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Review of Traffic Data Collection Research on
Urban Traffic Control

WANG Dian-hai, CAI Zheng-yi, ZENG Jia-qi, ZHANG Guo-zheng, GUO Jia-lin

(Institute of Intelligent Transportation, College of Civil Engineering and Architecture,
Zhejiang University, Hangzhou 310058, China)

Abstract:  Over the past few decades, urban traffic control technology has evolved to meet growing traffic
demands and increasingly complex management objectives. As the basis of urban traffic control strategy and
control algorithm, traffic data determines the applicability, reliability and advancedness of urban traffic control
system. The development of data collection technology has brought opportunities and challenges to the
improvement of urban traffic control. This paper reviews the basic methods of data collection and parameter
estimation in traffic control systems. It analyzes the evolution of detection data methods from fixed unmarked
detection data methods, probe vehicle-based data to fixed unique data. Combined with the probe vehicle-based
data that emerged at the end of the 20th century, the impact of two corresponding traffic parameter estimation
methods (stochastic method and shockwave-based method) are analyzed and reviewed. In view of the fixed unique
detection data that has appeared in recent years, this paper analyzes the new tasks on urban traffic demand
estimation and parameter estimation in traffic control. The paper then points out three directions of future traffic
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control research in China: first, the information scope of urban traffic has been extended to regional and road

network levels; second, with the evolution of data collection methods, the focus of traffic parameter estimation

research has shifted to improving the real-time and accuracy of parameter estimation; third, there are gaps between

the theory and practice in traffic parameter estimation. It is an important direction in urban traffic control research

on how to use those methods and models to better guide the complex traffic control practice in China and consider

the data error caused by the detection under different urban transportation environment, traffic flow arrival rules,

and cross-interference between different types of traffic flows.

Keywords: intelligent transportation; urban traffic control; traffic data; performance indices

0 31 &

BE A ST A A AT LS AR R Y A, ekl
A2 P L AR A DRI TR 4 3 5] 17 AL Sk i
praiikijibey SR AR N SRS R WA EoPN S
P R T JE R R T S A # LB SR, 2%
iR A T A8 PR ST A B S0 DA A TR B [
PGS BRAIE I, B0 R I % A AN REA 280
TR T 2 368 1 B T R, SR P e a2 ) 3 T 5 e 47
FORFAE PR T Byl B AT I , 42 i Sl AR I 2%
i AT P BOR B 3 A H T EE AL

SR P SR A X e 25 ] _E Gk S B B
43t 7 R FHAPE P i) 253 5 30 3 BC e A 7 A ) — Fif
A A B T, S T AR 47 o SR s A o Bk
JEACHAE S R G =B R, Hoh Sl B e 4
) SR % 1) 7 A ) Sk BT O SRR, R E T 280
P R GRS I SRS

B (5 SR EEA THRAEOR a5 AR S
P 245 B A, Sl R dl R B R A Ay 1%
AN SRR A AR R R SR A T — RSN 5L
47 1) £ 32 A0 1 A 8 B R I D7 G4 2 ) K A A
IR 28 159 5 A 52 T8 s A TR SE T A T AL AL O
REFE . A A FE RIS, S 45 ) R G AE K e
Rt PG AN SRR RO A RSB BE T T ) B B
PERCAS AR KRBT 50T, KSR T8 22 0 A 3 5830
PR RGBT IR E AT, 30T 2 30 A o R
RAENTTIEMT I, BRI IR T S0 42 il A R 1 A8
7 1), BA AR H S R

1 ATREEFNZEHERESLE
S R R AR R Sl P R GBI R IR A
Ohy A7 ) SR R o B 2 PR R AR . LA
P SRR N ¢ AN DR Y N Y
GPS | HLTAR%ESE , SRR T 2 A Sl i i 1

F A ) o5 A R AT AR R) A ARSI A
i RG] A2 75 [ AR 2 5 A A3 T n] I
gy 3 [ E X TChR IR B A% 3h 20k 0 £ 4
[ o A A R
1.1 BEXEFRRENEE
111 B 2

L Bl I — T AR S N 32 1
1R G0 AR I 4% 4%, 2 H T )3z ik
W& A —E TAER IR IIE LA T,
HR A 2 2 0k 2 P 5 | 4 Bl PR 2 A A T 91 1
B T AR EREFR  MBLE R
DA A R DA BB, 2 R B I /)N
FAR B, Nz e B ARAEAE LT
— R BRI it A K it U AR AR T, 5 e 1
B A4 s R 5 52 BB N U KR R R
SR S RS 2 B Bt 5 =2 2 A I B RR
FEPE ST RS B R R A1

