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Research on the improved fast ICA-BP algorithm
in rectal physiological signal processing

Zan Peng"? | Xue Yingjie', Chang Meihan'

(1.School of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200444, China;
2.Shanghai Key Laboratory of Power Station Automation Technology, Shanghai 200444, China)

Abstract : Fecal incontinence refers to the ability of the anal sphincter to lose control of feces and gas discharge. With the inter-discipline
development of medicine and engineering, the use of artificial anal sphincter system ( AAS) has been proposed to help patients cure fecal
incontinence, reconstruct rectal perception, monitor rectal pressure and diagnose rectal lesions. In this paper, the actuator of the original
sphincter system is improved, the force of the rectal is analyzed, and the in vitro signal acquisition experiment of the AAS system is
performed. Aiming at the lack of AAS system in rectal physiological signal processing, a multi-dimensional reconstruction of one-
dimensional rectal pressure signal using phase space reconstruction ( PSR) was proposed. An improved Fast Independent Component
Analysis (Fast ICA) algorithm is used to separate the reconstructed signals. The characteristic components of the rectal signal after
separation are extracted. And the back propagation ( BP) neural network is used for pattern recognition. Experimental comparison shows
that the average maximum stress of the rectum by the improved actuator is basically maintained at about 12 kPa, which ensures the
normal blood supply of the rectum compression area and enables clamping of rectal contents. The algorithm has few iterations and high
separation efficiency. The average diagnosis rate of rectal function can reach 89.5% , which can realize the preliminary processing of
rectal physiological signals.

Keywords : artificial anal sphincter; phase space reconstruction; fast ICA (fast independent component analysis)-BP algorithm; rectal

perceptual function reconstruction; in vitro experiment; pattern recognition

Weks H 81 .2019-07-04 Received Date :2019-07-04
* SEETH : FER A RBHA 4 (31570998) % BT H



170 (O O F40%

0 3

il

1EAE 2 I AR 0], B RE = E 2 12
RPN B8 WRIEZ — o F AR A S 30 A
PRI TG 20 WUt 28 AR A 2400, ATl N2k 2500 Bl N 4%
PRy IRe 71, 8 B B HEE AN DB, LA i B
ZF TERGITE" . BERTIrk, ik 1
FER S I AN RE L IE D BRI E IR T, O T AL
BENT R, EY S E AN TALT TR 2 LR St (artificial
anal sphincter system, AAS) £ 4t & Wi & I 'Iﬁ%%lﬁ[s] o
BRI DA AR Y L N T e, A R b S B R
AT o

H T, Nt 4T 7 207 T, e ds A4
W1 ARAEE T A RE AT A R R D
# AR ST . R T L S T AL B
MW B HAR D, TEAEA AAS RG4S, |
W J e AN TV R B ) 408 5, A et BRUA T 2 T B 3
EAIREE 0D 5 A AR 2 W B RS R AR
LR

BEXTLA BRI, A SCNE T HATHLA AR, 384T T
AAS RGEIRIN LG K T R B S8, I T T
kL 33 Al 37 43 48 43 #7-BP ( fast independent component
analysis , Fast ICA-BP) S35 (2 Wit B4 . & nl LAA HI 48
APRNE) AAS F G852 22 1 SRR B TR (545, 48
J& i 3 A =5[] H #4 ( phase space reconstruction, PSR) ¥
— R H R IE S EE N 2 YE, R Y Fast ICA 5
B SEHUNE 5  BAL B o fE B ERCE AL B AF S R AR
k734, A A BP A 2 o) 25 455 50U, S B B DO g i2
Wro SEgXS LR B, TR E AT LR EEJIE S, Ll
HNEY R, A RO N B2 T, %2 Wi AL ]
DIAR G- 4 ST 5 1 AL B, R B K 72, 38 A7 I )
R, WSS R

1 AASEANERZEE N

AAS RGUEARIE AR5 29 LAY A% i 7 1 4
o WL FTIR , % & G832 B AL A A AR SR A B
Jro VRN ZGE JLGE IHBL R A AT B bR | 5
JH% B A B AR A R B 3 R MR N . AN R G B
P G2 I £ 2 A e B SR L A I R AR A
(77 ORI R G AR E . NS R GEal id To gk
Tr A5 B AL f A AE I 25 ) SRR b 1 Al AR
4 AU

Horp AR IEIRATRERBL T NIRRT AR,
AT LVB I , SERER AR B TR D155, IR AT Ak BRAL i

________________ 3(1%?@%??&51"""""3

! I

oL Tk | I | !

