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ABSTRACT
The tactile information is crucial in the execution of pre-

cise and dexterous manipulations. The improvement of the tactile
sensitivity is expected to assist tasks that require high-precision
manual dexterity. In this paper, the improvement in tactile sen-
sitivity based on stochastic resonance effect was demonstrated.
A vibration actuator was attached on forceps for a minimally in-
vasive surgery, and the improvement in tactile sensation when
using the forceps was tested. The experimental results confirmed
that appropriate vibration enhances the tactile sensitivity even
when the vibration was transmitted via the forceps.

INTRODUCTION
Stochastic Resonance (SR) is known to improve the sensi-

tivity of a nonlinear system to weak periodic or aperiodic stim-

uli in the presence of non-zero level of noise. SR has been ob-

served in a variety of physical systems [1–4] including biological

systems, such as in mechanoreceptors of crayfish [5], cutaneous

mechanoreceptors of rats and toads [6, 7], and neurons [8]. It

has also been reported that the sensitivity of somatosensory re-

ceptors can be improved by a short-time exposure to sub-sensory

white-noise vibration, for example, in tactile [10], visual [11],

hearing [12], and haptic [13] abilities. Tactile receptors that pro-

vide the sense of touch play key roles in precision tasks using

fingers. The SR effect in tactile sensation has also been exam-

ined and confirmed in feet [14, 15], hands and fingers [16, 17].

More importantly, this “noise-enhanced tactile sensation” based

on SR is known to improve some of the motor skills [18].

Tactile information is crucial in the execution of precise and

dexterous manipulations. Our research group has been reported

the concept of a sensorimotor enhancer and its initial results [19].

The ideas are to place a compact lead zirconate titanate (PZT)

stack actuator at the fingertip and to keep the palmar region free.

The improvement of the tactile sensitivity is expected to assist

persons at work places that require high-precision manual dex-

terity. One of the promising applications of the sensorimotor

enhancer also exists in a medical field. A minimally invasive

surgery has gained popularity due to the advantages of small

incisions, rapid recovery of patients, and reduction of medical

costs. Here, the minimally invasive surgery requires a surgeon

high tactile sensitivity and discrimination ability because he/she
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Figure 1. Forceps for a minimally invasive surgery
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Figure 2. Developed forceps with a PZT actuator
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Figure 3. System configuration

cannot directly touch organs, and therefore needs to sense force

information about the tissue via forceps.

In this paper, the SR effect was applied to a medical device

and its initial experimental results are reported. A PZT actuator

was attached on forceps for a minimally invasive surgery, and

the vibration was transmitted to subject’s finger via the forceps.

The improvement in tactile sensation when using the forceps was

confirmed through a touch test and a texture discrimination test.

PZT ACTUATOR-EQUIPED FORCEPS
In this article, the PZT actuator as a vibration source is at-

tached on forceps, which are commonly used in a minimally in-

vasive surgery, as shown in Fig. 1. Fig. 2 shows the developed

forceps with a PZT actuator at the grip. The system configuration

is shown in Fig. 3. The piezoelectric actuator generates a low-

pass filtered white-noise vibration that is transmitted to tactile

receptors around the grip. Taking the frequency response charac-

teristics of the tactile mechanoreceptors into account, vibrations

with a cutoff frequency of 300 [Hz] was applied. The white noise

signal X(t) was generated by a Box-Muller’s method, which is

defined by Eq. (1) with the standard deviation of σ = 1.5:

X(t) = σ
√

−2lnα(t) · sin2πβ(t) (1)

where α,β are the uniform pseudorandom numbers. The repre-

sentatives of the generated white noise are shown in Fig. 4.

EXPERIMENTS AND RESULTS
Overview of experiments

A total of two tests, i.e., one passive sensory test and one

active sensory test, were conducted for 11 male healthy subjects

aged 22-24 years old. The subject was asked to grasp the grip of

the forceps with his dominant hand. During the experiments, the

torso and the non-dominant hand of the subject were in a relaxed

state to minimize unwanted movements.

Prior to the experiment, the maximum amplitude of the vi-

bration that the subject could not feel was recorded by a method

of limits. The subject was asked to report if he/she feels the vi-

bration at the grip when the signal amplitude changes. Three ac-

sending and descending series of stimuli were alternately applied

and the average was detected. The mean detected sub-sensory

amplitude of the vibration for 11 subjects was 19.15 ± SD 10.61

[μ m].

In the following experiments, no-vibration and five differ-

ent amplitude conditions, i.e., 50, 75, 100, 125 and 150 [%] of

the perception threshold denoted as 0.5T, 0.75T, 1.0T, 1.25T and

1.5T respectively, were conducted in a randomized order. The

information about the vibration amplitude given in each task was

not provided to the subjects. Before the experiment, informed

consents were obtained from the subjects.

