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ABSTRACT

Smart Home Systems for Health Care

based on Context—Awareness

Cho, Kyung-Hee
Advisor : Prof. Lee, Sung—Joo, Ph.D.
Department of Computer Science,

Graduate School of Chosun University

Smart home services, which are highly qualified and
differentiated services, are provided for wusers by actively
recognizing the context regarding wusers and circumstantial
conditions. In this application, context—aware middleware 1s one of
the most crucial technologies required to implement the ubiquitous

services.

In this paper, I propose a method of presenting ubiquitous
services effectively in a user-specific space.

Smart home service middleware based on context awareness
was designed and implemented, where context information from

various sensors 1s gathered, suitable services being inferred and

- Xxii -



then provided to users.

Also by monitoring vital information from bio—-sensors such as

EKG, blood pressure, pulse sensors, Intelligent health care
service middleware based on context awareness was
implemented.

In our approach, user services can be modeled easily by using
facts and rules, and the system can be extended easily to support

various ubiquitous services other than intelligent home services.

One of those services will monitor the emergency situation and

vital information by checking the vital information for health care.

The system extension capability was assured by the design of
the common interface which supports various devices and the

shared framework for providing the intelligent services.

The database system can be protected from the data loss due
to the system halt by storing the facts, rules and situation
information periodically using the data backup supervising module.
Additionally, 1t can be integrated with external applications and
legacy systems effectively by utilizing various protocols such as

socket and HTTP, XML, JESS and etc.

[ have designed various facts and rules for intelligent home
services in real environments. The system was developed in JESS
and applied to monitoring the vital information for the health care.

The result shows that smart home services can be provided to
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users effectively in a home environment.
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[Table 1] Types and features of smart home services
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[Table 3] Technical characterisfics of MIT PlacelLab
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[Table 4] Technical Characterisfics of Echelon PLC Lab
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[Table 5] IT techniques applied to MS Home

g A=
2 WA AR A A2 A A Y 2R A& AuE FLEA A
o |, e AN ALE
s g g4 75 A0 U2A A=, OLED 74 ¥y sz
go], FHAE 2 mYe] Fo] A2E AHAHE HAA A
sy | REIDZIM PDAR, e, An €fq iy 295, 049 9F A
29, 2utEZE 34y Adx W Seo] Azg v4ne
_ oy slol=d sulE zaldl, 714 Hlolk ZEAMY HAszY,
T A% PAY Lz
, LED 24 %% Az, /1 487 A= AF4 o8, 31 472
FUE e an nsy
3) AAHA

MS ‘Ee 2ntE o TE QelA Azg TASY AAHA Avele
b Qe o) e Fae] o %
ANAE fHlAEE BHL EH 54 WAL AFo] v DA

AAAL = Aotk =, MS 'F oAM= EYHY Al2dEo] wo #A i
T H
2

9gaka gt B FolA =@ AMEE v} A

= Xxxiii —



2. 2ulE Z AH| 2 Al2H"H ALy A
21 U 2vE & Aulx Al 2" AL 24
H7ld ALY FEAA RS ~vtE E& o]dstEd B Fal Abee]
=:]

ioglth @u Axdelx mel FEAAD, HABA U-Style
% g

[ 6] =9 Fed A d&

[Table 6] Current Situation of leading residential pavilions
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[Table 7] The spatial services provided to the smart home of domestic
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[Table 8] The smart home services which appear in overseas instance
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[Table 9] Type of Context information

WHO FATHER, MOTHER, SON
WHEN FROM 0 TO 24 HOURS
WEHERE FRONT DOOR, LIVINGROOM, MAIN_LIVINGROOM,
ROOM_OF_SON, KITCHEN, READING_ROOM, BATHROOM
DOOR_ROCK, LIGHT, TV, AIR_CONDITIONER, ELECTRIC_FAN,
WHAT AUDIO, COMPUTER, EKG_SENSOR, PULSE_OXIMETER,
BLOOD_PRESSURE_SENSOR, INFRARED_TEMPERATURE_SENSOR
HOW TRUN_ON, TURN_OFF, OPEN, CLOSE, MONITORING
TEMPERATURE_HIGH, TEMPERATURE_LOW,
WHY BLOOD_PRESSURE_HIGH, BLOOD_PRESSURE_LOW, HEALTH_OK,
HEALTH_BAD
[3 10] 3R U$
[Table 10] Contents of Context information
TB W&
OAE /477, AEE Tilols AuE AEE aH: AHEA
WHO
xé H
AFEA7E A E A7 7S o] fskeE Al ARl AA A
WHEN
TUHY e A AR
AF&2L7E ot el gl HAE A7 S o] et AR AA
WHERE
3 RUHY AR
AFEA7E o] ® AAAES o] &t AR A AT EUEE
WHAT °
A5 AR
Ao dAH ARE vgo g UAE 71A7]| 7S o9
How e A As AA NsE wUHY @ AAA pdd 4w
AAo R WMl ARES vgor uAdE 7hAd 717]*2— Sl i
WHY u ofwl A3 wFo] HAAAEFS YA AHE =A< ofd
A5 uito AA AErt MsER e dHd AR
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[Table 11] Context scenario

