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Abstract \/‘

Recently, the development of Machine to Machine (M2M) communication %rgely
accomplished in a variety of fields including smart home. In M2M communic@t e role of
sensor node is only limited to gather data and send them tQ ereappligéti ers. In this
research, the limited role of the sensor node in traditiona ommu fOn is improved
in order for the sensor node to make inference based-QIthe»sensor data It the sensor node
can make inference, it is possible to provide basic ¢ @ awar VigeS within sensor node
level. Therefore, in this paper, implementation™ef rule-ba inference system on
microcontroller for smart home is proposed. Q . %

g

1. Introduction @K 5\\

Context-awareness system stem whi apts its behavior accordingly depends on
the gathered context data.J1]. The i and the importance of context-awareness

. \
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technology is growing | consu ctronics become smarter and people want more
comfortable and intelligentdservices. Yn general, M2M communication including the sensor
node is essentially context-awareness technology. The role of the sensor
node is only Llip 0 gather data and send them to upper application layers [2].

However, m r@ sensor node can be programmed to have context-awareness
system of its . One o ethods of implementing context-awareness system is to build
a rule-based inferen m. A rule-based inference is a method to represent certain
knowledge for a gi Id and solve problems by use of the knowledge [3]. A rule-based
inference needs %%asic components to be functional: working memory, rule base, and
inference engine [4}. There are several ways for the implementation of context-aware system:
i essor, microcontroller, and FPGA. In this case, microcontroller
n of rule-based inference system for smart home is presented. Arduino open-
SO tronics platform which includes Atmega328 is used for this particular design. The
»@ 28 in Arduino platform has been programmed to have a function as an inference
systéfm including working memory, rule base, and inference module in it. A number of
sensors (Temperature sensor, humidity sensor, pressure sensor, gas sensor, ambient light
sensor, IR sensors) are directly connected to the microcontroller. Bluetooth communication
module will be attached to the microcontroller to deliver the result of the inference.
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This paper demonstrates how to build the rule-based inference system on microcontroller.
The rest of the paper is organized as follows. In section 2, design of the system including the
details of working memory, rule base, inference engine is discussed. In section 3,
implementation result is represented and discussed. The result of the inference is shown in the
serial monitor in Arduino software. Finally, the conclusion including plans for the future
work is summarized in section 4.

2. The Design of the System

In this section, the details of the system will be explained. Section 2 is divided into three
sub sections: Working memory section, rule base section and inference engine section. The
overall design of the inference system is shown in the Figure 1.
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Figure 1. The D@of th v@ence System
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2.1 Working Memory
Working memory holds Fekt of da;? e are specifically needed to a problem

being solved [5]. In this , it prin eans sensor data in the system as well as
the result from the infe Once he Sertsor data is detected, the data is processed and
updated into prop n valugThose Boolean values are saved in the array of the
working memor syste e yeason of having an array in this system is that we
have to com eW s a and the data in working memory. Once new sensor
data is det’ it wi rocessed and compared with the data in the working
memory. Size™of the a@ which is a size of the working memory, depends on the
number of sensors it the system and the number of inference results which have

an effect on diffe es. Here is an example of how the data is processed.

erson inside?
Q’ personcouant  int count)

if {count = 02

O return 12
el se
return O
}

S50 temperature = 25 C7 A8 0s temperature = 20 C
int tempHCint temel int tempL{int temp)
< 1
ifitemp = Z52 if{temp = 2Z0)
return 1: return 1:
el se else
return O returm 0

Figure 2. Code for the Data Process
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Person count returns 1 when the person is located inside home. The tempH returns 1
when the temperature is above 25 degree and tempL returns 1 when the temperature is
below 20 degree. Those values are set for the service threshold.

2.2. Rule Base

Rule consists of IF so called antecedent, promise or condition and THEN which is
called consequent, conclusion or action [6]. Rule of inference system for this particular
case can be defined as Figure 3.

Rule "GuardService"
if  "Person 7x "

"LocatedIn ?x Outside" V
<and> v
"Mode Normal"

then "Mode Guarding"

service  "GuardingService" @

Figure 3. Rule for Crime Pr |n {/N
In this example, GuardService rule is fired% hen the us rbtot located in the house

and the previous status of the house is Mod rding which comes after
means the change of status of the ho e working memory. Providing service
depends on the infrastructure of th r@case GuardingService can be
provided in a way of providing alar Is detected in house. In Figure 4,

the
it is shown that the rule can be&@ the pro

ffslesping service

if(persuncnunt i iIIum@aDark b B@reﬂn)

0
Sleeplngst @@ ing status is changed to "Sleeping
Serlab din®Tetter F by bluetooth module for providing sleeping service

§ ure 4. Code for Sleeping Service Rule

In this pley a rule for sleeping service is used. When the condition in the rule is
entirely trugNJtreaning the rule is fired, sleeping status is changed into 1 and saved in
the wo emory and inference engine uses this status to apply in different rules.

erence Engine

As it is shown in Figure 5, the entire process of inference starts from the changes
occurred in attributes. The changes trigger the inference engine to search the rule base
until it finds the right antecedent of the rules [7]. There are two algorithms in rule based
inference: forward chaining and backward chaining. Forward chaining algorithm is used
in this system because of the nature of the system having continuous input changes [8].
As attributes in working memory changes, inference engine finds the proper rules to
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apply those attributes. If the proper rule is found and the condition of the rule is
satisfied, the rule is fired and service is executed.

