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Abstract GIS. Integration of these analyses with high visualization
Minimizing service delivery and travel time during rush hoursapabilities lead GIS to be widely used in decision making
downtown is strategic target for several organizations, especially f@cess [3].

emergency organizations. This paper presents an On-line and Regk |ast decade has witnessed the rapid emergence of

time Dynamic Route System (ORDRS) which benefits from thgiernet-enabled mobile terminals, mobile computing, location
advantages and integration between information system \ﬂe

communications technology. It utilizes Global Positioning Syste are technologies like GPS, and GIS capabilities. As a result

(GPS), Geographical Information Systems (GIS), and Global SystQ this integration, a new gengratlon of GIS named mOb.'le
for Mobile communications (GSM): for producing the real tim&!S have been developed which are capable of delivering
routes for vehicles. GPS-Tracker is the main input device f@gographic information and analyses to mobile users via the
ORDRS. It is fixated in a vehicle, sends vehicle's movement détdernet and wireless networks [4]. Generally, Mobile
(Geo-info) to the control center wirelessly through either ShaBeospatial Information Systems (MGIS) is a type of GIS
Message Service (SMS) or General Packet Radio Service (Gpmmh its main research is about non-geographic moving
Geo-info in_cludes _ti_me, date_, Iongitl_Jde, latitude, spee_d, and(_e ject in geographical space. This research works on
ese dta o dlasied ove e durng welcays o ntervel Uarionship betwieen moving object and geographic eniy. o
! - OP y OOE ?/ing object between another moving object. The main

determine historical and real time speeds for each street segme b bile GIS and traditi | ic) GIS i
the road network which is being used for calculating time impeda erence between a mobile and traditional (static) IS

(cost matrix) for each street segment dynamically. ORDRS useEh_Q existence O_f a mobllel agent [2]. .

cost matrix of the current time slice for determining the best routefté1ding the optimal path is one of the most important analyses
each vehicle in duty attached. Several algorithms was usedwibich are used in mobile GIS [3]. It is also one of the widely

calculate the shortest route, a comparison between Dijekstra and ¥sed applications in transportation problems. Finding optimal

algorithms was studied. path is defined as “How to determine the optimal path from
Keywords: GIS, GPS, GSM, Real time routing, dynamic road, road  one or more places in network to other locations.” [5].
congestions. In many researches for finding the optimal path, time is
) regarded as a static parameter that leads to obtain similar
1. Introduction solutions for a shortest path problem in different times [6].

Traffic congestion is a dynamic phenomenon. Congestifice traffic congestion changes continuously in a
does not occur everywhere, all-at-once. Instead, congesfig@isportation network, so travel time of the links changes
occurs in specific locations and propagates through netwé&gatinuously in all the network locations. If the user needs to
over time as congested conditions on a link spread to nealifgl @ path with minimum travel time based on cost of travel,
links. In addition, since many urban transportation networl® previous methods will lose their efficiency and new
are operating at near capacity, they are especially vulneraBléicture must be developed to manipulate dynamic networks.
to congestion occurring as the result of unplanned incideffe current article examines the spatial analysis of finding
such as accidents and infrastructure failures (e.g., bri®timal path between two specific locations in a network
closings, construction). These incidents result in congestiWhich its traffic congestion changes continuously.

patterns that propagate from a localized incident throughe problem of finding the optimal path (route) has been
many portions of the network, potentially resulting in seriogudied a lot during the years. Although many algorithms have
flow disruption. The increasing ubiquity and complexity dpeen proposed for solving this problem, the main basis of
urban congestion combined with its severe negative impaiftgse algorithms is similar and is based on Dijkstra’s method.
suggests the need for new tools to analyze and pre&B{S thesis adopts the experiment of calculating the shortest
congestion patterns. These tools are important both for tactR@ih via both of Dijkstra’s algorithm and Yen's algorithm (
operations and strategic planning. Tactical operations systeffigrtest path algorithm) [7, 8].

require tools for optimal routing and timing given expectédn-line and Real-time Dynamic Route System (ORDRS)
traffic patterns [1]. presents a functionality based on spatial data structure, which
The main characteristics of Geographic Information Systémnzes ArcGIS tools for creating a real time route, it solves
(GIS) that differentiate it from other information systems affe traffic congestion problem dynamically as congestions
its spatial data and geo-statistical analyses [2]. Such analytiies as the time slice over weekdays.

functions usually present the best solutions to the users of

IJCSI
ww.lJCSl.or
Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved. W Slorg



