328 1o it (=N HL =23 Eile Vol. 32 No. 10
2009 4 10 A CHINESE JOURNAL OF COMPUTERS Oct. 2009

£ T IREN RVID B2 2 88 EE 0 RARNH %
P T RS S

VAR R HE W AR R ORILRE) TR 110004)
DORIR¥FELRF S LR W 110004)

M OE R RESCIHIS AR G N G BB S T IR S5 RO U 0 TR S X AL R G S A A A
Ak B L 22 R LB A T T BTS2 N 8. SO BRI SEM T — FoB B RETD 3 58 A HE SR 45 0 o fR 58 A B AT [ 72 /9 45
28 SR 5 (S 485 4 B gy B0 ) 152 0 A X R AT SR e A B8 0 9 T 900 % A B 6 A /) N X T RE Y (0 IX
AR R AT TE L B BB E P T LSO B T 5T IR Sl R A B A I ) — R AR R RL L 45 1A RO
FE 77 FRE MR RE 2 EHE T 2T R UM 2140 19 m? ROvegP-MRQ 4L 55 35 1 CU-grid KB 45 4. 5086 45 R 16
UE 7 MO R0 7 vk 1) B B A RO

REIW  REID; 8 ol 205 12 2% 5 [ bR 4% s R 5 8% 3 v [ A5 i
HMEESES TP311 DOI 5 10. 3724/SP. J. 1016. 2009. 02052

Study on Processing Probabilistic RFID Spatial Range Query
Based on Mobile Readers

GU Yu"”®? GUO Na” YU Ge"?

V' (Key Laboratory of Medical Image Computing (Northeastern University) » Ministry of Education, Shenyang 110004)

D (School of Information Science and Engineering » Northeastern University , Shenyang 110004)

Abstract  For the applications of location-based services such as intelligent transport systems and
object tracking systems, constructing indexes and processing queries about the positions of mov-
ing objects are widely studied. This paper proposes to utilize a novel RFID system framework,
using relatively fixed tags to locate moving objects with portable readers, to support efficient
probabilistic spatial moving range query. Although the probable position region has been greatly
narrowed, the location uncertainty of the monitored objects still challenges the efficiency of mov-
ing range queries. This paper proposes a probability evaluation model in the RFID-enabled moni-
toring environments. Efficient locating methods are analyzed. Furthermore, based on virtual
grid, an optimization algorithm called m* ROvgP-MRQ and an index structure named CU-grid are
discussed to improve the performance of the queries. The experimental results verify the effec-

tiveness and efficiency of the proposed model and methods.
Keywords RFID; mobile reader; fixed tag; probabilistic; moving range query
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5. for each i€ A do

6. S, NCI—S;;

7. fori=11to M do
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8. il 0.0id€R, Ot \C, 1S, %D then el 5 Ch) et 72 F BT DX 0 B A — A 7T RE AL 25 )
. looid)UC~C UL P A LB G PLR B 5 340 1 2 8 O o 2
10 for cach i€ Cdo B0 HAR SE B0 A0 PEL 3% » 5 0 X 00 ) 251 6 TR 5%
11. S,v*Cf"Sj;

12. if B# then
13. for each i€ B do,

14. if 0,. position is a point A C; NS;#J then
15. superpose(S; ,C{,"m.d .15

16. if o,. position is a region A C, NS;# < then
17. superpose(S; ,C{,’,_W, Lolx,y)) s

18. return {S;|j=1to N }.
4.2 HEMEMCBEEHEZ

R BB [E 5 AR 2 LA/ RE 38 3 Bl 7% 3l 1
B E AR ) BDR 5 JFOR £ ¥ 1 9 BDR 347 58 .
R 2 0 5 B 332 4% ) SRR AL T AR AN L 3% B AR
25 R Hf 4 Hi A7 i A9 2 5065 8 IR AT gl mT L 4
W X PR Y LB R A T A S T RE
g 1 VLS B J 40 vh 2 45 ) 12 4 9 2 A7 . 38 B L 4 /)N
PLR 2 R 0 B2 - AT 75 28 00 X R Y b 45 o 2 L
B A At PO AL © 2 i A AL AE R X2 T E X
26 ) o0 B SR — A R S A o o) i AR R AR
A rh SR A R B Ak A L AR S0 o) 3 4 D
PLR. 2§ PLR 4§ /N3 — & 2 & I (=S, » 0] ICHL T
BT — R U B RS R AL AR (S (DAY 28 S
R A K.

