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INTRODUCTION

e Traffic signals - integral part - maximize
flow - maintain high degree of safety

 Arrival pattern at downstream — platoons

* Vehicles proceeding as platoons - disperse
as they progress along arterial

 Modeling platoon dispersion - key element
to predict arrivals at signals - enable
efficient coordination




INTRODUCTION...

“* Robertson’s dispersion model
extensively used - homogeneous traffic

“* Rely on calibration of model parameters -
platoon dispersion factor (a) and travel
time factor () - heterogeneous traffic

‘*Heterogeneous traffic
o Several categories

« Lesscars
 No lane discipline - occupy any lateral
position

(Source: Google images)




LITERATURE REVIEW

AUTHOR(S) WORK DONE

Robertson (1969);
Michalopoulos and : :
Pisharody (1980): Platoo-n d|§per5|on
Denney (1989): modeling studies
Virkler et al. (1991)

Dispersion for three

Manar and Baass' friction conditions

(1996) Studied dispersion
variation over volume

O Investigated platoon
Jiang, Li and characteristics

Shamo (2003) 0 Developed  platoon
based control logic




LITERATURE REVIEW...

AUTHOR(S)

Arasan and ©
Kashani
(2003) 5

Yu (2000)

Rakha and
Farzaneh
(2006)

WORK DONE

Heterogeneous traffic flow
model to study platoon ratio
Variation In traffic
composition

Demonstrated dependency
of Bona

Method for calibrating a
and (3 from travel time

Improved  Yu's  (2000)
calibration procedure to
account time step
Value of [ Is more
significant than a




LITERATURE REVIEW...

AUTHOR(S)

Mathew et al.

(2013)

Paul,
and
(2016)

Mitra
Maitra

O

O

WORK DONE

Robertson’s model - Indian
conditions — calibration

Requirement of a complex
platoon dispersion model

Calibrated Robertson's
model In non-lane based
mixed traffic

Developed empirical model
to express a as a function
of heterogeneity




SUMMARY OF PLATOON DISPERSION PARAMETERS

PARAMETER

0.24,0.25

0.13-0.98

0.07-0.33

CONDITION

REFERENCE

Three-lane dual suburban arterial

Three-lane carriageway
Reasonable freedom for overtaking

Single carriageway 33 ft wide, 5 % downgrade;
1378ft & 1837ft downstream

Low friction3

Low friction,

2, 3,4 and 5 lanes per direction, vehicles
separated into lanes by separation barriers,
reasonable freedom for overtaking

Six lane dual carriageway, heterogeneous traffic

Collins & Gower
(1974)

Seddon (1972b)

El-Ree %
Ashworth (1978)

NCHRP 233
TRANSYT-7F
Manual

NCHRP 233
TRANSYT-7F
Manual

Bie et al. (2013)

Paul, Mitra and
Maitra (2016)




NEED FOR THE STUDY

e Studies on Robertson’s model parameters
a and B - extensive under homogenous
traffic

« Similar studies not conducted adequately

under heterogeneous traffic

e Quantification of trend of variation of
parameters of Robertson’s model along
downstream — Under heterogeneous traffic




OBJECTIVES

 To determine travel time factor () along

downstream of signalized arterials

« To Iidentify the trend of variation of

parameters of Robertson’s model under

heterogeneous traffic conditions




METHODOLOGY

Platoon Dispersion Modelling

e Simulate dispersion of traffic stream at
downstream by estimating arrivals at
downstream based on upstream departure

* Robertson model, 1969 - extensively used

 Robertson’s platoon dispersion model -
characterising parameters - a and 3

 Method relies on the proper calibration of
Its model parameters




METHODOLOGY...

Robertson’s Platoon Dispersion Model

g% = F,x fdt-T + (1-F,)x g9,

o= 1T T =/pT,

qd, - arrival flow rate at the downstream
signal at time t
q%.t - departure flow rate at the upstream
signal at time t-T
T - lag time (time gap between initiation
of green at upstream stop-line and arrival
of first vehicle at downstream stop-line)
- average link travel time measured in
units of time steps
- modelling time step duration
- smoothing factor




METHODOLOGY...

e Robertson’s model estimates the
downstream flow at a given time interval

 Model to be applied recursively to predict
the flow - Seddon (1972) rewrote the Eq

0, = ZFn(l — F) T X qiar
i=T

* Predicted downstream arrivals follow
shifted geometric series

 Rakha and Farzaneh, 2006 — calibrated a
and 3 directly from travel time of vehicles

e Simplest of the calibration methods and
provides adequate accuracy




METHODOLOGY...
1
’B“ T1+ a,

~ Jn?+406'% —n
Fn_n 2(7’2

B - 2Ta’ +n—~/n? +4c"
” 2T,

a

where 8 , , F ,, and a , are model
parameters for step size of n ()

0’2 - standard deviation of link travel times(s)
T .- mean roadway travel time (S)

(Rakha and Farzaneh, 2006)

» (3 values - basis for modelling 8 as function
of parameters describing heterogeneity




