o

AlZHo|Mo|ES St At ZF S4IS 0|Sst
HODEFEAAH 51 BY (DA EE2US FACE)
A Simulation—Based Investigation of an Advanced Traveler Information System
with V2V in Urban Network

KIM, Hoe Kyoung

(Dong-A University, Department of Urban Planning, Assistant Professor)

s X

[ . Introduction IV. System Performance Evaluation
II. Literature Review 1. Experimental Design

1. V2V Communication-Related 2. Validation of V2V Communication

Research System

2. Integrated Simulation Models 3. Travel Time Savings Comparison
. Development of ATIS Model Using 4. Temporal and Spatial Analysis

V2V Communication V. Conclusions

1. Basic Model Development References

2. Advanced Model Development

Key Words : dewsgBAIZH], 2 3F 541, wAA Algdold Rl SAZ 2hA| 28, As-fadAdaels
Advanced Traveler Information System, Vehicle-to-Vehicle Communication, Microscopic
Simulation Model, Dynamic Route Guidance System, Automatic Incident Detection
Algorithm

l>
o
°g==\
T
=
i)

32 urh 2A)4eln 47 A80] e AR AN e Yo s1eEe w8 WEAN) lUle) BEEao) P B A2 3] AL
49 Bz 22 492 e Sl 9m i neddionld Jie s D G B Re At PABAS o8 B
AR e A0 ALt B (S SIS SUbIc ] il SR dnels, 494 4 B
U 2) 2 S 0 ol A9 X0 EAY ol s Al Z VSN 4 e A 26 3 SefvEl (wE
%, A5 efrie Ao, Bl W)l ?% 1 7
= 7

B gl e A PR R el gk £ e aranzs g7 A
F71el ue} Bk g ?—JE” Aol WEHCIE g ¥ 651917 H]OWEi 4% ST T “‘“EV i“iﬁ} £ 5*12}4—" 5142& @z
T} wEANE of7|E AAR G S S35 HAe A 2E gag 2
oﬂ —r—7}x4’3__' uk-g- (3 /\]Zl— q]o]auﬂo]/\ 7BA1 2} }J ps) 73 %L_l’l o]__ z}a}—_o 1%1,& ”’EHX*,E ‘TEB}ZO] 7<4 =3 )\Lglo]]ﬂ‘— E_u} /\V\E‘ij g7l
o] —-—FHZ]’—O] 725 WAske PeE Bl v wEo] B M e B2 "“]"o] & /‘]7}"41 o & EW wEALLT) dllAE &
ARE WAske A7t & ﬂE]"i"/} W}EW X} T BEEPNNEES et B WA BYlth 121 A4l wEARL A7 FeE asALae] A
o 9] ] AZS WASE BAAGES Aslsh el AdeE Atzel gl BRG] R Sl BE SR Sl
o et T4 mEAnAdel 949 Ueke AzuAAge) $A RES Aget Aog e,

More affordable and available cutting-edge technologies (e.g., \vlreless vehicle communication) are regarded as a possible alternative
to the fixed infrastructure-based traffic information system requiring the expensive infrastructure investments and mostly implemented in
the uninterrupted freeway network with limited spatial system expansion. This paper develops an advanced decentralized traveler
information System (ATIS) using vehicle-to-vehicle (V2V) communication system whose performance (drivers travel time savings) are
enhanced by three complementary functions (autonomous automatic incident detection algorithm, reliable sample size function, and driver
behavior model) and evaluates it in the typical 6X6 urban grid network with non-recurrent traffic state (traffic incident) with the varying
key parameters (traffic flow, communication radio range, and penetration ratio), employing the off-the-shelf microscopic simulation model
(VISSIM) under the ideal vehicle communication environment. Simulation outputs indicate that as the three key parameters are
increased more participating vehicles are involved for traffic data propagation in the less communication groups at the faster data
dissemination speed. Also, participating vehicles saved their travel time by dynamically updating the up-to-date traffic states and
searching for the new route. Focusing on the travel time difference of (instant) re-routing vehicles, lower traffic flow cases saved more
time than higher traffic flow ones. This is because a relatively small number of vehicles in 300vph case re-route during the most
system-efficient time period (the early time of the traffic incident) but more vehicles in 514vph case re-route during less system-efficient
time period, even after the incident is resolved. Also, normally re-routings on the network-entering links saved more travel time than any
other places inside the network except the case where the direct effect of traffic incident triggers vehicle re-routings during the effective
incident time period and the location and direction of the incident link determines the spatial distribution of re-routing vehicles.
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I . Introduction

Intelligent Transportation System (ITS) is a
promising means to mitigate traffic congestion
and improve traffic safety. ITS encompasses a
broad of

communication-based information and advanced

range wireless and wired
technologies integrated into the transportation
system infrastructure and on-board vehicles
with the objective of relieving traffic congestion,
improving safety, and enhancing traffic network
productivity. Advanced Traffic
(ATMS)

