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Kernel Space-Based LMS Multi-user Detection Algorithm

Xie Minghui', Li Wenyuan', Li Shaogen®
(1. Communications Command Department, Xi’an Communications Institute, Xi’an, 710106, China;

2. Basic Department, Xi'an Communications Institute, Xi'an, 710106, China)

Abstract: A kernel-based LMS (KLLMS) multi-user detection method is presented. The KLLMS
detection projects the received signal of direct-sequence code division multiple access (DS-CD-
MA) system to high-dimensional character space by a Gaussian kernel function, and then uses
linear detection. By using the kernel technique, all calculation is in the low-dimensional space,
thus avoiding complex calculation in high-dimensional space. It is a nonlinear multi-user detec-
tor for original space data. And the performance is closer to that of the optimum detector. Sim-

ulation results show that by choosing a suitable kernel parameter, KLLMS can provide faster

convergency with the same stable error, compared with other LMS of variable step sizes.

Key words:

T

51

JLAE Gt ) B B s 45 80 T2
R o H IR B T 45 XU 5/ A 18 S 4 ) R AL
(Support vector machine, SVM) i 2 &, {fi 18
SVM H i A 4% J5 st PR il e . AR A 7 W A
PR A5 S A B AR AT B T A

A M 2 [ 24 Verdu™ #2522 P 6
BELOR HE R4 T TR - TR 2
W2 P K s . Horp 3 B fe /N 1R 22
(Least mean square, LMS)# i #3% DL 58 5 faj 2
Oy T2 B HORNBER B 5 45 0 50 o MR B

EEWME . EHKARP -4 (50323005 BT H .
W im HER:2011-06-02;18iTH#A . 2011-10-28

multi-user detection; kernel space; LMS

N2 FH PRI R 22— o {2 LMIS 1Ry — Rl 2k
ARG 5 9 JHL i B e B A R A AR 22 X K R Y
BERIE A H T JE 1 N AR AR BT AR A 1R 25 b Al
A /N AEL A I T RSO L L 7
TR AR TR Z AR sh A A 25 K vk - 3
ik (4 195 0 3 AR 40 K R 1R 22 1) B A9 Sigmoid bR %L
H 32 R B Bk B 2 1R A0 K AR 1R 22 ) i 4520 0 A
RNEA GG REE . SClk 5 13 i 5 A5 5 1
WK S Jr Y B R AR K T SCHR L6 ek % 25 1) =
{18 R = 7 S VR A A R B 1 S 88 SCk 7 ] o
SCHR L6 A SE Rtk b T — b8 22 ) 1 =k O 1E
MR KBS RE T 75 R 3R 5 5 sk

R RS S /NI R



226 ¥ow® O OR £ 05 o m 5507 %
SCHR LS I3 T AZ a5 ] i LMS 5516 1Y 2k A 4 k(z,a2') = (p(x) (")) (3)
AL EET AR SCIR I T —FP % 25 8] /) LMS (Kernal - n HB TR A 6] B A Ak ) ) (e 2D

based LMS,KLMS) £ H Pkl 55 % . F B #2751
YRS 4y 2 31k (Direct-sequence code division mul-
tiple access, DS-CDMA) # U ML UL 2] 19 5 5 i 1o
o S0 A% R BRI S B g AR A S )Ll TR AT T AR
PEAZ o6 KLMS A J5T b2 %o J5E 2 [] 19 45 5 247
FE LA o L SCHR L7 T4 H A% 580 32 46 00 P e B A .

1 RGiEA

7] 25 DS-CDMA 22 5 1) 15 1 (B 45 70 A P 1
B .

