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An Index Structure for Frequently Updated Network-Constrained
Moving Object Trajectories

DING Zhi-Ming
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Abstract Index is a key technology to improve the query processing performance of moving ob-
jects databases. However, current index methods for moving object trajectories, such as STR-
Tree, TB-Tree, FNR-Tree, and MON-Tree, take trajectory units as the basic index records,
and therefore, frequent insertions are needed when location updates occur in order to keep the
consistency between the index and the trajectories in database, which greatly affects the overall
performance of moving objects databases. To solve this problem, we propose a new index meth-
od, Dynamic Sketched-Trajectory R-Tree for Network-constrained Moving Objects (DSTR-Tree)
in this paper. The DSTR-Tree divides the spatial-temporal space into equal-sized grid cells,
transforms every trajectory into a sketched trajectory with each unit connecting two centers of the
grid cells that the moving object travels through, and indices the sketched trajectory units as an
R-Tree. Since the sketched trajectory has much coarser granularity than the original trajectory,
the index updating cost can be greatly reduced — when a location update occurs, even though the
original trajectory needs to be changed, the sketched trajectory may remain unchanged so that the
DSTR-Tree does not need to be changed either. The experimental results show that the DSTR-
Tree outperforms the previously proposed trajectory index methods in running moving objects

databases with frequent location updates.
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1. sketchTraj=NULL;

2. startingCell= getCelllLocated(mv, ) ;

3. apppend(sketchTraj,getCenter(startingCell)) ;
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35.
36.

37.
38.
39.
40.
41.

IF n=1 THEN
IF active flag=FALSE THEN
Return(sketchTraj) ;
ELSE
cellsTravelled = getCellsTravelled (p(mv,)) ;
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled 1) =
startingCell) THEN
Return(sketchTraj) ;
ELSE
FOR j=2 to |cellsTravelled| DO
apppend(sketchTraj,getCenter
(extractCell(cellsTravelled ,j))) ;
ENDFOR
ENDIF
ENDIF
ELSE //n>1
currentCell= startingCell ;
FOR i=1 to n—1 DO
/ /A FRARTE S G FRIT p(my; ymy, ) (1<i<<n—1)
cellsTravelled =getCellsTravelled (u(mv; ,mv; 1));
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled s 1) =currentCell)
THEN
doNothing () ;
ELSE //pCmy, smy, . D)8 T 2K Hk 0
FOR j=2 to |CellsTravelled| DO
apppend(sketchTraj . getCenter
(extractCell(cells Travelled ,7))) ;
ENDFOR;
currentCell=extactCell (cellsTravelled ,
|cellsTravelled|) ;
ENDIF
ENDFOR
/ /A BRE Fy B BTT p(my,,)
IF activeflag=TRUE THEN
cellsTravelled= getCellsTravelled(p(mv,)) ;
IF (|cellsTravelled| =1) AND
CextractCell (cellsTravelled ,1) = currentCell)
THEN
doNothing () ;
ELSE
FOR j=2 to |CellsTravelled| DO
apppend(sketchTraj, getCenter
CextractCell(cellsTravelled ,j))) ;
ENDFOR
ENDIF
ENDIF
Return (sketchTraj) ;
ENDIF



1454 i "

Bl

e 2012 4

L
¥

B 1 9, BB getCellsTravelled (p) iR [H]
(BT DAL & — A8 2 A A% M 50T 3 2 A% Bl 5 5T 1Y
ol SR IR IR I B sketch Traj .