Touch test as a passive sensory test
The subject was asked to grasp the forceps and close his

eyes. The hand with the forceps was placed on a table. The ex-

perimenter pressed a monofilament against an aluminum plate

that is pinched at the tip of the forceps until buckling oc-

curred. Then the experimenter held it for approximately 1.0

[sec], and removed the monofilament. Subjects were asked to

report if they could feel the filament in contact. A total of 10

Semmes-Weinstein monofilaments (Touch-Test Sensory Evalua-

tor): 0.008, 0.02, 0.04, 0.07, 0.16, 0.4, 0.6, 1.0, 1.4 and 2.0 [gf]

were used under the aforementioned six conditions. Each sub-

ject performed four trials for each vibration condition, and the
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Figure 4. Generated band-limited white noise

mean was recorded as the minimal load the subject can sense.

The overview of the experiment is shown in Fig. 5.

The experimental results are shown in Fig. 6. The horizon-

tal axis indicates the vibration amplitude and the vertical axis

indicates the normalized mean minimal load. The load was nor-

malized against the results in the no-vibration (No vib.) case. A

smaller mean load indicates better tactile sensitivity.

Texture discrimination test as an active sensory test
The subject was asked to grasp the forceps and the hand with

the forceps was placed on a table. In this experiment, four sand-

papers with CAMI grit sizes of #150, #180, #240 and #320 were

used as shown in Fig. 7. All sandpapers were glued on one side

Aluminum plate

Forceps
Monofilament

Figure 5. Touch test
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Figure 6. Experimental result of the touch test

of a plastic board. On another board, a test piece of a sandpaper

was attached whose grit size was chosen from the four sandpaper

types. The test piece board was covered during the experiment

so that subjects could not see the test piece but allowed to touch

it by the tip of the forceps. The subject was asked to select sand-

paper out of four types that he thought had the same texture as

the test piece as shown in Fig. 8. Each subject performed three

trials for each vibration condition.

The experimental results are shown in Fig. 9. The horizon-

tal axis indicates the vibration amplitude, and the vertical axis

indicates the mean correct ratio. A higher correct ratio indicates

better tactile sensitivity.
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Figure 7. Sandpapers used in the experiment

Figure 8. Overview of the experiment

DISCUSSION
In the touch test, the results show that the minimal loads in

all the controlled cases were smaller than that in the no-vibration

case. A one-way analysis of variance (ANOVA) detected a sig-

nificant main effect of the vibration amplitude (p < 0.01). As a

result of the post-hoc Dunnett test shown in Table 1, the signifi-

cant differences against the no-vibration case were observed for

the cases of 0.5T, 0.75T and 1.0T (p < 0.05).

In the texture discrimination test, the results show that the

mean correct ratios for 0.75T, 1.0T, 1.25T and 1.5T cases tend to

be higher than that of the nominal (no-vibration) case. ANOVA

detected a significant main effect of the vibration amplitude (p <
0.01). As a result of the post-hoc Dunnett test shown in Table

2, the significant differences against the no-vibration case were

observed for the 0.75T (p < 0.05) case.

Overall, the experimental results confirmed that the appli-
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Figure 9. Experimental result of the texture discirimination test

cation of appropriate vibrations enhanced the tactile sensitivity

even when using the forceps. These results support past studies

that investigated the SR effect on the improvement of tactile sen-

sation [16, 17, 19]. The experimental results imply that the pro-

posed forceps can be used in practical surgical situations where a

high sensitivity of touch is required. Our previous study [19] also

suggests a possibility that the improvement of the tactile sensi-

tivity due to the SR effect could also improve the motor perfor-

mance. Although further investigation is necessary to discuss the

improvement in surgical skills, the application of the SR effect

to a medical device is expected to assist surgeons in a minimally

invasive surgery.

Condition T statistics p value

         No Vib. - 0.5T 2.8719 0.0097

         No Vib. - 0.75T 2.6950 0.0161

No Vib. - 1.0T 3.1749 0.0039

         No Vib. - 1.25T 1.0360 0.3982

         No Vib. - 1.5T 0.2053 0.7650

Table 1. Result of the Dunnett test

Condition T statistics p value

         No Vib. - 0.5T 0.8409 0.9759

         No Vib. - 0.75T -2.2825 0.0463

No Vib. - 1.0T -1.0812 0.3782

         No Vib. - 1.25T -1.0812 0.3782

         No Vib. - 1.5T -0.9611 0.4325

Table 2. Result of the Dunnett test of the texture discrimination test
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CONCLUSION
This paper presented the concept of a medical application of

stochastic resonance. A PZT actuator, which generated low-pass

filtered white noise, was attached on the grip of the forceps and

the appropriate amplitude of the vibration was applied to the sub-

ject’s hand via the forceps. Passive and active sensory tests were

conducted to confirm the improvement of tactile sensitivity. The

experimental results suggest the usefulness of the application of

SR to a medical device.

