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The Detection and Recognition of m-Sequence Using Higher-Order
Statistical Processing

Zu Yun-xiao

(Electronic Engineering School, Beijing University of Posts and Telecommunications, Beijing 100876, China)

Abstract: m-sequence is one of the most widely used codes in spread spectrum communications. The triple
correlation function(TCF) of m-sequence, the partial triple correlation function of m-sequence and its
peak feature are studied and described in this paper. Then a detection method and a recognition standard of
m-sequence are proposed based on the peak feature of the partial TCF. It is testified by simulation that the
peak feature of the partial TCF is same as that of the TCF during the corresponding intercepted section.
With the peak feature m-sequence can be detected and recognized and this is the basis for detecting and
recognizing the direct sequence spread spectrum signals. The detection method and the recognition standard
of m-sequence have been proved available by the simulation.

Key words: Spread spectrum communications; m-sequence; Triple correlation function; Peak feature

T SUT TR, LIS mofs ORI
B SR A K A P R RS 95 77 4791 St m PRI, ARG =ATC RS

RS HEI RO AR R ke TR SIRRIE, A A S8
L eI s e s s . e SPVROTHEAVELCRERCT I, R0 S LB S

FEIEEGE%r?ﬁUE,‘]B%}\KEﬁ om_ 1, i‘l—ﬁo y{’lﬂﬁ, AI%EIEI'ZH T~$¢E%ﬁﬁﬁﬂ’97j¥£, 1&77?2

OB AT B OB AR s POV TURBRL R IRy oK.

W SRR S IR BIEL, RN AT 2 mFRRIAE I

(PN ). "S5 F I OOBERAS m AU, Gold

AN Kasami #5535, Jo PN JE T416 0. A EX m- e FE I 1 — B T R A7 25 47 5 0 2 7 2 [

AT L SR RERORS 51, 48 77 A O 5110 1 W15
KT mo ORI, BARTIHONE o an et

2 UGS m FAU =PSRN g gy g 2 s, 11 B —4 5

AL MARAT VO RRRRITARIRIEE gy g e M i i f L,

Ao MR RIET AL WRARE IR TR oy 7 apspess. ke A nre, omAeici

—FhE R E A )71, A Adams, Peter % AX m-J7 FATBE A, moEsl RS o, | i, KOG

LEIR IR 2 Ml a, AENSE 1 SR, FFRRIE D 2 S 1t

2006-12-26 Y F, 2006-07-10 &5t[7]



HTH M AT BT R g A BEEOR I m- AR I AR 3

Bl gtk
LB AT 28 I R B0E l%] 1 8¢

TN 5 A7 2% JRU R 18]
SR T 7N ) S R
a,= a,_, Da,_ s o

MR T 2 A M &, st 8 ) LU 7R BA
ZICH R T E 0, € (0,1)(i =1, 2,---,n) KRB 2 I

KR, Wa, =3 ag . WHAFHE 2 ik R O
i=1

ORI a, — 1 B IEES:, R BB HH S T
Fa)=10Y ez’ = aa' , I HEEZ T
i=1 i=0

a, = 0 IR PTXT NI AP B A S IR, 0, = 1 MFRR S
Bt K% BB a, BT — A —BERIEAL C xR,
JGRE Ay N s 9 (R %) B K (58 1 %), MRS &T 1 SRR
RGHZAER RN C=[100101].
2.2 m-FHIHEERY

m- SR B VR AR RAFHERS, NI 5 A SO
R — 28 BRI

(1) P8 m-fPHh AN <17 EE L “0”
M HZ 14

Q) PR m-FF5 5 ERALG MRS AR 2
HIJE, FRARREIAIAR A — m-Fp3, FOEAHRE A i
Co

(3) “MH HARRYE  m-JP A B A R EH E ARG
Rk, A BB T BE AL 75 Y A SR . H
sy PN AC BE K - P 7 (0 ELAH R P AN A

3 m-FIIRR=MAXE SR HIEEE

3.1 m-FHIM=MEER

AR = BAR A, m-FE 00 = AR G
(TCF)5E LN

R, (71,75) = E[m(t)ym(t + m)m(t + 7,)] (1)

Hr =pT,s 7, =4qT., pg=12-,L-1.

