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[Abstract]

With the advancement of information and communication technology, people's living standards have been steadily improving,
and the application of smart homes is gradually becoming deeply integrated into daily life. In this paper, we propose a smart
home network based on IEEE 802.15.4 to ensure system stability and device scalability. The proposed system utilizes the CC2530
chip as the wireless communication node and develops wireless network software based on the Z-Stack protocol stack. Through
smart door locks, various sensors, and other terminal nodes, environmental monitoring data is collected and transmitted in
real-time to the coordinator. The designed temperature and humidity collection circuit in the proposed system closely matches the
accuracy of portable temperature and humidity acquisition devices, with errors falling within a reasonable range. This ensures that
data collected using temperature and humidity sensors is accurate and reliable. The proposed system aims to achieve characteristics

such as flexibility in mobility, strong scalability, low cost, low power consumption, and simple operation.

AHO10] : ADLE E, X|7H|, 2xH|2] THO|, CC2530, & OJAIAHE
Keyword : Smart Home, ZigBee, Raspberry Pi, CC2530, Home Assistant

http://dx.doi.org/10.9728/dcs.2023.24.9.2169 Received 27 June 2023; Revised 26 July 2023
This is an Open Access article distributed under Accepted 28 July 2023
@ the terms of the Creative Commons Attribution

S Non-CommercialLicense(http://creativecommons *Corresponding Author; Hyo-Young Park
.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the Tel: +82-2-828-7157

original work is properly cited. .
E-mail: parkhy@ssu.ac.kr

Copyright (© 2023 The Digital Contents Society 2169 http://www.dcs.or.kr  pISSN: 1598-2009  elSSN: 2287-738X


https://crossmark.crossref.org/dialog/?doi=10.9728/dcs.2023.24.9.2169&domain=http://journal.dcs.or.kr/&uri_scheme=http:&cm_version=v1.5

C|X ™ 2El X &t5[=&X|(J. DCS) Vol. 24, No. 9, pp. 2169-2174, Sep. 2023

AFERIE Y] S A =g Al X4E7]§o] o el
el 05y A o we whAlS wha 9uh 1], AFEelE Ml
(IoT : Internet of Things)& AH=3F Alekz) /\}37 ko] Aw
WES A7) 3] Het AA Gr)e) T JES A Ve
£ AHESte] Al Alehs AAsh=E Blolth A AvtE &
QA= A 1 FdE EFol F=3skar dlolyrt 57]8h
HA &= T oAe 7H] EAlEe] s At 7 Al
@ A b QIFH o] TREFO] FUHA] il A 1F

}\o]' Q1 FA4le] 37} st HolHE A4 5 ik st
olg|gh FAIES Wuo|E 9} E29-E AFH ] w53
o g 2mutE Fof tloly A%, AntE %}ﬂﬂ% X} 7]
9] 7l&A Q] #AIE] HA} sl A= 1 vt 2]
ol Zol& 7]Hke] AnlE & A AL [T Y o] zq]ﬁl&
3] Hgsl MQTT(Message Queuing Telemetry
Transport) ZREZFS Zgsto] 2|9 o] AlgheaL 4
o] W& Aol AR SHE  JEF dr) FA
A7 FREo| A= USB(Universal Serial Bus) 218 ¥E
AL B3] 2ntE Alo|Egole}l 54l ke FAS
3lal  TCP/IP(Transmission  Control
Internet Protocol) 54l Z2EIE Alg-slo] T
44 BUEHS Fdgt) o Tl 53 71 o) vl
FA| ko) A s3] fle TAE o= AR dET 5
o]r)r.