) \_J®

A1

[F] 22 DS-CDMA 7 4 1) 25 B [R] 5 2

[d 2 DS-CDMA fgifi 4 K Al & A BP-

SK 78 i » I Fe W HLAE — 455 5 1] B 93 1] 422 1 3 Y
HLAfF A5 T 1) T A Dy

r() = D ADb (s () + ()

(D

A AORE e A G S IREE 00 (DR &
ARG B H R s GO RSB B A PR AE T
G G EBIME N 0,77 22 9 o (I g i (3 e s
(Additive white Gaussion noise, AWGN), = (1)
o] AR 7R R T Y 1) R 5

r=SAb +n (2)
AP S=Ls1. s R AR B, A=diag[ A, -,
A Lsb=[bys 0 ]" Ry ke AT KGR A5 B TR

2 #ZZTEPLMS £ BAPRKENE X
2.1 Mercer ZZEIZFiE

W7 B R s M B A 2 ERY k=
1,2, Ko il b SR R s S 3 5 — i 4R FFAE
25 [0 F(:RY—>FO R EE A (o) s k=1,2+,K}
S HEAT AL B, 8 3 5] A Mercer #% B 18 BT 093
BARAE R s R AT b e T ER S M E s 5
HR 45 Mercer & B, Wbk )RR AE 25 (8] 79 P 4> 5 (9 Y
FUAT LA — % s BOR R L B

k(a2 ) AAREE L T LA B RRAE 25 18] 1 pg A ) 23
XK Ll g5 e K PR k() AT DL SE B T A
(R T AN T 2 20 Pk e 55 bR B @ FARRAIE 25
I iy BT K
FE b AR R R Mercer 251, 5k
Al LA AE Mercer 4%, 0] DL 12X (3D B 78 1) 24
BUE A il Mercer Z5 4 » X AT 2 A0 6 B oK El ke (s
x') B HE A RRAE 25 8] v i YRR B B e 4y b B
2 XHE BT 7 ol BUR L S (o) RS T 0,

B[ 7o < oo, JRWR A M
H/c(x,y)f(x)f(y)dxdy =0

I ERER : ZH AR (2,2 =
(xe 2+ E W R« (u,u')
[u—u' ||,
2.2 LMS BERZARP®MNE X

R B /N4 0 LMS B35 ME W LMS A I 55035
B 2 A R
J@) = E{|le(@)|*} = E{|dG) — o) u@)|?}

(5)

X He(DONIRERES ul) Wi AE S840
ARG S 0@ U R E . WO R
B BE

D

=exp(—a

IE{ e |*)

Vi) = TUO = 2e(u) ()
M B BE T B IE B 58— B L LMS #1938 % &
H im0 SR AN
W) = 0l — 1) + 7e(Hu) (7
Zi B AR LMS Bk an
w(0) =0
e(D) =dG@) — oG — Du()
W) = 0l — 1) + 7e(Hui)
(8)
Xy mEL K. jﬂ%mﬂ&l*ﬁl 7 B IR A
0<y< trER] 9)
A
R, = Eu(z)u(z)T (10)

LMS ;%/itljﬂﬁzuu(z) 5dREMERR, &
i Wa A — R E S u. ,NJMIJ!'JE’J%utH?@
fu,) = sgn[u’ w()] (1D
SCHRL7 3 B A8 28 K 53 Ry



%2

fift WA L 25 B 2 (R LMIS [ 38 0 22 FH A6 I 9k 227

7(n) = B(1/(1 + exp(— ale(n)|*)) — 0.5)
a2

2.3 ZZELMS BiENZARBNE X

(1) KLMS &
AR Su(O5WREFS O H5RIEL
PR M LMS 53k P pe s A 19 AR 22 . g i —
[) R Ko iy AAT 5w () 728 45 3] v 48 AR A1E 25 [R) ) g
Au@D B Fe(u@)) 38 e,
TEA% 25 | LMS B8 S an g X
w(0) = 0
e(i) =d@) — ol — D" () (13)
w(@) = w(@ — 1) + 7e(@) ¢()
A 15
w(i@) =wl@ — 1) + 7¢(Q) ¢(i) = [w(@ —
2) + e — 1) G — 1] + ne(D) (i) =
w(i—2) +79lei — 1) et — 1) +
e(@) @(i) ] = w(0) + QED)

