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FFT-based Detection of Existence of Synchronization
Signal for FFH System

Cheng Yufan Han Wei Li Shaogian
(National Key Laboratory of Communication, UEST of China Chengdu 610054)

Abstract A new FFT-based detection algorithm for the existence of synchronization signal in fast
frequency-hopping (FFH) system is presented in this paper. Four methods (clipping, envelop-subtraction
of two connective hops, iterative double-clipping, clipping-then-subtraction-then-clipping) of evaluating
normalized signal to noise ratio(E,/N,) in frequency domain with jamming are developed and compared.
Analysis formulas of these methods are established as well. Our simulations show that numerical results
of normalized signal to noise ratio are close to its theoretical analysis for both AWGN and multitone
jamming environment, where discrepancy are within the range of 3 dB. The overall performance of the
latter two methods are 5 dB better than the first two methods for partial-band noise jamming. Iterative
double-clipping is our recommended approach because of it’s low complexity of implementation.

Key words fast frequency-hopping; existence detection; normalized signal to noise ratio;
multitone jamming; partial-band noise jamming; iterative double clipping

EBBIRE T, —IEWEIFE, BESARSHEN T RHFTESESHHIR, ERFRE
BRR G, —h LB REHF NS, NREARBHEMEN T X T REmMIK. e ER R A
FALAL AT, XM RTBRI R ZE S R A S IR Yk R A8 B M35 46 (Fast Fourier Transform, FFT)(%&
KFFTZ A4 B W), MBS KFFTSERMERHFTRZEONES), FEdE2REEHNBARTFN
WETTEREE K. FEEHERTHMNE, —MREEVIN FE#T R, 75—
HYABCRAERETRENREES . BRAFTRSHEKN, EANHTRESES WAEEERN.

1 EHESHFEERN
T PEREE R, RIS SRS LIE—L(EGREL E, /N, BIK/ DA RRE R 15

20035794 2 B R
* 4 32% it F FENSY SSRGS TREEFENITR



536 mFRHEREZER BnE

BEEFIE, HNE, /N, RERTE—ATTRET, /eSS e SR TR R, (YT ERM
HRBFS E, /N, AR NEE.

ERTRATET, LB RS FFTE R R R T BRI S B ST A R B D R 2
PR TR, WIS RS ML . TR, YTHTATYER, FEXHE
BRI IR E, /N, M5, TEASEEEETETY, BENFIRT,, MSERH, ARsEs
RHAE: BTIRT, RBEE, YFASSEREEN, EXTRIMNT, XoTan YaTss L a4/
FIAFASEE. HTREFEASHSRANIE, TOHSHTEETRERIG, BN FRERY
W, REHERSHENE, /N, RESEINR, NS RESE e R EaE.

11 FHESHEERNEE

BRFBRLE (£, £y, f,} FH LA FESRERFSMES, RSB L MRERR SR,
MZERF RS HIEZRT, B REITRS S SEERI. 1) X SAT— BRI A5 S HEFT; 2) REFFT
SR, SURHEH LRSS E, /N, . JEHIET LA E, N, BEERTIRT, , SE, U
RREFS S MR HBIKEON 1, BUNEN0; 3) B4 MATBK ST W —1 Bk L AN RSH A M 30
VB RIS M YE T AT W ke ST 250 5 M BB v DRI e TR M RS
1R — BRSBTS W BkeR 4 RIS 0SB B SR B0 R IS5 B ER), #
AR RS EERERA: 4) BRLEERFE, WERD, MEHTRSESHEERILE, 55
— KA FEE SR, WERIES W REAHERSEEFERER, S HRALEs
e, WESESHERRIER, RESARSBIRS. B0, BHHTRSESFEERN; £
A5 SAFTEMRM B, FECEREIE B b4 R A0 A — SR L A 1.

12 METBME S A SR E— SR |

B SIS S R T — LR, SRS L TS B A5 2 r B T e
B, G B A — LS Lo S R I TR AT — A MR LR, SBE, MR E, /N, A TR,
SCRRLL, 2] EBAERTIR_EAM7 T IE3X 15 S S M FIROMER A ENL, X H ET I L FHAT A
121 BHSAES TR F1E5 5RE e mib o

WLAB A LSS RO WSS SH R (S S MY

R(t) = S() +W () )
Kb W) AEMEMERABIRS, S¢)NASES, N—LERED
S(t) = Asin(@t +¢) )
R ANIEE. oNFHE, ¢ WM, 720~ 2n 5.
MUFWE AN S RBE, HRRS SS9 N SFFTHIE— LN

