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ABSTRACT 

We proposed an empirical mathematical model that establishes the interrelation of a plurality of 
points in the color space of surface damages of human soft tissues and the time interval after their 
appearance, which allowed taking into account the variation over time of the concentrations of 
hemoglobin degradation products in them that affect the color of surface lesions and establish the time 
interval after their occurrence. A mathematical model is developed for changing the color coordinates 
of surface damages of human soft tissues from the time interval after their appearance, taking into 
account the changes in the concentrations of the products of destruction of hemoglobin. The inverse 
optical problem of determining the time interval after the occurrence of superficial injuries as a result 
of trauma by blunt objects according to the color coordinates and the relative sizes of zones of 
different color of damage is solved, which can be used for digital colorimetry in forensic medical 
examination.  

Keywords: color, measurement, colorimetry, tissue characterization, optical diagnostics for 
medicine  

1. INTRODUCTION 
For the investigation of surface damage to biological tissues in forensic medicine, it is important to 

quickly determine and document the degree of damage, as well as an analysis of its specific features. 
Measurement of the optical parameters of the human skin allows us to obtain objective information 
about the spatial distribution of various biological chromophores in it and its structure used to study 
various types of pathologies in forensic problems. The condition of superficial pathologies of 
biotissues essentially influences their color, therefore the analysis and classification of superficial 
pathologies of biotissues by color are especially important for forensic medical examination. The 
relevance of the topic is due to the need to increase the reliability of establishing the time interval after 
the occurrence of superficial injuries of human soft tissues with blunt objects in accordance with the 
problems of forensic medicine, taking into account their optical and physical parameters by improving 
the method of colorimetry. The object of research is the process of establishing the time interval after 
the occurrence of superficial damages of human soft tissues with blunt objects for the tasks of forensic 
medicine. Recently, the method of digital colorimetry is often used for express diagnostics of 
pathological biological tissues. The development of the method of digital colorimetry corresponds to 
the main trends of modern medical research, which include the automation and computerization of 
measurements. The use of digital cameras, flatbed scanners and computer programs for processing 
color digital images has made it possible for a fast, objective and automated method of obtaining 
colorimetric parameters. The advantages of digital colorimetry as an analytical method consist in 
increasing the sensitivity and selectivity of the determination of various substances, in the possibility 
of studying the concentration of certain pigments in biological tissues, and also in constructing 
calibration test scales for visual determination of components in express methods of analysis. 

When the optical radiation interacts with the biotissue, different phenomena may occur and 
processes, in particular, reflection, refraction, absorption, scattering, which depend on the state and 
structure of the biotissue [1-3]. Optical characteristics of biotissues carry important information on the 
quantitative content and spatial distribution of various biological components of the tissue, which 
gives the potential for studying the state of the tissue [4-6]. 



 

 
 

