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ABSTRACT

Transportation has been playing important role in our society by providing for people, freight, and
information. However, it cuts its own throat by causing car accidents, traffic congestion, and air pollution. The
main cause of these problems is a noticeable growth in the number of vehicles. The easiest way to mitigate
these problems is to build new road infrastructures unless resources such as time, money, and space are limited.
Therefore, there is a need to manage the existing road infrastructures effectively and safely. In this paper, we
propose a road reservation scheme that provides fast and safe response for emergency vehicles using ubiquitous
sensor network. Our idea is to allow emergency vehicle to reserve a road on a freeway for arriving to the scene
of the accident quickly and safely. We evaluate the performance by three reservation method (No, Hop, and
Full) to show that emergency vehicles such as ambulances, fire trucks, or police cars can rapidly and safely
reach their destination. Simulation results show that the average speed of road reservation is about 1.09 ~ 1.20
times faster than that of non-reservation at various flow rates. However, road reservation should consider the
speed of the emergency vehicle and the road density of the emergency vehicle processing direction, as a result
of Hop Reservation and Full Reservation performance comparison analysis. We confirm that road reservation can

guarantee safe driving of emergency vehicles without reducing their speed and help to mitigate traffic congestion.
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I. Introduction

Since the twentieth century, transportation has
been one of the great industries. As the
indispensable element of the economy, it has been
playing an important role in our society by
providing mobility for people, freight, and
information. While the transportation has such
positive effects on our economy, it cuts its own
throat by creating car accidents, traffic congestion
and air pollution. The main cause of these problems
is a noticeable growth in the number of vehicles.
With the dramatic increase in demand for vehicles,
wider road infrastructures have been built to expand
the capacity of the existing road networks, but such
a temporary expedient will not contribute to a
functional solution for extreme traffic congestionm].
To solve these problems, road management and road
infrastructure should be improved considering the
various constraints such as time, money, and space.
At this stage, ITS (Intelligent Transportation
System) could be considered one of the most
suitable solutions.

ITS is a composite traffic information
management system that grafts information
communication technology onto the components of a
traffic system in order to improve the efficiency,
productivity and safety of public transportation. As
critical issues related to car accidents and traffic
congestion are being magnified in modern societies,
the ITS is gradually spotlighted as a method to deal
successfully with these problems. To manage road
networks effectively and safely, recent research has
been investigating challenges such as safety driving
and traffic congestion mitigation with various angles.

In this paper, we focus on emergency vehicle
response for incident management in ITS fields so
as to guarantee safe and fast driving and relieve
traffic congestion. An Emergency vehicle is the
general term for ambulances, fire trucks, and police
cars in this paper. In the current freeway
management system, although emergency vehicles
heading to an accident scene have higher priorities
than general vehicles in the legal aspect, they might

move to the accident scene by using a shoulder on

the freeway, or by making a terrible rush ignoring
the traffic signals in urban areas. Consequently, they
earn demerits through taking risks of colliding with
other vehicles, and taking a long time to arrive at
their destinations. In order to reduce additional cost
and time for rescue and guarantee the safety of
emergency vehicles, our idea is to allow emergency
vehicles to reserve a road on a freeway for arriving
to the scene of the accident quickly and safely using
ubiquitous sensor networks.

The remainder of this paper is organized as
follows: The next section describes the related
works. After an incident management process in the
Section III, then Section VI presents an overview of
our incident management along with road
reservation schemes. Next, simulation results are
discussed in Section V. Finally, the conclusion is
given in Section VL

II. Related Works

Generally, ITS have been recognized as an
integrated tool to reduce traffic congestion and
improve safety. Although ITS has fallen short of our
expectations, many countries have implemented and
deployed incident management systems such as
STREAMS™ in  Australia, COMPASS”" in
Germany, CHARTM, TranStar™ and TransGuide™”
in North America, EMAS"™ in Singapore, Hanshin
Expressway[33] in Japan, NingLian Expresswaym in
China and so on. To accomplish incident
management, they rely on different technologies
such as CCTV, loop detector, radar sensors, speed
sensors, ramp meters, short message service,
variable message sign, travelers’ advisory radio
transmitters and Internet.

