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Location based services (LBS) and their applicatiare regarded as the most
growing services applied on communication systekesording to the great
enhancement in the mobile network platform andelated database servers,
we are not only able to develop LBS applications #lso to enhance the
performance of mobile networks. Future locationdacgon of mobile user
results in great enhancement in LBS applicationsl anobile network
performance. Many researches were introduced taliptdocation of mobile
user. In [7] User Mobility Pattern (UMP) algorithnbased on sequential
mining prediction has been developed to deal wattré location prediction in
mobile networks. The main limitations of this pattare: map based intra cell
prediction cannot be extracted and the timestanmpr'bassociated with rules.
In [8], another method has been introduced using fAdquent Movement
Pattern (ALLMOP) algorithm for extracting all fjgent movement patterns
within movement Rule based Location Prediction oe{RLP). RLP method
works on GPS network map based platform withoutipodeting cell to cell
movement. So, it can't be used to enhance mohiloriés resource allocation
and mobility management. In this paper we prop@sedw method, Intra Cell
Movement Prediction (ICMP), for mobile user's fatdocation prediction on
Universal Mobile Telecommunication System (UMTS)jrenments to benefit
from both intra and inter cell based techniques lioth network and services
enhancement. The proposed method depends on magd baga-cell
prediction and utilizes the network database anditpming techniques in
extracting user trajectories and movement rulesaAssult, the user position
can be predicted for the next movement step. THerpence of the proposed
algorithm is evaluated through computer simulatéomd compared with that of
[7] and [8]. The simulation results indicate thdtet proposed method is highly
efficient for both network and services' improvetsess it is used to enhance
location based services with satisfactory accuracetwork's resource
utilization, reduce the latency in accessing resesr and mobility
management.

1. Introduction

According to the increase in the number of mobikera all over the world,
applications depending on mobile networks becomkh appreciated and valuable
consideration in human life. LBS can be defineciasnformation and entertainment
service, accessible with mobile devices throughntiobile network and utilizing the
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ability to use the geographical position of mobdebscriber. Current LBSs use
information about current locations of users tovjife needed services. Although the
common computing strategy in LBSs benefits the 3ysaere are additional benefits
when future locations are predicted. One major athge of location prediction is that
it provides LBSs with extended resources, maintyeti to improve system reliability
which in turn increases the users’ confidence dred demand for LBSs. A lot of
algorithms and techniques were developed to prefitire locations in mobile
networks [7]-[8]. As a result of obvious improveneim mobile network platform and
its services starting from first generation tilnave will stop at UMTS platform which
introduces high quality data, services, high usempacity and availability. Utilizing
UMTS advantages and applying position detectiohriegies such as Angle of Arrival
(AOA), Time Difference of Arrival (TDOA), Enhancefbserved Time Difference (E-
OTD) and Uplink Time Difference of Arrival (U-TDOA)esult in improvement in the
accuracy of location detection. In [10], it has eshown that the most accurate
position detection method is the U-TDOA with netiwobnfiguration shown in Figure
1. Moreover, sectoring technique is used to inaehs system capacity as well as the
coverage in UMTS networks. In sectoring techniche number of sectors belonging
to the site is increased in order to increase theacty of the cellular system.
Directional antennas used in sectoring techniquassimit only to those directions
where the signal is really intended. This resultsutting down co-channel interference
and allowing a network to serve more subscribelss Dffers more capacity to the
network. By using Location Measurement Units (LMUhe handset location is
calculated in location server using time differenoé arrival of the signals from each
node B at both the handset and the LMU [9]. AssalltdJ-OTDOA technique can be
adapted to reach satisfactory positioning accuvatigh will be considered as the first
step in the trip to get needed location predictiime second step of location prediction
trip utilizes sectoring technique in order to deseintra cell interference and increase
the number of subscribers. So, intra-cell predrctiehich is adopted here is highly
required to enhance sector to sector handovertguald save allocation resources of
mobile network.

It should be noticed that UMP algorithm that isdzh®n sequential mining doesn't
introduce intra cell prediction [7]. In [8], RLPathod has been developed using
ALLMOP algorithm and GPS network platform. Howevére use of GPS network
platform results in no enhancement on mobile ndtwasources allocations and
management. In fact, the UMP algorithm is outpenfed by the RLP method. The two
short comes of [7] and [8] are solved here throtigh utilization of both mobile
network structure and ALLMOP algorithm to createpniased intra cell architecture.
This yields to enhancement in mobile network resesiand location services.

This paper is organized as follows. Section 2 mesidhe related publications.
Positioning in UMTS network platform is presentedsection 3. Section 4 presents
future location prediction in mobility managementhancement. The problem
definition is discussed in section 5. In sectiorth®& process of trajectory extracting
over organized graph and frequent pattern algorigm® explained. Section 7
introduces the movement rules generation and tikeloeation prediction algorithm.
In section 8, the experimental results are givémalfy, the conclusion and future work
are presented in section 9.
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2. Related work

In literature many approaches and algorithms haes bntroduced to predict future
location of a mobile user; each has specific regpénts and results in different
accuracy level [1]-[8]. The sequential pattern mgnproblem that was discussed in [1]
doesn't take into account the network topology evbiénerating the candidate patterns.
This is due to considering only the sequence ofhimring cells of the network as a
mobility pattern without map category support. Sequential pattern algorithm cannot
be applied directly for mining mobility patterns. gkedictive mobility management
algorithm for predictive distance-based mobility magement for Personal
Communication System (PCS) networks computing awmdnsunications is discussed
in [2]. In order to estimate the future locationafuser, a mobile motion prediction
(MMP) algorithm has been developed. However, the MMIigorithm is highly
sensitive to the user's random movements whichedser the pattern performance.
Mobility modeling, location tracking, and trajeggoprediction in wireless ATM
networks are discussed in [3] where two level s@seare adopted to combine a local
with a global prediction models. The top level he tglobal mobility model (GMM),
whose resolution is determined in terms of thescelbssed by a mobile user during
the lifetime of the connection. The bottom levethe local mobility model (LMM),
whose resolution is determined in terms of threem@a space (speed, direction,
position) that varies with time. In [3] LMM is uséd model the intra-cell movements
of the mobile users. On the other hand, GMM is usmdoredict the inter-cell
movement trajectory of a user by matching the sisgtual path to one of the existing
mobility patterns. For this purpose, pattern matghechniques are adopted. However,
the weakness of the technique presented in [3ev®aled at this point because
discovering the mobility patterns cannot be achdevinis problem is solved in the
proposed algorithm by considering the dependencéh@fmobility pattern on the
previous movement records. In [4] a mobile usenent velocity and location is
correlated in time based on the Gauss—Markov mddehis model a mobile user's
future location is predicted by the network basedre information gathered from the
user's last report of location and velocity.

