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Tremor is the vibration in sinusoidal orientation that is experienced regularly
by a person with Parkinson’s disease (PD), which disturbs their daily
activities. One solution that may be used to counter this tremor effect is by
developing an active tremor control system in LabVIEW for linear voice coil
actuator (LVCA), where the system uses proportional (P) controller and
various types of fuzzy logic controller (FLC) as a hybrid controller to reduce
tremor vibration. From this research, it can be concluded that the best
controller for tremor reduction is the P+FLC 1% set of rules, compared to
P+FLC 2™ set of rules, and P controller only, with the highest percentage of
88.39% of tremor reduction with the actual tremor vibration of PD patients as
the reference result. The P+FLC 2™ set of rules has the highest percentage of
tremor reduction with a value of 86.81%, whereas P controller only has the
highest tremor reduction percentage of 67.10%. This percentage of tremor
reduction is based on the power spectral density (PSD) values, in which it
represents the intensity of the tremor vibration. This experimental study can
be used as an initial step for researchers and engineers to design and develop
an anti-tremor device in the future.
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1. INTRODUCTION

Tremor can be defined as an oscillatory movement that occurs involuntary and in a rhythmical
manner on one or more body parts at a certain frequency and amplitude characteristics [1], [2]. These
characteristics can provide significant information in terms of clinical aspect for tremor diagnosis and
monitoring [1], [3] Tremor is one of the most common features or symptoms of Parkinson’s disease (PD).
Hence, it is extremely vital to study the tremor amplitude and tremor frequency of patients with PD to
develop a new method in the treatment of tremor [4].
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PD is a disease that can be clinically described as a central nervous system disorder with extensive
tremor symptoms (pathological and physiological tremor) due to the failure and degeneration of the basal
ganglia [5], [6]. This study focuses on the tremor in Parkinson’s. Specifically, Parkinson’s tremor is a
trembling movement that occurs in an involuntary manner at a frequency of 4-6 Hz, having a high amplitude
at rest or along an intended movement, particularly in the hands [1], [7]. The PD has several different tremors
with different frequency, amplitude, distribution, constancy, the context in which they occur, and situations
that are provocative [8]. Commonly, resting tremor is the symptom of PD. Patients with an early-stage PD
have claimed that this symptom is their second most bothersome symptom [9]. However, many PD patients
also have postural tremor from various origins [10]. PD patients usually experience tremor in their limbs;
however, it would sometimes occur in the lips, chin as well as thumb for pill-rolling tremor [11]. Some PD
patients will experience tremor at the initial stage of the disease and observable during walking or in a
situation where the arms are usually fully relaxed. However, some PD patients may encounter Parkinson’s
tremor that increases gradually from year to year as the disease progresses [12], [13]. Therefore, it is essential
that the effect of this tremor is reduced, as it can disrupt the daily activities of PD patients and makes them
prefer staying home [14].

Several efforts had been made by other researchers towards tremor suppression. Herrnstadt and
Menon used proportional-integral-derivative (PID) controller to obtain 99.8% tremor vibration
reduction [15]. Besides that, As’arry et al. had also managed to achieve 98.25% tremor vibration reduction
using PI+AFCAIL [16]. Meanwhile, Stone et al. and Lavu and Gupta obtained 20% to 60% tremor
suppression in 6-13 Hz bandwidth and 83.4% tremor suppression respectively by using PID [17], [18].
Lastly, As’arry et al. successfully achieved 96.77% tremor vibration reduction using PID+fuzzy logic via
simulation study [19].

This study focuses on developing a control system that could help to minimise the effect of the
Parkinson’s tremor. The linear voice coil actuator (LVCA) will also be used to accommodate the control
system and act as the main active element to dampen the tremor vibration, thus reducing the tremor vibration.
The control system would be using the P Controller, one of the most common and classic controllers that
could help to improve the system response and fuzzy logic controller (FLC) as the main control elements that
use different set of rules of 9 membership functions for the control system. The main reason for using the
FLC is due to the controller being relatively new in tremor reduction application, where it is recognised as a
potential robust controller. Hence, the FLC had been implemented together with the P controller to provide a
hybrid controller for tremor suppression. To the best of author knowledge, there is no study yet use PID+FLC
with different set of rules of 9 membership functions experimentally in tremor reduction application. Besides
that, it also provides a decent performance in handling inaccuracies and uncertainties, such as noise,
vibration, and other types of system parameters [20].

