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(College of Systems Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract With the Internet of Things, big data, artificial intelligence making breakthroughs in the field of

security, public video monitoring systems have developed quickly in recent years. The equipment generates

massive amount of unstructured data, through analysis and research on pedestrian trajectory of video

data, it can be found that the hidden behavior patterns contained which have an important research value.

The article uses the multiple object tracking algorithm based on object detection to extract and describe

the pedestrian movement trajectory in the surveillance video of subway station and mall exits, and then

analyzed the trajectory pattern of pedestrians on the basis of trajectory. Aiming at the characteristics

of pedestrian trajectory, a trajectory clustering method based on trajectory similarity was designed and

implemented on the basis of point density clustering algorithm. The results showed that the method can

effectively extract pedestrian trajectories, and extract trajectory patterns from large types of trajectory

data.

Keywords object detection; multiple object tracking; trajectory clustering; trajectory pattern; crowd

behavior
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�. ����������������	������, ����	�	������������. �

������� �� [1] (emergency events database, EM-DAT) �
�!, � 1900 � 2019  10 � 31

 !�!Æ �""# 10 �
#��$�� 18 $, "# 3247 �. %" �#$���%: 2014  12 �

31 &, &#!%&!'""�"��$���� 36 �"#; 2015  9 � 24 &, ''# $Æ!�"�$

��, �( 2236 �"#. �%�", ����	
����)���#(, ��$ &*������%+

#$( [2].

# �, ��),��, )&��, ),$����, ���'-),'("!%�(&)**� �,

&*%"++�,-��	�+,-. ,�*-.', %./.�/)..�()/����0/0*0*

*�"��	�+, 10+2� [3] 11%"�2-0/. 10+2� (multiple object tracking)� (12
1�*�"�130+3���2,�2�. ��/)..���, 
 YOLO[4] +-.� “one-stage” �


Faster R-CNN[5] +-.� “two-stage” �0+�/0/, �0/4�0+�/�4)�+). ��&�)3

�!33#%�,5�.!, .�0+�/�0+2�0/ (tracking-by-detection) &10+2�-4".
1+ /.

04, 5�%./,���*�"��	�+�010*. 2�, 6567�.352 [6] ��0�12

6	6�0+�/�0+2��0+#4+2��),����. 87�.78 [7] ��/��*2-93

��"5�6��/�0+2�0/. 6%./ Nikouei[8] ��/�12-9%: CNN 0/, 6478:

;2�85),��", 7%604)4, 56989�:7. 81&;�<;"5, =:9*, <:�<;

.'), #;��<=6&�!3>;�<=.

,��	�+#(<=, �>./�81?-�� [9,10] #(����9.�+, %" Henderson[11−14]

6?��9.�/��9.���85�	�#�@�#(<", &:��%Æ@�,%Æ@�4/>, 8

A??��Æ;@A - =B$A4)#>��B;. Helbing[15] C�1/��9.��, &���1D:�

�4/>, 8C��4=B$A�?��9.���B;�B���	�. E� Helbing, Johansson[16,17] �

,�/��9.����C/�DF�;B;3��+�<=, /�1��9��, 6�����9#+%
C�9�D?9�E=9, 86&�$E<;, @ F!��<= [18]. Moussäıd[19] �(8�+F�E��

G<%"G&��@, G��&��A&�	�+��#(, BH!I1���*=,- [20,21],  �>C4

H, 8C/�%9��B;. Porter[22] ��H�?3���'7, /�1 IM ��(), G���
I5�

	1��9����+F�E��
�D?@.��, �J?���:I, ��>*160%. ?4�9.

����	>��+�
%I5�B;HK, 81�3��B; �A�, H �LJ0E (
M?�@
+ .

