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Abstract:

There is a need for developing a traffic simulation model which is: (i) computationally efficient enough to simulate large streams, (ii) based on models of driver behaviour, (iii) able to handle different driver and vehicle mix, and (iv) able to represent the effect of varying road geometries. This paper, presents such a model named CASIM. CASIM uses models of driver behaviour to simulate large streams in a discrete space-time environment. Results show that this simulation model possesses all the properties mentioned here.

1. Introduction
Simulation is an important tool for studying traffic flow under various design conditions. Often simulation is the only way as one may not be allowed to experiment with different design on real-world traffic facilities. The most realistic traffic simulators are those which try to simulate the flow of traffic by simulating the behaviour of individual drivers of the traffic stream. These type of simulation models are referred here as microscopic traffic simulation models. With the advent of powerful computers realistic size traffic stream can be simulated using microscopic traffic simulation models. In the recent past the framework of cellular automata (CA) has been employed to model traffic streams using microscopic simulation. In this paper a new model, CASIM, which uses the discrete structure of CA, has been proposed for simulation of real-world traffic stream through modeling of individual driver behaviour.

CASIM is a model for unidirectional single lane traffic flow. It is however different from the existing models in the following respect: (i) the microscopic stream properties (like time headway distribution, speed distribution etc.) are more realistic than the existing CA based models, (ii) it can simulate large traffic streams with thousands of vehicles with ease (unlike many of the force field based models), (iii) it can model the effect of road geometry on the stream behaviour, and (iv) it can model the impact of different vehicle mix on the stream behaviour.


 The rest of paper is divided in four sections. The next section presents the motivation for this work and a review of some relevant literature. The third section briefly describes CASIM. The fourth section presents a discussion on the results obtained from the CASIM and the last section summarizes the contributions of the paper. 
2. Motivation and literature review

The motivation for developing a model like CASIM comes from three observations about the current state of the art of traffic simulation models. These are discussed in the following paragraphs.


It is felt that ideally a realistic traffic simulation model must be based on representing the individual drivers of the streams. CA provides a good framework which has been used to model large traffic streams by simulating the motion of individual drivers or vehicles. Over the years many such CA based models have been developed with increasing levels of realism. Some of these models are NaSch model (Nagel and Schreckenberg, 1992), T-T model (Takayasu and Takayasu, 1993), B-J-H model (Benjamin et al., 1996), VDR model (Schreckenberg et al., 2001), anticipation model (Knospe et al., 2000) and CELLSIM model (Bham and Benekohal, 2004). However closer analyses of these models reveal that the traffic stream they simulate often do not possess many observed properties. For example speed distributions, which are typically normal-like in real-world streams, obtained from these models are not so (in fact they are substantially different). Acceleration noise of vehicles in streams simulated using these models (with the exception of CELLSIM) are often much greater than the maximum observed value of around 0.9 m/s2. Fig. 1 and 2 give results which support these claims. Often the large “grain size” used in these CA based models are cited as the reason for their failure to replicate the various properties of real-world traffic stream. Another problem with these models is that none of them consider the perception-reaction time of drivers while simulating    their movements. Treiber et al. (2006) and Chakroborty (2006) also point out this fact. They also point out the problem with trying to interpret the update time of CA as a perception-reaction time. The current state of CA models can be summarized as models which are computationally efficient and can handle large number of vehicles but have certain serious shortcomings in representing the way vehicles move.
In the past however there have been various microscopic driver behaviour models which have achieved reasonable success in realistically representing driver movements. They generally incorporate perception-reaction time and can replicate even complex properties of car-following behaviour such as local stability and asymptotic stability. Some of these models (often referred to as car-following models) include those developed by Pipes (1953), Forbes et al. (1958), Gazis et al. (1959, 1961), Herman et al. (1959), Edie (1974), Gipps (1981), Benekohal and Treiterer (1988), Kikuchi and Chakroborty (1992), Chakroborty and Kikuchi (1999) etc.  However these models are computationally intensive and have not been used for simulating large real-world traffic streams.

