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Integrated Control and Management
Model for Mixed Networks Based on
Stackelberg Games
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Abstract: Aimed at the phenomenon that local congestion
is easy to evolve into large-scale congestion due to the
decentralized coordinated control of the mixed network
composed of the expressways and the surface streets, as well
as the unbalanced distribution of traffic flow pressure in the

road network during peak hours, a centralized cooperative
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optimization model LC-MPC (level change - model predictive
control) of mixed network with changeable game roles
between authority and users is constructed based on
Stackelberg Games. User compliance rate is taken as the
equilibrium index to represent the pressure distribution of
road traffic flow, while role-change function is designed to
fulfill the transformation of the relationship between leader
and follower under different traffic states. The central
controller of model predictive control (MPC) realizes the
synchronous optimization solution of CAC (combined traffic
assignment - signal control problem) of the mixed network.
Finally, the effectiveness of the designed model is verified by
comparing with different control models. The results show
that the LC-MPC model with the highest degree of
centralization has a better effect on reducing road network
travel cost than other control models. Meanwhile, the model
can maintain the user compliance rate within a certain range,
which is conducive to the balanced distribution of traffic flow
and the overall stability of the road network.

Key words: traffic operation; integrated control and
management for mixed network; Stackelberg Games;

users’ compliance rate; changeable game roles
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Fig. 1 Integrated optimization procedure for mixed networks
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based on compliance rate
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Fig. 5 Level-change mechanism between authority

and users in mixed networks
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Fig. 6 Centralized coordinated optimization model for mixed networks
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FT AT BRI R T B, B A €8 ] 280 T
IBAT R PERN I PR A TEROV

4 Zig

(L) S5 ER A I IO0 PO T 5 X 245 45 4 LA 2 2 18 5 Jo
PEAFAE K5 52 2 A RIS o I ) S 1B 7 PP ] 0 A ) A
RS- SSE A E A R (CAC [a)#)
ST AR G M RIS BE 5 T A

(2)XPEHE T TEIR A B B R LA TG 2l
A ECRIAT 10T, BiR T —FAE Rl iy
FA XS BRI PR, 8057 TR P PR EE T4 2
5 a2 AL R DA ik
TR,

(3 T 5 P A e n] 22 [ Stackelberg

THZRRIRIZE K 1 IR AR it AR R 3 A
BRI FREST RN B (A A PR, Tl A B P DL
P - AR R DSR2 MUY R 20
FI A, IFGI AR AAERIF- 5 MPC, 78 s 2 il
r PSCER RIS 2 SR R e A R

(4) 75 18 T A8 BIE PEINAT AR S (e A0 P BORA T A
P [F) 22 5 ) £ (0 AR R RS RER I FH P IR R A i —
TEAKE RN, (AR SR AR E A 222 T RN
FEEE PRI EA— G ERPR AR
(I, B AR T HSAHELE , X TR e A
i P A LA 2 S E AT

(5) AR A A A S AR A B MU A 5
SRR, FA R A A SSEARAS L M (R e e E gl
PHIEIHHO BT 20 SR, PR SEPRis A T4 Bl
TG BN ARIBCR AR P BB A 2 R b,



59 1 ¥ i, % 3ET Stackelberg FRZE TR A 15 9 B[R] 5 s AR 1441

L AR SR AR A R B PR R 2 4 B R
FHF AR, AR P AR G2 R A e

EE REk =R
Wi ARES T BRI SRS |
R P AR A SRS
AR Bt B AR BT AR SRS
TR BRI R SRS
SIT TR AR RS SRS |

SE K

[1] HADAD J, RAMEZANI M, GEROLIMINIS N. Cooperative
traffic control of a mixed network with two urban regions and a
freeway [ J]. Transportation Research Part B: Methodological
2013, 54:17.

(2]  ®fe, bl £&, % LT L UE SRR T Hud K sei E i
BrF ] - ik SR EELT ). S R 5 %4, 2020, 38(4): 66.
ZHANG Cheng, YANG Xiaoguang, WANG Yizhe, et al.
Integrated control for urban expressway-arterial corridor based on
multisource information: A review and prospect [J]. Journal of
Transport Information and Safety, 2020, 38(4): 66.

[3] RENY, HOU Z, SIRMATEL 11, ez al. Data driven model free
adaptive iterative learning perimeter control for large-scale urban
road networks [J]. Transportation Research Part C: Emerging
Technologies, 2020, 115: 102618.

[4]  YILDIRIMOGLU M, SIRMATEL I I, GEROLIMINIS N.
Hierarchical control of heterogeneous large-scale urban road
networks via path assignment and regional route guidance [J].
Transportation Research Part B: Methodological, 2018, 118: 106.

