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0. Abstract 
Comparative have ed out space photographs ( MC, LFC, 
KATE 200 KFA 1000 ) in order to test their suitability for generation of 

gi in Models ( OTM's ) contour lines. At first the accuracy 
of evations, measured with an analytical plotter, was investigated. Grid 

th software the analytical plotter and the 
method of 'Progressive Sampling' were applied to obtain terrain data for 
i ion of 's and contour lines. di plotting of contour 
lines, a program was developed which compensates the effect of earth cur­
vature. Finally some experiments were done with the Kern Correlator. 

1. Introduction 
In many disciplines ( e.g. agriculture, transportation ) topographic maps 
at scales 1 : 50 000 up to 1 : 200 000 are basic aids for planning. It is 
well known that for many parts of the world maps at these scales do not 
exi . Images from space offer an alternative for fast and economic map 
production I Doyle 1984 I· 
Several authors I e.g. Konecny 1979, Doyle 1981 I suggest systematic or. 
permanent space missions of modified aerial survey cameras as supplement 
to digi scanners images ( e.g. TM, SPOT). main advantages of space 
photographs are : 

a high ution can ieved, 
- evaluation with standard photogrammetric equipment is possible, 
- overlapping photos allow stereoscopic viewing and 3-D point 

determination. 
Due to these advantages, aerial survey cameras were tested on NASA's Space 
Shuttle missions STS-9 { Metric Camera MC, 1983 ) I Konecny 1984 I and 
STS-41 G ( Large Format Camera LFC, 1984 ) 1 Doyle 1985 1. Investigators of 
different institutions agreed that the planimetric accuracy is sufficient 
for mapping in 1 : 50 000 I e.g. Engel et al. 1986, Jacobsen & MOller 1987, 
Togliatti 1987 /. The critical points were above all the identification of 
details ( map features ) but also the accuracy of height determination. 
Since 1 the MKF-6 Multispectral Camera is in operation on the Soyuz­
Salyut missions I Szangoltes 1986 I· In the meantime also other camera 
systems are used. By support the Federal Ministry of Research and Tech-
nology ( BMFT ) two short strips of KFA 1000 photos ( Hannovert Munich ) 
and a stero pair of KATE 200 photographs over Bavaria could be acquired 
from SOJUZKARTA. With these photos the investigations concerning the 
potential for DTM generation and contour line plotting were carried on. 

2. Accuracy of Measured Heights 

For near vertical photos, the theoretical accuracy of heights can be roughly 
estimated by : h h 

~ y· b dpx 

~ standard iation of ights b ~ base 
h flying altitude f == focal length 

standard devi ion x-parallaxes 



Depending on the image quality and the in relief, the standard devi-
ation of x-parallaxes varies between 8 and 12 microns. For different cameras 
and endlaps, the theoretic accuracy is listed in table 1. 

e n d 1 a p [%] 
Camera h [km] f [mm] 80 70 60 40 20 

MC 250 305 54.3 27.2 18.1 13.9 
LFC 235 306 17.0 8.5 

KFA 1000 279 lOll 23.2 11.6 
KATE 200 279 200 38.8 

Table 1 : Theoretical Height Accuracy ( based on 10 microns 

The practi investi ions were performed th of the following 
test areas : 

a) MC 
b) LFC 
c) KFA 
d) KATE 

North Germany, ps 
Switzerland, Liechtenstein 
Hannover, Munich 
Bavaria 

In order to get precise 'true' ) ights for comparison with measured 
heights, spot points were digitized in maps 1 : 5 000 ( North Germany, 
Hannover), 1 : 10 000 ( ps, liechtenstein), 1 : 25 000 ( 1 st areas ). 
The spot points were subdivided the following terrain categories : 

A ) flat ( terrain slope < 50 ) 
B ) hilly ( terrain slope < 15 ° ) 
c ) mountainous ( terrain slope < 25° ) 
D ) steep ( in slope > 0 ) 

For measurement with the Zeiss Planicomp ClOO a program was developed which 
enables automatic planimetric precise pointing and approximate z-pointing 
with a random offset between 0 and e.g. 100 m. Only the precise z-pointing is 
done by the operator ri handwheel. At the end measurement 
statistics of the achieved accuracy are printed. The averaged results of 
measurements by several operators are listed in table 2. 

