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Design and Performance Evaluation of Adaptive OFDM
Communication System Robust to the Narrow-band Interference
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Abstract

It is important to design the high-speed communication system in the hostile channel. Due to the frequency diversity,
FD-OFDM that can be used for the high-speed communication is more robust to the noise or interference than ordinary
OFDM. However, even the FD-OFDM becomes degraded in the strong narrow band interference channel. In this paper,
we propose an AFD-OFDM system and analyze the communication performances in order to find out the more robust
communication system in the hostile channel. So, the AFD-OFDM system can cover the drawback of the FD-OFDM
and improve the BER performance than FD-OFDM. From the simulation results, FD-OFDM shows better performance
than the ordinary OFDM. Furthermore, AFD-OFDM shows more excellent performance than FD-OFDM in the strong
narrow interference channel.

Key words : OFDM, FD-OFDM, AFD-OFDM, Narrow-Band Interference

I.M E A A BAO FARE Hol=d, B8 129 B

A @73 7ol Fakg A H Ad A7t A

49| dlo]g] £ A|2H © 2 OFDM(Orthogonal FAYA wE Bt Wi 3439 vsE do
Frequency Division Multiplexing) "2 o] A5 7 9] = Ad BA46) FEsick _

'l OFDM aﬂz B st $4 A5 Y AY Tl OFDM Al2YE 733 7h3h g, A%

< 4 FnE FulE 4 QI0BE Fug A 2l et 1 A% Atk 24 vepdgl s

FEUSE AAFSH ¥ AFEHAEEATFA(Dept. of Electronic Engineering and Research Institute of Computer, Information &

Communication, Chungbuk National University)
W & 20060414-039
A5 Uz} 20061 69 19Y

=
2
'TZ

629



EBEBHAPEREE F£175 B79% 200657

8, BAA A T AREA AE 59 1
TorEd A% gl ol AA ALEE A5
7b @S ), 129 OFDM Al2"e A3 é°l
EdHo A 54 wet 2" Hgel A
ik =8 237k b ot Fad 7t 7&*{?22
FA ATl S d3ten. R §9 F4
< Eo17] A3l Aol tig et ofsf o A
AA A o] Bk AT A2y 978
SIRU)

e

A& FA e AsIIE Y & 49
UE 42 A%, gy AR o] B 4 9
oo EHoE wiA 3 JUs &S YUy 7
202 ¥7Y 4 4TV, 58 299 Ay 2
PR AL FEE A FoHEs 21E Qo)
 8ug Zdolg 3 & ‘t:}”] ol gg A H 7
S5 734 49A Aol 4% OFDM A 29
QBwétwwﬂah°Ll%w%1awi¢+
g FAlol 7hsatr] fEAE Ad B4 Bo) 7
A% B4 W4l Fadth

B EgdAE geol Zds 2eaE 27

Y ZE g dighel ¥ 4 Y& FD-OFDM Al 2H 9|
thale] 753, FD-OFDMS ©HEL B8k 4= 9)
T AFD-OFDM A]Z¥-2 A|¢tgit). FD-OFDM2 7]
202 [S(Interference Suppressing)-OFDM 3} 7+
o, o 7kA 7P EC o8 T s As
Astg WA st A2 ot o] 28 FD-OFDMY)
ZE 7)1&¢) OFDMd] F315 tho]HATE 7)d o]
48 Fefoint. mEbA Fo) AFH S FaldA
= BHAIA 1 A7E d8A SEZ 7]1&29 OF-
DM AlZRBThE Aol v sdET J8ER
FD-OFDMo] 7]Z¢] OFDME.t} gl g} 7
23 Agd o ZAstoh v 3o e Ao
A 717} o) - & 7% FD-OFDM9] F 34 tho]H A
B 837 o8 Aok weid e Ad A
o] FHof 3 A3 WX 7PHE A3 AFD-
OFDM A| A& A[Qhgte}. AFD-OFDM AA < of
qEFE MY Fdgeg Uy, Mo ¥E FD-
OFDM2 2 FA gt N2 Urojd RjgE )
g 48 Auo) g Wz gdg gy 19
B2 A3 MZ S ARSs] B2 FaiA 2
&3t A= Jug Aol 228 AL Foll 9