Neither CA based models nor the car-following models have made any attempts to incorporate the impact of road geometry and vehicle mix on driver behaviour and through it on the traffic stream. Some force field based models like Chakroborty et al. (2004) can take into account these features but are generally computationally intensive and is not of much use in simulating large traffic streams.
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Fig. 1. Speed distribution obtained from the simulation of traffic streams using different CA based traffic flow simulation models.
[image: image13.emf]0

2

4

6

8

10

0 10 20 30 40 50 60 70

Density (veh/km)

Acceleration noise (m/s

2

)

NaSch

TT

BJH

VDR

ANT

CELLSIM

  

Observed limit on AN


Fig. 2. Acceleration noise values obtained from simulated streams using different CA based traffic simulation models.

Given these observations, an attempt is made to develop a model which (i) represents the microscopic features of driver behaviour and traffic stream more realistically, (ii) is computationally efficient so that it can be used to simulate large traffic streams, (iii) can replicate realistic macroscopic features of traffic streams, and (iv) is able to take into account the impact of road geometry and vehicle mix while simulating traffic streams.

In the next section the proposed model, CASIM, is briefly described. Later in the result section studies are presented which show how CASIM achieves the properties mentioned here.

3. Proposed model, CASIM

CASIM is a single lane traffic simulation model based on microscopic models of vehicular motion. That is, CASIM simulates traffic stream by simulating the movement of each vehicle at each and every instant of time.   In essence therefore CASIM tries to model how driver behaviour is impacted by: (i) other vehicles on the road, (ii) road geometry, and (iii) vehicle type. Further CASIM uses the discrete representation of space and time as used in the CA framework; the road is represented as a series of discrete cells and vehicle states are updated at discrete instances of time.

In the rest of the section, first the model is developed and second a discussion is presented on how this behaviour is implemented for large scale simulation of traffic streams.
3.1. Model development


Any traffic stream contains various types of drivers driving different types of vehicles. The driving process is an outcome of a trade-off between a driver’s urgency (to reach his/her destination) and concerns for his/her own safety (Chakroborty et al., 2004). Different features of the road, the driver and other vehicles impact this process. In the following a brief description of the driving process as viewed and modeled in this paper is presented.
· It is assumed that the various kinds of drivers in a traffic stream can be represented through a single parameter referred to here as the risk avoiding coefficient. This coefficient tries to quantify the propensity of a driver to avoid risk. It is assumed to vary between –1 to +1. A driver whose r = –1 is assumed to be a highly risk taking driver while the driver whose r = +1 is assumed to be a highly risk averting driver; r = 0 implies a normal driver.
· Under a given road condition every driver is assumed to have a desired speed. This is the speed a driver wishes to maintain unless impeded by other vehicles. The desired speed under the same situation is higher for a driver with a lower r value. In short, desired speed, 
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is the road geometry through which the vehicle is moving at time, t.

· The distance headway from the leading vehicle (LV) at which a following vehicle (FV) feels safe (SDH(t)) is assumed  to be dependent on the speed of FV, v, the nature of driver of FV, r, the type of the LV (MLV) and FV (MFV) and the road geometry. In short, 
[image: image16.wmf](

)

)

(

,

,

,

,

)

(

t

RG

M

M

r

v

f

t

SDH

FV

LV

S

=

. With regard to this point the following may be noted: (i) it has been observed that as the speed of FV increases the SDH also increases, (ii) as the geometry of the road become more restrictive (like narrow road width) it is understood that the SDH at a given speed increases (Highway Capacity Manual, 1998), and (iii) it has been observed that SDH at any speed it also affected by type of the LV and FV pair (see Cunagin and Chang, 1982).

· The driving process is assumed to be a perception-reaction process (Herman et al., 1959; Triggs and Harris, 1982). Here driver reaction at time (t+δt) is assumed to be an outcome of the perceived driving scenario at time t. The time δt is referred to as the perception-reaction time and is distinct from the update time (Treiber et al., 2006; Chakroborty, 2006). It has also been observed that there are some perceptual thresholds beyond which the driver cannot perceive the driving scenario with any degree of confidence and hence may not react (Leutzbach, 1988).
As CASIM is a single lane model the modeling of driver behaviour implies the determination of the choice of acceleration values by the driver under different driving scenarios. Two different driving behaviour regimes are used. The first is referred to as driver behaviour in free-flow regime (or free-flow behaviour) and the second is called driver behaviour in car-following regime (or car-following behaviour).

