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A Case Study on Signal Control optimization of Oblique Dislocated Leg Intersection

Chongging Jiaotong University LI1U, Wei

OMember of JSCE, Toyota Transportation Research Institute (TTRI) ANDO, Ryosuke

The problems of intersections caused by the oblique dislocated legs can be found everywhere. Based on the geometric and traffic

characteristics analysis of the intersections, signal control method according to HCM 2010 manual and Webster model is useful to the

oblique dislocated intersections. The signal control scheme needs to be optimized to ensure the smoothness and safety of the intersection

operation. Phase combination and phase sequence are the key factors to meet the special condition. A case study on the intersection of

the Hongensi oblique dislocated leg intersection in Chongging China, optimized signal phase scheme be prompted to improve the

efficiency and safety. By using of the VISSIM to simulate the control scheme and evaluate the operation state, the contrast of before

and after of intersection control can be reached. The result shows that the operation quality is improved during the peak and off-peak

hours of the working day and weekend through the optimized signal control scheme. The average vehicle delay, the average queue

length and the number of vehicle stop times are improved.

1. INTRODUCTION

With the growth of the number of cars in the city, traffic
congestion has become a serious problem for almost of all ma-
jor mega cities around the world. The intersections become the
bottleneck of urban road network. It is conducive and effective
to alleviating the increasingly tight traffic congestion by im-
plementing reasonable and feasible signal control facilities and
optimized signal control scheme at urban traffic junctions. At
present, there are a lot of researches on improving the traffic
efficiency and driving safety at intersections. The signal con-
trol scheme optimization is one of the most common and ef-
fective method.

As a typical mountainous city, the traffic operation of
Chongging is affected by its topography and geomorphology.
There are many oblique dislocated intersections which seri-
ously affects the efficiency of traffic operations. At this stage,
there is little method or design can fit for all the special inter-
sections. Therefore, each oblique dislocated intersection
should be analyzes the characteristics individually. Depending
on the field survey data, each signal control scheme to the spe-
cial intersection could be designed based on HCM 2010 and
Webster model, and it strives to maximize the level of service
under the premise of ensuring traffic safety.

2. THE TRAFFIC CHARACTERISTICS ANALYSIS
OF OBLIQUE DISLOCATED LEG INTERSECTION

Usually, the regular intersections are orthogonal, where two
roads intersect to form a three-way or four-way intersection,
and formed T-shaped or cross-shaped intersection. The
oblique dislocated intersection is at least with one oblique leg
or one leg whose center line cannot join with other legs. This
special intersection is especially common in mountainous cit-
ies or other historic district of city.

Since the leg is not in line with the opposite leg or asym-
metry at oblique dislocated intersection, there is a more turbu-
lent and complicated trajectory than the regular intersections.
Especially, when multi-axis truck and bus pass through the
oblique cross-section intersection, they often need more space
to accomplish the turning due to the limitation of the radius in
an acute angle, which greatly reduces the traffic efficiency. It
also gets higher probability of accidents.

3. OPTIMIZATION METHOD OF SIGNAL CONTROL
SCHEME

(1) Signal control scheme design

a) Signal timing parameter calculation

At present, there are three types of isolated intersection sig-
nal control methods, fixed time control, actuated control and
adaptive control. The traditional multi-period fixed phase tim-
ing control is still the main control method.

The first step to make a single intersection signal timing
scheme is which phases should be combined together to a
stage. This step is the key step of intersection signal timing. It
decides by the geometric and each turning traffic demand of
the entrance at intersection.

The second step is to determine the corresponding yellow
time and all red time. This step is very important to safe oper-
ation. It need considerate the grade of each entrance and the
sight clearance.

The third step for the isolated intersection signal control
timing, the most basic two timing parameters are the cycle and
the green split.

The signal cycle is the sum of the time required for each
phase stage to be displayed in turn. The best used signal cycle
length can be calculated by the Webster formula.

