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Abstract

Micro Electro Mechanical System (MEMS) is the promising technology in bio-medical engineering which reduces the cost, sensitivity
and accuracy of the devices. A Novel structure is proposed using MEMS technology in this paper. The structure comprises of a proof
mass which is movable and four arms or limbs with a torus of 90° revolution angle. The four edges of the torus are fixed. A fixed plate is
kept on the top of the proof mass to measure the capacitance and output voltage of the proposed MEMS sensor. The sensor is designed
for a value of 0.4g to 0.8g. The simulated values are correlated with the theoretical values. The proposed design accurately measures
tremor frequency which is in the range of 4Hz to 7Hz. The proof mass in the structure moves up and down when the device is attached to
finger tip of the patient because the resting tremor or pill rolling tremor is the preliminary and basic detection symptom of Parkinson’s
disease. When the structure is connected to fingertip, variation in Eigen Frequency, output voltage and capacitance is measured. An
amplifier is designed with a gain of 103dB and verified with the voltage so obtained from the output of the proposed sensor is 100 milli
volts. There is a variation of 5% change in capacitance from theoretical to simulated values. Similarly, 8% variation in voltage. The

displacement sensitivity is increased by 10%. The design is simulated using FEM tool COMSOL Multiphysics.

Keywords: MEMS, Parkinson’s Disease, frequency, tremor,Eigen Frequency,Amplifier.

1. Introduction

A major technological branch of MEMS is Bio-MEMS or micro
electromechanical systems for biomedical applications leads to
developmental aspects and research in miniature devices like
MEMS by the fusion of traditional MEMS devices with
integration of bio medical devices. With the development of such
types of MEMS devices [1][2][3], it is easy to predict and analyze
some of the parameters and inhibiting characteristics of the
diseases. The typical feature’s dimension of Bio-MEMS ranges
from submicron to micron range (100 nm- 200 mm) and the
remaining dimensions up to several millimetres. On the other
hand, Bio-MEMS may be the crucial component which plays a
key role in a larger device such as medical imaging machine.
These devices may operate in vitro or vivo (inside or outside a
living system) and have self-generated or external power sources.
They may operate either in closed loop (auto regulated) or open
ended (Sensor — actuator) system.

The damage or long term degenerative disorder of the central
nerves system is the main cause the effects the motor symptoms is
generally known as Parkinson’s Disease. The main symptoms to
observe the disease are shaking, rigidity, slowness of movement,
and difficulty with walking [4]. The cause of Parkinson’s disease
is unknown but so many factors are in account like habits,
environmental factors etc. The main and observable symptom for
Parkinson’s disease is shaking of hands which are generally
known as resting tremor. The tremor frequency of hands is in the
range of 3Hz-8Hz[5][6]. Early stage detection of Parkinson’s
disease on of the challenging task.

The micro sensors are the miniature devices with low cost, and
easy to handle which in turn will accurately provide the
information in the required form to the end user[7][8][9]. Up to
now most of the research work was done for early detection of
Parkinson’s disease with the help of image processing algorithms
and speech based tests. We are proposing a novel structure like
Oxy meter device made with the help of the MEMS sensors and is
fixed to the tip of the finger.

2. Literature

Paul Pyzowski et, al used the MEMS based electrode array used in
the Brain gate system for quadriplegics to detect the functioning
of nerves system which are directly connected to the brain, which
causes the Parkinson’s disease. They have used the technique
called deep brain simulation. They have also applied the same
technique cognitive disorders including epilepsy, obsessive-
compulsive disorder, and drug resistant depression [10].

PG Gopinath et. al have proposed MEMS based low cost portable
devices useful to detect various parameters like sensitivity,
potential ability etc[11].

Shyamal patel et.al given review on different wearable sensor
systems used in rehabilitation of the patients suffering from the
neuro degenerative diseases[12].

Athanasios Tsanas et.al, have estimated PD symptom progress by
establishing a mapping between dysphonia measures and UPDRS
with help of three non-linear and one non linear regression
method[13].
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Ulrike Sommer et.al, work with transcranial sonography and
tested 11 of 30 patients with idiopathic olfactory loss presented
themselves with SN hperechogenicity on one or both sides. They
have identified 8 patients with clinically detectable
symptoms[14].

Ali Saad et.al, identified the presence of Parkinson’s disease using
a prototype with the help of Freezing of Gait(FoG). The FoG
episodes are detected using a multi sensor device for data
acquisition and the gaussian neural networks as classification tool.
They have incorporated number of sensors in shoe to observe the
foot to foot inter distance, and to observe walking disorders[15].
George Rigas et.al proposed an automated method for tremor
assessment. They have extracted different parameters from
accelerometers mounted in different segments of body, which are
used as observations in two running parallel HMM models. The
first one is used to quantify tremor severity and the second one is
to recognize body posture and action[16].