Nl

630

3 BRI LY AL 3
EITh & ERAE 9o A
FD-OFDM3} AFD-OFDM®] £l
A e by Bs AE
SOk

[. 4 233t AL A

21 FD-OFDM AlAE

FD-OFDM 9| %% OFDMs|| F 34 tho[H Al ]
Mol 244 Fejolrk 17 19 U7 oA R
bits/secd] 2 E YB W o)E|7} S/P converterZ &
o}7HA 37 IRL RIN' bits/secd] £EZ N'e] ¥
2 dolHE ¥t Bt S/P converterd] %8 b
o]¥ A% x,&= Hadamard sequenceol] ¢J&f SAE T},
Signal rate= THA| R bits/sec 2t} x,7} QAM con-
stellationo| A ] EAFE 7FAsci 4 AF=
Be P

Xop=xWgp = wos tj B wei for k=0, -, N'=1 (1)

99 372 orthogonal code division multiplexing
(OCDM)o] 2} 33 M2 orthogonal codeol] 23] £z
N9 ¥E dlojHe seto 2 FFE)

O3 QAEZ Z47te ¥E Ay ~2EYE gut
OFDM 3 Zo] A dtt. &, gatdl X571 5+ HH
S/P bit-buffer®} encodersl] Eo)7Fx N7 ¢) W& sub-
streamS- 35St} Encoder: coding gaino] 29 wj
o3 Zho] HolE N=2N'9) B4 Ho]HE whETr

THek coding gain©] 4 &= coding gaino) 2< )

M o e
x X%ey | Buffer . :

4
Z
=
£

Ynv-te (=T

L

x ” T -
vt T Bufyer i BA ey
and M
Encode | frean-g PNl AdE
"y kot prefix

T8 1. FD-OFDM £417] 88 FAH%
Fig. 1. Block diagram of FD-OFDM transmitter.



Hoie 7l et 483 OFDM

aw,, for k=0

X for k=1,2,~, N ~1
Y, .=
Bw,, for k=N’

X'ypon for k=N'+1,-, N —1 (2)

] coding¥® Flo|EHE F W& HjEth olu N=4N'
o] Hch
o) ZAd| <3 IFFT £ o} 3} 7o) Fojgu),

_ 1 ! J2hm/ M)
Yem= TN /zz=:o Yoxe
for m=0,1, -, N—1 3

N7\ €] parallel IFFT outputst= P/S converter 2 E-¢]
7} AL T guard-time T cyclic prefixE 2zt
Zyo] frameo] F718A Boh WE stream-g2|
PIS AZE TE3t ol FojAnt

Sqlm) = _\717 1:2;; Y, e j2r(km/N)

for m=0,1, -, N—1 Q]

OFDM processi= Z+7}8) ¢o) 93 BB Z HX)A]
7)3 RE N' 58 OFDM streamS Fuk29} A 743
Ao 2713 "k & N' parallel OFDM S A &3]
E7H2 frequency bind} IAE-9] time—frameo] A &
3 5713t Aot WHE A3 s(m)> FAAA DA
converter 2 s()& FF37] S8l Sol7MAl W,

292 4 @) 28 = g, smoleke
A% U Sl A 2kl S e
matrix DyE E3E 4 9tk

Xo Xy e X, “— W,
x X x « W
DN - 1 1 1 1
Xyd Xy e Xpry “— W,
T *
Lo Ko S ©)

23 7} 2 AX¥Y 2E OFDM frequency bin =+
Joli=0, -1 BE HolH HIE xo,x1, o, xv-
= E‘?J?}E}. 2] 7 orthogonal Hadamard sequences

o) AN 27 TRE )AL 22kl data bite)
A&o] spread HYthe AL 9w dc) FD-OFDM

B2 A" dAS e ot

I8 2. 71E49

FD-OFDM AlAd" $Al7] BEE
Fig. 2. Block diagram of FD-OFDM receiver.

