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Abstract:  Currently, various location-based applications, such as dynamic location alarm services and
location-based shopping promotion services, etc. emerge with bright prospects. Among these applications, the
kernel technique is spatial event detection. The paper adopts Pub/Sub middleware to detect spatial events,
presenting the basic detecting method. Moreover, the paper presents the optimization strategy of detecting the
events which are matched with unary location subscriptions. Specifically, the paper explores the relations between
the regions covered by events and builds the multilevel indexes to improve the processing of spatial events. On the
other hand, it utilizes the computational capacities of client computers and calculates and maintains the safe regions
on the clients. Through this system, the events can be filtered on the clients, and the workloads on the server can be
reduced. The paper has also conducted the simulation experiments on the system which implements the proposed
speed-up strategies to evaluate its performance and costs. The experimental data show the speed-up strategies can
efficiently accelerate the processing of spatial event detection.

Key words: spatial event; event detection; pub/sub; safe region; spatial index

W OE YW ARATEENOER WA P IS LERERS ARETAE IR RS SR I A=
2 A gy ) 6 KA R B e AR R R K AR ST ) o T AR S 18] S 40k T i) B e AR 7 ik 5 B
A5t —AAL B IT 0,218 T A8 R 69 F A M ARAL R B BP A RAZ 1R B a9 R B3R B 3548 T S L A KR89 %
AARLEZSREN A—F @ AREPsHO L) MEF LY b RBBIAER P 2T EFH RET IRS
BOFREN R BB LR TT RA Lk ik R&#) R4 EE TR G T T oMt F4, £ dERF, LR
Hrik T ORAE A5 A A ik o 18] AR A A,

FERIR FAFHFAN R AT A R R w R & 5

Wt 7 A7 AR P AR GE A BE % (B GPS Ml . RFID B4 A5 K5 B, JH P ml LAAR D {8 b WL 5% 30 J] RT3
S5 PR A TR AT I 1) A0S A0 B8 S (FRATTRI A T 7 <) AR AR AT I e A 3 AN AL DA AL I 11 75 3R 7

« BERTH K HREL 542 (60970027)
WCRR IS IF): 2011-07-20; & Fim i ] : 2011-12-01

© HEBEERAET hipd/ www, jos. org. cn



148 Journal of Software #4+34& Vol.22, Supplement (2), December 2011

AN SR SR F R T S BRI A SR AR X L I A g R 2B AT O I LR I S SR R
HE T S (R 7 ) AR SR 2% S, 0 LK 28 2 R 52 2% A () s DA A 7 A2 JT P S 4R E IR I 25 2
W ARV R GE T 28 il ZOWEE N B S i 0 AR A A 4 I S T I O 10 B 2R B 0 R A A AE A E N
(] B A )3 Fig R X3, 4 A 5 4 41 78 2 B A O B 1k % 16 B M 4% A5 T S (R A N 2 < T I AT TR B, AN
W LI e 5% 28 1R 25 ) A (RS 0 5 SRt 32 A L 22 Bl 22 R A0, 3k v 235 o SR AN H AL 0 b AN g b [,
AT 00 P A BRI e B 30 22 28 AL A PR A G FLBE I AT 2 e R R B, P gt e £ 280308, g i AT 3L
0 5 78 5K K T B (R B T 55 o 7 K G L P A T A B B IR SR B I A A
I L Ry V2 NPl 5 RS R 0 SR R A 1T e T T D 7 PR e L B A SR R L IR 45, T A
A3 7 P A e 3t v 473 958 R S I A R O R A

FERAT T T o T rp P B T S KRS i A (0 A VT [ i 13T B 5 Jek % i g
PEAETE T A B B AT T B o () 2 o 5 AT B i — 430 ] R 5 B T xR S R A 2R AT T
K 22T B (W FR B 53T 1) 34 5 8 B SR AT B, S i 17 20 A i1 2 ) S AL ) 249 AT 1) 5 4R A2 4T B, 7
B b AT D B X (K A B A 3 T P T v ) e 5% 8 B2 W D S DR S A i 7 Al R R A 5 54T 1
VCHC, AR5 R AL 1T [ B SRR 25 1T B