2 i R bR 2 B AL R AR AR A L B — B T e
TRIE T8 23X A4 bR 2 BB AL B — 58 18 ) 12 A% 7Y
PRI TE LY o D 332 4% 50 07 2T o PLR B0
o BT At B O AR AR ) — R A T B S A
AN [ Jo 0 ) — Dl 32 4 10 32 4K, 2 G AL, R AT
superpose (& fit 5 ¥ #l superpose H ¥ [ |2 —
N
4.3 BERLTEZHEE

U SR 9 2R GO P P e e e 5 A A A
THE 0 A 08 SR A B 45 R AR < results = {Coid, p) |
oid.category=query.category \ p{dis(oid.rid) <

>Pmm » I B I A 18] 25 P 90 4 9 2 A )

I 500m Z N HY S AH AL A b ) 8% 3l R A IR L L i
BRI A ] LY G B2 B RE p {dis Coid s rid) <7} Y
{EL. H TP /NS AT B 2 g AR 4 280 Bk E A
J& B PLR #30 BL S0 28 73 413 85 B2 A 249 2 i1 [54]
FE DI A 5 Cad Jir 78+ 25 iy A B 332 4% () I 28 00
BN TR CBET ) 8 ART BRI A bR A &
FEANL A HPLRAVES (b 5 LA B JE X i A.

5L 5 B RAE LE. T T 45 R A TE A R g e X
P SCRISRELE B UE B 5 7

ﬂ"aﬁ a/ .
‘%@ w// =< A
/¥ J \
6 ¥y = ;1/ " @
(g — e @ \\
" : !
i MM m\-“ o
. V. 5
B e
a7

(a) (h)
B 5 AR AE R AR R B

EX AFTEM A, #H— DA ¢ AR
Bl R ey » X T flih 2 #2900 A9 B 32 8% - 7E L PLR Y
B AL 5 BER o, BB /N T R ey AL 71
HH pue=p{disC0; 7)) ZRyuery b - WIH poe KR
BUE Poin s B4 0 )8 T AWM RE. X5 PudE
BIZE pldisCo; ;) <R ey ) LAY 0, % T 2514 ¢
()45 SRAFTERE .

EHE 3. Al AW g MBS 1 PLR 2
AL AR TE A I HEARE L sRBCh o0 (20 ) s HAST]
RERCHZE R H AR o1 PLR 24 B,o. 78 B By HE 3
BRERECH 0. (s ) I H g AR N R ey W

pidisCois7)) <Ry | =

! HPI (psq) [H,Oz (x,y)dxdy}dpdq,
S

Hp s, &5, q>£1‘T7€9éE’J|:iwi JE e (P

WhBTAEEE S B W E G X6 & B PR,
IEA. WES(D) R A A PRI — 5 (pa )

VER vy (7 B AR A DU RIS o, 76 5 160 T8 1L P A HE 5

JJPZ (x,y)dxdy
Plz,y) =%
ijz (x,y)dady
B

b

XET AR B (2 B 0B PR B B | Py -
b Gy MO, S B B 45 8 9 B35 2
1 ,muﬂpz (o) dedy—nr IR 4

{ilzs(o D) ZRpery ) =

JJPl(P Q) JJPz(J ,y)dldy dpdg. JFEE.
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5 ETMRBRISHBIEER
B R