GPS-based predictive resource allocation in cellnégtworks was discussed in [5].
For location prediction, cell-to-cell transition gimabilities of a mobile user are
calculated according to previous inter-cell movetaeof the user. The transition
probabilities are recorded in a transition matrikMj. Based on this, resource
allocation is done at the k most probable cells #va in the neighborhood of the
current cell, where k is a user-defined parame@dustering mobile trajectories for
resource allocation in mobile environments wasoihticed in [6]. This method is
called Dynamic Clustering based Prediction (DCPnobile user movements which is
used for the prediction of movements and dynamaxation of resources depending
on the collection of recorded mobile trajectori€ollected user trajectories are
clustered according to their in-between similadgpending on weighted edit distance
measures. The clustering used in [6] is agglomarali means that initially every
single trajectory forms a cluster itself and at @&eyation of the clustering algorithm,
the two most similar clusters are merged to formew cluster. Each new cluster is
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represented by a number of cluster representatajectories. The merge operation
continues until the number of clusters is reduced predefined value. A mobile user's
next trajectory is predicted by finding the bestehang representative with its current
trajectory. The best matching one has the minimu distance to the current
trajectory. In case of more than one match, alichned representatives can be used for
prediction. Using such clustering technique wilk meatch mobile network topology
then Intra-cell and cell to cell prediction carétdchieved.

A data mining approach for location predictiommnbile environments is discussed
in [7]. This method is used to predict the next célmobile user trajectory using
sequential UMP algorithm without intra-cell predict. So, it is only used to enhance
network availability and aid in resource allocatimsith limited usage in accurate
location based services and applications. The nlifiference between the two
techniques presented in [6] and [7] is that; in [BAPs are clustered in order to mine
the UMPs; while in [7] sequential pattern mininguged for the same purpose. Another
difference is that only the next inter-cell movemneha mobile user is predicted in [7],
while the complete trajectory of a mobile userrsdicted in [6].

Another method for predicting future location of Iile user for location-based
services system was discussed in [8]. This methdzhsed on the movements of the
user in the past. The prediction process in [8ksia of the following five steps:

1) Trajectories are reconstructed by re-sampliegitloving points.

2) Trajectories are generalized on a graph; trajgcgeneralization plays a
basic role in the data mining technique.

3) Historical movement database is transformed anset of moving sequences
prior to mining.

4) All frequent movement patterns are extractedgualIMOP algorithm.

5) Movement rules are extracted and users' nexements are predicted using
RLP algorithm.

This method is based on GPS infrastructure. Seretis no deal with the mobile
network topology which results in no enhancementmaobile network resource
allocation and mobility management.

3. Positioning in UMTS network platform

UMTS is one of the third-generation (3G) mobillet®mmunications technologies.
The Radio Access Network (RAN) is called UMTS Tetral RAN (UTRAN) and the
radio access radio interface is also called UMT&eRtrial Radio Access (UTRA).
Variety of positioning methods has been specif@dfTRAN networks such as:

A- Cell -based method

In this method, the target's position is deteatedesponding to the coordinates of a
nearby base station. Position data can be refiyethlong into account the distance
between the terminal and the base station, whintbeaderived from the RTT or the so-
called Rx timing deviation, the angle of arrivalo@® of signals from the terminal at the
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base station, or both of them. This method is redse for cell detection but it can't be
used for map applications due to its low positiocusacy as discussed in [9].

B- Observed Time Difference Of Arrival with Idle Pe  riod Down Link
(OTDOA-IPDL).

This positioning method is basically the UTRAN ctarpart of E-OTD and follows the
same principles, that is, terminal-based methodveyer, timing measurements at the
terminal suffer from the so-called hear abilitylgesm, where the terminal might be unable
to detect a sufficient number of neighbor baséostafor OTD measurements and hence it
is necessary to periodically interrupt downlinkngmnissions during the measurements. The
control of IPDL is withinServing Mobile Location Centre (SMLC), which conifigs base
stations for inserting the idle periods. The usafy¢PDL results in solving downlink
interruption in transmission during measurements.

C- Uplink Time Difference Of Arrival (U-TDOA) in UT RAN

U-TDOA is one of the three high-accuracy wirelegsation technologies now supported
by the 3GPP. The technology, which has long siees Istandardized for AMPS, TDMA
and CDMA systems is now being deployed througheitt.S. to support phase Il of the
FCC's emergency 911 location mandate. U-TDOA tdolggdocates wireless phones by
comparing the time it takes a mobile station'saaglgnal to reach several Location
Measurement Units (LMUSs) installed at an operatma'se stations, as shown in Figure 1.
U-TDOA approach is used to enable location-basedcss such as emergency location,
asset tracking, and mobile concierge services.

o=
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Hyperbola(d,,ds)

BTS & LMU g

Figure (1) U-TDOA Network Configuration.

Uplink TDOA location method has proven highly aatarfor location of wireless
subscribers in CDMA based systems [9]. The wider T@3Vbandwidth coupled with
significant processing gain available to networkedohlocation systems provide higher
level of accuracy in UTRAN networks and in situatiovhere other location techniques
may not be able to perform well. This increaseduay can be achieved at reduced
complexity over implementations of downlink OTDOA A-GPS. Additionally, critical
for future success of network operators, the upiiidOA method provides significant
flexibility for implementation of future locationesvice enhancements. The U-TDOA
location method performs well in urban, suburbawdl iadoor environments and less well
in rural areas.
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3.1. Advantages of Uplink TDOA in the UTRAN environ  ment

True position has spent over many years investigagotential location technologies
and has concluded that uplink TDOA is the methad gnovides the best performance
in the widest possible set of circumstances, atdahest overall complexity and with
the least impact on the wireless infrastructurg.[1® uplink method the processing
functions to calculate user position is done in tiedwork equipment especially
location measurement unit (LMU) instead of mobitpiipment processing used in
downlink method. In addition, uplink method has reased processing capacity
available to analyze signal information and to ehlte subscriber locations. The
uplink method provides increased power from 20QadB greater in processing gain
than a DL-OTDOA solution through long integratioimés. In the DL-OTDOA
system, the mobile station must make measuremépibsignals from several sites,
one by one, while still providing the other mobigation functions. The DSP
processors of many LMUs work simultaneously to teca single mobile subscriber.
So, downlink method latency problem is solved. Siameous location of many
subscriber units can be detected using U-TDOA aggrautilizing increased power
solution. Also, this solution includes acquisitiof location information from many
more distant location receivers.

