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3. Cartographic part ofthework . ... ... .. .

................ 1 The Production of Topographic Maps at 1 : 10,000
3.1, Preamble . ..o .

"""""" by Photogrammetric Methods

3.2. Topographic base map 1 : 10,000 )

. Review ;
S2d e s for cartographic work for the production of a

By Willi Beck, Stuttgart

ification
3.2.2, Proposed speci
topographic map at 1: 10,000

3.2.3. Map samples

3.2.4. Cartographic solutions and results

i. Introductory observations

3.3. Orthophoto and orthophoto map 1 : 10,000

1.1. Motives for the investigations

3.4, Summary . . ... .

Topographic base maps at scale 1 : 10,000 and larger have a privileged position among all

sorts of cartographic documents because of their twin function as a basis for rescarch,

planning and engineering on the one hand, and the production and revision of topo-

graphic maps at medium and small scales on the other. With the cartographic opening up
“of a country its elementary sphere of activity will soon put it at the head of the different
Cmap series, particularly in densely populated and fast developing arcas. This fact — as well
as the general lack of these maps and, to some extent, the lack of experience in all
imatters concerning economic production methods finalised the decision that the work of
‘Committee D would be concentrated on this theme in the first place.

4.1 Preamble . . oo

4.2. Stereophotogrammetric methods

4.3, Orthophotographic methods

4.4. Comparison of the performances of both methods

....................... - The choice ofthe scale 1: 10,000 resulted from the consideration of keeping the

"""""""""""" “cartographic work concerning production and revision of such a map series low, and at
the.same time keeping topographic performance at its best by the application of photo-
fgrammetric techniques. Because of the small map scale the number of map sheets is
reduced (e. g. compared with the scale 1 : 5,000 to a quarter). In this way the amount of
cartographic work is reduced, while the corresponding increase in survey work is tech-
nically and rationally captured by photogrammetry. With the same personnel consider
- more can be procuced at a smaller scale than a larger one. It must, however, be noted

2. Fnsemble des tiches photogrammetiqiies - wwrtrttr i 0. thit'the scale 1 :Pl(),OOO rm;ghiy represents the limitgin which map details can be indi-
"""""""""" “without some reduction, i. e, without gener

words; the amount of information of a map at this

0 gr
L Ctabl!.SSEment de caries tOPOglaphlqueS au 1]’10 00 Par voie p}lOtO a-“llne':thuc

1. Introduction

alisation and exaggeration. In other
scale has not been reduced compared
with: larger scale maps. This fact is confirmed by the aerial photograph itself. At the scale
110,000 the aerial photograph is still topographically and cartographically interpretable

nd identifiable in detail without expensive optical aids. An orthophoto at this scale
réfore can act as a map substitute. ‘

A further argument which forms a basis for the treatment of this theme, is the tremen-
Liste des tableaux .

progress of photogrammetry in the last decades. Particularly orthophotography,
chiallows to build in the aerial photograph directly into the map, irrespective of the
ographic shape of the terrain, and opens up new prospects in topographic, carto-
graphic, technical and scientific tields, which seem worthwhile to investigate.

List of annexes

ili i 1 nnexes
List of some terms utilized in the figures and a

Annexes




1.2. Subjects to be studied - .
hotogrammetric part of the work

process the carto-

Wwith the intention of fully examining the map production
custom — be of equal

should — conirary to many a

graphic areca involved .I.Testarea(ﬁg,i)
vatue to the photogrammet ric problem. 1t was the intention to join effort-
lessly both branches of map production and to reveal their interrelations and interdepend-
encies and collate both branches as well as possible. The aim was, however, only partly .
achieved. In some cases the cartographic results were far less than the photogrammetric
ones and in other cases so much attention was paid to the topographic effort that the
cartographic results became too small to permit of a good analysis. Weighing of the .
established results has hardly taken place. So the extent of the anatyses has been limited
o an acceptable degree, which still includes all essential facts,
At the beginning it was not planned to take into consideration, except for the given map:
and the usual map image of line maps orthophotographic maps, the orthophoto map also,’
and the sorts of maps which are between the two. At the moment that the first’
photogrammetric results and particularly the orthophotos were available, the committee
decided to expand the photogrammetric and cartographic possibilities in these fields of
map production. The most important part of the investigations should however be de-
voted to the production of a conventional map image. .
tric part of the test culminate
hievements of stereophotogrammetric and orthophotographié
method groups in the production of topographic maps at 2 scale of 1 : 10,000. The part
of the work giving reliable information about the time- and cost-consumption of the

individual methods was set up as the main aim. Under the effect of the large number o
and hence the forthcoming possibilities of testing the diversity o
d and methods applied, as well as the desire to set the originall
ion higher, the work programme was soon greatly ex

4 all the sooner as its main features had been considere
i started, The rate of success of the restitutions wa
from the accuracy of the situation- an

The selection of this area was influenced b : .
d geographical aspects. As far as pho ti;zhroion%f?nmie:?%‘;zfc::iz:f:nc,sa:rtog,ap hic
ssary that at all scales no more than two models ought to be worked o ;;as o
lt of th(?, desire of the cooperating centres to limit the photogramm :‘:”:‘ is was a
ible. With the photo scales 1:18,000; 1:25,000; 1: 30 0%0 and ;m ‘;ork where
lted in a test field with an area of approximately 15 sq. ki_,lometers T}; 71’000 this
.”quence was chosen so that the effect of the scale of the aerial ho.t . (}:1056 e
esults could be fully detected. Moreover, it had oniy very little effeclz on ?gzafo:tsosf z}}ie

. e

The topographic conditions were concentrated on:
as great a contrast as possible in relief forms,

a dense pattern of hydrography,

larger built up areas of different form and-development,

a highly developed traffic network,

d in the comparison of the

The photogramme
a great variation in land use, with a great amount of forest

technical and economic ac _
. This variety in topography should enable us to compare in different ways the possibiliti
ies

and achievement

Chich falfillod alist}?efs;};; ;zii::ocii a1.;sed. %t was, however, impossible to find a terrain
partu:‘ipatmg '%nstitutes, reduced and a compromise ma&eg acteristics. The demands therefore had to be greatly
technical equipment use :
planned limits of the investigat
panded. This plan could be realise
before the photogrammetric wWoT
concluded from the results of interpretation,
ments and from the time consumption.
ivided into the design of cartographbic direc
the development of technical regulations fo
k, in this case the inte

'.'Ffoma carto i ;

. graphic point of view it was ne

scale maps ) cessary to use recent and exact large

e diffefen(frefe‘rabl‘y topographic base maps) as basic documents for the qualit tcsirgcfi

.-'api)rc., o restitutions, Cadastral maps or cadastral plans could be sufficient alZo if th
ate . . ,

; térresgi 11 C;ztour lines were available or could be produced photogrammetricall .
ally. The accuracy of this basic i e ;i y or

HiGrms. ' Y » basic information should be within the established

height-measure
Cartographic work isasa rale d
tions, the legend and sample maps as well as
practical map production. Before beginning the topographic wor
d rectifying of the aerial photographs,
must be at hand, As consideration of this legend took u
d the practical work should begin as quickly as possible;
led, sufficient for photogrammetrié

: Because Of [)() W 'V a e (l W W
SSIble y ;:
; terrain Ork (SL'[ [+ ng, reconnalssance an CC )ntro}_ Oi'k) it as

g"e()glaphlcaliy ne Y g

; Cessar t;la.t thﬁ area was 5.1 llate(t It (]le H S ]il)() r[]()()(l ()1
. H

. Stuttgﬂt, the seat Of thc i)ll()t centre for thf_‘, investigations .

pretation, restitution an
which the map image is built up,
2 considerable amount of time, an
first a provisional drawing instruction was compi
work. The final table of symbols as well as the map samples, werc compiled so quicldy;
however that even those were avaitable in time for the photogrammetric work. Tt is to be
noted that the guide lines for the cartographic work and the map samples, which have
example [1] as a model must be considered as proposals. They can be modified according

he technical, topographic, cartographic, economic and scenic
| is concerned. It would, therefore, be basically wrong t

. The arca ] W, erman to P 000 eet
SINOWIl Inr th(‘l section Of the G pogra,phic 1 a; at 1 50, N Sh
a Corresponded most ClOSely to the quulremen s. 1t must be tdkﬁ'n nt
t\h- L7 33 8 Calw t I o Q

COI]SIdErathn that thl P y P . q
: s maP $ not com letcl up to date It can, h() WEVer ulte w 11
3y » ¢il serve

2.2, Camera and flight data

R ;S?S;iig?otglgraphs we;e taken on 20. 4. 1968 with an aerial camera Zeiss RME
‘ a Pleogon wide-angle lens, f= i i :
gt ot oo gle lens, f =153 mm, field of view 104°. A saummary of

to the given conditions in t
field, and as far as personne

strive for uniform solutions.
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Table 1 — Summary of flight data

TSRy ) flying altitude picture overlap strip
Ll hoto scales above ground (hy) photographic coverage & model
1 2 3

BB ; 1:37,600 5,700 m longitudinal overlap 60% 1-+1

Fivands

%ﬁ% 1 : 30,000 4,600 m lateral overlap 20% 1+1

.KE\%% 1:25,000 3,800 m Film negative : 242
18,000 - 2,760 m ) 2+2

ch aerial photograph needed by the participating institutes, one positive on glass
ﬁmitives on paper were placed at their disposal. On one of the 2 contact prints the

L points were indicated, as well as the points of which the heights were to be
ined. These reproductions were combined into groups according to the photo
Their delivery followed the basic principle that in all cases only one set of aerial
raphs of the same scale was at the participating institute. This arrangement was
apon so that independent results within the scale ranges were gnaranteed.,

¢ determination of planimetric and altimetric control points a sufficiently dense
ts/sq. km) and exact trigonometric and altimetric network was available. The
es of the control points needed by the participating centres for the photogram-
ork were at first determined by means of aerotriangulation conducted by the
for Photogrammetry from Stuttgart University. With the expansion of the
jons concerning the accuracy of the contour lines an extra 18 planimetric and 50
ntrol points had to be determined by terrestrial survey.

ce of the contour map at 1: 2,500, which originated from a topographic ordnance
and which no longer met modern demands, photogrammetric contour lines at
_ 5',0'00 were produced from photographs at 1: 12,000, This photogrammetric contour-
g wds executed by the Institute for Photogrammetry of the University of Stuttgart. In
onnection with the surveying of the necessary control points, the Surveying Office of
aden-Wiirttemberg determined a number of terrain profiles. These were used as proof of
ate accuracy of the photogrammetric contoursat 1: 5,000.
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The 8 profiles {annex 9a) extended over a distance of approx. 5.3 km. Coordinates
of the end points of these lines were determined cither terrestrially or photogrammet

cally. It was thus guarantced that they could reliably be plotted in the contour line ploy [tany]
that had to be examined. The survey work required by this process could ofnly be
executed for some of the contour line plots. They weze chosen so as to contain as much iy {4)

as possible of the terrain forms of the test area.

the at’erage value ot the lllclina l() 1 Wl. th]l One I.]i(:] arion « t{ 35 18 (!e Cllll“ie(l In a
tk ] F ] ' . .

i - . were determ]n ed ng lar cartesian COOIdiﬂdte System the Va].ues tan B!ld re Q tl. '-

] ] E Ed . L. ( ‘NN m&n al Pl tted as X r'lﬂd

£ p ‘ . a 3 P3 . 2-6-4)- E rom t}lese laPh‘CS the

A on the IOf]lES a-u FDHHE HES EXHJII?I? 5 .SCe {lg 9 to 9C i g 1 Pa ameters g
IR ' Ilg Stralght hIleS can be detived aPPIOXhIla t C]y

: { t]le ad ustl ) . Thﬂ pTOCeSS was
e. “,T[’]a ¥ ei i]le& by nlathe laEICa} de termination of :}lc COOrx dmates of the centres ():E

vity of the point groups. They are calculated according to the following equations:

tacheometric surveying, The density of the so measured profile points is indicated i
annex 9a and the end points with transverse dashes. At the intersections of the contour,
and the profiles two heights result: the exact height (Hp,) interpolated from two neigh
bouring profile points, and the nominal height (Hysg ) of the corresponding contour lin
From the differences:
Lmy - n] [tana]
—o—— tang =

d=Hp, —Hys1, '
L] [n] (5)

mus
the standard deviation ny, was caleulated according to:

mp = ] Ld—zl—

n

ot teference contour Hnes at 1 : 5.000 deri
orence concx , as derived photogrammetrically the following

=t . .
The relationship between this standard deviation or m, sq. ertor and the terrain slope h 0.34 m (from 125 profile points of intersection)

- . . 6

expressed by: nd in consideration of the inclination conditions )
my, =f(a+b - tana) my, = * (0.27 + 0.6 tan a).

The parameters a and b can be determined graphically and numerically by approximat (7}

and exact adjustment. Because of the smaller amount of work the semi-graphic proces
was applied here, which adequately fulfilled the Jemands. In the first instance the heigh
differences were classified in the following classes of terrain slope:

Hé n;;tizidvi?;s r{ji,rji]; Ei];h{f], which were .recommended for the individual map
gmndkaﬂ_e s accuracy required by the German Basic Map (Deut-

my, =+ (0.5+5 tan a)

as chosen as a standard of comparison, If this limiting value is compared to the a]:)(f:

I .a_C_ Cll[‘a:(:y Of IEfeICnCC contour lﬂl at 1 . 5 n COmn il] Cd that tlle E oto-
23 000 1t ca. be O1C. d
] 1 se ? (0}

grammetric contours can undoubtedly b
B . e i i
— T o — 450 4.5° — 6° degree ferent terrain representationsat 1 : 5 OYOO e o basi for the exaluadion of the dit
0.000 — 0.025 0.026 — 0.051 0.052 — 0.078 0.079 — 0.104 tan & S y : .
: taccuracy limits which are determined by m
- . . v m;, should b i i
— e 5 _ 250 25° — 35° degree | nce contour map by bands. Their width (B h) can b dc Sho?m T o e
0.105 — 0.157 0.158 — 0267 0.268 — 0.465 0466 — 0700  tana | equations: i e ety he e
Mhmax = £ 2 My
(8b)
For each group of points and each class Bp =4 my, cot a.
(8¢)

[d x\’gl

mpy = T
N .

Ihﬁ refeaet ce W variatio 1 ] iie p()S on i iven as an-
contour map lth Pﬂr SSlble 5 I 5 g ]
Hex 93- If thlS T fﬁ[e 1 p
€ nce mage W'f.t}l the t()lﬁ[allces 15 tIanS{ﬂIIed to t]le contour lot Of
5

e different insti i
Itutes certain statement
s can be made about th
e accuracy of the indi-

was calculated. vidual cont ituti : .
our restitutions, It is, however, difficult and laborious to find exactly th
Ctly e
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B

results of these comparisons and to summarize them. For a better understanding of the

&
A AR b L Y
e

R e

relationship between height accuracy and parameters such as photo scale, production ! ARMARERREE il
method, topography and terrain forms, further investigations, based on equations (1) and

(3) had to be carried out. Furthermore all contour lines (photogrammetric as well as

those derived from drop lines) were checked by the same method as applied to the

reliability test of the reference contour map (semi-graphic method).

