International Journal of Science and Engineering Vol.4 No.2(2014):49-54

49

HEEA KRB L4082 IEEE 802.11g it ZIGBEE 24 HERE T2
B HE R
EOERE © - REIRES ~ BWER - BREAE
ssjeng@ndhu.edu.tw, cwtsung@stu.edu.tw, $99637110@stu.edu.tw, s11637107@stu.edu.tw

SRR S RS B R T
BT R EE AR TR e

W 5 —IEEE 802.11 J% 4 & IEEE 802.11a #1
IEEE802.11b HERFTHEB Z 24 » HEREHATER
2.4GHz > {HILHETF _EINE ZIGBEE L4iHF1E - AaSC
HREEPRGRENERERER AR - 2T E
J71H74(The Dominant DOA Approach)8i B £E 57 EE x4
(The Pseudoinverse Dominant DOA Approach)JfE B
IEEES802.11g 2.4t @ WiliE 4422 ZIGBEE %4%i[H
BT ERZBERN - EENGEREN - BLLRET
M RERNE R EBERE - BRI IEEE 802.11g
24i% 0 REVEZALTTHERBRFEHETE T 2R
B R AR SRV - L @ R A BOEREIARITE LA
MER ZIGBEE 241 THEERNIZEER - ¥R
PRy s > ZEFEF IEEE 802.11g L4 EAmEHNE
E}'\J o

R« 4R S IN4ERS TEEE 802.11g ~ ZIGBEE -
FEETIR AR

— &y

H{E 19974 1EEE802.11 FEAENARTR > MEARAERS
PRI~ B =5 2Mbpsi (i 2% > 77 19994E1EEE802. 1 1bffE
% » $5ZEIEEE 802.11F|HP#HFL (Frequency Hopping
Spread Spectrum, FHSS) - {# & B © =\ & #8 (Direct
sequence Spread Spectrum, DSSS) » i H il & fhE s
¥ flit (Complementary Code Keying, CCK) jiéf 3 22 #ff 7
11Mbps » Ef&HEHAIEEES02.11g » A% B 7E2.4GHz 4
BB Y 802 LIbHYZE (R ffAS » i H AR IEAC 73 4R % T
(Orthogonal Frequency Division Multiplexing, OFDM)HY
Ty - (15 24 E i 2 m] 22 54Mbps © 1] 802.11g [A]
T2 802.11b » AT LA802.11b 5B N & H # & 5
802.11g Y 17 BV ®Bf (Access Point, AP) - fEFRE [N &
IEEER02.11gEiZIGBEE {3 B # 2 15 2. 4GHZAR R #5
fEH > FTDUE it RS BRI R R e
4 FEARSCHIRTRFIEEES02. 11 gAY EH SR & (FF M £ 22
Uy ER SR M ZIGBEEE i S B AN EEHEEH - &
IEEE802.11g 3 5% 57 £ ZIGBEE G 5% 1 #8 15 1] & & 4 Fk
IEEE802.11gaH 5% B R85 $8 2 DA R U BE Y Rk . AR5 R
T E PRSI /EIEEES02. L1ghyIRIEE - &5t 25
ZIGBEE{HEiH4E S THEAREE P

Corresponding author:cwtsung@stu.edu.tw

DOI:10.6159/1JSE.2014.(4-2).13

= fEIRESAERR IEEE 802.11G {HH#iER5%
B EREE AT DR (DR BESREO

rar (1) = Re{r(1) exp(j27 f.1)} (1)

Horfr Re R HUEBENGRHIEED - £ RoBOg 08 -
A ST HE(E OFDM 385 1-3{HE (subframe)FraH
ik o AIE(2) |

rPACKET (t) = rpreamble (t) + rSIGNAL (tTSUBFRAME - tSIGNAL) (2)

para (Csuprravie ~Lpara)

:/E‘: EFI rpreamb/e (t) ) rSIGNAL (tTSUBFRAME - tSIGNAL )