Information System
that

improve traffic network efficiency and safety in

Management
and Advanced Traveler
(ATIS)

can be

System
are typical ITS
applications implemented to
the urban area. Such systems are supported by

sophisticated technologies such vehicle

detectors, Global Positioning Systems (GPS),

communication

as

roadside
ATIS
application deployments may be considered in
fixed
centralized control) and dynamic infrastructure-
based traffic defined

according to the mobility of physical infrastructure

devices, and or

in-vehicle visual display devices.

two broad categories: (typically with

information systems,
collecting data and relaying the collected and
processed traffic data, scope of beneficiary, and
source of construction and operating cost. The
ATIS model using Vehicle-to-Vehicle (V2V)
communication system could consist of three key
system components: vehicle communication,
on-board database management strategy and
Dynamic Route Guidance System (DRGS). It
has been seen that many researchers have
found that both communication system and
transportation factors affect the communication
performance (Xu and Barth, 2004: Wischhof et
al., 2005). Aggregation and estimation methods
of on-board traffic database is also important
element for the overall system performance (Xu

and Barth, 2006), and most DRGSs using V2V

122

communication system improves the traffic
mobility (Krajzewicz et al., 2008). In order to
improve the traffic information system efficiency
and reliability many traffic engineers and
practitioners implemented and evaluated diverse
complementary schemes like the Automatic
Incident Detection (AID) algorithms for the
quick response to traffic incident with less
(Guin, 2004; Petty et al.,

2002), minimum sample size of the real-time

erroneous alerts

traffic data, particularly, collected from probe
vehicles (Srinivasan and Jovanis, 1996), and
realistic driver's route choice model (Chen and
1991; Ben-Akiva and Bergman,
these research efforts have

Mahmassani,
1984).

predominately been centered on ATIS applications

However,

using fixed infrastructure-based traffic information

system and most system components and
complementary schemes have been partially
studied and investigated mainly in the freeway
network, so a comprehensive ATIS model using
Vv all

aforementioned functions needs to be developed

communication system including
and tested in relatively complicated signalized
traffic network. Also, most research efforts on
V2V communication system have been made
with the simulation method due to limitation of
complete physical system development and
inability to secure sufficient market penetration
ratio of the instrumented vehicles.

This paper is the extension of the author’s
efforts

evaluation of ATIS framework wusing V2V

research on the development and
communication performed in the simple traffic
(Kim, 2011), which provided the
understanding of  the

characteristics. Therefore, the objectives of this

network
limited system
paper are to incorporate many of these proposed

efficiency improvements into an autonomous

decentralized traffic information system to
investigate the performance of the ATIS model

using V2V communication system in the typical

Journal of Korean Society of Transportation Vol.29 No.5 October, 2011
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urban gird traffic network characterized with
traffic signal, and to develop a test bed of the
ATIS model using V2V communication system
by employing the off-the-shelf microscopic
simulation model (i.e., VISSIM (PTV, 2009a:
PTV, 2009b)) emulating the simple and ideal
communication conditions and integrating
communication and traffic mobility models.
Moreover, this paper highlights the difference of
the system efficiency and performance (i.e.,
average travel time savings) and builds the
general system characteristics with temporal
and spatial analyses based on the experiments
in the simple and large traffic networks from

the traffic engineering perspective.

Il. Literature Review

1. V2V Communication-Related Research

Recently, much of the V2V communication

research has been focused on proposing,

developing, and evaluating effective and
efficient communication protocols. Also, as the
communication nodes are moving in the traffic
network with high speed interactions with
surrounding vehicles, significant research has
been dedicated to effect of

transportation-related on the

studying the
factors
communication performance.
Michael and Nakagawa (1996) evaluated the
communication performance of single-hop and
multi-hop data communication in terms of the
amount of received information for a given
communication radio range, using simulation
method and they found that communication
radio range is a function of transmitter power,

and of wireless

type
transmission media (microwave, infra-red and

receiver sensitivity
so on) and multi-hop always delivers more
information than single-hop communication. Hui

and Mohapatra (2005) performed experimental

St SetEX| M29d 5%, 2011 102
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tests with specially designed communication
equipment or instrumented vehicles to gain
better insights into the relationship between
communication parameters and performance.
They found that packet loss is much higher in
in the static

vehicular communication than

communication scenario. Furthermore,
communication throughput degrades with the
number of hops traversed.

Other research efforts focused on the effect of
transportation-related parameters (e.g., traffic
traffic traffic

vehicle speed, penetration ratio,

congestion  level, density,
geometries,
etc.)
vehicle communication connectivity, temporal
etc.)
simulation and analytical methods. Wu et al.
(2005) found that traffic density, penetration

ratio,

on communication performance (.e.,

and spatial data propagation, using

vehicle speed, and relative speed are
important factors influencing the efficiency and
of These

findings have been obtained from the freeway

velocity information propagation.
experiments with the simulation method. Yang
(2003) concentrated more on roadway geometry
and concluded that weak node connectivity
within one driving direction can be overcome by
the inclusion in the communication hops of
vehicles traveling in the opposing direction, that
multi-lane traffic within the same direction
improve end-to-end transmission delay, and
that the bandwidth/data rate requirements for
the instrumented vehicles in an urban arterial
streets environment are relatively higher than
that of freeway networks due to the complex
network configuration and high density of
vehicles distributed within the two dimensional
space.

