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ABSTRACT In criminal cases, the information collection and analysis of the scene plays an important
role in solving cases. Handprint mark can be easily remaining and frequently occurring mark of criminals.
It may occasionally be recognized as potential physical evidence during criminal investigations. The infrared
thermal imager can fully collect the thermal radiation information of objects, so it is convenient to get the
remaining heat source marks in the environment, and to obtain key information that is missing from other
methods. Handprints tend to disappear over time. Like cell apoptosis is regulated by a rigorous mechanism of
a series of genes, handprints also regulated by the mechanism of mark disappearance affected by surrounding
pixels. In fact, we can easily get handprint images which hands left a period of time, but hope to restore the
initial handprint image and obtain the characteristics of the criminal hand. Therefore, a method of infrared
handprint image restoration based on apoptotic mechanism is proposed. Training depends on the existing
infrared handprint images, and we can find a relational model between the former and the latter images.
Finally, the rough shape of the original infrared handprint can be deduced.

INDEX TERMS Apoptosis mechanism, infrared handprint mark, image target restoration.

I. INTRODUCTION
In criminal cases, scene remnants often provide critical infor-
mation for the detection. Studying mark image is important.
In the confidential room where secret technical enterprise
data are stored, through the infrared handprint image, we can
judge whether the paper is touched or whether someone
enters the room. In actual criminal investigations, the police
cannot always arrive at the scene in the first time, and we
often cannot get the remaining handprint image at different
moments after the target is touched. We can get the handprint
image after a period of time, such as the image of three
minutes. However, we hope that, through some means, the
initial handprints can be restored and the hand characteristics
of the criminals can be judged, such as the length of the
fingers and the outline of the hands. It is necessary to propose
a method to restore infrared handprint mark image for solving
practical problems.

The associate editor coordinating the review of this manuscript and

approving it for publication was Sunil Karamchandani .

Infrared image technology is a non-contact detection tech-
nology which converts invisible thermal radiation into visible
thermal image [1]. Under the analysis of infrared images,
many scholars run continuous researches, and have made
many achievements. In 2013, Chen C. L. P. et al. present
an effective small target detection algorithm inspired by the
contrast mechanism of human vision system and derived
kernel model [2]. In 2015, Pucci .M et al. apply an active
infrared thermography to study a seventeenth-century paint-
ing on paper [3]. And thermography is performed before
and after restoration to obtain information used in planning
the restoration and also to assess its effectiveness. In 2016,
Chen Shuyue et al. introduce a method based on Gauss
point spread function to enhance the clarity and contrast
of the heat source [4]. In 2018, Zhang Su et al. propose a
method for detecting dim and small targets in infrared images
based on temporal and spatial non-local similarity, which
utilizes the non-local autocorrelation between infrared image
sequences of adjacent frames and the similarity between non-
local background image blocks in each frame [5]. In 2018,
Xu Ming et al. propose a full convolution network pedestrian
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detection algorithm based on saliency detection in frequency
domain for thermal infrared surveillance scene, which real-
izes end-to-end training of detection algorithm and improves
the performance of pedestrian detection in thermal infrared
surveillance system [6].

Infrared equipment, applied to criminal cases, is used more
andmorewidely.Many researches are based on infrared spec-
trum. The work in [7] investigates a handheld near-infrared
spectrometer for the specific identification of deposited
bloodstains. The work in [8] describes an innovative model-
ing method for discriminating the ATR FT-IR spectra of var-
ious body fluids, including peripheral blood, saliva, semen,
urine and sweat, to meet the practical demands in criminal
investigations. Thework in [9] aimed atmultilayered automo-
tive paint fragments, which provide crucial links in criminal
investigations and prosecutions. To determine the origin of
these paint fragments, its improved method permits inter-
comparison of OEM automotive paint layer systems using
the IR spectra alone. But these researches are almost about
chemistry method, they are not very intuitive. The testing
instruments are precise and complex; we cannot get results
at the scene immediately. Through infrared thermal imager,
the traces can be obtained quickly and easily, which improves
efficiency.

Biologically, tomaintain the stability of the number of cells
in the organism itself, programmed cell death, or apoptosis,
occurs, which is strictly regulated by a series of genes. This
regulation relationship can be applied to our construction of
infrared handprint image restoration model. The disappear-
ance of mark is affected and controlled by the surrounding
pixels.