LS BUBRE | |
g e o

3 | o R

BEE| | R

iuw: | |

M1 AT SR ZAIERS

Fig.1 Diagram of the artificial anal sphincter system

SRPE AR, LS T S L R B O . JC e i 4
HRLER AT LA {55 2B TR AR AR EE RS i, Bt xS
EAE S WOR NI B B S A A &R RE b
Pt A7 5 R G v N, 1207 S BR T g
IR, T8 T AR B AT

2 AAS ZFEEBIEHH

2.1 HEREFEESW

1) ELW12 Wi Ab PRSI

HRHLBU TN, NEDPA 7 4 sh 1L
K AR A IR TR ARV AR, S 4
HHIE A5 SFE S S5 I A . FEIER O, AR E
IS AR — R R IR S IE R, A K. (2
PIE YN N 7R I=R ORIt e o v (T P e O N e e
PUSw  IREETEL, R EA LR .

SCRCRAE BN B MRS o gy 8, HAR 2% 5 0
Wz LA 2 3 5 T3, B ESHA M iR,
I EARMAME, Fast ICA 53 %0 M 24> 7 P45 5 19
RAEGSPAERES ARG SR, BT Fast ICA
SR B b B 1 M5 5 4O KR TR AR SR B PSR
ek iy Fast ICA B3k B E M5 5 o iz Wi il an
2 R, B e it PSR K BRI — 48 1K 115 5 4 4
28 L2 4k 5 $E 5 R O R A Fast TCA 39523 85 Hh 4l i 1
M55 s E IR BUS 5 R E 41, SR BP 25 455X
B, 2 W B AL o

2)PSR B

PSR Je: iy Takens 25" 5 i — Fift L6 2R 4 o
SEANAR B (1) JE IR AR Aok SEAG A ZS (B 77 7k . S AE 2 (R
FAR S B S e T 2R GRS B AL R o

RSG5 B F 508 T(1) ,T(2) -+, T(N) ,
Wi A m diAZS 0], 193] — FR 5 m dEFIZS 0] OAH 55K -



MG AT UGHE Fast ICA-BP 53k 7E B A2 B 5 A B P O TS 171

Fast R
I-DfEH  [PSR| M-DJEH  [ICA 1
(B2l HEFH [

IR

AT gy
%%@ﬁfﬁap@é it | }—’

\ % H;&mmk

K2 Hmiskiiil
Fig.2 Rectal diagnosis model

B
B

BPWJ*%UII*’}E

Of, =[T(1),T(1 + 1), ,T(1 + (m = 1)7) ]
ETZ =[7(2),T(2 +7),,T(2+ (m = 1)7)]

%N =[T(N),T(N+71),-,T(N+(m=-1)7)]

(1)
7 = kA HERA] kAR BEG A o RAER il ]
B s m R ARSI Ty S m GERRZS )P EARA N = 0 — (m—
1) 7 FTRAWRIFEFI n A AR m A S R, 7EAH
23 [ A T, PRICAE A AER ] 7 R ALER m A4 T
YR, ASORFI C-C BRI 7, G-P LI m ™
3)Fast ICA B3k
Fast ICA 553, i 25 22 B /K 3 35 K2 Laila 217 42
o ERVR I SRR N — AN T 07 1), AR R B
P ST IS S 1 AR ASCR B RY 15 B 2 5 %
X Fast ICA Bk, %5k — 2 B E Lyl 7 %38 Fast
TCA B 060400 iy SR A R P, B O e i WA 3 2
HA AR

[E|Zg(W\Z) | +BW,][E

T R BB B — 2 A DG, X ER i
AT AR B 2 BB RN 1 A AL B, fa7 4k 5 Sl gk 37 0 B A B B
W RIEE IS 5 K BRI (E ) =, 15 5
REHEAE

Z=X-E(X) (2)
AP X O —BfEdLm i E(X) iz Bl i E Z
SR BRI {E AL &

AL AR B T 2 A0 5G , ELPR 7 2250 B 2 B A 3
HI/\Eéﬂ‘fE’J Hbr—FE

E(ZZ") = (3)
K. z2" Kz E‘Jﬂ:ﬁ%ﬁﬁ;l S B R B Ak )

PG RAE I B DR AT ST A R R, A 5k
KA =W A 2R A W, T 5 ) Fast ICA
FIE BAReRECN

J(W)=[E{G(W'Z)}| -E(G(V))] (4)
Aof VEEAZRWEES WZ B 28 M0
TR i G (- ) SRHEFIE AR R R AL 1R
o B3 I B KAk B bR EIOR A TR AS 5 0 kST B4 T
K(4) T J(W) BEARAERE EIG(W'Z) | BB i 5 H
. M4E Kuhn-Tucker 54, E{G(W'Z) | WA (E 1

EL(W2)| - | W2 = 1 M2l Rl sk R =
/T%EIJO
E|Ze(W'Z)| - W =0 (5)

X g R, Al g =E{ W,Zg(W,Z) | 115
AF W, R W IRIERE g (+) A G(+) BYFEL
HENPREL F(W) I
F(W)=E{Zg(W'Z)| - pW (6)
ARG AT ISR S R A AR -
E{Zg(W'Z)| +BW