Moreover, there has been considerable work in
vehicular sensor networks which enable vehicles to
communicate with each other via Vehicle-to-Vehicle
Communication (V2V) as well as with roadside base
stations via Infrastructure-to-Vehicle Communication
@2v). VICS®' and AHS™' system provide road
traffic information for driving safety via 12V while
FleetNet'! and TrafficView'> improve the driver’s
safety and comfort via V2V.
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Finally, our work is laying on the similar way
with Lane Reservation™ and Active Highways“ﬁ]
for the travel time guarantee by booking travel
routes based on congestion pricing concept.
However, they eschew dealing with traffic accidents
on the high-priority lane. It is somehow similar to
the vehicle routing problem with time windows
(VRPTW) in the sense that both selects the optimal
route from a depart node to a destination node
within a given time window™'".

However, there are also differences between
them. 1) While the VRPTW is to minimize the total
distance traveled or the number of vehicles used, or
a combination of these, our proposed road
reservation is to minimize total travel time resulting
from reserved lanes considering the traffic impact to
unreserved lanes. 2) The VRPTW considers all
vehicles to be identical, whereas our model consider
them to be heterogeneous. In our model, we
consider four types of vehicles: buses, cars, trucks,
and emergency vehicles. 3) The biggest difference is
the effect of the violation on the time constraint; the
VRPTW can apply a penalty cost if the travel time
limit is violated. However, the violation on the limit
in case of emergency such as car accidents will
cause an immeasurable loss of life. To the best of
our knowledge, there has not been any published
work on the performance evaluation and analysis of
road reservation scheme specifically in incident

management.
I. Incident Management Process

Incident management is defined as activities to
reduce the duration and impact of incidents and
improve the safety of motorists, crash victims and

incident respondersm]

It has already become an
integral part of freeway traffic operation. In this
section, we illustrate a brief overview of incident
management process to understand the relationship

between incidents and congestion.

3.1 Incident Management Process
Fig. 1 shows incident duration time defined as the

elapsed time when a sudden incident occurs and it
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Fig. 1. Incident Management Process on a Highway

terminates'”!

at the highway for incident
management process. In the Fig.l, IRT means
Incident Rescue Team.

The traffic congestion due to a traffic incident
will be relieved after the incident is cleared””. The
incident duration time is the total of detection time,
response time, and clearance time. If any of the
three factors can reduce the required time, the
incident duration time will be shortened, resulting in
reducing traffic congestion time. Considering this
proposition, we propose a road reservation system
using RFID-centric sensor networks to move
emergency vehicles to the scene of the accident
quickly and safely as well as to relieve traffic

congestion by reducing response time.

3.2 Traffic Congestion

Traffic congestion is technically defined as a
condition of traffic delayed because the number of
vehicles trying to use the road exceeds the traffic
network capacity to handle them"*.  Traffic
congestion is divided into recurring and non-
recurring. The recurring congestion (non-incident-
related congestion) stems from the travel demand
exceeding roadway capacity, which is most common
during the peak morning and evening commuting
periods. This phenomenon is often called a
bottleneck. The non-recurring (incident related
congestion) congestion is due to incidents such as
accidents, vehicle breakdowns, construction zones,

31 Traffic incidents

bad weather and special events
cause approximately between 50~60 percent of such
traffic congestion in the roadways. Investments in
traffic incident management experience a much
greater benefit comparing with investments in new
roadway construction. The traffic congestion may
decrease road capacity, and increase the travel

[25]

time Therefore, it is reasonable that we

www.dbpia.co.kr



i
M
X
s
ol
Rl
ofm
>,
[
o2
o
o,
ol
[

>
ot
2
R
lo,
Q
2
2

™
z,
1>

concentrate on reducing emergency vehicle response
time as part of effort to relieve the traffic congestion

caused by car accidents in this paper.
IV. Our Incident Management System

Before proceeding to our approach which
provides fast and safe response for emergency
vehicles by reducing response time under a road
reservation scheme, it will be helpful to glance at
our prior works. We designed and developed an
incident management system: (i) INTRACS
(Intelligent Traffic Control System) for incident

detection'™

, (ii) Intelligent Bridges System based on
RFID middleware for processing massive data in
real time by conforming with ALE (Application
Level Event) specification[m, and (iii) IMAGES
(Intelligent Multi-Agent System) which is a
microscopic simulator using multi-agent conceptm].
In this section, we will describe the road reservation
scheme for fast and safe emergency response for
incident management in detail after presenting a

sketch of our system architecture.