Among optical methods of biological tissues in vivo in conditions currently the most developed 
methods of reflection spectroscopy and fluorescence spectroscopy. Although the method of reflection 
spectroscopy, based on the measurement of the spectrum of diffuse backscattered radiation by 
biological tissue, has been used for a long time, the latest advances in optoelectronics and computer 
technologies have given it new opportunities and made it possible to transform the spectroscopy of 
biotissue reflection into a popular and popular method of investigation [3, 7]. Most of the published 
works on in vivo spectroscopy of biotissue reflection are devoted to the study of skin tissue, is, on the 
one hand, the most accessible human biotissue, and on the other hand - one of the most complex 
biological structures [8]. One of the most important problems of modern medical research is the 
development of methods for visualizing the heterogeneous structure of biological tissues. Among the 
currently known methods of visualization, optical methods are among the most attractive, primarily 
due to their non-invasiveness, the potential for achieving high spatial capacity, and the possibility of 
carrying out multifunctional monitoring of the investigated medium. Visual examination of the surface 
of the tissue is widely and successfully used to study its condition, the main emphasis in such reviews 
is directed to the analysis of changes in color of the tissue caused by various factors. The main 
emphasis in such reviews is aimed at analyzing the change in color of the tissue and the classification 
of morphological manifestations. In particular, a visual examination of cutaneous morphology is the 
basis of clinical dermatology. Obviously, visual inspection is an extremely subjective process, and its 
results are highly dependent on the experience and qualifications of the physician. The desire for an 
objective assessment of the changes that occur in biological tissues encourages physicians to 
increasingly use hardware research methods in their practice. In recent years, there has been a 
significant increase in interest in this method of biological tissue research, as a method of digital 
imaging, based on the computer processing of experimentally obtained images of the surface of 
biological tissues. The digital imaging method has found various applications in dermatology [9], but 
all these applications are based on a simple RGB analysis of the surface image of the tissue, which 
limits the possibilities of the method. The issue of visualization, documentation, monitoring, 
measurement and classification of morphological manifestations of various processes in biological 
tissues is a field of use of the digital visualization method based on computer processing of 
experimentally obtained images of its surface. For applied problems of forensic examination, it is 
actual to analyze the concentration of pigments in the surface layer of pathologically damaged 
biotissues by measuring the color coordinates of digital image elements based on the digital 
colorimetry method. Analysis of digital images using a variety of color bars is widely used in medical 
research. The objectivity of evaluating the perception of the color of the biotissue and the features of 
its surface and subsurface structures is based on the physical principles of the formation and 
evaluation of the color of the tissue, embodied in colorimetric methods of measuring color and 
computer methods for digital visualization of the surface of biological tissues [10]. The use of color 
coordinates and other color characteristics of objects, in conditions of measurement, ensuring the 
reliability and reproducibility of research, allows you to quickly obtain information for applied 
forensic problems [11, 12]. Studies on the characteristics of color as an integral parameter makes it 
possible to assess the state of the object of investigation is particularly relevant. Definition of integral 
indicators is most expedient for the analysis of complex heterogeneous biological environments of 
different origin. Traditionally, the method of colorimetry is based on reflection spectroscopy. The 
color of the skin is determined by the spectral composition of radiation diffusely reflected by the skin. 
In this case, spectral measurements are conducted averaged over a certain area of the investigated 
object, which makes it difficult to determine the spatial localization of its pathological regions. 
Modern video colorimeters allow to investigate the distribution of color parameters on the surface of 
the object of investigation, it allows to determine its state and physical parameters [13-17]. However, 
video colorimetry is characterized by large errors in measuring the coordinates of the color of objects, 
in comparison with the spectrophotometric method, since it is more difficult to provide stable research 
conditions and constant lighting characteristics in such devices [18-19]. Modern colorimeters are 
successfully used as biomedical devices [20], while the colorimeters that measure the color 
characteristics of the light reflected by the skin of certain spectral intervals corresponding to the 
absorption regions of the main chromophores interest, and accordingly, they allow obtaining 



 

 
 

information on their quantitative content in biological tissues. However, existing instruments of this 
class are based on approximate models of skin tissue, expressed in rather crude quantitative estimates 
of the chromophores content in biological tissue. An alternative method for studying biotissues is the 
multispectral imaging method, based on a unique combination of spatial and spectral measurements 
and is widely used at present [21-25]. Different objects become visible in different spectral bands, 
giving the possibility to obtain the type and region of localization of the content of certain 
chromophores and changes in the functional structure within the biotissue. One of the advantages of 
optical methods for studying biological media is the possibility of obtaining information about the 
medium by analyzing the polarization characteristics of the radiation scattered by the medium. Here it 
is necessary to note measurements of the polarization of scattered light in the study of coherent 
backscattering, as well as studies of the effect of the particle size of the medium on the polarization of 
forward scattered radiation [26-29]. 

2. MATHEMATICAL MODEL OF THE EFFECT OF MORPHO-FUNCTIONAL CHANGES 
IN SURFACE DAMAGE ON THE COLOR COORDINATES 

Concentrations of hemoglobin degradation products in the biotissues of surface damage depend on 
the time interval after their occurrence. The coordinates of the color of the surface damage depend on 
the concentration of the products of destruction of hemoglobin. Therefore, the coordinates of the color 
of the surface damage also depend on the time interval after the occurrence. In [30, 33], using the 
theory of radiation transfer for a multilayer model of the skin tissue of the human skin, the dependence 
of the color coordinates on the concentrations of hemoglobin degradation products associated with the 
time interval after the onset was calculated, which made it possible to determine the dependence of the 
color coordinates in the time interval after the appearance of lesions. In solving the inverse problem, 
namely, setting the time interval after occurrence based on the coordinates of the color of the surface 
damage, it is possible to calculate the color coordinates characteristic for each of the intervals for 
setting the time interval and use them to create a scale of color samples. This will, on the basis of 
determining the element closest in color to the surface damage from the scale of the color samples, set 
the time interval after its occurrence. 

However, if differences in the concentration of hemoglobin degradation products are taken into 
account, even within one surface damage, then the image of the surface damage will always be several 
zones of different colors. For example, in Fig. 1. the image of a superficial injury on the background of 
intact skin is divided into zones of different colors 1 4N N , and the intact skin has a color 0N . 

