$16% £33 iSRG FR Vol.16 No.3
2011 £ 6 A JOURNAL OF CIRCUITS AND SYSTEMS June, 2011 -

XEARES: 1007-0249 (2011) 03-0123-06

EFRNZRHREAEERRERER LTI

wE, EW, #¥, TEXR

(RBEEBIBKE FRIE%MK, MM M 450002)

MR, HNREEETHERNERTEE, RET-HETRIROVESHITREBRESERBRLATE
k. ZEBEMNAZBESANNH T ZERE, SHAERTFEREES SAMEEEFREe R, RELELRD
ZRTEFRRRERFRLENMET. EERRY, ZEEMREGTHEREREREEM THEIGENEEFTAREXK
#: FANBAFTETEGTHERLATEE, ZERATEFHETRE.

XA REARE; FRUEMHT: SHRRE: RDF

PESRS. TN91L23 NREFRST: A

1 37

REABEBARLAKBESERNEETRZ M, HEBBEAMNAS MM LREBRA—F
5, NERFESHITHTINER, UEXEXORREMNELNE, LIAERRGESAENEN. R
KABERREEHMERESHEHLTRE JPL) X ETHARY, FEHT R TEBEPSNHR
B, GHANMBESHENAGTHSERS, Cur2SEF. TEEGSTEASE AMNH K.

REAMRBNEREZWARHRBHXESY. ERZERREEAMRSET, EEHAEERE TS
MREH#TET, WESRRKEHERTARNERTEHY. AN, FERGHEKRET
SUMPLEP), EIGENSE 185, HLPSUMPLER I ME— MRS X, FIFEMR G EXE
AT, ENEHEERNRNBATRENERE, BERERERERS=EHAEBRBE. EIGEN
BENEERGESHRAEDEARNAEGT, B KRS EGES P 25 M 8K 8 F7T 0 R
MEAIBEST, RLENHBEZIER.

REHMNEERBERE SR RERGFER L RE, SEAC B BEBRESRIKAMERE. Hi,
AAE B BRES NI ERER LA AR AURE MM, &S a6 B K0T B AR A AL
MAEREREENHT, BAEHNEREFESERLLEENMGITEE, oM2M4®, EMOEE, Hib
HEEETR, FELEATEFEERPMEXKE. BLh, REEMAREE—FHRBEMEE
AZHH (SIMO) R4, X#R[10)4 H T SIMOS5 iE F BPSK/QPSK1E 5 & {5 ¥ th Bk & fi i1 ffICramer-Rao
FH# (CRLB), HEHEZHRESERUEBEAMITASEZRFRERELETHER LA TERE. Bk
ARAFAFRAERENBERESHITHMNENBKA AT, TUBERS /L. s XSIMOBETH
Bt fhvhm @, SCRINBESACRFTZERE T —HETFEMESIMOE FTEF L LLEE& 4t
Bk, KABREASHEFAHEXASEERK. XR[I2IBHT —FHETUNENEEREBKAH
wWHk. ZEERRTERSR, BHRERSFARAEERGESHER, ERAiEdKs TS
=BES.

AXFAGESRAH T EER, BET-RETFTEPM -ROREZAEENAEASHTEE, AR
BT ERGESHERILMEKES M. ZHEEFESRABARALR, THNATEMHEERH R, HEE
BEY, ZEERMNATEHEEESNER, AERRMNERGRLMATTER, FHREMRERHT
ZHETHRETHERBART A EEARHE.

* KB M: 2010-06-21 #iT8M: 2011-01-10



124 HEgS ZAER El6H

2 S
BRRREZAFERETERLERNRE, ERESAAFENE. SRESLLEEN, HER

R ZIRAE, WBBREGESHZWETRBEESH:
k=12,---,N

i=12,---,L
Kb {5 ) WRMREESOEERSRS, RMTRANGLNSHEE. RE—BH, BRES
EBIERELL L, B Els[ =1, v W B i B BHEMEE RS ARE, LEHRNERTEN o7 /2,
EHRAEEAAERY BEEERMX. NAREAK. h>0 0% i BESHEERME, 6 05T
SETF, b6 ZETLRET R % KA B

& k% L BEEREN x, =[x, 5,,5,) ) BEREN: v, =puvovn ] FEXAR
FO%E B . 0=diag%ja‘,ej92,---,ejo"}, ll=[h|,h2,"',hL]Tc

MR (D TERWFEERR:

Q)]

X =hse v,

x;, =5, Ph+v, (2)
BiBETERILEXRN:

p,=h[o? (3
FIE, @REABEAKREN w=[w, Wy, w7 MWREABEHRHEER:

ye=w'x, 4
UB—BESASEES, REBXHHERILENTUAE, REAERENAEFOTXR:

Wiy sy = S peea) L B i) (5
oy 0, g,

BHEFEMNKBEHTHRUBRIE 4, — K|, =1. TUEHRENESESHERL
UREBESZRMBMNERX. BRENNEMENA /o) i, KAMASHRESSSEESHHEM
=,

3 EBEFs/MIRHPEREMRLEITHZE

MFRBESFERMATHEM22M4, HESGFESHME. UHEEZRESHHABGE, R
BAXTEEHEREREHEMHER, NI EREAMGT. TN TRELAERE, SHBES
AEEHRNFESER, BRTULEEESEHBESHFEREREREZRBHIERNEM.

