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Abstract depending on its configuration and methods used. As for
Mobility profile building became extensively examined mobile users GPS is discouraging in term of high power
area in Location based services (LBS) through extractionconsumption and extra equipment installation in network.
of significant locations. Mobility traces are recorded under This makes its use limited for positioning or location
three reference positioning systems that are Satellite basedxtraction. While in case of Local positioning systems i.e.
i.e. GPS, Network based i.e. GSM and Local positioning Bluetooth, RFID, Infrared, Wifi, IrDA they operate in
i.e. WLAN, RFID, IrDA. Satellte based and local Ilimited space area due to of its short range signal
positioning due to of high power consumption, additional capabilities. So only viable solution for position extraction
resource installation, low accuracy and space limitation arewidely spread and examined is Network position system
less encouraging. So network based positioning i.e. GSMi.e. GSM. While in case of GSM, location exaction can be
is only viable solution for mobility tracing through Cell done through Assisted-GPS (A-GPS), Time difference of
global identity (CGlI). CGI presents the Cell-ids to extract arrival (TDOA) and Enhanced observed time difference
the significant locations from mobility history. However (EOTD) but all of these require additional resource
CGil faces cell oscillation problem, where user is assignedinstallation in network [5] which makes Cell Global
multiple Cell-lds even at a stationary state for load Identity (CGI) most inexpensive, readily available and
balancing and GSM cells overlapping. In this paper we suitable location extraction method. Cell Global Identity
proposed two semi-supervised methodology for cell (CGI) is four header information set i.e. Mobile country
oscillation resolution i.e. semantic tagging and overlappedcode (MCC) assigned uniquely to each country, Mobile
area clustering, the proposed methodologies are equallyetwork code (MNC) assigned uniquely to each operator in

useful for the identification of significant places too. specific country, Location area code (LAC) created by
Keywords: GSM Cell Oscillation, Mobility profile mining,  operator for identification & management of specific
Spatial extraction, Trajectory mining. geographical area and Cell id (Cell ID)assigned uniquely

to every user connected over network. So MCC, MNC,
. LAC and Cell ID together uniquely identify the location of
1. Introduction every user over a certain period of time in network.

Locatiqn based services _req_u_ire positio_n mapping for theq ar the years many work is carried out regarding the
extra_u_:tlon _Of trends and _5|gn|f|ca_nt locations from _the u_sermobility building and its potential applications which cater

mOb'“tY history at mobile terminals, where POSItion 1S o] from route prediction to early warning systems because
determined through some reference system. This referencgs ;o spatially rich nature e.g. advertisement [6, 7], early

sys_te_m can be coordinate bz_slsed, address base_d, are\ﬁ‘/hrning systems [8], city wide sensing [9], pollution

division or route based. So this reference system in ter xposure, route marking and tracking [10], traffic

of LBS is qli_vid_ed into three major types _[1]_i.e. Satellite management, social networking and community finding
bas_e_d posmonmg, Network based positioning and local [11], where the mobility date is interpreted to meaningful
positioning. . ) .. . information by extracting the significant places. For the
Broadly speaking satellite and network based pos_'t'onmgidentification of significant places the distance and time
syst_e_ms are me_anF to be outdoor systems, Wh_'l_e l_ocakonstraint is used along with the discrete location
position system is indoor [2'_3’ 4] Sate_lhte positioning modeling. As mentioned before CGI can be used quite
system uses the earth-orbiting satellite system andevidently for location extraction, where CGIl header are

FecEIvers. Most gommonly used satellite positioning IS ¢,nyerted into latitude and longitude pair using publically
GPS which provide accuracy at meter and sub-level
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available Cell I1d database e.g. Google API for location prediction. This work is not viable in real time large
representation. However mining significant places is adataset because it need long run for learning and training
trivial task as significant locations are meant to be thephase. While in [20] authors presented the mobility
locations where user stays for a considerate period of timdinding approach by introducing the clues like position
during mobility building. But GSM network face a critical over a particular geographical location and time of stay,
problem of Cell oscillation where user is assigned different later this information is processed over current cell for next
Cell Ids even its stationary due of load balancing effect orvisit prediction. This work has main disadvantage that it
cell hand over, so apparently in such situation user seemedeeds lot of prior knowledge about geographical
to be moving which leads to wrong mobility building and information and so called clues to be incorporated over
significant locations extraction. mobile device for prediction.

