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Abstract. Paper deals with the building visual detection problem. Particular buildings which are important to 
government infrastructure must have additional security means including camouflage painting to disguise from aerial 
reconnaissance and observation. The approach for computer-generated camouflge pattern design is proposed. The 
novelty of the proposed method consists of the consideration of the camouflaged building and urban environment 
fusion effect in description of the multicolor camouflage effectivity. An analytical method for determination of 
building camouflage effectivity is presented. This method is constructed within the framework of visual detection 
probabilities. The proposed method is illustrated by the design of the camouflage drawing geometry and 
determination of the effectivity characteristics for prescribed observation range. 
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Introduction 

The use of painted camouflage patterns on military 
hardware is a time-tested, cost effective and practical 
countermeasure against human vision and aided vision 
target acquisition systems in many combat scenarios. 
Concealment includes hiding from view, making hard to 
see clearly, arranging obstructions to vision, deceiving 
and disguising, and deception involving sound. Since 
World War II, a variety of patterns have been designed to 
camouflage people and objects in and outdoor environ-
ment (Behrens 2009; Newark 2007; Williams 2001).  

The prior art of camouflage patterns for tactical mili-
tary equipment and clothing was based on an artistic and 
subjective determination of geometric shapes intended to 
conceal identifying characteristics such as shape, shadow, 
highlights, and the horizontal, vertical, and circular lines 
which often distinguish manmade items from natural 
terrain and foliage. Although modern warfare employs 
increasingly complex and deadly weapon system and 
highly sophisticated electronic surveillance devices, the 
necessity and importance of deceiving the enemy remains 
(Jontz 2001; Everdell 1997). On the other hand, the proc-
ess of the design of the concealment and deception meas-
ures can be considered as multiple criteria decision analy-
sis (Urbanavičienė et al. 2009).   

The art of camouflage pattern generation has been 
based on heuristic techniques, combining both art and 
science. The difficulty with these techniques is that pat-
tern must perform well in a variety of different back-
ground types and conditions. To develop a camouflage 

that performs well over a range of backgrounds and con-
ditions one would like a computer technique capable of 
optimising a camouflage pattern over all these possible 
combinations. On the other hand, military applications of 
camouflage principles have traditionally fallen short of 
their potential, owing in large part to naïve interpretations 
of natural processes and the scientific basis of camou-
flage. A lack of confidence in poorly-designed results has 
led to the continued development of uniforms and other 
personal concealment measures that use camouflage as a 
fashion statement, rather than as a tool for reducing per-
sonal vulnerability. 

Therefore it has become apparent of the need for a 
novel technique for more scientifically generating camou-
flage patterns which more nearly resemble the natural 
background patterns and thus reduce the detectability of 
the equipment and/or tents and clothing which has been 
patterned according to this technique. 

Because of the recent achievements in aerial warfare 
and ever-increasing role played by aircrafts and satellites 
in military operations for reconnaissance and photogra-
phy, camouflage plays more vital role in concealment of 
the important objects. Usually in building camouflage, 
the considerable efforts have been done to conceal the 
buildings applicability (Fig 1) (Behrens 2002). 

The camouflage painting of the buildings must to 
satisfy the main camouflage principles: color resem-
blance, obliterative shading, disruptive coloration, 
shadow elimination. These principles can be applied in 
painting of the buildings. The easiest way to conceal the 
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building is to adapt camouflage scheme and pattern to the 
design and to the terrain of the construction place of the 
new building. When possible, the buildings should be 
erected in regions exhibiting a complex terrain pattern, 
rather then simple or relatively featureless terrain.  Then 
simple terrain is the only option, the local vegetation to 
reduce the building detectability is applied (Baumbach 
and Lubbe 2008; Birkemark 2008). 

 

 
 

Fig 1. Concealed aircraft workshop at World War II: 
the roof of the building painted in a way to imitate the 
urban district: the streets and houses 

 
The most effective way to camouflage building is to 

blend its visual features with surroundings so that it is 
hard to detect from the air where facility begins and ends. 
This can mean blending with adjacent terrain or imitating 
or joining buildings. The application of surfacing materi-
als has to be organized in a way to produce required cam-
ouflage pattern. So correctness of the applied camouflage 
pattern is crucial to achieve effective blending of the 
buildings of interest with surrounding terrain. 

