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ABSTRACT

Improved methods for surface imaging of the damaged human tissues based on colorimetry and fuzzy evaluation of color
types are presented. Based on the color segmentation of images of superficial damage of human soft tissues, the original
image is divided into zones of different colors in accordance with the reference colors used. Further, on the basis of
calculated relative zones of different colors for a large set of experimental data on surface damage of biological tissues
with a known time of occurrence of prescription, a fuzzy knowledge base is formed, what allows to classify damages and
establish their time of occurrence. A bruise color is formalized by a fuzzy set defined on a discrete universal set of
colors, where the degree of belonging of a fuzzy set corresponds to the degree of manifestation of each color in the
coloring. The degree of coloration in a fuzzy set is determined on the basis of expert-experimental data on the percentage
of the area of each color in the coloration. The relationship “time of occurrence of a bruise - coloring” is given in the
form of fuzzy rules IF-THEN, which associate fuzzy estimates of time with fuzzy sets of color types. The time range is
divided by the expert into intervals of the minimum duration, during which a change in the bruise color is recorded. The
decision on the time of occurrence of a bruise is made on the basis of the degree of closeness of the observed and tabular
fuzzy color sets.
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1. INTRODUCTION

The condition of the surface pathologies of biological tissues significantly affects their color, so the analysis and
classification of surface pathologies of biological tissues by color is particularly relevant for forensic diagnosis'™. The
coordinates of the color of the surface damage of human soft tissues are associated with the spectral characteristics of the
diffuse reflectance, which depend on the structural and biophysical parameters of the affected tissues™. Solving the
inverse optical problem, one can determine the biophysical characteristics of surface pathologies by color. For the
definition and registration of colors used a scale of color samples that are compared with the color of the object of study.
Data on the localization, shape, size and color of an object is recorded using a CCD camera, and color recognition and
assessment of the state of an object using a computer diagnostic program. The Bureau of Forensic Medical Examination
is provided with digital cameras and requires methods of analysis and classification of surface pathologies of biotissues.
The proposed method is being tested on the basis of the Vinnitsa Regional Bureau of Forensic Medical Examination.

The relevance of the topic is due to the need to increase the reliability of determining the time of occurrence of
superficial damage of human soft tissues with blunt objects in accordance with the tasks of forensic medicine, taking into
account their optical-physical parameters by improving the method of colorimetry and developing appropriate hardware
and software. The aim of the study is to increase the reliability of determining the time of occurrence of superficial
damage to human soft tissues with blunt objects by color segmentation of images and the creation of appropriate
hardware and software'*'°,
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At the first stage of the study, a bruise and a scale of color samples are photographed. The plane of the ruler and the main
part of the bruise plane should be perpendicular to the axis of the camera. Side diffuse illumination using a diffuse
reflector and a light source with a spectrum close to white. From the resulting raw image, fragments are cut out,
corresponding to the bruise and colors on the ruler. Pixels in the image around the bruise are replaced with white in the
CIELAB system. Further color correction is performed on the image and white balance. For each pixel of the bruise
image, the Euclidean distance in the CIELAB space with the colors on the ruler is determined L;;. Image pixels with
CIELAB coordinates corresponding to the white color are skipped, which allows you to discard pixels around a bruise.
In the next image processing step, the color of the pixel is classified according to the color bar. For each pixel of the
bruise image, the closest in line color is determined, to which the distance L;; will be the shortest. For each bruise image,
the number of pixels with a specific color is counted and their percentage is determined. The bruise area is defined as the
ratio of the number of pixels of a bruise image to the number of pixels of a black square image with a known area on the
color bar. As a result of image processing, a histogram of colors is obtained according to the chosen scale of color
samples, which makes it possible to significantly simplify and formalize the procedure for analyzing the state of surface
pathologies of biotissues in forensic diagnostics. Use for processing color images of surface damage of neural networks
and neuro-fuzzy tissues can significantly improve the accuracy of diagnostic solutions'®'?.