Wi = T (7)
Eig'(WZ)} +p

fAT LG AT LIS B AR (Y Fast ICA E0A N

W, =E|Zg(W'Z)| -E{g'(W'Z)|W (8)

AR FRIE S AR AR A TRAE . W
ARG SCHRL 19 ], A ket ) 2R itk ARk i X (4)
RIS R R HER Fast ICA AR

lg'(WZ)| +pB]

Wi =W, -

[Elg"(WiZ)|][E

T (9)
[Zg(W\Z) | +BW,]

[Elg"(WiZ)} +B]° -
Kb W, R AR

qu ~ Zg(W Z){ +BW,

D Elg"(WZ)} +p

EWZ — T[ 1Zg(W'Z) | +B‘:’]

0 [Elg'(W,Z) | +B]+[Elg'(W'Z)}| +B]
W, -w - ElZEWD) |+ pw

O Elg(WZ)} +8

2
O kA A LR S, AR
IEUD , HATR E R WBGH T
4) BP 2 [ 2%
BP R4 &1 McCelland 45T 1986 44 H4 i) —Fp £
ZRIBRZ ML ERI NS 3 BN,
,x, 52 BP PZREYRIA , O, J& BP M8 AT
W, o, 5 BP [ A0RUE, 6, I &5 8 0 A0 B

Xy 5Xp, 0t



172 S/ L R ¥

F40E

K3 BP M4hfhaity
Fig.3 Diagram of BP network topology

D, () RMZICHITE S+ ) EMZRIT R, BP 4%
S AR R, AN RO n R Y SO mo,
EFIRM 0 A AASRER] m A AAS R B OC R
TERRRAGIRCALCINZREE AU, BP [ 45 308 23 38 o 41 1
) GEAORAG A IR 22 S /N B SRV RO RE R, LA A
SE AR AT AU A7 o 53 B of ) i B R 4% A S iR
ZERTH/IMAER ST . BP R4 A 2 /iR 22 s L E 2L
S T pR B A AR R AR Lk pRi . 1AL 4 Bz, i T BP
P 285 SR 1 22 R BOBS BE T B 7 1) 2 2D BCAE, PRI
E e AR JE AN 25 () S A7 AE 22 T A /IMEL A P T
AR AN A TT IR, 0 AR B8 SR A Ak /ME s # A B
TFR , AT 3k 42 Rl /IME. BT LA BP0 45 8 W SRS T
S AR AL AL E, AR SCRARYE BP (45 1) J5U B, 3
Yt R SR TR, SO SO FEETT J A /ML

JR
wME AR
/A

M4 E BT
Fig.4 E hyperplane

2.2 HUTHARES T

1) BB Bt

R L (A S B K AAS Je b s AT 454 1
SEBRR TSR , AR SO SRAT I BEAT 1 Bt . AT B
IR S (a) Fis, € 2 A IO B REAR I R 2
BeN VYRR RN N N (< s S W 7 1T W2
P RERRAL A o R B TR AR SRR B 2 T AR 7 24
T S 0 T T g o He b b AR I R A R R B
fEzhk b, rTRIAERAE L A b W sl , AR I E A i R Bk A
Fo b IekiE sl O B TR NGB E R . S E
TERE, S , PIAR P &, e 5K B , IO B TR an
K S5(b) Bl el i RS T —RERY LA fA 8 i IR &5
[ AR R BI7 Lk T P A 4 itk 5, BIR TR D ) 3 B A

B/ME

A SRR 2 AT LA 1o e T, R S B A A 1
TR AR AR GO o BRI,
REE R HESH I 5 (a) PRSI LR TR AR, JE 1 in
K S(b) B ln & skt 9 AT M AT AE . O 1 B Ik gk
LML AR ARR i R FH 2P e 75 47 5t 7 7 DRAIE L
Wt AT Z ] o BN B PR R

D N HEAE PAT RS
(a) PATHE
(a) Execution structure
Wi GRS
um | 9,
L
s | @
i o <
3 i ATl g
A E »
JE L 1]
NEHES
(b) HefE T 72

(b) Principle of defecation

BS  PATREREH L HEE B

Fig.5 Execution module structure and defecation schematic

2) W 140

Mg b, R KRR IR ) AT LA 1k E R it R
(EA T B3 1k $RA T 20 A e o e P 0 L 21 S A
3, T B P IS B RN 25 E

PRAT R Hh e R i B [ A4 DAy o 3l 422 A e A
Mo NI, 7 BT A R BRSSP 6 () i
78 DAy P L BT PR S i P R L T AT g 2, b S 2k
PR st 2, HE L 12V i IR LGBk ML
R . PRSI R A, SR 5 T 12 y = ko ROZRME R
o Hoby e A S )k O s s R
x APREFIER BN R, I 6(a) TR I, FLE
BAE 12V YTEERE T, - BEE B sh B i i fe K
AR OIS AE 4~ 12 mm Z [a] I, oL ) il R AR K
S PR HOR T 5 R IE AL ), AR ORIE T LR Bk
A LAHRBUIREE 7, K FT T B AR . R 2 B e R )