7> e() e = 7> e(j) ¢()
i=1 j=1
(RSEw(0) = 0)
23k i WIIZRZ 5 i A ' AT 446 D A oy
o o) = [1>)e(j) eu(GHN ] o' )] =
j=1

r;Zeu)[ga(u(j))T o' )] (15)

ﬁlﬁlﬁtﬂﬂ?ﬁ;ﬁ L m] LT A% AL M
BT3RO ER AL A% R BT 15

()" pu') = vxeg)x(u(j),u’) (16)

E X fi A Ifﬂlj\]lJlI G WZ I 8 R AL
fﬁlialﬂﬂﬁ
Sio :Vie(j)fc(u(]‘),)

j=1

i—1
Fia@(@) =7 e(Dr() u@i))
Jj=1

e(@) =d@) — fi 1 (w@))
Si=fioi +ne(e@),) an
B PR ) KLMS 332
M8 SCHRLS T S PR UE WS 7 1 JRAE
O<77<i (18)
Horp
g0 = k() ,ulj)) (19)
W 20t Wl Z )5 A — A 5
w. W ZR G0

Fa) =sgn (7D e(e@(Gyu) ) (20)
j=1

(2) ¥ RE SRR
TP R BN TR A e — MR %
PR T 8 DL Y % ek 8O 22 0 XA o BROFN 1 07 A% R
B i A R B EL A AR PR RE L R {5 5 A 3 S
BRI 4% 5 BT A% oR 8K, i T A eRBOE LR
k(u.,u') =exp(—allu—u [|? QD
Kha WESH.
5% 22 W AT DA 28 SUR NS | il 4 12 L Ak 4
ORI B0 o i 2 A% 2 B A% S BON N R S AR K
U 50 A V5 e o A S ] AR A B AL BE o MATZ B 40
Br W s R B a3k K I BT A1 g A TR A% 25 [a) 22
AR, WL T 1, REME LM EE . a 22/,
WUFE%B’J*ETV [ 1) W Sk g 2ok A L SR
RESIANEE (L 4)
SR8 ]H Silverman i
S a W EARME
a, = 1. 066N "5 (22)
Ko W AREA IR IEZ . N i AREAS A .

3 AERR

FETR A Wi A5 A8 R, R GOLD 741§
W LR SR 31 FH P B 10, T A T P 2R B
FE L H) AP=1,{5Me LM 10 dB, I ZRAE A B 3 000
A MR 2O RS EICR a=0. 045, ) HL 45

1 58 SR LA

K 2-6.
2 25 W A R @ BRU(EL R 0. 045 B K
N B s L BU N s = i e N = P

WEW RIS PRI, 2 B FIE

&3 25 e A e AP R U R 0. 2 B a B
B TR A Ui S 6 . T s @ BUEL R 0. 045 B 15 B 45
TR BE T (22 4538 .

B4 25 i 0 A pR B0 A5 K BUE M 0. 2,0 U
90.001 F10. 5 MW S i 4R . v 1 s a HUE AT K sl it
INER 2 S SR e SR T R L SRR Tz BRI A AT 1 4

.

1.0

#40.05

0.8

0.6

MSE

0.4

0.2

0.0

1500 2000 2500 3000

BRI
B 2 A R e BLO. 045 B KA [A] i i S5t £k

0 500 1000



228 e

1.0

0.8

0.6

MSE

0.4

0.2

0.0

1500 2000 2500 3000

e AW
3mSR 0. 2 B a ASTR] B Wit 2k

0 500 1000

MSE

0.2

1500 2000 2500 3000

P4 v A PR R o TS R A /I I A S5

500 1000

(=]

B 5 4 AE A TR A R SR 22 F L KLMS B .
SCHR L7 5035 A LMS 5095 Wi sl B i e, Hop
LMS 512 K B 7 BUN 70ms = 0. 001, SCHRL7 ]
(44 0 LS 8 a =50, 8= 0.2, KLMS l a =
0. 045, 7kims = 0. 2, AJ 1, KLMS 5 7E % L 5] 100
A HEAS W S T SCHR L7 )58 A0 3 800 4B i) A
PEYCSI KLMS 59k 5 30k L7 156 AH Hu AT s e
g S E

