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Abstract: The widely used traffic signal collaborative optimization model based on vehicle flow dynamics modeling has
high accuracy but slightly weak transfer ability. To address this issue, this paper proposes a single agent traffic signal control
method based on deep reinforcement learning. This method defines the action space for the first time considering pedestrian
crossing interference at intersections, and defines three reward functions from three different perspectives, and proposes a
cumulative delay approximation method. In terms of algorithm, a dynamic weight based soft actor-critic algorithm has
been proposed, which can dynamically adjust the update amplitude of the actor network and critic network, significantly
improving the convergence efficiency and performance of traditional soft actor-critic algorithm. The simulation results
show that the proposed model and algorithm can effectively improve traffic performance indicators, such as reducing
vehicle delay time, reducing vehicle parking times, and reducing vehicle queue length.
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Fig. 1 The queue of vehicles at different time steps on a road
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Fig. 2 Accumulated delay of roads connected to intersections
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K a, 8 £ (e s¢) AL VPAS. 3 P J0 0 B0 456 FE Al 11
¥ DDPGI¥ 3 [ S s 101y fig 24T Ar] 5 A B2 1
BLAEHE.
HR B AR TE LR B I FE I T B T 5% ) SR SR e,
AL A SR i) 750 g A N 1R LA ] AR 1
B L, $E — AN O A S 2] B AR, B R
B LR bR S, He A — AR, R i
2R SRS T XA 52 B LR, TIASRPIRES T B 2
AN, BE ) B bR 3 — N 2 EE R B BE AL
W&, I H., %R R L R IR BN, LA
N

T
maxE, [ (s, a.)l,
=0

To:T

s.it. B, a)~p, [Flog(m(ac]s:))] =>H, VE,  (27)
P H AR IR ) B ME. B R R R, X T
SEA NI F B /R AT % e SR AR, AR Ak 22 ik A 2E ) SR
SEHE TR, TR, 120 A A RS, AN T B
e ERR.
TR ()20 ¢ ) S R BEFZIR AR K 1 B ARl
I, AT PSRRI vk, 1X BUK H bR 'S NiEAR
BARHITER
H}rax(E[r(so, ao)] + rr}rax(E[- 4
n}rix E[r(sr,ar)])), (28)

QX AEMLIR, Wi Ja— AN RIS 4R, #44)
IR KA [l R A Ao A Il R, 44
E(sr.aryp. [~ log(mr(sr|s7))] > H
i, HATARIR N
max B, ap)~p, [ (87, a7)] =

min max E[r(sr,ar) — arlogn(ar|sr)] —
ar>0 7T

art, (29)
K ap @A &, T HARZ Lt LR ()
mp WAL, TR, IR EHT 1SR, o H
B 5T SRS B SRR F AR DIAR SR, S DR Sems 2 xt
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N Ear : wh(ar|sr; o) FEIE SRS, BT
AR B oo ISR AT AR N
argmin By, o, r; Farlogmr(ar|sr; ar)—arH],
T (30)
N T T, M TR QIE R B I 5E X
Qi (81, @iy ) =
E[r(s, ar)] + B, [Qf 1 (8141, 0141) —
a1 1og 7 (@] seia)], €19

X Qs(sr,ar) = E[r(sr, ar)]. FERHILI R T FF
YA R ) R, W] AT 2

max(E[r(sr_1,a7_1)] + T?TE;XE[7”<3Ta ar)]) =

Tr—1

max(Qr_,(sr-1,ar-1) —arH) =
Tr—1

min max(E[Q%_(sr_1,ar_1)] —
OCT712O TT—1

E[CKT_l 10g 7T(CLT_1‘ST_1)] — OéT_1H) + (X;H,
(32)
AR AT AR [A)_E a3, 39 a(29). #REE
R, FE N AR 5 A0 SR 2 o) 138 oo, ) BRI L
FAlt, T CAE SRR Q Ay 2 Ji , SR AR S5 28
Haj, TRIFRRA
o =

argmin Eq, - [—ay log 7] (a,]sy; o) — aH]. (33)