W SEE 1 AT LAE I S8 3 0 4 00 D 4
BT AN 5 A% M B G B AT DA R Bk i R T T
e T AT T A B 5 AN 2 J5E B 20 30 B T 8 R — a2
A BT I, A A BRIV 1) A Ak A B G
TERF RGBT CUn S 2l % 52 U5 52 45 38 I K B[] 57 3
FTBEEE) | J5 b5 Bk 5 G 7 g B 8 2 A A% i ER T,
I e 3 A A B 5T 1Y o AR I A B HE
B UL 4 Ch) A B (3)) . diy T 5303k X 1
B R IT AR AT TR A A AL B LB 15 30~
3947, Hoh % S ik BT o Gmv,) JE AR AR 8 3l X 4
I i — KA B TR I 4 A8 AT 3 2 B AT S O 5
AL A5 B By 5050, W& 2 By ) o AT 5 45 % 2 %
G B A B ) AN 47 067 B 3R BT B, DSTR-Tree #1141
TSGR L ) HEE W A A B T, 3 S T AR
(955 e Cmw, ) AT N B9 HE W AL B0 500 B0 0 75 ZEAE N —
YR A7 T BT BT A T 90 R R T (DL BRI 3D

4 3BT T TR AL B — B Y B R OT e I 3
LY 3 Al i AL B0, AR 0 K 8 1 5 T
currentCell T X IV (A% Mt FRLOT. 75 3 b B AL 0
(DA BERH UL T O ALAEMR SR AT B0 T A 45
IR 3 2 R Sy A B B 5 1 R B S R I K T B3 B T
IRLEE BT AN S 280 B e i85 0 3 A 55 2244 i
HITHITE B

A5 Ab F ) D A 328 B 7T Ovl . |- cellsTravelled
T ——— v —»X
A A / / () b FeurrentCell N
L

Ches cellsTravelled

—» X

‘>X

DRI raj

L (2) pEE 2R T
NEBS AL B 2 sketch Traj 4
B EAEXXY X THIH

JEIR B AL T

f

P

—>X T ::i‘e[.[.\‘Travelled
(3) i R 3/ Bl 2 4% Mt G

B BT LIS A
X XTI 208

B4 X IR PO BRI e B BTG AL AL 27
ik 4 mTRLE L fE DSTR-Tree H. 2% LA
T AR AR AR OC R /N 2 OGS AL R AR A T i

ZIN U A5 Y B — A I I 38 R T B B 2 A A
W BETC A A7 L 5 AT 5 A5 A A A AR AN 22K 5l =z
R TTH R N R ER T h LRI £,
I b — 0 P BOTHL KO I A A 34 .y 73R4S REF
A ARV BE - 78 57 2 A A B T /NI L AT L2 IR i R
B BT /N LA RICR o A A5 — > A6 Al 5T RE
WY 20 @ A I A LIk H e,

ARG FLAA I 2R GE A L - @ AT LUBCAS [F] (9 8 (o i
AFLABONE 150 WLAR SRy S 5 43 i an s B
RGP R N R0 T 4 07 B TR I [ R] Bl 30 s,
S-S5 B Ry 60km/h, 30s iR AT B B A 500 m,
JIT LA e 0508 5050 19 °F- 43 K /N 500 m X 500 m X
30s. NSRRI =5, K& Mt 5 5T B R/ AT DL E
2500m X 2500m X 150s.

TESER X T, X 1,7 (] A% B A6 0 B 1 25 1
R AR A 22 05 s LA A AR I A 03 1 45 1 L3
JCAREARRGIIC R AL E S R W RG], B Al 15 3]
DSTR-Tree. & 5 Z5H T DSTR-Tree [{) 45414,

stuw | stu, Stu, | stu, | stug Stus | stu, stu, 4—*%%“:
Lo [ ] e | | Lo [ giiine
—/ — N | — ~

5 DSTR-Tree 5|45 H

FEF 5 1 DSTR-Tree M1 25 5 w1 (130 5 701 45
FHR(MBR s PT s stu) s ot stu Sy ME W AL L 300 B2
JC. MBR ) i A W Ak 50300 2R 5T ) S /N 40 25 4R O
P, R 45 10 SR 30 X 4230 S (19 48 £ 200 AR AL,
o ) 25 5 1990 5 3 (MBR, PT 0. ) » o th MBR 43,
RS ST IE R NI BRI s PT o 2 48
N RS SR
3.2 DSTR-Tree RS WMBEILE %

