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Adaptive co-site interference cancellation algorithm
with multiple virtual references
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Abstract: Wireless radio communication is usually deteriorated by co-site interferences produced by collocated transmitters.
A two-stage adaptive filter with multiple virtual references that drew from over sampled receiving signal is proposed to can-
cel the co-site interferences. Co-site interferences can be cancelled and the desired signal can be recovered by adjusting the
weights of the first filter when pure interferences are received and adjusting the weights of the second filter when the desired
signal is consisted in received signals. The simulation results show that the proposed adaptive co-site interferences cancella-
tion algorithm without the coupling device can achieve better performance than traditional algorithms.

Key words: co-site interference; oversampling; virtual multiple references; adaptive filtering

RISEAC B 19 3 AT YR P P B2 AL, 352K A
TIRBAE R & 1 Z a5 5 1E N 245 H
PGS, HBEEEREIESHESHITZ2 S5 mA

1 351§
R4, M NG, 7 EE

ARERNAAEZ LG, X E N TN,
H - FLORER T BEART, BRSO 2 A 5 K P
WERSHURIZGE S, X FaE TR &8
AT B R 2 oy Be i B 1) AR AR wl AE — € 2
1 ) 1 7 7. 22 E B VAR 7 1 1 DR
A e R R AR

SR ERIVAR 7/ SRE WA R P A E I TR R B 7/blE ] e

IetE HEA: 2014-05-05; {&[E HE: 2014-09-12

5o HIGNJEP (MRAF, multiple references adap-
tive filtering), FHZHEM: S 5IRAE 5D TG
SRR TG IR, AR A& R E B
IR, RSCT AR E SN PRI ik SCHR
[4~717 R FIR SERAR 44, 23 A AT LMS A
A NLMS 5L S H 38N A kTR e
TR MU IE N ARME P IORAR T T BRIk

HEWB: EXARREILESHRIINE (61362007, 61461015); J 74 ARRIHILE % B H (2013GXNSFFA019004); |~
VETCLE T A S (5 5 AL B T S0 == FAT R AR BIE (12107)

Foundation Items: The National Natural Science Foundation of China(61362007, 61461015); The Natural Science Foundation of Guangxi
Province (2013GXNSFFA019004) ; Guangxi Key Lab of Wireless Wideband Communication &Signal Processing Foundation (12107)

2015122-1



554 RS RAZ 2 N 38 N R B T 5k

Yo, BERIZWHLFHLIE . STRR[8~1117FRH] LMS 4
PRSI AR, SRR 8 R T A
Laguerre JEE A 4544, R LMS/F S H & Y.
[T 7 A ME T G 6917 @S ) VA e/ = & S I R 7 Wi VAL
PEREFNFEE Ik, SCHR[9,10] 1 23 BT 2k T+ FXLMS ik
() 1 I N PRV PR RE TR F A4 IR P PR e e g
17T S5 BR, SCER[]T AR SR FXLMS &
RN TR, AR T A SR
SCHRO12,131 P WFFE T 26T RLS G FE M T
PRI, DA a2 20 0 AR, IR LMS
REE LR . (R DAL H & N T PRI 7%
N T RIEET AR I, ZEMAE TEZENZ A
PRI REAREE1FE], B S HE NG T i 2
BN A BOBCRE A G S R B LR, AT
KT EEARHET A RGN E )L
HHOCZ L& IIE S 2 5, Bl & 2T LA
FIWTHME 5 TIN5 A S 1. iR G
LEHLE X —HE A, S A RS SR AN, A
SRR 2 ZE 5 S ANV IER (MVRAF,
multiple virtual references adaptive filtering) [F]4LT
PARH L K G W BT 5 TR G 31 (1 21
FHAF T AT R, MBUE R B RS S
5, SHEEGERSE FREMESAHE ST
RAE ST BIGE N AR, AR5 PR A I )
ARG T, AT R FERETE, BoOEHMA
R REARE S TS T
2 FSHRE
AR TS MNAG NS,
Ja HIE T s(r) "I RR
s(t)=a(t)cos wt (D)
Hrp, a() AHAFERIIG, o HEPEMNE. B3
—I R A E A TSRS, HERENER o,
Halo 75 Ik A G5 d () nTRR N
d(t)=s5,(1)® p(t) =a,(t)cosat ® p(t)  (2)
o, p() ARG TGS e, I

il N—=1 N E AT R SPIRES, WIFEH & 52 211
[ HETH J () W h

=R

J(@)= fJ[ = f s,(H)®h, (t)=§ a(t)coswt ® h(t)