Uplink TDOA provides protection against obsoleseenit is far easier and less
complex to upgrade the software in RNCs and LMUsmared to upgrade millions of
UEs needed in downlink methods. Uplink TDOA does negjuire implementation of
the Idle Period Down-Link (IPDL) functionality, antican operate in FDD and TDD
networks. The Uplink TDOA solution, when integratedh the Node B will have a
very low incremental cost.
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Figure (2) U-TDOA Network Structure Diagram.

4. Usage of future location prediction in mobility ma nagement

Location management has been significantly refifed the UMTS network
architecture. Mobility management involves two @sses as introduced in [11],
location management and handoff management. Laocatianagement enables the
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wireless network to discover the current point ddéhment of a mobile terminal and
delivers calls to it. Whereas, handoff managemeabkes the mobile network to locate
roaming mobile terminals for call delivery and t@intain connection as the mobile
terminal is moving around. LBSs can be supportedti® operations of location
management. During the first stage of location rgangent, known as location
registering or location update, the mobile termpediodically informs the network by
its new access point and helps the network to atitae the user and revise the users’
location profiles. The second stage is call deliven which the wireless mobile
network is queried for a mobile terminal locationdathe current position of that
terminal is found. On the other hand, handoff prilparepresents a process of
changing some of the parameters of a channel @rexy time slot, spreading code, or
a combination of these) while the current connect®in use. The handoff process
usually consists of two phases: handoff initialmatphase and handoff enabling phase.
In the handoff initialization phase, the qualitytbé current communication channel is
considered to decide when the handoff process gdhoeiltriggered. In the handoff
enabling phase, the allocation of new resourcesdw base station is initiated and
processed. Poorly designed handoff schemes tegérterate huge signaling traffic,
and thereby a dramatic decrease in quality of serf@OS) of integrated services in
the wireless network.

4.1. Location management strategies

Location management strategies can be categomtedwo main groups: static and
dynamic. In static schemes, the way that userpaged is very much the same for all
users and is determined in an off-line manneriSsaheme does not take into account
any particular information about the users. White dynamic schemes, different
network topologies are used for different usersesehtopologies are highly related to
the movement pattern and calling behavior of ea#r.ult is obvious that dynamic
schemes are much more complex than static onesreapdre more computation
capabilities in the network [11].

4.2. Basic location management strategies

In this section the following seven basic locatiomanagement strategies are
reviewed.

(1) Always update strategy: In this scheme, a neob#érminal updates its location
whenever it crosses a cell boundary. This enablesiétwork to locate the user in
minimum time for each incoming call. This meang tie network will page the
user only in the last updated cell. This schemeeg#as a massive number of
unnecessary location update signals.

(2) Never update strategy: A mobile terminal newgrdates its location, and
consequently, for each incoming call the networlstrpage the user in all cells of
the network. It is also obvious that this stratégyhighly inefficient, especially
when there are massive numbers of cells in the arktviNaturally, as the number
of users in the system increases, the number aflsineous paging signals would
also increase.
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(3) Time based strategy: In this method, a useatgdits location after a predefined
time span. In the case of an incoming call, thevagk will page the user in the last
update cell and the possible cells that the usghinbe in after the last location
update. Although this strategy seems better tham phevious two, some
disadvantages remain. For example, if the mobileiteal changes its location very
frequently it becomes impossible to locate it timazely fashion.

(4) Movement based strategy: The user performscatitm update after passing a
predefined number of cells; M. In this case, thevoek attempts to page the user
in a radius of M cells starting from the last ugdeaéll. The main disadvantage of
this strategy is in the case of the users who gedly crisscross (zigzag) adjacent
cells of a network.

(5) Distance based strategy: In this case, thewsdates its location after traveling for
a predefined distance, R, form the last update Tak network can page the user
in all cells that are physically within radius Rtbe last updated location. The main
problem in this method is the need for knowledgetted topography of the
network.

(6) Location Areas (LAs) scheme: This techniqueadopted in the current GSM
networks, where adjacent cells are grouped togethirm a LA. In this case, the
user performs an update whenever it leaves a LA raodes into a new one.
Therefore, in the case of an incoming call, thevoet must page the user in all the
cells of the last updated LA.

(7) Paging cells scheme: In this case, the useremak update whenever it passes
through predefined cells known as paging cells.agipg neighborhood is defined
for each paging cell. The paging neighborhood chezging cell contains all non-
paging cells of the network that must page the imstite case of an incoming call.

4.3. Advanced location management strategies

Traditional location management techniques for mheobnetworks are very
conservative and there is a need for more ‘intefitgtechniques’ that endow networks
with better location prediction capabilities. Theage of movement prediction patterns
enhances the location update and paging processesit reduces the execution time
and the number of needed processes by divides insetsvo main categories; namely,
a low mobility group and a high mobility group. Feach we can use the suitable
management strategy to overcome wasting resourcesssing calls. Low and high
mobility groups can be discovered smoothly usingri location prediction method.
The proposed algorithm presented in this papeigisiyhefficient in this respect as it is
intra cell based method by which we can detect msevement scheme within a
predefined time period. In other words future lomatof mobile user can be detected
within time T. So, it will be simple for mobile nvedrk to manage paging process.

5. Problem Definition

In this article it is supposed that the mobile swibgr moves in UMTS mobile
network. The covered area is divided into cellshesith hexagonal shape and cells are
divided into sectors. For example, assume that eathcontains three sectors as
shown in Figure (3b). While user moves in mobilevagk from one cell to another, its
movement will be recorded in a database named Haroation Register (HLR). Each
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base switching center has another database nansitdrMiocation Register (VLR).

Each base station can detect the specific sectimhvglerves the user. By applying one

of the previously discussed methods for locatiotrect®n we can detect the accurate

position of the subscriber. The database struetucenstructed from four fields [Pmn,

X, Y, T] where, (Pmn) represents Cell ID (m) andtee ID (n), (X,Y) represent user

coordinates (latitude and longitude respectivehd & is the time set of measure. The

proposed method is based on three levels of latabection:

1- Intra-Sector Prediction (ISP) level: fully depleron user's accurate position within
the specific sector and is used mainly to enhari@8 hpplications especially in
urban and downtown areas.

