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Preventive signal control for over-saturated road
network under traffic guidance
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Abstract: In order to prevent congestion of local road network which often leads to large scale
road network over-saturation, the over-saturation states of road sections and road network were
analyzed, and the method of road network over-saturation judgment and the method of ripe time
judgment to trigger the guidance and control strategy were proposed. Based on graphic theory,
the traffic guidance model was established under fixed traffic demand, taking the maximum satu-
ration minimization as the objective, capacity and link flow balance as constraints. Traffic control
model was established taking the link saturation variance minimization as the objective and link
capacity and maximum phase time incremental as constraints. The models were solved by use of
Genetic Algorithm. The experiments on case road network reveal that traffic guidance leads to re-
duction of maximum link oversaturation by 19. 6%, and traffic control model leads to equilibrium

of the saturation of each link the reduction of variation by 12. 9%. As a result, the collaboration
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of traffic guidance and traffic control can significantly improve the performance of road network.

To certain extent, the model can prevent large scale oversaturation and congestion of road net-

work. 7 tabs, 3 figs, 24 refs.
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Fig. 1 Guidance and control strategy for oversaturated road network
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Tab. 1 Initial data of the experiment road network
e B g KE/m M,/ (euss | (Cis gi)/s Aa(D Cl/s C.(D/s 2,(1)/peu ra (D)
2-1 450 0.4 (70,32) 0.457 1 45 53.203 1 10 1.027 9
4-1 450 0.4 (70,32) 0.457 1 45 48.281 3 4 0.453 1
1-2 450 0.4 (70,32) 0.457 1 45 48.281 3 4 0.453 1
3-2 450 0.4 (70,32) 0.457 1 45 51.562 5 8 0.848 5
5-2 450 0.4 (70,32) 0.457 1 45 47.460 9 3 0.345 7
2-3 450 0.4 (70,32) 0.457 1 45 50.742 2 7 0.754 4
6-3 450 0.4 (70,32) 0.457 1 45 47.460 9 3 0.345 7
1-4 450 0.4 (80,37) 0.462 5 45 48.243 2 4 0.448 2
5-4 450 0.4 (80,37) 0.462 5 45 51.486 5 8 0.839 9
7-4 450 0.4 (80,37) 0.462 5 45 52.297 3 9 0.930 2
2-5 450 0.4 (80,37) 0.462 5 45 53.108 1 10 1.017 8
4-5 450 0.4 (80,37) 0.462 5 45 48.243 2 4 0.448 2
6-5 450 0.4 (80,37) 0.462 5 45 53.918 9 11 1.102 8
8-5 450 0.4 (80,37) 0.462 5 45 56.351 4 14 1.342 9
3-6 450 0.4 (80,37) 0.462 5 45 47.432 4 3 0.341 9
5-6 450 0.4 (80,37) 0.462 5 45 51.486 5 8 0.839 9
9-6 450 0.4 (80,37) 0.462 5 45 48.243 2 4 0.448 2
4-7 450 0.4 (60,27) 0.450 0 45 50. 000 0 6 0.666 7
8-7 450 0.4 (60,27) 0. 450 0 45 49.166 7 5 0.565 0
5-8 450 0.4 (60,27) 0.450 0 45 47.500 0 3 0.350 9
7-8 450 0.4 (60,27) 0.450 0 45 54.166 7 11 1.128 2
9-8 450 0.4 (60,27) 0.450 0 45 52.500 0 0.952 4
6-9 450 0.4 (60,27) 0.450 0 45 51.666 7 8 0. 860 2
8-9 450 0.4 (60,27) 0.450 0 45 48.333 3 4 0.459 8

y | | y |
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_/ N’/ N
A y | A
N/
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Fig. 2 Experiment road network
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Tab.2 Road network performance data without

guidance and signal control optimization

e B 2 e B 4 .
2-1 1.538 3 6-5 1.319 0
4-1 1.415 2 8-5 1.691 2
1-2 1.007 9 3-6 0.358 2
3-2 0.630 0 5-6 0.868 3
5-2 0.777 1 9-6 1.1311
2-3 0.495 3 4-7 0.4417
6-3 0.777 1 8-7 0.446 5
1-4 0.996 7 5-8 0.695 3
5-4 0.952 3 7-8 1.008 1
7-4 0.730 0 9-8 1.447 9
2-5 1.105 0 6-9 1.208 1
4-5 0.682 9 8-9 1.023 2
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Tab.3 Road network performance data with guidance