€)
Horb, b0 W FBET IS E, RO R

BOARIT, A58 A O ) BAT LI B AR I S A
. B A BRI R A5 T RR N
r(t)=d(t)+ J (&) + n(t) 4)
b, ()R vk s g s, R AR A
AL BT AT N RTR A5 5 r(e) AT A5 2
BRIEETAR (1) « 225N 1) B N ER Rk
PR s gk o 1 g, WA RS
REWIE— M5 x,(OEASHEES, x () WE
NN
x,(1)=1,5,(1) (%)
e, g G, B, N-1ASEET ()
S RBETE J(2) AR, B SH55 TS LB RE
SEFE, BRI AEN IR, W SRAE
5 r(n) FHIRAS BIR ZE 5 5 IR BRI DA, A8
ok R PRI B R 22 e(n) 10 D) R IA B i
N, A
e(n)=r(n)—y(n) (6)
y(n)=W(n)X(n) @)
LHIEBASIN SR L, X w (n) y LIN-14EAT
), X(n)y LIN-D4ER ), HRIE N
X (n)=[x,(n),---x,_, (m)]' (®)
x,(n)=[x,(n),x,(n=1),---,x,(n—=L+1)] 9
W(n)=[w,wy,-,wy ] (10)
W, =Wy, Wy, Wy, (11
JEBE B BRER W (n) I HT T LR A LMS
FprE e RLS 500, 7 EiRE B A
HIE N TR R G, 5159 x,(n) KAz
1545 r(n) TWE BT x, () FERES r@) &8
BR8], MTIERHE 2, TEZBRES
A AT VR R OB s, HORR AT R
GBI R LT, HEAN 2 S5 M A IE N [ HE T4
HLTY R G0 SIS KA B 2

3 EMEZSEEUTFHMIERE

TEH G FEE R OIS BT Lk
S, AE LS ARWCRIN S Sl AE RO LT, ARk
5 S A EAT NG S, DCH R TR 5 A
PR, BRI IR 5 TS T AT A LR 42
B R T HE T B MR & A L S
AL 5 B L, S S st 747 IS

2015122-2



~ il 536 &

TGS o T
AL KL
X, (n) /
38 S B8 T
[ 4
[ERCITR 3 &= NS

HRfES

N

K1 225 R TP R

T TR I TR A RS R S A ST R R AN AR
(17, D58 4 m] LUK L 65 38 A5 B S S AT RS R [
TE SRS HE AT, RIHERA G B
EALJEIFEME TP TR, RIZZ %M
LB PIRUEBI G, — B ZH AR

L N [ BE T DA Sk A A s 2 s
-~ LM

:F?flﬂ 2
Lﬁﬁﬂ‘ﬂ.
ez(")

— MRS
r(n)

bl (n) L L
R + r,(n) l
Sk # S vi(m) K- i )
) Fl{ngmm W

s | ﬁwm|
B2 RSSO AR S

PR &M B I AE 5 &k R 5 3 A1 X
B M EEAE S, FHAE R (n) WO FHIESS
5 Hth M=1 B845 5 1, (n), 1, (n), -1, (n) WS
NG5, AR 2 S e A 5 R S T
I, B T Z2BSHEE T, 1XIEESE A JERE
B AT AL AR, BES T

1) fealing A= B

I Bl B S R R AL, RIS S
2 HH AR A A R A B, K R O R AE S
1 (n), 1, (), 1, (n) WHEICAE x,(n),x,(n),++,x,, (1) 5
WEIEW S A MWRE, MHZEES x,0),

\‘\l‘ f
%
r(n)/L
+/\ —
+ +)
+ Y o)
----- e
Y — R A
Y
AL
x,, () KB FWIEG S x (n) , BT IREEE S 2
Al — A S k), SEFESBREEE, 5§

T IEE S AU, L FruEniss A ik
(AU

e(n) = x,(n)—wX(n) (12)

X(m)=[X, (), %(m), %, (]  (13)

X.(n) =[x,(n).,x.(n=1),,x,(n—L+1)] (14)

w=[wy, Wy, w,, ] (15)

W, =W Wy ] (16)
ERRBCEHRA RLS AIERNGEE, WA

w(n)=w(n—1)+K@)[xm-X (mwr-0]1  (17)

K(n)= A'P(n-1)X(n) as)

1+ 27X () P(n-1)X(n)
P(n)=A"P(n—-1)- 1" K(m)X (n)P(n—1) (19)

