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ABSTRACT

Tone injection scheme has been known as one of PAPR(Peak to Average Power Ratio) reduction methods
deployable to multi-carrier system like OFDM(Orthogonal Frequency Division Multiplexing). The basic idea in
tone injection scheme is to enforce the constellation size larger so that each of original constellation points is
mapped into the preassigned distinct points. Along the accomplishment of tone injection, it needs great amount
of computations to search out not only an appropriate frequency but a phase. Although there is no loss of
transmission rate is expected because of no need to send the overhead, the tone injection scheme has not been
preferable due to its enormous computations. To alleviate the amount of complexity, this paper proposes the
GA(Genetic Algorithm) based tone injection scheme such that its complexity is reduced comparing with that of
the conventional method. The simulation results show that the proposed GA based tone injection scheme
approaches the PAPR performance associated with the conventional exhaustive search method at the expense of

low computations.

1M 2 s e ol Aol Hhel B ST 14

Aol 7Fsdol wel xDSL, IEEE 802.11 #%

Z<= OFDM(Orthogonal Frequency Division IEEE 802.16 AI€Y ZT A5 WAooz ALgEe
Multiplexing)#} 22 thF ¥kl dE Wae F EE0la 44 olFFAlY A4 EGAS HF 7]

% B Q7 SRR 5715 TROL2006-000-10578-0) 5 AWEAL 21471 EEElS] AT FUIAES A o
VESZ d37]e Mol Adoz =)

* FAUstn JRFLFTEG 54 L AEH T °4:r“é( {soonkyupark, pyoung424}@amcs.ssu.ac.kr, wlee@ssu.ac.kr)
=3I KICS2008-10-452, @*0‘1} 2008 10¥ 14¢, HZF=EHFYA : 2008 119 119

98

www.dbpia.co.kr



£2 A=z gl s be Rube F
Aol Aol 1] o] Al el Fukg
szt goz ef Hoj AL of F Ao ]

7V FUVks @de] skl "ok olg
PAPR(Peak to Average Power Ratio) Z7= 14
2 SH7)(High Power Amplifier; HPA)OIA 52

)

o] T2 WIS a7ete, A A 2 F
FA17] FA vlgo] Al He EAEE opl
gt} o|ggt EAIE aAsky] $1% PAPR 74 7]
Hol| th3k &34 PAPR #AE 3 AlaAg
7ol 2= old tigh ghisl Ayl W=

B

229 7S dANE 2ake WY e
Zehfjo] PAPRE ol 7IHlos 7awe] 3t
@ ool glont Alse] simo] Wstel HIE

2&(Bit Error Rate; BER)AlS A3 %=
o] Ao, w3 Fule 2 AIRE GGelA b
o] §1d ANFLE FHHCE welo] PAPRS €9
= SLM(SeLective Mapping) 7|3} PTS(Partial
Transmit Sequence)7|He FHZe] 4 A|lEEE
A= o] B 2 S aelal ™
T Al P AR HEE FAl AFEior el
ugl AEE Aste] EAFe] @It g
Tellado7} A|2Fek & 49l (Tone Injection)” 71
2 Qo)) Eo ANEE A3l PAPRS A
7€ 7IHeE A5 HE Al F7HERI AR A
nE AEE A FAHE gAN AEEE &
AAZI7] A B ¢ B A wEke] spslgd
e} 9] PAPRS fEshs AY =9 BE
3 Arkge] AFF o Frkste EAIRC] EA
gty # =i e PAPR #4& 7 E AR
7oA HA A B 3] A B2 Ak
S Zo)7] Y8l A daElE® Tk E A
He ASth olg FHA daElEs A
7ol Agste 4 BS AAsH HH E 4
S
LEL

it

3l 71¥e] zHe PAPR 7 Asd) wlawslod
o] HHoRE HFel W |y Ao
g PAPR & Hes 7Hd 5 Sl
=2 TS et 2k Igele it
ARl & A 7ol thsl A MAelM e Al
Qrehs A el 7o)l & A 71l o
a Al VAdA Bojdde T des &

