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Time and Space Event Model for Complex Event Processing
in Internet of Things in Farmland

Li Xiang Wang Jianlun Gao Hongju
(College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In internet of things in farmlands, control commands are usually triggered by complex events
which contain many dimensionalities of information. Complex events are detected by combining mass of
atomic events directly sensed by sensors. That is a typical procedure of complex event processing
(CEP). As a basis of CEP, a model of complex events, which describes how atomic events construct
complex events, is necessary. Current complex event models focus on temporal logic, but spatial logic
relations among farmland events are not considered. In this paper, a novel model that considers both
temporal logic and spatial logic was proposed and a relevant XML-based specification language was
designed. In the model, multi-level complex events were modeled to a directed graph. For one complex
event in the graph, based on analysis of temporal and spatial logic relations among component events,
nine time relation operators and eight spatial relation operators were defined to describe above relations;
five time combination operators and seven spatial combination operators were defined to calculate
attributes of complex events from attributes of atomic events. Based on the model, a XML-based language
was defined, which balances readability of users, descriptive abilities and difficulties of parsing and
compiling. The proposed event model and language were compared to those used in popular CEP systems
e.g. SASE +, Esper, etc. From the comparison, the proposed model and language were more suitable
for describing complex events in internet of things in farmlands.
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Fig. 1  Typical scene of complex event processing in

internet of things in farmland
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two periods of time

JH A S5 491 £ T B B ) 760 45 B i) 56 2% BT
75 S A1) B I ) G AR o
TE XS A B 0k REAT in FKom— A FHAF
8 2R A IR 8] L 73 — A 54 18 e A= p [l Py, B
M, (e ,e) =e.ty=e,.t, &e.t,<e,.t, (11)
XPIE B3 R AL 10 (11,12 13, Hor oL 2 5
11.5 5 13.6 5 12 BXFRAY. X 73X JLANE O Al
LIS AT align 3R, FOBUE AT LLJZ begin cend \both |
none , 73 3| TF U 0 [A) %] 55 245 OIS 0] X0 5% #B X 5%
AR FE w3 RS 13 W RN iy,
(e ,e,) , M H e,.t,=e,. t, & e,. t,<e,. t,,
I 8] BE 05k RFEAT follow Fmm— D FHF L A
17— DEMZ)E, W
follow,,,. (e, ,e,) =e . t,<e, ty & et <e,.t
(12)
XFRLE 3 pELL 37,9, HrbfEdl 1 534 5
7.8 59 JEXFR . X 43X JLRE BL AT 2544 align
o, HBUE 9l overlap . tangency . separate , 53 5|
PN SR M) T Bl 3 AR s 3l
INA follow,,,..., (e ,e,), IRE e. 1, < e, 1, =
el <e,. 1,
1.3.3 ZEMXRBMFF,,
JE T H AR TE— A2 ) R R . A AR 0k
FA 2 B, RUAH [R) #0036
TE X658 A5 ) A 0 K A K BT AT < same
(HTR)) wsplie (53 B o
A FAF AT LR AR —E W S AT N . 25 1]
Ju R ook Rl ad SR E SO 8 A, RITAH S Ah
YIS YD TR A A ) s
WK 4 s o



) R AF ¢ T AR T A ER I A 2% 2 Ak R I s A R 157

THES 541

%

P4 s ] 56 & A

Fig.4  Simple spatial relations

FESC T2 8 SO A LAY 00 06 A ) IR O A
disjoint ( F1 25 ) .meet (58] ) | overlap (FI3Z ) . cover ( N
Y)) contain (B 5 ) equal (FH4§) o
1.3.4 WA FC,,

J S S A T s T 8 DA 5 5 5 2 b
T 3 X 22 A I 8] A B (E s SR A B 55— IR
ol g — 2 B 3 — B IR BE . i AT A A 5K
iz B2, N w4 — A IS S #0750

TE X8 I ] f MR G AT continue : ] ¢ F7RI [1]
K, continue ST 2278 AR 2 I (] s Hp 3 5 A
1 d5 MG 1 I i) 5 g o R A 3 I ) B, 7 S

continue(t, ,t,,

)

,t.,=++,t,) = [ mint, , maxt, ]
(13)

ST A A R BB RR L — Beit Al R, &
FFZ ) H A S 2 ) ) B Z IR B 5 i [ Be 2z [i)
AR 5 T LA G 50T 6 I 8] A 2 i ) A 3 X
HE LR R RS 84T o

SE L9 I 8] B 3 B4 intervalunion , 7R SR I
4 ; intervalintersection , 32 71 XK 38 £E ; intervaldifference ,
FR R 24 5 intervalcontinue , 3 718 73 5| K fie ) —
ANy B 8] 0 B W 1 — 1> 45 SR [R] S 1 R A 3
] B
1.3.5 =EFEEMEHAT FC,,

