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Abstract 

Road network management is an important task for the development of any city. As no exact model of traffic 

flow exists due to its high complexity and chaotic Organisation, researchers mainly try to predict traffic using 

simulations. Simulation is a best practical method to plan for the proper road & traffic management. In this 

study, the road networks of Madhubani city has been integrated in SUMO. Open street map used for the map 

creation of the city road network. The various road networks and vehicles on the road as per traffic data have 

been taken as input and simulated in SUMO. Through this simulation, better traffic signal planning has also 

been discussed. It has been observed that the road & transport integration is not suitable at large scale as the 

city don’t have multimodal transport facility. 
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I. INTRODUCTION 

 

In order to decrease the travel time, reduce traffic congestion & to integrate the various traffic routes, Simulation 

of Urban Mobility (SUMO) traffic simulation tool is used to simulate the traffic studies. SUMO was developed 

by The German Aerospace Center as a traffic simulation tool and it is an open source, highly portable, 

microscopic road traffic simulation package. SUMO is licensed under the GPL. As the simulation is multi-

modal, which means that not only are car movements within the city modelled, but also public transport systems 

on the street network, including alternative train networks, the atomic part of the simulation is a single human 

being.[Sanjiv K. Shukla & Anupam Agrawal, 2015] In the Indian context other vehicles are also used on the 

road such as Auto Rickshaws, Man pulled Rickshaws, Motorbike also some time roaming of domestic animals 

on the road. This is great a challenge to consider those parameters and model the computer traffic simulation 

and also in the real traffic management. 

SUMO helps to prepare and perform the simulation of a traffic scenario along with traffic simulation 

[Krajzewicz D. et. al., 2012]. SUMO utilizes a variant of Gipps car model namely Karuss car model for the 

simulation in default which is based on safety conditions derived from braking distances of the individual 
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vehicle. In Krauss model, between car drivers is described using the maximum safe velocity (Vsafe). The 

formula is given in equation as below: 

𝑣𝑠𝑎𝑓𝑒 = (vn+1)(t) +{(gn(𝑡) −𝑣n−1(𝑡)𝜏)/(( 𝑣n(𝑡) + 𝑣n+1(𝑡))/ 2𝑏) +𝜏} 

Where: 

gn(t) = xn-1(t) – xn(t) – s  

vdes = min{vn(t) + a.Δt, vsafe, vmax}  

vn(t+ Δt) = max[0, rand{vdes – ϵ a, vdes}] 

 

The position of the vehicle is denoted by index „n‟ and predecessor vehicle has higher index. So, in the traffic, 

leading vehicle has the highest index. The maximum acceleration (a), deceleration (b), and jammed spacing (s) 

are assumed constant. The distance between two vehicles is denoted by gn(t), vehicle desired speed (vdes) 

expresses how big the desire of drivers to accelerate their vehicle with a maximum speed, and the time step (Δt) 

is assumed to be equal to the reaction time (τ). In the randomization step, each vehicle will be slowed down by 

random amount that is distributed between 0 and ϵ a, where ϵ  is a value between 0 and 1.  

Four step simulation model is used to proper run the simulation on SUMO as follows: 

I. In the first step, the network building is required in the XML format. It includes the road network, 

intersection or junction and traffic lights.  

II. In the second step, demand file is required to create. It includes the physical property of vehicles such 

as type of vehicle, acceleration, deceleration, the length of the vehicle and maximum speed.  

III. In the third steps, the computation of dynamic use assignment is required. Dynamic user assignment is 

a traffic assignment which the assumption of the OD-matrix and the link flows are to be time 

dependent. It also simulates updated route choice.  

IV. The last step is to run the simulation. The simulation can be run if the file contains the network, the 

information of routes that will be used in the simulation, the time period when the simulation will begin 

and end.  

With all information, the simulation can be performed in order to get a base model that will be applied to the 

simulation scenario [Leksono C. Y. and Andriyana, T., 2012].  

Additionally, NETCONVERT tool is used in this study for the generating road network from the XML file. 

NETCONVERT is a command line tool and it is developed in C++ language. It can import digital road 

networks from different sources and generates road networks that can be used by other tools including SUMO 

[66]. 