In recent years, many scholars at home and abroad have
been deepening the study of apoptotic mechanism. In 2010,
Shi Yigong et al. summarize recent advances in structural
biology in the regulation of apoptotic molecules, mainly Cas-
pase and protein functions directly related to Caspase activity
regulation [10]. In 2014, Chai Jijie and Shi Yigong review
recent advances in the activation mechanism of apoptotic and
inflammatory complexes [11]. In 2017, Candeias E et al. find
that GLP-1/IGF-1 signaling and autophagy mediate Exendin-
4have protective effects on apoptosis in type 2 diabetic
rats [12]. And a promising treatment against the chronic com-
plications of Type 2 diabetes affecting the brain is discussed.
In 2018, ZhouH et al. confirm that CK2 alpha serves as a neg-
ative regulator of mitochondrial homeostasis via suppression
of FUNDC1-required mitophagy, favoring the development
of cardiac IR injury [13]. In 2018, Galluzzi Lorenzo et al.
unveil novel mechanisms that orchestrate multiple cell death
pathways, and propose an updated classification of cell death
subroutines focusing on mechanistic and essential aspects of
the process [14].

Based on the mechanism of cell apoptosis and consider-
ing the correlation of time series, we propose an infrared
handprint image restoration algorithm. Firstly, the training
process is used to construct a gray-scale feature model of
the infrared handprint image from the previous moment to

the next moment. Six feature points are collected from the
previous moment infrared handprint image, and their gray
values are obtained; then six points in the same positions are
found in the next moment infrared handprint mark image, and
the gray values of the pixels and their four neighborhoods
are obtained; using the four-neighborhood gray values and
the gray values of the feature points at the previous moment
image, the functional relation is constructed and the relational
coefficient is calculated; the best segmentation threshold of
the previous moment infrared handprint is obtained by maxi-
mum inter-class variance, and the range of function model is
determined by adjusting parameters; several sets of infrared
handprint image models based on time series transformation
are constructed continuously and their scope of action is
determined. The model obtained from the training process
can eventually deduce the rough shape of the original infrared
handprint image from the last minute infrared handprint
image.

II. PROBLEM ANALYSIS
Under the law of thermodynamics, the system we study is
always in the process of change and development. It acts with
the environment through the border and exchanges energy,
such as work and heat. There aremany spontaneous processes
in nature, for instance, the spontaneous transfer of heat from
a high-temperature object to a low-temperature object, which
is caused by potential difference [15].

In the experiment, people put their hands on the wall and
left some marks of temperature. Because the hand temper-
ature is slightly higher than the wall temperature, there is
a temperature difference between the system and the envi-
ronment. The temperature difference is the driving force of
heat transfer, and there is heat transfer with temperature
difference. The heat transfer process can be divided into
three modes: heat conduction, thermal radiation and thermal
convection.

Actually, the thermal transmission is often superimposed
by a variety of heat transfer modes, involving many factors
such as wind speed, light, temperature and so on.

A. THE CASE ANALYSIS
A real case occurred in a village in Tancheng, Linyi City,
Shandong Province, China. It was a hazy sunrise in July.
A middle-aged man who lived opposite his mother’s house
heard some weird noise outside. Through the windows, he
saw his mother and the psychopath who lived next to her
pushing her room’s door back and forth. His mother bowed
her head and pushed hard at the door in a half kneeling
position. The man ran to his mother at once but it was still
late. The psychopath has left and the old lady was dead. The
old lady felled to her knees. Her head was bloodstained. And
the outside door handle was missing.

No evidence was found at the scene. The psychopath was
most likely a suspect. The head of the victim was obviously
injured by sharp objects. Later, the police found the missing
door handle in the house of the psychopath. There is no
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FIGURE 1. Apoptotic process.

suspect’s or victim’s DNA on it after laboratory tested. The
investigation of the case has fallen into a bottleneck.

After a long time of investigation, the investigators finally
found that there was a nail in the inner bolt. The nail was
stained with the victim’s bloodstain. In the process of two
people pushing the door back and forth, the nail cut through
the fragile part of the old lady’s head and caused her death.

