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Abstract

For realizing an ubiquitous home network(uHome-net), various sensors should be able to be connected to an
integrated wire/wireless sensor network. This paper describes an application case of applying LonWorks technology
being widely used in control network to wire/wireless sensor network in uHome-net and the design and application
of LonRF device that consists of a neuron chip including LonTalk protocol, a 433.92MHz RF transceiver, a sensor,
and application programs. As an application example of the LonRF device, the LonRF smart badge that can
measure the 3D location of objects in indoor environment and interwork with the uHome-net was developed.
LonRF device based home network services were realized on the uHome-net testbed such as indoor positioning
service, remote surveillance service and remote metering service were realized. This research shows that LonWorks
technology based sensor network could be applicable to the control network in an ubiquitous home network and the
LonRF device can be used as a wireless node in various sensor networks. '

Keywords : Ubiquitous Home Network(uHome-net), LonWorks, LonTalk protocol, LonRF device, sensor network,
indoor positioning

1. A= A2 HEYAE &8 AFEH HE 72 AHEE] ZXd

HAsle] o]E ko] A% A4l 3 FAE YEHA]

o AFEH, A L A vieA 5 2E A Hopd o} =8 AFEAE AFEL MEYIE A6 gowA
A FrlgE 2 738 (Ubiquitous computing) T8 41 H Ao Fof wx 7 ALZA UEYZ [ 5

€]~ Y E 9 A (Ubiquitous network)7} =95 1 glc). -4 = AL guErE @b oI BHNA FH|FAHL

*ETRI o] $BAdvd g y 5 O ge o
=2 WF : 2006-2-1 H2 2 : 2006. 1. 16 427} ddHm ok FUEAI: ditHez Ao vE
AN} kg 2006. 6. 12 A3, dioje] vEH A, FEHJAUE HELAZ RREH,

HENA Ade] SHHOR Hgd 5 Qi Bolz FuE



88 / fHlA”=

EUESZE 9% LonRF fujol 7luke] 44 o

Eda A4 R &§

EQa x=g3 B4 o7 FH WAE 5%
et 54 Wy Ee] EAlstn Ydrk FUEYA FHH
B4 UEHA 7 7] YA e 7lse] A
LEojop &b o FoA FHIFAHZ FUEY=Z
(Ubiquitous Home Network, ©]3} uHome-net) 7 +%
& s E 9ue] e dA ==E5E FAsEia gd
?} HELaZ F§sr Zhze A ==g9 digh $1X
AEE AAZre 2 metdt £ gly Yigo]l a1l
2 =7dAe FHEYa FHA @ JH/AR 7))

=
of o
filo
Mo
112
_?L

o g TFeE WY g o] &3ty Ao] HEYAE
=3t A8 F(Power Line Communication)9] i
] [<)

£ 292 (LonWorks) 7]€2 uHome-nets 3% F
A AM HEYIY A& ARE LA FEd S
2 Age T AYHE AR 247 dol"HE F
ojdel nFI A3 A FAdE 7
Eolv, FUIEA, ARIHA, 1YY B2 FY Fopel F
53 gk o] 7led 71EY wjdE o83t HESHZ
2 73 g 5 7] WEe Frb wlid FAke E}Eb Hl%
o] Fgo] glx, UEYIZL +58 Fo=
Plug in ¥te& WEY A F71 Al = e & %“373: L
7] Wi ZE F5EA SUEYD &34 5 3
el 712 ARl FUEYA 39 F M 2
o A& Ha Atk
282 7]&L 198837 v]F ofdEAL Aojf T2E
29l 2EA ETZEZ(LonTalk Protocol)S 7Qsle] olE
ek, oel At o] TREFE o]&3 Ao YES
HE7] AIFEEA ARRET] A FE
LonTalk Z2EEE OSI 7T/ 2d& 2§ 251 gled
A, 4yt dolg WESZI} ol Ao]& vEYAZ HH3
Hggeon, 9wt BN (Twisted Pair), A3 X (Powerline), ¥
A(RF), 34 (Fiber Optic)st 22 o3t 54 vtols
A = AEE gty T2 EF 24, ANSI/EIA709.1 X
ZEZZ FH2]
a4, 292 7| U9 AF3E v FEsto T
o] HopollA e AMEEHIL e Ao} vENZ £
t} Aol EFYEe EEa TR EIS g3l
(Neuron Chip)& Alg-3te] A|53 riute]2g e
s X]“‘é tjuto] A7} peer-to-peer, Flat3t EYaE F
ozH FUEYIY 2484 F B2 Uulojx7t A
#ArlE 2 Jerz FUYE 43 T4 82 F2] A
B2 N&dlor AldAte] HFo] o]FolA 1 9l
lx J)ee] ARE E}%h& £ 2 tute]xr} o
l°ﬂ'\1 Rl = + UAEE usAdn 23
‘&-835h5 o] Silt}t Rolth. webA, tiufo]x
egzm e 14 iEioﬂ chsP ekt ofaf glol