A5 E E93l7) $1% FD-OFDMY] 27+ 19 2

B2z 9} A/D conversion & FAl A3 r(m) S/P
converterZ Eoj7htl. I8y N/Y ¥WE doH

points zn & FF AL WE tloE z,2 1w DFT

Eol7}7 N E4 data signal points= t}-3-3 7ZHo] F
ok
L5 ~ j2a(km/N)
VR &l (6)
A9 e dolE= decoder/de-mappers] &17}
T N'=N2 H0)E] point® THEH, o) T3} 2ol
SEEL
z, for m=1,2-,N—1
Z,=\)
Zy+iZy for k=0 0]

o] 72 oyl OFDM system# 7+o] gt} P/S
converterel] Soj7b= N' ¥ & Z; pointy= N' Hadamard
sequenceoll &3] 1% 39X X E do]gE B35l
A&l de-spread FTHg=0, I, -+, N'~1).

7122 ¢l FD-OFDM system 9] 3452 A 9] &}7]
23] A/D converterd] 28 9] A AE 7t £A1E Al
59 203 /g9t 10 e FFTY 282 g
pat

m
=

'J'27r(km/N)
for m=0,1, o, N—1 ®)

sme= S/P converter?] 23 0|1 cyclic prefix7} A A
H %9 signal pointe]t), 28] Zufe] decoder/de-
mapper2] E3 oA signal pointse T3} 7t}

N-=1
a,= goxqquk for m=0,1, -, N —1. ©)

P/S converter &9} de-spreader®] Z oA AZ &

o2 2

631



BEERRBEHGE F£178 £TH% 006578

Channel
nformstion

Modulation
level

—d=1 selection

Moauistion

N ["’L N0 |

DATA
Ptk IFFT

i

BUWOS B /S

LU S A L I )

U\

‘ RN ‘]..'

X apr-1

13 3. AFD-OFDM Aj28] A%
Fig. 3. Block diagram of AFD-OFDM.

N-1 N-1 -
]7_3\,- ;Oakwo TN 2=0 ; 0, &tWo, k
VN x, for q=0
lo o g#0 (10)
2-2 AFD-OFDM

AFD-OFDM 2 ¥ Z-2 sub-bandwidth® Y520
Z} sub-bandwidthe] Wz #EE 27 Fo=ZH §
W A4 Feol ZAstAl dA e AddA FD-
OFDMET H £ 45§ Btk 19 344 AFD-
OFDM9) 72= o /l9 ¥4 FD-OFDM#} A}
stttk A& ‘S/P & FOMAT’ EE9XM= 44 Hlo
& Zt7te] FD-OFDMel| {gatA ==t ol
FD-OFDM9| dgH = vlojHe Ad HH 23
Wz gyo) BPSK, QPSK, 16 QAM S22 z}7) &
271tk AFD-OFDMol A 44 77 438 Wz
#dlo] FaA i Eepd B o] 9] REZ FD-
OFDM 9] 23 FY s}t

=
R

I M=ol 21

F4 A8 Yol g 328 22k FA
N59 B4 759 98 48 2401, 1AmE
7V ol4HQ B4 Y B AWGN AdelA
A58 A TARE A9 T 5 Yok FAT

EA A 43l Aokl 498 2= Y= T

ot

ol —{or

632

glok g} B =EoMe ARNZ B4 AdY MR
S 43 Y8 3249 ASE 77 2dgs,
¥l OFDM, FD-OFDM, AFD-OFDM 2] %2 1)
gtet 2 o) i Este A2 A4 ToA AA|
e A RdE /R0 F gyt R o] =
T A3 e IE3A gtk F A AE
golM e A GE F&9 A7E Has
33 JE A 29 FTE WaAFHA dut OF-
DM} FD-OFDM, AFD-OFDM¢] BER A%< 7}
gt} miA g Al B o)A E oY Feol 2
8 HA s A S A3 o] U 7 A
€9 458 vl $A4 g

ISR= P intiterference

P @l
1 &t
Poonoise™ Ty 2oy L7] (12)
T3 2 A% F4e) 71F FHOR AN o8
T4 23 #8& tEF 2L Q function 2 2
etk

Pe= Q(\/_ZT?) (13)