I E L el T 28 a4 U ) i 5 s 1 1 42 60
AL .W. Schempers®™ fil Anderson R. L.*43#71 T F
T 2 3 455 ] 1) 28 P A 1 S AR 3 Akl i B
TR TR0 2 el FH T A i kI i T A e RO 2k
Pl 7 Ay 3 3k AU RN 7 A R PR 3 o AR R 2k P 52
BRI L 3 1, A7 AE TR R £ B i AT A o AT
R A S Woods D. L. 25 BRANS A T F AL
ik ivallFin S a g = RUBS N B e % € S K 01
Br 78 A R PEIE B | 2k P I 404 DR 3R A
DK BE R, 4 K T 2 BBl R SR i

TE 34 AN J7 T, SR PH B 4R B 22 0 L2k
Pl , IO T 2 A0 s TR S | A A B R DU 1)
o, MR B P T2k XUk B 2 T B o, X | &k
TR ) FH AL P G DN 2 00 B Y B SY  Athol S5
TSGR Lk P R A L R R
b A R AL R R — R i E G R
TR s 2O AR R LR e g B, T



204 531

T AZ i A SO R AR T LA 97

TR B 1 25 5 0 1 TP I A 0 R R A T
Carlos Sun %574 H T —Fp 5L T HECA G 2135 F1 25
PANINES i PG SO SRk 3 A N F R S 1 i S S
FEPRIG 7T A B SRR S AL A AR DG OC R
A B e R PRt [T 0 O A5 2140
A ML B AUA s S SE bR BE X S R, 1%
PR Z W R A R g, AR
o LA B ORI 10 B B (A, MR SR 5 1 F L2k e
K 4% . Dailey™ Fl Zhirui Ye 45 % F B} [a] F¢ 51 43 #fr
J7IE A RS E S, R YRR IR 28 U T
AR IR 2 I X B A T (R AR LAY A
DS Ab B A5 3] T EE A T L 4 AL I
I 25, SR FHEM BL S8 S B0 25, gy 1 fifi
FHERLZR Rl R 2% B A A28

FEHEBA A I J7 1, BE A 7 5 AT R4 S R
B SR A A B A A
(14 1) 38 1S T e R 1 SRR IR A 5 59— 2%
JE I T A0 I I AR AR 2 AR A S o X sE
Ab BRI TE BRI G R A T BASI

iy A B —Fh R T A T 4 5 HE A
5, 4N Jiang "AN Das " AAIFSY , 7R B bR iEIRE
L0RTILE Y NS k1= R BN N 1= Y R R R X
() 22 (B R HE A B 5 %07 O i e 4 1B 2 R 1 52
M) , b e I 25 B2 DA s AN B A A, T3 3
SCF]RE S BN R b DU 2% Muck J. U
Henry X. Liu 5§ 255 5l e, I 5452 L H
A — 2 I Y R P SR A A B Y A8 38 R A
BAK JE , JHE T HE BA a2 A5 .Qing Cai %5 "9I%% 4 [ &
o I 25508 AT Bh 4288 i AC I He 4R
T A AR AR RN Bk i RN A2 3 RS B HE A
FEAG T I A0 7 A At — o) I ]
255 28 38 R A I HE B B2 1 7 v, AT LUK 44
ABLIRR S A TIEIE , () BB, AR —
S R B] B T LA B R A T 8% R Yilong Ren
S U AR B I T RS N AN T
PE AT AT R BT, B 1 HEBA S 5 R I 2 15
EERCE B AE A TEHEAE B, — B
o 00 A T AN TR B A I L 3R
AHHEBN B 2R 2 , 7T BE & A= HEBA S s 72 HE
BATH U, A B 1 HEBA IR Y, 244G 28 G0 75 2]
REEAN A OB, W) F- 37 A AT DUREC A5 5 S B iz ]

IF, AT ARE E ARG O R B B A A A
(PR AT AR LR B SR AT M AN % 9T H % 1 TR
ST AE A AE [ E A R AN ERAF LA 00 T 19 A
T2 FSC I R LA T DX S B ) B IR BIF S . 4 A
LG 75 I T S AG I A A B 25 Fh N R L T &R
G853 M AN ) 22 S i 22 [A) ) I 25 6 &R, 4t —
ot 1 S 38 ki BOAH DG A SO A AT 8 5 s
1.1.2 SbriAem %

b A% s e — 3 A 0 S e PR A e 0ok
1177 A 728 A R 1 SR A It 7 8L 1) 4 ARG DN 2 45
HAR 7 MR AR B 7 XS LAl th T
R 3 4 05 5 | S 1) b 28 A s, b ARG I g TG vk
ARG e L A 0 R 40

