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ABSTRACT
An grade light rail project has been initiated in Phuket,tiitaailgind. The
the city streets with several signalized intersections and large roundab
to explore traffic control strategies in order to provide transit progressi
delays in other vehicles. A software packagediBAbi&hishithe optimizec
signal timing and coordination. VISSIM, a microscopic simulation softwe
employed to simulate and evaluate the efficiency measures to recomme
The test scenarios included #l) aorgighadigbout light railway transit (L
2) unsignalized control with yield, 3) unsignalized street vehicle control
control for LRT, 4) fixed time signal and 5) signalized street vehicle
actuated signdde$theeaffic control scheme was found to be unsignalized
control with actuated signal control for LRT due to its short queue leng
street delay.
KEYWORIMSE,-gtade intersection, actuated traffic signal, roundabout

1. Introduction

Phuket is one of the most famous tourist destinations in Thailand. Dt
tourism industry, high travel demand, and severe traffic congestion, th
and Traffic Policy and Planning (OTP) initimadsiay (lidhi yahajagt in an
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attempt to alleviate traffic c
by transportation fdrianddien lifestyle and reduction of traffic congesti

The Phuket LRT project was glékrad@ste, dlivided into two phase
first phase of the project embraces a 41.7 km route from Phuket I
Chalong intersection. The second phase involves an extension fc
intersection between Highwa@é 40 laadNd@ station, which is also th
terminal station of the State Railway of THadahda(SRM)liBardthe LRT
network consists of 24 stations [1]. The project feasibility study was
the LRT was due tteestgitration in 2021. The prajeetiviedadssim
system. Later in 2021, the LRT plan was replaced by Autonomous R
[2]. Thus, the design of the project had to be revised accordingly. N
and ARMare the same characteristics in that they bothgare aperated’c
B u -ofwaygvhich offers an exclusive public transport lagradeith int
intersections with street traffic [3].

The LRT project in iShaiaindedyv for transport planners. The detail
on light railway operations has not been carried out to date. One o
elements is probably the traffic signal timing and phasing which ha
explicitly. The sigriadydhbe designed to accommodate the uninterrug
of transit vehicles while maintaining an acceptable level of service fc

This study explores strategies to facilitate transit progression and
delays ati®€lock Tower which is a roundabout section included in tr
the project. The complex nature of the roundabout calls for special |
prevent street gridlock over limited storage space while mesdoving s
transit vehicle movement.

1.1Physical Properties of the Roundabout

Located in adeigsity residential zone of the south urban area, the
five legs and two circular lanes. The inner diametap miothen abdelydzihc
m. Figure 1 illustrates the plan of the roundabout and provides stre
roads
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Figure T'he plan, the TRANSYT model and the roads approaching the
Tower roundabout [4]

The roundabout comzeisthéket Road islartevooad with parking spaces
in an approximateondrtidirection. Montri Rolahaesraativavith curbside
parking spaces connecting the roundabout on the norteasingb®i Surin
lane road witm@apaces and expandady,adae road as it approaches
the roundabout on the southeast. Lastly, Sdahalimgchaornsecting the
roundabout on the west.

1.2Traffic Management and Transit

At present, the roundaboutzed uiisgghalflows clockwisbawlthe left
driving rule applies. Priority is given to vehicles in the roundabout over:
the roundabout geometric design permits, the yield control rule is apg
control. When ltR3peration, priority shall be offered to transit vehicles fi
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The 2017 feasibility study estimates that the LRT will serve up t
per day in the opening year 2021 (2564 BE). With the recent propos
the railwaysit vehicle model for the project has not yet been decide
assumes that traditional electric trams will be used as transit vehicles
define the car length aof aad the car width of 2.40 or 2a&%yroWiti(a ce
passengers. Tramcars will be driverole@mt@pebstiome The service rul
an average speetOdt0in the Phuket town area and a maximum sp
in the outer part of the town. The operation iaesdoeeal lbexitbplamatic
with other future projects swcy adreetearrangement -andnteghsit
development. The LRT will initially run with an average frequency of
10 minutes) in the town area. The trafBumi Clodkroagler Roundabo
both directions of Phuket Road in the first phase of operation.

2. Literature Review

Transit Signal Priority (TSP) gives the transit vehicles priority, v
transit cars and results in lowaradetey cdi®Forized into passive, act
adaptive types. Passive signal priority relies on static signal plant
interaction between the traffic signal system and transit vehicles [5
applies some commuetivaeonthe traffic signal system and transit v
Adaptive signal priority dothectlataand adjusts the signal control ac
traffic situations.