- Hand tremor test rig

The hand tremor test rig was designed using aluminium as the main material. This is due to the
material’s ease of fabrication, high functionality, and lightweight. The actual tremor data was injected into
the shaker to emulate the artificial hand bahaviour to mimic Parkinson’s tremor. The completed tremor test
rig is shown in Figure 1. It was designed to emulate the Parkinson’s tremor on two-axes, which were the y-
axis and z-axis. Both axes had their own linear guiding to move the test rig in both horizontal (y-axis) and
vertical (z-axis) directions. The test rig was also equipped with two custom springs on the z-axis (vertical) in
order to replicate the exact movement of tremor behaviour. Even though it can be operated on two axes (y-
axis and z-axis), the hand tremor test rig was operated on only a single axis (z-axis). This is because the
severe tremor vibration had been detected on the z-axis based on the Parkinson’s tremor data collected
previously [19].

The hand model test rig consists of shaker and amplifier, accelerometer, LVCA and amplifier, and
the national instrument data acquisition (NI DAQ) device. The shaker used in this experiment was the
electrodynamic shaker from TIRAvib (TV 50018-M). The main function of this shaker was to induce
vibration at the test rig. The shaker can be operated at a frequency range of 2 Hz to 20 kHz, making it
extremely suitable to emulate the tremor vibration because of the actual frequency of Parkinson’s tremor that
is usually at a low frequency range of 4-6 Hz [7]. The accelerometer used in this study was the DYTRAN
single axis accelerometer with a sensitivity value of 99.46 mV/g. The LVCA and amplifier were also used as
the main active elements to counter the tremor vibration.

- Designing active control system using LabVIEW

The designing of the active control system involved the controllers, the LVCA, the disturbance, the
test rig, and the sensor for the feedback. For the controller element, two types of controllers were used, which
were the P controller and FLC controller. The controllers are the most fundamental element in the control
system, as they make up most of the block diagram to enable it to work in the ‘online’ mode. Other than that,
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other elements, such as LVCA, disturbance or tremor data, test rig, and sensor (accelerometer) are the
additional elements that complete the control system.

Linear Voice Coil Actuator &
Accelerometer

Artificial Hand

Control System for Tremor
Test Rig

NI DAQ (NI SCC-68)

Electrodynamic Shaker
Amplifier

Electrodynamic Shaker
TIRAvib (TV 50018-M)

Linear Voice Coil
Actuator’s Amplifier

Figure 1. Hand tremor test rig

As shown in Figure 2, the control system would start by inducing the tremor vibration using the
shaker. Then, the accelerometer would pick up the signal and transfer it through the controllers to produce a
new output. Next, the output would be transferred to the LVCA, which is positioned at the upper part of the
palm. Finally, the accelerometer would measure and record the signal into the LabVIEW measurement
(LVM) file. All of the components in the control system were produced using the NI LabVIEW 2016
software.

Shaker Output Accel P Tremor Acceleration
: Tremor Produced Controllers (P or/and LVCA Output Tremor Produced
O i T Rig [T Recorded Tremor P FLC) — oot | o, Test Rig Recurded

!
( ) v

Figure 2. Schematic diagram of complete control system

2. DESIGNING CONTROLLER
2.1. P controller

The P controller refers to the P action of a control error. It is a part of the PID controller that integrate
with the integral (I) action and derivative (D) action. In this research, the I and D actions were excluded because
both actions could cause the current control system to amplify the measurement, making the control system
unable to run properly, thus producing no significant result. The variations of P values were set in the range of
maximum voltage that the LVCA can experienced [16], [21], [22].

