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Abstract:

In these days, many high technology home appliances are available to make people
quite convenience in daily life. On the other hand, high technology home appliances also
consume large amount of energy. As energy consumption gets its speed up, it draws people
to worry about the energy resources. In recent years, it has also brought in keen and
controversy arguments in Taiwan whether to continue or to stop on the construction of
nuclear power plant. How to save energy, in addition to find new energy resources, is also
an important issue.

For the goal of energy saving it is in this thesis to consider the design of a smart home
appliances energy saving management and control system. It is through the smart family
concept to interconnect all home appliances through the use of low-rate wireless personal
area network (LR-WPAN) ZigBee. It considers the design of APP under the popular
Android system for the system. It also installs this APP onto the smart cell phone to make
the cell phone as the central control terminal for the whole energy saving and management

control system. It uses the transmission medium USB OTG (On-The-Go) to connect the



central control terminal with the ZigBee wireless communication network and then the
central control terminal is through the ZigBee network to control the home appliances. In
this thesis it also considers the WSN (Wireless Sensor Network) concept to use the sensors
that are installed in the ZigBee wireless communication system to monitor the environment
quality and then to feedback these measured data to the central control terminal for further
analysis. The terminal then bases on the received data to make proper energy saving
management and control action to reduce the unnecessary home appliances operation times
so as to attain high efficiency and energy saving goals in the running of home appliances
network.
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# 2.1 ZigBee ~ Bluetooth ~ Wireless +* #&[ 7 ][ 8]

Feature(s) Wi-Fi Bluetooth ZigBee
TA YRR Hours Days Years
A FER 2L AR e A FE i H
& Bhic 32 7 64000
@ AE R 3fyret 10 ) 14 30ms
i 100m 10m 10m~300m
VoW Roaming possible no yes
9 i 11Mbps 1Mbps 250kbps
128bit AES and
€ > iE SSID 64bit ~ 128bit | Application Layer

user defined

ZigBee hilifiag 5 ~ LA S EF Al o (el g & kg o

2.2 Android ,% %t

Android £ Linux 5 A m ki E R (T A 1 B A

FERE o M EA P THRT N P Android Jx 2t &_d Google

& * 1 0pen Handset Alliance (OHA » B 3£ 32k B RE EEB 5 > @ &

S

2.2.1 Android % IEH

Android /%
{r (Software Stack) i = 7 4o B 2.1 < &R K T+ K £

v‘ui‘;}—'\

ek Sk A 5 Android 4.4.2-KitKat - [9]

r Linux & (7 sde @ 2 kAR B ® T dealie




4i(Operation System) ~ # 4 g &8 (Middleware)« 2 & * & (Application) > &
Tz BHER T s T B R

ARITER Y & 77 LinuxKernel % 5.0 i& % BLE A Bk sLenfr o o
HiBch# G £ RSB ERFANFEAML T F i hpPeTnn
¥ T % 2 (Security) ~ 3= ¥ 2 (Memory Management) ~ 7 42 ¢ 12
(Process Management) ~ 5g#> #2 5% 3] (Driver Model)... & # it -

G TR R e KB o bk K Y e A

TR FE (AR g (PR S R o PR 4 SRS H A
it ofud 0% 2N E 8% Java 7 HhB o @ (FF KAk ¢ Linux

Kernel £ * C33% » 571 A F¥ i 7aid o ¢ 4 el g
R 6T e e (TARA e S A R Y R0 (R R o f FEHE D
B % chpe L ;¢ (Libraries) ® s o @ gt ¢ R F T - B R LA
% (Android Runtime) » v P& f § 7 2R * 258 e B R o

fe* K¢ RIE_e 20 Bt 255 =% (Application Framework) £ J& * 4%
;¢ (Applications) & #. o J& * 4234 1= 2% % L F_Android % ;ﬁﬁ?@—ﬁ &8
BRY ARNER AR AN RAE NI AR X E - BRAN
PrEA e o EREF LB SR FE R 7 % gl
FH o bl At A2 Y > BER Y GPS iz a 0 B