31 CASE A AM'd AE0| Best Case2} Worst Ca-
e If M5 Hlw

3-1-1 Best Channel Model

A% 7ok AWGN A2 @7 ho] Exjgot. A
3 e ZeeA ?%EE}.
& et e _,-2,,,(&)
H(f)= lzogie QT &), ie Vy (14)

mt): B3N] FS S Z Gaussian noise

3-1-2 Worst Channel Model

A% st AWGN g &7 ol9le= ddx
FE, T4 Fid FU1H2E e B 1
g3 e g LA

N(t) = m() + naf) + ms(t) + na(t) (15)

m()E BUHG 7HARE Fe, mde YE2 R



e Ao Ze 23 OFDM §4 Al2g 4AI% 4% 37t

-& Thenry

*3 ~A- best case (AWGN)

“1-9- nomal case JAWGN+syncheongus)
£ worst case{AWGNHatal)

SRR(eE)

12 4. CASE A9} best case} worst caseo] U3k
gt OFDM e} A%

Fig. 4. Performance of ordinary OFDM about the best
and worst case in CASE A.

~&r- best case{AWGN)}
~+~ worst case(AWGN+tatal}

& 5. CASE Ao)A] best case<} worst caseo] o)t
FD-OFDM &] Al

Fig. 5. Performance of FD-OFDM about the best and
worst case in CASE A.

= e 71 FE, T 39 FLolth
CASE Ad)| tfgt A& o] AL worst cased] 7%
o 71 &< BuElE 4=30, f,,=60 Hz, f;, =120
HzZ dA3sle] 2 (1) F+& A€ 7 7]
M AE AE L, for & TH FHFO|L, f & T4
Fogro] Wi wf Fopolnh JIX Fe dY
ISR=10 dBo| H =5 4 (I)oA Nz} F vE
ZA% I E g Fe9 Y 4 (1)

................................

—3- best case(AWGN}
~&- worst case{AWGNHotal}
e thEDrY

w0

8 6. CASE AdlA] best case®} worst caseo]] thdt
AFD-OFDM 9] 4%

Fig. 6. Performance of AFD-OFDM in the best case
and worst case in CASE A.

2 FeA, F5 A3 g Fo] 27} ISR=10 dB,

%%V_mo]t} 7 JAEEE ALY 9%

S A Y AT Fo] AGHZ AIEE &
AEHJANNE F&9 AEE 4 (1)F 4 (12)
2 AAstrh 3], AFD-OFDMAlX & ¥ #d-g
g2/ sod subband7t 42 7S 16-QAM, QPSK,
unused, 16-QAME WZ #HAL ZA3l9t}h Sub-
bande= AFD-OFDMojA t9ZE NE Y+3&
AE, 247 oA g &L ongith

Yyt OFDM Y] 74, AdAA 571 Fag 28
3% Aol vukzlch A dolA 4747 o] BF
228> worst caseol| A= BER A=o] §23] vju
A& & F Utk o] Af FAVIAM S E E3)
7] o]t} FD-OFDMo| F3 tholuA g 45
THABE &5 o] 58 AA Ho Fed dis] 2ok
7F%E HoFEth AFD-OFDME AdgE 54
Wz g9 5= FD-OFDMo|u Uyt OFDMz} 2
gl oju} Afdoll i HEE o NG Fgol &
A glE gd S Wz gdE $EO0TA d Y
FEo R Qe s 45 AsE WA

3-2 CASE B. HA A2 Mo WE M5
CASE Bo] W3 A EFolAL 9B~ Fe AY

WA JF B4 A5 S almd

633



BEEMESERGE 178 BT 006578

[ — Theery
~e 18R = - 1008} g

¢ 1SR = 0(d8)
|2 SR=108) |

A% 7. CASE BoA JE2 F3o] w2 Uyt OF-
DM M9 45

Fig. 7. Performance of ordinary OFDM at several im-
pulse noise in CASE B.

o] AL 7] F&9 FHIEHE 430, for =60
Hz, f,=120 Hzo|Y, 4B FF9) A SR=-10
dB, ISR=0 dB, ISR=10 dBE ZA3} 7, Hog &9

o - systemBW _
A3} vy Zo) 22t Ik=0 dB, -SlemBl_ 6

ojth. 53] AFD-OFDMoME Mz #ds BEA
she] B w7k 49 79 16-QAM, QPSK, unused,
16-QAME WX gdg 243k 22 450
s A |3E Bol7] Hdte e e &
& AYE R JB 2 AR Yol A
dul OFDM A2R T g Wk aid] A dolE e
EAo] A7IEA Aol v itk EE ojn|
) N2g) 571 Faolv AL §d #Eol &
£3}7 3loJA] ISRo] —10 dBS} 0 dBZ WolA &= A
5 Aol 270 vehhA) gt

