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Abstract: To deal with the problem of estimation of the pseudo noise sequence for Non-Periodic Long Code
Direct Sequence Code Division Multiple Access (NPLC-DS-CDMA) signals under low signal-to-noise ratio, a
method using multi-antenna based on tensor decomposition and polynomial library search is proposed. Firstly,
the received signals are modeled as a third-order tensor model and the tensor is divided into multiple sub-
tensors according to the spreading gain. Secondly, the pseudo noise code fragment factor matrixs and the
receiver gain factor matrixs are obtained from the sub-tensors by Canonical Polyadic (CP) decomposition which
uses the Alternating Least Squares Projection (ALSP) algorithm, and then the pseudo noise sequence of each
user is obtained by selecting pseudo noise code fragment combination sequence according to the cross-
correlation of the receiver gain factor matrixs and sidelobe energy detection. Finally, the polynomial library
search method is applied to identifying the generator polynomial of the pseudo noise sequence in order to
further improve the accuracy of the pseudo code sequence estimation. The simulation results show that the
proposed method can effectively estimate the pseudo noise sequence of the multi-antenna NPLC-DS-CDMA
signals.

Key words: Direct Sequence Code Division Multiple Access (DS-CDMA); Pseudo noise sequence; Tensor

decomposition; Alternating Least Squares Projection (ALSP) algorithm; Polynomial library search

WehsEH: 2019-06-05; Sml FHH: 2019-12-17; RIZEHAR: 2020-07-17

MEMEES: ML shengqi yu@qq.com

REHH: BREMRFHEIESE (61671095, 61702065, 61701067, 61771085), {55 515 5 A0 FE 5 P17 7 0 & 5 S0 R @ % i H
(CSTC2009CA2003), EHETHIHFLARIFIAIF I H (CYS17219), ERTHE Z R SR H (KJ1600427, KIJ1600429)

Foundation Items: The National Natural Science Foundation of China (61671095, 61702065, 61701067, 61771085), The Project of Key
Laboratory of Signal and Information Processing of Chongqing (CSTC2009CA2003), The Chongging Graduate Research and Innovation
Project (CYS17219), The Research Project of Chongqging Educational Commission (KJ1600427, KJ1600429)


http://radars.ie.ac.cn/CN/10.11999/JEIT190406

2430 B 7 5 F

2 %

42 %

1 5l

BT 5 2 1k (Direct Sequence-Code
Division Multiple Access, DS-CDMA )5 5 I H 4t
FHeaeunR, OREVERELF, EZE SN A 15 ik
d, BTN EESEEE RS T, H
THEMOT AR EN D b e B R )45 5, Rl
X Oy R B il R AR SR B8R R PE B3R
VO S IPS 8

H i £ X DS-CDMAAE 5 P i 5 71 fili 1+ A 72
F B P RS (Short-Code, SC)EIFIE KA
(Periodic Long-Code, PLC)B1 ) DS-CDMA 5
Fo X THEA MK AS (Non-Periodic Long-Code,
NPLC)DS-CDMAfE 5, XHR[5]#NPLC-DS-
CDMAfE 5 @8 & A R 11SC-DS-CDMA
855, ARJE X SRR B IEAT 3 AP I F A T ik B A0
N IRARFE LN Dy e B BEAT Al T, (H R
P LIRS, AR RERZE . SCHR[6]E SCRR [5] Y
FEffi b, XA TAREREAT 1 ok, BAE T R
NPLC-DS-CDMAfE S Ot 5l it b o BB AT ST
FARN, Pk B 3R 1) 2 Rl B T 46 5 H
fEDS-CDMAE 5 M Fi ™, SCHR([S] & ek 2 K
£ L.C-DS-CDMA 5 5 # B A sk 2% i dis 1 S C-
DS-CDMAfE 5K ERM, SR)G A E =Lt
R SRS SRR B BEAT H AN RAG THOb S A, 2R
TOCHR[5], B R EE L BBOR I, Al TE P AR AR
Z . SCHR[9)RH 73 B AR, K [FP 2 RELC-
DS-CDMA{E 5 7y Bt NSC-DS-CDMA 15K &
AL, SR JE R F B BN Bk A T ok B AT
Tucker 7 i #3 ZIILFE 51, Al vk RORIL T 184N
SR, AR N BVEAE TS ) da /) st BT 30 A A i St
FEAR NS MBUREUE L, JF B 0146 R R ek
DNEUEDY, Rl RO