4.1 System Overview

We designed a freeway incident management
system using ubiquitous sensor networks. It is
logically divided into low-level, mid-level, and
high-level as illustrated in Fig. 2. In low-level,
traffic data is basically read by RFID readers when
vehicles with RFID tags move along the road. The
traffic data is generated from a simulator and a
test-bed, and real roads. We developed a simulator
called IMAGES based on a microscopic approach
using longitudinal and lateral model. The objective
of IMAGES is to reflect the way real human makes
decisions and performs actions in the real world on
the simulator™. It also has an interface to process
real-time traffic data from real roads. Moreover, we
implemented a small test-bed to detect accidents on
the bridges”'". We used the IMAGES to generate
traffic data in this paper.

In mid-level, traffic data generated at the
low-level is collected and filtered by RFID
middleware which can generate ECReports in the

‘administrator manage
the sorver at sase

[ High-Level

Incidont Management

Ineident Incadent Incident
dotoction response clearance

ECReport

e

ApERcenL o) S | RFID ALE Server fiters
‘Maddieware ] and callests RFID tags

L
“B- A0 tags, Sensing data

Gate 1

1

T4 camen

RFID tags are read by
RFID readers. and sent
to RFID ALE server a2
the Mid-Level

Fig. 2. System Architecture

XML format by ALE specification for the
communication of the heterogeneous systems. The
results (ECReports) are reported to the high-level.
ALE is RFID middleware where RFID tags
recognizing a reader play the role of delivering data
to an application class such as EPCIS in the RFID
system“s’m.

In high-level, the ITS server processes RFID tag
information and atmospheric information such as
temperature, humidity and illumination and so on.
The main responsibility of the server is incident
management such as incident detection, incident

response and incident clearance.

4.2 Road Reservation Scheme

Safer and faster evacuation related to the survival
rate of the accident victims, the safety of emergency
vehicles, traffic mitigation. In other words, safer and
faster emergency vehicle response can dramatically
improve a crash survivor’s prognosis and reduce the
collateral costs to society. For example, victims’
chances of survival are reduced by 7-10% with
every minute of delay until defibrillation with CPR
(Cardiopulmonary Resuscitation)m. In contrast to
any other freeway crash, emergency vehicle crash
has a number of unique consequences such as taking
that emergency vehicle out of service, requiring
other emergency vehicle response, and prolonging
emergency response times™. To reduce such
additional costs and guarantee the maneuver of

emergency vehicle against traffic congestion and car
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accidents, we adopted the road reservation scheme
to our incident management system.

In this part, we explore how emergency vehicles
can arrive at the scene of the accident rapidly and
safely using the road reservation scheme. As shown
in Fig. 3, our incident management for road
reservation mainly consists of four components such
as roadside sensors, RFID readers, vehicle sensors,
and the central server. First, roadside sensors are
laid out at a regular interval around the freeway.
They can communicate with passing vehicles (single
hop) and with other roadside sensors (multi-hop) to
gather traffic flow information and disseminate
messages related to road reservation. Second, RFID
readers read RFID tags of vehicles, and then send
them to the roadside sensors for identifying vehicles.
That is, these kinds of sensors are deployed as a
communication medium for information transfer or
exchange between vehicle sensors and the central
server for incident management. As mentioned
above, the ALE middleware provides a flexible way
for management and implementation with a logical
to physical mapping. It is assumed that a RFID
reader represents a logical reader referring to one or
more physical RFID readers which may be deployed
at many places along the road considering range,
transmission speed, susceptibility to environmental
interferences and so on. Third, each vehicle has a
tag and the sensor which can communicate with
roadside sensors and other vehicle sensors. Finally,
the central center (ITS server) collects traffic
information from road sensors and maintains traffic
statistic information such as traffic flow and density.

tncdent
Management
(ITS Server)

Emergency Road
Reservation

ot [ G0 do_ db
tane2 — b do_ oo =
Lane 3 m Q Q H Iﬂ
« . . . . . . cssenre .
Ry Ry Ry Re Ry B sssnss R Ru

RFID Readers
/ Roadside Sensors

Compulsary Concession

Fig. 3. Incident Management for Road Reservation
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It can also track the position of a certain vehicle by
identifying the vehicle.