Hae), mixos VAl e Ptk

IO. YEEel = &1 718 204
Uukzl o7 OFDM ASE Af=1/NT, ¢ FI5
A0 E olfol NvRe] Hm Hukuld] os) A
M AFNT ()E A ()2 T3
1 A=d _
e(t) =+ X o<t < NT, (1)
k=0

I
5
2
o
i
Lo,
Lo,

f
23

(0
ox
oy

<

Xrel AR SR AE EANAT olEs
RE ko E A7) Aze B2 s 2
gty 4 oM MER =0 Ad
2" [n]& 2 3) 2tk

>
o o

- , 1S = ek
z [n} s [n} 4 [n] _ = E )(kme_/zmn/N (3)
k=0

=

2 @ X=X+ Grola, G =pl'D+ jg' D
ofck o] w, ' k WA Fukgule] AT B
ol -1, 1 5 09 #S 2¥e= ot ¢rol o
g e WFoez o] Y ok a9 12
16-QAM ®IZ 2l59o] A=A o] AY=ER
< Yeje] E A T} pret gl wek R S
e BE 57 YXE 1S dojtk 1Y 1904
of ¥ Zo A e, ¢
UeRdTE Alge] AR E ol5A1717] 8l &
2] Do) e HA-sH AE Ass AEE
W S B3 A% 2wt

99

www.dbpia.co.kr



(-1.,1) 0,1 (L1
Q @] ]
- 5 A
N { e
5] | | -
Y I s
~ D g
N oIm | s
I,
|~
1,00 O — -8 — 8- —)K— . (3 (1, 0)
AL
e |4
- X Re
/{' - T L ] \
l a5
s L Fiad . ~
¥ \ N,

[-I.—I)LJ 0,-1) “aL-n

O 1. 16-QAM HZHE o] 83 & 419] 71He] o

—_— — AT

Lo

N
IFFT

m
n
[ Modulo-D |

IFFT

oRF B A e - STl 3 A
2 D7} AR epso] FH9) 2
2787 9 g 29 Qo Al mE=
Qe B B} bssie gHel Uk ol
W, #3 AL pE 4 @2 FAFORH 712
sl FBEA G 5 AN o5 T
B2 BER 459 9818 A 4 ok o
ot Ve s A7E M PHelnw
QAM HZMAE AHgF AT $-8o] b5
S A 27] deom A AF A A5

A By,
D= V3T @

21 @)X de QAM HZRE 93 HAAZ e
M Hx gEs Ytk o= AIEA 2AsEe
S7F $IAIE V1Y A= A JYe] JEFTS
FA @A ) § 24, F p=1 & e ¢
oo} AF g Z=th

2 3)E AYE A5 7" ]9 PAPRE 2] (5)%}
o] Azt GellA AxkEH x"71 HZe] PAPR
< 2] SEiMe AES ¢ [n] S Ao Stk

100

—m _ ma.x{|a:’” [Tl] +J" [n”?}
AP = o)

Tk olEgl Hgo] Fal dollA et
|oomoghe] wslel] wet 4 (5)¢] PAPRS 27
23] IFFT(Inverse Fast Fourier Transform)¥}%o]
279k ol A PAPRS freshe A9 E
o g AR AR A B AN K 2 AR
QXA B W ol UE B A
b5l ohjeh olsh AT 5150] IFFT Qite] 87
ot webd A (63 2ol IFFT 34 AR Azt
9ol A% ¢'[)E olg3te] AH| PAPRS %
ofof gtk o] W, & (6)¢ m# ¢ 2™ 13
2ol WA kA E AXolAN T A A
AT B 2e AYE 48 & W W
| k9] IFFT #gozw kst oo wa X"
°] PAPR A} Yg 5 45 5 Uk

(&)

=3

of it

!
o

i

2

D
&'fn)= =

N{pﬁlﬁws (2mkyn/ N)— d,j;sin(%kon/ N)} +(6)
iD
L {dizcos (2mkyn/ N)+-ofsin 2/ N)

E A 7S Ajlele Y g BeE
PAPR 74 &3} AAARE HZ 9] PAPRS Zte
A4 BE 2FE A8 235 Sk 9
o] qlt}. olmjo] HHe] 4] & Al Hag &
ke WA Fakgske] (), AU E
(&) 23 = Fol| A= F7HIA