A general finding from these efforts is that traffic
information systems using V2V communication
require more robust communication algorithms
to

communication environments to achieve the

and protocols adaptable various

123
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maximum performance under heavy traffic
demand conditions by transmitting and receiving
bulky traffic

communication.

information through multi-hop

2. Integrated Simulation Models

Since individual instrumented vehicles act as
in the traffic

network at high speed, the communication link

mobile communication nodes

established when two mobile communication
nodes meet may quickly be broken due to the
vehicle's moving out of range, and also they

self-organize to form a communication network

without the need for infrastructure, so it is
difficult to intentionally route another
communication node within radio range

(Hormann et al., 2004) and it is necessary to
simulate vehicle movement, radio propagation,
routing protocol and media access control
(MAC) protocol behavior in the dynamic traffic
information system. Fortunately, microscopic
traffic models, radio propagation models, and
all

combined and

system models are currently
but need to be
integrated with new and specific Vehicular Ad
Hoc Network (VANET) protocols and respective
applications (Eichler et al., 2005). Accordingly,
to
overcome the addressed concerns by developing
with  traffic

communication

wireless

available,

seminal research has been conducted

integrated simulation model

mobility and wireless
simulators. Eichler et al. (2005) developed a
integrated with traffic
simulator, CARISMA, and network simulator,

NS2. They proposed four coupling methods to

simulation  model

pursue the synchronized data exchange between
them. Also, they plan to replace the traffic
simulator with VISSIM due to its more detailed
and realistic representation of vehicle mobility.
Wu et al. (2004) used a federated approach to
integrate a traffic simulator, CORSIM, and a

124

network simulator, QualNet and tested their
new data dissemination algorithm (MDDV, a
Mobility-centric Data Dissemination algorithm
intended for Vehicular networks) and analytical
models for the spatial data propagation in
VANET environment. Kim et al. (2007: 2008)
constructed a simulation framework for V2V

communication  with  traffic simulator,
PARAMICS, and network simulator, QualNet
and used the integrated model as one

information system.
(2008) added
the communication module to the mobility
simulation model (i.e., SUMO) and Yang (2003)
incorporated simplified
function into the traffic simulator, PARAMICS.
In fact,

computational resources to constantly trace time

component of a traffic

Interestingly, Krajzewicz et al.

a communication

the requirement of the intensive
and location of all instrumented vehicles and
maintain heavy predictive input information for
the large network is a big challenge to overcome
in the integrated simulation model.

Unlike other simulation models integrating
existing mobility and communication simulators,
this paper develops a framework of a dynamic
information Vav
by the

communication capability into the off-the-shelf

traveler system using

communication incorporating
microscopic simulation model, VISSIM, under
an ideal communication environment (i.e., no
signal interference and no data loss during data
communication), focusing on the investigation of
the transportation system performance (i.e.,

drivers travel time savings) from the traffic

engineering perspective, rather than the
communication performance.
Iil. Development of Atis Model Using

V2V Communication

the proposed ATIS

model using V2V communication in this paper is

As mentioned earlier,

Journal of Korean Society of Transportation Vol.29 No.5 October, 2011
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the extended and more generalized version of
the earlier efforts (Kim et al., 2009; Kim, 2011)
by

modeling

directly integrating a communication

capability into a transportation
microscopic simulation model. Most components
required to implement the proposed ATIS model
using V2V communication have been introduced
(Kim, 2011), so this section primarily
the added

improvement for the large traffic network.

in
describes newly operational

Unlike the simple traffic network employed in
(Kim, 2011) constituted with two one-way
routes operated with the traffic signals, vehicles
in the large network run on both sides and a
few operational conditions and constraints
unique to Manhattan style grid have been

pre-defined as follows:

- Conditional Turning Movement

The ATIS model using V2V communication
manages the number of possible routes from the
specified origin to the destination by requiring
all vehicles to avoid any cycles within their path
and assumes there are no mid-path stops. Also,
a vehicle will not select a movement (i.e., left,
right or through) that results in increasing the
Euclidian distance to the destination point.
These path selection rules are utilized in DRGS
as well and future efforts on more realistic

networks will need to relax this constraint.

- Link Travel Time Measurements

Nine different possible travel times through
two consecutive intersections may be identified
by pairing turning activities conducted at the
upstream and downstream  intersections.
However, this research tracks the travel time
for only five different paths, following the
aforementioned conditional turning movement
rule (e.g., a vehicle would not turn left on to
and then left off a link) and taking into account

that travel time corresponding to a right turn at

St SetEX| M29d 5%, 2011 102
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the downstream intersection would be similar to
that

right-turn-on-red. For instance, 6X6 urban gird

of through movement, assuming no

traffic network generates 720 link travel paths.

1. Basic Model Development

The basic framework of the proposed ATIS
model using V2V communication consists of
three key components: vehicle communication,
on-board database management, and dynamic
re-routing. The basic framework applied for the
large traffic network in this paper has more
to the

implementation than that utilized by the small

capabilities reflect real-world
network experiments due to the aforementioned

operational conditions and constraints.
Following is the brief description of individual
functions and impacts of them on the basic
framework.