2) fEE ARG S B

BER B Al s O g, Bl 5 oA T
HEFHAES . WS A G S RA . BEIEEn
FEA PN R I 0] N R SEARANAR I, I HLAE S b 1A%
B, A 23 () P L — e R A i T &
FERAR AR, IR BTG 5 AR 545 H
15 SR A —FE, e A BREAH G S IR
S IREE TG 5 AR AR TEARRY
BOV DA A MBCREL 2, BMRFFFEAl T3 B
WCSI IR DE fs RS, I8 B R BE T P45 511

2015122-3



554

RS RAZ 2 N 38 N R B T 5k

HIY, RN G S A SRR T 328
55 rnm) N x(n+dn), ZHWIELRH TN
x,(n)+d,(n),x;(n)+d,(n), -, x,,(n)+d,, (n), d(n),
d,(n),--,d,,(n) NG S dn) I RFEJGH M 2%
HEE S, S
7,0 =w' (d(m)+ X () (20)
d(n)=[d,(n),d,(n),--.d, (n)]" 21
d.(n)=[d.(n).,d.(n-1),-.d(n-L)] (22)
e,(n)=x,(n)+d,(n)—y,(n)
=x,(n)+d.(n)—w'd(n)—w X (n)
=d(n)-w'd(n)+e (23)
e, w2 w EALIER 2 R AL e R4l
FHefe 5 B B B S AR T % 25 . B (23) AT LA
G thoe(n) 2 d(n) MERES, 5d@0n) MK, ¥
e,(n) fE 9 PEN 2 B (N, BEATER ki, AT
DLk s 2 A S B 1, SR sk ug i
BB MREL, (B B (5 s S
(113175 18 Ele, (n)* 1 I B 5/, JEIEE B (55
RO e 5 1 s 5, AT
e,(n)=x,(n)+d,(n)—y,(n) (24)
¥, (n) = wwe, (n) (25)
e, (n)=[e(n),e(n=1),-,en-L+D]' (26)
ww =[ww,, Www, -, ww,, | 27)
E[e; (m)] = E{[x,(n) +d,(n) = y,(m)]'}
=E{[x,(m]"} + E{[d,(n) — y,(m]"} +
E{2x,(n)|d, (n) = y,(n)]} (28)
Horf, ww NUEDE S B IR L NUEB S B (Y
H. MK (28) WTLUEH, A TIERI iR ZE R,
ERBETHAE 5 50 E S AT, dt
AL E[(d,(n)— y,(n)* 15/ 3PS B n] FHIEZ
M BHEE S e (n) Hd (n) 1, WRARESHA
155 x,(n)+d (n) T ¥ d (n) W B, A IE N
ww i, %y, (n) MESWECT d (n), d,(n) 26
FES d(n) i RIS 10— AL B8 T d(n) (R4
TR AT DA y, () R AT S B ww
1) RLS [N 5 B 5k A
ww(n)=ww(n—1)+ K(n)[x,(n)+d (n)—
e,(n) ww(n—1)] (29)

AT P(n—1)e,(n)

M 8 o Pz ()

(30)

P(n)=A"P(n-1)— A" K(n)e (n)" P(n—-1) (31)

DA PR 51 1) B 3G MR T, JEBEAR AL
B BARBHI AL KH LMS. LMS/F. FXLMS
G RIENIEREVE . SEERA L NR A 15,
LIRS R 2 S H(E 5 2 HF— K554
L SRAE 5 3 AT Hh T ), FE R ik OB 2 e g i
MEERCRFE MG, BN SEES S FlERF Y
(PR DGR R, Sk PEReier; Ok, M a K
W TAE, [FHETHREARET, a8 i A L= A ]
BEFHE, TR SIE TR & N R, BE, EfE
R AU 5 B Bl WS iR T, R
ZAN B IE N A HE TR o m A UL B 2
AN B, X5 2 2 7 IE N A HE TP BEAE R
BEF-P A 5, 75— B ) F B e S i ot —
FET o

4 MRS

=—==H

vl

SR PR Ry G, WET 3 A
[k 4045 5 DL FAE 5 38 8 By s 5
{5 AL G %y 58 kbit/s, §7 AAL 4 K & 15 () gold
fi5h, 5K FH BPSK 1l . 5 HI 15 5 B A%y 5 MHz,
3ATIAT TP Z 45758 8 MHz. 10 MHz.
12 MHz, [FHETHAEE N =20 2 251,
{5 EE o 25 dB. 26 dB. 28 dB. Tt MVRAF
[ HETF IR V58— IR B 4, B4
VEVL LRI E 2, AL MRAF [ LT P& 7%
(IIEE AR ECh 4.

