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ABSTRACT:

The LBS (Location-Based Services) are valuable information services combined the location of moving object with
various contents such as map, POI (Point of Interest), route and so on. The must general service of LBS is route
determination service and its applicable parts are FMS (Fleet Management System), travel advisory system and mobile
navigation system. The core function of route determination service is determination of optimal route from source to
destination in various environments. The MODB (Moving Object Database) system, core part of LBS composition
systems, is able to manage current or past location information of moving object and massive trajectory information
stored in MODB is value-added data in CRM, ERP and data mining part. Also this past trajectory information can be
helpful to determine optimal route. In this paper, we suggest methods to determine optimal route by querymg past

trajectory information in MODB system and verify the effectiveness of suggested method.
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1. INTRODUCTION

In location-based services, the location is defined as
location value of movable object such as mobile handset,
telematics terminal and mobile station. And this moving
object data is very large volume in any LBS application.
So, there are some needs that management, fast retrieve
from huge historical moving object dataset. So, the
MODB system must be able to manage very large of
current location of all moving object and past trajectory
which larger than size of current location of object. Also,
this MODB system must provide retrieving function
which can extract historical object were some area, in
some time. The original source of this moving object
must be location of navigation application, mobile
handset, and terminal of fleet management system and so
on. The navigation application can determine route from
source to destination where user want to go to, maybe.
And application guides user through that route pass. In
generally, the route determination algorithm is depends
on the static road network data. That is to say, the route is
calculated to pass the fastest time just using value of
limited speed of road segment or other static attributes.
So in this paper, we suggest optimal route determination
method not as calculating static algorithm but as
analyzing real experiential routes of the past. Firstly, we
will discuss the problems of the static route determination
algorithm. Then, we will explain the overall system
architecture to implement the suggested method. And next
part, we explain the detailed process of the suggested
method. Finally, we will conclude by giving direction for
future work.

2. PROBLEM STATEMENT

The shortest path algorithm or other deterministic route
algorithm is dependent on static road network data. In
Figure 1, for example, the function of calculating the
route from S to E is executed, the result is like below.

ROUTE route = GetRoute(S, E, RoadNetwork);

Maybe, result route is S—J—E and route.Distance is
7km and route.PassTime is 7 minutes.

Speed reduction for curve

Speed reduction
Jor signal lamp

Speed reduction for curve

N " FromSToJ FromIBE
Speed} 60 km/hr 30 knv/hr
.-« Distance; 6km . 1km
Esﬂmate Time§ =~ . 6min" Imin

Flgure 1 Cost Estimation of Route

But, this result of function GetRoute just takes into account
each road segment attribute such as max speed, segment length
and so on. And, generally, speed of vehicle is reduced in the
curved road and at signal lamp of the junction. So, the result
pass time, 7 minutes, is not probable and we can guess that the
real pass time takes longer than pass time of algorithm resuit.
We can the pass time driving through route from S to E in
practical state; result is described in Table 1. We can easily
realize that the pass time is difference as time frame such
as rush hour. If the data which is set of information of
past moving route like as time stamp at some location, are
stored in the repository, then that data are more useful and
can provide correctness to determine the rout for
navigation.
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Table 1 Cost of route[S, E] in real world

Pass time from S to E in real world

A001

08:00 08:15 15 min
A003 14:13 14:25 12 min
B001 15:59 16:09 10 min
C001 18:20 18:33 13 min
€002 21:09 21:18 9 min

3. ARCHITECTURE

In this paper, we suggest the method provided more
useful and more correct route information for travelling

through some route using past trajectory of moving object.

It is possible to querying moving object database to get
past trajectory of moving object.

Hand Terminal (Navigation) ~———— Application
- - layer
SRR SN —_————-
\ Request Optimal Route for Navigation
Route Analysis
Layer

Reportihig

Locatioh
Database

Layer

Figure 2 System Architecture

Overall system architecture is in Figure 2. The system
is consisting of 3 layer, database layer, route analysis
layer, application layer. In the database layer, to
determine route by static algorithm, the road network data
are managed in the spatial DBMS and to query past
trajectory , the moving object data are managed in the
moving object DBMS. The route analysis layer, optimal
routing "analyzer analysis route result by deterministic
algorithm and past trajectory result by querying moving
object DBMS using analysis factors. The Application
layer request optimal route for navigation and must report
its location acquired by GPS receiver to moving object
DBMS.

