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Abstract

stimulation methods such as mechanical stimulation were applied to achieve sensory feedback in some work, but

The current commercial prostheses are lack of effective sensory feedback mechanism. Indirect

they cannot evoke “natural” sensations. Some researchers evoked somatic sensations by intra-neural stimulation,
which is invasive and with high restriction on electrode materials. In comparison, transcutaneous electrical
stimulation (TNES) is easier to be implemented. Unfortunately, there is still no effective strategy to autonomous
control electrical stimulation parameters. In this paper, we conducted a preliminary research on the relationship
between electrical stimulation parameters and evoked somatic sensation based on Electroencephalogram (EEG)
analysis. The experimental results proved that the phantom sensation of fingers can be evoked by TNES. In
addition, the relationship between the position of stimulation and the position of evoked sensation be analyzed
according to the EEG distribution. And it can be determined whether the stimulation intensity is enough to evoke
obvious phantom sensation, by analyzing its curve characteristics of event-related potential (ERP). This work can
be helpful to automatically control electrical stimulation parameters for evoking phantom sensations in the future.
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Fig.1 The flow chart of the experiment
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Fig.2 Finding and marking stimulation points by mechanical method
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Fig. 3 Positions of electrodes for stimulation
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Table 1 Current intensions used to stimulate arms and sensations evoked by the stimulation

FLEREE (mA) R1 K5 R2 I8 R3 145 R4 o448 RS /MEHE
2 JRGE TS R RACE Y BRI BRI RS IR
e 4 B S i 4 % B S i R B S i 4 % B S i 4 % B S i 4 %
6 IR BRI A % IR BRI 4 % IR BRI 4 % IR SRS 4 % IR SRS 4 %
ISR (mA) L3 K — — L2 L4k L1 /MR
i 6 A S YA 4 R — — TR H IR A A S AU R
9 A S i — — EELiE R S AN
e =7 NTEMRZ RN E

IR T A7 R Gl A WS e BT FR AL (R,
SCUEHS (AR BN FHRIRSEBIMEL . ZR)5 LA 1 mA
ONRREERE IR, B B2l R T I
o E— kR R H A G, DA AR 24
RSB AN 5 T8 RS E N 2 mA. 2
HLRERE N 4 mA I, 5 APt 3 W] S0 58,
HIEAERK RN 6 mA I, 5 DFHREGE
HlEeE T 4 mA, HIEAERK. ik, BOE 30
AR [X 73 e 5 P ) PSR (2 mAL 4 mA
6 mA) , AF 7y 1E S0 I I 0L 00 545 A HEL R
GRS

Xt BB M, S A AR R £ 7 3 S 3k
FHRIEGEBIE, EHFRZLL 500 pA FhEE
I (R 9 AR 4 AT S 6, 5200 SR IR X fe ] 5

Fi S 150 6T F AL 56 B TR 4 i A U, DR R B
BN 500 pA) o ARSI H, HESRE N 3 mA
I, L1. L2 A1 L3 S7ERITA R T J7 1 52 Jhk sk
BT I R, T TR G
TEREEN 6 mA B, B L1 AT L3 3l BRI
NRHFR FH O SRR WS ) ke, L2 A ER R TES
M4 TREoE; HRLERAE N 9 mA B, ¥ L3
AR A B R KRR IS 4 i, 1S 6 mA X
AR, L2 AR 6 mA f5&, L1
AR . ZIRAERAE NG, (F2H T il
W% PR PR R R TE VAR, IR IE K
56 Hh bt e RN FRIAESEREE SN 6 mA T 9 mA. R
1 H A0 T F o A S8 A BT I R A ) ) e
T, HRECN RS E I 523 1 RS o



6 £ &

BEoOR 2019 4

2.1.3 [ 5w e

i Neuroscan A "] [f] SynAmps2 FrifE 64
T T P A FLME g ECHG HROGE B T R R T
(1) 27 /MEIEIAT EEG 5 5 K&, B 4 P
W2 M EREE, REHWHSEBRIRE
Cz(Midline Central, HJtH£k) Al CPz (fii T 4
W 5T 2 b ) 2 [A), i AT KT PR R F
AR R IR M. WERFEFEN 1 kHz, RE&E
JEPEAEH 0.1~200 Hz.
2.1.4 EEG {55 K&

EEG 15 5 RELALF RS T, ZilEH L
H OB B BT R R 38 AT, R AT A S0 1 e
RS8R 1 hiR. K BEG 5 53R
559, WAL E R E SR 30 k. sk,
A E AT 1 FBREUE, FTIFBRR G L2
HIRE 5 min, 8 G K52 R I (R] 7R 22 5 HLE
VA 18 2 Tt I s i 5 | AR A i e B e i sk
FORFEEAE
2.2 BuEALIE