DS RN B SN R S VA Wl T O N
B 7 2 A aE x2S AL E R BUE s RS E)
T —ALE A B — E R i — Ve
i AT DA A B A B R R AT
G & 4 R 2 LT

TE 10 7B G AT polygon: FnTE ML
T A L B TR R 23008 (4 2wk (=
4e) o PLERFRS BT circle: RN IR FREA N
JIT A AE B P R DX 8 ( ) s BRE X8 (=48 )

Xt A2 AR B A R A L 18] A S AT L
WG IEEAE X B SOURE RS
X

E SN 73 [ B 5 345 areaunion , 32758 5K
I 4E ; areaintersection , 32 715 3R 3¢ £E 5 areadifference , 3%
3R ZE A 5 areapolygon , 7R L BT A T i B 7 1 3 %

NI ; areacircle , 3 75 #6) 15 46 4 BE 25 40 Fi A5 5[] 318 ]
(18] DX 3 ( — 4 ) sk OE X (= 4E) o
1.3.6 {4 s fs VA 6 SR g

SE X124 Rl RS R M A recent (f%
B SIS b BB A R S 2 5 R A 2
A= AT s chronicle (fx IH) « F 4 52 BA 31, d5c 0
NS 2 5 B G % F A ; continuous (2L ) :
PRS2 A o (Y B A SR 3 2 5 R A 1 A, B
0 conjunction (A, B) , A B 524 B 51 53 51 Jg {a',
a’ L RILLY 07| B4 AE FE S s T A e 4 L A
FHEH (a0 ) (' b)), (a¥,b" ), (a®,07),
cumulative ( ZFR) : NS th BTG LB 2 5 R G 0%
e, Bl fE RS T K A - R
I ((a',a®) (b',07))

FAF S T FE NS, R A RS 5 R
G FHA G R BR IR o SRS

FE SC 13 2 S5 T FE SR G AT« reserve (fR B ) -
ANFE BRAT AT 52 451 ; removeone (# [ 24 11T ) < #% B 24 Hif
Z 5 REG EHF 1 5 LA 5 removeearly (F5 BR T
RO BERYHT S 5 R E A F 0 S, R B F% BR
Ho B W1 S0 s removeall (R4 5 FE AT ) < B B3 24 il BA 51
TR R e AR S

FAF ST AR R g AR —E BT B T S
B (S5 R S BA S S BT 4 R O T 2 L v B
P2 B R S 8] BB B A 2 A = B ) 3 3
il A BA S BE W sl i 1

AE S 14 % 1R BE A < vimewindow (B [A] 1 30 %
F1) B2 BAE B 220 K — 5 A 1 344 52 4971 3 DA BA 371
HHER . lengthwindow ( BB K £ 18 2 i 11) : BA B h
SEECEOREE AN T BB, B BB A TH B S 8 B
]S
1.4 KEAYBNEXEHHRIES

BT B B A AR R TR, W
JETC T SCPE R R e T TR S ALA AT O AL B
GBI . XHL 2 AT M AT LR BT I O, 1
FH XML i 5 1 S B il
1.4.1 JEAELRGH

IRFA R TE T M EAE RS T i 5
PSR e S AR 2 BB 0 IB R R AT -
< cepl >

< atomset > // Jil - FAF IR
<atom > -+ < /atom > // — R TFH R

< /atomset >

< ceset > // B AR pE X 4R
<ce>-</ce> [/ —NEIF B



158 & o Bl B ¥ iR

2015 4

</ceset >
</cepl >
1.4.2  Jr SRR L
BT F A — A 2R ME— B AT id
It HOR PR A AL AR 19 R, X B2 A A8 G T R
] — RS AL AT 6 €y —Fh 5 F
TEJ& 1 J7 T, R BRI AL 55 R PR A% A s K AR
6] ¢ JT 4G 1) ¢ A5 AN IR] ¢, K A= S0 p 5 Wil Y
rX JLIUR . HAh R T E o
— MR T HF AR E I
< atom >
<id > atomeventl </id > /% J5i T 3 14 4 J5) M —
id
<sources > // T F AR YR 1L AR T 11

< sre > sensorl < /sre > //— KR

< /source >

< otherattrs > // B T BRINJE PN, i SCIHAt & #:
<attr > ol </attr > / — 2@ P

< /otherattrs >
< /atom >
1.4.3 52 A iR s Hl ik i vk
— IR PR R R T F AR AR ES SE
S 1S K WT R K FT BT R FC 4 A5,