WHO WHEN WHERE WHAT HOW WHY
7 AM Main living room | TV Turn on News, Channel 8
A Air .
7 AM Main living room conditioner Turn on Temp High
8 AM Kitchen TV Turn on News, Channel 12
8 AM Kitchen Electric Fan Turn on Temp High
8 PM Living Room Audio Turn on CD 2, Track 10
FATHER . Sport,
9 PM Main living room | TV Turn on »port,
channel 41
10 PM Reading Room Audio Turn on CD 1
. Reading Turn o .
10 PM Reading Room Light change Stand light
A Main living Turn Sleep mode, level
12 PM Main living room Light change 1, wall light
6 AM Kitchen Light Turn on Sink Light
7 AM Kitchen Audio Turn on FM, 93.5MHz H
e
. . Turn All .
7 AM Kitchen Light change M| light f
8 AM | Kitchen v P | Tumon || Drama t
ol N | Channel 8 h
9 AM Living room TV 3 Turn on 1[ ]1)2rama, Channel c
.. Air E (0] . a
9 AM Living room conditioner g Turn on F Temp High g
L Drama,
10 AM Main living room | TV %{) Turn on g Channel 13 c
11 AM Living room Audio Turn on FM, 93.5MHz 2
4 PM Front door Door lock open Open ¢
MOTHER 5 PM Living room Audio Turn on CD 3, Track 10 k
6 PM Kitchen TV Turn on Home Sopping,
Channel 9
6 PM Kitchen Alr . Turn on Temp High
conditioner
7 PM Living room TV Turn on Channel 12
8 PM Reading room Audio Turn on CD 3, Track 1
. Reading Turn .
9 PM Reading room room light change wall light
10 PM Main living room | TV Turn on Drama, Channell2
S . Turn Movie Mode,
10 PM Main living room | Light change level2
11 PM Living room TV Turn on Movie, channell9
. . . Turn Movie mode,
12 PM Living room Light change level2
7 AM room of son Audio Turn on FM, 93.5MHz
8 AM Kitchen Electric Fan Turn on Temp High
- Cartoon,
5 PM Living room TV Turn on channeld3
6 PM Living room TV Turn on channell2
SON 7 PM Room of son Computer Turn on Internet
8 PM Room of son Air conditioner Turn on Temp High
9 PM Reading room Audio Turn on CDh 1
10 PM Room of son Audio Turn on CD 2
. . Turn Sleep mode, level 1,
11 PM Room of son Light change wall light

= xlvii -
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[Fig. 2] Configuration of Device and model house

ZtE B 3N AuzE skl Tt gol mAsrd 74 FAE
TS FA FAe A AA AR wEaA saom, 2 3o
A FAY AuzE @ 5 YRS Sy =@ A AE ZUHYS
A WA NE AE/1E ZigBeed o] g3kl Bol I sho] A muUHY
2 & A s
sPE E o AE B FUEAR &0l AgHAAT gk B AT =
% Vs

ToAAE 45N PLC, ¥4 T4l USN, 5 ZigBee

o]
Atk A AE RUEE T3 ZigBeeE
2 g Alz"o] o5 EUHE wo it
FEAREE VW o R AgQA MuE2E fste] duk yAE 77 7] 9
A olA 9 ZigBee, RFID, PLC #g &
T Ue T EREe AAsiglew oE w#e &
A MUARE Zrafls ST E=3 Ay fulo] 27t A 9o
B2 AASt ZigBee T4
T E Zga9% FAA
HojA = AA ATE 8o A FEH
2

AA AT RUEY A2 A AT

kel
a2elal USNS &3 EYEE

glo]guo] 2o AR & 9

= xlviii =



2WE & Al2"s FAstE T8 717]ele HAE 7hA 7 7] Huelel s AR
RFID Tag, tAx g 7}A7]7] gnvle]l~ HEZE ZigBee tlulo] 27} &=}, 7t
Abg2Ee] PDASH AAl A& RUEY ZigBee HRlo] 2= AFEARY] 54 94
AR} ANTE EYHY Alxagel Ao, 2 54 f1Ad A9 A
AHE Foto] Ab&staa st 54 dnlelx UIDE =t ZigBee EZ
Huto] 29 2z tule]~ HHE ¢jo] g HolHE TCP/IP ZE2EZS F3}°
A Alzdow AFstH, z tulolx UIDS AH8Ae] PDA 7|2

ARe wgom FE el JESSE Edte] AFAs snE F

25 FFdtel F7H A4, AAE 425 sdu4l] 23 F2 AYde eotho

e F8 A7E vE o2 Context Service Serverol| o3l 33

HE AAE BHulo] A& 7IRt AntE F MU AE ARG ARl Al Al
a9 312 A Alage] dEelth. AR Ala"e] A A

h=i Y

%)
Zpo] AW E o2 Listener Serveret A3elA unEgo] ozl
H £

&
g o s Context Server, QA H AFAHARE 7jytoz A}

JEdARZA PDA 2 ZigBee tlubo]lx Al
AA oItk 4% FH71%= PDA 2 AA AF wUEE ZigBee tulo]xs
X]q_]_l 9\)\‘5‘ A]—%—Z]—PJ e ng_7]— E]X]%.j 7]—%_7]7]% xﬂoig‘tf‘ ZigBee

28 st EREZ o] AHE 3l Listener

ox
f
il
ro

- xlix =



— INPUT Middleware Engine | SERVICE []

Bit &

Door lock ™v

nel

Audio

»y I

Electric_Fan Air_Conditioner|

Do ¢

Gas_detection  Gas_valve

ol ¢

Bio_alarm lantern_light;

Father Interface

-uID
- Zig_Position_ID
- Bio_Sensor_ID

Mother_Interface

-uID
- Zig_Position_ID
- Bio_Sensor_ID

1aAdag Iaualsi

landes 22IAldeS 1Xaluo)

UbiHome User Interface

-uID
- Zig_Position_ID J

Home Network Middleware

(2% 3] A4 A28 Md e
[Fig. 3] Conceptual Model of Context Aware System
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[Fig. 4] Context-Aware System Architecture
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[Table 12] Template Information

NAME SLOT
]S?fa()tg Ifr(l)fc( 3{ State Location Device
dlock_Info State Location Device
IS)EI:; Ié(éik People Location Id Num Device
dlock set Dlock_ | Dlock_ Dlock_ Dlock_

- person Location Num Device
ill‘d\f/() State State Channel Location Device
TV _Info State Channel Location Device
TV State L B - - TV TV Start TV Finish .
Set People Location channel TV Title Genre Time Time Device
TV Set TV__ TV_Locati TV_Chan TV Title TV_G T:V_btart_ TY_Flmsh T_V_De
persion | on nel enre Time _Time vice

SAEer;eC(iE fo State Location Device
:;\1r,Con,Inf State Location Device
Air Con o Temperat
State Set People Location ure
Air Con Set airc— airc-locatio | airc-temp

- - person n erature
gziglfnflj) an | State Location Device
Ele_Fan_Info | State Location Device
Electric Fan o Temperat .
State Set People Location ure Device
Ele Fan Set elec- elec-locatio ?éergieratu elec-
- - person n e p device
ﬁlfl(()ilo State State Use Type Location Device
Audio_Info State usetype Location Device
é’éltdw State People Location Use Type Title Genre Start Time End Time Device
Audio. Set audio- audio-locatio | audio- audio-title audio- audio-startt | audio- audio-