AR BAE T AT O A ], 1 i =
F B Rl B2, IR SCER[9) 1 2 BUBAR,
% RLNPLC-DS-CDMA{5 5 @4 4SC-DS-CDMA
YT IkE, JER A s/ TR GY (Alternat-
ing Least Squares with Projection, ALSP)% %%}
> 5k B2 1T CP(Canonical Polyadic) 7 15 2
W — PR3 D i Py B B 1 o A A3 2 PR L R, R
Je AR A 48 2 A A ) ) A T L B AR R, R
BB A 55 I R B A 2 R O 5% P B HE P BOR
AFAALAR, 1SRN RS Fs. &5, #
2 DR R R R A AR i, U A
M Oy e s A 2 ik, 3t — B i m Dy i Fr 54l
THIIER R

2 SKECPHBHESRAWE

ASCR 24 7P NPLC-DS-CDMAfS 5 %
REEWAR 1R, URFHE, KRE
o, Au, bu (1), su ()73 5 R Hu A L IS 5 18
B ERBIE . ERTE, ard RoRHRD RN 5
u N O 2, vk ()R8 SR N ERIOR e
IR0 T7 o e T T

A, (1) s1(7) )

A é v,(t)
S?( ) ({1 v E% (1)

(%)

B S—
n,;,[, G% Yi(?)
&

1 FI#ENPLC-DS-CDMA{E 5 £ R & ek

S5 K AN R ERFRM 1 4 B2 I [ Ay T A O B J) 348 11
fEeREAN

U
Uk (1) =Y axuAubu (8) su (t) + vk (t)

U M—-1 J—1
=3 aguAu Y bu(m)q(t—mT)Y  pu(t—jT)
u=1 m=0 7=0

+uop(t), k=12, K,0<t<JT (1)

Hor, {bu(m) = £1} "0 A HuA P S B R
B, q ()RRt 1A AT B AE T Bk ok, T R4 51
ot B AT R B, M AT A D RS B A
B 7 A5 A S H AN o — TR A
WeIp. ()T FR N

b, {ew (1) = £145 R uA FE P H D0 ES 1 9
g (t) Fos S 18] 9T H B AT 5460 BE & A5 7 I8
s TNOh RS v i 1) L =T/To9 b 5 Fr 51 4L
B G=T/T Ry Piat. Ak —Mtk, REHE
T LLA = VAT S D R AR b, AR RO e (A T
yr (38 I ULACE B ARD (1) = g (Te — ¢)F AR ik ¢
BEAT AR, WS S B O Oy



FRORBLAE: BT ok B M AN 2 T R4 R 10 2 RNPLC-DS-CDMA DA 5 5l 1 2431

10
U M-1 J—1
(n) :Z Ak Z by (M) ¢ (n — mQ) Z ¢y (n—jL)
u=1 m=0 7=0

+vg(n), k=12 K,n=1,2,--- N (3)
Hrp, N=JLEREEDREHERESHKE,
yr (n) FFE T 5 0y

ur (1) yp(L+1) -
yr(2) e (L+2) - y((J—-1)L+2)

-

yk'(L) yk(.QL) yk(‘.]L) LxJ
(4)

P Y (k= 1,2, K) 3% B P2 (a) 7 R HE
5, TR NI EY € REVXE g2 (b) i
o VB G SRR = Hﬁ\%f;&%
yTERIXJXKyr:172a"'a ’ (—I%%Z—\‘EJ:EX%’ ﬂl]
B2(c)fim. & INKEYIEL T B K
R, by U1 RS B B 25 R, T =
i

