ver -8,00 -.75 1.22 3 2.47 -1.88
' -3.94 2.41 2.22
. .06

3.15 =-3.19 5.13 -—i.1é

1637 710 4.03
ver - ~7.50 1
1037 747 v 2.56  1.25 184 -6.06 .53
- ~-.54 - 1.66 =
1037 i .50 . 1.72 -5,2 194
754 ver -—3.81 ;2 (06 ~4,09 gz —a 03~ 56 -2 ;g 21 w42 725 ver  6.06 31 4.91 -2.19
21 Lass . -2.75 -31.81 -4.11 -1.50 1,75 -1.gg 1042 71l ver -1.13 1.2z -3.50 =-s.03 -6.00 _5.p1 —3.1% ~-3.44
1038 763 ver L3 1.3 31 -3.31 -1.88 3.8 loaz 733 ver ‘9a  9.sa -1.31  4.78 3031 4.1 -.25  5.53
1038 oF8 ver T T R L - s 117 ver -2.94 -1.78 -2.89 2731 Tiler -5.53 -1.50 -5.86
lo3s g0, ver  -.75 1es Thas -l 3l 312 38 —1.1s 1043 120 ver -2.50 9.5% =3.39 122 —a.z 3.9 -z.at 4.4t
ver -7.6 . -00 -8, : 272 -1.5 : losz 132 ver 25 4.sa  -.50 .53 -.88 91 .31 1.78
10 9 ; 16 654 6 :
1033 627 wer ey 286 -4t .95 g "1 11,22 ‘31 -alis 104z 2004 app -1.8% 6.23 1les  4.41 -1.25 4.47 -1.50 5.94
1322 g:i ver .31 5 95 g‘““ —2.97 5'32 *lé.za ~6.18 _1’23 i042 5B0z app --69  1.62 a1 -2.78 1.9a ~-L.0o 1.3 ~.91
ver . -50 2 i —a.84 8a . 104z 3016 ap N1 00 tg 1.22 .06 —.BL ~1,00  2.50
10338 o005 - oo L0 - 00 T.s0 : -1.50 P .
v 5.8 - .59 - - -
NS e i i B e R T Y e e O
10 . 63 - . _a. . . . . . . . .
1032 ;i; ver  1.94 5‘33 SIS _ié'gé ;-33 -1.88 _f ;: lnaz 5803 app —2.06 "o -1.84 -2.75 —.3L -1.90 ~1.50 —.88
: .2 . .00 . T - - B - - -
I 1 B ST B GRS TR I B e AR
1030 301 won L7812 475 .28 9,54 _i.a1 :81 2.58 ver . -. R e T e “iso -0
1038 755 aiy -2.00 11.69 -q.5¢ 1.78 4,63 -13.25 4,13 4.59 1042 708 ver =—3.75 _'31 -3.25 -3.53 -2.56 - .88 2. -1.9
1038 10 app 2.94 3.44 '72 4.88 —.a8 1‘59 2.06 -9.94 1042 729 vel .60 .60 .75 -5.04 2.13 =3.53 z.00 -4.00
app - : . -4 P . -7 lo42 730 ver 1.56 .19 1.44 37 1.9a z.e9 2.75  2.03
1038 1070 278 F 3 3.3 88 9.9y
app 4 d.49 - : ~3.08 2 . 1042 131 vev ‘31 -.56 -—-19 =5.72 —.25 =4.72 .8p ~4.34
1033 3202 25 4.97 81 1,58 <50 - .56
a 3.58 ' -2.15 - . 04 7 r -1 za -8 llss  —-.8 ~.28 .0 .15
. PP 2.3l 4,88 -4.19 f-gg 1se 1les  3lie 7% 1042 21 ver 9 3.2 3 8 0
11039 736 ver 5 ’ -6.50 3,00 oy Cif 37 sos 3306 app  4.00 -5.13  2.58 3.7z 2.56 -3.59 2.38 _4,44
1039 3209 +epr 4'§§ .22 7,38 2,08 ' 18 205 3005 app e .35 .63 b.1E .63 a8 ‘31 —.63
1039 3208 ver 3. -.88 6,11 _, 108 .31 4 sos 1070 app 1.19  —.28 5o 1.:6 —.s8  1.22 .44 .63
as 38 72,50 1.3y 3'33 3.81 305 1241 apP .00 ‘9o -1.31 1.41 -1.06 {.53 —1.31 .53
. a05 3105 ver  4.38 ‘3¢ 2.88 2.13 2.2 1.97 3.63 L83
905 6204 ver §3  -.a2 -1.,00 1.03 -1.1% L.09  -.31 .31
1,28 -2.81 ~=-2.34

.60

1039 ~3.6
750 ver  3.7% 35,63 -3,p0 -
.5 —4.69
-2.84 -—4.00 ~1.13 -4.19

lo3g 738 -3.31 5
1039 sags aen  try eese > 266 -2 -3 256 -1.63
;339 780 app 5. 19 00 alen iaf o9 -7aas 2'53 -1.66 9p5 3103 var —2.31
1033 1084 app -3.00 ~2150 _2.06 1.4y 4% 9: 1.2a o o5 3104 ver -1.63 1.4 ~3.29 Yla -3.;a 0 2.03 -1.31 0 1R
1030 121 app .41 ~2019 -4la1 _1les -ilad -3 2753 28 305 3102 ver .00 At Tids 1lyz e2.ne 156 e .59
39 6306 app b -#8 2.19 1y CL.08 131 ilse U3 ree lng7 ver .31 -2l =13 ~.38 ta  —.5% ‘55 -2.06
igg: 5803 app  ~-3.00 l'go 3.4 _lne  1lag |89 les 305 3204 ver ‘38 ~1.16 ~1.25 a1 -1.44 ‘3p —.38  -.4d
817 ver -2. -1.59  -.31 : - .69 : -3 305 2005 ver .69 ‘b6 ~-i.o0 1.50 -1.1% 1.56 =25 .91
1039 3213 wer _:';1 -4.59 -3 m3'53 63 -lte o "L.n s06 &L04 ver -1.06 L.06 Z3s6  2.72 -2.831  2.63 _1.81 1.50
1035 518 ver 3s atid Theme b 388 503 g by 205 Gio4 ver z.75  1.37  L.06 0 3.8 %5 3.47 1.75  2.88
3310 - -4 g .59 : ~2.53
1039 5304 ey _ith0 272 M -daas 2o _ien -3.0e .19 37 906 5903 ver 13 2,97 -.06 4023 4o .00 .25 2.4
1059 513 wer Cari1 2.0 Toe 283 -2.m8 316 Ly1s d.es 906 1067 wer "ga  —.34 --19 .69 .00 .00 (56 -1.580
1039 3211 ver  ley elay O3l 2.84 -3.75 3.5q _2:96 2.75 00§ 2908 ver L.63 Yad i.44 1.9 no Toe 1.1 T3
1039 820 ve le1 s5l32 3lar ad1 s 373y TE0s 2.sg vie 314 ver —1.56 .56 -1.3% .19 .00 oo .88 .31
1039 737 eer RIS -3.22 o 5,94 zlne  g.3p  Load -9.6s se6  8l2 ver .60 ‘so  —-.63  1.6% w0 Tng .88 —.25
B O B o N I L B L.15  6.41 Soe @21 ver i.44 -2.97 1.23 ~1.28 0o s 1.50 =—2.91
89 C1i66  Zlni 3lee L33 3.09 s06 3107 ver  --13 a7 -1.13 1,56 L00 ~00 ‘00 .25
-89 l.50 .03 B06  dohe wer LBl -.i .91 1.8 o .00 .75 28
$06 3111 app L00 T “co .00 .00 ge 1.38 -4l
o0¢ 1oa4 app -—-3% =79 .00 00 .00 00 S -
aoe 3708 ver —.13 2.3 -1.30 2.38 .00 L00 Y
906 3110 ver —3.06 T4q -3.25 .53 .90 g0 -1.88 —-13
e 1369 wer —.p1 .18 1.0 2 66 .80 .00 06 .
a0 oo —2.8%

-2.06 1,13 —-:.71% 2.66 .

