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Abstract

The necessity of future index is increasing to predict the future location of moving objects
promptly for various location—based services. A representative research topic related to
future index is the probability trajectory prediction technique that improves reliability using the
past trajectory information of moving objects in the road network environment. However, the
prediction performance of this technique is lowered by the heavy load of extensive future
trajectory search in long—range future queries, and its index maintenance cost is high due to
the frequent update of future trajectory.
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Thus, this paper proposes the Probability Cell Trajectory—Tree (PCT—Tree), a cell-based
future indexing technique for efficient long—range future location prediction. The PCT—Tree
reduces the size of index by rebuilding the probability of extensive past trajectories in the unit
of cell, and improves the prediction performance of long—range future gueries. In addition, it

predicts reliable future trajectories using information on past trajectories and, by doing so,
minimizes the cost of communication resulting from errors in future trajectory prediction and
the cost of index rebuilding for updating future trajectories. Through experiment, we proved
the superiority of the PCT—Tree over existing indexing techniques in the performance of

long—range future queries.
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wil probabiiy .

Begin °

1, If Level is zero then Cand_Prob_CTs initialize

. If Level > Level_Limit then //Level Linl is prediciion
boundary fevel kmit
Add CT to Cand Prob-CTs and Retum

. 'F.COP = Find COP that have the biggest weight among
COPs with C, OID and In_BP

. S.COP =Find COP that have the biggest weight except
F_COP among COPs with C, OID and In_BP :

) Tot_e\;\‘w;l Flggs COPs’ total weight that have given C, OID,

| .
. F,Cl =C]QT and Add CTS(C, in_BP, F_.COP's next BP) to

7, PCT_Search( Level+], F.COP's out CELL, OID, F.COP's
out BP, Prob + F_COP's Weight / Tot_W, F_CT)
8 S-CTS=CQ!'T and Add CTS(C, n_BP, S_COP's next BP) to

9, PCT_S_earch( Level+1, S_COP's out CELL, OID, S_COP's
out BP, Prob + $_.COP's Weight / Tot_W, S_CT)

~

> ! e W

10, CT =Find Cell T that have the biggest probabillty
vake in Cand_Prob_CTs

1. Retum CT

End

<8 4 #MY g1z

Ol

A BE F_COPE T8} TiQl 4olMe 2 &
AlOZ COPsolAdl C, OID, In_BPE KX F
HAE 715X Weight7l 2 4 23 88 S_COP
£ 33tk Q) 50lAE COPs BollA C, OID,
In_BPE 7Kl 2E COP9 weightd] &gle +
3111, 2101 edlA= lEE & AF CTE F_CTol
tQlst & C, In_BP, F_COPY Z& ZAEE o]
85t 4 #AF HIHE CTSE UE = CTSE
F_CTol F7igith € 7dlAde o/l ¥
Level+1, F_COPY X& 4, OID, F_COP9 &
& ZA™, =25 SE Probol F_COPQ BES
sl 22 88, 120 MBA FUHE & AF
F_CTE 7IX11 PCT_Search &18|EY AH &
22 38} #10 SolA= Q#EE CTE S_CT
of tiQlgt & S _COPol tiEt & AF HMOIHEE
AAE & S_CToll F718itt Tl 9ol = mizid
% Level+1l, S_COPY ZAZE Cell, OID,
S_COPY & ZFAE, ¢d¥d EE Probol
S_COP9) Weight9] HIE2 HFS &, i1
S_CTE 7}X1 PCT_Search® M7 SE2E ¢+

gtk 2Rl 1004 A7 329 211 Candidate_
Prob_CT JollAl 718 &80l %2 4 #A™E 7
sh=dl, ol 4 FFHol nig] AFol Ect OiXE
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O8 5% YUEE AEE PCT-Treed] A5
LAPES HAECH O8 59 A LT S0l A
WA AR Traj7t YR, TQ1 104 & HF
CTZ #En. CT= & A8 AIHEY g~E
o, & AF AIHEd= & D, A 1 &2
AE, 2211 IE BA™EE 7T Ut 211 200
Ae CTOY & #AA AIHE CTSE 25 RA
5tal, 21 3ollA CTSE dolAd OIDE %= 4
2z COE #=rh Q! 4ollA CTS9 dol CO
7t EXEIA @oH MEL COE 4851, B¢l
5014 COoll B AlZtg AASHT. Bl 6014
CTSS 1l ZAET V& ZATE e 4
A BE B4 COPE CO Uold &=th 210 7
ol COPZI glod NMEA A1, B SolA
= COPY WeightE 1 E7IA71T}

T8 62 PCT-Treed &A QUBIEE HolFE
o} O8 69 PCT-Tree? Al QLTES A
2 dx el 1olA d=EHE H5o] & 98 CT
Z HEED. gl 2004 CTY ZE Ag XTAK)
T, T 3ol CTSQ AolA OIDE = COE
=t gl 4olA CTSY dollAd OIDE 7KK
CO7l EXSIA] el thg CTSE AN, =
Q 504 CTSY 7Y ZAFWL A& ZAXE 7}
A= COPE CO WA Z=th oiXHeZE gl

Algorithm PCT_nsert( OID, Traj )
Input OID:Moving Object ID, Traj ¢ Trajectory

Begin

1. Change trajectory Traj to cell trajectory CT

2. For each Cell Trajectory Segment CTS in CT do
/#Ratrive all cell trajectory segment in cell
trajectory CT gradually.

Find celt object CO with QD at CTS's cell

if there is no celf object that have OID at CTS's
celt then Create new cell object CO

Input access ime in cell object CO

Find cell frajectory variable COP that have CTS's
in_BP and outBP in cell object CO

If there is no cell object probability variable then
Create new cell object probability variable COP

Increment COP's Weight by one

=2 g}

-

m oo
a

<8 5 & Lme|

[l

6ol COPZ} £/ COPY Weight = 1
aAaAZ

4. 454971

2 Folde 8 =8dA AMAS PCT-Treed
IS5EB7IE 4FEr. 4587IE 98 AREE Al
ZHI9] FIE0] A2 7 Intel CPU 1.70GHe,
1GB RAMOIH, &A= Windows XPE Al
IRt 5 BUlol ARZSE HAE HOlER: 20
A 2 MO9E HolEIE 0] &3I3Th

IHE o9 g8 HE ZKA Al 482 J
Z5l= PLMAA= nlEl A8 olE &3] Al 100%
=4 Qo] HE A9 HAEE v} RABY] "Ead
A719 nigh AF ol E0] i ofEn IHEBE,
2 =RBdA= PLM 7IHCZ &3 & o5 &E0]
=22 FHd tdiAde o ol =3 & S e
PLM with Loss® 13830 PLM with Loss
A Lossgte 4 58 &8l a7

(v +1)
M EEEETED

1
“SS‘(mi}@%ﬂg&Eixil:?j§¢—1

if Loss<1/1000 then Loss = 1/1000 (4] 5)

2 =89 45 "IlH= PLM, PLM with

Algorithm PCT Delete( OID, Traj )
Input OID:Maving Object ID, Traj : Trajectory

Begin

1. Change trajectory Traj to cell frajectory CT

2. For each Cell Trajectory Segment CTS in CT do
//Retrive all cell trajectory segment in cell
trajectory CT gradually,

3. Find cell object CO that have CID at CTS's cell

4, If cell object CO does not existin CT5's cell then
goto 2

5. Find cell object probability variable COP that have
CTS's in_BP and out_BP in cell object CO

6. If COP exists then
Decremert COP's Weight by one

End

A8 6> &M ¥iEs
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