H T 2 A R A AT VT T3 v 18] A1 0 A U ) 260 2 1) 5 28 P9 SR 48 E 265 55, A BE il AL K2 o J2 0 I 2 i
PERLIN B 5 5K, e AE BT 208 T 2 A0 A SR AR AL, AT SEEL T REMEAS I I S SR K R AT AT B
P OPSAST AruERSL. A Iy, FRAT T X 2 () e AL I, e vk SEBL T OPSAST LAk i, oAb it it 1 i 17) — Jefir
BT PR 03 SR, D T ) S A AT S FRANAE B i 5 LN T 22 4 DXL o, 30 e x5 g Ak
HE 7 10 BEA 9> 1 % ) i 7 I 55 i B S0 B DA I 55 46 ER R AE I 55 B i S TN T 2 R S IHLL B 1
55 S B 0F — Te Ay AT B ) AL P BE AR S SERUA {E OPSAST ) S 14 24 1 <A AG 0 K A SR

1 WS AR AR SR 2 4 A TR AR (AT T ZRIA 2R 3 iR s () FAF KAy ik, s A 2 T
[F1) 5% 28 B VW 75 5 T 1) — G BT ) PO A A D D0 SR 285 4 15 VP A 2 o) R A I DL Ak T v O Pk BE M T 4.
IRJE AR 4.

1 #HXIE

R AT IR AT T R R SR IR A T 5K R 1 SRR AT LR 5, A D, R P BRI T T
I IR AR 2R AR /D

TR G HermestP45 LUSRA TAS I0 LLJ E-(06 J7 SR (0 57 350k (1 h fig, i Sienal®l. REBECAM,
PADRESII2% 22 S 4R (1t T 368 =51 1138 1 5 22 1N 7 56 2R 110 ] B0 S0 e 0TI AS B WA L i P Xk 2% I A
{9 5 K BRAT LA BT A 3 1) 2R 5 P 7 0 2 ) 0 B O 2R R T A 7™ i B I 5 2R B A 0 A Ak % 2
3% BL AR il o R 4R VAR B SR R AR B A R4 A C O A REMNFIE AL, ZRE R EH
GROEEIP S

FE AR (¥ 258 7] 6 R b b SCHR 7100 25 T B (R 45 Be v« SEBL T 5 AT 13 18 i) within Al distance, {H g 4
A BEAL BR T I AE 2 8] S0 AL T 7 T, SCHR[8]S2 IBM 6 18 JF Ji 4% T) T4 Adb B A B SO0 5 SCHR[93 18 T
2% ()47 4 T (spatial alarm) 77 =K, B P 76 Al B A2 1) 2% 1R 2R (AL LT (5] ) HR 48 5 b T %00 19 28 R X488, 9
B B FR B A P E Qe % S 0] DI, 2 R 2 0 . o () A7 R T B R T — S ) A (e 0, B LA AT A
T B RATIVT B WL (/)78 P SCHR[9, 10145 H 7 56 2% [0 vy T e T P A8 w7 8 e A b, 50O T 222 4 i [ X 1) A 22
A DX I A RGE 0 Sf o o 22 [ 7 2 4R R 1) A B SR [LL14R 4 T SQL KUK (13 5 TR IS R ) b ) i i
B A 3R S A o S (R B A 0 B 2 24 R L A A B A8, S A — N s 4 TR T B BRIV S A S
7B A] R B 2y