Changes in working memory

Is condition
satisfied in anw
rules

no

ves

Rule is fired

Is any service
executable

Provide Service

Figure 5. Flowchart of h‘o I feren’a@gine Works

3. The Implementation of the S @r .\@

In this section, the implement i%&nhe propo&stem is presented including the list of
the rules and serial monitor ogt% Ardu oftware. Arduino open-source electronics
platform is used for this particula® desi re 6, Arduino Uno is connected to seven
sensors including two IR r sets fdg\'h indow and the door. Two IR sensor sets are
used to make a cougt& how many people are in the house and whether the

person actually goes \ comes i

IR Sensors
for
Windows

Pressure
\ ! Sensor for
" - Bed
/8

IR Sensors
for Door Arduino with
Bluetooth Module
\ 8 €
Ambient light | -
Sensor L—Lﬁn dize

Figure 6. Experimental Setup for Implementation of the Inference Engine
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Total 9 rules are defined in this system and the condition and the sensors used in each rule

are shown in Table-I.

Table-l. Defined Rules with Condition and Sensors Used

Rule Name

Condition

Sensors used

Heating Service

Person_inside&&Temperature_Low

IR, Temperature

Air Conditioning

Person_inside&&Temperature_High

IR, Temperature

Service
Humidifier Person_inside&&Humidity Low IR, Humidity
Service
Dehumidifier Person_inside&&Humidity_High IR, Humidity
Service YN
Sleeping Service | Person_inside&&Illuminance _Dark IR, Amblentl ssure
&&BedPressure_On \ . yo
Wakeup Service | Person_inside&&BedPressure_Off \ Press
&&Sleepingstatus_True
Fire Alarm Temperature_H|gh&&Gas_Or®‘ We Gas
Service \
Crime Prevention | Person_ outside&&Wind osed
Service
Normal Service IR

Person mmde&&h@&’@!ardmg

3.2 Test result

Test setup is made to usin

result of the infere

Ine 1S

g*egal \@uetooth module attached. LEDs, a buzzer,

and a motor with motor dri re conn&%’gt Atmegal28 and they represent different types
of home appliances. O inference ine finds the proper service to be provided, the

inference proceduré

Copyright © 2014 SERSC
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wit
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the Atmegal28 via Bluetooth communication. The
ih the serial monitor in the Arduino software.
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Figure 7. Test Setup with Atmegal28
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Sleeping Service Executed
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Walues In Array v
1001010011 0

Working Memory Updated
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1101010011

personinside © True TemperatureHigh Tru‘Q . 6
Heating Service Executed O \

*

Figure 8. Output of Il@mce EK on Serial Monitor

the value is shown in the table-It. Sle ice is executed because the condition on

sleeping service rule and t sor data@tched. When working memory is updated after

the sleeping service rul d, the vglue Y'is added at the end of the array. It is showing that

the person’s curren m\ is a%%\e working memory after the inference. The working

memory after the g servic is executed is shown in table-I11. When the services are
d

executed the@ ntroller@ s the result to the Atmegal28.
le-1l. @ t Result of Initial State of Working Memory

Personnside | T »evmpL {lminanceDark | gas | BedPressure |HumidityH| HumidyL | Windowelosed
1 0 1 0] 1 0 0 1

O

n working memory is updated after the sleeping service rule is fired, the value 1 is
added at the end of the array. It is showing that the person’s current status is added in the
working memory after the inference. The working memory after the sleeping service rule is
executed is shown in table-111. When the services executed messages are shown in the serial
monitor, the inference system sends the result to the Atmegal28. When “Heating Service
Executed” message is shown in serial monitor, one LED connected to Atmegal28 is turned
on and it indicates the heating service is successfully delivered and executed.

Once system starts, the wor 'n@gnory is &ed with current sensor value. In the
smes

output, Values in array show: In the@ng memory of the system. The meaning of
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Table-1ll. Output Result of Working Memory after Sleeping Service is
Executed

Personluside | TempH | Templ | dlhummanceDark | ga

|72

BedPressure (HumdityH | HumidityL | Windowclosed | SleepingStatus

| 0 0 1 0 I 0 0 I I

4. Conclusion

In this paper, a microcontroller based rule inference system for smart home is proposed
and its implementation using Arduino platform is demonstrated. According to th ful
implementation, the system is able to provide context-aware services based setup in
microcontroller and the sensor data. The possibility of providing context- serwces
based on M2M technology is shown. The context- awarene ices cal ed without
using upper application layers by using this system. The |ty and arlatlon in the
number of the rules depend on the number of sensops~gOWnécted to t tem This system

can be configured in larger places by deploying Ie senWs which bypass the
sensor data to the microcontroller which has the ability"to make in ces

i
Even though the system demonstrated is s c fully 4 ented and able to provide
context-aware services, it is necessary to hav s feedbacky,As a future work, it is planned

to have a feedback system and to provid u @ smartphone.. Moreover, once the
connection between the system and @honeg& there are more services can be

provided using sensors in smaﬁ
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