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Abstract: An importardt task of expert systems for precision farming is to recognizing composite situations in farmfand to
control intelligent devices to precision farming. In the existing expert systcms, knowledges of composite sifuations are
constructed to threshold inequation or production rules. However, threshold inequations could model only simple situations
and production rules are complicated and lack readability. Complex. event processing (CEP) is a helpful online pattern
recognition technology. With CEP, composite situations can be detected according to pre-specified complex event patterns. In
this paper, a novel model for complex events from sensor network in farmland is proposed, and a relevant event specification
language is defined based on XML syntax. The model considers various influencing factors to judge and construct farmland
complex events in a comprehensive manner.  Especially, it supports mathematical, temporal and spatial logical relationships
among constituent events of complex evenis. Spatial logic is necessary to model complex events from distributed sensors, but
it is not supported by traditional complex event models, Data for 1 year from 27 sensors deployed in a 10 meters by 10 meters
square farmland are collected. By analyzing the sensor data, five kinds of typical composite situations, i.e. rain, dry, irrigation,
seepage and sensor damage, are constructed with the complex event model and specified with the spéciﬁcation language.
Tests indicato false positives and omissions rate of our constructed complex evets are significantly lower than threshold control,

the readability is better than production rules and complexity of specification is significantly lower than the widely-used model
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1 Imtroduction

With wide use of intelligent agricultural expert
systems in precision farming, the concept of “intelligent”
is discussed more frequently. A necessary ability of an
intelligent agricultural expert system is that it can
recognize and respond to more composite situations in
time. Nowadays, with the development of Internet of
Things technology, more sensors are deployed in
farmland to sense mass of status of air, soil and plants.
should be

recognized from several dimensionalities of data from the

Composite  situations more  precisely
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mass of sensors deployed in different places, than from a
single sensor. For example, rain is a composite situation.
When it is rainy, a rain sensor in weather station can
sense the rain and soil humidity sensor can sense the
change of abnormal high humidity of soil. However,
abnormal high humidity from a single sensor is not
enough, for it may imply the sensor damage, instead of
Tain,

For this demand, traditional threshold control
methods are not suitable, because only simple situations
can be modeled. Many expert systems based on
production inference were developed (Liu, 2007; Janssen
et al, 2010). Although composite situations can be
modeled in production rules, the specifications of these
rules are complicated and lack of readabilities.

Complex event processing (CEP) is a helpful pattern

recognition technology. Each composite situation can be
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modeled as a complex event, which describes necessary
data from sensors and temporal and spatial relationships
among these data for recognition of the composite
sitnation. CEP algorithms are used to online recognize
and detect composite situations from atomic data
depending on the pre-specified complex event patterns in
real-time. Preeise construction and specification of
complex events with an effective complex event model is
the key to precise recognition of composite situations.

In the recent decade, complex event models, real-time
gvent detection algorithms and applications in different
areas are developed (Buchmann et al., 2009} In 1990Cs,
CEP was used in database management systems, in which
semantic graph {(Chakravarthy et al, 1994), Petri net
(Gatziu, 1992) and finite state autornata (Gehant, 1992)
were the three most widely used models to construct
database complex evenis. The models have supported
mathematical logic and simple temporal logic, but their
structures were {00 abstract and thew readabilities are
poor for users. In the late 2000s, it was found that CEP is
effective to process event flow, so the technology got
paid attention again. SQL-like models wers developed
(Wu, 2006). Then a regular SQL-like model was defined
in SASE+ systemn, special operators like Kleene closure
are defined (Diac et al, 2007). The model of SASE+ is
still one of the most popular model now. A shiding
window was added to the model (Kriimer, 2009}, Another
popular model is defined in Esper system (HsperTech,
2016). I ie also a SQL-like model. In addition, a
XML-based complex event model is proposed in (Zang et
al., 2007}, Some new complex logic operators to specify
composite situations are defined n IBM Amit system
(Magid et al., 2010). The models above can describe very
composite situation and have suitable readabilizes.
However, these models have not considered spatial logic
relationships among constituent events, so they are
lengthy when specifying complex events from sensor
network distributed deployed in farmiand.

In recent years, CEP is viewed as one of the leading
technologies of Internet of Things (Haller et al,, 2008).
Event models and process algorithms are widely studied
(Fengjuan et al., 2013; Jun et al., 2014). However, the
advanced technology is varely used in agriculture.

Precisely model and specification language of complex

events of internet of things n farmland are insufficient.