2- Sector to Sector Prediction (SSP) level: no némduser coordinates. Only
knowledge of user's cell and sector leads to dshatilis level of prediction which
is used mainly to enhance intra-cell handover atd/ork resources in addition to
LBS applications.

3- Cell to Cell Prediction (CCP) level: using ckréng technique as each n sectors
represent one cell. Cell to cell prediction is hygéffective in inter cell handover
process beside LBSs applications especially in aursas.

User trajectory is generally specified as Traj. rhin, X, v, ti }, i=1:k; where k
represents the trajectory's length. The deternuinati trajectory's length depends on
the following assumptions:

1- If a mobile user stays at any point, cell or sectosubsector according to the used
level of prediction, for more than a predefinedetiinold value before moving to
another location then, we assume trajectory leegts at this point and any later
movement will be considered as a start of anotber tnajectory. These trajectories
are considered as Real Trajectories (RTJ) whichksldie user actual path (UAP)
presented in [7].

2- Moving Sequence (MS) is being defined as a listewhporally ordered cells,
sectors or subsectors. A sequence maximum lifefgtarn, end] where, stagt ti<
tk < end, for KT and ki<k.

3- Sequence composed of k points is defined as krpatte

4- Subsequence generated if all points in sequerigeg$ontained in sequence (S2)
with the same temporally direction flow then Shisubsequence of S2.

Frequent patterns can be extracted when real toayecomply with moving
sequence at a timestamp. Each moving sequencdrsntpport value corresponding
to number of trajectories in the cell, sector dosgctor at a specific time set. If this
value is equal to or greater than the predefinegiruim support value (min_supp)
then, the pattern is considered as frequent onerpats specified in [8].

In this paper, the clustering technique used ind&dopted with limitations to meet
the requirements of proposed method as will beudsed in the next section.
Clustering method is suitable while predicting intell movement especially if intra
cell prediction is useless.

Generated frequent patterns are used to produadicpo®e mobility rules. Full
prediction process will be completed by using pr&raeted mobility rules with a
suitable confidence value. Figure 3, shows mobéwvaork region distribution where
each region is divided into cells, each cell isidid into three sectors. Each sector is
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labeled by cell id followed by a, b or c referring the sector number 1,2 or 3
respectively.

For intra sector prediction (ISP) level, accuraterdinates (X, Y) are taken into
consideration. Sub sector definition can be defaed part of the sector in which user
movements are discarded. The number and the site alub sector are defined based
on the nature and capacity of the covered aredditian to the needed application.

A movement rule in this work is defined using theression A» B, where A, B
are moving sequences andfAB = @. The part of the rule before the arrow is th
antecedent and the part after the arrow is theeguent of the rule. The confidence of
a rule A B is known as an estimate of the probigbiiti (B|A). Namely, the probability
of finding the consequent of the rule in moving wsmtces under the condition that
these moving sequences also contain the antecédertterefore, the confidence is
defined as:

oid(A—» B) = SUP(AU B) 1)
SUP (A)

In Equation (1), the support of the pattern (AUB)the support of the rule and it is
available after the step of frequent pattern disopvHowever, the support of moving
sequence A is not defined and we have to deteriniBg selecting a suitable confidence
value to achieve prediction, a decision for thet meer's movement can be taken.

6. Process of predicting user's future location

In this work we proposed three levels of predictiBactor to Sector Prediction (SSP),
Intra-Sector Prediction (ISP) and Cell to Cell fegoh (CCP). ISP is internally contained
in general SSP as regions which form ISP are paiectors in SSP method. The three
levels of predictions are carried out using thiofadhg five main processes:

Process of map reconstruction on the organizedarktgraph.
Moving sequences' creation process.

Extraction of all frequent movement patterns.

Generation of mobility rules.

Prediction of user's next movement.

arwNE

(a) (b)

Figure (3) Distribution of Trajectories on Mobileetwork Platform
6.1. Map reconstruction.

Our proposed map is formed by dividing the netwgndph into hexagonal cells and
each cell is subdivided into sectors. The most comsectoring technique is to divide
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the cell into three sectors. Practically, each meobperator can make its own actual
division according to network topology and useramagy. By inserting the time factor
of each trajectory, the proposed map is decompassml spatiotemporal units.
Spatiotemporal unit is defined as the minimum spatnd temporal extent of interest
as discussed in [8].

6.2. Finding moving sequences.

Creation of moving sequences from correspondingtimiataset is shown in figure
(4) which requires definition of the following ngvarameters:

» (li): Sub-sector number, the area of the sectok lvégldivided into sub areas to
achieve intra-sector prediction level. The numbesub-sectors is determined
according to the network topology, the surroundemyironment and aimed
accuracy of prediction. Studying intra-sector cleangguires no change in m,n
of the current point in comparison with the pregolocation. Significant
change in (Xi-1,Xi) and (Yi-1,Yi) leads to changesub-sector number.

* (Di): Intra-sector Enabling parameter, indicatesirge in (li) values at two
consecutive timestamps within the same sectorn@.ehange in m,n value).
This parameter used in auto-selective predictiqgre tgepending on change in
intra-sector values (li-1,li). If Di =1, then intsector change occurred else no
intra-sector change occurred but cell to cell ait@eto sector may occurred.
This parameter is disabled in cell to cell and@eixt sector prediction levels.

MS Algorithm

Auto-Slection prediction

sub-Algorithm

[ 1 1
ccp SSP ISP

Sub-Algorithm Sub-Algorithm Sub-Algorithm

Figure (4) Creation chart of MS Algorithm with soategories components

Unfortunately cell sizes cannot be controlled as/tare predefined by the network
operator. Instead of controlling the cell size,dimterval is controlled. User maximum
velocity is the most important factor in choosingé period. Time intervals are chosen
to be able to make at least one hit in each cetltos or sub sector according to the
adopted technique used in user trip. Thus, thevatlg relation should be satisfied:
Vmax*t << r; where r is the size of the region units the time difference from one
point to another and Vmax is the user maximum \slotn case of multiple hits per
sector ISP is directly used to locate the accypasdtion of the user. If the same (li)
points are repeated more than one time till t=T ntidat, means trajectory stopped there
and any movement after that will be considered lasginning of a new trajectory. The
following algorithm is developed for MS creatiorclinding three different prediction

types.
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The inputs of MS algorithm are:

e User's location point within timestamp, Locationrpo(Pmn,li, Ti).
e User's real trajectory, Real trajectories (RTJ).