* F2sV 422 ¢ ¢ Location Manager > if F BB SR HcE o @ B AR

\

(Application)p] £.¢ 3427 12 Java F T HEB R T 427N > bldoi T F IR0 124

AP ERLLE



APPLICATIONS

Contacts Phone Browser

APPLICATION FRAMEWORK

Activity Window Content View Notification
EETe[=]4 Manager Providers System Manager

Package Telephony Resource Location XMPP
Manager Manager Manager Manager Service

LIBRARIES ANDROID RUNTIME

Surface Media . Core

Manager Framework _ Libraries  }

- I R—m—

SGL

LINUX KERNEL

Display Camera Bluetooth Flash Memory Binder (IPC)
Driver Driver Driver Driver Driver

usB Keypad WiFi Audio Power
Driver Driver Driver Drivers Management

Bl 2.1 Android i #2284 B[ 10 ]
2.2.2 Activity 2 &t ¥
Activity 4 ch B 258 chi ¥ A G o F AR fd pE T I § B A
H2 e3P BRRY F& LAMPRET 25 1 oAU D2 b
wR 227 B Activity BB 2 G o & Activity 2 &l ¢ 5 R
S AR A AR B P S A BB > ' & Android Jx si@ Activity 4 {7 BF €

FEARGFREFEFL o Act|V|ty)]~* ¥ oApAkE ¢ %> Lt Android
BB B S5 B ACtvity T U FIRA FRFEEE TR A4 RS
13-1;\: o



onCreate(): #23% ffxds (2> Activity € & % 5L & RF R Fap ~
151,,;1{,,41P,L§<,71F,’§,4‘§ ST R A AR BN o
onStart(): ~ # fzxf = (& ¥ i k3| Application Framework» = i ﬂ}“
v L * Android Fg R B 4R edp R A A o

—_—

onResume(): #_7# § Activity =~ i 4= 45 i % & ¥ 22 Application

v

Framwork = =i 5318 » APP & * & & 22250 37§ chad iy > fRE_fig
GNP ETFHEBEAT o

onPause(): % Activity A& &7 i% & * > i H A7 g el B SN T P R
TR By %15 0 £ 7] Activity £ 3TE MR * 0 L BB L AT o
onStop(): % Activity F o 2 27 & ¥ HF2 ¢ g rfed b gl oo
onDestroy(): § Activity 4 & st £40 @ * H BB -k 5t ¢ 3 Activity

R hR B BT REE S



<Activi®
Starts

A

» onCreate()
User navigates y
back to your onStart() |« onRestart()
Activity "
Y
onResume() =

New activity is Your Activity
started comes to the

l foreground

Other onPause()

applications | Your Activity
need memory Your Activity is no longer comes to the

visible foreground

l

onStop()

\ 4

onDestroy()

B 2.2 Android Process # @ 3¥#p[11]



2.3 USB OTG @ﬁ]/ﬁi

USB OTG 2 % %_USB On-The-Go 4r®@ 2.3 #2001 # 12 * 18 p
d USB-IF (USB Implementers Forum)h ¢ = # > e 17 & kg B A &k ehfk
AR BB AERAFORERG RAFTEFTABE-

te 2 fLen USB2.0 R ¢ »USB e #1800 & & 4] % %6(PC) 5 4
AR AR 2.4 0 i fh 2 f;gszxfw;tﬁ_ % # L PCo o
PCRifrsh AR ABKE L XFEFAFTHBH{LENAL -5 USB %
WairPAFFEIAT =T Ry EFpdiRaia X8 - 5 USB-
IF 4] 2 USB chfk & 2 35 % 1 3 G0 S o M- FBAF fechna (PR 80
Fr(Host)sh » &t 2 PC A § B USB £ 8 L1 (TR F 3 £ F 8§ 5 b
£ R USB @& * + s i 4]

i ehg

e

B 2.3 USB OTG @ﬁe?] fi



PC/ROOT

HUB
|
Monitor
HUB /HUB
00
[ |
E EEEEEEER ER
EEEEEEEE ER :
I e R i
CAMERA KEYBOARD Mouse