3.1 Data Model

In above architecture, road network and moving object are very
important basic data which we can determine optimal route
analyzing using by and additional analysis factor. We will
explain analysis factor in detail in chapter 4.3. ' .

Road Network :

The representation of a road network is given by a two-tuple
RN = (S, N), where S is set of segment and N is a set of
connection node.

Segment .

We define a road segment as (ng, n,, list of intermediate point,
prop). More specifically, n;is start node, n. is end node, where
n # n,. The geographic information of segment is composed of
n,, n,, and list of intermediate point. The properties are length,
max speed, min speed, and connected links.

Node

We define a node as (p, prop). Specifically, p = (x, y), propis a
set of connected link.

Moving Object

The representation of a moving object is given by (p, time,
velocity, and segment). The p is coordinates as location and
time when and segment in which it had been.

" Trajectory

The representation of a trajectory is given by (MBRT, list of
moving object). The MBRT is minimum bounding rectangle
and time period covered all list of moving object, given by (x1,
yl, x2, y2, from, to)

3.2 Moving Object Database

The moving object database can be interfacing external
client with mogl (moving object query language) - sql like
format. And there are several components, query
processing, buffer management, location' index, storage.
In this paper, we exclude detailed structure and function
of moving object database. We just query trajectory that
has list of consecutive moving object to moving object
database. The moving object database can apply various
functions; example query is like Figure 3. The examples
are finding some car which had been some area and some
time; time stamp in first, time slice in second.

ithin 1km fro

Figure 3 Example of moving object query

4. OPTIMAL ROUTE DETERMINATION MODEL

In this chapter, we explain the process of optimal route
determination methodology. In the first place, we describe
the process of acquisition of GPS device and reporting
position in the client side, and then update it to moving
object database in the server side.

4.1 The process of report and update position process

Client Side Process Scenario

The client system like mobile handset of telematics
terminal has main role of acquiring its location and
reporting it to moving object database. A series of process
is like below;

(1) Pbefore —0Q

(2) do

3) Pgps « GetGPS()

“@ Purent ¢— CoordinateTransformation(P,, CoordType)
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) P.segment «— GetSegment(P ren, RN)

(6) if Pt:urrcnt~segnlent # Pbeforvsegxnent then Report(Pcunent)
(7) Pbefore Al Pcurrem

(8) while sleep()

The case of reporting position to server is acquisition position is
on the segment where position of before time is not, like Figure
4.

Segment 001 Segment 002

© O
O

After client get GPS position, reports it to MODB
QO After client get GPS position, does not report it to MODB
Figure 4 The case of report position to server

Server Side Process Scenario
After report position to server side, moving object
database store that position executing below query
statement.
INSERT INTO table (position.ID, position.x, position.y,
position.time, position.velocity, position.segment);

4.2 Extract Road Segment from Trajectory

Just, trajectory information resulted by querying can not
calculate distance correctly because trajectory has a list of
past position of some moving object. That is to say, past
moving position is not continuous but discrete, so sum of
moving position distance is Euclidean distance. We must
be able to calculate real distance, road segment distance
as matching past moving position with segment.
S1

S3

S2 S4

------------- Trajectory View, Euclidean distance

Segment View, Road network distance
Figure 5 Trajectory view vs segment view

We can calculate real moving distance and real pass time
of some moving object from that’s trajectory like below
processing.

(1) distance «— @, passTime « O

(2) for each mo O trajectory do

(3) - segment « GetSegment(mo.segment, RN)
C)) distance += segment.length

(5) passTime.from « trajectory. MBRT.from

(6) passTime.to « trajectory MBRT.to

4.3 Optimal Route Determination Analysis

To determine the route for travelling, source and
destination location must be defined. In the static
algorithm, shortest route is determined and that’s result is
route information that is geometrical polyline and total

distance and estimated pass time. To analyze this route
with trajectory, we query moving object database which
find moving object to have passed through from the
source area to destination area and reverse is possible.
Figure 6 shows this trajectory query statement. The
second query is time slice added to before one.

Find car which passed through from the reglon AtoB

“SELECT 1D, POSITION' o Lo
FROM FLEETIABLE .

