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Sub-sampling Signal Reconstruction Based on Principal Component Under Underdetermined Conditions
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Abstract The traditional sampling and reduction method has low utilization and processing efficiency of information da-
ta with high consumption of resource,so it cannot adapt to the perception of battlefield information which is constantly
changing. Under the complicated electromagnetism circumstance,dynamic changes of the measuring dimensions increase
the difficulty of signal acquisition and reduction. In the case of massive multi-input and multi-output wireless communi-
cation systems, this paper proposed a sub-sampling reconstruction scheme based on the theory of compressed sensing by
using the sparse characteristics of signal data in transform domain space. This scheme uses principal component basis
transformation to achieve sparse structure of the signal matrices,and completes the restoration of signal data with sub-
sampling by using subspace pursuit. The proposed algorithm is robust to the dynamic changes of the measuring dimen-
sion,and it also avoids the high-order matrices participating in the iterative operation process,which can make the algo-

rithm have better accuracy and efficiency of solution by blocking the signal matrices. Finally, the efficient reconstruction

of information data under underdetermined conditions is achieved.
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Fig.1 Signal acquisition model in massive MIMO scenarios

ZRGAL TR A M — A E F B A L,
H RN RLRED), Ko & M S M AR R L, 3 i 2
Wb A NRERL., £ N<M BT ZR %N K E K
PRI SRR, LT B e 02 — A PR R AR IR 8.
THLTE A O HECR L B E T REE M F R REYERE,
PR T SC N AL RR Sy SR AR BB B A S — i A B —
W 6 K 3% A BB B iC iy XECM T, T 2 RIEEL
WA EE . % FECN My BEHL T R BEJE B , o B3 2 SR A 21
Wk N .

B=FX €D
Hrb . BeCV T REFNMESHEM, &2 RFBmp.L
M5 J5 I O X, W R i B i R R A s ke . B AR
AR 1Y 1% BB AT 12 90 R B4 W 10 A B P 45 A, IRt 3
B JRAG S HEAT 25 A1 A 4, ff A A8 9 35 b 2 0 AR AR
PEBRAE Y 1 RS M WA B 5 W Y=PX, ] .

X=v'y (5)
H W R AW REEN XY N X Y LR
FECHBEHERHN . HXGORAX DI,

B=F¥'Y=0Y (6)

B2 (3D ] L, 2K (6) & — s 1 149 1 4 J8% 0 244 ] A, P
THAY 2R 685 25 207 A B> TR AN
BRI Y 1 R o — D500 AR Ok 0] R g, e R 1 O



5510 19

EMG KA ROE ST T U B R AR S 105

FOR AL ¢ WWEOR M (D R 1 .
min{ [ Y[ ,}, s.t. B=OY D)
D B SRR — A~ NP eI 76 A BRI ] P G vk 3K 48
FIEEAEDT T 4 JBSE B AT DLARE AR B A ) R Rt
A7) B ¢ 8 BOE BB (8) i By ¢y Y B e /N b IR)
T
min{ [ Y[}, s.t. B=OY (€))
16 PR S HE AR TR SR AT O BOR T5 5 /Y4 92,
T HR R 45 5 A% B 1) 295 44 R PR 25 fiff e ] ) O B HE T 30 R

FEAE M FORRR B B 50K W T,

2.3 REEEMBEEMNIZIT
55 BA M. = CS B8 DL AY 2 Rl 4 1,
WHE GO S XE S AT B AL A LR R Y i B RO
75 e S AR 52 A0 e | BRI/ D AR e ST R L Xk 2 )y
5 L DRI AR 2 T AL R B AN S T R B R SO A 1) L 45 1R
SRR EMN L TiRE, PCA R FESREE Y
PIGETHRR T L AT DU SR BUE 5 10 22 5 BARAr R

PR
EE A WM FEENERERS x=[x122, 2y ] €
Nox FEH PCA 5K B0 23 [B] i ™ A A i, ELAR BB 1,

HRARE A2 B 1, 51 ] a5k A0 3 0 A% BB S B X
AT # AL IE B vee (XD, SR JG 115 vec (X) 1) PCA %, % a,
vec(X) R, =@a.a. ,a, [ PCA IEACIH A U, A .

p. =U, a, (9
Horb B, M By 1 Bk B B R R R B R R
N b AR SCH 305 5 19 PCA AR AR B2 BE W,

4 R BRI SR T R I 5 0 R A PR A R BT (Re-
stricted I%ometry Property, RIP) A Al L4 K5 #f & A4 , {5 J& 2 %
A5 Y A M OT B R O RIP 2 2 —
/I\EIF'%“E*H’J . Al E M2, Baraniuk IEH T . RIP &=
UL T o RO B S AR DG L T B T AF R Candes B #E — 25
UE WY T2 57 1R 3 A A v 0 BE B A R R AT LA R I Y J
RN R T RO L AR S S TR B0 B LA I AR O R
HH F.