Bl 24 12 PC i f85 3 2 5 USB s #[12][13]

AP RFDFF S REEER Y USB /A G BT GRS o
e R A G ARKARS P USB X8 IR EFHF NPT F A F R
A BENEXELA DB ARFE S IR F LSS R REBER
B gt PC A (Host)xd » b4y EAl 2 W& s i g adh - R F 5 R
A USB 4p# B4 U417 USB %R 2 3 4pid B anv it 4 o 3 2 USB-
IF 1 & i¢ * USG OTG 4t % j& iz i 4 - USBOTG /i & & # -3t 8k
(point-to-point) i ﬁi%l ik Bh Ao

W 25

USBOTG &_i¢ * USB2.0 {522 # scig 1 %k e ge o Ft USBOTG
BB 5 USB20 Rp) > e 57275 i USB AR v i it * > USB
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OTG 1.0 4x ¢ 73 7 &€ %rd % ¥ (Dual-role device)str 4 - iz B P4

PDA (host) to Phone (host) to

keyboard (peripheral) P — PDA (peripheral)
ENEEEEEE NN
I
KEYBOARD
PDA or PHONE PDA
Phone
- Camera (host) to ' audio player (host) to
E Printer (peripheral) hard disk (peripheral) -B
MP3
CAMERA PRINTER PLAYER HARD DISK

Bl 25USBOTG 232k 5% R RI[12][ 13 ]

A s iz - B OTG &% > 7 g L (Host)=h >« 7 12§ g (slave)
e FptE A B OTG %tﬁ#g@.éép?,iﬁwﬁ HY - F i e, § -
AR h o éﬁ&rj}é% USB A B%E v 3 fpad &g F o
2.4 ZigBee & % @ﬁ],, K
ZigBee & - #& 1:# 3(250 Kbps)‘&iE4t(100 = & p )mﬁ@ﬂ@ﬁi%]kﬁé
2> &Kk & * |IEEE 802.15.4 %%i%%ﬁ% R A SRR TR A
w278 K 4 ZigBee Alliance PR 412> o * A RId @& % F 2R E K
SBFH AT o 4oB) 2.6 ZigBee v d F_MiE s ML T E S M A 2
BEAERRSE AR AR MAFRR RS PR T G
% >-[2][14]
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A
" ZigBee or
Application OEM
v
Application Framework T
ZigBee
Alliance
Network / Security Platform
Layers i
MAC Layer T
IEEE
802.15.4
PHY Layer i

Bl 2.6 ZigBee ¥ T 7 - W[ 15]

2.4.1 ZigBee 1= T 5F 1§
ZigBee 1= %_fk » 7F 4 19 it J5 IEEE 802.15.4 4% » 3 4 v - 4457 40

(PHY) 22 4588 22 B o R 4] 4828 -
2411 2 %Wk (PHY)

FRAE AT Rp 0 ZigBee g LI ¥ = B E2.4 GHz
915MHz 2 868 MHz > & ¥ % & & b #4f F eid i e @,ﬁig,]x? vk 2.2-
% 2.4 GHz(2400~2483.5 MHZ)#g £+ 4o @] 2.7 » #-H o =7 16 B i >
FBEPHE RS 2MHz T ¥ F BiEg P HFFFIRS MHz > @ T
@ﬁia.]zﬁ‘ P 2_250kbps e m 915 MHz R & 4 fe 7 10 i id g » ii)ii@ﬁ%li'

] -2_40 kbps - 868 MHz 4 fie Wi o T @ﬁ;*]si & 20kbps -
PR F SRR PR B RE R
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TR m SUASL 3 Rloehfa s BT RE B o

L

g T oaRLE ¢ Rt R iR

I Bfe gt e § TRRAFSTHIE R RERST o
f1* CSMA-CA it (732 7 i * il if o

€A E

TR 2 g

o g &~ W D

% 22ZigBee i * 47 2 S #c[14]

