Heterogeneous traffic representation 
for micro simulation
[image: image38.wmf]gap

f

p

 
P. J. Gundaliya

Lecturer
Transportation Systems Engineering,

Department of Civil Engineering

L. D. College of Engineering Ahmedbad
Ahmedbad 380 015 (INDIA)

Ph: ++91 (0) 9427109991
Ph: ++91 (0) 079 26852879
pjgundaliya@gmail.com
Tom V. Mathew

Associate Professor

Transportation Systems Engineering,

Department of Civil Engineering

Indian Institute of Technology Bombay

Mumbai 400 076 (INDIA)

Ph: ++91 (0) 22 2576 7349

    Fax: ++91 (0) 22 2576 730

vmtom@civil.iitb.ac.in
S. L. Dhingra

Professor

Transportation Systems Engineering,

Department of Civil Engineering

Indian Institute of Technology Bombay

Mumbai 400 076 (INDIA)

Ph: ++91 (0) 22 2576 7329

Fax: ++91 (0) 22 2576 7302

dhingra@iitb.ac.in
[image: image39.wmf]gap

f

p


Abstract
 Cellular Automata (CA) approach has recently gained significant interest in traffic flow due to its simplicity and computational efficiency. In the present study, an attempt is made to develop a heterogeneous traffic flow model using CA update rules by means of a grid based approach. In this model vehicles are represented by number of cells guided by their size. Each type of vehicle is differentiated by its dynamic characteristics like maximum speed and acceleration. Macroscopic validations are carried out by using field data. Further, the effect of incident on traffic flow is also studied. This study has demonstrated that grid based approach using CA rule is a simple and efficient way of simulating heterogeneous traffic.
Keywords: Traffic flow modelling, Cellular Automata, Simulation, Heterogeneous traffic flow.

Introduction 

The vehicular traffic is increasing at an exponential rate and has created problems like congestion, environmental pollution etc. These issues have raised the interest of researchers in traffic flow modelling which aims at representing the vehicular behavior and gives relations between speed, flow and density. Research on the subject of traffic flow modelling started about fifty years ago, which has resulted in a broad scope of models describing different aspects of traffic flow operations, either by considering the influence of vehicles individually (microscopic models) or from the viewpoint of collective vehicular flow (macroscopic models). Heterogeneous traffic, i.e. vehicles with wide variation in their static and dynamic characteristics, found on the roads of developing countries offers high level of complexity in modelling. The models for homogeneous traffic cannot be implemented directly to represent the traffic phenomenon in heterogeneous traffic conditions. Even though some attempts have been made to resolve heterogeneity by using equivalent factors for various vehicles, these factors are highly subjective and depend heavily on the vehicular composition, roadway geometry and many other parameters. Many researchers have attempted to model heterogeneity using micro-simulation, but these models need considerable computational power as individual vehicles are modeled with its micro-characteristics. Cellular automaton (CA) is a recent addition to such computational efficient approach of modelling traffic flow. Hence, the objective of this study is to develop a computationally efficient and robust model for heterogeneous traffic using CA rules. The next section describes the state-of-the-art in traffic flow modelling and critically reviews various modelling approaches and computational tools to identify suitable computational efficient approach for heterogeneous traffic flow modelling. 

Background
Traffic flow modeling describes the dynamics of different types of vehicles and their interaction using mathematical relations to derive traffic flow characteristics like mean speed, density, and flow. Over the years, various models have been developed to predict vehicular behavior from the mid-block section of road to the network level.  In the recent past, considerable attention has been given to the application of cellular automata (CA) based traffic flow modelling. CA models have been widely used as discrete models of physical systems. These models are used to simulate a wide range of natural processes such as turbulent fluid flow, gas diffusion, forest fire, etc. Creamer and Ludwig (1986) used a CA model for the simulation of traffic flow. They developed a boolean model representing individual vehicles by 1-bit variables. Nagel and Schreckenberg (1992) developed CA models for freeways known as NaSch model. Since the introduction of this model, many researchers have developed traffic flow models using CA. They developed models modifying and introducing new rules for better representation of certain phenomena like congested flow, meta-stability and hysteresis. CA is also used for two-lane traffic flow by developing various lane changing rules. Rickert et al. (1996) presented a multi-lane traffic flow model using CA for homogeneous traffic flow. Simon and Gutowiz (1998) introduced a two-lane CA model for homogeneous traffic flow where the vehicles move in opposite directions; passing allowed in one or both lanes. Application of CA at network level was investigated by Esser and Schreckenberg (1997) and Rickert and Wagner (1996). This it is possible to simulated large traffic systems many times faster than real time so that predictions become feasible. These models developed are based on homogeneous traffic flow. However, developing countries have heterogeneous traffic on the roads and CA traffic flow model developed so far cannot be implemented directly.  