% B M,/(pcuss | (Cisgi;)/s Aa (1) Cl/s C.(t)/s ro (1)
2-1 0.4 (70,32) 0.457 1 45 68.024 0 1.359 0
4-1 0.4 (70,32) 0.457 1 45 66.854 3 1.341 4
1-2 0.4 (70,32) 0.457 1 45 49,405 1 0.898 8
3-2 0.4 (70,32) 0.457 1 45 46.517 7 0.688 6
5-2 0.4 (70,32) 0.457 1 45 45. 465 7 0.5125
2-3 0.4 (70,32) 0.457 1 45 45.750 8 0.577 5
6-3 0.4 (70,32) 0.457 1 45 45.335 3 0.472 1
1-4 0.4 (80,37) 0.462 5 45 55.045 4 1.104 5
5-4 0.4 (80,37) 0.462 5 45 46.553 2 0.692 6
7-4 0.4 (80,37) 0.462 5 45 57.472 4 1.1659
2-5 0.4 (80,37) 0.462 5 45 50.032 0 0.929 2
4-5 0.4 (80,37) 0.462 5 45 48.289 2 0.8355
6-5 0.4 (80,37) 0.462 5 45 68.024 0 1.359 0
8-5 0.4 (80,37) 0.462 5 45 58.783 4 1.195 4
3-6 0.4 (80,37) 0.462 5 45 45.265 2 0.445 2
5-6 0.4 (80,37) 0.462 5 45 53.667 4 1.064 5
9-6 0.4 (80,37) 0.462 5 45 60. 840 4 1.2377
4-7 0.4 (60,27) 0. 450 0 45 45.168 2 0.397 3
8-7 0.4 (60,27) 0.450 0 45 49.901 2 0.9231
5-8 0.4 (60,27) 0. 450 0 45 45.239 7 0.434 1
7-8 0.4 (60,27) 0.450 0 45 50. 904 6 0.967 1
9-8 0.4 (60,27) 0.450 0 45 67.2347 1.347 2
6-9 0.4 (60,27) 0.450 0 45 55.045 4 1.104 5
8-9 0.4 (60,27) 0.450 0 45 46.820 0 0.720 6
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Tab. 4 List of signal phases and according control variables