Passive signal priority is generally carried out at a loweeddst sinc
install vehicle detectors. On the other hand, active signal priority re
vehicle presence, speed, and density. The location and alignment of
the performance of the signal at varioisgter flevelatat and the furthe
detector from the intersection, the active setting could better clear q
delays [7].

Passive signal priority in the urban area is usually designed to m:
transit vehiclegsogr. Active signal priority could interrupt the offset of
could result in negative impacts on the network. There are methods t
settings, for example, compensating in the next cycle [&]. ptmrigyer, |
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might have downside effectprmnitizechaide sspetsallyder high flow
situations. Delays on side streets would likely increase due to residual c
on side streets could also be taken intpesseodyesesirgparoach [10].

3. Materials and Methods
3.1Data Collection and Management

Traffic volume statistics were collected during morning peak hours
Four cameras were set up. The traffic volumes actenchajoaind d&ta@anl the
leg were recorded with the traffic composition as shown in Figure 2. T
were then converted into Passenger Car Units (PCU) using the passe
(PCE) factors given by OTP, as shown in Tiabhend). nibeedesigrcount
(TMC) volumes of street vehicles were analyzed as shown in Figure 3
were distributed proportionally to each traffic node. Table 2 shows traf
in the org@stination matrix (OD matrexjtiddiemoesment was found to be
norteouth movement froiOtwleedesdl4vith a traffic volume of 515 PCU

Bus _ , Vehicle Class Percental
0.94% Bicycle, Tricycle

Car>7 0.12% Bicycle, Tricycle 0.1

v \ Motorcycle 62.4
\ oo CaD7 passengers  25.8

Car < 7 passengers Car>7 passerngers 0.6
25.84%

Light Bus 0.2

Medium Bus 0.4

otoreycle Heavy Bus 0.2
62.84% Light Truck 8.9
Medium Truck 0.6

Figure Zomposition of collected traffic data
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Table 1Passenger Car Equivalent (PCE) Factor [11]

PCE factor
venicle Class Urban Rural| Roundabg Slgnallzg
Intersectiq
Private Car, Taxi, Ligl 1.00| 1.00 1.00 1.00
Motorcycle 0.75] 1.00 0.75 0.33
Medium to heavy truc 2.00| 3.00 2.80 1.75
Heaus 3.00 3.00 2.80 2.25

Figure Jurning movement counts (TMC) and the desire lines of the v
to Surin Clock Tower Raunrel@htsut

Table 20D matrix (PCUs/hr)

—.bestnatl 61 11 | 12 | 13 | 146 sum

Origin
110 0 84 28/ 16§ 518 104
11 46 0 50 28 89 21:
12 21 6 of 17 55 99
13 0 0 0 0 0 0
1416 94 27 93 53 261
Sum 161 111 421 260  65¢
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3.2Assumptions and Scenarios

To simulate traffic operations, assumptions were made as follows:

1)The time pefitiie simulation is within the first ten years of operatic

2) Transit vehicles run on the median with asmardissied lane (left

3) Transit drivers drive on sight and are responsible for the safe oper:
l.e., keeping a safe bst@ren vehicles, respecting radio instructions fror
center, driving at a safe speed and being able to stop safely accordir
conditions, speed restrictions, LRT signaling color aspects and other o

Fivecenarios were assigned with the same design volumes. All vel
cruise speed of 30 kph. The transit vehicles run with a frequency of |
scenarios are set as follows:

3.2.15C1: Unsignalized control without LRT

This scenamigates the base network when the LRT project ha:
executed. The street vehicles yielded when entering the roundabout.

3.2.5C2: Unsignalized control with yield

This scenario was treated as the base scenario. Thereirs no traffi
the conflict areas. All entering vehicles must yield to vehicles already
Both entering and roundabout vehicles must always yield to the transit

3.2.35C3: Unsignalized roundabout with actuated signal control for LR

Streefehicle traffic would run with a green signal with yield in the
However, LRT vehicles had priority to pass the intersection using the
expressions were as shown in Table 3. The detectors were placed 80
the stop. The distance from the detector to the stop was calculated usil
30 kph, intergreen (i.e., yellow plus red time) time of 5 s and LRT dec
m/& The logic file was created using VISVAP, as shetagems Wegare 4.
assigned: Stage 1 for street vehicles and Stage 2 for transit vehicles.
upstream sensor detected a vehicle, it would trigger a request for a tr
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The signal only changes when all the LEET trehiclesdbetiaan have sal
passed the downstream detector.

