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Surgical Grasping Forceps with the Sensorimotor Enhancement Capability
by Stochastic Resonance

Yamato Sueda*!, Minoru Hattori*?, Hiroyuki Sawada*?, Hiroyuki Egi*?,
Hideki Ohdan*2, Jun Ueda*3, Toshio Tsuji** and Yuichi Kurita**

This paper reports experimental results on a surgical grasping forceps that equips a vibration actuator to enhance
a tactile perception ability. A short-time exposure of tactile receptors to sub-sensory white-noise vibration is known
to improve perception ability. This phenomenon, called stochastic resonance (SR) in the somatosensory system, is
expected to enhance the sense of touch when the weak vibration is applied, and thereby improve associated motor
skills. To investigate the effect of the noise intensity, a summing network of FitzHugh-Nagumo model neurons was
built. The simulation results showed that appropriate noise intensity improves the coherence between the input
stimuli and the network response. To confirm the efficacy of the proposed method on the surgical grasping forceps,
passive and active sensory tests have been conducted. A lead zirconate titanate (PZT) actuator was attached on the
grip of the forceps to generate the physical noise. The experimental results show that the appropriate noise improves

the detection capability of the stimuli.

Key Words: Stochastic Resonance, Tactile Sensitivity, Surgical Forceps, Summing Network Model

1. 1 L &

M2 408 (Stochastic resonance) BR L IFRFEN L R 7
LZBWT, /4 XL ) MEIRES OBRMEENA R ET 28
KTH5 (1~[3. OBRREIFIH=, AT, Ty FaED
I OBMEEROLE AL S [4~(6], AMIZBVTHHR
B, PEEAHERGIZLVELETEIEPRESNATS (7]~
(9] %7 BEBLRHTEBERMFIGIEIETRE, F, fEC
B AR R EEAE T 5 2 AR SR TV [10)~(12].
ZCCRMEE R Om B, REEHEEIC SRR LA
W NTHY (13)[14), MR L O AR OO RREE

AT 2013 9 H 13 1
VIR By RN LA
“2 )5 i Ko KO B IR FR A BIF TR B
By -7 RS 3= Wy BT 7RI
RNV R el i
*1Graduate School of Engineering. Hiroshima University
“2Institute of Biomedical Sciences. Hiroshima University
*3George W. Woodruff School of Mechanical Engincering Georgia
Institute of Technology
*!Institute of Engineering, Hiroshima University
. I N b Gat iy A S R (N PN
W J-STAGE Tl A& LW ks L CHlid W& ¢z E4.

JRSJ Vo). 32 No. 6

- 76

BE L&D ETIHAMBONS > 23y ba—VEEhdEE
THILELMOENTVA [15][16). ZhF TILFHAOBIES NV —
7L, FHOBREEDN EAES MBI B TbELLZ IR
EZ2 L CTH Y, Sensorimotor enhancer & LT =77 7ILF
WA ZEEREL TW5[17).

AW T, RE)T /N R EMINT 2 2 & THRUEREE % [
FEE B EFE KB RFHAREM] TFOMBEEEB L
T3, KRERPEHEITIRIE, EMEFSE LALTHFEN
LTSN L TEERIT-o TV 5720, #Mdamiibmt
BEIENTELR ., 22 THESELW LR L THENERE %
Bl ESER M TENE FHBMOEHE Tetomli
EORENSFFTE D, Mgz L B MK AEE E g R 2
HZAXLEYT L LI TWAEWVD, Collins HAREL A
BEN =2 —O OMER Y b7 =2 7N % BRI (18]
RIGHT A2 LT, RIVGICHERLG & 4T HIRMREICD
WCEBNNETHL, UEE5FATCAFTE, 52—
O EFNAL HIREYIRAE L MEREICHT 2 EELTY, 2
DOTHERLBHR %0 L 7R E 847 IR 7 R o fha
FE EF NS 2T D, BB LT N AFRVTHR
HIELIKBEE) PR ROMREZ 1T, EliT L% (1) v F7
A b (2) ST AN, ZLT (3) BPHMETAFTHD,