2 B AE AnE & UEY IS §A4E B8] &~
ntE F UESAS] 4 EAE ddsty] 9@ IEEE
802.15.4(Institute  of  Electrical
Engineers) 7|HFO.2 dh= ~ntE & YEYIS A L+
Hottl, FHEA 22 EZS 7o 2 714 9] thekst AnlE

7S AlEEeldstal A e 7o) A 7] MES A,
gz gho]lE &-83ate] 2ntE F Ao AoJEQOlE T
e

=

ﬂl%n%ié
r[[‘_ur-,-lo_uo

ol

o, offt 12 of

Protocol/
A E/\ UJ

¥

and Electronics

2 9 A Fokl 2kE F 7%
Z7h L AHE B3] WElE smhE ogﬁm Az w0
Aghe grolabl Heitk AT W W E A QY V)%
3} QAFAY 7)40) 57 e BEOZ 2wk F AL w)
=7 geta glov] Bl AEE whE 4gAE Holx
2AeH4]

http://dx.doi.org/10.9728/dcs.2023.24.9.2169

A B Helsa Ak A BAL 2 Fa ek, &
MhE Fol WAL FABA J1%e] 008 A dole
o] 17] Faks A5 71 Aolkol oI A% B

- ‘ﬂoiur Xﬁﬂ TANES Yo ZdEsHA HEATHS]
5G B2l 712 2~rE F9| AE S8 dAsH =Y
T glo 7}/\L§4_§(V1rtual Reality : VR) 712 ¢ &
=93 Xﬂ?ﬂ*‘ s 4 Utk 2RE & A MAH R
A o FALEH 85 e, 2Tl F7, oMl

ofsh HrlolA] o whdaar sieH6 .oy e d3el B geka
MEe] 78S wmyn| 2kx} ZHdo) whal AntE B Al A
A ek

2-2 ADIE & AAH

ZUtE F AAERE SR, Agale7lE, AFEdE
ZIe AFE Ves T AR, TR AEA)
EUHH, Ao}, Ay, 7 EUHY, Hve o2 5 &
P52 F4T 5 Qe
sphE F AR Aug o ARERIEY ZEReE,
olEg]o], Alo] ZAE, AnkE tlulolz, 7k AlA Ciujo] 2
So7 FAHELE AnfE & A|AHEIO] @ Tl ujg} A]AELS
NAAE AR, LHE, fal7ks B e 519 849 4
B S Aojsha eldte] 2rlES FARY L TAY
(7). ey Holel 4] WAl 2ohE F A
SR, Z2RF AT, oA S, SEE so2 v
—/F 15} *HPE T AEEE 4] AT ZRES BElS o
& AE Aol R #eshal LR EE AT
= E‘r‘f—'—_}%ﬂ A& ?ﬁéoi 03_75?‘5}01 /‘1i E1rE ﬁiii
A

4

_4

ohe} Fedk iD}E ﬂlolEﬂl 15 Eoﬁ Xl:Uﬂ R e
solito] T ThFet A AE TREZS T3 AnlE
-'ﬂ” 2ulE A ~ntE 2y 33 Je SHHAE & 7))

al A<=
5 100714 ©| 0_04 % QAste] E e F AL
& TR

2-3 2R 7|U| ADIE Z

Sk QJIEU E Selet SHE Vs wYER AntE
2 2H9E EHE AIUE oA Q‘}i‘ﬂr sl9e], /\]C+
v, =, Hlolw, gl AE, A 5 Sl - 9 &

IT(Information Technology) ZﬂZ:/\}EO] Sluja} &}A| IoT
- SPES ARl 9], g A3AL Tl 74
A AFake] apel= JAIRE, A QD AA F20} T V]
BHo7 fAbelth AnlE & FEReE EHE] 94 84
o FEE A aE T2 X B, A A4 Aujs F

=



L

7 g7 A .

71Ee] A ZAYN okbel g AME THSF
She 2ot 9l Beld 4908 e }% Ao 2eE 2
9E 7S] F0 4 Al 10]. BE M AAE v
CEER R EC U E RS R
Hoz Fsle] fA% el A9 E2L AFT 5 9
& Wk o} s=elo] A AEEE TN 5 9]
ARgARE] AN A A ARSI BEA MM, A 917, F
) el Y Sell i ol e glek AUE o
WA BelH A0 FEES ol 49 1 ES Ao
Wk ool <12k HoRbAA Au)s F2E Bk A

[e]

2-4 ADtE ZOIM 24 M7

A 1M ZR2EZH(ZigBee Protocol) 713 S =29 3%
FAgA TREZEA X189 JgH By g
o AP A A RUEY AES AlTste] A=
A2z} ]JHH EAL W AE v, #L A5 A
Az TREZLL ZA UESA
n@z’g 4: o1ocq URFEE ) 1ke] dloly d
o)