G, r<R
I{L—(R—l)G, r=R (5)

s Fokiy = [[vi] € R B

s Ry

aku + vljk?
v, k=1,2, K (6
Sb, ¢ (D=c. (1) G, b, <j>=bu({<j—1> 2|

o WA RV = [[on,]] € RUVF %, [
ORI T . W yp, R R R R B

(|o-v&]+r )t mmmne-ne+

MO B EE TR
A€ XA T ey, by, ay gy il
c=[a® @ « ] er™,

=[on ) w2 ~ b)) ] eRL S (T)

T
r Kx1
a, = [ A1y Aoy - GKy } eR

W3Rk B Y R 43 fi (1) e R R IE 3 (6) AT LASE M 3R
U
=> ¢, ob,oa,+ V" (8)
u=1
Hrer, “o” FoRxtmERIM HA(8)H, 3/
k&0 AU A B [ & 1 7R z%ﬂ, FRATRE
CPoH M, wnE3HIR.
B3, Wy m&Ee, b, a(u=12--0)
53 G sk B CP o il 34N R 1B, R

C'=[c ¢ - ],
— [0 by o b ],
A —[af a; - ap] )

Hor, BHFHEFECT € RURIBT € R7V 4RI E0R
UAF 7 2 A v BUr Oy 85 7 21 A5 285 17 41
A" € RV IRK AR X U AN P i H o i .
3 (AWEFIETT

3.1 ETCPHRALSPEAMAEFSHE Mt
FESEBRIHT Oy 1 A58 T 0 e 2 B i AT 4

B, RIKERIT ORI, MR SCER[15] 48 1

JeIFT7E, Wik E YT AT KoldaZKF R IT

=
H.
A\

~

ye R yh ’
(a) FREIETY FREE (b) 3Fr ok EA T (c) FKESPUREE
K 2 ik s
al aj
— & &
= T—) +-+ —
N : v
cf <y

Kl 3 sk ECP o il =



2432 B 7 5 F

Y = [ Y7 (1) o Y7(,,K) | e RI¥E

Y5 = {(Y’“ Gt o (YT (:,:,K))T} c RIXKI

Y(g) = [ Y"(:,1,0) o YT(5,J,0) } c REXIJ

(10)
Horr, Y, Y, Yo AR Bt Mt
3K PR FF G L R SR I 0 7T % 4 B

Yik—1)a+i > Ui+ s YkG-nres o ¥ G k) A
Y7 (4,0 sk &Y R I Y] A 5 BE A 1A U0
GER
AN IR A R, AR P AT BT R TR
W), 3k s A O T D) A R
Y7 (k) = € (07) apy + 4 e (b)) arr (1)
BER- 1K RIFHEREY () TS 4
Y3, =C"(A"oB")" (12)

Her, “0” RRRKEAHMERKhatri-Raof . [F]
PEAT1S, FANFKE IR R ] B AR

Y5 =B(A"oC)! (13)
Y5 =A" (B oC)! (14)
a0 (12) 2R (13) A (14) "7, 3Pk E AR

FEALREDS HHCP MR HI3 AN A TR R R &R . Tk
B CP 73 i A e — V(1 OR1UE B R 225 S0k [2])
St (12) 2 (13) A (14) % B 2 85 A Ak 1] 2k
ATSRAEE, 49 2 B DR AR B 2 ) Xt I 42U 5 F) Dy
Fi U AR, A5 205 A B IR R A e UAC 2 K]
THEFE, HRERIMEH I, ha(12) e —
Fe s B AL B R R BN

C" = argmin HY&) —-C"(A"oB")" ’2 (15)

cr F

Hor, |||l p R R M Frobenius Yo 8. X W e/
Tefitht N

C' =Y} (A" ©B") [(AT)TAT « (BT)TBTT (16a)