b fl RS 0 5 AR 1 O P T A e A 2 A i
22 90 A AR.1991 AF I K = i vE M o KL
Shladover P Hy —Ff ) FH b i A I 4= 50057 B 1 7
VL T RRE T AR D B A A A
Sing Yiu Cheung %5 "WWF5Y T 1A% 8% FH A6 0
it R R A PR T R, R P =l £ R
X H 7 Bl A5 42 5 26 B S5 4040 5 Al e ot
BT AE 5 R R >R B A B0 5 i B, bl 1% SRt
% K62 I 31 99% FY 240 , 4 3 -5 5 K RO A TN RS 2 2
I 90% 5 X [l — b A9 38 ) AR A T 42 ARG
W25 5 19 43 2545 BE AT 18 60% .Christopher M. Day
SO T Hb 7 S LR P A5 A AR B, S
IR, PR A S 1) T G RV G A7 U A

A A I R BA AR T T, A I 8%
24 TR 0 g G T 2 AR AR B L HL A5 S s 1 ] B
b G U 4 AN A= 38 114 3 b 7 AR YR A
GCEIER TSP SN R NN i S IBUR
T 25 B PR] 2 R B 5 R T BUES e b il A et v i
SR I ELAT — i I (] (] B ) XU, 5 B Mt i 2
[B] A B B AR R s LN BOE 45 KR
SRS 3 10 T R S g A SRR
3 b TR 5 15 RS B T 4 A2 B ) A
K Haijian Li 55 ®4 Hy —Ff M) 45 15 R A 503
RS 0 e i R B B 19 7 v, AR 90 2 00 e Bt 34
WA AR B AR 20T I 58 5 45 1k Ze sk
AGL I £ 1 RS o PSS 1], A0 R B 7 I ] 5 52
PR i A I ) 2% 25 7E—E L Y, WPAE 1% 4R T



98 RBIEM AL LIESES

202046 A

HEBA P B 4250, 75 WA T —40 42 HEBA A , ¢
TS B HE A G4 ECRHE A L

b G 00 g2 T AR FH = At R %o 2 A A
— RIS BT I BT A s B A T AR A
] .2010 4F: Kwong K. %5 ®F1] F =l 6 I 2 K I 45
09 XYZ =B 09 6 AN WA X 22 5% i 7 bR 2
S5 6 AR BB RS T RIS T b A4
?UE@E%EHT%E%E’JW@BEZ@,WEEDﬂ@ﬂi
TR B BOTRA TR [H]
1.1.3 R A H 3

TR G I 2 — =l 2 fh =X S 3 A D 5 %
30 3ok R SRR T AR IS S S I A A e R
757?$D$F”£§C@ A M{Eih{ﬂ' o B

ARG I 45 AR AT B TR R I« 3 8 It T TR A N
%‘gl_ﬁﬁf)ﬁ/ﬁﬁﬁgjt%xifh&{ﬂ'$%ﬁr (EW3t7S
AR I K 3 R L A 405 5 8 A0 R s A 0 R R 4 A
B e 55 1 5o RO Y 25 A DU A A, R
R I o % B HE A B2 A5 S B IA SR AR iR
AT 1] 5 JE A5 B, . B TR A U 255 28 2 A B N e A7
A LUK 22 2530, AH KA 4 BE 14 /N8 2 s 55 3 g
7 RGN 15 2 5 R A I 4 2 2 T % rh WU R A
BRI T4, S PR TEAG I DX A8k, 75 A G DU 25 ) A1
FEAN Bt ARG, BRI 1 P 2 A N e 7 305 T 1 2 v Y
R

Denning N. E. ""7ERF5E T I 46 I 4% 5 4 Pl
A 00 5 000 %) 3 85 RS i A R+ Tl AR A T A 3 Y
HEEE AR T2 B B, OF 4 th 5 | ARCE 47
1B IE (T H R B 5 A E 5 1) B 3R i 5 4k Pl i
ARSI 24 R A T, Tl el ] 2 A I 2 1 T A 712k
() EF 4 H B A I e AP A A T L TR
Gy % KB K 55 H BT R e A B A
Seoungbum Kim ""###5% T~ SpeedInfo /A 7] A 7= i TG
LR AR TR TR I 25 7 S 3 A s M (R
RIN, AS Ik ae 5L BIAHE (B 2 RAH &R
SN

SR F [ bR R I B s H Re e ik TE
B ] s AR A ACE AR Y, T B ST AR
RURAG A 23 o] 57 B ) 28R A . HRTid WA
A o A R AR Bl A T R S SR Y Rl AN [ R

TR Y A I A B DA A SRR B AT B R ROk
(1) %2 & )7 Il .