Table 3Expressions for VAP logic for SC3

EXPRESSIONS Contents Comment
DetNB_UP Occupancy( 50| Northbound Upstream
DetNB_DWN Occupancy( 50 Northbolmvnstream de
DetSB_UP Occupancy( 50| Southbound Upstream
DetSB_DWN Occupancy( 50| Southbound Downstreg

3.2.6C4: Fixed Time signal

The signal timing was set to run repeatedly regardiessiaigraffi
Signal timing was designed using TRANSYT with the focus on redu
Is equivalent to the passive transit signal priority where transit dela
signal progression. However, if an LRT vééctectmaes itorusg wait f
the signal to complete the cycle until the green is given.

3.2.55C5: Signalized Street vehicles control with transit actuated sig

The logic file, as shown in Figure 5, was coded based on the ex
a VEm tutorial [13]. The expressions were as shown in Table 4. In
was no LRT vehicle approaching the intersection, the signal plan wc
the fixed time signal scenario. If the LRT vehicle appitcacizesvitie in
the detector placed upstream of the intersection. The upstream dete
to actuate the signal control of the intersection. The signal controll
vehicles priority over other street vehitérseotioaissrtheundabout by c:
the signal stage accommodating LRT movement (Stage 4) after finis
time of the current stage. " NE
"Excessd4puy var i @nelofeStaget4oof thes curtert eyc
compensate by giving more time for othentbtage=seimeretiGtang 4 in
the next cycle. After the LRT vehicle has passed the downstream de

to the stage spediNied hy
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Table 4Expressions for VAP logic for SC5

EXPRESSI( Contents Comment
DetNB_UP | Occupancy( 501 )>0| Northbound Upstream d¢
DetNB_DWN Occupancy}8D2 Northbound Downstrean
DetSB_UP | Occupancy( 503)>0 | Southbound Upstream d
DetSB_DWN Occupancy( 504 )>0| Southbound Downstrean
MaxG1lInt | (Interstage_length( 7| Interstage5s+G1
MaxG2Int | (Interstage len@htGE Interstage5s+G2
MaxG3Int | (Interstage_length( 2| Interstage5s+G3
MaxG4Int | (Interstage_length( 3| Interstage5s+ExcessG4f
+Excess4+G4) +G4
MaxG5Int | (Interstage_length( 4| Interstage5s+G5
MaxG6Int | (Interstage length( 5| Interstage5s+G6
MaxG7Int | (Interstage_length( 6| Interstage5s+G7
LRTExtendd (Interstage_length( 3| Interstage5s+G4
+G4LRTtoStop) ApproachingLRTtime:10

3.3TRANSYT and Vissim

To develop signal timing plans using TRANSYT, network inventory
of lanes, length, route alignments), traffic stream characteristics (e.g.,
route decision) and traffic control (e.g., right of wag, ssggradlgrons)lers
were required. Subsequently, TRANSYT would provide signal timin
measurements (e.g., progression, delay) based on those inputs. The Vi
be started by coding with the same input datandssdnal TIRANSIYdma
TRANSYT. The simulations were run, then the average measurements
delay, travel time and queue length, were obtained. Each scenario was
headways and proportionally variedvsteet traffic volu
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3.4Signal Phasing and Timing

The signal control of the roundabout was planned as a series of tl
were closely located under the same controller. Seven possible move
three groups, as shown irhEigaf@Gsignal stages could be arranged ¢
Figure 7, aiming to achieve traffic progression for all legs and prever

Figure €ignal head groups

Considering the width of the intersections within the roundabou
minimum green times were set to 5 and 7 seconds, respectively. Fc
seconds, these were set to 4 and 6 seconds to satisfy the cycle time
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1 : 2 { 3 4 5 6 7
g:,;'\ STTJ' — KTJI— -‘K,/._ —CT.jr— —UTL> —0:1\

Stage | Movement

Stage

7 547

Figire 7Signal control stages
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4. Results and Discussion

The results from TRANSY Tvarel ddBsoted using different tools. TF
allows the user to collect both total network and individual link perfort
Vissim were collected using the Vehicle Travel Time and Queue Cou
network.