 

 
Fig. 1. Color zones of superficial damage of soft tissues as a result of trauma by a blunt object 

 
With a change in the time interval after the occurrence of damage, zones of certain colors decrease 

and others increase, which will create a certain ratio between the relative sizes of these zones 
characteristic for a certain time range of the time interval after the occurrence of surface damages. 
Based on the ratio of the relative sizes of the zones of surface damage of different colors, it becomes 
possible to determine the interval of time after its occurrence. In order to determine the functional 
dependence that will allow us to set the time interval after the occurrence of damage, we will carry out 
a study of the coordinates of the color of the surface lesions for a group of 128 patients. In this case, 
the coordinates of the color of the surface damages are determined using the digital imaging method 



 

 
 

using a Nikon D3100 digital camera and also calibration based on the color coordinate measurements 
using an industrial colorimeter WF-32 (Shenzhen VTT Technology Co., Ltd., China). The results of 
measurements of the dependence of the color coordinates in the RGB coordinate system from the time 
interval after the appearance of the damage are shown in Fig. 2. 
 

 
Fig. 2. Dependences of the coordinates of the color of surface damages in the RGB coordinate system 

from the time interval after the occurrence of damage  
 

Using regression with the help of third-order polynomials, we determine the functional 
dependencies of the color coordinates in the RGB system of surface damage with the change in the 
time interval after the injury with a blunt object, and we obtain an empirical model: 

4 2 7 3

4 2 7 3

4 2 7 3

121,776 0,204 3,388 10 2,067 10 ,

111,042 0,224 3,073 10 1,056 10 ,

102,937 0,146 2,029 10 1,033 10 ,

R T T T

G T T T

B T T T

 

 

 

      


     
      

 

where R , G , B  – coordinates of the color of surface damages in the RGB system; T  – the time 
interval after the appearance of the injury by a blunt object. 

The International Commission on Illumination (CIE) recommends using the LAB coordinate 
system to compare the color coordinates of different objects and determine the color difference. In 
order to change from the color coordinates in the RGB system to the color coordinates in the LAB 
system, you must first go to the coordinates in the XYZ system. 

To change from the coordinates of the surface damage color in the RGB coordinate system to the 
XYZ coordinate system, it is necessary to use the formulas [31].  This takes into account the 8-bit 
representation of each color coordinate, which corresponds to a 24-bit total color depth of RGB 
images. The coefficients in the formulas are given for the case of a standard D65 type lighting source, a 
standardized illuminator/observer geometry (D/0°) and a given aperture of photodetector (10°). We 
calculate the coordinates of the color of the surface damages in the XYZ coordinate system, depending 
on the time interval after the occurrence of damage based on the color coordinates in the RGB system 
(Fig. 3). 

Using regression with the help of third-order polynomials, we determine the functional 
dependencies of the color coordinates in the XYZ coordinate system of surface damage with a change 
in the time interval after the occurrence of trauma by a blunt object: 

5 2 8 3
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16,033 0,064 5,781 10 1,518 10 ,

16,567 0,063 5,644 10 1,333 10 ,

15,392 0,04 1,835 10 1,057 10 ,

X T T T

Y T T T

Z T T T

 

 

 

      


     
      

 

where X , Y , Z  – the coordinates of the color of surface damages in the XYZ system; T  – the time 
interval after the occurrence of trauma by a blunt object. 



 

 
 

 
Fig. 3. Dependences of the coordinates of the color of surface damages in the XYZ coordinate system from the 

time interval after the occurrence of damage 
 

Based on the color coordinates in the standard XYZ colorimetric system, it is possible to 
investigate the state of the skin tissue for forensic tasks. It is also possible, with the help of correction 
factors, to take into account the spectral characteristics of the light source, as well as the geometry of 
the illuminator / observer and the aperture of the photodetector. 

In the color space (L*, a*, b*), each color corresponds to a point whose position is determined by 
three independent coordinates: lightness – L* and two chromatic coordinates – a* and b* associated 
with the X, Y, Z color coordinates. We calculate the coordinates of the color of the surface damages in 
the LAB coordinate system, depending on the time interval after the occurrence of damage based on 
the coordinates of the color of the surface damages in the XYZ system according to the formulas [31, 
32] (Fig. 4). 

 
Fig. 4. Dependences of the coordinates of the color of surface damages in (L*, a*, b*) coordinate system from the 

time interval after the occurrence of damage 
 

Using regression with the help of third-order polynomials, we determine the functional 
dependencies of the color coordinates in the LAB coordinate system of surface damage with a change 
in the time interval after the occurrence after injury by a blunt object: 

 
5 2 8 3

5 2 8 3
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47,6 0,085 1,307 10 6,513 10 ,
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where a , b , L  – the coordinates of the color of surface damages in the LAB system; T  – the time 
interval after the occurrence of trauma by a blunt object. 