The communication model consists of two
elements:  communication

primary group

formation process and data dissemination
process. The former process is accomplished via
an algorithm developed to form communication
groups composed of individual instrumented
vehicles (i.e., participating vehicles hereafter)
within single or multi-hop data communication
in the
After

formed, data may then be disseminated among

range current communication time

interval. communication groups are
vehicles within a group.

Travel time data is stored on each vehicle in
an on-board travel time database in a 4-tuple
(travel time, link number, vehicle ID, time bin).
In the current implementation wall clock time is
divided into three-minute intervals, referred to
as system update time intervals, with the travel
time of vehicle recorded during the three-minute
bin that the vehicle exits the link. To make a
routing decision each participating vehicle must

estimate their expected travel time over their
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current route and all possible alternative
routes. An on-board estimated link travel time
update process is executed every system update
traffic

congestion messages are received. An estimated

time interval or instantly when
link travel time is the average of the travel time
aggregated over the current time bin and the
three previous bins.

This paper takes advantage of Dijkstra’s
(Rardin, 1997) to find the most

time-efficient route from the current location to

algorithm

the final destination based on the estimated
traffic state information every system update
time interval or instantly as needed and designs
the directed Dijkstra’s

algorithm.

graphs to solve

Since participating vehicles running on the
opposite direction could play an important role
the traffic data,

formation of communication group and faster

in disseminating wider
data propagation throughout the traffic network
are possible compared to the small network
experiments. Also, less traffic data might be
available for traffic state update due to more
separation of routes, implying more possibilities
to rely on the historical data for the up-to-date
traffic state updates, and much more variety of
routes are available in searching for the optimal
routes on the basis of the up-to-date traffic

state information.

2. Advanced Model Development

The intended benefits of the developed basic
framework may not be achieved due to delayed
detection of non-recurrent traffic congestion,
unreliable travel time estimates, and failure to

account for driver sensitivity to time savings.

Accordingly, this paper introduces and
incorporates three more complementary
functions (i.e., an Autonomous Automatic

Incident Detection (AAID) algorithm, a dynamic

126
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sampling method, and driver’s route choice rule)
the ATIS model wusing V2V
communication to address these issues and

into basic
improve the system efficiency and reliability
(Kim et al., 2009: Kim, 2011).

1) AAID Algorithm

Since participating vehicles update and
disseminate the link travel time data when
exiting a link in the basic ATIS model using
V2v other

neighboring vehicles will not be able to update

communication, participating
and remain unaware of a degraded downstream
traffic state until a downstream participating
vehicle successfully passes the incident area and
communicates the link travel time of interest.
On the other hand, the AAID

implemented in the advanced ATIS model using

algorithm

V2V communication autonomously detects local
non-recurrent traffic states by utilizing the
elapsed time of a participating vehicle on a link.
Each

independent incident detection probe.

participating vehicle acts as

If the

elapsed time on a link (P—£) is sufficiently

an

greater than a pre-defined time criterion (K)
(e.g., 3 times longer than historical link travel
time in this paper) the vehicle will issue and
disseminate a congestion alert (UT) (Step 1) to
neighboring vehicles. The congestion alert is
given in the form of a travel time several orders
of magnitude greater than the historic travel
time. Vehicles receiving congestion information
update their route instantly, not waiting for the
When a

vehicle that issued a congestion alert departs its

next system update time interval.

current link, the congestion alert is replaced

with a message containing the actual travel

time of the congested links (£, —£) (Step 2).

Step 1: T

Jrtym

Step 2¢ 7}

tom

= UT, If P~ E = KxHT,

=F E ., IfE

i1 T L i1 >0
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where:
P © current time
E entering time of vehicle i on link j
K user-defined congestion parameter

(K factor)
HT;, : historical link travel time of vehicle
1 for link j and time bin t

UT : congestion alert link travel time

2) Minimum Sample Size

Traffic information systems collecting real
time traffic data from probe vehicles should
secure a sufficient number of probe vehicle data
to reliably estimate travel time but the basic
ATIS model using V2V communication estimates
travel time with any sample size. However, the
advanced ATIS model using V2V communication
calculates the minimum sample size for
individual links and time bin based on the
Unlike the
existing research effort conducted in the small
traffic network (Kim, 2011), the normality test
is conducted on the historical travel time for
individual links with Shapiro-Wilk test (He et
al., 2002) and if null hypothesis that these data

are from a normal distribution is not rejected,

archived historical travel time.

the minimum samples size is calculated with
Ea. (1),
heuristic

otherwise, calculated wusing the

method designed in this paper.
Participating vehicles not meeting the required
minimum sample size will use historical link

travel times in calculating route travel times.