2. USING COLOR IMAGE SEGMENTATION TO STUDY THE SUPERFICIAL DAMAGE
OF HUMAN SOFT TISSUE

Based on the color image of the surface damage of human soft tissues with hard objects, you can get color coordinates
for each pixel of the image in the CIELAB system. To establish the time of occurrence of superficial damage to human
soft tissues with blunt objects, we determine the nearest colors from the scale of color samples for each picture element

(Fig. 1).

a*

Figure 1. Determination of the full color difference in the CIELAB color space for an image element.
The full color difference AE,, ; between the colors in the CIELAB color space is defined as follows:

* *\2 *\2 %\ 2
AEqp i = (ALZJ) *(A”ij) *(A”zj) ’ M

*

AL, =L —L

* % * * * *
'scale j > Aai/' = ai _ascalej > Abi/' :bi _b j (2)
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s j > — coordinates in the
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where: L;, a; , b, — coordinates in the color space of the image element; L, ;,

color space of the color swatch element. The difference in lightness ALZ practically does not give information on the

state of the affected area of the biological tissue, therefore, when assessing the color difference, they should be neglected
and determine the difference in color tone AH :bl.j. The difference in the purity of the tone in the system (L', a”, b")

between the element of the biotissue image and the element of the scale of color samples is determined by the formula:

% * % * *\2 *\2 % * 2 * 2
ACabi}' = Cabi _Cabscalej b Cabi = (ai ) +(bl ) b Cabscalej :\/(ajscale) +(bjscale) > (3)

where: C,, — the purity of the tone of the image element; C,

abscale j

— the purity of the tone element of the scale of color

5

samples, al.* s b’ — color coordinates of the image element, a b — color coordinates of the color swatch

i scalej > “scale j

element. The difference in color tone AH;’U. between the element of the biotissue image and the element of the color

sample scale is determined by the formula:

N, = k(08 ) = (a8,) =(acs,) @
S +1, if a;b;iéj —azéjbi* >0;
where =) if ab),,—a b <0.

In the case of determining the nearest color from the scale of color samples for each image element k,, is taken equal to
one. Thus, to determine the closest color from the color swatch scale for each image pixel, it is necessary to determine
between which scale element B; and the current image pixel the smallest color tone difference AH:,”]. in the CIELAB

color space will be. It is necessary to assign the matrix element M , that corresponds to the current pixel of the image to

the element number of the scale of color samples. By counting the number of matrix elements M , equal to the number
of a certain color of the scale j, you can determine the area of a segment of a certain color in the image. For further

processing and determination of biomedical damage parameters by color, it is necessary to convert the area of a certain
color segment into a relative proportion of the total image area in percent and obtain a histogram of the colors of the
surface damage image which indicates the relative sizes of different color zones'*’.

An example of image processing of superficial skin damage in case of a mechanical lesion with a blunt object based on
the algorithm for determining the nearest colors from the scale of color samples for each element is shown in Fig. 2.

3) segment 6.6

4) segment 7.2

5) segment 7.6 6) segment 8.2 7) segment 10.4 8) general image
Figure 2. An example of image processing of surface damage and segmentation into zones of different colors.
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The feature of the obtained images, both individual zones of different colors of surface damage, and general images of
surface damage is the presence of high-frequency noise in the images, as well as overlapping of damage zones of
different colors with areas that match the color of intact skin*' %%

3. THE EXPERT SYSTEM FOR DETERMINING THE TIME OF BRUISING BASED ON
FUZZY ESTIMATES OF COLOR TYPES

The following principles are proposed for modeling the dependence “time of occurrence of a bruise — coloring”:

1. A bruise color is formalized by a fuzzy set defined on a discrete universal color set, where the degree of belonging
of a fuzzy set corresponds to the degree of appearance of each color in the coloring.

2. The degree of coloration in the fuzzy set is determined on the basis of expert-experimental data on the percentage of
the area of each color in the coloration*.

3. The dependence “time of bruising - coloring” is given in the form of fuzzy rules, IF-THEN, which associate fuzzy
estimates of time with fuzzy sets of color types. The time range is divided by the expert into intervals of the
minimum duration during which a change in the bruise color is recorded™.

4. The decision on the time of occurrence of a bruise is made on the basis of the degree of closeness of the observed
and tabular (in the knowledge base) fuzzy color sets. Such a measure of proximity of fuzzy sets is Hamming
distance'’. The greater the Hamming distance, the smaller the similarity of the observed and table coloring®?’.