510 4

WG TG Fast ICA-BP B0 F00 /A B0 BAb S 05 173

PTERE A REICIN , TEFFZE0E 1 h e, TARIREE /N T A
T 2 AR AL , R R, A2 h Tl B K s Jr iR e 21

A A8 AAS RGP TR EXT B R . i
DA GEAA TIF RIS B A TS B ) T 0 R e e
AR MRS IR AKX P = F/S SKINERNI
o, F A0S I35 e Aons B Bl Akt B 1452 71 1HT
BLP R IH BN, A IZnE 6(b) Bz, Se8h
EBINTT, L BN A . ATLLE SRRV ) HAR
TRIFIE 12 kPa 77, ARIGATREE 20T R W, BON B IE /Y
3 J17E 80 ~ 120 mmHg 2 [i], Bl 10. 8 kPa ~ 16.3 kPa,
12 kPa fEIZN 1 2 6], B2 73 A e B P, - 24 17 g
{ELAL ARG, BEASORIIE 1 B 32 1 XA 1 5 Lo,
By 1 B2 S Tt S B ISR SE A O A

120
105

2 8§ 10 12 14 16

6
P X/mm
(a) LG I RIBAEE Jy th 2%
(a) Electromagnetic force and spring force curve
14 000~ 10.35
— HBERN
12 000 10.30
10 000 10.25
£
R 8000} 1020 #
A]a 2
R 6000f 10.15 %
& 4000| f 10.10
20001 J0.0s
0 1 1 1 1 1 1 1 1 0
20 40 60 80 100 120 140 160
I iE s
(b) BJHRL I3 Ri7E 2%

(b) Rectal stress and strain curve

K6 PATHLIMLEY J122 00 M 2k

Fig.6  Biomechanical analysis curve of the executive structure

3 XBRERSLMW

3.1 EBMEHEELE

MR A BB PR35, %) AAS R Ge i B i 47 1 26 42
B SRIGHE RSN LB o WE T i, K AAS R4
P A AR AR A AR A P [, i R AT R4 5 A1
HYHAEE . SR 30 em Bt In/E o AR B &Y,
AT 53 R HERHE AR o R 5 o i1 e 76 B8}
B AP TRIE IR  ARBATT T HE 2 LI B
AR v, $5 HE RS LI 5

RPIER

MR iyt

e

B E

EALHL

e BAT
Btk

Aot
LSS

YR

K7 EOMRE R

Fig.7 In vitro experimental platform

SRIT RIS, B AT IF AN R, 30 i 22 e R A4
BEHONHEAS AAS RETFEH 30 min, B PR 15 IE W,
FRPIE R TAE . W BN TN, e &, Je 5
EW oSR5SR A [ 8 I A R G TE TR IR B A 2
Yo, a0 8 (a) B Bl I 9 25 0 9 R W 8 1 7
TR, 1 S TR I S SR AR ) T 0 45, Azl
N A B RAT w3l i, 4 15 J i To L AL L A 2 A
O, R VB . BRIE  NARIEE A 1) A P A 3 A T 0T A7 2
BT, JARITIT, RAEHEME, i 8 (b) Brzn o X AT
PR VAT Tl B Z N, AR Rl i | h ), T
VEIRETHR 29 30°C , /N AR 32 38 52, ROR RAf, A2
PR Ay Jr bl B8 o v i 7 R A

(@) PATHLI P &

(a) Actuator closure

]

(b) JATHLHIATIT
(b) Actuator opening

K8 A EE s

Fig.8 Rectal sensing function reconstruction experiment



174 3 2% X

A H40%

ZEE R, I AAS RGEAT AL AT T4 29 1L
AR, W R AR B TRy, S BN T4 29 LAY HE AR
Tife.
3.2 EMIhEEISHISLR
D) 5 A5 57 B
HSEH I MATLAB A2 4 DR TS5, i 9 (a)
Fs, IES2A5 S I 3 MR EME S . IERESHRRA

UGS, Al 3 D FRMBME S A E S 4 /\ﬁ%
FEARAEANIE S . W IRE S IR G HE TR G
FERLAE IR G4 A : A=[0.083 0,0.010 6,0. 520 0,
0.640 0], TR AHLE X=A = SCHH X FRIRA )5
MR, A RS HE, S AEIIRES) 5 4 M5
SIRE 4B AE S, 4n & 9 (b) B, BLALl 3 52 il
AL A A5

