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Abstract. Person re-identification is a difficult problem to solve in the
process of video analysis of non-overlapping multi-camera surveillance
system. A new algorithm of person re-identification is proposed in the
base of the human segmentation parts in this article. First, the human
body segmentation is achieved based on the depth of bone points. Second,
the optimal key frame is selected by using the scoring strategy for all
parts of the same human multi-frame images segmentation. Different
weights for the global color feature and the HOG feature is assigned.
Third, all the characteristics are combined to establish a human target
model, and EMD (Earth Movers Distance) distance is used to determine
the similarity between the targets. The Kinect REID and BIWI RGBD-
ID databases are used in the experiments. The results show that the
proposed method has stronger robustness and a higher recognition rate.
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1 Introduction

The human body re-recognition is the basic research work of pedestrian gesture,
action and behavior recognition which goal is to correlate pedestrian images
obtained from multiple cameras, and then judge these from the different people
who are estimated images of the human body are the same person [1]. Due to
its non-contact characteristics, this technique has broad application prospects
in monitoring video data processing, automatic photo annotation and image
retrieval.

Early re-identification studies focused on two directions: one is based on
the feature representation of the method. The other is based on the distance
measurement method [2]. The feature class method aims at designing strong
differentiation and stability features. This method improves the accuracy of re-
recognition to a certain extent, but it only considers the human target from
the overall characteristics, and lacks the spatial binding information about the
human target. The measurement method requires a low design requirement for
the feature, from the perspective of the measurement distance. Its performance
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largely depends on the selection of the sample. When sufficient samples are avail-
able, the distance function learned can be generally applied to the recognition
problem in a variety of environments. And when the number of samples are
small, there will be a fitting phenomenon. In addition, the training data samples
need to manually annotate and consume a lot of labor and time costs [3].

In the traditional pedestrian re-recognition methods, pedestrian appearance
is usually viewed as a whole for modeling and matching. In order to improve
the accuracy of human re-recognition, in the identification of the use of local
matching based on the use of pedestrian global appearance processing architec-
ture. The method can better cope with the impact of pedestrian appearance of
the deformation. To this end, the researchers proposed a variety of block based
pedestrian re-recognition method. Alahi [4] et al. Used a set of rectangles range
large from small to divide the human body into multiple rectangular regions, and
then combined each local feature to construct a new appearance model. Mari-
mon [5] et al. extracted the characteristics of the overall image of the pedestrian,
and then divided it into four equal parts, nine equal points, sixteen equal parts,
and then calculate the characteristics. Bak [6] et al. Maximized the distance
between the major color sets of the upper and lower parts of the body, dividing
the body into the upper and lower parts, and using the body position detector to
find a meaningful sub-region. SDALF (Symmetry-Driven Accumulation of Local
Features) method [1]. First, the human body is divided into three parts of the
head, trunk and legs, and then use the body’s symmetry were the trunk and legs
which were divided, according to the symmetry axis extraction weighted HSV
color histogram, the MSCR (Maximified Stable Color Regions) feature, and the
RHSP (Recurrent High-Structured Patches) feature. But this division does not
guarantee accurate part color. For example, if the person’s shirt is longer and
into the leg portion, then the color characteristics of the leg will be contaminated
by unwanted shirt colors.

This paper presents a method of human re-identification based on body seg-
mentation. First, the human body segmentation is performed that it is based on
the depth of bone points. The optimal frame is selected for all parts of the multi-
frame images using the position scoring strategy. And then fused the global color
histogram and HOG characteristics of the body parts of the characterization.
The experimental results show that the pedestrian re-recognition method based
on block matching has higher robustness and higher recognition precision.

2 Partial Segmentation and Optimal Frame Selection

Body segmentation means that the human image is divided into several mean-
ingful parts according to the human body structure. Proper and accurate seg-
mentation not only can improve the recognition accuracy, but also reduce the
complexity of the subsequent image processing. In this paper, the segmentation
process is shown in Fig. 1.
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Fig. 1. Flow chart of human division

2.1 Segmentation Based on Depth of the Skeletal Point

For the foreground image that has been denoised, the segmentation of this paper
is based on the position information of 20 skeletal nodes corresponding to the
human body in the Kinect Camera coordinate system [7], as shown in Fig. 2.
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Fig. 2. Marked with 20 skeletal nodes of the human body