3 HiEk#k

3.1 EEEBRRE

2.3 IR R AT A, & PCA JEAE 5 1015 5 % &
B, TR ELE R LW R BTER SR E B, P RA-PEE
TR . FEE TG e AR B AT L SP S VA AR L A 2k
S AR A RE A, SCERL15-16 5k T SP &
AR S HEAT A O AR S A M AT e AR e IR R
PCA FEXT A8 e J5 19 15 5 o< o 3 47 56 i Ak, 75 33 — 25 I ] SP
BVEX HAFAT W R AT, (AZLEE 1 TR 1) massive MI-
MOHET . REMFETHEME XEC THEAZ - &M
M EHBERESEE XE CM T i k28 He Hvec (X) €
C M e 1) 2 A ALK AR . i, 2 M= 256, T=256
F, B 2R B 2 Y 16 A g, XM S e AR E

IR AR B 3 5 0 8 o PR e 8 0 X — i AR AT ek . AR
B B AR R A BB L R R S R XeCM T

WY MTER A X={a) @y = ar)}.i€ 1,2,
M, JUA .

By B - B} =1{U] ) Ul a, - U, a;} (10)
H,p., .U fla. Ge1,2, . DHHERESHEE XE

CMA T[4 ¢ HIAE LRI () PCA B EFE AR5 585 ¢ I XTI
PCA M1 X JEFERIES ¢ 31,
SR FH 2100 9T 7R 00 5 2 43 B 047 6 A48 d 1) — A pR 34 2

AT L4 S i R K R A 0 0 T SR AR R O iR T R A i
FIRIHFE ) — LR E AT I T . e Ak 3
J5 2SR« T ST B R P R A i R A A o LA R Sy —
1 5%t , I 50 B 288 K % B R AT A0 8 AL - 388 S s % A
B Ak 1 A O R AT SRR EE A ﬁﬁmﬂ%ﬁv‘ﬁ%bﬂﬂ@ﬁ&ﬁ
AT LASE 3o 83 A7 1 7 208 15 5 6 I 1) 2% 7 B a0 AR s A 460

HEAT A% H o B2 0o 3 VB W R B 2 G R AT TR A L Tu;kﬁﬁg
LR 14 7 26 45 A [ }i}mw;&ﬁ#ﬁmfﬂ RK$ERT
TR A AL Y B B X € CMT i T R I b 18 TR

F oA BT R #4451 PCA BSP ;é;rﬂ@ ‘ﬁ*ﬁ“ﬁ"%m
Bk D H A CK RIS X A E S
39
=
WA AF

PCA BSP %1

S B X

LR ﬁﬂﬂ’]é{&b‘%%ﬁﬁx

Stepl X ORI 0Ky AHEBE X T A S o, —— BEAT AR
B AR, AT T B AT BB B R R R T I Uy
AT A5 380 4K A5 5 30 P B AN AR A P4 WP

Step2 AR AU 39T BE LI 50 B o A S BE AL SR AR JE BE F

Step3 @R (6) TR M MIAE S5 M Y AL BRI F O=FY, .

Stepd  HRAL WIIRIRZE ro =Y . RIIHE A =0

Step5 KH SPﬁ&‘XWﬁMEIQFﬁ%)ﬁﬁﬁﬂ——ﬂmi#’] AT A5 3]

T i 9 1 B FI’MMEI*ZIL U lil

Step6 Xﬂﬁ#%ﬁl@ﬂlﬂ’]ﬁﬁﬁﬂ B —— BEAT A e AT A5 5 R 1R

5 AL E‘JT‘:FTT’AJ%PZIK’FXD

Step? 38 B MK,
3.2 BEEESW

PCA BSP Bk WIH R E 22 R ERIEF 3 80 D
AR B ; 2) WRFET A ;3 (F 58 i, B kAT B 4% 5
BT 38 B 0 OB O A o T SRR EE G D
TR EMGOR BRI 5 5 P o Ui K T, 1%,
K FA R R 56 X5 5 00 AT A 4 SR TR TR R E LR
FH SP 5335 %R B A 5 38047 0 R B O T AL L B8 R BE BB
NI AR EAC 7 B NT+ NKI(KI+ NKI+ DR R is
L A N E AR S8 BB LA S AT I L TR TRk ik B
., WUk, PCA BSP Sk B B MBS R 2NT * +
2T+ NT+NKI(KI+NKI+ 1), H B R E AT o 44 56 101 1Y
WHEHERBMITAE2EME 1Y, FTERERES
B A B, HLAE— AN A5 B A T s B 2



106 R OB R

2019 4F

F1 BRI
Table 1~ Computational complexity of each iteration of algorithms
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Fig. 2 Average number of iterations required for each algorithm

under different acquisition scale conditions
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