So resolution of cell oscillation effect is necessary to Above mentioned work involve full scale information of
extract the correct mobility and significant places. Our network topology and shape which is hidden in most of
work is mainly focused on the same; we introduced two cases from the public access by the network operator
step by step approaches to resolve it a) Location clusterindecause of security reasons. And most of the work is only
through semantic tag information by users b) Clustering ofemphasized on the mobility analysis without any
the overlapped area using the basic GSM networksignificant work done for the resolution of cell oscillation
information. However besides resolving cell oscillation which is vital for mobility building and most of these work
effect our proposed methodology is equally useful for the involve GPS sensors rather GSM CGI information. In our
extraction of significant places too later for mobility work we presented the approach which is applicable for

profile building. publically available mobility dataset where network
topology information is hidden from the user and lacked

2. Related work movement factors like speed, direction, proximity and geo-
coding.

Mobility data has become hot source of information

- R, : - In our work we considered GSM CGlI information of
regarding human habit mining and location sensing, where X . . -
mobility profile building is the main task in all potential publically available dataset i.e. MIT Mobility dataset [21]

applications which mainly focused on extraction of where semantic tag information can play important role for

significant places. Location awareness is highlighted in thereSOI_Ut'on_ of cel osmllaﬂqn becayse each significant
work of Lee, et. al. [11] where a request is made to thelocatlor_w is overlapped W'th mulfuple_s cells. Fur_ther
LBS server to find out the context through location agent. according to our work a Iocathn Wh'C.h IS _not semanpcally
While sequential mining approach has been used fortagg_ed by user can be defined S|g_n|f|cant_ '°Ca‘.'°T‘ i
location acquisition [12] for the resource allocation in the multiple cells are assigned over a period of time within a

network. And a guide system is proposed which combinesf:Iose area and clustered together using the basic GSM

the positioning technique and location-awareness servicénform"’ltlon I.teh. Locﬁt'op Arebql_tCodg "”Fd frequenl((:y of f(_:eltl
to provide the surrounding information for users. While appearance throughout mopiiity . S0 In our work we 1irs

for the resolution of positioning Zhuang etal [13] find out semantically tagged locations and its associated

proposed the signal power approach for the prediction Ofcells to resolve oscillation, and later consider the untagged

next cell during the mobility. While Chao et al. [14] :ocat?on throudgr:c_ cl(;Js_tegnSgMof dif'fekren[t_] cells olver a
carried out the mobility estimation through the time factor ocation area defined in hetwork where overlapping

over a cell. Shen et al [15] introduced the fuzzy logic area define significant location by introducing the stay

approach using the pilot signals and random userPoInt distance and time threshold factor.
movements. While in their work [16] localization

information is inferred through the Markov model using 3- M éthodology

the GPS data. Soh et al [17] presented the topographic . .
information usage technique to infer the mobility and 3-1. Usage of Semantically tagged locations
extraction of locations. The mentioned work is limited due
to of probabilistic model usage where mobile user behavior
is totally ignored. While in [18], authors proposed the
neural network based approach where vicinity and edge o
area is considered for the user movement, where cell are?

To resolve the cell oscillation we must consider the basic
architecture of any GSM network. Base Transceiver
tation (BTS) is the basic units of any cellular network,
here each BTS creates its own cell or area where multiple

ell IDs fall in [22].As shown in Fig 1. Mobile Station
MS) is connected with the Base Station Controller (BSC)
and Mobile Services Switching Center (MSC).Different

is defined using the coordinate system. Connection trace
are periodically studied in their work [19] for the creation
of historical record for location extraction and next visit
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MSCs and BSCs are connected with MSC to provide cells appearing over one semantically tagged location
communication channel between two MS registered with clustered together for resolution of oscillation phenomena.
different cells. us & ) We have developed a semantic based clustering algorithm
:E;:j B to resolve this problem. Let us define the set of all
el BN locations to be L and set of all cells to be C. We define two
AN ']/ mappings @ anf. @:L>C such that @(Ik)={ ci C | ci