— person n usetype genre ime endtime device
;’&Tg ]ﬂflef{) State Location Use Type Start Time %?r(rile Device
Computer_Info | State Location usetype Start Time %Dd Device
ime

gg{?i‘tg People Location Use Type Start Time %?r(rile Device
Computer_Set com~ com-location | €M~ com=, com:> com~

p = person < usetype starttime endtime | device
i’f‘f?p State State Location Device
Lamp_Info State Location Device
%2{“p State People Location Device
Lamp_Set E‘eT;on lam-location | lam-device
gg g ?sposor State Location Device




EKG_Info State Location Device
gg?e %G;rgsor People Location Value
EKG_Set ekg-per | ekg-locat | g0 vajue
son ion
Pulse_Ox
Sensor State State Location Device
Info
Eulse,OX,Inf State Location Device
Pulse_Ox
Sensor State People Location Value
Set
Pulse_Ox_Set le) E;ziip ggzsr?*loc pulse-value
Blood_Press
Sensor State State Location Device
Info
Fnl;g)d_Press_ State Location Device
Blood_Press
Sensor State People Location Value
Set
Blood_Press_ | blood-p | blood-loc o
] o blood-value
Set erson ation
User-TV-St People Locatoin Watch Using Watch Device
ate Set b genre Time Channel
User_Tv_Set | person Location Genre :[ emPO_ral Tv-cha Device
duration | nnel
User-Air_Co e Temperatur ;
0 State Set People Locatoin e Device
gser_Alrcon_ person Location Temperatur Device
et e
User-Ele_FA . Temperatur .
N State Set People Locatoin e Device
gser-Elefan, person Location Temperatur Device
Set e
User-Audio . - ) Using .
State Set People Location Using Type Time Device
[S‘J;te r_Audio_ person Location usetype usetime Device
gsesrt;(gé)rgl;?t people Location Using Time | Device
gsge—t(’ omput person Location usetime Device
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[Table 13] Fact Information
TARGET NAME INFO
Door Lock dlock_set_list Door lock device fact

TV

tv_set_list

TV device fact

Air Conditioner

airc_set_list

Air Conditioner device fact

Electric Fan

elec_set_list

Electric Fan device fact

Audio

audio_set_list

Audio device fact

Computer

computer_set_list

Computer device fact

Bio Sensor

biosensor_set_list

Bio Sensor device fact

Father-TV-SET

father_tv_set_list

father uses tv fact

Mother-TV-SET

mother_tv_set_list

mother uses tv fact

Son-TV-SET

son_tv_set_list

son uses tv fact

Father-AirCon-SET

father_aircon_set

father uses air conditioner fact

Mother-AirCon-SET

mother_aircon_set

mother uses air conditioner fact

Son-AirCon-SET

son_aircon_set

son uses air conditioner fact

Father-ElectricFan-SET

father_electricfan_set

father uses electric fan fact

Mother-ElectricFan-SET

mother_electricfan_set

mother uses electric fan fact

Son-ElectricFan-SET

son_electricfan_set

son uses electric fan fact

Father-Audio-SET

father_audio_set

father uses audio fact

Mother-Audio-SET

mother_audio_set

mother uses audio fact

Son-Audio-SET

son_audio_set

son uses audio fact

Father-Computer-SET

father_computer_set

father use computer fact

Mother-Computer-SET

mother_computer_set

mother uses computer fact

Son-Computer-SET

son_computer_set

son uses computer fact
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[Table 14] Rule information
TARGET NAME INFO

Door Lock dlock_on_by_set Identification person is OPEN

Door Lock dlock_off_by_set No Identification person is CLOSE

TV tv_on_by_set Seeing time is ON, set channel

TV tv_off_by_set Seeing time is not OFF

Air Conditioner aircon_on_by_set Set temperature is high ON

Air Conditioner aircon_off_by_set Set temperature is not high OFF

Electric FAN elecfan_on_by_set Set temperature is high ON

Electric FAN elecfan_off_by_set Set temperature is not high OFF

Audio audio_on_by_set Using time is ON, set radio and CD

Audio audio_off by_set Using time is not OFF

Computer computer_on_by_set | Using time is ON

Computer computer_off by_set | Using time is not OFF

LAMP lamp_on_by_set Set located position is ON

LAMP lamp_off_by_set Set located position is not OFF

Bio Sensor biosensor_on_by_set | Set value is OK

Bio Sensor biosensor_off_by_set | Set value is not alarm

7he] Rdakg-zo] wjAEHo] 9= dAAlE el ON/OFF$F &2z 74k
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[Table 15] Table information

Table ID

Table Name

TB_Bio_Sensor

Bio sensor management table

TB_Sensor Sensor manangement table
TB_TagCode Tag management table

TB_Dcode Device code management table
TB_Lcode Location code management table
TB_Fact Context aware fact information table
TB_Rule Context aware rule information table

TB_Template

Context aware template table

TB_ActInfo

History management table

_IX_
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[Table 16] Table layout

Table ID Column ID | Column name | TYPE | Length | NULL | etc
TB_Bio_Sensor | biosensor_id biosensor id varchar | 30 Not Null | PK
number
TB_Bio_Sensor | bioper_cd personal code char 2 Not Null
TB_Bio_Sensor | biosensor_md bio sensor varchar | 50 Null
model name
TB_Sensor sensor_id sensor id varchar | 30 Not Null | PK
number
TB_Sensor per_cd personal code char 2 Not Null
TB_Sensor senser_md sensor model varchar | 50 Null
name
TB_TagCode tag_cd tag value char 8 Not Null | PK
TB_TagCode dev_cd device code char 2 Not Null
TB_TagCode loc_cd location code char 2 Not Null
TB_TagCode state dev1ce state char 1 Not Null
information
TB_Pcode per_cd personal code char 2 Not Null | PK
TB_Pcode per_nm personal name | varchar | 30 Not Null
TB_Dcode dev_cd device code char 2 Not Null
TB_Dcode dev_nm device name varchar | 30 Not Null
TB_Lcode loc_cd location code char 2 Not Null
TB_Lcode loc_nm location name | varchar | 30 Not Null
TB_Fact fact fact . text Not Null
information
rule
TB_Rule rule . . text Not Null
information
TB_Template temp pemplate' text Not Null
information
TB_ActInfo tag_cd tag code char 8 Not Null
TB_ActInfo dev_cd device code char 2 Not Null
TB_ActInfo loc_cd location code char 2 Not Null
TB_ActInfo state dev1ce state char 1 Not Null
information
TB_ActInfo read_tm E?n%ereadmg char Not Null
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[Fig. 6] Context-Aware Framework and Package Diagram