T RATEZE RS 7R3 RFID $#45
PEIREE T 5L T HE 2 10 Y0 B A 30 1Y Ak BEASE B, X T
A RS Bl 0k e AL A E VE R IR T B TR AR T e
o Mg R AL SR AE PLR
FEAS - XN J3 A R I T SRS 5 TAE
S N7 A 0 91 LA S8 8 P8 43 B A IX RS 2 AN
MU BRI a0 B 2% I AR 23 2 R AR M 1 11
55 BRI R (D b B 5338 58, 23 52 e 3] 52
I A 94) B4 A PR BE A0 e by B[R], Kalashnikov 4§
NIHE 2006 4F 85 42 TR R By SRR 4 A R
SE TR ) 5 % o 2 S A AR R eR RGO L A8 AR
12 B TR Al O 2D e W S BB Y 2200 B 1) L i 25 PRI
TS A RN BIT A R A 2R 2 2 A gy
A A 2 RS BT YA B TS R T
P A SR B 51N L 7 B+ Y SO S R U-
grid 5| 25 AL F R0 g da) 23 i JAE DG A 5t 4
WA TAETE 75 1 3 T 8% 3 30 RFID $OR A9 HE
AL # 3l 30 B A 3R 1Y & 2 5 m® ROvgP-MRQ
(RFID mobile reader enabled Moving Range Query
on moving objects based on virtual grid partition
algorithm) FI & 5| 4544 CU-grid.

501 ETFTEMMEINSOBIMEERHRLEE
5.1 1 JEAEE A ST

R AR K 420 4% Rl 73 1 JELARL L 5 B > RFID M 4%
8 4 2% B R 4 i 0 <& A TaTARURH A5 1 T T DX L 4
AT IR A A R G — AN B0, AL o,
MRS G, Gaje[1,0D 3. F M EFE L — 2kt
EN

EX SO RER AL E MRS Soe ). kT MK
Rl 3 a3 18] o PLR A3 Y 98 B AS 15 2 AR R IR AN
/N DI S T — A RS BT A PRR oG & - i3
SERE AL T B0 S8 N L AR A SOKE S T AR bR
() PLR %% 4k A T 0 2L R0 A% & 7325 8] 1) s JE =X
w2 AT BE L B A% B T 5 PLgceS(Potential Loca-
tion gridding cell Set).

WK 6 frs, 5l A AR S FRATR K PLR
8 21 A S RITARE 28 0 A 1 40 39 15 . B kg i b S8 AR
S T AE RS PR BT o B 58 0 A 2 2 ATy W
RIEET

p(G,,)ZUp(zr,y)dxdy D

IR 2 IO 2 T B 552 015 L e
S LA T 6 8 5 TC R B 7 SO % 3 B
k.

K 6 PLR #1522 X #g PLgcS

S T R A R m O XA B P G B L 7E W)
s b HE ST R AT R AR B IO SUAR T HL Gk (15 17
KO0 LR T RAE AR A IR 45 A0
AR BRI NEAE TN 1/O RS, B2 i 2Uhn 2
DR ER AR S IS S il W el DA L o s
PLgceS 5 PLgceS 1Y superpose 3o #2 , 77 %8 % JE AR 1
S W RE A BB SRR st B S T AR Y
G BT LAIRATHR T PIRS B OCE TE b AR R
XFEREANNLG Gy #57Gy | p(Gy)=ZPoor b - W Z 03X
ASGEAT I o P oo, S FIWT HE A~ PLgeS J& 75 1 %
W8 G, MR B S8 BRI 5k 2.