GONR contains Ik } where kL whereasU:C->L such that¥
(c)={Ip eL | Ipisin cj}. Now we choose a location say
Ilg and we calculate &( Ig)={ciq}. Next for every ciq, we
calculateW (ciq)={liq}. we sort cig’'s according tol] (cj)|
and then store this sorted data against Ig. we also store
|9(lg)| against Ig. The pseudo code of the algorithms is as:

Algorithm 1: Semantic based location clustering
Select the complete list of the semantically tagged

As BTS determines the number of cells in GSM network ocations from the subject data _

and Location area code (LAC) is defined by one or more | reat each semantic Ioca_lt|0n as a single cluster and repeat
MSCs. So multiple BTS connected with particular MSC SteP 1-5 for each semantic location _

share same area code. This LAC is defined by the networkl: Select all the Cell IDs associated with the selected
operator depending on user density, network architecture ~ Semantic location _
and services. This means in city area LAC contains les: COompute the frequency of each Cell ID as per its
number of cells to cater fall the requirement of high density ~ aPPearance in the semantically tagged data _
users while in country side these LAC contains much high3: SOrt the Cell IDs in descending order on the basis of
number of cells as user density is significantly low.The  their frequency _ _
mobility data collected carries the semantic tagging e.g.4- Compute the number of Cell IDs associated with the
Home, Office, School etc, this information can be used for ~ Semantic location _ _ _
the resolution of cell oscillation where one semantically °- Mark the semantic location as a single cluster which
tagged location is identified by multiple overlapped cells uniquely identifies all associated Cell IDs.

or one cell can highlight more than one semantically h q hni | h bl £ cell
tagged locations as shown in Fig 2. The presented technique can resolve the problem of ce

G woi oscillation as the cells appearing at one semantically
tagged location can be clustered together, so during the
mobility profile building by introducing the time constraint
over the sequence of oscillation pairs we can determine
whether the oscillation pairs fall in same cluster or not, if
they fall in same cluster than it is quite obvious that the
user is stationary and cell switching is only because of load
balancing or handover effect.

Fig. 1 GSM network basic architecture.”

SCHOOL

Further the proposed technique is quite evident of
calculating the significance of a particular location during
mobility building alongside significance calculation of
every cell visited by user. As shown in step 2 we are
calculating the frequency of the each cell appeared in all
semantically tagged locations and at step 4 we are
assigning the frequency to a semantic location on the basis
of number of cells observed on that particular location over
user mobility history. This is very important to compute

OFFICE FARM HOUSE

Fig. 2 Semantically tagged locations.

As discussed previously in the GSM network architecture
there exist many overlapping cells for handover and

handgﬁ ttasks job't Itsh obvious t.?r?t dqiffle setmanl'?c_ dlocatlontwo frequencies for example if user is a student and stays
can be tagged by the user wi ierent cell 1S OVeT st of time in school where most of the semantically

diﬁe_rent visits ano_l in_ same way one cell can a_ppear_attagged locations are geographically nearby each other e.g.
multiple nearby significant locations. By assuming this Lab, Dormitory, Dining hall, Library, Play ground etc,

situation we have proposed the clustering technique Wherefater these frequencies can determine the significance

Copyright (c) 2012 International Journal of Computer Science Issues. All Rights Reserved.



IJCSI International Journal of Computer Science Issues, Vol. 9, Issue 3, No 3, May 2012
ISSN (Online): 1694-0814
www.lJCSl.org 208

parameter for location or cell level extraction during user
mobility building.

3.2. GSM network and Cell Oscillation resolution

As described in the previous section, apparently the GSM 0 I 0 I T Y e Y e A = A
network is considered to be of hexagonal shape for the
simplification of topology [23, 24, 25] as shown in Fig 3

(a) where radio cells are concatenated. But in reality this ispp the basis of GSM network topology and user mobility
not the case these cells are overlapped and of polygofrend we proposed the overlapping cell area determination
spread over the network as shown in Fig 2 (b), wherégjgorithm to resolve the cell oscillation where user is
distribution is entirely dependent on the network operator stationary even assigned different cell id over a period of
strategy defined in term of mobile user density, load time. Let C be the sequence of Cell ID trajectories where
balancing and services. C=c, G, G....G, along with their location area codes.
Define a set of untagged locations cluster L as an empty

Fig. 4 Significant places with overlapped area.