This threefold examination of the test results makes it possible to comment also on

e ST A Ha ~ T

systematic errors. 1t will be seen which influences each process can expose, and whether

ronec

one of the three methods of examination is able to represent all the effects sufficiently.

On the general rules 141
ndphoto ~ 200 \/Mmap'

Mspot height ~ 0.1 to 0.2 %foo of the flying altitude

=0.2t0 0.3 0440 of the flying altitude

Megntour

the results were interrelated, For the orthophotographic process it was tried t
another constant factor in equation (9a).

e A SIS RTINS

2.3.4, Basic cartographic dacuments

A cadastral map, the ca dastral plan at1: 2,500, whose topographic and cad

tral content represented the actual terrain situation at the time of flight, served as a ba

for the anatyses, This map was reduced in the limits of the area photographed to the scale

of 1: 10,000 and these reproductions were compiled (fig. 2). Together with the stereofiTy
photogrammetric contour plotting at 1: 5.000 (see par. 2.3.3 and annex 9a) the contou '
cadastral plan at 11 10,000 (see fig. 3) proved itself a topographic base map of 1 : 10,001
which was taken as the basis of different analyses.

Through the reduction of the cadastral plan at 1% 2,500 the contrast of the screene
built-up areas became insufficient. This lack of contrast was eliminated in annex 8
covering the built-up areas. The comparison with the results of the different institutes w

thus facilitated,

A complete legend (drawing instruction) with sample maps was essential for the prod
sion of a 1: 10,000 line map.

¢ AL AR P  OAAN S w

As these tasks took too much time it was decided to prepare first a provisional lege
with which the photogrammetric restitutions could be executed topographically a
cartographically. The final legend with sample maps, which must be considered as p

posals, were produced in due time.

The sample maps are mono- and multi-coloured (annex 16a to 16c and 17).

18




2.4, Photo interpretation
2.3.5. Other source material

D1 1V \'i ie ica il 1) ort [hey Contained iﬂdications
‘teCt- es were gi en to the iﬂStituteS as Chnl ]. g p . - ” .
Icgardn' 18 the dimensions a.nd method Df represeniatlon. II! the d]IﬁCtiVeS t]le ‘.‘,-opogtaphlc

eta AT 'V l‘ 'I !Ld ettlements tIafflC HetVVOIk,
d. ﬂs cre di ided intﬂ 5 Obiect groups: b ]ldl gS a k) X » e X

tion f u[tllefﬂ are :llete were some orm and fime imitations.
. . . f ]

L'eh.ef, water, &I’ld VEgeta

2.4.1, Intreductory note

The interpretation of objects in aerial photographs in connection with the production of
a topographic map {6], {7] hasa quantitative and qualitative component.
The analysis of the quantitative problems must aim to determine how many of the
objects in the aerial photograph were correctly recognised. The result can be determined
by the comparison of the number of mapped objects with that of the corresponding

objects in the basic map. The process is basically concerned with counting and comparing
the number of objects in the test results and the base map for a certain area.

.
Ihe follﬂwﬂlg ]JSt glVeS a Summary Of the Partlclpants Df t}ICII WO{kng I]let}lods, ﬂ.nd Of
dle £1]‘ lal del'ivej ed p!(l(il.l(', 5.

Table 3 — Summary of the distribution of tasks and their results
al

[

In addition to quantitative success, the qualitative result can be considered. In this

y photo- phot, product case it is the individual object which is of importance, The number of o!lpjects correctly
photograph ‘:Inc;h?f gramm. representation interpreted is no longer checked, but rather how accurately the objects are recorded
Nr. institnte scale’  model date instruments drawing base according to position and shape. The interpretation is no longer directed at the totality of
— | 6
A A 1
T N W S

the object, but at its details. This recognition is expressed geometrically and is reserved

193 hot. | Wild A8 | Pencil and ink drawing, for examining the planimetric accuracy of the objects (see par. 2.5).
i : 00 94 stereophot.
1 | Pederal Gauging | 1:37,0

lled papet :
and Surveying | 1:25,000 153/154 | June 1969 I\-/%etsré;ugh pc:;’ies - Both methods of interpretation refer to the o bjective characteristics of topographic
Institute, Vienna 1627163 ; pencil and coloured objects. Subjective e. g functional, historical, administrative and political proper-
2 | EIRA, Florence | 1:30,000 136/13; Smr:(%tg;t' iit:;r;ﬁ: < pencil and ink drawing. £ ties are also referred to in topographic maps. As these characteristics cannot as a rule be
1218000 1%{’:?’9 ﬁzrch 1970 | Galileo- Metalled paper. Plastic & derived from the aerial photograph — or only indirectly — this leads to the general
. MIC drawing material proposal to adapt the map image in a way which is more favourable to aerial photographs.
s | orthophot, | Zeiss C8 Continuous tone film. These problems cannot be discussed here because of lack of time. It is, however, to be
3 | HAG, 1:37,000 1?}2'237 April 1969 witl? ortho- | drop 11”163' sk drawin noted that as an evaluation factor of objects in topographic base maps at 1 : 10,000, they
Frapkfurt a. M- i igjggg 153/154 J;z ggg PG':OZ];Ctor Ifn:)uzrﬁ Ci)PY and fait ¢ 10 longer have the importance they do at larger scales.
162/163 . drawing. o
1:18,000 166/167 | Sept. 1969 ’ The graphical representation of the interpretation results makes it possible to discover the
' 178/179 coohot. | Zeiss C8 Contimuous tone film. "7 most important features. It is a laborious task to state all details. Therefore numerical
4 | Institute for 1:37,000 94/95 Sat[f; P as above Drop lines. extracts from these graphic representations have been produced with which the perform-
Phomgt.ammf s ;%g’ggg ﬁg{’ﬁ?’r orthophot. | ortho- Pzi(c::iill i{!iiv:i(r)ll;ured ance quotas of the participants can be more easily measured both individually and recip-
gtr:slt‘;::rltw ’ - tenes ﬁ:l:ch 1971 %mz];mr Stabilene rocally, '
1 : 18,000 igg'l: i% Metalled paper

. tough copies — In addition to the graphic and numerical representations of the quantitative investigation,

Continuous tone film fragments of the mapping results of the participating institutes were added to this report
Zeiss C8 ontinu

. 30,000 136/137 | orthophot.

5 | ITC, Enschede 1: 30,

Deon Tines - as'annexes, This was not so much a matter of checking the statistical results as of showing
3 B £O - . i -
1:18,000 178/179 | Juneto w:t}.:ecc)trgiso Scriging on stabilene. - that mere comparisons by eye of such maps, as so often takes place, render little service
166/167 gept. ;g% prozll Ink drawing transp. ¢ to reliable judgement. The laborious path of statistical analysis must be taken in order to
ept.
astralon.

— rough copies —

enable one to weigh with a certain amount of accuracy the quality of the analyses against
and fair drawing.

each other, and judge their dependence on the internal and external factors having an
effect on them.

3 ild A8 Pencil, coloured penc . |
§ | Topographic 130,000 136/137 stereczghot. wild and ink drawing. - §To ensure easy comparison of the reference image (cadastral plan 1: 10,000, annex 8)
Dt e i?gﬁ% {Sl‘ljgi 1969 Opaque and transparetwivh the different interpretation results (annex 1a to 7c), they have all been printed on
pelt . astralon,
e Sept: 170 -- rough copies —

transparent sheets. They are, moreover, grouped in colours. The fragments originating
from aerial photographs at the same scale appear in the same colour.
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Technical and financial difficulties were the reason why only parts of the mapping results |
could be selected. Annexes a to 7¢c refer to the planimetric details, the pictures of object

groups settlements, trafficnetwork, water and land use. The sheet lines of the map’

fragment enclose an area in the south-west of the test area. Tt reflects a good mixture ot
alt topographic details and their density. This section, which is typical for planimetry, is
on the other hand not characteristic for relief forms in the experimental area. A different:
section had thesefore to be chosen for them,

The Surveying Office of Baden-Wirttemberg as pilot centre evaluated the necessary sta-
tistics of fig. 4a to 10c¢ for the analysis and carried out the reproduction of annexes 1a to

e Abb.-Fig. 4a
% / Comm. D Champ d'Essai "Stuttgart” °

Interprétation de la planimétrie

) Bitiments
Restitution  stéréophotogrammétrique {Geblude)

Echelle d'image 1/ 30 000 ~ 1/ 37 000

20.

Bidtiments - Gebaude

ichtig Totalité i ;
rfassf o | uscaprOle?flve - Gesamtzahl ca.
| 17 (s | 420 | 230 1o | 95 t 100
Site i
| orte a éurbal“ - Dichte der Bebauung
orte densit - z :
145 + 100 eng densité moye _ faible - 1

2.4.2. Buildings and settlements (fig. 4a to 4d and annexes la to 7¢) o : e el nnle tocker | gopaits :fa: 4

The relation between interpretation result and working method, photo scale, size an
density of the topographic objects, can be successfully exposed by appropriate applica
tion of statistics. Hence the structure of fig. 42 to 4d is accounted for. The numbers
inctuded at the head of cach representation correspond to the guantity of buildings |
incorporated in the investigations. These quantities fluctuate because of the differen
mapping formats of the delivered results, This fluctuation does not influence the result
however., Geometrical definitions were dispensed with for the three density groups 9
built-up areas (dense, dispersed, open;] and the three size-groups of the buildings {larg
normal, and small), according to which the intespreted buildings are grouped. It is

im of finding interdependence betwee

2

classification of the evidence, and through it the a
the topographic and photographic constellation, and the success of interpretation, is we|
achieved.

False interpretation — namely cases in which other topographic objects, because of thel
photographic similarity, were incorrectly mapped as buildings — have been recorded al
They give an indication of the truth and reliability of the interpretation.

1120304112130k [1 2 38 ]2 3]e[ 12 3] H]1]2]3]4]12]3]y

A preliminary analysis, which was organised strictly according to all four scales prov
that the results of the interpretation are not so strictly dependent on scale, thal

. normals petits rands |n
dtiments 5 graals
G

edbidude

8 petits rands
DAtiment s g Inormals

- GCebdude

bA&timen

o -Gebdude
m klein grod normal klein groi noermal

distribution of the enumeration at the four picture scales is possible, and that in so doigg

slalif2i3|ajile(3]4]1i2]314]1])2]3 4

=

the increase of the figures and cost is twice as advantageous. Moreover this work coul
.
)

2%%&# Tal3i4]1]2]3]n

&8

wot have been accomplished with the available personnel. The investigations were ther
fore limited to two scale groups: 1 30,000 + 1 : 37,000 and 1 : 18,000 + 1 : 25,000.]

the orthophotographic process the scale of 1 : 25,000 is not produced. The restitutions{
che insticutes in fig, 4a to 4d refer to the following scales {valid also for fig. 5a to 7d).

1f the apnexes la to 7c are placed upon annex 8 clear differences in the quality of thEentres de restitution :

mapping results are visible, The differences between stereophotogrammetric and orth
photographic products are most striking, It is, howevet, difficult to evaluate these di
ences objectively. To do so, the fig. 4a to 4d and table 5 must be considered.
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Abb.-Fig. 4b Abb.-Fig. dc
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Table 4 — Working methods and use of acrial photographs

OEEPE / Comm. D Ghamp 4! Essal "Stuttgart”
: L. aerial photo scale
process institute |
group 1 group 2
ttation de la planimétrie
Titerprétation de la p Bitimembe 1 . 2 3
. {Gebiude) sterecphot. 1 (Vienna) 1: 37,000 1:25,000
Restitution orthophotographique 2 (Florence) 1:30,000 1: 18,000
, 3 (Stumgart) | 1:37,000 1: 18,000
' 1 18 000 ’ 3
Eohelle d'image 1/ 4 (Delft) 1+ 30,000 1:18,000
) orthophot, A (Stuttgart} 1: 37,000 1: 18,000
Bitiments - Gepdude B (Frankfurt) | 1:37,000 2 X -
iohtd Totalité aproximative - Gesamtzahl o©a. 20 100 © (EHSChEde) 130,000 e 18,000
(] a R
erass% 50 340 200 0 310 a20 8 .
R " ; der Bebauung , . . o
Site urbain Dichte effaible - welt- Table 5 — Result of the interpretation of buildings
forte densité - eng densité moyerme - locker ] densité shindig .
IS % \ aerial photo scale buildings COHECﬂY_ irljterpreted incorrectly interpreted
o ; j— {cadastral plan} buildings baildings
E N (see table 4, (actual quantity)
80 _ — sect. 2.4.2) (exact number) | jumber z namber o
8 | 1 2 3 ] s 6
& 70 " . 1: 30,000
[ PaUy
, g | | 1: 37,000 1515 1284 85 13 0.9
o n - 1:18,000
HY o . 3
\ .4,_;: 50 1: 25,000 1525 1429 94 11 0.7
. * 40 S -
) £ 1: 30,000
. s
3 5 50 1: 37,000 2210 1717 78 30 1.4
N +
2
U \ H 20 1: 18,000 1338 1174 88 20 1.5
H N
n 10
3 ToapinlalBle] |aplc] [a[Blc] JriB c] [alBle]_|a Btct A Bﬂ Cds iofmgls Apzf onnection with fig. 42 to 4d the following conclusions can be drawn from these
i =] its ran
P foammns | yetit| empiy [remmele | rpee| SRR S Sl
5 ~-Gebdude - Gehba o
meebEn S E1 i roB | mnormal Klein grob normal | kle The numbers of missing buildings are dependent on the size of the objects, their
. , a1
: A‘EI]':BC :Oémzl = Becn AgB ol (aelc] (ajlc] faBlc] [AlBICl (\MIB ensity and the scale of the aerial photos. The smaller the buildings and the photo
i Ins_tlt . ales, and the greater the distance between the objects, the higher the imperfection
i % ’é 1 T il — nd lack of certainty of the interpretations.
: i 4w 101 B EEL
i q‘?(*é ] - — ie gain in the number of interpretations from a smaller to a larger photo scale
;"'ﬁ 20 motnts to 10 % in both cases.
a m . T | r o
E E ?; ] | he interpretation success rate for orthophotos is 6 to 7 % lower than for stereophoto-
L

oot 2.Omivers, Stubbgart mimetry in both scale groups. If this loss is to be made up, the scale of the aerial
In1v . FREN . +

Centres de restitution: & = Tnstitub £.Photogramacteie hoto on which the orthophotograph is based must be approx. 1: 12,000 (roughly

culated from the reduction of the scale denominator from 37,000 to 18,000, the

cormesponding increase in interpretations of about 10 % and their necessary increase of