In this paper, a novel complex event model for
farmland complex events is proposed and meanwhile a
relevant event specification language is defined based on
XML syntax. Five kinds of typical composite situations,
Le. ran, dry, wrigation, seepage and sengor damage, are
consiructed to complex events by analyzing data from
actual sensor network in farmland and specified with the
specification language. Tests indicate false positives and
omissions rate of our constructed complex evets are
significantly lower than threshold control, the readability
is better than production rules and complexity of
specification ig sigmficantly lower than the widely-used
model in SASE+,

2 Complex event processing

An event is variations of some states in the physical
world. It is usually “complex”, ie. several or dozens of
states and variations of states need to be considered, so it
is called complex event. Conversely, a variation of a
single state is called an atomic event. A complex event
could be specified in a pattern, which describes how the
above-mentioned states and variations (1.e. atomic events)
determine whether the complex event occurs and
information of the occurrence. When 2 system is
monitoring huge number of states In physical world, a
nurnber of atomic events can be detected and coniinually
converged into an atomic event flow. From the flow, a
complex event processing algorithm is used to detect
complex events according to pre-specified complex event
patterns.

There are two hot research topics in complex event
processing area: 1) how to model complex events and 2)
how to efficiently detect complex events from atomic
event flow. This paper focuses on the first topic. A model
of a complex event includes constituent atomic cvents
and their rtelationships which can be described with
mathematical logic, temporal logic and spatial logic
functions. For example, {(((E\AE2); E3); (F24Ky)) 1s a
complex event, in which Fy, £a, E;, Eq are atomic events
and linked with two logical operators: “A” and 7,
respectively denoting mathematical logic function “and”

and temporal logic function “sequence”. With *
({{HND_Dbd 823
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2.1 Complex event model

A complex event model with spatial logic is proposed
and a specification language to describe complex event
models is defined. In the model, an event is formal
represented as E=(i, a}, a={d, #, ¥, p, 0}. a is an attribute
set, In that, d=[#.1] and ¢ denote time period and time
point of the event occurrence; » and p denote spatial
region and spatial position of it; o denotes other attributes
of the event.

Figure 1 illustrates hierarchical structure of complex
event model. A complex event consists of constituent
cvents. Whether the complex event cccurs or not is
determined by constituent events. Attributes of the
complex event is calculated with attributes of next level
of events. Four sets determine occurrence and altributes
of a complex event: £§, I8, FJ, and FC.

Complex event A

N

N

Complex event B

)

Complex event C

}

Complex cvent D Complex event E

NS

Figure | Hierarchical structure of complex event model

Complex event F

(
(

ES is constituent events set. For example, in Figure 2,
ES={B, (.

IS 18 occurrence consumption strategies set, that
determines which occurrences of constituent will be used
or removed. Different consumption strategies can be
chosen for different constituent events.

IS=(ISc, ISk, ISw) (1

IS¢ — chosen strategy of occurrences of constituent
events wused to assemble the complex event. Four
common chosen strategics are: recent — choosing newest
occurrences of constituent events; chronicle — choosing
earliest cccurrences of constituent events in the time
window; continuous — choosing all occurrences of
constituent events and assemble several occurrences of
the complex event with different combinations; and
cumulative — choosing all occurrences of constituent
events and assemble only one occurrence.

15z — determines which occurrences will be removed

from the constituent ¢vent occurrences flow after the
detection of the complex event. Usually only newest
occurrences are usable to detect complex event, so
unusable occurrences should be removed because of store
space limitation. Fowr common remove strategies are:
reserve — Not removing any occm'fences; Femoveone —
removing all occurrences in IS¢, removeearly — removing
all occurrences in IS¢ and removing all occurrences
occurred early than them; and removeall — removing all
occurrences m the time window.

ISw — determines the length of the sliding window of
the constituent event occurrences flow. New occurrences
will be added to the window continually and occurrences
out of the window will be removed. Two common
window strategies are; timewindow — occurrences
occurred in a period keeping i the windows; and
lengthwindow — a certain number of occurrences keeping
in the window. Here which occurrences can be remained
in the window is determined by both IS strategy and 7Sy
strategy.

F.J is a function to judge whether the complex event
occurs.

Fi({ea|Ve€ IS, (ins(E,),ins(E,), ...ins(E, N}

:{ true, complex event occurs T (2)

false, complex event not occurs’ 7

FJ=FJ,, &FJ, &FJ, &FJ,

[l

F'Jaccr = Cj(eﬂz---: CJ] (eﬂ’"‘):---)
F‘Id,r = TJ(el.l.r,eﬂ.d,..._,Tji (ejl,t, ejz_d,___),._.) (3}
B, , =5, .p.e,r,..5) (e, p.e,r,.),..)

FJ,=0J(e,0,..,0J(e;.0,.).)

FJoeer defines rules to judge whether necessary
constituent events occur. FJ; . judges whether temporal
relationships among -constituent events in IS. meet
requirements by calculating d and r of them. FJ, , is the
function for

judgement with

arguments r and p, and FJ, is for other relationships with

spatial relationships
arguments o.

eg — an occurrence of event £

ins(¥) ~ occurrences flow of ap event E.

exx — attribute x of ex.

