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Abstract. Aerial photographs used in photogrammetry come in overlapping pairs. 
Frequently the photographs differ in colour distribution, although they show large-
ly the same land site and they are taken by the same air-camera. Almost always, 
this difference does not affect the accuracy of photogrammetric measures. How-
ever, if the photographs are used to make an orthophotomosaic, the difference in 
colour produces artificial boundaries in the resulting maps, and certainly it does 
not look good in the eye. This paper proposes an automatic conversion of the 
colours of one aerial photograph to the colours of the other. The method is based 
on the overlapping of the aerial photographs, typically 65%. It is assumed that, in 
the overlapped region, the difference is an artifact of the camera, the scanner or 
other reasons, which systematically affects all the colours. Thus it is possible to 
transform the histogram of each band of one aerial photograph to the corre-
sponding histogram of the other aerial photograph. This is done by fitting a pa-
rabola to each histogram and then matching the parabolas, converting the col-
ours on the second aerial photograph. The method has been tested with numer-
ous aerial photographs and it gives satisfactory results.  
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1. Introduction 

During the last decades orthophotography is used more and more in topographic mapping, as a 
means of giving greater understanding of the mapped area. In many cases an aerial photograph is 
not sufficient and two or more aerial photographs must be combined, and thus an orthophotomosa-
ic is produced. The orthophotomosaic is in theory the same as the orthophotography. In practice, 
the aerial photographs have frequently different colour shades, and artificial boundaries are creat-
ed in the places where different aerial photographs meet, which in the best case displeases the 
eye, and in worst case leads to misrepresentations. The common practice is to stitch the photo-
graphs along a physical boundary, such as a road or a river. However, in many cases this is not 
sufficient. The colours of one aerial photograph must be changed to resemble the colours of an-
other. Various methods have been used to correct and enhance photograph colours, from bright-
ness and contrast, to complex algorithms [1, 2], to pre-applying filters to scanners [3], and to 
speed-up the relevant algorithms [4]. There are also methods [5] and commercial software to au-
tomatically stitch photographs into mosaic or orthomosaic. In this paper a different method is pro-
posed which should be applied before any corrections and enhancements. Reinhard et al [6] pro-
posed a similar method which will force the colours of an photograph to be applied to any other 
(not necessarily of the same land site), but it is limited to RGB colour photographs and it is based 
on the mechanism that the human eye processes the colour. In contrast, the method presented 
here can be applied to any band (gray, infrared, RGB, CMYK etc) separately, and uses the infor-
mation on the overlapped region of both photographs, to make colour corrections. 
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2. Histograms 

Usually the intensity of a colour, for example red, is represented as a value between 0 and 255 (or 
between 0 and 65535 for 16bit photographs), with 0 being the darkest and 255 being the brightest. 
The histogram of the red colour of the photograph is a diagram whose x-axis is the colour intensity 
and the y-axis the number of pixels which have this intensity. The same applies for the red, green 
and blue colours, which are also called bands, since they correspond to certain frequencies of the 
electromagnetic spectrum. A band may not be a (visible) colour if the photograph was taken with 
an infrared or ultraviolet camera, but it is otherwise equivalent to a colour in this paper. A combined 
histogram which summarises all the bands may be produced, if an interpolation function is used 
such as: 

b114.0g578.0r299.0c   

where r, g, b are the intensities of red, green and blue bands and c is the combined intensity [7]. 
The above formula actually produces the intensity of gray that the photograph would have if it was 
not coloured, and it is dependent on how the human eye understand colours. 

A typical aerial photograph is shown in Figure 1. The histograms of combined, red, green and 
blue bands are shown in Figure 2. In Figure 3 a second, adjacent aerial photograph is shown (a 
portion of the overlapped area). In Figure 4 the histograms of the second aerial photograph are 
shown. It can be seen that both the colour and the histograms differ. If each photograph showed 
different land sites, then the difference could be attributed to the fact that in one land site there 
might be more bright objects, such as houses, than the other land site. Clearly this not the case 
here. Since the land site is the same, the differences must be attributed to other reasons. 