5. Determining the time of occurrence of the bruise corresponds to the procedure of inverse logical inference on a
fuzzy knowledge base by restoring the membership function of a fuzzy estimate of the time of occurrence. This
membership function is restored according to the degrees of belonging of the observed fuzzy color set to the
coloring type in the expert knowledge base.

In the method of processing images of bruises using fuzzy logic, we use the following notation: {c,,...,c,} — set of
bruise colors; {d,,...,d;} — set of time counts to observe the dynamics of a change in bruise color; 7 — number of
colors; K — number of test counts. Then the relationship "time (¢) - the type of color ()" can be described by a fuzzy
knowledge base:

IF t~d, THAT y=T,, [=1,K,
where: d, — the value of the control timing, which corresponds to the type of color 7, ; number of samples K matches

the number of rules. The type of coloring is defined as a fuzzy set, which is given on a discrete universal color set
{¢snCy )

¢ c

n

r z{ﬂ”'('n)’_”’ ﬂ"”(T,)}’ )

where: 1 — measure of color ¢, intensity in bruise coloration. Time intervals ¢ , /=1,K, and set of bruise colors

{c,,...,c,} chosen by an expert. The experiment was conducted on the basis of the Vinnitsa Regional Bureau of Forensic

Medicine. The knowledge base contains 20 rules. Time intervals cover 2 weeks (14 days, 335 hours) of observations. Let
the observed bruise color type corresponds to a fuzzy set:

- :{m () )}. ©
C, C

1 n

The time of occurrence of a bruise will be described by a fuzzy set, which is given on a discrete universal set of time
samples {d,,...,d; }:

D' z{ﬂd] ™ (T*)}’ 7

d 7 d
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where: yd’— the degree of belonging of the observed type of stain to the class d, of the solution or the degree of
confidence of the expert in the duration of the bruise # =d,. Then the task of determining the time of occurrence of a

bruise, which is the task of the inverse logical inference, is formulated as. For a given fuzzy set T " ona fuzzy
knowledge base, it is necessary to restore a fuzzy set D" .

The algorithm for determining the time of occurrence of a bruise from fuzzy color estimates is to perform the following
steps:

1. Fixafuzzyset y=T " describing the original variable of the type of coloring.

2. Determine the Hamming distance between the observed and tabular types of color':

AT, T7) = abs(u (1) = p (T)) + .t abs(u (L) = p(T7) , [ =LK . ®

Determine the degree of belonging or proximity ,uT’ (T *) of the observed type of color T " to the table types of color
1,:

WN(THY=1-A(T"), [=1,K. ©9)

3. Form a fuzzy set t = D" describing the input time variable. Since fuzzy sets are connected by the dependence “one
input - one output”, then

= :{M (T (T*)}‘ (10

d 7 dy

Step 3 corresponds to the restoration of the membership function of a fuzzy term ¢ = D" that describes the time when
the bruise occurred.

4. Consider the time of occurrence of a bruise class of decisions ¢ = d; , for which the degree of belonging, that is, the

expert’s confidence measure, is maximum:

d; = max (" (T"). an

5. The set of solutions to the inverse problem, corresponding to the set of local maxima of the membership function of
a fuzzy set D', is defined as the union of fuzzy sets t = d » 1416,

S =U(d,(T)), p=LK", (12)
P

where: K~ — the number of time estimates for which the degree of significance (a measure of expert confidence)
417 (T") is quite high.

The union operation in the set of solutions corresponds to the OR operation on fuzzy estimates of the time of the
appearance of a bruise in the rules'’. Let the “time of occurrence - type of stain” data on bruises 1-7 be obtained by
expert experimental data (Tab. 1). Determine the time of occurrence of bruises 1-7 on a fuzzy knowledge base and
compare with the reference time estimates. Hamming distances between the observed and tabular fuzzy sets are given in
Table. 2.

Proc. of SPIE Vol. 11176 111762B-5

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 23 Nov 2021
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



Table 1. The initial data "time of occurrence of the bruise - the observed fuzzy sets".