&ik2.  PlgeS k455 2 (PLgeS compression
Algorithm).
Input: PLR

Output: JE%JE 9 PLgcS

1. Zpin =min{x|(x,y) € PLR};
T =max{x|(x,y) € PLR};

2. Ymin=min{y| (x,y) € PLR};
Ymx =max{y|(x,y) € PLR};

3.8 N R

4.y =max{n|dn<au., N\n€ N};

5. ny=min{n|dn=>xm., N\n€E N};

6. m, =max{n|dn<ymm ANn€E N};

7. my =min{n|dn=yn. A n€ N};

8. PLgcS= 5

9. for i=n; to n, do

10. for j=m, to m, do

1. if PLRNG,; # @ then

12. (G ):J.J',O(Jr,y)dxdy;
i)

13. if p(G;j)>>Puo: then

14. PLgeS=PLgeSU (G, ) 5

15. return PLgcS.



2060 it =

Bl

e IR 2009 4F

[F) O SR 5 4 B R 5 2 T b A0 TR 46 R — 4
XA — Bl AT 500 e 40 0 P (E B 912K A
S22 5 v v R R B s L (EL A A T/O JT
SR i LR T Pae 14 358 O 32 47 Hh 4T 75 K.
AT DUAR A [6] B 18 B0 » T LA P o 126 B2 AN AN [ 11
(B 40 Gy BAE — > U SUR 38 5| 45 44 1 — > 23 1y i
T4 R o P o FT URH X R — £,

TEX 6 CHE TR A% BT EE) . T A% R 4y
s ] rp, C o S04 S0 AR 8 SORF 58 T AR FR 1Y
BDR 54 i & T 1 48 W A% %] 73 =5 1] 118 26 7 72 X 3t
J2 Al BE B AL B M 4% BT 5 BDgeS (Being Detected
gridding cell Set).

R A 2 (4D 1A A I A% BT Y A 32 (] 199 A% 50T
Ji X385 BDR AH S HB 0 1) 10 ARUSCLE FE. AR A2
P G357 v RE B 1 B4 o BIVAE 28 3 A 9 REAE
WO A% BTG N 150 7E IS BT IR 5 50 6 Y
G ER Iy WA, R /N R R

AN I 5 5, B 7 8 BDgeS, PLgeS
AR 7 B IX S A B 7 0] A Y 7 A R R AT A
M SCHRL 15 158 42 A 25 I8 B8 A2 14 1R . 774l b oo v
120 5% B 55 70 B S W R T 2 B AR B R dh AR bR
(zy sy T R AR AR (s s v ) B[R] B 5 38 B30 5% H i

0% LT G R RA% 50T G, K 3 1 0 A% FR
IC G, s BEAS WIA% BT R 110 5 HAL 55 0 B 352 45 AIAR
AL E AR BN BT AR AR G (GO T AE
it B AR R A6 (2 1k A b 7055 0 5 A 58 5 AR A L A
G, A 5 3 SR PIAS B8 s AL bR,

5.1.2  XPEEARGE BB

R 495 K 400 050 4% Rl 3 4 ) 35 5 REID £ AR B 1
T m*ROvgP-MRQ B k45 . PLE Algorithm,
udO Algorithm, rel.ocTag Algorithm, CU-gridQ
Algorithm. g1 F CU-gridQ Algorithm )% % i &
WREIR G NS IR FE S P AR T —
N CU-grid R 51450 —[F] ik,

(D) 42 By fr B Al 15 3% (PLE Algorithm)

B AN 20 ) PLgeS 35 M (G} G s &
(9 A BT AN BT R man B AP PLgeS 1Y i

DBFR BN O Gx + p(G) D Gy « p(GH) |
1 1

<i]G,.x -p((},),i}(},.y « p (G IR A A B Z
f PLgeS W B S A1 S’ =22 [a] fiy 25 ] # 4 o B 2
KA. AR = D AT 5 R R 0 B BE A T v, L )
AR 2 2O Al B e 28 78 A BE AR A A7 B AR .

(2) BDgeS WAL E Al 1T

54 F AR KR 9 BDR R R - BDgeS [ J& 1~ B fir
P i< 2 (1 5 R 8 el 1 1% I 2 0 N T O 78
BDgcS 2 [8] /) & in (W) iz 53 B 2% 18 43 A7 % B K [
E TP 2 R A R TE (B 2) v g 2 HE 1Y 3 43 45 el
T 53 H 5 A (udO Algorithm) N5 3
N A i BALES 2 DRTA] L/ % /ol N 25

Bk 3. EHEAER L (udO Algorithm).