&
ﬂ%\gﬁ;‘w/@g@a} set, Where Lsllols... 15, ano_l each | is_res_ul_ta_nt sequence of
*@“jt{%f‘\%u{@g&{ﬁB overlapping area of multiple cells in vicinity under same
ug)‘(}:jﬁlﬁ%g«;ﬁ\_ location area code as |5, @, G....C,. We initialize the
Lﬁ@}ﬁj@&‘sJ first sequence with first cell observed in user mobility
w W - .. history, we firstly check if the cell belongs to the cluster
Fig. 3(a) Hexagonal shaped. Fig. 3(b) Polygonal shaped cells. ~ 9enerated through the semantic tagging algorithm or not if

it belongs to any of the cluster then we assign it there and

Because of the overlapping and polygonal shape cellMove to the next cell. We repeat these steps until the entire
switching is obvious phenomena in GSM network. There is C are consumed up. For every unassigned cell we calculate
four kind of cell switching usually known as Handoff or the distance with its adjacent cell alongside calculating the
Handover i.e. channel switching within same cell, SUm of radius of both to determine the actual movement of
switching under same BSC, Switching under same MSCUSer. For everyat we calculate the distance betwegarnd
and Switching under different MSCs [26]. Where first two Gt1 using their latitude and longitude properties and
handovers are internal because they involve BSC onlycompare this distance with sum of radius of both cells. If
while other two are known as external due to of Msc the distance is lower than the sum of radius of two cells
involvement. While first one effect in no change in Cell ID this shows user is under overlapped area and there is no
but other three results in change of Cell ID. So these thredctual movement. Where distance is calculated through Eq.
are most important for proximity detection and user actual D).
movement. Distance {5, g+1)= RXarcsin

_ _ _ y/sin’(4 Lat/2)+ cos (ciLat) cos(ci+s. Lat) six’ (A Long/2) (1)
There are Fwo klnds_ (_)f algorithms operating for these \ynere R donates the radius of equator and_at=
handovers i.e. a) Minimum acceptable performance b)(ci.Latitude—@l.Latitude), A Long= (6.LoNg-G.;.Long).

Power budget, these algorithms enable MSC and BSC tOyger getermining the stationary position of user we find
let MS get connected to different Cells. But these 4t if the user stay time i.e.qF=c...Time of arrival-

algorithms result into cell oscillation where user is c.Time of leaving is less than the minimum stay time
if it is true then we find out

assigned different Cell ids over a time even the user is iNpashold set for stay point
¢.Location area codegsg.Location area code, if it is true

stationary mode because of change in signal quality like

atmosphere changes, people interference in the signals; Qg ensures that user is under overlapping area and these

other mobile phones enter into th_e same cell or other input.q|is can be placed under one cluster of sub sequence, we

parameters of the handover algorithms change [27]. append the cells together under same sub sequence. We
repeat it until distance criteria become false. After

X ) extracting the complete list of overlapped cells for the sub
through usage of basic GSM network properties WhereSequence we assign it to the set of cluster L as an

overlapp?ng area deter_mines the significant Ioca;ior!._ ASindividual cluster 1, where each I represents the
overlapping means stationary state of the user at 5'gn'f'can5verlapped area or significant place for mobility building

location due to of high switching occurrence among \ it complete resolution of cell oscillation effect.
particular cells residing in same cluster and distance

constraint is not violated for transition shown in Fig 4.

In our work we are interested in clustering the Cells
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Algorithm 2: Overlapped area based cell oscillation potential information between cell tower transitions. The

resolution algorithm data is collected over 9 months and contain an activity
Select the complete list of the user movement sequences ispan of 350K Hours with the size of about 1GB. As the
form cell IDs and location area codes data contains only the partial CGI information i.e. LAC,