3.1.1. Free-flow behaviour


In free-flow behaviour regime the driver’s action at time t+δt is guided by the driver’s current speed (
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(1)
This rule assumes that the driver wishes to reach the desired speed within a time, 
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; the use of this rule also implies that  as one gets closer to the desired speed one employs progressively lesser acceleration values. It is further assumed that there are upper bounds on the acceleration or deceleration which one employs while trying to achieve the desired speed. These bounds are referred to as comfortable deceleration, Dc, and comfortable acceleration, Ac. Values of these depend on the r value of the driver and vehicle type, M. That is
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3.1.2. Car-following behaviour


When the distance headway is less than a threshold value (determined based on the relative speed between LV and FV; Leutzbach, 1988) then drivers are assumed to be in car-following behaviour mode. In this mode a driver is assumed to react according to the following rule:
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(2)

As per the given equation, the reactions of the FV at time (t+δt) are based on three stimuli (namely, relative speed, relative acceleration and distance headway) observed at time t. The choice of these stimuli is not new and has been used in the past
. In the above equation the term Tc may be thought of as a time within which the FV wants to nullify the anticipated relative speed. In a way it highlights the urgency shown by the driver (low value of Tc indicates high urgency) and it also depend on the threat to safety and the risk avoiding nature of driver (r). The Tc value is lower for risk taking driver (low r value). Further, the Tc value reduces as the magnitude of negative relative speed increases; this is so because a driver tries to quickly overcome situations which pose large threat to ones safety (like high magnitude of negative relative speed); α is a calibration constant controlling the impact of relative acceleration on 
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. The term in the second braces represents the impact of the deviation of distance headway from SDH on the actions of the driver. If the distance headway is less than the safe value at a given time then this term becomes negative and has the effect of encouraging decelerations (or lesser accelerations); if on the other hand distance headway is greater than SDH then this term encourages accelerations (lesser decelerations). Further, β is the weight of this term on the overall action of a driver and may be bi-valued. It is higher whenever the term in the braces is negative. This is so because “drivers pay closer attention to spacing decreases (decrements) than to spacing increases (increments) simply on the basis of their own safety” (Leutzbach, 1988). The value of  
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 and can be obtained from observations on the car-following behaviour or speed-density relations. The acceleration value obtained from Eq. (2) is bounded by an upper limit, Am, and lower limit, Dm, to ensure that the actions never go beyond the allowable limits.
3.2. The model implementation

This section presents how the CASIM model is implemented. The road space is discretized into cells. Since, CASIM is a single lane model, the width of each cell is assumed to be equal to the road width and length is assumed to be l. It is further assumed that a vehicle can occupy more than one contiguous cell at a time. This allows l to be any value not necessarily equal to the length of the vehicle, Lv. Time is discretized into time-steps of Δt s, at which the system is updated (i.e. new speeds and positions of the vehicles are calculated). The value of the update time is typically kept less than or equal to the perception-reaction time, δt. The length and time units used during simulation are “cells” and “time-steps”. That is, a length of l ft is assumed to be a length of 1 “cell” and a time of Δt s is assumed to be 1 “time-step.” Speed and accelerations are in terms of cells per time-step, and cells per time-step2, respectively. The simulation of the traffic stream is done on an open loop system of length Ls. Closed loop systems, by their very nature cannot adequately handle situations with a mix of vehicles with widely varying speed characteristics or variations in road geometry. A step-by-step flow-chart of the implementation of CASIM is presented in Fig. 3. The three processes, P-I, P-II and P-III mentioned in Fig. 3 are described here.  
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Fig. 3. Flow chart of traffic flow simulation model, CASIM.