RDI #7]A & @9 Aol ~9 #dE Fe~2 FAHY, JessUL # 7] A

Fe 22 FAE I APPI 9 7] X
o} JESS #H7 A= F2 o
S22 P4 UTIL o



[>

= T4 DBI= A4 dolguo]x~ ¥

[Z" 7] RDI 9714 tholoj 95 yEdl 29 olvh RDI= 2lvfsbe] A4
Fis 9 Qv FEoEN HAAHE TEE olfdA HAAE W W
Holel & ol &aiA A4 dHolEue]l22iy g JRE F 58] JESS F&
Aol Al A7 gs ALt

SensorMessageListener CodeEntity

-Attributes -Lgtt":rl:ltzs or

+flag:boolean Ogg --099
. -Operations

-mote:Thread .

. P +CodeEntity
JistenerPortiint +getPersonName:Strin
Socket:Socket 9 : 9

-serverSocket:ServerSocket
-inputStream:InputStream
-inputStreamReader:InputStreamReader
bufferReader:BufferReader

+getDeviceName:String
+getLocationName:String
+getTagCodelnfo:Hashtable
+setActInfo:void

jessString:JessString

logger:Logger

-Operations Dao
+SensorMessagelistener
run:void -Classes

RDIDao

[29 7] RDI #7]#] tholoj 1
[Fig. 7] RDI Package Diagram

- Ixiii -



¥ 17] RDI #7]1 A1
[Table 17] RDI Package 1

7ZBMessageListener ZigBeeFH A A tulo]x~ =& WE gAYy FYs

ZigBeeZH-H S0l = dHolHE #estr] A H

CodeEntity A W 2

ZigBeeZ KB Eoj2 1 AHHol| FT|y3dlo] Al o]
RDIDao -

Hulo] A2 HLd= FYg~

[¥ 17]2 RDI #1714 2] ZBMessagelListener= ZigBeeFE x| t]njlo] X~
W= gl a1y Fdg 2~ o] CodeEntitys ZigBeeZHE S0 3= o
oJe & #sty]l 9% wiAA W Z#=o]i RDIDao ZigBeeZF-E 0] H
I AHo #HESFe] AA dolgHuolAE HEste FHoltd. ZBMessage
Listenere th& 3 o] g2y XEES QAo WirelessE T4 AFE-29
ZigBee Ulnlol2~2XE 7+ t]x 8 717 7]7] ZigBee tjulol 2~ A B E wols el

o

’ serverSocket = new ServerSocket(listenerPort);

83 CodeEntitys TS o] gy 7|25 EH e 3 1 m =5 vlgo

2, RDIDaodl] 93] #HE AREZ dolguo| A2 RE FHE3T}

’rsHaSh = ce.getZigBeeCodelnfo(zigbecode);
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JessRun jr = new JessRun();
jr.set_Action(person_name, location_name, current_time, bio-sensor_info,

temperature, device_name);
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2E AEE Ul

JessUlPlugin ApplicationWorkbenchWindowAdvisor

-Attributes -Operations
Plugin:JessUPlugin +ApplicationWorkbenchWindowAdvisor
Operations +ereateActionBarAdvisor:ActionBarAdvisor
+JessUIPlugin +preWindowOpen-void
sstartvoid
+stopvoid o .
+getDefault JessUPlugin ApplicationWorkbenchAdvisor
+getlmageDescriptor:ImageDescriptor Attrbutes

PERSPECTIVE ID:String

-Operations

Application screateWorkbenchWindowAdvisor:WorkbenchWindosAdvisor

-Attributes
+PI.UGl!~I_ID:Stnng Perspectve
-Operations
+run:Object Opentions

screatelnitiallayoutvoid
ApplicationActionBarAdvisor
-Attributes . d .
exitAction:WorkbenchAction actions a0 views
aboutAction:WorkbenchAction
Operations -Classes — Classes —— -Classels
+ApplicationActionBarAdvisor SampleAction UDzo InputView
#makeActionsvoid DBList OutputView
#MenuBarvoid EditorView

[2% 8] JessUI 7] ] t}o]o] 13}
[Fig. 8] Package diagram of JessUI
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[Table 18] JessUI Package

Application

RCP W&l S

ApplicationActionBarAdvisor

RCPY w38t Ewhg TASn JHe SHee

ER s

ApplicationWorkbenchAdvisor

RCP %73 Sd=

ApplicationWorkbenchWindow

_Advisor

RCP A =57} 3™l Heol7] Hel RCPY AxES

2718k vl B =nks AA s

JessUIPlugin

RCPE A #3eta Y OSGi ¥
2 ~

RCPollA ®ol & View Zeo X9 @75 AT}

Perspective w2
. AbEA7E Ao r JESSE FET £ e dE
InputView ;
s BolFe 2d=
User7b A4 dolg o] 2ol APAAR, 12 AR,
EditorView HZ8 ARE AT F e FS BT 9
e
InputViewel ¢4=H & T2 FY7IE F3lA 2
T #= ¢olA, JESSel AAE e AME AR,
OutputView T AR dE8 ARE HojFa, ol HEE
EQE F8 2345 RoaFe FE #dgsts 29
Eal
DBList EditorView t< dlo] o] 2o A A A 7] AL},
olEfHl o] el AFH e #FE Holes S
DBell #£sto] DBListel = vWlaA=& A A9
UlIDao e 2o
SampleAction Eue} wlFol 9 JessStartE A deE FPgx