1.2 BN EHE

R T TC LR AT A 1Y PR O AR 4
(Probe Vehicle, PV). 4480 47 A Bl £t /o —
R A SR, W5 Y R B B IR A A LG T [
E RTINS AR T2 R e
B, AT DAARAS S TR 204 T RS 0L B
W3R 56 26 I C 2 GPS 15 8 ARt M il /2 28
HAE B AT 2L IR GPS RN 2805 %, it
RE R HE Mo A T 228 240 X S B 52 5 GPS
PRI AR 0 W TR T RS

55 % 5 7 % (Connected Vehicle, CV) A [A] A%
S PRI ZEAS 5 48 SC VP b AH 32 (V21) , R R
A R A GPS 7= A B B % Ak 2238
T AT RIS ] AR HEBAK B S T
SF T &AL

it AR 2= i 6 1 7 A8 S U T O ik 32
TP B TSRS 00 1 R T A8 38 T I
HE T

A& i FHE A B R sl P il i RS
B TR A i A HE A T, K25 T 423
IR B S3 A , TERI 4208 35 2R O 55
B T AT A R PRI 288 . Comert 45HIE
W T SR E 2 0 A, BRI A by
A1 An i, HEBA BE 5 S b i S5 — AR I 4=
AR E A DG, T4 I HE A BE 3 PRk 28554 2 0
A A HE B B 3028 5 07 22 1 =X

i S BV WL v 7L SR A
Comert "l G457 4= 44 I 25 AR DN 42 00 15 5, B
PRI 48155 AR IR MU 450 (B
&S BB R — A R, dr T H
AR A A A A AT =, LB LA EAR R 2
SRS N HEARTIKE S i | B R KB BN
TR AR AT

Z RN G B A EIA A T AR K — 1 AR
BT 28 W P AL FAS B8 76 S flid i 4%
SEIM L AFAE , Hao 55043 51 HEE FF TR A i #2 A
X HCIE 2543 A 38 42 BA R0 38 FURE B, IR DLt
$0r D) 2% 7 A A8 38 Ik ) B AL A R 2
A& 51 (Vehicle Index , & PRI ZEAE—AJE 1
e BRSNS AP 25 ) L B 245 B - 2R 5 R HE



204 531

T AZ i A SO R AR T LA 99

AP AT LA — 0 R B SR I 52 X H
HEBAK B2 43 A Al 11 . Zheng 26 M 424 51 18 o FE
JIse DA B A8 B TR 43 A, A 0 BR e R AR (EM) L
i ASE i, 2T ETERARA B & R (KT 12%)
T AT ARG B AR AN ST 0 I R R
BOHL(VA 30 min Al 1 h Ry [E] B AT MAPE A 9%~12%,
P 10 min 2y 8] f& ) MAPE & 19%).Zhao %541 %t
T LRI 4295 355 2 R B B2 70 A1 4545 B
SRR, AT T I HE BN B ST oA, T
7T DU NS A HE AR 53 A

BB H Bh  AC I IO FLS AR I 42 E e
WY 1 A ¥ il A S %L Yao &3 — A H
R A B3I 128 S 38 5 19 73 o FH R 3L
AR A HE BN 250 1) B i B 42 30 3K % il DA
B AR YA R 53 A, AR AN HE BA G 8 22 S H A 42
Uit 5 5 Zheng SR 45 XS LY, HOT IR AT B AR 3R
WA J B i , B R R L

AR R AEE B SE S EUN T

S5 AL Zhang 2R H— R R FHA%I 458
INE R AT 2 TR A 5 AR AR AR i kAL L
T HSCHE BECHT F PR i B N A2 @A TRE T, I
FHBL I I B A A 3 e R HEBAAG B, /E R 52
ISP AR R S8 5 SR g R W iZ e B —
FE S HAYME . Yao S5 e —Fp T 18 PR s il s A
AR B T A PRI 4715 5 58 L A
B, DAIT A BRI R At R 2 Fl i /N o B, HZ
F B BT BEAL AL (multi-sub-swarm Particle Swarm
Optimization) FiE AL T EAF S AL .

