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Design of interference current stimulator for peripheral nerve

CANG Chen, DING Xiaoyu, ZHENG Zheng

School of Medical Instrument and Food Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China

Abstract: An interference current stimulator for peripheral nerve electrical stimulation is designed. The stimulator which is a
two-way current output can generate 4 kinds of waveforms. The frequency, amplitude and other parameters of each waveform
can be set in the upper computer. The frequency resolution, amplitude resolution and time resolution are 0.2 Hz, 0.01 mA and
0.1 ps, respectively. The stimulator is characterized in that the current ratio can be continuously changed under the condition
that the stimulation intensity is constant, or that the stimulation intensity can be continuously changed when the current ratio
is constant. The upper computer is developed by LabVIEW; and the lower computer uses FPGA to control 3 DAC. The
waveform signal generated by the DAC is applied to the load after being isolated by the constant current source circuit. After
testing, the stimulator can accurately generate 4 kinds of waveforms, with a current deviation within 2.6% and good constant

current characteristics. The stimulator which is small in size, simple in operation and stable in waveform generation can be

used for the non-destructive electrical stimulation studies.
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Fig.1 Four kinds of waveforms generated by the stimulator
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Fig.2 System block diagram
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Fig.3 Software design block diagram Fig.5 Phase modulation method
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Fig.4 Waveform generation system block diagram
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Fig.6 Top design of FPGA
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Fig.7 Timing diagram of FPGA
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Fig.8 Test circuit of interference current
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Fig.9 Test results of oscilloscope in different modes
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Tab.1 Amplitude test results
RL=1 kQ RL=2 kQ RL=5 kQ
BCE IR /mA
MRS /mA  R2E/% MR /mA  R#2%/% WHEIEE/mA  R2%/%
0.10 0.10 0.00 0.10 0.00 0.10 0.00
1.00 1.01 1.00 1.00 0.00 1.02 2.00
2.00 2.04 2.00 2.01 0.50 2.05 2.50
5.00 5.04 0.80 5.13 2.60 5.08 1.60
10.00 10.19 1.90 10.13 130 10.20 2.00
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52 BB LR 1:3 500 020 599 017 2410 004
Tab.2 Frequency test results
BEBUR/AHz  WRSCRAHZ  3R22% DAC = A PIE 7 BEARTT & WA, 924 Ji5 e itk
10000 0.9999 0.010 FRE AR PR AL T O . 2 WK, R A 7 A P
1.000 2 1.000 1 0.001 R, bt B AN TA] i F O O 22 7 2.6% LAY,
10.000 0 10.002 0 0.020 TEIACR R AR ZETE 0.04% LA, INF[R] R 257
20,0000 50,0070 0.035 0.8% PN, 1 /& 1 112K, AT DA T Jo 40 22 45 i 8

HY 2% 2 AT, FEAS [R] A9 1 A3, S B i s
FAR AR RN, BITE 0.04% DL, IF B R A3 Bk
0.2 Hz, i R TR
2.5 EFE

£ IF Burst 2 X K, X & T5=1 000 ms , fc_A
=1 000 Hz,7=5 ms, Th=6 ms,n=3, 7=24 ms, I/~ &+
WEET W IR A I R SO/ . 208 6 B i o F
b, BT Z Uil i, 25 R a5 3 s .

SAHT R 3 AR AT FEAN TR A HL I L ) 2
BRI 0.8% LI, i i BT ER

ARSCBETE T — i A B 2 0 T 8 R i
o R W ARTRIN 5 8, 0T LA 4 R
T, BEF TR A 32 R B[R] [ B A AT DUAR 9 5
SRAEAT T, B I AR 2 BER A 3 0.2 Hz, IR
JE5r B0 0.01 mA, B[] 230 HE 8 0.1 ps. 7RI
J7 % b R I AE FPGA N #85C 38 DDS £ K, IF L &

.
(&% 30Hk)

[1]

[2]

REARDON 8. Electroceuticals spark interest[ J]. Nature, 2014, 511
(7507): 18.

FOX D. The shock tactics set to shake up immunology[J]. Nature,
2017, 545(7652): 20-22.

CARRICO C, CHELETTE K C, WESTGATE P M, et al. Randomized
trial of peripheral nerve stimulation to enhance modified constraint-
induced therapy after stroke[J]. Am J Phys Med Rehabil, 2016, 95(6):
397-406.

GRS, R, Bk, SR 2 RS R A B B 22 [
BT RF AR PR R[] FANEFAFR, 2013, 11(5): 26-28.
ZENG Q G, YANG Y'Y, LIDF, et al. Clinical study of lumbar plexus-
sciatic nerve block using peripheral nerve stimulator in the single
lower extremity surgery in elderly[J]. Chinese and Foreign Medical
Research, 2013, 11(5): 26-28.