Key Words: oblique dislocated leg intersection, signal control scheme, optimized design, simulation.
Address: West-4F, Motoshiro Building, 3-17 Motoshiro-cho, Toyota, Aichi 471-0024, Japan
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where C, issignal optimal cycle, s; | is total cycle loss time,

s, related to vehicle start loss time, green light interval time and

phase number; y is the sum of the maximum flow ratios of all

phases of the constituent cycle.

Spilt is ratio of effective green time to cycle time for each
phase. The effective green time of each phase is often calcu-
lated using the Webster method.

i maX(yu;, yiz, L) @)
where G, is total effective green time, G,.=C,-L, S; g, IS
the i-th phase effective green time; max(yi, yiz,L. ) is maxi-
mum flow ratio of the i-th phase.

b) Signal control strategy selection

From the existing research, signal control strategies on dis-
located intersection can be summarized as the following three
types.

1) Controlled as two independent T-shaped intersections.

2) Coordinated control of two T-shaped intersections.

3) Integrated control as a large intersection.

In applications, the distance between the center line of the
opposite legs is selected. The distance threshold of each con-
trol method is studied in reference documentation (6). The
control strategy of the oblique dislocated intersection follows
the strategy of the dislocated intersection and considerate the
trajectory and clear time of each stage.

(2) Optimization of Signal control scheme

Optimization of the intersection signal control scheme gen-
erally have two contents: the one is signal timing optimization
and the other is phase combination and phase sequence opti-
mization. The two aspects are often complementary.

a) Signal timing optimization

Signal timing optimization is based on the current traffic
volume and demand. In the case of a certain optimization goal,
there are generally two processing methods in practice.

1) For unsaturated oblique dislocated intersection, the signal
cycle is not first aim to changed, optimizing the split of each
phase according to traffic volume is the first task.

2) For the saturated oblique dislocated intersection, it is nec-
essary to recalculate the optimal cycle with equation (1), and
then correct the timing of each phase with equation (2).

b) Phase optimization

The phase design and optimization to the oblique dislocated
intersection is to determine the optimal phase number and
phase sequence, which can improve the signal control effi-
ciency, thereby improving the traffic capacity and reducing
traffic accidents. Compared to timing optimization, phase op-
timization is a more complicated task because the variability
of the phase design is illustrated by the phase optimization of
an oblique interleaved intersection (upper obliquely and down

gei:G

obliquely).

There are four phase schemes shown in Table 1 for the
oblique dislocated intersections under different geometric and
traffic demand. This is only a very simple phase combinations.
In application, the phase optimization has decided by many
factors. The phase sequence, phase overlap and left-turn phase
are usually considered, which explains the complexity of
phase optimization.

(3) Signal control scheme evaluation

Generally speaking, the operation efficiency evaluation of
isolated intersection mainly include: capacity, saturation, de-
lay, number of stops, average speed, queue length, exhaust
emissions, etc., among which the number of stops, queue
length and vehicle delay are more useful.

At this stage, the microscopic traffic simulation software
VISSIM developed by German PTV Company is widely used
to analyze various traffic scenarios. VISSIM has the functions
of analyzing, evaluating, optimizing road network and com-
paring different signal control schemes. Therefore, VISSIM
could be used to evaluate the signals control scheme before
and after optimization.

4. CASE STUDY

Hongensi intersection locates at the intersection of Huaxin
Diversion Road and Guanhong Avenue in Jiangbei District, in
Chongging, China (Fig.1). The intersection connects
Hongensi Park, Huaxin diversion road and Guanyingiao busi-
ness area. The center line of Guanhong Avenue offsets 7m
from the intersection center and the angle is about 70 degree.
It belongs to the intersection of the short-distance oblique dis-
located intersection (upward vertically and down obliquely).

The service level of the Hongensi intersection is out of sat-
isfied, especially the tidal phenomenon at the peak hours in the
morning and evening. The traffic flow is in a heavy over satu-
ration state. In order to improve the operation quality of the
intersection and to alleviate the traffic congestion in the Guan-
yingiao area, it is great significance to optimize the signal con-
trol scheme for the intersection.