CJ, TJ, 87 and OJF — occurrence, temporal, spatial and
other judgement operators. All defined operators are
fisted in Tabie 1.
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Table 1 Defined oceurrence (CJ), temporal (7.7), spatial ($.7)
and other judgement operators (O.J)

Category Operator Implication
con(ey, p, ...
of £, Aep A All of events 4, B, ... occur
dis(ey, 23, ...)
s or e, ve, v One of eveats 4, B, ... occurs

any(ey, €, ..., 1) Any nevents of 4, B, ..., ocour
nof(es, eg, ...)  None of events 4, B, ... ocour

count(ey, n) Event A occurs for » times

sync(eqd, ent, ...p) Events 4, B, ... occur in the same period p
between(ey.t, ep.i,
ert)
sequence(ey.t,
ég.f, <.,)
after(eq.t, ext}

Event B ocours between A and C ocour.

Event 4, B, ... occur in the order

An event B occurs after an event 4
dofan event 4 15 in d of and event B, i.e.
ina,m (e.e;0=e,f, e b &e f ek

Values of subscript align:
7 infe,.d, eg.d) begin - e, 4 =eyty

end- e d =e.d

both- ety =ey 1 Ee t, =eq b,

none- ek, >egk &e,l <epl
An event B oceurs following an event 4, i.e.
Jollow,, (e, ep)= e fy <epdy &e,ty <egdy
Values of subscript align:
Jollowlesd. epd)  soparate- e, <e,t,
overlap- et > eyl

tangency - £,.4 =¢p.d,

same(eyp, epp)  Event 4 occurs in the same point with event B

spliesp, esp)  Event A occurs in the different point with event B
inside(eq.p, epr) Event 4 occurs in the region of event B
outside(e . p, egry Event 4 occurs cut of the region of event B

Region of e, is disjoint with region of ez

)

Region of e, circumscribes region of ez

Region of e4 overlaps with region of ey

disjoint{es.r, eg.r)

circumscribe(e,.r,
eq.¥)

ST overlap(eq.r, ep.r)

Region of ep inscribes with region of e4

inscribe(e,r, epr}

Region of e4 contains regi

contain{e..r, eg.¥)

Region of e, is the same a5 region of ez

equal(eq.r, es.r)

Other relationships to judge occurrence of the complex event with

o7 attributes of constituent events

FC is a function to calculate attribute set a with
attribute sets of constituent events.
e,.a=FC({ea|Vee IS, (ins(E,),ins(Ey),...,

ins(E D), E; € ES @

FC=(FC,,.FC, ,FC,)
FC,, =TCle, t.e,d,...TC (e, t,e,,.d,..),...)
FC, ,=58C(e,.p.e,r....5C{e; .p.e,r,.)...)

FC,=0C(e,0,..,0C (¢,.0,.),..)

)

FC,; is the function to calculate the time pertod (d)
and time point () of an occurrence of the complex event.
FC,, is used to calculate the spatial region (+) and spatial
point (p). FC, is used to calculate other attributes (o). TC,
SC and OC are respectively temporal, spatial and other
calculation operators. All defined operators are listed in
Table 2.

Table 2 Defined temporal (TC), spatial (SC) and other
calculation operators (OC)

Category Operator Implication

Calculate the time point of complex event £
by numerical calculation of time points of
constituent events 4, B, ...

neledt, ent, ...)

Time period (d) of complex event E is the
minimum period that contains all time

continuelest, esd, ...) points (¢) of constituent events A, B, ..., i.e.
ed = [mg'n 2.4, max e.t]

The union of all time periods of constituent

events 4, B, ..., 1e.

epd =e,dvie,du..

c . . X The intersection of all time periods of
interalintersection{ésd, conetiment evenis 4. B, .. Lie

intervalunion(es.d,
eg.d, . )

erd, .-.) e.d=e,dmegdn..
The relative complement of d of eg with
interaldifferencel(e .4, tespect to d of 24.
€54} epd=c,d\e,d

Time period (d) of complex event £ is the
minimum period that contains all time
interalcontinue(esd,  periods (d) of constituent events 4, B, ...,
eg.d) ie.
e.d= [m‘j.n & £o, IAx el

centroid(e.r) The centroid of the region ().

Spatiai area () of complex event £ is the
minimum polygon that covers all spatial
peints (p) or all regions of constituent
events A, B, ...

polygon(esp, ep.p, ..)
or

polygon(e,r, eg.r, ...)

Spatial area (7} of complex event E is the
minimurm circle (in 2D space) or ball (in 3D
space) that covers all spatial points (p} or all
regions of constituent events 4, B, ...

circle(e,p, 2s.p, ...)
or
circle(er, eg.t, ...}

‘The union of all spatial areas of constituent
areaunion{esr, ep.r, ...) Svents A, B, ., ie.
g r=e e rJ..
sC The intersection of all spatial of constituent
areaintersection(eq.r, events 4, B, ..., i.e.

exfs ) e r=e,rMeg M.