Most common way to describe mixed traffic is to convert the vehicle into a standard vehicle by using some equivalency factor (Khan and Maini, 2000), and then the homogeneous model is applied to derive traffic flow characteristics. The main drawback of this approach is its difficulty to incorporate the various vehicle characteristics like vehicle size and their interaction, acceleration, deceleration, speed, etc. in terms of the standard vehicle. Hence, such approaches are yet to gain wider acceptance. Due to complexity in developing mathematical models for heterogeneous traffic conditions, simulation grid based approach is adopted by many researchers (Pillai, 1974, Marwah and Bandyopadhyay, 1983, Singh, 1999) in which individual vehicle behavior are simulated. Most of the above mentioned models are developed based on the principle of car-following theory. However, to develop a minimal model one has to think about the computational criteria. In this context, the CA based model developed by Chowdhury et al. (1997) deserves much attention. This model is a two-lane traffic flow model with two different types of vehicles, characterized by two different values of the maximum allowed speed (
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) for kth type of vehicle.  

Most of the heterogeneous traffic models developed so far is based on the car-following theory where time and space are considered as continuous. This requires larger computational time and memory which make it difficult to implement it on-line for large network applications. In this context, CA has proved its capability to model homogeneous traffic flow phenomenon with high computational efficiency. These models are relatively simple microscopic models and can predict traffic phenomenon reasonably well. Hence, in the present study an attempt has been made to model heterogeneous traffic flow model using CA rules. 

Grid Based Modelling Approach 

The heterogeneous traffic flow means that there are multiple vehicle types in the traffic stream. These vehicles have widely varying physical and dynamic characteristics. In such conditions it is difficult to represent the vehicle as a single unit, as considered 
in many earlier studies, which simplifies the modeling aspect. In this study, CA based traffic flow model for homogeneous traffic is modified for heterogeneous traffic conditions. Accordingly, a grid based traffic flow model (GBTFM) is developed. This model allows the movement of small size vehicles (two-wheelers) side by side without following any lane discipline unlike other homogeneous CA models.   Moreover, this model gives fairly good representation of the vehicle's static and
dynamic characteristics.  

Model Development 

In the proposed simulation model, road space is divided into small imaginary cells of equal size. Forward movement of the vehicle is implemented on the basis of model developed by Nagel and Schreckenberg (1992). In the simulation run, time scan procedure is adopted. The scanning interval is decided according to the length of the cell considering average acceleration and deceleration as close as possible to real life. The complete methodology of the developed model is described in Fig. 1. The major parts of the model are inputs required, model initialization, application of CA rules, lateral movement and vehicle generation. These are elaborated below.

Input 

The inputs required are cell size, lane width and length in terms of the number of cells for defining the road stretch, the vehicles size in number of cells (length and width). In addition, the maximum speed (cells/time-step), acceleration, deceleration, lateral movement probability, and arrival patterns (distribution) are the inputs required for the model. For study of an incident effect model needs location and duration of the incident as input.

Cell size 

Cell size is a crucial input for the grid based model. The cell length and width are carefully decided as these directly affect the acceleration, deceleration, lateral movement, and speed of the vehicle. This size should also represent dynamic characteristics as close as to reality. The physical representation of the vehicle should be kept slightly more than the actual size of vehicle to allow lateral clearance with other vehicles. Further, size of cell also affect the simulation time-step. Considering vehicle size, static characteristics and other dynamic characteristics and 1 second time step (as taken in CA model), the cell length and width is taken as 1.9 meters and 0.9 meters respectively (Table 1). This cell size is obtained by an optimization program (Gundaliya et al. 2005). 