In this case, if we have a chance to use an infrared thermal
imager for investigation, we can quickly find unusual traces
about the nail or anything else. In larceny cases, although
suspects wear gloves or wipe marks, the heat traces will
not disappear in a period of time. Through the rapid and
comprehensive inspection of the scene by the infrared thermal
imager, the efficiency of solving cases is increased. Also, save
time, manpower and material resources.

B. APOPTOTIC MECHANISM
In general organisms, the number of cells needs to be pre-
cisely regulated. Apoptosis refers to the spontaneous and
orderly death of cells controlled by genes, also known as
programmed cell death, in order to maintain the stability of
the organismic internal environment [16], [17]. Apoptosis
is an active process involving the activation, expression and
regulation of a series of genes. Normal regulation of apoptosis
is closely related to cancer, autoimmune diseases, neurode-
generative diseases and other diseases. If cells proliferate too
much, they cause cancer. If there are toomany apoptotic cells,
neurodegenerative diseases such as Alzheimer’s disease can
be caused. Apoptosis regulation must be controlled strictly.
The general process of apoptosis is shown in Figure. 1.

C. CHARACTERISTIC ANALYSIS OF INFRARED HANDPRINT
IMAGE
Each pixel on the infrared handprint image is regarded as a
cell in the organism. As time goes by, the infrared handprint
mark will gradually disappear, which can be seen as the
apoptosis of cells. Cell apoptosis is strictly regulated by a
series of genes, and the disappearance of infrared handprint
mark is also affected by a series of factor6s, such as the

FIGURE 2. ‘Apoptotic’ process of handprint image.

four neighborhoods of a pixel. The process of approximate
‘Apoptosis’ of infrared handprint image is shown in Figure. 2.
The infrared handprint scene is shown in Figure. 3.

Under visible light conditions, it is hard to judge whether
the wall has been touched or not. But through infrared spec-
troscopy images, it is much easier. In actual investigation
scene, images we collected are always several minutes later.
In this paper, for instance, ideally, we discuss about 3-minute
images. When the hand has left the wall for about 3 minutes,
although there are still some handprints, no specific marks
of the hand can be distinguished. We simplify complex non-
linear problems. Build three models to establish the relation
between 1-second and 1-minute infrared handprint images,
1-minute and 2-minute infrared handprint images, 2-minute
and 3-minute infrared handprint images. Each relation is
affected by different factors. Thus, the initial appearance
of the handprint is restored by the 3-minute (last) infrared
handprint image. If the process is simplified, the error of
recovery will appear. The effect of restoring handprint is not
very good. We need smaller time intervals, but this increases
the complexity of the calculation.

III. INFRARED HANDPRINT MARK IMAGE RESTORATION
ALGORITHM BASED ON APOPTOSIS
A. APOPTOTIC PROCESS
The gene regulationmechanism of apoptosis was firstly made
from the study of Caenorhabditis elegans. The four genes
of EGL-1, CED-9, CED-4 and CED-3 strictly controlled
the programmed death of nematode cells. CED-3 encodes
a cysteine protease CED-3, which is activated by CED-4.
The function of CED-4 is inhibited by CED-9, and CED-9 is
inhibited by EGL-1. They form a precise regulatory system.
In mammalian cells, the process of apoptosis is usually
divided into exogenous and endogenous pathways. Cas-
pase family is closely related to the regulation of apoptosis
[10], [18]. The approximate apoptotic process is shown
in Figure. 4.

In the exogenous pathway, the external inducer of the
cell triggers the ‘death receptor’, sends out a death signal,
activates Caspase-8, and thus performs apoptosis. In the
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FIGURE 3. Infrared handprint scene(the temperature is about 19◦C to 24◦C, humidity is about 40% to 50%, indoor, no wind, daytime; and the testing
hands are in good conditions): (a) Hand original image I; (b) Wall visible light image I; (c) Leave 3 minutes mark I; (d) Hand original image II; (e) Wall
visible light image II; (f) Leave 3 minutes mark II.