205“ i;,um‘mNLWﬂ )”l‘\uldh°|l\}"'“"i”\"uu"“\‘ )
. W

0 005 0.10 01/5 0.20 025 030

5

g0

"0 005 010 015 020 025 030
/ms

n ANNANNNAN
[\ (\ w \ "v ,I ANA
7 0{ I‘ {‘ ‘) ’ I \‘ I \ \. / }'l / ‘ “ NL v’ \ g
Y \/ / \/ «/ VARVERVERVARY,
0 0.05 0.10 0.15 0.20 025 030
t/ms

750 0.05 0.10 0.15 020 025 030

t/ms
(a) UG5
(a) Analog signal

400 600 800 1000

t/ms
(b) MBS
(b) Observation signal
Ko fiEfEs

Fig.9 Simulated signal

0 200

X —4E(5 S TR 2 A, R G-P sk A
Y% m, InC,(r) ¢ Inr (m R AGERL, r WAEIERE R, LE
(A RIRAERO) A2 fE 2L an 1 10 (a) Bz, IAIET 10
ATLAE HHBEE m (34K, 2 m=4 I, EATHY HE AR A

ARANFERAAA . I, 12T BT A A 4E %R 4. C-C
VR I E RN ] 7, AS (1) B8 b 1 26 P AN P 10 (D)

AS(t) I 1 AN R /IME B o B i 4 7, P epr s
JE R HIME R 10, i, 7 = 10,

14

0.5r

0.0+ =2

-0.5F ——m=3

-1.0+ —s—m=4

-15p ——m=5
. 20¢ —+—m=6
=25t —a—m=7
E 3.0} —s—m=8

-3.5F — e —m=9

4.0 — = m=10

454 —e—m=11

-5.0F ¥

_55 C 1 1 1 1 1

-1.0  -05 0.0 0.5 1.0 1.5
In(r)
(a) InC (r):Inrf 224k it 2%
(a) Curve of InC (r):Inr
0.4r
A,
031 *,
\*\
"\*\ N
1A 0.2
\*\ o j \»\
¥ \*, . R
0.1} Wy "
ot \
\/ﬁ*\{" *.*

t/ms

(b) AS(0) RIS, It 2%
(b) Curve of 4S5(7)

K10 s o) A S EUE I 2L
Fig.10 PSR parameters curve

WA 11 R ARYE m=4,7=10 ¥{55 B, 153 4
A5, 4rIFHEE Fast ICA B FINGH Fast ICA 55
EXTEAE S AT 8, 12(a) iR R Fast ICA
B AL B 12 (b) iR ik Fast ICA 534543 2
S50, WGP, K BRARIR IS 43 5 W T i L0 U 25
A7, B AR O R (AR RS 5 2 AR X 2
T Fast ICA S 3E M AT s g 10 ™ e L (5 5
BT A ABAL AT B 23 & AE AR AL, (B IF AN S ma A
SO

A& 12(a) 8(b) XTH & B, BRI 3 mT LA 5
TEAF 545 otk (EU2 R FH elcdE Fast ICA B33 3 25 45 LR
TESEEE PO B RCR W R T B e IR R
RT3, R {512 L ( signal-noise ratio, SNR) Fl13% %K

MRS R M B 22 5. SNR F1SE A0 T«
HE

SNR = 10log — 1 (10)
s -8

S IR 5 S N B A THE 25 SNR o fi e L



MG AT UGHE Fast ICA-BP 53k 7E B A2 B 5 A B P O TS 175

0 005 010 015 020 025 030
t/ms

CRINE T T o)

Reconstructed multidimensional signals

Fig.11

VAVAVAVAVAVAVAVAVAVA

0 200 400 600 800 1000
{/ms

«Vv'wv wwwwwwmw AW\ Vw»"""v

) 200 400 600 800 1 000
t/ms

S1
=

S2
=

S3
="

0 200 400 600 800 1000
1/ms
5
e
750 200 400 600 800 1000

{/ms

(a) ¥ i@Fast ICAL B
(a) Normal Fast ICA separation

L/\/\/’“‘ VVVV \/ V!

400 600 1 OOO
t/ms

S1

S2
DO »n

0 200 200 600 1000
t/ms
A
& M\MN" 'anMm\/ﬁw \rhr'\'-'\m}%'uﬂ
%0 200 400 600 800 1000
t/ms
5
5 oMW*WMM&
%0 200 400 600 800 1000
t/ms
(b) PutkFast ICAS B

(b) Improve FastICA separation

K12 fREES
Fig.12  Unmixed signal

A5 W EL AR R, 0 B SOR B G X B 10 YR 43 25 45
HIEARYEORN SNR {4, 4nf&l 13 ik,

M 13 ] LU H O [R]4) G 1) st ), 20k i) Fast
ICA Bk AR KD I s/ Faoe PR, JEAK Fast ICA
WA, VA Y Fast ICA XTI A BUR . S
W E 2R o] LUE S B IS A R R 7R A R SE G I, SNR (A