Initialize the untagged location cluster set as an empty setCell ID headers with partial semantic tag information,
which will later replace the cell ids in user history for extraction of user mobility profile is trivial task for it.
mobility profile building.
Set the minimum stay time threshold We used Google location APl for the extraction of
Set the initial cluster with the first cell observed in the user Longitude and Latitude information of corresponding Cell
mobility history and repeat step 1-7 until all the cell id in towers for location extraction and mapping using CGI
user mobility are consumed information. Google API provides the largest cell Id
1. Find if the cell belongs to any of the cluster generated database and it is equally effective for partial CGI
through Algorithm 1 defined over semantic tagging, if information of MIT data.
it is true assign the cell to a semantically tagged
location using the weight property defined over it 5 Experimentsand results
where cell belongs to multiple locations.
2. If cell does not belong to any semantically tagged |n first step we retrieved the location information using the
cluster defined in Algorithm 1 then repeat step 3-7.  CG| headers available against the subject mobility data
3. Determine the user movement by calculating the ysing Google API using a batch tool. The unique locations
distance between the current cell and adjacent cell inyisjted by subject is located iS(n).all_locs tables in
the mobility sequence along with the sum of radius of Reality mining dataset, for the selected subject there are
both cells. 1744 unique locations logged. However the data collected
4. If the distance between the two cells is less then sumis old and due to of rapid change in GSM network over
of their radius this means the subject is undertime only 768 locations are recovered. However after
overlapped area and there is no actual movement. Thisemoval of spatial outliers from data we finally retrieved
result shows that multiple cell assignment is only due g98 |ocations for mobility building process.
to of ping pong effect of cell oscillation in GSM
network. In next step we implemented our semantic tagging based
5. Determine if stay time is less then threshold time, find a|gorithm on the subject data, in reality mining dataset the
out whether the two cells belong to same location areasemantic information is located i&(n).cellnames table.
code or not and if they belong to same location areaThere are total of 75 unique locations tagged by the user
code than append the cells in the sub sequence foi. For userX after implementing the semantic based

clustering together. _ ~algorithm we found out that most of the locations are
6. Define sub sequence as a single cluster withigentified by more than one cell, this clearly satisfies our
overlapped area as an effect of cell oscillation assumption related to cell oscillation phenomena. For

7. Assign the cluster to the untagged location cluster Setexample “Home” and “Office” are identified by 4 cells
which can be used as determination of significant each, which is evident that even if the user is at stationary
places later during mobility profile building (As our mode at semantic location, it can be assigned multiple cells
current task is only related to cell oscillation gyertime. So these cells can be clustered together and later

resolution so  significant places role in mobility during mobility building can be used for cell oscillation
profile building is beyond the scope of this paper) problem. As shown in Fig 5.

Index of Top 7 Locations

7L

The proposed methodology can resolve the cell oscillation
problem precisely through determinitige overlapped area
and presenting the sub sequence detail. This can be used
for precise mobility profile building later; however
mobility profile building is beyond scope of this paper so
we discussed it briefly here.

6|

(W INFN S PN V) 13

Number of Cells incident

A Dat Fig:-5-Semantic tocations-and cells coincident.

As mentioned earlier we are using the reality mining - - : Lo

dataset collected by MIT Media labs. The data is coIIectedWhlle as mentioned earlier one cell can be incident for
by 100 subjects using the Nokia 6600 mobile phone set
with installed application that can record context and

multiple semantic locations where the mobility is across
Snearby places, for example consider a scenario of mobile
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user life who is a student and live most of time within the
University boundaries where semantically tagged locations
are in vicinity of each other i.e. Lab, Dormitory, Dining _ +
hall, Play ground etc. Fig 6 shows the same where one cegl
is incident for multiple semantic locations in user mobility £ —

history, an average of 2 locations identified by one cell S& "¢ P g e,
we can also assign it a weight for voting in the mobility s | o J\
building. 5l

Consistent changein time

60

% of Location

40 |

20 L

| | | | L !
5 10 15 20 25 30 35 40 45 50 55 60

Time Spent in minutes

Fig. 8 Time threshold.

We divided the stay time into equal intervals of 5 minute
span starting from 1 to 60 minutes. As the graph shows the
stay time period with respect to location grows with time
Fig. 6 Frequency of each unique cell. but at reaching the time of 6 minute there is sharp until 11
minute, then it becomes almost static or there is slight
For our further analysis we numbered the semanticchange until it reaches about 30 minutes, after 30 minutes
locations in ascending order then we draw a graph for thehe coverage starts to decline. So it is obvious to consider
distribution of user mobility over these semantic locations that critical time is 11 minute which can be set as
with respect to time period spent over them. We took thepMinimum time of stay. And the places fall under this time
time span of two months and plotted a scattered graphpre about 91% of user mobility histories which make 11
against average time spent by user at each location agjinute an obvious choice for minimum stay time
shown in Fig 7. As shown in the graph the sites 2 and 4 ar@nreshold. So it can easily be inferred that if the user is
the places where the user X spent most of its time, the siteffact stationary and on some significant place he must stay
2 and 4 are infact “Home” and “Office”. While average there at least for 11 minutes. In another scenario if he is
spends time at majority of location is between 1 to 2 Hoursstaying within a overlapped area then he will be assigned
per day. multiple cell ids over time where his stay time over these
Semantc octon ids will be less then this threshold however there will be no