Horr,  “w” TR Hadamard®, [ RkE
M) Moore-Penrosei¥i . [F|FE A1, Tn JSREY SRt
THERE BT AR IS 25 IR R R AT 1 B 3R RN

B =Y (AT 0C) [(AT)TAT " (CT)TCTT (16b)

T T T
A=Y} (B 0 C") [(B’“) B" % (C") CT} (16¢)
X (16)H, B I A TGERD; W € {1, -1}, Xf
K (16)iz H &/ 3K igey, &Ll e A" BTk
fRCTf 2 3 2 X (16a), SRJEHRTIE AT A 2] [F)CT 3R

2 % %426
BT i AL (16b), JE AR 1 I CT A B3R fi#
ATEZ 2 (16¢), RIRIEHIEN, BERIFEIK

o BRI (16) SR AR S PR FR H 2 ALSPH
%, BAOPIRUT:

T 1 BEHLYIGEA R FRFEC, BEfAL,
LRI K =0;

TH 2 La=a+l, WHEEEHBETHEE
CT [ aEARIEC,

Ci, =Y} (A1 © B, _y)

a—1

) 4« B B A

B IR 3 RS BT AERE BTN S ok
ERUE B,

B =Yg, (A1, 0. 0p) (A1) Any < (o) 0r]|
(15)
PH 4 BRI FEA, 50
$9{+1,—1}, BB = sign (BL). $oift, sign ()
T
PR 5 USRI A TR AT Sl
RAEAL

T
AL =Yg (BLoCy) (L)' Br«(ch)'ci] (19)

SR G I
p:HnB—CMA;@B@ﬂf
¥, -G (A o8| o)

BT AR A, ém<6wm
AR, B E IO, SRRk, &
REEF; BN, S ATbR22 %6, HBHE
WSS (S T BRI S IE B R 2% SCHR[5]) -

X BEAS T 5K B R CP 23 i i ALS P 595K i
Je, AR BIRARG B BE R PR, R JE XA
fith i B e St I 7 HE PP Bl v T 159 AN F P
P51
3.2 E-FIZUSriE a5 5B b B AE 55 M A5S IR RE 244N AY

AL FELR & FHTFE

3. 1 5 B RO A B B IR 1 RE B N S A7 1
Hie e ASR FDAF A2 AR () e A, | 2X(7) AR (9) AT
W, A F K R B ISR 2R IR AR R A A ]
A" (r=1,2,-, R)F A {7 & {15 [ 8RR KA R LR
X [E] — AN P B UScE as . Re AT DL AT X
CTHF M EEFHET, F15C" (r=1,2,-, R}
AL B B R R F A P RS A B, SE R4
H B IV 0 o




SRORBHAE: T IKkE I A 2 T A R 102 RENPLC-DS-CDMA Dy i3 51 fi 2433

H108
i B 4 FE AT AT O &5 1118 38], HHAH
el A RO R [N
(ad)"as| - |(ah)"ap
X =|(an’ : z
(at)"ai| = |(ad)'ap|],
(21)

Hod, RN sRYEXHE . 1R X GAT R AE AL
E’ iay\j

w, = argmax [ X" (u,w)],

u=1,2,-U (22)

R (22) R X AT R R T Srwa 81, 3
AN ) 5 AT IS SRR, R R
AP HRARIS PR AR EHERE, T
27, JZr (ww,) =1, JARGEN0. I EH
FE T O HEAT ST HE P, 13 BRI 0 D S 4 B
KBy
H =C"Z" (23)
R T R, T H g B
A AR S ARPIRR TR, BT LLREA P B 51
BT 51 (A HL ) #5420 o e, 5l 5
2L 75 AU ELHIR O 5 W,
Wt P S A 9 51,
3.3 BFSMRABEHERONFTIET
T Oy A R BRSO AT IR, DA
AT DL SRS AR U R T, AR
8 1k 2 R W RO B KU 51 A S TR O
Pt TAE RS TR R MR, BOUREH IR
S TR P AT B B S 5 00 TR R IR 2
BN B F B R TR, i 4R B Dy
FAUH RO IE R . Cho T AR, HdFm 41
BB R = > dic 1 (02 0), ATHIE
Ny