(1) Current situation
a) Traffic volume and vehicle composition

In order to more comprehensively understand the operation
of the Hongensi oblique dislocated intersection, the organizers
observed the morning peak hour traffic volume, the off-peak
hour traffic volume and the evening peak hour traffic volume
in the working day and weekend (Table 2). Each turning vol-
ume ratio of each lane see the Fig.2, and the composition of
the vehicle at the intersection is also counted (Fig.3).

As shown in Table 2, compared with the traffic volume on
the working day, the traffic volume on the weekend decreased
slightly, and the traffic volume of the east and west entrance
was large. The change was obvious accompany by the time.
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Table 1 Phase scheme of an oblique dislocated intersection (upper obliquely and obliquely)

Phase scheme Number of phases

Current scheme

JL

Scheme 1 / ******* )/ ,,,,,,,,,,,,,
) Stage 1 : /7 Stage 2 ;/ Stage 3
Scheme?2 | T | T /%_ ,,,,,,
: '/ Stage 1 ; Stage 2
Scheme 3 e
'/ Stage 2
L N—
Scheme4 | 77 4 T | .,
Stage 2
&
RERR =
2 mman TR
Disgy L _HEER
) {E5ms tHcEE)/LE
W s
A0 & msmnme
J@E#.L\Q Guanhong.. Avehu%’""
3 e «
o™ e
RRMS (o o O“g (\6?
5 EEBSIE $ //
@ BeIRIE D \
@

Center Lines are out of
alignment

®

Fig.1 Schematic diagram of the oblique dislocated intersection of Hongensi (upward vertically and down obliquely)

Table 2 Hourly traffic volume of the Hongensi oblique dislocated intersection.

Direction
Volumes (veh/h) Guanhong WB Yuao SB Hongen EB Yuao NB
Left | Through | Right | Left | Through | Right | Left | Through | Right | Left | Through | Right

Wor | Moming | 772 287 222 402 182 103 924 224 239 312 306 70
kday | Off-peak 705 315 324 385 153 86 479 173 156 258 247 40

s Evening 986 410 308 396 286 87 663 195 265 378 251 64
Wee | Moming | 591 293 172 430 229 130 597 204 200 271 235 39
kend | Off-peak | 730 328 297 434 156 176 498 261 202 291 211 23

s Evening 886 372 383 401 169 124 664 258 232 289 241 54
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Fig.2 Percentage for each lane of the intersection.
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Fig.4 Current control scheme: (a) phase diagram; (b) signal timing of off-peak; (c) signal timing of peak.

The proportion of traffic volume on each lane was shown in
Fig.2. The left-turn traffic volume of east-west entrance ac-
counts for the highest proportion, which is far greater than the
proportion of straight-through and right-turn traffic in the same
direction. From the perspective of the composition of the in-
tersection models (Fig.3), small cars occupy the main models,
while taxis and buses account for a certain proportion. The
traffic composition on weekdays and weekends is stable and
mixed, and the bus has a great influence on the traffic capacity
of the intersection.

b) Signal phase and timing

The current control strategy of the Hongensi oblique dislo-
cated intersection is very simple. It adopts fixed time and
fixed-cycle control method on weekdays and weekends. The
signal control scheme is shown in Fig.4.

¢) Summary of current operation state

1) The intersection is very large. The lanes of east and west
entrance are much more than which of at south and north en-
trance. The vehicle trajectory inside the intersection is chaotic,
and the overall traffic capacity of the intersection is poor.

2) The service level of the intersection is low, since long
queue exists on the northeast and west entrance and the four
legs are saturated or over saturated. Sometimes, vehicles need
two or three stops before leave the intersection;. The traffic

volume on weekday mornings and evenings increases com-
pared to weekends, and there are more buses.