FERS 3N 52 B0 1 v 9 R 57 DSTR-Tree &
B T X B 2 ) A 2% B S B E AT AE AL
FEE HE w Ak B Y B A B0 R TR — dE A #
DSTR-Tree 1. & 2 41 T DSTR-Tree 19t
HEST B R, 7E DSTR-Tree %44 2 09 #1030 $UHE
140 3 ) B B Bl X G 5040 PR 3 4 Ak 25 432 i 38
(1A 57 T BT VR L K R A T T B B I 2 A
TE buf fer v, S50 E v i 9008 5000 4 A 3 52 HE 22
Joi TR B 25 4k B 2 vk (B 3) A 35 6 7 i 31



7 TROW . — B0 IS & T 98 %L T A 25 32 BB B X R LB R 5 1455

UEDAC SRR =N
&3k 2. DSTR-Tree (W4 b 87 8 k.
i : MObjs /I BBIX L MER
Wit dstrTree  //DSTR-Tree
1. dstrTtree=NULL;
2. buffer=J;
3. asynExec(receiveLUMsg(buf fer));
/IR S — R AR R W L BB AEA buf fers
4. FOR EACH mo€& MObjs DO

al

sketchTraj= skecth(mo.traj,mo.actvive flag) ;
//VR RS 1S AL B 5
6. FOR EACH skecthTrajUnit € getUnits(sketchTraj )

DO
7. insert(dstrTree,indexRec(mo.id ,
skecthTrajUnit)) ;
8. ENDFOR
9. ENDFOR

10. WHILE buf fer#@ DO

11. lumsg=getLUMsg(buf fer);

12. IF notlndexed(lumsg) THEN

13. VA2 3 MG Lumsg ¥ dstrTree AT 4Ed7;
14. ENDIF

15. ENDWHILE

16. Return (dstrTree).
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celld) .cellsTravelled .. 5% p(mv, ,mv,) Fl pCmv,) fif -
AT A B TC 2 1) o A0 Ccell3 s cell5 , celld ) 3 — A
HANM A N FF ZE X DSTR-Tree #4790/ % , 38 1 4
A unitsInsert, 3 W 5% unitsDelete, 7] L) ¥ DSTR- i Jﬁgﬁé&éﬂ%@i
x>< ¥ X '
Tree %% 5y 55 357 E 0 A6 B35 AH X R 9 AR 2
Bk 3. fEHEHN DSTR-Tree R 5| 4t 4
S B traj
BiN: LUMsg= Gmoid.t,(x,y) sv.d npos) ; Mﬁﬁ%%ﬁxkddﬂ"nzj
/W B A7 B T B (a) B0 G0 0 I 1 1 X 3
dstrTree  //DSTR-Tree %3] a
1. mv,=.(x,y).v.d.npos);
2. mv,= final(getTrajectory(moid)) ;
3. cellsTravelled,y= getCellsTravelled (u(mv,)) ; T % ﬁ‘*x%ﬁﬂxl: o
4. cellsTravelled ,..=getCells Travelled Ext (#(mv, ,mv, ), T - b |- e M5 10 25 0 % 35,
w(mv,)) ; A b
—>X
5. IF cellsTravelled,s=cellsTravelled,., THEN : J?ﬁﬁ;ﬁliﬂj‘fraj

/AL B B e A A

(2]

doNothing( ) ;

ELSE //#us AL il & 4 17 7284k

8. unitsInsert= getSTUnits(cellsTravelled,..) —
getSTUnits(cellsTravelled ) ;

9. unitsDelete= getSTUnits(cellsTravelledq) —
getSTUnits(cellsTravelled ... ) ;

10.  FOR skecthUnit € unitsDelete DO

11. delete(dstrTree,indexRec(moid . skecthUnit) ) ;

12.  ENDFOR

13.  FOR skecthUnit € unitsInsert DO

14. insert(dstrTree,indexRec(moid ,skecthUnit) ) ;