AA

Nlo e £
x4

Wi-Fix 71 Ea_al FQ He B4 MEYD Z2EFR
W A S5 &%% Fel wold A% 2] AHAPE 4
A AR 4 i ] Sieh Wik A4 whel wash

FAUESA iﬂfij— % sholH, Wi-Fi 62 o|& &
=7 H{d} 9.6Gbpsell Datal ¥ @& A AAAE 78
= doH12]. EFF2(BlueTooth)= Wi-Fig} #|1v]e] &
Mol st 2| -mlsh Ak A A2 dme} whe S
548 73 giek. Bl EEe] AlolEse] glo] AHgAt
An)sk A4 Aol 7hs R, olE Wi-Fish $AFITH13].

g7e] A 7IERA Z-Waves AHIE, A= 4
H], 2 g 545 7HAL Stk o w2 5] v
g ¥z WAlS xfEEta oy e £ dukdowr
9.6kbps B 40kbpso]t). Z-Wavet x7] A7 GA| =
ZUtE & A Alo] ool A-8Hlen A Wake] ¥ 3
sato] ZREF T2k 0w IS 14].

l. ADIE & YEQ3 7%
3-1 A2H 24

A|Qteh= Al2gle Fa B4l AlA MESAE Mo 5
1l CC2530% F8 Heoew 3= gHud == 2 FA7]
(Coordinator) == F4 WEY= 74, dlojg =3 2
A%, Ao PH Y 22 7158 Aegsic), a2la gz o)
o] 4B+ & Alo|E°](Gateway) & AFE3le] QE|dlof] A4

IEEE 802.15.4 7|¢te| ADIE & H EH3 78

3}aL & o] A ~E1E(Home Assistant) 2 & 253} 9o
2 ARgste] A F3 el oisk 94 Az BUE,
27] ﬁi z;d UJ ZﬂO{ 7]3& /K]t'sgt:;l—]:]_.

ARFel= Al2EE 2~utE Hujd, 2A47], Alo]Ego]&
T/E ] TRk A ] HlolE7t £ Elo] AntE Huld S
7‘1"4 HITAow 2A7E AL 2477 AEE T

S 2~ulE Alo|Eg o) & Fal HIESY A AZHT) AFSANE
7578], PDA(Personal Digital Assistant) B S A 3}o}
Lo SEto|AES F3l H(Home)toll = thFeh FA&
Azko = AestA x3] E Aojed 4 gl

Y

113

3-2 A 2% 2|

3 m=RolAE %, AE 7] CC2530 BES AL
gato] FAAES] A%y BUEY 2 AlolE MAw A
AR A 7)ike] 2nhE F A 2Ee 27 19} Pk

13 1. IEEE 802.15.4 7|8t AOIE & LHES

3 A
Fig. 1. IEEE 802.15.4 based smart home network design

T3 1elA A= 78 Wi Aol thek Alo] 3wy
HE ARE s8] 9i7|E Falf Alo|Egelw g,
gtzwlg] vtoli= Ao B0l 2 ARSSlaL F oA SHIE ofE
Aol E 7ite R SEoldE RUHY Ly ARSI,
etzwg] stolo] A & oA AHEE PCE Fall 45
5= 2)\_0_11] D]j]_%l BURCS E{D—H/\ic ES el Jlal 9l

Al Edlol= Zhzke] 4 wev| o] ARE ?X‘ afaL s
AoJ 15 HEdrh Wi-Fi BUET go] Alojgrns A
sfol dlolejofo] e Ao gut FHENS ol A

dlolelogo] We i Wi- Fig Bl A58 & o}
E2 97 RUeggon Austy felshn merks
o] 31k ASEOS} A4 4 T Aok o]
dofeia} Abelolli= 28k EE= A (topology) T-2e]m 7
Edlols 43 XEE 55 ezl solo] ARk A
Edol W 4 TES B3} A7 AlofuAe} F5%
Ao17)5-8 74 ehme] shol i A5k 112 The TCP
/IP TREZS B3 47 BUH 2 Aojuae A5Hw
o1 AF&A} QIEjFo) el T},