number of t e r r a i n t y p e 
Camera b h check poi hilly mountainous steep 

MC 0.60 149 --- 22.1 --- ---
MC 0.45 149 --- 25.6 --- ---
MC 0.30 307 --- 31.3 --- 29.2 
MC 0.15 307 --- 46.9 --- 45.4 

LFC 0.45 429 6.8 10.5 13.5 14.7 
LFC 0.90 317 5.1 7.2 10.0 13. 1 
KFA 0.23 139 16.5 --- --- ---
KFA 0.12 548 18.9 20.8 20.4 25.2 
KATE 0.36 388 --- --- 17.6 40.4 

Table 2 Root Mean Square Differences between Spot Heights ( Map ) 
and Measured Heights ( corrected by systematic differences ) 



3. ion 

A DTM can be lar id terrain points with known elevations. 
th an analytical , a can be generated by computer supported 

direct measurement ights id i s. The more accurate 
method is as ssive Sampli A regular basic grid is densified 

surface. Both methods were applied only in di cult areas wi rough terrain 
to the space photographs. 
At the Insti 
University of 
for the Zeiss 
- definition 

measurement 
id spaci 

- meas 
- meas 

ineering Surveys ( IPI ) of the 
sive Sampling was 

system contains modules for : 
cut-off areas measurement of polygons, 

les an optimum basic 

lines', 

on-line ion basic grid or alternatively 
line ion of densi ion poi for later measurement, 

nding the optimum si ion criteria. 
every meas poi of the basic grid a combination of the following 

criteria can be used for densi eaton : 
- slope di s to neighbouring poi , 
- the difference between the measured height and the interpolated height 

( out of the surrounding points ), 
- the standard iation of the interpolated height, 
- the terrain 
In a model of photos, a lar grid was measured with the standard 
software of Planicomp. 6.3 km x 5.6 km test area 'Josefsthal' is 
situated near Rottach-Egern in Bavarian ps. The spacing of the grid 
points was 100m. In addition to 3648 id points, 208 'break line' points 
were measured. 
The same procedure was 
a steep sl near the 
points were measured 
The Progressive 
of the test area ' 
measured a 
between 
terion for densific 
measured. In second 

appli to LFC photos. The test area 'Zug' contains 
lake and a hilly pl . In total 51 x 61 grid 

a id spacing of 100 m. 
method was th KFA 1000 photos. The size 

5.4 km x 6.5 . A basic grid was 
m. A maximum difference of 20 m 

s was used as the only cri­
ion step 1087 new points were 

s were measured. 
In order to the accuracy of the DTM, also digitized spot points from 
existing maps were 
the University 
points ( n ) 
can taken from table 

Camera 

MC 
LFC 
KFA 

e 3 

hei ts se points were interpolated with 
ion TASH. The number of check 

are ( rms ) and maximum ( max ) differences 

b : h n rms max 

0.30 .3 103.5 
0.90 55 20.3 90.4 
0.12 52 24.0 92.5 

: Accuracy DTM's 



4. Interpolation of Contour lines 

The generated DTM's were used for interpolation of contour lines with the 
TASH program. The interpolated contours were then compared with those from 
existing maps 1 : 10 000 resp. 1 : 25 000. This was done by digitizing the 
map contours and compllting the shortest distances between two corresponding 
contour lines for every point of the interpolated contour line polygon 
( see fig. 1 ). With the terrain slope (S mean), the mean planimetric dis­
crepancies 0 were converted into mean elevation errors (E mean) for the 
contour lines. The results are listed in table 4. 

~·~ / ---.!:;--.. /', 
• I p ~ ~ \ 

',0 : . • ', 
/ ,-· .--~· ~ 

' ---·-- ~. ; . .,_____ ·~- t1__ • •• l'· 
~ ~. 

Camera s mean (%] E mean [m] 
MC 32 52.0 
LFC 19 24.3 
KFA 31 43.5 

Table 4 Accuracy of Interpolated 
Contour Lines 

Fig. 1 : Comparison of Map and 
Interpolated Contours 

The interpolated contours overlayed with the map contours are shown in fig 2 
for test area 'Josefsthal' and in fig. 3 for test area 'Zug'. Fig. 4 shows 
the interpolated contour lines for test area 'Rottach-Egern' together with the 
positions of the basic grid points and the densification points. 