3) JESS "7 A
(2% 9= JESS 31714 thol
B ARAR AAPRE FE

JEo oA A A e et

ojx¥olt}t, [E 19]= RDI® JessUIONA 3
A JESSE HeEEo] JESS aAxlujel +f 3

AU~ AHE FE3SY Java 7|HFo 2 A A
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JESS Java o= #AAHE a4z wls fHA A2 + vk JESSOA
Java AEE 5% F% YA Jav A JESSE 5% % 9t wa
Java®}l JESS zte] HolHE wdstE A% 7b5sit) ol s EAL o] 861
g JESS 7S EFAZH o™ JessRunol A <lzg 2335kl Daool
o A4 "ol o]zt ATl At

JessInfoEntity JessRun
-Attributes -Attributes

Logger:Logger

-Operations
+JessInfoEntity
+getAllRuleIlnfo:Vector
+getAllFactIinfo:Vector
+getAllTemplatelnfo:Vector

JessString

-Attributes
contents:String
fact:String
rule:String
temp:String

bs:ByteArrayOutputStream
ps:PrintStream

r:Rate

stable:String
logger:Logger
-Operations
+JessRun
+set_ActionEvent:String
+viewProcessing:Hashtable < String, String >
+getExecuteCommand:String

+available:boolean I
ht:Hashtable < String, String > dao
logger:Logger
—?per::if:ins _cl
+get:H ashgable JE?(S:;EEE)?S
+put:void

[71%] 9] JESS 3} 7]#] tho]o] 13

[Fig. 9] Package Diagram of JESS

[ 19] JESS 3} 7]~
[Table 19] JESS Package
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JessString

el =

JESS ®1E8, AM, 13 ARE AA do]g o] oA HA
JessDao _

e 2

= Ixvii -




4) UTIL 37 A

[21910]& UTIL =§71# veolojasl& yepinh, UTILS 2 g3 &l

Aolr o gE I Zedga dAed dad %L E 29 59

AGst zeade = dA Aearded i 25 @
ConfigManager Logger
-Attributes -Attributes

logConfigFile:String
dbConfigFile:String

m_writer:BufferWriter
m_instance:Logger

+loadDBConfig:void
-Properties
dsnHome:String

_instance:ConfigManager -Operations
-Operations Logger
+newlnstance:ConfigManager +instance:Logger
configManager +log:void
+loadLogConfig:void +log:void

+main:void

CommonUtil LogTest
-Operations -Attributes
+chkNum:boolean Logger:Logger
#checkChar:boolean -Operations
+getCurrentTime:String main:void
+getConsolStr:String

[Z29™ 10] UTIL s7]#] t}o]o] 13
[Fig. 10] Package Diagram of UTIL

[¥ 20] UTIL 37]A
[Table 20] UTIL Package

ConfigManager | #7434 Fxsto] A|2"S HdAst= g
CommonUtil & TEgE S

zZH e BEE AgArdel Wd Logs weldhe
Logger
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1) ECG (Electrocardiogram)
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2) PPG (Photo-plethysmography)
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) BPM (Blood Pressure Measurement system)
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[Fig. 15] Block diagram of blood pressure measurement system
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C START )
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[Fig. 19] Flowchart of detection algorithm for the period
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[3 21] A" Al &7

[Table 21] System testing environment
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Server System

Intel Dual Core
3.16 E8500
RAM 2G

Micro Windows XP Pro
Sun Java SDK 1.5.0_13
Eclipse SDK 3.4
Apache Web Server 2.0
PHP 5, MySQL 5

Middleware Intel PXA255 Linux kernel 2.4
System ARM 9 System Qt 3.4
HP iPAQ rx4500
) Samsung
Mobile PDA
SC32442 400MHz | Microsoft Windows Mobile v5.0
System
RAM 64M
Wireless

Service Control

System

Intel Dual Core
2.0 E2180
RAM 1G

Windows XP Pro
Microsoft Visual Studio 2005

Boi Sensor

System

MSP430
Processor
CC2420(IEEES802.
15.4 2.4GHz)
H-sensor
Board(ECG, PPG,

etc...)

TinyOS

Sensor Control Application

Bio Sensor
H-Mote System

MSP430
Processor
CC2420(IEEES802.
15.4 2.4GHz)

TinyOS
Sensor Control Application
Sensor Network Monitoring

Appication
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[Fig. 22] System testing model house
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FIEY
‘M'mv\w\%‘“ \

[
900MHz RFID for
refrigerator

-~

(d) Air conditioner (e) Device controller (f) TV control system

(19 23] 2=vlE & gxd FA] A& 9 Ao} BE 1
[Fig 23] Control modulel for controlling home digital appliances

(h) Home server (i) Left camera
system

(j) TV & DVD (k) Light 1 (1) Dimmer

[19. 24] =vtE & OAE ZA] A& 95 #Alo] g 2
[Fig. 24] Control module2 for controlling home digital appliances
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[Fig. 25] Main display for testing Smart home System
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[Table 22] List of Templates

7Fd71719 =3

Bz
of Digital Home Appliance)

Eole
(deftemplate dlock
(slot status) ;;status

$FAN AEY e A4

(slot location) ;;location
(slot device)) ;;device

(deftemplate dlock-set

(slot dlock-location) ;;location

(slot (type INTEGER))
y;identificaion id

dlock-num

(slot device)) ;;device

STV 234 n gl 4= A

o

(deftemplate tv
(slot status) ;;status
(slot channel) ;; channel
(slot location) ;; location
(slot device)) ;; device

STV ZA8dxd 953 9= 474

(deftemplate tv-set
(slot tv-person) ;; who
(slot
(slot
(slot
(slot
(slot

tv-location) ;; location

tv-channel) ;; channel

tv-title) ;; TV pro Title

tv-genre) ;; genre

tv-start-time (type INTEGER)) ;;

start time
(slot tv-end-time (type INTEGER)) ;;

end time

(slot tv-device)) ;; device

sl AdAdn "Wl 3= 44
(deftemplate airc

(slot status) ;;status

(slot location) ;;location

(slot device)) ;;device
pollo}zl A "Esl 4= AA
(deftemplate airc-set

(slot airc-person) ;;who
slot airc-locaton) ;;location

(

(slot airc-temperature (type
INTEGER)) ;; temperature

(slot airc-device)) ;; device
37 8RR dEE d= 24
(deftemplate elec

(slot status) ;;status

(slot location) ;;location

(slot device)) ;;device
37 AE8EA dEE 2= 24
(deftemplate elec-set

(slot elec—person) ;;who

(slot elec-location) ;;location

(slot elec-temperature (type
INTEGER) ;temperature

(slot elec—device) ;;device
peve AR dE8 d= 44
(deftemplate audio

(slot status) ;; status

(slot gubun) ;;type of user

(slot location) ;; location

(slot device)) ;; device
pere A3dAd dEE d= 24
(deftemplate audio—set

(slot audio—person) ;;who

(slot audio-location) ;;location

(slot audio—-gubun) ;;type of user

(slot audio-title) ;; title

(slot audio-start-time (type
INTEGER)) ;;start time

(slot audio—end-time (type
INTEGER)) ;; end time

(

slot audio—device)) ;;device
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[# 23] Bio-Sensors®] =gl
[Table 23] Template of Bio-Sensors