[5] 5k, oL . Ptk il I Ea A S E Sk T].

SCHIEH ARG TARS(EE, 2018, 18(6): 164.
ZHANG Nan, YANG Xiaoguang. Optimize signal timings for
oversaturated intersections connected with urban freeway off-ramp
[J]. Journal of Transportation Systems Engineering and
Information Technology, 2018, 18(6): 164.

[6] JINPJ, FANGJ, JIANG X, et al. Gap metering for active traffic
control at freeway merging sections [J]. Journal of Intelligent
Transportation Systems, 2017, 21(1): 1.

(7] PR, BEAE: , SRR, 45 . Sty Sl #2555 S U] AU X2 L
RIBETI[T]. AR R (A AR , 2016, 46(2) : 450.
SUN Zhiyuan, LU Huapu, ZHANG Xiaoli, ez al. Bi-level
programming model for cooperation of urban traffic control and
traffic flow guidance[J]. Journal of Southeast University (Natural
Science Edition), 2016, 46(2): 450.

[8] RINALDIM, TAMPERE C M, VITI F. On characterizing the
relationship between route choice behaviour and optimal traffic
control solution space [J]. Transportation Research Part B:
Methodological,, 2018, 117: 892.

(9] By, XM, TR, &5 . (5 ol S il Be PRI i i A id&

[10]

[11]

[12]

[13]

[16]

[17]

[18]

[19]

[20]

i TOA FLIL[T]. sclisii R 4 TR (5., 2019, 19(6): 77.
DUAN Li, LIU Congjian, FANG Zhilin, ez al. Adaptive IOA
algorithm for coordinated model of signal control and traffic
assignment[ J ]. Journal of Transportation Systems Engineering and
Information Technology, 2019, 19(6): 77.
IR A, AR SO B | BT A R ] 5 T v B A S A
SRl SRS [T]. SSliEkn LR SR B AE, 2008(3): 65.
YE Haifei, LU Jian, LI Wenyong. Strategies and algorithm for
quasi-dynamic assignment based on traffic control and guidance[J].
Journal of Transportation Engineering and Information, 2008
(3): 65.

BT Wb, 0, 45 . IR SSm b i T RO R REEMELT ).
SGBIBHAG T RS EE, 2005(6): 43.

YANG Zhaosheng, CHEN Xin, WANG Yuan, ez al. Study on
intelligent collaboration between urban traffic control and route
guidance[J]. Journal of Transportation Systems Engineering and
Information Technology, 2005(6): 43.

Lt INFIE, PGIE, A P ESE AR ARBIT TSR - 2016( 7).
PP AR, 2016(6): 1.

MA Jian, SUN Shouzeng, RUI Haitian, et a/. Review on
China’s traffic engineering research progress: 2016 [J]. China
Journal of Highway and Transport, 2016(6): 1.

HOSSEINI M, GHAZIZADEH R. Stackelberg game-based
deployment design and radio resource allocation in coordinated
uavs-assisted vehicular communication networks [J]. IEEE
Transactions on Vehicular Technology, 2022, 72(1): 1196.
VON STACKELBERG H. Market structure and equilibrium [ M ].
Berlin: Springer Science &. Business Media, 2010.

CHAI H, ZHANG H M, GHOSAL D, et al. Dynamic traffic
routing in a network with adaptive signal control [J].
Transportation Research Part C: Emerging Technologies, 2017,
85:64.

YIN'Y, YANG H. Simultaneous determination of the equilibrium
market penetration and compliance rate of advanced traveler
information systems|[J]. Transportation Research Part A: Policy
and Practice, 2003, 37(2): 165.

KARIMI A, HEGYI A, DE SCHUTTER B, ez a/. Integration
of dynamic route guidance and freeway ramp metering using model
predictive control[ C]//Proceedings of the 2004 American Control
Conference. [s.n.]:IEEE, 2004, 6: 5533-5538.

VAN DEN BERG M, HEGYT A, DE SCHUTTER B, ez a/.
Integrated traffic control for mixed urban and freeway networks :
A model predictive control approach [J]. European Journal of
Transport and Infrastructure Research, EJTIR, 2007, 7(3): 223.
PAPAGEORGIOU M, DIAKAKI C, DINOPOULOU V, et al.
Review of road traffic control strategies [J]. Proceedings of the
IEEE, 2003, 91(12): 2043.

PAPAGEORGIOU M, HADJ-SALEM H, BLOSSEVILLE J
M. ALINEA: A local feedback control law for on-ramp metering
[J]. Transportation Research Record Journal of the Transportation
Research Board, 1991, 1320(1): 59.