851, = (18, /e, ) (1)
where:
Ss!, + required sample size of vehicle i for

link j and time bin t
T : t-value
S/, ¢+ standard deviation of travel time

records of vehicle i for link j and

thetwSets x| 293 5%, 20114 108

h

time bin t
.. - user-specified allowable error for

link j and time bin t

3) Driver's Route Choice Model

The real-time travel information provided
from ATIS allows travelers to make informed
travel decisions and has the potential to
improve network efficiency, reduce congestion,
and enhance environmental quality. The
successful implementation of these systems will
depend to a large extent on understanding how
drivers adjust their travel behavior in response
to the information received (Dia and Panwai,
2007). The basic ATIS model using V2V
communication, however, can trigger
unnecessary re-routing with small differences in
the travel time between routes without taking
into account any travelers’ route selection
behavior. On the other hand, this driver’s route
choice rule causes vehicles to disregard small
differences in travel time between the current
route and a slightly faster optimal route
(CrT' — OTT'). This difference is referred to as
an indifference band (7'), which defines the
percent improvement in travel time required
change  routes
(Mahmassani, 2001). This function leads to a

realistic

before a  vehicle will

more driver behavior and limits

participating vehicles from responding to
potential short duration small variability in

travel time calculations.

e {1, if OTT' — OTT > Max|I'x CTT', 73]

0, otherwise

where:
B' : binary indicator equal to 1 if vehicle
i changes its route, 0 otherwise:
CTT : current route travel time of vehicle i

OTT' : optimal route travel time of vehicle i

127
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r © user—defined relative indifference
band of vehicle i with 77>0 (I

factor)
© minimum improvement in the travel
time required for vehicle i to change

its route with 7, > 0

The capability of these three complementary
functions also has been reinforced due to the
grid network structure and more separation of

travel time path compared to the small traffic

network experiments. That is, grid network
structure and separation of one link to five
different travel time paths allow AAID

algorithm to independently update local traffic
states for the various directions throughout the
traffic network, historical link travel times
required to calculate the minimum sample size
for one system update time interval become
scarce, implying more dependence on the
heuristic method to calculate the minimum
sample size, and individual participating
vehicles have more opportunities to detour the

congested area.

V. System Performance Evaluation

1. Experimental Design

Too traffic be

insufficient to discuss the performance of the

simple network might

proposed ATIS model using V2V communication
highly
sensitive to both the network structure and

because its performance would be
size. Also, the network consisting of two-way
the traffic data
communication via other participating vehicles
thereby
the
this
paper uses the 6X6 urban grid traffic network

links may facilitate

running on opposite direction links,

possibly resulting in mitigating

communication range impact. Therefore,

128

with an Eastbound traffic incident located in
the center of the network, in effect from
1000sec to 2000sec with a vehicle release every
90sec to reflect vehicles slowly passing through
the traffic incident area. Vehicles are generated
at constant headways according to the desired
traffic flow rate at desired speed 48kph. Each
simulation experiment is run for 4800sec (i.e.,
1200sec warm-up and 3600sec main runs) with
the reported results from the average of ten
replicates. Traffic signal timing parameters
uniformly applied to all intersections are set to
2min cycle length, split phase (all through
movements are assigned 4lsec and left-turn
vehicles 11sec effective green time,
respectively), and Osec offset. All links are one
lane with left-turn lane and link length is 382m
183m the left-turn The

approximate link travel time with no traffic

and for bay.

signal effect is 30sec. Average travel time
savings of participating and (instant) re-routing
vehicles are exploited as metrics to evaluate the
system performance with respect to three
underlying system parameters (i.e., traffic flow,
communication radio range, and penetration
ratio). (Table 1> shows the parameter values
considered for individual system parameters.
All verification and evaluation processes of
the ATIS Va2v

communication have been conducted after the

proposed model  using
steady-state traffic condition is attained. Three
traffic flow rates, 300vph, 514vph, and 720vph,
at the constant vehicle input rate, 12sec, Tsec,
and bsec, respectively, have been tried and
300vph and 514vph have been selected as low
and high traffic flow scenarios attaining the
steady-state traffic condition around 1000sec
with exclusion of 720vph scenario due to the
over-capacity of the network. 250m of the
communication radio range is consulted from the
typical clear path range of an IEEE 802.11

communication system (Wu et al., 2005), which

Journal of Korean Society of Transportation Vol.29 No.5 October, 2011
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(Table 1) System parameters and values for the experiment

Parameter Value

Note

Traffic Flow

300vph (Low traffic flow)

Input headway = 12sec

514vph (High traffic flow)

Input headway = 7sec

250m (Short range)

Communication radio range

375m (Intermediate range)

Considering link distance = 382m

500m (Long range)

Penetration Ratio

10%, 20%, 30%, 40%, 50%

Used for each combination of traffic flow
and communication radio range

is typically available in the urban environments
(Dubey et al., 2011). Accounting for the link
distance (i.e., 382m), 375m and 500m have
been taken into account as the intermediate and
long communication radio ranges as well.
Lastly, Ng and Waller (2010) addressed from
their numerical of the data
propagation speed in VANET that the low

penetration ratio (¢ 10%) is sufficient for the

investigation

reasonable data dissemination speed in the
initial deployment stages of V2V communication
system and quite surprisingly more penetration
ratio does not necessarily promote the fast
dissemination of data. However, this paper
ranges the penetration ratio from 10% to 50%
with an assumption of full deployment of the
system especially along the urban area and
practical computational limitation of this paper
such as significantly prolonged simulation
running time due to exponentially increased
communication activities among the participating
vehicles at the higher penetration ratios.