FIGURE 4. Apoptosis (AIF: Apoptosis inducing factor; Cyt-c: Cytochrome c; Z-VAD.fmk: Valine-alanine-aspartate).

endogenous pathway, cell apoptosis is triggered by intracel-
lular events (such as DNA damage). Cytochrome c is released
by Bcl family proteins on the outer membrane of mitochon-
dria. Cytochrome c interacts with a large protein, Apaf-1,
to activate the initial Caspase-9, and then downstream effects
such as Caspase-3 and-7 are activated. In mammalian cells,
there are factors that regulate this process, namely apoptosis
inhibitory proteins (IAPs). IAPs can bind to Caspase-9 and
Caspase-3, -7, preventing their enzyme activity.

B. CONSTRUCTION OF INFRARED HANDPRINT MARK
RESTORATION MODEL
The disappearance process of handprint image can be analo-
gized to the process of apoptosis. According to the laws of
thermodynamics, the disappearance of handprints is super-
imposed by a variety of heat transfer modes. Heat conduction
usually occurs inside the object, similar to the endogenous
pathway of apoptosis. Thermal convection and thermal radi-
ation occur at the boundary of the object and can be similar
to the exogenous pathway of apoptosis.

Due to the diversity of the environment and the different
heat dissipation of different material carriers, the handprint
image cannot be completely preserved. It is necessary to con-
struct a model to restore the approximate appearance of the

FIGURE 5. Infrared handprint image restoration algorithm flow chart.

handprint image to get more information. Figure. 5 is a flow
chart of the infrared handprint mark restoration algorithm.

In order to construct restoration models of infrared hand-
print marks, it is necessary to carry out a training pro-
cess firstly to find the relationship between the remaining
handprint mark images as time passes. Using infrared cam-
eras, the handprint images on the wall are collected, which
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are after the hand left for 1 second, 1 minute, 2 minutes
and 3 minutes. The reason why we chose this three kind
of handprint images is that we want to simplify the com-
plex problem. If the time interval is very small (approach
zero), we can regard nonlinear problems as linear problems
approximately.

If the gray value relation between 1-second and 1-minute
infrared handprint mark images is found, then the relational
model between the two images is constructed, thus we can
complete the process of inferring one second infrared hand-
print mark from 1-minute infrared handprint mark. Based
on the previous experience, six feature points are selected
from the center of palm and each finger. Manual selection
can be quickly and accurately. These six areas respectively
represent the thumb, index finger, middle finger, ring fin-
ger, little thumb and palm part of the hand. The correlation
between them is low, and the feature difference is obvious.
Firstly, six pixels x00, x01, x02, x03, x04 and x05 are selected
in the known one-second hand-print gray-scale image, and
the gray-scale values of the six pixels are obtained as
follows:

x00 = I0 (i0, j0) ; x01 = I0 (i1, j1) ; x02 = I0 (i2, j2) ;

x03 = I0 (i3, j3) ; x04 = I0 (i4, j4) ; x05 = I0 (i5, j5) (1)

The size of one second hand-print gray-scale image I0 is
M × N , i and j are coordinate positions in the image.
i = 0, 1, . . . ,M , j = 0, 1, . . . ,N . Generally, the pixel points
we select are the points in the figure that can reflect more
gray information, that is, the local central area or the area with
large gray value.

In the infrared handprint mark image I1, after the hand
left 1 minute, six pixel points x10, x11, x12, x13, x14, x15
which are the same positions as those selected in the
one-second handprint mark image are found. The gray
value and the gray value of its four neighborhood points
respectively are

x10 = I1(i0, j0); x11 = I1(i1, j1); x12 = I1(i2, j2);

x13 = I1(i3, j3); x14 = I1(i4, j4); x15 = I1(i5, j5) (2)

I1(i0, j0 − 1), I1(i0, j0 + 1), I1(i0 − 1, j0), I1(i0+1, j0);

I1(i1, j1 − 1), I1(i1, j1 + 1), I1(i1 − 1, j1), I1(i1+1, j1);

I1(i2, j2 − 1), I1(i2, j2 + 1), I1(i2 − 1, j2), I1(i2+1, j2);

I1(i3, j3 − 1), I1(i3, j3 + 1), I1(i3 − 1, j3), I1(i3+1, j3);

I1(i4, j4 − 1), I1(i4, j4 + 1), I1(i4 − 1, j4), I1(i4+1, j4);

I1(i5, j5 − 1), I1(i5, j5 + 1), I1(i5 − 1, j5), I1(i5+1, j5)

(3)