RIS 1 RFERXS AT RE IR 52 M 1) 1L

A f oG B SRR AR, MOAHIEUE 5
P, f NS BB SRR AR, AT
fi=Mf.,, €®EKHERBB=LT, T 3 5iis
JAMH . 43 MBI LREE B A, RIS M 1A
B, REE M, RIDZRE B 1R E DL, 250
Kl 3 s

1 3(a) s 2 FLIK 2 4 it &R mT %, ik
U s O RIS, g, B4 B 5 B 250K
FEZEAR, RS 9, BI& ok
55 IRRAE e i, 5 S i s o =, %
MDA, i 3 (b)) iR R A 3R 2 gkl
UL, S S O 3 B, f>140 B, RSN

2015122-4



S|

Eixd %536 %

T 107, Befg s LG B R, R S U 4
M, B>120 I, RGN T 107, f=140 I, i#
2N T 1074,

10°

—8— =40
—o— =30
N
& -l
=10
D
103 e
0% 6 7 8 9 10
M
ORZLE IR AIET
10()
10
& 1072
=2
107}
1074 . i , . ,
20 40 60 80 100 120 140
B

(b) LR S 12k

K3 iR

W2 TR AR

B BIAF L. MVRAF [R5
fE4E 1) MRAF A3 4E4R0 7 ik ivefe, &
MVRAF % 55 M=3 , RRE S SCRAF % 120 MHz,
MRAF f3#% R FEE 2N 120 MHz, #3%14°KH RLS
BAIEAR, R TERE B 4 R .

Bl 4, SE—AN Dl B R S5 5 1)
D&k, EBIhEA 4 MR E S, 50k
REAAFR 5.7, 9.2 11.5. 13.8 Ak, HI4% Ky 5 MHz.
8 MHz. 10 MHz Ll 12 MHz, HH 4% 5 MHz
(147 S 5 DA e, D@ RbE 5 5
Bo B2 NA MG SIESL YR, iR RE
B, MVRAF-RLS %L MRAF-RLS $y:#nl 1%
HHEHES, IHERALETIGES, B9 magd

FEMIR N 5 MHz &b, 56 HMGE 5 TR K LA —
0, K RET 4 5 905 MVRAF-RLS 7 VIS4

F MRAF-RLS Jy7%.

Z 200
5 100f N |
= ¢ 5 10 15 20
(58 kx15 Hz)
5 (@)
£ 19 ™ |
8 00 TAM SO : |
g 0 5 10 15 20
(58 k<15 Hz)
. o) HRES
5 09 AN |
w03 |
g O 5 10 15 20
£(58k=15Hz)
% o (¢) MVRAF-RLS
% 03 N |
R 5 10 5 20
£(58kx15Hz)
(d) MRAF-RLS
Bl 4 ZhERiE b
KIS 3 RIS E

Kl 5 5 MVRAF [AHETFHHEH H 55 MRAF
[l LR VA R I R RE T 3. MRS
SEI 2 AR . MRAF [AlHE TP 505 0 1 i
AR I LMS™, LMS/F® e RS, fif&l 5 7]
UL, MRAF-LMS  F3&E M [l kTSR0 S i R
PEfEfc %, MRAF-LMS/F } MRAF-RLS #5351
eI AL, MVRAF-RLS [A]hE TR0 Fvk R0
YRR AF, (615 T HA—20 dB RS2 2 107,
Al LUA B AE 2K .

10°

g
10°%
Y. S

BER
1)

107 T—8—MRAF-L
—6—MSMRAF-LMS/F
——MRAF-RLS

1o+ —A—MVRAF-RLS

=50 -40 -30 -20 -10
SIR/dB

5 2 RhAIURAG 2 AL

5 SEFRiE

ASSCEE X 2 TR LR R R 2 % N
TRE IR, R MR S B

2015122-5



554

WK A2 S B WA FIE NI T PR 5%

5 R AT PRI B, R e SR A R AU
A5 5 A KT LUK %Eﬂ%ﬁﬁﬁw,m%
TTPAE S MG R E, NS LRI+
AR TAEE N BB L. SEENES
FAF 5 THRARM ML, BUZ S EHMAAE
IVACTE! IR B 7/ ER PSR 3 SRS £ o S (SN B
BRI e S PR RE RO AN T v, B0 vt AR SR
KR 5 LB

S K-

(1] B0, 454, AEE. FhLFHxt 480
RGBSR, 2012, 24(5):16-20.
ZHAO B, QUAN H D, CUI P Z. Analysis of co-site interference effect
on vehicular communication system[J].Journal of System Simulation,
2012, 24(5): 16-20.

[2] LU M, BRUNO J, DENG Y, et al. Co-site interference mitigation
using optical signal processing[A]. Proc of SPIE 8397, Enabling

EEEM kAR

Photonics Technologies for Defense, Security, and Aerospace Applica-
tions VIII[C]. Maryland, 2012.1-8.

