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Introduction: 
 
In this report, we will summarize the contents of 
chapters 7 to 10 of [1]. First, we will talk about 
viewing conditions then chromatic adaptation, 
and finally, we will discuss various chromatic 
adaptation models. 
 
1. Viewing condition: 
 
We know that the conditions in which we are 
viewing the scene are very important in the 
response of our receptors. For instance, 
illumination is a very important issue. If you 
illuminate a white paper with a sun light or 
Florescent light, the receptors are receiving very 
different signals because the surface reflects the 
illumination light. 
On the other hand, we know that a white piece of 
paper would perceive somehow the same under 
different illuminations. This means that out 
visual system adapts itself to the environment 
and tries to change our perception not to see the 
effect of illumination. 
 
2. Chromatic adaptation: 
 
We know about light and dark adaptation which 
is present in entering or exiting a theatre room in 
which our visual systems adapts itself to the 
environment. Both cone and rod sensors perform 
this adaptation and we know that rods are active 
in low illuminations. 
Chromatic adaptation is very similar to light and 
dark adaptation. Actually, if you illuminate a 
scene with different light sources and take 
photos, you will have different colors in photos 
while you will perceive both the scenes more or 
less the same. Figure 1 shows an example.  
 

 
 
Figure 1 Chromatic adaptation: First: a scene 
illuminated by daylight. Second: the same scene 
illuminated by Tungsten light ands seen by a 
visual system. Third: the perceived version of the 
second scene. 
 
3. Chromatic adaptation models: 
 
Now, we know that the human visual system 
performs chromatic adaptation. And if we want 
to have perceptually better systems, we have to 
model this phenomenon to be able to implement 
it in our artificial systems. First, we can go from 
XYZ tristimulus values to LMS cone 
responsitivities easily using the following linear 
transformation. 
 

 



 
Von Kries model: 
 
All chromatic adaptation models are a 
consequence of this model. It is a very simple 
model introduced by Von Kries in 1902. In this 
model, the adapted response of the cones is 
proportional to the actual response by a constant 
factor as follows: 

 
 
The coefficients could be found using the 
following relations by having the response for 
maximum stimulation: 

 
 
Hence, we would have the following matrix 
multiplication: 
 

The main issue is that it is linear and the 
correlation between channels is not considered.  
As mentioned before, this modeling is helpful in 
designing systems to transform the colors from 
one adaptation condition to another. The 
procedure is as follows: 
 

 
 
where M is the transform matrix from XYZ to 
LMS. It is interesting that this simple model 
works very well on the real data shown in Figure 
2. 
 

 
Figure 2: Von Kries model results. Dark 
triangles: output of the model 
 
Nayatani’s model: 
 
Nayatni and coworkers tried to change Von 
Kries model to enhance the performance by 
employing nonlinear functions. He has 
introduced the following model in which there 
are some constants that should be set using the 
experiments. Actually, they are trying to find a 
better analytic function which can estimate the 
adaptation procedure more accurately. 
 

 
 
In this model, a noise term is also considered and 
the average response over the scene is considered 
to have better adaptation. The result of this 
model is also illustrated in Figure 3. 
 



 
Figure 3: The result of Nayatani’s model. Dark 
triangles: output of the model. 
By comparing Figure 1 and Figure 2, we can see 
that there is not a big difference between them. 
Hence unfortunately, by making the model more 
complicated, we do not earn significantly. 
 
Guth’s model: 
 
This model is even more complicated than 
Nayatani’s model and has better results. The 
model formulation is as follows: 

 
 
Actually Goth’s model is another interpretation 
of Von Kries model in which the coefficients are 
calculated nonlinearly using the following 
relation: 

 
 
The result of this model is illustrated in Figure 4. 

 
Figure 4: The result of Guth’s model. Dark 
triangles: output of the model. 
 
Again, we can see that the difference in 
comparison with Von Kries model is not 
significant. 
 
Fairchild’s model: 
 
This model is even more complicated than the 
previous ones. It uses Von Kries model with 
different coefficients: 
 

 
 
 

 
 



 

 
 
He also introduced the interchannel term to 
consider the correlation between channels. 

 
 
Hence, in transforming from one environment to 
another we can use the following relation: 
 

 
 
But later they found out that it doesn’t help and 
removed this part from their next model. The 
result is illustrated in Figure 5. 

 
Figure 5: The result of Fairchild’s model. Dark 
triangles: output of the model. 
 
CAT02: 
 
Finally, after comparing and working on all these 
models, researchers in developing CIE 2004 
standard, decided to reconsider Von Kries model 
and use the follwing transformation which is 
very simple and close to Von Kried model. 
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