Building camouflage pattern 

Military applications of camouflage principles have 
traditionally fallen short of their potential, owing in large 
part to naïve interpretations of natural processes and the 
scientific basis of camouflage. A lack of confidence in 
poorly-designed results has led to the continued devel-
opment of uniforms and other personal concealment 
measures that use camouflage as a fashion statement, 
rather than as a tool for reducing personal vulnerability. 

The purpose of building camouflage differs from 
personal camouflage in that the primary threat is aerial 
reconnaissance. The goal is to disrupt the characteristic 
shape of the building, reduce shine, and make the build-
ing difficult to identify even if it is spotted. Methods to 
accomplish this include paint, nets, ghillie-type synthetic 
attachments, and natural materials. Patterns are designed 
to make it more difficult to interpret shadows and shapes; 
matte colors are used to reduce shine (Blechman and 
Newman 2004; Military Vehicle Camouflage 2008; 
United States Navy Ships 2008). 

The modern approaches for camouflage pattern can 
be distinguished into digital camouflage and active cam-
ouflage (Cramer and O’Neill 2009). Digital camouflage 
pattern is formed by a number of small rectangular pixels 
of color (Fig 2). In theory, it is a far more effective cam-
ouflage than standard uniform patterns because it mimics 
the dappled textures and rough boundaries found in natu-
ral settings. 

This is caused by how the human eye interacts with 
pixelated images.  The most famous particular patterns of 
this sort are MARPAT (USA), CADPAT (Canada) and 
others. 

 

 
 
Fig 2. Digital CADPAT camouflage pattern  

 
The results of the effectivity analysis are presented 

on Fig 3. 

 
Fig 3. Detection time comparison of  MARPAT, 
monocolor and NATO camouflage pattern 

 
This graph shows the performance of the improved 

MARPAT compared with the current NATO 3-color 
pattern and a forest green monochrome target, all ad-
justed for overall brightness.  

Aforementioned patterns are designed for personal 
camouflage clothing and the problems of the application 
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of these patterns to other objects of the camouflage are 
still under investigation. Contrarily to the design of the 
camouflage patterns for the military personal clothing or 
vehicles where background is continuously changing, 
camouflage patterns of the building can be adapted to 
surrounding terrain configuration (Fig 4). Digitally gen-
erated camouflage pattern do not have repeated elements 
or stencils which can be considered as a disclosure pa-
rameter in reconnaissance automated decode systems.  

 

 
 

Fig 4. Building before and after application by camou-
flage painting 

 
In the next chapter the mathematical background for 

digital camouflage pattern generation is presented.  

A mathematical algorithm of abstract painting 

A mathematical model of the proposed approach for 
computer-generated camouflage pattern design is con-
structed as follows. The abstract contour is assumed to be 
the function Z(x,y) specified for the area D with the di-
mensions x,y: 

 … max),(0 ZZ yx ≤≤ ,  when Dyx ∈),(  (1) 

For the sake of simplicity, let us consider D to be a 
square with the side 1. 

The initial parameters of a pattern are assumed to be 
as follows: 

iS   is the average area of a pattern’s spot; 

il   is the average perimeter of a pattern’s spot; 

in  is the number of colour spots; 

ia  is the average number of colour spots per unit 

area. 
The total area of colour spots should not exceed the 

area of their location: 

 1≤× ii Sn  (2) 

There should not be any spots whose ratio of square 
perimeter to the area is smaller than the same ratio for a 
circumference: 
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, (3) 

The total length of the walls with colour spots 
should be smaller than the abstract contour’s area 

 1≤× ii ln  (4) 

If the following set is introduced: 

 kliaZDyxM iyxi ,}/),{( ),( =>∈=  (5) 

then, the task would be to find a random function, which, 
when realized, would yield similar parameters (Si, li, ni, 
i = 1, k). The solution can be found in the class of sta-
tionary random Gaussian functions (Sveshnikov 1968). 