Construct a 1-minute handprint mark image in the pixel
four neighborhood gray value as a function of the corre-
sponding pixel point gray value in the one second handprint
mark image, with four coefficients a, b, c, d(both constant),

to establish a simple function equation, as follows:



I0(i0, j0)=aI1(i0, j0 − 1)+ bI1(i0, j0 + 1)+ cI1(i0 − 1, j0)
+ dI1(i0 + 1, j0)

I0(i1, j1)=aI1(i1, j1 − 1)+ bI1(i1, j1 + 1)+ cI1(i1 − 1, j1)
+ dI1(i1 + 1, j1)

I0(i2, j2)=aI1(i2, j2 − 1)+ bI1(i2, j2 + 1)+ cI1(i2 − 1, j2)
+ dI1(i2 + 1, j2)

I0(i3, j3)=aI1(i3, j3 − 1)+ bI1(i3, j3 + 1)+ cI1(i3 − 1, j3)
+ dI1(i3 + 1, j3)

I0(i4, j4)=aI1(i4, j4 − 1)+ bI1(i4, j4 + 1)+ cI1(i4 − 1, j4)
+ dI1(i4 + |1, j4)

I0(i5, j5)=aI1(i5, j5 − 1)+ bI1(i5, j5 + 1)+ cI1(i5 − 1, j5)
+ dI1(i5 + 1, j5)

(4)

The four coefficients correspond to the characteristics of
each part of the four fields. The reason why we set the coeffi-
cients as constant is to simplify the calculation. Although the
operation increases the error to some extent, it is still within
the acceptable range. By solving this equation, the gray value
relational coefficients a, b, c, and d of each pixel in 1-minute
and 1-second handprint marks can be obtained. Using the four
relational coefficients obtained by equation (4), the partial
pixel points are counteracted in the 1-minute handprint mark
image, so that the approximate appearance of the one second
handprint mark image can be inferred.

Similarly, a group of 1-minute and 2-minute hand-print
images, and a group of 2-minute and 3-minute hand-print
images can be used to find the approximate relational model
between the gray values of the pixels in the two images. In this
training process, the known are the input gray image (infrared
handprint image at the previous moment) and the output gray
image (infrared handprint image at the latter moment). What
we need to find is the systematic relation between the two.

C. DETERMINING THE SCOPE OF THE IMAGE
RESTORATION MODEL
Based on a specific experimental environment, we can know
the fact that the environment (include temperature, humidity,
wind speed and so on) is relatively stable. The background
area of the handprint image obtained by the infrared camera
does not change much. When using the coefficient relation
to reverse the infrared handprint mark image of the previous
moment, the relation should be applied to the target area
(hand area) in the image instead of the entire image. During
the training process, the Otsu threshold segmentation algo-
rithm [19], [20] can be used to segment the infrared handprint
image of the previous moment (e.g. one second) to obtain the
optimal segmentation threshold t∗.
For a specific infrared handprint image, a threshold range

is obtained by adjusting t∗ up and down. The pixels in this
range are transformed by the relational coefficients. And the
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TABLE 1. Coordinates and gray values of six pixels in the one second
image.

TABLE 2. Gray values of six pixels and their four neighborhoods
in 1-minute image.

handprint image of the previous moment can be derived from
the latter moment image.

IV. RESULTS AND ANALYSIS
The indoor environment temperature is around 19◦C to 24◦C,
humidity is about 40% to 50%, no wind. Several sets of
infrared handprint mark on thewall were taken by the infrared
camera Fluke Tix640.

A. CONSTRUCTING GRAY-SCALE MODEL OF INFRARED
HANDPRINT AND SEARCHING SCOPE
1) ONE SECOND AND 1-MINUTE INFRARED HANDPRINT
IMAGES
Search six pixel points in the one-second infrared handprint
mark image, and record its coordinate position and gray
value, as shown in Table 1. In the 1-minute image, six pixels
with the same coordinates are found, and the gray value
and the gray value of the four neighborhoods are recorded,
as shown in Table 2. The optimal segmentation threshold t∗ of
target and background in the one second image is 110.007 by
using the method of maximum inter-class variance.

The relational model between two infrared handprints
is constructed, and the coefficients are 24.3802, −5.5444,
−13.8414 and −2.2426. Then the relation between one sec-
ond and 1-minute infrared handprints is as follows.

