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Abstract: The paper proposes an original approach to estimate carrier frequency offset (CFO) of an or-
thogonal frequency division multiplexing ( OFDM ) system by employing empirical mode decomposition
(EMD). Traditional frequency offset estimation algorithms of OFDM system often require multiple mixed signals
to realize signal separation. Whereas this method processes single channel OFDM data only exploiting the corre-
lation detection technology, then the EMD algorithm is capable of separating different carrier offset information
and estimating the CFO of OFDM signals. Comparing with the classical frequency offset estimation methods,
this EMD algorithm does not rely on the statistical features of the source signal and channel state information,
the new method doesn’t expend additional bandwidth and greatly reduces the implementation complexity of the
system, and the simulation results show that the proposed method has a higher accuracy of frequency estimation.
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Jy5g . BUERIHRR . SR REEIEREE 2R, T N T IRA R | K an) E A
B B R e (R T HR R SO BN R e AU MERE R B BRI R (carrier fre-
quency offset, CFO) fmBH AU 516w A9 JR K £ G PR, —FhJE i T & S HLAZ LAY
APRATE T ARG 2, 5 — PS5 T R PRI v S 2% W iR% . CFO 23 fff v 48k 1] 2%
FIEAEF = A 2 0k A ) T3 (inter carrier interference, ICI), T ICI BUAEAERF K KB N OFDM & {5
ARG, i RGEMERE R KL,

o T REMERI AL TE OFDM R e {7 BIOFE G #E 4T CFO M2, LARRIREE REERIGE, EHN
BRI T2 AR . SCERES R AR BOR B 445598 i 22— 20 5 30 L S23 ICT B9 [ BR
BRI SRR ;s SCHRL 6 1 580 R FHARIRIECE AR A 15 8., 38 3 e 2 A A7 5 fin 38 S5 % Pk i) - 28K
P BSEICT WIERR, (HREAR T8O AL e SCHR[ 7 1R FH % 22 4% i i AR [ )1 25 e 97 e Ak 143 4 5
SCHR[ 8145 TR IR (virtual carrier, VC) MIMURAGTZ, AN EM@ AR ING/GS, nIff
B DR (X Rk A R B i iy Hoa 32 B e B . DA AU A 3112 018
BRI R AR AT e YRR UL G B EE AT O A A TS, XA X TR s A
T8, AR R G R R

P4, SCHRR[ 11 ] Q) PR3 Y T L BB 43 f# 7k (empirical mode decomposition, EMD), EMD
SR IO WG B AT 3 R AR, (SRR B5cdl 1 B A s ] RO R AE R HEA TR 5 1 i . TR A
W PR, O ERRIE T AR L ARG SR T S AR, BTz N T LA S SRR
RTINS T P ) BT 5 o M A U AE 5, RS TR Z oS mi ki S, . SCBR[ 13 ] DABSHT
AL 73 EMD SR A HLER, 75t EMD A ST/ NB o i — ook asde s SCHk[ 14 1904 OFDM
155 I A A BT 1Y IEAS F#EOH T4 ™ AE 09, £F6G EMD Bk A A F; ST 15 1R
B S I3A55 AT o3 B 3 T AR 25 G 1 D7 R AR RO P A T PR AR R BE BRI R (R s X
B0 16 ] 3l R 4240 A R R M A (55 5 OFDM 155 B9 55, X EMD Z3fif s b A7 M 56 R A5,
21 T T EMD FI5 (10 OFDM {55 JA il SR Uk

AT, RZ CFO it Ir k@2 il 2 Ml R B EBHE(E B, A BB LA 10 SBHE AR A5 45 i
fRE, AMUATLAS D R ARG E | FRIRRGERYSEBIMERE | 1T HLAE—ERE B b 3 i TR
R I, ARG T A DGR i B EMD BAREUH L OFDM {55 CFO B i, Kl
U EZE RO X OFDM A5 R TR A AME:, DIBEIR RS, $8 R nITERE

1 OFDM HJ CFO #&il| & s 8y

PEEAT SR R = 1/ T AR R FEPLRIRSURE NG, T. o8 OFDM #4575 J83), A5 2k R 6] faAd
YHE R e = AfT, , Af, AW PRI R mES . R BN E S s(1) M.