F(33)H AR LA K T T 3R ) SRS R Q R L )
WM TR EE RO, B b, dER b ) SR AR
EAIT, Ptk 1 30Q29) B AILRE L 3R ) e R 82 22 il H
P, AE SR L 75 A ) R B0 S s AL REATLBS T B2

FEARTE AR, R P A B QM oA HOR B S £
BEA R IE (i 22, 3K i 22 23 PR AR S B T VR
PEgE, BARRUUZ 280, RSB QIE AL,
I HAST N GREA IR T (0;), FTEETLRQE R
ity s MEARN Q@D FN(26) 73 5l KA BEALEL
ANHMEHEL .

B T QE B B S, il B MEEU(33) T Y
X H AR R 3 o, TXRT DA I AR EE T B Rk S
PN RAE 5 A SR R A B R AT S BRI, (EAE
PR, AT AT R AR A (S0 T HAS
B A ) AT ABAIE IR IR SR . B AR IX B iR AN
T e 2 o0 2 455 A 24 1 R 50 3 s 19 0L, {ELAE S
HUR X B INETRA R B, KT iR aBhE B
PRAT AR

J(a) =Eq,r, [~alog 7, (a;|s;) —aH]. (34)

SEG 3T S S E, AT T DW-
SACHE, FIER RS IS (LR 2) Bk,

% 2 Hik1: DWSACH &
Table 2 Algorithm 1: DWSAC algorithmde

Input: HIEE54001, 02, ¢
Output: 1501250604, 02, ¢
1 VU240, 02, ¢
2 WIEIL B AR S50, < 01, 02 < 02
3 WA — B NEKRBERD « @
4 for TF—IK%EA do

5 for HMMEED do
6 RYE LT FME SR ar ~ 7y (ar | st)
7 MIREEHRIG T — MRS s 11~ p(se41]
St, at)
8 A RAR RO D < DU{st, at, 7(st,
at), se41}
9 end
10 for AEEETEHTL do
11 T QMHREIIZHL; < 0, — ecx
min(Ratioe, &) x Vi Jg(6;), Horhi €
1,2}
12 FHIRIE S ¢ + ¢ — ea x min(Ratiog,
fa)@qﬁ JIr (¢’)
13 WERE o — o — A\VaJ(a)
14 B HARZ S50,  70;+(1—7)0;, for
ie{1,2}
15 end
16 end
4 PiR55tHh

41 HESHRE

AR T 3R LA BE Ak o 2 B SAC,
DDPG, 4 iB ¥ J 1 7€ £ 5 0& 16 & (twin delayed
deep deterministic policy gradient, TD3), 5 A 3C$2
(*1 DWSACHVEBEAT LU L. DDPGIVH S Hi% B 5
HR [16] R+F — £, TD3HHE S i B 5 STk (17108 FF
—3, SACIESHU B 5 TR [ 141 /47— B, ARSI
tHFIDWSACH AR S E B B IR Frs.
42 FTEREL TR ES T

W3 ) flw, TEAC I A R e bR 1 3 e
RIS U, TR JE A B3 (b) i, 158 X i FR4 5%
TE PR, B SFE B S A SR 208, Oy T RORAEA
[F) SN (PR RE, AR SCER A L0AMBEHLER TR A
[ F8 A2 38 A 4570 St DN X e 8 S ) B2 B G B A B
FITERE. X AR AR IS A — R, [ —
ANBE AR ) A2 AR TG T BEAH AUMELAN AT i 56 42 AH
7], PRI I 10 BEN LR T2 S BRI BES, X5 107%1)
FIATEMATF, H TIPS SRR TR, X BT
TEAS I PEREFRARER 1 22 J5h~F- 51 W Sios FE DA S
M2 Ab, BRSSO 2~ 44T Bl 18] | S-S54
ZEURHL FERNF A P35 1] L S35 BAFIH B2 DL S BA
VIRSER N iFEE S
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Table 3 Hyperparameter setting of DWSAC algorithm

