2022 %1 A Wl KRR KA F ) Jan. 2022
59 1 Journal of Sichuan University (Natural Science Edition) Vol.59 No. 1

EFLSTM WG MEHEHHHAR

?%@{él,z, éﬂ@%)ﬁ:‘l,z’ %J:Z?LZ

(L PUNRAAHU TR B » AR 6100655 2. PUJI A2 B T2 Pl X, FL5E 644000)

W OE. MAMARREANEARFTERAMCEHBERTZ — AT LA RELA
RS EBAE G4 B IRAT T S R A7 £ K F 092 Ao oAb dx i aE R eg 8 2 AR T K
4 BRI ICAY 2 M % LSTM Fm #5-5h & 30 R 42 & K B 09 R 35 3 o o . R 44T 30 09 )l 4R 2 7
MG LERERGE TRIE EH 8. 29, md LM X EAB TN S EFRERGH TR EA
5.33. G HAT T b Ani £ 047 AF R RAE T 4R R AR F 45 A 31 Loy T 4704
KR LSTM; #hii kR BH45 A

FESES. TP3 XHERERIRAD . A DOI. 10.19907/j. 0490-6756. 2022. 013002

Research on bionic pulsation of axial flow blood pump based on LSTM
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Abstract: The micro axial blood pump is one of the most commonly used ventricular assist devices in

clinical practice. The axial flow blood pump bionic pulsation device was built to solve the problem that

the constant flow assistance does not meet the characteristics of the natural heart. In addition, the long

short term memory (LSTM) neural network is used to predict the beating period to improve the syn-

chronization accuracy of the device, aim at overcoming the shortcoming of detection delay and control de-

lay in micro axial blood pump. The root mean square error of the prediction models on the training set

and test set is 8. 29 and 5. 33, respectively. Finally, the conclusion and error analysis are carried out,

and the feasibility of the axial flow pump in the synchronous bionic pulsatility is proved.
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Fig. 1 Auxiliary program for pulsatile experiment
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Fig. 2 Pressure-volume curve

FERIR S 0 R0 05 R F g M ) SE e R L
TN R G TR 220 2 B R 7 8 22 28 00 4
e AR R R G T5 S e e R L ff &
FIR I 2258 (O 7 T ) L I 28] 6 e 42 i ok 2 3%
a2 H R 1 R G0 K% S VERE 2 4T
F G5 Gl A2 3 H (8] AS 7 3 G 1) 45 7= A B R
Rl 2R e A5 i) R 48 2 0] 22 B O 4238 31 T AR
1R TR TR ) AR 2 R S A S L AR
WEF Bl A B KW Je . 22 SCHRL9-15 Ji2 FH LSTM
RRHU AL 57 T () O FH AR 45 & SEBR I 0 R
FHT LSTM BEARL AT Ji 0 fl. AR 408 mip JLAS 220
R JEIA SR TN T — AN R s ] SRV (PR T &R
BB AT RE AT S AR A /IR 25 L kA O I 2 Y
P PERT R [ RO JhE S O Ik B 4. R
EFEOLR s RGN A T L3448 A 1 SR )13
2524 to» FH LSTM 15000 A5 50 AR 45 iy 16 S0 190155 100
DR — W SIVERT R Ry ¢ J5 s PR , 48 1 3R G0 wh vl 7
¢ — o B 2R R G0 & 0 il i 2 S A sl T 5K A T
Bl PR A S BR AR A 58 B I 5 Y SE BRI
s EFKSNAE , SORE T DLE— 25 S R 2R [R) A5 0 A
AT e,

013002-2



%14 FHG, £, AT LSTM t94h i Ry A2 A % 59 A
o— " s . s, =f(Ws,—,Ux,) @D)
3 REFISKEHPIEZHENL gV .

TRPE 5 2] S A N T 28 R 238 Bl O Jo T o
() — MR 2 7k R — Rl bl 22 2 ik Gk
FAE 3 Fr) i H A2 N\ TR RE S i HL Kk e i
SR A0 52 G T TR R 4% T A% JRE M 2 ) 5.
BN R AT AR RA LA 7 T Tk SR A VAL | B2
FARFGEERR DT . PSRN 5 ) iR E R
TEA NN oL - BERS A S B
IR 5 B R AE » 58 BUEA 5 20E i R TR A
REAT RN AE AL, o, S W 48 R IR B 27 ) P e H
A KRR R A Z —.

SIS

KR
i %

FINEE DTS

BRI 2R 4

B3 b 2 Y 2 AR A

et | Y e
Mgz |

LI L

YR LREN

K-ilr4p2 2]

B3 MEFIFLAX
Fig. 3 Common algorithms of machine learning
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Fig. 4 simple RNN structure expansion
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Fig. 5 Single LSTM structure diagram
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Tab.1 A certain cycle time-pressure correspondence table

I [k / 2 3miE/ I fh] / 2 WiE/
(m* s*ms) mmHg (m*s*ms) mmHg
02336 046 6.98 02:36: 126 138. 68
02336054 5. 87 02:36: 134 134. 57
02336 062 6. 65 02336+ 142 128. 52
02336070 8.98 02336 150 120. 31
02336 :078 15. 23 02336+ 158 105. 36
02336 : 086 33.28 02 : 36+ 166 81. 27
02336094 59. 38 02:36: 174 53.13
02336 : 102 95. 98 02336+ 182 34. 62
02:36: 110 124. 11 02336 190 17.79
02:36: 118 137. 32 03336+ 198 8. 99

i
N e
N =

B7 RESTEFITE

Fig. 7 Acquisition signal waveform record
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Tab. 3 LSTM model structure
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Fig. 8 Tterative loss value and mean square absolute error
of training set and validation set
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Fig. 9 Absolute error between prediction and actual test set
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Fig. 10 Visualization of data points of training set and
test set

