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Signal Coordination Models for Long Arterials: Integrating
Intersection Grouping and Progression

Student: Cheng, Cheng-Hao Advisor: Chiou, Yu-Chiun

Department of Transportation and Logistics management
National Yang Ming Chiao Tung University

Abstract

Signal progression control has long been viewed as an effective strategy to improve traffic
operation efficiency along a long arterial, which can be divided into two categories: Bandwidth-
based models and Negative Utitlity-based (Delay-based) models. Compared with the delay-
based models, the bandwidth-based models, aiming at providing a maximal green bandwidth
for traffics in both directions along an arterial so as to increase progression and reduce stopping
probability, are widely adopted by transportation authority since the core logic of the Bandwidth
models meets the driver's expectation better. However, as the number of intersections along an
arterial increases, the bandwidth-based method becomes more difficult to generate an effective
bandwidth which allows traffic entering the arterial not able to fully utilize the progression band.
A trade-off exists between the number of intersections and the green bandwidth. The more
intersections in coordination, the bandwidth may be shorter. But fewer intersections in
coordination, the progression along the arterial would be poorer. Hence, how to optimally
decompose the intersections along the arterial into several subsystems for better signal

progression is a critical issue.

To tackle this issue, this study proposes a mixed integer programming model to optimally
decompose a long arterial with several signalized intersections into groups and determine the
maximum bandwidths of each group simultaneously. Additionally, to acknowledge the traffic
dispersion behaviors along two consecutive intersections jeopardizing the effectiveness of
progression, the proposed model also accommodates the traffic dispersion behaviors. To
validate the performance of the proposed model, a case study on Xintai 5th Road with 13
signalized intersections in New Taipei City is conducted. Comparisons with traditional
traditional system partition methods are performed and evaluated by the microscopic traffic
simulation software, VISSIM.

The results of the proposed model show that a total of four groups are formed, each of
which has three to four intersections, and the bandwidth efficiency reaches 56%, which is higher

than those of the Maxband model grouped by several empirical system partition variables and

iii



the MaxbandLA model. The simulation results consistently show that the proposed model has
4.1%~11.0% lower average delay, 8.8%~10.5% fewer number of stops, as well as 1.7%~4.0%
higher average travel speed, suggesting the performance and applicability of the proposed
model is satisfied.

Keywords: Signal progression, Maximum bandwidth, Long arterial, Traffic dispersion,
Mixed integer programming.
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AR E 2 038 £4 Zhangetal (2016) 5050 2 A FIBGK 2 P50 0 PR T A HE
FOoOHBXRIIFE AN A G AE-RBRUZAENELEABRY E-REZBRELRE
HUBRETPHELIRE 23 Y R4cfid F 337 L0 1E iR d S HUER
At 4R > &0 Little et al. (1981) 4% 212 MaxBand &+ %% % T H5% 2 A# > %3k
WH AR A A LN A EE S TENE A S EF T T EHP RN L

Max (b + kb) (3-1)
st (1—k)b>(1—Fk)kb (3-2)
1 1
< Z<— i
SR O G-3)
w,+b<1—r,; v ) A
{WZ+B§1——Z ie(Ln) (3-4)
(di/fi)z <t < (di/ei)z .
{<d,-/£>z i, < @/m): vee(ln=1) )
(di/ z)z < (di/di+l) l; < (d /92) .
{<di/h7>z < dfdyy) —T, < (dfgyz ST G-
(w; +w,) — (w4 +W, 1)+ (t; +1,) + 0L, — STL_Z —0; 1L
(3-7)

+6, 4L, —my=(riq—1;) Viel[l,I—1]

5|
=

. >0, m, integer , §,,0, zero/one variables
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@(hwi)+-(%)7g4—ﬂzf= (%)F;-+iﬂ;——7;+-faui) (3-10)

Bl 2 CZD-CID A7 L£Ap47 53931050 g A 2 BRERFTHRZA

Af=<%>[@5i—lJLi—<2E—-Uf] (3-11)