g¢6 5006 ver




or  SERYE

__________________________________________________________ DD HERIE RUKP V A px1 byl nx3 DY2 DX3 DY3 D4 pYa
31il app  -.94 41 25 09 &
- - LEL .25
1043 1084 app -3.086 -.73 -1.56 -.22 -1.19 _1s ~2-:: -06 10 1046 5803 app ~-1.0G6 1.006 - B8 1.78 —.td L34 -.31 2.66
1043 1241 app T80 oo -lel —.3q1 g _le3 SR 1046 1084 app -2.06 -.689 ~.81  1.63 Y .78 -1.69  1.22
1843 2007 app  2.25  ~.88  3.19  1.84  2.19 1.80 i up Lo 1046 780 app —4.44 —3.38 -2.80 —.,78 -.7d -1.03 -4.i3 -1.31
1643 3016 app -2.25 -2,34 -1.13  —,84 ..9a4 .84 -3.3g i l0a6 1241 app —.50 —3.25 4.06 —2.94 .7t .69 44 .66
1843 750 ver 1.18 1,84 L2 1,63 -_u6 1.7z 1.56 wioee 1946 5802 app KT .00 .13 1] eo .34 Bl 1.59
1043 729 ver S.06 —1.,28 5.18 8L 4.1 5t a.o0 109 1646 3200 ver -1.50 —.78  2.00 .25 .13 2.4F —.75  1.539
1043 5604 ver ~-.88 i1 31 2.0 —,06  L.84 -1.31 wiea 1046 737 ver —,63 —.d4f 2.69 ~,1% —.06  2.16 .31 1.3
1093 822 wer -3,19 -1.56 -~2.50 ~1,88 —2.18 —1.92 2.3 -5 1046 736 ver 2.75 —.63 &.86 -.63 2.94 1.84 3.69  1.6%9
1043 2802 ver 1.56 —1.31 225 ‘91 1.7n es ‘it -2.28 1046 750 ver ~2.0h -3.18 1.69 -3,28 -1.94 -.28 -1.06 -.75
1043 3107 ver -.63  1.5%  —=,56 1.91 .28 1.94 —.44 oM 1046 016 vey 1.56 -2.26 5.81 -1.66 2.75 1.53  2.44 31
1043 3208 ver .00 -.53 —,31 —.8% —.44  -.g0 T5g .56 1046 6304 ver .oe .00 1.94 1.75 2.94 5.13 .63 2.75
1043 701 ver  2.88 1.21  4.82 3,00 1.31  2.88 268 -1.94 1046 3310 ver -—4.50  -.3{ .e0 1,19 =-2.00 4.19 -3.838 2,28
1043 772 wer .00 L0 2.3%  1.63  92.5%0  1.56 - 14 i-13 1046 3211 ver -.94 ~-8.13 2.63 -6.09 2.13 ~-4.38 —.44 =-5,69
1043 2706 ver  ~.48 03 .25 3.13  1.13  1.31 -1.18 -00 1046 810 ver .63 -4.680 4,75 -2.91  3.44 —.44 3,19 -2.13
1043 5908 ver -1,31 2.8% —.38 3.69 -.no 166 1,38 1.05 1046 3708 ver .38 -4.72 3.88 —4.19 1.31 -1.78 1.25 -2.34
1043 733 ver 2,75 1.18  3.69  3.84  2.56  3.50 1. .42 2,66 Y046 738 ver 1.63 -5.2? 5.44 ~4.94 2,25 =-2.08  2.50 ~-2.78
1043 716 ver (31 -1.06 2.06 1.i3  1.83 ‘se 3 1-?2 1046 817 ver ~1.75 -2.6% 1.44 -1.84 -.38 L06  ~1.00 .33
1043 2804 ver 1.25 2.03 2.44 3,91 2.00 3.7 .63 2031 6 69 25 13 1.75 1.25
40 1047 1241 app .00 .00 1.5 — .68 . . . -

20 1044 733 ver 3.3l .01 Z.50  1.47 L84 69 14 1047 5802 app  3.13  2.41  1.75 .53 19 —.a1  1.19 1,09
1044 1 ver 2.38 1.84 1.81 i.25 2.75 “1a : 1047 5303 app 2.%0 3.03 1.00 1.47 .13 .69 -56 2.09
1044 716 ver 2.06 ~:.53 1.75 .25 el . &y 1047 780 app -2.34 ~1.31 -3.19 -1.,13 -1.96 —.47 -2.81  -.GG
1044 704 ver 56 —L.94 .25 .7 Tloe -186 b 1047 1084 app .00 L0000 -1.13 —.19 .50 L09 -1.00 T
1044 2804 ver 2,38 91 1,88 1.97 166 s ma 1047 5908 ver 75 s5.16  -.1? 4.28 -.06 4.13 —.25 4.72
1044 705 ver  1.75 -3.06 1.38 —1.97 : 37 1047 822 ver -2.50 =-2.34 -2.44 =2,50 -1.63 -1.78 -2.1% -2.41
1044 5702 ver 4,88 .50 4.1% 78 ez 2';3 -2 1047 3107 ver .88 L83 1.00 =53  -.06  -.44 .B&  —.56
1044 731 ver 4,06 -3.25 3.19 -2.09 N 56 —.23 1647 1067 ver 4.69 ~-1.63 4.63 =~3.16 2.75 —3.44 4.31 -1.16
1044 721 ver 3.88 ~.66 3.19 .50 '02 i'gg mi.3t £047 3110 ver  -.81 .84 —1.00 61 25 1.58  —.15  1.61
104¢ 7% wer  -.56 1.4% -.56 2.38 3.25 1.5 I‘?Z 10647 814 ver -.19 ~,25 =1.235 -.56 S13 0 ~.31 -1.13 -.03
1024 2807 ver  2.50 .75 2.50  1.78 s : . 1047 321 ver T4 2.28  —.50 1.41 -.%§ 1,28 —.63 1,84
1044 1084 app -1.5¢ J59 1,63 t.03 1'12 35y s 1047 812 ver .69 ‘28 —.25 -1.50 -1.88 -2,25 -.15 =-1.16
1044 3111 app 66 -.81  -.06 -.81 Iiag 2 @ 1047 2906 ver  3.19 16 2.13 -1.09 131 -1.97 163 .72
1044 2007 app 5,06 -.28 425 1013 ‘63 2.8p —2.5; 1047 815 ver  -.1i3 '22 Sl44  —.84 -1.19 —.91 —.55 -.69
1323 fgii app  -1.56 -1.78 -1.56  -.75 -~1.31 -.8% -2.56 -1.34 1047 778 ver ‘00 -1.13 -.56 -.97 1.38 —.25 —.25 —.36

