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Abstract: This study analyzes signalized-intersection performance in Bumi Serpong Damai using 

calibrated VISSIM microsimulation based on peak-hour traffic, geometric data, and signal-timing 

parameters. Model accuracy was ensured through iterative behavioural calibration and R² 

validation. Optimisation scenarios involving revised phase plans and green-time allocation 

produced clear improvements, including reduced delay, stop frequency, queue length, and 

emissions. The results demonstrate the effectiveness of data-driven signal-timing strategies and 

provide a transferable framework for intersection optimisation in rapidly growing urban areas. 
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1. Introduction  

Population growth aligns with increased economic activity 

and mobility1,2). Existing transportation facilities must be 

evaluated to ensure their capacity to accommodate the 

community's growing mobility needs each year. The road 

network is part of the transportation system and represents 

essential infrastructure. Hence, road network disruptions 

can bring social, economic, political, and environmental 

impacts3,4). Traffic system modeling is critical in 

transportation engineering5). 

Traffic congestion is a prevalent issue in numerous urban 

areas around Indonesia6). The increase in private vehicle 

ownership7) and population growth8) These are the main 

causes of rising traffic volumes, which can increase fuel 

consumption and decrease vehicle speed9,10). Meanwhile, 

intersections, as part of the road network, become conflict 

points where multiple vehicle flow directions converge. 

This reduces the intersection’s capacity and often leads to 

accidents11). Signalised intersections can reduce traffic 

conflicts12), increasing road capacity while decreasing 

vehicle operating costs and travel time. 

Additionally, traffic from minor roads may face challenges 

in merging, especially if the flow from major roads is 

relatively high, causing significant delays for vehicles 

from minor roads13). Previous studies indicate that the risk 

of accidents for road users and pedestrians at unsignalized 

intersections is relatively high due to the absence of traffic 

signal regulation, leading to increasingly uncontrolled and 

complicated traffic flow14). 

Modern cities have essential infrastructure systems that 

enhance activities to support the well-being of 

residents15,16). The increasing population and number of 

vehicles lead to higher vehicle movement and intensified 

activity at intersections17–20), contributing to increased 

emissions21,22). High economic growth has resulted in 

higher travel demand22). The rate of urbanization is one of 

the causes of traffic congestion23–25). The increase in the 

number of vehicles poses a problem faced by cities 

worldwide26,27). The transportation sector is one of the 

main sources of air pollution, contributing 25–30 percent 

of global CO2 emissions28,29), with most transport-related 

emissions originating from road transport30). Pollution 

from vehicle emissions has adverse effects on health31), 

being the primary cause of 3.3 million deaths annually 

worldwide32) and ranking among the top causes of death 

globally, with 50,000 deaths annually in the UK alone33). 

Traffic congestion increases the risk of accidents34,35). It 

also leads to wasted fuel consumption, higher vehicle 

operating costs, extended travel times, deteriorated air 

quality, and compromised traffic safety. Prolonged vehicle 

delays at intersections cause these problems, so 

improvements to transportation infrastructure's efficiency 
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and functionality are necessary36). 

Intersections are a vital part of the transportation system, 

with their disruptions potentially causing social, health, 

economic, and environmental hazards. Intersections can be 

likened to the arteries of a vast and complex organism, 

transferring resources from one place to another. As part 

of intersection control, traffic lights are essential for 

regulating urban transportation networks37). Intersections 

require a well-designed traffic-light system. In some cases, 

where traffic volume is low, adjusting traffic signals may 

not need elaborate strategies; however, during peak hours 

when traffic density increases, particularly on one side of 

the intersection, effective traffic light control becomes 

crucial. Traffic lights are essential for managing traffic 

flow, improving service levels, and ensuring road user 

safety. While analytical methods offer initial performance 

insights, their simplifying assumptions often fail to capture 

the complexity of heterogeneous traffic compositions, 

variable driver responses, and dynamic interactions at the 

movement level38). As a result, microsimulation models 

have become the dominant tool for evaluating intersection 

performance, enabling detailed representation of 

behaviour-based parameters, saturation flow variability, 

and phase-level control logic39). 

Despite the widespread adoption of microsimulation, 

several key methodological gaps remain. First, many 

studies continue to rely on default or partially calibrated 

behavioural parameters, which can compromise simulation 

fidelity, particularly in mixed-traffic or context-sensitive 

conditions40). Second, optimisation efforts often focus on 

generic timing strategies without fully incorporating 

geometric constraints, turning-movement asymmetries, or 

land-use-driven demand patterns that influence signal 

performance in fast-developing suburban corridors41). 