 

II. METHODOLOGY 

 

SUMO tool requires various data set such as road geometry of the city, traffic flow and turning movement, 

queue length of each section in a certain time period, travel time data which is used for calibration. Open Street 

Map website was utilized to obtain the road geometry data of Madhubani. The Open Street Map website 

provides facility to save street data on OSM file format. The .OSM file format is specific to Open Street Map. It 

is coded in XML and contains geographical data in a structured, ordered format. Open Street Map contains only 
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the street structure for the Madhubani city. Therefore, the Google map was used to validate and for proper 

naming of the street. SUMO uses the road network structure file in the XML file format; hence, 

NETCONVERT tool was utilized to convert OSM files into road network structure file format. Fig. 5.3 shows 

the road network structure which was extracted from open street map and converted as desired format. Traffic 

flow data were collected by observation of the study location by traffic survey. In these regards, the major entry 

and exit points were identified and data were collected during the peak traffic hours 9:00 AM to 11:00 AM and 

04:00 PM to 06:00 PM. The overall traffic flow was estimated on based that. Similarly, queue length and travel 

time data were collected.  

 

Fig.5.1. Road network development in SUMO for Station Road 

 

The route data is also required for the simulation on SUMO which contains a basic property of the vehicles such 

as length, acceleration and deceleration, and maximum speed of the vehicle. In this regard standard properties of 

vehicles were considered. 

 

Fig.5.2. Road network development in SUMO for Thana Chowk Road 
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III. EXPERIMENT 

 

The simulation was performed in SUMO version 0.22.0 by considering the above-mentioned data set. 

The experiment was performed as per the following step: 

i. In the first step network was built.  

ii. In the second step demand modeling was performed in this regard‟s vehicle characteristics were supplied.  

iii. In the last step configuration file was developed. It contains the network file and demand file.  

iv. This file was saved with extension of sumo.cfg. This configuration file was supplied to SUMO to 

observe the simulation result.  

v. Further,calibration process was performed to identify the possible better parameters. It can be several 

parameters which will adjust to find the optimal value in trail process. It can be used for the allowable 

minimum distance between two vehicles, maximum acceleration, road speed limit (sigma), and the 

drivers‟ reaction time (tau). The initial model before the adjustment parameter is taken from the 

[Maciejewski. M., 2010] research work for the calibration purpose and it is shown in the Table 5.1. 

 

Fig.5.3. Map of Road Network for Simulation 
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Table.5.1. Initial Model Before Adjustment 

V Type Len (m) Speed 

(m/s) 

Min. gap 

(m) 

Car 

Following 

Max. Acc. 

(m/s
2
) 

Sigma Tau (s) 

Car 5 27.78 2 

K
ra

u
ss

 5.50 0.50 1 

Bus 15 27.78 3 5.50 0.50 1 

Truck 10 27.78 3 5.50 0.50 1 

IV. RESULT & CONCLUSION 

 

Following results for simulation & road network integration were observed & suggested through SUMO: 

i. Alternative scenario was developed and it was found traffic congestion reduced when some traffic diverts 

into Jaldhari Chowk (NH527A) Road high rather than Old Bus Stand Road for traffic approaching Bara 

Bazaar &Chavacchamor exit.  

ii. Similarly, we can divert route through Nidhi Chowk – Stadium Road – Maharaj Gunj Road – Gandhi 

Chowk – Rahika Road for the traffic which is meant to reach to the destination towards Rahika-Jaynagar 

road. 

iii. Traffic signals were designed for Ganga Sagar Road as shown in Fig.5.4. 

 

 

Fig.5.3. Traffic Signal Design for Ganga Sagar Road 

 

iv. In order to reduce traffic congestion in road network Thana Chowk-Neelam Chowk-Bata Chowk-Churi 

Bazaar-Thana Chowk, personal four-wheeler vehicle entry should be restricted and this road network 

should be integrated with the public transport preferably e-rikshaws or autos. 
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v. Road network for airport connectivity also to be integrated through stadium road which may not disturb the 

traffic of the city area. 

vi. Multilevel traffic integration is not suggested and is also not feasible upto larger extent because, there is 

very less movement of multimodal transport throughout the city. 
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