app .00 .00 —.54 .63 -1.13 28 . .
1044 767 v . " oL - ~1.19 -3,09
1002 276¢ ver - 32 '3? o -0 .38 272 -.63 .06 10 1048 2807 ver  2.86  3.59 3,44 2.72  3.ps  3.72 .63 1.7 ;
1044 ies wer 708 3L -9 100 - L69 ~1,44 50 1048 TL6 ver .00 J00 1.3t -.34  1.75 .59 .63 -1.03 i
1040702 var -2080 -2.04 -2.8% -1 34 -2.31 .3on 3iEr-%7 loas 701 ver .84 .78 .31 .28 .63 .25 —.44  -.47 !
1020 772 var .75 1.2z .m1  Llgs alap TE:0F -r€ 2.4 1048 1084 app .00 .00 aLonzz e ose -2.23
1044 5705 v 1.31 ) . 5 . T -.25  -.56 1848 2706 spp 2,00 -1.28 -4l e 1l -y -
Tedd dos wer AT 320 3.0 sa06 23 435 1l a3 1048 3016 app -2.00 1.58  —.63 78 -.19 1,66 —1.4d 0 -.18
1044 703 ver _00 00 ‘e i'g: e i'i? 31y 28l Lods 2003 app  -.f3 120 '3; 1'31 'iZ '§§ 1'33 ';:
10 - : N - - ~1.19 .82 1048 53803 a ~. 75 1.22 . . - - -1. .
oae ,i07 wer -1.50 P16 -1.69 1,53 119 -3.00  1.63 toan Cale SRR .6 Iler 2,44 138 2.3 1,03 1.50 .66
1044 iiﬁi ver .44 02 3.56 .8z 50 2.19 s 1048 5004 ver o6 2.22 LBL .69 56 1.03  —.13  1.00
Totl a0 ver a4 -.nd .44 .13 “31 Zles 1,31 loas 785 ver -~.63 .84 .50 -1,31 156 -%.63 —.31 -2.03
tosd fapgover 1.3l 19 .94 .91 .78 o0 -22 togas 727 ver ~-2.13 -.31 -1.06 -.,72 —-.94 -1.,16 ~-1.81 ~-1.41
- -2, . -1, - - - . -1. .81
‘ 5333 2002 ver 3 24 a3 2 es ‘a1 2.32 i.vg -3_3: 1048 702 ver -2.31 2.56 .94 1.78 .44 2.5% 1.69
715 ver  3.25 .34 2,88 1.34 i o
1044 5804 ver —.06  2.25  _ : 1.09 1 A 50 .06 -2.44 —.47
104 752 wer 1.3 .11 les 1.1 ok e 1649 3307 smp et e e -.56 .19 13
1044 768 ver -1.31 1.72 ~1.84 2.7z . ;o ~69 1049 5803 app ~-1.06 L.66 -.81  —.13 L03 -1.00 69
1049 T3z ver 3,56 1.5 2,75 2.44 10 i 15 1043 2007 app  L.88  2.63 38 66 75 1.75 -—.31
720 ver 1.13 .00 . : ' . 1. -.97 1.56 -1.66
25 1,25 272 -1.50 o6 Toas Gags are Lonh T 31 -.3a 81
16 1045 750 wer .00 —2.47  —.13  1.97 2,41 —.18 .93 1049 733 ver ~-1.38 4.34 -2.94 2.28 2.38 —1.38 1.28
1045 736 ver 3.13  -,50 3.3l  3.44 R S 1049 725 wer  6.25  2.69  5.4%4 1.5 1.44  5.31 .69
1045 737 ver A3 -,41 13 3,28 163 o6 1.1z 1049 708 ver -4.31 2.6 —4.38 1.00 1.09 -4.45 .34
lots 13ps eor Grhe l.el s i 1.25 —1.96 “09 1049 732 ver —.38 3.3 ~-1.13 1.25 1.41  =-.18  1.13
ver 2.3 -4, - : ot _ - . 3 2,25 10
198 aaaver 3l i i D TR i LT I B S R VRN
1045 . 6304 wver . . - T Ty . - - -2.50 .25 -1.81
1045 012 ver ~.$g __22 i'gg 3'52 00 tno1m igig ;ig ver 'ﬁ? -1'23 .00 -i:i; -;.31 i,au -3.88
1045 730 ver  3.31 -5.53  2.81 1.2 T -6 -1z 1049 721 ver 1.00  1.63 44 -.22 2013 1.80 -.31
1045 780 ver ~3.44 —3.53 —d.25 a7 -1.1%  3.00 -3.34 7 63 -3.94 -1.06 —6.69 —6.28 .38 -5.91
1045 1241 app 15 503 128 ol clie -3.500 41013 i I3 ‘25 56 31 72 75 -.25 -.56
—. -5, -1. —.132 .0 ~ _ ver . . . - - . -
ig:g igg: app .00 .00 4.44  ~.31 ;2 2'§: "Sﬁ 1049 711 ver .25 7.13 -1.1% 5.97 5.8r ~.75 4.44
app -1.6% .47  ~1.63 28 ‘03 :
1045 N - . ~1.31 .81
1005 3211 aob 15 i vy . --16 -2.00  1.72 40 1056 6304 ver .00 Joa 5.25  1.19  3.+3 4,75  1.44  2.06
1645 778 ver  -.63 ~-1.19 3 -3 (03 1.25 .16 1050 3310 ver =-4.56  2.41 031 3.44 -1, 6.66 -—3.06 4.4l
1645 621 ver -1 .88 o “1-3? 1-78 -1.13  -.81 -.66 1050 818 ver ~1.,19 —-d4.18 3,38 -2.84 2,48  ~.25 .25 2,19
1045  §14 ver ~.75  —.06 - &3 .63 1.6 -1.13 1.84 1050 3211 ver ~-2.25 —7.09 1.88 —5.50 1.%0 -3.72 -—.81 -5.16
1045 5908 ver -1.00 3.75 —.os & 39 -.19 -.31 .44 1050 #16 ver 1.50 -3.53  6.06 -3.28 .22 3.06 -1,56
1045 815 ver ~1.69 -31.6% _.g81 _1. 1o 4 Lose 750 ver .84 -3.000 3.00 3.2 B h v
1025 1067 ver 1.68 -4.06  3.13 :1-:f -l.53 -1.,19 -~z.28 1650 738 ver 1.00 -4.78 5.13 =-4.75 -1.53 2,63 -z.84
1045 3107 ver 63 1.08 1'13 3- ~-88 2.18 -2.22 1050 3208 ver =-1.6% =-5.00 2.13 -4.69 -2.013 -.13 -2.0%
1045 751 ver 2063 -1.77 203 3-71 4.00 .88 2,78 1050 737 ver -1.69 1.03 1.94 1,09 3,72 ~-.13 2.94
1045 3211 ver 1.35 —6.31 63 -4 13 3.39 2.56 .91 1056 817 wer =—2.88 =2.22 .75 -1.59 .50 -1.31 —.34
1045 822 ver -2.33 -2.56 -3.31 .78 —2.18 oles -30 -5.09 1650 736 ver ‘e3  1.31  4.25 1.16 1.i4  3.97 2,25 3.19
1645 3110 ver 1.38 -1.31 A1 —.06 ‘ad -z —f‘fg 'f'gé



DD SERIE

1050
1059
1050
1050
1050

1051
1651
1651
1051
1051
1051
1051
1051
1051
1051
1051
1051
105%
1051
1051
10531

la5z
1052
1052
1652
1052
1052
1052
1052
1052
1052
1¢82
1052
1052
1652

1053
1853
1053
1053
1953
1053
1053
1053
1053
1053
1053
1053
1053
1053
1053
1053
1053
1053

3209 ver

5803 app
5802 app
780 app
1241 app
1084 app
5908 ver
778 ver
822 ver
815 ver
1067 ver
3310 ver
3107 verx
812 ver
2906 ver
814 ver
B2i ver

1084 app
2804 app
5003 app
2706 app
3016 app

104 wver
716 ver
715 ver

5804 ver

727 ver

2007 ver

702 ver
701 ver
703 ver

711 ver
733 ver
731 ver
732 ver
708 ver

2804 app
5702 app
2007 app
3¢l6 app
3803 app
S802 app

725 ver

720 ver
F17 ver
729 ver
730 ver
721 vey
712 var

1054 780 app
1054 1241 app
1054 5802 app
1054 1084 app
1054 5803 app
1054 6206 app
1054 736 ver
1054 817 wver
1054 750 ver
1054 816 ver
1054 3211 ver
1054 737 ver
10584 3310 ver
1054 8138 ver
1054 6304 ver
1054 3209 var
10524 738 ver
1054 764 verx
1054 3200 ver

740 app
1241 app
5802 app
1084 app
5803 app

~1.50

1.31
2.086
~7.69
2.31

—4.63
~1.50

.00
-3.25
-2.00
-2.63

2.44
4.94
~-1.69
00
.00
2,31
.38
-1.49
.94
5,56

2.00
3.88
5.38
2,75

.56

.00
1.00
—.19

-1,56
~1.89
1.69

2.06
~1.00

.00
~1.63
-2.19
-2.00

.56
.00
—.38

~1.19
9,25 -12.44

4.88
.50
81
.38

-t.00

3.44

-1.50
-1.50

Qo

-3.6%
-7.66
-8.19
~5.47

-3.25
-06
1.586
~1.4a
~.50
-1.06

-1.13
1.25
-2.75
.BB8
=1.2%
213
—.44
-2,06
=75
3.e1
- 1%
.48
.81
2.06
1.00
~1.7%

—.06
30
—.88
-1.82
=1.63
1.38
—.31
1.69
-1.44
~-1.31
1.4
~2.38
4.38
13

~-.38

-1.38

2.1%9

=1.00
-3.50

.00
1.00
.00

-2.3%
-1.81

.31
4.44

-1.94

44
3.81
1.75
-.56

~1,123

-2.63

~.31
1.82
~.B8

+13
o.eg
4.94
-.08

.63
—.56

~Z.56

3.31

-3,31
-3.25
-2.19

+ 50

1.62
-7.94
1.488

1055
1055
1055
1058
1055
1055
1055
1055
1055
1055
1055
1055
1055
1055
1055
1055

1056

1056
1056
1056
1056
1056
1056
1058
1056
1056
1056
1056
1056
1956

L1057
1057
1057
1057
1057
1057
1057
1057
1057
1057
1457
1057
1057
1057
1057
1057
1057
1057

907
907
907
sa7
207
907
907
907
3a7
507
907
907
907
207
207
207
a07
07
347
907
907

o08
908
908
908
908
900

NUMP V_A

1084 app
5803 app
1241 apw
5908 ver
1067 var
1107 wver
3110 ver
Bl4 ver
812 var
T80 app
5802 app
B21 ver
2906 ver
815 ver
T78 ver
822 ver