_ VN A 1 neor) e in(wem)
S(k)—NEBZj{e e —e’e } 3)
S(k) Y3 N SFFTH IS k(k=0,---,N ~1)MH. 4
@, =37E, o, -2 @
° N ** N
No Now N 4 o
Lk o ‘EEk;eN—EEa‘, TR AR Sk) B S5 B3 5h0

2sin@—sin(N—2w+¢)sina)

. No Nw

Re[S(k)]= —2sin — e
15 COS W —COS® §1n 2 COS( 2 +¢] )
2sinMcos(%+¢)sina)k

Im[S(k)]=~

©)

COS @, —COS

Mk = Nw/2r it



BERAL % ET FFT KREAR S E S FEER 537

®sH
Re[ S (k)]= i;—sin(b, Im[ S (k)]= —gcosd)

Q)

®)

%k =N - Nw/2n it
Re[ S (k)]=-4sin¢ Im{-S(k)]=écos¢

X FREAPREBSEERL, P B AR EFFT T BB £, B w = mw, = m2rUN

BEROMRGBH Y k=m=Nw/2n B k=N - mbt, ﬁi%ﬁﬂﬁ%%ﬁ
PS(m)—— )

S LBk #m B k= N —m B Re[ S (k)] =0, Im[S(k)]=0.
MW (n) WFFTIH—{LE

HRESR (SRS (6) AT SRR 1 B 2L Ab 3
SRR S B RS, ARSI W (1), BEFEN 62,
.1 .

W(k)=A®K)+iB(k)= %A%—',lw(n)cos(nwk )+ i 3 wn)sin (nw ) (10)

KA A(k)FB(k) AEHEMEHEYER. HrER®
G—“z’, w, #0,27 o, 402
E[4* (k)]=1 2N B[B*(k)]={2n" T 1)
o, o, =0,2% 0, @, =0,2n
ARG MRS PR U AR T 3R
2 2 =%
PW (k)=E[ 4’ (k)] + E[ B* (k)] = - (12)
MRTME S I F R T SUR LR
-1 A2
ZPS k _ — 2
SR, = (k) PS(m)+PS2(N m) 2 A& 13)
ZPW (k) N o, 20,
N
WEIRSMERN R, YIHREN B, HEEHAERAENEN2B, HANTRER, M N=2B/R
SNR, = ER _E 2 (14)
N,B N, N
WUMREE P RE S £, Em AHIENR PS(m)=5"=A"/4, BEHRZS R A(k) 7
B(k)(w, #0,2m)MFE o’ =0l [2N , REXAHFMKX1HTR
E_=£SNR N A A/4 (15)
N, 2 2202 o:/N 20'
St FA4RTBRSEHARMAE S R(r), HFFTEESBAX T, B
R(k)=R (N-k), |R(k)=|R(N-k) (16)

BT LT 28T BS B R(e) IFFT, R% R —4 5. B A% LT [0,N/2) AINFFTH, X

a7

k =m= Nw/2n i}
Re[ R(k)]=Re[ S (k)]+Re[W (k)]= %sin(b +A(k)
tm{ R (k)] = Im{ (k)] W (k)] =~ cos ¢+ B(k)

Mk #mbf
{Re[R(k)]=Re[S ()]+Re[W)]=A4(k) (18)
tm[ R (k)] =Im[ S (k)] +Im[W (k)] = B (k)



538 BF R R k¥R H32E

122 LET3ME5 TR F I .E 63— iRk ed it 5k
RS AT A, SR E SR HRTBHE S R RS A B — LB E, /N, B TRE: SeREAFS
PSP TR S7 . FER MRS A0 22 207 (SIS BT ER): BUERHENFSHAN
L. ETRIFET, RSHRNA—LER AT ERBRNESR, UTHINB SRS
450 B VA — AR b A DO R
D B FREEREX GRFFTH S RETAE, 250K LA F 550 S04 5 5 Th &
P (=12, L)JER i, REHBRT LANFSF SR 52 A SR BRI HTIRE, %
AFITROTFRIR LR, BRI SH GRS . SRS AA T R, BRSNS
20° (I FRAESRNTIME, HEERETNE), BEY LARSHESIIREE AR E, /N, .
FRIBREAUXBEET TIRIE B ITRAEE. BIRIE N2 MRET, A LMASHE, M, AFHRIA,
M, MRFEIRSIES, B RES R RN HSE > 1AM T, W
N/2ZL+M,+M, (19
RERO RIS SEAA, BT AK) M B(k) ABEE, FEN O WEFHEHER, M, Mg
AR WH T Wk =(a®) +(BK)) RN Bt ER20 0 x* 4%, HWHERK 2000, B
WY fo™ - x2(2) o Sefiidts, ST HRTBLAIRIS BUS A HAE R L AOBRRTThN 52, ALK
IR(m) = (Re[R(m)]) +(m[R(m)]) M B B BEN2, FEsh LB RN 2 HOTERD p? S 9, MR
20°+S7 . [FZE, M, AN S TR QANTHRAABER2, EROSRY S fdEhL x5
A, HIEN 20% + 52 o KB M, + M, NS BB R
M,(20° +S})+ M, 20> M,
a M +M, i +M1+MZS
UETFHES: HBE M, =0, E =20", BT LARSREZIMOTS QBRI TR R0y 6. %
BT, xE, AERFHRITRT A FRITRAL), WM F Lo SR, BRTEB: 22,(2)=4605 ;
Xoos (2)=59913  Xoos (2)=10.597"); BIREF99.5% IR MBE T H <105970° . HITREKT, &K
5.30, MFIIRHA10.607, £10.5% KRS B A T4 .