SSRE R ZH0OC TR 50408 i B 2%
AT S 1 To 2 (o7 B B 5 TR 42 19 22
MR R G O E N HOR B BRE L R GE(GPS)
B A T S5 3 SR 240 B AT AR rh R o7
(LR /A FE ) 3 2 T RAE B A T H A2 38 i 1 1 B
- (CAnHE BAA B2 A7 AR B[R], 55 [ A TS
TULRES A L, 78 3l =R T v B s e (L B 22 11
AEGAT I Pem TSRS BN fE
1.3 BEEXBIRIRG N EHE

[ 7 AT A TR R 3 £ B 45 1 4 \RFID
FE I PR AGS  IZA #8 B e TR 0 424 1D, A
BEAE BN B8 B 5, 6 38 i A T A i Bl

il SIS 7 00 kg i R | A s AR B s
FA Bl AR A

T A A — A ME— I HL AR AT
B MAC Mo ik b 90 W i 19 3 24 31 4 130 i
MAC Hii kU3 450 P 0 5 B8 AW A B0
S I 2 AN A MR AR M L B 8 A ) TR
i Gt T IR Z N

H 3 AR A s R A 3l A R B
FT A SN GRBGHE 1F 2540 Y 1D A o B %))
A . 8 Bl 4R A1) L 2 TR s O = T i
J7 B9 8 45 i1 ) (Radio frequency identification,
RFID) BB G 1 4250 i AR HAEA
R T RFID 32 HUAR 0 i 7 8 U R A 2 1Y
B A B A UM 1 T PR A5 Sk A AR A 3
B B R AT G2 AT UM 10 55 430 4 LR
Ik 2] A AR R HAE AR O TR T 1R
183 B 282 i A Rt FIART AR R,

UTAER , FR I 22 T R 2 4% shak ik n
MRS, FEHMEIC kB 2T R, i A 2h 4
AR DI RE . S G SRS AL T 4 BIlFZY 10 m
b % F ST ISRV 22 2838 2400, A8 I i
7 FHEE AR O 4 A R ]

AHHCAR GER I 4% , F 3h 4R R GE Rl T g
A A 3 o 45 4 2 2 0 1 e R ORTRE 07 1 B i) e 0,
ARG | A T Ok 2 AT, 1) 0 24
AT OD RGN, AT Bl di g, B A7 AR A ) i 4
P BEAGTHAE . FNEI A D —Fh AR B Sl 20
BT 4 A TR A T O 2 o X AT
BB HE TR A E A 48 2 T 4 R B AL
BN AT R R, TSP I T A T oK 4
PN 23 S0 A AR S A RS L T v
RE-R Y ) 3l 22 M FOMN B B 8 30 11 18 % % BeA T
TR ] S BEARA TR IR ]

TEACHZHOR BT, iRk A EliEse X H
(1) 25 5 L AT L5 8 1 T TR 455 25 42 9 42 REURE DT
Fic , DU AT 5 D e A i) 22 i — 20 R T B |
A R38R AR s B TR A ), 3 e e
AT TS At 2 T 4238 S8, 1 a0 e K A S
FRE . T B B AT R I [R] B HRUSZ i 2 AT
AT R A TE AT 58 A Ban 2550 1 i Bk



100 TiHEHM AL LS ER

202046 A

FER G504 T AR BT (B9 T 22 S 1 IR AR S, &
IR JE S0 rheHEBA Y 2240, AT R [R] AT TF
U6 5 W B RABTF IR At | sk Fh— A T 47
PRI [R] 9/ (4 B 3 5 28 38 /5 R 2 IEAROG, 7]
il HEAEIE XA G, FRZ AT AR I (] a2 3R A5 A
Ban S50 Hr 15 g s S SE SR AR A Jir P 44 o 2
TAERA Y I HEBAA BE T 7k

Zhan""% G 22 8 IR R 2 20 18— s R
A R B | B ) —Fh 4 8 G A HE A A
TH5 4 AR B 55 B iy A\ — 1 RN 22 38 I A AR 1Y)
DA, T o A E A SR 1 A B A — 3k g
M2k, R R RA TR TG S, 2 TAT 4R R
A EL T IEAR A 4B A S BRI 2

Ma D.**7£ Ban 554 H A7 72 B ] 98020 36 45
RUFERN - EE ST T — A PG5 AR A4k
D3 SR HE A AY . i 450 5] 19998 0 2 AE — A e FULH
TN R B B i T A 3 NI RIAE —A5 5 RN
T A5 AR LRI 2t T A R A HE B 42 4
(49 HH AT B TR gl A R AR I 5 T AN R SR T A
BT ZE A T R RS B

2 itSMRRE

M IRBIESE AT DA H 3R A 4R i R g
Bl R T & T [ 2XIe bR R 208 sh K
S Rl DA Ed W S T T e R o D
o 0 P18 58 308 2 BT BRURS A (%) BfF 55 400388, , 35 T 1 R
TCHR B 1 AH DA 0 SO A O B AR i
1356 T8 st I 4540 A 1361 52 20 A VB A 9 1
TERUCA S HT ST A ST AN WA T A R