EXFESRE X, W HERE:

M, =Ex,.x]] 6)
EREMEBANTEL: M, =Hx,x,]. XERAEHREFAIRFTORSE, BEBRBBEREX, Bl
£:

P+o? i=j
M2,i,j={hihjeja,-0/ i% D)
K, P=n* HESTHE, WURH:
huz +0.12 hlhzei(ﬁ-ﬂz) htheJ(ﬁ-ﬂz.)
M, - hzhlef(ﬁz-ﬂ) "34_0-: , hzhLef“"*’" 8)
h,_h,ej(""'m thzel(ﬂrﬁ) hf+a§

R =M TR ERAALA:

IM zul =hh (<)) (9
arg (M 1,u)=9 0, =6,



F3H % ETR D -RORZAKESIRERFERLEMST 125

Hp: RBESESEESHBMLEN G, =0-9, . ERIED T EZER M, TRERFESHRFTR.
AHERER, FEZHERBERATEMAR TR,

B (8) TUFH, XFLAREERES, DI EEE L=ARSHTRTURART LM
BRI LL-1)2 ML H R, URATUFERET L-1 MHALER LL-1)2 M7, Bt
L3084 M, TR M E RS n . LG, BTHANEw URERESHERE o8
fliit.

SHFEEREMSE L, FTUREGEA:

Alnh = In|M;| (10
HA A EREGITEIEEH, MM ENARN E=ABITRAE, EXA:
M, =[MZ,I,2’M2,1,3’""M2,1,L7M2,2.3"“’M2.L—I.L]T
RBIEREAN: )
1100 00
1010 - 00

A= (11
1

<
—
el
<
(=]

LO 0 00 l 1)
A M AEMGTR, Hagdd T8

“, ] .

M, =szi.kxj,k (12)
o] LL18 B {5 1 08 3 23 4G ot _

h=expl(47 Ay A"|NE3 ) (13)

exp[ﬂ%?ﬁ'%l@ﬁ»*ﬁ%ﬁiﬁ@ﬁigﬁﬂ@fﬁﬁ'u&ﬂzﬁﬁéﬁiiﬁwWU@?H%%T’%%H‘J%%%&W
REIE, BRABIESEREHMAT:

- . h? R
Gt=M,,, -h (14) ,3,.=_;7=M " (15)
g 254~
3X B R A PR AR B B o 0
-
g M2,i,i—hi2

Xt FHAZHEHRETUMNA MO E=ARINTREE. XEUF-BESHZERFES,

EXFR: 0=[6,,,6;1,-+,6.,1» A:
BO =arg(M}) an

Hpargle) hRIBRIEE, REEM B N:
-1 0 0 0 <« 0 0]
0o -1 0 0. 0 0
0 0 000 -l a8
1 -1 0
t1 0 -10 -0 0

[
o

10 0 0 0 -1 —l_.z_(?)!“_l)



126 B S RAER

B BEHEN
b= (BTB)‘BTarg(M;)

g4 (16) & (19) RBPay sl x BUE M4l it -

4 HREREHH

T#EfEA Monte Carlo it LRBUE R IE M LTk
HATHE. ZTED, BRRZHN 4~20 B, SBEENEH
AEEFE. AR SE %S E-20dB~20dB, MM
TCEHCH 2000, LR HIGTH A BAURE DL R AR AL Z 1 f4 o
GRUZSREEMPES . TR FENHT 10000 Kb
SERETEN,

HiE 1: BXHFEEIEH M2 Fik. RESEEN A RS
AT AR R LG THE R 5 BUE X P B TSR Mel
Fik. MOMABT AT HO R, AR SR TRBE
MERFERITHR. XEREIML=8, FEBEHERA
h=[0.78,0.66,0.99,1.01,1.31,1.62,0.59) , {5EMMIIEFEE T H:
0=[18,27",36°,45°,-18°,-9° -18°]" , fE S B HT RN 16QAM.
UE—BESENSE, EREE—BESHETERTEE
BtheE, XEXEAMMEG G, KIHTRIRE, BEMEW|
RIERH AT o, MR— B FHRIRE (NRMSE) , 5% XK.