s(t) = ;Aicos(ZﬂTﬁt) ,

Hodr, N TFEBEECH , A, FILE 3305 | TR IRE SR, KM FRENIRAf = f + (i - 1)R,,

KAEAE S b i F R A, B S () M

(1) = Z;Aihi(t)cos[ZTr(fi + AFYE] +n(e),

Hrp b, (1) HEE A FERIEAEE L RZEG Af 0 i D FERBUR; n(0) BEERO, FENCH
e

XEENOmES r(¢) HATACRIN S, 528 N DERESNIEAES, R5H EMD B 20K 5k
RSk, AR HORES B TR AR R £, = f, + (G- DR, , TEHMR R AR

T A 2% )k 2cos(2mfit) ,j = 1,-,n, B x;(1) = 2r(1)cos(2mfit) = ZZAihi(l)cos[ZﬂT(fi +
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Af)t]cos(2mfit) + 2cos(2mfit) [ n,(t)cos(2mfit) — n (¢)sin(2mfit) ] ZAh (t) feos[2m(f; - f; +

Af)t] +cos[27(f; +f; +Af)t]} +n (t)cos(41Tft) - n,(t)sin(4mfit) +n (t) Hr. A (t)cos[2n(f, -
fo+ AL ) BURZES i, SARGE R AL, 5 n, (¢) Al n (¢) 5350 9 WS (4 [RIAR 43 5 15 IE 38 43 5
e, HEELE () 3 A @—IU\H@J S (5 S BIR A5

x(1) = ZAh(t)cos[%T(f —f +Af)E] +n,(1) = 2Ah(t)cos[2’n(mR +Af)L] +0,(1),

Hrfm =i - ', JEIESTIAR A2, 24 A [R) A L 28 2cos(2fn'ft) AHTASI AT DASRAHAS IS
[ it
x(0) = [ (0) 2, (1) ooy () 176 (D)
B x (1) BoF TR ESE x (n) |, SRBCAEEAR IS S HH] EMD 73 S0k T /0 8, A sl
Y BAE S {55 SRR A 18T 1 BT
W AT LIFIH] FET RS2 OFDM 6] 5, SRRk G S s(k) -

N-1
s(k) = Y X, He™™"/ N,k =0,1,-,N-1,
n=0

Hob, N2 E AR e (IFFT) fU8 X, 2 e AL o x ()
QAM i Tl e S5 1M Bl 1) 2 BBl , H, W n A2k Band-pass filtering :
A B 15 T, 26 MR R AR R, RO £ 2cos(2m)
(k) H: O e wmEE 1
r(k) = s(k)e”™ ™ 4 u(k), (2) Band-pass filtering 2
Horbr, Af, WO PSR , T, 24 OFDM 55455 2cos(2nf5t) :
WL, R, = 1/T, A TERIIRAG, & = Af/R, L, B DI Ll (1)
VI RH0R , (k) B 0 Hr 2% o (i T . -
W 2cos(2mf \t)
B1 HXENRBEESREER
N . Fig.1 Single channel signal system
2 g:.l: EMD ﬁ?iﬁ‘] OFDM ﬁﬁﬁ1ﬁﬁ' model by coherent detection

2.1 EMD EEZXIMPBREIRE

5 3547 EMD ﬁ’ﬁﬁ’: BN T RS A AR S PR KR (intrinsic mode function, IMF) 1 sl

A ZR AR rh SO 5 Sl g AHOCAG I IS, i AR S b B 2 R R B, 454 EMD

R AR, TR AR AE D S BN 0 B U ok, MRS IR S RS B
EMD Sk 5L BR

1) #tEtkr, = x(1),i =1,

2) 15355 i A IMF

Ouithie hj—l(t> =r,(t),)=1;

QFth by (¢) BRI AR (B RAA R AR MELR) 5

@R by, (1) PR RAE RIS/ IME LA HEA T 3 IRFE AR R BUREL, TR0 B T 282k

@A B PEE m, (0) ;

G b (1) = h (1) —m, () MEUH;

OV 22 P IR 0% 3k 45 S ) 4> B bp ME 2% (standard deviation ) D¢ /F R 4 1R #EN], D, =