( M~ (K %)

3.1 QBKEOl AR YAl s}
ITLFE B HHe BA AL 9
Quelzon s AAYED AAH
sl 2AT A B4 gl ol thpa
8 Rojo) HgHo] gom r)Ee ATE

A9 o 7k g 7T 5 ke Aol Aot
BIO ouin oz fAx duE)Zdae 2 A
Al(chromosome)E TH=7] $J3l] wHll(Crossover), =
o] (Mutation), #JAAKReproduction)2] 37}4] &

www.dbpia.co.kr



Gono Type
Population
(Chromosomes)
v ram—
) | Filness
salection
L 4 k.
Mating Poal Objective
{Parents) Function
3
Ganatic
operation
x 1 Filness
-— |
Reproduction Subpopulation
(Offspring) -
D ng Pheno Type

Geno Type

SRR s BED R EE

IS AAA =¥ 2 "Als a9 33 2 o]
o ARSEE A4 el A 773 (Genotype)
7 EFP(Phenotype)®] F 7H FEE ARE3Th
HA 48 Hee 3] AYE fal s
< oRg} Jzdste] FHshks FEE iR
A oA ARGETE vbdHo] 8Fe Ao W
FHE Bk WReE FE AU ALt &
71@'— xSl ARS-Erk

daelEe dole] g JHAE FH3
She

O
L

UéEHE ¥ &sle] 7§AITE(Population)= Y4
2 AFgi) AfAREel &8 2429 A
Poz ulyo] HHst EFo w2 A
WA =3 ARE 3ol wEr dEFHeR E7H*ﬂ
Xel(Selection) FTh AHE BE/NAELS wHl, &
Anlole] TS Sl "Hi—fv): NAE BA3sH
Hi AEA AGE NAEL T AdE HrE
wA " A3 AAE] Xﬂ*g"‘l'%‘:]'. oyt =
AL ARl AAE Ml = whEe] wiEo] o]Fo
AA A

ﬂJlﬂ o

H'l
oﬂ =3

Wir‘ﬁ‘l>ﬁo§1

3.2 RAA Le|Ee| E Atgl 7[Hof Aot

X Am gk npe} o] UuhAQl E 449 PAPR
e JHe Aol PAPRS 7M. F Qe W
2 EE AT A BS 2] s B
e Bag Faw dok g B =Rdie vE
[e) % /\1- 1 PAPR 1—_/}_ 7]1:14_/] Al-ol % 7é 4% <)
d) ashe B QUES Foly) 3 FHa @
VeSS AMEEle] HHE A Eel oA o 8%
WS 243 o] w, AT = A oA #
ool whe Aol g WS AAs] Asl
Az daelFels AREE 712 JhAle] 74
< a7 49Jr 2t

NS kst 3 Qelel Kol A
E sk sl SR 3 2 A

= R EE SR B

- Klog, N | HHE —t= [Klog,s| HIE -

I8 4 E A e f34 dmelse Aes) 93
WA e} 74

Y =o] Zhe o9 FUHAIE X | PuE
TS oS 59 64719 FnkpHE ARESke
OFDM A|HlolA 10WA] & HX]Oﬂ +D9E A

A= S ff=she Ay =2 0010100012 &
GE 2t Az waen of W, 2w a8
5% 571 9% ARE 33 19 57} AN A
MER TR ol ol sel AMgETh Au
2ol B A1) JMelAE A9 B9l AL Bl
o we} o] PAPRS A EL 3] 9@

tﬂ

Aol A SR SHAE A &
A A B ATt SofuAl =HE &R A
1S /8] 91k HIES] gl Frle]
ol EO Aol EHHQ g4 ANEew
o] PAPRS zte o] A ES S 5 o
2 E A 7o §384 dugEe z
A=A 149 B AN Ao o £
AYshe A9 dikgol Y3 A ds
Atk

g 5= AkkeRe fEA gaEls 71ee]
A4 PAPR Z4 7IHe] AHE 355 YR
Aok WA, JhAS] 2718kE Qs 2" 49 2
Feo] JHAE 289 AATe] 27(P)wE WY
SHAl BAAI7ITL ZF ZfAle] tigk PAPRS 2] (5)5