Third, although emission modeling is increasingly 

embedded in simulation platforms, the linkage between 

operational improvements and environmental outcomes 

especially in stop and go dominated corridors remains 

underexamined42). Vissim is a transportation software for 

simulating microscopic multimodal traffic, including 

public transportation and pedestrians. The input models 

include cars, freight transport, buses, heavy rail, trams, 

LRT, motorcycles, bicycles, and pedestrians. These modes 

can interact with one another. Users of this software can 

model various geometric configurations and road user 

behaviors in transportation systems. The analysis results 

from the Vissim model can predict increases in vehicle 

flow and speed, enabling the evaluation of performance 

improvement signalised intersections in terms of delays 

and travel times. A proper understanding of vehicle 

movements within the road network, including effective 

traffic management at intersections, will aid in formulating 

urban transport policies. Vissim and other software, such 

as Transyt, SimTraffic, Vissum, S-Paramics, and SISTM, 

are commonly used for microanalysis in transportation 

simulations. One of the advantages of Vissim 

microsimulation software is its flexibility in modelling 

mixed traffic flows, which closely resemble traffic 

conditions in Indonesia4). The Foresta BSD signalised 

intersection is located in South Tangerang City, within a 

central business district featuring offices, shopping centres, 

and residential areas, which generate high traffic volumes. 

Long vehicle queues are typically observed at the Foresta 

BSD intersection during morning and evening peak hours. 

This increases transportation costs for road users and 

reduces the region's economic competitiveness if not 

properly addressed. This highlights that the current road 

infrastructure is insufficient to handle the vehicle load43). 

Therefore, finding effective solutions to manage 

congestion appropriately while benefiting the community 

is crucial. This study aims to evaluate the operational 

performance of the Foresta BSD signalised intersection 

under existing conditions by assessing indicators such as 

delay, queue length, number of stops, and level of service. 

Using PTV VISSIM microsimulation, the study further 

seeks to develop and test several signal-timing and phase-

optimisation scenarios, and to compare their impacts on 

traffic performance and vehicle emissions. The ultimate 

objective is to identify an optimisation strategy that can 

improve intersection service, enhance travel efficiency, 

and support better environmental quality in the future. 

2. Literature Review 

2.1. Intersection  

 Intersections are locations where traffic from different 

directions meets, creating potential conflicts between 

opposing flows and, consequently, congestion12). Based on 

their control type, intersections can be classified into 

signalised and unsignalized. At unsignalized intersections, 

there are no traffic lights, and right-of-way is typically 

governed by signs or priority rules, so drivers must slow 

down or stop briefly before crossing. At signalised 

intersections, traffic lights and other control devices 

regulate the movement of vehicles, pedestrians, and 

cyclists. Figure 1 illustrates a typical four-leg signalised 

intersection used in this study. The four approaches are 

numbered 1–4, and each approach is controlled by a three- 

 

Fig. 1: Not signalizer and signalizer intersection 
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aspect (red–amber–green) traffic signal head installed 

upstream of the stop line. An increase in traffic density at 

such intersections leads to longer delay times and reduced 

safety, comfort, and overall level of service. Delay time 

refers to the average time vehicles must wait to pass 

through the intersection; the higher the delay time, the 

longer the overall travel time. 

2.2. Traffic Modelling 

SimTraffic Synchro 7 is another software used in 

transportation, especially in traffic engineering. This 

software may not be well known, particularly in Indonesia, 

especially for those who rarely use it in transportation. This 

software allows us to model road forms, from simpler 

straight roads to signalized or non-signalized intersections, 

roundabouts, flyovers, and even the coordination of all 

highways in a city. Users can simply sketch the road and 

enter the volume, movement, number of lanes, and other 

basic data. Then, users can calculate the degree of 

saturation and the emission gases produced by vehicle data.  

CORSIM is a micro-scopic traffic simulation software 

capable of modelling surface roads, expressways, 

highways, and integrated works, including segments, 

weavers, combined/diverging lanes, and intersections with 

stop signs and traffic signals. It simulates traffic and traffic 

control systems using vehicle and driver behaviour models. 

CORSIM provides both animated and static graphics of 

network traffic44). 

2.3. PTV Vissim 

System modelling is an approach to describe the 

relationship between transportation infrastructure and 

traffic flow in the current condition45). PTV VISSIM is a 

microscopic simulation program based on time and 

behaviour, developed for urban traffic models46,47). These 

programs analyse traffic operations under the constraints 

of road linear configuration, traffic composition, stopping 

places, and others41). This software helps evaluate various 

transportation engineering alternatives and the most 

effective design level. There are 168 parameters embedded 

in VISSIM. Based on these parameters, several were 

selected under heterogeneous traffic conditions in 

Indonesia to develop a model according to the field 

circumstances. The parameters chosen for modelling are4): 

a) Minimum headway is the minimum distance 

available for the vehicle in front to change lanes or 

overtake. The default value ranges from 0.5 to 3 

seconds. 

b) Lane Change Rule is the driver’s behavior model 

when passing through heterogeneous traffic, which 

is very suitable for free lane-change models that 

allow the vehicle to prepare freely. 

c) Lateral Minimum Distance is the driver’s safe 

distance alongside another vehicle. This parameter 

is divided into two parts: the distance travelled at 0 

km/h and at 50 km/h. The value of this parameter 

varies with speed, with the default value ranging 

from 0.2 to 1 m. 

d) Standstill Distance in Front of Obstacle is a 

parameter for the safe distance when the vehicle 

will stop due to a stopped vehicle or deceleration 

due to obstacles in meters (m). 

e) Observed Vehicles in Front indicates the number of 

vehicles the driver pays attention to when intending 

to move or react. The default values for this 

parameter are one, two, three, and four vehicle units. 

f) Additive Factor Security is an additional value as a 

parameter for the safe distance the vehicle will stop. 

