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A Video-based Framework for Automated
Trajectory Collection at Intersections

YANG Zhen, ZHANG Qiuchen

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: A video-based framework was presented to collect
trajectories of objects at intersections. Firstly, a modified
ViBe algorithm was used to extract the foreground of moving
Then, an OPC ( Object-Point-Contour ) matching
approach was developed for paring, tracking and generating

objects.
image trajectories. Finally, real world trajectories were
obtained through perspective transformation so that velocity
and acceleration could be estimated. The framework was
stable to occlusion and stagnation. The accuracy of 88.89% ,
86.00% , and 83. 33% were obtained for vehicles, bicycles
and pedestrians counts and 91. 71% for velocity estimation.
This automatic system provides a solution for data collection
and video analysis for intersection safety management and

research.

Key words: trajectory; video tracking; video analysis;

optical flow

R H 3. 2018-01-26
HEWHE . EHFRES AR (2017YFC0803902)

ST 28 SC R A T B S N LA
AL ER VLS AW 51T AR BN, 5
BB LA 5 i R AT . R E RS RS
11,2015 4F3R E I & A 22 W H i) 18. 8 JT e, i AL
25 5.8 AL i REEETH KRS e |
HRAETER L HHFEB ST 30%, X 0% 4 A
FBATY R A R

5T 28 X 22 4 [R) R B WA R = 408 , B Rl
W LB R A N Lk (2R . GPS B
S HH AR e TE B R KL AT B R oR
SRR, I BRI SR AR B S AR B AT
o3 R N LA A Shab Bk,

N TACERYE SR @ i N R W B S T 3R B A
R BCR GEESAT N FE R BEASDET
ANTAC SRR AE X A ok 5 N B s IR oL, IR & T
WA R T LB 4 4R A R T AR AL William
W LIAT NS i R A SR RE L BT T /B A
) it A B A AT A B o B S A U . Su S
F AL X 4 % 2 54T N A8 oh o AT R
W, 4R T BT e SRR A e T AR AL R Ty
W TRBEEEIE T 3 4 4 Lk 3 I RS B U
AE S H EE, I8 A TR A 7 B 2 ] i S B
% Bt TTC (time to collision). PET ( post
encroachment time) ] DST (deceleration to safety)
SV R AR X o 5% P AR B AT R 43 T AR
fdi FARARAL BRER 12 George2. 1 i 3t i 5 WRAR P B AR
7 A B 3h 58 UL AR RS SR A AR 4, 2R
FEE DB W SR IN BT 25 ZRELHT S5 i 1 I =5 80
i, SEL T RSB SEIE N TREE I B TR A
T fERS AT B AL, £ 1, N TRAb B RS E
PSR T SEME R , B SR S X B AR, (H TR AL 2R AL
Z NJIFIntIa], HoREE MR B D, Tk 31T KA
B R B 534

B—EE: B BA9740), B, BN AN, T, FEAFF 5 W 8 B8 % 2. E-mail: yangzhen5719@tongji. edu. cn



370 [A] B K 2 2 MH R B 2% B

F4T%

BEE TAE RTINS B AR B & Je , R i %
2 2 2R T B ShAG I 59 07 ¥ b BEASE AR A
S EREE A A B B Sl PR AR b 1 52
XTSI A 2 Bl DAL R et s ). B Bk
P EAREFEER ER WA, BHE R
WA S BB RN R R, R R 5T E
PEAZER R Sayed 450 F FHRLAT B Sh—EE X
O 285k, I B 7 F HMM (Hidden Markov
ModeD) 3238 M2 HU 7 . ERYEFE 4558 7
22N X ISR B 2 SR IO 3 A e 22 XL 1 AT B
WA v 2 HEAT M. Guo UV SR YT
FRIAZ S PN 2% A2 188 %o G B8 O AR 40 A8 3 v 98 3
Wi B AIMI 2 e 42 T8 0 A8 X 24 .