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 3, No 2, May 2012
ISSN (Online): 1694-0814

www.1JCSl.org 424
2. System Overview the spatial data possible. Nowadays, it is a new period that we
can no longer use a paper map but a digital one.
GPS satellite A GIS can provide different kinds of information with
. descriptions unlike a paper map which can only provide what
GSM service is presented on paper. GIS (Geographic Information System)

is about scientific investigation of geography. It is combing
c | computer hardware, software and geographic data together to
d . . . -
GPRS/SM{ C‘;’:]ttr:r capture, display, investigate, analyze and manage all the kinds
of geographic information. It is not a very newly developed
discipline but it should belong to a practical science and full
of business opportunities, which may be estate assessment,
risk management, city planning, and targeting market segment
selecting. Geography can help people to make a better

This paper utilizes multiple technologies combined to addr dS%C|S|on in many disciplines. We can see that GIS has the

areal time routing for dynamic congestion road network. T fge areas of using. It hqs now applied in R(_esource
paper presents a system that receives geograph glnagement, Resource Conf|gurat|o_n, L)rban Plannlng and
information from a Global Positioning System (GPS) throu anagement, LlS’. cadastral appllcat|on, er_mronmental
Global System for Mobile Communications (GSM) servic anagement, geosciences, and business marketing, etc... [10].
(Short Message Service (SMS), or General Packet R:g%i

Service (GPRS)). The system utilizes the integration am (%' GSM

GIS, GPS, and either SMS or GPRS technologies for creatid§M is a digital cellular communication system that prevails

S

mg‘
o GPRS/SMS

Figure 1, Integration among GPS, GPRS, GIS (Control center).

on-line route, Figure 1. throughout Europe and much of the rest of the world. At
present, cellular communication system has become a new
2.1. GPS trend for many varieties applications. GSM system is divided

e : o ad three parts: mobile station, base station subsystem and
The Global Positioning System (GPS) is a satellite basggt)work subsystem. At present, the commercial GSM

navigation system made up of a network of 24 satellit8 T : NS
(Garmin.com). In 1973 GPS was intended for USA mi"tagommunlcatlon systems can provide many services: voice

A . ommunication between several users, and data messages
Syetom avatiable for civian use. 2‘35932?&2T§r§n§‘$2§tr§§ange in either Short Message Service (SMIS) or General
conditions, anywhere in the world, 24 hours a day. There r%CkEt Radio Service (GPRS) [11].
no subscription fees or setup charges to use GPS [9].

From NASpA (2009): The ?JSES gf GPS have e[xt]ended 3¢+ GPS Tracker

include both the commercial and scientific worlds® GPS Tracker, is the main input unit of system, it consists of
Commercially, GPS is used as a navigation and positioni@§S receiver and GSM circuits.

tool in airplanes, boats, cars, and for almost all outdd@GPS device is a small unit that receives signals from satellites
recreational activities such as hiking, fishing, and kayakimgd sends other signals to GSM towers. This devise is a major

[9]. part of the system and it will be installed into the vehicle
which is responsible for capturing the Geo-info (date, time,
2.2.GIS latitude, longitude, speed, bearing, etc.) for the vehicle. This

gvice is also responsible for transmitting this information to
Tracking Server located anywhere in the world [12].
GSM chip is used for sending the GPS data (latitude,

In 1956, a mapping department of Austria began to build
geographic information database by using computer. A
then, with the development of computer science, some | . . -
mapping and administration departments started to use Egm.]de’ speed, date, time, and GPS receiver's ID) to the
technology for land management, which was called La aacklng Server through SMS or GPRS.

Information System (LIS). In fact, the concept of GIS is first

created by a Canadian in 1962. He is the first person to . .

implement operational geographic information system @ Dynamic Route Architecture

Canada, which is named as CGIS at that time. It was usedf tthe shortest road based on distance measure has a traffic
store, analysis, and process land inventory data in Canagbmgestion, it might be better off to take a route that might
Canada Land Inventory aimed to measure and enhansedm longer in distance but could really get the vehicles to
analysis of land ability by mapping the information about soiheir destinations faster due to less traffic congestions. Hence,
agriculture, water, forest, land, and so on. Finally, the firatthorough understanding of the problem scenario is essential
worldwide operational GIS system was developed by fedefet addressing this issue [13].

department of energy, mines, and resources in Ottawalmbrder to arrive at a procedure for determining the optimal
Canada. This means a new area has come since this systitle routing with real-time traffic information, a decision-
was not only for mapping but to make analysis according ritaking scenario is designed for building the real-time route
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for dynamic road congestions. This scenario includes d&tatabase Server: A computer in a network that is dedicated to
acquisition tools, hardware network, database schema, dathbase storage and retrieval, it is a computer server
data manipulation algorithms. The time consuming of routennected with the communication server through TCP/IP

calculation algorithm is essential for real time routing. (Transmission Control Protocol/Internet Protocol). It holds the
database management system SQL Server 2008, and the
Communication Database Information and databases for vehicles, GPS. messages and historical data,
serve applicationg server  routes, street speeds, routes directions, etc...

y

Information and Application Server: A computer server
connected locally with other system, contains compiled
procedures for all system functionality and management.