Vehicle size  

The model is capable to handle various types of vehicle. The length and width of the effective vehicular size can be obtained by adding minimum clearance to the vehicle's original length and width. The overall width and length of a vehicle is then decided in terms of number of cells. After deciding the size of the vehicle in terms of number of cells in lateral and longitudinal, vehicle can be physically represented on occupied number of cells.  The left most corner of the each vehicle represents the place of the vehicle in each time-step. The physical representation of the vehicles in the single lane is shown in Fig. 2.  The types of vehicles considered for the study are given in the Table 2. If a small cell size is taken then it may represent physical representation of vehicles more accurately but at the same time it requires the huge memory for computation. Moreover the length of the vehicle affects the movement of vehicle, mean speed, acceleration, and deceleration. This also imposes a limitation on the cell size selection. Hence, there are constraints on deciding the size of the cell in grid based traffic flow model in contrast to the conventional heterogeneous traffic simulation models. Considering all these aspects minimum possible cell size is decided which gives minimum clearance required and the dynamic movement, as close as to NaSch model. The model works with for both single lane and multi -lane as per the road width given in the number of cells. For the single lane model the width of the road is 4 cells which is equal to 3.6 meter. Similarly multi-lane can be represented.
Application of CA rules

After deciding vehicle size the vehicle are physically represented in the grid as per there arrival. The parallel updating is considered for updating the vehicle in each time-step, this means that all vehicles are updated simultaneously in single time-step. In the case where vehicles having the same row number then right most vehicles are updated first. Most of the vehicles move according to the front gap available and the speed of the vehicle ahead. Moreover, the lane discipline is not followed and the vehicle also moves in either of the sides of the front vehicle as per the front gap available at sides. When the vehicle moves over the road space the driver has to take two decisions – what would be the rate of change of the speed and what would be the direction of movement in the next time step.  
The notations are introduced first. Let the location of the vehicle on the road stretch is considered with respect to x and y coordinates of the left most front corner of vehicle. Considering road stretch having width X and Length Y cells starting from the left most corner increasing in X direction and decreasing in Y direction. Any vehicle n located on this grid having row and column number of the left most corner say in and  jn respectively for the nth vehicle.  The vehicle n is of k type vehicle.  The size of k type vehicle is say (kw, kl), where kw is the width of vehicle in number of cells and and kl is the length of the vehicle in number of cells of k type vehicle. The boundary of the vehicle at this instant of time will be cells reserved in co-ordinates say (in ,  jn ) and say (in + kl,   jn + kw). 

These cells update their status in the group according to left most corner (in ,  jn ) cell status for the nth vehicle. To incorporate heterogeneity, two dimensional arrays have been implemented for physical representation of the vehicle as against single array representation in the NaSch model. The forward movement of the vehicle follows similar approach as considered in NaSch model. These rules incorporate maximum speed, acceleration and deceleration of each vehicle types. The lateral movement is also considered depending on the side and front gaps of the vehicle, if sufficient gap for improving the speed is available. The right and left overtaking rules are made according to the right and left front gap availability. Each vehicle has a whole number (integer) speed with values between zero and the maximum speed of the vehicle. The speed of each vehicle can take one of the values like 0,1,2,3..., 
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depending on the vehicle type k, in term of cells per time interval. 
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 is the front gap between the vehicle and the vehicle in front of it at time t  in the longitudinal direction from present frontage in number cells. The term front vehicle means the nearest front of vehicle considering the width of the vehicle. At each time step t, all the vehicles in the matrix of cells are updated simultaneously, according to the following rules: 

· Step 1: Acceleration 


If vn < 
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 then the speed of the nth vehicle is increased by one, vn = min( vn + ak, 
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 )  but remains unaltered if  vn = 
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.  Here ak is the acceleration rate in number and 
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maximum velocity in number of the vehicle type k in integer value. Here speed and acceleration is taken in numeric whole number. 