Input: #/E%$ BDgcS: A, B

Output: BAELEHR (G p(G))

L ¥ A={(Gi+pa(G))} . B=1{(G; . pp (G, }:

2. T result={G. |G, EANG, € B} 3

/% W result=1{G, |G, EANG, &B) » /;

3. N=Num(result) ;

4. pam=0;

5. for k=1 to N do

6 PG =pa(G) * pp(G)s

7. Pam +=0(Gr) 5

8. for k=1 to N do

9 PG =G/ pam's

10. return {(Gy»p(G)) |G, € result}.

FH 2 1 e 2CbR 28 0 7 B A5 2 AT DL 2 e 132 2%
BDgcS A4 & /Y % B T A% 1 B0, AR i 2o IR 4R
¥ (filter-BDgeS Algorithm) A 4% U 5l /& 16 ol B A &
B superpose i3 #£. )\ PLE Algorithm i £ 1
JHUIE G ey 8 78 — > MRS BT (G ) ORI XY
J A A5 R 4 7E filter-BDgeS & 5 b 36417 4
PLgcS 50 AR AR R 1 0L 2 ] 7 205 25 1Y 0 B 4
He— FA AT 52 4% 52 3 12 [ € 47 % L filter-BDgeS A
P R R AN SRk A B B RS B/ x % /i
WA AR A — 17 B8 R 7R 43D

Bk 4. BDgeS i 3k 8 % (filter-BDgeS
Algorithm).

Input: &M PLeeS: {(Giupi (G}

A [ SE AR ) PLgcS: (G p2 (G
Output; 33 38 J5 i B2 28 PLgeS: {(Gy\ p(Go)) '}
1. SR AAR 45 O A8

(i](;j_f -pz((},),i)(},.y c 2 (G

2. RAFHFRHN (2o y) A BDgeS: (G, o ps (G 5

3. G=1{G NG/} /% G=1{G;)—{G;}s %/

4. N=Num(G); puw=0;

5. % G={(G,, p(G)}:

6. for k=1 to N do

7. p(GO=p (G ps (G / * NOP Z#fE » /
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8. Pam+=p(Ge) s

9. for k=1 to N do

10.  p(GH)=p(G)/ poms

11. return {(Gy,p(G)) .

P % (¥ 5 58 L3Ik (reLocTag Algorithm) 5 3
A B FRA R H 23 HT 2 T B 2 R 18 s 1)
Tkl T A ] A O AR A I O AR A R A A
52 ETFEMMEXSNBHEEEIGERSIEH

Kalashnikov £& A1 42 44 T U-grid ( Uncertain
grid, AN E AR 1K 5 450 AR B S X R A
W E EALE RG] B AT B 7 B R s AL 1Y)
AN P AR S A B 5 B b ST DY SR AR R 5 4
M R X R 51 Z B U-grid Rl

[Fi) PO SR 2R 5 1 N7 28 AL LA D SURY v i
AR T XU S A B0 L /i M R 48 L
FEIL B S U-grid 51 7R84 B0 P A7 O #
KA 5 XA BT S X R e RS fE R T
FZ R R B i 98, HeAh B BT IR A T —
MR )RR TR B R P AR T X LR R & H Y
AT B AF ARG Z W R R A