RV EARERSL B T R AT AR Y B Bh sk
BB E R BE bR 2 B B — Bl SR
S JR PR, BN BRAR 4 Ak 28 B A i 44 5 45 B
2. AN SCERLO MR I T 38 X H A4 AT Bk B, 2.
BT AT AR 3h 42 5% 32 X H %2 4 1 5 Wi, SCHR
[ 10148 Hs AR A3 Ah 3 512 0 47 33 v 24000 1) B B 2
RIS (B XHE 2R ) BR RO — AR

EFXF 3k Ry BR A, $2 1 —Fh 32 SC 1 R A A B
125 AT SR AR AE S H A A B8 S8 W 5 B B 23 L, I %
B e SRR —E BRI

1 B BARiRE

AR -

(1) mif R EL. 3 F ViBe (visual background
extractor) BRI iz 3 H AR a5, 3178

(2) BAriRE R BHERRRE R, 2T KLT
(Kanade Lucas Tomasi) Yt it #2 87 & B 5 iR &
OPC(object-point-contour) B & , ZE M5 7 #2 B H #5
BB,

(3) B3l )5 Ab 3. Xt BB IE HEAT 4 BB IE , AR
I B ARTE 3 X B0 5 R EF BT3B X 5402, 0
W PR A AR 8 DAy B S AR

(4 Z5F5 . ARAE B ARz B0l R 53 B
IR AF B B S8

X ANANERIT, BRER, HEE2E PR
I 52380 X G AR B HER R, B T R A
3 I T o A PR IR % X 8, AR FE X R R
1T B A 5 ERER. B R H LA ETSIR BOT A
ZEVE IR A R T XA 4R 2 a3 i

BTG R E R B RN BRE TR, TR/
X2 sh AR s, (B B AR AR 8 T 2 TR 3R TE
LR » 0 e BARIRER W R i 2 I ME. 1BA = Ak
R(GMM) A B MR R S WE AR BB
RAELESHEMEREBESARZEETRE TR
GMM FH 5 2 T8 N R s b X R IR 5 &
Yk sh A B Rt s R T B RCRAR W = A
ATAL R B A 2 HOWHE I E AR SR BORUR — M,
B RS 0 555 R s i A fE e B R iR 2208,

ViBel'" B—Fp 2 FREAR — BT ROy
25 R I BEATLEE BT ARS8 5, SRR T REAS (BT 18 Y
Az SR TR T 45 R T S MEAR. ViBe R —Fh BT
R S AR O B, 76 A0 A9 Ak BE 4TSN A v R
Iz, 5 GMM i H, ViBe %15 895 35 i 52 8 1R 4%
55 » (B AT 447 4R BUPS Y B AR R 15 S B B AR
FRTE. TS R G0 ) 38 LA 204, A
IR 2 AR, AR B RS B B K S 1A
B — A4 BT RS X PR, BRI AT 5 a1 IR
DGR X T b HERR T SRR shi . 55— 5
X AWT NSNS BT AERNE 52 FERE
FUFRES, EABERS R, 5 S’ £ =41k
W X R E M ViBe TR ARG R TR,

ViBe BIEARYESS 1 Wi R BEATRE AR 1R 4k, T
LI R ERSERANT R, FHERE
FzZX e HIBBRER" LR D, hEEH
PRl ok 4. HIEBR B AT R AR, R A
GMM X} ViBe #4780, & 568 GMM Il h i
i 500 WiEE 1B B IR T 55 AR5 AT S AEN ViBe
MRS 1 A EFONAT R RBGI R EG &5
Xof Hi 5 AR HR 8 SR B X AT R T A A A 3
LAV 3k M 7 - 1 ek T 8% Al

# 1 % T GMM, ViBe F1A< 3 FH B9 8
#F ViBe B¥E IR BURT R AR, AT LLE B, GMM 2
BU AT S50 8 -5 B AR B B8 B M 45K, RF)
FIG SE4RAE S 3R B ViBe I TAE“BIRFT R, iR
W4 B TSI A 32 30 B A s A EL 2T AR S0 Bk T 4R 4
bR B AE X P 43838 X AR R R, RS2 B AR
PR R AR AL R B RTRA

2 ETF KLT Xime) BERRER

ARASAZ X H AR BUE X RTR ) B AR AT
PRI ER B, M) P 322 3 A WORS 5 (BT 45 R 23 B 22
HIRRE C 1M REWREE 1 HMEE4 5 O.