B 18
fetbas Adam
HERBS )% 0.01
RS RESHA 2 D) 2R 0.001
LIEIEIG)) 0.99
ZIGTAT RN le+6
/NS 256
I E AR — dim(A)
AR ReLU
H i &2 50(r) 0.005
H 5 58 A1 B 1
MREEA 1
Actor BTN E 1 BIE 10
Critic BB E K RE 10
H AR 25 5 AR 300

() 26 Bl bm ke 5 R BRI

(b) BORJEHIHRAI
Bl 3 2l MR F

Fig. 3 Traffic network environment simulation
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4ty =AR
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43R E4-6 TR,

ML 4-6 HEI A 26 mT LLE t, Brdg i
DWSACH LT 23 R | St DL T- 222 5l 7 THi
HRELYTT F T4 EL G 3 A iR SV

2) RN[RFI5RA S S SR AT @M RE AR 2.
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Fig. 4 The average reward curves when the reward function
isR1
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Fig. 5 The average reward curves when the reward function
is R2
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Fig. 6 The average reward curves when the reward function
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Fi7R.

M3 ] L B, K FIDWSACH % 1 2 Bk fd
ZEAR )P 3528 X sd sk A T bR F A 3 A S
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P 1 19.6%542.6%, HAMmEZNSEER B R/ DS
T17.4%.

% 4 tLEDDPG, TD3, SACA*DWSAC % H &3+ &
B T i 48 4R 69 % o A DWSACH 3 F 3
kA SR AR AR e &

Table 4 Compare the impact of algorithms such as D-
DPG, TD3, SAC and DWSAC on various traf-
fic performance indicators, as well as the im-
provement rate of DWSAC compared to other
algorithms on various performance indicators

PEREFEPR DDPG TD3 SAC DWSAC
%gyj‘u@ﬁ 87.54 78.97 67.10 59.95
NGNS
Bl 31.5% 24.1% 10.7% —
SEBHEERBUIR 2.66 243 2.02 184
plEE 447% 32.0% 9.8% —
SEHEBAE)/s  56.77 48.68 39.07 30.82
MEHK 457% 36.7% 21.1% —
THIFHK AR 980 873 7.00 5.63
plE 42.6% 35.5% 19.6% —
BB BE b
oy 1554 1291 1042 8.61
Bl 44.6% 33.3% 174% —

3) AN[FIH il R 00 2 P REFRBR 15200,

DWSACH 1 REV-Al O 2 AE BT T B 20 1 1
4R34, IR HLIR BNDW S ACHE N RE AR 1 2 21 5
TERIAR 2 IR R A [F] (1) 32 50 R BT, XA M R SR A
Az, BB RS s,

%5 ZDWSACH & T 2t 7R B 3 3 o RO &5
WP RE A AR AT S0
Table 5 Comparing the impact of different reward func-
tions on various traffic performance indicators
under the DWSAC algorithm

PHRETeR Rl R2 R3
SR XTI A /s 59.9574.34 57.19
SRR X @S AR RS 7.22 10.56 5.43
SIS U IR 1.84 1.83 1.68
P R IRBB R ZE IR 0.24 0.17 017
SEXHEBA E] /s 30.8245.64 28.17

SFEIHERAR TR bR ZE /s 7.04 10.69 5.17
SFEIBAB K /0 5.63 8.06 5.2
BAB A P A 22 /45 8.61 11.09 7.33

MRS R T LU H, S R il R SR 3 S R e
PREIVERE BE LT, 5SS RETE AR S b e Z2 R BT
TRl R KR 1AM R R 2 1) BEAR.