FD-OFDMo A1 Q822 182 Al717H 245l
BER 4zo] ol-¢ Eth. ol Aol w29l e A
gol 23 §JEL ool thalA] FD-OFDMo] it
N5¢ @y HEolct AW FEE TATE o
oo} U alA) % W7} Arheiel7) @ o] AFD-
OFDMoIA & B~ FF 22 Qsf Arjde] Wz
AW o} Holy 13 BojmA gone
Aol Yuith B8 BoBE, tet 9 LAE
WE T FD-OFDM A A= N7l 9] orthogonal sequ-
ence’} ARLE AT AFD-OFDMo A+ N/IL7RS or-

[«

634

- 18R = 10(88)
—&— ISR =0y}
-6 1SR = 10(d8)
Theory

; :
2 4 3 B 0 12
SNR(dE)

O 8. CASE BojM B2 o) WE FD-OF-
DMl A9} 4%

Fig. 8. Performance of FD-OFDM at several impulse
noise in CASE B.

~4~ 18R = -1DdB
& ISR=0dB
- {SR= 1048
— thepry

2 4 B

SNR(4B)

O3 9. CASE BAlA ¥~ F5o whE AFD-OF-
DMo]Aje] A%

Fig. 9. Performance of AFD-OFDM at several impulse
noise in CASE B.

thogonal sequence7} AH-& ¥ B & FD-OFDME ) &4t
o|5o] g0l Fa} tho|AlE] A7}t AA vehdth
3.3 CASE C. SO ZS2] 1SR¥ Bandwidthol

Mg 45

CASE C& Adold g 739 A79 v
o] Wal= Ad tistel FD-OFDM# AFD-OFDM
o] A= zpo]E Bk 19 102 ISR} gl u}



Yule 7H]9] 78 38 OFDM

casel case3
cased case?
\ -
L } ] Y 1}
" sub-bandl | sub-band? = sub-band3 ' sub-bandd |

a8 10. U9 #F29 o

Fig. 10. Example of narrow band noise.

1 - casel
J 4 case?
|8 cased
4 cased

Theory L)

8 11. CASE ColA ¥y F&o] o FD-OF-
DM A%

Fig. 11. Performance of FD-OFDM at the narrow-
band noise in CASE C.

T 3dg 229 doitk & Ao RdME |
0 FEe A7l dg AXste A¥E 1Y
103} Zro] A AJEch.

E [o] CASE Coll that A& ol 24H& A[A]

H 1. CASE Coll Wit A|lgdolHd 24
Table 1. Simulation condition of CASE C.

A A" A A B

Atk 7] F29 242 & A gHold =4
o FUsH dEA e 24 ISR=0 dBo]th.
=3 CASE C8] 7<= FD-OFDM A28 3} Hlo]¢]
A4 Z8 Aol Hol7] 98 7 7ol o
= A3 Qg E 1 w9 goly AL $& Helch

AFD-OFDM ¢} 7% FD-OFDMEt} 713 iy
Lol et Adso] ws ddgdE el FD-
OFDMeJ A= Ze o] 713 & case 19 BER A
Zo] 71 £%4A %, AFD-OFDMo)| A] case 12] BER
o] 2] ¥ o|f& ISRo] AA LT HE G Z0]
dold Wz yag Y3Ex) %2 sub-bandwidthe)
HolHEE &4A1717] wZo|tt. sFA%E case 47t

38 12. CASE ColA dulg Lol wE AFD-
OFDM 9] A%

Fig 12. Performance of AFD-OFDM at the narrow-
band noise in CASE C.