�N���*�"OK1�%�PQ �, +CE3��+�E�G</R1,-� �.F, B20

;, ����47%�J�+�)CPQ ����4, �"�
G<�AG&!%��PQ"�PQ'B

��@, ��	�+��, CH�+�/�$ &*�%�$(DE, 8����&F�)%�D3��'

7, ��C3PQ�G<%���A�.�4 [23] 1G<PQ�E�2-H80/,G%&�+�EG<��

", �(�PQ �KL��PQ�4 [24], S67%�J�+�)CPQ%#523PQI5, D8PQ�

4�&K, �
J#G<'3!4�	��+�E.

&�!%.�/)..().F#�0/��..�0*HE, KMI8!3>��)3�5� YOLO

v3[25] 0+�/0/'+��PQ/J�.F, B&%.F#!I Deep SORT[26] 10+2�/, EF1

YOLO v3 C/LM#GJ�<=, 
LK,'&<;"5>������/�2�, LJ5*�"���

-2J�(+,-, ���
����PQ,-��>2M�#(. &�40/�IL#, ,���PQ�

'7, IJ DBSCAN �40/ [27] B��C�, �PQ ���N�ON
PQMO���4&K�+3

�<=, B&%.F#�!1.�PQ�J)�PQ�40/, ()&)�N 1OP. �@.P, G0/�


���PQ ����4, B�"/J�P�PQ�E, &%.F#, �
�2M#(����+'B, ��

�!��	����+���CH�+���T,.
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DBSCAN

O 1 �PQR)*S+,TU-.VW/XMY012O

2 Z34[

2.1 \567
YOLO[4,25,28] 1 2015  �7QU�.� Redmon � Farhadi /�, %*Q+ “You Only Look Once”,

��2�H�C�:*, 8Q� YOLO v3 0/� 2018  /�.G�H0/60+�/<=�V+WX<=,

%"RI�134(��>4,Y>�WX. YOLO N(8123R�8:�2SSJ, K�
�>Z�R

INS��4(�4,Y>��/. 11G+*/�N�V1238:,O
T�
OL��T�T�:*,

��(U YOLO &6�4)0V �9:I, B),'LW�4��/TM!3> (mAP).

YOLO0/L6RINS$Q�P+93�9�NU. 6$PE�NU'+N[8:�RI, 6�N[

8:,U5�/&K�4O(�(+UP�P,),8E(8(\�QRS�4O(��VI. YOLO v3-416

& COCO[29]  �	#,'& 29 ms 5V1�/12, B)!3>,'?W& 55.3, �)3�!337%�
+PW�:I.

2.2 9]\567:;\5<^=>
��/)..&0+�/-4�"]�8, .� Tracking-by-Detection0E�10+2�0/���1

+ /. SORT[3] 0/1& 2016  � Bewley, Ge ��/�, %*Q+ simple online and realtime tracking,

&10+2���"6PBAWX0/�TUD0/&^52$, %8Q4)Y51 260 Hz. 2018  .�

SORT�C�0/ Deep SORTZ/�,&10+2���",&^0+6��;'B,-/J,B(8 CNN

8:&����� �	��VR/J'B, WX10/�S[3,/Y12�HK, . 1+ SORT � Deep

SORT &$0 �	 MOT16 #�&K. Deep SORT ��� SORT T�1�X 45% � ID switches .',

&4J>*�"Y5I5�2�HK.

? 1 _ MOT16 S+@,A`BC
��X� MOTA MOTP MT ML ID Runtime

SORT 59.8 79.1 25.4 22.7 781 40 Hz

Deep SORT 61.4 79.1 32.8 18.2 1432 60 Hz

�� YOLO v3 1.�CJNS��0+�/, ��#>J�LM,-, B�,Y3�/0+��2�.

G%, KM&.� YOLO v3 �0+�/0/�.F#, !I Deep SORT 2�Z.