15.  ENDFOR

16. ENDIF
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e i E IR 4 22 S5 o AT LAAR 9 46 L J5 0 £
i X% DSTR-Tree #EAT A1) £ 2] — AR A 5)
KR LFIE 4 Y filterResult). SR 5 Z5¢
XF filterResule iR 3 0f G2 i Bt 4 i) 5% 1 38 4> ik
Frtaa, I I A 0R) 45 1R B9 RS Bl 0 A Dy B
¥ 1) 45

55T DSTR-Tree 45 10 40 #A L NSV 4 B
N TR BT BRI gridCenterAlign(range) Xt 2%
WX I range AT ¥ ML s evaluate (moTuple, Q)
WRIEA M Q XHIed moTuple HEATHHE NP ILHAR
T A ) 4 F 3R 8] NULL 5 75 0 5% (0] 5 36 354 A

g5,

Bk 4. KT DSTR-Tree W 35 % £ 45 1) 4b
k.

A B QAW X Hrange(Q =Q. XQ, XQ:;

dstrTree
it refineResult //Q F#x ] b ¥R 45
1. filterResult < Search(dstrTree,
gridCenterAlign(Q, X Q, X Q,));
2. refineResult= I ;
FOR EACH PT,, € filterResult DO
moTuple=getTuple(PT,,) ;
IF evaluate(moTuple,Q)*NULL THEN
6. refineResult=re fineResult\J

(2] = w

evaluate(moTuple,Q) ;
7. ENDIF
8. ENDFOR

9. Return(refineResult).
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Background

The focus of this paper is on the trajectory index prob-
lem in Moving Objects Databases (MOD). MOD is a data-
base which can track and manage the dynamically changing lo-
cations of moving objects such as cars, ships, flights, and pe-
destrians. An MOD system can manage huge numbers of mov-
ing objects so that index is crucial to query them efficiently.

In recent years, the moving object trajectory index prob-
lem has been intensely studied with a lot of methods proposed,
such as STR-Tree, TB-Tree, FNR-Tree, and MON-Tree.
However, nearly all existing trajectory indices take trajectory
units as the basic index records, whose granularity is too fine.
As a result, frequent index updates are needed when location
updates occur so that the efficiency can be greatly affected.

To solve this problem, we propose a new index method,
Dynamic Sketched-Trajectory R-Tree for Network-constrain-
ed Moving Objects (DSTR-Tree) in this paper. The DSTR-
Tree divides the spatial-temporal space into equal-sized grid
cells, transforms every trajectory into a sketched trajectory
with each unit connecting two centers of the grid cells that
the moving object travels through, and indices the sketched
trajectory units as an R-Tree. Since the sketched trajectory
has much coarser granularity than the original trajectory, the
index updating cost can be greatly reduced — when a location
update occurs, even though the original trajectory needs to be

changed, the sketched trajectory may remain unchanged so

[21] Ding Z, Zhou X. Location update strategies for network-con-
strained moving objects//Proceedings of the 13th Interna-
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that the DSTR-Tree does not need to be changed either.

We have implemented the DSTR-Tree in an object-rela-
tional database. PostgreSQL., and compared it with other
trajectory indices in terms of index update costs, storage con-
sumption, query response time, and selectivity. The experi-
mental results show that the DSTR-Tree outperforms the
previously proposed trajectory index methods in running
moving objects databases with frequent location updates.

The paper was partially supported by National Natural
Science Foundation of China under Grant Nos. 91124001 and
60970030.

The research team has been conducting research on
Moving Objects Databases for about 10 years, with a series
of results achieved such as the MODTN database model for
network-constrained moving objects, the UTR-Tree and
NDTR-Tree index methods for moving object trajectories,
the Net-LUM and the ANLUM location update mechanisms
for moving object tracking. We have also implemented a
moving objects database system called NMOD-TFSA, which
can manage trajectories of moving objects and extract traffic
conditions through statistical analysis.

The work of the paper is focusing on the management of
huge moving objects in databases, and can be used to support

quick query processing of trajectories.