T

DL h (1) = (o) [/R2, (7], FHRAN 0.2 ~0.3 1, I b (1) S IMF B, 0 imf (1) =
h(t) 5 &M, j=j+1, %ELED,
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3) W (1) =r (1) —imf () BIEUE,
4) WH (o) MAESEANZT 24, Wi =0+ 1, HELHE2), T, MHRER, r, (1) BHRA
G, BRI () = Y iml () +1,(0)
2.2 EMD EEXIH OFDM gié;clﬁﬁﬁiﬁmi
IMD%%%ﬁ@ﬁﬂﬂugﬁﬁﬁﬁﬁﬁiﬁﬁ%%ﬁwU)=EH@U%HAU,%WKM

FR R UL BSOS R T EMD 3, ATLIASSRER N mR, + Af.(i = 1,--- N) B N NEHREENES,
V2SR TR ARG mR, , BDA]ASR0 S5 18 T80, REGSEPHER A 2 Fis .,

BEHO 5 55 r(r)
Received signal r(¢)
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detection signal processing
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2 EMD &3 OFDM R 48w it R 2 E
Fig.2 Schematic diagram of EMD algorithm realizes OFDM system frequency offset estimation
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Fig.3 Mixed signals in channel 1
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Fig.4 Separated mode components in time domain
- -§ 0.04 T T T J T T T :
= 0.021 *
= £ 0 | | i | | | L\ | |
= 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
48 2R Frequency/Hz
a) MEZSPREL 1 AYJ58L 5] Intrinsic Mode Function 1 in frequency domain
£0.010 :
E 2.0.005- jt |
£
< 0 | | M Il | A | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
/'Wﬁ Frequen(:y/HZ
b) B eREL 2 (94 & Intrinsic Mode Function 2 in frequency domain
< 0.02 ! ‘
2 g0k TX:8008 |
= <E 0 Y:0.01595 ! ! ! ! ! ! !
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000
B % Frequency/Hz
c) P PREL 3 4 & Intrinsic Mode Function 3 in frequency domain
- < 0.005 ‘ ‘ ‘ ‘
= 2
= g OWW/A\ | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10 000

i 2R Frequency/Hz
d) BIZS R AL 4 19858 A] Intrinsic Mode Function 4 in frequency domain

B 5 ®&HBESHENNLE
Fig.5 Separated mode components in frequency domain
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x4 T RR A SRR F1 CFO ZBRESIHEEE
He A 10dB, A 43 5 &R HL 0.05, 0.1, Tab.1 Comparison between actual and estimated CFO values
0.2, 0.3, 0.4, 0.5 H;j‘ , %’/l\ ﬁ zﬁ}/@i %g 205 Group number SEPRE Actual value 4% T1{H Estimate value

RFE BRI, I EL 5 SEBRAE X L LA 43 ; g?g g?g?zﬁz
el EORTIE . ‘ 3 0.20 0.2016501

M1 RE, ZFEXT OFDM i ff 4 0.30 0.2994375
ARE AT, EASTHE R A 2] 5 0.40 0. 3929002
£0. 5 fFFEDLBEIFE, 6 0.50 0.4999513

& 5 B2t Hilbert 28 #5755 B 4>
BRS RS R, Hrp R R R IR RS A RS B mR, +Af, i =1, N, k& mR fF
A EIA(EIER CFO, nlamad 2 B8R, AR AT 25 R 2 IR BCF (.,

LS AT LUE Y, A AT ARG R0 4 SRR E, It H S5 SChREX L, BA R A5
KR HIRIRER O B, ATAR B —E(F MR LA T, PN TRD AT g B RE 0L A 080 O A+ 45, Sl T 475 LA
PR SEREE , B0UFE EMD B TE 2 5T 3R A5 SR A BHUR A T IR I, R DL R [] 45 e Lok
LI 22 6 T30 A5 S B 0 B Ao, IR AT IR 2 A9 EMD 25555238 OFDM R Gl 5B, Bi%a
fhi A4 (6T OFDM 385 RGEHEA T A2, (7 LA R o, #MEJE I8 (5 R G iR 5 LR
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4 #ig
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