(20

: e ‘ s M,
ﬁﬁ?ﬁﬁzx%—ﬁﬁ,&¥%%$&k,W?%M%%MHWQ&»ﬂc,ﬂMQ—M+MfV
I8 A
M, o T,
T,XE, =T, ><M1+M2S.— F 2n
g 1o _ M HFRER, TR M, +M, MIETE M AT, —ERT,

Y M, +M,+L M+M
FHT10%~20% A LM SE, [HECEEME, BEEEEE. ﬁ <— My=5, FLUFETHFE

2

ﬂm$m~¥¢wﬂm,angzjsfS’ TR AT, ~ munmzﬁrﬁ$mm$ A%,

HTBK, STHREEH, REARTHTR &1, <230, mﬁ‘??ﬁiﬂﬁﬂﬁ?ﬂtﬂl‘ﬁﬁ l:4in) Xﬁ%@"}%ﬁ
R BHI TR

RIEUELTHSH TREOEBL T, TRITRAKT, €[230,500], W TRELCEFAFEFH®
MATREO. THHRE, XFT 805 ﬁ@ﬁﬂ’]slzﬁ‘ktﬂi’gﬁ WERIAR E, =20%, # LRSS
HIBER TR ST SFHIR . FAF SRS & RIS A — b5 1

2) MRPBMEEY:  SOARYBFFTZUR R HRTBE L R SN S DI 2 (1 =1,2,-, L), X
BI— B AT PIBE S B MR (R T LA ﬁﬂ%ﬂf%)ﬁ'z&bﬁﬁﬁ%iﬁﬁ)ﬂﬁ@@rfﬁﬁ RIS =S )



H5H BAAL %: T FFT WHREBUERIEE EFEER 539

£, NEkii20®, BIRRE LB LAFSHRNE— L ER L. HEIESERTA, M, ATHRIS
RS IRAIIR AT, S TRAFSEERET, FHELHAN M, TR LRI ES 45 ~ N(S,,0°) -
BT IR B R GRS B SE BN (RIARAE, T UACAARSR MBI TR A IR, BT LA ARSR Pk A% B 450
ISR, M A TRER % EETRMESH M ~ N(0,20°)

M, A L B \/ga  IEN [z-g)azmﬁ%ﬂﬁm T b, AR 5 A A
HEN0, FEH (4-m)o? o BT M, + M, MRS HEOEZEIE RN, FEH

M20" + M, (4-m)o =(4—n)o’+-—M—(n 2)0? =0.8580° +1.140
M +M, M +M

YTy <YsHF, FEMTEEN 0.8580° ~1.0860"  THERIANSETF o, SRIER IR
RV 207, BUEKE LRTBE 5 H MR ﬁﬂﬁ)ﬂ~¢u‘.§ﬂ§’a k.

3) ZRERIES  XTERIEHAAIES, ATEEMTET S TR REAMR, ERREIOEAR
XFE, BIARIHEHTRE T, AR LR TIRIEEARR, BT RGERIE LR A E . H—RR
AT, S RRIEE/ D TS E, S T RIRIEA3E R ﬁE‘J@*@rS{Lﬁ?
B, BRI 207, SRJGSR T MTTBEA RIS A — AR .