N

AU}
oo oy 1>

op

)
At ot

M 2l =213
Gen=1

OH A Ol @2 PAPR H &

Jil &t E PAPRE 01 8
HET Ko

HHe Hezo ¢e
S IR <}

EEREEEEREE!
Tt&EMH & 2 42 PAPRE
e WM M

J21 5. A 71Me Ay EEE

101

www.dbpia.co.kr



521818 =4 4] *09-01 Vol. 34 No. 1

Fall Axth zk Al disi AlikE PAPRS Z
T BRaE

=3l PAPR 749 E’_;Hoﬂ = Z—]t;s‘j]—

E2 AL Edh £ E-EOM NAY] Ad=E F7t
S 21 B)F o] A S Fgt

E A 7134011*1 7}11 T Ae FE3] *S PAPR
S 71Fo & JiAI7}F zh= PAPR 7H] HIE-S Es
A #HZ PAPRe] st A A==H Aolald]

PAPR 724:9] EZe] tigh 23Ade Hrigict o]
o, AFS B Fo IS 2= JRHE US

E

S wE THReEA ddE
Zte JiAel e d=rt 7SSt

N
58 Y=g

TH.PAPR \*
{ig) TR =1, P g=1,..,
fmlnPAPR (PAPH(Z,Q)) )2 s d g ) G (8)

2 8)9] 1HPAPRE XY BAS %3 2Hw
=8 sl 9S4 U= 71 PAPR{C=E
CCDF(Complementary ~ Cumulative  Distribution
Function)E 7]F92 PAPRo| QAIZEL & &
o] ¢ 99%° &i¥s= @rew  AASITh
PAPR(i,g)2 R4 2aelFe] gAthelA i)
A7} 7= PAPRS oju]gich

7} 48 M2 Agwst AW ol wel pw
AAE Ads) B Adwge we AP
22 WAl 2, e PAPRS 7HA & 9l A E
B} we A52 P w95l g, o
Avos AuE PRAAE olgstel mH % E
o] HHS B3l AT FARFE A A

S A% AR AR o Aldizgel
Ao REEIATeR tiAEc) o]Hd Hge 43
g A $(@) T wrEgel uet AAEe] A3t
To] FEsA i ol & F3Z<] PAPRY &
BE F IS vtk

HE Ad ZHo] B F dojd AT WellA
gk Ay = BR

pud

it
ofs
FF
i

[0}
il
oxl
=
it

1>
<
i
oj
gf:‘t
3

e
X
vl
e
&

15, = wemarl [ = 128 ©)
IV. 2ojAlS
ElE 7N B A 7He] PAPR 7

[e)

=
959 Wrlsb) sl o] PAPRS ZE 7]
o] B A 7y vl stk Ae HUE 9

3 mojdgell ) AMEE OFDM AlZElL 647)9)

Hulbuls ARSI 16-QAM  WHEHALS ALg

ate] emERS A &2 ¥ 100,0007H<]
]

OFDM 2% olgalgirh A=l e sl
AEE A @9 DA p=12 BPSEh T

2k iﬂlua %fsﬂ 60%<] WH|EE(P,)}
02%2] Edo] FE(p)S ARSIt ZE A
A A ‘Orlgmal"’ OHE* g Qe 9alsy
PAPRS 9u|3hH Optimum’S A A8 =3
ﬁx%g = )\1—0] 7]qu /\}_9_3]_ O_'_,] PAPRS ©
LlEl=g

a8 62 9] S AY e wWx=19
PAPR 7ZA A%< vuwdt A34d72 19 6)ol
A Z¥ZE 20, 40, 607H9] ThFRt WAl =27
(P=20,40,60) ¢} FITHOZ SAHY] At &
(G=5)5 27gste] ATl w2 PAPR Za A
TS HEidth =3 19 6= 359 2070
(P=20)F o83t ZZ+ 5, 10, 154K
(G=5,10,15)¢] Atj74e F3) PAPR #a 4%