Travel times, Flow
Dat? <—  per modelling
Collection step

v
Travel Time Factor g =2 +n-+n® +4o"
Computation ” 2T,

l . Factors —
Travel Time Heterogeneity,

Factor Modelling Batlciolme,

/ \ variations

RMSE MAPE

Computation Computation
| No No }

Is Error < IS Error <
1 veh/s 20 %

YeS Yes

Study of variation of parameters
using predicted model




DATA COLLECTION

e Study stretch - isolated signal on 4 lane
divided urban road Thiruvananthapuram
city

« Peak and off peak hours - video survey

 Traffic signal cycle timings noted

« Road sections up to 420m - marked
manually - at every 30m intervals

* Vehicles - grouped into five categories

o Arrival times - every 30m intervals
downstream of intersection up to 420m

e 50 cycles LYE/XB‘;?‘ES

Cars
36%

MThW
14%
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Al Saj Internatio M
Convention Center ®

Study stretch at Vettu Road Junction,
Trivandrum, Kerala




DEVELOPMENT OF MODEL FOR
ESTIMATING TRAVEL TIME FACTOR

“ Factors explaining the variation of 3
0 Heterogeneity - traffic composition effect
e Vehicular categories - large and small
LV - LCV and Buses

SV — Motorised Two wheelers and
Motorised Three wheelers
o Effect of traffic volume - V/C ratio
o Variations in travel time of vehicles

e Link travel time of cars and its
standard deviation




MODEL FOR ESTIMATING
TRAVEL TIME FACTOR...

o (LV+SV))

0.93xe €
p.

Oo
rl0.003(1_|_ |09(3_|_ C))

C

travel time factor for step size of n sec
standard deviation of link travel times
of cars in sec

mean travel time of cars in sec
volume to capacity ratio

composition of small vehicles
composition of large vehicles




MODEL FOR ESTIMATING
TRAVEL TIME FACTOR...

* Modelling step size - significant parameter
for calibration

 Foursizes- 1, 2, 4, 8 sec — investigated

* Root Mean Square Error (RMSE) -
standard deviation of prediction errors

R

p -predicted value O - observed value

0.75
0.6

===120m =x=240m -a-360 m

Modellingstéb (s) 8




MODEL FOR ESTIMATING

TRAVEL TIME FACTOR...

“ Mean Absolute Percentage Errors
« MAPE values of predicted 3 < 20%

0.9
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A Observed Travel Time Factor

Travel T

o
o

10 20 30 40

Link Travel Time (s)
Variation of predicted and observed

travel time factor at modelling step of 4 s




MODEL FOR ESTIMATING
TRAVEL TIME FACTOR...
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Link Travel Time (s)

Variation of travel time factor at different volume
levels at modelling step of 4 s




MODEL FOR ESTIMATING
TRAVEL TIME FACTOR...

@ —o
. \&

= Link T?&/el Timeg(g)

=o=Platoon Dispersion Factor (V/C=0.4)
=B-=Platoon Dispersion Factor (V/C=0.7)
=X - Platoon Dispersion Factor (V/C=0.9)
—x =Smoothing Factor (V/C=0.4)
——6—Smoothing Factor (V/C=0.7)
«+«®@+Smoothing Factor (V/C=0.9)

Variation of platoon dispersion factor and smoothing
factor with volume at modelling step of 4 s




CONCLUSIONS

 Developed an empirical model to
determine [3 of Robertson’s model -
factors - Indian traffic heterogeneity

* Predicted values of 3 ranges from 0.71 to
0.96 for observed traffic conditions

« Variation of parameters of Robertson’s
model along downstream — investigated

e Analyses of Robertson model parameters
- Insight into the trend of platoon
dispersion under heterogeneous traffic
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TRAFFIC DATA EXTRACTION SHEET

\iehicle types : Cars, Matorised Two wheelers (MW ), Motorised Three wheelers (M.Th.W ), Light Commercial Vehicles {LCM), Buses, Trucks, Tricycles

Roadtype: 4 lane divided Road width: 75m Accuracylinsec): 0.04sec

Plae: Vettu Road Date: 25-1-15 Time:  Eve Green Time: A0sec  Red Time: S0sec  YellowTime:  3sec
Cycle length:  |93sec

Distance of Vehicular arrival

Rematks inchude affectsof eft
Entry time of vehicle at turning vehicles affecting platoons,
parking between (-420m affecting
time from| through vehicles) plataans, identify through vehicle
rest urhindered, identtythiough
Least count- | row etc) som | 30m 120m | 150m | 180m vehicle catching up with plataan)
m

stopped | Vehicle vehicula] time ahead o
vehicle | position
from |l rowfll

stopling{m] | row/ll

. |Vehicle
type

starting | stopline at (for

CYCLEND:1
IROW : 1108] 13% 3982 PASSENGER 3W
| ROW 12.28] 1482 : 3386
| ROW 12.88] 1588 . 421
| ROW : 3.68 12 ] 3108
|| ROW 118 1411 3532
Il ROW 1388 1688 438
1436) 1748 42.1|  THRU VEH CATCHING UP
1412] 1682 41.12]  THRUVEH CATCHING UP
1576 1872 4288 THRUVEH CATCHING UP
|| ROW : 1512] 1788 37.64]  GOODSVEHTEMPO
Il ROW 178 2048 4184 SMALLCAR

Il ROW 174 012 4032 SMALLCAR




Study stretch at Vettu Road Junction
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