Deep SORT 0/ (#+PBAWX2��TUDLMU3\#. 0+�/0/���0+���/

HE, 60+UP��9,-ZI52�Z, PBAWX%D8�/,-�0+��2��/, U5���

�>2J�6�,-. %), �U52�Z��/&K�0+�/0/��/&K, �KB)R�U4,-,

Y���$<�/, V;0/,H>. G%��V0�/UP��/UPHW�[[CWXY, 
��/(

��/(HW�LM�J), D8TUDLM0/���/LM, R�8Z�2�&K. YOLO-Deep SORT

0/���/2��.K\\�N 2 OP.

YOLO �/0/��/&K�!I Deep SORT �2�&K�N 3 OP, #,ZJ] 100, 10005 �

30017 J��� . �
[5, &!I Deep SORT 10+2�HE, ,'�13��0+��W[2�BH
OKPQ.
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1. 2. 3. 4. 5. 7.6.

O 2 YOLO HDEF,�GaH

b

e

a

f

dc

O 3 YOLO v3 I YOLO-Deep SORT BCJK

3 Lb Hausdroff MNOPQRS

PQ�4�0�&��!G!4�B4,��F��@�'B, ��G<���]PQ�E. &��P

Q�4���", �4��^+��PQ, +EFPQW�J)�V0, KM^8 HausdroffXY�PQ>�

�J)��V0,/�.� HausdroffXY� DBSCAN�40/. DBSCAN12-.�7])��40/,

G0/7%MO ��^_�'3B,%#� �#>"4])!4, _8�PQ�4, `_\��	PQ

]	�!4�!�I, ��PQ�4.

3.1 TUVc
*�"/J5���PQ12`_])W^HDH�(+^H, (+^H�3 �
.PPQ�`),

��J,-V0�
/JPQ�)W,-. 3EPQ	^ [30] +: T = {T1, T2, · · · , Tp}, %" p +PQ�3

 . 0+ i �F�PQ.P+: Ti = {(x1, y1, t1) , (x2, y2, t2) , · · · , (xJ , yJ , tJ)}, %" x, y +0+&*�CJ

a;"�Sa(+,-, ti -.J , S)W,-, J +PQ i �`).

3.2 deWWX
����&�#)%����D3, G%-3��("�PQ �`)?��B. .���PQ`)�

2��'7, b`^8 HausdroffXY'+PQ�J)�2-)%. HausdroffXY1�U37	HW]	)

�2-)%, 17	HWXY�2-.Y_E, �
�1DU`PQ��V0H��(\a`)aC, %3

E+:

H (A, B) = max [h(A, B), h(B, A)] , (1)

%", h(A, B) = max
a∈A

min
b∈B

‖a − b‖, h(B, A) = max
a∈A

min
b∈B

‖b − a‖, � Hausdroff XY,'�!PQHW�]	

�), U`PQW� Hausdroff XY�9, -.PQ�J)�4.

3.3 f>Vc
,�PQ�4�.', b`� DBSCAN 0/"��>Yb��b>, =IbcPQ�4OPQ
�M

OPQ�Yb, 
cYPQ�4�(
, >;c��>3E.
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a) MinTys: d31d+bcPQ`dPQ� %ZQ.

b) bcPQ: �Ke2PQ&23XYed�-45, %G]PQ %�� MinTys, YGPQ+bc

PQ. PQ�-4�XY�)%0/�a3�XY@ F3.

c) 4OPQ: 4OPQ�e�bcPQ, 81U�bcPQ�-4.

d) MOPQ: &PQ	^", f�e�bcPQb�e�4OPQ�PQ.

.�HausdorffXY�DBSCAN0/,bN�(33U3@ : G4c^ ε�bcPQ89ZQMinTys.

0/f-f�0/ 1 OP.