HR BB 8 IR 53 BT , oA e I T 2 38 4 il R 46
(R B SR NS S B S AT AR AT AE 2 J 25 ) Al
RS R, HE ST LAEGN A -

(1) ZW b, Il A2 ad 45 ) 2R 4 ) o e o
HAG BIEFC 29 2 21 X sl A s 2 2%, il , 3
T A S 4= RN B BE NS AR BUX S8 A 7 s 4 0 A
FUHAT AR, 3 REA5 2 A i 2 B i 92 Tl 5 s R
il R SR T . A R ARG AT AR R T L
oy N A0 SRR SRR ol R e H e
TS HIAE SR b, e/ X A2 o 206 4 i) 25 47 ol 5
IS A ) S PO (A5 i

(2) Rt Btk 5 77 AL, Sl 2kt
AP B L 5% i i v SRR T A St ik S50
ST, AN HE B BE | AR HE R A A B 9 A TR
JEE | B ORI T A IH P ] 5 Sl A BEAYRCR 5K
- iy 2 5 A A DN E A BT R BT
(14 538 2 A AR T 5 5 T A SR ARk F) —
ANEEWFTETT )

(3) HEAR 7, o 52 a s ] m Y 5238 2 K
IR T RIS . BRI T R T — L5
5047, AR Ay 25 & 3 [ 3ok 5208 AR Geas A7 Y
ANHRE TR PER , A I B 05 2 S S A0 Bl R 2
R, 523 i R A AL , JE B AR R
AT L 18] 1 28 AP AE T PR B IR, (7535
SRR REA RO 1 S B [ 52 2% 1) 52 T 4 o S A
R IEIL .

S 3k

(1] FB, gk, #8204, 5 ol sgid i Be 507 ik
[M]. b5 L Toll Rk, 2017. [WANG D H, JIN
S, QI H S, et al. Urban traffic control: Theory and
methodology[M].  Beijing:  Publishing  House  of
Electronics Industry, 2017.]

[2] HAMILTON A, WATERSON B, CHERRETT T, et al.
The evolution of urban traffic control: changing policy
and  technology[J]. ~Transportation Planning and
Technology, 2013, 36(1): 24-43.

[3] LINGENFELSER P P, THILO P P. Loop detectors for
measuring road traffic[J]. Siemens Review, 1970, 37(6):
332-337.

[4] ANDERSON R L. Electromagnetic loop vehicle
detectors[J]. IEEE  Transactions on  Vehicular
Technology, 1970, 19(1): 23-30.

[S] WOODS D I, CRONIN B P, HAMM R A. Speed
measurement with inductance loop speed traps[R].
College Station Texas: Transportation Institute, 1994.

[6] ATHOL P. Interdependence of certain operational
characteristics within a moving traffic stream|]].
Highway Research Record, 1965(72): 58-87.

[77  SUN C, RITCHIE S G. Individual vehicle speed
estimation using single loop inductive waveforms[J].
Journal of Transportation Engineering—ASCE, 1999, 125
(6): 531-538.

[8] DAILEY D J. A statistical algorithm for estimating
speed from single loop volume and occupancy

measurements|J]. Transportation Research Part B, 1999,



204 531

Ik T 30 ] 4 K R SR TRk 101

[11]

[12]

[18]

[20]

33(5): 313-322.

YE Z, ZHANG Y, MIDDLETON D, et al. Unscented
Kalman filter method for speed estimation using single
loop detector data[J]. Transportation Research Record,
2006, 1968(1968): 117-125.

SRR, IR, AR5 A LR R ARG R A ) D
3T R 25 ). S aE i RS TR SRR, 2010, 10
(1): 54-58. [JIN S, WANG D H, QI H S. Bayesian
network method of speed estimation from single—loop
outputs[J].  Journal  of  Transportation  Systems
Engineering and Information Technology, 2010, 10(1):
54-58.]

LIU H X, WU X, MA W, et al. Real-time queue length
estimation for congested signalized intersections[]].
Transportation ~ Research ~ Part  C:
Technologies, 2009, 17(4): 412-427.
JIANG Y. A model for estimating traffic delays and

vehicle queues at freeway work zones[C]. Journal of the

Emerging

Transportation Research Forum, 2001.