KR G

% % ETWHAZ O BiRPul B shiRE 371

FIARER B ZE A B A 1 — WU e B 5 B il o
AL U DT R R , 0 [/l — H 4 B 48 BR A8 Al 247 3l
AEH. KLT 3% B —Fh & 8 OB A5 3 22 70 07
¥ ALTE A AR AR A L DT FE BT F 4» 4R AIE AR
T8 B BOR BE B A R ZUAR AL B s B 7E B 500 4 1
i ARER A L FoE B RRE S T B LA BB A
AR FOGE AN AR . S DT B Y Ji PR B AR AIE 1
P Jo5 8 33 P DY L A AN A A P /N SR AR
RARSN BT B R SR EEAOET T . KLT kil
ZaZ A MHEBRRNER . 7 LUA RO T
T B RSORA 1 ) A, O L PR MR s Rl R AR L AT
B . 22T KLT SLI, LUFAEM 5 P ST,
LB C 5 HAR O WEhaSILRL. Vit R a4
E AR bR AL RHIE SE BT R - B AR DL AL L B AR R
BB 4 PR

%1 GMM.ViBe . A&X xR BI R RTEE
Tab.1 Foreground extraction using GMM,
ViBe and method in this work

GMM J7 3k ViBe ik

A5 A 305

[ilB=

2.1 BHE#MBEK
B n W BARE RN RS P
Pn:{Pn,i | 19'"91} [@D)
KA P, Ron 5 n WIHAHE KRS 5 o RN n T
FRISF « AMRHIE A5 T 3R BAMIURRAIE AEVE, TR AR
JSMERER % 18, BE max(D) =500, R IERZ X MOk
/NI PR,

XF R RAR KR G =, I B8 %8 B A B BT A
FRE R 7] — %08 B PN B AR AE s 38 A A TR) B 48 8 G
=yl

Co={cuj lj=1,,T} @

V pui € ujsC(pni) = J (©))
K C, R n W ERER G 5 o R n WK
57 MR C(po,) RANFFE R P, T W95 BE
S5 J o BRI S

G a=10, REFHT BIawHL, BIRXER
5 5 AN EME, 0 g5 i RS BB RO
1IN QTP AV IEE SN Sl

Ok = (k9Fk 9Ck9Ak9{Pn(Ok) | ne fk}) €Y
K0, TR k> BirpEHEES  k MHLER
AR s FoJCoAx 001278 B O, BB ik | 5
WO 7 B RN A TR, Do 3h A5 KA, B S SR B B 4
KR, A=K E—3; P, (O) %R B O 5%
n WIHARAE SERA. T4 1 WA, 5 23
BUA, Wik BAR SRR %S 2 —— XK R, FE
BARTES 1 WAL SR A 1 (5)

P10 = {pr: | Clpr,) =k} €

ZJEE T ARYE E AR LR AR A
85 AR I 5 HARE S — IR AF, 5SS B A #
Ak,

2.2 HEREH

M 2 WO 4 g PR 45 LA T — o PR R A5
YESfa A IR KLT Seim BEAT R R LIS B3 30
JE BIRRE L A PRIE DGR ARAE A RS E M, 38 A )
A 25 B S T BE S — B RRAE L T3S0 i 2t
PRI A H B AFAE A i » WK (6 (7)1 () :

Drrr,i = K(po,i) (6)

P;,i = K" (pui1,1) P

Poi = {purri | D(Pris pri) < ti} €

KA K FRARM K p #EATIEFDETRERES; K™ (p)

FRN S p BATHE I YRR s p" R A p IR IR AW

JEWBER A D (py p)) RART R Z B M BE BT 5 16 Ay

KLT J52 [ 6 I 64 55 8 I AEL 2, 8/0N , 94 W0 ] ) D P

o BE Ry o (B FE AL 0 R AR 2 B B s 2= 2R

B

2.3 OPC [tFE

e ER5 B bR U AL R B b B R 0 OG5 B 7 , HLIT
T A 2 B R R B R 4 2R $2 Y IL A OPC, X
FHIE S P A x4 Wit AR R A R 50 -5 2 i R B
B B AR FEATUCED. X F 58 n(n>1) WiEMR, 3R15 R 1
Wit 15 A& B AR & B RRE AL R BRE A5 B s
BRI RS 2R AR5 BB AL o BB X 7 5% 28 K 7 4
A R4 L 2 AN BAR. 555 AR 48 8 A ARRAIE 1 X B
B, FIWTES B -5 B AR PE RS 5. #t B OPC Pt
BEA LA 1 AR A S, DT R IR BN A 1 B,