Algorithm 1 PQ�40/.
gh:

��dgh TS = {TR1, TR2, · · · , TRn};
_ce` ε i[g\d MinTys;

g]:

����ajgh O = {C1, C2, · · · , Cm};
/* � 1 bd: �� Hausdorff cd�X

1: for each TRi, TRj ∈ TS & i �= j do

2: compute Haus(TRi, TRj);

3: if Haus(TRi, TRi) ≥ ε then

4: Nε(TRi)← TRj

5: /* gf TRj �ecgh */

6: end if

7: end for

/* � 2 bd: ������ */;

8: Set clusterID = 0;

9: Mark all trajectory as unclassified;

10: for each TRi ∈ TS & TRi is unclassified do

11: if |Nε(TRi)| > MinTys then

12: for each TRj ∈ Nε(TRi) do

13: if TRj is unclassified then

14: Assign clusterID to ∀TR ∈ Nε(TRi)

15: Add Nε(TRi)−TRi to Queue Q

16: while Q �= ∅ do

17: for each Qi ∈ Q do

18: if |Nε(Qi)| ≥MinTys then

19: for each X ∈ Nε(Qi) do

20: if X is noise then

21: Assign clusterID to X

22: else

23: Add X to QUEUE Q

24: end if

25: end for

26: else

27: Remove Qi from Queue Q

28: clusterID + +

29: end if

30: end for

31: end while

32: else

33: Make TRi as noise

34: end if

35: end for

36: end if

37: end for
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4 ij^_`ak
4.1 lmnb

KS�@(8 Sony A7 R III *aZDC f�k, ^893kUhi�0E�U3�h�If�23

+c\f, j3"5�� 20 #e�*�hi, hi)W+ 2019  9 � 3 &. �N 4, &KS�@�"5",

*����'�P&XY�;%23XY�UP,�
3Lhi5���0+��i9,ON YOLO��9

0+�/�^_��j. ^	5#g>+ 1920*1080, J4> 25, f/ 50M �*�. &PQ/J��4�@

lg, fÆlh+: Windows7 h'��, Inter Core-i7 N�Z (2.80 GHz), 56 16 GB, NVIDIA 940MX(2

GB) WP, Python3.6 '+ighi.

a b c

O 4 opde

4.2 qrTUst
D8.� YOLO v3 � Deep SORT 0/�^	5�*�����PQ/J, 0/6*�"0+F��

(+��OK, U52�H�(+7, B6#e�B230+�(+jki&2$1+2`PQ. %""5

2^	5 3009 `��PQ, "5A^	5 1470 `, "5j+ 1632 `. %""52^	5 3009 `��P

Q, "5A^	5 1470 `, "5j+ 1632 `, O%PQM^8 2.1 g"�B;0/.P. "52"��h

fG#l", H�m��, ��/%�1,  (��If%j#j (�hk�f), k\ (\f), j4 (\f) 


�l\ (l"mf). "5A�"5jG#+c\f, n#l"��If��, G%���"52, Æ��/%
�9. "5ARIf#j (\f), j4 (\f) 
�f>j (\f) j3�If, "5jRIf#j (�hk�

f), j#j (\f) 
�l\ (\f) j3�If. &/J��m#$<:.'%, M,1T2���BOK
PQ �. j3"5�/J���&K�N 5 OP.

/J5PQ �E, b`�PQ�$7�Z7��1])N#(, N 6 �P1j3"5�$7�Z7#

>, %"fn+$7#>N, jn+Z7#>N, �N"�
[�$n7�Zl7 (#>&*�a;�k
`. Deep SORT &0+2���", ��<:��0+oo, <&mS�/5G0+E, 0/lp+1Q�

!���0+, G%�&a;"("$n7�Zl7. +3L/J�PQ �,'V>�.Pe2��&G

!4V>�F�PQ, KM�PQ ���1VI, qmp$n7�Zl7�&*�k4("BHOKJ 

9� 100 �PQ, 8ZU5 504, 222, 400 `V>PQ.

(a) (b)

(c) (d)

(e) (f)

O 5 YOLO-Deep SORT ugJTU-.hTVW

(a)

(d)

(b)

(e)

(c)

(f)

O 6 viIwijklmO
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4.3 TUxnop
�� Deep SORT 0//J�1*�"��0+2�(�"c7(+, &�N�2���", ��0+

2�(�H���_m�"qr9*, ��"c7("rn, �o^���#)�?�.'. N 7 "�V>

PQ%I1X�, G%�(�PQ ���TpN�, 
/4PQ�J)�V0��4&K!33.