DAS S, LEVINSON D. A queuing and statistical
analysis of freeway bottleneck formation[J]. Journal of
Transportation Engineering, 2004, 130(6): 787-795.
MUECK J. Using detectors near the stop—line to
estimate traffic flows[J]. Traffic Engineering and
Control, 2002, 43(11): 429-434.

LIU H X, WU X, MA W, et al. Real-time queue length
estimation for congested signalized intersections[]].
Transportation ~ Research ~ Part  C:
Technologies, 2009, 17(4): 412-427.

CAI Q, WANG Z, ZHENG L, et al. Shock wave

approach for estimating queue length at signalized

Emerging

intersections by fusing data from point and mobile
sensors|J]. Transportation Research Record, 2014, 2422
(2422): 79-87.

AR A, E BBt . B BOAHE BN i s Al T T RIS ).
223 5L, 2008, 26(6): 47-51. [QI H S, WANG D
H. Estimation method of road queue back[J]. Computer
and Communications, 2008, 26(6): 47-51.]

RENY L, WANG Y P, YU G Z, et al. An adaptive signal
control scheme to prevent intersection traffic blockage
[J1. IEEE Transactions on Intelligent Transportation
Systems, 2016, 18(6):1519—-1528.

R, VR, TEIBC . S0l I I 58 SRS SR 5 A1 5
PoAG T8 (] W7V R 2 2 4 (177 BR), 2013, 47(3):
515-521, 564. [JIN S, XU C, WANG D H. Optimal
traffic detector locations for equal distribution at urban
network intersections|J|. Journal of Zhejiang University
(Engineering Science), 2013, 47(3): 515-521, 564.]
SHLADOVER S E, DESOER C A, HEDRICK J K, et al.
Automated vehicle control developments in the PATH
program[]J].  IEEE

Transactions on  Vehicular

[21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

(32]

(33]

Technology, 1991, 40(1): 114-130.
CHEUNG S Y, COLERI S, DUNDAR B, et al. Traffic
measurement and vehicle classification with single
magnetic sensor[J]. Transportation Research Record,
2005, 1917(1): 173-181.

DAY C M, PREMACHANDRA H, BRENNAN T M,
et al. Operational evaluation of wireless magnetometer
signalized

vehicle  detectors  at intersection[J].

Transportation Research Record, 2010, 2192(1): 11-23.
LI H, DONG H, JIA L, et al. Some practical vehicle
speed estimation methods by a single traffic magnetic
sensor[C]. International IEEE Conference on Intelligent
Transportation Systems, IEEE, 2011.

LI H, CHEN N, QIN L, et al. Queue length estimation at
signalized intersections based on magnetic sensors by
different layout strategies[J]. Transportation Research
Procedia, 2017(25): 1629-1647.

KWONG K, KAVALER R, RAJAGOPAL R, et al. Real-
time measurement of link vehicle count and travel time
in a road network[]J]. IEEE Transactions on Intelligent
Transportation Systems, 2010, 11(4): 814-825.
DENNING N E. Implementation and validation of a
cost— effective networked radar— based highway traffic
speed measurement system|[C]. Aip Conference, 2007.
KIM S, COIFMAN B. Assessing the performance of
SpeedInfo radar traffic sensors[J]. Journal of Intelligent
Transportation Systems, 2017, 21(3): 179-189.

SUN Z, BAN X. Vehicle trajectory reconstruction for
signalized intersections using mobile traffic sensors|J].
Transportation ~ Research ~ Part  C:
Technologies, 2013(36): 268-283.
BERKOW M, MONSERE C, KOONCE P, et al.

Prototype for data fusion using stationary and mobile

Emerging

data:  Sources for improved arterial performance
measurement|J]. Transportation Research Record, 2009,
2099(2099): 102-112.

KOLBL R. Probe vehicle: A comparison of motorway
performance measure with other motorway flow
Eleventh

Conference on Road Transport Information and Control,

detection  techniques[C]. International
London: Institution of Engineering and Technology,
2002.

CHEU R L, XIE C, LEE D, et al. Probe vehicle
population and sample size for arterial speed
estimation[J]. Computer—aided Civil and Infrastructure
Engineering, 2002, 17(1): 53-60.

FERMAN M A, BLUMENFELD D E, DAI X. An
analytical evaluation of a real-time traffic information
system using probe vehicles[J]. Journal of Intelligent
Transportation Systems, 2005(9): 23-34

COMERT G, CETIN M. Queue length estimation from



102

LB AG TESER

202046 A

[34]

[36]

[38]

[41]

[42]

[43]

probe vehicle location and the impacts of sample size[]].
European Journal of Operational Research, 2009(197):
196-202.

COMERT G. Effect of stop line detection in queue
length estimation at traffic signals from probe vehicles
data[J]. European Journal of Operational Research, 2013
(226): 67-76.