Yoara (Crsuprrare —pas) TN TEE » 111 Csionar ™ Epara
BT SRS (1, YR 16ps A
20us °

445 OFDM Tt 5 TRUEFR R » 4150(3) -

N2

e Wsamae® D, G020 Nggmue o) )

k=Ngr/2

HCPA, Ny, 49 BE T R D Rt (e -

=+ ZIGBEE FSiESE

ZIGBEE (i FIfr B8 i 2 O-QPSK 3% - (A -
ZORIABER 5 DI G4 O-QPSK J(T 282 - 41— -
B R T2 B

1 B EESR T UREE 4 iTsy R3] AT
5t o BN 1010" I AL T BEHARRATHT"S” - FEEE
fy52 » IEEE 802.15.4 i & F (a4 fir 7E(LSB: Least
Significant Bit) BA4AIEAK E > AIILALTRAIERE A
2701017 > MR EZ"1010”

2. RS BRI SR I E) PN SRBIHY A BEER 51 (32
RS’ o BEITHELM - (RIRTER 1 B2
BeOUSTOHY PN CEC S B R OB 8 5
£700110101001000101110110110011100”



50 International Journal of Science and Engineering

3. RFHZEHART PN RS R BEERS 53 Ry BT BOR BERIEEL
RS - oy hliear Sn B5RIEE R B50F & TAH PSK (Z5%
F1QAH PSK {555 - Hi41:5”Hy PN 51y [4HH PSKF
¥ M Q MW By PSK fF B o Al
£57010001011101010” > ”0111000010110110”

4. SrAlEs 140 PSK {F5EA0 Q 0 PSK {F5tH#E(T D/A ##
A SR LS i AR A e A N R R I
ELEERS -

5. RSB EYE - SR ARG
A BRI T 5 U IE SR ARG {3
49 R RIIESSH) -

6. I AIRAIR Y RIE ARSI » PEA ISR
W GEFDDRIR S B (BT LR
BEER AR IR -

PN FF5]
bit £ % i v
001 - f bt ARG | 5- - | B
. , <
B4 B4
5
+ +0011010111011110110110011100 - -
i 0-QPSKEEZ / /
+ +0100010111101010 - - A
oA R ﬁ%@ﬂ
P{ 1058 Bk >,
DAC
Qf
+ +0111000010110110 - - .
EXEH

B— - AR ER

=1
24GHz AR E TR HER

Data symbol DAl sﬂrllw Chip values

(Decimal) (b‘DBI:T::;L,& (e ey ... eapcyq)
0 0000 11011001 1rooo0110101001000101110
| 1000 ITLIOL101100111000011010100100010
2 0100 golorrrorrorioorirooooltoloroolo
3 1100 00100010111011011001110000110101
4 0010 0101001000101 1101101100111000011
§ 1010 00110101001000101110110110011100
6 0110 Lloooolrololootooololl1ol10r1001
7 1o 10011100001101010010001011101101
8 0001 l1ooortootootolrtoooo0011rorrr1om1
9 1001 1o111000110010010110000001110111
10 0101 01111011100011001001011000000111
11 1101 0111011110111 0001100100101100000
12 0011 0000011100 TTT0111000110010010110
13 1ol Ortogoooorrtorrrtorrrooor1oorool
14 0111 10010110000001110111101110001100
15 [REN! 1100100101 10000001 11011110111000

- FEERGERLS
4.1 HEMRELEMT] £ 4 (Adaptive Antenna Array)

HEMERGIEV RSB ABERRRE  MEE
{35 HARF F YR E (L B2 AL R E JT RV A RSN -
R AR A] DARE = H P im R B e TEh R » HAE
R HISRL A Bty R RS A B AR PRI DT
A iR S AR LR - (B SERCE A TR
YA RE B AR B SR S (Nul) Y58 - DURR 2 RS
SEAVRE R B ESHTRAVZ & - WE _For > @i
FEF BB ARG RIAVERE - BN RAREY 2805 AT A
FEHEZE [ 5 SR B D RE 2K & K [F]H8 (Coherent) Y 2% B E 1K
NSt > 20EE H AR P HIERSRAESS B SR 2303
B RBHRRE -

//
AP - S
Tz

B BEERGEIIRLE

A PR SRS 2 SRR AR R AIE =P - B8
PER SR 20850 T B A I — (I B R R A Es 2k
FE A A R ARG B LA s sk A P AR a5 S A/
oSFUT (4 R bE/ B B 25 R R 51 R AR B U E YRR SR
R E RS - BEMCR AR e R B PRz



O0O0O0D0O0O0O0O0O0OO0OIEEER02.11gDZIGBEED O OO OOOO0O0O0OO0 51

e f2i(Spatial Signature)2K & RGHTE » I H BN K G
ol s Y A B EE (2R P U ZE AP S B R u B —4H 4R
B EwlFERRE - WHBMEERENS £
SFi{ElbR T U RE_E A L EREE y, B R (4) - HA i 5538

Sk
= .