&�N"5"���F�4)L#�o4, BH^	5� �+)W^Hn^, O
KM^8p�TM

Tp=8�^	5�PQ ���TpN�, &�PQTpN����", k�,(N�E�PQ �Ll

pn*�"���,-.

��p�TMTp6G45� �7��TMN�, B-o"c7Q, pm^H"�s�, qqPQ^

H�tI. O t(i) +pnPQ �, Y��p�TMTpE�PQ+:

Ts(i) =
1
n

(t(i + N) + t(i + (N − 1)) + · · · + t(i)), (2)

%" N +p�)Wsf`).��hi)IL 25J4>��hi, O
&p�TMTp��", m N = 25,

�PQ ���TpN�. N 7 +j3"5�TpN�HK� N, fn+V*PQ, jn+TpN�E�

HK. ?3"5"�PQpm1X�, BHu%("�Z)�vF, ,'!3qq���F�tI.

(a) (b)

(e)

(c) (d)

(f)

O 7 -.VWyqrszCJK
4.4 tuvw

+1 ��B@ ��4&K�r%, ��V0�4PQI"?PQW�T0la�SJ�4&K [31]:

QMeasure =
numclus∑

i=1

(
1

2 |Ci|
∑
x∈Ci

∑
y∈Ci

dist(x, y)2
)

. (3)

%", QMeasure Q�9.PPQI5PQ�J)�4, �4r%�5. dist(x, y) +PQI"1DU`PQ

� Hausdorff XY. &&^�4SJ$E����@�.F#, ��1Sq@�:*, 8Z33"52"
eps=1750, MinTys=5; "5A eps=1650, MinTys=6; "5j eps=1850, MinTys=5. �N 8 OP, +:

*����**&K, %" x s-. eps JQ, y s+ MinTys, z s+ QMeasureQ, QMeasure M,&#;

@ Q.'>JU89Q.

(a) (c)(b)

O 8 -.xyzS{{
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N 9 +?"5"PQ �	��4&K
�PQI %�#>. %""52U5 6 3�4&K, "5A

5 3, "5j 8 3, MOPQ�9 #>+ 11.7%, 9.9%, 21.25%. G0/,'1T��N��E�PQ �

	$/J����PQ�E, �^	5��*����], /J5�PQ�E,'!3�na�G!4��
�PQ�E��+�@. 
"52+2 (N 10(a)), G0/!3�/J�G"5"�r3 (���t: |w
PQ.POLof4u�>3!4�PQ, rwPQ+f>j�j#0�PQI,  (RI�hf����
�o#j>0u�>3!4�PQI, pw+�a;#0�I5�hf��	PQI, xwPQ1a;j4

��hf\^���PQI, vw+a;#0���hk�f�a;jn�PQI.

(a)

(d)(c)

(b)

(e) (f)

O 9 xyBCIlm

(a) (b) (c)

O 10 -.xyzC

5 ^|}

KM�VB�!1�$ !4�	���PQ/J0/, BH8����+�EG<. G0/��!�

� (#+PQ/J, PQTp�PQ�4j3q�. &PQ/Jq�, & YOLO v30+�/0/�.F#

!I Deep SORT10+2�0/,%HEF1 YOLO v3C/LMG#J,-�<=,/�^	��PQ�

%H0/; &PQN�q�,  (�^	5�pnPQ ���TpN���J)V0; PQ�4q�, C�

.�])��40/�PQ���4BG<�PQ�E. �@&K.P, G0/�
%H����*�"�

��0+��PQ/J��4#(, 7%�X�S[3��Ft3. G0/�r�
�85$ &*�Æ�

�����%, �H/J�G<0/��$ &*$0 �	������	��+0*w7%$(DE.

}~~�
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