STROHL K P, BASKIN J, LANCE C, et al. Origins of and
implementation concepts for upper airway stimulation therapy for
obstructive sleep apneal J]. Respir Investig, 2016, 54(4): 241-249.
GORMLEY E A, LIGHTNER D J, FARADAY M, et al. Diagnosis and
treatment of overactive bladder (non-neurogenic) in adults: AUA/
SUFU guideline amendment[ J]. J Urol, 2015, 193(5): 1572-1580.
WHITE N, IGLESIA C B. Overactive bladder[J ]. Obstet Gynecol Clin
North Am, 2016, 43(1): 59-68.



8 b

- 1067 -

[8] SUKHU T, KENNELLY M J, KURPAD R. Sacral neuromodulation
in overactive bladder: a review and current perspectives[J]. Res Rep
Urol, 2016, 8(3): 193-199.

[9] ISMAIL S, CHARTIER-KASTLER E, PERROUIN-VERBE M A, et
al. Long-term functional outcomes of S3 sacral neuromodulation for
the treatment of idiopathic overactive bladder|J ]. Neuromodulation,
2017, 20(8): 825-829.

[10] VANCE C G, RAKEL B A, BLODGETT N P, et al. Effects of
transcutaneous eletrical nerve simulation on pain, pain sensitivity, and
function in people with knee osteoarthritis: arandomized controlled
trial[ J]. Phys Ther, 2012, 92(7): 898-910.

[11] SERRANO-MUNOZ D, GOMEZ-SORIANO J, BRAVO-ESTEBAN
E, et al. Intensity matters: therapist-dependent dose of spinal
transcutaneous electrical nerve stimulation[ J]. PLoS One, 2017, 12
(12): e0189734.

[12] KITA K, OTAKA Y, TAKEDA K, et al. A pilot study of sensory
feedback by transcutaneous electrical nerve stimulation to improve
manipulation deficit caused by severe sensory loss after stroke[J]. J
Neuroeng Rehabil, 2013, 10(12): 55.

[13] WILSON R D, GUNZLER D D, BENNETT M E, et al. Peripheral
nerve stimulation compared with usual care for pain relief of
hemiplegic shoulder pain: a randomized controlled trial[J]. Am J Phys
Med Rehabil, 2014, 93(1): 17-28.

[14] SHETTY A, PANG D, MENDIS V, et al. Median nerve stimulation in
forearm for treatment of neuropathic pain post reimplantation of
fingers: a case report[ J ]. Pain Pract, 2012, 12(1 Suppl): 92.

[15] KASAT V, GUPTA A, LADDA T, et al. Transcutaneous electric nerve
stimulation (TENS) in dentistry-a review([J]. J Clin Exp Dent, 2014,
6(5): 562-¢568.

[16] GUNDOG M, ATAMAZ F, KANYILMAZ S, et al. Interferential
current therapy in patients with knee osteoarthritis: comparison of the
effectiveness of different amplitude modulated frequencies(J]. Am J
Phys Med Rehabil, 2012, 91(2): 107-113.

[17] GROSSMAN N, BONO D, BOYDEN E. Methods and apparatus for
stimulation of biological tissue[ P]. US: 20170216594A, 2017-02-16.

[18] BOUNYONG S, ADACHI S, YOSHIMOTO T, et al. Controlling
interfered area in interferential current stimulation by electrode-area
patterning[J ]. Conf Proc IEEE Eng Med BiolSoc, 2016, 38: 1721-
1724.

[19] GROSSMAN N, BONO D, DEDIC N, et al. Noninvasive deep brain

stimulation viatemporally interfering electric fields[ J]. Cell, 2017, 169

(6): 1029-1041.

FK% . BT B g e s AAY E RBAR[T ] PEAYEF T

23R, 2020, 39(1): 50-56.

WU Y L.Peripheral nerve noninvasive stimulation via temporally

[20

s

interfering electric fields [J]. Chinese Journal of Biomedical
Engineering, 2020, 39(1): 50-56.

[21] kR, 2546, % &, 5. A TFPGA ¢ DDS 55 4 £ B ayikit 5
SILLT]. & F B4, 2016, 39(2): 339-343.
CULY J, WANG J W, JIA L, et al. Design and research of the DDS
signal generator based on FPGA [J]. Chinese Journal of Electron
Devices, 2016, 39(2): 339-343.

[22] £t . 2P RIBA A %% (D). M )~ & Tk K%, 2015.
JIANG H H. Design of cranial micro-current stimulation instrument

[D]. Guangzhou: Guangdong University of Technology, 2015.
(%t BEiE )