G = ITC, Enschede
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Echelle 4’
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1/ 18 000

Champ d'Essal fgruttgart”

Interprétation de la planimétrie

Restitution orthophotographlque
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i
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Rues c emi
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A[BlC
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forét

];é'contents of fig. 5a to 5d are summarized as follows:

Table 6 — Results of the interpretation of the traffic network

aerial length paths
photo scale of " rail- class. town
(see table 4, roads ways roads streets feld
sect. 2.4.2) {exact) total meadow forest
1 2 3 4 5 6 7
1:30,000

1:37000 | PSkm | 100% | 100% | 91% (1%) | 76% (9%) | 83% (5%} S6% (23%)

: 18,000
i:ig,ggo 177km | 100% | 100% | 92.5% |82% (4%)|88% (2%)| 54% (12%)

iggggg 181l | 100% | 99.5% | 92% (1%) | 70% (6%) | 76% (4%) | 48% (14%)

1: 18,000 89km | 100% | 100% 94% (1%) | 75% (6%) | 81% (4%) | 60% (8%)

Bisen- Klassif.! Grts- ad
hahnen Straflen wege e

Institut. |A|B|C A|BIC .:5: BlC

g o EEER

4 k10— —

2

=R

$ do0 R O

Boas

B8 n BEEN

o = 20 ]

oW

He o %

L—

C =

ITG¢, Enschede

Centres de restitution : A = Inst. f. Photogrammetrie d. Unlvers. Stuttgart

HNete: Mumbers in brackets = jncorrect interpretations in % of the respective exact lengihs.

m this table and from fig. 5a to 5d the following results are obtained:

silways and classified roads are mapped in both processes and both scale groups
105t in their entirety,

he missing number of interpreted urban roads is due to external influences (central
erspective, unfavourable incidence of light). Otherwise the larger scale ought to have
ffected the interpretations more strongly.

deficit of interpretation totally concerns the field roads. In the stereophot. proc-
t amounts to 12% in the large scale group and in the open terrain (field and
eadow), and to 17 % in the small group. Through that it is nominally up to twice as
arge {12 % in face of 6 % and 17 % in face of 15 %; see table 5 column 4) as in the
nterpretation of buildings and is not so readily influenced by photo scale. Aerial
otos at larger scale could not essentially reduce the amount of road reconnaissance;
‘higher photogrammetric costs would not be worth while.

loss in the orthophotographic process is in both scale groups about 7 % larger than

the stereophot. process. It cannot be compensated with aerial photos of a larger
cale. The drop in performance in face of stereo-restitution is just as large as in the
nterpretation of buildings. The necessary topographic road reconnaissance is here
articularly facilitated and accelerated by the use of orthophotos.

forest areas the high quota of incorrectly interpreted paths involves a field check of
complete path network in both processes.



2.4.4, Water (fig. 6a to 6d and annexes 1a to 7¢)

g to the arrangement of water in annex 15, page 5 and 6 the analysis of th

Accordin
aerial photo extends over standing and flowing water. Because of their topographic rel

tionship the ditches along the roads are included also in this group of investigations. Th
underlines how the difficulties of interpretation grow noticeably with the smaller size

the objects.

The lakes to be interpreted are of small length (between 10 and 100 m). Without excep

tion they lie in old disused quarries.

The amount of flowing water is about 1 km/sq. km. Against that the intensity of ditche

is twice as high. The shift of analyses into the field of the smallest objects was done v
clear up to just what degree the aerial restitutions need terrestrial completion when th
demands of the map are high. Or in other words the standard for the qualitative perform
ance of the process was here defined also
fluence the working method exerts on the result and what th

to the quality of the map if ficld reconnaissance is missin

by detail. This information should show th

map-producer what in
consequences are with respect
completely or partly.

The scales of the aerial photos for the individual restitutions remain unchanged (s

sect, 2.4.2).

a to 6d have been summarized

The results of the investigations as represented in fig. 6

follows.

Table 7 — Result of the interpretation of water

ditches

(interprete
actual length
6 | 7

16 km \ 48%

aerial photo scale current water
process (sce table 4, exact (interpreted) exact
sect. 24.2) length acinal length length

|

1 2l3|4|5

. 37,000 146km | 97% (0%) | 33km

: 18,000
: 25,000

1
stereophot, ; 30,000 \ 15 km
137,000

orthophot. 130,000 - \ 14 km \13 km\ 93% (0%) \ 31lkm | 11km \
118,000 \ 10km \10 km\wo% (11%) | 19 km

11km \_10.91@\ 99% {0%) \ 22 km \ 11km\ 50%?
\ gkm

Nole: Numbers in bradeets = incorrect interpretations,
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i table 7 and fig. 6a to 6d the following is concluded:

Flowing water is almost completely interpreted in the large scale groups in both

Fhe stereophot. process is more efficient at the smaller photo scale than the ortho-
phot. process at the large photo scale (column 7). The variation from the smaller to
the larger photo scale brings for the stereophotogrammetric method a gain of 2 %, but
for the orthophoto method a loss in efficiency of 4 %.

Small objects were stereophotogrammetrically correct up to 50 %, in the orthophoto
method on the other hand only to about 30 %.

Standing water is up to 70—78 % recognised in the stereophoto, whereas only up to
50--65 % in the orthophoto.

The achievements of both processes are much further apart than in the object groups
examined up to now.

5. Land use (vegetation) (fig. 7a to 7d and annexes 1a to 7c)

nly the most common sorts of land use, contained in pages 17 and 18 of annex 15, were ‘
estigated. As the vegetation class "arable land* as such did not exist in the legend its ‘
had to be concluded from- those of the other classes. By doing so the deficits and
slissses in the interpretation of the other classes of soil use influence the result for
able land*. For example, the high quota of 63 % or 1.3 sq. km. of incorrect interpreta-
1 of the use of the soil — "meadow* (see fig. 7a) under number 2 is adequately made
or by the deficit under "arable land* in the corresponding column,

rangement of fig. 7a to 7d corresponds to the principles of sect. 2.4.2 to 2.4.4. The

lyses refer to units of area. The results of the fig. 7a to 7d are arranged in the
wing table:

Table 8 — Results of the interpretation of vegetation

aerial - wed suct
process phOtO scale exact interpreted surraces
{see table 4, surfaces | | 4o d, grass- -
sect. 2.4.2) land and orchard
1 2 3 4
- sty hot. 1: 30,000
S 1 :§7 000 11 km? 93% (10%) 97% (1%)
1:18,000
1:25,000 11 km? 85% (11%) 96% (3%)
“orthophot, *1:30,000
e 1: 37,000 19 km? 94% (6%) 97% (1%)
1: 18,000 11 km? 92% (9%) 98% (0,5%)
Nuie: Numbers in bradeets = incorrect interpretations:
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From this summary and from fig. 7a to 7d the following results are obtained: g %////////%% l;i; ;S_Zn;“::
a} Both processes obtain better results at the smaller photo scale than the larger on 5 g %//////%ﬁ [1:37 000 _
contradictory statement whose cause is first to be looked fo? in the ir}dividual in %‘g % y///////////////// E %1,:;1; 'géﬁh's 2%,
ence on the reSFitu'tions, 'I"he differences and the amount of incorrect interpretat SE ; % ////////%{%4_ : g ﬁg;‘ggghﬁdé’
b} ;iﬁlg;ict;;i ::j f;;:::l sf;qualiy productive, _ g rg % % %&é\ég\i\?\ ° E?BEggghEde
¢) The classes of land use stipulated in annex 15, page 17 and 18 raise no difﬁculties'_fg ;?3!- % g E W@ ?:?(.gégh_stgt_
the interpretation. . AL O P ’ _ /gﬁ\\% po——
2.5. Planimetric accuracy (fig. 8, annex § and annexes Ta to 7c) Shun e y//////////////w 1=1;0 Len
. . .. 'g ] < &= \::.\"-%\:: ) E¥RA Florenz
ey ) g exbopborogeaghic eiion con b o - F
points are used, -and in the second.process the differenci:s bet\.vefen the rfaference map an : %//%i§\\é\\ \\3\§ E E T[_) o0
blish the degree of their deviation. This process has th a = = Slrop
the test result, in order to esta g P 5 o % // \ S| Top.vien
advantage that it needs no signalisation, but also the disadvantage that the analyses of _§- B F:‘, ////////@\\ﬁ\ﬁé *::’: ST——
mappings are quite laborious and therefore expensive. Ini the case in hand there was % | E %////%‘%&W 21418 ooo _
choice as to the process, because field work was out of the question, ] % g "%}H; g o %/////////////Z\w % ﬁ;n:g gégran
il i hni ig. 1, anne ©w = g;\\\\___{__%
o e 1 70y o P o gf%tﬂlias“%bf(tfgntgt 2 :P # . : EEw
i i iti d sh f the buildings represented. | i gm o . +1. =
';Vljze;zfiailizilsm:ftr:;cio:;;:i:; f:{):f T:;e re;er:lce rfap, \I:Jhi‘ch‘ annex 8 represents,‘ WBI? % Eg % E’% {é////éé\{ §§ lz}z:.:z%h.sm.
arranged in 3 categories: In the first group were classified devlat'tlons up to 0,2 mm; in thﬂ § V ﬁ E g -_E //%%%\ §§ Hé?Eisc}wde
second group incorrect amounts of up to Oc.iS .mn}ancgl il;, teI: tt];lzdrilui;:g? }il:v:::;(fis.;_ P E -% E E g 7//////////////////%§§\\\:§§ 4& 1330E000h3de
this way 26 analyses, whiFh are com;fare in fig. 8, _ -1 . 5 o 308 s - \\:\E\\R\\\:\ - I?c —
e R e iy R = @
. @ “ -
Table 9 — Planimetric accuracy of buildings % ': %////////////M ?‘:gii{eg(a)gt Wien
& E > = = Top.Dienst Delft
aerial building B 3 7//////////////%\ \\"§ = 1:30 000
ess hoto scale s 5 ; _ S EIRA Xlorenz
N 3 L5 [ ¢ PRl 2 20
stercophot. 1: 30,000 34% 45% 21% 33% 38% g gg 2 //////////////7///; é ifianii?is;t.
g vEECLRT e
. « Ay & /ﬁi'é‘-‘:-‘\\- Florenz
s | S1esm | smem | spum | samosm| 2% a8 ; g 2 g g %/////////////% Bildjaiizoi:
orthaphot, 1: 30,000 16% 399 45% 15% 417 R LN w ® * ruswerbeinsbitut
1:37.000 ‘ % H E gE 8 ES 3 = = &chelle dg':i.mﬂg‘.3 .
1:18,000 43% 45% 12% 28% 40% mEes T Gebiude — bAtiments centre de restitution
Note: In brackets is the result of the restitution from pkoto scale 1 :23,000; % refers to the oxact namber of Luildings N
in the two zenes (annex 8),
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From this table and fig. § it can be deduced that:

a) For the method with orthophotos, aerial photos at a larger scale are necessary in ord
to decrease the deficit against the stereo-process. At a scale of 1 : 18,000 its loss in ¢
face of this amounts to almost 100 % (column 5) in sparsely built-up arcas. The larg

Table 10 — The accuracy of stereophotogrammetrically determined spot heights

£

measured height {photo measuring)

exact height (terrestrial measuring)

)
photo scale can be calculated corresponding to 2.4.2 to be about 1 : 10,000, o 5
. . . b= Q
b) The variations in the results of the orthophotographic process (cf. columns 2 to 4, 4 8 % § & E
‘5 to 7 and t?tals of columns 2 and 3 and 5 and 6) make one suspect greater differeng - o B g S 8 4
in the technique and routine of the restitutions. -§ '% 'ﬁ; ‘é" g o E ‘ Ae o=
. - & = ] )
¢) The stereophotogrammetric mappings are more influenced by the operator than by the ug o £ 3 % g §“ - ED EO = Uﬂﬁ"
Y . . . . n = i m
applied method. Only in this way can it be explained why the analysis of aerial phot. e . 8 g < é (?- 4 g - EE € e £
1 : 25,000 surpasses those of 1 : 18,000 by up to almost 50 % (column 5), 2 a 8 |@= ¢ |M= e |79 5 5
v . . - - 6
d) The influence of the buildings is less in the sterco-process than in the ortho-process. = 2 1 3 B B
photo scale 1: 18,000 the results of sect. 2.4.2 are confirmed, and by photo sc 3 | 4262|4270 +08| — — |4264 |+ 02 ol —oxl ol 4 09
1: 25,000 they are apparently disproved. This contradiction is to be explained by tl 4 | 4301 430.0 | — 011 430.0 | — 0.1} 4290/ = 1:1 jigo _ 0‘3 443'4 + 0.1
conditions of the restitutions which are not the same. : S| 4433} 4301 03| MAL )+ 08| MSGHTLT 466.0 0.0 465‘6 — 0.4
o ‘ _ ¢ | a660| 4650l —-10l — | — | — | — : : ' -
For reasons of time it was decided to dispense with a systematic investigation of tl 8 | 4645 4645 | 00| 4647 | -+ 02] 48601+ 15| 4640 | — 0.5 | 466.61+ 21
exactitude of all mapped objects as according to the grouping in sect, 2.4, In sect. 2.5 10 | ass.8| 4565 | + 07l 45731+ 457.0 | + 1.2 4560 ) -+ 0.2 | 4578+20
should only be mentioned as an example that the test diapramme used in sect. 2.6 for t 11 | 443.0| 443.0| 0.0] 44427 — 0.8 ] 443.0 0.0 443.0 | 0.0 445.0-—+20
representation of terrain can and must be applied likewise and completely to all obje 13 | 459.6| 459.05 — 0.6 4603 [+ 07| — — | 459.0 | — 0.6 ] 4616~ Z-OA
groups in the interests of an objective statement about the quality of the whole mappin - 14 | 4977} 499.0 | + 13| 499.0 | + 13| — — | 498.0 | + 03] 497.8 | + 0.1
- S| 47 | asa7| as20| — 074525 | —02| 4520 | 074520} —07]4528 | +0.1
8 0 —04]510.0| — 145124 [ +1.0
2.6, Hei 19 | s11.4! $11.0| — 04| 5115 | + 0.1 | 511.
eight accuracy [8], [9], {10], [11], [12], [13] E 20 1 4914 | 49107 — 04§ 4918 | + 0.4 4920 | +0.6] 4900} — 14| — -
2.6.1. Introductory note E 21 | 469.0 | 469.0 0.0 4700 | + 1.0] 4700 ] + 10| 468.0 | — 1.0 47061+ 15
22 460.6 | 460.5] — 0.1 460.2 | — 0.4} 460.0 | — 0.6]460.0 1 —0.6] 4610 | + 04
The work is usually outlined by the following questions: 25 | 4784 4780 | 04| 4797 L + 13| 4790 | + 0.6 478.0 | — 04 [ 4792 | + 0.8
_ _ 26 | 466.1) 467.0 | + 09| 467.5 | + 1.4 | 466.0 | — 0.1] 466.0 | — 0.1 467.4 | +13
a) How accurate can the heights of certain objects and terrain points be determine 2| — — — — - - — | 4880 — | 48941 —
exactly? s | — laszs| — | — | = [4670| — j4660| — j4er4| -
b) How accurate are the contour lines? 31| — | 4335 — - — 4320 — 420 — B B
c) What is the functional connection between the height accuracy and the slope of th Stand. deviation T 0.62 + 081 + 0.70 + 067 071
. -
d Iterrlj_m. £ Standard deviation of well defined points £ 069
s the accur i ici i i
) termjen iEc)rm:.?(:y of the contour lines sufficient for a good representation of detaile o | 0| 4609 | + 0.1 | 4622 | + 14| 4610 | + 02| 4610 | +02| - -
. 24 | 15 | 46891 46800 —o09| 4682 | —07| — | — [4660—2I| —
If all the questions are to be satisfactorily answered, the investigation process is agai § | 23 | 4980 4985 | + 054991 | +11]497.0 | — 1014980 004988 +08
L) * [l . L) - '-U
dlvlde;l in an analytical and a geomc.etncal part. The second results in an optical compar 2 | Stand. deviation . * 0.60 + 1.10 + 0.72 + 0.14
son of the mapped contour lines with the reference contours, and the first to an erro Tard deviation of land marks * 077
analysis based on the differences between the exact heights and the measured heights o Standard deviation - -
points, which belong either to the fixed-point-net or to a profile net, To save further fiel 4 1 | 4165 —t5] — — | 4160 r:_g; ﬂ;gée—rzj ~ _
work, however, those profiles which had already been measured for the testing of the ! 5 2 | 4182 [ 4160122} — B 431.0 .. - - -
=] — — - RO . -
accuracy of the reference contours (see sect. 2.3.3 and annex 9a) were used. This limite = 28 I
the investigations to the area represented in annex 9a. It is not to be feared that th * |'Standard deviation of water marks

reliability of the conclusions about height accuracy is reduced by this because the sectio
was so chosen that all land forms contained in the test area were represented in it,
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#) No exact heights determined,