3.2.1. Process P-I


This process is used to generate vehicles/drivers. This being an open loop system, vehicles are generated at every instant of time at the upstream start point of the road section being simulated. Vehicles generated are randomly assigned a vehicle type (based on traffic composition), risk avoiding factor (r), desired speed (Vd(t)), and the actual speed (v(t)). The desired speed of the nth vehicle (in units of cells per time-step) at time t is calculated using the Eq. (3).
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where nint{.} is a function which returns an integer value. Vf is the free-flow speed (in ft/s) based on the road geometry through which vehicle is moving at time, t. η is a calibration constant controlling the impact of  r on the desired speed of the vehicle.  The value of η used here is provided in the Result’s section.
3.2.2. Process P-II
In this process the following quantities for the nth vehicle are computed at any instant “t”: (i) desired speed, Vd(t,n), (ii) safe distance headway, SDH(t,n), (iii) distance headway,  dh(t,n), (iv) relative speed, rs(t,n), and (v) relative acceleration, ra(t,n). Vd(t,n) is computed based on the road geometry at time t using Eq. (3). SDH(t,n), the safe distance headway for the nth vehicle at time t is computed using Eq. (4).
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(4)
In this equation γ is a factor which depends on road geometry and the LV-FV ((n-1)th and nth) vehicle types. The value of γ used here is given in the Result’s section. Lv and BS are in units of cells and denote the length of vehicle n and the buffer space. ξ controls the impact of r value on SDH and the value is given in the Result’s section. Distance headway, dh(t,n), relative speed, rs(t,n), and relative acceleration, ra(t,n) are computed as the difference of the relevant variables (i.e. positions, speeds and accelerations)  between the nth and (n-1)th vehicles.
3.2.3. Process P-III


Here, the threshold distance headway is computed. The function used is given in Eq. (5) and is motivated by observations on perceptual thresholds (Leutzbach, 1988). Eq. (5) is however a simplification of the observations. 
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(5)
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. Values of different parameters of above equation are given in the Result’s section. 
4. Results and analysis
CASIM has been analyzed for its macroscopic and microscopic properties extensively.  Here some of the results from this study is presented in order to highlight two points: (i) CASIM simulates driver behaviour in such a way that the microscopic properties of real-world traffic streams are also present in streams simulated by CASIM and (ii) CASIM is efficient enough to be used for simulating large streams which possess the macroscopic properties observed in real-world traffic streams. The results are presented in two subsections. The first of these subsections presents results from the macroscopic studies and the second subsection presents results from microscopic studies. However before presenting these subsections all the parameter values assumed here are presented so that these results can be replicated elsewhere.
4.1. Assumed parameter values

An open loop single lane unidirectional road of length 165000 ft (50.3 km) is simulated using CASIM. The simulation considers different road geometry and vehicle types. The simulation is carried out on a desktop computer with P-IV, 1.5 GHz processor and 512 Mb RAM. Simulation time for large streams (say, with 6000 vehicles) is approximately (1/15)th of the real time. The parameter values used here are:
· Cell length, l = 0.25 ft.

· Perception-reaction time, 
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= 1 time-step ( or 0.5 s; Triggs and Harris, 1982)
· Risk avoiding coefficient, r, is a random number distributed normally (truncated) in the range –1 to +1.
· In Eq. (1), Tf = 1 time-step, 
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· In Eq. (2), 
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· In Eq. (3), value of Vf  (in cells/time-step) is based on road geometry and is adopted from Table 7-3 of Highway Capacity Manual (1998), 
[image: image41.wmf]6

=

h

cells/time-step.

· In Eq. (4), 
[image: image42.wmf]1

.

0

=

x

 and
[image: image43.wmf]w

y

g

+

=

, where 
[image: image44.wmf]y

 is average time gap (in time-steps) between rear bumper of LV to front bumper of FV at flow near capacity for different types of vehicle pairs (see Highway Capacity Manual, 1998; Cunagin and Chang, 1982); 
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 is factor to take into account the fact that as road geometry becomes more restrictive the time gap between vehicles increases irrespective of vehicle type.   
· In Eq. (5), 
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4.2. Results from macroscopic evaluations

The results are presented in three subsections. The results are presented in SI units.
4.2.1. Study on speed-flow, flow-density, and speed-density relations

Fig. 4 shows the speed-flow, flow-density and speed-density relations obtained from the simulation of unidirectional uninterrupted traffic stream on a single lane road with shoulders and a lane width of 12 ft using CASIM. The stream is assumed to have 100% passenger-cars. It can be seen that these plots show behaviour similar to what are observed in real-world traffic streams. 
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Fig. 4. Speed-flow, flow-density and speed-density relationships in traffic streams simulated using CASIM.