I 25 R T 0 I R AT B 7 R 22 A6 B R 48 LA Sy — Py =K R e AT A v R R P TR 1
I 2 A

© HEBEERAET hipd/ www, jos. org. cn



PR IR F A M BARAC R 149

SCHR[12) 04 B B B B (K S AV A Bk T AW R S IHLH]L AW R 5 L D 2 i A2 %t
ESCA SEINPSPSE Y FEat BRSPS 2R T WP e LR TR T U ATE 3 YRS R aS T S AN S o 2
SRME 2 T SV AR A AN 5K R RS Bl 0 B ) 0 B DR 9 T T B0 SR A8 sl A, AT R e a4 BE A
fi. SINAUSIZE I 4% B 70 L S5 B0 1 32 80 0 P 75 SR A P 5 AT TR O 2 o 1 8 ok
fift SINA (¥R A T8 AN ST VR T ™ B 248 58 T s I 5 1) SC AR [ 1413 T4 45 440 A 1A A A8 ol — 6 240 SRC3G A [
(CSP 1] ), I F CSP K fiff &5 K M (H %2 LA CSP SR At ACH AN i Y B A, 2% 07 ¥ 0V A 20N 0] KB ) 2 2 iy

TP T — e 4RI S A AR B, I A5 58 B i 2 B v A BB B0 — JO A BT 1], 75 1 55 %
Ui L2 AR G| AR T ) i L 2 A X g A ST T4 ) S A A P

2 ZTEFEHMITRARE

WATESCLA . OPSAST il A B IR R T IR0 T F 0 R A AL B i B % 3R 2 25— 58 R B
BBl TS 2 B AT FH 8 3R 12230 P 7 1 B AR s o 1D 5 e s i A 0 SR R (R R A A B R A N AR — A 2
AR SRR R 8 T A PR SRR AL S — A AU R SRS, AT R B S A A N 2 T R
AT UL, FRATTFH — A AR R 17 A0 e s 1 e A A AT

OPSAST RFIEET N 2 10 R AT B ARt gl 2 U, o= 3T B 2 — 2R 18 1] 1) 45 B, 36 FEL 0 08 3] SR P 4 4
Ao EH AL RN T BAER ET AT LA T RO O A B ERE S T L T aRIA S R
I

) SRR AT 2 ) Ok R LRI S0, J8 52 2% A AR B 19 3T ) 75 2 P 2% IR) 4 4 77 R 3K 7R .OPSAST 24t 1
B3 (AR E A, AR FE A7 B2 1A 4 3 5% R IR0 g e e /e

(1) Z P (happen-in)iPERF FEATE A N @(R), 244 IN(A);

(2) S EAEFRr HAT L OVLP(R), 2544 OVLP(A);

(3) AH ) Hh S ERAE R B AT SPL(R), A4 R SPL(A);

(4) PEBERAER FAIER A DIST(R;<;l). DIST(R;=;:)F1 DIST(R;>;1),2844 4 DIST(A;<;l). DIST(A;=;1)F1
DIST(A;>;1).

KHLR RR— A FIN 210 TE R IR 1 DI | B, R BE A SRR VT B AE FOR R AR AT b SR AR 3 AR il
B A AL B AE B FRATHE A K S A 25 (A R B AT 2T TR R A — oA BT . TR B O T Rk 1
A1, SCHEH K 'S - RERR AR TT 1), FHAH R 1) /N 'S 7 BER 7 A2 % 0T T B A B L AL B R 1T e b Ronili 2
T AL B I

BT UL b oS (AR AF, R P m] DUTAT B @ (R)A W4 & AR A6 IX 38 R 1) 344 a; T 1T 15 OVLP(A)B 1] LAk il
JUFE AR av DEAF b A A b A T B 0 I AIOE 40T B SPL(A)B R R T i LR A R b i 2B 2R A
a Mgt b;iT [ DIST(R;<;A. DIST(R;=;1)A. DIST(R;>;DA 77 Fl T Ml ik e A 5 X80 R BE S/ T | i
fFa. 55X RE® | ARF a I S5XE R EE KT | F13 a

T I LAY FE 5 R 0 B T P T 15 e 1k 2 [ <A

(1) HHMEMRS

R ZE R 45 29 05 38 1) H AT A BRI IR 45 P AR 5 A R A IR, T LR RS AR AT B, LA B O 2 BT A8 3
HOH ZE 45 R0 dn P ) Al BT £E A A 24 2 000m i Rl Py A 255 28 HH R 2 1 IR . BT DLt AT ASREAS R T
T .