« Maximum length of points per trajectory, Max_spamdy).

The moving sequence creation process can be sunstan the following steps:
1) Initialize the set of moving sequence valub$S O [ @
2) Extract location of Mobile user in the form of (¢edector, sub sector and
Time set). Where,(Pi & O (Pmn,1i,Ti)).

3) Initialize the user's previous location; (Previtasation (prev. loc. X 1).
4) Create moving sequence points according to thregiqiron types.
5) For (=2 ; i= max_span no. of points ; i++) (2)

5-A) Cdll to Cdll prediction (CCP)

5-A-1) Disable sector and intra-sector predictisruaer moves from one cell to
another

n,l, — Disabled (3)

5-A-2) Create moving sequence; if there is a chadng® one cell to another within
two consecutive timestamps. Then, MS consists @fipus MS in addition to
the current obtained real trajectory that meetptleious conditions.

Ifm # m
RTJ=RTIO(R,.T) (4)
MS=MSORTJ

5-A-3) Stop moving sequence at the current celhéf user still in the same cell from

the current point (d) till reaches Tax Any other movement after that is
regarded as a start of new movement.

If(m=m_),(T.<t<T,)
MS & O Stop
ReturnMS
5-B) Sector to Sector Prediction (SSP)
5-B-1) Disable intra-sector prediction as user nsdvem one sector to another
|, & 0O Disabled (6)

5-B-2) Create moving sequence; if there is a chdiraye one sector to another within
two consecutive timestamps. Then, MS consists @fipus MS in addition to
the current obtained real trajectory which mee¢vipius conditions.

(®)

If (Pmni 7 I:>mni—1)
RTJ=RTJO(P,,.T) @)

MS=MSO RTJ
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5-B-3) Stop moving sequence at the current seiftting user still in the same sector
from the current point (Tc) till reaches Tmax. Thany other movement after
that is regarded as a start of new movement.

If (Pm = mni—l)l(Tc s t < Tmax)

MS & 0 Stop (8)
ReturnMS

ni

5-C) Intra-Sector prediction (I SP)

5-C-1) Enable intra-sector number within predictasnuser moves from sub sector to
another. (I, — Enabled) 9)

5-C-2) Create moving sequence; if there is a chdraya one sub-sector to another
within two consecutive timestamps. Then, MS cossist previous MS in
addition to the current obtained real trajectoryiollh meets previous

conditions.
If (Boni 1) # (Pronics 1i21)
RTJ=RTJO(P,.I.,T) (10)
MS=MSO RTJ

5-C-3) Stop moving sequence at the current sulpisatthe user located in the same
sub-sector of the same cell and sector from theeotipoint (Tc) till reaches
Tmax. Any other movement after that is regarded sisrt of new movement.

MS & 0 Stop
ReturnMS

Entra-sector enabling (Pparameter enables auto-selection of the used att8rps
instead of manual choice. The hereunder algorithows auto-selection process:

If ((Pmni’ II) = (Pmni—l’ Ii—l))’(Tc sts Tmax)
} (11)

5-D) Auto-Selection of M S pattern

5-D-1) Enable Sub-sector prediction parameter @Wiich indicate user's movement
level

If (D, =1) 12§
5-D-2) change in sub-sector prediction level; irseator changes within the same
main cell and sector occurred, So ISP level is used

Goto(6-C) -"ISP (13)
Elself(D, =0)
5-D-3) Check sector to sector changes; if thereasement from one sector to
another within the same main cell. Then, SSP piiedi¢s used.

If (1, #n_,),While(m =m_,) (14)
Goto(5- B) —"SSP
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Else, cell to cell prediction is the proper MS aition
ElseGoto(5- A) -"CCP' (15)
6.3. Finding movement frequent patterns.

As ALLMOP algorithm is based on generalized segaépattern (GSP) algorithm
with additional temporal join operation and diffieranethod for pruning candidates.
The application of clustering technique to contiehse regions is introduced in [8].
The proposed algorithm of Intra-cell Movement PRatt{lICMP) benefits from
ALLMOP algorithm but with suitable modifications tee matched with intra-cell
prediction requirements based on mobile networkfgria. To fully utilize mobile
network structure and environment nature (i.e. miylbaral, downtown, highway, etc)
ICMP algorithm will be divided into sub algorithm&® cover all prediction
requirements in mobile network as shown in figurdrbsome rural area intra-cell
prediction may not be necessary due to low demdityobile subscribers. So, cell to
cell prediction is preferred to save network researinstead of intra cell prediction.
Here, clustering technique is adopted but with sbmgations as it is not accepted to
make random clustering for any neighboring cellpagposed in [8]. Cluster in this
proposed work can be defined as a collection @ethmeighboring sectors which form
the cell of the network (e.g. sectors 1A,1B,1C iguFe 3 are collected to form cluster
R1). Cluster's selection limitation yields to satwork topology and support directly
in cell to cell movements predictions.

cmp
Algarithm

Cluster enabling
method

Cluster disabling
method

Figure (5) ICMP Algorithm Main Components.

In urban regions and downtime environment, intrdl qeediction is useful
comparable with the used resources for accurattitoc detection. Here, clustering
technique can't be used. The usage of intra celfligtion depends on the required
accuracy of location prediction application.

6.3.1. Generating frequent-1 pattern.

As shown in Table 1, a dataset of real trajectoaies decomposed into groups of
corresponding moving sequences. Then, frequenttérpa represent dense sectors or
clusters that contain at least the minimum suppairtts at specific timestamp.

* ICMP cluster enabling algorithm.

In this algorithm each three sectors within the esam@ll will be considered as one
cluster. For example, sectors 1A, 1B, 1C are cemsitlas cluster R1 as shown in
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Figure (3a). Assume that minimum support valu2 {min_Sup2) then R1 will be
considered as a frequent one pattern at timestalnghEre R1 contains two points in
time T1. By the same way we can produce frequguattern depending on clustering
technique as shown in Table 2.

-
T §
T B
T4nens Y 6C
Tioee &

Figure (6) Full Trajectories on A MBpsed on UMTS Network Graph.