TESEPRAEA TR I B, AR BA 2R AE AR
XEAEE ST BRI T 1 A BT R, [
R, 221> B AR Y RIE S L] BEYC SR [R) — 30 B 4.
WG CO BB K R AT RS B 2 A A0 5 Fb



372 Il ¥ K % % ROH R B % 8O

F4T%

THLL.

B0 1

KGESp ()

ilpaidaite

1 —X OPC LF
Fig.1 One OPC pairing

2.3.1 Bir5RE——X B

W% 2 Fin, B A5 I FRAE A5 BTG Y AL #E W)
— 3R, HLES B N TG HARRAE £, R BRI 30
X G B B AR O, Wi JE IR A S B AR (9)

®2 BiRE5RE——XEER

Tab.2 One object matches one contour
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Tab.3 Object matches no contour
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Tab.5 Multiple objects match one contour
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Fig.2 Objects tracking
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Fig.3 Perspective transformation
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Fig.4 Velocity and acceleration of tracking object
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Fig.5 Object classification under normal behaviors
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Fig.6 Trajectory post-process
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Fig.8 Trajectories at the intersection
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Fig.9 Velocity distribution at the intersection
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Tab.6 Trajectory extraction accuracy
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Bt 0 1 1
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Fig.10 Trajectory samples extracted from
GPS and video
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Fig.11 Velocity comparison between system
estimation and ground truth

xRT BEERE
Tab.7 Velocity estimation accuracy
5 iﬂ%—‘lzﬂfﬁii/ ,%ﬁ—‘lzigf’ﬁii/ E!Zi‘gzl?ii L3N
(mes™1) (m+s™1) RE/ % Wi/ %
K5 5. 00 4,95 1.1 94. 07
HIT 6. 68 7.02 5.1 85.01
ey 2.41 2.27 5.6 96. 04
FHIE 3.9 91.71

4.4 ZERIEE

& 8 FIH T [ AP LR Ak BE AT 5T B S5 T
R HGE R RAMERR . i T O R A5 B
AN TR, BTS00 HER P A B8 3 b T BT 22 5% 5 (BT
HA—ESHME. WNRFALIE H, 5HMTFR
SR BG» AR SCHR Y B AR AL B 5 2l TR E A
PR X G FE PRI R B I R A
HERR AR [T, SR T %P5 AP LR & e 1.



£33 ¥ 2% ETIRAAE O BArEul E shRE 377
*x8 ZBEMHHARAR
Tab.8 Traffic video analysis research
TRy B EL7S SR HERIPE/ Y Rl iE =gz BB
GMML10] BEENF KA L= x
g2 35018 BB E WA . 81. 61 x X
FeFigkie) BB E WA : 86. 00 g =] X
Adaboost+ i 25 18] BN A TR 94, 42 B Bz
FAE 2 +12 Zh T Fig) R WA : 86. 00 Wit [
HHIE 5+ B PR A o o 84 817
. . RO R AR B4k 86. 07
ViBe+OPC(#30 AN F SRR 91, 71 Belf Bl
R WA [J/OL]. [2017-09-06]. http://kns. cnki. net/
5 #i/l’: kems/detail/50. 1190. U. 20170906. 1401. 010. html.
= =]