& = meas i i i
ured height (photo measuring) —  exact height (terrestrial measuring)

T —
able 11 The accuracy of stereophotogrammetrically determined spot heights - .

o
H [ =
5 &=
TEL
= 5 B g ES H
.g 4 ._'50 o E’ guﬁ "E’
o g ‘g s =) 2o 2 A
(Y = ..g =4 = = ° S
=t - P I S &5 5
g | 2] 8 |ES e ne ]
g g, ﬁ a - — - ad % -
— & [ £ A £ | - g
1 [ 2 3 4 5 3 7
3 4262 1 426.4 | + 0.2 - — 4264 | + 0.2 — -
;— :30.1 4298 [ - 0.3 - — 430.0 | — 0.1 ] 430.0 | — 0.1
y 4:2.3 4432 | —0.1) 4435 | + 02| 4442 | + 0.9 4430 | — 0.3
: 464.0 465.1 [ — 0.9 - - 4654 | — 0.6 | 4650 | — 1,0
© 5 | 464.5 0.0 - - 464.5 00| 4650 | + 0.5
” 455.8 | 456.0 | + 0214556 | — 02714562 +0414570(+12
" 443.0 | 443.1 | + 0.1 — — 4421 [~ 09 1 4440 | + 1.0
” j;?.n 4594 | — 0.2 - - 459.0 1 — 0.6 | 4600 | + 0.4
. ' 714988 |+ 1.1 — - 498.0 |+ 0.3 | 498.0 | + 0.3
g e 4527 | 451.8 | — 0.9 | 4512 +—15 451215 4520 | — 0.7
- 5114 15108 { — 0.6 ) 5112 | — 02| 5104 | — 1.0] 51 —
2 20 | 4914 | 4906 | — 0 2 — 4913 Oll Tore ot
. X — . — Q. 4910 | — 04
_"{g ;;' :69.0 4687 | — 0.3 — - 469.2 | + 0.2 | 485.0 0.0
iy 60.6 | 4600 | — 0.6 — - 460.2 | — 0.4 | 461.0 | + 0.4
4784 [ 478.0 | — 04 - — | 4798 [+ 14 — —
26 | 4661 | 4663 | + 02 468.5+24 | 46821471 -
3 t — -
0%) 467.9 - - — 466.2 - 467.5 —
M — 14514 — - - |#511) — - -
36%) - 457.0 — 457.5 - 457.6 - - -
379 - 444.8 — 445.0 - 446.0 — — —
Stand. deviation + 0.54 * 0.20 + 0.64 + 0.62
Standard deviation of well defined points ‘!—" OASS
9 460.8 | 460.9 | + 0.1 - IE
A . — 460.6 [ — 0. y
N i35 468.9 14678 | — 1.1 — — — —U : 44661,].& i
: ta | — |a7s| — |awma| - | — | Z P27
16b | 4892 — — P
E = [ = 4890 o02|4s80 |~
5 B . 1.2
kN 23 498.0 | 498.4 | + 0.4 4993 | + 1.3 4981 | + 0.1 - —
Stand. deviation + 0.68 - + 0.17 + 0.8
Standard deviation of land marks ; 0-72
— + 0.
2| 1 (4es41s6 | —09] — T — [4153] - 12| a6 —1s
E (2 |82 s - | - | - | < '
& | Standard deviation of water marks ==
g + 1.06

#) No exact heights deiermined.

9. Accuracy of spot heights

bles 10 and 11 signify: defined points e.g. crossings of roads, paths and
;ay lines; landmarks e g highest points e. g. mountains, hills, summits of the
west points of valleys and depressions; water mar ks, fixed points of different
.ts on bridges, weirs and channels. The scratched numbers in the tables refer to points,
ch do not agree with those determined tacheometrically or by levelling.

on not taking those landmarks and water marks whose photogrammetric heights are
reliable because of the difficulty of indubitable identification the following is ob-
ed (combination of standard deviations of tables 10 and 11) as a result for the mean

4t differences and for the limiting values.

able 12 — Accuracy of the photogrammetric spot heights in relation to the flying altitude

photo flying ny n limiting
scale aldtude in Y%e of values
flying Mhmax =
by (table 11} (table 10} Altirude = 0.1% by
1 2 3 4
"1:18,000 2,760 m 0.62m (col. 7) 0.22 m 0.28 m
: 0.64 m (col. 6) 0.23 m
125,000 3,800 m 0.54 m (col, 4) 0.14 m 0.38 m
: 11 30,000 4,600 m 0.67 m (col. 7} 0.15m 0.46 m
0.81 m (col. 5) 018 m
1:37,000 5700 m- 0.62m {col. 4 0.1 m 057 m
0.70 m (col. 8) 0.12m
0.71 m (col. 8} 012 m

Note: Only the siandard deviations of defined points were used, and from ihem only those which were derived frem

at least 10 e-values.

From tables 10 to 12 the following results were obtained:

) The orthophotographic process gives no spot heights. For a topographic base map of
high quality therefore additional photogrammetric or terrestrial height measurements

are necessary.

- b) A worse result is obtained from alarge photo scale than a smaller one. This contradic-
tory result can be assigned to different causes: e. g. deletion of measurements, indivi-
dual effects on the observations, incorrect identification of points.

¢) It is confirmed that routine and observation technique have the greatest influence.




2.6.3. Accuracy of contour lines, independent of the inclination of the terrain

Further spot heights have been tested in completion of the investigations of sect, 2
help of the profiles represented in annex 9a. The points of intersection of the cont
lines with profiles and the profile heights determined by interpolation were the bagi
these tests. As an objection to this process it can be noted that the dependence ¢
height measurement on the inclination of the ground is not considered, and thy
photogrammetric contour restitution is mixed up with the determination of spot heig
The fact that the terrain slopes in the analysed part of the test area do not vary mu¢
that therefore relatively equal weight can be given to the measurement speaks fo
method. Moreover, the large amount of points guarantees a relatively safe statémie;
the measurements, particularly with respect to the character of height deviations,
the effect of possible systematic errors. The following examinations 2.6.4 and 2.6
show with which relative and absolute weight coefficients the results are to be provi

The lengths of the 8 lines (see annex 9a), along which the shape of the terrain
explored, amount to a little over 5 km. At 100 m as an average five spot heights-

determined by tacheometry or levelling. The basic principle was to measure every p
where the inclination changed. :

All the analysed contours were examined, even the supplementary contours, By so di
the number of test points could be raised to over 1,000. The differences (profile heigh
of the points of intersection of contour lines with the profiles minus the height valu

the contour lines} gave the e-values from which my, was calculated. Against them we

placed the values of the standard deviations, the limiting values and the distribution
the signs of the deviations in connection with arithmetical means. For a better un
standing the results were given in the form of table 13a.

The measurements with systematic errors and those which approx. reach or overstep.t
limiting accuracy values can be established by comparing the values of columns 8, 9,
10, columns 5 and 11. The ratio of the two numbers in column 10 was the criterion £
the detection of systematic errors. Where it was over 1.6 the measurement was exclude

from the following observations because of the burdens of systematic errors. Test resul
whose systematic share does not question the necessary accuracy can possibly also.

dropped by this method. The causes and effects of the systematic errors are not analyse
Two results of the stereophotogrammetric method and three of the ortho-process &
mained. They have been emphasized in table 13a. The following statements can be mads

a) The stercophotogrammetric process has a loss of 78 %. It is, however, more accurate

the smaller scale and, therefore, more dependent on the observer than the orthophot_
graphic process.

b) The loss in the orthophotographic process (dropped lines) amounts to 50 %. Th

produced contours show no systematic deviations in the larger photo scale. The acct
racy is for 1: 18,000 only half as great as the accuracy of stercophotogrammetric
analysis. In face of the results of photo scale 1 : 30,000 it lies about 30 % behind,
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exact height (measured height or profile height) minus messured beight {contour line}

scale

0.85
1.14
1.38
1.73

2 760
3 800

: 18,000
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1:25,000

4 600
5 760

: 30,000
: 37,000
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This state of affairs becomes still more evident when the results of table 13a, colu
are expressed in °foo of the flying altitude and compared with the limiting values

Erreurs moyennes des courbes de niveau  Mittlere Fehler der Hohenlinien

Abb.-Fig, %a

1:18000
Résultats partiels Teilergebnisse
Métres-Meter

51.00 0.13 : — —

expressed as percentages of the flying height. o 40T
O[mp
Florenz 1:18000 stereo L /l\ Stuttgart 1:18000 stereo
Table 13b — Mean height differences — Table 13a, column 8, — as furiction of the flying altity 20
o
ey . i3
iy in % of P hoim fly:ng in % of »p, 20
flying alt. scase altituce flying ale,
1 2 3 4 5 6 10
t hot.
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table 13b, columns 2 and § it is, however, 44 % and 100 % and 22 % and 50 %, when th
Iimiting values are < 0,20 %00 or < 0.35 oo of flight altitude, An increased demand fi
accuracy, therefore, requires a more refined system of investigation,

40 _rnl_l

66.40 0.14 130,000 4,600 m 036 164.20 Delft 1:18000 stereo 1\ Stuttgort 1:18000 orthe

91.36 0.20 - - 30t

74.50 0.13 1: 37,000 5,700 m 0.34 196.41 o ©

156.74 0.27 0.59 335.85 ok -

202.52 036 - - ' e ¢

I ///
//
10 %@,/,-O

If these values are set against the limiting values according to eq. (9b) and (9¢) Tecinaionn d terrin & L O Inclinaison du lerrain- Gelandeneigung
sect. 2.3.3 and compared with the results [8], page 98, they can be labelled "good. Lt 5 207 25 —> oL 50 xe g 207 95 >

. : 01 a2 | 03 04  D5kna 0 01 62 03 04 O5tane:
Meoreover, it can be ascertazined that a photogrammetric restitution cannot be assessed 0% 0% 0% 40% 50% 0% 0% o A% o0
these limiting values alone. Systematic errors which cause e.g. a local or system Matres-Meter
shifting of contour lines and therefore, can more or less question the result, need AT Enscheda 118000 orih
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necessarily be expressed in my,. If this were the case, tables 132 and 13b would have & Fronklur 1800 ortho 1 e -
show the same number of unsatisfactory results. According to table 13a 78 % of ¢ T
contour lines determined stereophotogrammetrically and 50 % of the lines orthophot
graphically have to be excluded because of the systematic share of errors. According 201

2.6.4. Accuracy of contour lines, dependent on the inclination of the terrain

If the points recorded in sect. 2.6.3, table 13a, are arranged according to the inclinatio
of the terrain to which they belong, the accuracy of height determination can be repre
sented as a function of the terrain inclination in the well-known way in diagrams, Th
inclination groups of table 2, sect. 2.3.3 were taken as the basis for arranging the heigh
differences in the present case. The arrangements according to process, photo scale as
participating institutes were maintained. The strict determination of the adjusting straigh
lines of fig. 9a to 9¢ was renounced, The calculations connected with it would not hav
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been worth while. For the semi-graphic method reveals the achievements of the prac
rfeliable enough. The gravity centres of the point groups, which are represented

figures, were determined according to eq. (5) of sect. 2.3.3. The directions of th
justing straight lines on the contrary were graphically determined.

The production of contour lines from dropped lines is on the whole, and particularly
in flat terrain, less successful than from stereophotogrammetric restitution. These
results agree with and, however, contradict at the same time the knowledge which
. proceeded from the investigations [8] recapitulated on page 103. The widths of the slit
_ and the scanning speeds, which after these examinations have a small or great effect on
In each scale group the individual figures were assembled to one, in which the lim " the accuracy of height, are represented in sect. 4.3.

value, defined by eq. {8a), sect. 2.3.3 is also represented. :
According to table 14a the result of the stereophotogrammetric process has improved

in face of table 13a. The discovered systematic errors of the restitution at 1 : 25,000
do not influence its accuracy. By comparing fig. 92 and 9b it can be seen that the
mappings from the smaller photo scale are better than those from scale 1 : 18,000.
This result, which contradicts all experience, is qualified by observation,

The aim of these analyses is to clear the question how far the knowledge paine
sect. 2.6.2 and 2.6.3 is confirmed or is to be questioned.