Vi = Wl[:,iuk,i (4)

753 B AR BIIRE [ & 2 S B T SRR (R PR
EAR i _ERVEREE > AR HD E AR FRVERSESRE - A
MR RHEMHPEAS S EBICEIA T > Mtk
[ SR Al B M B AAE R E A -

Adaptive Beamformer

Uy
]
I (
|
i |
v )
1
N7 .
1
.
r
1

1
>
o
o

o
=4
<
a

B = BEEREIIRERAGERH

KR SRR IRTAVURE - 5F—8E DLERSR 22 IR
Ry BE EEE 57 B Ry S0 17 B 22 [ R 204 (The
Complex Conjugate SS Approach)F1E 5t 57 48 B2 L
72(The Pseudoinverse SS Approach) » 55 —fH2 DLERSEE
227 10 Ry AR A s B AR > o3 Bl Ry 1B E 2 T [
72(The Dominant DOA Approach) » DR B 8 3 B 5 2
J71a17£(The Pseudoinverse DOA Approach) o [ 4SS HH
FIFH AR ZE 75 15) Ry BE R R B A AR S Rz 3R -

4.2 KRG

KB i B AR LR A A — SR B IR R
B AR FE R AR RIS - (R E AR IR
S DAS 222 [ o3 SRR DD RE A iR 5t o X BT A
SR RIS HE > AEmSORHER I £ 2SI 5 1A DL L
R FEE T A BRI E LT R IR £ -
BUEAIZ s

1. FBEF(#E 5 [A72(Dominant DOA Approach, DDOA)

B JeHUS LSRR ZE MR > FHHIE SR
NS - BB A I SRR A S A R P T
*H%ﬁ@ﬁ%ﬁd\{\q{\} - BRI RRIE R A B AT ERER SR
NS A RE A L A FE PR 51 R AR B a(g) M HH Sl
B R T ERTIORERI & - ANfEVY -

User |

B - EEBET A RRE

2. REHRR A E T2 F A% (Pseudoinverse DOA Approach,
PIDOA )

B 7 AR E R T A E IR, > E g
EOAHE (1 FE P T AR A A SRR S 22 77 14 {6
AR RIS B RE (SR eSO R AL I I & - IEhOfE
B R R IR AR EENGRAY TR - I HAERE AR R
REAEHEMH P HEE HERECEATRSEHIEZETTH L
EREL TR ME - AE T -

User | ‘

na
<

User 2

BE ° ERRERDE) s TR
- FRERRE

PR R A A5 B 5 S 7 e e LR
fy - ETHREE SR K AT AT - RS
45T 5 R 5 B A BT B B - 35
(SRS R ST - T ~ ORS00 -
TERRICR GBS R DU S — R REREUEI 5 S - (RS
EEH RIS - FRLCR SIS AT DIFE S Rl
SRS, A AR A IR - fEAs S
LB AR By 60 i - Tt — (B A EAVE L 716
FHIE IR B RE Y R » TRt 2 LR e 7169
o REBT e IS0 ©



52 International Journal of Science and Engineering

=1
AR A 2 BT A A
EEEE FEET7 17
IEEE 802.11¢gf¢i [ -23.09
Zigbeeff 1 11.1414
ZigbeefFi %2 -6.7675
Zigbee(F I %3 33.5207

o
/N

MAEEIRGE SRS IEEE 802.11g j?
ZIGBEE %t T-HIR5 T 2 AERF

6.1 HHESBERE ERBHRIRRR
TR ENSR Nz Pas

Binar\,'lnpu_t){s bl H Encoder H Interleavin H Mappin, Pilot
Date cramble € pping Insertion