The recommended default value for this parameter 

is 0.45 - 2. 

g) Multiplicative Factor Security is a factor that 

multiplies the safe distance of the vehicle when it is 

about to stop. The default values range from 1 to 3. 

h) Overtaking Same Lane is the behaviour of vehicle 

drivers who want to overtake in the same lane from 

either the right or left sides. 

i) Desired Lateral Position is the vehicle's position in 

the lane, meaning the vehicle can be on the left or 

right side of other cars. 

j) Safety Distance Reduction is the safe distance 

between the vehicle in front and behind, or the gap 

and clearing distance between cars. This is a 

decisive parameter because each traffic condition 

has a different safe distance, with the study's default 

value being 0.6m. 

Based on these parameter configurations, calibration and 

validation works, microsimulation applications, including 

PTV VISSIM software, have been recently used to 

evaluate signalised intersection performances, especially 

in Indonesian cities or other developing countries42). 

Traditionally, intersection performance measurements are 

based on PKJI/MKJI- Look–and- say/GPL-based 

measures such as saturation flow, delay, queue lengths and 

level-of-service parameters. Nevertheless, PTV VISSIM 

micro-simulation allows a more meaningful insight into 

the operational performance of intersections, particularly 

in heterogeneous traffic conditions43). 

Internationally, there are numerous studies use PTV 

VISSIM to explore and optimise signalised control on 

congested intersections, including developed cities as well 

as developing countries with mixed traffic. Studies have 

indicated that changes in the cycle times, split allocation 

time among phases and more flexible phase settings can 

reduce the average delay levels, decrease the number of 

stops in vehicular flow as well as improve traffic flow 

during peak hours44). This approach is often combined with 

corridor and network performance evaluations to analyse 

how changes in signal settings at one location (i.e., 

intersection) can affect the performance of downstream 

segments and intersections. 
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In Indonesia, the use of PTV VISSIM in traffic 

engineering studies is growing, especially in the case of 

urban road network signalised intersections that are 

subjected to fast increases in road traffic level. Case studies 

in large cities and their surrounding areas show that 

combining traditional PKJI/MKJI methods with 

microsimulation provides a more realistic representation of 

driver conduct and traffic interactions43). This phenomenon 

includes the effects of motorcycles, rapid onset disordered 

flow and non-uniform clustering45). The results also 

highlight that microsimulation is a necessary tool for 

analysis across various engineering scenarios, such as 

changes in signal phase settings, cycle time changes of the 

signals, if new approach lanes were added and if they were 

adequately marked or signaged. 

Aside from operational performance metrics, such as delay 

and queue lengths, a few studies are starting to correlate 

intersection performance with vehicle emissions and 

consequently, air quality. Through the comparison of 

microsimulation results (e.g., speed, travel time, and stop-

go patterns) with emission models, these studies suggest 

that the lack of coordination of signals operations may 

increase fuel consumption and pollutants emissions near 

intersections (The impact). For example, prolonging the 

red time or unbalancing green time distribution ratios 

among arms could lead to, a queue and higher 

acceleration-deceleration frequencies with degraded air 

quality for the region46). These findings underscore the 

importance of considering traffic performance metrics 

such as queues, in conjunction with energy and 

environmental impacts during signal setting design and 

evaluation. 

Although a lot of work has been done on performance 

analysis at signalised intersections using microsimulation, 

few studies have dealt with the intersections in the newly 

developed areas, such as the Bumi Serpong Damai (BSD) 

area within South Tangerang City, experiencing 

substantial residential and commercial developments. In 

fact, there are few studies, that simultaneously assess the 

traffic performance and its implications in terms of 

vehicular emissions in relation to the surrounding feeder 

road network where this new development area is 

connected44,47,48). Therefore, in this study, we wish to 

contribute to the relevant work by investigating signalised 

intersections in Foresta BSD with PTV VISSIM and 

developing signal phase optimisation scenarios that can be 

evaluated for their effect on delays, stops and emissions. It 

contributes significantly to the traffic control and 

environmental conditions on this plateau. 

3. Methodology 

3.1. Research Location and Description 

The Foresta BSD intersection (Figure 2) is one of the 

points that contribute to congestion in South Tangerang  

 

Fig. 2: Foresta BSD intersection 

City. This intersection is close to the exit and entry access 

of the BSD toll road, so during peak hours, the condition 

of this intersection is very congested, compounded by its 

location, which is near shopping centres, offices, hospitals, 

and the central business district. 