The figures reveal the weaknesses of these investigations. The measurements spread.'
relatively flat terrain with inclinations up to 20 %. In the light of the conditions of '}
sect. 2.1, which the test area should meet, the demand to cover larger built-up areas in'
vicinity of Stuttgart had predominance. A high intensity of settlements and a gp
variety in the inclination of the terrain is hardly ever found together.

d) The contour plots which are qualified as sufficient according to these observations, are
presented individually according to the following demands on accuracy:

Table 14b — The accuracy of the contour lines as a function of the inclination of the terrain

Fig. 92 to 9¢ show varying results. If all the results which lie completely or partia
outside the standard are excluded, then the loss amounts to: ' Mihst ‘ photo scale Mtha
1 2 3
stereophot. process orthophot. process
Table 14a — Summary of test results {03 + 1tan a) 1:18,000 (0.5 + 3.6 tan q)
0.5 1+ 25,000 —
0.6 1: 30,000 -

stereophot. process orthophot. process

hot
lysi loss loss psc::leo loss loss
analysis b f . - . .
(nuzs;; © {in %) (n %) analysis | (aumber u The lack of that part of the equation, which gives the dependence on the inclination of
5 3 _ 3 5 tests) the terrain, in the restitutions at 1: 25,000 and 1 : 30,000 in column 1 is caused by
6 7 the relatively flat terrain, The equation in column 3 agrees approx. with the equations

2 <67 : 18,000 67 _ 1 2 [8]; page 101.

et [ R

2.6.5. Evaluation of the contour lines by comparison with the reference contours

At first, as previousty mentioned, it was not planned to examine the produced contour
lines in the way of sect. 2.6.2 to 2.6.4. It seemed that this problem had been sufficiently
examined and treated in the past. The mappings which were made available to commit-
tee D stood out, however, in that they could build at least in part on extensive practical
experience. Moreover, they had in common a uniform photo-material and process con-
cept. The otherwise conditioned differences in the starting point of photogrammetric
tests, which hinder objective judgements, did not exist here. The results of the partici-
pating institutes could be given equal weights in the analyses. This opportunity, which
was recognised to its full extent when all mapping results became available, is rarely

found and should therefore be utilized.

From this compilation and from fig, 9a to 9c it can be deduced that:

a) The contour lines from the orthophotographic method, not burdened by systemat
errors but by a high quota of uncertainty (see column 8, table 13a, my, ) lie outside the
reliability intervals except for one case with a photo scale of 1 : 18,000. Five of the s
test results or 83 % are thus eliminated. This high deficit is not, however, primaril
caused by technical weakness of the process, but by negative individual effects of th
observer. The large differences in the figures indicate this. This factor is treated ii
detail in [8], page 55 and page 58.
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Annex 10: The picture is characterized by fewer systematic errors, but more
{ortho- infringements of standards of accuracy and a stronger and more
photographical varied generalization of the contour lines. This is reflected in the
‘method) high values for m,, recorded in table 13a.

The optical comparison of the contour lines with the reference contours became one of
many analyses, with which the quality of the produced contours was checked from man
sides. While up to now analytical processes formed the basis of the investigations, th
geometrical method is now in the forefront. From the synthesis of the results a fin

jud: t can be reached. -
jucgement can Be Teac Amnex 11 to 14:  The smaller the scale, the larger the fluctuations in the compilations,

(both and accuracy standards are increasingly exceeded and systematic dis-
‘methods) crepancies become correspondingly noticeable. (Asymmetry be-
tween the red screened areas and black lines, see annexes 13 and 14;

The produced contour plots ate combined with the basic planimetric plot in annexes 9]
to 14. Optimal register accuracy of this combination is ensured by the mapped gri
intersections. The topographic base map and the zone of admissible deviations of th
contour lines are represented in black and screencd grey (see eq. (6) and (7) as (8a) t
(8¢}, sect. 2.3.3). These bands are only drawn along the 10m-curves. The same is valid fg
annex 9a. This has been reproduced on transparent material. Their use in connection wit
annexes ¢b to 14 should be made possible by that, g

screening was not used in two evaluations.)

2.7. Summary of the results of the analysis

The annexes are arranged according to production process and photo scale. The stere
tesults are indicated on 4 annexes for the scales 1: 18,000, 1: 25,000, 1 : 30,000 an
1: 37,000, the orthophotographic mappings spread onto 2 annexes for 1: 18,000 an
for 1: 30,000 plus 1 : 37,000. :

Technical procedure, scale, individual factors, types of landscape, and topographic-carto-
graphic requirements were selected from the parameters which effect the quality
of the aerial restitution and examined more or less intensely. An effort was made to
submit to all the compilations which have been used to normal, identical professional
conditions. A prerequisite which does not apply in each case as has been proved. It was
‘either intended, nor indeed possible, to set up the studies effectively from all view
points and to the finest detail. The analyses could only show the essentials for the
ndividual areas of the parameter,

Within the annexes the results are divided by colours. The outline can thus be somewh
improved but does not give complete satisfaction. The largest undulations of the mappe
contour lines are indicated as the borders of a second band extending along the 101
contours. This band is printed in screened red. Where it is covered by the grey band th
limits of accuracy are fullfilled.

‘Clarification of the technical procedure situation revealed that the
‘stereophotogrammetrical procedure is qualitatively more adaptable than the ortho-
‘method. The stereo-method is more discriminating of efficiency under similar internal
and external conditions. With regard to the costfuseftime-effect, both methods have

“alternatives to offer.

The forest areas, built-up areas and quarries have been screened. Differences in the cart
graphic treatment of the compilations cannot be overlooked.

A comparison between the compilations (in colour) and the base map (in black) revea
where the accuracy norm has been exceeded, where contour lines have been systemati
ally shifted and where geomorphological detail is deficient. The analytical results a
thereby qualitatively supplemented, i. e, improved and the general information shown is

he photo scale 1:18,000 is sufficient to ensure satisfactory results in stereo-
photogtammetric restitution. The analyses confirm the general rule Mpg, ~ 200 v My
“Against this, the photo scale My ~ 120 v/ My had to be used for the orthophotographic
method in order to reach the same results as in the other method. It remained an
“unsolved question to what extent the profit for the additional field surveying was caused
by the geometrically corsect orthophoto-image. The stereo-restitution reacted more sensi-

increased.

In particular the following can be seen:

Annex 9b: The red screened area lies partially asymmetrical to the back conto tively to changes in scale than the orthophotographical. Specific improvements in the
(stereo- lines and, particularly in flat areas, stretches beyond the grey band. evaluation are casier to obtain by rational matching of the photo scale than by the
photogrammetric  The systematic influence, quantitatively noted in table 13a c “ortho-method.

" The individual influence ofthe observer isstrongest in the stereophoto-
“grammetric process. This over-riding parameter is shown by the differences in the quality
of the produced maps in the partial contradictions of the results against the experience in
" photogrammetrical practice, and in the variations in the cartographical quality of the
- compilations. The crucial factors of this influence in the ortho-method are less in the
* scanning of the profiles than in the extraction of the linear map image from the ortho-

photo. '

method) umns 8, 9 and 10, is confirmed and qualitatively illustrated by th
comparison. Inaccuracies in the compilation, which are thus reveal
and which are demonstrated in the values of my,, have been noted

and defined separately,

The geomorphological information shown by the sensitivity of the
contour lines to the slightest movements of terrain forms is ve
different for the individual interpretations,
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The parameter ,,landscape structure hasa different effect on both mg
ods. It is easier to manage stereophotogrammetrically than orthophotographically, P
scalc. here provides an excellent means of compensation. In forest ateas, both m'eth'
require extensive field surveying support. A close co-ordination between terrestrial
faerlal photography and evaluation becomes a technical and economic necessity
importance of topographical survey lies in small objects in specific landscape areas. .

an

'I.'he topographic-cartographic guidelines conformed with conve

tional principles [1]. They are outlined in the legend and the classification regulati .
(anne?c 15). In the main the arrangement of objects within a group is based on toj
graphical criteria. They are, therefore, optimally suited to aerial photo interpretatioy
One could also say that all classifications which depend on subjective conditions, ;
Pnsuitabie for photo interpretation. Experiments to determine whether and in w,h
msffances these subjective criteria can be assessed either directly or indirectly from th
aerl‘al photographs have not yet been carried out. This parameter has therefore been lea
subject to analysis. It also became apparent that quality demands in the compilations..s
the individual groups of objects were not equivalent. The contour Hnes seemed to hay
f:ertain precedence over the other objects shown. Analyses have shown how importan
is to concede the other features the same priority in order to ensure their cartographi
parity. The analytical and geometrical methods for the qualitative examination of §
produced maps must always, therefore, be extended to include various groups of features

3. Cartographic part of the work
3.1. Preamble

If the original objective of defining the production of a topographic base map 1 : 10,00
b.y means of photogrammetric methods had been realized as the subject of the exan;in:a.i
tion, then the criticism would have been justified that inconsistency to the disadvant

of the orthophotographical potential had occurred. The point of the examination wh?cg.
should have been to stimulate cartographical mobility by means of a large variety o,f aerial
photlograph evaluations, would have been lost by the production limitations of the con
ven.tlonal map. On the other hand time considerations ensured that the evaluations an
their analyses were kept within appropriate dimensions, This was possible if the ortho
ph'oto was taken into account in proportion to its technical and scientific superiorify
being obviously significant. However, it was necessary to avoid a re-examination of thi
rather frequently treated cartographical position and the diversity of its change. In orde
to establish the difference between linear and aerial photographic maps, it is suf‘ficient 0
p-rovide suitable examples in the study. The orthophoto map is thereby,more demonstra
tively than instructively taken into account. This also explains the more general drafting

of the section "topographical ma
ps to the scale of 1 : 10,000%, und i
maps have also been included. ndes which orthophots

alowzvel:, these arguments only emerged for consideration later when the analyses were .
ready in progress and the first results had become obvious and although a revision wa
unnecessary, the examinations had to be intensified.
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2, Topographic base map 1 : 10,000

2.1, Review

A principle in the production of any map series is that they are not based purely on a
map legend, as in the carly period of topographical cartography, but also on regulations
which stipulate which features are to be shown and how. The form and contents of a map

re, therefore, regulated by these detailed interpretations of c'a.ft'ogra.phi_c_:_sﬁj?'i_e_._:OPfir'ria_l

information shown and geometrical accuracy in all details should characterize a base miap,

Starting from scratch, without a pattern or example and without recourse to well-tried: -
and accepted cartographic material would have ended in failure. From the Buropéan
1 : 10,000 scale maps, a Belgian example was selected [1]. This was characterized by a
"egend in the 1:10,000 scale map, which allowed the reduced 1 : 25,000 image to be
used as a fair drawing. This is an example of rational map compilation which appears to
be economically dubious, but which nonetheless encourages compromises in cartographic
irregularity. In order to limit these irregularities this example was somewhat modified.
The first map originals showed that the dense road network became too strongly exag-
gerated and too much in the foreground. The road widths have, therefore, been reduced,
Nevertheless the cartographic risk could not be climinated.

3.2.2. Proposed specifications for cartographic work for the production of a topographic

map at 1: 10,000 (line map) — annex 15 and [1]

: Firstly, a preliminary directive was compiled, which must be considered as an essential

' component of the final result. It was then possible for the restitution of the aerial
photographs to be carried out immediately after they had been taken. The extension of

. this cartographic frame into the final map legend was achieved on time, The photogram-
metric work and interpretation were not then delayed.

. Annex 15 has been arranged according to colours and object pictures. In this arrangement
- each picture is placed opposite the respective commentary, which is sub-divided into
'~ symbols, written explanation and name. Each pictorial element has been as clearly de-
fined in its size as each lettering addition.

Due to the monochrome presentation, the signs and written explanations could not be
indicated in their correct colours in annex 15, The respective colours are mentioned in

the first column of each page.

All the representations and the lettering are adapted to automated drafting, Annex 15 has
been produced by the Landesvermessungsamt Baden-Wiirttemberg,

3.2.3, Map samples

Annexes 16a to 16¢ and 17 have been set out according to standard principles in different
variants and combinations. They are based on annexes 4b and the contour lines shown in
brown on annex 12. The multicoloured (4 and 5 colours) samples arc the counterpart of
the monochrome and screened map. These examples should give an indication of the
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cartographic possibilities. The Landesvermessungsamt Baden-Wiirttemberg has éo
annexes 16a to 17 cartographically. G

To the question why the reference map from annex 8 was not used to form the ba
these map samples, the answer must be that the topographic extract from the cid
map was immediately possible. But the contour lines were missing. These could 1z
produced from a special photogrammetric restitution (see sect. 2.3.3 and 2.3.4Y.
wise it would no longer have been possible to produce the map samples in time, - :

3.2.4. Cartographic solutions and results

The cartographic position of the compilations from aerial photo evaluations m
arranged within the established stages of overall map production. This plan consists's
three sections - topographical, cartographical and cartographic-technicia'l. \
Each of these sections is distinguished by work phases which, in the cartograp
sec.tion for example, comprise the classification of groups of objects, the subjectiv
objective description of these same objects and their presentation and configurat
the map, These work phases are again founded on individual stages. The prod
of preliminary plots (drafts) of the separate groups of features are, for example
categorized under classification. The division between the individual positions in s
scheme is, in practice, very hard to define. Rational working methods force co-ordiﬁ
which significantly amalgamates the individual first draftings of the map for instance

Photogrammetry, when necessary together with supplementary topographic. sur
equates with the first section topography and contributes more or less compfehé

prepafation towards the second, cartographic elaboration, Conditions of techniqué. )
organisation necessary to make this advantage as effective as possible must remain op

Annexes la to 7c and 9b to 14 show routine results for those institutes whose main
is p.roduction and revision of maps. All compilations conform with the maxim of
ducing as many fair draftings as possible from the photogrammetric restitution and the
largely reducing the cartographic work to come. -

T‘he length of the process from these compilations to the final pictures is as great ast
difference from the final maps (annexes 16a to 16c and 17). There is a strong argumén
favo1:1r of shortening this process by means of digital mapping, It was considered wheth
and in what manner this problem should be included within the examination. Howeve
the conclusion had to be drawn that the evaluation of this subject could not be accom
plished. The limitation to conventional methods of compilation remained decisive.

3.3. Orthophoto and orthophoto map 1 : 10,000

The Possibilities in the compilation of photo maps are set out in [15]. A practical metho
of using this technique is shown in {16]. The automatic production of contour lines: :
orthophotos has been dealt with in [17] and {18). In [12], the relationship betwé
orthophotos and orthophoto maps is investigated. These comprehensive treatments
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ese problems render any further examination unnecessary. A short demonstration by

wans of illustration suffices,

he orthophoto {annex 18) gives an idea of the structure of the landscape. The position
cupied by the individual groups of objects is easily noted. More exact and specific
formation, however, necessitates interpretation experience and interpretation work,
he difficulties increase when the planimetric position and shape of the individual topo-
,phic features have to be geometrically plotted (see sect, 2.4.2 and 2.4.3, annexes 4a to
d). Topographical analysis is questionable in wooded areas. The lack of contour Hnes
so decisively limits the effectivencss of orthophotos.

annex 19 the transition to the orthophoto map has been completed. This step has been
ccomplished with the contour lines and line image of annexes 16 and 17. The pictures
ave been reproduced in negative form. Nevertheless the quality of the orthophoto is
ssened. The optical deficit is comparable to the loss resulting from the printing of hill
hading upon a topographic line map.