GIS Server: A computer connected locally with the system. It
' contains ArcGIS software version 9.3, and streets' spatial data.

‘a Usersand Administrators: Are computers have privileges to

access data/application server, it is connected to the network
either locally (through local area network) or remotely using
TCP/IP.

[<=5)
Users and administrators GIS server

Figure 2; Control center's network diagram.

3.3. Database Schema
3.1. Data Acquisition ORDRS's database schema is based on dividing day hours into

GPS tracker produces the Geo-info data, sends the dHtaintervals, 30 minutes each, on week days. Each time
through either SMS or GPRS to the Tracking Server, whitHerval table contains the fields Object ID, Speed History
interpret the geo-info data and sends it to the database seAwgrage, Speed History Weight, Current Speed Average, and
A GPS tracker was installed in the experimental vehicle, agdrrent Speed Weight, also contain a record for each street
used for collecting geo-info (spatial data and GPS satellig@gment in streets database (Streets' spatial data).

data), which are collected through different time intervals AfCGIS produce a visual maps based on spatial data (Shape
week duration. The experimental data was collected from Afig structure, or Geo-database structure), Abu Dhabi Island
Dhabi Island's road network. Practically, geo-info data will Iséreets’ shape file includes streets’ geometric data and attribute
collected through taxi cars, there are six taxi companidata. Attribute data includes Streets’ Speed Limit, Length,
(National, Al Ghzal, Emirates, Cars, Tawasul, and Arabldme needed to pass street segment (time coast), etc. time
taxis) in Abu Dhabi emirate, three of them have fleet of 27g6ast is calculated by using speed limit and length for each

vehicles, which are moving in road network [14]. street segment, it is static time. Figure 3, shows attributes
table for Abu Dhabi Island streets, it contain 12800 records

3.2. Hardware Network (street features).

ORDRS’s hardware network consists of: communicatipn

server, database server, information and application seryer,

and GIS server; Figure 2 [15]. v _
Geo-info receivel | atitude, Longitude, | Sre€ts’ spati |

Communication Server: A computer server connected with and interpreter [ =

internet and has a real IP (Internet Protocol) address. A sog¢ker Street ID

technique program is implemented, compiled, and configuréd

to be run on server's startup. Socket's functionality is receiving
GPS messages.

Calculate
Current
speed y

Isitina
Route?

Route

Current
Calculator

Route:!

Figure 3: Flowchart of GPS data acquisition module.
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3.4. Data Manipulation Algorithms

ORDRS's functionalities are achieved |
through algorithms' implementation that < 2
could affect real time performance of the |%’
route (shortest path). These algorithms
are: Geo-info receivers and interpretefsf .,
(GPS data acquisition algorithms), |
Current speed calculator, Speed classifigr
Route calculator, etc..., figure 3.

Geo-info Receivers and Interpreters. Are
procedures for receiving GPS messagel|ir
either SMS or GPRS form, interpreting
the message and split it to time, date,
latitude, longitude, speed, etc.; using
latitude and longitude for calling stree
shape file and determining the stregt
segment (FID — feature ID), using the time
to determine the type (real time or stogk
data) of message, and sending message
components to either Calculate Current
Speed or Speed Classifier procedure. which include major arterial roads. The system is simulated in
Abu-Dhabi Island (Abu Dhabi emirate, United Arab

irates), where GPS data is collected throulifferent

gs a day, for a week days.
igure 4 illustrates the output route from point 1 (origin) to
point 2 (destination) for a vehicle, that route was calculated at
6.:37 pm on Sunday. This route's length is 8761.8 meters, takes
out 10 minutes (10:03 minutes).

same calculated route between origin and destination,
gure 4, in the rush hour (Sunday 2:18pm) will take about 17

ﬁfigure 4: the path between points 1 and 2, at the interval time 13:30 — 14:00, Sunday afterpoon.

Current Speed Calculator: Is the procedure interact with
speed table of the current interval; it calculates current spes
average and current speed weight fields, calculates st
segment's time, and triggers Route Calculator.

Next interval operations. Is a procedure running each 3
minutes (an interval time slice). Its responsible for disjoin t
current speed table, use current speed to calculate {

historical speed, finally join the new interval's speed table . .
P Y] b utes time. That's why ORDRS calculates time dependent

streets shape file and calculate time for each street seg . . e : .
Street segment's time is calculated by using street segmé Lie by real time and historical speed analysis. In this context

length and speed. Speed is selected with a priority sequenc Oésthis sake), .OR.DRS calculgte an a}lternative foute between
current speed, historical speed, and speed limit. origin and destination, depending on time and day/week.