As stated before, this paper is the extended
research efforts of (Kim, 2011) that investigated
the system performance improvement of the
advanced ATIS model using V2V communication
compared to the basic model and conducted the
sensitivity analysis of K and I factor values as
well. He found that the advanced ATIS model
using V2V communication coupled with AAID
algorithm and driver's route choice rule is more
robust in its

constant, consistent, and

performance (i.e., travel time savings) than the

thetwSets x| 293 5%, 20114 108

basic model. Additionally, the

analysis of K and I factors to the advanced

sensitivity

model performance suggests the utilization of 2
or 3 and 20% or 30%, respectively. This paper
selects more conservative value (i.e., probably
issuing fewer false alarms) which is 3 (i.e.,
P—E > 3><H1;f‘t) among two possible values, K
= 2 and 3 and uses I factor value already
identified in (Chen and Mahmassani, 1991),
20%, between two potential values, I = 20%
and 30%, that is, only when the travel time of
an alternative route offers at least 20% travel
time savings (.e., CTT'— OTT >0.2x CTT),
participating vehicles are allowed to switch
routes. Interestingly, all participating vehicles
under the non-recurrent traffic state instantly
perform their update process at the moment
traffic congestion messages are received (i.e.,
(instant) re-routing vehicle), not at the
scheduled interval.

Furthermore, the long-term simulation run
under normal traffic condition finds that most
normality test results of travel time distribution
for each link rejected the null hypothesis (i.e.,
the travel time data is normally distributed)
resulted from the significant travel time
variability due to the traffic signal effect.
Therefore, the developed heuristic method for
the reliable sample size calculation has been
utilized, but some links requires 80% of the
average maximum number of vehicles, implying
the penetration ratio of the

approaches 80%, the

that unless

participating vehicles
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system relies on the historical link travel time,
not real-time actual traffic information, for the
route update, resulting in the ATIS system
essentially ignoring the participating vehicle
data under nearly all scenarios tested. Clearly,
given the variability of traffic flow under
signalized conditions the proposed minimum
sample size is too conservative, requiring
significantly more data than practical or often
possible and highlighting a need to revisit the
minimum sample size issue and the trade-off
between reliable data and ignoring potentially
This

subsequently employing a minimum sample size

meaningful  information. paper is
2 for each link to investigate the performance of
the ATIS V2v
communication on signalized networks (Kim,

2010).

various models  using

2. Validation of V2V Communication System

Prior to evaluation of the advanced ATIS
model using V2V communication, the behavior
of V2V

validated so as to ensure that difference of the

communication system has been
simulation output results from the varying
system parameters. {Figure 1) depicts that high
and high

penetration ratio have fewer communication

flow rate, wider radio range,

e}
G
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Number of communication groups
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(a) Average number of communication groups
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groups and more participating vehicles per
the data

dissemination speed. Interestingly, the number

communication group at faster
of communication groups in (300, 250, 10) case
((flow
penetration ratio) represents a specific case
hereafter) is smaller than that of (300, 250, 20)

case because the traffic flow, radio range, and

rate, communication radio range,

penetration ratio in the former case are limited
for communication group formation. On the
(300, 250, 20)

communication group formation patterns show

other hand, from case the
the intuitive effect of the three key system
parameters ((Figure 1(a))).

While communication group numbers seem to
be dominated by the penetration ratio at the
(250m), the

radio range (375m) is long enough to generate

short radio range intermediate

one communication group containing all
participating vehicles available in the network,
excluding a few low penetration ratio cases like
(300, 375, 10), (300, 375, 20) and (514, 375,
10) ((Figure 1(a))). Taking the link distance
(382m) into account, this result seems very
as the number of

reasonable. For instance,

communication groups decrease, the average

number of participating vehicles in one

communication group increases. Therefore, an

update of link travel time can be disseminated

®
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>
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>
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250m
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(b) Data dissemination speed
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500m
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(Figure 1) Vehicle communication validation process
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simultaneously to all participating vehicles in
the network ((Figure 1(a))).

1(b)> the
required for the travel time of the bottom left

(Figure shows elapsed time
vertical or horizontal link to reach the center of
the network through multi-hop communications
for the validation of data dissemination process
the traffic

attained. It reveals that more communication—

after steady-state condition is
favorable cases (i.e., high flow rate, wider radio
range, and higher penetration ratio) facilitate
fast data dissemination with the short elapsed
time. The derived simulation outputs for the
system validation are well matched with the
existing research efforts on the evaluation of
data dissemination speed with respect to the

varying traffic flows and penetration ratios,

using the integrated simulation model and
analytical method (Wu et al., 2005;
Ziliaskopoulos and Zhang, 2002).
3. Travel Time Savings Comparison