3. Theoretical histogram conversion 

In order to convert the histogram of the first photograph to that of the second photograph, it is as-
sumed that the colour difference is uniform. This means that if a pixel of certain intensity A in the 
first photograph, changed to intensity B in the second photograph, then all the pixels with intensity 
A in the first photograph also changed to intensity B in the second photograph. Thus, the pixels 
which on the first photograph have common intensity, they also have common intensity on the 
second. This means that the number of pixels with intensity A in the first photograph, is the same 
with the number of pixels with intensity B in the second photograph. This leads to the following al-
gorithm: 

 
For each colour c: 

Let y=RA(x) be the number of the pixels with intensity x colour c of the first photograph. 
Let y=RB(x) be the number of the pixels with intensity x colour c of the second photograph. 
For each intensity xA in the first photograph: 

Find the number of pixels with this intensity in the first photograph:  
y=RA(xA) 
Find the intensity in the second photograph, whose number of pixel is the same: 
xB=RB-1(y)  
Convert the pixels of the first photograph whose intensity is xA to intensity xB. 

End for. 
End for. 
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Figure 1: Aerial Photograph 278281.  Figure 2: Histograms of Aerial Photograph 278281. 
The histograms represent red, green, blue, and 

combined from bottom to top. The dotted lines are 
the fitted parabolas. 

 

  

Figure 3: Aerial Photograph 277406.  Figure 4: Histograms of Aerial Photograph 277406. 
The histograms represent red, green, blue, and 

combined from bottom to top. The dotted lines are 
the fitted parabolas. 

4. Practical considerations 

There are many practical considerations for the previous theoretical conversion: 

 The function y=RB(x) has a maximum peak, which means that at least in the vicinity of the 
peak, there are 2 intensities x for the same number y (Figure 2). The function can not be in-
verted. This problem can be overcome by splitting both functions to 2 parts. One part before 
the peak and another after the peak: 
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 y = RA1(x), 0 ≤ x ≤ xMAX,A  and y = RA2(x), xMAX,A < x  ≤  255  

 y = RB1(x), 0 ≤ x ≤ xMAX,B  and y = RB2(x) , xMAX,B < x  ≤  255 
The method can be then be applied to the first part and to the second part separately. 

 Sometimes there are also local peaks, which although they can be overcome with the same 
way, they complicate enormously the method. 

 Theoretically, the y values peaks of the 2 functions should be the same. However, none of the 
photograph pairs which were tried had the same peak values, for reasons explained later. The 
problem can be overcome by scaling the intensity in the photographs according to their mean or 
median value. 

 Some values y in the first photograph do not correspond to any value y in the second photo-
graph, for reasons explained later. This problem can be overcome by choosing the nearest y 
value in the second photograph. 

 
There are many reasons that the 2 photographs are not exactly the same, even if they correspond 
to the same land site: 

 The camera and/or the scanner have random (not systematic) errors which change the colour in 
unpredictable ways. 

 Because of the limited values of the intensity (0-255), truncations occur. If the second photo-
graph is brighter than the first, then intensities near 255 (for example 248-255) in the first pho-
tograph, will all be truncated to 255 in the second photograph. Likewise, if the second photo-
graph is darker than the first, then intensities near 0 (for example 0-8) in the first photograph, 
will all be truncated to 0 in the second photograph. 

 Because of differences in position (focal point) and direction (omega, phi, kappa angles) of the 
camera when the 2 photographs were taken, slightly different views will be produced. This 
means that some objects seen in one photograph may not be seen in the second (in the over-
lapped region).  

 If the photographs are taken in different time, then the brightness (because of the position of the 
sun, clouds etc.) will be different. 

 It is very difficult to select exactly the same (overlapped) region in the 2 photographs. In other 
words, the regions will not be the same due to human error. 

The third reason also means that it is impossible to achieve exactly the same colour distribution in 
the 2 photographs. 

5. Robust histogram conversion 

Despite the reasons stated before, as it will be shown, there is an overall trend in the change of the 
intensities. Individual intensities may change unpredictably but on the whole, the intensities change 
according to a pattern. The conversion of the intensities should, thus, be statistical in nature and it 
should match as many intensities as possible. The Least Square Adjustment (LSA) [8] fits the re-
quirements.  
Usually the distribution of the colour intensities of the photograph tends to have a well defined 
global maximum peak. A quadratic parabola may be used to model this behavior. The quadratic 
parabola may be fitted to the colour distribution using the LSA. The parabola has many ad-
vantages: 

 It has a single global maximum, which will approximate the global maximum of the colour distri-
bution and it will ignore the local maxima. 

 It intersects the x-axis in two points, which gives a meter of how wide is the colour distribution. 

 It is the most simple curve (except the straight line), which reduces the instabilities in the calcu-
lation of its parameters. 