There are two types of messages from the
incident management server: (i) a reservation
message for emergency vehicles to preempt the
lowest density lane, and (ii) a compulsory
concession message which lets other vehicles move
another lane for making space for oncoming
emergency vehicles. Consider the following
scenario: An emergency condition does occur at the
section of roadside sensor Ry in Fig.3. The
incident detection module in the incident
management server is executed to detect a traffic
incident by analyzing the information received from
roadside sensors*?.  After that, the incident
management server finds out the lowest density lane
for emergency vehicles based on traffic statistic
information, and sends other vehicles compulsory
concession messages which command all other
vehicles on the lowest density lane to yield to
emergency vehicles with the road reservation
algorithm. Consequently, emergency vehicles are
allowed to reserve the dedicated path to the accident
scene by receiving a reservation message from the
incident management server. They can reach the
accident scene (Rn.;) rapidly and safely by keeping
the lowest density lane without experiencing speed
reduction. The proposed algorithm for road
reservation is based on road density and the velocity
of an emergency vehicle. It enables our incident
management system to book only the relevant route
path for an emergency vehicle, so that the system

can manage road networks efficiently and safely.

4.3 Road Reservation Algorithms
The road reservation algorithm is defined by a set
of m vehicles, V={V;, V,,--
road sensors, R={R,R, R} Let I

i,

. V,} and a set of n
be an
incident which happened at the location from & to
R, where i< j=<mn. Note that a list of emergency
vehicles (ER) should be registered at the central
server (CS) that monitors traffic information sent
from R . Once I ; is detected and verified by the
CS, the IRT will be dispatched. The road reservation
algorithms follow the procedures, cf. Algorithm 1, 2,

www.dbpia.co.kr
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3, and Fig. 4.

1) Request Permission (V,—CS): V, request
permission to the central server via road sensors.

2) Grant Permission (CS—V,): If V in ER is
assigned to the IRT, the CS gives permission to V,
via road sensors.

3) Road Reservation: This procedure consists of
two parts: One is to find the reservation range and
calculate the lowest density lanes. The other is to

reserve a lane for 1V,

m’*

Each algorithm uses a
different method to find the reservation range (RR)
as follows:

A. Default-Siren-Range(siren): The study[ﬂ reported
that the siren is a severely limited warning
device, effective only at very short ranges and
very low speeds because of road noise, air
conditioner, radio noise, or the soundproofing in
modern vehicles. For example, no siren sound
was audible in the vehicle (60km/h, no-air
condition or radio) until the ambulance is within
100m. However, the effective distance could
decease to 15m in the vehicle (60km/h, air
condition and radio). For simplicity, RR is set to
50m for No Reservation.

B. Velocity-based-Range(velocity): The braking distance
of V,, should be considered to avoid a collision.
Let V, be vehicle o and the leading vehicle of
V., be vehicle 8. The total braking distance is

defined as:
D, =D+ D,, D,=v,t, Dy=.—v})/2ug

where D, is the total braking distance of vehicle

a, D, is the distance travelled during perception-

radio range
vehicle a vehicle f§
velocity, velacinyg
: length, . lengthg I

Fig. 4. An [Illustration for the Road Reservation
Algorithm

reaction time, 0, is the braking deceleration
distance, t, is the time for the driver in the vehicle
a to perceive and react to the warning, p is the
coefficient of friction between tires and the road,
and ¢ is the acceleration of gravity. The
perception-reaction time ¢, is 0.5 ~2.553 If
vehicle « is travelling at 140km/h and vehicle § is
at Okmy/h (breakdown or incident), D), requires about
235m. RR is equal to D, for Hop Reservation.
C. Destination-based-Range(start, destination): Simply,
RR is the distance between start and destination

Algonrthm 1. Mo Reservanon for Emergency Velucles

1. Heguest g permission
Skip this proceduse
Grant a permission
Skip this procedure
e warvation (U, € ER)
npdare = troe
Do
1} Find the Reservation Runge and the Lewest Density Lane (LOL)
Let ¥, be velucle o
IF updare THEN
A Determing the Reservation Range (RR)
RR = Dgfanir-Siren-Range (&, ). npdare = wue
B. The CS calculares LDL for Vy
Mo need 1o caleulate LDL
ENDIF
2) Reserve a lane
TF (V,, has o pormission) THEN
ELSE
Let the vehscles m front of vehicle & on the same lane m AR be velucle 8.
5o = g = Pa— (L T p)/2
IT 5,-= the_desired_minimum_gap THEN
IF |p, — pgll = RR TH RR means the range of siren

i

Vehicle 2 yields ta v

o e and changes into another Jane

Vehicle a decelerates or tries to change the lane
ENDIF
ENDIF
UNTIL(V,, arrives at ;)