283 X Bl X R 25 S A A A IR YRR R Ay
Br, FEAT GGG A i) o R AR BT B S X A% sl x4
HEAT R 2 i U A AR G U N B O AN E
A T3 D R A A AR 3 A Y A B A X e AR
PERY L I8, Hon MBR SR b BRI A 045, 76 B 52
Az 3 AN SE PR P A S R R X R R
JUASAS TR 875 W Ccategory) o 4 4« FR AT iE A A
WIE L H2RYE A OO0, B — MR N AR
PERI 73 A TLAS 28 590 B I, 4 /N3 2R 45 ) 55 ik 13X
F S AR R ATTR) U-grid R L5 JEAT T $2 1 3d
BAWE T S 5 )z 0 58 bR B R 51 S5
CU-grid(category-based Uncertain grid, & F 255
AR AN A T D o i T 2 03] ) A A R A it A A1
FAIT . R T 2R A A A R W] R O — R e
KRG B — 42 4% MR category #4741 4H . J)
—HE R HNITA XN RN EEE B MBR AR |
FRECHESR N2 X AP a5 IR BL T 3R & 1 B AR R 22 A7
fiff ) LA

% 3l A 1) B A ) 8 B Y e 2 DA Sl 2 AT 1)
18 8] T g 0 R (B 0>\ Rguery 4 2 A2 1Y 1B TR DX 3, ]
FE PLgeS Y 50 A b 3 A0 B 332 25 B A2 . Ol 15
T3 8 A 0 75 18 A 1T B B 3 0 A0 1 DL 5 B ey
555> A% BT A 52 1 i T DX 0 AL = A DX s
(& 5 D0 0 8 B 3 40 a2 — B IE . A

VS AR L 491 22 B0 A 4n 2R & 3 40 i T AR R T
Awin * 0 WA N 58 2 A0 45 X AN BT, 5 W 3878 58 A
£3,5 . AR 2 7 i) CU-grid & 5| B £ 38 8 1 (CU-
gridQ Algorithm) A&l o8&k 5.

Hik 5. CU-grid E5] &) 57k (CU-gridQ
Algorithm).

Input: filt & 25 30 (79 58 352 85 57 IR rid s Vouery » BT FE S s

AL AR WA P » FoB B A conds
Output: # i Z5 R E A (oid,; s p) )
1. @t rid "] Hash i3 5515 8] H PLgceS H G, {(G;,
(G
2. PR O FRA

(2o ,yu):(iGj.x 'p(Gj),iG,v.y p(G));
1 1
3. AV R PLgeS
G =1{G; |G, €Gy.G; NG N Vuery > Anin =0} 5

4. & results=J ; oids= T ;

5. recg=MBR(G,); Is={L; |recgNL,;,#};

6. JH recg FRm ¥ X I [H & i) CU-grid 51

7. for i=1 to N do

8. if MBRUs[iJLeDNG =V IsLillc]. pam<<Pui

then

9. Is=1s—{Is[i]};

10, FHIRIRE 1 0 3 2% 10 3 8 D SR 3% 51 3 M 30
2 A8 50A R AR A A AR 45 R B AR TR Gy
M= Num(G,) ;

11. fori=1 to M do

12. M = Num(G,[i].0id) ;

13. forj=1to M do

14. if p(G;.0id[j]) = PunNconds(G;.oid[ j]) = true
then
15. if Gi.0id[ j]€ results.oid then
16. results= results\J {(G;.0id[j].G;.0id[j].p)};
17. else results[indexo f(G;.0id[ j]) ].p+=
G;.oidlj].p;

18. return results.

6 X I

TR FATT T S 3 45 R B — R AN G S
& 0 AR 0 5 v 1 1 e S A RCPE. S 1 T A B
B CH++155 2, 147 3 5% 2 Intel Core 2
Duo2. 00 GHz 4b ¥ %%, 2. 0GB N 4£,120GB SATA
fifi#% , Windows XP #:/E R 4:.
6.1 LWiKE