701 ver
1084 app
2804 app
5803 app
31016 app
2706 app

105 ver
2807 var

715 var
5804 ver

T02 ver

727 vear

T16 ver

704 ver

2007 app
5802 app
5803 app
2004 app
3016 app
5702 app
729 ver
T12 vey
713 ver
711 wvar
713 ver
11T vet
708 ver
720 ver
731 ver
732 ver
Til ver
730 ver

1501 app
1084 app
2706 ver
2007 ver
2704 ver
5801 wver
3016 ver
815 ver
821 ver
1067 ver
8414 ver
812 ver
57062 ver
5706 ver
5802 wver
5004 wver
5906 ver
2909 very
2906 ver
2804 ver
2802 vek

5906 ver
5804 ver
5802 ver
h70h var
1067 ver
821 ver

.00
3.3
.00
.88
1.63
2.50
2.06
-.175
4.19

-2.13

3.00
1.31
4.13
2.13

-1.00
-2.69

6.00

.00
&.50
5.56

.00
2.19
2.94
1.25
&.086
3.31
~.581
6,94

.00
4.75

1.00
1,19
50
2.75
-00

-.50
1.25
-.81

-31,50
~.13
—. 81

.31

.00

.69

.00
—. 03
.00
1.53

-2.34

—.69

-1.38
-2.03

.18

—4.03

L1h

~3.53
-1.38
-3.31
—-6.78
—-4.38

.88
.00
2.66
2.03

-1.6%

~.78

-1.09

1.22
.28
1.44

-1.78

—.1l6
i
-.22

8.44
2.63
2.4
3.0%
.00
2,72
00
2.94
4,91
7.31
10.22
-4.06
1.44
3.06
-.81
4.38
3.03
8.84

-2.31
PE-1 1
.00
.34

-2.03

-.748
—~,25

-2.03

-1.7¢
.00
W38

~.34
.72
-1.34
-, 13
—.44
.08
W12
—.47
-.47
-.91

.22
22
-.09
-1.75
.00
—2.38

.00

3.25
—.44

4,00
2,78

~1.13
—-1.56

1.63

~1.88

-.50
-.13
1.25
1.63

-2.50
~1.38

3.31

.13
2.23
1.44

—2.13
-1.63

-.94
—.683
2.63
-.12

«3.13

2.81

-4.50

1.06

-1.63

1.13
.31
1.56

—2.06

63
.06

-1.19

.13

—-5.94
—-2.44

3.1%
1.63

-3.13

1,61

-1.38
-1.75
-1.50

.00
.00
4,75
4.6%
2.6
1.69
4,38
-4.06
.56
~2.44
—-2.56
-1.58
4.05
5.44
i.19
2.06
~3.00
.63
—.06
.88
1.44

—3.44
2.38
1.3
5.50

-2.63

.69

—-1.69
2,18
-3.47
—1.22
A3
.36
-.06
-2.00
.25
—-2.25
—1.84
-3.28
—-4.09
~3.16

1.44
—-1.78
1.53
-.19
-.53
.27
-1.34
2,34
-, 44
-.09
~.53

3.7
-1.50
~.81
L34
.13
-1.63
-5.38
.25
2,06
3.63
5.03
-9.31
-1.94
-2.34
~5.91
-.13
-1.03
3.41

.00
.00
1.31
5.31
1.%6
2.44
-, 03

.28
-.25
3.63

.22
3.6
3.66
-.47
3.394
1,24
3.69
1.66
3.81
2.38
3.84

5.00
3.25
5,03
-.78
6.03

DX3 DY3 DX4 DY 4
E 2.06 —.88  3.53
.38 -.31 .00 2.09
Ca4 1,08 2.25  —.91
-.13  2.44 -.56° 3.81
2,14 -2.63 31.44 -2.28
1.44 -.19  z.t9 -.22
—.18 4L -1.44  1.06
_.z@  -.13 =-1,56 1.22
. -.38 l.38  1.31
}.23 2.1 -3.94 -1.38
_w31  —.63 -.56 1.72
L5 ~2.66 -.25 =1.22
‘53 -2.22 1.0 -—.41
.88 -2.81 1.25 -2.22
-1.50 -4.09 -2.63 -3.50
-1.t3 =-2.31 =-1.81 ~2.50
4.63 1.5 3.44  1.13
.48 .34 -.56 ~2.72
L3 .50 2.00 1.78
-1.44 =1,18 a1 .06
NE] L01 -1.88 =-1.00
1t .34 -1.13 .94
_L.31 ~2.06 -1.00 ~1.28
1.1 3.13  -.33 1,78
1.8 -.91 z.44 —.4d
~1.75 -.53 ~.56 -.06
_.41  -.06 -2.88 -.97
2.25 -1.34 2.81 -.31
4,25 «.50 ~4.25 .91
1.5 -.4¢ 1.19 .16
-,ga  1.91 .50 4.09
—oa4 .24 .88 .00
—_81 .31 -,30  -.06
1.56 .50 1.31 .11
—.28 L08 -1.38 -2.78
1.00 -2.86 2.00 -1.1%
-1.94 -4.38 .44 -2,91
-1.44 .78 ~1.69 .13
.56 1.7% .31 1.59
~4.31  1.71 -4.19  2.94
~1.81 .38 —.13  5.78
1.63 -8.73 3,81 -7.1%
1,00 -1.38 1.44 -1.4d
~3.,69 -2.91 -1.36 -.75
L5  —6.00 2,69 -4.31
-1.43 -.50 —.,38 .81
~1.va -1.22 -1.,06 -—.38
—2.8p 1.69 —,56 5.53
00 .00 —1.38 -—1.69
00 .00 .50 1.38
.00 .00 08 .81
Lu0 .00 1.00 .12
.00 .60 -1.69 -1.44
00 .00 L44 0 -.28
00 ,00  1.06 .69
.00 Lo0 —1.38 114
Lu0 L08 1.31 -1.,05
L0 .00 a8 41
.00 .00 -3.75  1.25
.00 .00 -1.19 .06
.00 .00 .88 .28
.00 .00 1.38  -.50
.o .00 .19 .28
.00 o8 .56 .22
.10 L00 -2.19 .50
a0 .00 .13 .91
.00 .00 .06 -.08
&0 .00 1.5§ .13
.50 .00 —.50 ~.56
L0 L60 —2.63  1.00
L .00 .50 .97
.o .00 .00 .50
o0 .00 .69 -1.03
.00 .00 1.13 .91
.00 Le0 1.44 -Ll.44