FD-OFDM T AFD-OFDM FD-OFDM AFD-OFDM
64X3+64x3+0+64x3=576
Case 1 1SR=3 dB, SBW _g
nBW A%H 256x2 64X3+64x3+64x2+0=512
SBW data 4 =512 64x3+64x3+0+64x1=448
Case 2 ISR=7 dB, —2%= =4
nBW 64x3+64x3+0+0=384
16-QAM, 16-QAM, unused, 16-QAM
Case 3 ISR=10 dB, —SBW 5 Q Q Q
nBW w2 QPSK 16-QAM, 16-QAM, QPSK, unused
SBW & 16-QAM, 16-QAM, unused, BPSK
Case 4 ISR=2 dB, 25— =16
nBW 16-QAM, 16-QAM, unused, unused

635



BEERKBERGE H17E BT 006574

case 1o W3} tqFo] o WolE BERo| £ A
ol BT e IS BT AH-EHA 4371
o Eojt}. alx| 1t o] A% Hlo]E & case 1K}
wropzlt},

2 &

=

2 =rdAe 5444 BEo ZAd ALE
FD-OFDM< 7|40 2 3 AFD-OFDM A|2H S
AQ¥sty, 1o et A5 HIHE FYstth 12
o Ag #7o] w9 dotg 9o ¥t OFDM A
28 e 27 BERE T3l Edth o]d sty
FD-OFDM 3} #|¢t¥l AFD-OFDM& g<t3t E4 3
73el g A EE digte] 2 Zlojth. A|Rtg AFD-
OFDM< FD-OFDMET} 4 dBS] SNR ¢]5& B9
th. 53] AFD-OFDM A|2®] 2 §41 A 259 7
& QS A= i F5ol tiste] FD-OFDM
Hr} 930 % AL A5 AolE HolA Aok %
ok Al2Ele] ulg- 3 o] F&dohd A
Ago] wel Wz il 2AY 4 Q& AFD-OF-
DMe] o o 3t F§E B Aolth

b

1L}
kJ
Ho
ra

{11 Masaki Katayama, "Introduction to robust, reliable

and high speed power line communication system",

19934 24: sty AxFE
3 (F8AD

1997 2¢: FEUEy ARFE
st (FEAAD

| 20039 39 FEUIStR AHAFE

3 AL

w B8R BT FRAGEF UE

fﬁ‘

2l
[e]

B)
is
Al 520t OFDM, A LAN, CATV

636

IEICE Trans. Fundamental, vol. E84-A, pp. 2958-
2965, Dec. 2001.

[2] D. Gerakoulis, P. Salmi, "An interference suppre-
ssing OFDM system for wireless communications”,
ICC 2002. IEEE International Conference in Co-
mmunications, vol. 1, p. 484, 2002.

[3] M. Zimmermann, K. Dostert, "Analysis and mo-
deling noise in broad-band powerline communi-
cation", [EEE Trans. Electromagn. Compat., vol.
44, pp. 249-258, Feb. 2002.

[4] M. Zimmermann, K. Dostert, "A multipath model
for the powerline channel", IEEE Trans. Communi-
cation, vol. 50, pp. 553-559, Apr. 2002.

[5] H. Philipps, "Modeling of pdwerline communication

* channels”, in Proc. 3 . symp. Powerline Co-
mmunications and Its Applications, Lancaster, UK,
pp. 14-21, 1999.

[6] O. Hooijen, "A channel model for the residential
power circuit used as a digital communications
medium", IEEE Trans. Electromagn. Compat., vol.
40, pp. 331-336, Aug. 1998.

[7] J. A. C. Bingham, "Multicarrier modulation for data
transmissoin: an idea whose time has come", IEEE
Communications Magazine, vol. 28, no. 5, pp.
5-14, May 1990.

20059 8: FHUISH AH71A=}
AFHTEE (33D

20059 99 ~&A: FEUYSY A
A8 JArA

[ 24 E0H gxd E4, OFDM
EMA2E, A" EA

=
R5 v o




g el A3

ol

1988~ A FEUTR AR
g3t Jua

1999\~ &) [EEE =2 41919

2002'd: d=H A et 5
}\O].

20024 39~2004d 29; 2E0)e}

B} | Y AFEHAERSAATA &%
[F HAE0H gAY 54 3, o594 A ALY,
54 32 474 2 B4 As AHe

A&" dAS A%

o

631