WHERE PASSES(POSITION, POLYGON(reg\on A)) TRUE AND
PASSES(POSITION, POLYGON(region B)) = TRUE, -
and car which passed through from the region A to B between
time t1 and {2

SELECT 1D, POSITION
_FROM FLEETTABLE °
' WHERE PASSES(POSITION, MPOLYGON(t1, 12, region A))= TRUEAND
i1, PASSES(POSITION, MPOLYGON(11, 12, region B)) = TRUE;

Figure 6 Trajectory query statement

The query result trajectories are candidate routes which
are analyzed with static route which is result of
deterministic algorithm. We compare static route with
trajectories focus on ORDF(Optimal Route Determination
Factors). The ORDF is very important to determine
realistic route and we can consider various factor to
extract more realistic route information. For example,
some business man who is stranger in this city is going to
move from A to B and it is 08:30. He executes route
determination algorithm in navigation device and the
result of executing is geographical route, 10km distance
and 10 minutes estimated time. But if he does not know it
is rush hour, the incorrectness of route result mess up his
plan. If he has known someone’s experience going from
A to B in similar time frame, he should not trust that
result. Also, if he knew another route information based
on experience and statistics that is longer distance, less
pass time than before one, he have made a choice of this
route unhesitatingly. So, we can support this experience
and statistics route information based querying on moving
object database that is helpful to make a route with
considering variable route determination factors. We pre
define the some factors to determine optimal route to
compare static algorithm result and trajectory. Table 2
shows optimal route determination factor. We define 5
factors and each factor is assigned the weight, and we can
calculate route cost with mixing some factors of ORDF.
Then we choose a optimal route that has minimum cost.
Table 2 ORDF

1 R

F:

Distance (f,) Road Network Distance wy

Pass Time (f,) Pass Time of consecutive segment w,

Time Frame (f) Special time frame like rush hour wp

Day of week(f.,} Special day of week like a festive day Wy

Speed(f,) Keeping speed of consecutive segments w,
Sum{wy.,) =1

We define some variable to explain usage ORDF in order
to determine optimal route. The OR is optimal Route, SR
is static route, T; is ith trajectory resulted by querying
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moving object database, and Ny is number of trajectory,
and some function Cos#(T}) is route cost of ith trajectory,
w(f) is weight of ith ORDF. Like (1), sum of weight of
each factor must be 1.

fuu={fs,~ £}, Y W(E)=1, f«cORDF (1)
i=0

And we must normalize the value of each factor of
trajectory to multiply weight value to calculate route cost.
For example, in case of distance, ordering value of ecach
distance of trajectory can be considered normalized value
and in case of time frame, ordering the difference value
between departure time and trajectory.from can be also

normalized value. The cost of route of each trajectory v

function is like equation (2)
Cost(Tr) = 2 wi * Normalization(Tt. f) @

i=0
Finally, optimal route is determined minimum value of
each route cost of each trajectory.
0R={mm(Cost(To), ,i;s‘t(ﬂ)), ifNr=0 3)

Figure 7 shows static algorithm result route and trajectory
results to analyzing the result with ORDF.

Static Algorithm Result

Distance 30 km

Pass time 30 min

10:00

Departure time

result

Trujecmry Result 1

30 km

Pass time

45 min

Time frame

Trajectory Result 2

Distance

Pass time

Time frame

. Trajectory Result 3

Distance .

32 km

Pass time

29 min

Time frame

15:10

d. trajectory result 3

Figure 7 Analyzing Trajectory Result

We define factor f; is distance, f; is pass time, f; is time
frame and allocate weight to each factor, w(fp) = 0.1, w(f)
= 0.4, w(fz) = 0.5. In this case, we consider f; time frame
as most important factor. The result of Route Cost is
Cosy(T; )=1.8, Cost(T, )=1.7, Cost(T; )=6.8 in case

defining normalized function as just ordering value
simply. In this figure 7, static route and trajectory 1 is
same distance and similar time frame but pass time is
longer than 30 min in experiential real environment. And
generally time frame factor can be important factor
because in the similar time frame, the information of route
like distance, pass time is more reliable. In this paper, we
define normalized function as simply but normalized
function must be more complicated in order to enhance
reliability, correctness to determine optimal route.

5. FUTURE WORKS

In this paper, just we define logical model to determine
optimal route for travelling and some function and logic is
defined very simply. But next time we will elaborate this
model and implement system to be applicable in real
telematics and LBS fields. We have been scheduling to
get the large volume of historical location of real vehicles.
So, after implementing system, we will be able to estimate
system performance and reliability of result route.
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