v oX ¥l DX py2 ————
NUMF V_A 1 ¥ _ e e
SERIE HNUMP ¥V A pr SERIE — . m———— —rm——

- 1.3 -1.47
a1s 749 ver -3.38 —2.3¢ -l.o1 -2.i9 -l.ae 3y il .59
908 1501 app -2.38 .00 .00 .00 .00 -1.69% -2.,22 50 915 748 ver —3,13 .11 -1.8%1 .93 -~ .‘-:1 ‘a1 .68 .66
908 1084 app —.13 16 Y Lo0 Luo e .56 1.25 s1s 74l ver 13 -.13 .88 -56 o o6 =0 o1
908 2706 ver .00 L00 5,81 1.41 .40 .60 .31 .65 740 ver  —.12 N1 .56 -84 -l ‘31 -.i3 -1.81
908 814 ver -1.88 —.47 ~2.06 ~-.25 .40 .60 -1.15 .43 Sy 404 wer —1.63 -i.s0 .18 -2.63 .25 -2.01 -3 1.8t
908 812 ver -1.94 -1.28 -1.38  3.91 0o .00 -1.06 -.56 S8 el Tilse -1.25 31 -2.09 3L —aal mide i
908 3016 var .38 .13 4.5 .34 Lo L00 .15 97 I tel 3150 -3.13 -1.43 -2.18 -1.56 -3 o200 144
908 5702 var 44 .47 4.88 4,79 50 .00 106 00 E Eor ver L83 S5 zies 138 z.is 1.se 2.3 2
908 2007 var Y .47 5.38 6,41 60 .00 a4 88 S S0s ver 2044 ~-1.75 .3t -9l .35 -3.00 . -0
368 2704 ver -2.18 -1.84 3.44 1.84 a0 .80 S1.75  —1.34 S ii ver Ilss w1l3s (63 —.38 63 -6 1.47
968 5803 ver ~-.36 -.87 1.75 1,13 .00 .00 .18 - 3¢ e 1ii ver iler las -.zs .81 -.19 " BT
908 2802 ver ~.88 —.81  2.25  5.00 Jao o0 13 .3y A ey Tilis -1.e1 -.13 -1.31 .19 -1.47 “52
508 2304 ver .94 —.69 4.31 2.84 ] -a8 1.56 —.013 ‘“§ 746 ver ~1.44 --4d —.25 .13 4.22 e Y
908 2906 ver —.63 —.59 .25 4.%1 Ay -6o0 25 -09 215 747 ver —2.69 13 =1.63 .23 —l-gu A:lﬁ 58
308 815 ver -2.19 -2,63 —4.25 .75 .00 .00 -1.1% -1.63 915 3202 ver —1.56  —.66 s el e -.44
908 2909 ver  -.3B \13 1.00 2.1 .00 .00 .25 1,00 915 3204 ver ~—l.4a -1.19 ~.38 -. ST “l3s
815 2205 wer —.9i —.f84 oo —-3; 31 -.18 --15 ;
18 90% 1084 app -.61  1.69 .00 .00 .00 .00 .63 1.00 915 3206 ver .00 .97 3 T Sil3 Zlaa -.53
209 1501 app -2.%4 .69 .00 .00 .60 .00 —1.44 -1,03 915 736 ver ~1.31 —.41 -1.2% Tas "36 -2.69 ~2.62
309 2002 ver -2.13 L78 2.06 2,50 .00 .80 —.25 .8 515 735 ver  -~.38 —2.81 08 -2.72 .06 -2.00 2 81
909 1067 ver .80 .00 .06 2,53 .60 .80 2.06 .53 515 734 ver  1.50 2.84 1.88 SR i 1.59 i
908 2007 ver -1.44 1,53 4.13 2,84 .00 00 .38 .08 915  &11 ver -.25 —.25 1.89 ‘i -1.35  ~.d6 =.22
908 5906 ver —4.81 2.09 -3.00 3.41 o0 L00 -2.84  1.36 s15 5102 wer -2.75 .73 -1.33 -84 -1.29 ‘a1 2.00
909 5803 wer -1.88  1.47 1.25 z.1s L0 .00 ~.25 .28 215 3301 ver .00 .00 2.06 ol ‘o6 -.3e -4
909 5802 ver ~-2.13 1.7z 1,19 3.1¢ a0 L00 —,31 .50 15 6206 ver .19 -, 69 -25 T3 —.34 -.13 .00
909 5706 ver .00 .00 4,33 -2.13 L0 .00 1,19 —1.34 915 6103 ver ~-1.94 .28 -1.00  -.30 TR —1.31
908 5762 ver  —.44 -75  4.58  1.75 .ne L00 1,25 - 72 915 6204 ver -.23 2,22 L63 -1 o3 —.31 .25
20% 3016 ver —.44 1.22 3.19 -1.22 .60 .00 .69 .00 15 6203 ver —.63 —-.88 -63 -6 -°4 13 .09
909 2909 ver -1.63 1.91 L4 1.1 .00 .00 ~.13 .9¢ ’ 6104 ver -1.56 L86  ~1.00  -.06  =.® .
968 812 ver -3.50 1.34 -1.35 1.22 .90 .00 -1.63 L3 o1% 13 25 06 —.13 —.3d
S09 815 ver ~-2.63 -1.22 -2.63 .03 .00 00 -8 -1.84 .50 -,06 .25 - -2 : - L34
908 2908 ver -1.94 1.84 .31 2,22 .00 00 -.31 .84 52 93 gigf :gi 75 16 .38 .03 -.50 "ég ';i .03
909 2906 ver ~1.75 1,28 .81 1.28  .po  .g0 19 22 ol3 200 mew 3L ~.19 .48 -.13 13 Rt -
909 2804 ver —.63 1.16 3.13  1.19. .00 .e0 94 -.13 13 105 ane 19 a1 oo 16 25 03 -as o
909 5304 ver -1.38 2.06 1.69 1.97 80 .00 19 a1 Y 5106 app oo ‘g6 -.31  —.16 -.25 .93 53 1
a08% 814 ver —3.50 1,50 -2.94 .13 Lo0 00 -2.13 at o -.25 .52 -.08 <34 -8 : 00 -.15
503 2706 ver -1.06 1.59  3.45 -.38 .00 vo .13 13 213 SIAL R T3 i35 “has o il s Tla
e - - N -.03 . . . .
909 821 ver 1.04 .06 2.25 05 no 90 2.69 -.84 23 3301 wer 00 e i ap -1se -2
48 910 1084 app -. 69 .92 .00 -1 .00 .00 ~.25 1.75 913 &207 ver e s -9l -e .
910 150% app -2.38 -2.41 .00 g0 s .00 -2.31 -2.59 Lz 6102 ver ez ik
910 2802 ver -.75 -.53  1.88  4.7% L8 00 -.6% -1.%6 9131 103 wer las —.3B
910 2804 ver 2.38 .86 5.3  3.16 eo L00 2.25  -.34 913 2206 wer ‘06 .03
910 2006 ver S 16 .81 4.s9 “0a 00 .94 —.g3 913 6206 wver 25 —1.00 .31
910 2900 ver -.19  -.28  1.00  2.13 00 09 19 -l47 13 6201 wey t06  -.53 25
910 2909 ver -.63 63 .94 1.s4 oo o0 .30 75 813 6203 veX o6 iza .50
910 5702 ver .56 -.31  4.80 4.56 00 .00 .19 ~1.28 o3 TR vt llee Ja7 —.04
2910 5705 ver 1.25 3.69 6,06 5.5§ a0 .00 .56  3.58 913 756 M r 1.13 2,03 1.44
910 5706 ver 3.94 -1.88 9.25 _. 41 oo 00 3.11 -1.78 a1 786 ver e 19 .68
910 5802 ver  -.06 41 1.75 481 L0 00 .25 -.38 g2 734 we 1.56 —.03  1.44
916 5803 ver .06 .00 z.00 3,44 .90 00 13 -.50 213 781 ver  droe  i.aa 1.31
910 5906 ver —2.75 1.09 —2.88  4.84 .00 00 -1.04 .59 a13 70 vex 16 Zlas -3
910 5908 ver -.31  3.84 .31 5.06 oo ce .38 4.06 sly  TAS vel  llae  1.a7 -1
910 821 ver 18 llgs a4 .63 oo Lon B8 —.a7 S el I3 2.2z -3
910 1067 ver 00 .00 -2.69  1.55 oo .00 1.56 -.3a $13 605 ver ‘69 -1.0% 1,12
910 814 ver -2,75 .18 ~2.48  _.2% oo 00 -2.1% oL B AL _lhe  —.sa  -.af
910 815 ver —2.50 —L.41 _4.44 66 s J00 —1.3% 913 &02 wer  —- 0 lie 13
916 812 ver ~1.8% -.22 -1.56 3.97 a0 00 -1.13 913 BG4 ver T e -.4T BT
910 2706 vor o0 .00 5.88 1.7 00 0o -1.00 3 TRI il il 1.se —i.aa
910 5804 ver 06 .63 2.50  2.80 00 00 06 913 755 wer -1-00 13 -.18
910 2007 ver 1.06 2.1 5.50  7.78 00 20 63 ot ;:: ver _.ae  1.9a .25
9 . -1.00
915 6101 app -2.13  -.63  —,63 —.47 -.%0 —.28 -.44 .22 813 TAT ver _1'32 i-;i i.as
915 6201 app  -.91 13 1.06 L8t 81 1,72 913 759 ver 1. 172 .69
915 3207 app ~.25 —.34 —.18 .16 25 -.41 913 760 ver 03 Tltah 1lee
915 2005 app -1,25 .75  -.1a Y 36 .41 g2 Ml owver 140 T3 _&8
915 6106 app .00 L0000 —.13 .06 i1 ~.a1 913 740 vez ‘38 —.31  -.08
915 6105 app  —.25 -.03 L6 —.25 .75 -.2% 813 782 ver .3t 3L oot
915 601 ver -2.94 -2.38 .88 —1.97 -1.60 -1.00 913 763 ver ~—.G 34 —.T5
915 6207 var ~1.8i -84 -2.06  1.42 ~1.75 94 §13 6104 ver —-63 AL -1.2s
915 3201 ver =-2.8% -1.50 _.53 —1.03 -.75 oo 913 607 ver ~—1.63 12 19
$15 1700 ver -1.25 -1.28 .25 .53 06 .06 913 1100 vex  -.06 -12 =
$15 1070 ver —.84 -.78 .50  —.06 31 .50 913 1070 ver RV 31
915 3303 wer -.a1 -2.41 (56 -1.31 19 —.a8 a13 3301 ver 18 Tles  -las
915 765 ver -1.31 .88 -.75 .53 50 —.47 813 763 wer  —o13 0 LU0 LS
915 764 ver -1,18 1.66 -1.25 1,01 —.81 1.5 P11 760 ver  2.09 3oL
915 163 ver -2.06 ~2.22 -.38 -1.41 .63 —,72 913 136 ver -0 “loe _ 25
915 762 ver -1.81 -2.81 -.25 _1.§1 .56 —1.34 913 T3 wer L 1lea  L.38
915 760 ver —.31 -2.78 .31 -2.72 14 -3.16 913 3B wer 108 L0 n
915 737 ver -2.50 (69 -2.63 .12 ~2.06 .41 #13 3205 ver  -.31 02 28
915 738 ver .63 —1.88 Lad4 —1.4d7 .75 -1,08 013 3201 ver —.28 ‘00 —.13  -,22 =13 —.47 - 08
915 759 ver -1,00 -2.25 .38 -1.34 -44  -1,31 913 3262 ver —.d4d - et ~.72 -3 =75 -ad
915 758 ver -1.25 ~-1.41 —.38 -,97 .25 —,75 913 3204 ver -.1%  -.53
3i5 757 ver -3.56 ~-1.00 -.31  —.s1 06 —.41
915 756 ver —1.44 2.03  -.19  2.16 [06  2.6%
915 766 ver  -.25 L0 144 15 1.56  1.53
915 754 ver -.38 -1.19 63 _.78 L5 .47
915 751 ver .56 .31 1,00 .09 1.19 H
915 15¢ ver .25 1.2 .38 1.69