Table (1) Finding Moving Sequences of Real Trajeeto

Real trajectory No. Moving Sequence
[RTI(®)] [Pmn, T, D]
<(1C,t1,0),(2B,12,0),(2A,13,0]
<(1C.t1,0),(2B,t2,0),(2C,t3,0),(5A,14,0),(5C 15,
<(2C,t3,0),(3B,4,0)
<(4A.11,0),(2B,t2,0),(5A,13,0),(5C,14,0),(9A,15,(
<(4B,1,0),(4B,12,1),(4C,t3,0),(8A 14,0
<(4A,t1,0)(5B,12,0),(4Ct3,0)
<(5B,t2,0),(5C,t3,0)
<(6B,t3,0),(6A,14,0),(3C,15,0'
<(6A,t4,0),(3C,15,0)
<(4B,t2,0),(8B,t3,0),(8A,t4,0)

Blw©| ||| o1 & | w Nl

The cells which contain less than minimum supparhiber of points within specific
timestamp will be considered as outliers as <R8 ai3d <R9, t5>. Empty cells will be
discarded as cell R7.

* ICMP cluster disabling algorithm.

In this algorithm, movement is based on sectontaisector prediction level without
using clusters.

Each sector or intra sector contains the minimumppert number of points at
specific timestamp will be regarded as frequerattern. While using SSP method, if
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the same trajectory hits the sector more thaniome hiefore it moves to the next sector
only the first hit is taken into consideration asttier hits are neglected. If the user still
in the same sector till Tend, that means trajgctoovement is terminated at this
point, only the first movement will be taken irdonsideration.(e.g. <(4B,t2)> will be
discarded and moving sequence of  this trajectory Il wibe
[<(4B,11)>,<(4C,t3)>,<(8A,t4)>] ). According to thi procedure, <(4B,t2> is not
frequent pattern as it contains one support point.

In ISP method, intra sector movement is taken idasideration if Di=1, (i.e.
(Xi,Yi) of the current movement is different by §iafent predefined value from the
previous obtained value) then [ @{)i-1)]. At this method, U_TDOA method is used
to make accurate positioning. The moving sequenceeiated on the form of [Pmn, I,
T, D]. so, The moving sequence of RTJ(5) is defiasd<(4B,1,t1,0), (4B,,2,t2,1),
(4C,1,t3,0), (8A,1,t4,0)>. In this pattern we cdrserve that <(4B,t2)> is a frequent-1
pattern as it matches the minimum support points.

Table (2) Example of Extracting Frequent-1 Patter@luster Enabled Algorithm

Frequent-1 pattern " Cluster Support value
enabled method"

<(R1,t1)>
<(R2,t2)>
<(R2,t3)>
<(R3,t5)>
<(R4,t1)>
<(R4,t2)>
<(R4,t3)>
<(R5,t2)>
<(R5,t3)>
<(R5,t4)>
<(R6,t4)>
<(R8,t4)>
6.3.2. Generating frequent-k patterns

NINININININIDNWOWNOWN

Frequent-2 pattern is created by joining frequepg&ttern with itself. This definition
is suitable for any of ICMP sub algorithms eachhwit related frequent-1 pattern.
Movement direction and time order should be takato iconsideration where,
transition from cell 1 to cell 2 is different fromovement from cell 2 to cell 1.
Movement from one cell to another should take iwasideration that both cells are
neighbors and comply with the real trajectory.

Frequent-k pattern, where K >2 can be extracteoh flmning frequent-k-1 pattern
with frequent-1 pattern with condition that, theotwpatterns related to the same
trajectory and achieve minimum support value.
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The following algorithm is developed for ICMP-algbm creation with clustering
enabled and disabled sub-patterns. The inputsedfdMP algorithm are:
* Moving sequence (MS)
* Minimum support (min_sup)
» Prediction patterns (CCP, SSP, ISP)

The ICMP-algorithm creation process can be sumredrizto the following steps:
1- Initialize the frequent movement-1 pattern with NMaal timestamp among all
movement of MS(F1 — ¢)

2- Foreachti (i=2i<T,i,,)

2-A) For clustering enabled sub-pattern:

2-A-1) Merge each three sectors related to same celbmecacell, X represent cell ID
Cell(X) < Sector§ XAl XBO XC) , A,B,C are sectors of cell (X)

2-A-2) Define Region (R) as a Cell (x) with minimwunumber of points at timestamp
(ti) and discarding outliers.

Region(R) ~ (Cell(X),T.) 2 min_sup)
2-A-3) Discard intra-sector prediction.
D, — Disabled
2-A-4) Extract (frequent-1 pattern) within speciiime (ti).
F1- F1O(RY) (16)
2-A-5) Initialize (Candidate-2) and (Frequent-2)tpms.
(C2 - ¢,F2 ¢

2-A-6) Generate (frequent-2) patterns, by combirimng neighbor freqg-1 patterns, with
reasonable time order and with minimum supporte/aiumoving sequences.

Then, OFYR,Ti)OF1
If (T; >T,),R,R;neighbor_cellsi # |
C2 - C20<(R,T).(R.T,) > ' ()
If (MR - R;]=min_Sup
ThenF2=F20<(R,T),(R,T;) >

2-A-T7) Generate infrequent list including non-frequpatterns to discard them in freq
k-patterns as implemented in [8].
Elseinsert(Infre_list,Cand) (18)

2-A-8) Generate (frequent k-pattern), k>2, is defitoy combining frequent (k-1) with
frequent-1 pattern with reasonable time order aitld minimum support value
of moving sequences otherwise, update of infreglignis occurred as shown
in [8].
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For(F._)Z @ N
OR)OFR.,
OPHOF -1
Cand-k < joining(R,P,)0MS (19)
If (Cand—-K) £ ¢ >
ThenCk ~ CkOCand-k
If (MR, - P]=min_sup
F -« (FR,OF)
Else, update (Infreqg_list ,candK) J

2-A-9) Create all Frequent patterns in cluster é&sthimethod.
ICMP _Clistering— enable~ Set of all frequent sequences in F

2-B) Clustering disabled sub-pattern " Sector to sector prediction" [ SSP]

2-B-1) Represent [sector to sector prediction] adype of clustering disabled
technique.
Regions consist of sectors with min. support poatt¢simestamp after discarding
outliers.

Region(R) ~ (P,,) (20)

2-B-2) Discard intra sector change. Then, sameguhae is applied from
equation 16 to 19 to get all possible frequentgpat.