· Step 2: Lateral movement 

If the vehicle does not have an enough front-gap (
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) for traveling with desire speed in its longitudinal direction then it will look for sufficient front-gap (
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) in neighboring cells. It also looks for available space in neighboring cells for lateral movement. The position of vehicle moving at rear side in neighboring cells (
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) is also considered to prevent the collision. The following rule is applied for lateral movement. This movement is possible in either side of vehicle if vehicle is forced to reduced speed in the longitudinal direction due to front vehicle. Here, speed and distance headway is compared because they are measured in number of cells.

1. Trigger Criteria: 
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< vn and 
[image: image12.wmf]gap

f

n

> vn with the probability of lateral movement decision of driver plv.

2. Safety Criteria
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 and Neighbor Cells must be empty for vehicle occupancy as per the size of the vehicle. Here gap is termed as number of empty cell behind and speed in number of cells. 


In this model, vehicles move in the lateral direction by one to two cells as per the vehicle type and hence, the lane changing may not be possible in a single time step, but it is possible after one or more seconds depending on the vehicle type. Hence, lane-changing is more realistic than conventional CA models where lane-changing occurred in single time step.
· Step 3: Deceleration 

Deceleration due to other vehicles (vehicle ahead) If 
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< vn the speed of the nth vehicle is reduced to 
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- dk ,  vn = min( vn , 
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- dk, ).   Here 
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is front vehicle gap and it is deceleration rate taken as one in present study for all type of vehicles.  dk  is the deceleration rate of vehicle type k.
· Step 4: Randomization 

if  vn > 0 ,  the speed of the nth vehicle is decreased randomly by dk with the probability p but does not change if vn = 0, vn = max ( vn -  dk , 0 ) but remains unaltered if v = 
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· Step 5: Vehicle movement 

Each vehicle moves forward according to its new velocity determined in Steps 1-3, i.e. jn = jn +  vn  where,  jn initial position of vehicle in longitudinal direction and indicated as row number for time step  t . The vehicle movements are similar to the CA traffic flow models.

Vehicle generation 

In this model vehicle can be generated either by giving the mean arrival rate of the vehicle for the poison distribution or the distribution of the arrival pattern observed through survey. The individual vehicle input with their type, headway and speed also can be given separately in case of validation of the model. The vehicle can also be generated by Negative exponential, Schul distribution, and Poisson distribution. The vehicular type is generated on the basis of classified volume given. The arrival of vehicles will be put on entry point of the road stretch. If sufficient gap is available, the vehicle enters the system with speed that follows the distribution given. If the sufficient gap is not available the vehicle will not be allowed to enter and will be kept in the queue. The lateral position of the vehicle on the stretch will be selected according to availability of the gap. The number of vehicles at each time-step in queue indicates the queue at entry point at that point of time. The individual delay at entry in queue is also recorded.
Data collection and Validation
The video-photographic method is the most suitable technique for field traffic data collection than the other methods like manual data collection or by using sensors, which are either error prone or costly. Validation is also an important task in evaluating any traffic simulation model which tests the application of the model in the real system. In the present study the model is validated at macroscopic level the average speed and classified volume for simulated vehicles are compared with those of field data. In this study video-graphic method is used for data collection. The recorded video-graphic data was decoded in a computer. A computer program was developed to get the arrival pattern, mean arrival rate, spot speed, and classified volume from the video-graphic data. The model is first calibrated by getting optimum noise probability (p).   This probability was found to be 0.35 by an exhaustive search method with the available single set of data of 20 minutes.  The mean arrival rate observed for the arterial of 3.6m wide was 1274 vehicles per hour. The macroscopic validation is then carried out with the data collected for 3.6m wide arterial road for one hour. Total 1264 vehicles are generated during an hour of simulation.  The observed headway distribution (cumulative probability) is used to generate vehicles. The average and maximum observed speed of each type of vehicles in arterial are given in column 4 and column 5 of Table 4 respectively. These speeds were converted to the nearest cells per time step and are shown in the column 6 of Table 4. The results of the simulation run show that the model is capable of generating the classified volume and average speed considerably close to the real system, and is shown in column 7 and 8 of Table 4. The root mean square (RMS) percentage error ep for the average speed difference for each type of vehicles are shown in column 9. This shows that the model shows the considerable close in spite of the coarse representation of vehicle dynamic characteristics. 
Microscopic Comparison 