—=— fiifbFast ICA --m— {ifkFast ICA

10.40 - . 1450
--o-- MifFast ICA

—e— ifFast ICA

1035+
1030 +
1025+

10.20 |

SNR/dB

10.15 F

L -
\ H N

10.10 - \ .
Y

1005F  w_ . 150

10.00

13 SNR {EAIEARIKEL
Fig.13  SNR and Number of iterations

FEAFF, B/, Ul B Y Fast ICA A7 RT3 B AL
RO
EACYEH SNR AP fEHINER 1 s

F1 FMEZENTEHERRES SNR EEEE
Table 1 Comparison of average iterations and SNR

values of the two algorithms

Mt Fast ICA I3H Fast ICA

Kl
AR EL SNR BARIREL SNR
RSN} 28.1 10. 260 0 222.1 10.236 3

o1 1 PI(HA , AR TL SNR EEEASFF, H
e R A SR AR /N Tl Sk e B

BRI, P25 T 70 B AR, Wt Bk e SRR ARV R
BRI IE TR

2) HImiZ Wi

RANEE G A7 B2 Wi, XF T AAS
RYGHENEE A5 B sh ks A AR R4,
S B LS S R R e T BT R AR, S
JIT PR S 1 1 A8 30 R 7 A 4 3 T e R
FE0 15 2432180 0 B TR 8l o e O — 44 524K
F WL R R5 Bl S xt 4, iniE 14 Jos.

Hi PSR AT 2 4E R 1 P S B A . 225 C-C Y&
G-PIEFIMG m=3,7=3 I, FAY I ROR e if
FA GBI 245 SR 15 B, il AR R (S
FHA LR ISIRE T R o

AT B E (Y Fast ICA X S A 9 22 4E T 1 551 00 1
TRV R A~ W 16 From. M a] LUA o ik
Fast ICA FIE B T XHE AR IS O AR 5 19 70 85
55 3 DA E R 1A T 1 B AR B AR AE,
J7 A B AR 5 R B TR ) By, HAB A Rk T4
R o i,



176 ) 4% M £ =M 405
10810’ Wlo TR ANTEATRPRS S W8 K EA AR, AT 2L
ol B R RS W R E 5 o A SCH 15 S AU

PEATHAL BRI 4325, JE3 Tt 1 000 21 %0d . 5 40 B i
106 A0 19 MEARRRIE . $2 35 237 R R (1912 DB A5 7R ok 4 ik
osl AT RRIE AN 3 M BT 1 OC FR , DT AR 8 N Y G R
£ TR, 4328 T
1041 () BAZRE AT T 24 h 1 E {5 SR,
. GBI 3 b IR — LB TR G U 30 7 S,
EERHAHMNE S
1027 (2) # R AT B B IE ) AR E
. e YRS P41
I (3) MRAZ I — o P LI 30 60 T g
14 ) [ ﬁ%@iﬁ%ﬂi*ﬁﬂj%?ﬂ]ﬁo o
Fig.14 Rectal pressure signal B BP WA B I REHEAT LT BEHL L 800 )
YILAEA 200 GIFTOMFEA o 28 S S PR B0 3, e 24 1 1
11010 BP 284544 19-30-2, X5 ALG -5 A7 HIW, K 31 5
e A A VISR — B0 WEFT 59K, SRFIBRK disp 4543 %
- SR T B R A 2R A R Kz, Ho
1009 200 200 R 600 800 1000 — W ZrgE Rk 2 s,
110
o F2 BPEBBEER
£10s WMWMW Table 2 BP model diagnosis results
1009 200 200 e 600 800 1000 Lie S EH SH
110 §=Xii]| 1 000 683 317
105 MMMWMMWW It 800 562 238
100 : . : : ; A 200 121 79
0 200 400 600 800 1000
ihs E i iz HiLR/%
K15 HEEENEZ4EES E# 110 11 90. 909 1
Fig.15 Reconstructed multidimensional signal o 69 10 47.341 8

5 210°
£
£ o WMMWWWWW”
§ . . . . .
0 200 400 600 800 1 000
5 t/s
[+
£ o
§ . . . , .
0 200 400 600 800 1 000
110 t/s
[+
S S——TY L
]OOO 200 400 600 800 1 000

t/s

Kl 16 Bk AR5 04k

Fig.16  Rectal pressure signal separation results

N T B L RUEAE S WAL B A R RS S AT
FAIESE I, F ] BP B 22 19 28 X Ak B 69 15 5 R

DNTRI 25 S o] DL W IR o e B E W AR
121 5], S A 79 fi],200 AUEHRE A 21 42 W%,
LR R A 10. 5% , IEFHHIZ R A 90. 909 1% , S H i
BEN 87. 341 8% , V-HILWiHiE 89. 5% , ANMELRR A 1Y
B ES AR 0915 DL X 43, 5 SR & 4y 3
AATF, Sh I RER RS . @l KT LA AR SO
RS A By XA — 2 1A &, R B2 W4t
T B,