4.2.2. Study on the effect of road geometry

Unlike most other traffic flow simulation models, CASIM is capable to simulate the effect of road geometry. Here, due to space restrictions, only the results from the studies on the impact of road width on stream behaviour are presented. Four roads of different widths (12 ft, 11 ft, 10 ft and 9 ft) are taken. Fig. 5 shows pair-wise relations between speed, flow, and density obtained from 12 ft and 9 ft wide roads. Fig. 5(a) and (b) show the speed-flow points obtained from the simulation studies on 12 ft and 9 ft wide roads. Fig. 5(c) shows two lines obtained as idealizations of the plots shown in Fig. 5(a) and (b). As can be seen, the speed-flow line for 9 ft road is below that of a 12 ft road. The capacity value for 9 ft road is also less than that of a 12 ft road. These are as expected. Fig. 5(d) and (e) show idealized line for flow-density and speed-density relations obtained from the simulation study. The capacities obtained from the simulations for the different road widths are presented in the Table 1. As can be seen the presented values are close to those suggested by Highway Capacity Manual (1998).
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Fig. 5. Effect of road width on traffic stream behaviour simulated using CASIM.
Table 1: Capacity variation with road width
	
Lane width (ft)
	Capacity obtained using CASIM (veh/hr)
	Capacity suggested in HCM (veh/hr)

	12
	2100 – 2200 
	2180

	11
	2050 – 2140 
	2100

	10
	1950 – 2145 
	2025

	9
	1920 – 2030 
	1975


In order to show the benefits of ability to model the effect of road geometry, a   study is performed on a road of varying widths. The road is shown in Fig. 6. Data on speed, flow and density are gathered from different sections namely A, B, C and D. The input flow to Section A is generally ≤ 2000 veh/hr. As can be seen from the diagrams obtained at these different sections flow conditions never move into the congested regime at any of the sections except Section B. This is as expected since Section B is just upstream of the narrow lane width section (for better understanding of why the speed-flow diagrams are the way they are one may  refer to May, 1990). Using such studies one can determine the impact of bottlenecks on roads.
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Fig. 6. Study on traffic stream behaviour on a road of varying width simulated using CASIM.
4.2.3. Study on the effect of different vehicle types
CASIM is also capable of simulating traffic streams comprising of different types of vehicles. In order to highlight this feature of CASIM, results on simulated traffic streams with different proportions of passenger-cars and trucks are presented. The pair-wise relation between speed, flow and density of these simulated streams are shown in Fig. 7. The lines are obtained in a similar manner as described in Fig. 5. As is expected the speed-flow relationships with 40% trucks is below that with 0% trucks. Consequently, in the stream with 40% trucks capacity conditions are reached at much lower flow values (in units of veh/hr) than in the stream with 0% trucks. In order to see whether the impacts of trucks are being simulated realistically passenger-car equivalents (PCE) of trucks are calculated from the behaviour of the simulated traffic stream with different percentage of trucks. The PCE values are calculated using Eq. (6) as is suggested by Huber (1982).
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where p is proportion of trucks present in the stream, 
[image: image72.wmf]b

q

 is basic flow rate (when only passenger-cars are present) and 
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is mix flow rate of a stream with proportion “p” of trucks. The results are summarized in Table 2. As can been seen from the table PCE values are reasonable and similar to as suggested by HCM (Highway Capacity Manual, 1998).

4.3. Results from microscopic evaluations

The previous results show that on the macroscopic scale the simulated stream behave realistically; however, as argued earlier macroscopic properties alone cannot be used to study whether a driver behaviour based simulation model is realistic or not. Hence, in this section some results on certain microscopic stream characteristics and car-following behaviour are presented. The results are presented in SI units.
[image: image74.emf]40

60

80

100

1000 1400 1800 2200

Flow (veh/hr)

Speed (km/hr)

[image: image75.emf]40

60

80

100

1000 1400 1800 2200

Flow (veh/hr)

Speed (km/hr)



[image: image76.emf]40

60

80

100

1000 1400 1800 2200

Flow (veh/hr)

Speed (km/hr)

[image: image77.emf]1000

1400

1800

2200

10 15 20 25 30 35 40 45

Density (veh/km)

Flow (veh/hr).


[image: image78.emf]40

60

80

100

10 15 20 25 30 35 40 45

Density (veh/km)

Speed (km/hr)







Fig. 7. Effect of trucks proportion on traffic stream behaviour simulated using CASIM.
4.3.1. Study on time headway distribution, THD

Some of the characteristics of THD from real-world traffic streams are as follows (see May, 1990 and Drew, 1968 for more details): (i) THD are widely dispersed when flow is low and are right skewed at high flow, (ii) the mode of THD is less than the median, which is less than the mean; (iii) the mean time headway is generally close to the 67th percentile time headway; and (iv) the ratio of standard deviation (σ) of time headways to the mean (μ) approaches 1 from below as flow decreases. Fig. 8 shows the THD obtained from CASIM at three different flow values. The figure shows that the THD satisfies the properties mentioned here.