Bl ARy P EFLd NF I RER IS BN NPT S
ERERNEEL, L, A BT 2 SRR 0 k3] 2 5,50,7 - ARl A i
AR E Y 5B ~BF gk LR 312

#-3-9~3-10~ 3-11 34 % » 3-8 5% 18 » W7 i 3-7 BT L5
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3.2.2 P 3¢

A PR F MaxBand 2 P R0 5 Bk I EF R o d 3t MaxBand 550 7
Feo- 223 F 0> n AFLEEAFL 7 JESET T FERLRTRFL#E
ok RB B IDT S AR W IR A R8RS ﬂm o P RN R AT

b, + Kb,
Max Z% (3-12)
J

3.2.3 24|
SR ETEE SIEY. NEaE
D wy=1 Yie[L]] G13)
;
N33 T|E BRLT 0 R ARA R ER - B AR o

<Y <dy YiE L] (3-14)

F3-14 20 IR A A FERY 0 R IR REFL A MY P EE L FH -
FAERCEES  FREEFTHEF U E - B AEA RO TR

D= w—1 Vie[lJ] (3-15)

BO3-15 R AE B AFEP 0T AP LR ES LR BT AHLET
B - o ANV AERA FETRE AR > P - IAMPZC A L o

2wyl < (zh+ a2 <14yl Vie[l,I-1],j€1,J] (3-16)

03216 F A RUFI A FHEE N FRA B B A FTREA T o - BREHI -
FARERE S BBETREL D SR FREREF A EGE Y =1 Mo+t =25 F 2
BB B - I AEP S REEGRED ) - BT A S AEEY =000
x;-—kx;*lgl)o

b(1—K)>Kb(1-K) Vje[L,J] (3-17)

;9 3-17 I MaxBand #7582 873§ = » S EF AN > NiFE S e REFF K
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(w; +b;) —(1—r) < M(1—al) Vie[l,I],j€[L,J] (3-19)
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N 319320/ S EH A B L EERT o TR d L
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a BIUHIEEF B S NN TR FIREER o g TR G A A EREY
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tS
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J— Z e
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T,=t;
H<M1—y)+ ZTF 1—-F)7" 2z, Yie[l,I-1],j€[L,J] (3-24)

3-24 #x % MaxBand #°5%5¢ 3-5~3-6 P chi A drig e L RE D B

L2 R (T PER o AFT Y 4% Robertson & FRFETHCG S B X RES
KPP o LRI ERHE S GHGVBERE Y BRI RE R ERER A i)
A pe s HREY SEFFEFEAREE - 29
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Bl w2 FRARATHES o e - BRHRE RS B SRR AT T A o
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% %12
ERNE TN

- 54
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2 4.1.2 pRevpEds 2l E T

i e e B A
HZ A FE3E(m) (Vehicles) (Vehicles) (Vehicles) (Vehicles)

= P = EPfF = P v = P
1 320 56 2497 — — 2071 28 231 — 51 — — —
2 246 196 2495 37 11 1710 104 84 4 102 287 62 144
3 156 6 2420 297 6 1485 199 236 104 141 199 95 125
4 217 286 2223 272 57 1484 28 43 158 74 132 127 44
5 140 53 2172 85 39 1487 33 59 116 37 45 110 31
6 219 217 2014 31 50 1526 80 277 133 17 16 105 83
7 101 2 2079 293 13 1518 16 17 58 12 126 101 19
8 234 193 1886 36 4 1498 9 267 68 35 14 114 17
9 147 181 1750 239 62 1450 80 54 43 14 47 93 33
10 544 — 1824 13 — 1556 22 — — 36 — — 41
11 360 — 1854 11 4 1570 — — — — 8 — 34
12 356 — 1879 9 6 1567 — — — — 7 — 13
13 — 73 1819 — — 1459 124 86 — 114 — — —
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3 0.336 0.662 0.003 0.661 0.002
4 0.318 0.666 0.128 0.554 0.016
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10 0.200 0.8 0 0.8 0
11 0.100 0.885 0 0.9 0.015
12 0.100 0.889 0 0.9 0.011
13 0.158 0.842 0.048 0.794 0
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