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Abstract

This research aims to explore the collaborative optimization mechanism of Blind Signal Separa-
tion (BSS) and sensor technology, as well as its application value in complex environments. By
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systematically reviewing the mathematical principles of core algorithms in BSS (such as ICA and PCA)

and the design principles of sensor technology (miniaturization, low power consumption, and high
sensitivity), a joint optimization strategy for data preprocessing and BSS is proposed to address the

problems of multi-source signal interference and noise suppression. Combined with case studies

in agricultural sensor networks, dynamic monitoring of MEMS devices, and remote medical care,
the effectiveness of the integrated technology in monitoring agricultural environments, analyzing
livestock behavior, and separating respiratory signals has been verified. The results show that BSS

can significantly improve the accuracy and robustness of data acquisition in complex environ-

ments, while the miniaturization and intelligence of sensor technology provide hardware support
for edge computing. The conclusion indicates that the combination of the two technologies not
only promotes the development of precision agriculture and intelligent healthcare, but also pro-

vides a technical path for real-time monitoring in areas with weak infrastructure. Future research

should further optimize the lightweighting of algorithms and the development of low-cost sen-
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1. 5|8

BEE R HOR MR (1] B AR R HERE[2], B R ANEAE APl R R [3]. © H iR
Z RN T2 BARIRI[4] (5] MRSV [6]-[8] A& EE[9]-[13]« HFEFF[14][15]- HhFEREM[16][17]
N FIAEE R EARMENT[18] [19)55 4. SRR, FESEARMIERE, RLEETFHILERSR
(MEMS) AL IRTHFE . EkE BEAR AR I A, A5 RIUASE 51 22 S i W 00 190 2% i 9 T RE[20] . SR
R, T B SRR % . R S S &=, AR RIS 5 A 3T M DL G 2 U545 5 8
I P T L e 2 1] BRI, W 4E A SEHER) BSS Bk S R B &, MESE R T B 24 5
PREGABIA R, BONATRT R EZ T 1A,

AW B IE RGN BSS S5A& B BOR M ER g S HAEA R S, AT A BRI
5, JFREAKRERIR. BN BSS M ORE R R, b E DI BB AR 1% R
W) 55 3070 N FH 37 5%, B TH 18 BSS 5 4% Bl A UG B2 (1 16 & AL SRS, 1% 45 & BUR SCRFS 50981 BSS
FORAE P EA ST . DR AT B THES A B R R e, oGt R . miEET4E
AU A BB AR A E R AR A

2. 3
2.1. BRSS9 EBSS)NESFEE

H15 54 B (Blind Source Separation, BSS)& —FifE# =I5 5 /615 B AR A AR AMIE T,
PGB I 73 H 2 AR IBE R AR L IE 5 R R R AA MRS 5 WS 5 A B OR . RO JB AR R R RS
5 Z A Gt AT M S R, MR A S 5 PR B R T RS B B3 [22]. BSS [ 32 B TR
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FERM23] L RE24]. FABIRB[25]155 2 N EARAUIR, FFrr e ER8[26] AKICRN[27] =R
[N [2 845 A 1] R AT W 43T

2.1.1. EFRER

BSS 17 FLIE A AR LR MEIR A RS Wos(¢) e R™ S m AN ELGEHH IS (YR 5 4L 1 &
x(1)eR" 2l n MEBIRERWNE S8, —FHZHRRRITRRN:

x(1)=4s(z) (1)

Hrf, AeR™ Z—NRAMREGHLE, #R 17IE 5 04 R RBONRS . 2 n=m B, %0 8K
N TR L Hn>m WET “HE” B Mn<m WXNT “Re” W@, —BHER T, BSS %
SRIBEHERE 4 W LIRS, B rank (A) =m , AT GRAIEIEAS 5 A6 05 e — bR 5L