2.1.1 Draw a Rotating Rectangle

Select the location of the two ends of the skeleton nodes, the distance between
the nodes are long of the rectangle. According to the experiment and experience.
In addition to the width of the trunk part of the long two-thirds, other parts of
the width are set to a long one-half. The midpoint of the coordinates of the two
skeletal nodes are set as the rotation center of the rotating rectangle, and the
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rotation rectangle is drawn with the angle between the connection of the two
skeletal nodes and the horizontal plane, as shown in Fig. 3.
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Fig. 3. Draw rotating rectangle

2.1.2 Partial Segmentation

Modern clothes have many styles and colors, the color of the sleeves and the
torso is often part of the pattern of color which is not the same, the pants of the
thigh and calf at the color may not be the same. And the head area is relatively
subtle, not easy to extract effective information, feet area is easily blocked. Based
on the above considerations, except to the head and the foot. The whole body
is divided into 9 parts which are trunk, right upper arm, right lower arm, left
upper arm, left lower arm, right thigh, right calf, left thigh, and left calf. There
are 9 pictures in the human body on the rectangle inside the box is part of the
split out of the human body, as shown in Fig. 4.
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Fig. 4. 9 Parts after the human body segmentation

2.2 Optimal Frame Selection Based on Site Scoring

Because of the human always moving in the shooting process. The angle and
gesture of the Kinect relative to the moving target are different greatly dur-
ing the period of time. Different parts may be blocked at different times.



478 H. Jiang and L. Zhang

So the integrated multi-frame image, the block or other reasons for the loss
of the use of other parts of the frame image to complement the corresponding
parts. The use of site scoring strategy, the body of the 9 parts was selected
optimal image preservation.

Among them, the site score using the following three indicators

(1) The ratio of the non-background area to the entire pair of images
Traverse the entire image, the pixels are as white as the background part,
the sum is represented by A, The foreground is indicated by sums, set the
foreground part of the ratio of the whole image is A, which is

A sume (1)
sumsi + sums

(2) Angle difference of human body
The human target in the Kinect of Camera coordinate system is shown in
Fig. 5.
The x, y, z direction of the angle difference were recorded as «, 3,y that set
the total offset of x, in order to illustrate the effectiveness of the algorithm,
the two images of the same human body in different sets are selected under
different illumination and angle conditions, and two different images of the
same human body have a viewing angle of 90 to 180°, So the query set
and the candidate set of the human body image selection have the biggest
difference in the shooting angle, which is

- 180— 180—
X = 181%0a + 1805 + 18077 Query set
780 + 1% + 130+ Candidate set

(2)

(3) Image quality evaluation

Kinect device

Fig. 5. The angle of the human body under the Kinect perspec-tive

There are two image quality evaluation in the general idea. One is subjective
evaluation: subjective evaluation of the image quality by the observer; the other
is objective evaluation: the use of algorithms to assess the image quality. Sub-
jective evaluation methods are unavoidable and consistent with the subjective
feelings, but they are also subjects to the subjective factors such as the profes-
sional background, psychological and mood of the observer. Objective evaluation
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method is accurate and fast. It has a unique assessment value and is more suit-
able for use in the actual project, but it and the subjective feelings of people
have a certain access.

This paper uses a gradient-based common image sharpness evaluation func-
tion Tenengrad [8]. The function employs operators to extract gradient values
in both horizontal and vertical directions respectively, Defined as followed

Ten = %*ZZS(z,y)Q (3)

Where S(z,y) = /Gy * I(z,y) + Gy * I(z,y) is the gradient of the image I
at (z,y),Gs, Gy for Sobel convolutions, Respectively as

—10+1 ~1-2-1
G.=|-20+2|,G,=|0 0 0 (4)
—10+1 +142+1

n is the total number of pixels in the image.
Based on the above indicators and assigned different weights, the overall
score for each position is K

1 3 1
K= §A+1—OTen+5X (5)
Each site of the human body takes the highest rated image as a sample.

3 Feature Design

The process of human re-recognition in this article is shown in Fig. 6.
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Fig. 6. Receptor flow chart of human target
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3.1 Global Color Characteristics

The color feature is an important attribute to the image. RGB color space is
composed of three primary colors that are mixed, the physical meaning is clear
and suitable for the work of the picture tube, but the RGB color space does not
have the light either the deformation and spectral invariance, and HSV color
space is relative to these advantages. So the database image from RGB space
to HSV space to experiment. Although the color histogram have the advantages
which are simple to calculate, it has features that are insensitive to scale. But
loses the spatial relationship between colors. Aibing Rao proposed the use of
circular color histogram [9] to characterize the spatial characteristics of the color
of the method to solve the problem.