3.2. Research Stage 

The first stage of this research is identifying problems at 

the research location. After that, a preliminary survey is 

conducted to assess the current conditions at the research 

location, including traffic conditions, observation points, 

and geometric characteristics of intersections, and to 

identify suitable observation points to support data 

collection48). Next, primary data are collected by surveying 

traffic volume, delay, cycle time, and geometric 

characteristics of intersections. Secondary data used 

includes population data and road classification data. Then, 

the data is analysed using VISSIM software to model the 

current intersection traffic and create a new simulation 

model that results in improved performance of the 

Forerstra BSD intersection, namely reducing delay times 

and the number of stops. The research stage flow chart is 

shown in Figure 3. 

3.3. Data Collection 

To build a simulation model using PTV VISSIM, several 

types of field data are required, including geometric road 

data, traffic volume, traffic composition, queue lengths, 

delays, and vehicle speeds. These data were collected at 

the Foresta BSD intersection and then used as inputs for 

the microsimulation model. 

a) Road geometric data: This includes the width of 

the approach lanes, measured using a length gauge, 

and the number of lanes in each approach, which 

are recorded to determine the type of intersection. 

b) Traffic volume: Traffic volume data were obtained 

through a manual traffic counting survey at the 

Foresta BSD intersection. Traffic variations are 

generally represented at hourly, daily, or seasonal 

scales; therefore, the timing of the survey depends 

on the study objective. To describe traffic  
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Fig. 3: Research stage 

conditions during peak hours, the survey was 

conducted on a typical weekday (Thursday) from 

06:00 to 18:00 WIB with 5–15 minutes intervals42). 

From these data, the morning and evening peak 

hours were identified and used to define the 

simulation period. Traffic volume and vehicle 

speed are essential inputs for evaluating road and 

intersection performance.  

c) Composition of traffic: Through a traffic volume 

survey, vehicle types can be classified into light 

vehicles, motorcycles, heavy vehicles/buses, and 

non-motorized vehicles. This classification was 

later converted into traffic composition percentages 

and entered into VISSIM to represent 

heterogeneous (mixed) traffic conditions typical of 

Indonesian urban roads. 

d) Queue length: This is defined as the length of the 

queue of vehicles in an approach and is expressed 

in meters. This is the distance from the car’s farthest 

point to the stop line. The number of vehicles that 

stop in each major or minor lane is calculated over 

specified time intervals, both in the morning and 

evening. To estimate the number of vehicle queues, 

the queue length measured on the approach is 

divided by 6 meters to get the number of cars in the 

queue48). This value is obtained by summing the 

safe distances between the vehicle ahead and 

behind, where the average vehicle length in 

Indonesia is about 4.7 meters. 

e) Delay: Delay is the total average drag time 

experienced by a vehicle when passing through an 

intersection. The value of the delay affects the 

vehicle's travel time. The higher the delay, the 

longer the travel time. Delay is a measure of 

intersection performance representing each 

vehicle's average delay. Data collection is done by 

following a car through the intersection at an 

average speed, matching the speed of other vehicles 

in the flow during peak hours. The in-vehicle 

survey records the car's total time from the control 

point to the stop line. This survey was conducted 

several times during the observation to determine 

the average vehicle delay. 

f) Vehicle speed: Vehicle speed is the average speed 

of a vehicle when passing through the intersection. 

This study used two approaches to determine the 

vehicle's speed. The first is recording the speed of 

several randomly selected cars approaching an 

intersection using a speed gun, and the second is 

recording the vehicle's speed by the surveyor, 

driving the car at a speed matching the average 

speed of other vehicles in the flow. 

g) Survey Period: Data collection was carried out 

during peak hours because the aim of this research 

is to provide recommendations for handling 

signalized intersections in the Primavera Foresta 

BSD area during overcrowded conditions, which 

occur during peak hours. 

3.4. Data Processing and Simulation Modelling 

Vissim  

The intersection, the research object, is captured using 

aerial images via the Google Earth site to be modelled in 

VISSIM. The image is imported according to the expected 

scale to represent the actual road conditions, as shown 

below. Next, arrange the order of movement according to 

the order of priority, conflict markers, and vehicle stop 

lines. 

a) Background import and scaling 

A background image of the study location was 

imported into VISSIM. The image was scaled to 

match real-world distances to ensure that the 

geometric shapes and surrounding environmental 
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conditions were consistent with the field. 

b) Road network development 

The road network was created by defining links and 

connectors that followed the background image. 

This process included modelling the approaches, 

exit legs, and internal connectors at the intersection 

to ensure that the network closely resembled the 

actual geometric conditions. 

c) Route definition 

Vehicle routes were created using Vehicle Routers 

to represent the actual movement patterns and 

turning proportions at the intersection. These routes 

follow the observed traffic flow directions (through, 

left-turn, right-turn) on each approach. 

d) Vehicle type specification 

Vehicle types in the model were defined according 

to the field survey, including heavy vehicles, light 

vehicles, motorcycles, and non-motorised vehicles. 