Fig. 2 Comparison of Interpolated Contours ( solid ) and Map Contours 
(dashed) for lest Area 'Josefsthal' ( approx. scale 1 : 53 000 
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Fig. 3 

KFR 1000 : ROTH1CH-EGERN 
1:25000 

Fig. 4 

sic 

of Interpolated Contours solid ) and Map Contours 
t Area ' ' ( . scale 1 : 61 ) 

• o • e e • o o e o o e • & e o e • o a • o o o o e e o o e eo • o o • e a 
o o o e o 111 o o o o Ill' o e • e o o e • o e e- e e • -e IZI o o o e e e ill o e • o a o o 

o • I) • u e e e • e " e e <11 • e e e e • o " e • e o ill o o • e • o o o e ca e e e • e o 

o e o e • " ~ • • • • e e • o "' e • o e e e o e e • • e • oe•••••••"• o e e • o • e o 1111 

011 e o o o o "' 0 e o o e eo e e o e e e e e o o o e 111 o • •••-o••• • • e o t1 o • o • e • e ..... . 
e • ""' • e • e o & o 111 e e o e o " e e G e e • 111 " e e e e o•••• o o w o e • • o • o o e 

o o o • 111 e • o • o • e • • • o • • o «1 o • e a o e • o • • • • • 111 e • o o • • • e • 
e e 111 o e & • • Goo Ill' o • • o o o o a o o eo o eo • e c. eo o e • o o • • Go e e & 

• e • o a o o e • e 1111 e e fill o o e o o • e • to 11 e o o o • e • • e e • t11 • " e • o o e 

$ o o e e e e & o & e o e o e " e • e e e o e • • • o o • o e • e o • e o e o e • e e e 

• e e "' • o o e o o o o o e 111 o o o o o e e o e o e e "" e e o o o o e e o o o e o e o • 
0 0 0 0 •• 0 0 0 0 e 0 0 0 9 0 0 a 0 ID 0 lit G G $ 0 0 Q 0 e f:l 0 0 0 0 0 0 0 G • 0 ·• 

f1 • 0 G 1111 D 0 G 0 • fll Q 0 $ 0 • G 0 0 e 0 e e e 0 0 0 0 0 $ 0 e Cl G 0 ft 0 $0009 $ 0 0 

e 41 e • o o o o e It e • o o e e o o • o e o o 1111 o o e • • • o • • e • • • o sooooee e o 

o fl e G o e o • o o • o G • o e o • o e e o o & o o • o • o o o e • o o • e ooe•••• • e . . ... ' 
• e 41oOolll • • • • 'II e • 111 o e • • o o 111 • • o • e o o e • o • o ll e 0 e • e • ••• e o e . . 
o o o e o • o • • o o o • o o • • o e e • o • o o ••••••eoo e & • e o 0 6 • o o o • e $ 

0 0 • • 4 • o o e • e o ~ e e o ••••• ••• ••••••••••••••e•••• o • o o • o e • e o o e o 
............................... 3 ..... 

o • o o o o e o e • o • o e IIH!IO•o••••co•••••••••••••.,••••••••••• 0 0 • 0 0 0 • 0 'Ill 0 e ~ 
e CIO>Ciee••••••••eo.,ecooOCICIO>eCIO•$CICIIfCI'e' 

& o o o 1111 eo • eo e 011 eo ••~•••••••ooo•e•IH:.O••••••••co•••••••~• e • <0 o 111 G e o o G 0 
• o .............................................. . 

;i! o & e o o • 11> e e ...... •••o•••oeeoeoeeoo•••••••••••••••••• .. • 0 o e o • o II& 0 0 D o 
e oae•••••oo••••••••m•••••••••••co•••••••• 

e e e e e e e o o o & o o o ••o•eoeao•••••••••c.••"'••••••••••• ••~~>•• • <II o o $ 0> • Cll o !i f. ................. . .. . 
w&•o • •"'••o e • •••••••••· ••9 • e o ••• • • e • • c • o • o e 
e•• • •••• ·••••••• o • 
0+0 o•o•o OeOCIGI oooeoeocoe 0 0 • 0 e•G Oect 0 <$ $ 0 $ 0 6 G1 G . .. ... ··"········ e o 41•••••o•a ••••••• e e tteCI&O•Iil•••••• G e o e • lll • •• ••••••ooo••••., 

••••• , .......................... ,. •••••••• Ill 1111 • 
OOCI•CieOOO. eoeeoet OOiiOOOeee•o•eOII<$•• " .............. ··•·• ......... tt••·•"······· •.••••.. 0 

.;~ .............. "::::"::::• ... :;::::::::::::~:::::::: ....... . 
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5. nes 

ic model of the projection requires a 3-D 
ect coordinates system. results the photo-

ic evaluations are expected in ional coordinate 
animetry and ights, which do meet the above mentioned 

s. In the case of small scale space photographs, the deviations c 
negl or compensated by standard 'earth curvature corrections'. 