hEg 2

2~E
—<
J2]
=]
A
E

_0,_0,1>«o>4

3-3 Al2" 7

A=)l RS 98] FARES CC2530 A& A8

http://www.dcs.or.kr



C|X ™ 2El X &t5[=&X|(J. DCS) Vol. 24, No. 9, pp. 2169-2174, Sep. 2023

o FAEEE CC25308 E3teh= A 9oz tHAs
LolatA s17] 913l &l JZAXE, USB I Ho] X,
A e H o] G AlA] QIE|H| 0] 27} A FE T AZE o]
2 Az O EFE dibdom A8EE IAR
Embedded Workbench IDE(EWZ}iL% HE A3k}, 2
EEolA FEEE FARES 2ulE Zojgl, AnfE R,
Fall7ks AZolt). A58 Eof A AT AE, Ao ]
o= F2 CC2530 3 7Wb F4%%E, RFID(Radio
Frequency Identification), 7}= W& I57] 7]|H=
(Keyboard) 2 &#e]7} 33 t),

PHEES YENEE FAleta dEgRe AREAe] &
ol whel UM E, AF B RFID 7427 9 4= 9ok A
BR= 7tEE S AEE dYsloF ab 7 He] §ige] A
A ow vluy 5 o] Aglo] ko] s EEA gtk
oluf, r7} AA|5}A] gFoH Hio|7t AFalA] k=t A
42 ARe ~nfE HudSs S 247IR ASEa 24
7l ARE W I Alo|Edo]l2 HFslal Alo|EdelE
RUHPE A8kl ARE 7|53t}

2% BUHPELS dvtgo g A DS18B20 tiAd
2% AlME Dallas HH=AOA ket gAY 2% AX 2
2k A7), & AYE, A3 1] 1A sEHe 548 VA
al Q&% ZUEHS o2 £ DS18B20 % AlHS
RFID ©&7] t¥7] R=9] 1/0 ol AZsta 7|4 4 &

= Ae TE dde etk 4 @)= DS18B20

rlo
oyt
r_—)“_‘l
>
Lo
kn)
©
Ay
Ll
ne
rlo
o
)
o
Ay
)
o
tlo
m
i)
A
ol
r
4

o A% WS} W s} 7k
2, o kg, 2w 9 Aleh ARl felrks Aol
A st w2 5g0] A ergAe] ket ol

T4 S,0p WIZE ), A a2l 7k A, SE7),
713 g Alo] 2o} e Axfe] 2o R g ET) gk F]E
= 7k Wi 94l B3t 2 2AS AlFdth 4%
714 oliksA S 0.9 7] HMEES g wARE F
7] Tl 3l 7k wE7F S7Hel e 7] xS 3
<7kt

—d
2
ey
mﬂ

P71 Wi-Fi gx|eF o] F-21 U[ES] ol 24
g17] wiiol AlelEglo)(#h-E) ok 22 T8
Pxlol] F7hste] HFA o & FagRE AAgit)
&= 2=ntE Fo] dia] A EA A 2~etE F
A9 AoE AJYA L A= TE Al 7] TRE
=EoA] Ao EdolE 2F &2 BlEd
gtol 5 ARSI welnE 9 Qe o]~ A
I}, 1 29] gfzu2] slodl= A-EET}

FAlE ARE APTES Fi g=Hy

ZH|g] vjoli= HHLE AW E 4151
9 g = g

1

B 12
X,
[~
ok
SO

O

m _m
2]
O:

£
o

X
=

Lliﬁr)ﬂljg

Lo

e

[N et

Z o
Ko

[\
oo
i)

¥0 1o QO iy mu
o rlr ro o
Rorle m

by o
o
N

R
i ofy

145}

L

http://dx.doi.org/10.9728/dcs.2023.24.9.2169

40-Pin General-Purpose
Input/Output Header

2. i
8l .0
Micro SD Card Slot
2-Lane MIPI DS
32-Display Port

USB-C Power
Port 5V/3A

a8 2. 2f=H|2| molel milEE=et olEfmolA Mo
Fig. 2. Raspberry Pi main board and interface definition

gcmzriicpy || 8GBRAM

2xUsB2.0
4-Pole Stereo Audio

2-Lane MIPICSI
Camera Port

2xMicro HOMI
Ports(Up to 4K60P)