Route Calculator: is the most important
module that because it rebuilds netwo
coast matrix and calculate the shortg
path for each vehicle on duty. This modu
is triggered at three situations: At tim
slice’s start/end, i.e. at of Time intervg
separator startup; while the vehicle has
route and moves in line segment that's n
in the determined route; and whenev
street line segment's current speed
changed, and that segment is an elem
of a route. This module was calculated V|
Dijkstra and YenK shortest simple paths
algorithms.

4. System's Output and Results

OLDRS calculates a route dynamically
depending on streets' current/historic
speeds, so a route from Origin
Destination is varies as time slice, th
variation is cleared, especially, on routé

Figure 5: The path between points 1 and 2, at the interval time 14:00 — 14:30, Sunday aftefnoon.
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Figure 5, shows the route calculation at 2:18pm (on Sundayhetwork of 50 nodes and 1183 edges is used for check the
from same origin to same destination , its length is 9682ibcessing time consuming for both Dijkstra and Yen

meters and takes about 15 minutes (exactly 14:47 minutalg)orithms. Table 2 shows experimental sample of time

duration. This result shows thedute time consuming was consuming and the percentage between the algorithms.
reduced by 2:03 minutes (12.09%) Dijkstra algorithm processing time is 77% with respect to Yen

ORDRS is applied on several routes and different timirdgorithm processing time.

intervals. A sample of three different routes' lengths and time

taken dumg both normal and rush time are listed in Table 1; it

shows that OLDRS saves time during rush hours between Table 2: Algorithms Processing Time Consuming.

12% and 17%. Processing Time Consuming (Sec)
Table 1: Time needed to pass a route in both normal and rush time, and the saveq ..
fime. Dikstra (0){ 003 00P 0.Q7 0.04 o, Oorag
Route of normal timg'ime TakelRoute of rush tir
Time (normal Time Saved | Saved Yen (Y) 011 01y 024 0.15 0.2
#| Length time route] Length Time | Time's| a
(meters) T_ak?n in Rush |(meters T_ak<ten )(minutes Percent (VDD f3% 88 7% 7p 731 &b
(Minutes)) intervals (minutes Dikstra (D) 0.04 00P 0.8 006 O3
1| 8761.8 10:03 16:49 | 9682[7 14:47  2:0B 12.09% Verag
2/ 10248.1] 912 | 1540 1132441325 | 215 | 14369 |Yen (V) 01§ 014 016 047 01
3| 6185.7 7:57 12:05 | 8251p 101  L1:54  15.742%|(Y-D)/D 72%| 869 81% 65% 86% 78k

Since route calculation's algorithm is essential for determining )
the best route on real time. So the calculation time consumfngConclusion
must be as minimum as possible. An ArcGIS network analysikis paper introduces an On-line Real-time Dynamic Route
tool calculates the shortest path via Dijkstra algorithm. Yersgstem (ORDRS). It uses Geo-info data (date, time, latitude,
algorithm (k shortest path) is chosen to be used for shoriggfgitude, speed, and etc.) which are collected from GPS-
path. Tracker, and classified over day times and week days into
database tables. Each table represents the average of historical
Although Yen's algorithm calculate k alternative routes bygpeeds at a time slice interval (30 minutes) for each street
the first path is the same as Dijkstra's algorithm calculatigfegment in a city, these intervals covers different slices a
Therefore at k=1, Yen's algorithm is equivalent to Dijkstrageek, i.e. 336 tables. OLDRS is designed and implemented to
algorithm, but it takes more processing time. Figure 6 shojgf a speed table to streets' shape file. So, real time speed of
that, the route from node 42 to node 12 is 42-2324%0ad each street segment is saved in the current speed field and is
cost is 0.1642908 hours (9 minutes, 51.45 seconds) for bg§ad to determine the real time route for each vehicle in duty,
Yen and Dijkstra algorithms. It shows also the processing tignamically. Although OLDRS determine the best route
for Dijkstra's algorithm is 0.03 second and for Yen's algorithgepending on time coast, but this route usually takes long time

is 0.11 seconds. in rush hours, especially for routes which passes through
) _ ] major arterial streets. So, at peak intervals of traffic OLDERS
a3 K-Shortest Path [E= IR determine an alternative route which is longer in distance, but

saves 10-20% of time. Routes dynamically are recalculated (to
the shortest one) while speeds data are received and/or time
The shortest path is: Path = 42 23 19 12 : 0.1642908 slice is changed. By comparison of Dijkstra and Yen
P — algorithms for calculating real time route, OLDRS adopts the
End Time: 02:36:29.452 Dijkstra's algorithm because its processing time performance
e e is 77% of processing time of Yen's algorithm.

Testing Yen's Algorithm (K-shortest paths):

Testing Dijkstra’s Algorithm ...

01 - Path = 42 23 19 12 : 0.1642908
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