Co C1 Cy—1 Cy
C1 C2 Cy Cy+1
Cy Cy+1 Coy—1 Coy
cr CT+1 CT4v—1 CT+4v
0
dy 0
d'ufl .
. 0 (24)
dy .
do (3)

\
/|
)
!
—~
~
|
<o
—_

o, T +v) € GF (2)vfrm 5 51 1

$ifr, d(1=0,1,--v) € GF (2) ym ¥ I £ K% T
AW RBHAD=1. FE5X(24)TEAMN MR
(do, dy-++dy) BRI ol m 7 51 A2 Bl 2 W10 f (2) = do+
diz! + -+ dya?,

T BRSO A1 AS AT 3 G bt R 05, UL TE A

AT, (24) T RRAA — & 45 K
Sr, Moo Bk AL (25) «
Co C1 Cy—1 Cy
&1 C2 Cy Cy+1
Cy Cy+1 Cop—1 Coy
cTr CT+1 CT4v—1 CT+4wv
N 20
Ad” Z1
dv—l
=7Z= . (25)
dy
do
Zr

AARWF ST RS, W Z e Z A0SO
T+1, FEWFIINRENLES, W ZF ez A0
NEONT +1)/2, BTEBFIIHEH RS, Fril
ZHITE AN N T(T +1)/2, BIHE

T
F=(T+1)/2-) z (26)
=0

PR, ST 22 I 2 A 22 T T
RetEER . EBEENE, HHREUTIZEmTFHIT
BT A (AiBAl), WP, flvhr) 2w
A2 2 T T REPEEROK

EHOSCHR[13) 7T A0, FIA 22 00 PR 48 R R —
3t Dy B AT B R e, 25 &S PR B oK AT IA Bl i
20%HIRID R, Kk, XI3. 2% kAR A& 5
HAT-1—=1, 1 =085 5, LM (25)Mi&
T+INKTEZHARBHTTEH, (T oL
brig T E), RERIER(26)1HEE, 1535
AP ORFEAI R A R 2 T, AT SEBLN A
SIS, RS DARST LT IR
4 (FEXESERSH

AN — e, SIS B SR FH B AL AR
BPSKfHIF4, AL FFRAmMTFA, aredE
RO TTEANLR E I AmEEALE, BEUE 5 KA
N =1000L, #aiE 7 FEHMMBT = L —v, {EMtl
HUE VG RISNR = —20 ~0dB, HA&—/MEHEELT
Monte-Carloffj B X E 400K -



2434 e

2 % %426

LIS HkMEAE S REBK R P HU %
Ao WA MKEL =127, ¥4 EG =50,
BRI P U =4,6,8, 107E REHK = 6,10/ 214
TS T B T RE i 2k an P AR B S TR

—%— U=4
—e— U=06
—p— U=8
—x— U=10

-20 -15 -10 ‘ 5 o 0
{5HEL (dB)

4 K=6"F AR Hot Dbt e 500 1 -k g

fEMELL (dB)

K 5 K=10"F AR B b i 7 71 ki s

4R E s A, REH—EHn T, i
B, BEoWER, MitHaEmzE; iR
BIsargn, HPH—2mEN T, REHWZE, 14
THEREERLF, KRR NREHZ, HIA G
S, BEMRET . HASCEIRREIE KL R
STHPEMEANTT, Sty —2 dBE, SEELX
104N P RS P B (1 TR A i T

SCUg2 AR S DA B I K R LAY AT
mGHIR R, BURAHK =6, HFAHU =4, 155
L =127, G =50, T0OKL =511, G =201, 282414 F
(IO AL 7 B A TP e 2R a6 T s

0.4
——L=511, G=282
—e—L=511, G=201
0.3 —>— =127, G=70
5 ——L=127, G=50
T 0.2
K
0.1
0 3
20 15 10 5 0

{ZHELL (dB)