As stated by the theory of random functions, a sta-
tionary random Gaussian function may be presented in 
the convolution form 

 ∫∫ −−= τυυτξυτ dyxPZ yx ),(),(),( , (6) 

where ),( yxξ  is white Gaussian noise, ),( υτP  is the 

kernel of convolution. 
Thus, the solution of the problem is reduced to three 

steps: 
• to obtain white Gaussian noise; 
• to calculate the convolution kernel ),( υτP  

based on the specified parameters iii nlS ,, ; 

• to calculate the convolution. 
Gaussian random noise is obtained by using standard 

functions. The parameters iii nlS ,,  may be determined 

based on the dependence of the correlation function on 
the function sought: 
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where Fz is the distribution function of random field es-
timates and 
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Expanding the function P (τ,υ) into a series, the co-
efficients of the series will be expressed in terms of the 
function: 

 ),...( 111 ki ccfn =    (17) 

 ),...( 12 kii ccfS =   (18) 

 ),...( 131 ki ccfl =   (19) 

Thus, the initial problem is transformed into the op-
timization problem of a multidimensional function with 
an efficiency function: 

 ( ) ( ) ( )[ ]∑ −+−+−=
2
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2
2
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Applying multidimensional optimization, the coeffi-
cients of convolution kernel range are found. The pro-
posed approach enables us to determine the initial ab-
stract pattern. In Fig 5, the calculation results are 
presented. 

The obtained results can hardly satisfy the condition 
of camouflage pattern versatility, since the algorithm 
needs enhancement to control the areas of colour spots, 
the proportions of spots, geometrical orientation with 
respect to the contour, etc. (Fig 6). 

 

             
 
Fig 5. Abstract computer-generated three- and four-
colour pattern 

 
a) b) 

 
Fig 6. Computer-generated camouflage pattern after 
smoothing:  a – three colors, b – four colors 

 

The assessment of the new designed camouflage pat-
tern by performing computer simulations is one of the 
newest as well as most promising methods. This method 
allows performing the assessment of effectiveness when 
practical assessment is not feasible. Furthermore, the 
method takes into account the parameters, which could 
not be measured at that time. The assessment using com-
puter simulations is a specific combination of practical 
and analytical methods of assessing camouflage patterns, 
since it combines both of them.  

In other words, the discussed method simulates a 
practical experiment, while taking into account various 
parameters, which cannot be evaluated at the time of the 
experiment. 

The assessment of the effectiveness of the camouflage 
pattern of buildings by performing computer  
simulations 

At present, there are only a few commercial com-
puter programs, allowing performing experimental simu-
lations and calculating the camouflage effectiveness with 
the selected environment conditions and parameters. As 
computer technologies are evolving and becoming more 
powerful, the number of similar computer programs is 
increasing. These programs will become more and more 
powerful tools for assessing the effectiveness of camou-
flage patterns of buildings and, eventually, will com-
pletely change the practical method of assessing the ef-
fectiveness. 

The analytical method of assessing the effectiveness of 
the camouflage pattern of buildings 

The described analytical method for predicting the 
camouflage pattern effectiveness is a mathematical algo-
rithm, which enables us to calculate the effectiveness of a 
camouflage pattern based on the selected background. 
The effectiveness is expressed as a function of observa-
tion distance, observation time, the brightness contrast of 
the building with its background, meteorological visibil-
ity range and other parameters. This allows determining 
the main parameters of the camouflage – the geometry of 
colour spots, colour gamma and coloring relationship. 

Laws and parameters of building’s visibility 

Buildings are visible because of the selective reflec-
tion, which, in the electromagnetic wavelength range of 
400–750 nm, affects a light sensor – in this case, the hu-
man’s eye. It should be taken into consideration that as 
the distance between the observer and the object in-
creases, colors and, eventually, differences in brightness 
gradually disappear. Therefore, the probability of the 
visual detection of buildings will mainly depend on the 
colour and the brightness contrast of the building with the 
background surrounding the area. 