BSS H B b2 FHR —AMERIEFE w e R™ , S5 HHES (1) =Wx(¢) R AT f@ i s RS S s (1) -
TR AR 4 REAS 5 s (¢) #ORAMAY, DR UKW K x (¢) M GEiHHe skt it w o

i LR R

1) PG5 Z B B G AT

2) AT RN

3) W RA MRS S IR & A s

4) JREFHPE 4 2w B IE AR [22]
2.1.2. EXRE

B$Mﬁb&%ﬂ%%mm%ﬁ@jﬁﬁﬁﬁ%ﬁ?ﬁ%%&%ﬂﬁﬁmﬂwy%EM%@j%,
D) FE I A N 28 %55 57 o 0055 T 10 W 2 55 B R B ) e, B

p(ypy2)=p(ydzﬂyz) ©)
K, BSS 7] LLE /MBS S 2 ) BE BRI, HEREXNIWT:
1(W)=DKL[p(y|W)||f[p(yi|W)j 3)

Hrb, D, %7K Kullback-Leibler #U%, #i 8N MER AT MK Z ST BGRB8/, U HE S 20
FRVAH DG PEBRAIS, AT BE BRI SRS

Ub4h, BSS b n] DLEE TR S i i KA 7 VA AT SR . AR O BR e B, 2/ Mok s 5
ZVEA G T m A, PRIt R A5 5 RS Ea B TR B ML 5 5 . W7
TEELHE U6 i K A (Negentropy Maximization) FlUH & (Kurtosis) AL 25221

2.13. BESEERREE

BSS ST EAFEMIL I 3 HT(ACA) TR M1 (PCA) LY TR (AR L PCA). fe KALLSR
fliita%, b, ICA RECNZ M BSS ik —, BB G S MGty B dx, @il E e
FIER(Fast-ICA). H2RESE T %, EASI (Expectation-Maximization Algorithm for Source Identification) 7%
77 AR R B IR BE W o

H Al ) 2 A5 H 6 ICA J7i5 4L Fast-ICA. /%45 Fast-ICA SEAH T M de iy 2R s Ay 23k 47
Ak, T IIREE RSO JE, 3 BIE IS AT, TEARSE AR B sk i AR ik AR 77 V54 Fast-
ICA FkHHAT AL, 3B BAE T 2T ) \B IS Fast-ICA 5% S51E 481 Fast-ICA AL UL ST Fast-
ICA FIEAE /o B M R L SEAHH R, (H I BAG 50 A i AR U BORD B8 R UL SAE 8 [29 ]« Fast-ICA i@ i [
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]EALﬂ%ﬁﬁﬁ%Wﬁ%ﬁ@Q:EbﬁJo%W%ﬁﬁ%ﬁﬁﬁﬁf&ﬁ,ﬁﬁ#$ﬁ%£i
B y=U'x, b U thih )y 20 B (R AE A B R PCA IR B it 38 A v b oA e
BTV B P ARG &R

SR TR KA A BB £ (W) = AUWUHWa AT S, RERIRE S

g ERAS . &1 OAR EREIER G

m 3:2

MR B BR A p, (7)o %607 BT RS R IR,
AL

Table 1. Comparison of advantages and disadvantages of mainstream BSS algorithms

5% 1. BSS EREAMMER S xTEE

R St P B

Fast-ICA W Sl FE R (A0 — Bl s, & T AR E S Gy R ERAR, X YI4AE MU
HARKEEL ICAFIAE B LT R R 2B 40, Rag thol TIRmE AR TR THE R, MR R PR Y

EASI 5% FELH A OB R IE R, I & S A MR UR, F RIS S H

IUREFEIUIEAZ 5,

PCA WL TN ICA FAEHE BR(F L) T B A o
JLtE PCA BB L s B R R, RIS ZINEVSSIIRIIE S VERE BN ON

ZE L ATIR, BSS —MET S EMIEFEIEREESKERAR, HECAAREN, NG
F 7z . B FERBER AR S E M ARFBRES, BSS fELhr TP HRI Ha5E T, OB
BEAEAIS EE T H 2 —[22].