Future work includes the experiments at more realistic situ-

ations of the minimally invasive surgery, such as exploring body

tissue and searching abnormal tumor. Force information ob-

tained via the forceps is fundamental to understand the situation

in the body. Because medical doctors are required to touch the

tissue via forceps and to indirectly sense force-related informa-

tion from the body organ, the improvement of the tactile sen-

sation would be helpful. We also plan to evaluate the surgical

performance when using the proposed forceps.

REFERENCES
[1] Benzi, R., Sutera, A., and Vulpiani, A., 1981. “The mech-

anism of stochastic resonance”. Journal of Physics A,
14(11), pp. 453–457.

[2] Benzi, R., Parisi, G., Sutera, A., and Vulpiani, A., 1982.

“Stochastic resonance in climatic change”. Tellus, 34(1),

pp. 10–16.

[3] McNamara, B., and Wiesenfeld, K., 1989. “Theory of

stochastic resonance”. Physics Review A, 39(9), pp. 4854–

4869.

[4] Jung, P., 1993. “Periodically driven stochastic systems”.

Physics Reports, 234(4–5), pp. 175–295.

[5] Douglass, J. K., Wilkens, L., Pantazelou, E., and Moss,

F., 1993. “Noise enhancement of information transfer in

crayfish mechanoreceptors by stochastic resonance”. Na-
ture London, 365, pp. 337–340.

[6] Collins, J. J., Imhoff, T. T., and Grigg, P., 1996. “Noise-

enhanced information transmission in rat sa1 cutaneous

mechanoreceptors via aperiodic stochastic resonance”.

Journal of Neurophysiology, 76(1), pp. 642–645.

[7] Fallon, J. B., and Morgan, D. L., 2005. “Fully tuneable

stochastic resonance in cutaneous receptors”. Journal of
Neurophysiology, 94, pp. 928–933.

[8] Longtin, A., Bulsara, A., and Moss, F., 1991. “Time-

interval sequences in bistable systems and the noise-

induced transmission of information by sensory neurons”.

Physics Review Letter, 67, pp. 656–659.

[9] Collins, J. J., Imhoff, T. T., and Grigg, P., 1996. “Noise-

enhanced tactile sensation”. Nature London, 383, p. 770.

[10] Collins, J. J., Imhoff, T. T., and Grigg, P., 1997. “Noise-

mediated enhancements and decrements in human tactile

sensation”. Physical Review E, 56(1), pp. 923–926.

[11] Simonotto, E., Riani, M., Seife, C., Roberts, M., Twitty,

J., and Moss, F., 1997. “Visual perception of stochastic

resonance”. Physics Review Letter, 78, pp. 1186–1189.

[12] Zenga, F., Fub, Q., and Morsec, R., 2000. “Human hearing

enhanced by noise”. Brain Research, 869, pp. 251–255.

[13] Dinse, H. R., Kalisch, T., Ragert, P., Pleger, B.,

Schwenkreis, P., and Tegenthoff, M., 2005. “Improving

human haptic performance in normal and impaired human

populations through unattended activation-based learning”.

ACM Transactions on Applied Perception, 2(2), pp. 71–88.

[14] Dhruv, N. T., Niemi, J. B., Harry, J. D., Lipsitz, L. A.,

and Collins, J. J., 2002. “Enhancing tactile sensation in

older adults with electrical noise stimulation”. Neurore-
port, 13(5), pp. 597–600.

[15] Khaodhiar, L., Niemi, J. B., Earnest, R., Lima, C., Harry,

J. D., and Veves, A., 2003. “Enhancing sensation in diabetic

neuropathic foot with mechanical noise”. Diabetes Care,
26(12), pp. 3280–3283.

[16] Harada, N., and Griffin, M. J., 1991. “Factors influencing

vibration sense thresholds used to assess occupational ex-

posures to hand transmitted vibration”. British Journal of
Industrial Medicine, 48, pp. 185–192.

[17] Gescheider, G. A., Bolanowski, S. J., Pope, J. V., and Ver-

rillo, R. T., 2002. “A four-channel analysis of the tactile

sensitivity of the fingertip: frequency selectivity, spatial

summation, and temporal summation”. Somatosensory &
Motor Research, 19(2), pp. 114–124.

[18] Collins, J. J., Priplata, A. A., Gravelle, D. C., Niemi, J.,

Harry, J., and Lipsitz, L. A., 2003. “Noise-enhanced human

sensorimotor function”. IEEE Engineering in Medicine and
Biology Magazine, pp. 76–83.

[19] Kurita, Y., Shinohara, M., and Ueda, J., 2011. “Wearable

sensorimotor enhancer for a fingertip based on stochastic

resonance”. In IEEE International Conference on Robotics

and Automation, pp. 3790–3795.

5 Copyright © 2012 by ASME