K 6 ANF LAGT Db i 71 il it P Re

mE6m &, W EPKEL-EHFILT,
PRGN, EI IR ERZ, XD
PR TEROR, AT RORE ;Y RS L L/ Gk
U, B> E100 7k E N EOR R AR DL, Wy
P B LR, Dyt P HBR RIS A 7S, BT
PERERLEF, Tk

SEUE3  ASCHLLIFI SCHR (5] S SCHR [9) 5% 1
PR FMETHERERT L. BUREREUK = 6, HIHU = 4,
ORI EEL = 127, a3 G = 50, 70, 1533
ANTE) SCHIR A D A5 P A T i e 2 B TR s

0.2

SCES

-20 -15 10 -5 0
fEHELE (dB)
—— ALK L=127, G=T70
—o— AHEL=127, G=50
—* - RO HI =127, G=T0
— e - XWR[9|HI L=127, G=50
- b - W[5 H L=127, G=T0
- = JCHR[BHLIE L=127, G=50

Pl 7 2 S R SCHR3) A0 SCHR[0) B R L

P TR, A SCELVE N D R R A A 1 A
M- SCHR[5]) A SCHR[9] . SCHR 5] NPLC-DS-CDMA
GRS A SR BRI SR, RS
PHATHEAN, BOA T RESEMELE, ek
BCFE, T SCHR[9)RASOR] oK B A, Refig fREF %
TLRNERR, APMHGEISTEEMER, Fit
T REE L i T SCHR (5] AN SR 2 TR R
MG AT S, P R IGRS A, kit
PERE [F) SCHR[9)AH LU A B A2 T

L4 2 T R P AL B A T R
Tt BURZHK =10, s KL =127,
TG =50, HEEANFMHU =4, 8 M f
FH 22 T P A AR A ) 22 T P A8 2R 1) Do b e )
flivtvEpe M Ze B8 R, Horh R A 2 I R 44
FEARAES. 270 Ja BRSO 0 e i O i e A R
2,

HERAIEH, HH P U =4MU =8, {f
JFH 22 T P 4 210 B 115 e P 25 BRAE T T R A8 2
T A 2R oy AR T T 293 dBFI2 dB, X2 RN H
PGS, TR, 2O RE —ER
BYER, XTSI AM R, PRI .



108

FRORBLAE: BT ok B M AN 2 T R4 R 10 2 RNPLC-DS-CDMA DA 5 5l 1 2435

20 -15  -10 -5 0
{EELL (dB)

—— LTI ER U=4
=% = R L TP R U=4
—e— {2 B U=8
- o - RN L IAFEILR U=8

B 8 2 Wi A 2O i 7 G T P e SR T

SCURS A SCHE VLR SCHR[9) SR B IE AR IR B
tb. BURZEK =10, F P U =4, MHEHKNE
L =127, JHiMaEG = 50, 18 FIACEILFSCHR[9)
SRR AT SIS R ST 5 35 AR 0 B B 13 e L 1) AR A G
K9P

2500
—— A
2000 —e— SCHR[9)FVE
> 1500
g
& 1000 f
o
500
0 | 1 1 1
-20 -15  -10 -5 0

fZEMELL (dB)
Pl 9 AR ST ARV IR] ST 9] AR RO Ee

HE9R &, EAMFEERRE T, A6
ALSPHFIE PSSt iy RS0z /T 3Cik [9)
FIROBRRE T s, BOCHR[9) 40 b B A BE AR e Sl
£, HIERRBZAEWE LR .