4) e RAUEIRIT AT AL )5 o8 O ST PERE T

IS

AL E IR E BRI RL, 4R 2205 e HB I,
TSP REFE bR A SR AF IR, (R, IEUNEE2.47 542 21,
X F XA Bl R K, 7 L0 AR RN 2R O SE IR R T
AL XA R REIR. RSB E oL, L H AT A
BRTAF P KT IR AL, Fr AR SCRA T
SE2.47T PR T IFSRAE AT A X ) RBEIR.
TX HLR M A 22 il R 403 (LR A P2 VR R
X AGEVERESEARA TR, BAREHE IR 6.

% 6 FEDWSACH & T & F R ARER ka9 K ph
oy $ 33 & 3B A AR AR A RS0
Table 6 The impact of reward function 3 based on cu-
mulative delay approximation on various traf-
fic performance indicators under DWSAC al-

gorithm
AR R3 ZEIRITMIR3 iR
TR @RS 57.19 5897 -3.1%
SR IR A IR 1.68 1.7 -1.2%
SFIIHER E]/s 28.17  29.96 -6.4%
SR BAFIK 5.2 5.51 -6.0%
T EAREZ A 7.33 7.64 —42%

MRO6HTRT LUE H, il I AR i S 80 2t
REFEARA T T B, EPERES R AN R, B RZ Tk
FESEBRIE L ATAT ).

43 MEESEHES TR RS ST

427 7 BAE R R W], AR H IDWSAC
SRRAE MR DS I A5 S e N B R AR VERE, A
T % A A I AT 25 R AR R AR T
W ELA R 11 e R B IR I8 A, A S0 OpenAl
gymPRAENRASE AT Humanoid b AE IR AE R B 1 6F+
BAPEEE & S I 55 T IR 32 th () Sk
S FLHREE, X e TR AT 55 2 A4 fU4E: Hopp-
er-v2, Walker2d-v2, HalfCheetah-v2, Ant-v2, Huma-
noid-v2 L K Humanoid (rllab), 5% 5 4 MR AE 55 1 °F
PRIl i 2 in BT R

K77 43 7 8 T DWSAC, SAC, TD3LL ZDDPG
X AFPEEAEAN [F) T SR AT 55 Ul 2R )~ 1 35 22 il
& AERMES T, T 4m EIE 2l — ke
BRI ZR(episode) AT — PPl F T U183 22 0).
M7 65K 1 B B8 22 i th 2T AR H, e W
15 S IS SSORE B B3 A M s 4 14 g E SR i, DW-
SACTER & FRL TS5 RIS F A3 EEAH 2,
MR AMERES |, HAh 3P E 1R I 5 DWSAC
ZEPEREKR, 140, DDPGTE Ant-v2, Humanoid-v2 fTHu-
manoid (rllab) FFEA A REE, JUHAE G AMESS L
Z it FE. TD37E £ Humanoid-v2 fHumanoid (rllab)
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L RIREEEAE A HERE . MBI i 2R 1P AR M 7 TH R,
B4 H 1 5% LESACHE i Ho iz 4 T TD3FIDDPG, M
XA UE Y, BTt i Bk S i e ae s 4. I
FR AT DU H, AR SCHR HH I DWS ACHE 2% > 38 R 5 T

—SAC

W RAR I SACH A . 1A, DWSACTEZ4 B 3k
15 8 B 2k T 5 SR [18—19] 7 B B V2kH Bb 45 SRt
U, IX R BDWS ACTE 1% Se bR AT 55 L 1 5 2 R
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Fig. 7 Average reward curves on each standard continuous task
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T bR AR 15 F T A il B B 1 AT 2Rl R
BB RBSEIR. 55 =, RS2 ) 7 AME
JE T ERAFI IR B8 T 4 1l 2 AT AR AR AN 2

AU SRAT AR AL O [0, 55 DY, FEIR B 2% ) 5325 TH,
FEH T —Fh T AL E I Soft Actor-Critic 572, 1%
SRR 1R B K i A 2 =) ELAS )2 B LSRR, 7E4b
HEEA Z A s BN R n) 33 A B A 1 SR B
PF, RIS A EE L 7R Re AR E
BT RG1 RE SR Ry, T3 5 SR YE L, 75 98
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