Lo

—5— Original f{
: —e—p=20
- - - %% - — P=40

X - —+—P=60
—&— Optimum

Clipping Rate, Prob(PAPR > PAPRO)

0 . S ————
Z|Z = D= ] —<—Original ¢

—6—0G=5

(B G=10
©_'__ ' |——oc=15
% : —&— Optimum

Clipping Rate, Prob(PAPR > PAPRO)

J2l 6 & 4 A=1 o3, @Ad & G=5% 133l
WA & PE W3A A (b) A P =200 k|
s At = GZ WA 5ol tid A nla

www.dbpia.co.kr



< vlusigh.

Oy 78 270e ES A @S w(x=2)9]
PAPR 7 S UEhlaL glow I8 7(a)olA]
A Gargge] JiAT A7) wE s vl

E 3l sAIte Al F(G=5F <83t 60,
200, 400719] 7HAIE Zt= WA (P= 60,200,400) O
2 Agslga 2 7b)lME 6070A(P=60)=
=3 5, 20, 30A4th=HE(G=5,20,30)°] wWE PAPR
A A vlae AgS st

ag gelXe 1A gagEe FEH
WAl M2 e AHAE Hrh] fE 119
== A 3 Ae(r=1), 40709 7Hiﬂ(13:40)E
Zke MATE sH At #H(G=5S AA &
Hol wEAQ RoJHHS Tl 47 5]EH
#|4-9] PAPR 74 4TS &%‘8}9‘;@. A 7&?%

oI

pud

3,
=)

—%— Original [{
__ - —6— P=60
F- - - - - [ P=200
Lo Y wor I8 ' —+— P=400
—O—Opllmum

Clipping Rate, Prob(PAPR > PAPRO)

oA
@
&
3
>
2
&
@
o
&
el
8
5
Ry
>
T
o
=
e

E-ZE=-=EZ=
CZZEZ =g | —v— Orgnal
C C--C--CZ|—e—G=5

& Y I - L__L_ G=20
Lo_& % g L __ L | ——oc=30
—O— Optimum

TITIT

Clipping Rate, Prob(PAPR > PAPRO)

Peak to Average Power Ratio, PAPR (dB)
(b)

I8 7 € 4 K=2 °] (a)"ﬂEH ¢ G=5% 1A}
AR 5 P2 SN B, ) A FP=6002 13
AR5 G2 M A e

Clipping Rate, Prob(PAPR > PAPRO)

—+— Worst case

Awerage case -
T

I
|
|| —+— Best case
|
|
|

Peak to Average Power Ratio, PAPR (dB)

°l g5 P,=02%, A E

JEI 8. ﬂuﬂﬁg P=60%, =¥

F K=1, /W & P=40, Al & G=5 4 1

A= Wa}

1. €18]F ¥ PAPR B4 4t 314 HI (Clipping

SR CT TS A FRE
& A A lweE e
Al el e 7 el )
N 7 H0l 05 e
@ Aua 28 A
)
%8 P=60,G=5
_ 1 :
K=1 e 24dB | g5 =300 2248
64 2 = =
s (l)xs 4qdp| £=400.G=5 |, g
=129,024 400765 = 2,000

g @ & A n}

Bao g o3 A3} A%
ol 2 =719 AR ol
ZF71sIE e W UeiA

4

ATk

& AT, BT Aol E

& A o,

3 AAFS TEeE Al
Be 92 Te AL

W

Y Ok Aol AeE 23S

# 2] PAPR 72 A5

w2 dalere

010 O o)
wvHa =

7L 28] o

F2 GueiEe) A
o] FW AL =7

=

S 14
MEPe W, 1S ES AT ATl HAel

= A 71l wlE) oF 60%°] H

49| PAPR 74| 02dB & vX= 4A9E
nslon) 2l E2 ABAE B o 1

A Axero = qzt] PAPRO] 0.1dB 5

= A AL
>~ o o =
%%_]'T/\J\HE ?EL‘T‘%]\TjF

www.dbpia.co.kr

(@)
N

o
it



521818 =4 4] *09-01 Vol. 34 No. 1

V.2 B

2 =FolA= OFDM A|ZHle] PAPR AT

ol e g A e fAd gneEe

e B AY 7IHE At = A 71
F7140 eusl= AFow Q3 HEE AP}t
S= Aol e W, HAH HY B 3] 9
gAY gagpgolx] @ g2A dreks "aez
stk AlRFeRe 71 71E9] E 4t PAPR A
71 &2l "as g ik 3Fs S8 fAt
duEES Ag3on, APE FrE s
AT =719 Aldl el el ZbsE 71He
PAPR 35 44' 5““011 43t s =&k