 

 
 

3. DETERMINATION OF THE TIME INTERVAL AFTER OCCURRENCE OF SURFACE 
DAMAGES BY COLOR PARAMETERS 

On the basis of the obtained color coordinate dependencies in the LAB coordinate system of the 
pathological tissue of surface damage from the time change after injury a blunt object for the forensic 
medical tasks it is necessary to determine the time interval after the occurrence of superficial injuries 
in one of the time intervals: less than 1 hour, from 1 to 3 hours, from 3 to 6 hours, from 6 to 12 hours, 
from 12 to 24 hours, from 24 to 48 hours, from 48 to 72 hours, from 72 to 96 hours and more than 96 
hours. Let us determine the arithmetic mean of the color coordinates in the LAB system L , a , b   
and their average deviation L , a , b   for each of the intervals of the time interval after the 
occurrence of surface damages. Based on the results of the calculation, it becomes possible to develop 
a rule for establishing the time interval after the occurrence of superficial damages of human soft 
tissues with blunt objects according to the color coordinates: 

0< 1, (-1,980< -1,951) (3,041< 3,075) (47,600< 47,685);

1< 3, (-2,037< -1,980) (3,075< 3,144) (47,685< 47,855);

3< 6, (-2,122< -2,037) (3,144< 3,247) (47,855< 48,108);

6< 12, (-2,292<

T if a b L

T if a b L

T if a b L

T if

T

     
     
     



-2,122) (3,247< 3,450) (48,108< 48,606);

12< 24, (-2,627< -2,292) (3,450< 3,841) (48,606< 49,575);
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The developed rule for establishing the time interval after occurrence of superficial damages of 
human soft tissues with blunt objects is based on the average characteristics of biological tissues that 
do not take into account the individual characteristics of recipients. In this case, the color coordinates 
at the boundaries of the time-slots are unclear.  In fact, the rule of establishing the time interval after 
the occurrence of superficial damage to tissues formalizes a subjective visual method for determining 
the time interval after the appearance of lesions, which is used by forensic experts in their work with a 
scale of color samples. The time interval after the occurrence of damage is determined by the color of 
the element of the scale, which is closest to the color of the surface damage and is typical for a certain 
time interval after the occurrence. Calculate the probability density functions of the color coordinates, 
characteristic for each of the time intervals after the occurrence of damage using the law of normal 
distribution (Gaussian function). In Fig. 5 shows the probability density functions for the color 
coordinate iL  calculated for each of the time interval after occurrence of surface damages. 

 

 
Fig. 5. Probability density functions for the color coordinate iL  of each of the time intervals after the 

occurrence of surface damages 



 

 
 

However, as shown in Fig. 1, the image of surface damage has several zones of different colors.  If 
for color segmentation of images of surface damages, use a scale of color samples with surface 
damage colors characteristic of the corresponding time intervals after the occurrence of damage, then 
taking into account the normal law of distribution of the probability density function of the color 
coordinates of surface damages, the dependence of the relative sizes of zones of different colors on the 
intervals of time after damage  bruise if T , will also correspond to the Gaussian function. In this case, 

the functional dependence for establishing the time interval after the occurrence of surface damage, or 
in other words, the time interval after the occurrence of surface damage to the j-th interval, can be 
written as follows: 

     _ max _ max
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1 1
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  . 

where ik  – weights for the i-th color of the color sample scale. 
For each interval of the time interval after the occurrence of surface damage, the membership 

function corresponding to the given interval must have a maximum value determining the rule for 
establishing the time interval after the occurrence of surface damages: 
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In this case, the time interval after the occurrence of surface damage is determined by the function 

of the time interval after the occurrence of damage to a certain interval, which will assume the 
maximum value. 

5. CONCLUSION 

Since the coordinates of the color of the surface damages of biological tissues associated with the 
concentrations of hemoglobin degradation products, which vary from the time interval after the 
occurrence of surface damage, it becomes possible to determine the dependence of the color 
coordinates of the surface damage on the time interval after the occurrence of surface damages. For 
this purpose, using the CIE recommendations and using a standard light source 65D , the coordinates of 
the color of the surface damages of the tissues in the RGB, XYZ and LAB systems are calculated, 
depending on the time interval after the occurrence of damage. The proposed approach for the 
diagnosis of pathological skin tissue in forensic medical examination can be used in other areas of 
biomedical diagnostics, in particular, in the diagnosis of oncological tumors [34–36]. 

With the use of regression, the functional dependencies of the color coordinates of the surface 
damage of the biotissue in the LAB system were calculated from the time interval after the appearance 
of the lesions, and the inverse problem of finding the dependence of the time interval after the 
appearance of damage on the color coordinates was solved. In this case, the rules for establishing the 
time interval after the occurrence of damage are compiled on the basis of the color coordinates in the 
LAB system that are characteristic for the given interval. The developed rules for determining the time 
interval after the occurrence of damage is the basis for improving the method for establishing the time 



 

 
 

interval after the occurrence of damage and developing the appropriate hardware [37, 38] and software 
with using fuzzy logic or a neural network to support the adoption of a diagnostic solution [39, 40]. 
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