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Research on mathematical modeling method of separation conditions for
blind source separation of communication signals
LIU Zhijun, ZHAO Yiping, XU Nan, QIU Lede

(Institude of Telecommunication and Navigation Satellites,China Academy of Space Technology, Beijing 100094 , China)

Abstract ; Aiming at the engineering implementation problem of separating satellite communication signals
using blind source separation technology, the mathematical assumption of the full rank of the mixed
matrix column in the separation conditions is emphatically studied. Based on the optimization theory, a
mathematical modeling method of separation conditions for blind source separation of communication
signals is proposed. Firstly, the separation model and basic assumptions of BSS are introduced; Then,
the condition number of the matrix is selected to measure the positive definiteness of the mixed matrix,
and combined with the array antenna receiving model, the optimization model is established with the
condition number of the matrix as the objective function to find the optimal antenna spacing; Finally, two
signal sources and two receiving antennas are simulated. The simulation results show that the optimization
model can effectively find the optimal antenna spacing, and the full rank condition of the mixed matrix
column can be effectively satisfied by designing appropriate antenna spacing. The optimum antenna
spacing is inversely proportional to the carrier frequency. The optimization model effectively translates
abstract mathematical assumptions into specific antenna spacing design, providing technical support for

large-scale BSS antenna array design.

U #s HHE:2022-12-20; &[5 H 47 :2023-02-13

EE&WH: RAMRBEARARALHFRLA B (%5 :D030302)

SRR 28 F RSPtk , 5. EATEEE T ERY & 090 B KRS ARG R[], 20 & FHAK,2023,20(3)
60 -66.LIU Z J,ZHAO Y P,XU N, et al. Research on mathematical modeling method of separation conditions for blind
source separation of communication signals[ J]. Space Electronic Technology, 2023,20(3) :60- 66.



2023 4E%55 3 1

R, S T T 5 F VA BB AR PR BN BT £ 61 -

Key words : matrix condition number;separation condition; optimization model; blind source separation

(BSS) ; spectrum aliasing

0 3|5

i A RS T AR (1) 1 A A% o L T
BB AEHAR MR, 25 B SR 5T sh B L5 5 H 25 %
£, BARTIAA T4 H 25 7™ &, 3 15 Bl A
WERLAER P B IR A TR Z, X5
SR RAENER TR AL G 55053 7
AT 4B P BRI ST R A AR 1 B RS B
AR EH U EHAR T 20 42 80 4R(C LAk
] 2 % e 22 A BT T AT X TR A
BT SE 46 T 20 g 90 4E4R, 2001 4F, 5K
IFURE A R T — BT H IR B 1 L 1k
SCEE X IR A RS Oy R AT T A
R R LR 2 5 T IR G T B U6 4y B BE
W, RIS 5 A SR SIS G o

UTAER AR AR 2 0 1 TR ks B R B Tl
E1E5 M5 B, 3 A U IR & L 2 (] b FE B 4%
TR EGES B8, KEZ4EWRHNE
TP B L R TR B AR
FEARB AR AE A B AT 4R, AR 2 3 TR A HE R I
SE M B SR S U T 8P oy B 25 . (AR S
B TLALEAE I b, DG TR B 4 R 900 s Ak ) T
S LR I PR JE RAE i R A R s D TR E AR
Rl 2SR 4 P A B (R WA A N 850 K
SURAEL, IR 4 H ASRE T IR A S Rk @
TRAH SRR R B A A, ok B R
SR TR TR AR bR SRILEEET T
BB AE S — M E U8 5 85 0 5o RN,
FEVE T (5 B A B R T 06 D 00 2 e, PTG 1 5 TR 4y
A AE VU /Ty, B — i R E A RS N R TR 5
VEAN B0 AT AN S 0 TR A R R B W Bk . ELAE T
B EN AP, 2R IRREE P E— B I,
TSR R 18] 14 [ G ) B8 /N T T8 505 5 JR 22 1)
PIRE RS 255 R P — DR N 15 5 R )
B/ N T DRESE SR E S, X
SR BORE TR 2 B T I MR8 R 4R MR o 8K
KFAGF 5 W E, H2 WSO B N — 2 1 A2 20 s
M

SR figpke L TR P M AT AR S RiT N A
FEHEA b BB 5T B AR B hy a0 ] K B AR R

A H A LB B O TR BHE bR, &3 K
SRR Y, 8 5 0 B 2% 1R JBOR ity 1 WO P 1Y
TEE T CRIR 5 R R B0 56 K ), o R e 4% 1R 0 o
IR d o 3 P 0 Do e] B, 45 2 /MY
R I 2% A7 0O T 2 T L R B0 s Bk A A, Do i
PRI AR S M R I T — R iR AR
ARSI FE 08 R DLW A1 5 12 WA i 38 A O 9 3
oA ANl T o R S (2 R N =3 DI TR | R A N
OB BEAT AR S A, R T A 2R B B0 AT LA i
TR THEWCAE R GE 1 S 2% BE , A3 in [ ook 2 M
7 A BT IR A B A R A AN (R ) B2 L
M5t

1 EFZRENEEIELIERSR
X

TS R R B, DR A
SR B T B P e IR 4 B0 451 B e S T
BRI 35 A0 R 5 PO R L 4 6 4 e b
BRI AR 27 A5 (1) o

(k) = Y Layw (B ],( = 1.2,.M) (1)

N RIRAEE M R e B (& 0 o b WL
IMESR], Xt TR A5 Ul , WIS kA WIE.

5, i (2) A .

X(k) =AS(k) (2)
Horpr A JE M x N Bt S AR

HIR S0 EMAL ZAERT S flA LT,
DOEEXT X AL B, 15 20 0 B W o8 TS5
i SRIBURME S S BIMGTE Y, X BEIRHE A BT ) 0 B
Fornz(3) frs .

Y(k) =WX(k) =WAS(k) (3)
Hrf W N xM @ sEil. 24 WA J2— A7
B A — D AER TR AR, gk B IR E A
SHH.

WE 1 FroRE T 2 KA H I 8 R AR
. AR E AR RS 5 RS R, 5
SREEESNAEE R, S DNEES S hARK
LRSS, il S IR A ARG 5153 — 815
T X W REILW ., ZREITEIEINES X,



" 62 - ZE Al TR

2023 4E55 3

ETAIES S, BTG . SEPr M IR & R
2 [ JCER AL A 5 B N A LA o O e B, A
LA R R — BT A R R — SR 25K, T LR A A
TR A A N TR S R o

____________________________

1

LAk ! i {55 5 A b AL ;
[ T | ! e e e e 1
N i 1" N 1 I 1 \
Vomemmas | Ekfem o GRS VB
li P I Ei%iﬁﬁ?ﬁlgm ii T X i e i Y
HoTSS x> e
N 3 1 " L+ i
' _<SI :I nX, iR K:
" : i i : o oW !
A s, | X, — ' v,
|: " : 1 1 1 ”:
1 1 1 1 I
1 1
1

______________

1 BETEREMERSBRGEER
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