/] EEGLab T.H (14.1.1b fA) #1T EEG
AR B Pl B . ¥ EEG RE RGBT
Z 2 IR E S LR P E . 155
SO RO R AR I M N R TRl A L SIS

e .
® o
FP1 P2 Fpy

L]
s A ™

§ ® 9 ®
F7 ® o @ © F8
F5 F3 F| pz P2 F4 FO

® ©¢ ©o o @ o ©

FC5 FC3 FC1 FCz FC2 FC4 FC6
[ | 7  C2
[ A T7 S o reference

Ml @ ] e o ®
_#7 CPs &3 &l CPZ CP2 CP4 (pg TP

® ®© @ @ @
@ & Bz HuE e/

[ ]
® posPo3 POz P04 R ®
0 e @ PO8
01 9Z 02

()27 NREEHM, 2 DFLIR R LD KA 225 l R 8 % i 44

PRER A RSOy T3

— 71, SR HRS e K AR R A A R
Lo SHURIG BEG (5 SE L b A AL BT,
FLRTR T — /T 0.5 Hzo EEG 55 KA
BB %N 3~40 Hz, AU A] R A o R0 1 P8
AL BRI S . ARSI TE EEGLab Hify
f# 3~45 Hz M@ yEuE 4% LR ELER T, 5
— 7 THT,  SESG Hp A K it 0 7 52 A B kR
10, 25 B DR A% 5 28 S B T s fii H, P Al i
S, BRI R . T NSO E TS K Y EEG 5
SIRGS, SR E R, H AR R IR
HL 55 5 AT VR T T 75 1 BEEG {8 5 it it
Yo T RO s AR FELAE 5 B4R AE LA
SEEG TS ST 53 3 (ICA) TR H X Be ik
TER A FF bR SR BEG 15 ST B, LU
BOtURET 22, BURIEUS 0.5 s B HOR A7 .

24— FPoRE 2 B A0 SO E A T I R 4 sl
(R —HBAOLINT, LS T BRI 5 A ) I X
HL AR R R S AH DG FLAL (ERPs) o ARSEEG
LRI S T 48 R T 2 IR IEAE G ERP, X
EEG & 5 TS 2] ERP #h4. —J7if, 18
ik ERP R REAE VPN AN [ 58 5 1) PR S 175 O 1)
RGCRE R R 371, S5 e r B oF

(b) X i L _E RO L (D27 SR
@1 XL @2 X M H AR

4 FXEEERMR

Fig. 4 EEG electrodes



He T HURIR B BB 5 R TR KSR AT AL 7

PRI B S P AR L B R R H 5,
£ EEGLab 3|0 A FIBBL, 703 i 25 5B
AT IBIE Y] ERP #i2k, 1E3A 25 B AT B
WRARIERE— Pt SRJA, 0k E BN I
JI0q L 1 P 5 B X R BR A X35, BT AE A
(7] o7 BRI 0 B i BR X S A1, R BOns
(¥ EEG @4 &5, Krikisian ERP it
AT BN, BESRAT R RFAE, RIS R — 25 ok
WEFS, JEHTASFIRIPOR N (¥ ERP £k i KU
ENSENE

3 KR
3.1 SnERAnEBEILRE

TR R HAR AT T 3~45 Hz il s,
FEJG ER A B DA R4y 7 8 M, 4yl
3~10 Hz, 10~15Hz, 15~20 Hz, 20~25 Hz,
25~30Hz, 30~35Hz, 35~40 Hz M1 40~45 Hz.
a3 ) L B BT AT IE ¥ ERP 2k, Wil s
FI7R9 6 mA R HL I R (U DR 4RHE (R B 5 K
(1) ERP 55 . & 6 A [RIFF i A i il i i
KR IFREKX (L3) ’iE A K ERP {55 . W%

(b) 10~15 Hz

HE (uV)

ERP hiZkigAE ] DUE A2 OATRMIZE 3~10 Hz
BB _E ERP ¥JTE 150 ms /247 A 1R W S 64 .
Ik, £ 10~15 Hz Al 15~20 Hz WMEL EA
BUNREAR, TR F AR B A . R, B
3~20 Hz FH7 1@ I8 250 B im g AT g, %
H T A EIER) ERP #14:, LA BT ERP 4k
R UEAE s e 2 L s 7 fos. B/ 7
WS L HEAR T ERP 5 AU A X6 o2 i [X. ¢
BRIX I, $% M7k, 3R 2 R T AERTE O B it
AT FEL TR (0 i [X e BR X 3, Bk R 4
16 [ BA ARV o

M 2 TTLAE M, AR AN [F) A7 B i
i, G X B ER X I B AN . g5AK 1 Pz
W FAIR, AN (5] 9 FRE A 3% it 06 S A [
(AT DX o I A A SRR A 00 T i 2 2 oA e 0 ) 75
FRIEKIX, T [F)RE R 2 AH LA i X 5 v R X 45
R, ARAER 2 RIS R X IR, 56K 4 F
oG F LR s T P, e AR N ) R A P
115357 o
3.2 ERP BHEZ4EHES 1