5 ZARiE

% NPLC-DS-CDMAE S D g fiti i1 o) 1, A
2 REIHE T AT BRSOR I 3B ok AR Y I 4%
JRY S 25 R N 2 AT ok &, FHALSPH LN &
A5 B AT CP A A T R e, $Em T AL
PIUSCSRE . AR 5 A 2% 7 5k S e U 20 45 P E A
M Ko [ 51 55 9 e AR PR O RN F P B Y
5. s fa R 2 W R 7 0 Ah v H O s 5 471
AR 2 T, WGP BT 4, #E—Dim
PORd A TH R IE R R . P B SEIR R, AL
REMETE R B N6, (5L y—2dBI, SZELXT
L0 AL e A e RS Al 1F, B 2 51
T e S NS FE S IA FEAR L, A B

2 E x|

TR, Mo, REJ, & BTMUENEYT ESEMY 75
%] R LRESETFHEHAR, 2017, 39(7): 1451-1456. doi:
10.3969/j.issn.1001-506X.2017.07.04.

ZHANG Tianqi, YANG Qiang, SONG Yulong, et al.
Similarity based blind despread method of DS-SS signal[J].
Systems Engineering and Electronics, 2017, 39(7):
1451-1456. doi: 10.3969/j.issn.1001-506X.2017.07.04.

F¥, kR F /55 EEDS-CDMA (S0 51 K fs BF
FIE Al TH[J). P18 R4, 2019, 41(7): 1540-1547. doi:
10.11999/JEIT180812.

ZHOU Yang and ZHANG Tianqi. Blind estimation of the
pseudo noise sequence and information sequence for short
code synchronous and asynchronous DS-CDMA signal[J].
Journal of Electronics & Information Technology, 2019,
41(7): 1540-1547. doi: 10.11999/JEIT180812.

MA Chao and ZHANG Limin. A Viterbi algorithm for blind
estimation of periodic long-code DSSS signals[C]. The 2nd
IEEE Advanced Information Management, Communicates,
Electronic and Automation Control Conference (IMCEC),
Xi’an, China, 2018: 128-132.

ZHANG Xiaolin and CHEN Jian. Research on blind
reconstruction method of PN sequence for period DSSS
signals in low SNR conditions[C]. The 13th IEEE
International Conference on Signal Processing (ICSP),
Chengdu, China, 2016: 1254-1258.

FRORBH, SRSET, 5P, & AT RN ZRIEREZ H P A
WK EY & S8 5P FUE v [J]. RERHESER, 2016, 31(6):
1113-1123. doi: 10.13443/j.cjors.2016030201.

ZHANG Tianqi, QIANG Xingzi, MA Baoze, et al.
Estimation of the spread spectrum sequence for synchronous
multi-user aperiodic long-code DSSS signals based on least
squares[J]. Chinese Journal of Radio Science, 2016, 31(6):
1113-1123. doi: 10.13443/j.cjors.2016030201.

TRORIR, R, B4, % RPLC-DS-CDMATE S E M
7). RE TR S HEFHAR, 2019, 41(7): 1639-1645. doi: 10.3969/
j.issn.1001-506X.2019.07.27.

ZHANG Tianqgi, LI Qun, LIANG Xianming, et al. Blind
dispreading of asynchronous LC-DS-CDMA signals[J].
Systems Engineering and Electronics, 2019, 41(7):
1639-1645. doi: 10.3969/j.issn.1001-506X.2019.07.27.
ROUIJEL A, MINAOUI K, COMON P, et al. CP
decomposition approach to blind separation for DS-CDMA
system using a new performance index[J]. EURASIP
Journal on Advances in Signal Processing, 2014, 2014(1):
128. doi: 10.1186/1687-6180-2014-128.

RENE), Bk, ReUr. KIS EYE S5 BT 5 TH I B
TR R BRI, 2015, 35(2): 1-4. doi:
10.13954/j.cnki.hdu.2015.02.001.

ZHAO Zhijin, LI Miao, and WU Jinyi. The spread spectrum


http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.1186/1687-6180-2014-128
http://dx.doi.org/10.1186/1687-6180-2014-128
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.3969/j.issn.1001-506X.2017.07.04
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.11999/JEIT180812
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.13443/j.cjors.2016030201
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.3969/j.issn.1001-506X.2019.07.27
http://dx.doi.org/10.1186/1687-6180-2014-128
http://dx.doi.org/10.1186/1687-6180-2014-128
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001

2436 BT 5 & B % B 42%
code estimation of long-code DSSS signal[J]. Journal of Journal of Electronics & Information Technology, 2018,
Hangzhou Dianzi University: Natural Sciences, 2015, 35(2): 40(2): 394-399. doi: 10.11999/JEIT170552.

