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Abstract 

Traffic stream models provide relationships among the three basic traffic variables namely speed, flow and density under steady-

state conditions. Stream modeling is important as stream models are the foundation for traffic flow modeling and for planning, 

design and effective management of road systems. Since reported stream models are mainly developed for homogeneous traffic 

conditions, they may not be directly suitable for the Indian traffic condition which is heterogeneous, characterized by a wide mix 

of vehicles having diverse static and dynamic characteristics. Another feature of this traffic is the absence of lane discipline and 

lane marking. The lane widths are also not constant. In this respect, only very limited studies have been reported from India. In the 

present study an optimal speed – density relation is developed empirically using the speed and density data simulated through the 

calibrated VISSIM model. The optimal flow-density and speed-flow relationships are obtained after attempting both empirical 

models and theoretical models that are suitable for the study stretch under consideration. The results indicate that the developed 

models are able to represent the steady-state macroscopic behavior of the heterogeneous traffic stream with reasonable accuracy.       

Keywords: Empirical models, Heterogeneous traffic conditions, Theoretical models, Traffic simulation, Traffic stream 

modeling 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

Modeling of heterogeneous traffic flow for developing countries such as India is one of the emerging research areas. Rapid growth 

of cities and spurring demand for goods and services results in the increase of traffic in most of the roadways in India. To meet the 

increasing traffic demand, it is better to use the existing facility effectively than building new infrastructure. This can be achieved 

by the prediction of less congested routes by estimating traffic density in a specified route which can be done by processing the 

location based information using any mathematical model.  

Speed, flow and density are the three main macroscopic stream variables that describe the behavior of a traffic stream. These 

variables are highly dependent, producing unique steady state speed-flow-density relationships, commonly called traffic stream 

models. Traffic stream models are important as stream models are the basic building blocks of dynamic traffic flow modeling, 

design of road systems and traffic management systems. Many empirical traffic flow models are proposed by experts. Since 

reported stream models are mainly developed for homogeneous traffic conditions, they may not be directly suitable for Indian 

traffic condition. The present study is an attempt to develop optimal speed-flow–density relationships that are suitable for 

heterogeneous traffic flow conditions. 

In this study an optimal speed – density relation is developed empirically using the speed and density data simulated through 

the calibrated VISSIM model. The optimal flow-density and speed-flow relationships are obtained after attempting both empirical 

models and theoretical models. All these models are developed at aggregate level after converting the classified data into Passenger 

Car Units (PCU) using standard PCU values specified by Indian Road Congress (IRC). 

 Objectives 

 To calibrate parameters of the VISSIM simulation model for representing the heterogeneous traffic. 

 To simulate the specific traffic under study and to generate required data. 

 To develop suitable traffic stream models relating speed, flow and density for the heterogeneous traffic under study. 

II. LITERATURE REVIEW 

Greenshields (1935) developed a macroscopic stream model, in which density and speed are linearly related and this is one of the 

widely used speed-density models though it has limitations in reflecting some observed traffic stream characteristics. Underwood 

(1961) proposed a single regime model in the form of exponential function assumed between speed and density for the entire traffic 

condition. Drew (1968) suggested a generalized formulation by introducing a parameter n, resulting in a linear model, parabolic 

model and exponential model between speed and density with varying values of n.  
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Later multi regime models were proposed to improve single regime models by introducing separate models for representing 

different regimes of traffic. For example Edie (1961) developed a model assuming Greenberg’s model for the congested region 

and Underwood’s model for the other regime.  Drake et al. (1967) proposed two two-regime models and one three-regime model. 

Among these models, the first two-regime model assumed  linear models for both free-flow and congested regimes and the second 

two-regime model  made use of constant speed for free-flow regime and Greenberg’s logarithmic form for the other regime. The 

three-regime model proposed assumed separate linear forms for all the three regimes namely free flow, congested flow and 

transition state. Recently a three-regime model was developed by Sun and Zhou (2005) by using cluster analysis for segmentation 

of speed-density data into different regimes.  

The above discussed studies were mainly based on data collected from western countries with homogeneous traffic conditions. 