2.2, HEREEEHAREIRIH RN

H AR N BRI IR O AL, JEVERE LR R G ARE 1 W SEtE 59 Rk NEN R R %
AR N IS 5, DAL S BOR T I8 4 52 f Bk SR, AR SR AR IR B AT B 2 2. it IR L
% 2,

PR IEES BOR K Bt BRI T H MR BB A . IO 2 W RGP . AL S IR T FE RO
R T AL GeAR AR I B PR, 1 AR 70 SRR RO AE & W SR i T 2RI R TT 56 ROK, B

S EBORIRRE, ALBESR P R R B IERATT [ EE .

23. FEFAEEERS S BERNBRS LR

TESEBR Y, AR RS R MBI A Z B TP IR E D R 22 55 R R 2 [45]
Uk, A3 R FAL B D i T4 BSS RO MERE S SCE B, LI AL B D IR ELEE

RS KA/ PEIER . BIE N IR S T R m A S . B, WT-FFDNet 524
LL%%¢&%%%wﬁ%iim%n,Emmmmﬁﬁ%iiWPmR%u SSIM 0.7842 [ 2 M3k
R[46];  H N HE IR 25 (AMF) @I 3h 25 A8 5 1R/ 3 x 3 2 11 x 1), 1E 60% R 5 4y T ATy
AETRH Lena 401471,

FHESRE G P4 ﬁﬂ%iﬁ}zﬁj\/\ffﬁ(PCA) LR 50 4 BT (LDA) S5 7 VA BRARBR 4L T . Blin, R %
5 ) 45 /N 4 R 1K) UDIFF 5 8858 1o 55 A /N AR 4 A2 iR SO ER IR, 35 48 v = 4R TR 2R AT 55 1
fE[48].
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Table 2. Design principles of sensor technology

2. RRBRARRILTHRT
BRI iR i1

BUARAE RS R %0 H AR 2 — 2 SEI AL 5

ZIIREEN[30]. FT MEMS FiR, fEEAsHE
WAL KR, B, SR, SRS I RESE. MEMS s S i AUARRNTG[33], 18 A i i e i
LRtk BT R B3], XMERLEREE R THEARB4SLIEREE IESHE,

TARRE IR fgesE, FHESTHET

A H 4525 (8] 32 IR IR PR B 32

FEARIZ I X SRS B AT BT, BT X AT DL AT #E4

FE L JIHE R SZ BRI, A& IS IR AR R 22 T T e 5 2

SCEE, AR E TR Res , Jpmgg (Vhiplash injuries) 1974

feohpey oo MRRETRMEIAEEIT, SRRy T o s e e g s i B T Sz
Koy DSRIREEBORUILRERE, BIVREMNERT o o0y g omsl s ik B (s G Bl &

WREPMN . UL, AT BEIR(WUKRH BE

B Yty e e
BB A E— B3R T 3% 5 1 FT FE A FRBA RS fid A s I 2R s, IR AR 48 2 DLFR

kA IS Eh[35] .

(EAL ARk, (LRI B A AR BRI X R UL —— BRI
ot T DI, AR I RS T AR AT (L =
B BRI RRAER 6] M, U PSS, ) TS MBI U,
. SR B G RAE SE SACEIR . AN, BRI, TR BRI S A I Tl b
¢ LA B8 2/ R P ) w138 A6 5 TCP/IP XURERE PR, 38 40 8 b S5
SRR, G0 S M W 38,
59 5 S I e B 151 gy TESERSFIERRE RG[A01FE 16 N TFHECT sl &
gigﬁgﬁgi?&g%gﬁgggﬁ ﬁﬁz{?{;l) MPU6050 f&/Ek 431, #4715 BSP32-S3 4% CPU 1)
PRI BRR S D KT ONIC P wpsgap iszian), OUR & T R BLE i
o it 1 S, G BT S TIRTT, ebhb
e g GUFTE, {3ERORZ4 O 3D 4760 TRU B,
Sb, BB P 5 PR G (et bt TSRS, LRGBS, JE T
67 R, MR g s e ookl OS MR AEESCAL 1A RAL(100H) 519
AL 4I(WebSocket/UDP XUHMIER) A HL L L B,