Aorak A|2Elo] mUE Y TR T oA AHES A}
&3}, & oJA|ABIE= Pythons 7|Who & 714 217] Q)
QEL 2utE F AARIO R A @A) giEe] AntE F
71710l 3.8k 2 X Qo] Hr), tiF-ie] BE 7]7]9] YUY
B 9 A7 Aojrt folstn ghzu] dolo A eHstAl 2}
3t} 974 2UEHE =6 o] HDMI QB Ho]| A2
RUE A4t AYs A $, WA Wi-Fi vES]Fel <
Aslar gz gfo] Al4® A48 VNC(Virtual Network
Computing) & 743+ VNC 7]%5-& 71t}

VNC Ao b7 Ed VNC =75 AFESle] d& F45
E3 Al RUEE ARSSEA] @il ghzwe] stodl] 27191
5= 9k 23 3o AFEE IP 4 192.168.0.31& =
wg] ool A AL [P F4o] L 81232 & oA 2K E AjH]
2~ XE Wgo|t). USB 7Hetel] AAg § ~nlE Fof 1
YEE A 2ES AlEdolAS 3 Auks & oAIARIE H)
He 3

33 3. & OA|IARE diC|2et 2Hi! f AFE
Fig. 3. Home assistant video screen and mobile app screen



AEX=

— =

2 WED A A 5 HAEE AEdeld B =
£ 4o)2 B B} AEoe e e A4H T )
EQI3 Fao) R wsh WPEE dgelne 54 A
9 dolel glov] vlESI T4 MAs,
W= e8] wmmel Gl R A5, A9
2ol WA % 44 ke eheE wmmo] Ao A
A% 5 gom A ENZ A} A Sl SR B
13} gk, ol W A Aol A% JgHoE AEse

= o] 2h9e =g 4P 5 9k

==

i

s © Lgio

1. 2N HEST Rt A7 53 M5 Hot
Table 1. Performance evaluation of wireless network
self-healing ability

Route Reconnect Time 10 seconds
Average
Before latency 10ms
Failure Packet Loss
Rate 0.5%
Average
20ms
Data Transmission After latency
Performance Failure Packet Loss 2%
Rate °
Average
After latency 15ms
Rerouting | packet Loss
Rate 1.5%
Failure Recovery Time 2 minutes
AR P LE L FE PR PR $97
H FHe 542 Al2gelA AAlE HE 32 A
B Aotk AlEH el S8 AHE 1L FUl§ 25 %
N AHE B 2% 2 &% HolHE SA3t) A|AE|
A RE 2R 2 FE doEHe FulE 5% AR AhE
g-gate] S dlolg e} naghtt, FEAE 12 Floj=
gho]o|(ZF) ¢} 7T E8ete] ¥ 3]0 25 FE
E A 0w Fo] T
ARtk Al ~Hlo| A AR 25E TSRS FO8 25
= A Aol ek vl 7Pgar eabrt A9l v

ARg-ste] =3l HlolE7F A

el Qltk o= 255 AME
et A 4= S o]k

V.2 B
FASAE VO R s AvtE F AR TR 5
Sl thelf Argstar, Alaeeld Beke Fdeale] 48 A

2173

IEEE 802.15.4 7|gto| AOIE & L E9IF 78

vglee] F3& Ttk 18a gggt AME EHujdR
CC2530 & =A7|2 AFg3laL Raspberry PidB+ & Ao]
EQo)= A3l A A9, AH]E, W AAIZE Hlo]
2], Ak 7=, P ARI vlolE HE A&, 7hegh
Fd B Akl o2 e A4S 7| vk
& 75 7 AL gick

FAEAE TR g AnlE
AR kil g ghalsh o7k HE
2 A9 HEEE AX A2 7] 7] o
25 G &5 NdsoF & ARMES vt
A A gk,

A A s ok

a3

o
= A o=

AV, ezl shol 4B+ o] 4

F23) S TR A o) 2B Aol o we A
57145} AT e 539 vlolelE A5k Aelstel
ARl 715 ) ERek AFH0E BE S g ol

O

)

;:sl_

O

Hel 5Ee 7@ glon
& 7152 3718 5 gov] G
o413 7] ofA|7} gk, Al wl

olE % FePE AFHY Mo A A2EE
B QAel=F 4 glor] Aeld PR AFP
2 ARE Bk A48 B4sk ARl A2E
o} olv] Qi W 4 Qs o147t 9

A A, g4 45 2
= 2 AR A Sl
: =1} tﬂ
st

(o=

=

i

A

]

2~ 0
T}»J\

- o
Ass

L
pu
L

HazEd
[1] H. Zhu, L. Yang, and Q. Zhu, “Survey on the Internet of
Things,” Journal of Nanjing University of Posts and
Telecommunications (Natural Science), No. 1, pp. 1-9,
2011.