Only limited studies have been done to develop an understanding of traffic flow for heterogeneous or mixed traffic conditions in 

developing countries. Kadiyali (1982) developed a linear speed flow relationships by regression analysis on different categories of 

rural highways in India. Mathew and Radhakrishnan (2010) proposed a methodology to calibrate micro simulation models for 

heterogeneous traffic at signalized intersection. Siddharth and Ramadurai (2013) conducted a study on calibration of VISSIM for 

Indian heterogeneous condition. VISSIM parameters affecting the driving behavior in heterogeneous conditions were found out 

using sensitivity analysis. LI Yue et al., (2009) identified that the relationship of speed flow and density changes remarkably during 

different period of time. They developed a speed-flow-density model during night time and daytime separately, and analyze the 

key point of K-V, K-Q and Q-V curves. Xu cheng et al., (2014) conducted study on analysis of traffic flow speed density relation 

model characteristics and they found that fitting errors for speed-density models are not sensitive to using different sets of field 

data, whereas some physically meaningful parameters, such as free-flow speed and jam density, vary widely under different sets 

of field data. AjithaThankappan and Lelitha Vanajakshi (2015) developed a two regime optimal speed–density relation and from 

that derive theoretically the other two relations that are suitable for heterogeneous traffic flow conditions. 

III. STUDY AREA 

The study stretch identified for the present study is a part of the Kollam-Theni National Highway (NH220). It is a two lane divided 

roadway having a lane width of 5m. For the present study only one direction of traffic was considered. 

 
Fig. 1:  Location Map Showing Selected Study Stretch 

IV. DATA COLLECTION FOR TRAFFIC SIMULATION 

 Data Collection 

Data collection for the simulation was carried out using Video graphic technique from the entry point A of the selected study 

stretch as shown in the Fig. 1.Video data were collected for a total duration of 3 hours covering both peak and off-peak periods. 

Radar gun was used to collect the spot speed data. 

 Data Analysis 

The extracted data of classified traffic volume count and spot speed were further analysed to estimate the vehicle composition and 

speed distribution.Speed distribution for each categories of the vehicles determined from the field data and traffic composition in 

the field were given as input to the simulation model. The average traffic composition of the vehicle classes present in the study 

stretch is shown in Fig. 2. 
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Fig. 2: Traffic composition 

V. TRAFFIC SIMULATION AND DATA GENERATION 

VISSIM, a microscopic time step and behavior based simulation model, developed at the University of Karlsruhe, Germany is 

used in this study to simulate various traffic conditions and measurement of corresponding traffic stream parameters such as speed, 

flow and density required for the development of traffic stream models. VISSIM is based on the Wiedemann’s car –following 

model and it does not account the lane sharing behaviour observed in heterogeneous traffic, hence any model that created in 

VISSIM need to be calibrated so as to replicate the ground reality with desired accuracy. If the desired accuracy is achieved, the 

validated model will give more accurate results than analytical results. Using the calibrated VISSIM model simulation runs were 

carried out for generating data required for stream modeling. The simulated classified volume count for different categories of 

vehicle was aggregated to a common unit using standard static PCU values recommended by Indian Road Congress (IRC 1990).The 

initial data quality checks were carried out by making the scatter plots of speed vs. density, speed vs. flow, and flow vs. density 

shown in Fig. 3. 

   
Fig. 3: Scattered plots on simulated values of speed density and flow 

VI. DEVELOPMENT OF TRAFFIC STREAM MODELS 

Speed density relationships were first derived empirically and this was carried out at the aggregate level using PCU converted data. 

Several functional forms of single regime model were fitted to speed density data. The models attempted include green shield’s 

linear model, underwood’s exponential model, North-western model, power, second degree polynomial and third degree 

polynomial. For the empirically derived speed density relation corresponding flow density and speed flow relation were derived 

theoretically. In addition to this speed flow and flow density relationships were derived empirically. From these derived speed 

density model best traffic stream model was selected based on logical and statistical considerations. The comparison was made by 

calculating the Mean Absolute Percentage Error (MAPE) and R-Square.  