FRATINIIAT 2803 i 235 2R 18 A 4 1 V9 7y T 43 B
RIE MR TIGHRA RE. 3R 1 B4 795w
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SR RN T LS H0) P B U CRLIA s 6.2.1 BRI
BROAE 00T A9 IR . BRSO T JRATH 3 5Bl AR5 DA 1) Ab B R AR e 1 R BE (s peediup) Fl
7. 5km® f [ X, R4 SR 400 X 400 By R 0L k& R 55 1/O 38 {55 12 FEAG I 2 BE (T/O-cost ) W J5 T X B 4 F
BT IR KL R S5m. M5 5 09 B4 A5 AR, speed-up & AT B 5 HeA T 12
FEATICN: [ 2 AR ZE BT b7 B9 50, B sh A % N Xof A A A ) 0 7 4 AT ) TR E) R e B Ak B

0.3, %31 AN 1h, B R 3IEE & KT+ 500m. T H
KN A 1024bytes, K45 PLgeS WIHE R 8 (H S 5

Pdoor =0.1, ﬁ*ﬁ ttfﬁﬂ%ﬁlﬁﬂﬁ Amin =0.5
x1 ZWSHE
5 TR A S 94
Ryyery(m) 1000, 500~2000 S B B [E X))
Ria(m) 250, 100~400 5] 32 45 1 AR S B AR
Tresult 0.5, 0. 1~1 Ty 5 AR R R AR 2 18
grid size 400, 200~800 XA K% 2 ] 3 %%
N category 5, 1~10 432 category HYBUH
N g 20000, 10000~30000  Hi F-HR2% 4%k
N reader 2000, 1000~3000 Z G5 B R R R

6.2 RWHERDWH

FeATT LA %% B s B0 S MR R AE I 2 1L
(Y HE ARG 1 (basic) s 551 A U-tree 5| 1Y R A H
1 (U-tree basic) B4l ) F WIA& X1 4 VE DL Ak i) 3%
(naive grid) \ 51 AJE T RI4% (4 10 SRR 51 45 48 /19 53
% (quad-tree grid) M 5| A CU-grid &R 51 45 ¥ 19 1
B3 (quad-tree CU-grid) fE Fo &8, 4 T ¥4k 54
25 A A A ER 43 6T R R Y 52 e 2% B A B B 2,
SERBE K R 5 basic BTG S BMEZ I
(B Z O .

16
” —s—quad-treeCU-grid |~/
---&-- quad-tree grid
12t = e--naivegrid =~ oo e
X . .
3" 10}| —8—U-tree basic
= —-o-- basic
S QT
é (O R Rl T s e 7 SR
4 T T T o T
ol .
. 3= i B e Sk e
0 O Ol 02 03010.) 06 0708 09 10
e
(a)
Bl 7 T
10
9 —s—quad-tree CU-grid | ..
o4 quad-tree grid
81--e--naive grid
7{—a—U-tree basic
3
of
N R i, SEt A A LR LR EEERELREEREREE,
T
2 ...........
1t-o--—e---o —To- T—g_—- O -~ —t.)_——-_--g::--;-
1 2 3 4 5 6 7 8 9 10
category
(a)
& 8

JEZ M5 1/ Ocost 44528 51 FVECHE W9 75 18T 4 2.

K7 R 785 RER BE Do 5 speed-up Hl
I/Ocost ZEAEIEZR. WNE 7)) PR s BEE [reate TH 5 5
L) basic & 3 #E, quad-tree grid 1 quad-tree CU-
grid 1) speed-up 75 AW i 32 = 8 B2 K B RURAS
B I 7(D) iR B E e T 55 » basic #1 naive
grid {4 I/O-cost TCHH B2k, HoAth BB 519 I/ Ocost 3
FEAT. JR R 2 quad-tree CU-grid 7& CU-grid & 5| )2
PG AL D A (B 38 H AR XT 4L 1T quad-tree
grid f1 U-tree basic £ quad-tree ‘&R 5| )2 Wi b #1715
U8 s naive grid TEFLHE B Z HI A M Do X H AR HEAT
TuE. B quad-tree grid 1 U-tree basic i T
—#Br Hbr AEIE AR 5] 1/O-cost ANHERE Z 0.