£ Matlab H5%F 3.1 BT B TE ERP 4L
PAEAT 2N ML BE . Mg BT A IEIE ) ERP &

(c) 15~20 Hz

(d)20~25 Hz

W 4
0 100 200 300 400 500 0

8 (€)25~30 Hz 8 () 30~35Hz
6 6
91 4 4
~ 2 2
+ :
B0 PAAAAAAMAANN o
-2 -2
—4 —4

100 200 300 400 500

A

0 100 200 300 400 500

(h) 40~45 Hz

FAW A

8
6
4
2
0
—2
—4

0 100 200 300 400 500 0

fiJ A (ms) [} 18] (ms)

100 200 300 400 500

0 100 200 300 400 500 0
fif [H] (ms)

100 200 ‘300 400 500
i [A] (ms)

5 MR{EJ 6 mA BRI MR EHE (R BIERE 27 MBERMKEES (D77 8 FAFRMIEL T K ERP H£k)

Fig. 5 Stimulate the uninjured thumb (R1) by current with 6 mA intension and synchronously collect EEG signal, then

abstract 8 different frequency band and plot ERP curves respectively
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Fig. 6 Stimulate the phantom somatosensory evoked area of thumb (L3) by current with 6 mA intension and synchronously
collect EEG signal, then abstract 8 different frequency band and plot ERP curves respectively
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Fig. 7 The ERP curve filtered by the filter with 3-20 Hz pass band, and the topography map of EEG responding to the peak of

the curve (The most active areas on the brain is marked by the blue box)
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Table 2 The most active areas on the brain when the stimulation acted on different positions
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Fig. 8 ERP curves obtained after stimulating 5 fingers of uninjured hand (current intensions, 2 mA, 4 mA and 6 mA)

(The peak of curves and incubation period are marked)
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Table 3 The peak of ERP curves corresponding different stimulation intension
57
HIRIE (mA) ERP MEWEH (uv) A
R1 KHiHE R2 Tk R3 4R R4 418 RS /MEHE
2 / / / / /
el 4 6.939 7.632 9.217 5.652 3.640
6 5.115 6.334 5.063 6.868 3.805
2
B (mA) ERP HiZRIEME (uV) :
L3 Kk — — L2 L#4E L1 /MEHE
7.746 — — / 4.848
bR
7.083 — — 4.037 /
e/ ONEWRBEBCRIEME:  “—" TR NN B R Al
Fz4 BUAMBMERRERRIHEE TH ERP fhiklEE xS RE KRR
Table 4 The incubation period of ERP curves corresponding different stimulation intension
ERP i ZRIE (XS MR I (ms)
B (mA) I 20 (e BV (ms
R1 KHiHHE R2 &8 R3 g R4 L4416 RS /MEHE
2 / / / / /
fefn 4 138 136 130 136 122
6 140 123 120 138 133
; ERP il ZBWE (D6 AR (ms)
HLIGREE (mA)
v L3 K — - L2 K4 L1 Mg
) 6 158 — — / 156
9 167 — — 143 /
Ve 7 TR RO =" TR N AL B B

BRI Y 6 mA I, JIE L1 A1 L3 A7 B0
1) ERP MZETE 150 ms PRT A B & 1) i KU AE
L2 FrBNEA - TSRS R 9 mA B,
I L2 A L3 A7 B X R ERP fHZR7E 150 ms Fff
A U AR K AE, L1 AL E WA, RARBE
R 4 Fion. FFEER 1 P2l E 100G
ik, SN 6 mA B, L1 Al L3 AL B HFEK
TR R B INRE R R IR R AR IR, DX
XSRS s T L2 A B R S I R
JRGE, X B W . SRFEN 9 mA B, L2 Al
L3 {0840 i & 1 B 5 B LD /N B4 A0 K i
WA I, o DX I DX S p g s T L A7 B
RS, MDA wE . X TALE L3, 9
N 6 mA F1 9 mA JIE ERP fh 2R I A R X

SANBH R, 17 52 3 Bt A B R X

Ubah, BRI 8. B9 J23 4 v ERP HiZR)
VERARIA TR0, EEAMTE AR A K T Age 0o AR
RHRTE 150 ms PfHifz, (HAEMIS/NT 150 ms, 1
BB L2 2 AMSRT 150 ms. {H2 L2 SFRH
TEAR B 2 KT R4 B R AR . 1T L2 X
B4 FR B IEKIX, R4 AR LT, FFE
L1 UNBHE SRR A L3 KR 18 B X)) it
2RI AR B 3 590 KT RS UMRE) AT R1CRHRHE)
XF R AR

4 WRE5R4
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Fig. 9 ERP curves obtained after stimulating 3 phantom somatosensory evoked areas (current intensions, 6 mA and 9 mA)

(The peak of curves and incubation period are marked)
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