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Table 1  Traffic conditions and control objectives
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Fig. 2 “Strategic/tactical/queue” detection distribution scheme
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—t

88 www .Kjdb.org

R S48 2019,37(6)

FE TR TR B 2 > W It i R SR 1 B T H
oy M 22 5T R KA TR, 38l B &
BRI AT N WS EFEHENLZh 4. HET, BHRAA B
KT IR 3SR AR UERA 2 1 98% .

23 FESEABRARAUMSRIBRRERITE

SCATS H5 5 Jl W A e 33 2 AR 5 IX Dy 3
PEEAT , BIFE— AN X 2 N, BT 38 S H 3 ] —
MES WK E ., #BHFXESRPRKENESE,
SRR X S S f H R A /NI E o

BT AT LR X 9 28 38 4R BCHES il — FR 5191
), AT AN AR S TR B AT
fi]—FhAZiEl FORBLAA —ME 5 BT 5 Z X0

T B LA AR U E 15 A RN
SR, B BB — i TR & AT AT BR,
SCIARBL A 22 SR AN AR, PR, Dy a5 4 i) 5 X i
WE —DNEUNSECEPEFIRI] . —EOT
AN 7 DCAT LA 15 M5 5 I B BB v PRk 5
AMER AR5 R B A e P L

DA IA A T L e 0 R 28 A R B A Sy i
Pl DA A B A A - (1) XSk A A
JEEAR e IF 428 1] DO e B KA A5 5 R 2 5 (2)
> DI PN AR A R RS TP, B ] XTI UGS TR S S
JAIAACE 5 (3) 4 DXIal A A 1 REAR ARG IR, 48 ) 5~ DX I
VEWUR/ MR = T B

SCTAS ) B RR Se it , (H R GRS BR T 20 i
210 AR RGERE ), J2— b Ty /R BRI A
AP Smooth RLEAEK | SCATS . KATNET £ 4¢
PO RS ) 7 %, IR SCOOT F 48 Il iz i)~
PSRN, 4 TR TSRS R T 2 B AR e
il SRS . AT % S8 — 0 R R B el A
(Markov decision process, MDP)BE /7, #E47 A W+ 841
o RN AZIEAE S B AR A2 B S PR L E
1, BAR LR RE AR B LA B 2 . HET MDP & LT
SCHE BRI — RINAEDIRE IR U — RIS 1E (ac-
tions ) , A 7EHELEIR ST SR IO LE4T B BT 73 C A9 [ 412 Ry
£ (reward function) , $iff 78 P 55 R A5 78 16 19 §% 46 ek %K
(transition function)"™, £ 3838 5 RE A 4 R B A A
TR s FNBIAE @ I, 0 2 T SR BE SRR
TESNVE a (UK T YRR ERAE M s 745 hy 57, BRI

P(sm| Sy @yl 1y S, 15y 1y -,r],so,ao) = P(SM| s,,a[) (1)

W, —A> MDP & — N UITH <S AR, T>, Hor S J2

Al BEAIRS S 0] s A T ey S ()5 Re ARER—A 1]
i sRE, B0 AERAS s B RIUT ) o, HAEIRAS s 25 AT
NI s T ARG — A 40 bR, B 8 TR AR s IR
BATE) @, AR s BERATShAORE R,

SCATS Tl & 15 P AL A FE 4 AL 53361 €1
BT % TrafficGo 28l &Y BE R IE F AL (model-based ) [
SR ALaE 2] N S B R 2% ) s SCOOT AN Tl B AR
AU, M TrafficGo 32 18 54 BEAA th 1] 2R F JE AR 7Y (model -
free) i fb2 2] Jr vk, LR BEAR ] A BRER 7 F0 R, 38 5K
FURL oA U S EAG T TR R, Sk — A Itk
) M
2.4 FIELERUMBEHQES

SCOOT {5 FH& il Jr 8 , J&— by S8 16 i aC S iR
SRR . BT — IO 3 Je i AT T B e 1 B
A7 28, AT B 2 S0 o T A 5 50 5 20 67 Ay =22 fi]
FIXFINOEFR o SCOOT il =Xid i 75 58 A6 i se i AL 5
% W AR R AT A A8 T R AR AR ] SIS R 3
A 30 HCHE AT 0 A3 A, RHE S A SR AE e A 22
SEMC I S B AR AL R RS, 5 A I A A A A X 3,
EREAN I S