Table 1: PCE for trucks in traffic streams simulated using CASIM.
	Percentage of trucks
	Capacity in veh/hr (obtained using CASIM )
	Mid point of capacity  in veh/hr
	PCE calculated at mid point of capacity
(implied by CASIM)
	PCE 
(as suggested
 by HCM)

	0
	2100 – 2200 
	2150
	---
	---

	5
	2050 – 2145 
	2098
	1.50
	1.5

	10
	2010 – 2100 
	2055
	1.46
	1.5

	20
	1900 – 2000 
	1950
	1.51
	1.5

	30
	1790 – 1880 
	1835
	1.57
	Does not provide

	40
	1725 – 1850 
	1787
	1.51
	Does not provide

	50
	1630 – 1740 
	1685
	1.55
	Does not provide


4.3.2. Study on speed distribution, SD


SD provides an idea about the speeds of individual vehicles in a stream. In a typical real-world traffic stream it is observed that speeds are distributed reasonably symmetrically around a mean value (May, 1990). The mean value of speed decreases with density. Fig. 9 shows the SD at free-flow and forced flow traffic conditions obtained from streams simulated using CASIM. It is seen that the SD is as expected.
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Fig. 8. Time headway distributions obtained from traffic streams simulated using CASIM.
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Fig. 9. Speed distribution obtained from traffic streams simulated using CASIM.
5.3.3. Study on acceleration noise, AN

AN of a vehicle is the root mean square deviation of acceleration from the average acceleration value of that vehicle (Jones and Potts, 1962). AN provides a good understanding of how drivers in a stream control their speeds. Various authors have provided estimates on AN from real-world traffic streams (Jones and Potts, 1962; Winzer, 1981; Sudheer and Pattnaik, 1998); out of these Winzer’s (1981) study is the most detailed and is used here. AN of vehicles  are seen to vary between 0.2 m/s2 and 0.6 m/s2; rarely, however, it may go up to 0.9 m/s2. It is also observed that with increase in density the AN initially increases then decreases (Winzer, 1981). Fig. 10 shows the AN values computed at various density levels from streams simulated using CASIM. It can be seen that AN shows same trend as obtain by Winzer (1981). It can be also seen that the AN at all densities remains below 0.6 m/s2. 
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Fig. 10. Acceleration noise values obtained from vehicles in traffic streams simulated using CASIM.
4.2.4. Study on car-following behaviour