HR RS INT
<ce >

<id > complexeventl < /id > //ZJ5 T3 {4 4 /) i
— id

<otherattrs > // B T BRI @ AL, 8 O A %
<attr > ol </attr > / — 2@ P

< /otherattrs >

< eventset > / FH {44 ES
<event >+ </event > //—4${¢&ﬁiiﬁﬂ%%

< /eventset >
< judgefunctionlogic = ” conjunction | disjunction” >
// 7 R KL

< jfunc > -+ < /jfunc > // — 2535 W sk 5L

< /judgefunction >

< constructorfunction > //E‘@ﬁ‘%@ﬁ
< cfunc > -+ < /cfunc > // — 45 )@ P55 BRI %K

< /constructorfunction >
</ce>
Forp, sepisems 5 B H O C, NS 75
PHEE L W) 4 38 . K] I8 eR R logic J& 1 AT IR(E
conjunction B\, 3 disjunction , B & 3¢ 7~ B 5% ) W7 oA %L
R AA True A REVEH S A i A e 2B, JG # R A
T B — 2 HI W SR BN True BV AT 360 42 28 F 0 & 2k
(1) T30 R SIS W 4 3k 1 7
H T S 5] F £ T LT AR N B T SR M R i 2R B
DT BRI, SRS S A W A,
T
< event >
<evn > - </evn >/ FF5| HFEMH
< usestrategy > // & S5 {4 S5 {5 5 s
recent | chronicle | continuous | cumulative /3%
< /usestrategy >
< consumestrategy > // i S ¢4 S 51 I FE SR
reserve | removeone | removeearly | removeall // Z535
< /consumestrategy >
< timewindow > timel < /timewindow > // B [6] % [
< lengthwindow > 10 < /lengthwindow > /& & % I
</event >
X LS S o) feE P R s BO(E I 4 A, g
recent ( 3¢ Bt ) . chronicle ( ¢ |H ) . continuous ( 3% %% ) |
cumulative ( Z2A) o S AF ST A K UE BUE A 4 4>,
53 9 K reserve (& B ) | removeone (¥ i X4 i ) |
removeearly (B4R 58 . ) removeall (B[R FT A ) o
2 2857 1, B ] 8 s B 05 B AS BE  Sh
HzZ, 1T ARIe] . 2 2 A#ERE SO, 7R LT
HEE /N B R A e
(2) 18 & Bt i 1 v
< jfunc >
<attr > // J ) W () 0 8 12 A

time | interval | position | area | source | other

// W] BT
< /attr >
<variables > // Jj T H Wi ¥y 2% &
<var id =7 vl 7 attr = "0l” > atomiceventl </var

> /) T AW ) — > S0 B H g
< constant id =" ¢l” type = " default| float” >
/) T W B — >
value // "] BUIE IR 3C

< /constant >

< /variables >

<fune >f( ${ol}, ${cl}, ) </func > // H| ¥



1P 24

S5 o T 1) AR T 9 IR I S 2 2 A R ) 2 A6 28 159

< /jfunc >

o, ¥ A2 2 S PR, T 0 I 14 = ) 1
WAL E 6 RS AL HE time (FF A AL IF[H]) Linterval
(FPF LA EVE R ) position (FAF K AN E) (area
(AR WAL ) source (F AR R) Lother (F{FH:
b 1)

P 0 W 19 72 o ) A SR PR R 1 T A —
e A, FFR LT ZAR R A T FAE, L s
PESRRUIE other I, iE 5 ZAGWIH B P44 o WY
T4 2 B, default 73 5 1T 2B 1) 05 )@ E aur
TE XL —E; floar T F T SCH B, BUE 9 7% 58
LB TR BUE R

x1 BERNRETRS

Tab.1 Examples for values of constants

A 7R Bl 1t 1
time 2015 =09 - 01, 22:21:12. 000 W E =R
interval ~ [2015 =09 =01, 22:21:12.000; F§HF|=Z#>

2015 -09 —02, 22:21:12. 000 ]
position  (1;3.1) A bR AL

area ((152)5(252)5(2;1)5(151),
[ (1;2)51]

M 2T, E X
KL 55 2
FJE i SCIB 0 fir

e
source { sensorl ;sensor2 | IR AR ES
Sfloat 1.23 T
FIWreR g b e S (R RA T S WAL

PRSI AE o R B SAT E ] A AT e s ]
FIWT AT R B, 40~ after ( $ {ol}, $ {02}) 7 5 B4 0]

TOUHAT splie (S ol S el )7 BE AR AT Z
WEHRA, S {2f - $ {v ¥\ $ielf”,

(3) Jm TR ek Bhl i
< cfunc >

<attr > // I T8 B F AR M4

time | thegin | tend | px | py | radius | ---// ] 3E55
< /attr >
<variables > // Fl T3 148 &