SERRAM TR, meEAIME 1, WA 0 R 1, &
RiERMT: (0,1) — (L—1) « 7 Lh k500 51 28 e
SFeik. SERER L R (1), 7y) AR TR,

Ru(rom) = Rp.a) = 7 Loyl (2)

i=1
o, (i) v, (0) 2IEBIFINE 7 = pT, s 7, = ¢T,
Ja FTAF IR AR i D IEE
WA m-FE AP A, S35 (pg) s A

(1) @ ug (1) = u(@) , WA Vi, vy (i)vg (i) = v(3) o FrLk
XX A A
R(pa) =7 S [oli)F =1 )

XA 144 () o A 0, () = uy() et
ug(i) = v() » HRXANHFINHZE—A m- 751, S

L

I Ay — 1 —
R@7w-fzgymws =-1/L (4)
FrLA, m- 330 i = B A 5% R A A -
1, v (1)vg (i) = (i)
Rpa)=1 1 , (5)

A vy (1) (1) = v(d)

ik, m-JEFER A e S 3 m-)7 51 TCF A WE(E
L. AR X — 4 RURT UK m- e H1 AT A WA A
3.2 m-FIIBR=MEXEH

bR b, RZHUHOC N EATHAEE m-J7 51 1 A
KB, i, 38U m- AN T m- 3 0
K&, Ba, BIRKIX—H2) m- Py TCF £ Rk
M m-JFFI TCF Mg Ee 2 SCik[5 77]%%&57

Aeffy, JF4R I T =B AR (I TCF) MES,
ks
1 X

R'(p,q) = g2 w(i)op (i) (i), 0<p<q<N—1(6)

b, N OB F SR o 4% R (6) T AR 1~ N
X IE ) TCEF WEAE AT & 5 i BN 2 371 o) S BE v 5 )
TCF AHXT R 1 Jrd 318 DX Ak 187 g {407 4 — 20K
3.3 =KX E LB ESE
AT IR (6)FIERITE, 23 A% n=10, KREBUEH K
[10100001101] M1 n=7, J 15t32 %5 A [11010011] P F5 4> 2tk
¥ 7 25 A7 4% W 48 72 R0 m- R AU HEAT T B0, 20 I
N=300 1 N=60, {ij 545 R n i 2, 8 3 Pros. K+,
[ P8l 2 oA WA= A, K . 5] B BT A 1 (p, q) A&
PR, T HAEBCA MR TR DR, X LE I A
t(5) AT A8 0 1.

1577

1100 — " . 140
9 50 %%,
000 PRt E By, Lol at et
@q@v&-% £ 8 o W ° e . o
P Tt As%?%e&’g, % 100 N 5
700 o oPhsiters 5o, Gof A e e o
= 5"60%’0%%% 0@%3&"5%’“0%%% = % o © o0 0 o
500 e el did, K ingten 60 e, T52. e
Pf’éa oq;&%ﬁ oo %39 Te e o o
300 ﬁﬁﬁ”ﬁv& o o ot Tec oo
e sﬁ"”wﬁ’&“% 90 e, o0 T Tele
100 g;’.&%- LS pgg & AN é’o% 0o
0 300 60O 900 0 40 80 120
P P
(a) n=10,C=[10100001101] (b) n=7,C=[11010011]
2 TCF [gfg
1100 (— Fovoyy 140
Py oo 28, "% 0 Tuo g0
900‘@;?_%%@ f@‘f: % o i T
700 §of§a 0%39 Qeg;;j“s &&f é’gv c:% R oo =
=500 "M" AL .,f’ée ) TG0 fee T 00L&
@, ;53 % f&’%@%’ L Feet a0 o0
sooxg, Gt Gyt e e
gbﬁ%‘%ﬁ& %»e’i& 90 [ oo, o, o oo
100 (o S5 ﬁg‘ 5»@;‘3% . o ;’o% o %"o
0 300 600 900 0 40 80 120
p P
(a) n=10,0=[10100001101] (b) n=7,0=[11010011]
N=300 N=60

3 i TCF [



1578 BT 516G 8 %R

5 20 %

Bl 2 AP B TCF WA, B3 AN 74111
i TCF WefE . B LAEH, B 3(a) FF 2K 2(a)
11 < p,q <300 JRF XL TCF EEE, B 3(b) L2
P 2(b) ¥ 40 < p,q <100 JFEBIX LK TCF WAL .