SCOOT 4538 S £ FL AR Ak VA 2 fr AR S0 v LA
TN B LR AE ST R S B B0, RIS 2 1) A
FEVRAT ) Ee /D o TR, 24 Az BHHE AR L 4
B AR AR A7 5 St 25 KT ] B o 45 -t 8 Ry A R A T
A5 AR AT T BRI R . S8 X &5
AHAE S A5 AR AL A R X i 7, BTG5 % 1858
22 ) g B, 5 H A R0 i s 2850 (A 3455 T8 1)
& AL 22 ) B AL TR SR AR LL , 215 FL A A I e
IR

SCOOT 7EAHAR I 5 A P, 25 I 3] S 52
W2 LI SR PR S , h T A G 5 L il
ANELF A2 X R AL S0 9 T, R — R T AR
Ak, 38 EUAR R S A B fr B SR FH AR SR
PREETR R AF HtEA TS A IR 3

Smooth WU &4 T SCOOT .SCATS 45 a1
TEBE R AR A AL A FERE b B33 T R B0 R N
H 28 PIET SE2E BASI 6 RO TR] F g A 5SEIR A
TE - 5 A R L, xR R ) B AR X, o — 25
RS DX T B A JET A — RS-, S A [ bR s
DX Sl gt 37 SRR AL R B e 2 AR R I S
AT e 2R I M RS e mT v (R 30 i B ek



—t

R 548 2019,37(6)

www.kjdb.org 89

RS NTIACAR A A T Y R 0 2 4

AMFE R H Q27> (Q-learning ) Kt — 2L 4L T4
R O IRROR o — R s Al I .
RS Ak e TR 1 & 3¢ VA S ARy
R R BT AERS s F ORI —A 780 a B
TEABRGERY Q 2 2T v B BB AN RS s Rl a X SR FH— A~
22, I AT FUAR sRECE S Q [EAL T H2EA T HE0T -

Q..(s,a)=0Q(s,a) + a[r, + y[maxa,Q,(sm,a'; 0[)]

-0 (5]

X Y HAR S s 1 a Xk B Al TR SE B {22 A) A7 7 22
5, B BEVRA I 4 AT AY 1145345 5 AR R AL T — R3S
(Y Q (ERAT R BB AR AR, A i R a4, T H
BAT e fUAg i Bt H bR pREUE R S5 L

(2)

3 SCRR4SSRANVE

3.1 LK AEREER

AR YA 1935 BRI T IR R DX, A 4
FRAL | FORIRRSE  TOREE T L R DLJR | op 2z g Al | e
2RI 2 B 2 DRI, L8 AN
3.2 EIFMAN

1) SEE PR 225 =0y ) i (2 il ) $2
L7 Bl K , BRI XT IR 3 421 GPS (global po-
sition system ) %€ {37 AR FRIFA T ERIER , 38 48 AR AL B
B GPS e 2] - 230 2 I L I B GPS I 221 4R A5 B
TR AT AR [ 5 38 2o AR A 0E S B B 1 GPS 7
I LA S T 5L B GPS v 22 ) ) 8 A A
TR A TIE B 5 B AT B AR A T S AR A T R
SETT DAARAS B AT R L A A ST 2 D e <
AT G BT A TR R 2 AR A 3 . A
{18 T 2384 7 B[R] g BN ) PN i B B B SRR
3] AR RA T I R 1R P AL S () A A S 24 A e
] — V& R B A4 T2 A s (] " A5 3

2) IR XA X8 4~ 11 K JR i A
AR B (B 5) o 8 ad e i1t ol 6 101 B HL R T i 1 A
M AT, F LAISIE TrafficGo % J& 21 38 B 19 ek
FEAHEH
3.3 (FEEALKEER

L S R, WSS O E A B BT
Zo it GE T AT B B, AH A B, PR AR S R RS 4
L T4.2%,

K5 AUatamgeit X
Fig. 5 Statistical area of this pilot

A 3 S & B, U B Y A T e A B
W 2ol Gt TR B H FL IR AT, TR IS A B AR
PRmATHS ] R RE2) 5.1%.

STIRURS M8 WS Wy =d 0Bl D P £ N S
FEVRA B R R, i gt F X N EA B, A LR
FERT, P 5 RS G238 TOR TR R R T R4 17.7%

N
B

it

YN EAE A LG5 4 il e al L, 25 54
AR A a5 5 UL BE T A WHE TH R EOR T
S, WA A AL A FITR B 27 ~1 10 4 J3E JE 50 o LA 5 4%
il 45Uk , -3z H TrafficGo N T8 BEAR Z UL AL B 500k
B, HARTE M TRYIN 22 % LV EAT B o A0 20 S 5
SRR B a2 R AR PR AL A A (L
Ak, Bt 5 AL~ B N TR REROR AT & e, 28l
(EREPSE KRR G N TEE DN Sii i A 'S RS
RS LTSS SE g i .