1-4. doi: 10.13954/j.cnki.hdu.2015.02.001. (14 DE LATHAUWER L and CASTAING J. Tensor-based

9]  ®EIZh, FHE, SRS 07, & FIAKES RN Z REKIGBEY techniques for the blind separation of DS-CDMA signals[J].
CDMAfE S ¥ G S (G 1H[J]. #1554, 2018, 39(10): 52-58. Signal Processing, 2007, 87(2): 322-336. doi: 10.1016/
doi: 10.11959/j.issn.1000-436x.2018212. j-sigpro.2005.12.015.

ZHAO Zhijin, YIN Hui, QIANG Fangfang, et al. Blind [15] KOLDA T G and BADER B W. Tensor decompositions
estimation of spreading codes for multi-antenna LC-DS- and applications[J]. STAM Review, 2009, 51(3): 455-500.
CDMA signals based on tensor decomposition[J]. Journal on doi: 10.1137/07070111X.

Communications, 2018, 39(10): 52-58. doi: 10.11959/j.issn. [16] FHE, BAZh, 84, FHABCHA M Fast-ICAR KLY
1000-436x.2018212. Y CDMAB S MM E it [J]. F54H, 2017, 33(11):

[10] SUN Wenyu and YUAN Yaxiang. Optimization Theory and 1436-1442. doi: 10.16798/j.issn.1003-0530.2017.11.004.
Methods[M]. Boston: Springer, 2006: 119-129. YIN Hui, ZHAO Zhijin, and JIANG Xianyang. Blind

[11] SHEN Bin and WANG Jianxin. Chip rate and pseudo-noise estimation of spread spectrum codes for LC-DS-CDMA
sequence estimation for direct sequence spread spectrum signals based on BCH code error correction and Fast-
signals[J]. IET Signal Processing, 2017, 11(6): 727-733. doi: ICA[J]. Journal of Signal Processing, 2017, 33(11):
10.1049/iet-spr.2016.0687. 1436-1442. doi: 10.16798/j.issn.1003-0530.2017.11.004.

[12] GU Xiaowei, ZHAO Zhijin, and SHEN Lei. Blind estimation
of pseudo-random codes in periodic long code direct sRRI. B, 197144, MR, #u%, MRS, FEMR DT
sequence spread spectrum signals[J]. IET Communications, FRY G S B AT, EEE SO, PhEmSIIlbl &
2016, 10(11): 1273-1281. doi: 10.1049 /iet-com.2015.0374. 55 [P AR

(13] gkoREE, B3, sk, &5 —Fh ks Dy BEALT 50 E IR 5 SR 55, 199444k, WAE, WEAUTIRDNIBEE S E AL
WE[T]. BT {E B AR, 2018, 40(2): 394-399. doi: 10.11999/ ik R B, 199444, Wi, WRATIONIESE S AL,
JEIT170552. BHE: %, 19944, WihA, HEMRSE 0.

ZHANG Tianqi, ZHAO Liang, ZHANG Ting, et al. A blind

recognition method of binary pseudo-random sequence[J].

TS B

i


http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.1049/iet-spr.2016.0687
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.1049/iet-spr.2016.0687
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.13954/j.cnki.hdu.2015.02.001
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.11959/j.issn.1000-436x.2018212
http://dx.doi.org/10.1049/iet-spr.2016.0687
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.1049/iet-com.2015.0374
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.11999/JEIT170552
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1016/j.sigpro.2005.12.015
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.1137/07070111X
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004
http://dx.doi.org/10.16798/j.issn.1003-0530.2017.11.004