DIST((x,y));<;2000)(STRING:type=“TAXI”;STRING:state="“uncarry”) (AT 1)

VB 1 I OGy) o T S BT B4 B STRING: type="TAXI”;STRING:state="uncarry” 3 7= /| /" X 45 4 i
FHLZE

(2) BFRIETNE IR S

Tl 2% I R TR A DL IO, 0t T LA S LR I T R T LT K T R I U, T AR AT IR 1

© PEBEBSAITT  hip:/ www. jos. org. cn



150 Journal of Software #4+34& Vol.22, Supplement (2), December 2011

AN
@((PointA.x,PointA.y),(PointB.x,PointB.y),(PointC.x,PointC.y),(PointD.x,PointD.y)) (ARITH:ageRange=v-range)
(iTFd 2)
1T 1% 2 H ) PointA. PointB. PointC. PointD &7~ 11 [ X 45 1) 4 AT 55, v-range /& — /™35, M4 4 {15,25,
40,65} A, 73 I ARER 4 FAERE BN B AE . 354, AR AR AT B R omonS L AE O A PR (Y
FETEARIR) (0 H P I GG, I ELRE P (0 4 08 B R A1
(3) A B|iEM ANy 55t
F 7 i BEAE B AR B I B B 3R A3 50,8 A A T AR AT X AE T 1 -
SPL(Circle(x,y,500))(ARITH:group=v-group) (117 3)
T 3 Y Circle(x,y,500) % 7% LT 24 i AL B AR AR O B0« 214204 500 2K 1R TE IX 15, v-group /& —1
HERL TR BG40 X B R R E N I A TR W e

3 Z(EEHRIE

OPSAST RH& J12 M55 33 Ak R &5 1) 76 OPSAST ot 7% [B) F AR A ) FE A I AR A T T RS E AT
%) M2 P it B35 OPSAST [P AR 45458 X B, 23 70 IR 45 4% X1 338 57 FH B (19 DT JC 45 4, 1R sk DA R 2598 X RT3, ) 4
il 25 2 B A A ST AT B B A5 S AT Y R R R SR IR S g JR A S i IR &g LT RAE I LA X AT
B VT B AR DE IS 0 A iR e gy Xl X JE— 2D 00 S0 S A AR R U T, BT E AT 2 [A) 24 3R G & PR A
B AT B, B A L5 1T 5 3 R 1% 38 511.0PSAST vl R SEIL T b il A% 0 st ft

TEEE 2 WS N 3 s b, B 6] R 25 FAD SI R 42 T2 SR AR o, 4 SR AU A R 55 A AT AR A I B 4 7 SR T
SRR R AT 50T RS A% 75 223 Tk VT T 9 B R — A 00 = [R) =42, B DA, 25 R TR R B RS = 2
R AR I 1) RN T T A A 22 (R O TR IsF , OPSAST b v AT 78 20 42 1 T 1 B o X I R) (R S5 R
BEEEGTER 2 5 58 SO — AL BT [, FRATTER T 2 T R 0 P 3 SR s, R S g ) 2 A DX B RN
25 1) 25 1) 2R 51 ok 48 IR 45 s 1140 < 0 00 6 22, 8 v 2 1) A 0 000 14y Ak BT 1 % SR M ST AE. OPS4ST itk
iz .
31 FEXRMAE

7E OPSAST H A T JIWr S AF 2 5 i AL 7B 1T B P R IR 1 2 (R DG R, 75 AT DU T LA V50 (L) SR sy
£, 3A 1 Graham $5HSVELTSR AR A8 TS 3R 2 AN FAE IR A B 4% N B AT TR AR A R A5 ok 03 S 1) o5
ER IS H 1 i AN 2 LB AE N Z B 2 F A AL E SR . (2) HIW S5 N2 B I R e b — AN
AMZAFRM KRR TEER 3 M AENZAEN. SENMZUE L. SENMZARIN BATS iR X LU
PiPiss B35 T 45 X, B