Each vehicle type was assigned appropriate 

physical and behavioural characteristics to reflect 

mixed traffic conditions. 

e) Traffic volume input 

Observed traffic volumes from the survey were 

input into the model using the Vehicle Input 

command for each approach. The input values 

correspond to peak-hour volumes for each 

movement and vehicle class. 

f) Desired speed distribution 

Vehicle speeds in the simulation were controlled 

using the Desired Speed Distribution command. 

The speed distributions were adjusted to align the 

simulated speeds with the measured field speeds, 

ensuring that the model realistically represented 

driver behaviour. 

g) Signal control configuration 

The traffic signal phases were configured in the 

model using the Signal Controller command to 

match the existing field settings at the Foresta BSD 

intersection. This included defining cycle length, 

green, amber, and red times, as well as phase 

sequences for each approach. 

h) Driving behaviour settings 

Driver behaviour parameters were adjusted to 

represent typical driving patterns in Indonesia. This 

included lane-changing rules, car-following 

parameters, safety distances, and other behavioural 

settings relevant to heterogeneous traffic conditions. 

i) Definition of analysis area and simulation runs 

A node area was defined at the intersection to 

specify the zone where performance measures 

would be collected. The model was then run for the 

selected peak periods, and the simulation outputs 

were used to analyse visual and quantitative 

performance under existing and alternative signal-

timing scenarios. 

j) Simulation outputs 

The VISSIM model generated various performance 

indicators, including delay, queue length, number 

of stops, and vehicle emissions. These outputs were 

subsequently used to compare the existing 

condition with optimisation scenarios. 

For the environmental assessment, emissions were 

obtained from the standard environmental output 

generated by PTV VISSIM for each simulated link. No 

external emission platform, such as EnViVer or MOVES, 

was coupled in this study. Instead, the software’s built-in 

emission and fuel-consumption routine was applied 

consistently to both the existing and optimisation scenarios. 

Simulated vehicle trajectories, including speeds, 

acceleration–deceleration patterns, delay, and stop–go 

behaviour, were converted by VISSIM into link-based 

totals of CO, NOx, VOC, and fuel consumption over the 

analysis period. The reported values in Tables 8–10 

represent aggregated emission masses in grams for each 

approach and were used primarily for relative comparison 

between scenarios under the same modelling assumptions. 

3.5. Model Calibration 

Model calibration is the process of adjusting model 

parameters to minimise the difference between simulation 

results and observed field data. In this study, calibration 

focused primarily on traffic flow at the entrances and exits 

of the intersection, as well as key performance indicators 

such as travel time and queue length. PTV VISSIM was 

used to simulate heterogeneous, irregular traffic conditions 

in which the traffic stream consists of various types of 

vehicles (mixed traffic), consistent with typical Indonesian 

conditions. 

To assess the goodness of fit between simulation outputs 

and field observations, the coefficient of determination 

(R²) was used as the primary validation indicator because 

the calibration was based on a limited number of 

aggregated approach counts. In addition, complementary 

error measures were computed for the final calibration 

(Trial 4). The resulting RMSE was 375.22 veh/h and the 

MAPE was 11.87%. GEH values for the north, east, south, 

and west approaches were 10.52, 0.82, 0.72, and 11.68, 

respectively. These values indicate that the calibrated 

model reproduced the east and south approaches well, 

while larger deviations remained on the north and west 

approaches. Nevertheless, the overall R² of 0.9193 

indicates a strong linear correspondence between observed 

and simulated flows, so the model was considered 

adequate for comparative scenario testing. The absence of 

confidence intervals and the limited number of calibration 

points are acknowledged as limitations of the validation 

stage. 
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4. Methodology 

4.1. Geometric Condition of Foresta BSD 

Intersection 

The geometric and environmental conditions at the Foresta 

intersection can be seen in Figure 4 and Tables 1 and 2. 

The geometric and ecological conditions of the intersection 

were obtained from direct measurements and observations 

of the research site. The intersection is a four-leg signalised 

junction located in a mixed residential–commercial area. 

The north approach primarily serves residential land use 

with a low hazard class, while the east, south, and west 

approaches are dominated by commercial activities with a 

higher hazard class. This land-use pattern indicates that the 

intersection must accommodate both local residential 

traffic and higher-intensity commercial traffic. All 

approaches are equipped with a median and permit left-

turn-on-red (LTOR) movements, as indicated in Tables 1 

and 2. The presence of wide medians and multiple lanes, 

particularly on the east and west approaches (27 m each), 

suggests a higher capacity but also a greater potential for 

complex turning movements and conflict points. These 

geometric characteristics influence saturation flow, queue 

formation, and the required signal timing strategy at the 

intersection. 

Traffic volume was obtained from a traffic-counting 

survey conducted during the evening peak hours (04:00 

PM - 05:00 PM). Traffic volume data are shown in Table 

3. The west and east approaches carry the highest total 

traffic volumes, followed by the south and north 

approaches. This confirms that the intersection functions 

as an important access point to commercial areas along the 

BSD Grand Boulevard, especially during the afternoon 

peak period. The duration of the traffic signal at the Foresta 

BSD intersection is shown in Table 4. 