Transmitter s/P

‘/— l{ Mod. H Gl Addition ]1—| P/s |(—{ IFFT |

AWGN

Channel

Beamforming
algorithm Receiver

DOA baséd DeMod H Gl Remove
beamforming l
p/S ]<_[ FFT I-(——{ /P ‘

) Pilot
DeMapping

‘ Delnterleaving H Decoder H DeScramble }—) Binary Output Date

AN A Lnpap |

EEEN SR > E 802.11g Fi{f FAYHE A&
QPSK - 3fi H {#i 22 fy 12 Mbps » HEERYE A Z R
TE U I EL R S BT I P (8 P AR R - R EAMh R R Al
FOER > WHEEERE AT o WEHEL TR
Mo B TEIEEEHEREE 0 S 802.11g 5T A
&R AR AR ESRES o i R R R R 2 2] 12 Mbps
TR TR o BRI 1 - HERIRLGE A
G REEER 8 W HRLRMHEEE 0.0625 AR
(d=A/2)  fEALH » ZIGBEE #3/#3 TSR A
& LTRGBS > fE[EH O-QPSK #E77HA
SRR - ASCRATERZ 28003 V RALER

G

=11
IEEE 802.11g B2 8%
Parameter Value
Nsp : Number of data subcarriers 48
Nsp : Number of pilot subcarriers 4

Nsr * Number of subcarriers, total 52(= NSD+NSP)

A r © Subcarrier frequency spacing 0.3125 MHz (= 20MHz/64)

TFFT : IFFT/FFT period 3.2us (= 1/ AF)

TPREAMBLE : PLCP preamble 16ps (= TSHORT+TLONG)

duration

TSIGNAL : Duration of the
SIGNAL BPSK-OFDM symbol

4.0ps (= TGI+TFFT)

TGI : GI duration 0.8us (= TFFT/4)

TGI2 : Training symbol GI 1.6ps (= TFFT/2)

duration

TSYM : Symbol interval 4us (= TGI+TFFT)

TSHORT : Short training sequence 8us (= 10¥TFFT/4)

duration

Trone - Long training sequence 8us (= TGI2+2TFFT)

duration
=1V
IEEE802.15.4 2 /SR MIsAS S8
M ¢ Spreading parameter- Data Parameters-
RHY: Frequency. |  Chip. o Bite Symbol. o
Band. Rate- | Modulations| Rate- Rates Symbol:
v 868-868.6 3000 v 20ke 20ko v
868/915MHz MHz- Kchip/se BPSK- b/s: | symbols-| Binary-
PHY.
902-982 600. v 40ke 20k. «
MHz- Kchip/se BPSK- b/s: | symbols-| Binary-
2.4 2.4-2.4835 2.04 o 250k 20k l6-ary. |
GHz PHY GHz: Mchip/s- | OQPSK- b/s: | symbols- | Orthogonal

6.2 fHEHSLER
1.IEEE802.11g {# ] DDOA 7 3 HEZ=H

WE R - B DDOA JHEEAMESEFHHAGRSR
ZERGELE » AR RGP T BT AREEE A Zigbee
EENERAVTT | - L - FeffTR] LIS E Zigbee (EHE(H
BT THE: - DDOA Ui/ s s BA AL Z S RE IRl EE

P -




O0O0O0D0O0O0O0O0O0OO0OIEEER02.11gDZIGBEED O OO OOOO0O0O0OO0 53

BERv.s. SNRnDB

| —#— OFDM-QPSK(12Mbps|+17EZIGBEEF4E []
| —+— OFDV-QPSK(12Mbps)+37EZGBEE T35 |-

e N

B+ : DDOA JEE LR S EEFE
2. IEEE802.11g {F] PIDOA 7 3 HEZ=H

]/ \ o i ol S B S 2 5 [0 B R 5 RO B R 2 A
SR IR R G RO R AR RS h AR
THEENSE - AT EARE R G T AT LUB R i AT A #Y T
1B (E1S0EE ] IS EIRIEEAVEEST - HfEl =] LB 2]
& IEEE802.11g 3t 25 1 4 ZIGBEE gt HHEs#
J& 3 4 ZIGBEE SHgft 118 Z (i R e S R 2 5 [
KRB ROE AR A R A (B RE S 22T -