T —FRE TR X D A 4 B B0 s Bh
S ESIRETE. FEESET R, BiRICE R
RN G AR B 3 N FEPBR. FERT R IR BN B, LA
ViBe S E:A, #2175 GMM MHE5-4 TR
2 TEPRER ViBe 3 K 1T 52243 B8 71 B [RIB , i ok
T ViBe T ii5% B8 1 B AR BT 5L AR, 7E B AR
BOERER GBS 4R T3 T KLT S8 A 58 8- H ARt
BooE: , B ARYE OPC ILEL B TE AR 4R 5 Filh
DL, MR T e B A B 8 8T 30 4 6 B ) 5 o
()RR, FEENE 5 AL B B , 8 3 L 43 B FARRAIE s 1B
3 — 5 AL BT SR B B , I 25 T 38 0 A 46 J 2
W5 P 50 Al b B 48 kg LS AR A » AT SEBR X i o i JBE
FhnEE BE A AR B B JE AR AR A2 X R AT R AR A
GREE BB E PO X Bir #7026 K%, R4k
BURIHL Bl 42 | B AL 3 42 A AT N 000 HE B 3 43 5
88.89%. 86. 00% F1 83. 33% ., ¥ BF ¥ B & K
91.71%.

PTG RBE R GE R A2 X O EHL 5 2 25
PRAE—Fh B R R U R ETF B HRE WA
PR D32 1o o B AR R 488 » A7 7E — <& W 2 FH R B
P, WARYE E S s ot — 2 s

Sk

(1] HERSiHR. 388 3 4 F $dE (EB/OL]. [2017-12-15].
http: //data. stats. gov. cn/easyquery. htm/.
National Bureau of Statistics of the People’s Republic of China.
Annual data on traffic accidents [ EB/OL]. [2017-12-157].
http: //data. stats. gov. cn/easyquery. htm/.
[27] The Organization for Economic Cooperation and Development.
Road injury accidents[ EB/OL]. [2016-07-28]. http://stats.
oecd. org/.

[3] ZEE4,PWYe, Rk, T8 A0 i BBl 3h & 1

[4]

(5]

L6]

[7]

L8]

L9]

L10]

(11]

CI Yusheng, ZHENG Shuni, ZHAO Hantao. Empirical vehicle
delay model for road segment based on pedestrians crossing
number distribution[ J/OL]. [2017-09-06]. http://kns. cnki.
net/kems/detail/50. 1190. U. 20170906. 1401. 010. html.
WILLIAM H K L, CHUNG Y. Pedestrian speed/flow
relationships for walking facilities in Hongkong[J]. Journal of
Transportation Engineering, 2000, 126(4):343.

SU Y, YAO D, ZHANG Y, et al. Vehicle/pedestrian conflict
analysis and exclusive right-turn phase setting study[J]. 2008,
26(7):733.

KBEES. fREEHAX AT A SEHERNRMRID]. K
#R: VIREACE R, 2016.

ZHANG Xiaowei. Study on conflict between pedestrian and
right-turning vehicles at signalized intersection[ D]. Chengdu:
Southeast Jiaotong University, 2016.

FERX, S, WL % BT RPN O ER
BIATATIILI]. R R 2R EARSMD, 2017, 45
(10):1454.

TANG Keshuang, YANG Bowen, XU Kai, et al. Prediction of
driver's risky behaviors based on vehicle trajectory data at
signalized intersections [ J ]. Journal of Tongji University
(Natural Science), 2017, 45(10) . 1454.

SHIRAZI M S, MORRIS B. A typical video-based framework
for counting, behavior and safety analysis at intersections
[C]// Intelligent Vehicles Symposium. [S.1.]: IEEE, 2015;
1264-1269.

SAUNIER N, SAYED T. Clustering vehicle trajectories with
hidden markov models application to automated traffic safety
analysis [ C]// International Joint Conference on Neural
Networks. [S.1.]: IEEE, 2006:4132-4138.

FRYE, kI, K275, ETF OpenCV 1 Halcon #3538 nfi 58
AT E Bl B BRAL LT ], [RIPF K22 M (B RRHERRD ,
2010, 38(2):238.

WANG Junhua, ZHANG Fangfang, ZHANG Lanfang. Halcon
and OpenCV based traffic automatic conflicting detecting
method and data transaction[J]. Journal of Tongji University
(Natural Science), 2010, 38(2).:238

GUO Y, SAYED T, ZAKI M, et al. Safety evaluation of
unconventional outside left-turn lane using automated traffic
conflict techniques[J]. Canadian Journal of Civil Engineering,
2016, 38(2):238.

(#5407 T7)





