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AN EMPIRICAL STUDY OF THE VISIBILITY OF TARGETS 

Abstract 

ln the summer of 1979, an experiment to determine the factors affecting the 
visibility of targetswas carried out on the test field of Jämijärvi. The 
objects of the study were the effects of the flighf direction, the position 
in the terrain, the size and colour of the target, and the position on the 
image. Circular targets of different sizes and colours were placed on con­
trast sheets and located on the test field of Jämijärvi and in its surround­
ings. Aerial photography was carried out using black-and-white panchro­
matic film at the scale 1:8000. The image coordinates of the targets were 
measured and the visibil ity of every targetwas classified. 
Analysis of variance and simultaneaus test methods were used for the stat­
istical analysis of the observations. 

0. lntroduction 

For several years, the test field of Jämijärvi has been used for cal ibration 
of cameras in Finland. The location of the test field on the slope of a 
ridge and its use as an air field for gliders have given reason to assume 
that the local conditions have an effect on the poor visibil ity of targets 
in the photographies of the test field. For this reason the National Board 
of Survey (NBS) and the Helsinki University of Technology (HUT) decided to 
study how different factors affect the visibility of targets. The objects 
of the study were the effects of the fl ight direction, the position of 
targets in the terrain, the size and colour of the target, and the position 
on the image. 

1. The experiment 

Three different sizes of circular targets were chosen for the experiment. 
The diameters of the targets were 0,30 m, 0,50 m and 0,80 m and the sizes 
of the contrast sheets varied from 1,20 m to 1,60 m (Fig.2) 
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Four target co1ours and two cantrast co1ours were chosen. The target co1ours 
were: white, ye11ow, orange, and unpainted white; the cantrast co1ours were: 
b1ack and b1ue. The co1ours were chosen from among those recommended by 
H1awaty-Stick1er /1/, Acker1-Neumaier /2/, Schwidefsky-Ke11ner /3/, and 
Trinder /4/. The measuring of the co1our Coordinates was done in the E1ec­
trica1 Engineering Labaratory of the Technica1 Research Centre of Fin1and 
with 1 ight C x) (Tab1c 1). 

TABLE 1. Co1our coordinates 

Examp1e 

Co1our 
COOrdi­
nates 

X 

y 
z 

B1ack 

0,312 
0,319 
0,369 

B1ue 

0,237 
0,235 
0,528 

Ye11ow 

0,428 
0,452 
0' 120 

Orange 

0,552 
0,425 
0,023 

Nine identica1 groups were bui1t on different sides of the test fie1d (the 
10th was not a fu11 group) and three comparison groups were bui1t outside 
the test fie1d at a distance of approximate1y 6 km (Fig. 1). 

0 G 13 

0 G 12 - 6 km -

OG 11 

Figure 1. The 1ocation of target groups on the test fie1d of Jämijärvi. 

x) The measuring was done according to the pub1ication n:o 15 of CIE (Co1our 
temperature 6774K) with the instrument Spectra Pritchard mode1 1980A-PL, 
August 30, 1979 Work number s;~:rl 9350. 
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The location of different targets in the groups and their colours are shown 
in Fig.2. ln total, 115 targets were placed on the test field and 30 targeG 
outside it. 
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Figure 2. The colours of the targets and their placement in groups. 

The test field was photo~raphed with 2 different cameras (Table 2). With 
both cameras 2 fl ight strips were taken, one in the direction of S-N and the 
other in the direction of E-W with an 80 % endlap at the scale 1:8000. 