2.2. Fuzzy logic controller

The FLC has been identified as an intelligent controller that is capable of producing the desired
results. In other words, fuzzy logic is a popular technique used for its feasibility, robustness, and easy
adaptation in different applications [23]. The fuzzy logic technique is made up of sets of fuzzy inputs,
outputs, and inference with the system model represented using the fuzzy rules [24], [25].

In this study, the FLC had one input and one output for the control system. Several parameters were
considered in the designing of the FLC, which were the input variable, output variable, range and shape of
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the membership functions, the total number of membership functions, defuzzification method, and one of the
most important elements: the rule of the FLC.

As shown in Figure 3, one input in the FLC was the tremor vibration that was collected using the
accelerometer. There were nine membership functions of the input and output of the FLC, which were the
negative big (NB), negative medium (NM), negative small (NS), negative extra small (NES), zero, positive
extra small (PES), positive small (PS), positive medium (PM), and positive big (PB). The reason why 9
membership functions instead of the common 7 membership functions being used is because this study wants
to increase the sensitivity of the controller [19].
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Figure 3. FLC (a) 1st set of rules and (b) 2nd set of rules of input and output
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For the range of the membership functions, they had been set according to the input range that was
entered through the FLC after passing through the P controller. In this study, the triangular shape had been
chosen due to the shape was commonly used by other researchers [19], [26], [27]. There were two sets of
rules that were implemented to test the sensitivity of the controller. The term used for the sensitivity test of
FLC is the ‘inverse polarity’ test. ‘Inverse polarity’ means that the FLC input and output predicted values
would be an opposite of another. For instance, for the 1% set of rules, when a value of positive voltage is
entered as the FLC input, the FLC output would produce a negative value due to the rules that had been set
beforehand. However, for the 2" set of rules, when a value of positive voltage is entered as the FLC input,
the FLC output would produce a positive value. Consequently, the difference between the two sets of rules
was observed, thus developing the ‘inverse polarity’ term for the sensitivity test.

3.  RESULTS AND DISCUSSION

The proposed controller system was applied and tested in an experimental environment. For this
real-time study, the controllers that were used were the P control and the combination of P control and FLC
(P+FLC). The performances of the controllers were investigated in terms of the percentage reduction in
tremor vibration. For sensible comparison and analysis of tremor reduction, the RMS value of tremor
acceleration and power spectral density (PSD) graph were used using the m-file MATLAB R2017a. The
experiment used 512 Hz as the rate for 1 second of sample size data for the control system and measurement
results in terms of the acceleration. There were three different values that were used for the P controller,
which acted as the amplification values with reference to the acceleration behaviour. Values of 0.5, 1.5, and
2.5 were set for the P controller based on the heuristic method due to the LVCA limitation to avoid from
overvoltage that can damage the actuator. However, for peak-to-peak RMS values of tremor acceleration, the
data were analyse from 18-19 seconds in time domain as shown in Figures 4-6.

— Actual Tremor Acceleration
~-=-P Controller (0.5)
~===P+FLC (2nd Set of Rules)
-==-P+FLC (lst Set of Rules)
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N T T T .
E 300 7 T ——Actual Tremor Acceleration
a ” / | -+ P Controller (0.5)
W oas5p- ™ / | @ P(0.5+FLC (2nd Set of Rules)
s - -+ P(0.5)+FLC (Ist Sct of Rules)
= /
T
a8 150 S
E
< 100~ N
b
@
2,
L so- -
@
g P /3\3\ Yo i
A 44 52 54

Frequency (Hz)
(b)