At IPI a program has developed for the Zeiss Planicomp CIOO ich 
enables a nearly ict ion for di plotting of contour lines. A local 

0.5 sec coordi to be used for model orientation. 
calculates ions photo age coordin stri 

ions between local coordinate system and the national 
(e.g. UTM ). is cycle is fast and enough since 

mark is being slowly. 
contour lines were measured times in 

. Then contours were drawn the whole 
) resp. 100m MC, KATE ). The 

the same li for the interpol 
e 5. It d menti that 

of the in were hardly 
area ' ', fig. 5 shows some of 

shows the contour lines the whole 
otted contour lines and map are 7 for 
' and in g. 8 area 'Rottach-

S mean 
32 

19 

Lines 

Fig. 5 y e 1 25 
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Fig. 6 : Test Area 'Vaduz' - Directly Plotted Contours 
(50 m interval, approx. scale 1 : 61 000) 

Fig. 7 : Comparison of Directly Plotted Contours ( solid ) and Map Contours 
( dashed } for Test Area 'Zug' ( approx. scale 1 : 68 000 ) 



Fig. 8 Comparison of Directly Plotted Contours ( solid ) and Map Contours 
( dashed ) Area 'Rottach-Egern' (approx. scale 1 : 61 000) 

6. Experiments with the 

Further 
I Cogan 
aspects 

ion 's were performed with the Kern Correl 
using MC and photos. For correl iont the following 

Wi to 
interaction of 

the main objective was fi 
lures and acceptable height 
point vari between 3.5 
meter s with a 
The tests I 
versi Warsaw, 
CIR ) was used. In 
points ) th different 
the correlator. The i 
+/- 15 m and +/- 18 m ( from double 
were done with larger point 
( n ), the systematic di 
the root mean square di 
the of ion in 

i1 ures, 

{ 60% ap, 
ids c. 30 
ly th 

ights was 
accuracy checks 

number of ints 
ights, 

( max ) and 



bias rms max i 1 ures 
a) -15.6 55.1 161.6 0 
b) -42.8 98.4 305.7 2 
c) 300 -5.2 52.4 170.3 0 
d) moun inous -10.4 50.9 205.5 0 
e) mixed a) - d) 300 -11.7 54.7 215.4 1 

e 6 : Correlation Results for MC China 
The operation 
point distance 
duction. The 

ion was tes by generating a DTM ( . 4 km x . 6 km, 
ions from 4480 m - 5510 m ) for orthophoto 

st area contained all in types of table 6. Therefore the 
total 
used. 
mean 
only 

into 9 subareas. Only two different parameter were 
ints each subarea were remeasured 1 . 

was 58.6 m . correlation i 1 

A t with MC photos was done with b/w images of the Al ( 80% over-
lap). Again ids were used to find suitable parameter s. e 7 
shows the di terrain types. 

terrain type n bias rms max i1 ures 
a) at 110 11.1 48.0 108.8 3 
b) hi 11 y 110 -18.8 39.4 115.3 0 
c) mountain (south side) 98 -31.7 42.3 99.1 0 
d) mountain (north side) 108 99.1 147.7 487.9 9 
e) mixed a) - d) 21.6 81.6 307.5 0 

e 7 : Correlation Resul MC 
The same poi s were also in a model with 40% ap. 
fr~quency of correl ion failures varied from 10% to 33%. Also the root 
mean square difference increased approximately 15%. This may be due 
different sts in 1 and the ght image 1 s 
in the MC so in general the ical si 
was too hi . image anal was u to adjust the illumination of the 
photos. However this can done once before starting the and 
it is not possi e to make the adjustment for every point. 
With the LFC photos of Switzerland small grids were correlated in all three 
possi ls ( 70% . 40% ation results are listed 
in t y in ) ion i 1 ed 

terrain type model n bias rms max 

at 1280/82 117 -5.3 42.3 93.4 
1280/81 14.4 76.8 165.9 
1281/82 -2.0 68.8 218.3 

hi 11 y 1280/82 105 0.0 38.8 103.9 
1280/81 21.1 87.3 215.4 
1281/82 18.3 80.3 185.4 

mountain (south side) 1280/82 99 -14.4 55.5 121.0 
1280/81 -47.7 96.6 210.5 
1281/82 -15.4 89.4 189.7 

mountain (north side) 1280/82 143 59.9 128.2 341.6 
1280/81 65.7 163.6 387.6 
1 1/82 84.8 175.0 413.7 

e 8 · ation Results and 
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