I1s(i, j)= 24.3802∗I1min(i, j− 1)−5.5444∗I1min(i, j+1)

− 13.8414∗I1min(i−1, j)−2.2426∗I1min(i+1, j)

(5)

2) 1-MINUTE AND 2-MINUTE INFRARED HANDPRINT
IMAGES
Search six pixel points in the 1-minute infrared handprint
mark image, and record its coordinate position and gray
value, as shown in Table 3. In the 2-minute image, six pixels

TABLE 3. Coordinates and gray values of six pixels in the 1-minute image.

TABLE 4. Gray values of six pixels and their four neighborhoods in the
2-minute image.

TABLE 5. Coordinates and gray values of six pixels in the 2-minute image.

TABLE 6. Gray values of six pixels and their four neighborhoods in the
3-minute image.

with the same coordinates are found, and the gray value
and the gray value of the four neighborhoods are recorded,
as shown in Table 4. The optimal segmentation threshold t∗

of target and background in the 1-minute image is 49.011 by
using the method of maximum inter-class variance.

The relational model between two infrared handprints
is constructed, and the coefficients are −1.0320, 0.5926,
−2.4844, and 4.4554. Then the relation between 1-minute
and 2-minute infrared handprints is as follows.

I1min(i, j)=−1.0320∗I2min(i, j−1)+0.5926∗I2min(i, j+1)

− 2.4844∗I2min(i−1, j)+4.4554∗I2min(i+1, j)

(6)

3) 2-MINUTE AND 3-MINUTE INFRARED HANDPRINT
IMAGES
Search six pixel points in the 2-minute infrared handprint
mark image, and record its coordinate position and gray
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FIGURE 6. Comparison of experimental results.
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value, as shown in Table 5. In the 3-minute image, six pixels
with the same coordinates are found, and the gray value
and the gray value of the four neighborhoods are recorded,
as shown in Table 6. The optimal segmentation threshold t∗

of target and background in the 2-minute image is 37.0005 by
using the method of maximum inter-class variance.

The relational model between two infrared handprints
is constructed, and the coefficients are 0.4305, 0.2476,
0.7542 and−0.2539. Then the relation between 2-minute and
3-minute infrared handprints is as follows.

I2min(i, j)= 0.4305∗I3min(i, j− 1)+0.2476∗I3min(i, j+1)

+ 0.7542∗I3min(i−1, j)−0.2539∗I3min(i+1, j)

(7)

B. EXPERIMENTAL SIMULATION RESULTS AND ANALYSIS
Six 3-minute infrared handprint mark images with the same
shooting conditions are processed by Sobel, Canny, Roberts,
Prewitt operators, one-dimensional OTSU algorithm, region
growth algorithm, watershed segmentation algorithm and our
algorithm respectively. The results are shown in Figure. 6.

From the comparison of the results, it can be seen that
Sobel, Canny, Roberts, Prewitt operators and watershed
segmentation algorithm are difficult to draw the outline of
handprint images, and the segmentation results are bad.
The one-dimensional Otsu algorithm only extracts part of
the target area of handprint images, and it is incomplete.
The region growing algorithm is better than one-dimensional
Otsu algorithm in extracting target contour, but there are large
uncertain regions (black areas) in the target. The algorithm in
this paper can locate and restore the outline of the handprint
mark more accurately, give the positions of thumb or pinkie
especially in Image 1, 3, 4 and 5.The uncertainty area is
much smaller. Therefore, our algorithm is better than other
traditional methods in processing infrared handprint mark
images.

In order to further detect the accuracy of the algorithm,
the extracted result (EI) is quantitatively evaluated, and
the result is manually extracted as a reference standard
image (Ground Truth, GT), that is, the evaluation basis. The
schematic diagram of the relationship between the reference
standard and the extraction results is shown in Figure.7.
Concretely, true Positive (TP) represents the number of pixels
that are correctly classified as the target. True Negative (TN)
indicates the number of pixels that are correctly classified as
the background. False Positive (FP) denotes the number of
pixels misclassified as the target. False Negative (FN) denotes
the number of pixels incorrectly classified as the background.