Bl 4 2B 1 o RHE#ETER m- P A TCF
HE, E4(a)@ 4K, B 4b)2&=4H.

30 =

20 S ’ 05 1411l

. . o
= . =

10

Bl 4 TCF KU

MK 2, B 3@ LEL, T IngIResl, R
TR HRE 2 S H0 W — 345, R R (6) A fe vh 5 H AR
B3 1) TCF WEAE AL o m- /341 BRI ol Ptk JoT A AT ) T 58
TR FLHAT IR, XA, A DRI I m-7 A,
HBEH T AT

m-FE A BAT X B B - BATAH R) S A A
AL A7 e 4, To1e LR AL 2 A7 e I W AR RS T i
PR m-FEA TCEF WA S AL B R AHRK . T
AL T A A WA RS B A, 8 me- e 41 (R A6 AR A7
FTEL, Toie AATALARHR m-/7 51, TN TCF IE{H 2
SEAAH A .
3.4 1R =8 KR B IE BT

T AR AR, AR AN R G B
FIMEFE FF30, PTUL, BFSUTERE S PR e
T BAT S b 7 e WA SR Eie ™, 4, H,
o R e AR TCF AR A 7= A TCFIRAA 1) F 44, Dy M
D, 53 52 7 W 77 25 TCF W A A1 77 £ TCR A 19
FfE, Ay A s 2 AR5 T CF W AR RS I ) 1F A Ak
.
b= P(Dy | Hy)P(H,)+ P(D, | H,)P(H,)

_L.J+L.&:T+l (7)
N, N NN, N N

X NERIRTTEK py ¢ HEH, N, Zom7 4 TCF WEH
M py ¢ WEH, N RRATE TCF KM p. ¢ 415
o, r RORTEL E I BIE A N AW TCF WEAET pe g
AEHL AR 5T WA A6 1F T I 4l TCF AR T p-
g HEH

L (7YYL XS =42 TCF WAE FHAFFIA =42 TCF WEAE
JF L5 AR AOBLUEE , 10 I AS () S48 6 45 51 £ 5 o -
AT, BRIA T A R S EA AR, e,
XA AR T AN AL . AR BRATTI H AR A I
WAL, T LAXE BT 4 77 A TOF W AR I 4 LU K IRIAL

gy = 0.95, XJ AT A AL TCF WA I FHA4T T8
ANABLE ¢ = 0.05 . Bk 3] R
B, = cP(Dy | Hy)P(H,) + ¢, P(D, | H))P(H,)

NLL%: cwr;cnl (8)

X (8)FEATI AL, AL Ar e BUoE ™k
TCF AN, S84 IERt AW 4 7 5 TCF Wefi; A/
TCF VE{EI, 5842 EA A 4 A2 TCF WgE{E, Bl
%1% P(D, | H,)=1, P(D,|H)=1, W

B, = coP(Dy | Hy)P(H,) + ¢, P(Dy | H,)P(H,)

r N,
:COO'VO'W+CH

N, N, N, N.
:Coo'ﬁJrCu'ﬁ:%#W )
Frek, 4 JE R ik X0
p——wrtal (10)

cooNy + ¢V,

A2 (10), IEHRIfR TCF AR R 3 fih 2k 4 P
5 i, K 5(a), 5(b)% %k SNR=3dB #
SNR=5dB I [{15 0L, thEa UG, i R — AN A iE 1)
R(p,qBMA R, , MIE#fkN AR 5, H2WE 100% .
EXNAF m-FAMUE, SR8 R
R, =0.6, MXf SNR=3dB [Ff&HL, M0 E 6 KT
98%; IMX%+ SNR=5dB Mo, il EsE A

100% -
1 1
0.9 0.9
= 0.8 o 0.8
0.7 0.7
0.6 0.6
0 02 04 06 08 1 0 02 04 06 08 1
R, i
() SNR=3dB (b) SNR=5dB

B 5 m-J7 80 ) A R
4 m-FF5 R0 & i3 5

FIH m-J7 5 TCF eREUW AR E, o) UK m-)3
FUEAT YU o AR B850 X TCF b A0 (2L A8 900 (1) 3+
WATSN, 7EHBIME R, = 0.6 if, SNR=3dB &% F,
TCF WEAE M A 2T 98%, 1fif SNR=5dB 1§t T,
RN A IEAG 24 100% o JTEL, AT LAYEBIME R, = 0.6 1715
N, DURIIRESR 95 9% 15 hoAsitE, Xt m- )@ AT .
R MR KT 95%, BHAR R m-)J@s), B0 IE m-
JF5.