o
rlo r

Q)
FE fEde B2 AAERE olFoiR iR

o e F7tl EE]rﬂ‘r AFHow Zrlehs 7|1E

o E A1 7] g akarel] wis)] v ¢zl
FoRT | PAPR & el 2HE AnE
A & Y IS

Hng s

[1] R. van Nee and R. Prasad, OFDM for Wireless
Multimedia Communications, Artech House
Publishers, 2000.

[2] R. Prasad, OFDM for Wireless Communications
Systems, Artech House Publishers, 2004.

[3] S. H. Han and J. H. Lee, “An Overview of
Peak-to-Average Power Ratio Reduction
Techniques for Multicarrier Transmission,”
IEEE Wirel. Commun., pp.56 -65, Dec. 2005.

[4] X Liand L. J. Cimini, Jr., “Effects of clipping
and filtering on the performance of OFDM,”
IEEE Commun. Lett., Vol.2, No.5, pp.131-133,
May 1998.

[5] R. W. Bauml, R. F. H. Fischer, and J. B. Huber,
“Reducing the peak-to-average power ratio
ofmulticarrier =~ modulation by  selected
mapping,” IEEE Electr. Lett., Vol.32, No.22,
Pp.2056-2057, Oct. 1996.

[6] L. Ciminim Jr. and N.Sollenberger, “Peak-to -
average power ratio reduction of OFDM signal
using partial transmit sequences,” IEEE Commun.
Lett., Vol.4, No.3, pp.86-88, Mar. 2000.

[7] 1. Tellado, Peak to average power reduction for

104

multicarrier modulation, Ph.D. Thesis, Stanford
University, Sep. 1999.

[8] J. H. Holland, Adaptation in Natural and Artificial
Systems, University of Michigan Press, Ann
Arbor, 1975.

[9] K. S. Tang, K. F. Man, S. Kwong and Q. He,
“Genetic Algorithms and their Applications,”
IEEE Signal Processing Magazine, pp.22-37,
Nov. 1996.

[10] D. E. Goldberg, Genetic Algorithm in search,
optimization and machine learning, Addison
Wesley Publishers, 1989.

gt 2= T (Soonkyu Park) 3

20074 2¢¥ AU HRE
AAA e A}

20079 3Y~&A] =AY
xo EE/\]ELJ,]. }\4/\}44.%4

<A Fok> OFDM, 37 &
112]&, Cognitive Radio, %
k-2 )

5 T

r‘

-—--

g

%| & & (Joo-pyoung Choi) A3

1999 gt FE}

2001 AUt FEAAL

2003 SO FEURA}
=1

2003L:1 2006 AEHEFANE

HELATA AT

2006L3~§4_ZH Ty gR
S21F8t) vty

<@4lEol OFDM, 3R1A 7|&, olsFAlAA

H, 4e 184 7y

>
=

0| 2 & (Won-cheol Lee) A3

19861 29 MZhEtw A
st} spa}

1988 2¢ AMgta Ak
sk} A}

199413 New York Polytechnic
Univ. Electronic Eng. HA}

19953~3A T P
AR R

<P4lEok> OFDM, Cognitive Radio, SDR 7|&,
Position Location based on UWRB,
CDMA2000/WCDMA, Smart Antenna

www.dbpia.co.kr



	유전자 알고리즘을 이용한 톤 삽입 PAPR 감소 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 일반적인 톤 삽입 기법 소개
	Ⅲ. 유전자 알고리즘을 이용한 톤 삽입 기법
	Ⅳ. 모의실험
	Ⅴ. 결론
	참고문헌