Figure 4. Effect of controller gain P (0.5) on acceleration and power response:
(a) time domain and (b) frequency domain
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Based on Figure 4(a), the results observed that the actual tremor acceleration of PD patients was
reduced when P controller, P+FLC 1% set of rules, and P+FLC 2™ set of rules were used at a controller value
of 0.5. There was another data that could be extracted from Figure 4(b), which was the intensity of the tremor
vibration based on the maximum amplitude value of each tremor frequency. The maximum amplitude of the
actual tremor acceleration frequency was 298.4 (m/s?)?/Hz. However, when P controller was used, the value
of the maximum amplitude was reduced to 130.8 (m/s?)*/Hz. Hence, it showed there was 56.17% reduction in
tremor vibration. When P+FLC 2" set of rules and P+FLC 1% set of rules were utilised, the maximum
amplitude was at 101.3 (m/s?)*/Hz and 93.28 (m/s?)*/Hz, respectively. Thus, it showed 66.05% reduction of
tremor vibration for P+FLC 2™ set of rules and 68.74% for P+FLC 1% set of rules.

According to Figure 5(a), the actual tremor vibration was observed to have reduced when the P
controller, the P+FLC 1% set of rules, and the P+FLC 2™ set of rules were used at a controller value of 1.5.
On the other hand, for intensity of the tremor vibration based on Figure 5(b), the use of P controller had
managed to reduce the value of the maximum amplitude to 112.9 (m/s?)*/Hz or alternately, a 62.16%
reduction in tremor vibration. The application of P+FLC 2" set of rules and the P+FLC 1% set of rules
provided a maximum amplitude at 58.0 (m/s?)?/Hz and 57.4 (m/s?)*/Hz, respectively. Conclusively, the
reading was recorded at 80.56% reduction of tremor vibration for the P+FLC 2™ set of rules and 80.76% for
the P+FLC 1* set of rules.
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Figure 5. Effect of controller gain P (1.5) on acceleration and power response:
(a) time domain and (b) frequency domain

From Figure 6(a), by using the P controller, the P+FLC 1% set of rules and the P+FLC 2™ set of
rules at the controller value of 2.5, the actual tremor vibration of PD patients can also be seen to have
reduced. In terms of the intensity of the tremor vibration based on Figure 6(b) when using the P controller,
the value of the maximum amplitude managed to be reduced to 98.17 (m/s?)*/Hz. In other words, 67.10%
reduction in tremor vibration was recorded. When using the P+FLC 2™ set of rules and P+FLC 1 set of
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rules, the maximum amplitude was at 39.37 (m/s?)?>/Hz and 34.65 (m/s?)?/Hz, respectively. Consequently, a
reading of 86.81% reduction of tremor vibration for the P+FLC 2™ set of rules and 88.39% for the P+FLC 1%

set of rules.

The tremor vibration was best reduced by using the P+FLC 1% set of rules, followed by the P+FLC
2" set of rules, and lastly, by the P controller only. Each type of controller showed an optimal performance in
tremor reduction for controllers that implemented a value of 2.5 for the P controller. However, the optimum
controller that produced the most tremor reduction was the P+FLC 1% set of rules when used at a value of P
controller of 2.5. The controller had a percentage of 88.39% of tremor reduction in the actual tremor
vibration of PD patient as the reference result. This percentage of tremor reduction was based on the PSD

values, which represented the intensity of the tremor vibration.
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Figure 6. Effect of controller gain P (2.5) on acceleration and power response:
(a) time domain and (b) frequency domain

4. CONCLUSION

This study aims to investigate the capabilities of using P controller and FLC in reducing the human
hand tremor vibration. Based on the findings, the combination of the P controller and the FLC as a hybrid
controller able to reduce the tremor vibration successfully with a percentage up to 88.39% and showing an

excellent performance in suppressing the tremor vibration of PD patients.

ACKNOWLEDGEMENTS

This work is funded by University Putra Malaysia through Putra Grant (GP-IPS/2017/9540600).

Gratitude also to the Ministry of Higher Education, Malaysia for the continuous support.