4 £ ®

EEXE AAS F 4G5 v i = A 5 T Ak B 45 () R, AR 3%
AAS RGEPATHITES T T Gk, 30 T B Je 45 7, E
17 TIRINE I R B, S T HE AL A T 6E , F
PSR \Fast ICA+BP 5.3k 43 55 4l v 1) 5 0 A5 5, IF 3
HBUE SRR, AU . B9 Fast ICA Bk %



5 10 19

MG AT UGHE Fast ICA-BP 53k 7E B A2 B 5 A B P O TS 177

90 0 AN SR, WSS PR, IR AR IR BURR 2 o BP il
P 25 455 AU A B M D REAS T TS R RO ROCR |, R IE T
AR R A M, AL TR AR R T AR A T e i HLiR
Hefilt

EIZAT AT — E 1Y Jay BRAE : 1) iR 50 7 s0F R
REVUN Y B R 2 | 0 T ARG — 25 93 W 5 2) A% J%
ar ANBE R B N2 RS X T AKOIR, 2R R
T HEETC 1 K PR B R 753 ) S i b, e S
B fe b BEAY LA ERAE, 0N T ECSE R EL I PR, X
SRR S R e Ao AR R — B B WF S R, T
— X SE P AT O M S B RO AL . XS AAS R 5L
R/ NEA, FE A S T O, O HLRR AR A N R 48 10
FEL A HIIAB A7 I 18] o 4 2 5 B A 8 K S 0 RS 44K
S S SR b TT R B T RE SE T AT, VAR A 5 &R
SR IRE o
S 3L Hk
[1] ZANP, XUE Y J, CHANG M H. Research of improved
fast independent component analysis algorithm in rectal
diagnosis signal preprocessing [ J ]. The International
Journal of Artificial Organs, 2019,42(11) ; 636-644.
FRURE, RS Fe. B s Miles A S5 B 7L 47 BEGS
S5l DIF R E R 2w [ ] 4 50 5 4% 5l IR, 2018,
15(17) :2608-2610.
WANG SH Q, ZHU X L. Effect of predictive nursing on

(2]

postoperative complications of colorectal cancer with
miles[ J]. 2018,
15(17) : 2608-2610.

KONG E, NIKOLAOU S, QIU S, et al. A systematic

review of sacral nerve stimulation for faecal incontinence

Laboratory Medicine and Clinic,

(3]

following ileal pouch anal anastomosis [ J ]. Updates in
Surgery,2018,70(1) ;1-5.

R XA PR, A LR R Y R AR Y T L2
BIURIG LT RS R ROR LGS [T ] h A BE 27 E AT,
2018,16(1) :1-3.

XIE CH, LIU SH, GUO B X, et al. The therapeutic

[4]

effect of electrical stimulation biofeedback in treatment of
postoperative anal inco[ J]. Chinese and Foreign Medical
Research,2018, 16(1) :1-3.

[5] JINW, YANGZH, WU H, et al. Preliminary study of a

novel puborectalis-like artificial anal sphincter [ J ].
Artificial Organs, 2017,41(9) :845-851.
[6] ZAN P, ZHAO J, YANG L H. Research on

biomechanical compatibility for the artificial anal

sphincter  based on rectal perception function

reconstruction [ J ]. IET Science,

Technology, 2015, 9(8) :921-927.

Measurement &

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

2L R 7T TEANRE Nk ;W Wi N E )| K 7
FAA DT [T ] AR AR E M, 2015, 36 (5) -
1079-1085.

ZAN P, ZHAO J, YANG L H, et al. Research on
biomechanical compatibility for a novel feedback artificial
Chinese Journal of Scientific
Instrument, 2015,36(5) :1079-1085.

MG SRR, KB, A T 28 B BB A AL R i N T
I Y B AR SRR SR [T ] BB 3SE K2
#%,2018,52(8) :997-1002.

ZAN P, ZHANG CH D, LIU Y K, et al. Research on

anal sphincter [ J ].

bio-electromagnetic ~ compatibility of artificial ~anal

Journal of
Shanghai Jiaotong University, 2018,52(8) :997-1002.
RIBI K, MARTI W R, BERNHARD J, et al. Quality of

sphincter based on transcutaneous [ J ].

life after total mesorectal excision and rectal replacement

Comparing side-to-end, colon j-pouch and straight
colorectal reconstruction in a randomized, phase III trial
(SAKK 40/04)[J]. Annals of Surgical Oncology, 2019,
26(11) :3568-3576.

ZHOU Z R, YAN G ZH, WANG ZH W, et al. A novel
power supply system for puborectalis-like artificial anal
sphincter[ J]. Artificial organs,2018,41(9) .841-851.
S B GRRT E TE  R A FRRME MCR-WPT 5
SRR RO S [T ] 0 5 A 2 41, 2018,
32(2):106-112.