62 1.47







73

74

75

a0

a0l

8G3
903
903
503
203
201
963
903
903
a03
203
03

202
902
902
202
562
902
902
go2
902
o0z
s02
902
202
302
902
202
502
902

992
%02

904
504
904
904
J02
904
904
404
904
904
904
904
904
904
904
4L
904
904d

911
911
911
911
911
g11
911
911
211
911

£020 app
1241 app
1070 app
3105 ver
3304 ver
2005 var
3102 var
1067 ver
3103 ver
3104 ver
3204 ver
6204 ver
£104 ver

6020 app
1070 app
3204 ver
3185 wvar
3304 ver
3104 ver
3102 ver
3103 ver
1067 ver
2005 vexr
6204 ver
61049 ver

1501 app
1884 app
2808 app
2807 ver
5887 ver
5908 ver
2908 ver
53¢6 ver
821 ver
814 ver
3016 ver
B12 ver
811 ver
5702 ver
5705 wvear
5706 ver
5302 ver
5003 ver
2804 ver
2706 wer

1084 app
1501 app
2908 ver

821 ver

814 ver

812 ver
3908 vel
5906 ver
5803 ver
35802 ver
5706 ver
2706 ver
2908 ver
5702 ver
5705 ver
3016 wver
28067 wver
2804 ver

1081 app
3005 app
3iit app
2802 wvery
2807 ver
2906 ver
5911 ver
612 ver
814 ver
8§21 ver

NUME V_A

-0
1.13
.63
2.38
B8
~3.44
~.5C
-3.63

2.38
4.13
3.13
—.06

.00
~1.56
-1,38
—-2.44

-38
2.06
1.72
1.25
1.50
2.06

.00
—-.75
3.44
1.97
1.00
2.78

00
2,00
2,06
1.81
.09
3.34
2.09
-.72

1.0%
-84
2.59

=2.44

4,41
2.47
+44

06
3.03
00
)
1.44
1.5%
-1.09
1.09
—.53
i.38

.08 .47 iRty W00 -1,33 0 -1.28
BB 1,25 -00 00 i.81 .04
2.69% 2.88 -3.63 -6.,75 3.69 .22
-31 32 69 =87 -1 -.02
.00 .81 -4 -19 .38 -22
~1.94 2.44 -7,BI 4.1 .08 -88
-.13 1.75 -8.19 -10.44 .80 -1.58¢
~4.13 ~.16 ~10.13 -9.00 -2.44 -2.0¢
-1.56 4.31 -9.69 -4.88 -2,19 2.06
-.25 1.81 -2,81 -2.83 .63 513
~.01 .56 -1.81 ~.97 ~.50 -.34

-2,88 3.47 -7.56 -3.66 -2.06

.09 00 -40 -o0o -.13 ~-.41
-G0o -00 .00 .00 1.25 1.03
-.94 -1.41 .00 .00 1.00 =75
244 —4.466 no .00 3.3 -03
~1.7% —-.72 LNe 00 .63 -.15
—4.50 -2,53 -a0 00 -2.59 1.7a
00 -2.75 .00 .00 44 1.03
-3.75 -5.987 .00 00 -2.69 2,00
~2.1% -7.31 .00 -00 l.19 -2.1%
=2.31 -1.14 00 -00 —~. 08 -.19
-3.31 -z.00 00 .00 —.63

~4.8% -2.91 .00 .00

-.44 -.75 .00 <00 -1.81 -~3.28
-1,00 .13 . 0o 00 -3.12 -.28
1.44 -66 B0 00 -2.56 ~1.324
4.50 3.31 3.38 3.03 L.06 W97
3.13 1,19 2.44 .66 -.38 —-.22
+69 4,25 2.38 .84 —-.25 3.25
1.56 2,13 2.58 2.72 -06 47
-2.44 1,53 -.38 2.97 -2.19 —.47
2.56 -47 4.13 1.09 1.56 —. 66
-.69 .50 .50 .53 -72.63 .13
5,81 4,53 4.4613 4.34 2.50 2.00
-1.19 1,56 .69 3.11 -.94 —. 8%

5.31 3.75 5.13 3.25 2.13 2.75
2.5¢0 2.38 2.71 3.78 1.56 -1.91
5.06 £.55 4.00 6.91 2.44 3.18

4.13 2.94 258 2,94 -81 -.31

94 1.9% 2.90 3.44 69 -1.13
1.56 1.949 2.1 3.06 .81 -.93
1.88 2,31 1,88 3.19 -44

3.00 3.13 1,25 3.125 ~.25

-00 00 -0 <00 -2.75 25
Lo 00 -0 -00 -1.83 -2,97
1.13 1.81 00 .00 .25 -.44
2.94 LA 30 .00 1.94 -.47
.00 -22 00 .00 -2.31 -50
=1.25 1.38 a8 .00 —.44 -1.41
.75 4.47 20 il -.13 3.78
-2.63 2.50 .00 .00 -1.81 .25
1.31 2.69 L 00 .00 .56 —.T78
231 2.51 .00 .00 231 -1.38
4.56 .59 00 .00 .08 =.41
3.94 3.53 0 .00 —.63 -1.16
1.58 2.56 .00 -0a ~-.25 -78
2.63 3.94 .00 .00 1.56 -1.72
5.44 7.18 00 -00 i.81 2.94
.94 4.51 -Go -00 2,31 1.97
5.75 3.75 .00 00 1,08 1.13
1.94 3.13 .06 .00 .13

—-.75 —.06 N 00 -.81 ~-.03
~.3a 22 .o il 1.06 1.69
1,13 -.i6 .00 .00 14 .59
-1.88 -2.15 1.:3 -2,47 .13 -2.08
1.00 1.66 4.13 1,43 1.50 .63
-1.4¢6 —-.88 .50 00
-.38 —-.72 —.56 -1.i4
-2.38 -1.28 ~.94 —.38
~-1.38 =--73 -1.3s -.66

~2.75

oo

a0

90

SERIE

911

911
311
211
911
911
o911

912
912
512
812
8912
912
912
512
212
912
912
912
912
912
232
912
912
912
912
912
912
Q12
912
912

RUMP V_A

5807 ver
5802 ver
5803 ver
5804 wver
1110 ver
2804 ver
1067 ver

822 ver

815 ver
2908 ver
2509 ver
5006 ver
3016 ver
3107 ver

5842 ver
2906 vsr
2908 ver
2807 ver
2504 ver
3205 app
1084 app
3111 app
2802 ver
5303 ver
5804 ver
5807 ver
5806 vet
5911 var