Make A;; = |R;j|, for i =1,2,...,M and j = 1,2,..., N, so get an matrix
MxN : A= (Aij)mxn- This matrix is a circular color histogram that represents
the number of colors in a ring, the row represents the color value, the column
represents the number of rings, |R;;| indicates the number of color values 4 in
the j rings. The measure of the circular color histogram is defined as

M N
d(I,.7) = | > (Aij — By)? (6)

i=1 j=1

3.2 Directional Gradient Histogram

The so-called histogram of oriented gradients (HOG) refers to a local region
descriptor based on the gradient direction [10]. It constructs local and global
surface features by statistically localized gradient histograms. Due to the normal-
ization of local and global gradient histograms, it has a strong anti-interference
ability for slight changes in the surface of the human body caused by changes
in light factors. The main idea of the HOG feature is to describe the shape of
the local target in the foreground of the human body using the gradient of the
gradient or edge.
Set the gradient of pixel (z,y) in the input image be

Gw(l‘,y):H(.’E-i-l,y)—H(l‘—l,y) (7)

Gy(x,y):H(x,erl)—H(x,yfl) (8)

Where G (z,y), Gy(x,y), H(x,y) respectively represent the horizontal gra-
dient, vertical gradient, and pixel values at pixel (z,y) in the input image. The
gradient amplitude G(z,y) and the gradient direction «a(x,y) at pixel (z,y) are

G(,9) = /Galw,)? + Gy (w,9)? (9)

Go(,y)

Gy(w,y) 10)

a(a,y) = tan~!|
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3.3 Similarity Measure

Bhattacharyya distance has been widely used in image processing and computer
vision due to the faster speed of operation. But because of the real scene at
different times, the location of the same human body targets often exist pos-
ture, angle changes, easily lead to HOG characteristics of the shift. If the use
of only two goals corresponding to the gradient histogram comparison of the
Bhattacharyya distance method, the mismatch rate is bound to increase. The
EMD cross distance [11] avoids this situation, which is often used to measure
the similarity of a set.

The HOG feature P of the human body is represented as a set of multiple fea-
ture sets, P = ((a1,wa1), (Q2,wa2), - - -5 (Qm, Wam)), @ represents a directional
gradient histogram vector, and w,,; represents the weight of the vector «;. Then
the EMD distance of the HOG feature P4 = ((a1,wa1), (a2, wa2), - -« (Gm, wWam))
of the target A and the HOG feature Pg = ((b1,ws1), (b2, wp2), - - -, (b, Whm)) of
the target B are defined as

Deup(A, B) = "}WW | =
T X i

Where d;; is the European distance of vector a; and vector b;, and f;; is the
transport stream.

Fusing the color feature and the HOG feature matching result, and then
measuring the similarity among all the human body in the target body and the
candidate set. Set v, u be the weight of the color feature and HOG, and the
integrated distance between the two targets A and B is

D(A, B) = YDeotor (A, B) + uDpnp (A, B) (12)
Where Deior(4,B) = , [1= 3 %
Several experiments were done to set the weight to v = 0.65, u = 0.35.

4 Experimental Results and Analysis

Generally speaking, the body re-recognition will have two sets of data sets,
query set and candidate set. This experiment is carried out in the Kinect REID
database and the BIWI RGBD-ID database. These two databases are based on
the depth of information on the human body to re-identify the common database.
General re-recognition of the human body as a similarity sorting problem. The
mainstream of target identification criteria is CMC curve(cumulative matching
curve) [12]. The ranking k in the CMC curve represents the search for the target
body in the candidate set. In the first k search. Results find the ratio of the
target body to be queried. In this paper, the use of the evaluation criteria, and
only use of color features, only use of HOG features and projection method of
three methods for comparison.
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4.1 Test Results and Analysis of Database Kinect REID

Kinect REID database have total of 71 human bodies, each body have about 120
frames, Fig. 7 are parts of the data example. 120 frames data of each human body
randomly selected 60 as the query set, the remaining 60 frames as a candidate
set, the two sets of each human body target segmentation, and then select the
optimal score through the part of the frame.

