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Abstract

After more than half a century of development, centrifugal artificial-heart blood pumps have
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gradually met clinical requirements for hemocompatibility, implantability, and durability. However,
postoperative comfort and the sensitivity of pump flow to head changes remain challenges. To ad-
dress the difficulty of left ventricular assist pumps in automatically matching right ventricular flow
this study proposes a biomimetic control system that detects pump parameters with a neural net-
work. The system estimates head from motor power and speed, develops a voltage-compensation
strategy from the head-flow-voltage relationship, and implements the hardware with an ML4425
driver and STM32 controller. Results showed higher flow sensitivity to head changes than equal-
voltage or constant-speed control, providing a reference for maintaining left-right ventricular flow
balance.
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Figure 1. Hardware block diagram of the blood pump pres-
sure-feedback control system
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Figure 2. Simulation circuit of the blood pump pressure-feedback biomimetic control system
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Table Al. Training samples used for the neural network

= Al HEREINGREAR

Fs n P Q

1 3000 4.351406 5167
2 3000 4.0975 4667
3 3000 4.048672 4500
4 3000 3.970547 4333
5 3000 3.863125 4167
6 3000 3.775234 4000
7 3000 3.736172 3833
8 3000 3.634609 3667
9 3000 3.540859 3333
10 3000 3.529141 3167
11 3000 3.4725 3000
12 3000 3.443203 2833
13 3000 3.374844 2667
14 3000 3.326016 2500
15 3000 3.31625 2333
16 3000 3.247891 2167
17 3000 3.189297 1833
18 3000 3.16 1667
19 3000 3.081875 1500
20 3000 3.062344 1333
21 3000 3.023281 1172
22 3000 2.977773 833
23 3000 2.925625 667
24 3000 2.736172 0

25 3100 4.673672 5400
26 3100 4.439297 4858
27 3100 4.390469 4692
28 3100 4302578 4525
29 3100 4.165859 4350
30 3100 4.117031 4167
31 3100 4.038906 4000
32 3100 3.999844 3825
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43
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63
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66
67
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3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3100
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300
3300

3.87875
3.833828
3.765469
3.706875
3.687344
3.618984
3.570156
3.540859
3.462734
3.443203
3.394375
3.355313
3.335781
3.260977
3.21859%4
2.993984
5.230313
5.093594
5.015469
4.87875
4.820156
4.732266
4.654141
4.556484
4.468594
4.41
4.341641
4.283047
4.234219
4.175625
4.0975
4.077969
3.980313
3.911953
3.882656
3.804531

3491
3300
3133
2960
2790
2608
2425
2258
1917
1742
1567
1388
1222
875
700

5250
5083
4908
4717
4517
4333
4150
3950
3575
3383
3200
3017
2833
2625
2442
2250
1883
1683
1500
1142
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69
70
71
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74
75
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77
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82
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86
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93
94
95
96
97
98
99
100
101
102
103
104
105

3300
3300
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3400
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500

3.726406
3.448086
5.66
5.484219
5.367031
5.279141
5.210781
5.099453
5.044766
4.927578
4.839688
4.771328
4.702969
4.634609
4.546719
4.488125
4.429531
4.390469
4.292813
4.214688
4.175625
4.144375
4.107266
3.990078
3.710195
6.197109
5.943203
5.796719
5.66
5.630703
5.542813
5.406094
5.337734
5.230313
5.152188
5.044766
4.971523

763

5450
5283
5092
4900
4691
4500
4300
4100
3708
3517
3325
3133
2950
2750
2517
2333
1958
1742
1555
1375
1183
787

5633
5467
5283
5075
4860
4667
4450
4233
3850
3650
3458
3242
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106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3500
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3700
3900
3900
3900
3900
3900
3900
3900
4000
4000

4.917813
4.868984
4.800625
4.742031
4.605313
4.536953
4.488125
4.468594
4.400234
4.302578
3.959219
7.359219
7.046719
6.75375
6.548672
6.421719
6.167813
6.060391
5.988125
5.904141
5.786953
5.738125
5.572109
5.386563
5.279141
5.181484
5.103359
5.025234
4.654141
8.697109
8.482266
8.277188
8.120938
7.867031
7.613125
5.943203
9.077969
6.558438

3060
2833
2608
2417
2033
1808
1605
1437
1233
810

6017
5650
5450
5183
4992
4530
4125
3900
3700
3467
3275
2800
2158
1917
1517
1317
858

6450
6200
6000
5783
5533
5317
923
6217
955
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Table A2. Training results with different numbers of hidden neurons

F A2 T ERSERETHE TSGR

RTH VIZRRH RMHIRE
3 17462 5622.4624
4 19475 3969.5987
5 12842 4637.5736
6 11468 2947.3968
7 14632 3918.8072
8 19583 3546.9454
9 12117 3023.6413
10 16332 3114.6502
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