Sample | Time of occurrence Observed Fuzzy Sets 7"

of bruise 52 (62 |72 |82 |104
bruise 1 0.5 -1 hours 0.05 | 0.09 |0.02 |054 |0.18
bruise 2 12 — 24 hours 0.17 |10.12 | 0.01 |037 |O0.16
bruise 3 48 — 72 hours 0.01 | 0.02 |0.15 |0.49 |0.22
bruise 4 94 — 142 hours 0.10 | 021 |030 | 025 |0.18
bruise 5 142 — 190 hours 0.04 | 0.14 | 0.32 | 0.28 |0.10
bruise 6 214 — 286 hours 0.03 | 0.15 021 |043 | 0.08
bruise 7 286 — 358 hours 0.02 |0.12 | 025 | 056 | 0.05

Table 2. Hamming distance between observed and tabular fuzzy sets.

No Time of Hamming distance between fuzzy sets 7, and T
OCCUrrence =y wise 1 | bruise 2 | bruise 3 | bruise 4 | bruise 5 | bruise 6 | bruise 7

1 30 seconds 0.42 0.43 0.41 0.84 0.78 0.64 0.8
2 5 minutes 0.16 0.51 0.27 0.9 0.84 0.6 0.5
3 15 minutes 0.22 0.19 0.39 0.56 0.58 0.36 0.5
4 30 minutes 0.25 0.54 0.5 0.95 0.73 0.47 0.37
5 1 hours 0.15 0.44 0.18 0.69 0.63 0.39 0.39
6 3 hours 0.09 0.4 0.34 0.81 0.75 0.51 0.41
7 6 hours 0.28 0.39 0.53 0.92 0.82 0.6 0.52
8 12 hours 0.25 0.18 0.4 0.59 0.65 0.43 0.61
9 24 hours 0.56 0.23 0.79 0.5 0.6 0.66 0.9
10 48 hours 0.23 0.58 0.18 0.79 0.73 0.49 0.39
11 70 hours 0.31 0.46 0.12 0.63 0.57 0.33 0.47
12 94 hours 0.54 0.35 0.51 0.36 0.3 0.28 0.42
13 118 hours 0.83 0.6 0.8 0.11 0.29 0.55 0.71
14 142 hours 0.74 0.63 0.71 0.18 0.12 0.38 0.54
15 167 hours 0.77 0.74 0.7 0.37 0.29 0.59 0.69
16 191 hours 0.65 0.6 0.54 0.47 0.21 0.27 0.33
17 214 hours 0.73 0.5 0.7 0.29 0.39 0.41 0.65
18 238 hours 0.54 0.51 0.51 0.46 0.3 0.1 0.26
19 262 hours 0.44 0.43 0.37 0.46 0.28 0.12 0.28
20 335 hours 0.56 0.85 0.55 0.74 0.52 0.4 0.16
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Comparison of the initial and measured time of bruising is shown in Table 3. The initial and measured time of bruising
coincide with a fairly high degree of confidence.

Table 3. Comparison of the initial and measured time of occurrence of bruise

Sample | Initial time of occurrence The measured time of occurrence of bruise
of bruise Time interval Measure of confidence
bruise 1 0.5 —1 hours 1 — 12 hours 0.75-1
bruise 2 12 — 24 hours 12 — 36 hours 0.62 - 0.80
48 — 120 hours 0.41-0.62
bruise 3 48 — 72 hours 48 — 72 hours 0.80-0.90
bruise 4 94 — 142 hours 96 — 168 hours 0.63-0.90
192 — 240 hours 0.52-0.70
bruise 5 142 — 190 hours 120 — 168 hours 0.70-0.89
168 — 264 hours 0.61-0.80
bruise 6 214 — 286 hours 228 — 264 hours 0.87-0091
bruise 7 286 — 358 hours 240 — 335 hours 0.73-0.84

4. CONCLUSIONS

An improved algorithm for determining the time of occurrence of a bruise using fuzzy color estimates made it possible to
increase the accuracy of determining the time of appearance of superficial damage to human soft tissues with blunt
objects based on image color segmentation and the corresponding hardware and software. An expert system was
developed to determine the time of bruising on the basis of fuzzy estimates of coloration types and reverse inference,
which allows the forensic expert to make the right decision. The expert system was introduced into the work of the
Vinnitsa Regional Bureau of Forensic Medical Examination and tested on 1523 patients.
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