822 ver
1067 ver
31190 vex

815 ver

6521 ver

B12 vet

214 ver
2909 ver
3016 wer
3107 wvar

D3 DY3 DX4 b¥4

DKl DYl DX2 DY2 Py pe M 2l
~1.16
1.06 -.7% 0 -3 13 s
Zla1 1.47 -1.75  -.50 75 -les —.23
-2 PR SO - fo  _las 31 -.28
— B - £ - - s
oLt 35 .1l16  -.3p -1.08 s -
T '3 -2l ~.so a8 -.89 -et 24
Tae 94 a8 1,47 e -1ise 1a .06
Lhe _als ziet -3l Jae -3.22 ;oo -2.09
Z1.e1 1.69 —1.44 00 ~163 .00 -.ne 13
031 1.s8 -1.19 19 03 Y 19 a1
31 1.3 .50 68 1.4% 63 o -6
3. 1 -3.44 —.13 =2.19 -.11 -2, _
Ibe  slee 1.3 2.38 a.se  2.75 1ea 178
“1le6 1,94 —.13 T00 ~31.i9 .08
Y
_.25 1.2z -1.56 —.50 ST L LA
T35 1.06 -1-19  —.a8 S0 -1e L3 4
T38 1.13 -1.19 00 .50 —. - 13 13
2038 La8 fee 1l st 19 nsn 2
56 54 -2.19  —.16 o3 - - .
“ls o2.72 -.31 V22 “00 80 13 L
- X . o 0 - .
_.69 00 —.15  -.08 o 00 89 08

103 ; i
"-ii ;‘ig 1.38 z.81 4.50 2.81 2.22 1_33
7?’13 I:TB -.33 .00 -1.31 -.03 .




LIST OF ALTIMETRIC RESIDUALS

LIST OF ALTIMETRIC RESIDUALS

T ) ) (in meter)
o~ ist of altimetric residuals is pf
ey derive from the whole oat fg]_vgn hereafter. stereoc ortho NUMS NUMP DEL DZ2
assessing me 8 0f measurement e e e —————— e
g methods, s and two 11 13 12 3111 0 -2.352
The abbreviati 13 12 1241 -3.635 ~6.029
: lations denocte the following expressions 13 : 12 2007 8.756 6.222
s 1 13 12 5706 2.666 -.194
13 12 2802 5.438 2,995
STEREQ ¢ number of the stereo-orth : 13 12 28or - -2.am
Lo the orthopheto, as stegghotg which is paire 13 12 5705 4.306 1.716
’ cmate. 13 12 702 - 0 -2.873
ORTHO s n
: number of t 13 12 2704 .. 3.283 . 482
o he orthophoto 13 12 812 2.453 .07
MS : numb 13 12 701 3.428 .18
: er .
of the round of measurements 13 12 5702 . 5.38% 2,824
NUMP - 13 12 2804 4,018 - 2.4
:onum . . T
ber of the point which is pointed to 13 12 2706 . 3,692 .. .966
DZ1, DZ2 : heightin ) . 13 12 1501 . 3,987,:.7001.498
L g residuals resulting from & 13 12 1067 1_.571._ 8239
ions of the co-ordi ,two transfor- 13 12 g18 —2.,427
on two points, (see o ?ates, the first one based 13 13 3111 1,972
the whole fixe,'.d pcint. El-a), the second one, oq 13 L3 3016 2o O
§ (see 5.1.1.b) in meters 13 13 813 --967.
" 13 13 814 .66
13 13 Ble -3.226:
13 13 817

13 13 821 1.778

13 13 2802 6.542 -

13 13 31907 1,463

13 13 522 116

13 13 815 1.525

13 13 5706 1.743

13 13 1067 2.46

13 13 2607 9.414

13 13 1501 4.467

13 13 1241 -2.291

13 13 818 ~.558

13 14 3111 0

13 14 712 5.243

13 14 715 3.554

13 14 716 5,175

13 14 713 7.231 .
13 14 5706 .03%

13 14 3016 -1.70%

13 14 703 o ~1,90
13 14 704 5.17

13 14 705 6.11

13 14 708 4,995

13 14 1501 2,88

13 14 1067 1.325 -1:783
13 14 2007 B.662 :
13 14 1241 -3.85

13 14 818 -1.685

13 15 3111 .955

13 15 721 7.581

722




206

stereo

14

1241
720
721
723
725
729
730
731
732

2007

5703

5863

2803

5702
708
714
737

2802
815
BL7

1067

2906

6105

6206

1241

1067

3107

5802

5906

2803

5702

3208

2306

2007
137
738
750
764
812

2802
736
734

5703
733
817
815

5803

6105

62086

DZL1 D2
1.289 -.135
-4.089 -5.813
—.224 -1.808
4.633 2.71
0 -2.022
2.014 .587
9,466 7.948
-2.708 -4,009
.778 -.527
~1.962 -3,231
403 ~2.55%
3.729 .51
4,261 1.102
4.285 1.135
5.19 2.004
5.171 2.191
2.637 -.419
4,928 1.88
5.121 1.962
1,629 1.482
1.454 -1.942
4.599 1.545
2,924 -.206
4.727 1.525
2.232 ~.88
0 -3.424
4.662 1.715
5.476 2.46
1.586 -1.338
0 -2.789
2.207 ~.743
4,547 1.636
-1,236 —-4,201
.295 -2.656
.119 -1.003
1.524 .418
.024 -.766
3.612 2.313
2.282 .983
.714 -1.033
3.204 1.185
~.35 ~1.212
3.932 2.97
3.606 1.781
067 -.585
-1.78 ~2.968
-1.522 -2.534
081 -.847
2.848 1.836
3.868 2.53
1.237 .618
.003 -1.373
0 -2.732
4.8186 2.969
0 ~_.525
1.353 336
3,33 1.848
-1.54 -2.706
-.391 -1,502
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stereo
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stareo

stereo ort:ho

a0
90
.34
90
90
90
90
90
90
30
g0
30
90
90
50
a0

92 29
90
90
%9
90
a0
50

911

932
912
912
912
912
912

2802
1084
3110
2804
2807
2906
2908
2909

Dzl D22
3.218 241
1.944 ~.316
2.134 -.017

2.14 -.161
5,991 3.85

941 ~1.342
3.819 1.474

0 -1.969
2.321 081
3,765 1.444
3.119% .834
2.877 .553

0 -2.,311
4.698 2.449

.88l -1.458
3.168 83
5.113 3.065
1.999 ~,024

3.37 1.222
1,774 -.089

-.14 -1.018
4.274 2.045
1.276 -.731

.455 -1.282




stereo

stereo




stereo




stereo




—_— . sterec ortho NUMS NUMP Dzl

a0 1049 730 -17.774
40 1049 729 -12.647
40 1049 3016 0
40 1049 5803 -10.17
40 1049 717 0
40 104% 725 ~.044

40 1049 708 -11.284
40 1049 721 -13.521
40 1049 732 -11.414

4G 1049 712 -14.321

40 1049 711 -29.247

40 1649 5802 -13.267
40 1049 2804 -10.587 -.427
40 1049 5702 -.398 8.858
40 1049 2007 =7.797 2.162
41 42 1054 736 6.379 2.111
42 1054 816 0 -6.75
42 1054 3211 -4.938 -9.243
42 1054 818 -.995 -5.977
42 1054 130 10.%44 5.436
42 1054 6304 15.562 9,865
42 1054 1241 15,419 9.535
42 1054 3310 7.267 1.946
4z 1054 37 6.059 1.679
42 1054 817 Q -3.854
42 1054 3208 2.278 -2.517
42 1054 764 7.689 2.557
42 1054 738 3.192 -2.505
42 1054 3209 2.434 -2.231
42 1054 6206 5.878 .331
42 1054 1084 6.091 -.132
42 1054 780 11.064 4.804
42 1054 5803 5.421 -.915
42 1054 5802 1.575 -4.159
42 1055 5208 -3.206 1.828
42 1055 189 2.329 5.3
42 1055 1241 10.473 12.266
42 1055 1067 1.481 1.359
¥4 1055 815 1.538 .385
42 1855 3107 T4 -3.065
42 10565 822 0 -4.688
¥4 1055 3110 1.684 1.709
42 1055 78 -19.291 -16.32
42 1055 814 -2.,304 ~.364
42 1055 821 ] 6,212
42 1055 812 -.135 -1.877
42 1055 2906 1.022 -3i.31
42 1055 5803 -3.715 -.449
42 1055 1084 -1,551 1.42
42 1055 5802 -3.464 —2.407
42 1056 1084 0 L7197
42 1056 5803 ~-.866 -.068
. 42 1056 704 ,411 1,224
42 1056 705 .321 1.125
42 1056 5804 -5.618 -4,818
12 1056 701 -1.18%6 -.366
42 1056 702 ¢ .849
42 1656 2807 -7.438 -6.,59%3
42 1056 715 2.349 3.161

42 1056 727 6,759 7.568
42 1056 716 -14.472 ~13,654
-3.712



923 records selected.