The advanced ATIS model wusing V2V

communication is evaluated with respect to the
average travel time savings of participating

vehicles as well as (instant) re-routing

participating vehicles, followed by the temporal

and spatial analysis of vehicle re-routing
209
3]
Z 8 —
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.
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(a) Participating vehicles

h

patterns. {Figure 2(a)) indicates that higher
flow rates and penetration ratios result in a
higher

participating vehicles. Travel time savings are

average travel time savings for

generated from the traffic incident-involved
re-routing of participating vehicles. This metric
is directly related to the traffic demand and
number of existing participating vehicles, but
less to the communication radio range as one
system update time interval is a sufficiently
long time that any participating vehicles can
pass at least one link and share that travel time
to

and

network-wide neighboring vehicles due

repeated and frequent establishment
breaking of communication links.
Focusing on (instant) re-routing vehicles
contributing to travel time savings, (Figure 2(b))
shows that even though number of (instant)
re-routing vehicles in 300vph case might be less
than that of 514vph case the former case seems
re-routing

to save more time per (instant)

vehicle than the latter case. The following
investigation addresses this issue using the (300,
500, 30 / 40 / 50) and (514, 500, 30 / 40 / 50)

cases by way of example.

4. Temporal and Spatial Analysis

While the small traffic network experiments

w
=3
=

250 A

)
=3
S

73
3

o
S

Average saved travel time (sec./veh.)
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=)

o
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(b) (Instant) re-routing vehicles

(Figure 2) Average travel time savings comparison
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investigated the system performance at the
aggregated level by varying eight different types
of ATIS model (Kim, 2011) with the intrinsic
drawbacks of the traffic network size and
this the

comprehensive ATIS model at temporally and

structure, paper examines more
spatially disaggregated level in the larger traffic
network.

(Figure 3) depicts the temporal pattern of
vehicle re-routing and average travel time
savings after the incident occurs at 1000sec.
The 500m radio range case at penetration ratios
of 30%, 40%, and 50%

comparison. (Figure 3) confirms that travel

is selected for
time savings are greater for vehicles that
re-route relatively soon after the incident and

that the number of re-routing vehicles is

N
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(¢) Number of re-routing vehicles
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relatively densely distributed between 1200sec
to 2500sec as a result of traffic congestion
messages during the effective traffic incident
time period (i.e., from 1000sec to 2000sec).
Vehicle effect the
performance with the low traffic flow
3(b)))

2160sec because the traffic state quickly returns

re-routing on system
case
((Figure is almost negligible from
to the normal traffic condition after the traffic
incident is resolved. For the high flow rate case
a significant portion of re-routing vehicles after
the traffic incident is resolved are triggered by
traffic congestion messages issued on other links
adjacent to the incident link as an aftermath of
the traffic

congestion messages that have not yet expired

incident and by previous traffic

(i.e., less system-efficient time period) ((Figure
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(d) Average travel time savings
(514, 500, 30 / 40 / 50) case

(Figure 3) Temporal analysis of vehicle re-routing and average travel time savings

Note: X-axis indicates the simulation time and each group of bar graphs is composed of 3 penetration ratios from 10% to

30% in 10% increment.
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3(d)?). The travel time saving of these incidents
is lower than that of vehicles re-routed around
the primary incident. Consequently, the average
travel time savings of re-routed vehicles in the
higher flow case is lower.

This paper also performed a spatial analysis
of re-routing vehicles to investigate the spatial
relationship between the traffic incident location
and vehicle re-routing location and travel time
savings with the varying penetration ratio.
(Figure 4) shows the spatial characteristics of
re-routing vehicles in 500m radio range case for
two traffic flow rate cases. Zones in (Figure 4>
indicate some part of the network including a
group of links in the same distance (i.e., same
number of links) from the incident link. For
instance, Zone 3 means a group of links apart
from the incident link by three links. If the

location at which vehicles initially choose to

Number of vehicles

=

) — | —

Zone 1 Zone 2 Zone 3 Zone 4
10%~50%  10%~50% 10%~50% 10%~50%

Zone 5 Zone 6
10%~50%  10%~50%

(a) Number of re-routing vehicles (300vph)
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(¢) Number of re-routing vehicles (514vph)

N
hd

re-route was uniformly distributed over the
network links in Zones 3 or 4 would be expected
to contain more re-routing vehicles due to their
larger area. However, Zone 4 has a very small
number of re-routing vehicles in the 300vph
case ((Figure 4(a))) and the travel time saving
((Figure 4(b))).
Zones 3, 4 and 5 have the most
re-routing vehicles

pattern is also irregular
However,
in 514vph case ({Figure
4(c)?) and Zones 5 and 6 saved more time from
the traffic

network-entering zones have more opportunities

incident because the outer and

to choose less incident-involved routes than the
inner zones. Also, while the significant travel
time saving of vehicles re-routing in the Zone 2
in 300vph case ({Figure 4(b))) is interpreted as
that
occurred in the beginning time period of the

small number of vehicle re-routings

traffic incident and due to the direct congestion

Average saved travel time (sec./veh.)
IS
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(Figure 4) Spatial analysis of vehicle re-routing and average travel time savings
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effect of the incident, much less time savings of
re-routing vehicles in the Zone 2 in 514vph case
((Figure 4(d))) is because they re-routed in the
less system-efficient time period and with the

indirect incident effect.