a9

RMSE(,)= ‘fﬁ(o,.,, -6,y /N (20)
i=l

NRMSE(p,)= 3 (0~ 5. /N /,,, Qn
i=t

NRMSE(#)= ﬁ(|w,,|—|ﬁ»,|)’ /N /w,.l (22)
i=l

Heftjw|=h/o} . BI3HEHESHERILMARK, FBRES
2 RV || - f5MR 1L 5, ®INRMSE, B B AfAL 2 6, , FIRMSE.
F 10 & B 15 LR [2,3,3,4,5,4,2,1]dBR, 100007 LR B STt 45
. AEL 29 UEH, MABEZAEFERILEKT-2dB, M2M4£E
FT10dBEY, HMGHHHERE, MM2IEEE MR ILTEE
RBREERNMGIREE. £E3P,

B f T FINRMSE

fﬁ"ﬁgb(dﬂ)
B AR E TR

{E R L5 T RINRMSE

-

-10

fa“u:t(de)
B2 fFERlEAfGitEee

2 &1+ IRMSE (degree)

L
10 20

f%‘llig:(da)
3 BRASARALAEHERE

£1 BRBESERIEN[2,3.3,4,54,2,11dB B HHEEE L

B 1FIRMSE | fa %t 45 11 BINRMSE

M2 SIMPLE M2 M4 M2M4

AR NR b R4, M2 00 & i BB i HINRMSE
MO BREHXTEEHE M2 M4 Mam4
%Eﬂ igﬁ%%i 5}3M275$‘2§€E%ﬂfﬁ CH2 | 0.042 0.094 0.149
. 071 0.
EARRBERED, HHEEBINE o oo oo oam

1.415 1.547
1.284 1.369
1.563 1.773

0.052 0.114 0.119
0.051 0.082 0.100
0.056 0.076  0.292

WHE. ARIPATUES, ERFERL
AR EHET, M2TEKARBERRNMSG TR,

HE2: ERSHEMRERT, W M2 Bk 5 CH[6]F EIGEN HiE#THAEHE . i F EIGEN
BT EMNAG AR —BREA&E, FNERTEEA 4, HEXEFER M2 BT
B, fiR (14) ST LBESEEHENMT, NHERATENEING AL

N 1&.
=135
LS

(23)



38 B % ETRPROREKAEEBRRERGERILE ST 127

T & BB E T4
i

== (24)
0,2
total
B8 B KU — AL T
=2 25

]

B 4. 5% M2 # EIGEN BUE vt 4. WTLLEH :
EEEREEAHT, M2 M EIGEN BIHEREHE, MEMKERLE 20 10 .t
4T, M2EZE EIGE}\J Eﬁﬁmfﬁfﬁﬂﬂﬁﬂ'ﬁﬁéi B4 TR AT

PE 3: 8 M2 BEERRESAFIAR. FRREH B AR (A5 T T B
%G THIME. F5R
#1757 K 4> UK A 8PSK.
16QAM . 32QAM .
64QAM, K 2k $ ik B
L=4. 8, 12. 20, %
BESFERILER. B
6~8 H3E 2 BEBSPE
[y « 15 E 5, 0 o o
NRMSE, Ul R #HAr 2 20 -10 ﬁnﬁl?t(ds) 10 20 -20 -10 ﬁu%uas) 10 2
6, ) RMSE, 7£H 6~8 B 5 RAIEMEEET 6 FREHHR. FAKE
&, NEKAETRL 4 BEAHL o B A T AL 3t 8
FAHRKMGETER, b8 : : -

B R LR i 1% 4 4k dh
KKK NFEE
R UFEH, M2 BHik
AATFERERTR,
BEZHESAFFR
XX, FAEREIEE
REMMHM, Wikt AR R A
HERTE R, R 2T pwhe T T T pwbe P

FR 4 24511 8 RMSE(degree)

ARBLE 5 1 FINRMSE

e BE R B, B 87 AREHTR.FEAREH 8 TRRAHFR. FRAREYK
1 F B IR S A £ T 159 Ho £ 3 1 B AT RO v B
MEEEHER M2 T .

BEEM: B HHE M2 B 50#R([6,12]F M4, EIGEN BEMHTEERE. =HEEHIEH
ZHBEMGTURSEREF RS AR, TENHEERNATRENMN M LAKEKENEEUWRE L
AR BEFBELTNVNEEX AREENEEEFTERRTA T BN K, M2 BER EIGEN
BEh A AR, HEELL+ K2 AREREM LL+)K-1) 2 E 5k, T M4 BEFH
VIR it &, MRIEXER(12]R (45) HATEHFEILL+1)K -1)/ 2 MR EREM LL+1)K -2)/ 20 L%
ik, Btk M2 HEMHERNT M4 B, R, M2 BEBTRERENBEERA LL-)MEH
FERL(L-1F AEHNZE, T EIGEN Bk MAUE KRR 7 B B U 07 2 56 B B KA 1E (3 RE FR 46
ERE, MERATEERIIREE, KRKBIBERMERTEA—RERNHEEN 0LY), B
ZRBI L —MASAK, E M2 EE2Hi+ RS EIGEN Bk Kk,



