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Abstract: [ Objective] The current sliding mode control-based algorithms have obvious defects, which only
guarantee the asymptotic system stability, with the system state converging to the equilibrium point as time
approaches infinity. This clearly fails to meet the demands of modern urban traffic management for rapid
response and efficient regulation. To overcome this limitation, the objective of this work is to achieve faster
convergence speed, improved robustness, and enhanced disturbance rejection. The macroscopic fundamental
diagram and integral terminal sliding mode-based perimeter control method was proposed for the oversaturated

traffic in urban regions. [ Method] First, the disturbances (i.e., non-gated or internal inflow) and the
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Then, a

perimeter control system for oversaturated region was established. Based on this system, a control algorithm

uncertainty in the macroscopic fundamental diagram were grouped as the lumped disturbance.

was proposed by leveraging a nonlinear integral terminal sliding surface. [ Result] From the application of
the proposed algorithm to a 5x5 homogeneous grid network, it can be concluded that the cumulative space
traffic flow of road network has increased by more than 1%, and in some cases it approximates to 5%. The
average speed has increased by more than 5%, and in some cases it has increased by more than 8%. The
proposed algorithm offers the faster convergence speed and better disturbance suppression ability. It
significantly enhances the traffic performance in terms of the cumulative throughput and the mean speed, thus
relieving the overall congestion in the urban regions. [ Conclusion] Compared with the existing sliding
modecontrol-based perimeter control method, the proposed algorithm employs a nonlinear integral terminal
sliding surface. It ensures that the state of protected road network converges to the desired state within a
predesigned finite time. Compared with the existing proportional integral control strategy, the proposed
algorithm performs better. It handles the non-constant traffic demand disturbance in the protected road
network with rather low scatter in the macroscopic fundamental diagram.
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Table 1 Root mean square error performance comparison of

vehicle numbers

RMSE/veh AT TR S SMC Pl
Y5 5sin(2. 50) +0. 1 37 38 45
3 50sin(2. 4¢) +0. 15 43 45 53
3 60sin(2. 5¢) +0. 12 45 47 54
P23l 80sin( 2. 61) +0. 14 49 52 59

3.3 WULZEMHE

AR SUMO HEA7 UL 45 ECIR, 56 JiE A fF
GE R Y 0 54 T B30 AR S PR 2838 3 5t A A
PEFL B . % B F] PN 7E 3 500 veh/h Y42 755K
ARSI IINTE, 3 P FEERIEEAESE 1 /MR
ST . PTEES 2 h PR AR, 3 i A
Ml 60 s fil &k —ik, A THETHAT, AR K
BIEE e gs 20 A ¥R, W, X A

SESCITR WAL FC 5 58, i i VI 1 T P45 b
HREEBEA PN By 4508, b, B f/ Nk T I ]
M5 s, VSRVFRAME S N 2000 4EA PN,

Xf J B W L EATPEAG I, R A R A ] 52
i E  (Cumulative Space Traffic Flow, CSFT) FI-F
Y (Mean Speed, MS) 1ERNIEM 4545, J7 i
WL, FEEBAHIE N NPC ( Non-Perimeter Controller) ,
Y gt 220 o A R i 0 R it AT AT A R SRk . T
BEAT AP ILEL, FrA PR 8 bR R T 20 YOSz 07 B
BB TR 4 R Y . OO 5 R A& 7 A 8
fis . R RR g BR[O T TR YRR
B, 188 A Nk 2 7 % I T A A N 2 R
N7 A5, FEAS it AT Ae] 20 R i Bk LT,
PN B 1 AL =4 8E . 24 PN I ZERT, PI,
SMC, JIrfil Fa il S ax 3 Fhvy i 24 ] A 2o il
M PN SMTRHE AR G408, e sl g . MIE 8 o
FAGHE FT B H A 200 A R S T S S R B
A, W R TR R P A o SR, K 2
R T 3 bl R I ST AR Rl i d 2 HCT
REFE AR gt 28 R . AH I 12 1 2 H0A B 4 3R 3 R,
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Table 2 Performance comparison of cumulative space

traffic flow ( CSTF) and mean speed ( MS)

Bl 1 g 2
EAKERER CSTF/[ veh - MS/  CSTF/[ veh - MS/
(km+h) '] (m+s") (km-h) '] (m-s7")
NPC 8.143 6x10° 3.9104 8.086 4x10° 3.9455
P1 9.351 8x10° 4.498 5 9.449 8x10° 4.569 7
SMC 9.630 2x10° 4.596 8 9.789 2x10° 4.681 2
AWFFFTHEA L 9.796 8x10° 4.8659 9.898 1x10° 4.937 4
*x3 EHBSH
Table 3 Controller parameters
EATiKERGR B 1 it 2
PI K,=3.5, K,=0.5 K,=3.8, K,;=0.8
SMC [=8.8, A'=4.5 =9, A'=5
k =8.8, ky=0.1 k=9, ky=0.12
AR iR A

@,=9.5, B,=1.02 a,=9.5, B,=1.05

AR, 3 B AR L P R RE AT ROR P
YR R R R B R . B, 5 P A

e, B4 1 CSTF F1 MS 43 B4 5 T 4.76% Fl
8.17%, %49 2 —F horildgm 1 4. 74% 1 8. 05%
5 SMC FvEAHEL, BB 1 CSTEF F1 MS 4354 e T
1.73% 0 5.85%, L6 2 th ZF 3 AHR R T 1. 11%
5. 47%.,

4 it

AT i A X A R &, 5B 5 B bR
IR MFD A(RESHUEE RN T4, LA Ak
WS AR, it T e AR EHrE, N
3T Ao T DX ks S A 9 B G SR R v

(1) FEH T — i 3 R 43 2 oty Vi A 114) 300 4% il
T, e fiae WE R T B s 1T R0, it
TR XA AR . 5 A BT SMC 1131 B i 53
AR, Irigih i R sl ke Rl R 5 A
PR IR

(2) FESIEM T ESUORER T, 2
2 3 ) ) R S R AT BIR ST T e 58 BT 0 R A

AT EA PLILARIERM SMC A B, ik
THFE I T 58 HA T4y i) 1 L AE R R 2 () 32 3l
T S A PEREFR AR DA R B A, ROk
DX 3l iy 4 il A 9 T[] B s &4 R[] 0 R A I 42 o
IR BRI, AUHFSE T B8 MFD 5~ X A4 8 i o A X
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