Algorithm 2. Hop Reservanon for Emergency Vehseles

1. Hegquest o permission
Request_Permissien(V,, - C5)
Grant a parmission
IFV, & ER THEN
Grant_Permission{C5 = ¥}
ENDIF
3. Roud Reservation (V,, € ER)
update = e
B (V arrives at 1)
1) Find tha Reservation Range and the Lowest Density Lane (LDL)
Let ¥, be vehicle o and the coverage sange of #,, be d,,.
IF updare THEN
A Determin Reservation Range (RR)
RR = Vel based: Range (6 paaciey ) update = tue
B, The C5 calculates the LDL for V.,
lewer = argmax,, R, upper = argmin, (p, + RE) = 8
LDL = argmin; ¥,2000, XE Jlﬁ::;
ENINF
2} Reserve a lame
IF (¥, har a permizsion) THEN
Let the velacles in front of vehacle o on the LDL i AR be velucle 8.
Vehicle e moves 1o the LDL
Sa = Py — Pa — Ul + 1g)/2
IF 5,.= the_desired_minimum_gop THEN
IF [y — pgll = radio_range THEN
Semed_Concossion_Message(C5 = §)
ELSE
Send_Concession_Message(a = §)
ENIDIF
Vehicle § changes inro another lane except the LDE
Vehicle o enforces and accelerates on the road up fo its desired speed
ELSE
Vehucle @ decelerates
ENDIF
UNTIL(V,, arrives at )
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IFV, © ER THEN
Grant_Permission(C5 = 1)
ENDIF
3. Rowad Reservation (V,, € ER)

1) Find the Reservation Range and the Lewest Density Lane (LDL}
Let i, be veluicle o the coverage range of R, be dy,
IF nipdare T v
A Detes

ation Range (RA)
-based-Range (& .. re. & gusrinarian). ipdare = false
B, The €5 calculates the LDL for ¥,

o pL_ ot Vein
DhaEman

LDL = argmin, REELx
ENDIF

2 Raterve a road

Vi x5 & permission) THEN
Let the velaeles in frone of vehicle & on the LIRS m AR be velucle 8.
Vehicle @ moves to the LDL
s+ 1g)f2
vimmum_gap THEN
dia_range THEN

ELSE
Send_Concezston_Meszageia — )
ENDIF
Vehicle @ changes into another lane except the LDL
Vehacle a enforces and aceelerates on the road up to ms desied speed
ELSE
Vehscle o decelerates
ENDIF
UNTIL(V, arrives at I, ;)

(the scene of accident) for Full Reservation.

After finding the Lowest Density Lane (LDL) as
shown in Algorithm 2 and 3, The CS sends a
compulsory concession message to other vehicles
within the reservation range. Once they receives it,
they move another lane for making space for
oncoming emergency vehicles. In the proposed
algorithms, the_desired_minimum_gap means the
minimum gap between vehicle a and £ and
radio_range means signal strength range of a sensor

node.

V. Simulation

5.1 Simulation Tool

IMAGES used in this paper is a freeway traffic
flow simulator. We designed and developed this
simulator for freeway incident management in
ubiquitous sensor networks wusing multi agent
concepts as mentioned in Section IV. The IMAGES
is composed of three modules: Road Management
Module, Driver-Vehicle Agent module, and GUI &
Statistics module. The Road Management Module
generates road, land, shoulder, and on/off ramps.
This module also includes a longitudinal and lateral
model for acceleration, deceleration, and lane

[18]

changing' ~. In the Driver-Vehicle Agent module,

complex human driving behavior involves an agent

1352

that consists of vehicle properties (position, speed,
length, and kinds of vehicles) and driver properties
(acceleration, deceleration, desired time gap, and
visibility). The GUI & Statistics module displays
vehicle movements as well as networks statistics
representing average speed, density, and flow rates
as graphsm].

5.2 Simulation Model

A simulation model is simply set up so as to
evaluate traffic flow characteristic such as speed,
time, and density by every 1,000 vehicle/hour. The
simulation model has a three-lane highway section
10km long for simulating an emergency vehicle
travel to an accident scene. Each experiment is
conducted 10 trials per flow rate for each
reservation method. The scenario is as follow: We
observed the average speed and average atrival time
for the emergency vehicle to arrive at the accident
scene by each reservation method during 1,400
seconds as shown in Table 1. At 940 seconds, a
sudden incident occurs one of three lanes, and the
desired speed of an emergency vehicle is set to
140km/h. We assumed that the detection time is 160
seconds, so the emergency vehicle starts at 1,000
seconds.