Determining the probability of visual detection of 
buildings, the following model is applied (Тravnikova 
1985): 
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where C is the binocular vision coefficient, B is the back-
ground brightness, t  is the search time, K is the object’s 
brightness contrast with the background. 

Brightness contrast of a building with the back-
ground K is calculated by the formula: 

 
max

minmax

r

rr
K

−

=    (22) 

where rmax and rmin are brightness coefficients of the 
building and the background, chosen depending on the 
respective value; β is the search field angle; 

If the linear dimension of a building α is at a dis-
tance l from the observer, and the angular dimension is 
equal to 1 min, the latter may be expressed by the rela-
tionship α/l. It is known that ctg(1 min) is equal to 3437.7 
which can be rounded off to 3400. Therefore, the angular 
dimension of the observed building in angular minutes 
will be equal to: 

 
l

a
3400=γ ,  (23) 

The probability of visual detection of buildings P, 
calculated based on the model (21), allows us to deter-
mine the deviation of P from the distance of observation, 
the time of observation, colorimetric properties of an 
object and its measurements (Fig 7). 

Theoretical assumptions of decreasing building  
visibility 

Determining of the distance of visual detection of 
buildings as a quantitative criterion of visibility depends 
on the optical-geometrical characteristics of the object 
and the background as well as on the atmospheric condi-
tions. 

When the observer is moving away from the build-
ing, the visible contrast K’ between the building and the 
background will be growing smaller compared to the 
initial value K and will approach zero according to the 
law (Gavrilov 1966): 
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where K is the real contrast between the building and the 
background, determined by the formula (2), Θ is the at-
mospheric transmittance, related to the meteorological 
visibility range: 

 0

1

020 L,=Θ ,  (25) 

where L0 is the meteorological visibility range, l is the 
distance from the building to the observer, rf  is the back-
ground brightness coefficient, rū is the fog brightness 
coefficient, calculated by the empirical formula: 
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Fig 7. The dependence of visual building detection 
probability P on the observation distance l, observa-
tion time t, contrast K and maximum linear dimension 
amax    (B = 150 cd/m2, t = 15 sec, β = 22,50) 
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where h0 is the sun’s altitude and A0 is the sun’s azimuth 
(Fig 8) and m = 0.95 if 0 < A0 < π/2 and m = 6 if π/2 <  
A0 < π. 

Natural contrast between the building and the back-
ground is decreases considerably, when the distance from 
the observer and the meteorological visibility range is 
small. 

Taking into account that the angular area of the pro-
jection in the observation direction rather than the form of 
the buildings observed is a decisive factor in building 
observation, and seeking to eliminate the diversity of 
objects with respect to their form, it is advisable to take 
the triangle’s side as a linear dimension α of the building, 
when formula (3) is used in calculation. 

 
Fig 8. Spatial observation diagram of a building: A0 is 
the sun’s azimuth; h0 is the sun’s altitude; γ is the an-
gular dimension of the observed building in minutes. 
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This preference can also be applied when determin-
ing the probability of visual detection of the camouflage 
color spots. 

 maxmin aaa ×= ,   (27) 

where amin and amax are the minimum and the maximum 
sizes of the observed building or camouflage pattern 
spots (Fig 6). 

Predicting the effectiveness of the camouflage  
pattern of buildings 

In fact, camouflage diminishes the probability of 
visual detection of a building; therefore, its effectiveness 
should be assessed taking into consideration the instru-
ments used for visual and optical-electronical observa-
tion. It is clear that the lower the probability of finding 
the ways of visual detection of buildings, the higher the 
camouflage effectiveness. In this case, camouflage effec-
tiveness W in visibility range of the spectrum may be 
expressed by the relationship: 

 aPW −=1 ,    (28) 