fa3 g

f
)
oy M
1 o

M o oo

L fu o

Q‘:rf».::l-(mn{ﬁ_l{)('
FHU
_I-\o

7F A& AdgelrH3l

wepA], B dpeMe AqUEND FFHA 1L JF T
Aol A5E 292 7€ JHleR e 7 AN =
9] LonRF tlv}o]2E uHome-net AH|xd] HE&d
AQEZE vlokdt 458 AA 2 P85 uyHome-net HA
EW=AN 75 AEE FAsTh

£ =79 74LE 2Zd4E frlFE2 FUENA H)
2EHEE &/Ex, 3F9)AE LonRF tule]2 AAZ
A% 8728, F2 2 LonTak Z2EF A" T2 o
3 dggol 4FoAE R E LonREF tlule] el s A

g3l LonRF tuto]2& 83 AUHxd4 2
LonRF 2"lE|R/(Smart Badge)ol] dls) = A=3gich 5
Fo M= LonRF tulo]~& 83 uHome-net B2 T
A, vpxatez 6goja 48§ Pk

d 2#4s

< Baby voer.c oot
Motio Ve
otion Sensor ebook Monitoring _ Erergy Mgant g g

LonFLE LonWorks Power e Comemumigaton 1ANS(/IA7093‘,
LonRF : LoaWorks RF ($194Hz, €334 Hz, 914

1PS :Indoor Positioning System

wiome-net : biquitous Hoene Network.

19 1. uHome-Net HIAEHWE FAE
Fig. 1. uHome-net testbed configuration

THIHEA SHESA HAEHE

71&€ SUEY A9 vjag uHomenet?] 2bo]d2 Ao
HEHZE A3 9T tulol2ES TFE ZRE
2 E2EId ZIEFE o)8sle] fFEHoR BAY #
% LonRF tlufo]2~E& 7idt A AR A2 A 25
(IPS: Indoor Positioning System)$ Ao} WES Ao} £33}
AA AU A 7bte] g FulE)a Auj2rE 7HEst
A Bt FHAE A FUEYAY HAE B Aelrh 1
# 12 LonRF tlulel2rt viakdr ez 3 gd
uHome-net?] H2EWEZ9 FA8 e}

uHome-net HlEAHI=E yHome AlJEgo] 2 AH,

AYHd Fal dufej2(7ka MBE JHAFA, dE B B
A=, &29), 7HAARCL22 R, 79 EE) IEEE 802.11b
FACEGR(PDA, 29E t]2F#9)), LonRF T4 tju}
ol &(FAHA 7], 742=A377], 29tE #iA]), LonRF-to-PLC

e2h-E, AU R 4 A&EIPS) Sez FAHE o
3 g AAED 5 AL g8 ApRE B4 Wy
< LonPLC LonWorks X FA4l), LonRF(LonWorks
RF 541), Ethernet, IEEE 802.11b(djo]E A FAl)o|r}.



fREREEEL - AW B RmEE B 7T & 3 W 2006.7 / 89

uHome-net?] Aol WEYIE 7|EFHo=2 LonWorks
71% 7]¥ke] LonPLC HEHYZZ FAsYx, o] EY=a
o] LonRF ©ulo]lAg2 FAHE LonRF Aol YEYAS
843t7] 918l LonWorks RF-to-PLC ¥ % #$HE A&
3ttt LonRF tutelx= #H9HE $3) LonPLC YES
A9 EFACIEHe], AYH FAl fule]lx Hul oph]gl
LonRF tju}o]lA7) peer-to-peer A% 7}153}ch

uHome-net HIZE#| =0 AL8-g Z+zbe] A S sl
A EH ohgT Z
uHome Al°]Eg|o)/AH £ uHomenetoll HEH B4 =
E7F 4 8] HEEAY SRoA dH S 53814

LEE dAA & g JEE F4 dEYe

B og#He|~22E LonPLC, Ethernet, IEEE 802 .11b,
RS232C & AYdt} uHome AW & el dg S350 A
olEolst AAH o uHomenet ¥ L s Mu|AE
FEste S g

uHome o] ©@#e Fge|x FHo= uHome-nets
Ajolsl7] $18k FAZ 11Mbps Wireless LAN CF CardZ&
42k PDAS SAWE FHoE ZEAZD 4 Qe A0
E tj&&do|(Smart Display)& A3ttt PDAE T4
FTAoR ko] AX ¥ AP(Access Point)ol 381, AP
¢} Alo]Edol= Ethernet dZ¥¢] uHome-net?] FXE
Aol ghet,