Firstly, a factor Y is proposed to distinguish whether the
classifier is good or not, that is,

Y =
(

TP
TP+ FN

− 1
)2

+

(
FP

FP+ TN

)2

=

(
FN

TP+ FN

)2

+

(
FP

FP+ TN

)2

(8)

FIGURE 7. A schematic diagram of the relationship between reference
criteria and extraction results.

This factor directly reflects the quality of the classifier,
that is, the closer the value of Y approaches zero, the bet-
ter the classifier is. Because FPR = 0, TPR = 1, that is,(

FP
FP+TN = 0, TP

TP+FN = 1
)
, it represents the optimal classi-

fier. The new discriminant factor Y represents the degree of
difference between the discriminant classifier and the best
classifier. The smaller the value of Y is, the smaller the
difference between the discriminant classifier and the best
classifier is. The Y value in formula (8) includes two items:

one is
(

TP
TP+FN − 1

)2
, which represents the square of the

complement set of true positive rate. And the true positive rate
should be assigned as the proportion of the target actually the
number of targets to the true target number. The true positive

rate is the best when the true positive rate is 1,
(

TP
TP+FN − 1

)2
represents the difference degree from the optimal classifier.
The smaller the value is, the closer the true positive rate is to

1, and the better the classifier is. The other one is
(

FP
FP+TN

)2
,

which indicates the square of the false positive rate. The false
positive rate is the percentage that should be assigned as
the background but is assigned as the target number to the
real background. The smaller the value is, the smaller the
misclassification rates of the background is, and the better
the classifier is.

Secondly, a factor X is proposed to distinguish whether the
classifier is good or not, that is,

X =
FN+ FP
FN+ FP

=
FN+ FP

P
(9)

P= FN+ TP represents the sum of the actual target which
is misclassified into the background plus the actual target
which is correctly classified as the sum of the number of
targets, that is, the total number of real targets. FN + FP
represents the number of actual goals that are misclassified as
backgrounds plus the number of actual backgrounds that are
misclassified as goals. It can be said that FN+ FP represents
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TABLE 7. Quantitative analysis of contrast experiments.

the sum of the number of misclassified content. Definition X
is the proportion of the sum of the number of misclassified
content to the total number of real goals. Since the total
number P of the real targets is constant, then the smaller the
number of contents that are misclassified is, the smaller the
value of X is, and the better the classifier effect is. Therefore,
the smaller the value of the X is, the closer it is to zero, and
the less the misclassified content is, the better the classifier
is.

Using Y and X to discriminate the image segmentation
effect jointly, we hope that the obtained values are both
smaller. The results of Y and X are shown in Table 7.
It can be found from the table that the indexes of Sobel,

Canny, Roberts, Prewitt operator andwatershed segmentation
algorithm are generally higher, which indicates that edge
detection algorithm and watershed algorithm are not suitable
for extracting infrared handprint images after a period of time.
The indexes of the proposed algorithm are smaller than those
of the region growing algorithm, so our algorithm is better.
In Image 1, 2 and 6, the indexes of our algorithm is smaller
than those of one-dimensional Otsu algorithm. In Image 3,
4 and 5, the indexes of one-dimensional Otsu algorithm is
slightly smaller than that our algorithm, but the difference is
little. From the segmentation results, one-dimensional Otsu
algorithm loses part of the handprint information, while our
algorithm covers more information such as the positions of
thumb or pinkie. Therefore, the proposed algorithm is better
than one-dimensional Otsu algorithm and other traditional
segmentation algorithms in the restoration of infrared hand-
print mark images.

V. CONCLUSION
Aiming at the characteristics of infrared handprint mark
images, this paper proposed a simple infrared handprint mark
image restoration method based on the mechanism of apop-
tosis. The method includes a training process and an imple-
mentation process. Given infrared handprint mark images of
the previous moment and the latter moment, the connection
model between the two is established, and the maximum
inter-class variance method is used to calculate the optimal
segmentation threshold. The parameter values are adjusted.

Based on the correlation of time series, models with different
coefficients are constructed to realize the restoration of the
approximate infrared handprint image. The results show that
our algorithm is simple and feasible. It can restore the infrared
handprint image from 3 minutes to 1 second. This paper only
considers the influence of four neighborhood pixels. In fact,
the disappearance of infrared handprint mark images is also
affected by many factors such as environment, hand temper-
ature, contact material, etc., and needs specific analysis.
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