10.7 1IST OF THE ORTHOPHOTO WORKING GROUP

10.7.1 LIST OF OPERATIVE CENTERS

ACRONYMS

— 1

NAMES

GID (DK}
IFAG (D)

M (1)
iGN (F)
TPTU (A}

IPUS (D)
ITC (NL)
ITPT (1)

N¥BS (SF)
NLS (8)
NRC (CDN)
ucL  (GB)
WH  (CH)

Geodaetic Institut of Denmark-Copenhaguen {Denmark)

Institut fiir angewandte Geoddsie (Federal Republic

of Germany
Istituto geografico militare - Firenze (Italy)
Institut géographique natiomal - paris (France)

Institug flir Photogrammetrie, der Technischen
Universitit Wien-Vienna (Austria)

Ipstitut fiir Photogrammetrie der Universitdt
Stuttgart (F.R. Germany )}

International Inmstitut for perial Survey and
Earth Science-Enschede (The Netherlandsg

istituto di Topografia del Politecnico
Torino {Italy}

National Board of Survey - Helsinki (Finland )
National Land Survey - Givle {Sweden)
National Research Council - Ottawa (Canada)
University college London (U.K.)

Wild-Heerbrugg Company {Switzerland) -




10.7.2

LIST OF MEMBERS AND ASSOCIATE MEMBERS

COUNTRY NAME ADDRESS
AUSTRIA pipl. Ing. R. KALLIANY | IPTU : Gusshausstrasse 27-29/122
Prof. Dr. K. KRAUS A-1040 - WIEN :
CANADA Marius C. VAN WIJK formerly NRC - Now : Topogra- B
phic Survey of Energy, Mines,
Resources , 615 Booth Street
OTTAWA -~ K 1 A O E 9
DENMARK Lars Tyge JHRGENSEN formerly GID, which was merged
into Natiocnal Survey and Ca-
dastre, Rentemestervej 8§,
DK-2400 K@PBENHAVN
FINLAND Mrs Pirkko NOUKKA NBS : Maanmittaushallitus
PL 84 -
SF-00521 HELSINKI 52
FRANCE GUY DUCHER IGN : 2 Avenue Pasteur - BP 68
Ing. général F - 94160 SAINT-MANDE
WG President
GERMANY Dipl. Ing. H. WALTER IFAG : Richard Strauss Allee 11
D-6000 FRANKFURT-am-Main 70
Prof ., R. FINSTERWALDFR Lehrstul £iir Photogrammetrie
und Kartographie
Technische Universitit
Arcisstrasse 21
D-8000 MUNCHEN 2
Dr. E. STARK Inst. fiir Photogrammetrie der
Universitit
Keplerstrasse 11
D=7000 STUTTGART
ITALY Ing. COTICCHIA IGM : via Cesare BATTISTI 10
I-50 122 ¥FIRENZE
Prof. S. DEQUAL ITPT : wviale Duca degli Abruzzi 24
I - 10 129 TCRINO
THE
- | NETHERTANDS K.A. GRABMATER ITC : 350 Brd 1945 - PO Box ©
7500 AA. ENSCHEDE
SWEDEN LARS OTTOSCN NLS : GAVLE - § - 801 12

222

WH : Marketing - CH 9435

SWITZERLAND E. SMOLLE
HEERBRUGG
5.G
KIggEggDOF A.B. SMITH Research and Development

GREAT-BRITAIN!

Bryan LOGAN

pe. T.J. DOWMAN

T. WELSH

ORDNANCE SURVEY
Romsey Road, Maybush
SOUTHAMPTON

S 09 4 DH

B.K.S SURVEYS LTD
Ballycairn road
Coleraine, BT51 3 HZ
Co LONDOWDERRY

N. IRELAND

UCL : Dept of Photogrammetiry
and Surveying

Gower Stireet
WC 1E 6 BT - LONDON
J.A. Story and Partners
92 Church Road

MITCHAM - Surrey

CR 4 3 TD

223



10.8 LIST OF ABBREVIATIONS AND ACRONYMS

S5t. dev =

C.C.b. = charge-coupled device (in French dispositif
4 transfert de charges)

CNES = centre national d'études spatiales (the French
space agency).

D.E.M, = digital elevation model.

D.T.M = digital terrain model (here, similar to D.E.M).

Ec. type = écart-type (see standard deviation),

E.M.Q T grreur moyemne quadratique (see r.m.s.e).

ESA = Quropean space agency,

G.C.P. = ground control point

G.I.8 = geographic information system.

G.P.M = Gestalt Photo-Mapper

q =

flying height (related to the survey to rectify},

I.5.P.R.S = Internatiomal Society for Photogrammetry and
Remote Sensing.

K = kilo (103) for example at 1 : 50 K-szcale
means at 1 : 50,000~scale.

M.N.T. = modile numérique du terrain (in English D.T.M}

N.A. = not available.

NASA = National Aeronautics and

Space Administration
(v.5.4.).

N.H.A.P. = National High Altitude Photography (U.5.4.).

N.M.A.5. = National Map Accuracy Standards (U.5.4,).

px = g—garallax between image-points on the orthophoto
and its stereomate,

R.M.S5.E. =

Loot mean square error; it refers to the
of a product assessed through n m
is computed as being equal to

accuracg

ents and
Z(vi?)
n
in which vi is the true error of each measurement
measured value minus true value), The r.m.s.e is
superlor or equal to the standard deviation.

U.5.N.M.A,

jati i to the precision
eviation; it refers
standarddict asseésed through n @easuregegizé o
e Prihe sﬁread of the observatlons, w g he
l;i tﬁe mean value around which the sprea
n

imates the true value 9—
measured approximates o I
It is computed as being equal Y ;_1m

the mean
is the true error and o
the n measurements.

in which vj
value of

ds.
g = United States National Map Accuracy Standar
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LIST OF THE OEEPE PUBLICATIONS -

State — May 1991

A. Official publications

on A de 'OLEFPE de 1960 a 1964"—

B de 'OEEPE pendant la période sep-
et les résultats

apport de la

1 Trombetti, C.: JActivité de ja Commissi
Cunietti, M.: ,Activité de la Commission
tembre 1960—janvier 1964" — Forsiner, R.; Rapport sur les fravaux
de la CommissionC de 'OEEPE (1960—1964)“— Neumaier, K.: R
CommissionE pour Lisbonne“— Weele, A.J. v. d.: JReport of Commission F.“ —
Frankfurt a. M. 1964, 50 pages with 7 tables and O annexes.

de »Bedford« et de »Waterburye. Rapport

E de YOEEPE ayant participé aux

Tests of »Bedforde and sWaterbury«. Common Report

Centres of CommissionE of OEEPE" — ,Essais de

un établi par les Centres de 1a Commis-
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f OFEPE.“ — Frankfurt a. M. 1966,
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60 pages with 44 annexes.
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1968, 157 pages with 50 figures and 24 tables.

4 Férstner, R.: ,Sur la précision de mesures photogrammetriques de coordonnées en
terrain montagneux. Rapport sut les résultats de I'essai de Reichenbach de la Com-
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72, 41 pages with 1figure,
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3 tables, 96 annexes and 19 plates.
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8 tables.
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14 Thompson, C. N.: Test of Digitising Method
with 38 figures and 18 tables.
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1981—84. — Frankfurt 2. M. 1985, 102 pages with 53 figures.
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57 pages with 16 figures, 10 tables and 7 annexes.
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B. Special publications
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1956; pp- ; 9 199 Wlth 12 fIngIeS alld 11 tabIEs (

travaux préliminaires de.
§ et aux moyennes échelles) da

I ubh.Catlons SpE(‘.IaIES de 1 O-E.E.I .E. Iq LHerc II
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