5% 30 ik (References)

(1] Bfi b3t . A B AR IR T R AC3E &R 46 i I 234 ()]
FiHZH RS TR S5EE, 2015(10): 45-51.



—t

90 www .Kjdb.org

R S48 2019,37(6)

Lu Huapu. Big data and its applications in urban intelligent
transportation system[J]. Journal of Transportation Systems En-
gineering and Information Technology, 2015(10): 45-51.

[2] #3CKL, TK%5E, Zhu Feng. 228 REVRIRAL 7 > 7E 3 17 388 ) 4

ST P 7 A TR R IR S SEAL AT, 2018, 35
(6): 101-114.
Yang Wenchen, Zhang Lun, Zhu Feng. Multi—agent reinforce-
ment learning based traffic signal control for integrated urban
network: Survey of state of art|J]. Application Research of Com-
puters, 2018, 35(6): 101-114.

[3] Li L, Lv Y S, Wang F Y. Traffic signal timing via deep rein-
forcement learning[J]. Acta Automatica Sinica, 2016, 3(3): 247-
254.

[4] Hamilton A, Waterson B, Cherrett T, et al. The evolution of ur-
ban traffic control: Changing policy and technology[J]. Trans-
portation Planning & Technology, 2013, 36(1): 24-43.

[5] Zhang J, Wang F Y, Wang K, et al. Data—driven intelligent
transportation systems: A survey|J|. IEEE Transactions on Intel-
ligent Transportation Systems, 2011, 12(4): 1624-1639.

[6] Wu X, Liu H X. Using high-resolution event—based data for
traffic modeling and control: An overview|]J]. Transportation Re-
search Part C, 2014, 42(2): 28-43.

[7] Yau K L A, Qadir J, Khoo H L, et al. A Survey on reinforce-
ment learning models and algorithms for traffic signal control
[J]. ACM Computing Surveys, 2017, 50(3): 1-38.

[8] Azimirad E, Pariz N, Sistani M B N. A novel fuzzy model and

control of single intersection at urban traffic network[J]. IEEE
Systems Journal, 2010, 4(1): 107-111.

[9] Balaji P G, German X, Srinivasan D. Urban traffic signal con-
trol using reinforcement learning agents[J]. IET Intelligent
Transport Systems, 2010, 4(3): 177-188.

[10] Sutton R S, Barto A G. Reinforcement learning: An introduc-
tion|J]. IEEE Transactions on Neural Networks, 1998, 9(5):
1054.

[11] Watkins C J C H, Dayan P. Q-learning[J]. Machine Learning,
1992, 8(3/4): 279-292.

[12] Lecun Y, Bengio Y, Hinton G. Deep learning[J]. Nature,
2015, 521(7553): 436-444.

[13] Mnih V, Kavukcuoglu K, Silver D, et al. Human—level control
through deep reinforcement learning[J]. Nature, 2015, 518
(7540): 529-533.

[14] Genders W, Razavi S. Using a deep reinforcement learning
agent for traffic signal control[J]. arXiv preprint, 2016, arXiv:
1611.01142.

[15] Tran D, Toulis P, Airoldi E M. Stochastic gradient descent
methods for estimation with large data sets[J]. arXiv preprint,
2015, arXiv: 1509.06459.

[16] Lillicrap T P, Hunt J J, Pritzel A, et al. Continuous control

—_

with deep reinforcement learning[J]. arXiv preprint, 2016,

arXiv:1509.02971.

A survey of the application of reinforcement learning in urban traffic

signal control methods

LIU Yi', HE Junhong™

1. Shenzhen Traffic Police, Shenzhen 518035, China
2. Huawei Technologies Co., Ltd., Shenzhen 518080, China

Abstract The adaptive traffic signal control method is adopted to effectively control the traffic lights at the urban road junctions, with the

rapid growth of the traffic flow in Shenzhen. Shenzhen traffic police asked for a real-time, distributed and adaptive control on the basis of

the self—developed smooth signal control. Joint innovation has developed the reinforcement learning based on the deep neural network.

Through online learning of various traffic loads, and the real-time reasoning, the information control period, phase, phase sequence, signal

cycle, split and phase difference are calculated. This paper reviews the reinforcement learning model used in the traffic signal control, and

makes an evaluation on the spot.

Keywords traffic signal control; reinforcement learning; artificial intelligence; pass efficiency
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