The microscopic comparison is carried out considering an incident to stop the vehicle for a certain time using VISSIM software. This test is done to observe the model variation in cases of incident at microscopic level. Each vehicle enters into the section at some time and with a certain speed. In the case study five types of vehicles namely two wheelers (2%), three wheelers (7%), cars (65%), LCV (18%), and HCV (8%) are considered. Using a mean arrival rate of 1200 vehicles per hour, a set of vehicles are generated by running VISSIM software for 250 seconds for a 1000 meter stretch road. The incident of duration of 100 seconds is introduced at 700 meters distance in the VISSIM and in the GBTF (the current model). The noise probability is decided after many simulation runs with the VISSIM output data. The vehicles are generated in VISSIM software by Poisson distribution. In total, sixty different vehicles are generated. This includes one two-wheeler, four three-wheelers, thirty nine cars, eleven LCV, and five HCV. The vehicle type, headway and entry speeds of these vehicles are given as input to GBTF model. However, the initial speed, maximum speed and acceleration are taken to the nearest integer value of the cells/time-step. The same vehicles are generated with same time headway and initial speed in the GBTF model. The vehicular characteristics are assumed similar in both the cases. 
The time-space details of each vehicle at every second are compared with the developed model as shown in Fig 3. The detailed microscopic comparison of speed and position are made at every second. As suggested by Bham and Benekohal (2004), Theil coefficient is calculated which found less than 0.2 in the case of position and speed variation for each vehicles trajectory.  The average speeds of the each type of vehicles are also compared with the VISSIM output as given the Table 3.
Simulation Experiment
To measure the delay due to the effect of the bus stop and signal is useful to access the arterial traffic behavior at various traffic conditions. Experiment is conducted to observe the delay at pedestrian signal and bus stop located near signal on four lanes divided urban arterial. This experiment study is also validated with the real data collected on the four lane divided arterial in Mumbai. In recent, study of effect of bus bay, bus stop dwell time etc, are studied in case of heterogeneous traffic by Arasan and Koshy (2005). Similar, simulation experiment also carried out for four lane divided arterial near I.I.T. Bombay, Mumbai, India as shown in Fig 4. The site is selected such that the signal and bus stop exist very close on the stretch. 
The details of the arrival rate, classified volume, vehicles arrival distribution on cell, signal time, bus dwell time distribution, etc. are taken same as observed on the field. For calibration and validation purposes the observed distribution (cumulative probability) is used to generate the vehicle headway and entry speed. To calibrate the p-noise value, model is run for 600 seconds, using the observed traffic flow conditions, and the noise value is calibrated by exhaustive search method such that the mean speed of the vehicles closely matches with the mean speed observed.  The noise value is found to be 0.38 for the present case study. The lateral movement probability is assumed to be 1.0. The maximum speed of the vehicles at entry is measured through videography survey and the average speed is measured through the license plate survey. It is observed that the flow measured for the one hour remains almost constant. The model is run for a simulation time of 3600 seconds, the actual time for which the traffic is measured in the field for validation purpose. The vehicles generated in simulation run are 2224 as observed during above period against observed 2329 during above period. The vehicle type generated by observed cumulative probability distribution. The generated and observed vehicles of each type in percentage are shown in column 3 and 7 of Table 4. These shows that the number of vehicle types generated in simulation are quite near to observed vehicles in each type. The simulation run results are tabulated against the observed data in the field and shown in Table 4. The trajectories of vehicles are shown in Fig 4. The effect of signals and bus stop are clearly visible on the trajectory plot. The shock wave effect due to signal is seen from the 60th cell at regular signal time interval and effect of bus stop is also seen at 118th  cell in the trajectory plot. The RMS root-mean square value of the average speed in case of validation is found to be 1.9. Average speeds in simulation run which is found to be 21.18 kmph, almost close to the observed 21.26 kmph. The results show the good agreement with the observed data. This comparison indicates that the simulation model is able to model the real traffic system and hence can be used in predicting the traffic delay.  

