Vibrotactile Stimulator

Alan Meyer, John McGuire, Wan-Ting Kou, Albert Wang

University of Wisconsin-Madison, Department of Biomedical Engineering EH
Clients: Na Jin Seo, Advisor: John \Webster

ABSTRACT FINAL DESIGN

It Is Important to understand stochastic resonance on the hands in ) ) ) )
order to prove how it effectively enhances vibrosensory perception. Circuitry Piezo Buzzer Finger Holder

To do this, an MR-compatible tactor is needed to provide a vibration OpAmp 741

stimulus to the hand during an MRI of the brain. The key design re- Aplification of input voltage —

quirements of the device are that it must run at a frequency range [ 56t Theoretical Gain = 5.6 P

of 30-300 Hz, and be small enough to fit on the subject’s finger e — Experimental Gain = 4.5

while maintaining a 1 mm thl_ckness. In order to achieve .thes_e re- o ~ Piezoelectric buzzer | — ‘ l N canpes
quirements, three design options were evaluated: solenoid, piezo- m =P Resonance Freguency = 2.5k Hz 4 i

electric, and pneumatic. Of these three options, the piezoelectric N < Q Vibration Frequency = 30 ~300 Hz & 1‘“

device was determined to be the best suited design. Optimal ma- Audio File .

terials for the tactor were determined, as well as the required cir- Generated from various Sources e 21.8 mm SR

cuitry needed to drive the system. = = Random frequency

PROBLEM STATEMENT ——— Sas Anal

Motivation Elements in Prototype Quantity Price (USD)
According to the U.S. Bureau of Labor Statistics, the leading cause Piezoelectric Buzzer 1 1.02
of disabling injuries and second leading cause of fatalities in the -u OpAmp 741 1 0.50
workplace is falling from a ladder or scaffold. In order to reduce e Baaietore 9 166

e : : ' 50 ft ;
these injuries, a device must be developed to improve the worker’s AR
response time by stimulating their sense of touch through a vibration "7 CSPATRJAl @ 50ft PCH Cable 1 9.35
to stimulate the nerves in their hands. The average response time to Finger Holder 1 11.02
a vibration stimulus to the hand is 100 milliseconds, including a 60 9V Battery 2 14
ms delay period for the stimulus to reach the nerves through the U Battery Holder 2 75
skin. Using stochastic resonance, it is possible to reduce this 60 ms _ Total $45 05
delay time, allowing a person to sense vibrations earlier and prevent | Ouftside | MRI Room '

a fall from a ladder or scaffold.

Stochastic Resonance TESTING FUTURE WORK

Stochastic resonance is the phenomenon & ———— Ouput
is enhanced by the presence of noise. Pt oupu HPUEVE IOITIRIENOH0S SENENEVINIARpIY The OpAmp 741 amplities the input
For this particular application, the noise PP ¥l Sicnal + Optimum Noise Input Voltage vs. Output (Piezo) Voltage ¥ R signal from the audio file and induce /
from a vibrotactile stimulator willaddtoa ¢ ouput 12 : Range (V) a tota.l gain of 4.5..
vibration stimulus, making it easier to Signal + High Noise g T w— 03-~06 Sensitivity Mappllfjg_ |
reach the nerve threshold and allow a o T A g 8 g s v 0.6 ~ 09 The levels of sensitivity for various
person to sense vibrations that would waveforms 2 = SR e spots on the hand are mapped out
. . . . ) 1.2 ~2.1 I I
otherwise go unnoticed. It is important to develop a device to allow % — e based Or}l the dlt:felrent'amphtude
researchers to observe stochastic resonance in order to determine its S aa : . ranges that each location can sense.

applicability in industry to reduce the number of workplace injuries. 0 FinglertipThresihoIdTesting -
0 Varying perception levels of stimulus

Magnetic resonance imaging (MRI) is the most effective method for s R _ !
viewing the brain activity due to vibration stimuli; thus, an | using the device. N
MR-compatible stimulation device must be created.
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Figure 2. Magnetic Resonance Imaging (MRI)

Fingertip Threshold Testing
DES'GN REQU'REMENTS Perception Level (LH) Perception Level (RH) Human subject testing in MRI to moni-

s tor the brain activity and investigate the
: 2.0 . i
enhancement of reaction time of the

Prototype must be MR-compatible 2 a :
Frequency: 30-300 Hz (random) < 2 Multinle-f il £ th
. o -
Displacement: 10-500 pm T o Subiect S o . Supect . ultiple-finger compatibility ot the
B e i " a finger holder to enhance the research
. s Subject 2 S biec :
Diameter: 1 cm 2 05 T = g efficiency
' o Subject 3 - Subject 3 : - : - :
Accommodate varying hand sensitivities = : > fraét'@' applications mC|Ud|n9 glfve
. . 0
Stimulation must be sub-threshold 2 3 4 5 i 5 " . . 1 abrfat'Oﬁ and treatment device for
The device should fit on the tip of a person’s finger Digit Number Digit Number stroke patients
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