Indonesian J Elec Eng & Comp Sci, Vol. 24, No. 1, October 2021: 108 - 115

ISSN: 2502-4752



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 115

REFERENCES

(1]
[2]
(3]
[4]
[5]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]
[21]
[22]

(23]

[24]
[25]

[26]

[27]

G. Deuschl, P. Bain, and M. Brin, “Consensus Statement of the Movement Disorder Society on Tremor,” Mov.
Disord., vol. 13, no. S3, pp. 2-23, 1998, doi: 10.1002/mds.870131303.

D. E. Vaillancourt and K. M. Newell, “The dynamics of resting and postural tremor in Parkinson’s disease,” Clin.
Neurophysiol., vol. 111, no. 11, pp. 2046-2056, 2000, doi: 10.1016/s1388-2457(00)00467-3.

J. Deuschl, Giinther & Krack, P & Lauk, M & Timmer, “Clinical Neurophysiology of Tremor,” J. Clin.
Neurophysiol., vol. 13, pp. 110-121, 1996, doi: 10.1097/00004691-199603000-00002.

H. J. Lee et al., “Tremor frequency characteristics in Parkinson’s disease under resting-state and stress-state
conditions,” J. Neurol. Sci., vol. 362, pp. 272-277, 2016, doi: 10.1016/j.jns.2016.01.058.

M. Santillan, R. Hernandez-Pérez, and R. Delgado-Lezama, “A numeric study of the noise-induced tremor in a
mathematical model of the stretch reflex,” J. Theor. Biol., vol. 222, no. 1, pp. 99-115, May 2003, doi:
10.1016/50022-5193(03)00016-x.

J. H. McAuley and C. D. Marsden, “Physiological and pathological tremors and rhythmic central motor control,”
Brain, vol. 123, no. 8, pp. 1545-1567, Aug. 2000, doi: 10.1093/brain/123.8.1545.

A. C. Guyton and J. E. Hall, "Effect of Estrogen on Bone," 2006.

R. C. Helmich, M. Hallett, G. Deuschl, I. Toni, and B. R. Bloem, “Cerebral causes and consequences of
parkinsonian resting tremor: a tale of two circuits?,” Brain, vol. 135, no. Pt 11, pp. 3206-26, Nov. 2012, doi:
10.1093/brain/aws023.

M. Politis, K. Wu, S. Molloy, P. G. Bain, K. R. Chaudhuri, and P. Piccini, “Parkinson’s disease symptoms: The
patient’s perspective,” Mov. Disord., vol. 25, no. 11, pp. 1646-1651, Aug. 2010, doi: 10.1002/mds.23135.

M. Hallett and G. Deuschl, “Are we making progress in the understanding of tremor in Parkinson’s disease?,” Ann.
Neurol., vol. 68, no. 6, pp. 780-1, Dec. 2010, doi: 10.1002/ana.22253.

M. B. Aerts, R. A. J. Esselink, B. Post, B. P. C. van de Warrenburg, and B. R. Bloem, “Improving the diagnostic
accuracy in parkinsonism: a three-pronged approach,” Pract. Neurol., vol. 12, no. 2, pp. 77-87, Apr. 2012, doi:
10.1136/practneurol-2011-000132.

C. G. Goetz et al., “Movement Disorder Society Task Force report on the Hoehn and Yahr staging scale: Status and
recommendations The Movement Disorder Society Task Force on rating scales for Parkinson’s disease,” Mov.
Disord., vol. 19, no. 9, pp. 1020-1028, Sep. 2004, doi: 10.1002/mds.20213.

A. J. Hughes, S. E. Daniel, S. Blankson, and A. J. Lees, “A clinicopathologic study of 100 cases of Parkinson’s
disease,” Arch. Neurol., vol. 50, no. 2, pp. 140-8, Feb. 1993, doi: 10.1001/archneur.1993.00540020018011.

Z. Szabo, B. Storkova, J. Hozman, and V. Zanchi, “Objective assessment of patients with Parkinson’s disease,”
Challenges Remote Sens. Proc. 3Rd Wseas Int. Conf. Remote Sens. (Remote 07), pp. 39-42, 2007, doi:
10.1109/ICoBE.2015.7235890.