Conclusion

The grid based model is an attempt to model heterogeneous traffic using the minimal modelling concepts of cellular automata. These aspects are modified for heterogeneous traffic flow by dividing the road stretch in a grid of cells. In addition, vehicle characteristics like acceleration, deceleration, and maximum speed are also incorporated. The model is capable of describing all type of vehicles running on road. The conventional CA model is able to represent only passenger cars where as this model is able to represent any road width and any type of vehicle by adopting much smaller cell size. This cell size also gives better representation of speed. . For the present study the optimal cell size is found to be 0.9 m x 1.9 m (width x length). This model incorporates the vehicle size in a better way, and gives an opportunity to smaller vehicle to overtake even in single lane road. Maximum speed of each type of vehicle should be given either by observation or using certain model. In this model the lateral movement rules were tested by giving due consideration to the physiology of the drivers behaviour. The models were calibrated and validated with the traffic survey conducted on the arterial of Mumbai city of India at macroscopic level. Experiment is conducted to observe the delay at pedestrian signal where a bus stop located near this signal on four lanes divided urban arterial. The results show the good agreement with the observed data. The models developed are based on the CA approach and are able to carry out microscopic simulation with lesser computation time and memory requirements, which ultimately make it possible to run on-line simulation for the heterogeneous traffic flow and for the large application.
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Notation 

	ak
	=
	Acceleration of vehicle type k  in number of cell;

	dk
	= 
	Deceleration of vehicle type k  in number of cell;

	ep
	= 
	RMS percentage error ;
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	= 
	Back gap of neighbour (Target) space in number of cell;
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	= 
	Front gap of neighbour (Target) space in number of cell;
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	= 
	Front gap from present position of vehicle in number of cell;

	kmph
	= 
	Kilometer per hour;

	p
	= 
	Noise probability as per NaSch model;

	plv
	= 
	Lateral movement probability of the vehicle;

	t
	= 
	Time step in second; 
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	= 
	Maximum Speed of vehicle type k cell/time-step;

	vavg
	= 
	Average speed of the each vehicle type in kmph

	Vc
	= 
	Classified volume of the vehicle type in percentage

	vn
	= 
	Speed of  nth vehicle cell/time-step;

	jn
	= 
	Location of nth  vehicle left most corner (row number)  at time instant;


	Table 1: Speed and headway for CA

	
	CA-7.5
	Grid Based Model

	Speed
	Speed
	Headway
	Speed
	Headway

	(c/ts)
	(kmph)
	(meters)
	(kmph)
	(meters)

	(1)
	(2)
	(3)
	(4)
	(5)

	1
	27
	7.5
	6.84
	1.9

	2
	54
	15.0
	13.68
	3.8

	3
	81
	22.5
	20.52
	5.7

	4
	108
	30
	27.36
	7.6

	5
	135
	37.5
	34.2
	9.5

	6
	-
	
	41.04
	11.4

	7
	-
	
	47.88
	13.3

	8
	-
	
	54.72
	15.2

	9
	-
	
	61.56
	17.1

	10
	-
	
	68.4
	19

	11
	-
	
	75.24
	20.9

	12
	-
	
	82.08
	22.8

	13
	-
	
	88.92
	24.7

	14
	-
	
	95.76
	26.6

	15
	-
	
	102.6
	28.5

	16
	-
	
	109.44
	30.4

	17
	-
	
	116.28
	32.3

	18
	-
	
	123.12
	34.2

	19
	-
	
	129.96
	36.1

	20
	-
	
	136.8
	38

	c/ts: speed in cells per time-step


	Table 2: Vehicle dimensions details

	Sr.
	Vehicle
	Actual
	Taken in model
	Taken in model
	Clearance

	No.
	Type
	Width
	Length
	Width
	Length
	Width
	Length
	Width
	Length

	 
	 
	(meter)
	(meter)
	(cells)
	(cells)
	(meter)
	(meter)
	(meter)
	(meter)

	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)