PRL X PX =0,(Rx— X X)X (X.X—PLyX) = 0(R.y — X.y)x (X.y —B;y) =0

B I 4 S AE Y 2 R T2 B AT 414 PPy #H PP xPX >0 84 5 X fEMZiLE
PP I S AEAE R 430 PPy 5 PP, x PX <0 B4, 15 X 15N 2 14T A0.(3) HIWT ™ 230 2 6] (R4 4 5 2. AT
KA Z DTN (in)". “HEZ(overlap)”s “/r i (disjoint)"3 FioC R, B 1 45t TiX 3 Fi#ndh R R MR
NI R BBV SN -SEETLESUNIE P I ik E Sl A E NS W NI i HEE (3
(4) SRR P 4325 ™ 2 1 T ) BE 29 R Sl aO6) PR BE 8, e AR D PR AS SR 2 1) R iR 5 X ) B L
AR it - 7 - Hoond B A SR8 B (B) AT M 2 I TR I D LR B S 0 ARSI 23 TE RN
n—=2 N =M CEATANN 2 30T I AN T o H 2 R T RR), 20 SR n—2 AN = A T I 0 RS, 7453 30 8 AR 1)
IF) B 42 J = A TE (R TR IBORE A5 21017 22 34 T 1 F0, 5 45 1% B0 ™ 2 0 JE 1 Hp o o FRAT T I SR T 2
TTE H e 12 1) TR B VB0 2 15 /N T 50 0 Ik ) W Y S 2 15 R A T (Rl — A b L B IR T 9 A A T A
[ FEAR T, CUSEILAE OPSAST bkl .

© HEBEERAET hipd/ www, jos. org. cn



PR IR F A M BARAC R 151

} S
= Sq

s,

(2) OVERLAP (3) DISIOINT

Fig.1 Topological relationships between two convex polygons
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Fig.3 An example of safe region
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Operator Primitive Subscription R-Tree Index
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Fig.4 An example of the multi-level index
Ka ZHR5I-EH
55 3.2 TANE 3.3 W HIALALHLEISEBLAE OPSAST LAk ki

4 LETTE

T VAL OPSAST AL P BEA T4, FATTKG & 15 OPSAST Bk I A %) bb, BEAT T 25 15286 AT T LU Al
TR S5 RO R AL R4S R SE BT SR 56 6 — o BT S AR TTEC AT T VP As, LLESIE OPSAST ALk i)
AL R,

41 HBEERSIFH=

1% SRS 2 A P S5 2 15 eh LT 8 1 IR] I AL 2 480 A AL ZE A S 3 Hh AN W7 R 3k T s S A
ARITH:id=v-id,STRING:type="“TAXI”,STRING:state="uncarry”,systemTime, X,y
Forhv-id 2 AN IEREE RN LR G T systemTime 7R3 A S (1) 5 AR INF T 5 (x, ) R 7 1% tH L= R 2 T o
B AASEI I FE U S 1e OPSAST #nifkhic, DUALRCHas n— 280 H BITT B 1,98 )5 AN Wr Hi & A A i
e BEAUL L R ZEAT B S e A B, L AT S 8 A7 A ) S P A A ) i ) LA T 22 4 IR AL o AT e IR
B —EAR SR ULES B SR AR R IR AT 20 000 NFfE AT 0% FH AR ST UL BB 5 BoR T
OPSAST i S AL RRAE 1 5256 v (R 20 TR, B 5 b XA i B (M H L AN 1 000 JF46, 4 K i 1 000,
—HHEK R 10 000,Y il 7 M 45 25 I 7 1) UG T5E I ) 55 P A7 4.

00 - m oo 300
—— OPS4ST Optimized Versio —+—OPS4ST Optimized Version
ROOO oo 2SO oo
OPS4ST Standard Version OPS4ST Standard Version
L T T . 200 o
2 =
o B00 ol o, 150 +
100 = 100 -
20O el 50 -
o - o W
1 2 3 4 s 5 S o 10 1 2 3 4 s 3 7 S o 10
Subscription nember (<1000 Subseription number (*1000)
N NS P \,
(a) INTAIIT 49 (b) == FFAY

Fig.5 For taxi scenario
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