J. Fan and Y. Zhu, “Discussion on Standard Unification of
Smart China New
Communications, Vol. 22, No. 10, 2020.

W. Chao, Research and Implementation of Smart Home

(2]
Home Communication,”
(3]
System Based on OpenWrt and Arduino, Master's Thesis,
Xi'an University of Science and Technology, 2017.

T. Gu, W. Wang and X. Chen,

Development Trend of Smart Home Products in the Context

[4] “Exploration of the
of Internet of Things,” Furniture and Interior Decoration,
No. 2, pp. 27-29, 2021.

X. Li, Research and Implementation of Embedded
Physiological Data Acquisition System Based
ATMEL9260, Master's Thesis, University of Electronic
Science and Technology of China, 2011.

on

[6] Y. Liu, “Application and Development of Urban Intelligent

Community in the Age of 5G+AIoT,” Computer

http://www.dcs.or.kr



CIREE

(7]

Programming Skills and Maintenance, Vol. 38, No. 9, pp.
67-69, 2021.

P. Gohil and B. Pancal, “Efficient Ways to Improve the
Performance of HDFS for Small Files,”
Engineering and Intelligent Systems, Vol. 5, No. 1, pp.
45-49,2014.

J. Jia,
Lighting System Based on Cloud Platform,” Integrated
Circuit Applications, Vol. 38, No. 9, pp. 76-77, 2021.

Y. Jia, N. Zou, D. Lei, W. Li, N. Ji, X. Guo, and P. Li,
“Design of Smart Home System Based on Android Platform

Computer

“Design of Intelligent Power Distribution and

and WIFI Communication,” Journal of Dalian Institute of
Light Industry, No. 1, pp. 67-71, 2016.

[10] J. Gao, Research on Industrial Agricultural Environmental

Control Technology Based on Intelligent Reconstruction,
Master's Thesis, Tianjin University of Science and
Technology, Tianjin, China, 2016.

[11] P. Hui, Q. Yuan, L. Zou, and Y. Gongn, “Zig Bee

Experimental System Design for Protocol Stack,” Science
Journal, Vol. 41, No. 10, pp. 74-79, 2021.

[12] Z. Sun, “Architectural Design and Key Techniques of

Multimedia Communication System Based on Intelligent
Internet of Things,” Yangtze River Information and
Communication, pp. 235-237, 2021.

[13] M. E. Poter and J. E. Heppelmann, “How Smart Connected

Products are Transforming Companies,” Harvard Business
Review, Vol. 93, No. 10, pp. 1-19, October 2015.

[14] “ZigBee and Z-Wave: Who's Stronger?,” China Public

http://dx.doi.org/10.9728/dcs.2023.24.9.2169

Safety, Vol. 24, No. 24, pp. 70-73, 2013.

2174

Bl X 5}5|=2X|(J. DCS) Vol. 24, No. 9, pp. 2169-2174, Sep. 2023

Al A (Chai Ting)

20219 99~ Al Bvieta 7 E w0l Fetah 4 Ahuy

% 34 5-oF : Blockchain, DID, IoT

2001d 24 FHEAE A 3k
2=l

feis
5)
20041 89 : FEfetE A FE T

20059 39 ~#
A RO JEERES,
IoT, HlolE ¥4

A RS AR sty 5
yEYa wHel U-dx

Ao,



	IEEE 802.15.4 기반의 스마트 홈 네트워크 구현
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 스마트 홈의 연구 동향
	Ⅲ. 스마트 홈 네트워크 구현
	Ⅳ. 성능 분석
	Ⅴ. 결론
	참고문헌