 Development of Speed –Density relation ship 

Among the speed-flow-density relationships, speed-density relationship is considered to be the most important one and can be 

obtained from empirical studies. Several functional forms of single regime models are fitted to the speed density data. Table I 

shows the obtained traffic stream parameters and statistical test results. Third degree polynomial is found best fit in terms of MAPE 

and R-square value. Fig. 4 shows the comparison of the derived best fitting single regime speed density model against the actual 

or simulated value. 
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 Development of  Speed Flow  Relationship 

Based on the fitted speed-density relationships, speed-flow relationships were obtained theoretically. In addition to this several 

functional forms of single regime models were fitted to the data empirically. Table II shows the obtained traffic stream parameters 

and statistical test results. Fourth degree polynomial relationship fitted to the speed-flow data empirically was found to be the best 

fit in terms of MAPE and R-square value. Fig. 5 shows the best fit single regime speed-flow model against the actual or simulated 

values 
Table - 1 

Single regime speed density model fitting results and related statistics 

Model Name MAPE(%) R-square 
parameters 

Vf (km/hr) kj (PCU/km) 

Greenshield’s linear model 19.8 0.920 46.23 157 

Quadratic 5.486 0.926 44.92 189 

Power 5.805 0.922 45.1 203 

Cubic 4.617 0.950 48 156 

Exponential 5.705 0.892 47.57 inf 

North western 5.931 0.8982 42.41 inf 
Table - 2 

Single regime Speed Flow model fitting results and related statistics 

Model Name  MAPE(%) R-square 
Parameters 

Vcr (km/hr) qmax (PCU/hr) 

Quadratic 
Speed Flow(Theoretical) 25.43 0.783 23.1 2501 

Speed Flow (Empirical) 25.987 0.793 24.3 2408 

Cubic Speed Flow (Empirical) 25.62 0.802 21.9 2522 
Fourth degree polynomial Speed Flow (empirical) 22.01 0.858 24.9 2718 

Exponential Speed Flow(Theoretical) 26.39 0.783 17.7 2767 

 Development of Flow Density Relationship 

Based on the established speed-density relationships, flow-density relationship are established theoretically. Several functional 

forms of single regime models were fitted to the data empirically. Table III shows the obtained traffic stream parameters and 

statistical test results.Empirical Fourth degree polynomial found best fit in terms of MAPE and R-square value. Fig. 6 shows the 

best fitted flow density model against the actual or simulated values.  
Table - 3 

Single regime Flow Density model fitting results and related statistics 

Model Name  MAPE(%) R-square 
Parameters 

Kcr (PCU/km) qmax (PCU/hr) 

Quadratic 
Flow Density(Theoretical) 5.99 0.961 108 2501 

Flow Density (Empirical) 7.36 0.971 99 2472 

Cubic 
Flow Density(Theoretical) 5.18 0.975 101 2492 

Flow Density (Empirical) 5.08 0.983 98.3 2614 

Power Flow Density(Theoretical) 5.55 0.969 104 2485 

Fourth degree polynomial 
Flow Density(Theoretical) 5.37 0.976 102.8 2734 

Flow Density ((Empirical) 4.59 0.984 97 2606 

Exponential 
Flow Density(Theoretical) 11.55 0.912 158 2768 

Flow Density (Empirical) 7.90 0.943 116 2768 

North western 
Flow Density(Theoretical) 5.37 0.977 96 2463 

Flow Density (Empirical) 5.45 0.97 96 2489 
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        Fig. 4: Best fitting speed density model at           Fig. 5: Best fitting speed flow model at             Fig. 6: Best fitting flow density model at  

                          aggregate level                                                    aggregate level                                                       aggregate level 

VII. CONCLUSIONS 

Modeling of traffic stream is important as stream models are the foundation for traffic flow modeling and for planning, design and 

effective management of roads systems. In this study the development of macroscopic traffic stream models for representing the 

steady state behaviour of traffic through a National Highway (NH 220) in Kottayam were discussed. One of the main challenges 

involved in developing traffic stream model is the need for accurate measurement of the variable especially spatial parameters 

space mean speed and density. VISSIM 6 was used in this study to simulate various traffic conditions and measurement of 

corresponding traffic stream parameters such as speed, flow and density required for the development of traffic stream models. An 

optimal speed – density relation is developed empirically using the speed and density data simulated through the calibrated VISSIM 

model. The optimal flow-density and speed-flow relationships are also developed after attempting both empirical models and 

theoretical models. The developed single regime speed-density, flow-density and speed-flow relationships showed a good fit to 

the actual data in all the cases. The developed stream model is able to give the complete set of key traffic stream parameters such 

as free flow speed (vf), critical density (ρcr), critical speed (vcr), jam density (ρj) and maximum flow (qmax) with reasonab le 

accuracy. 
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