Car-following behaviour is an important and basic driving task and has been studied in great detail for the last six decades (Pipes, 1953; Forbes et al., 1958; Gazis et al., 1959, 1961; Herman et al., 1959; Edie, 1974; Gipps, 1981; Benekohal and Treiterer, 1988; Kikuchi and Chakroborty, 1992; Chakroborty and Kikuchi, 1999). The features listed here are collated from these and other sources. Car-following behaviour is locally stable; that is, when the LV creates a perturbation (to distance headway between FV and LV by accelerating or decelerating) for some fixed time, the FV’s actions are such that the LV-FV system stabilizes to a stable (or safe) distance headway (SDH) after a while (i.e., the perturbations die out with time). The SDH is independent of the initial distance headway (IDH) between LV and FV, initial speeds of the LV (ISLV) and FV (ISFV) and the perturbation pattern of the LV. It is only dependent on the final speed of the vehicles. Further, in a platoon, the actions of successive FV’s are such that the perturbation created by the LV is damped as it propagates upstream in the platoon. This is referred to as asymptotic stability. Closing-in and shying-away behaviour is also seen in car-following; in closing-in, FV closes in on LV if the distance headway is large (for a given speed) and irrespective of what LV is doing; in shying-away, FV shies away from the LV if distance headway is small (for a given speed) and irrespective of what LV is doing. 
Fig. 11 shows results from local stability analysis using CASIM. Six situations divided into three scenarios are studied. In Scenario I, ISLV = ISFV = 15.24 m/s, and perturbation pattern of LV is 15.24(0)-15.24(1)-18.29(3)-12.19(7) (this list, which uses the form v1(t1)-v2(t2) . . . vn(tn) implies the following: LV accelerates/decelerates in a way so as to reach a speed of v2 m/s at time t2 second from a speed of v1 m/s at time t1 second; and so on till the vehicle reaches vn m/s at tn second and remains at that speed); for Situation 1 under this scenario, IDH = 45.72 m and in Situation 2, IDH = 15.24 m/s. In Scenario II, IDH = 22.86 m, and ISLV = ISFV = 15.24 m/s. For Situation 1 under this scenario, the perturbation pattern is 15.24(0)-15.24(1)-18.29(3)-12.19(7); the same for Situation 2 is 15.24(0)-15.24(1)-12.19(3). Scenario III, Situation 1 has the following values: IDH = 22.86 m, ISLV = ISFV = 15.24 m/s, and the perturbation pattern of LV is 15.24(0)-15.24(1)-21.34(5). Scenario III, Situation 2 has the following values: IDH = 22.86 m, ISLV = ISFV = 12.19 m/s, and the perturbation pattern of LV is 12.19(0)-12.19(1)-21.34(7). In all the situations the perturbations die with time indicating that the car-following behaviour is locally stable. In Scenario I the situations differ only in their IDH values. As can be seen from the results pertaining to Scenario I, the SDH is independent of the IDH value. Results from Scenario II show that the SDH is not dependent on the perturbation pattern – even though the perturbations in the two situations under Scenario II are different the SDH value is the same. Scenario III is presented here to show that the SDH value is independent of the initial speeds of vehicles. Another point that can be made through this figure is the dependence of SDH on final speed; as expected the SDH is higher the for higher final speed (SDH in Scenario III with a final speed of 21.34 m/s is higher than in the other scenarios which have a final speed of 12.19 m/s) and same for same final speeds (SDH in Scenarios I and II are the same).
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Fig. 11. Study of sensitivity of stable (or safe) distance headway, SDH, in traffic streams simulated using CASIM.


Fig. 12 shows the asymptotic stability property through the simulation (using CASIM) of a five vehicle platoon under the following condition: IDH = 31.09 m, ISLV = ISFV = 18.29 m/s, and the perturbation pattern of LV is 18.29(0)-18.29(1)-24.38(5)-12.19(13)-18.29(17). As can be seen from the figure the perturbations die as they are propagated upstream indicating that the platoon is asymptotically stable.
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Fig. 12. Study on asymptotic stability in a traffic stream simulated using CASIM.

To study the closing-in and shying-away behaviour of CASIM two situations are simulated. In both the situations, ISLV = ISFV = 15.24 m/s and there no perturbation in LV’s speed; in Situation 1, the IDH = 54.86 m which is quite large for 15.24 m/s, whereas in Situation 2, IDH = 9.14 m which is small for the same speed. As can be seen from Fig. 13 the FV closes-in when the IDH is high and shies-away when the IDH is low. 
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Fig. 13. Study on closing-in and shying away behaviour in a traffic stream simulated using CASIM.
5. Conclusion
This paper describes a new model for large scale simulation of unidirectional traffic streams. The motivation for developing this model named CASIM, are (i) existing microscopic simulators which can be used to simulate realistic sized traffic streams do not possess many of the properties observed in real-world traffic streams, (ii) the models generally do not describe the effect of geometry on stream behaviour, (iii) none model the impact of heavy vehicles on the stream behaviour, and (iv) existing models which are more realistic descriptors of driver behaviour are computationally onerous and cannot be used for simulating large traffic streams. CASIM tries to improve upon these aspects and also attempt to strike a balance between realism of the models it uses to simulate traffic stream and computation efficiency.  The results show that CASIM can simulate large traffic streams and that the simulated streams possess most of the macroscopic and microscopic properties of real-world streams. CASIM also incorporates the impact of geometry and vehicle mix on stream behaviour realistically.
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�  For example, in GHR models (Gazis et al., 1959) used information on relative speed and distance headway; Kikuchi and Chakroborty (1992) uses all three stimuli to model car-following behaviour. Further, Kikuchi and Chakroborty (1992) have shown from observation that multiple stimuli are necessary to model car-following behaviour. Sultan et al. (2004) have shown that drivers might be using relative acceleration information while driving. 
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