Spreading parameters Data parameters
PHY | Frequency band | Channel - -
Chip rata . Bitrate | Symbol rate
(MHz) (MHz) number . Modulation
(k chip/s) (kb/s) | (k symbol/s)
868 868-868.6 1 300 BPSK 20 20
915 902-928 10 600 BPSK 40 40
2450 2400-2483.5 16 2000 O-QPSK 250 62.5
2 MHz
Channel 0 Channels 1 - 10
868MHz / 915 MHz . ‘ ‘ . . ‘ ‘ ‘ ‘ ‘ ‘
868.3 MHz
902 MHz 928 MHz
2.4 Ghz 5 MHz
Channels 11 - 26 [+
2.4 GHz 4>{ 2 MHz 2.4835 GHz

Bl 2.7 ZigBee % B #7 & il if “» 2][ 16 ]
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2.4.1.2 #-% % B4k (MAC)

ZigBee #1-18 F Bo i1 A chwt Bt | F 4 i MAC L IR
i R iR (beacon) ¥ I - g I iF-FR FF Y (Quaranteed time slots, GTS) -
@ Uk tRR] 7 L PR A8 41 (CSMAICA)E 7 df e Bl ~ R
T A B2t o ¥ ¢t IEEE 802.15.4 #A gt iﬁ,gfﬂ 4 > # 5 (Full
Function Device, FFD) % #f f§ # it (Reduced Function Device, RFD) #f %
oA fAEvy ﬁX%mkv%ﬁ*ﬁ T2 = (Co-

ordinator)éi]qz % (End-Device)s%rd o
2.4.1.3 ik (NWK)

M R ek ¥ 4 4 IEEE 802.154 f F41% 0 @ ZigBee R f # 4] %
PR BT K > ZigBee A A R IpH| L KRR DT L 0 ¢ 7 RREA
hp it a2 2 RTehiE d o~ BaRERD T4t 1P b s R R A B AT
CEFEDE T @@J 2 j% o ¥ P ZigBee gtk ¢ 4

%
BHAERE B 2 3 B HERE R R -
2414 B* & (APL)

ZigBee & * & ¢ 7 7 J&* =t & (Application Support, APS) - ZigBee %
¥ = i (ZigBee Device Object, ZDO){r ® ¢ ¥ #7T T K chp * $
(Application objects) o Ji& * =& k& #& - R A B R R 2 B enfig > aiFd

%2 B erag % 4 (binding table) > & 4t ek B 2 BB 4 > v B
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- R =k F 3 E(APS Information Base, AIB) o ZDO F s & A2
W AR A R RRE LR X 2IRIERE o
2.4.2 ZigBee % ¥ %3]

4 IEEE802.15.4 f4 % ¢ » 57 MM A® g 4 )4 e iv 3 Rl
371 27 & % % (Full Function Device, FFD){f-#F i # & % ¥ (Reduced
Function Device, RFD) - FFD #73 = & 7 IEEE 802.15.4 % T # it » & 7 &
@ Eonii gt LRIETFTERY AXLTRET o 4 RFD A
F3% %7 ffos en IEEE 802.15.4 #5 2w di > 3 ¥ F % ST B i & e
Bt FlrnFRE ETITT .
ZigBee hie BT § = fEYrd 4] 2.8 BiBiEZ AU T

» 2

P
- R R o g = fa%rd 4~ W] Z_Co-ordinator ~ Router ¥ End-

2

Device -

L /.
k‘A/ - /A @ cCo-ordinator

/ T ‘ -— - A Router
f . End-Device

mH
N

Bl 2.8 ZigBee % i % 1§l
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1. Co-ordinator 3§53 —'ﬂk:
TR E 4o Y 0@ ipHrd ged Co-ordinator 4 i - Co-ordinator £

FERRRESPe T2 22PN KEFD) Ak L h- BREFY

EE B A F B w5 (Personal Area Network Identifier, PAN ID) »

» 7Ry a3 ERTES ZigBee R HE Y iTE R

Y]
o
c
~—+
D
=
3
O %
! ‘l
w:
Et k\m’P

8 Nl BRI (T M o B— LR 0 B
- P (T o RIS L R B Y Hud A o
3. End-Device ¥ =3 % % :
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