K 8Ca) ffr7n s quad-tree grid FlI quad-tree
CU-grid Y speed-up &= 1R £, U-tree basic
DB FA A O B AR R A 8 (b) B
U-tree basic, quad-tree grid fl quad-tree CU-grid
) 1/O-cost Wb 1T ARZ , HA S8 To W] A8 Ak, J5 I
& quad-tree CU-grid £ CU-grid & 5| )2 1 _F 8t T
IR 1T category AY{H o 38 H A5 X 4, 1M quad-tree
grid #l quad - tree basic 7F quad - tree & 5| /2 i I i#F

500

—s— quad-tree CU-grid

-4+~ quad-tree grid
e-- naive grid
J. St

0
0 0.1 0.2 03 04 05 0.6 0.7 0.8 0.9 1.0
Desus

(b)

IS ELR U &SR

400;----- —a—quad-tree (,U grid
vo 300 e 4--- quad-tree grid
S ool B e naive gri
T 300 g +E tree basic

caregory Xof 2T U A5 1K) B2 W)



10 49 Ay

U 45« T B 2l B 132 4 19 REFTD A3 2 25 [1] i 6] 25 i 50 R A WF 52

2063

Frid 4§ s naive grid Fl basic W J& 7 % 5 X R 2 T F
I category Xof £7-7EME = 14 J P {00 DA KT A
L RERIME . i Tl i category YME AT LA 38 1Y
HARX REZ MR 5] 1/O-cost W] L) 2.
6.2.2 UERATE TS THE
recall Fl precision 2% F RV e A A
T 5 e e BT ) A R E R S AE AR ST R recal LA
precision FE SCANT « B B AT SCHE Tl ME 4 58 1 15
P ARG R ICRES M result_p FR  TZA
MIHERR 45 R TT R B result _ace RonIFH 1p
= result _ acc () result _ ps fn = result _acc —
result_p, fp=result_p—result_acc, W] recall =
tp

.. tp T VIr 2 TIA
— recision—=———+—— fEUEIT 2 IR L
aptrm? pfpy AT Z VS
IS BUREIR recall {HA precision Q1 REAE NS
1.00
090l @ basic |
“ || O naive grid
0.981 quad-tree CU-grid [*777 77777 i
0.97
. 0.96-
< 0.95-
= 0.941-
0.93}-
0.92f-
0.91}-
090 500 1000 1500 2000 2500
Ry
(a)

B BUE AT L. B T quad-tree grid 5 naive grid
A HERRPE AR [R] » U-tree basic FI basic (1 fERfPEAH IR .
N H2% & basic,naive grid 1 quad-tree CU-grid ¥
recall Fl precision B H].

B9 R T R oyuery W4 A S5 HY 1 #5900 25
HERRPE RS2 & 9 P B A 9 B i 4ok
BB recall F1 precision B E ¥& 5 » basic
recall fB Ko S A TR W M B s o (HL AR B 12 Y recall
F precision HREEILF] 92% L) b, JE[H 2 basic B3k
53 T A 2808 A ok F b fi AR 3 iz B X PLR AN
BDR #9155 B SR IRAFAT 8 58 58+ DR X 7 8 Y
A REVEAG T S HEA . T T AR B AR L e T
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Background

For the applications of location-based services such as
intelligent transport systems and object tracking systems,
constructing indexes and processing queries about the posi-
tions of moving objects are widely studied. Compared to the
traditional positioning technology such as GPS and GIS.
RFID technology is relatively cheap and predominant.

This paper contributes on the field of RFID data man-
agement. It proposes an RFID solution for real-time locating
the moving objects. Although some researches have studied
the organization and structure of this kind of RFID system.
the technology and the basic model proposed by this paper is
different. The model and method of these works are not suit-
able for the problem and scenario, which can not support the

real-time probabilistic moving range query effectively.
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This paper proposes to utilize a novel RFID system
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jects with portable readers, to support efficient probabilistic
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