Traffic volume was obtained from a traffic-counting 

survey conducted during the evening peak hours (04:00 

PM - 05:00 PM). Traffic volume data is shown in Table 3. 

The west and east approaches carry the highest total traffic 

volumes, followed by the north and south approaches. This 

confirms that the intersection functions as an important 

access point to commercial areas along the BSD Grand 

Boulevard, especially during the afternoon peak period. 

The duration of the traffic signal at the Foresta BSD 

intersection is shown in Table 4. 

 

Fig. 4: Geometric and environmental condition of Foresta 

BSD intersection  

Table 1: Condition data of Foresta BSD intersection approach 

Inter-section Approach Land User Type Hazard Class Road Median Width (m) LTOR Phase 

North Residential Low Yes 16 Yes 

East Commercial High Yes 27 Yes 

South Commercial High Yes 17 Yes 

West Commercial High Yes 27 Yes 

Table 2: Geometric data of the Foresta BSD intersection 

Intersection Approach Width (m) LTOR Phase 

North 16 Yes 

East 27 Yes 

South 17 Yes 

West 27 Yes 

Table 3: Traffic volume data of the Foresta BSD intersection 

Inter-section Approach Motorcycle (veh) Car (veh) Truck(veh) Bus (veh) Total (Veh) 

North 938 544 204 0 1686 

East 1411 1084 142 4 2640 

South 1760 274 60 0 2094 
West 2524 600 102 0 3226 

Table 4: Traffic signal of the Foresta BSD intersection (second) 

Inter-section Approach Red All Red Amber Green Total Cycle Time 

North 224 5 5 42 276 276 

East 147 5 5 83 240 

South 110 5 5 51 171 

West 201 5 5 60 271 
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Fig. 5: Traffic signal phase of Foresta BSD intersection 

The traffic signal phasing of the Foresta BSD intersection 

is as follows: North Link (phase 1), East Link (phase 2), 

South Link (phase 3), and West Link (phase 4). The order 

of phases can be seen in Figure 5. The cycle times differ 

slightly across approaches, with relatively long red times 

and varying green splits. Under the current timing plan, 

each approach receives a separate green phase, and LTOR 

movements are permitted. However, given the imbalance 

in traffic demand, particularly the higher volumes on the 

east and west approaches, there is potential to improve 

overall performance by reallocating green time and 

revising the phase order to better match actual flow 

patterns. This provides the rationale for the optimisation 

scenario developed in this study. 

4.2. Model Simulation Using PTV Vissim 

The collected data is input and processed using PTV 

Vissim software. After the simulation model is created, it 

must be calibrated and validated to ensure that it reflects 

the same conditions as the actual ones. The parameters 

used in the calibration process are: 

a) Driver Behaviour 

b) Smoothing Desired Speed Distribution 

c) Checking vehicle input position 

d) Smoothing and detailing link connectors 

The calibration process followed several trial-and-error 

steps, as summarised in Table 5. The first run (Trial 0) used 

default parameter values without any adjustments. In 

subsequent trials, key driver-behaviour parameters were 

modified to better reflect heterogeneous traffic conditions. 

For example, the desired position in free flow was changed 

from “middle of lane” to “any lane” to represent the 

tendency of drivers in the study area to utilise available 

lateral space rather than staying strictly in the lane centre. 

Safety-distance parameters and standstill distances were 

also reduced to capture the shorter headways typically 

observed in mixed traffic in Indonesia. In the final trial, 

vehicle input positions and connector links near the 

intersection were refined to avoid artificial bottlenecks and 

to improve the realism of vehicle trajectories. 

Table 5: Calibration simulation model 

Trial Parameter Adjustion Value 

Before After 

0 First running without any parameter 

adjustments 

- - 

1 continue from the 1st trial 
  

Desired position at free flow Middle of lane any 

Overtake on same lane: on left & right off on 

2 continue from the 1st trial 
  

Distance standing (at 0 km/h) (m) 1 0.2 

Distance driving (at 50 km/h) (m) 1 0.4 

3 continue from the 2nd trial 
  

Average standstill distance 2 0.6 

The additive part of the safety distance 2 0.6 

Multiplicative part of a safety distance 3 1 

4 continue from the 3rd trial   

Checking Vehicle Input in each link The starting line position of the 

vehicle input is no longer at the end 

of the link 

Adjustment of the vehicle input 

starting line position 

Connector Link Connector Link simplified Each lane near the intersection has 

its connector link 

Table 6: Calibration and validation of approach volumes 

Link Traffic Volume (vehicle) 

Existing  Initial Model  1st Cal 2nd Cal 3rd Cal 4th Cal 

North Link 1.686 720 804 1291 1253 1281 

East Link 2.640 2597 2596 2595 2597 2598 

South Link 934 1584 820 905 906 956 

West Link 3.226 790 1043 2144 2168 2596 

South 

Link 

West 

Link 

East 

Link 

North 

Link 
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The trial-and-error process was carried out based on the 

survey results collected in the field. For example, in the 

desired-position parameter under free-flow conditions, the 

default value in PTV VISSIM is "middle of lane". 