Zack Zhu et.al have proposed a wearable system that is capable of
conducting real time detection of FoG events in PD patients, with
the use of the smart phone[17].

Sinziana Mazilu et.al have investigated the correlation between
wrist movement and freezing of gait in Parkinsons disease using
FoG detection assistant in which sensors are integrated in smart
watches and wrist bands like wearable devices[18].

Benoit Mariani et.al have proposed on shoe wearable sensors to
instrument commonly used motor function tests for Parkinson’s
disease. The temporal parameters like stride velocity and stride
length are extracted using TUG( Time up and Go) and gait[19].
K.Harish et.al proposed an algorithm to detect the resting tremor
of PD patients. For every 3 seconds of time they have extracted
the results like frequency of tremor and amplitude of tremor and
estimated the severity of tremor[20].

Jens Barth et.al have proposed a sensor based system which is
attached to shoe and is able to identify Parkinson’s disease
associated with gait patterns and to distinguish different levels of
gait impairments[21].

3. Methodology

Tremor or shaking of hands is the main symptom for early
detection of Parkinson’s Disease. The vibrational or tremor
frequency movement of hands of Parkinson’s disease is from 3Hz
to 8Hz.

The Eigen frequency of vibrating body is expressed as

fomm i ~(1)

Where K is spring constant of the material, mest is the effective
mass of the structure.

In the proposed work, we have changed the thickness of the
moving proof mass and calculated the effective mass
andfrequency of the structure by keeping spacing between the
plates constant as shown in figure 1(a) and 1(b). The minimum
distance between the plates is 450um.

Upper Fixed Plate

Lower movable Plate

Fig. 1(a): Block Diagram of proposed Structure
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Fig. 1(b): Simulation result of proposed Structure for sensing

In FEM analysis, the meshing structure of the proposed structure
is shown in fig 2 and it is simulated in COMSOL Multi Physics
FEM tool.
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Fig. 2: FEM analysis of sensing element of proposed structure

The block diagram of proposed sensor in total is represented in
figure 3
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Fig. 3: block diagram of proposed structure

The work flow of the sensor is shown in flow chart in figure 4
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Fig. 4: Flowchart of work flow of proposed sensor

At first the proposed sensor unit is connected to the finger tip of the
patient who is suffering from Parkinson’s disease. The finger
vibration is the input for the sensor connected. Those vibrations are
converted with the help of V\Frequency to voltage converter. The
obtained voltage is amplifier and again converted in to frequency
using voltage to frequency converter and checks whether the
frequency is in the range of 3hz to 8hz. If the continues tremor
frequency is in this range, the physician concludes that it is
Parkinson’s disease.

4. Materials and Properties

The Proposed structure was simulated by taking material for proof
mass as PTFE and the material for cylindrical limbs and torus are
with silicon. The material properties are given in table 1

Table 1: Materials used and its Properties

Property/Material PTFE Silicon

Young’s modulus 410 179
Poission’sRatio 0.46 0.26
Density (kg/m3) 2150 2330

5. Results

By varying the thickness of the movable proof mass, the eigen
frequency and capacitance and voltage between the plates also
changes. Here the thickness of the proof mass is varied from 50um
to 300um and observed the  variation in displacement with
respect to variation in eigen frequency.

eigen frequency varies from 4.45Hz to 24.3Hz as shown in figure
1(b).

The variation in Eigen frequency with the variation in thickness of
the proof mass is shown in table 2.

Table 2: Displacement of Proof mass with Eigen Frequency

Eigen Displacement of the proof mass (um)
frequency 50 200 | 150 | 200 | 250 | 300
(H2)
4.45 271 228 | 212 | 2.07 | 2.05 | 2.06
7.96 3.89 33 307 | 299 | 297 | 298
8.49 6.79 523 4.87 4,74 471 4,72
11.64 6.38 5.45 5.08 4,94 491 4.92
219 8.27 6.75 | 6.28 | 6.12 | 6.08 | 6.09
243 12.1 519 | 483 | 471 | 4.68 | 4.68

4 [ Bt 12

oo
Eigen fraquency (uhz}

Fig. 5: Variation of displacement with respect to variation in Eigen
Frequency for different spacing between plates

From Fig 5 it is observed that for 50 um thickness proof mass the
maximum displacement is noted(12.1um) and for 300um
thickness proof mass minimum displacement is noted (4.68um).
To get the range of frequency specified for detection of
Parkinson’s disease, from the calculations the thickness of the
proof mass is finalized as 200um.
The sensing methodology is very crucial in microelectronics. As
per the studies capacitive sensing gives more and accurate. So we
have adopted capacitive sensing for my proposed work. In
capacitive sensing, the displacement between plates is taken in to
consideration and capacitance is calculated.
The capacitance of a capacitor with respect to change in
displacement between the plates is expressed as

=2 @)
where C is capacitance of the capacitor, d is spacing between the
plates, g, -permittivity of the medium. The di-electric material
between the plates is free space.
The multi slice capacitance variation of the plates is shown in Fig
6(a) and 6(b) for a plate separation of 500um and 450 pm.