[391- RGN 5 5 175 T P .«

TEEF AR SR X R B A U 1 AR RGN, RS
W4 5 R R SRR BRI (42]. W21,
AR AL TLV320AIC34 854, AT LLLE 85°CI)
IR AI—-40°C IR T TAE[43]. BMHETH, Tkt
W HLGE T XBee P0IBT A th M XSl ik 3%
L& mEE, HRABRBERNT T TR, A
P4 & & F B4R [44].

AR B
LIk
148

TR I 4 AL G AT P KIS AT, HB
Beib o H B EEJ I, R (0 1 5 )
BHNES EMRIANPIKEI RSN 5E); BT, FEIAAE
HIERE AL TORE . Bhhh, HER VLS
PSRRI W ARYE A B AR AUV BE, Bl an 72
i R T B v B R A R DA SR R B FA

g b, B IR AMF. PCA). SHEMRALCNEAMRIES . o 5 Bl TR (%
A + Z3AAb) R L, B SenE O S BT N H[49]. KR — IR R S A SRR 510
Z FEIUEI R R A
3. M
31, BESHEERAE BB SRR

B B AR RN AL R &t R H 2502, HAR O3 T 5 S 005 BT IR &1
BRI AR S, AR Z IR R RO R A S A A T O R S, % 3 R LA
.
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Table 3. Application performance of blind signal separation in agricultural sensor networks

3. BiESOBERIERIFMLE AN AR

B NS

TEAH B B REE R G, (LRI PLE LIS TR R8sl W& BHTIS). B EE
SOEEY, PRI RS T(PCA) JSELR 7 HT(ICA)EH Y, ¥ EES S BinE S (508
L TSRS, IR B, ETEIRZIRR IS  REEE B o B HEAR S
TGS A, RERM T Eir BAES R ES0]. thah, TR LIRS M IR E S
I S BRI SR AL T S0, R ARG T 7 S, (R I o Bk T A
WAS S 2 [51].
TR TS R, 2 RN S HE 5 % A SIS (T XHLE . 35 BAME S R
Ol ). FETFEL =S HT(SCAK E B 55/ S BAR T IR A T A - % 52 D8 e, TR
fElRds  SWEAT AT, RTLRE 2 @IEE S EMEGES, DESEEHE N IR E T R R
H1[52].
AR SRt LOAURAE Y 5 R 7 o6 3R ), St AEREEEEES T ASRaRG L. Wil
WIS RRERITE LRRGSRERFEIR, FIHE DB EIERIGREREE S, S-S5, H
BUEAL IR fRYHERHE PR R4 B B R 7 (53]

A R
Yl 5
MR

SATT S, BIE 5 B HAE I ST A AL 35 W 4 75 e 75 k] . 2 V55 SRS TIINEE 11, A
AR A, s o B R B 1 it AE . ROk, BER SRR B SRS HER IR, AR
o0 e PRSI I A 5 3 S R k2D 4 5 [ 541