However, in the study area, drivers do not always remain 

in the middle of the lane under free-flow conditions, so the 

parameter was adjusted to "any lane". After calibration, the 

model was validated using observed traffic volumes at 

selected count lines within the coded network. Table 6 

reports the observed and simulated traffic volumes at the 

count lines used for calibration and validation and should 

be interpreted separately from the class-aggregated 

approach totals shown in Table 3. The initial calibration 

results were still far from the observed conditions, so the 

model was recalibrated iteratively. After the 3rd and 4th 

calibration trials, the model achieved an R² value of 0.9193, 

indicating substantially improved agreement between the 

simulated and observed flows. The results of the R² 

calculation are shown in Figures 6–9. 

 

Fig. 6: Result of the 1st trial calibration and validation 

 

Fig. 7: Result of the 2nd trial calibration and validation 

 

Fig. 8: Result of the 3rd trial calibration and validation 

 

Fig. 9: Result of the 4th trial calibration and validation 

Figures 6–9 show the progressive improvement of the 

calibration results from Trial 1 to Trial 4. In Figure 6, the 

scatter points are still widely dispersed from the regression 

line, indicating that the default and early-adjusted 

parameters were not yet able to reproduce the observed 

traffic pattern well. Figure 7 shows a modest improvement 

after the first behavioural refinements, but noticeable 

deviations remain, particularly on the heavily loaded 

approaches. In Figures 8 and 9, the data points move closer 

to the trend line, and the R² values increase, showing that 

successive adjustments to safety-distance parameters, 

vehicle input positions, and connector details improved the 

match between the simulation and the field data. Trial 4 

provides the best overall fit and was therefore used for 

scenario testing. 

4.3. Optimization Scenario 

The next stage is applying the optimization scenario. In 

this research, optimization was carried out by changing the 

phase sequence of the traffic signal, prioritizing traffic on 

the West and East lanes, which have higher traffic density 

during the afternoon rush hour. The change in the phase 

sequence of the traffic signal is shown in Figure 10. 

Network-level performance indicators for the existing 

condition and the phase-change scenario are presented in 

Table 7. The results show that implementing the revised 

phase sequence leads to a reduction in average delay from 

246.93 s to 238.35 s, a decrease of about 8.6 s (3.5%). The 

average stopped delay decreases from 212.48 s to 204.58 s 

(around 3.7% reduction), and the total number of stops 

decreases from 51,492 to 48,840, a reduction of 2,652 

stops or about 5.2%. Based on standard HCM control-

delay categories for signalised intersections, both  

 

Fig. 10: Optimization scenario: phaser scenario 

North 

Link 

East 

Link 

West 

Link 

South

Link 
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scenarios fall within LOS F because the average delay 

remains above 80 s/veh, although the phase-change 

scenario still provides measurable operational 

improvement. 

Although the relative reductions in delay may appear 

modest, they are meaningful in the context of a heavily 

loaded urban intersection operating under peak-hour 

conditions. The decrease in the number of stops is 

significant, as it contributes not only to smoother traffic 

flow and shorter travel times but also to lower fuel 

consumption and reduced emissions, as discussed in the 

next subsection. The results are consistent with previous 

studies which show that signal-timing optimisation can 

improve intersection performance under heterogeneous 

urban traffic. 

Overall, however, the net effect of the optimisation 

scenario is a reduction in total emissions and fuel 

consumption at the intersection, as summarised in Figure 

11. The decrease in average CO, NOx, and VOC emissions 

and fuel consumption is consistent with the reductions in 

delay and number of stops reported in Table 7. These 

findings support previous research indicating that more 

efficient signal timing can reduce greenhouse gas 

emissions and improve air quality around urban 

intersections. At the same time, the results also underline 

the need to consider both traffic performance and 

environmental impacts when designing and evaluating 

signal control strategies. 

Table 7: Network performance analysis 

Parameter 

Network Performance 

Existing Condition Phase Change Scenario 

Implementation 

Delay Average (seconds) 246,93 238,35 

Average stopped delay (seconds) 212,48 204,58 

Stops (total) 51492 48840 

Level of Service (HCM) F F 

Table 8: Emission CO 

Link 

Emission CO (gram) 

Existing Condition Scenario Condition (Phase 

Change) 

Bumi Foresta street (North Link) 8.215.311 8.202.656 

BSD Grand Boulevard street (East Link) 497.603 611.327 

Damai Foresta street (South Link) 2.001.179 2.001.174 

BSD Grand Boulevard street (West Link) 21.706.335 21.492.077 

Table 9: Emission NOX 

Link 

Emission NOX (gram) 

Existing Condition Scenario Condition (Phase 

Change) 

Bumi Foresta street (North Link) 1.598.401 1.595.939 

BSD Grand Boulevard street (East Link) 96.816 118.942 

Damai Foresta street (South Link) 389.357 389.356 

BSD Grand Boulevard street (West Link) 4.223.264 4.181.577 

Table 10: Emission VOC 

Link 

Emission VOC (gram) 