TABLE 2. Flight data 

Date 
The time of day 
Camera 

Objective 
Airplane 
Film 
Aperture 
Exposure time 
Filter 
Visibility 

2. The classification 

Fl ight 1 

16.5.1979 
10.45- 11.15 
Zeiss Oberkochen 
RMKA-2 
Pleogon 116197 
Piper Navajo PA-31 
Kodak Double X 
5.6 
1/500 s 
Y e 1 l ow f i 1 t er B 
50 km 

Fl ight 2 

31.5.1979 
1 4. 16 - 14. 36 
Wild RC-1 0 

UAG I I 3058 
Turbo Commander 690A 
Kodak Double X 
5.6 
1/300 s 
Yellow filtern. 525 
30 km 

ln the photography taken with the camera Zeiss Oberkochen RMKA-2 (Flight 1) 
the targets were classified as to their visibil ity by 3 observers. The 
range of classification was from 0 to 4. The rank of 0 was given, when the 
target could not be seen at all, and the rank of 4, when the targetwas seen 
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sharply, i .e. when its edges were seen sharply against the centrast sheet . 
Every observer classified once every target on every image. The classif i ­
cations were performed with the Zeiss Oberkochen monocomparator PK-1 and the 
stereocomparator PSK-1 of the HUT and with the Zeiss Oberkochen stereocom­
parator PSK-1 of the NBS. The optical enlargement was 12. ln total, about 
3000 Observations of visibil ity were made offlight 1. 

ln the 2nd photography taken with the camera Wild RC-10 (Fl ight 2), the 
targets were classified as to their visibil ity only once with a stereocom­
parator PSK-1. The range of classification was the same as for the first 
fl ight. There were about 1400 observations of visibil ity of the 2nd flight. 

The photo was divided into 9 squares of equal 
size, and the coordinates of each target fixed 
it into its ~roper square. 

Figure 3. The division of the image into squares. 

3. Statistical analysis of the observations 

3.1 ln general 

7 

4 

1 

8 9 
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ln the statistical study of the observations analysis of variance and simul­
taneaus test methods have been used. The variables of the analysis of vari­
ance have been the flight direction, the position of targets in the terrain, 
the size and colour of the target, and the position on the image. To locate 
the differences between groups the multiple comparisons procedure of Scheffe 
and Tukey was used, conf. interval 99%. The material of this study has been 
handled in two sets, both flights separately. 

3.2 Analysis of variance 

The 1-way analysis of variance, which was used in the comparison of the 
fl ights, showed that there was a highly significant difference between 
them. The results of the analysis of variance are given in Table 3, where 
the symbols of the variables are as follows: 

A fl ight direction 
B position on the field 
C target size 
D target and centrast colours 
E position on the image 

108. 



TABLE 3. The significant main effects and interactions 

A 
B 
c 
D 
E 
AB 
AC 
AE 
BC 
BD 
BE 
CD 
CE 
DE 
BCE 
BDE 

ma in effects 
2-ways 
3-ways 
4-ways 

Fl ight 

;':.;':. ;':. 

** significant, 95 - 99% 
*** highly significant, 99 - 99,9% 

3.3 Simultaneaus test methods 

Fl i ght 2 

The visibil ity of the targets has been studied by computing the mean values 
of the groups in different parts of the photo. When considering two fl ight 
directions and 80 % endlap, each group appears in 5 squares (Fig. 4 and 5). 
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Figure 4. The average visibil ity of the groups in the different square~ 
of the photo, range 0-4, flight 1. 
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Figure 5. The average visibil ity of the groups in the different squares of 
the photo, range o-4, f 1 i ght 2. 

ln the following the results of the simultaneaus test me~hods are given in 
the order of the variables affecting the visibility of targets. 

3.31 Flight direction 

When testing the effect of the fl ight direction on the visibility of targets, 
it was observed that the results differed significantly from each other. 
ln the figure 6 the visibil ities of the groups in both flight directions 
are shown. 
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Figure 6. The visibilities of the groups in both fl ight directions. 
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3.32 Position of the targets in the terrain 

The comparison groups 11, 12 and 13 outside the test .fie1d (mean 2.9) 
differed very significant1y from the groups on the test fie1d (mean 2.4). 

ln the f1 ight 1 the average visibi1 ity of the group 13 was the best 
(mean 3.0) and of .the group 10 the poorest (mean 2.4). 

ln the f1ight 2 the average visibi1 ity of the group 6 was the best 
(mean 2.9) and of the group 10 the poorest (mean 1.8) 

J.33 Size of the target 

The mean va1ues of the visibi1 ities·of the targets of different sizes are 
presented in Tab1e 4. 