128 B G RG R Bk

5 RB%

AXRBT —HETRPI _RORGAFESRNERSBESERUEEHITHEZ. ZFEREX
KA PEFSIMORERR A, ROFASBERE SO EERHTHAERGR LM T, NTRES
Bftitteae. ELERRY, ZHEEREREEAG TRERGR LA EELR, FENERSES
WHIFRLR, BBEMTZ MRS,

XMk

[1] Mileant A, Hinedi S. Overview of arraying techniques for deep space communications (J]. IEEE Trans on Comm., 1994, 42(2): 1856-1865.

[2) D H Rogstad, A Mileant, T T Pham. Antenna arraying techniques in the deep space network [M]. Hoboken, New Jersey: John Wiley 2003.

[3] Mary Ann Ingram, Robert Romanofsky, Richard Q. Lee. Optimizing satellite communications with adaptive and phased array antennas [A].
ESTC 2004 [C]. Palo Alto, CA, 2004-06.

[4] V A Vilnrotter, E R Rodemich, S J Dolinar. Real-time combining of residual carrier array signals using ML weight estimates [J]. IEEE Trans
on Comm., 1992, 40(3): 604-615.

{5] D H Rogstad. The SUMPLE algorithm for aligning arrays of receiving radio antennas: coherence achieved with less hardware and lower
combining Loss [R]. IPN Progress Report, Jet Propulsion Laboratory, Pasadena, California, 2005-08, 42-162.

[6] K M Cheung. Eigen theory for optimal signal combining: a unified approach [R]. The Telecommunications and Data Acquisition Progress
Report, Jet Propulsion Laboratory, Pasadena, California, 1996, 15:1-9.

[7] Charles H. Lee, Kar-Ming. Fast eigen-based signal combining algorithms for large antenna arrays [A]. Proc. of IEEE Aerospace Conference
[C]. 2003, 2: 1123-1129.

[8] Pauluzzi D R, Beaulieu N C. A comparison of SNR estimation techniques for the AWGN channel [J]. IEEE Trans on Comm., 2000-10, 48:
1681-1691.

[9] W Gappmair, R L6pez-Valcarce, C Mosquera. ML and EM algorithm for non-data-aided SNR estimation of linearly modulated signals [A). 6th
International Symposium on Communication Systems [C]. Networks and Digital Signal Processing, 2008-07, 1: 530-534.

[10] Shen Caiyao, Yang Ke, Yu Hongyi. Cramer-rao bounds of SNR estimation for BPSK and QPSK signals in antenna arraying [A]. the 2nd
international Conference on Signal Processing Systems, ICSPS’2010 [C]. 2010-07, to be published.

[11] Mok d Ali Boujelben, Faouzi Bellili, Sofiéne Affes, Alex Stéphenne. EM algorithm for non-data-aided SNR estimation of
linearly-modulated signals over SIMO channels [A]. IEEE Global Telecommunications Conference, GLOBECOM’2009 [C]. 2009-09, 1:
1-6.

[12] Alex Stéphenne, Faouzi Bellili, Sofiéne Affes. Moment-based SNR estimation over linearly-modulated wireless SIMO channels {J]. IEEE
Transactions on Wireless Communications, 2010-02, 9: 714-722,

EBEN. BE (1982, B, WIHNE, TENERZARBANTN: T@ (19829, &, #LHKE, HR
S HBEEPHESAE, MIMO HAR; FB (1962-), B, #HIZ, BLERH, TEMATHABRFRFTLE. A
AP FEE (1963-), B, %, #L4E8M, FTEFRATRRIEEFSLE. TEEBRBNE.

Blind combining weight and SNR estimation by least squares

in antenna arraying system

YANG Ke, WANGLi, LIOu, YU Hong-yi

(Institute of Information Engineering, Information Engineering University, Zhengzhou 450002, China )

Abstract: For the problem of blind combining weight estimation in antenna arraying system, a least squares-based blind
combining weight and signal-to-noise ratio(SNR) estimator are proposed. Using the covariance matrix of the signals received
from multiple antennas, the proposed algorithm establishes equations relative to the real positive channel gains and the
channel phase rotations, and then the weights and SNRs are solved by the least squares approach. Simulation results show that
the algorithm outperforms the EIGEN method at low SNR levels, and compared to existing moment-based SNR estimators,
the proposed algorithm achieves better estimation precision.

Key words: antenna arraying; SNR estimation; combining weight; least squares
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