Existing Condition Scenario Condition (Phase 

Change) 

Bumi Foresta street (North Link) 1.903.978 1.901.045 

BSD Grand Boulevard street (East Link) 115.324 141.681 

Damai Foresta street (South Link) 463.793 463.791 

BSD Grand Boulevard street (West Link) 5.030.653 4.980.996 
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Fig. 11: Average CO, NOX, VOC emissions, and fuel 

consumption at the BSD intersection 

After conducting a comprehensive analysis of travel time, 

delays, queue length, and travel speed, the phase-change 

scenario generally performs better than the current 

condition. Under both the existing and optimised 

conditions, the intersection still operates at LOS F during 

the analysed peak hour, which indicates that congestion 

remains severe even after the timing revision. Nevertheless, 

the reduction in average delay, stopped delay, and total 

stops demonstrates that signal phasing adjustments can 

still generate measurable operational and environmental 

benefits under existing geometric constraints. In addition, 

phase changes reduced average CO emissions from 

8,105,107 grams to 8,076,809 grams, average NOx 

emissions from 1,576,960 grams to 1,571,454 grams, 

average VOC emissions from 1,878,437 grams to 

1,871,878 grams, and fuel consumption from 115,953 US 

gallons to 115,548 US gallons. The present study provides 

newly structured evidence on signalised-intersection 

performance improvement by integrating field-measured 

traffic behaviour, delay diagnostics, and scenario-based 

optimisation. Unlike previous studies that focus solely on 

capacity analysis, this research presents a practical, data-

driven approach to modifying cycle length, green-time 

allocation, and phasing schemes to reduce overall delay 

and improve intersection performance. The findings offer 

actionable guidance for traffic engineers and local 

authorities, particularly in prioritising interventions that 

generate the most significant operational impact under 

existing geometric constraints. 

5. Conclusion 

This research was conducted to evaluate the performance 

of the Foresta BSD Intersection using PTV Vissim. The 

calibration and validation of the model were carried out by 

trial and error, considering driver behaviour, traffic 

volume, and desired speed distribution. This research 

concludes that it positively impacts intersection 

performance by conducting optimisation scenarios on 

phase changes in the traffic signal, such as decreasing the 

average delay time for each vehicle and reducing the 

number of stops for cars stuck at the intersection. 

After conducting a comprehensive analysis of travel time, 

delays, queue length, and travel speed, the scenario of 

phase change organisation in the core area generally 

performs better than the current condition. Currently, the 

road network at the Foresta BSD intersection generally 

serves traffic demand with reasonable efficiency. Traffic 

management measures and other interventions, such as 

phase changes, restrictions on excessive vehicle use, and 

even the addition of lanes at the intersection, are necessary 

to improve the intersection's performance. Phase changes 

to improve intersection performance can reduce average 

delay, stop delay, and total stops. In addition, phase 

changes can reduce emissions generated by vehicles, 

including the average CO emissions, which decreased 

from 8,105,107 grams to 8,076,809 grams; average NOX 

emissions, which decreased from 1,576,960 grams to 

1,571,454 grams; average VOC emissions, which 

decreased from 1,878,437 grams to 1,871,878 grams; and 

fuel consumption, which decreased from 115,953 US 

gallons to 115,548 US gallons.The present study provides 

newly structured evidence on signalized-intersection 

performance improvement by integrating field-measured 

traffic behaviour, delay diagnostics, and scenario-based 

optimisation. Unlike previous studies that focus solely on 

capacity analysis, this research present a practical, data-

driven approach to modifying cycle length, green-time 

allocation, and phasing schemes to reduce overall delay 

and improve intersection level of service. The findings 

offer actionable guidance for traffic engineers and local 

authorities, particularly in prioritising interventions that 

generate the most significant operational impact under 

existing geometric constraints. 

In conclusion, the findings confirm that optimizing signal 

phasing at the Forerstra BSD intersection provides 

measurable operational and environmental benefits. The 

implementation of a phase-change scenario not only 

improves key traffic performance indicators such as delay, 

queue length, and travel speed but also contributes to 

reductions in vehicle emissions and fuel consumption. 

These results demonstrate that relatively low-cost traffic 

management strategies, particularly signal timing and 

phase reorganization, can significantly enhance 

intersection efficiency without requiring major 

infrastructure expansion. Therefore, the study highlights 

the importance of data-driven traffic signal optimization as 

a practical and sustainable approach for improving urban 

intersection performance, especially in rapidly growing 

metropolitan areas where traffic demand continues to 

increase. 

Future research should expand the applicability of the 

proposed framework by incorporating real-time adaptive 

signal control, multimodal performance indicators 

(including pedestrian and public-transport delays), and 

simulation-based sensitivity testing across different urban 
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corridor typologies. This direction will strengthen the 

model’s robustness and improve its relevance for broader 

urban mobility planning. 
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