FUEYZ 744 FAlolEdels) HA¥H Falez o
Axe ZFAe A kA AEFS g3 Ao FAR 2R
o} uHome-netd] Agd Fle] 7b5d 7bd AFoRE
742 B3 713 XEE AMEEHN, Ao FXEZEe £,
Zh=dE A, AE g BE=E Axs9dd. A
AFL U AEHA B4 BE] FHHo] glo] U
7H AFe] AE & B Alolrt bEsta, Ao FHEL
ON/OFF¢] vst Aoz} 7b53)ch

LonRF UHlo] A% LonTalk TZEZ 7|9 owhek 7
SALE LonRF-to-PLC @$HE T3] AolEdg e} o

RF Network

Powerline
Network
Powerline
PLC Nodec A
j PLC Node B
PLC Node C

% 2. LonRF-to-PLC Router 7%
Fig. 2. The Function of a LonRF-to-PLC Router

Service Button L LCD Display _

/LEDs
A 1

- u-Chip o RF
{Neuron ¢hip + extemal memory) Transceiver

Sensor /
Actuator

oL

Battery / _ RTC
Low Bat Check] | Reat Time Cloctd

1% 3. LonRF tjujo]a Fx
Fig. 3. LonRF device configuration

olHE Fuite AX2A F2 AA HE oY 97
Aol £=2 Alggo)h uHome-neto] AH8-¥ LonRF tju}o]
2% LonRF 2vwlEN]A]|, LonRF %274 7], LonRF 947
7k 7)ol

LonRF-to-PLC #$-E1+= LonRF tjuto]2 ¢} LonPLC &
| =23k 291 715§ FPAch. 13 2& LonRF Ml
3129 LonPLC HEYZE HAA5= LonRF-to-PLC
SE9 715E& 24

>

m

Ili. LonRF C|H}O|A Al

3.1 87AME

THIFHE . FUEYAY AA JEYIY &EF7) 9
LonRF tjutol&es Gubdl MA x=tole &8 A%
7RI, 4% T8-S 248 A Peer-to-Peer WAl o
N B wel Mz JEYAT 5+ gojok 8,
£2 Au|2o] weba AU 7]Eol Yook
oy =3 MY Ao A¥stE EER slu, FH9
A ZREE AHES g

off o & KU mjo rob

32 LonRF tjufo]lA3 A

LonRF tjule] &= UT(Ubiquitous Terminal)e] 3+ 3 )
A 4% AMZEH dHolHE 48 el £4 AN UE
HA2E FAste 9L AHE ALEET LonRF dulo)lAE=
A A UC(Ubiquitous Chip)oll #1%5-3h= 79 3 (Neu-
ron Chip), RF E#AY, dlXe} F2r] Foz FAFT,
A8 F2= ad 33 2ok

UCE EEZ(ANSIEIA 7091) 22228 PHY T 24
A, MAC Z2AMA, &4 Z2AMel ztzt B4k ghasle
FEE =AM 3120 wHHE 84395, RF EWAH
© 43392 MHz a5 d99 & dolg 4195
Kbps)& Aglsta, F4 =2 wbo} oF 100me! AL AHE
v

LonRF tjutelxE Aeold AA, 7tag=x] AA, 9 A4

% HE T 279 2L AT ¥

1Y &Y XES du AU 2Eve J42 9%

AP B4 FEE AW £, LonRF tlufe]2e] &



90 / #vlA"EX

FUIEYHZE 91T LonRF tupol 2 7jwte] AA HEHa A 2 &8

& ZRAAAE UCY 958 ¥E 4 A
Alstal e st mE AojE 39
Zza#Hyg Aol Neuron-CZ 7ldd
295 dgdch

33 LonTalkkEZEZ g 7%

LonTalk TZEZS 1999d 12€0] EIA709.1 o] W=
g4 22ERZT 9FHa ol ANSIA wAoEZ ¥
#stsict. LonTalk i‘.iE%é Wgd wFE =Auhe}
Cypressol A 3352 gon, AE MEAR dodF WE
AlZE Qe AgE EXel sted AFEE MWL F UEF
52 9tk 2¥ 4= peer-to-peer T41S A Y3t LonRF
Hute] 29} F4l ZREF A F2E Ve