The relative complement of # of ep with
areadifference(ey.r, epr) TESpecttor of ey.
e r=e.r\er
Spatial area (7) of complex event E is the
minimum polygon that contains all spatial
areas {r) of constituent events 4, B, ...
Spatial area (r) of complex event £ is the
minimum circle {in 2D space) or ball (in 3D
space) that contains all spatial areas (r} of
constituent events 4, B, ...

areapolygon(ey.r,
egr, ...)

areacircle(esr, egr, -..)

Other relationships to calculate a of the complex event with atiributes

ac of constituent events.
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2,1 Complex event specification language
A complex event specification langnage based on
XML syntax is designed to describe complex events.

For atomic event, identification, sources and attributes

will be specified, and for complex event, identification,
ES, IS, FJ, and FC will be specified, as Table 3,
For a constituent event, a judgement function and a

calculation function, the syntax is as Table 4.

Table3 Syntaxes for specifying atormic event and complex event

Atomic event

Complex event

<gtom™ // an atomic event
<id>atomevent]</id>//identification
<sources>
<sre>sensor]</sre=/fa source

</source>
<attributes>// atiributes
<attr id="01" type="x" var="true} false™> ol </attr>
Hfan avribute, typeisd || r|p|o

</attributes>
<jfumc> //a judgement function

</jfunc> <fee>
</atom>

<ce> // a complex event
<id>complexevent] </id>/fidentification
<otherattrs> ... </otherattrs>//other attributes
<eventset>//constituent event set ES
<event>...</event>//a constituent event and its occurrence consumption strategies

</eventset>
<judgefunction logic="conjuncrion|disjuncrion®> /fjudgement fimcticns

</judgefunction>
<calenlationfanction>/calculation functions

</calenlationfunction >

Table4 Syntaxes for specifying a constituent event, a judgement functien and a calculation function

Constituent event

<event>
<evn>...<eva/fid of the constituent event

<chosenstrategy>recent | chroniele | continuons | cumularive</chosenstrategy>//ISe, with 4 options
<removestrategy>reserve | removeone | removeearly | removeall </removestrategy>//ISg, with 4 options

<timewindow>timel</tfimewindow>//time window
<lengthwindow>10</lengthwindow>//length window
<fevent>

Tudgement function

Calculation function

<judgefunction legic="conjunction|disfunction’>
<variables>//variables for judgement
<var id="v1">//a variable
<evn>el</evn>//constituent event “el”
<oce>]<foce>// oceurrence serial
<attr>ol</ attr >// an attribute “01”
<fvar>

</varfables>
<jfunc>/1(${v1},${v2},..)</jfunc>
<jfunc2(3{v1},3{v2},...)</{func>

</judgefunction=>

<calculationfunction>
<variables>//variables for calculation
<var id="v1">//a variable
<evmrel</evn>//constituent event “el”
<pec>1<foce>// occurrence serial
<attr>ol</ attr >// an atribute “o1”
<fyar>

</variables>
<cfune attr="d|¢jr|p|...”>
JE1LEv2},..)
</efunc>
</ealeulationfunction>

3 Construction and specification of complex

events in farmland

3.1 Data

Data are collected from a 10x10 m® farmland in
Shangzhuang, Beijing. The farmland is empty, no plants,
except for grass. Nin¢ monitoring points are assigned in
the farmland, illustrated in Figure 2a. In each monitoring
point, three sense soil

sensors are deployed to

temperature and moisture respectively in 10 cm, 20 cm

and 40 cﬁl deep, illustrated in Figure 2b. One weather
station is deployed in north of the farmland to sense air
temperature, humidity, rain, wind direction, etc.
Frequencies of data sensing of soil sensors and weather
station are the same - once per hour. The data was
continued to collect in near one whole year, from May
2015 to May 2016. The soil moisture data sensed by
sensors in the 10 cm in nine monitoring points and
rainfall data sensed by the weather station from May

2015 to May 2016 are illustrated in Figure 3.
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Soil surface
Sensor A 10 em
Sensor B 20 cm
Sensor C 40 cm
Weather station O
a. Nine monitoring points and one weather station in the 10 meters b. Three levels of sensors deployed in each
by 10 meters square farmland monitoring point
Figure 2 Setup of soil temperature and moisture data collection
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Figure 3 Soil moisture data sensed by sensors in 10 cm at 9 monitoring points and rainfall data sensed by the weather station from
May 2015 to May 2016

3.2 Atomic events

For single sensor, five kinds of sensor data can be
considered. The basic atomic event is “update data event”,
denoted as u, which occurs when the sensor updates a
piece of data.

“Higher event” and “lower event”, respectively

denoted as & and I, which are defined by data from single

sensor at only one time point, imply the value of the
sensor is respectively higher and lower than a threshoid.
For example, soil moisture is impossible higher than
100%, so “higher than 100%" is a higher event.