HAO P, SUN Z, BAN X (JEFF), et al. Vehicle index
estimation for signalized intersections using sample
travel times[J]. Transportation Research Part C:
Emerging Technologies, 2013(36): 513-529.

HAO P, BAN X (JEFF), GUO D, et al. Cycle=by-cycle
intersection queue length distribution estimation using
sample travel times[]]. Transportation Research Part B:
Methodological, 2014(68): 185-204.

ZHENG J, LIU H X. Estimating traffic volumes for
signalized intersections using connected vehicle data[]].
Transportation ~ Research ~ Part  C:
Technologies, 2017(79): 347-362.

ZHAO Y, ZHENG J, WONG W, et al. Estimation of

queue lengths, probe vehicle penetration rates, and

Emerging

traffic volumes at signalized intersections using probe
vehicle trajectories[J]. Transportation Research Record,
2019(2673): 660-670.

YAO J, LI F, TANG K, et al. Sampled trajectory data—
driven method of cycle=based volume estimation for
signalized intersections by hybridizing shockwave
distribution[J].  IEEE
Transactions on Intelligent Transportation Systems,
2019, pp(99): 1-13.

ZHENG J, LIU H X. Estimating traffic volumes for
signalized intersections using connected vehicle data[]].
Transportation ~ Research ~ Part  C:
Technologies, 2017(79): 347-362.
ZHANG J, CHENG Y, HE S, et al. Improving method of

real— time offset tuning for arterial signal coordination

theory  and  probability

Emerging

using probe trajectory data [J]. Advances in Mechanical
Engineering, 2017, 9(1): 1-7.

YAO J, TAN C, TANG K. An optimization model for
arterial coordination control based on sampled vehicle
trajectories: The STREAM model[J]. Transportation
Research Part C: Emerging Technologies 2019(109):
211-232.

BAN X, HAO P, SUN Z. Real time queue length

estimation for signalized intersections using travel times

[44]

[45]

[46]

[47]

[49]

[51]

[53]

from mobile sensors|J]. Transportation Research Part C:
Emerging Technologies, 2011(19): 1133-1156.

FHRAS . T A 20 4 R s ) T i A 7 R[]
Al TT[D). UM : WV 2E, 2017, [FU F J. Travel time
estimation for urabn road networks using ALPR data[D].
Hangzhou: Zhejiang University, 2017.]

SHIRAZI M S, MORRIS B. Vision— based turning
movement monitoring: Count, speed & waiting time
estimation[J]. IEEE Intelligent Transportation Systems
Magazine, 2016, 8(1): 23-34.

KONDYLI A, SISIOPIKU V P, ZHAO L K, et al.
Computer assisted analysis of drivers' body activity
using a range cameralJ|. IEEE Intelligent Transportation
Systems Magazine, 2015, 7(3): 8-28.

NG, 3P F SN ERE N R AT A TR
T L] R R 2= 2 4R (B AR B R), 2011(12): 80—
84. [SUN J, FENG Y. A new method of OD estimation
based on automatic vehicle identification datal]].
Journal of Tongji University(Natural Science), 2011(12):
80-84]

BUA, EAREE, DARTr, 45, FET MR R L
M ATPUE R BURAL]. WV R A2 (TR ),
2018, 52(5): 836—-844. [RUAN S B, WANG F J, MA D
F, et al. Vehicle trajectory extraction algorithm based on
license plate recognition data[J]. Journal of Zhejiang
University(Engineering Science), 2018, 52(5): 836-844.]
CHANG S L, CHEN L S, CHUNG Y C, et al. Automatic
license plate recognition[]J]. IEEE Transactions on
Intelligent Transportation Systems, 2004, 5(1): 42-53.
BAN X, HERRING R, HAO P, et al. Delay pattern
estimation for signalized intersections using sampled
travel times[J]. Transportation Research Record, 2009,
2130(1): 109-119.

ZHAN X Y, LI R M, et al. Lane—based real-time queue
length estimation using license plate recognition data[J].
Transportation ~ Research ~ Part  C:
Technologies, 2015(57): 85-102.

MA D F, LUO X Q, JIN S, et al. Lane—based saturation

degree estimation for signalized intersections using

Emerging

travel time datalJ]. IEEE Intelligent Transportation
Systems Magazine, 2017, 9(3): 136-148.

LUO X Q, MA D F, JIN S, et al. Queue length estimation
for signalized intersections using license plate
recognition data[J]. IEEE Intelligent Transportation
Systems Magazine, 2019, 11(3): 209-220.