G. Herrnstadt and C. Menon, “Admittance-Based Voluntary-Driven Motion with Speed-Controlled Tremor Rejection,”
IEEE/ASME Trans. Mechatronics, vol. 21, no. 4, pp. 2108-2119, 2016, doi: 10.1109/TMECH.2016.2555811.

A. As’arry, M. Z. Md Zain, M. Mailah, and M. Hussein, “Hybrid learning control for improving suppression of
hand tremor,” Proc. Inst. Mech. Eng. Part H J. Eng. Med., vol. 227, no. 11, pp. 1171-1180, 2013, doi:
10.1177/0954411913494325.

R. Stone, Nicholas & Kaiser, Kenneth & White, “Autotuning of A PID Controller for an Active Vibration
Suppression Device for the Treatment of Essential Tremor,” in ASME 2006 International Mechanical Engineering
Congress and Exposition, 2006, doi: 10.1115/IMECE2006-14138.

Lavu, S.S.C. and A. Gupta, “Active Vibration Control of Essential Tremor,” in /4th National Conference on
Machines and Mechanisms (NacoM M09), 2009, p. p.p. 446-449.

A. As’arry, H. Jamaluddin, T. A. Z. Rahman, K. A. Rezali, and Z. Zain, “Suppression of Parkinson’s hand-like
tremor using fuzzy-PID controller,” in 2016 IEEE International Conference on Automatic Control and Intelligent
Systems (I2CACIS), 2016, pp. 1-5, doi: 10.1109/12CACIS.2016.7921041.

F. Doctor, H. Hagras, and V. Callaghan, “A type-2 fuzzy embedded agent to realise ambient intelligence in ubiquitous
computing environments,” Inf. Sci. (Ny)., vol. 171, no. 4, pp. 309-334, 2005, doi: 10.1016/;.ins.2004.09.008.

J. W. Webb and R. A. Reis, “PID Control of Continuous Processes,” in Programmable Logic Controllers:
Principles and Applications, Fourth Ed., London, UK: Pearson College Div, 1998.

G. C. Goodwin, S. F. Graebe, M. E. Salgado, C. S. Design, and P. H. Ptr, “Classical PID Control,” in Response,
Prentice Hall PTR, pp. 1-13, 2001.

J. S. R. Jang, C. T. Sun and E. Mizutani, "Neuro-Fuzzy and Soft Computing-A Computational Approach to
Learning and Machine Intelligence [Book Review]," IEEE Transactions on Automatic Control, vol. 42, no. 10, pp.
1482-1484, Oct. 1997, doi: 10.1109/TAC.1997.633847.

M. S. Couceiro, J. A. T. Machado, R. P. Rocha, and N. M. F. Ferreira, “A fuzzified systematic adjustment of the
robotic Darwinian PSO,” Rob. Auton. Syst., vol. 60, no. 12, pp. 1625-1639, 2012, doi: 10.1016/j.robot.2012.09.021.
H. S. Seo, S. J. Youn, and K. W. Oh, “Fuzzy reinforcement function for the intelligent agent to process vague
goals,” pp. 29-33, 2000, doi: 10.1109/NAFIPS.2000.877376.

H. Ramli, M. S. Meon, T. L. T. Mohamed, A. A. M. Isa, and Z. Mohamed, “A Fuzzy-Active Force Control
architecture based in characterizing nonlinear systems’ behavior,” Procedia Eng., vol. 41, no. Iris, pp. 1389-1397,
2012, doi: 10.1016/j.proeng.2012.07.326.

H. Jahanabadi, M. Mailah, M. Z. M. Zain, and H. M. Hooi, “Active force with fuzzy logic control of a two-link arm
driven by pneumatic artificial muscles,” J. Bionic Eng., vol. 8, no. 4, pp. 474-484, 2011, doi: 10.1016/S1672-
6529(11)60053-X.

Active tremor control in human-like hand tremor using fuzzy logic (H. Jamaludin)


http://dx.doi.org/10.1115/IMECE2006-14138