The other two kinds of atomic events are more or less
“complex”, because they involve data from single sensor

at two time poiats. In order to reduce the complexity of
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complex events, the two kinds of frequently-used
“complex” events are regarded as atomic events. They are
“increase event” and “decrease event”, denoted as “7” and
“d. “increase event” implies that the increase of the
sensor value from the previous time point to the latter
time point is higher than a threshold. “decrease event”
implies that the decrease is higher than a threshold. For
example, “increase 20% between two time points™ is an
increase event,

Thresholds for atomic events are determined by
statistics. Considering mathematical expectations (mean)
and standard deviations (s¢d) of all data from a sensor, we
suggest that thresholds of higher event and lower event
should be respectively meant3-std and mean—3-std, and
thresholds of increase event and decrease event should be
1-std. For example, for 10cm senor at point 1, mean and
std of all soil moisture data are respectively 20.12% and
8.11%. Thus, the suggested thresholds of higher event
and lower event are respectively mean+3-std=44.45% and
mean=3-std = —4.21%. Because mean-3-std<0%, the
threshold of lower event should be 0%. The thresholds of

50

40

increase event and decrease event should be 1-std=8.11%.

An example of higher event is illustrated in Appendix
L _

3.3 Complex events

“Sensor damage event”

The first kind of considered complex events is “sensor
damage”. Only after filtering “sensor damage” events,
other complex events can be recognized correctly.

Figure 4 illustrates the data of the 10 cm sensors at
seven points. Four sensor damage events occur at 7%
point. From the figure, obvious characteristic of a sensor
damage event can be found. Firstly, each sensor damage
event can be detected with a higher event (%), a lower
event (), an increase event (i;) or a decrease event (d,),
but it is not enough. In the broken blue circle in Figure 4,
increase and decrease events of 10 cm sensors at all
points, which imply there is a rain or irrigation event, but
not sensor damage event. Thus, it implies a sensor
damage event that &, [, i; or d; occurs at only one sensor

while those atomic events have not occurred at other

sensors at the same time point.

— point 1

30

20

Soil moisture, %

-20 i I

ol Damage of sensors

point 3

—— point 5
~—— point &
~=— point 7
— —— point 8

— point 9

26/07 27707 28/07

29/07 30/07 31467

Date (day/month)

Figure 4 Four sensor damage events of the 10 cm sensor at 9 pomt

To construct the complex event of sensor damage,
above-mentioned four kinds atontic events are constituent
events. Only the newest one occurrence of each atomic
event needs to be considered, so their IS¢ strategies are
recent and ISw strategies are lengthwindow with one
length window. After detection of the complex event, all
occurrences can be removed from the flow, so ISy
strategies are removeall. FJ functions of the complex

event are as follow:

BT oy = dis By s By, dy) Amot(By, s, .. bysbisens
gsipseens s, 6
FJ;, =sync(u, tu, tu,t,..,2) (6)

FJ, | =inside(u,.p,u, r) Ainside(u,.p,iu, r)A...

Here i1 is the identification of the sensor which A4;, I,
iz or di occurs, and 2, i3,... are identifications of other
sensors. .J;, limits that the occurrence time of the update
events of all considered sensors should be in two update
periods of sensors. FJ., limits that position of other
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considered sensors should be in the region of event i1,

Considering FC of the complex event, attributes £, 4, r,
and p are equal to the corresponding attributes of i, 1,
in ordy.

As an example, the specification of the sensor damage
event with our specification language is illustrated in
Appendix II.

Another kind of sensor damage event should be also
considered: a sensor has not updated data for a long time.
For the complex event, more than one occurrence states
of update event of one sensor are detected. £/ function is:

Flyeer=count(not(u;),3) (7)
implying update event of sensor { has not occurs for three
data update periods. Attributes ¢, d, #, and p are equal to

the corresponding attributes of the last occurrence of ;.

Considering  consumption  strategies  (/S), three
occurrences of w; are used, so length of sliding window
(LSw) is 3.

“Rain event”

Figure 5 illustrates two rain events on July 23 and 28.
The weather station has a rain sensor, so rain can be
detected with higher events (4,,;) and increase events (i)
of the sengor. Tt is not enough, because of the errors or

damage of the sensor. When it is rainy, higher events (/)

45

Soil moisturc, %

and increase events (i;) of soil sensors in 10 ¢cm occur
which can be used to assist detection of the rain. Thus, F.J
functions of rain event are:

FJ . =dis(h,_,i Y~any(h, by, 0000,.,3)
FJ,, =synch, Li, te le,l,e..l2)

(8)

Here, e, e;, and e are three actual occurrences of /),
ha, ..., 01 B2, ... . It iS Tainy when A, or £, Occurs and any
three higher or increase events of soil sensors occur. All
of these events should occur in two data update periods.