SECGALA 43R =3

i)

= 474

il
R

(deftemplate ecg
(slot status) ;;status
(slot gubun) ;;type of user
(slot locaiton) ;;location
(slot device) ;;device

SECG AA AsdA =

]

gl

e,
It
4
ox

(deftemplate ecg-set
(slot ecg—person) ;;who
(slot ecg-location) ;:location
(slot ecg-gubun) ;;type of user

(slot ecg-device) ;; device

SBPMALA 434 Rr g8 d= 44
(deftemplate bpm
(slot status) ;;status
(slot gubun) ;type of user
(slot locaiton) ;;location

(slot device) ;;device

sBPM AlA A8k =

e

gl

e,

= 4

o

(deftemplate bpm-set
(slot bpm-person) ;;who
(slot bpm-location) ;;location
(slot bpm-gubun) ;;type of user

(slot bpm-device) ;; device

SPPGAIA 3 dn 138 d= A ;»Skin Temperaturel Al 434w €1Z3 = AA
(deftemplate ppg (deftemplate st

(slot status) ;;status (slot status) ;;status

(slot gubun) ;type of user (slot gubun) ;;type of user

(slot locaiton) ;;location (slot locaiton) ;;location

(slot device) ;;device (slot device) ;;device
SPPG AA A3AA d&8 3= 44 ;;Skin Temperature AlA 23474 &3 4= 44

(deftemplate ppg-set (deftemplate st-set

(slot ppg-person) ;;who (slot st-person) ;;who
(slot ppg-location) ;:location (slot st-location) ;;location
(slot ppg-gubun) ;;type of user (slot st-gubun) ;;type of user

(slot ppgg-device) ;; device (slot st-device) ;; device

=
JESS FEAE ol §3te] FAsdAh w3 ofsh Lol JESSS
3

4u 2 Adgus FAYRE L
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[Table 24] List of Facts

»TV-SET FACT INFORMATION
(deffacts tv—set-list

(tv-set (tv-person father) (tv-location main-room) (tv-channel 12) (tv-title M-News)
(tv-genre news) (tv-start-time 07) (tv-end-time 08) (tv-device tv))

(tv-set (tv-person father) (tv-location main-room) (tv-channel 19) (tv-title OCN-Movie)
(tv-genre movie) (tv-start-time 24) (tv-end-time 01) (tv-device tv))

(tv-set (tv-person mother) (tv-location kitchen-room) (tv-channel 08) (tv-title K-News)
(tv-genre news) (tv-start-time 17) (tv-end-time 18) (tv-device tv))

(tv-set (tv-person mother) (tv-location main-room) (tv-channel 45) (tv-title K-Drama )
(tv-genre drama) (tv-start-time 22) (tv-end-time 24) (tv—-device tv))

(tv-set (tv-person son) (tv-location living-room) (tv-channel 04) (tv-title E-Edu)
(tv-genre education) (tv-start-time 07) (tv-end-time 08) (tv-device tv))

(tv-set (tv-person son) (tv-location living-room) (tv-channel 04) (tv-title E-Edu)
(tv-genre education) (tv-start-time 17) (tv-end-time 19) (tv-device tv)))
»AUDIO-SET FACT INFORMATION
(deffacts audio—set-list

(audio-set  (audio-person father) (audio-location bath-room) (audio-gubun radio)
(audio-title K-Show) (audio-start-time 08) (audio-end-time 09) (audio-device audio))
(audio—set (audio—person mother) (audio-location main-room) (audio—gubun cd) (audio-title classic)
(audio-start-time 06) (audio-end-time 07) (audio—device audio))

(audio-set (audio-person mother) (audio-location bath-room) (audio-gubun radio) (audio-title
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M-Show) (audio-start-time 08) (audio-end-time 09) (audio-device audio))
(audio-set (audio-person mother) (audio-location main-room) (audio-gubun cd) (audio-title

classic) (audio-start-time 14) (audio-end-time 15) (audio-device audio)))

HAIRCON-SET FACT INFORMATION
(deffacts airc-set-list
(airc-set (airc-location living-room) (airc-temperature 30) (airc-device airc))

(airc-set (airc-location main-room) (airc-temperature 30) (air-device airc)))

HELEC-SET FACT INFORMATION

(deffacts elec-set-list
(elec-set (elec-location study-room) (elec-temperature 28) (elec-device elec))
(elec-set (elec-location Kkitchen-room) (elec-temperature 28) (elec-device elec))

(elec-set (elec-location son-room) (elec-temperature 29) (elec-device elec))

»PPG-SET FACT INFORMATION
(deffacts ppg-set-list
(ppg-set (ppg-pserson father) (ppg-location main-room) (ecg-value 98) (airc-device ppg))
(ppg-set (ppg-pserson mother) (ppg-location main-room) (ecg-value 99) (airc-device ppg)))
3 USER-AIRCON-SET FACT INFORMATION
(deffacts father-airc—set
(user—airc-set (person father) (location living-room) (temperature 30) (device airc))
(user—airc-set (person father) (location main-room) (temperature 30) (device airc)))
(deffacts mother-airc—set
(user—airc-set (person mother) (location living-room) (temperature 30) (device airc))
(user—airc-set (person mother) (location main-room) (temperature 30) (device airc)))
HUSER-TV-SET FACT INFORMATION
(deffacts father-tv-set
(user-tv-set (person father) (location main-room) (genre news) (temporal-duration 07)
(channel 12) (device tv))
(user-tv-set (person father) (location main-room) (genre movie) (temporal-duration 24)
(channel 19) (device tv)))