ZHAO J Y, ZHAO J X, CUL' Y L, et al. Research on
transmission characteristics of MCR-WPT system with
Journal of Electronic

2018, 32 (2):

asymmetrical compensation [ J ].
Measurement and Instrumentation,
106-112.

RAO S S C, SADEGHI P, BEATY J, et al. Ambulatory
24-h colonic manometry in healthy humans[ J]. American
Journal of Physiology: Gastrointestinal and Liver
Physiology, 2001, 280(4) : 629-639.

WA VR0, i, 45 56T AH 2 (1) A4 B2 B XURS S
VPG [ )] AR RS0, 2017,38(3) :635-642.

HU J, XU L, MENG W Q, et al. Quantitative evaluation
of driving style based on phase space reconstruction[ J].
Chinese Journal of Scientific Instrument, 2017, 38(3) .
635-642.

WRIEP 2R 9E 2 BRI, A5 L TR MR R P51 A9 GPS
TR BTN [ )] AL R A4, 2018,39(4)
115-122.

CHENY Y, LI T H, HUANG F J, et al. Quantitative
evaluation of driving style based

on phase space



178 (O I O F40E
reconstruction [ J ]. Chinese Journal of Scientific [21] ZAN P, LIU J D, JIANG E Y, et al. Assessment and in
Instrument, 2018,39(4) :115-122. vitro experiment of artificial anal sphin cter system based

[15] KIM H S, EYKHOLT R J, SALAS D. Nonlinear onrebuilding the rectal sensation function [ J ].
dynamics delay times and embedding windows [ J ]. International Journal of Artificial Organs, 2014, 37(5):
Physica: D,1999,127(1) :48-60. 392-401.

[16] XIAODF, ANJ Q, WU M, et al. Research on forecast [22] YUANL, WU SH C, YUAN Y CH. Application of an
of carbon-monoxide utilization ratio in the blast furnace improved Fast ICA algorithm in fetal electrocardiogram
based on chaos theory [ J ]. Huazhong University of extraction [ J |. Beijing Biomedical Engineering, 2018,
Scientific &Technology ( Natural Science Edition) ,2018, 37(5) .488-493.

46(9) . 77-81,100. [23] LI Q R, YAN G Z. A non-invasive capsule and clinic

[17]

[18]

[19]

[20]

LAILA K, IGNACIO A 1,

Independent component analysis-support vector machine-

JUAN M G, et al

based computer-aided diagnosis system for Alzheimer’s
with visual support [ J]. International Journal of Neural
Systems, 2017, 27(3) :1650050.

LUO W J, YUAN L F, HE, Y G. Improved fast ICA
algorithm based on fifteen-order newton iteration [ J ].
Computer Engineering Applications, 2016, 52 ( 20) .
108-113.

EVEE, SR . — A 15 B W SRRy A ik AR IE AR
LT B BRI S 27 B o= 4 ([ SR B 2% hi) , 2013,
30(4) :15-18.

YAN H, GUO Q W. Modification of newton’s method
with fifteenth-order convergence [ J]. Journal of Fuyang
Normal University ( Natural Science), 2013, 30 (4):
15-18.

SRR, 2 T, S, A5 T BP 22 0 4 4 A T i
s 5 5 WO 7 g [T ] AXAR AL 3R 7 4, 2016,
37(11) :2588-2596.

JIAOJ P, LI'Y Q, WU B, et al. Research on acoustic
signal recognition method for pipeline leakage with BP
neural network [ J ]. Chinese

Instrument, 2016,37( 11) :2588-2596.

Journal of Scientific

experimentation for detecting the physiological parameters
of gastrointestinal tract [ J ]. Beijing Biomedical

Engineering, 2008, 27(3) : 281-285.

EZE BN

&M CGEFER) 2004 4 TRIE K
IRARZEA- 227, 2009 4FF 130 B3k e
WA, A B R A= RIBESE 51, 2 B A
KA ANTIE EEAYE B,

E-mail ; zanpeng@ shu.edu.cn

p

d:h

his B. Sc. degree from Nanhua University in 2004 and received

Zan Peng ( Corresponding author) received

his Ph. D. degree from Shanghai Jiaotong University in 2009. He
is currently an associate research fellow at Shanghai University.
interests include artificial organs and

His main research

biomedical information processing.
BEZEAR, 2018 AR TR Tolk 2 Be g AT

R DA\ B o (/N2 0 b 1 1 O -3 1
FEIT ) R B2 A WA DAL B
E-mail ; yjxue@ shu.edu.cn

Xue Yingjie received his B. Sc. degree from
Taiyuan Institute of Technology in 2018. He is
currently a M. Sc. candidate at Shanghai University. His main

research interests include biomedical information processing.