BER v.s. SNRmDB

| —+— OFDN-QPSK(12Mbps) +3{E ZIGBEE 748
| —+— OFDM-QPSK(12Mbps) +1{EZIGBEE T4

[ 05 1 15 2 25 3 35 4 45

E/\ : PIDOA HELAINEHEE

3. FIFIEERI K 4R 40> 1EEE 802.11¢g 1 3 4H ZIGBEE
P T

B SL BB A ER AR R - B SGE R
3 [ P FEE R PR A iR 2 P A T B2 FEE (A
et o (R RSCER R T ik o AR
Ay NGTE S)INESSRY Gt e R E NUEIE R EVE Y1 SES
B BRRG LY - BEES [T ZRUEERA
BRZSi2E - B B BRI SR > AR R FHRCR
BRERLS  EEAGELLAVERZ R - AT
AN R T (R A A M E AL AVERZ NI - 24978
LS -

El
2

—4— 802.11(12Mbps)+3 ZIGBEE PIDOA |-, .21 7]

—ERE

—+— 802 11(12Mbps) 1 B2

10 802 11(12Mbps) 2R =

—4— 802 11 (12Mby
802.11(12Mbps) 3% 2R

Tl

[ 1 2 3 4 5 7 8 9 0
SNRDB

B AR

ASCEHE DU B IIR R A F ki1 IEEE 802.11¢g
Il ZIGBEE Z2& 7 [ET-RAVERE - XA T LARIEETT
6] 7 o AR ) 2 B 2 U5 [ L e S A TR 2 5 [
R BUAR oy B AR AR A I —E N TR -

KCIBEEE DL 1% 8537 DDOA J8BLAME SR E i FE I
BREEG R TEMNEEEERREEATRE > M
PIDOA i Sk i A e FE B = (EUZ A Ry IR B A% F
HER T A8 - FrLUSRERESREITET T

SRR

[1] IEEE Std 802.11-1999, Part 11 : Wireless LAN Medium Access Control
(MAC) and Physical Layer (PHY) specifications, LAN/MAN Standards
Committee of the IEEE Computer Society.

[2] IEEE Std 802.11a-1999, Part 11 : Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) specifications : High-speed
Physical Layer in the 5 GHz band, LAN/MAN Standards Committee of
the IEEE Computer Society.

[3] IEEE Std 802.11b-1999, Part 11 : Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) specifications, Higher-Speed
Physical Layer Extension in the 2.4 GHz Band.

[4] IEEE Std 802.11g-2003, Part 11 : Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) specifications, Further Higher
Data Rate Extension in the 2.4 GHz Band.

[5] 5§, Performance Evaluation of IEEE 802.11g With Smart Antenna
System in the Presence of Bluetooth Interference Environment,2005/9.

[6] Joseph C. Liberti, Jr. and Theodore S. Rappaport, “Smart Antenna for
Wireless Communications” Prentice Hall PTR, 1999.

[7] Simon R. Squnders, “Antennas and Propagation for Wireless
Communication System” John Wiley & Sons Ltd, 1999.

[8] S. U. Pillai, and B. H. Kwon, “Forward/ Backward Spatial Smoothing
Techniques for Coherent Signal Identification.” IEEE Transactions on
ASSP, Vol. 37(1): pp. 8-15, Jan 1989.

Abstract

IEEE 802.11g combines the advantages of IEEE
802.11a and IEEE 802.11b. The operating band of 802.11g
is the 2.4 GHz. However, ZIGBEE system also utilizes this
band. This thesis applies the beamforming algorithms of
smart antenna system including the dominant DOA and the
pseudoinverse DOA to the 802.11g system and evaluates
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the performance of 802.11g system under the co-channel
interference of ZIGBEE. The simulation results show that
when DOA based beamforming algorithms are applied to
IEEE 802.11g, the BER will decrease. The DOA based
beamforming algorithms can improve the fading
phenomenon due to interference of ZIGBEE system,
increase the gain of signal, and suppress the co-channel
interference between devices. Therefore, the smart antenna
can boost the communication quality of IEEE 802.11g
system.

Keywords : WLAN IEEE 802.11g, ZIGBEE, smart
antenna