=0, x5=—

—1, x3=1, x,=—
—2, x5=2, Ty—

=0, 213=0, ap,
—3, x15=3

P

1T

W

—1, x0=1,

B R TR R AT SR e . AT o E@%ﬁ]ﬁ*%'ﬁﬁ@lﬁ 2 X G5 |25 PE AR | g A6 AR AL || 38 S I 45 | 2R PO AR AL | AL AR AL
SRR G S P B AR (3 : i
fir ) : °
2 X3 6 x12
1=0.695, x,=—0.695, x;=0.933, 2 . 7 s
, = —0.933, x;=—0.540, x;=0. 540, 3 - 7 .
r;,=—1.676, xs=1.676, xy=—1.054, 3 x5 8 15
x10=1.054, x,,=0.094, x;,=—0.094, 4 27 8 Z16
x5 =—0.431, x,,=0.431, z;;=—9.159, ! s ’ 7
1, =9.159, z,=—3.136, r,,=3.136 ’ i il
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Tab.5 Road network performance data after signal control optimization
BB gE [M./(pcuss V)| (Ciogi)/s Aa (D) Cl/s Cu()/s 7o (1)
2-1 0.4 (70,33) 0.471 4 45 87.840 7 1.587 2
4-1 0.4 (70,31) 0.442 9 45 69.791 5 1.384 4
1-2 0.4 (70,33) 0.471 4 45 48. 888 8 0.871 2
3-2 0.4 (70,33) 0.471 4 45 46.341 5 0.667 7
5-2 0.4 (70,31) 0.442 9 45 45,528 8 0.529 1
2-3 0.4 (70,31) 0.442 9 45 45,664 6 0.596 3
6-3 0.4 (70,33) 0.471 4 45 45.296 1 0.457 7
1-4 0.4 (80,38) 0.475 0 45 53.145 7 1.048 1
5-4 0.4 (80.,35) 0.437 5 45 46.943 4 7325
7-4 0.4 (80.39) 0.487 5 45 55.103 8 1.106 1
2-5 0.4 (80,38) 0.475 0 45 49.520 1 0.904 6
4-5 0.4 (80,36) 0.450 0 45 48.668 5 0.858 6
6-5 0.4 (80,36) 0.450 0 45 70.690 5 1.396 7
8-5 0.4 (80,38) 0.475 0 45 57.396 7 1.164 1
3-6 0.4 (80,37) 0.462 5 45 45.265 5 0.445 4
5-6 0.4 (80.,37) 0.462 5 45 53.669 5 1.064 6
9-6 0.4 (80,37) 0.462 5 45 60.872 1 1.238 3
4-7 0.4 (60,27) 0.450 0 45 45,168 2 0.397 3
8-7 0.4 (60,27) 0.450 0 45 49,897 7 0.922 9
5-8 0.4 (60,18) 0.300 0 45 46.214 0 0.651 2
7-8 0.4 (60,36) 0.600 0 45 46.867 3 0.725 2
9-8 .4 (60.,36) 0.600 0 45 52.037 3 1.010 5
6-9 0.4 (60,30) 0.500 0 45 51.591 1 0.994 1
8-9 0.4 (60,24) 0.400 0 45 47.913 1 0.810 5
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Tab. 6 Comparison between road networks with and without

guidance and signal control optimization
AEFERER | MR RE | WA R/ME | R T A
Jo i T R 1.691 2 0.358 2 0.947 8
i
1% 6 WH L 7E S U5 B MR FT T L B R0 o g B
R I RE 1) e KA A B A Rl 1. 691 2 R [ F)
1359, FRET 19. 600 i G T 58 SL 3 5t B B 1) 91 5%
T BE HE— 204 K5 R B A 05 5 B 1 8 B A R R 1 e
AMEA BT b T 53R 45 % B A T R B R T A
(i) IR AT LA 2% B % 0 ) - 4 R 8 A oy B AT L
R /b o 33 T DO ) R AR S 3 SR B A D
JIT LA S 38 175 5 RS A i 1) 2 AR R A T &
Byt .
3.5.2 BMF B I I0F B
A TG S AP D0 A 1) 25 i B AN Y LB L

xR
£7 ERF SRS 2B 0T

Tab.7 Saturation of each link with and without guidance

1.359 0 0.397 3 0.907 2

and signal control optimization

BT | KLET | AET | MBS | LER | AES
2-1 1.538 3 | 1.587 2 6-5 1.3190 | 1.396 7
4-1 1.4152 | 1.384 4 8-5 1.6912 | 1.164 1
1-2 1.007 9 | 0.871 2 3-6 0.358 2 | 0.445 4
3-2 0.6300 | 0.667 7 5-6 0.868 3 | 1.064 6
5-2 0.7771 | 0.529 1 9-6 1.1311 | 1.238 3
2-3 0.4953 | 0.596 3 4-7 0.4417 | 0.397 3
6-3 0.777 1 | 0.457 7 8-7 0.446 5 | 0.922 9
1-4 0.996 7 | 1.048 1 5-8 0.695 3 | 0.651 2
5-4 0.9523 | 0.7325 7-8 1.008 1 | 0.725 2
7-4 0.7300 | 1.106 1 9-8 1.447 9 | 1.010 5
2-5 1.1050 | 0.904 6 6-9 1.2081 | 0.994 1
4-5 0.6829 | 0.8586 8-9 1.023 2 | 0.810 5

M3 AT A 5 I B0 45 % B ) A A B2 22 S
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Fig. 3 Comparison between link saturations with and without

guidance and signal control optimization
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