o change in distance between transitioned cells. So by
determining if the distance is not significantly changed and
P by determining if time of stay is less then threshold at these
ouge cells, it becomes obvious that a cell oscillation

. phenomenon is only reason in change of cell ids. These
0l overlapped cell ids are result of handovers and handoff
*5 effects which can be clustered together for true mobility

building of user.

w o= 2
g

60 | *

50 L

N o o |~

Y Ze
40 |

Mobility coverage in terms of Days

10| ®6

For the illustartion of effectiveness of our proposed
methodology we have computed the distance matrix for the
, ~ Time Spent in Hours two sets of latitude; longitude values i.e. a) raw longitude;
Fig. 7 Significant places appearance. latitude values from user mobility b) Clustered latitude,

For the impl ati ¢ alorithm d ibed | i longitude values retrieved through proposed methodology
or the implementation of algorithm described In SEClion 4 cphack the similarity of covered area. Distance matrix

3.2 we need to _deﬁ_ne a time _threshold for_mlnlmum S@Y o1 matrices X (longitude; latitude values for sample
time for cell oscillation resolution to determine the actual dataset from user X mobility history) and Y (longitude;
?ser move(;nfefnt, ﬂ;elrefotre webplotr:ed t_he (#]Jratlon Olf III(;eltylatitude values for cells clustered together with overlapped
Ime over difierent focalions by choosing the sample dala, o4y s |ist of coords where the (i,j)th entry is the distance
of abogt 3.months. from user X mobility history as graph peqyeen the ith and jth row of X and Y respectively.
shown in Fig 8. This data is stored3n).locs table. Then we have plotted the distance matrix over its
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coordinates in Km scale Fig 9, as a result a straight line is§, Conclusion and future work

retrieved which makes it clear that the area shape covered

by the both sets of coordinates is similar and has noln this paper our work mainly focused on the cell
difference. So we can rely on the set of values retrievedoscillation resolution which is essential in mobility
through the clustering. building and is not previously addressed significantly. As
if the cell oscillation is not resolved the mobility profile
building may lead to inappropriate results. Our proposed
methodology is not only significant for resolution of cell
oscillation but beside this it is evidently useful for
significant place identification as well. As true mobility
building is basis of Location based services, the proposed
methodology can be adopted for its precise delivery.

15000 |

10000 |-

Y [ Kilometer]

5000 |

In future work we will identify the significant places from
. 1 . the user mobility and build up a mobility profile, where

5000 10000 1000 profile building will be done by using the Markov chain
X [Kilometer] model for its time slicing over time and day. Later this
Fig. 9 Distance matrix plot information can be used for inferring similar users based

. on their mobility profile similarity measure. We are
In Fig 10. We plotted the sample data of user's one dayinterested in devising the efficient mobility profile building
mobility history (as on 18 March, 2005) by considering model with proper resolution of mobility session pruning
the sequence of cell Ids and location information retrievedang similarity measure.
from Google API, this figure shows that the proposed
methodology successfully resolved the cell oscillation
because user defined semantic locations fall on lineACknowledgments
constructed through clustered cells, where clustered cells ) o
are result of cell oscillation and overlapped area. The grayThe work described in this paper was supported by grants
line shows the trajectory of the user and diamonds showdrom Natural Science Foundation of China (Grant No.
the stay points. As shown clearly the diamond with red 60775037), The National Major Special Science &
color are places user already tagged semantically and €chnology Projects (Grant No. 20117X04016-071), The
yellow diamond are places identified as a result of HeGaoJdi National Major Special Science & Technology
overlapping of cells. Projects (Grant No. 2012ZX01029001-002) and Research
Fund for the Doctoral Program of Higher Education of
China (20093402110017, 20113402110024).
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