Slice: Capacitance (F) (=)

A 7.62x1072%
x1072°

¥ 7.62x1072%

Fig. 6(a): Capacitance when the distance between the plates 500um
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Slice: Capacitance (F) (5}

A619x107%
x10°%
6

- ;

v 619x10%
Fig. 6 (b): Capacitance when the distance between the plates 450um

The variation of capacitance with distance between the plates is
shown in table3

Table 3: Capacitance of the proposed model with varying Distance
between the plates

Distance between | Capacitance(Farads)

the plates Theoretical Simulated
250 3.04X10%° 2.84X10%
300 1.19X108 1.08X1018
350 4.64X10%° 4.8X10*°
400 6.8X10%° 6.98X10%
450 6.19X10%° 5.88X10%
500 7.62X10% 6.79X10%
550 6.28X10% 7.62X107%
600 4.77X1071° 4.9X101°
650 8.47X1071° 9X107%°

Variation of capacitance theoretically and in simulation with
distance between the plates is shown in Fig 7.

s theoritical capacitance
—e— Simulated capacitance

theoritical capacitance (farads)

Q T T T T T T T T 1

Distance between theplates {um)

Fig. 7: Theoretical and Simulated Capacitance when the distance between
the plates.

The capacitance is effected by the spacing between the plates
which in-turn varies the output voltage of the proposed structure.
The output voltage so calculated for different values of spacing
between the plate is given in table4.

Table 4: Output Voltage

Distance between the Voltage(Volts)
plates
250 4.47 X10°
300 4.9 X10°
350 49X10°
400 3.27 X 10°
450 1.71X10°
500 7.29 X 10°
550 4.32X10°
600 4.88 X 10°
650 2.3 X10°
igenttagquency=4.4577  Mutivhca Flectine potentinl (V) )
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Fig. 8(a): Multi Slice Electrical Potential
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Fig. 8(b): Multi Slice Electrical Potentiale

The variation of output voltage with distance between the plates is
shown in Fig 9

[F=—{Voltege]
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Fig. 9: variation of output voltage with distance between the plates
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An acceleration of 0.4g to 0.8g is applied on movable plate of the
proof mass and the corresponding displacement values are noted
and represented in table and shown in Figure 10 and table 5.

A107x10*
ot

Fig. 10: Proposed model with applied acceleration

Table 5: Displacement for Applied Acceleration

Applied Displacement (um)
Acceleration
04
0.45 6
0.5 6.7
0.55 7.3
0.6 8
0.65 8.7
0.7 9.4
0.75 10.01
0.8 10.07
[ m— Displacement
10 ./.———l
g /
]
g, /
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Fig. 11: variation of displacement with applied acceleration

From the fig 11 the displacement varies linearly with acceleration
or force applied on the proof mass of the proposed sensor

An amplifier is designed with a gain of 103db and calculated the
output voltage from the sensor. The value of output voltage is
approximately 100 milli volts. The design and structure of the
amplifier is shown in figure.

Fig. 12: Amplifier design with a gain of 103db

The Frequency response curves of the designed amplifier are
shown in figure 12.

For the case of amplifier both frequency Vs Phase and frequency
Vs magnitude analysis was done and it is evident that the amplifier
is in active region in a bandwidth of 1 Hz to 28 kHz.

6. Conclusion

In the proposed work we have followed a novel methodology for
early detect the severity of Parkinson’s Disease using MEMS
sensors. The proposed device consists of two parallel plates in
which one is stationary and another is fixed. When the
acceleration of 0.4g to 0.8g is applied to the body of the proof
mass and measured the variation on displacement, capacitance and
voltage. We have designed an amplifier with a gain of 103db and
measured the output voltage. Hence the proposed MEMS device
gives accurate detection of Parkinson’s disease. The displacement
sensitivity, voltage sensitivity and capacitance sensitivity are
calculated. The Proposed MEMS structure is attached to the finger
tip of the patient and the tremor frequency is observed. If the
tremor frequency is in the range of 3Hz to 8Hz then the decision is
the patient is suffering with Parkinson’s disease
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