TABLE 4. Mean va1ues and significance of the visibi1 ities 
of the targets of different sizes. 

Size F1 i ght 1 F 1 i ght 2 
;':;'-:.;'-:. ;'-:.;'-:.;'-:. 

0,30 2,3 1 '9 

0,50 2,6 2,2 
;'-:.·k;': ;':;'-:. ·;': 

0,80 2,7 2,5 

3.34 Co1our of the target 

The effect of the co1our was examined using different target-contrast sheet 
combinations (Tab1e 5). 

TABLE 5. Mean va1ues and significance of the visibi1 ities 
of the targets with different co1our combinations. 

Y e 1 1 ow I b 1 a c k 

White/b1ack 

Ye11ow/b1 ue 

F1 i ght 1 
2 ,8'''-;':.·k 

2,6 

2,3 
;'-:.-J:;': 

Orange/b1ack 2,4 

Unpainted white/ 
b1ack 

Ye11ow/rough b1ue 2,3 

3.35 Position of the group on the image 

F1 i ght 

2,2 
·'· 2,4" 

2' 1 

2' 1 

·k·k 
1 ,6 

2' 1 

2 

The visibi1 ity of targetswas examined determining for each square the 
mean of a11 groups 1ocated wi,th in it (Fig.7). 



Fl i ght 1 Fl ight 2 
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Figure 7. Mean values and significance of the visibil ity ·of the 
targets according to their posit ions on the image. 

4, Conclusion 

When reviewing the results, it is obvious that the 1st and the 2nd fl ight 
differ significantly from each other, mostly as to the average visibi-1 ities 
of groups in different squares of the image. The reason for this 1 ies prob­
ably in different fl ight conditions: different airplanes, more than two 
weeks between the dates, and different times of day. 

ln the 1st fl ight (Fig.4), the best visibil ities of groups arenot usually 
in the middle squares, as one might presume, but on the front side of the 
image with regard to the fl ight direction. That, as well as the poor 
average visibil ity of groups on the back side of the image, hardly results 
from the optics of the camera, because Hakkarainen in his study /5/ has 
confirmed that the resolution of the camera in question RMKA-2 is excel lent 
all over the image, nor does it result from the terrain, because the pheno­
menon appears in every group. One probable reason might be the turbulance 
produced by the airplane. Among others, Ziemann /6/ has confirmed that the 
effect of turbulance can be very significant for the qual ity of the image. 

ln flight 2 (Fig.5), the best average visibilities of groups are usually in 
the middle squares with regard to the fl ight direction. 

The dlrection of the sunl ight is a very significant factor for the visibil i­
ty of the target in both flights. On the side of the image facing the sun, 
targets can be noticed to show more poorly than the other targets (Fig.6). 

The effects of the terrain impairing the visibil ity of targets seem tobe 
caused by shadowing trees and vertical air currents, The presumption is 
supported by the fact that in the groups outside the test field the visi­
bil ity was significantly better. 

The size of the target has a very significant effect on the visibil ity of 
targets. Larger size improves the visibil ity especial ly when other factors 
are impairing it (Table 4). 

Colour has a significant effect on visibil ity. ln the 1st fl ight, the 
colour combination yellow/black was significantly better than the others 
(Table 5). ln the 2nd fl ight, the colours yellow/black, white/black, and 
orange/black were equal ly good. Only the colour unpainted white/black 
proved to be poorer than the others in both fl ights. 
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The blue cantrast colour should have been considerably darker than the used 
one so that the results might have been congruent with other tests made 
earl ier /3/, /4/. The roughness of the cantrast colour did not improve 
t he v i s i b i 1 i t y . 

On the whole, the test showed clearly that the enlargement of the target 
size and the choice of the coloursyellow/black, white/black significantly 
improve the visibil ity of the target. Thus the visibil ity of the target 
can be ensured in unfavourable conditions. 

As to the total expenses of mapping, increasing the costs of targetting 
material does not cause an essential rise especially when considering that 
plotting is facil itated and accelerated and that the pointing accuracy is 
improved. 
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