(deffacts mother-tv-set

(user-tv-set (person mother) (location kitchen-room) (genre news) (temporal-duration 17)
(channel 12) (device tv))

(user-tv-set (person mother) (location main-room) (genre drama) (temporal-duration 22)
(channel 45) (device tv)))

(deffacts son-tv-set

(user-tv-set (person son) (location living-room) (genre education) (temporal-duration 07)
(channel 04) (device tv))

(user-tv-set (person son) (location living-room) (genre education) (temporal-duration 17)
(channel 04) (device tv)))
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[ 25] 3 o
[Table 25] List of Rules

;3 TV-ON RULE
(defrule tv-on-by-set "”

scontext information
(enter (persion ?p) (location ?1) (time ?t) (temperature ?tp) (device ?d))

3 TV-SET fact information
(tv-set (tv-person ?tper) (tv-location ?tl) (tv-channel ?tc) (tv-title ?tt)
(tv-genre ?tg) (tv-start-time ?stime) (tv-end-time ?etime) (tv-device
2tdi))

HUSER-TV-SET fact information
(user-tv-set (person ?uperson&:(and(eq ?uperson ?tper)(eq ?p ?tper)))
(location ?ulocation&:(and(eq ?ulocaton ?tl)(eq ?1 ?tl))) (genre ?utg)
(temporal-duration ?utime&:(and( >= ?t ?stime)(eq ?d ?tdi)))
=>
(assert (tv (status ON) (channel ?tc) (location ?1) (device ?d)))

(printout

2179 & TV ON. A @7 2tc ” A& " 2t crlf

1 AUDIO-ON RULE
(defrule audio-on-by-set "”

;context information
(enter (persion ?p) (location ?1) (time ?t) (temperature ?tp) (device ?d))

HAUDIO-SET fact information
(audio—set  (audio—person ?aper) (audio-location ?al) (audio-gubun ?ag)
(audio-title ?at)
(audio-start-time ?stime) (audio-end-time ?etime) (audio-device ?adi)

HUSER-AUDIO-SET fact information

(user-audio-set (person ?uperson&:(and(eq ?uperson ?aper)(eq ?p ?aper)))
(location ?plocation&:(and(eq ?plocaton ?tl)(eq ?1 ?al))) (gubun ?uag)

(temporal-duration ?utime&:(and(eq ?t ?stime)(eq ?utime ?t)))
(device ?pdevice&:(eq ?d ?adi)))

=>

(assert (audio (status ON) (gubun ?ag) (location ?1) (device ?d)))

(printout t

?1 "o 9l AUDIO ON. ” ?ag "7} #&. AlE @7 ?at crlf
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[Fig. 26] Setting display of Smart home system
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E3] UbiHouse

Camera o i
Pl ooy =

id (== == [&= IEEE!

1 20.00C 268.00 200 % 87.27

31 28.00C 534.00 43.00 % 86.59
@w@ W“"”' n 29.00C 13.00 41.00 % 114
H of 51 26.00C 8.00 48.00 % 1.14

61 27.00C 579.00 42.00 % 85.68

] 26.00C 500.00 48.00 % 86.59

= 101 20.00C 174,00 4100 % 85.23

! Refrigerator 121 8.00C 2400 17.00 % 77.05

4 ggﬂ 181 30.00C 582.00 41.00 % 86.82
ol mn 2a00¢C 0.00 47.00 % 0.00

Sensor Information

MAMEE

4

% st Eslanlisnmen(

!E ES(ahhShmE“t ‘...................I
Help
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0 ‘ e

[2% 27] =vtE & 4% AA A Ao
[Fig. 27] Sensor device control on Smart home
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[ 2919k [ZL® 30]ol M= A4 7]RE ~mp
At AAANET BUHEY Alx"S Ho F3 v 7+ A AANE ECG, PPG,
BPM % Skin Temperatureo] gt ABE Hol F3 <t} z} AT AlA
of 3+ =+ Hmote-ZigBee Board(IEEE802.15.4 Processor/Radio Board -
24G)E Ab&3

[l

= AlaEd A XA S

2008-09-11 12:53:20.60 [REX] — 7E 42 OF 01 08 03 FF FF FF FF 00 70 5D 01 00 01 00 77 00 7F 00 FF 00 00 00 00 00 00 86 22 7E
7E 42 OF 01 08 04 FF FF FF FF

00 7D 50 01 00 01 00 77 00 7F 00 FF 00 57 00 00 00 00 91 2C 7E 7E 42 OF 01 08 06 FF FF FF FF 00 7D SC 01 00 01 00 77 00 7F
00 3F 00 57 00 00 00 00 EC EC 7E 7E 42 OF 01 08 07 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 7F 00 40 00 57 00 00 00 00 BC 8F
7E 7E 42 0OF 01 0% 08 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 41 00 57 00 00 00 00 DE 58 7E 7E 42 OF 01 08 09 FF FF FF
FF 00 7D 5D 01 00 01 00 77 00 61 00 42 00 57 00 00 00 00 84 ED 7E 7E 42 OF 01 08 0& FF FF FF FF 00 7D 5D 01 00 01 00 77 00
61 00 42 00 57 00 00 00 00 EC SB 7E 7E 42 OF 01 08 OB FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 43 00 57 00 00 00 00 §5
8E YE 7E 42 OF 01 08 OC FF FF FF FF 00 YD 5D 01 00 01 00 77 00 61 00 43 00 57 00 00 00 00 7C 9F 7E YE 42 OF 01 08 0D FF EF
FF FF 00 70 5D 01 00 01 00 77 00 &1 00 44 00 57 00 00 00 OO0 E0 EE 7E 7E 42 0F 01 08 OE FF FF FF FF 00 7D 5D 01 00 01 00 77
00 61 00 44 00 57 00 00 00 OO0 8% S0 7E YE 42 OF 01 08 OF FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 45 00 57 00 00 00 00
31 8B 7E YE 42 OF 01 08 10 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 &1 00 45 00 57 00 00 00 00 FD 74 7E 7E 42 OF 01 08 11 FF
FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 45 00 57 00 00 00 00 25 17 YE VE 42 OF 01 08 12 FF FF FF FF 00 70 5D 01 00 01 00
77 00 61 00 47 00 57 00 00 00 00 AE C1 YE VE 42 OF 01 08 13 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 49 00 57 00 00 00
00 FE 9E 7E 7E 42 OF 01 08 14 FF FF FF FF 00 7D 50 01 00 01 00 77 00 61 00 43 00 4B 00 00 00 00 46 00 7E 7E 42 OF 01 08 15
FF FF FF FF 00 7D 5D 01 00 01 00 77 00 €1 00 4B 00 4B 00 00 00 00 90 0D 7E 7E 42 OF 01 08 16 FF FF FF FF 00 7D 5D 01 00 01
00 77 00 61 00 4B 00 57 00 00 00 00 84 34 YE 7E 42 OF 01 08 17 FF FF FF FF 00 70 5D 01 00 01 00 77 00 61 00 4C 00 57 00 00
00 00 18 40 7E 7E 42 OF 01 08 18 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 4D 00 57 00 00 00 00 F3 BY 7E 7E 42 OF 01 08
19 FF FF FF FF 00 7D 5D 01 00 01 00 77 00 61 00 4B 00 57 00 00 00 00 OE 7B 7E