4) RIBMERRIER  FEDSHTREDWGES, T aimAEhe T8 T ae sBkr TR~ i
HAAF, HH0EPIB B AR EFERNT, FHREREABRNIRE, Ha AR R 2R
HHEAE. KA AREES SIS RBE R TR EER. TTRAKINT € [23, 5]; XTHILTHBER
R R AR R EMNE, EURBREENT 0 M ATRIFSNLEZRNESSHT
~N(0, 207), XM, MR HHLLEZEEIS 1.65v20 MR K 26(1.65)-1=2x0.950 5-1=90.10 %, HI%
IS 320 MBERN: 20(3)-1=99.74 %, BILLAS (4521 > 1.65V20 ~3V20 = 2330 ~4.240 , N
ATHROVRRE2AT,, € [2.33, 424]). BR/E, HXFTHEEEMERTE, USRI 6*, REREE
RIS — R MR L

2 HEERSH

RIF1220 R R PUR T EE, A BITEAMERS . ST TR RS TS TH#ETHE, HRE
TUTFWAEAE: 1D S—BMESHI1 0247 REESIRM1 024 KFFT, RE—BdE, RYAIBHKREFH S
MAMBEOARLE, ZEENER, MREFOSHATOE Y, N—B—PREEONRSTLIAR
ANFEIEE AR, H2AFBHEMhRAERE—F; 2) B FEHOBRENHE, 81 RASHANHIESS
KEFR (OB FTER, FHFHANREBEEREL LRSI P ON=EAPA L, i RRES
I35 BRI 2 2R 87 AT IRV F LSBT R BN L B3R AT R Z R 3) |EBIRT, =230,
T, =235,

AR F AR MEMER AN E, /N, SR E, /N, WERREARGET, MHEBIE,/N, 5
WS ENXERIME 3R, AEITTRES, AL THRMOAWGNEE T, RILMARMHETESER
HEABERK, HERME, /N, SBIBE /N, BYE, E£83dB WL, FR2E87R T EHTIMaRA
FETFHER, B YIFBRMEE T, ST RLFEE SRR BBIRRES THAR
B, NEHERTAEY, ELETHRASES, ANFARFEMNITTEFETE S E, /N, SEIREZER
AR, REWTE3 dB W. TRIBIEE S5 RIFHEERIFRERA TR RS SHSMBk ML, Bk Tl
LT .

E3BR TIESSPHRE TIRMARERE T, AJUMARRN TSGR E E /N, 5EISEME, /N,
MR, WEINTFH&M: FHRERAEER RS TR R RS E S HIER35dB, F
WA TR /85 . MESE A F HES MRS TIHEE P, KRRk 5 RIBMEHFRIERAEE T
FRIE R SRRk, FRIBE LTINS . HE R E TP sh 3R AEn, FiE SNRIIEXK,
G R E, /N, BRI, LA LS TR 2%, MRS TIARER TIEERE.

21

(22)



540

BFREXR¥®FR

—o— R
. —D—H%WA’%{&%H&
—— RN
*‘Fﬁﬂﬁﬁﬁﬁﬁ&

7Y I T S R SN S A T
14 16 18 20 22 24 26 28 30 32 34

L /dB
N,

Ell AWGN{EHE TR LK

1416182022242628303234

— /dB
./

B2 ZETIRTAEHE

E/N S HE LR E/N S B ER
z , _ 3 & K if
.............................. 2 ——REE
g (B AR S Y BB S 0 I S A A
aB T T vk, TR H LR RS . TR
Tl B AT, ORI AR IR s B R,

HHATTHER S, FHEARE. 2E THMELS
WRETRIABET M T HBGE, SRERY, ORTE
ERAF3 dB, EMSIHERFE TMIET, BBk
EEAeeRE, REEHKR, ZKRIEEMRIESERE
BB TR R AR mI Bk iE sk, EEnI#15 aBL
L, BHEERLASKEAGESHE/N>2T dB), fHE
HRME/NZ WG IEA, Hp, “KRIEELRIES
ZERIEETE NS, BEHET.

| IS S S S S S S N R
14 16 18 20 22 24 26 28 30 32 34

B3 R STHIRAE T T AE i
E/N,SERERRR

& % x #®

[1] Carl W H. Distribution of the sum of tow sine waves and gaussian Noise[J]. IEEE-Trans. Information Theory, 1992,
38(1): 186-191

[2] Carl W H. Distribution of the envelope of a sum of random sine waves and gaussian noise[J]. IEEE Transactions
Acrospace Electron. Syst., 1999, 35(2): 594-601 -

[31Chan Y T, Coutrue F. Comparison of two FFT-based demodulation schemes for M-ary FSK[C]. Military
Communications Conference, 1992. 2: 603-606

[4] RBk, # B AR SSWIM]. B RE: SRR RRFHRE, 1999

[51 Hipde, Xk, & &%, ¥ PRistEradaiM]. X R F g, 1999

w B xxz