[3] PIRICH R, BASANEZ C, ANUMOLU P. Electromagnetic environ-
mental effects modeling, simulation & test validation for cosite miti-
gation- an overview[A]. Systems, Applications and Technology Con-
ference[C]. NY, 2008. 1-16.

[4] AHMED S, FAULKNER M. Interference at colocated base stations: a
review[A]. IEEE 23rd International Symposium on Personal Indoor
and Mobile Radio Communications (PIMRC)[C]. Sydney, 2012.
1716-1721.

[5] KARAWAS G, GOVERDHANAM K, KOH J. Wideband active inter-
ference cancellation techniques for military applications[A]. Proceed-
ings of the 5th European Conference on Antennas and Propagation
(EUCAP)[C]. Rome, 2011. 390-392.

[6] AHMED S, FAULKNER M. An adaptive cancellation system for a
colocated receiver and its dynamic range[A]. IEEE Radio and Wireless
Symposium (RWS)[C]. Phoenix, 2011.271-274.

[71 DING Z Y, SONG W W, FANG C H, et al. Study on the cosite inter-
ference cancellation using AIC technique[A]. The Fifth Asia-Pacific
Conference on Environmental Electromagnetics[C]. 2009.365-368.

[8] 3=/MNI, #EE S, X8, H Laguerre JEU &% SZIN H & M kAR LT
PRI ). HEHLEE, 2009, (11): 93-96.

YUAN X G, HUANG G C, LIU J. Adaptive FH cosite interference can-
cellation using laguerre filter[J]. Computer Science, 2009, (11): 93-96.

[91 JANGHS, KIM Y M, CHUNG ] D, et al. KTX's interior noise reduc-
tion performance comparison for each section using multichannel ac-
tive noise control[A]. International Conference on Control, Automa-
tion and Systems (ICCAS)[C]. Jeju Island, 2012. 1265-1270.

[10] ARDEKANI I T, ABDULLA W H. Effects of imperfect secondary
path modeling on adaptive active noise control systems[J]. IEEE
Transactions on Control Systems Technology, 2012, 20(5): 1252-1262.

[11] HUANG B, XIAO Y, SUN J, et al. A variable step-size FXLMS algo-
rithm for narrowband active noise control[J]. IEEE Transactions on
Audio, Speech, and Language Processing, 2013, 21(1-2): 301-312.

[12] 3/NRI, EESE. 2SHMAEN TR BRI TR HIEOT
FE0]. BARBITEHAR, 2009, 37(5): 94-98.

YUAN X G, HUANG G C. Multiple references adaptive IIR FH cosite
interference cancellation algorithm[J]. Modern Defense Technology,
2009, 37(5):94-98.

[13] JEBASTINE J, SHEELA R B. Hardware implementation of effective
noise cancellation in speech signal for multi channel adaptive system
using FXT-RLS algorithm[J]. European Journal of Scientific Research,
2012, 91(3): 458-475.

[14] LI W X, LI Y P, YU W H. On adaptive beamforming for coherent
interference suppression via virtual antenna array[J]. Progress in Elec-
tromagnetics Research, 2012, 125: 165-184.

[15] REN C, WANG X M, XUE Z H. Research on grating lobe suppression
based on the virtual array transformation algorithm[A]. International
Symposium on Antennas, Propagation & EM Theory (ISAPE)[C].
2012.206-209.

[16] ROJAS J D, FLORES ALSINA X, JEPPSSON U, et al. Application of
multivariate virtual reference feedback tuning for wastewater treat-
ment plant control[J]. Control Engineering Practice, 2012, 20(5):
499-510.

EEEIIT:

WERE (1975-) , T3, JEHREEA,
HEAR 7 RHOK 2 R 0% ﬁii%ﬁ
B 0w Db Rl L Ry (S E N I )
LIS

L (1989-) , L, WIEEHIEA, Ml

2 1, +%ﬁﬁiTﬁ7’J@fuuﬁlﬂo

ZERE (1972-) , B, HilZMA,
HEMR PRI S A7 . LA S,
F BRI IT 10 R TS WG P 4
G, PEamL. TgmEIie SRR,

BRBAZE (1960-) , T, VLVG2A N, HEMRHE FRHEK
FH W, EERTTUTS NIRRT
PN & A REY S

B#EE (1963-) , T, JTUHEEMRAN, PO TR
ECE N S W o 1T = DI T Tkt (N E B NVA [=Rs R (LN
B ISR R G M5 T A

2015122-6