 It is linear with respect to its unknown parameters, which make the LSA computation direct 
(non-iterative). 
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The quadratic parabola is used to find the overall trend in the intensities. The parabola is just a 
simplified representation of the colour distribution. The parabola is not compared to the colour dis-
tribution; it is compared to another parabola, which is the representation of another colour distribu-
tion. So, it must be emphasized, that it does not matter if the parabola does not exactly fit to the 
colour distribution, as long as the parabolas are robust representations of the colour distributions. 
And the very high degree of redundancy, or over-determinism, of the LSA (256 values – 3 un-
known parameters) guarantees exactly that. 
Furthermore, the y values of the parabolas are not used, since they vary from photograph to pho-
tograph. Instead, the x locations of the maximum and of the intersections of the parabola with the 
x-axis are used. In fact only 2 locations of the above are needed, since the parabola is symmetric 
with respect to the y-axis. If A1, A2 and B1, B2 are the locations (intensities) of the intersections of 
the x-axis and the first and the second photograph respectively, then it can be said: 

 The A1 intensity in the first photograph became B1 intensity in the second photograph 

 The A2 intensity in the first photograph became B2 intensity in the second photograph 
Similarly, a random intensity a in the first photograph which lies between A1 and A2, became inten-
sity b in the second photograph which lies between B1 and B2. The relationship between a and b 
may be found by linear interpolation. At first, the dimensionless intensity p which shows how close 
is a to A1, is defined as: 
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Then the intensity b is computed as: 

)BB(pBb 121   

The same formulas may be used to extrapolate intensities that are outside the set [A1, A2]. Of 
course, care must be taken to convert b to integer, and assure that 0 ≤ b ≤ 255. This method leads 
to the following algorithm. 
 
For each colour c: 

Fit quadratic parabola to histogram of the first Photograph. 
Find intersections A1 and A2 of parabola with x- axis. 
Fit quadratic parabola to histogram of the second Photograph. 
Find intersections B1 and B2 of parabola with x- axis. 
For each intensity a in the first photograph: 

Find dimensionless intensity: 

12

1

AA

Aa
p




  

Find the intensity in the second photograph: 

)BB(pBb 121   

If b > 255, set b=255 
If b < 0, set b=0 
Set b=integer(b) 
Convert the first photograph so that pixels with intensity a are set to intensity b. 

End for. 
End for. 

6. Resolved practical considerations 

All the previous practical considerations are resolved. The quadratic parabola does have one max-
imum peak which, however, does not produce complexity because no y-values are considered. 
The quadratic parabola has no local peaks. The y-values, which vary from photograph to photo-
graph, are not used individually. Instead they are used to fit a parabola in a very robust way. Some 
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values y in the first photograph which are not present in the second photograph, do not cause any 
problem as the LSA finds the best and robust fit. 

The use of the highly redundant and robust LSA, means that random errors of the scanner and 
the camera (due to differences in position and direction of the camera) and truncation errors are 
minimised, and they have little effect in the fitted parabola. The error due to human selection error 
is also minimised. This makes the method particularly robust, since it is not practical to require that 
the user selects exactly the same land site in both photographs. 

However the method has a weak point. It is based on the assumption that the colour distribu-
tion has a global maximum. There are photographs, especially those enhanced by software, whose 
distribution is more or less uniform, which means that there is no well defined maximum. One way 
to work around this problem, is to match the photographs at first, and then make the software en-
hancements. If the photographs are original, experience showed that it suffices to match a part of 
the overlapped region. Good candidates are parts of the photograph which correspond to a distinct 
feature, such as a field, a mountain, or a forest, which is darker, but not match darker, than the sur-
roundings.  

 

Figure 5: Converted Aerial Photograph 277406. 

7. Example 

The method was applied to the aerial photographs shown in Figure 1 and Figure 3. The colour dis-
tribution of the second aerial photograph (277406) was converted to the colours of the first aerial 
photograph (277281). The converted 277406 photograph is shown in Figure 5. As it can be seen, 
the converted 277406 photograph is much more similar to the 277281 photograph, than the origi-
nal 277406, especially in the vicinity of the town. 

8. Conclusions 

A method which automatically matches and converts the colours of overlapped aerial photographs 
was presented. The method produces satisfactory results. The method is robust, as it is insensitive 
to errors of the camera/scanner, to different conditions of photograph capture, and even to errors in 
the selection of the overlapped region. For further study, parabolas of higher degree may tried, in 
connection with super linear interpolation, which may produce better matching, but it may also pro-
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duce practical problems such as local maxima or minima. Alternatively the normal Gaussian distri-
bution may be used instead of a parabola.  
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