Considering that FC functions of a rain event (re),
time attributes ¢ and d of it are equal to the corresponding
attributes of f.,, or i, The region (¥) of it should contain
all region of constituent evenfs and the position (p)
should be the centroid of ». Thus, region and the position
of the complex event is:

®

rex = polygon(h  »,i, F.e,¥,€, ¥, e, F)
re.p = centroid(rer)

Considering consumption strategies (IS), only the
newest one occurrence of each atomic event needs to be
considered, so their IS¢ strategies are recent and length of
the windows of all constituent events are 1. After
detection of the complex cvent, all occurrences can be

removed from the flow, so ISk strategies are removeall.

- 15

point 1
point 2
paint 3
point §
point &
point 7
point &

10

Rainfall, mm

—— Rainsensor | -4

1 g 11 1 11[ L

) EA b1 { 1

22/07 \2}/67 24707 25/07 26107

i ’ o
27107 28/47 29/07 30407 31407

Date (day/month)

Figure 5 Two rain events on July 23 and July 28

“Irrigation event”

Figure 6 illustrates an irrigation event on November 7.
When irrigation, higher events (%;) or increase events (i)
in 10 cm, 20 c¢m and even 40 cm. To ensure effect of
irrigation, A; or i; in 20 cm are chosen. Meanwhile, to

distinguish it from rain events, irrigation events nsually

occur in it is not rainy. Thus, FJ functions of the

irrigation event are:

{FJW = any(hy, by ooyl ey 3)
FJ, =syncle t,e,t,e,1,1)
- o (10)

A between{min(e, t, e, t,e;1),

not(re), max{e, .t,e, L, €;.0))
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Here, re 18 a rain event, and e;1, ep, and e are 3 actual

occurrences of Ay, A, .. . . An irrigation event

. ila i2; v.

occurs when any three higher or increase events of 20 cm

soil sensors occur, all of these events of soil sensors
should occur in the same data update period, and it is not

rainy in the period.

35 - 15
point 2
-~ poing 3
peint 6
0 e point 7
" point 8
10
=
g
£ . L
E £
= &
vl
5
‘:\Irrigaﬁou
20
/ No rain
15 ) L winop_ g o | TR T 1 m ] LRI i b | L o g m o
01/11 04/11 07/11 111 14/11 17/11 2 2411 2711 ¢1/12
Date (day/month)

Figure 6 An irrigation event on Nov 07

Considering FC functions of an irrigation event (ie),

time attributes ¢ and d are equal to the corresponding

attributes of the first constituent event k; or i;. Its region (r)

contains ail regions of constituent events and its position

{p) is the centroid of its region (r), i.e.

ier = polygon(e,.r,e,.r,e,.r)
{ 4 ICELP R an

te.p = centroid(re.r)
IS¢, ISw and ISy strategies are the same as rain event.
“Dry event”
Figure 7 illustrates some dry events in December
2015. When soil is dry, lower events () of more than

40 -
30

20

Soil moisture, %

three nearby sensors occur for three data update periods
at the same time. F.J functions of dry event are:

FJ ... =any(count(l,3),count(l,,3),...,3)

Fjd’! - Sync(l}] 1, 11.12 1, [31 1,1)
(12)

FJ, , = overlap(ly.r,l, 7) A overlap(.lill 70

I

noverlap(l, 7,1, .r)
Here, FJ;; describes that the first occurrence of the

and P

i

three constituent events, denoted asi' , I

i il >
should occur in one data update period, FJ,, describes

sensors i1, i2, i3 are neighbors.

Dry events

~10
20 [ 1 1 J
112015 1272015 01/2016 02/2016 03/2016
Month

Figure 7 Dry events in December 2015

Considering FC functions of a dry event (de), time
attributes ¢ and d are equal to the corresponding attributes

of the first constituent event [. The region () of it

contains all regions of constituent events and position (p)
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of it is the centroid of the region (r) of je, i.e.

(13)

rer = polygon(ly».[.r, [ 1)
re.p = centroid(rer)

Considering  consumption  strategies  (IS), all
occurrences of constituent events i the window should
be used to detect the complex event, so IS¢ is cumulative.
All occurrences in the window should be remained to
detect other dry cvents, so ISz is reserve. Meanwhile,
three occurrences of each constituent events are needed,
so length of the sliding windows of them are 3.

“Seepage event”

Seepage from a point to nearby points in the farmland

usually implies leak of the irrigation device at the point.

An example the dynamic process is illustrated in Figure 8.

When a seepage event occurs, an increase event (Zeeser)
and a series of higher events (A.gy.) occur at the nearest
position from the leak point and then increase events arid
higher events occur at nearby positions followed. Thus,
FJ functions are:

FJ . =any(h b, h....3)
FJ,, = after(h, 1,i,,.t) n after(h, 1,i,.0) (14)
FJ, , =inside(h,.p, h,.r) A inside(h;.p, hy r)

Here, when any three higher events occur, the
detection starts. Three actual occurrences are denoted as
ki1, o and k. FJ;, limits that higher events of sensor i2
and i3 will follow an occurrence of higher event of sensor
i1, meanwhile FU/,, limits that i2 and i3 is in the region of
i1, implying sensor 71 is the nearest from the leak device
and i2 and i3 are nearby. Compared with irrigation event,
in irrigation event more than three higher events occur in
the same data update period, but in seepage event, /;; and

ks occurs later than 7; .