3) Signal timing needs to be change. In the morning peak
hours of weekdays, the green splits of east, south and west en-
trance are relative small, which resulted in a high number of
queues. In the evening peak of weekends, the low green split
for west leg makes the entrance a long queue. The effective
green time of each phase does not match the expected green
time.

4) The phase combination and sequence is not reasonable.
The phase stage release mode of the intersection is split phase
during the off-peak and peak hours on workdays and week-
ends, which is inconsistent with the traffic demand. Green time
of some movements are loss.

(2) Optimization of signal control scheme

Based on the survey data and the problems, the optimized
method which have been mentioned above was applied to
Hongensi oblique dislocated intersection. New control scheme
with phase combination and timing, which is shown in Fig.5
(optimized signal control scheme for workdays) and Fig.6 (op-
timized signal control scheme for weekends).

Asshown in Fig.5 and Fig.6, the phase release mode is same
on the workdays and the weekends, and the split phase is still
used during the peak time. However, the symmetrical releas-
ing is adopted for north-south entrance during the off-peak
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time, and the signal timing of each circle is also optimized ac-
cordingly.
(3) Evaluation of new signal control scheme

The signal control schemes that be operated before and
after are evaluated by simulations with VVISSIM. By compar-
ing the evaluation index, it can be judged whether the optimi-
zation result is valid or not. The evaluation index includes the
average vehicle delay, the average queue length and the aver-
age stops per vehicle. The results are shown in Table 3.

As shown in Table 3, compared with the pre-optimization
scheme, the optimized signal control scheme is more effi-
ciency on the index of vehicle delay, average queue length and
average stops per vehicle under the same traffic conditions.
The comparison of evaluation results show that the signal con-
trol scheme has indeed been optimized and has significantly
improve traffic congestion at the intersection.

5. CONCLUSION

The signal control optimization to oblique dislocated inter-
section in urban includes phase combination, phase sequence,
cycle and split etc. Taking Chongging Hongensi oblique dis-
located intersection as an example, according to the traffic op-
eration characteristics and geometric conditions at the intersec-
tion, the HCM 2010 manual and Webster model were used to
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NBJLSB NB J;L :
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Stage 1
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Stage 3
Stage 4

Cofi-peac=135s

(Yuao Ave.) (Yuao Ave.) n

(Yuso Ave)) (YuaoAwe)_ 1

©

optimize the signal control scheme, and the scheme was sim-
ulated and evaluated by VISSIM software. The final result
shows that the optimization of signal control scheme can im-
prove the operating quality and level of service of the oblique
dislocated intersection.
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Fig.5 Optimized signal control scheme for workdays: (a) phase diagram of peak; (b) phase diagram of off-peak;

(c) signal timing of off-peak; (d) signal timing of peak.
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Fig.6 Optimized signal control scheme for weekends: (a) phase diagram of peak; (b) phase diagram of off-peak;

(c) signal timing of off-peak; (d) signal timing of peak.

Table 3 Evaluation results of signal control scheme before and after optimization

Evaluation index
Signal control .
N Time Average vehicle delay Average queue length | Average stops per vehi-
scheme
(s) (m) cle
Morning peak 47.68 31.6 0.85
Current workdays Off-peak 31.76 23.48 0.53
Evening peak 48.09 31.84 0.87
Morning peak 47.69 30.84 0.86
Current weekends Off-peak 32.12 23.82 0.53
Evening peak 4791 30.84 0.85
Morning peak 37.22 28.28 0.56
Optimized work-
q Off-peak 24.66 22.53 0.46
ays
Evening peak 37.05 28.39 0.56
Morning peak 37.08 27.73 0.58
Optimized week-
Oft-peak 25.06 22.57 0.44
ends
Evening peak 37.65 28.78 0.61
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	USB電流電圧テスターを用いて得られる計測・通信装置の電圧電流はそれぞれ5.0Vと0.1Aである。ル
	赤外線サーモグラフィカメラを用いて得られる計測・通信装置の温度変化範囲は29.3℃～30.6℃である

	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ
	空白ページ