K 6 MR (10)7E SNR=3dB L, 43 3% m-
JFHI(52ER), Gold J¥4, Kasami J¥51, BEHLIEM 0-1
RS A RN B AL R 2 AT R W RS U O A 2 i

I 6 ATLLEH, EBIME R, = 0.6 0L R, LR



o557 3 MG BT RN AL B ECAR 1 me- 7 FIA I SR

Rt 95 %6 15 S R i 56 4 7T LK m- 17 51 5 HoAth 7 511X 43
TFI

K7 2 TCF X m-F#3l, Gold 41,
Kasami J741, BEHL A1 0-1 3k 510 A1 BB 75 7
FITEBIME R, = 0.6 500K, LU IIEES 95 % 15 4 bk
TR LA R U5 BB P A S 60, itk
A LA HAZ 7 5 ) TE AR R Rk

1
- H1 B AL 7 5] 1 X
08| - 0.8} mIFF
# Gold J¥%)

a

= 00| B
Kasami J3°%1) _;:

0.6 ff ¢ = 0.4 [0-1 —HEHIBEHLFS
0.2 / Gold J341 ,

0.4 |F 01 “aeIBaHUTS

Kasami J7+%1]

0 | Lttt .

0 02 04 06 0.8 1 0 4 8 12 16 20
R, Kk E
B Kgs R BT R
5 HRIE

I3 - A0 1R = A H G R R A = A H G R e
AP ECBE, oW T i =B A OSBRI B R AT 5 = AR
BRI %o N A IR sl AH [ () W AE R, BRIk, mT BARH
i =B A 5 R B8R AR PR - B AT RS A R
AR A 0T i = By AH DG b 45014 WA ARG U 179 &85 SR 4 HH T T
= B AH 2% bR B0 AR PR (RSO AN RO m- e 1 PR 7 VR R bR
#E, IR SRR AE B T T R AR HE I IE A, X
W R 3 A AE = A U R A 4

ASCHR I m- ARSI SR T, A8 AR PR A
JPvER R, P EEAE S R E L EM A RO S
BOE (W BEREAT EEAL, ARG H8 58 1A A % 2 A kAT
THERRIR . Hb4h, AN EES m- 7 5 5 R L 5
FIFRERL SRS X 40 FK, i BAEREYs m-JP 51 5 )
AP SRS P 51 ——Gold ¥4I Kasami J7511X 43 IF
> FEPES SR N e RN HE R T R Rl E SR TS T

[1]

[5]

(6]

[7]

2

2 % 3 Wk

FRPG, AR S B GV R RAE me SR A S R
HI]. Lk TRE. 2004, 34(9): 40-49.

Zhang qing and Li Yan-bin. Higher-order statistical
technique for blind detection and identification of m —
sequence. Radio Engineering of China, 2004, 34(9):
40-49.

At PR R M) dbnt: BB Tk RAL,  1995:
20-58.

KRR, B RGeS SV (M), A8 E R
AR HUBAL, 1993: 118-129.

Adams E R, Gouda M, and Hill P C J. Detection &
characterisation of DS/SS signals using higher-order
correlation[A]. Proc. IEEE ISSSTA’96[C], Mainz,
Germany, 1996: 7-31.

Batty K E and Adams E R. Detection and blind
identification of m-sequence codes using higher order
statistics[C]. Proceedings of IEEE on Signal Processing
Workshop, Caesarea, Israel, 14-16, June 1999: 16—20.
Adams E R, Gouda M, and Hill P C J. Statistical
techniques for blind detection & discrimination of
m-sequence codes in DS/SS systems[C]. Proc. IEEE 5
ISSSTA symposium’98, Sun City, South Africa, 2-4
September 1998: 853-857.

Adams E R and Hill P C J. Detection of direct sequence
spread spectrum signals using higher-order statistical
processing[C]. Proc. Int. Conference on Acoustics Speech
and Signal Processing, ICASSP’97, Munich, Germany,
20-24 April 1997: 3849-3852.

BRI, {5 RS M) KU WK T R
1, 2002: 49-84.

=W A 1964 4R, BIHUR, TEWRITT IR ONE S AR

AR P S A

1579