3.2. MEMS &% 5 BSS HiEMthEHLIL

JE G B HEH 1) GDY 1121 SURAR RS2 — 3k LAY (1) 5 PE R MEMS #84F, H A %+0.5 hPa 45%] £
JIREFERN 1 Hz RFESIEE T 1 3.5 pA ARIHFEBRL T, &M T E RS KA AT 5 (551 — T, 2T
MNMF SR A0 51 e DR B2 B AR M (R oG R BUL 0.9968), RIS L0 AbL], it SEif iR 7
PR N 75 AR S 0 NV R RORLER, ISRV N BT B S 5 R IR B M S i B .
[, 44 MEMSIMU £ flifk S Bdnmn &, R FIE -5 B IROUE S5 B g SRS BN 8L,
BSS HEIRHIRIGA R & E, ARIX s S B R . A, EHKEAR IR A
SRR R ), A] 5] NTELR I R AL ) g, W R SN R T Sh A S A AR S S FEERE 4,
S AT (R AR . SEBR R B, X IR AR SEAE 30 KAETE S AN, S RAVTHC @ 7 HE 2 42
£ 95% (BK 3 2K), T R AT . R BE A it T A B SR AL T B AR AR YT (56

33. ZREETSLFRBREEHH BSS KA

TEIFREEIT A, BSS HiA M 5 A AL A G, BRI RN 71, L CET R
H WiFi &£ 12 AR IR S (5710861, &0t 1) WIMUSE SR AR I @ 2 P P s
SHIBINEE, 456 BSS FIESLIL T SR BERIRFIBE /3 B, R BEY s N RSERE R, R RE R
AP TR AR T %o W 1 FrR, WIMUSE BI85 7E -5 22 F 7 RIS 5 @R o I S T
MLtk Sm, FHimid 2 #k (s 5@ A ], o ]S BSS HEZE TG 59 BT 5.

W 2 s, 5 MUSIC/FFT J7iAf L, WIMUSE [(PEREA B Th. X — B3 J5 T BSS $i A 5 WiFi

TR IRER IR LR

IR . L 2 A AL BRI RS S B BRI, SR 1 AR G s R S A
BERIHCH -

ZRAZTHA: ZRPAE TR TMSIVIETE, W52 BSS Sikxt COWIMME SH > ESH”
RS
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Figure 1. WiMUSE flowchart
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Figure 2. Comparation diagram of performance of WiMUSE/FFT/MUSIC methods
2. WiMUSE/FFT/MUSIC 75 3% 8014 gExT LB

TOAS SRR : 4 BSJ5 HONPI Y Ttk — 35 P T S WP R RBP4,

4% |-, WiMUSE it BSS HR15 WiFi f @I OIS, ROURMR T #5077 2 A fteh iR
B, SN T AR A i A M\ S 5 A 1 SRR o B AR AR ST HR R T e R
R (AR 5 M R R T 58]

4. i
4.1. BARRBERE S

BSS SEERESHAR MGG L Z R R R B . Bk, BSS BIARBEWAH BB RZIRES T
P, $e Bl R ER M E AR E M, NHEH TEAME T2 Bl TR, Ik, MEMS &
AN RDRERR VAL ) T8 T ik £ M HIX, 17 BSS BRI N HE— 0 158 7 4% I3
LRI REACTRRE J1. LN, G5B ILSAT LN, BSS BORE Al Sl S B M 5 kSR SRy, Rkl
FEL IRETIAEE. R I S PR T S AR R

SR 4 A R A5 75 SEBR N R AT I 22 TR )2 R Pk o e, Rt A it 7 95 7% 2 i) 40 i AR T i ) e
32 —[59] R AE Aazs th DRI B Z M R IR G oy, N2 78 75 AN FRE[60] HLJBEREAS /2 [61]55 7] R ™

SO T AR AR N4 I KB B 5 A A0S AT« XA PR T B 1 S R AR S Ak, o R G
T VAL B o IR — i) 5, R SRR R A AN, 380 5G I 4% S @S B R R JB
[62], [FIN & R B 4t s a1 A REIR IR AR [63], DARTF RGER B R IO Fr8Liz 17877 .
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e, BGE S GRZEM R, KA BT RRACE AL e ) PR A 3R s 22t
PMES EBRFRHERIZ S, MR EHR 524 77 FE 1A B B E B8R [67]

4.2. BRZFHERKELRES
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