	1
	2W
	0.6
	1.8
	1
	1
	0.9
	1.9
	0.3
	0.1

	2
	3W
	1.4
	2.6
	2
	2
	1.8
	3.8
	0.4
	1.2

	3
	Car
	1.7
	4.7
	2
	3
	1.8
	5.7
	0.1
	1.0

	4
	LCV1
	1.9
	5.0
	3
	3
	2.7
	5.7
	0.8
	0.7

	5
	LCV2
	1.9
	6.8
	3
	4
	2.7
	7.6
	0.8
	0.8

	6
	HCV1
	2.5
	8.5
	3
	5
	2.7
	9.5
	0.2
	1.0

	7
	HCV2
	2.5
	10.3
	3
	6
	2.7
	11.4
	0.2
	1.1

	2W: Two wheelers; 3W: Three wheelers;

	HCV1: Heavy commercial vehicle type 1; HCV2: Heavy commercial vehicle type 2;

	LCV1: Light commercial vehicle type 1; LCV2: Light commercial vehicle type 2;


	Table 3: Macroscopic speed comparison of each type of vehicles(incident)

	Vehicle
	VISSIM
	GBTFM

	Type and (Number)
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	2W(1)
	49.09
	47.50
	3.24

	3W(4)
	38.59
	37.17
	3.68

	Car(39)
	41.60
	42.30
	1.68

	LCV1(7)
	39.97
	38.06
	4.78

	LCV2(4)
	39.32
	37.87
	3.69

	HCV1(5)
	43.04
	41.89
	2.67

	Average of (60)
	41.30
	41.22
	0.19


	Table 4: Observed and simulated data for validation

	Sr.
	Vehicle
	Observed
	Simulated

	no.
	type
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c/ts(kmph)
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	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)

	1
	2W
	6.74
	54.85
	80.10
	12(82.08)
	6.34
	50.43
	8.06

	2
	3W
	10.15
	50.00
	54.26
	8(54.72)
	11.59
	44.94
	10.12

	3
	Car
	60.80
	63.8
	83.98
	13(88.92)
	62.29
	63.88
	0.13

	4
	LCV1
	11.59
	51.62
	63.41
	10(68.4)
	11.13
	53.83
	4.28

	5
	HCV1
	10.72
	52.35
	71.92
	11(75.24)
	8.66
	58.04
	10.87

	Avg. speed in simulation run is 59.54 kmph against 57.56 kmph observed
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	Fig. 2. Physical representation of vehicles on single lane road
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	Fig. 3. Time space diagram
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	Fig. 4. Schematic Diagram of the site
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	Fig. 5. Time Space Diagram







































































Fig. 1. Flowchart for the heterogeneous traffic flow model





No





Yes 





Calculate front gap 





Lateral movement If � EMBED Equation.3  ���< vn  with    plv





If � EMBED Equation.3  ���< vn then vn = min ( vn , � EMBED Equation.3  ���- dk ).   


 vn > 0 ,  vn = max ( vn - dk , 0 ) with the probability p





Yes 





 If  vn < � EMBED Equation.3  ��� then vn = min( vn + at, � EMBED Equation.3  ��� )  








Lateral Movement


Trigger Criteria


� EMBED Equation.3  ���< vn 


� EMBED Equation.3  ���> vn 


Safety Criteria


� EMBED Equation.3  ���> � EMBED Equation.3  ���


Neighbour required cells must be empty. 





Plot fundamental diagrams, Average time spent by vehicles, Space -time plot, etc.





Update position


jn  =    jn +  vn





t <time-step





Generate vehicle as per given distribution of speed and headway





Calculate front and back gaps 





Generate classified vehicles for given initial conditions with the speed.





Cell and Road size, width. Vehicle size, Max speed (Cell/time-step). Initial Density, Arrival rate, Classified Volume and Probabilities p and plv 





t = 0





No





t = t+1








i
PAGE  
26

[image: image41.wmf]v

k

max

[image: image42.wmf]v

k

max

[image: image43.wmf]gap

f

p

[image: image44.wmf]gap

f

n

[image: image45.wmf]gap

b

n

[image: image46.wmf]v

k

max

_1167930122.unknown

_1168516195.unknown

_1175146726.unknown

_1167930310.unknown

_1167933542.unknown

_1168449122.unknown

_1168516160.unknown

_1167930282.unknown

_1167929664.unknown