Di ~ Disabled 1§2
Gotdl6 - 19
ICMP - Clustering_Disabled SSH - Set of all frequent sequences in F

2-C) Clustering disabled sub-pattern " I ntra-Sector prediction” [| SP]

2-C-1) Represent [Intra-sector prediction] as &tgpclustering disabled technique.
Regions consist of intra sectors with min. supporhts at timestamp after
discarding outliers.

Region(R) - (P, 1) (22)

2-C-2) Enable intra sector change. Then, same guoeds applied (from equation16
to 19) to get all possible frequent patterns.
Di — Enabled (23)
Gotdl6 - 19
ICMP - Clustering_Disabled SSH - Set of all frequent sequences in Fx.
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7. Finding movement rules and next movement prediction.

Movement rules are generated in this section ddépgndn frequent movement
patterns which are obtained previously. Independétite ICMP sub pattern used, the
pre obtained movement patterns are temporal jodnitg. Dealing with movement
patterr< (£4,t1),(R2,t2),(R5,t3) =], this pattern is obtained from cluster enabling
algorithm. This pattern represent frequent-3 patnd has the possible movement
rules[<(R4,t1) > = <(R2t2) = < (R5,13) »|or [ (R4 11) = < (R2,12) » =< (R5.43) =|. From Equation 1,
the confidence value of the two possibilities sdobk evaluated. The confidence
threshold value is submitted according to the meguprediction accuracy. The rules of
the pattern that met the threshold confidence valgeselected and other rules are
discarded. The first assumption in the previouange has a confidence = [ Sup(
(R4,11)U(R2,t2)U(R5,t3) ) / Sup(R4,t1) ]. As theise only one trajectory met the
movement pattern <(R4,t1),(R2,t2),(R5,t3)> thamp§R4,t11)U(R2,t2)U(R5,t3) ) = 1.
Whereas, Sup (R4,t1) = 3 points. So, confidencehef first assumption = 1/3 =
33.33%. The second assumption has a confidenc&up( (R4,t1)U(R2,t2)U(R5,t3) ) /
Sup( (R4,t1)U(R2,t2)) ]. As only one trajectory meéte movement pattern <(
(R4,t1),(R2,t2)> then, Sup( (R4,t1)U(R2,t2) = heTconfidence of this assumption =
1/1 = 100%. If the min_confidence value is seledtethe 100% then, the movement
rule [<(R4t1)=-<(R2t2)>- <(R51t3) =]is taken into consideration. The second
movement rulef< [f4t1) = — < (R2,t2) =< (R5,13) »] is discarded. By applying these
movement rules on frequent-k patterns, next movénenmobile user will be
predicted according to predefined confidence.

Recursive depth fashion will be used to improveptacedure of movement rules as
being discussed in [8]. Where, for a given patieinTa) =< RS, Th) > < (R, Trl = < Ra,Td >,
we first get the confidence for rul@®a,Ta) =< (Rb, Th) > < (Re Te) » = <Rd.Td =. If this rule
achieved the threshold confidence value, thinTa » < [R5, Th) =< (k.7 = < & 7> shall

be studied. If that pattern doesn't achieve thdidemnce threshold, there is no need to
check sub patterns of this pattern as it surelyacbieve the confidence value too and
that is matched with the previously obtained result

ICMP rules for location prediction can be clarifietthin the following algorithm.

The inputs of the ICMP rules are:
*  Minimum Confidence (Min_conf.)
*  Frequent movement pattern (K-pattern), K>1

The algorithm used in rules creation can be suneedirin the following steps:

1- Initialize the value of the prediction rule
Rule=¢ (24)
2- Calculate support value of k-pattern and k-1 patter
B OK - pattern

SudR) - A
P, UK —1pattern (25)
SugPR,) ~ B
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3- Calculate the confidence value of the first gereatatile.

Conf(P) =—23§E; -2

(26)

4- Compare the calculated confidence value with mimmuaonfidence value
adjusted to meet the required accuracy of predictid calculated pattern
confidence value is greater than the predefinednmim confidence value then,
the pattern is considered movement rule otheniiggnot a prediction rule.

Min_Conf o  Minimum Confidence
If (Conf(P)) = Min _Conf
ThenRule=Ruled<(P) - (R_,) > } (27)
Else, Return rule

5- Apply recursive depth fashion in finding rules abvements as applied in [8].
For P(y-i), (1<i<y-1), where P(y-i) is pattern y after dropping the l&&tlocation
SugR) |
SugR,_,)

If (Conf(P) = Min_Conf
ThenRule= Ruld] < P(y-i) - P(k—-y+i) > (28)
Else, return rule.

Conf(R) =

J
8. Experimental Results

The experimental results are obtained by perforntimg synthetic datasets and
estimating the performance of our algorithm. Reswdte adopted according to
simulation model. The adopted model is general #exible to be matched with
variety of understudy cases. Experiments are ezdcan C# basis with a 2.39 GHZ
Intel(R) core(TM) 2 Due CPU, 1.95 GB of RAM running Windows XP operating
system.

8.1 Dataset generation

To simulate the movement of the mobile user, randaia generator based on the
used adopted algorithm is developed. Selectionegjhior cells represents the main
difference between the three proposed algorithmgell to cell algorithm, trajectory
points are distributed on adjacent cells. Wherdlasse points are distributed on
adjacent sectors or intra-sector regions while gisiector to sector and intra-sector
algorithms respectively. Number of points useddbre trajectory length is selected to
vary from minimum (Lmin) to maximum (Lmax) value pnding on the required
application. Total number of trajectories per ugeR) is adopted. By using mxn cells
where m , n represent the map size length and wedtpectively. Table (3) includes
the used parameters in generating and processtagaith default values used in this
approach. Using default values results in genayati®O0 trajectories distributed on
4x3 cells. Each trajectory consists of three paoattieast and seven points at most as a
default values.
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Generated data also follow the following assumm#ioon average 70% of user
movements have the maximal lengthsn{fl from which average 40% of those
trajectories follow the same trip. So, 30% of usevements are regarded as arbitrary
trajectories. The proposed simulator is designe@rtable user to adjust the input
parameters. This leads system to be more flexilblidevapplying variety of working
conditions.

8.2 Daily basis parameters

The adopted algorithm deals with input data onydadisis, by selecting the number of
trajectories which are included daily within spéeziftimestamps. Daily input
trajectories introduced can be equally or arbitergording to the required application
and user life style. In this approach the defaaltig of trajectories per day (T&) are
100 trajectories on equal daily basis.