V. Conclusions

This paper attempts to build and test an ATIS

model  that can  model  communication
characteristics in urban areas using a widely
accepted off-the-shelf transportation microscopic
simulation model, rather than employing existing
mobility models used in communication network
simulators, by incorporating basic features of
wireless vehicle communication under an ideal
communication environment into the microscopic
traffic simulator. The ATIS model using V2V
communication consists of three basic system
modules (vehicle communication, on-board
database management, and DRGS) and its
performance has been further enhanced by three
(AAID

minimum sample size, and driver's route choice

complementary functions algorithm,
rule). The significant distinction between this
paper and other relevant research on the
application of V2V communication system is to
develop a  comprehensive  ATIS  model,
implementing the aforementioned modules and
functions, not to pursue a partial ATIS model.
Thus, this paper contributes to ITS knowledge
as preceding studies tended to be more focused
on specific research topics opposed to
comprehensive system development. In addition,
unlike the small traffic network employed in the
existing research efforts (Kim et al., 2009; Kim
2011) with limited number of by-path routes
and one-way links, this paper investigated the
characteristics of the proposed ATIS model
using V2V communication and evaluated its
performance with an off-the-shelf microscopic

simulation model in the typical Manhattan style

CnSYEAAHS 0 24 (TA ZE2YUS SHCE)

urban grid network under the traffic incident
situation.

Prior to the system evaluation, the validation
process of vehicle communication module found
that as traffic demand, radio range, and
penetration ratio increase, the number of
communication groups decreases and traffic
data is disseminated faster. Also, the ATIS
model using V2V communication performance
has been evaluated with respect to the travel
time savings. Participating vehicles saved more
time at the higher flow rate and penetration
ratio. The radio range was not an important
factor affecting the system performance because
the radio range restriction has been easily
overcome by fast mobility and multi-hop
communication of participating vehicles.

Focusing on the travel time difference of
(instant) re-routing vehicles, lower traffic flow
cases saved more time than higher traffic flow
on average because in the lower demand case
fewer vehicle re-routed, most of which during
the initial period after the incident when time
savings was the most significant. In the higher
demand case re-routing also occurred during
this initial time period but also during less
system-efficient time periods after the incident
is resolved and residual congestion effects still
existed. Most re-routing decisions occurred on
the network-entering links and the location and
direction of the incident link determines the
spatial distribution of re-routing vehicles.

These findings indicate that such an ATIS
using V2V

feasible. However, future research is required to

model communication appears
better explore potential communication issues,
such as message delay or drops, message
contention, dissemination methods, variability
in communications range, urban canyon effects,
etc. In addition, it is important to note that
estimated travel times do not incorporate the
participating

possible re-routing of other

134 Journal of Korean Society of Transportation Vol.29 No.5 October, 2011



o
ol

vehicles based on received data. That is, the
estimates are based on the traffic flow currently
in the system, should a significant subset of
participating vehicles change their route in
to this data than

may be witnessed between the

response significant
differences
estimated travel times and travel times in the
near future. As participating vehicles use the
estimated travel time as the near future travel
this

behavior can significantly impact the quality of

time prediction for routing decisions
the system performance. This behavior is a well
recognized challenge in the dynamic traffic
assignment (DTA) literature (Ben-Akiva 1991).
Furthermore, since most underlying system
parameters are defined by the characteristics of
used traffic network, more various and realistic
traffic network have to be implemented with
more traffic control methods (i.e., actuated or
semi-actuated traffic signal controls) and the
effect of the different incident location and its
severity (i.e., incident duration) should be
investigated as well.

Consequently, the proposed ATIS model using
V2V communication, updating the local state
information because of the possibly limited
be

infrastructure-based

communication capability, might less
accurate than the fixed
ATIS model, resulting in that the two types of
model would have slightly different vehicle
traffic
identification. In spite of the potentially less
accurate output of the ATIS model using V2V

communication the possible non-trivial time lags

re-routing patterns and incident

in the fixed infrastructure-based ATIS model
between the occurrence of the non-recurrent
traffic state and provision of the responsive new
route (Hawas and Mahmassani, 1996; Chiu and
2002, 2003) due to

computational resources to constantly trace time

Mahmassani, intensive
and location of all participating vehicles and

heavy predictive input information for the large

CHstmE

)

st3|X| ®M20@ 5%, 2011 10

h

network can be overcome by the ATIS model
using V2V communication. Also, some delay of
the update of traffic congestion messages in the
ATIS model using V2V communication due to
the communication restriction, particularly at
low traffic flow, smaller radio range, and low
penetration ratio might not cause significant
system performance discrepancy from the fixed
infrastructure-based ATIS model output due to
the high mobility data
dissemination method with the participating
vehicles. Hence, the decentralized ATIS model

using V2V communication system might be a

and multi-hop

reasonable alternative to the fixed infrastructure-
based ATIS model.
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