Annexes 18 and 19 show that the cartographical possibilities of orthophoto maps remain

o be exploited to full advantage. It could, for example, be argued that this contribution
hould be concentrated on the lettering and kept as concise as possible in order to speed
p the production of the map. This provisional solution could then be further developed
o the final planned capacity. If the topographical map scale of 1: 10,000 had been the
inal aim, the contour lines could have been stereophotogrammetrically added later. A
umber of optional interim solutions can be built in between the orthophoto and the
onventional map, which are initially compatible with time demands, while holding the

ay open for a lingar map.

he topographic road classification has been printed in colour in annexes 19 and 20. This
s a trial which cannot be cartographically evaluated. This omission is justifiable with

egard to [15].

When the map samples of annexes 16a to 16c and 17 are compared with the orthophoto

“maps of annexes 19 and 20, the cartographic differences become obvious. Which presen-

ation is selected now or later, depends on the cartographic position in general and on

particular hypothetical considerations.

The cartographic possibilities are increased if the priorities of a conventional base map are

 neglected. The orthophoto map can then take over the function of the preliminary map,
which is evolved by stages towards the final product, the topographic base map. Regard-

less of how quickly the final product is achieved depends as much on topographic-carto-
graphic ability and challenge as on tradition and state of development. The different
possibilities of photogrammetry can be completed with cartographic compilation systems,
which demonstrate the integrated cartographical guidelines for the construction of a basic

map series.
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4. Performance of methods [14]
4.1, Preamble

After the qualitative achievements of the method in relation to various parameter
internal and external influence on the aerial photograph and its evaluation have
analysed; quantitative contributions must be added to this result. The various work
which distinguish the production of a base map must likewise be subjected to 't
analysis. In order to ensure that the time taken is uniformly and differentially enouy
considered, this was stipulated in a list given to each institute before the beginning of

work. This register form was divided roughly similarly to the work stages set ou
sect. 3.2.4. The results of the enquiries are set out in fig. 10a to 10c. Since, howe
these statistics do not define the terms of execution adequately, extracts have:b
included in tables 15, 19 and 20. .

Since certain norms [19] and [20] apply in practice to the production time
orthophotos, the institutes’ evaluation times have been set out against th
standard values (table 17). :

The time supplied by the institutes had to be recalculated to conform to a uniform
area of 10 km?. Due to the differences in the compilation formats, a direct comp

was impossible; in addition to which a registration of the number of operators war
with one instrument was also omitted. The number of hours the instrument was i

has been noted on the time register. Possible differences in expenditure have b
ignored. The results of the analyses are hardly affected by this.

4.2. Stereophotogrammetric methods

if the numerical data, shown in fig. 10a to 10c, are arranged according to scale, techn
mapping methods and pictures of objects, the following summary is obtained (table 15

Two models provided the basis for the evaluations of the scales 1: 18,000 .
1: 25,000, For the scale 1 : 30,000 and 1 : 37,000 one model had to be plotted. It se
that for one model the restitution time increases proportional to the flying height, Th
would then be calculated:

Hgy,
Hg;

Zar=2Za;

The abbreviations mean:

Zap or  Z,; the time taken for the evaluation per model of the scale myy,. of
Mp;
Hpp or  Hp; the height of the flight which corresponds to scales mp,;, and m;

If the most strongly established mean value for the scale 1 : 18,000 is used as a basis, the
following reference figures are produced for the varying flight heights per model and an
area of 10 sq. km. in contrast to the actual values of table 15:
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Table 15 — Time consumption for map compilation with stereophotogrammetric methods
in hours/10 km?

planimetric

a + b) draft
c) classific. deaft
d) draft/original

1 2 3

planimetric¢ {d)
contour lines +
contour lines

scale 1: 18 | 25 b 300 | 37 | 18 | 257 | 300 | 37 | 18 | 25 ) 30 [ 37

compilation
* built-up areas 73 | 46 61 a4
. roads, etc.
waters

use of land

b)
compilation 18 19 15 20

relief features

* compilation +
interpretation
stereoscope

106 | 46 93 44

d)

compilation +
interpretation
stereoscope +
cartographical
supplements

139 | 73 | 113 & 100

121 | 54 97 80

Table 16a — Contour lines: time taken in hours per model and 10 km? surveyed area

scale 1: 18,000 1:25,000 1:30,000 1:37,000

reference figures 9 12 13 19
ace. to equation (11)
and table 1; sect. 2.2

actual figures 9 9 16 20
acc. to table 15; col. 2

Table 16b — Planimetric + contour lines: time taken in hours per model and 10 km® area

scale 1:18,000 1:25,000 1 :30,000 1:37,000
reference figures 60 83 100 124
acc, to equation (11}
and table 1; sect. 2.2
actual figures 60 27 97 80
acc, to table 15; col. 1.d




4. Performance of methods [14]

4.1. Preamble

After the qualitative achievements of the method in relation to various Param
internal and external influence on the aerial photograph and its evaluation §
analysed; quantitative contributions must be added to this result. The various
which distinguish the production of a base map must likewise be Subjecte
analysis. In order to ensure that the time taken is uniformly and dlfferennally
considered, this was stipulated in a list given to each institute before the begi
work. This register form was divided roughly similarly to the work stages
sect. 3.2.4. The results of the enquiries are set out in fig. 10a to 10c. Since, |
these statistics do not define the terms of execution adequately, extracts
incladed in tables 15, 19 and 20.

Since certain norms [19] and [20] apply in practice to the production t
orthophotos, the institutes’ evaluation times have been set out aga
standard values (table 17).

The time supplied by the institutes had to be recalculated to conform to a unifo
area of 10 km?. Due to the differences in the compilation formats, a direct co
was impossible; in addition to which a registration of the number of operators.
with one instrument was also omitted, The number of hours the instrument W2
has been noted on the time register. Possible differences in expenditure ha
ignored. The results of the analyses are hardly affected by this.

4.2, Stereophotogrammetric methods

Table 15 — Time consumption for map compilation with stereophotogrammetric methods

in hours/10 km?

planimetric planimetric {d)
a + b} dlmft_ fc. drat contour lines -+
¢} classific. draft tour lines
d) drafi/original contou
1 2 3
scale 1: 18 | 28 0 | 37 18 | 25 k]t 37 18| 25 | 300 | 37
built-up areas 23 | 46 1 44
ads, etc.
use of land
b
‘compilation 18 19 16 20
106 | 46 93 44
121 54 97 80 139 73 113 | 100
stereoscope +
‘cartographical
‘supplements

If the numerical data, shown in fig. 10a to 10, are arranged according to scale, tec
mapping methods and pictures of objects, the following summary is obtained (table

Two models prov1ded the basis for the evaluations of the scales 1 :18,00
1:25,000. For the scale 1 : 30,000 and 1 : 37,000 one model had to be plotted. T¢;
that for one model the restitution time increases proportional to the flying height
would then be caleulated:

z ey Hgy,
Ak Ai H,

i

The abbreviations mean:

ZAk or

Z,4; the time taken for the evaluation per model of the scale st

UG H

Hpp or  Hp; the height of the flight which corresponds to scales mp; and;

If the most strongly established mean value for the scale 1 : 18,000 is used as a bas
following reference figures are produced for the varying flight heights per model an
area of 10 sq. km. in contrast to the actual values of table 15: :
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Table 162 — Contour lines: time taken in hours per model and 10 km? surveyed area

scale 1:18,000 1:25,600 1: 30,000 1:37,000
reference figures 9 12 15 19
ace. to equation (11)
and table 1; sect. 2.2
actual figures 9 9 16 20
acc, to table 15; col. 2

Table 16b — Planimetric + contour lines: time taken in hours per model and 10 km? area

scale 1:18,000 1: 25,000 1: 30,000 1: 37,000
reference figures 60 83 100 124
acc. to equation (11)
and table 1; sect. 2.2
actual figures 60 27 97 80
acc. to table 15; col. 1.d
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3. Orthophotographic methods

struments used are given below:

The large deviations can be attributed to the individual influence of the observer, the
technical method used and the cartographical aims. Fig, 10a explains these contents,

prthophotos from aerial photographs at scale 1 : 25,000 have not been produced.
three scales have been used: 1: 18,000, 1 : 30,000 and 1 :37,000. The results of the

Table 17 — Technical and time expenditute for the production of 1 10,600 scale orthophoto
for 10 km? surveyed or 10 dm? pictured area

time [h]
., slit width speed actual | reference
institute scale s [mm] » [mmisec] one off-
line
1 2 3 4 5 6
Frankfurt 1: 37,000 4 13 15 — 1138
1: 18,000 4 1.3 20 - 22.2
Stattgart 1:37,000 4 5 3 4.2
1:18,000 4 3 9 10.4
Enschede 1: 30,000 4 5 4.2
1: 18,000 4 3 10 164

Note: The reference limes bave beea taken from the following table 18

Table 18 — Time consumption for orthophoto production

n [19] and [20] the time con&umption has been analysed from various perspectives and
ifferent methods. The Baden-Witrttemberg Landesvermessungsamt produced the evalua-
tion result of approximately 27.5 [dm?/h orthophoto] per s = 8 [mm] and v = 10 [mm/
ec]. These figures formed the basis for the following table.

diaphragm result 10 dm?
v?\i'i iy speed [dm#h] orientation time [h]
v [mm/sec] per model [h] 1. mod, 2. mod.
s [mm} orthophaoto
on | off on I off
1 2 3 4 5 6
8 10 27.5 275 34 3.5 6.2 6.6
4 5 6.9 4.2 56 8.4 5.8
4 3 4.1 5.2 7.6 104 12.8
4 1.3 1.8 8.3 13.8 166 222

Note: These values agree roughly with [19]. Deviations are due to the differing terms of reference and the difference
in the amount of additional work, Far off-linc production, the projection time was separately added to the total

time token (col. 5 and 6).
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question has been recorded. The following generally applies:

[dm®/h]

F, [dm’]
Za= (T + wno - 2,75 [h]> Hop .

Key:

E,, the format of the orthophoto
L, performance {column 3, table 18)

The relationship between the false positioning of drop lines and scanning speed,
shown in a diagram in [8] p. 45. The speeds in table 17 are chosen in acco

professional requirements. The figures shown in table 18 regarding the time
produce an orthophoto have, on the whole, been confirmed by the evaluatio
the institutes (see table 17, columns 4, 5 and 6). The figures in table 18 can b
preparation of timetables, They should be considered as guidelines, in whickith
graphic development work is not included. The results in columns 5 and 6 wou
been improved by this amount. Time calculations should be set up accordi
figures in columns 3 and 4. In columns 5 and 6, the time requirement for t

hown in fig. 10a to 10c, the figures in table 19 are of varying weight. The tests in
mn 5, for example, were carried out by only one institute, Similar figures from the
ession which could support these figures are often unreliable, since their conditions
not known in detail. It is, therefore, a pity that the cartographical work has come off

Y.

Comparison of the performances of both methods

necessary for the working hours listed in table 15 to be divided by the cofresp.bnd'iﬁzg’..; '

4 1: 30,000 and 10 hours for 1 : 18,000). The resulting ratios kave beet set out m the'_' B
lowing table 20. . SR

Table 20 — Ratio between the time reguirements for the stereophotogrammetric and
orthophotographic methods

M1, NUmber of models per orthophoto picture planimetry contour lines mean
Mg p, number of orthophotos necessary.,
1 2 3
The production requirements for orthophoto- and orthophoto map series can’ scale 1: 18 | 25 | 307 | 377} 18| 25 | 30" | 37
lated according to equation (12}, The production times to be allowed in the ¢a 4)
topographic base map are shown in the following table 19, which contains extr: stereo-compilation
fie. 102 to 10c. planimet
ig. 10a to 10¢ P hry - { 715 15 | 11 ¢ and 13
Table 19 — Production expenditure for a topographic base map 1: 10,000 in houss/ .aﬁ,ﬁpgmcol. 1a/ T
on the basis of orthophoto and drop lines ‘tab. 17,co’1,5,pos.3to 6)
orthophoto contour lines contour 'lincs planimetric :b) L
draft engraving draft stereo-compilation
" 2 3 2 contour lines {
scale 1: 18130 37|18 | 30 (37| 18 | 30 | 37 | 1% contour lines, 15 | — - 2 13
ik ‘profile hachures
a) . (table 15, col. 2/
scanning of (see tables table 19, col. 2)
profile + 17 and 18) '
projection c)
. stereo-cotnpilation . qn
} -9 131|774 planimetry draft 9 and 2
elaboration of = { 12 |55 | 241 20
drop lines orthophoto —_— | ——r
{table 15, col. 1d/
<) w0l = ! tab. 17, col. 5, pos. 3 to 6)
Fair drawing
map + d) oo
interpretation stereo-compilation
planimetry draft _ { p _ _ 4 6 and 4
.d) ) 294 ortho extracts,
m!‘:erpretalltlon + : Pianimgtry — E,
fair drawing + (table 15, col. 1d/
engraving map table 19, col. 4)
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The quantitative superiority of the orthophotos is demonstrated in column 3 of table
When the linear planimetric map content is taken out of the orthophoto, the t
advantage compared to the stereophotogrammetrical method is still considerable. Ag
this, the advantages of the orthophoto-method in the production of contour lines £
drop lines are lessened by about one and a half times. Where orthophoto map
1: 10,00 are sufficient as a cartographic starting point, they only require 5 % to 1
(column 3, c) of the stereophotogrammetrical production time for a map. This is
condition that the contour lines are not extracted from drop lines, but are comp
automatically [18].

The various possibilities should each be linked with a plan from which one can see the
type and extent of the quality testing. The test procedures as described in sect. 2.6 for
altitude representation, which were used in part for other object pictures as in sect, 2.5,
are to be regarded as pilot models in their construction and in the representation of their
results. Their systematic use leads to the procedure of an automatic check which can be
automated and standardised through computer programmes and test areas. Since, as has
been shown, the evaluated results are subject to the changing interior and exterior influ-
ences of the photograph and evaluation the systematic application of such test procedures
cannot be dispensed with,

Since in principle no snags exist against applying the evolved procedure without ex-
ception to the other object groups of the map contents as well concerning the judgement
on the quality of the contour lines, it was decided not to proceed individually for reasons
of time.

Orthophotos from small scale aerial photos reduce the cxpenditure by half, ther
doubling the effectiveness. A map series can be produced at least ten times more quic
than by the stereo-method,

5. Final conclusion

The aim of the examination was to review the alternatives for the production
1: 10,000 maps, by which the extremes of topographic-cartographic requirements ;
the potential for map compilation could best be combined. The stereophotogrammetri
and orthophotographic results have, therefore, been sufficiently qualitatively and q
tatively examined from all aspects, to be able to decide on rational methods of a¢
photo mapping and cartographic development. Emphasis was placed on analysing ge
ly the field of study from an overall point of view, rather than thoroughly examin
details merely,

i [1] Institut Géographique Militaire, Catalogue des Cartes et Publications, 1975; Légende
1:10 000 1.G.M.