In large number of input trajectories, system capd&C) parameter is introduced to
limit the number of trajectories used to evaluatdztion rules at a specific time set.
Decreasing system capacity will improve the executime but it will decrease the
precision of the obtained predictions.

Table (3) Summary of parameters

Symbol Definition Default values
TR Total Number of trajectories per user in the preposiap 1000
L min Minimum number of points per trajectory 3
L max Maximum number of points per trajectory 7
T Rday Number of estimated trajectories per day 100
M Map size = (mxn) cells , m=length , n=width 4x3
System capacity : No. of last trajectories useevmuate
C g PRely predictionsJ 1000
Min_Sup Minimum support value 2
Min conf Percentage of Minimum Confidence 80

8.3 Evaluation of Precision and recall

Precision and recall evaluation indicate systenfiopeance and prediction algorithm

accuracy.

* Recall: the number of correctly predicted cellsididd by the total number of
requests Thus, the recall counts the “no-predncticase as an incorrect prediction.
This metric can be used to answer the questionw/Haany relevant locations are
returned?” High recall implies few false negatives.

* Precision: the number of correctly predicted elivided by the total number of
predictions made. This metric is appropriate foplaations that may prefer no
prediction to a wild guess. Precision is used tonam the question: “How many of
the returned locations predicted are relevant?’hHygecision refers to few false
positives [8].
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day, system precision and recall is estimated assln figure (7).

8.4 Effect of Minimum support

and recall values by increasing min sup value.

T
1000

Figure (7) (a) Precision and Recall VS Trajec®iimber Using Cell To Cell
Algorithm. (b) Precision and Recall VS Trajectsridumber Using Sector To Sector
Algorithm. (c) Precision and Recall VS Trajectordismber Using ISP Algorithm

Using cell to cell, sector to sector and intra-seetigorithms with 1000 trajectories
in 4x3 map, minimum support =2, minimum confidend@@=and 100 trajectories per

Here, we study the impact of minimum support (Mip)svalues on the precision and
recall percentage of proposed algorithms. Fig8yeljows the decrement of precision
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By increasing the min sup value , the number ofegated rules will be decreased
then the number of correct predictions will be éased and results in decrease in both
precision and recall percentages so, the optimumsup value in the mentioned case
is the default value =2 .

#— Traj. Count = SO0
—E» Trai. Count = 1000
—E»— Trai. Count = Z000

@ Trai. Count = SO0
— Tral. Count = 1000
—@— Trai. Count — 000

MiniMmoum Support

Figure (8) Precision and Recall Vs Min sup Valuéndg{TR=500, 1000, 3000) trajectories

8.5 Effect of Minimum confidence

There is a direct effect of changing the percentfgminimum confidence on the
precision and recall percentages of our proposstesy By increasing the min conf
value, the percentage of system precision alse&sad due to the increment in correct
predictions compared to total number of predictiamscurred. Whereas, recall
percentage decreased by increasing min conf vatushawn in figure (9). The

L - _g ‘g t5 b= Traj. Count = SO0

] —@— Traji. Count — 1000
oS —a»— Trai. Counkt — 3000

o.s —

Precision

o.a

o.=

s a0 o =0 =0 100
Minimum Confidence

st ¥ Trai. Count — SO0

—@»— Traj. Count — 1000

0.3 —— Trai. Count = 000

Recall

oz —

o1

so =] o =t=] oo 100
Minimum Confidence

optimum min conf. value =100%.
Figure (9) Precision and Recall Vs Min conf. Vallging (TR=500 ,1000,3000) trajectories

8.6 Algorithms’ Execution time

In this section, we study the execution time prelpgs of our proposed algorithms to
estimate the performance of proposed system. Figl@¢ shows execution time
measured in (msec) as a function of total numbénmit trajectories using CTC, STS
and intra-sector algorithms.
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Figure (10) Execution Time in (msec) as a FunctibDifferent Trajectories Length

8.7 ICMP algorithm among other algorithms

As RLP algorithm outperformed UMP and GSP algoritasnproved in [8]. ICMP
algorithm is mainly using RLP main structure wittodifications to be applicable on
mobile network platform.

The proposed algorithm is mainly considered asrhbst practical one which can be
applied on mobile users at any environment duéstiexibility and sub algorithms are
adapted to suite various location based applicationaddition to enhancement of
mobile network allocation resources and mobilitynage ment.

ICMP proposed algorithm benefits from U-TDOA teajue to introduce sector to
sector and intra sector predictions. These teclesigare highly efficient in LBS
applications based on mobile networks. The optinparameters and working modes
can be extracted depending on the needed appficatieer environments and
flexibility of adjusting input data parameters.

The proposed algorithm not only theoretical oneitigpresent practical solution for
future location prediction based on mobile netwggtform at various environments.

9. Conclusion

According to the improvements in positioning tecjuds based on mobile network
platform in addition to the increasing demand onSLBpplications, developed
algorithms used in future prediction of mobile sseepresent effective part in
improving services provided by mobile network opars. Future location prediction is
highly effective to enhance mobile network allooatresources, hand over process and
mobility management operations.

U_TDOA technique on UMTS network platform is theedgechnique for accurate
location detection specially while using intra-eegbrediction level which will give
high position accuracy.

Using mobile network platform is suitable for noltis of people all over the world
with lower costs than using GPS technology in aoldithat it can be used at indoor or
outdoor areas.

In this paper, a new algorithm (ICMP) depending (&LP) fundamentals with
modification to agreed with mobile network requients is developed.

ICMP algorithm is divided into three main partdl ¢e cell, sector to sector and
intra-sector levels of predictions, each predictienel is convenient to specific
application within certain environment.
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The main steps used in the proposed prediction odethegin with map
reconstruction to specific hexagonal cells and @sctThen, database should be
implemented depending on the last recorded movewfensers and according to the
used sub pattern needed to be used. After thatngeequences are created according
to algorithm restrictions and frequent movementguas are obtained according to
ICMP suggestions. Finally rules are extracted amgt movements are predicted.
ICMP algorithm shows high obtained results withuaddle precision and recall values
within good execution time. The proposed method lsaradapted according to the
needed application and the surrounding environments

Now we are looking forward to enhance mobile nelwpositioning methods to be
with acceptable and comparable accuracy with otis®d positioning techniques.
Moreover, we are working to develop proposed alborito enhance accuracy,
execution time and to make relationship betweercthieently used technique and the
modern positioning techniques like GIS systemstre their advantages.
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