<varid =" vl”

var > // I T & I — D F

attr = 7 ol” > atomicevent]l </

< /variables >

<func >f( $ {oll, $ {02}, -
TR R
< /cfunc >

KEM TR SEFRES A 6 Fh it B, d

) </func > // J@

A RS otherars HR2E T E LK RS . IR E R
PE#L 5 SR s time (& A2 IF (8] ¢) | tbegin ( & A ] [A] 35
Bl 1) ctend (A B RS [R5 0 ¢, ) (pxc (R A Ar
Bop 1 x A bRE) py(ﬁiﬁﬁ p Yy AR .
radius (5505 FI2EAR 1) o SR AR R
I‘i(source)xﬁfﬁﬂjﬂ“Hﬂ@fﬁ?%ﬁ‘ﬂ@%ﬁﬁ@@*
R,

Y anr JBEWUE S FIRJE M4 AR, A
SR P o AN G AT DA o 1 A= v 1
$ tolh + $ {02 ;AT DL AR o] B ) 8 5 54, a0
$ {02 1) ; BCE AT o 25 [A) #
${21),

intervalcontinue( $ {vl}

A BEF areacircle( $ (vl
2 5HMEHEAMNEEERGSH

2.1 EfsH

SIS LB SASE + R0 TR 19 K
AR SCHR Y B S PR R K i R TR o SASE + REGEH
2007 AFE20 A LLoK , BCH B AT 1Y 2 28 AR Ak BE R
G — AFE Tz R

ESURNC-E/S U RS ?Fﬂﬂm% 2 WK (g5
A H5HM B) Ja H b AT R BOK (S 1F C) %A
Mk 1.2 I N "

AR SO 23 ) AR R %0 =, B o, B IR
MFRAR:CIEABZIERA, HE2 RZREMARE,
i intervalcontinue BAFHEE A 5 B gy [a] B T4
W C, BTk E R AW R K] follow,,,,,,,,, 5575 H] T
C iz [ B IR OC & . HOR, B = IE_'D%? C
RAEJLHEAL T A B B3R 5w P AR
%ﬁ 2 RASIRE, 0SSR M areaintersection 7 AF 3K

B WE I f. $F ok E Ry BT ek &,
contain FAFFIWr C Z WAL & KR BARRIE
R

E.(ES=|A,B,C|
IS, =recent
15:{156 = removeall }
IS, = lengthwindow (1)
after(A,B)

FJ. {followwm,e (C. d,intervalcontinue(A. d,B. d) ) ]
contain( C. r,areaintersection(A. r,B. r))
FC.{E.d=C.d,areaintersection(A.r,B.r) }|)

K SASE + 1B AR ZE SR F T
PATTERN .SEQ(A,B,C),
WHERE .
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A.t<B.tNC.d.t0=B. ¢

(A p.x=Cp.x)  +(Ap.y-C.p.y)’ <
A.r.R-C.r.R

(B.p.x=C.p.x)" +(B.p.y-C.p.y)’ <
B.rrR-C.r.R

WITHIN ;1 MIN

RETURN:.C. d

(15)

iR AR R A B C 1 ES ] AR B
W, A r.R.B.r.R.C.r. R /Y5 H k4%

M R R LUE B, A XS T SASE + i F
AR SCHR H AR S S0 L, R 0 o A R A% () &
A o il bk 80k o SASE + 5 2 2 A K
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JUAf I AR B 2 2, B3 3O i 22, 3 XA P A ok i &
Z EMERE . 3 AN TE RETURN HMELIRIR Al r
B r 84

moA 3CE X E g R E
areaintersection A7 WL AE T AE K, I PR o o X
contain .areaintersection AT )T N5 38 44 5 IR F
1A 3 3R G0 56 18G, AN i 2% P T B
2.2 5HMEHRENILR

2 2 FUR T AL FPFRBIR 5 % Y SASE +
Esper '™ U U (R AR BURS B0 ) 42 ) 1 6L 80 1) %
ENCEERES &S D)= 3

FE 2 AT LA Y, A SCHR B 1 48 1 0 i 2
FFRARRTE S R R A S 2R ERNE

contain .

S PRI, 3 B AE S W3R, EL SO 1 2 SR P B XS
R T A 2 0 30 0 S I 0 30— B R 3 T
TREy . [ R XML 7k B8R T ] B A
5 b

x2 AEAEHERIMILE

Tab.2 Comparison among different event models
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SHETE AT R R KL Rx
P S S
SR PSS ST S T S S
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3 &g
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