[2] Jordan-Eggert-Kneissl: Handbuch der Vermessungskunde, 1956, Vol. 111, p. 601.

: [3] Imhof, E.; Kartographische Gelindedarstellung. — Walter de Gruyter u. Co., Berlin
1965, p. 34, 39, 41 and 42.

[4] Lekhmann: Photogrammetne. — Géschenband 1188/88, p. 82,

[5] Gropmann, W.: Grundziige der Ausgleichsrechnung nach der Methode der kleinsten
Quadrate nebst Anwendung in der Geodisie. — 2, Ed., Springerverlag Berlin, Gottin-
gen, Heidelberg, 1961.

The final concept for the production of topographic base map could be divided intg
following sequence:

a) Definition and arrangement of the respective use/cost/time requirement in order
their priority.

[6] Neumaier, K.: Essais d’interprétation de «Bedfords et de «Waterbury». Rapport
commun établi par les Centres de la Commission E de POEEPE ayant participé aux
tests. — OEEPE-Publ. Off. No. 2, Frankfurt a. M. 1966, p. 9--15, 10 annexes {in
English: p. 17—23; in German: Nachr. Kt.- u. Vetmess.-wes., R, V, Nr. 13 (OEEPE-
Sonderverdff. Nr. 3), Frankfurt a. M. 1966, p. 5-13).

b) Estimation of production time of 2 map series with the help of tables 15, 17 and:::
and the various production methods.

c) Weighing of the qualitative results on the basis of tables 5 to 14b, fig. 9a to 9
addition to fig, 4a to 7d and 10a to 10c according to the groups of objects. Com
son of claim for quality with actual quality.

[7] Neumaier, K.: Essais d’intergfrétation. Rapports des Centres de la Commission E de
POEEPE. — OEEPE-Publ. Off. No. 6, Frankfurta. M. 1972, 42 pages, 12 tabl.,
5 annexes. {(in German: Nachr. Kt.- u. Vermess.-wes., Sonderheft: OEEPE-Sonder-
verdff, Nr.D-8, Frankfurta M. 1972). — (in English: An Interpretation Experi-
ment. Presented Paper for Comm. IV, XII'h Congress of ISP, Ottawa 1972).

d) Review of the present and future cartographic situation, including the continuation
the map series. Production of a cartographic planning concept and guidelines fo
map presentation and configuration according to the proposal in annex 15.

[8] Schneider, H.: Untersuchungen am Orthoprojektor GZ 1 tiber die Hhengenauigkeit

' der Profilschraffenmethode. — Deutsche Geoditische Kommission bei der Bayeri-
schen Akademie der Wlssenschaften, Reihe C: Dissertationen Nr. 162, Miinchen
1971.

e) Statement of a technical concept for aerial photo evaluation using the resul
-sect. 2.4 to 2.7 and 4.2 to 4.4,

f) Synopsis of the list of examination methods for planimetric and height accuracy.
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[9]1 Meier, H.-K.: Art und Genauigkeit der Hohendarstellung im Orthoprojektor (
Zeiss. — Zeitschrift fir Bildmessung und Luftbildwesen (Bul), 1966 Ne.
p. 65—69.

*établissement de cartes topographiques au 1/10 000
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[10] Hampel, G.: Orthoprojektion und Grundkartenwerk 1:2 500 unter besond

Beriicksichtigung der Hohendarstellung. — Bul,, 1967, Nr. 2, p. 61—69.
e Willi Beck, Stuttgart
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1969, p. 219226, '
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[13] Ackermann, F.; Bettin, R.: Uberpriifung einer groimafstibigen Orthophotoka
BuL, Nr, 5, 1969, p. 186—191,

es cartes de basc topographiques au 1/10 000 et plus grandes remplis-
sent une fonction double en tant que bases de recherche, de planification et de technique
de construction d’une part ainst que de préparation et de mise & jour de cartes topo-
raphiques aux petites échelles de I'autre part. On leur attache de I'importance particu-
fidre au début des travaux pour une oeuvre cartographique. Et c’est exactement ici ol
expérience pour Porganisation et le développement cartographiques appropriés ainsi que
pour la préparation de ces cartes de base est souvent assez pauvre. Cette situation a
favorisé la décision de la Commission D de soumettre la proposition 4 POEEPE deman-
ant 3 lui confier la premiére ce domaine de tiches.

[14] Ackermann, F.: 2. Otto—von-Gruber-Ged'eichtnisx}orlesung. Gedanken iiber den'F
schritt in der Photogrammetrie,

[15] Schweissthal, R.: Grundlagen, Bearbeitung und Herstellung groBmaBstibiger’
bildkarten, — Wiss. Arbeiten der Lehrstiihle fir Geodisie, Photogrammetsi
Kartographle an der Technischen Hochschule Hannover, Dissertation Han' :

[16] Voss, F.: Die Herstellung von Orthophotokarten 1 : 5 000 in Nordrhein-Westf:
— NOV-Nachrichten aus dem &ffentl. Vermessungsdienst Nordrhein Westfai
Nr. 1/68, p. 3—13.

véchelle de 1/10 000 avait été choisie parce qu'elle exige un minimum de travail
artographique, garantie & la photogrammétrie P'usage optimal et permet encore une
artographie sans généralisation. Le nombre de feuilles diminue (& un quart par rapport a
séchelle de 1/5 000 p. ex.) et le rendement supérieur de prise de vues est neutralisé par

es techniques photogrammétriques.

[17] Feile, K.; Bosel, W.: Automatische Erzeugung von Héhenschichtlinien bei de
- stellung von Orthophotos. — BuL, Nr. 5, 1969, p. 219—234,

[18] Brucklacher, W.: Automatische Orthoprojektorsteuerung durch Planimat mit Ko
lator. — BuL, Nr. 2, 1968, p. 117-120.

u début, la seule intention était de comparerles rendements quantitatifs
es procédés stéréophotogrammétriques et orthophotographiques. Ce n’est que plus tard
ue Pon a exprimé le désir d’examiner en détail également les possibilités qualitatives des
rocédés. Par contre, on a porté moins d’attention au potentiel cartographique, particu-
itrement & sa réunion avec le potentiel photogrammétrique au cours des recherches parce
ue les instituts participant aux essais ont en général préféré I’évaluation photogrammé-

[19] Neubauer, G.: Eine Genauigkeitsuntersuchung des Orthoprojektors Gigas-Ze:
Nachr, Kt.- u. Vermess.-wes., R. I, Nr, 42, Frankfurt a. M. 1969.

[20] Strobel, E.: Brfahrungen mit dem Orthophoto bei der Fortfihrung der To
phischen Karte 1: 25 000, — BuL, 1969, Nr. 5.

rique 3 I"élaboration cartographique.

La tdche photogrammétrique se divise en Panalyse des résultats obtenus
ar linterprétation des sujets topographiques, la précision des mesures planimétriques et
altimétriques, le temps, le personnel et les instruments nécessaires a chagque procédé et

eur confrontation.

Le but visé en cartographie portait sur Pétablissement de directives, un
échantillon pour le dessin et des épreuves de carte ainsi que sur la détermination du temps
nécessaire A la préparation des ébauches et les rédactions définitives de carte.




2. Ensemble des tiches ph Stri . o s .
paotogrammetriques thode on a pu découvrir des influences essentielles agissant de Pintéricur et de extéri-

ir. Le tableau 4, page 27, montre la répartition des procédés et des photographies
jennes anx échelles différentes sur les centres de restitution.

Quant au champ d’essai (voir figure 1, page 14)on a défini les exigenc
en ce qui concerne la topographie, la cartographie et la géographie: :
¢ tésultat de 'interprétation des bitiments figure dans les anne-

1a—7c et I'analyse correspondante dans les figures 4a—4d, pages 23—26 et dans le
leau 5, page 27. On peut en tirer les conclusions suivantes:

a) Les {chelles des photographies aériennes soient 1/18 000, 1/25 000. 1/30
1/37 000; 5

o
~

étendue du champ égale au maximum 3 2 images-modéle & grande échelle;

Le succés de Pinterprétation dépend des dimensions des sujets, de lenr densité et de
’échelle des photographies aériennes.

. R . ~ N
¢) diversité extréme des formes de terrain, haute densité hydrographique,.d
. . . . . , :

stractures des agglomérations, voles de communication bien ordonndes ef
varide du sol avec foréts; :

) Le gain quantitatif de la restitution 4 grande échelle s’éléve 3 10 % environ par rapport
* 3 celle & petite échelle, ‘

d

~—

disponibilité de cartes topographiques exactes et mises & jour aux échelles
4 1/10 000 ou bien de documents qualifiés permettant Iévaluation de telles ¢ La perceptibilité des sujets est sur les orthophotos dans tous les deux groupes d’échelle

de 67 % inféricure que sur les clichés du procédé stéréophotogrammétrique.

e) position du champ a proximité de Stattgart, le sidge du centre pilote, ‘pou
A .

méme d’exécuter des travaux éventgels de reconnaissance, de mesure et

avec un minimum de dépenses. | ;

y On pourrait compenser le déficit de ce rendement en mettant

Mimage ~ 120 v Mcarte

Lesl données aéronautiques sont indiquées dans le tableau 1, page 15. Les photo
acriennes ont été prises avec ine ZEISS RMK, A 15/23 avec l'objectif grand;angu
Pleogon f = 153 mm, angle de champ = 1048, Ha

interprétation des routes et chemins avait éé divisée en classes de
sjets qui sont indiquées dans l'annexe 15, page 15, sous forme topographique. Mais on
vait compensé ces classes pour des raisons d’utilité. Les 3 groupes restants comprennent:
outes classifiées, chemins & travers champs et prés et chemins forestiers ainsi que rues a
avers de terrains batis. Les annexes la—7c montrent des exemples tirés des représenta-
jons cartographiques et les figures 5a—5d, pages 29—32 et le tableau 6, page 33 traitent
es résultats obtenus de cette interprétation. Les voies ferrées sont incluses dans ces

jtudes. On peut en conclure comme suit:

La restitution photogrammétrique avait pour bases: pOSitivé's
et sur papier des photographies aériennes, points de contréle planimétriques.e
triques qui ont été mesurés dans un réseau du nivellement et un résean trigoﬁ
st.lffisamment denses et précis, directives concernant la restitution, 8 mesure
distribudes régulidrement sur le terran (voir annexe 9a) ainsi que cartes cadastiale
cartes de base topographiques. A Iaide de ces profils on a exécuté des tude
précision de la représentation cartographique des courbes de niveau en tenant comp
relations mathématiques des équations (1) & (9c), pages 16—18, et du tableau'2 “

} Les chemins de fer et les routes classifiées sont presque complétement représentés par
voic cartographique dans tous les deux procédés (orthophotographique et stéréophoto-
grammeétrique).

Les documents cartographiques comprenaient: le plan cadas
1/2 500, sa réduction ag 1/10 000 et leur combinaison avec des courbes de nivea
tes (voir figure 2, page 19) dont Porigine était une restitution au 1/5 000; un échar
pour le dessin avec épreuves de cartes au 1/10 000 (voir annexes 15, 16a 3 1.
ainsi que des directives indiquant quels sujets et de quelle maniére il faut les restitue
répartition des tdches figure dans le tableau 3, page 20. '

) Le déficit des rues restituées est causé par des influences externes; c’est pourquoi des
échelles-image agrandies n’en seront pas le remede.

) Les lacunes d’interprétation se concentrent sur les chemins, Dans le procédé stéréo-
photogrammétrique, leur pourcentage s’éléve 3 12 % 4 grande échelle ot sur le terrain
découvert, et & 17 % A petite échelle. Nominalement il atteint quelquefois e double
{12 % par rapport & 6 % et 17 % par rapport 4 15 %, voir tableau 5, colonne 3) de celui
des batiments et les possibilités de l'influencer par I'échelle-image sont petites.

L'interprétation des photographies adriennecs portait’ sur
qualités objectives et subjectives des sujets topographiques et sa valeur a été déterm
d’aprés les résultats quantitatif et qualitatif de la restitution des photographies aée
Pour chacun des 4 images de sujets — hydrographie, couverture végétale, agglomératio
¢t voies de communication — on a fait la comparaison entre la quantité des sujets iEvé
leur quantité théorique d’aprés les cartes de base. On a continué ces statistique :e_.
subdivisant d’aprés les procédés de restitution, les échelles-image ainsi que la densit
position, le type et les environs des sujets tout en s’orientant i 'utilité, Grice'd :

d) Le procédé orthophotographique donne dans tous les deux groupes d’échelle des ré-
sultats qui sont de 7 % moins bons que ceux du procédé stéréophotogrammétrigue.

e) En ce qui concerne les foréts, les deux procédés donnent des résultats tellement
incertains de maniére qu’un levé topographique des chemins forestiers est inévitable.
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La précision planimétrique et altimétrique des repr

T,

La perceptibilité de Phydrographie ({voir tablean 7, page 34, les flgure 6o

) 11 semble que les divergences des résultats lors du procédé orthophotographique sont
pages 3538, et les annexes 1a—7c) donne le résumé suivant: '

causées par des différences de la technique et de la routine pendant la restitution,

- g srrs g
a) Tous les deux procédés permettent une représentation cartographique presq cest-a-dire par des différences individuelles.

pléte des eaux courants. Les représentations cartographiques effectudes par voie stéréophotogrammeétrique su-

bissent plus les influences exercées par les restituteurs que celles exercées par les

b) Le procédé stéréophotogrammeétrique donne plus de détails méme 2 petite dchel Y .
procédés techniques.

le procédé orthophotographique & grande échelle.

) L’influence des zones bdties et, par conséquent, de la densité des détails de Pimage est
moins grande avec le procédé stéréophotogrammétrique qu’avec le procede ortho-
photographique. Il est évident que les résultats contredisant 3 ce principe 4 I’ chelle-
image de 1/25 000 se raménent 3 des conditions non paritaires de la r35t1tut10n.__ '

c) On avait saisi par voie photogrammétrique environ 50 % des petits sujets, ma.m’p Vo
orthophotographique seulement 30 % environ.

d) Ici, les résultats des restitutions des deux procédés divergent plus qu'avec les im
stjets étudides jusqu’s maintenant,

e probléme mesures sur clichés et précision altimdtrique a été
raité sous forme numésique dans les tableaux 10 et 11, pages 47 et 48, dans le ta-
leau 12, page 49, dans les tableaux 13a et 13b, dans les diagrammes 1—3, pages 5355,
t dans les tableaux 14a et 14b, pages 56 et 57, Dans les recherches on a également inclu
es annexes 9b—14 contenant des courbes de niveau restituées et des données. Les résul-
ats des analyses ont été résumés comme suit:

Les extraits des images sur la couverture végétale (voir tableau 8
figures 7a—74d, pages 40—43 et les annexes la—7c) montrent que

a) dans la plupart des cas, tous les deux procédés donnent de meilleurs resuItat
échelle qu'a grande échelle;

b) tous les deux procédés ont & peu prés le méme rendement;

¢) la photogrammétrie convient a la représentation cartographique des types de ]
tion du sol définis dans Pannexe 15, pages 17 et 18.