TS AR A, 4 CE R 250 DI 2R s
fiE AN BE T 85 2 R a5 A i 5 1 S
PR A — B8 73 S0 R TR A2 4 AR R AT
S TE RO (L » (EU AR P00 435 58 12 L E A 4
RIEFEARYESFAE 1~3 Z [, P8I 152 22 1) o AL
ARRARSE FIEA AR S ARk RS R K.

013002-6



%148 AL, %, AT LSTM t94hik o BAy A WS B 5 % 59 %
6.2 LSTM HyiRAIRE [2] R —F2ESEENRH 5285 [D]

— R BT A DR 25 W] BER B T RS BN IR Y
it LSTM A5 RL8 A2 fe L% » 1h TR 5 v i 2
BB EAR PG 225 . N T LB o3 il # 2 50 h e 1 e
DU X T B 2 R BB R LA B L= o 22
TLA B E LA SIS A A — AR IE IR 2 A A
AR H S 1]+ 33X 4 o 5 8 4 2 Wi S o o 2R ] R
AT IR EL SR

A — T AR 22 R RESK A AR A I R
BEREAK R A LSTM &2 7= 4 T 3 06 1o 45
AT RIZ AL RE T30 AN 8. i 22 0 205 A 8 4K g
IR A BB, AT LA A i R )32 fL g
71+ JE LS e AT LA IR B 2o A5 B 2 O 5
B A D A 2R ) T g

7 & i

X BUA A a2 A R AL O Bl D i )
A RS o P LR AU B S - 5 X R
A PE SIS 45 iy S AT i e I B T
FR G (A SE IR [T, O 1 U4 s [ A5 07 AR 5
AR P 3R TR LSTM R kA7 & 10 T
AR AL S RGEIAT RGeS
RO 2NN )5 15 2 B I ZRAR T 45 2R 5 52 Brgh
SRR 22 8. 29, 1 i@ 1o MK A 75 3] ) 15
M2 RS PR AE R Y 1 J5 MR 22 09 5. 33. dweJa X
LURMSLITRZEIAT T 007 AR SCREARIEN] TR
RAE[F A5 S PE b AT AT 1 (H A 1 2 Bk
e Qv 7 25 A5 TR ] S0 00 45 B A A AL S B
b GEREEIE T S W T RS g v L T R 22
A AR R PR 25 ).

SE k-

(1) BIEA. ARRO MM BBk —— 0 )
MAERAY LY. AR RS B4, 2015, 30. 11

[3]

[4]

[5]

[6]

7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

AT YLOR K%, 2016.

HAM, B i R PR SR H AR ]
FEANES: . AP TR, 2005, 28 366.
SO, R S e 0 3 B B B R SR
WROTT. IRIRFISEEE PR 2z 247, 2019, 18. 894.
SfEMR, Wbt , #0542 O S 0 B FE T
L] s EEEyF M, 2015, 39: 29.

M, B E, AR S BRI SR AR A O
B R N TR dr (). HERERLAR T 7%
243, 2020, 38 775.

XU, BABRLS, ZEEEAh. G X S A S v S B
HIFE I SE ot (0], RBP4, 2020, 35, 47.
XS, e, ECREARE. B =0 I B 2 A M
PR ST K SRR AT FE (T, B 0 5 e 24 2
2013, 40: 182.

AEH. BT RECIZ S 35 M4 (5 Bl g
JrkirsE[D]. AT B ATHBHLRAE, 2019.

PR, tRWNE, rpal, % ETREWICIZ A E
R BUILT] fFEEAR, 2019C10): 27.
BB, T AR 28 S 28 R S T I R B
TARATIILC/ /v B T B R 38 T 5% e 3ok 7 22
WLV BFFEBE. RS 0 5 P [F 3R —2019 4E
B3 T A LR AF 2. db g R R 2R A
i sC BRI 2 AR Z A 2. R IR T R 5T B
Wi 2 L ST R, 2019.

o, Wi, g, & RFREMicizsam
LEARY R T AR BMARFELT . 17K, 2019
(10): 73.

Mise, TE, TN WRESIHELR T LSTM M4 7E
SRR e I R g LT . MR B S A
BiA, 2017, 15. 8.

MiAbss, 0. WREE S RS S M. dbat.
N RHBHL AL, 2018,

KEZ WEESIZ % o A R AEEE A P 5 B
FESEERIM. b W Tl st 2018,

3

Bl AAXHR.

PoRoSc BHMR. MBI, BLEZ. M LSTM RBRILE G AT ] M B R, 2022, i

; 59: 013002.

+

i
;L P& . Luo Y J, Hu X B, Wei S Y. Research on bionic pulsation of axial flow blood pump based on LSTM [J]. J Si- +

+ chuan Univ: Nat Sci Ed, 2022, 59: 013002,

+

o N S S S G A S S0 U G G S U U SN U WP WD SN SIS WD SN U U G U U U U U SR U U U S S U U U S U

013002-7