FH3e 28 ZaAA, MAC T2AA, PHY Z&2A44

7| Application Application [¢&—>{ Application

6 | Presentation

5] Session Application || s Ns1/E1a700.1 ANSI/EIA709.1

CrU (Neuron Chip) kg3 (Neuron Chip)

4] Transport

3| Network

2| DataLink || MACCPU

1| Physical PHY CPU LonRF €3 LonRF
OSI HE ucC Node-A Node-B

O9Y 4. ZTE2EF 29 F2F
Fig. 4. Protocol stack structure

Z2 FAHed, $8& ZANMCdME &8 Z2adn
LonTalk Z2EZ 457t d85u, MAC Za2AMe &
gl A% Z2EZF(Physical Layer Protocol)oll 3 wy
o] HT Aloj(Media Access Control) 7]1%5& 38},
PHY ZAAdEs T4 EdAwe 75g FYPdoh
LonTalk ZREZL g F4 mtels AHdsez
MAC Z2EZ% o]d JIsl= o 22 EFE sl
Atk

IV. LonRF CiHlO[A S

LonRF tufols &8 cl2A HuleiFa Mulsg
# LonRF £vtE WX, 47474 MH 22 9% LonRF
A7), AA4A7 A¥2E 98 LonRF 712438718 7
wallt. LonRE Tlufolze) 718 72E fASIRZE 3
A 2nkE WA daAe 23 Ak

o}ﬁjg

=

4149 94 AN =9

AWl AF FE B9 A4 34 2 FAL O
3 T EY A AMulAE §2F = J%z SuFAHA
FEYAE 93 wt=A Ze% 7so]rH3] uHome-net
HAEd e AR 28-S F5eto Ao
EHA, dojy YEL =% = 3}9313}. i
uHomenet HIAEMW =] 3 A A 283} AU E

rPL R
mz
£

RSl Ade tedeh Aol e o4 FFol 2
Qe Aol tlAlel R E 2ute wAE Aue] 4
Ao} A 349 A REE FAsE mToRNH A

o]

& A8ty 2atEnA o] AW HAFRE A
A4 #F¥EE LonRF Aol MEYAE 539 %ﬂ]"]éﬂlolb}
o2 fufo] 2o Ao 9 7|8k Mu|2E FasA B
t}. uHome-net ElZEW|=o] AREE AW A47|ES
MIT Oxygen XZ=2AE|A  pervasive computing
environments T%& 3] AY F<
Location System& ©]&3tth o] Aui¢AU4 7|2 4
W Aol 339 Adt /1A FRE Fof 2 o g9 o]
& AA3la, o] HlE4A AXNAFRE EFE RF A59
2% $AV|ZEH e 230 A A

Cricket Indoor

Beacon-3

a9 5 2etEWA S e A A4 A =9
Fig. 5. Smart Badge and Indoor Positioning System

714, vl wix9 g2y (Listenen)dl e o] F FF9
AEE F48e] B EZAAY A=E Atttk 37 o]
v 2ol A 418 A HEE o835t =9 33 A
Ul fA #HEE AdeA "BoHb6] SPtERAE glauvg)
LonRF tlule}xz FAEEH, 2uioA 2nlEn]x <]
Y= ARE ALESte] LonRF tujo]~& 53}] uHome-net,
9] 02 wxd Hduste] A7 Mu|2E FEA =
=2

4.2 LonRF2vlEW 3]

LonRF ZvtE wjAe] 289 Alo] dugFa A
He o 2o

2utE wjx e §8 ZRAM FAEE Ao gz
< 3A F 7 Zleer A A 4 Mus
g3t 2 ugAst 7l A FA4 Zleolth HA 4
MH|2E 2435 = F5, &0tE HfAe A FHue
uHome-net?] AAUENZE AAH uHome AlOJEH IR
dEEn olFolz of A HRE FEo AT Mujx
& 78¢ 7 Aok

e iy



SRR - A2 B ek B 7 8 3 3 2006.7 / 91

421 4

a8 68 AnlENR] g=do] FAHES AFE HFol
t}, AntEH|A]E Cricket Listener$} LonRE tjule]xz2
A3, o] RED BAL AZdEaleR oFojxir) 1Y
6()lM A% FX7F LonRF tjulelxolx, 2% |7
Cricket Listern®]t}. Cricket Listenere= ZvlEs|R| 9] A
FHERS AASI, LonRF tulolae g2xydA dAul
X3 Agte} LonRF WEZE T3l AlESoY &
Aejo] AEsict o)A Mg 2vtEMAY X FHE
AW R 7|8k SEAH| 2o HEErh A AEE 2nE
HAE F e BnEZ FAE Fujsty] EHIAN F
B g Bgste FUjgos 4¥E 73t