[ 29] AT A/D 235 A
[Fig. 29] Bio sensor monitoring singnal processing

Message Obstacle is detected in front

e 127/90 o 97%
,’J @ruse 65/ min @Eﬂ'@m -

(219 30] A E RUEF 3td
[Fig. 30] Bio Sensor monitoring display
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DEBUG (JessDao.java[selectTemplateInfo]:142] [2888-B8-22 16:48:22, 324] - selectRulelnfo

DEBUG (JessDao.java[selectTemplateInfo]:186] [2888-08-22 16:48:22, 339] - class jess.dao.JessDao
DEBUG (JessDao.java[selectFactInfo]:84] [2008-88-22 16:48:22, 355] - selectRulelnfo

DEBUG (JessDao.java[selectFactInfo]:128] [2008-88-22 16:40:22, 371] - class jess._dao.JessDao

DEBUG (JessDao.java[selectRuleInfo]:26| [2008-88-22 16:48:22, W17] - selectRulelnfo
DEBUG (JessDao.java[selectRuleInfo]:62| [2008-88-22 16:48:22, 433] - class jess.dao.JessDao
DEBUG (JessDao.java[set_ActionEvent]:78| [2088-88-22 16:48:22, 480] -

Result

# [Father]Jt22A| H|1iving-roond| 7| 0| SHZ=SLICH

living-roonii|2! =Tu oH. 2 : 12 HZS : H-NHeuws

# [father]2|1living-roon¥ %| | S HESLICE.

living-room(}|?/:= AIRCOM OH. =T : 38

[2% 31] o} AIe] AA 49 =2
[Fig. 31] Log of living room when father enters a living room
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DEBUG (JessDao.java[selectTemplateInfo]:142| [2888-08-22 16:45:35, 714] - selectRulelnfo
DEBUG (JessDao.java[selectTemplateInfo]:186] [2888-08-22 16:45:35, 746] - class jess.dao.JessDao
DEBUG (JessDao.java[selectFactInfo]:84| [20688-88-22 16:45:35, 746] - selectRulelnfo
DEBUG (JessDao.Java[selectFactInfo]:128] [2088-88-22 16:45:35, 761] - class jess.dao.JessDao
DEBUG (JessDao.java[selectRulelnfo]:26| [20688-88-22 16:45:35, 777] - selectRulelnfo
DEBUG {JessDao.java[selectRulelnfo]:62| [2888-08-22 16:45:35, 777] - class jess.dao.JessDao
DEBUG {JessRun.java[set_ActionEvent]:70| [20088-88-22 16:45:35, 792] -
Rusult

# [mother]2t23A| 0| living-roony %0 EHZSLICH

living-rooni|2l = TU OH, ZHE : 19 H = : Hovie

# [mother]2f1iving-roond] | | S 2L C

living-room({|?! = AIRCON ON. =L : 27

[19] 33]& o}

[ 32] ojme]l AQ QAN =2

[Fig. 32] Log of living room when mother enters a living room
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[Fig. 33] Log of Son’s when Son enters his room

DEBUG {JessbDao.java[selectTemplateInfo]:142| [2888-88-22 16:42:28, 199] - selectRulelnfo
DEBUG  (JessDao.java[selectTemplateInfo]:186| [2888-88-22 16:42:28, 261] - class jess.dao.JessDao
DEBUG {(JessDao.java[selectFactInfo]:84| [2008-088-22 16:42:28, 277] - selectRulelnfo
DEBUG {Jessbhao.Java[selectFactInfo]:z128] [2008-08-22 16:42:28, 292] - class jess.dao.JessDao
DEBUG {Jessbhao.java[selectRulelnfo]:26| [2008-88-22 16:42:28, 339] - selectRulelnfo
DEBUG (JessDao.java[selectRulelnfo]:62| [2088-88-22 16:42:28, 339] - class jess.dao.JessDao
DEBUG {JessRun.java[set_ActionEvent]:78| [26888-88-22 16:42:28, 482] -
Rusult

# [son]2t284 0 room-of-song 7|

ibre=EIn

il

room-of-sonif| ¢! = AIRCON ON

# [son]2troom-of-son 7| | = = SLICH

living-roon{| ¢! = AIRCON ON. =L : 30

- Xcvii -

1>
2=




WA B Ad FFAANE 2vkE F A2 A G A A
s FE DA JESS AWS ALgel AgA HuzE FE F4E W 9

J
T = Mol ol de FES T A" A A HXIEES] AT

jutot
=2
>
-
vl
o
=
[
112
o
>
)
N
XN
Lo
>
)
tlo
B\
o
ol
ol
2
)

[3 26] v 38 Aol wE Hd Z=AA A3

[Table 26] Average processing time performed by service inference engine

qulz= g a4
JESS Simple Rule Base
User command number
1 0.513s 0.609s
2 0.559s 0.650s
3 0.604s 0.710s
4 0.689s 0.754s
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[Table 27] Component Performance in the smart home system

Runtime Cost (seconds) Error Rate
Sensor Device 1.24 12.5%
Context Manager 3.24 30.5%
Home Service Predictor 2.67 10.2%
Home Service Controller 0.82 4.5%
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