} La qualité de la restitution des photographies adriennes a été étudiée en fonction du
procédé, de I'échelle-image, des facteurs individuels, des structures du paysage et des

. . k exigences topographiques et cartographiques.
Un autre critére pour la qualité de la restitution est la précision de la représ

cartographique des sujets topographiques. Trés souvent la restitution altimétrig } Quant & la qualité, le procédé stéréophotogrammétrique s'adapte mieux 3 des con-
de contrble, Dans ce cas, une petite partie de ces recherches s'étend également ditions extérieures et intérieures de prise de vues et de restitution que la restitution
restitution des bitiments, Mais le manque de temps et de personnel était la cal orthophotographique.

quoi on a renoncé 4 étendre systématiquement les analyses & tous les images di
On voulait seulement démontrer 3 Iaide d’un exemple — ici la représentation carto
phique de batiments — qu'il vaut la peine d’appliquer la systématique, avec lague
avait examiné la qualité de la restitution altimétrique, également dans le mémie
toutes les autres restitutions. Les procédés d’examen pour la quaﬁté des restity
altlmetrzques sont généralement valables et sont appliquables de manidre corresp
a toutes les représentations cartographiques. Il est possible de perfectionner ce sy

contrble pour obtenir une routine automatique contrélant chaque restitution ob}e
ment et minutieusement.

Tous les deux procédés offrent une alternative en regard de dépenses, utilité et temps.

La régle forfaitaire de Mimage ™~ 200 v Mcarce pour le procédé stéréo est confirmée.
Par contre, la restitution des orthophotos devrait se fonder sur la relation My, age ~
120 &/ Mcaree. On n'a pas pu déterminer Pavantage que donnent les orthophotos dla
~ reconnaissance.

Dans tous les deux procédés, Vinfluence qu’exerce Popérateur I'emporte sur toutes les
autres effets. Ce fait s’exprime dans les grandes divesgences des restitutions de photo-
graphies aériennes équivalentes, dans les contradictions des résultats par rapport aux
expériences acquises dans la pratique ainsi que dans la diversité de la qualité carto-
tations cartographiques de bitiments est indiquée dans le tab graphique des représentations.

page 44, dans la figure 8 ainsi que dans les annexes la—7c. Cette étude a d nr
résultats suivants:

Des différences dans la structure du paysage ont une influence moins grande sur le
résultat stéréophotogrammétrique que sur le résultat orthophotographique. Dans les

a) Par rapport av procédé stéréophotogrammétrique, offre orthophotographiq tégions forestiéres, tous les deux procédés nécessitent des compléments par Pinter-

de construction discontinue et au 1/18 000 est & peu prés inférieur de 100.9
colonne 5, tablean 9). Cette perte de qualité peut étre compensée par des ph
phies aériennes 2 plus grande échelle (voir pages 76 et 77 de cette version abrégé

médiaire de reconnaissances et de mesures topographiques. 1l s’impose un enlacement
rationnel et étroit des techniques photogrammétrique et terrestre de prise de vues, de
levé et de restitution.
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g) 1l s'est avéré bon de fonder les descriptions des sujets sur des caractéristique
graphiques, c’est-i-dire objectives & I'opposition des qualités subjectives des. sy
fonctionnelles en majeure partie. Par conséquent, les descriptions des caractéris
des sujets, compilées dans I'annexe 15, peuvent étre considérées comme apj
aux -photographies aériennes. On n’a pas exécuté des études sur Pinterpréta
caractéristiques subjectives & partir des photographies aériennes. C’est pourqu
peut pas répondre & la question sur la nécessité d’une révision 4 cet égard de -
type (annexe 15).

Les extraits de carte présentés dans les annexes Ta—7¢ et 9b—14 ont été établis en partie
par des instituts qui travaillent principalement dans les domaines de la préparation et de la
mise & jour de cartes topographiques. Toutes les représentations cartographiques sont
ablies d’aprés le principe: recevoir autant de rédaction définitive que possible au cours
de la représentation cartographique par voie photogrammétrique pour ainsi réduire large-
ment les travaux cartographiques consécutifs. Les travaux photogrammétriques ainsi que
pographiques et cartographiques sont proportionnés d’aprés des critéres personnels,
organisatoires, techniques et matériels. C’est pourquoi dans les annexes les degrés de
l'approche & Poriginal désiré de la carte montrent une grande variété. Les cas dans lesquels
il est possible d’égaler représentation cartographique et carte ou bien d’égaler représenta-
tion cartographique et projet ne se déterminent pas seulement d’aprés la préparation de
cartes, mais aussi d’aprés les exigences des cartes. Les mémes critéres décident le choix
entre orthophotocarte et la carte & lignes ou bien emploi d’une combinaison de toutes
Jes deux. Cet ensemble de problémes se manifeste en comparant les annexes 16a—16¢ et
17 avec les annexes 19 et 20. En général on peut constater que les possibilités cartogra-
phiques augmentent quand on renonce 4 la priorité de la carte de base conventionnelle.
L’orthophotocarte peut alors prendre la fonction d’une carte provisoire susceptible d*étre
développée pas & pas en une carte topographigue de base (carte 3 lignes).

h) L’examen de la précision cartographique avec laquelle les courbes de niveais
représentées, ou bien en général de la précision de la restitution altimétrique d*apr
seul des procédés utilisés ne fournit pas de renseignements approfondis sur la’quali
Ce n’est que par la combinaison des trois procédés numériques (déviations des poin
cotés, altitudes des lignes avec dépendance ou non de Iinclinaison du terrain)
procédé graphique (comparaison des courbes de niveau représentées par vo
graphique 4 celles données) que I'on regoit des renseignements siirs concernant |
la gravité et la direction des déviations. Pour Pautocontrdle des restitutions d
sorte on pourrait se servir de programmes de calcul orientés & des données réelle
théoriques, rendues an préalable, ainsi qu’aux méthodes d’examen utilisées.

i) En utilisant ces programmes et ces procédés d’examen pour tous les groupes de’su
et en observant des limites forfaitaires des déviations on serait sfir d’obtenir la:m
qualité pour toutes les représentations cartographiques des sujets.

4, Efficacité des procédés

Jusqu'ici, les études exécutées ont traité Pefficacité qualitative des procédés. Les perspec-
tives quantitatives intéressent trés souvent dans le cas ol i est important de préparer le
plus vite possible une carte de base pour satisfaire aux premiers besoins, Il faudrait inclure
dans ces études non seulement le sacrifice de temps pour la photogrammétrie mais aussi
pour la cartographie. Malheureusement les études sur ce complexe ne donnent que des
enseignements insuffisants. Les possibilités cartographiques et le manque d’expérience
ont été des obstacles pour Pétablissement des rédactions définitives. Pourtant les analyses
cstantes ouvrent en substance des perspectives sur les exigences et les dépenses totales
dune préparation de cartes. On a prété une attention spéciale aux différences qui existent
entre la préparation conventionnelle de cartes et la production d’orthophotocartes. On
trouvera des renseignements 4 ce sujet dans les tableaux 15, page 65, les figures 10a—10c,
es tableaux 16a et 16b, page 65, les tableaux 17 et 18, page 69 ainsi que les tableaux 19
et 20, pages 70 et 71.

3. Ensemble des tiches cartographiques

La partie centrale des études se concentrait sur la mobilité cartographique et su
stimulation par un maximum de possibilités variées pour la restitution de photogr
aériennes. On a pu atteindre cet objectif en étudiant non seulement la carte conve
nelle, la carte A lignes; mais aussi, en abandonnant 'intention initiale, I'orthophoto
Etant donné que ces cartes ont déja été largement traitées en regard de leur stru
cartographique et de leur force d’expression, on a évité les problémes materlels et
niques et on a saisi en premier lieu le temps nécessaire 3 la production.

La proposition concernant les directives pourles travaux cat
graphiques & la préparation dune carte topographiqu
1/10 000 (carte 4 lignes) — anncxe 15 - a été élaborée sur le modéle de la carte belg
1/10 000. Cette base cartographique a été divisée d’aprés des groupes d’image ¢
images de sujets. A chaque planiméirie on a attribué les caractéristiques object
subjective avec sa force d’expression cartographique (symbole, explication écrite ou le
nom). La forme et la fagon des symboles cartographiques sont concordées avec tne
représentation cartographique par voie automatique.

Conclusion

Le programme pour la préparation d’une carte de base peut étre divisé dans les phases
omme suit:

Les annexes 16a—16¢ et 17 contiennent des maquettes de différentes gradation 3} Ordonner les exigences en utilité, dépenses et temps en vue de leur urgence,

couleur, préparées d’aprés ces directives. Les représentations cartographiques des:a

b) estimer le temps de préparation d’une série de cartes en employant les tableaux 15 et
xes 4b et 12 (courbes de niveau, brun) sont les bases de ces maquettes.

17-20,
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c) peser le succés en qualité 4 T'aide des tableaux 5—14b, des diagramme
(fig. 9a—9c) ainsi que des figures 4a—7d et 10a—10c,

d) évaluer les possibilités et exigences cartographiques d’aujourd’hui et de Iaveni
ser un plan cartographique et les directives pour la préparation et la mise 4 j
cartes, Elaborer les principes pour la représentation et la conception de la cart
respondant 3 la proposition dans 'annexe 15, T

e) définir le projet sur la technique des procédés de la restitution de photograp
aériennes en tenant compte des résultats des interprétations de photographies

nes, des mesures sur les clichés et de la précision de la représentation cartographic
la planimétrie et de Paltimétrie ainsi que de Pefficacité quantitative en stéréop
grammétrie et en orthophotographie,

f) faire le sommaire du catalogue des procédés d’examen pour les représentations
graphiques de tous les sujets et groupes de sujets.

Liste des tableaux

Données aéronautigues

Classes de Pinclinaison du terrain

Plan de la répartition des tiches et leurs solutions

Application des procédés et utilisation des photographies aériennes
Résultat de Pinterprétation des bitiments

Résultat de Pinterprétation des voies de communication

Résultat de Pinterprétation de ’hydrographie

Résultat de linterprétation de Putilisation du sol

Précision planimétrique des batiments sur les représentations cartogra-

phiques

Précision de hauteurs de points déterminées par voie stéréophotogram-
métrique

Précision de hauteurs de points déterminées par voie stéréophotogram-
métriques

Précision des hauteurs de points restituées en relation avec la hauteur du
vol

Précision de points des courbes de nivean

Ecarts altimétriques moyens — tableau 13a, colonne 8 — en tant que
fonction de la hauteur du vol

Vue d’ensemble du résultat de la restitution

Précision des courbes de niveau en tant que fonction de Pinclinaison du
terrain

Temps requis pour la production avec le procédé stéréophotogrammé-
trique en heures/10 km?

Courbes de nivean: temps requis en heures par modéle et 10 km? de
surface levée

Planimétrie et courbes de niveau: temps requis en heures par modéle et
10 km? de surface levée

Technique et temps requis pour la préparation des orthophotos au
1/10 000 pour 10 km?® de surface levée resp. 10 dm? de surface repré-
sentée :
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Tablean 18 Temps requis pour la restitution st of annexes
Tableau 19 Dépenses pour la préparation de la carte de base topogr;;ph ) L ,
1/10 000 en heures/10 km?® sur la base d’orthophotos et pro —8:  Comparison of restitutions of the planimetry

hachures
—14: Comparison of contours

Tableau 20 Relation entre le temps requis pour le procédé stéréophotogramm
et orthophotographique ' nex 15a: Proposal for rules as to the cartographic work to prepare a Topographic
Map 1 : 10,000 (line map)

Annexes 16—17: Map 1 : 10,000 (sample), conventional preparation
Orthophoto 1 : 10,000, photo scale 1 : 30,000
nnexes 19—20: Photo map 1 : 10,000, version A and B

Result of digitizing an orthophoto 1: 30,000




ist of Some Terms Utilized in the Figures and Annexes
analyse qualitative de la restitution qualitative analysis of the planimetric
planiméerique — bitiments — restitution — buildings —
avec with
bitiments buildings
grands lasge
normanx normal
petits small
calquage des orthophotos tracing of the orthophotos
carriére stone quatry
carte de photo aérienne photo map
centre de gravité centre of gravity
centres d’image centres of photographs
centres de restitution restitution centres
champ field, land under cultivation
champ d’essai ’ test field
chemins tracks
chemins de fer _ railways
compléments : sapplements
compléments cartographiques cartographic supplements {settlements,
(habitats, réseau de communication, communication network, lettering,
écritures, sortes de culture) culture types)
courbes de niveau contours
courbes noirs black contours
densité de construction construction density
forte close
moyenne mean
faible weak
dresser le projet de la carte plotting with stereo-restitution instrument
4 Pappareil de restitution
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eaux courantes
eaux dormantes
echelle-image
écriture

erreur dans la précision plani-
métrique ou dans la position

erreurs grossiéres ou non
restitué

erreurs moyennes des courbes
de niveau

étendue
exactitude planimétrique et

position correcte

forat

fossés

gravure

heures

inclinaison du terrain

-Interprétation avec (sans) appareil
de restitution

interprétation correcte
interprétation de la planimétrie

interprétation fausse

jardin

lacs

largeur des rubans

limite de la région restitude
limites des photos aériennes
 limites d’erreurs permis

longueur totale

running (waters)
stagnant (waters)
photo scale
lettering

planimetric error or positional error

gross errors or not restituted

mean errors of the contours

extent

topographic planimetry and positional’

accuracy

forest

ditches

engraving

hours

inclination of the terrain

interpretation with (without) restitution:

instrument
correct interpretation
interpretation of planimetry

wrong interpretation

garden

lakes
width of strips

limit of restituted region
limits of aerial photos
admissible error limits

total 1ength

mode

nombre des points

numeéros des photos aériennes

original de la carte

points cotés

points de contrdle

points de tetrain

points d’objets topographiques
points hydrographiques

pré

rapprochement du sacrifice de

temps pour 10 kilométres carrés
surface restitude

réalisation des orthophotos
représentation du relief

réseau de communications
restitution orthophotographique
restitution stéréophotogrammeétrique
tésultats partiels

routes classif.

raes d’habitat

saignées

- sommaire

surface

talus
totalité approximative

travaux préparatoires (points de
comparaison etc.)

verger

voir aussi

kind

number of points
numbers of photos
map original

spot heights

control points
terrain points
object points
hydrographic points

meadow

compilation of the time spent on
restituting an area of 10 km?

preparation of the orthophotos
relief representation
communication network
orthophotographic restitution
stereophotogrammetric restitution
partial results

classified roads

local tracks

drainage ditches
summary

arca

slope
total number approx.

preparatory work (check points etc.)

arboretum

see also
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