Cricket Listener |

Lon Radio Nodi
BX/TX RF RX Module
RPTX/I;X Module | ) St LD 18MH2)

PICI6CO2TA Low Baltery
Status LED

{ LowBanery |

D Detction —tond N o
e Neuran Chip -
(TMPN3120FE3M) Buizer ATmegal03L

1

RS202C | rsmc I
Pt Driver /Reanivir jatfoameit Prives /Ruecciser
MAXZS

MAXIABRE

(a) 2vlENA] slege] A=

(b) 2nlEHR] 25
2% 6. LonRF 2rtER|A|
Fig. 6. LonRF Smart Badge

422 AoldundF

ZutEuiA = oje] Aol @RV =FE YA FH Au|x
g4t HHS wAlsE, 5A A A olFA vt
o AZe] HAE YAARE Ao dRr)E Aok v
o vZdst HyE FASHA HE AR FH MuxE F
gttt 0y 72 2uiE wjA 9 Ao 5&& dehl, O
d 82 #A 4 Az BAs/mgAdst FAE ek
.

¥

CELL_SIZE = 10;
RANGE = 50;
pstX=0, pstY=0, pstZ=0;
get_loc_from_ips(x,y,z);

.\::‘rcv_msg(sn:ID,sz,smY,st, Acliu:n)

newX =x; newY=y; newZ=z; ‘l!_
y [srcX, srcY, srcZ x, ¥, Z) e
7 send_msg{mylD;xyz Action), | T s

Actuator Operation H

¥

send_msg(Ack)

v |

a8 7. AnjE wjR)9) Ao} BER

Fig. 7. Control flow chart of a smart badge

DEV_TRC_REQ_MSG
DEV_TRC_REQ_MSG (dev_or_user serviceFlag = 1)
k} B].)_\_ (dev_or_user serviceFlag = i
.
4% LOC_REG_REQ MSG (loc_reg)
LOC_REG_REQ_MSG (lox_reg)
>
DEV_TRC_REQ_MSG it
_TRC_| (dev_or_user serviceFlag = 0
EEIES ’ (dev_or_user: 5 =0) v or. all
H| 843
1243 ACK{option) R
ACK(option)
PEEr LOC_REG_REQ_MSG (id, loc_reg)
> LOC_REG_REQ_MSG (id, loc_reg)
E4 Wheey

19 8 HA FH AMujx @A/ EAEs s
Fig. 8. Activation/deactivation procedure of position
tracking service

482 Neuron C2 ZAE AnlEu|r Zgad F 93
7 BE FEOE 9X FH 45t ofFd met AntE
Wl A1 9) 4l 32 $1R] ARE AR, 1 #%Eg Ao )
Eqzd vy Ao® HWAA HEE HAFensg z2ad
=l



92 / #lAE2 FUEAAE 9% LonRF Hulol2 7]we] A4 YESZ 47 2 38

// tasks declarations based on the event

when (msg_arrives)

{
if (msg_in.code == DEV_TRC_REQ_MSG)

memcpy(&devOrUser,msg_in.data,
sizeof(devOrUser));
if (stremp(devOrUser.userld,locReg.userld) == 0)

/ / service request: on(1), off(0)

serviceFlag = devOrUser.serviceFlag;

if (serviceFlag == 1)

{
msg_out.tag = SMART_BADGE_TAG;
msg_out.code = LOC_REG_REQ_MSG;
msg_out.dest_addr.bcast.type = BROADCAST;
locReg. xAxis = pstX
locReg.yAxis = pstY
locReg.zAxis = pstZ
locReg.devType = SMART_BADGE;
memepy(msg_out.data, &locReg, sizeof(locReg));
msg_send ();

}
)

}

79, Mul& EASA] AvtE diX]e $X AE BE
Fig. 9. Location transmission module of a Smart Badge
when tracking service activated
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I0_8 input serial baud (4800) io_ips
10_10 output serial baud (4800) io_sync;

get_from_ips(x,y,z);
{
if (new_cell (pstX, pstY, pstZ, x, y, z))
{
msg_out.tag =SMART_BADGE_TAG;
msg_out.code = LOC_REG_REQ MSG;
msg_out.dest_addr.bcast.type = BROADCAST;
locReg.xAxis = x
locReg.yAxis =y
locReg.zAxis = z
locReg.devType = SMART_BADGE;
memcpy (msg_out.data, &locReg, sizeof(locReg));
msg_send ();
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Fig. 10. Location update module of a Smart Badge
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