Then, the probability of visual detection of buildings 
Pa according to the formula (21), taking into account the 
law of contrast decrease between a building and its back-
ground with the increase of the distance to the observer 
(24), will be as follows: 
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The above formula for effectiveness evaluation (29) 
is suited for one colour building with the background of 
uniform brightness. However, for evaluating the effec-
tiveness of multicolour camouflage, the effect of visual 
building contour deformation, produced by merging of 
spots on the building with background spots, should be 
taken into consideration. For this reason, the effectiveness 
of building camouflage on the background of non-
uniform brightness should be determined in three logical 
steps (Fig 9). Step 1 includes evaluation of one colour 
building on the uniform background, step 2 embraces the 
evaluation of a multicolour building on the uniform 
background, and step 3 implies the evaluation of a multi-
colour building on the multicolour background (Danaitis 
and Jankauskas 2004). 

 

 
 
Fig 9. Logical steps of determining analytical camou-
flage effectiveness 

Calculating camouflage effectiveness by formula 
(29), brightness coefficient of an object is assumed to be 
the weighted mean value of brightness coefficient rsv of 
all colour spots, which is equal to: 

 )(
1

2211 nnsv SrSrSr
S

r ⋅+⋅⋅⋅⋅+⋅×=

∑
,       (30) 

where r1, r2…rn denote brightness coefficient of colour 
spots, S1, S2…Sn denote the area of colour spots. 

Camouflage effectiveness, taking into account the 
possibility of confusing a colour spot of a building with a 
background colour spot, may be expressed by the rela-
tionship: 

 sa PPWW ×−=1   (31) 

Color spots of a building are confused on the back-
ground independently from each other, therefore, in this 
case, detection of colour spots may be considered an 
independent testing result n. Thus, the probability of con-
fusing colour spots may be determined in the following 
way: 

 mn
ai

n

m

m
ai

n
msi PPCP −

=

−×= ∑ )1()(
1

  (32) 

Where n
mC  denotes binomial coefficients, m

aiP  is the 

probability of i-th spot visual detection by the formula 
(28). 

 

Experimental calculations 

The effectiveness of camouflage painting of a buil-
ding is determined under hypothetical conditions: B = 
150 cd/m2; t = 30 sec; 2β = 45°; h0 = 45°; A0 = 0°; K = 
0.7; a = 1m; 2m; spot size is 30 cm; 50 cm; rf = 0.5. The 
calculations are made according to the algorithm descri-
bed above. The calculation results are given in Fig 10. 

 
 

 
Fig 10. Effectivity of building camouflage painting 
due to the observation distance 
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As shown by the graphs, the maximum effectiveness 
of the building’s and camouflage spots in the visible ran-
ge up to 3 km may be controlled by the arguments of the 
function WW. In this case, the highest effectiveness of 
camouflage painting of a building can be observed in the 
range from 500 to 2000 m. The effectiveness W of buil-
dings without camouflage painting observed at a distance 
of up to 3 km is negligible, and with further increase of 
observation distance, visibility of the buildings decreases 
proportionally due to the decreasing angular dimension of 
the object. 

 ),,,,(, fraKtlfWWW =     (33) 

Conclusions 

The new approach for computer-generated camou-
flage pattern design is proposed. This method formulated 
as the optimization problem of a multidimensional func-
tion by which the coefficients of convolution kernel range 
are found for the case of random stationary Gaussian 
functions. The proposed approach enables us to deter-
mine the initial abstract pattern. The obtained results can 
hardly satisfy the condition of camouflage pattern versa-
tility, since the algorithm needs enhancement to control 
the areas of colour spots, the proportions of spots, geo-
metrical orientation with respect to the contour. 

For the camouflage pattern assessment the analytical 
method for predicting the camouflage pattern effective-
ness is presented. This analytical method in fact is a ma-
thematical algorithm, which enables us to calculate the 
effectiveness of a camouflage pattern based on the se-
lected background. The effectiveness is expressed as a 
function of observation distance, observation time, the 
brightness contrast of the building with its background, 
meteorological visibility range and other parameters. This 
allows determining the main parameters of the camou-
flage – the geometry of colour spots, colour gamma and 
coloring relationship.  

Performed numerical experiments demonstrate the 
accuracy and efficiency of the proposed methods.  
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