B 6 g5 il 2R KR 500 B KLMS 5335 il S0
ik L7 130 2 G IR A B A FE L 45 R B R L KLMS
RS ) 5 R B O T SR L7 5 T R
FH P ARG 4 BRI

1.0
0.8 LMS
L 06 SCHRI7ISE
wn
=
04} KLMS
02}
0.0 : , . O
0 500 1000 1500 2000 2500 3000
BRI

K5 HFRZAERZE T KLMS ISk L7 10 S0E B 4

1 2 3 4 5 6 7 8 9 10
SNR/ dB

B 6 KLMS A6 il i #0SCHk (7 18 ik DR A0 4 B He 4

4 HRIFB

ARSCEE T — R A | LMS A 3E 2 H P
R 532, IR0 EL A3 T 9T A% pR RS BOR [ B 1
AikthRE., B EEEYMESEMEKET,
KLMS 583 RE 4% 75 4R 159 50 7 A2 A8 1% 22 1 [W] B 3k %)
bl SRR (7 18 R A e B30 B I TIE S AR SO R Y
KLMS £ I 7 46 0 585 32 7T LA 3k A5 b SCk [7 1530 72
P PERE L B NE G T8 {5 T DS-CDMA &
EMVESIRR ool

SE

[1] Vapnik N. The nature of statistical learning theory
[M]. New York, USA: Springer Verlag, 2008:10-
11.

[2] Papand J, Evans ]J. Iterative power control and mul-
tiuser detection with outage probability constraints
[J]. IEEE Trans Communications,2003,4(1):110-
117.

[3] Verdu D. Optimum multiuser asymptotic efficiency
[J]. IEEE Trans Communications, 1986,3(1):890-
897.

(4] FEREEFASOE. —Fgimg 288K LMS F 3 8 i
Sk ()] Bl R A AL FE, 1997, 12(3):171-174.
Qin Jingfan, Ouyang Jingzheng. A novel variable
step size LMS adaptive filtering algorithm based on
sigmoid function [J]. Journal of Data Acquisition &.
Processing,1997,12(3) :171-174.

[5] FEfgsm, S5, BEE. —MFHATELKLMS A

TN U8 IR LT . T G e A B s 4R - B AR AR R
2003,23(4) :12-16.
Wang Minqgiang . Hu Guilong, Zheng Baoyu. A nov-
el LMS adaptive filtering algorithm with variable
step size [J]. Journal of Nanjing University of Posts
and Telecommunications,2003,23(4):12-16.

[6] Anderson P. The performance of the least mean



%2

fift WA L 25 B 2 (R LMIS [ 38 0 22 FH A6 I 9k 229

[7]

[8]

squares algorithm combined with spatial smoothing
[J]. IEEE Trans on Signal Processing,1997,25(4) :
210-216.

XUBTEE S AR AR T X L. Bt i A2 B K LMS [ 3 I
PR o M L1 KO 5 AR 4R . 2010, 12(35)
110-118.

Liu Mingyuan, Xu Songtao, Liu Kai. Performance
analysis of an improved variable step size LMS algo-
rithm [J]. Fire Control & Command Control, 2010,
12(35):110-118.

Liu Weifeng, Haykin S. Kernel adaptive filtering
[M]. Canada: John Wiley Publication, 2010; 130-

139.

(9] ZE3CoC. . A AUH LMF/LMS A i& i 2 H 5 il
L1 RGN H A 2007,8(19):1793-1795.
Li Wenyuan, He Wen. Modified LMF/LMS algo-
rithm with variable weight for adaptive multi-user
detector [J]. Journal of System Simulation, 2007, 8
(19):1793-1795.

YE & B A - % B MR (1986-) . I3 W WF o A . W5 5 1 = TL R
S i & 4, E-mail: xtyxieminghui @163. com; 2% X JG
(1964-), B Bl Z A2, OF 5 o5 ] B Sl R 50 T30 2R
(1963-) ., 55, PHIm W5 77 1) - TELK LS A