Recognltion Rate(%)

—#— Vertical Projection
—&—Horizontal Projection
—¥—Vertical+Horizontal
—»—Color
—6-Color+Vertical+Horizontal
-B-HOG
—7-Color+HOG

Fig. 8. The algorithm results in the database Kinect REID

As can be seen from Fig. 8 combining the color feature with the HOG feature
significantly improves the recognition rate. Table 1 shows the comparison of the
results of this algorithm with the SDALF, MCMimpl, SGLTrP3 and ED + SKL
methods. It can be seen that the SGLTrP3 recognition rate is 66%, better than
this and other methods at the first matching rate. But from the fifth recognition
rate, this method is 94.3%, much higher than the other four methods.

4.2 Test Results and Analysis of Database BIWI RGBD-ID

Database BIWI RGBD-ID consists of two parts. Namely, Still dataset and Walk-
ing dataset, each part also contains training set of 28 human bodies and test set
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Table 1. The algorithm is compared with other algorithms in the Kinect REID

database

Method Rec® rate 1 | Rec rate 5 | Rec rate 10 | Rec rate 30 | Rec rate 50
SDALF [13] 41% 70% 82% 98% 100%
MCMimpl [13] 51% 78% 87% 99% 100%
SGLTrP3 [14] 66% 82% 91% 100% 100%

ED + SKL [15] 56% 86% 94% 100% 100%

The method of this article | 57.7% 94.3% 97.2% 100% 100%

2Notes: Rec is logogram of Recognition.

Table 2. The algorithm in this section is compared with other algorithms in the Still

dataset

Method Rec? rate 1 | Rec rate 5 | Rec rate 10 | Rec rate 30 | Rec rate 50
Face + Skeleton (SVM) [16] | 52% 81% 90% 98% 100%
Nearest Neighbor [17] 27% 45% 82% 97% 100%

ED + SKL [15] 31% 68% 81% 100% 100%

The method of this article |58.9% 91.0% 98.7% 100% 100%

2Notes: Rec is logogram of Recognition.

of 50 human bodies. Taking into account the lack of training part of this article
and if only a separate use of the query set or candidate set of experimental sam-
ples less, so mix the training set and test set together, there are total 78 people
for re-recognition experiments (Table 2).

Recognltion Rate(%)

—A—Horizontal
—=Color

-B-HoG

—#— Vertical Projection
—¥— Vertical+Horizontal
—©-Color+Vertical+Horizontal

—F- Color+HOG
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Fig. 9. The experimental results of this algorithm in the Still dataset section

Figure9 shows the recognition results of the seven curves using the color
feature, the typical method, the HOG feature, and the combination of the two
in the Still dataset section. When the HOG feature is used only, the recognition
rate of the top 10 is lower, but after the combination of the two of then, the
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recognition rate has been significantly improved, the first matching rate reach
at 58.9%, the 10th matching rate at 98.7% which is higher than other similar
algorithms (Fig. 10).
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Fig. 10. The experimental results of this algorithm in the Walking dataset section

Table 3. The algorithm in this section is compared with other algorithms in the
Walking dataset

Method Rec? rate 1 | Rec rate 5 | Rec rate 10 | Rec rate 30 | Rec rate 50
Face + Skeleton (SVM) [16] | 43.9% 4% 85% 96.5% 100%
Nearest Neighbor [17] 21% 43% 7% 97% 100%
ED + SKL [15] 26% 61% 78% 100% 100%
The method of this article |46.2% 80.7% 91.0% 100% 100%

2Notes: Rec is logogram of Recognition.

Table 3 compares this algorithm with the methods of machine learning algo-
rithms such as Face + Skeleton (SVM), Nearest Neighbor and ED + SKL, except
that the method is slightly 2.3% higher than the SVM method at the first match-
ing rate. The rate of the beginning of the other matching rate, the algorithm has
achieved the highest recognition rate.

5 Conclusion

In this paper, we propose an accurate segmentation of the human body according
to the depth information of the human joints. The optimal frame is selected as
the experimental sample for the multi-frame images of a human. It is proved
that the human body segmentation based on deep bone nodes can enhance the
robustness to occlusion problem, angle of view change and attitude change. In
the re-recognition stage, a new object recognition algorithm combining color
feature and HOG feature is proposed to improve the recognition rate. The next
step is to improve the HOG characteristics and find better description features
to further improve the recognition rate.
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