July. 2014



L & FIT L 2o R ke LR R 2

PZT actuator

Forceps

1

I Power amplifier I

,—Ex—Muller's method ]

r Low-pass filter I

— D/A conversion

Fig.2 System overview of the developed forceps with a vibra-
tion generator

PYRIE S N G e ¢ 0 1 A & P 1l =09 1 1) ol R =
Wl A b, BT A b TIEXREBIEYIEL o A R R EE ()
b & <%,

PLF, 2 BECIRRE L 7 (AR 4l S0l T R oo b e 1)
4 AW CHHT A, 3 SR mhREEL L 728
eomum EHRICOVWTHR<S 20, ity b7 -7 T H
WA AT AT . 4 FCIER S U 2 R i 0 o
fil 1 ) b8 A A & B b RE LERE TS, 58
TlEL 3 2lb— 3 rfREERERIIOWTEET S,

9. (ERBFMARFEFEROMMBE LT /N R

B 56 L 7 (G 0 Al RS T Rl o il gt m BTN A A &
Fig. 1 1277, BRELAT/ 2G0T % L CFICHES

BiRlA 52 A L ClESsEEr ERs A LR EME LT
Wk s e, BEEFHAESHT (KARL STORZ tt
Yy o)y FEBER, R TFTHAELYS T/ Fo—¥
(CEDRAT TECHNOLOGIES # : APA35XS) ##4i L C.
rrmmﬁ?ﬁmUMVmM§ﬁa;ﬁ‘mm>f

2TWh,

Fig. 2 BB% LAY AT AIBARIER 70— TH L. &
S AFAFV I T F -y ERGLAMT. T PC
ﬁs;f)ﬁl';ijggjt’(wé. PC Cld, KA TREND Hn.\'-Mullr‘r &

HART A b 3iE 32 &6 %

3 B LR B R E 567

Magnitude
Magnitude

04 06 08 10 0 100 200 300 400 500
Time [sec] Frequency [Hz]

(a) Time domain (b) Frequency domain

Fig.3 Generated noise
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Fig.4 A summing network of FitzHugh-Nagumo neurons
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Fig.5 Calculation process of the network output
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Fig.7 Coherence between the input and output against the am-
plitude of the input signal when no vibration is input
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Fig.8 Coherence and the vibration intensity calculated against
the amplitude of the input signal
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Fig.9 Minimum amplitude of the input signal whose coherence
exceeds 0.8
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Fig. 10 Overview of the touch test
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Fig.11 Touch test with the developed forceps
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Fig.12 Experimental results of the touch test (= : p < 0.05)

Table 1 Results of Steel test in the touch test

DOF F statistics p value

No.Vib - 0.5T 7 1.99 0.0849

No.Vib — 0.75T 7 2.25 0.0476

No.Vib — 0.1T 7 2.42 0.0311
No.Vib - 1.25T 7 1.54 0.201
No.Vib - 1.5T 7 0.926 0.447
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Fig.14 Experimental results of the texture discrimination test
(* :p < 0.05)

Table 2 Results of Steel test in the texture discrimination test

DOF  F statistics p value
No.Vib - 0.5T 7 0.237 0.894
No.Vib — 0.75T 7 —2.59 0.0201
No.Vib - 0.1T 7 —~1.19 0.327
No.Vib - 1.25T 7 —1.06 0.386
No.Vib - 1.5T 7 ~1.08 0.375
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Fig.15 Tumor detection test
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Fig. 16 Experimental results of the tumor detection test
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Table 3 Results of Steel test in the tumor detection test

DOF F statistics p value
No.Vib - 0.5T 7 —1.69 0.151
No.Vib - 0.75T 7 —2.48 0.0269
No.Vib - 0.1T 7 —1.43 0.233
No.Vib - 1.25T 7 —1.58 0.184
No.Vib - 1.5T T —1.57 0.188
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