1 2 3
o O @]
Seepage
4 Qe 50 --moeo- ~O6
. PR
e 1 “

d 1 \\

i - ‘\

O 0O O
7 8 9

Figure 3 An example of seepage

Considering FC functions, attributes ¢, d, r, and p are
equal to the corresponding attributes of A; of the nearest

SCNSOr.

Considering  consumption  strategies (/S), all
occurrences of constituent events in the window should
be used to detect the complex event, so IS¢ is cumulative.
All occurrences in the window should be remained to
detect other dry events, so ISk is reserve. Meanwhile, ISy
is time window, and the seepage speed determines length

of the sliding window.
4 Comparison and discussion

4.1 Comparison with threshold inequation

In this section, the complex events with widely-used
threshold controls are compared. In threshold control for
devices in farmland, an action is triggered by some
threshold inequations, i.e. a situation that the value or the
change becomes more or lower than a threshold, similar
with our atomic events. However, it is too simple to
model composite situations, leading to higher rates of
false positives and omissions than complex event
processing.

Figure 9 illustrates four composite situations should
be detected, including two sensor damages, one rain and
one no rain. With the constructions of complex events in
farmland, the three complex events will be correctly
detected and the one no rain situation is correctly ignored.

However, with threshold control, if rains are detected
only by using rain sensor in weather station, we can set
the threshold as 0.2 mm. From the data in Figure 9, two
rains will be detected, in that the first one is false positive.
If composite situations are detected only by using a single
soil sensor, 4 kinds of composite situations cannot be
distinguished: sensor damage, rain, irrigation and seepage.
Assuming the change of moisture from a sensor over 5%
is threshold to detect a rain, from the data in Figure 9,
three rains are detected, but only the second is correct,
and the other two detections are actually sensor damages.

In fact, our complex event model is compatible with
threshold control, because the 4 kinds of atomic events
are similar with 4 kinds of over-threshold situations.
Based on that, more composite situations can be
constructed with mathematical logic, temporal logic and
spatial logic in our model Thus, our complex event

model and constructions of several complex events are
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more effective for describe composite situations in farmland.
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Figure 9 Four composite situations: 1) no rain on Apr. 27, 2) sensor damage on Apr. 28, 3) rain on May 02, and
4) another sensor damage on May 05
4.2 Comparison with production rules R:BvE->P
/#Our Model */ R P AP AR —PE,
Rain:{ES :{h, i 0oy, i,.00) R:FAE AP SPE,
IS 1 15;; =recent, IS, = removeall, IS,, = lengthwindow(l)
FJ',[FJoccr =disth, i) nany(h ., .,3) Rules:q Ry, : Ry APy A By —> By (17
lFJd,r =synclh,, 1.0, 1, 1,.e,.1e,1,7) Ryg (B vov Fisz) = B
rei=h,tori tred=h_dori_d Ryo 1 F A By — By
FC:qrer = polygon(h,, r,i  r.e, re,re,r) Ro  Bio A g A By = By
re.p = centroid (rer) Bygy : By A Fsy — B,

(16)
2h, .occur = true
1 occur =true
“h,, or i occur

S oceur = frue

S v - P c e i -

DBy occur =frue

B, tij.occur = true
By thy . by ocour
B bk, oceur
Assertions ...

14,14, 1, occur
1my ={true

Lm, =Irue

Ahb, t—i 1<2
S ht—e, <2

le,t—e 1|2

Tm, =iure

tre.occur

Rain complex event is constructed with our model
and production rules respectively in (16) and (17). From
the comparison, readability of production rules is .poor.
Too many temporary symbols, assertions and rules aré
defined and there are so many complicated chain
triggering relationships. It is difficult for users to check
and eliminate loops, contlicts, redundancies, implications
and even correctness of them. Conversely, construction
with our model is far better readable. .

4.3 Comparison with SASE+, Esper and Zang models
/*SASE + Model */

PATTERN -
{(SCAN h, v SCAN i) A(SCAN* B[], SCAN * L ],
SCAN* b [], SCAN *L,[],..)},
WHERE:

\Iydength+ | length + h, Jength + I, length+ ... > 3,
et |€2, [ ht-ht|<2, (ht-h <2,

it —ht|<2, |-k ti€2, [ht—ht]<2,... (18)
Iyt ht|€2, |ht—ht|<2, |ht—h2|<2,...

b
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WITHIN: 1
RETURN:

{h,t, 11,

h, d i d,

r=fh v b r by by, hr)

p=h0)

Rain complex event is constructed with the most
popular SASE+ model in (18). From the comparison, the
construction with SASE-+ is far more complex and has
poor readability than that with our model.