4.1Resultoin TRANSYT

The signal timings are as shown in Table K) Thehgredfetaned
between the starting gi@gatidngn¢ ending greér).tirngufe 8 shows an
example of a signal timing plot at the cycle lengtihafz8dtakeorsls.
represents time and the vertical axis represents signal group/moven

Table 5Signal Timing from TRANSYT (s)

Signal Group/Movement
1123|4567
33 23 383 13 8| 28 18
14 34 4, 24 19 9| 29
21 11 6| 11 11 21 11
14 2, 20 39 33 8| 45
40 15 28 3| 47 34 9
2600 13 8| 14 14 26 14
35 22 41 9| 3| 29 15
10 36 58 24 17 4| 30
35 14 17 15 14 35 15
18 5| 24 57 51 12 68
63 19 46 7| 70 52 13
45 14 221 20 19 40 15

Cycle Time| Timeina C

40

50

60

70

QIR OO O RS
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Table 5Signal Timing from TRANSYT (s) (continued)

Signal Group/Movement
1,123 4| 5| 6|7
16 74 22 56 50 10 66
61 17 45 54 69 51 11
45 23 23 29 19 41 25
16 1| 23 68 62 10 81
76 18 57 5/ 86 63 11
60 17 34 27 24 53 20
5/ 883 14 68 62 99 78
9] 57 94 83 63 10(
68 21 43 26 21 64 22
3] 88 9| 65 59 107 78
73 4| 54 102 83 60 1068
70 26 45 37 24 63 30
58 42 73 21 15 52 32
27 68 10 47 37 16 53
89 26 57 26 22 84 21

Cycle Time| TimeinaC

80

90

100

110

120

QORI S
N

~ o o IS w N -

Figure 8'he signal design at cycle length = 90 s from TRANSYT
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The network was coded in TRANSYT. The saturation flow rate of e
and varied by its turning operation. The exclusive left turn, right turn
saturation flow rates of 1425, 1600 and 1675 ROsdnthnghdhe |
through shared lanes had saturation flow rates of 1600 and 1625 PC

For the fixed time scenario, various cycle times were tested un
conditiofie signal timings were evaluated using datddasom aRAEN
effectiveness include v/c ratio, delay and bandwidth efficiency and a
Figure 9. Other parameters were external maximum queue length ¢
average delays of southbound, northbound amchLlRJucars)as show

From the evaluation results, a cycle time of 90 seconds was chos
scenarios. The selected cycle time resulted in a low average delay fc

cars, v/c ratio and external max queuetiergtisd meldgdeigh bandw
efficiency.

1'00‘; ....... Y NI —e— intersection
“* TR NN Y WO RRRTITE 'ERTRRIRSY §

vic

bandwidth efficiency

0.50,
® *——o- —0— *— ®

<eeege -« Attainability (%)=
(Bandwidth/Min. Arten
0.00

Green)
40 50 60 100 110 120

70 80 90
Cycle Time (s)

Figure 9The relationship between v/c ratio, bandwidth efficiency, at
cycle time of fixed time scenario

60 @ ....s.... Delay SB (s)

o

Q

— K2

©100 s

§ 405 ~~®--Delay NB (s)

L2 |

> Y ) s
850 e o - & =Avg Tram delay 6 ca

o T o ---0 205

e ,-"s - 2T '/‘ x
P ~3 gt @ e .- g —a— Avg Tram delay 12 ¢

0 0
40 50 60 70 80 90 100 110 120 External Max queue
Cycle Time (s) (PCUL)

Figure The relationship among average delay, external n@xcligueue |
time of the fixed time scenario
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4.2Results from Vissim

Each scenario was simulated with multiple runs with the same set «
runtime of each simulation was 4,500 seconds, with the initializing peri
15 minutesing line traffic to the steady state. The statistical data were ¢
next 3,600 seconds or 60 minutes. After the simulation runs had be
average indicators from 5 runs were taken using the queue counte
measurenteal in Vissim for key movements as shbwanandfapealé by
of the roundabout was the result of the weighted mean delay from all i
in Figure 11b. The total and average delay was as shown in Table 6.

b)

Figure The Vissim Travel Time tool placements a) legs and LRT, b)
through the roundabout

Table 6The Average Road and LRT Delay Results from Vissim

Avg. Road Delay (s) Avg. LRT Delay (s)
Scenari Headway (min) Headway (min)
10 7.5 6 5 100 7.5 6 5
SC1 8.12 5.91
SC2 7.04 6.6¢ 6.9¢ 6.89 0.04 0.0] 0 0

SC3 58 57§ 57§ 59¢ 127 1.2] 1.2¢ 1.28
SC4 | 33.9 339 339 343 16.1] 8.7¢ 8.8% 16.1
SC5 | 354 34.4 351 335 117/ 0.7¢ 0.7¢ 8.4%
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