b

W35 3 SRS LyBH I S Vol. 35 No.3
20184F 3 H Chinese Journal of Medical Physics March 2018
DOI:10.3969/j.issn.1005-202X.2018.03.017 EFiE 5485 R FNE

BT AR B A M FE R ES At 6l

F XA AR AR R !
| ERE SRR, T 401331; 2. BRI ERE, 5K 400021

[ E] BrY: StaE—Fb R TRE7) w912 48 X A4 vl %, Fik: TAAUR A STM32L432KC 4 AR 475,
&3t A DC-DC A AR S Fo o8, W, [ 3 XA EAR 2 7R, , 8 3d 5T 358000 b o o486 5y 7 42 AR 138 W AR 4 1B U7
EAEAUK IR Eclipse 7F 4. T A8 A X Android £ 48 F #9 AN Z 44, T VAR T 35 T A3 A& 4% 75 X &8 R iR
PEAR PR IE IR R A AR R, GER RIS AR A R AR 0 R A A R BRI RG s R S R et
BERPRAEA) . G5 A B AR AR I AR AR AR, B e RATRS 4 A,

[ SE 2R | R 7] A ; 2 4 b ) 385 42 45 X ; STM32L432KC

[HE 4 %S ]R318.6; TH772.2 [ xEktRREARD ] A [3xE42]11005-202X(2018)03-0338-07

Development of a biological electrical stimulator based on array electrodes

WU Wenzhu', TANG Junquan', CHEN Deqing’, QIU Zijin'
1. Chongqing Medical and Pharmaceutical College, Chongqing 401331, China; 2. Chongqing Traditional Chinese Medical Hospital,
Chongqing 400021, China

Abstract: Objective To design and develop a portable biological electrical stimulator base on array electrodes. Methods The
slave computer used STM32L432KC as hardware core. A small DC-DC booster module and a bipolar voltage controlled current
source of photoelectric isolation which can output current to gating electrodes through serial-parallel conversion chip and photo-
couplers bidirectional thyristor were designed. The PC used human-computer interactive software in the embedded Android system
developed by Eclipse. The amplitude, pulse width and frequency of stimulation current and the electrode selection plan were
adjusted by a Bluetooth module, wirelessly and flexibly. Results The stimulator was capable of choosing the best stimulation
sites and intensity, bringing convenience to the clinical applications and scientific researches for biological electrical stimulation.
Conclusion The stimulator is worthy of clinical research and application, with the advantages of small size, good stability, low
power and easy operation.

Keywords: array electrodes; biological electrical stimulation; portable; STM32L.432KC

ke

]

[

AFJRI R E S5 R B BIF 58 L JR iU ™ [ 3] v
AP P RO — T % B A W R R BERE
PSR OB Sl TR LI, BRI R —
Tolt S A S8R RO T 1 D R A RS T
2 DI REAE M 45 77 T BRI 5 22 A %, LAARAS AR R
R BFFEN SR I, 28 B A i I 31 RE IR fi
B R B B4 R BR A, AP AR e FE L 1 BIECE: RS A
ANIES BELEA I TR AT Z RN REAE 55, AR AT AE

Ay IO e PR B A ) LV 7 sl niy
iz, Hoh I 8 P il 3 (Functional Electrical
Stimulation, FES) F AR ) 12 T HEE B2 ML
A 2R T Y B AR A S, o P 2 B AT Y
Whge THN S HeAh, FINEAE IR T TVERAE SRR

(7% B 8 ]2017-11.22 FHAMTF Wi sh1E . Milikovie 25" B A 51 HL L L
(E&TE | E 5 T AR 28 52 B R HI9 H (2013- R AT ILEE S A5t ) Blase PR R A7 i R B AP ORI oo
(EEEN ];;i(jr’j‘ﬁﬁi,iﬂﬂi,i%ﬁ%%ﬁrﬁl BT Y28, B-mail: CLRER /R = AL H RS, Kuth 55 RS
wowenzhul 63@163.com FEL A FEL SR RS R A 2 v J o R iR iR 227 88
GEE1EE 1RG4 WL, YR, BRI )« A (5 B 5k WD 50.3% o B4 51) AR R 8T B o 1% S R 67
HE, E-mail: tangjunquan34@qg.com EA I R ERE RN 2 = S 3 W& i L by R



3 RICKY, BT RS R A AR A R A T - 339 -

PRI B BE R — ALl b o A SCER R AR e
PR, 3BT T T 5 F A A A R R A A
AREL MM KL, FE SR IEAH L A BT 58, it TR
FE TEHE 24 FRUE MRS H AR A ) e R 2

1.1 RIF=|IEITEXR

R T 2 AR S SRS N RE 8 7 A AN
[l iR 3 IR Y et R . — BT
NARBHHLZ H 1 000~3 000 €, Gt 5 51 38 i i 4 20
mA, WTEEE 60 V (1 HLIER , 76 H A i 1E 37 F il s
T E—BEh 80 V 2 A5 DUSEIIEAT JE A% KR H 3
FR B, Br L% % 3 i 2 DC-DC FHE H
o BT FES AR I AT 2 B I R
L2 RE A ST BB, I FLIIAE A e D b 40,
PRUE 55T F BT R IO R K T 1 kHz, Bk ¥
il 28 R R el AT B — ek — il . RIRIEZ
SRR AR AR e M T B L TR A S R B
o PSR N E AT ES X AN O R i Y
R, A . B R BRI A
1) R G450, AN 1 R .

Array Electrodes Control . Module

Module

1 % 1
Mobile ! , Bluetooth DBC()(];tC 1
Terminal | Module :

H Module i

- -1 1

Stimulator Actuator :
1

1

FLASH <:>ST1\2/II§2CL43 — !
Constant :

1

1

1

1

1

1

1

1
1
1
1
1
1
: U Current
1 Source
1
1
1
1
1

____________________________

1 REGEEHE
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Fig.3 Bipolar isolated constant current power supply circuit
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Fig.5 Schematic diagram of electrodes gating circuit
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Fig.6 Program flow chart of slave stimulator
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Tab.1 Indexes of stimulator at different output currents

Power consumption/mW

Lw/mA Freqency/Hz  Pulse width/%  Ripple voltage/mV

Static Full speed”
10 0-2 000 1-100 <20 47.2 468.3
30 0-2 000 1-100 <40 47.5 1310.7
0-30” 0-2 000 1-100 <22 473 512.6

": When working at full speed, 16 electrodes are all gated; a square wave with a pulse width of 50 %, frequency

of 2 000 Hz is outputted; *: During normal use, the output current varies randomly between 0 and 30 mA.
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