Firstly, SASE+ model does not support any semantics,
so we have to define a inequation with lengths of
occurrences sets of all constituent events. It is not
intuitive. Conversely, in our model, the relationship is
constructed as any(fy, ha,..., i1, i2....,3), which is more
easily understood.

Secondly, because in SASE+ model, temporal logic
relationships have to be described in mathematical
equations inequation. The values of i and j in the
inequation (At~ h;.t|<2 are all permutations of 1 to A, if
there are N atomic events. Conversely, in our model, the
relationship is constructed with a simple temporal
operator sync{hs.t, bust, en.t, en.t, es.t, 2). Details of the
semantics of syne are processed by the CEP algorithm,
and do not need explicit specification.

Thirdly, SASE+ model cannot support spatial logic,
so the functions (f1 and f3) to calculate p and r of the rain
event should be defined explicitly. fi is a function to find
a minimum polygon that covers regions of all constituent
events. f; is a function to find the centroid of the irregular
polygon. Both of them involve too difficult geometries
and their formulas will be very complicated to general
users. Conversely, in our model, details are also hidden,
and only two operators polygon and centroid are needed.

The model with three popular complex event models
is compared: SASE+ (2007), Esper (2016) and Zang
(2007). The results are listed in Table 5. All ‘models
support mathematical logic and temporal logic. However,
besides our model, others cannot support spatial logic and
personalized occurrence consumption  strategies for
different constituent events. Meanwhile, readability of
our model and language is better than the models of
SASE+ and Esper.

Table 5 Comparison with other complex event models. “s™

denotes supported, and “u” denotes unsupported

Functions This paper  SASE+ Esper Zang
Mathematical logic H 5 s 8
Temporal logic 5 s (partial) s {partial) s
Spatial logic H u u a

Personalized occurrence

consumption strategies v u v
Custom attributes s s (partial) ] 5

Readability good not too bad bad good

5 Conclusion

A novel model is proposed for complex events from
sensor network distributed deployed in farmland. A
relevant XML-based specification language is also
defined. The model is suitable to construct farmland
complex events because various influencing factors of
judgement and construction are considered n a
comprehensive manner. Especially, the model supports to
describe mathematical logic, temporal logic and spatial
logic relationships among constituent events. Spatial
logic is not supported by other traditional complex event
models. By analyzing data from actual farmland sensor
network, five kinds of atomic events and five kinds of
common complex events ie. sensor damage, rain,
irrigation, dry and seepage are constructed with the model
and specified with the language. Tests indicate that our
event model and language are more effective to construct
farmland complex events and have better readability than
threshold control, production rules and complex event
models in other CEP algorithms. In the future, more

complex events can be constructed with the event model.
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Appendix I
A higher atomic event
<atom>
<id>hl1</id>
<sources>
<sre>sensorl</src>
</sources>
<attributes>

<attr id="dx " type="d_x" var="false ">5</attr>
<attr 1d="dy " type="d_y ™ var=""false >5</attr>
<attr id="px " type=""d_x" var="false ">0</attr>
<attr id="py " type="d y" var="false ">0</attr>

<attr id="1" type="t" var="trye” />
<attr id="p " type="p " var="true” />
<attrid="value” type="0" var="true” />
</attributes>
<jfunc>value>44.45%</jfunc>

</atom>
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Appendix II

Sensor damage complex event

<ce>
<id>sensordamage=</id>
<otherattrs />
<gventset™
<gvent>
<evn>hl</evn>
<chosenstrategy>recent </chosenstrategy>
<removestrafegy>removeall</removestrategy>
<lengthwindow>1</lengthwindow>
<fevent>

</eventset>
<judgefunction logic="conjunction ">
 <variables>
<var id=""hi">
<evn>hlh2|.. </evn>
<occ>1</oce>
</var>
<var id="ult">
<gvnrulul|...</evn>
<pce>1</oce>
<attr>t</attr>

<fvar>

<fvariables>
<jfunc>con(dis(h1,11).not(h2,12,h3,13. .. )</jfunc>
<jfunc>sync(ult,u2t,ut,.. ., 2)</jfunc>
<jfune>inside(ulp,u2r)</jfunc>
<jfunc>inside{ulp,u3r)</jfunc>

</judgefunction>
<calculationfunction™>
<variables>
<var id="hld">
<gvorhl</evn>
<oce> i<oce>
<attr>d</attr>
<fvar>

</variables>
<cfunc attr="d ">hld</cfunc>
<cfunc attr= "1 ">hlt</cfunc>
<cfunc attr="p ">hlp</cfunc>
<cfunc attr="7">hlr</cfunc>
</ealculationfunction>
<fee>