Table 1. Road Reservation Methods

Type Existence Reservation Range
No Reservation No Siren-based-Range
Hop Reservation Yes Velocity-based-Range
Full Reservation Yes Destination-based-Range

5.3 Simulation Results

Fig. 5 shows the result of average speed by road
reservation method. For an emergency vehicle, the
average speed of Hop and Full reservation is about
1.09 ~ 1.20 times faster than that of No Reservation.
The reason why the average speed of two
reservation cases is displayed as 138 km/h lower
than its desired speed at the initial stage is that the
space between the emergency vehicle and its front
vehicle is not far enough, so the emergency vehicle
reduces its speed. Its desired speed is reset to 138
km/h. Through the road reservation, the front vehicle

www.dbpia.co.kr



TR A P EE LR

Foll Aol =2 oo 1w

T=

—E— Hop Reseration

5 -
—6— 1o Fesenaton
—i— Fuil Rssenation

Average speed far

Tfooo 1500 2000 2500 3000 3500 4000 4500 SO0
Flownabel vt}
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moves to another lane to create a sufficient space
for the emergency vehicle, so it can keep its desired
speed. In case of Full Reservation, it reserves the
same lane as the emergency vehicle to an accident
scene (destination-based), so it can maintain its
speed if it is up to desired speed. However, in case
of Hop Reservation, it takes into account the speed
of the emergency vehicle and its front vehicle
(velocity-based), so it could wait for a reservation
message when the flow rate is high. In result, the
emergency vehicle experiences a negligible decrease
of the speed.

Fig. 6 shows the relationship between the average
arrival time and flow rate. Speed is in inversely
proportional to time. It is obvious that the average
arrival time of non-reservation is longer than those
of two reservations. Full Reservation has comparable

Average Arival Time

—8— No Resenation
—H— Hop Resenation
—&— Full Resenation

|
|
7 L
P

1000 1500 2000 2500 3000 3500 4000 4500 5000
Flowrate{veh/h)

Fig. 6. Average Arrival Time Vs. Flow rate

performance to Hop Reservation with respect to the
average speed and the average arrival time. It is
necessary to look at the performance from the
various angles. From the point of view of density by
road reservation method, Hop Reservation has better
performance than Full Reservation as shown in Fig.
7. In case of Full Reservation, an emergency vehicle
reserves the lowest density lane even to an accident
scene, and all other vehicles change their lanes to
the other two lanes, resulting in high density. On the
contrary, in case of Hop Reservation, an emergency
vehicle reserves based on its speed, so the density is
similar to No reservation.

Fig. 8 is the enlarged part of between 600 and
1,400 in Fig. 7. The Fig. 8 describes much
information; when and where the accident happened
and when the emergency vehicle leaved for the
accident scene. According to the Fig. 8, the accident
happened on Lane 1 at 940 seconds, and the
emergency vehicle set off at 1,000 seconds. As
mentioned before, an emergency vehicle reserves the
lowest density lane even to an accident scene and
terminates the reservation after the emergency
vehicle passes in case of Full Reservation. Because
Lane 1 has the lowest density, the accident
happened here. The Fig. 8 shows that in case of No
Reservation and Hop Reservation, each lane density
is equally distributed, but not in case of Full
Reservation. Although emergency vehicles requesting
Full Reservation can move to the accident scene

keeping their desired, the equilibrium of road

Density

o Resenation
——— Hop Resenation
Fuil Resenvation

pal
Vi

Density (ven/km)

] 200 400 600 500 1000 1200 1400
Time{sec)

Fig. 7. Density Vs. Time (flow rate = 3,000 veh/h)
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density can be lost.

VI. Conclusion

In this paper, we have proposed a road
reservation scheme for safe and fast emergency
vehicle response using ubiquitous sensor networks.
In order to provide the safe maneuver for emergency
vehicles and mitigate traffic congestion caused by
car accidents, our incident management system
allocated the dedicate path to them.

To compare No Reservation with our proposed
reservations such as Hop Reservation and Full
Reservation, we have evaluated the performance by
three reservation method with various views; i)
average speed by road reservation method with
different flow rates, ii) average delay time by road
reservation method with different flow rates, and iii)
Density by road reservation method when the flow
rate is 3,000 veh/h.

The results of our simulation demonstrated that
the average speed of road reservation is about
1.09~1.20 times faster than that of non-reservation at
various flow rates. However, road reservation should
consider the speed of the emergency vehicle and the
road density of the emergency vehicle processing
direction, as a result of Hop Reservation and Full
Reservation performance comparison analysis.
Finally, we confirmed that road reservation can

guarantee safety driving of emergency vehicles

1354

without reducing their speed and help to mitigate
traffic congestion.
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