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1. Introduction 

 

Tens of millions people around the world suffers 

from hand tremor that are caused by essential tremor (ET) 

and Parkinson’s disease (PD). More than 70% of the popu-

lation with upper limb tremor face serious difficulties in life. 

Functional disability and social inconvenience, contaminat-

ing daily life activities, such as writing, pouring, eating and 

so on makes hand tremor a trending problem in the society. 

The roots of the essential tremor are not completely 

clear. It is thought that the defective electrical brain activity, 

that causes tremor, is processed through structure deep in 

the brain - thalamus. Thalamus coordinates and controls 

muscle activity. In case of Parkinson’s disease neurons that 

are in an area of the brain, that controls movement, becomes 

impaired. Usually these neurons produce dopamine, but 

when they fail or become impaired, the production of this 

important brain chemical is reduced and the lack of this 

compound causes movement problems and tremor.  

Various medications are available for the manage-

ment of PD tremor. All of them are directed at easing symp-

toms and improving quality of life. At this time, no cure or 

method that reduce disease progression has been proven. 

Putative interactions between various applied drugs, recur-

rent appearance of non-motor features and treatment of mo-

tor symptoms ask for complex therapeutic interventions and 

careful drug titration. Reduction of dopaminergic drugs and 

hydration may sometimes be more beneficial than addition 

of further compounds [1]. The most commonly used drugs 

for ET include Propranolol, Primidone, but these drugs can 

cause serious side effects: fatigue, stuffy nose, or slow heart-

beat, nausea and problems with walking, balance, and coor-

dination. That makes drugs too complex and not so appro-

priate solution for ET and PD tremor problem.  

Tremor issues are being solved by hardware as 

well. Liftware [2] is an electronical spoon/fork that is able 

to stabilize itself 70% for every tremor. Device is released 

on the market, but it solves only one problem. Imperial col-

lege of London students are developing glove with gyro-

scope which resist rotary movements to 90%, but limits nat-

ural movements and is buzzing. Multiple patents of gyro-

scopic hand stabilization devices were published although 

device with this technology have never been released to 

market [3, 4]. In 2007 there were attempts to use electrome-

chanical exoskeleton to reduce patient upper limb tremors 

[5]. Unfortunately machine is too big and heavy for every-

day use. 

Due to problem importance and relevance to soci-

ety multiple research were done to analyse hand tremors. 

Jen-Lin Yang and colleagues use laser line triangulation 

measurement method to analyse hand tremor resulting 4 - 6 

Hz frequency of resting and 2 - 3 Hz postural tremors [6]. 

University of Delaware representatives use PHANToM 

platform for data collection resulting ellipsoidal tremor 

shape and two main frequencies for PD patients: 4.79 Hz 

and 8.78 Hz [7]. Meshack R.P. and K.E. Norman analyses 

tremors of 16 patients and concludes that the main fre-

quency is ~5.2 Hz, amplitude varies from 0.5 mm to 4.28 

mm [8]. 

Due to the lack of existing solution, our objective 

was to investigate tremor movement vectors, amplitudes 

and frequencies with photogrammetry on multiple patients, 

investigate the possibility to affect tremor by external me-

chanical oscillations and investigate how tremor affects dif-

ferent parts of patient arm. 

8 patients with varied health conditions were 

tested. Second trial for one of the test subjects was required 

to analyse change of hand tremor vibration parameters over 

the time. Particular patient tremor was analysed 2 weeks af-

ter the first trial. In purpose of more general understanding 

of hand tremor, subjects with contrasting group of age and 

decease conditions were selected. 

 

2. Materials and methods 

 

In order to capture hand tremor vibrations, photo-

grammetry was used. Experiments were performed at the 

Laboratory of Biomechanics of the Mechatronic Institute at 

Kaunas University of Technology. The experiment was con-

ducted using a ProReflex MCU 500 Type 170 241 camera 

(Fig. 1) with Qualisys Track Manager Software. The ProRe-

flex MCU uses a 680 × 500 pixel CCD image sensor. Usage 

of CCD technology results in low-noise data compared to a 

higher resolution CMOS sensor, which has a considerably 

 

 
 

Fig. 1 ProReflex MCU 500 Type 170 241 camera 
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higher level of pixel noise. By using a patented sub-pixel 

interpolation algorithm, the effective resolution of the Pro-

Reflex MCU is 20000 × 15000 subpixels in a normal set-up, 

result the ProReflex MCU to detect motions as small as 50 

microns [9]. 

Multiple parts of subject arm were tracked to ob-

serve possible tremor vibration differences. After investi-

gating tremor visually, these upper limb investigation points 

were selected: shoulder, elbow, wrist, small finger knuckle, 

small fingernail, index finger knuckle, index finger nail. 

These points are close to joints, where the biggest vibrations 

can be seen. Therefore, light reflective markers were placed 

on these points (Fig. 2). 

 

 
 

Fig. 2 Markers on the arm of tremor investigation points 

 

Cameras captured markers’ position and accelera-

tions. Accelerations were processed to get tremor frequency 

graphs while positions – to get trajectories of tremor. 

To analyze difference between resting tremor and 

postural tremor parameters, subjects were asked to hold var-

ious stances in front of cameras: outstretched arm with palm 

horizontally to ground, outstretched arm with palm verti-

cally to ground, totally relaxed arm, relaxed arm on the knee 

while sitting, vertically held arm. Tremors in different 

stances were analyzed in 1 minute periods with breaks be-

tween the measurements. 

Raw values of hand position were processed with 

MatLab 2014b software. To obtain tremor trajectories, data 

were filtered with 2 Hz high pass and 10 Hz low pass Finite 

Impulse Response (FIR) filters (1): 
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where h is impulse response coefficient, M is filter order, 

x(n-m) is input signal delayed by m. This filter doesn't use 

feedback therefore requires more computational resources, 

but FIR filter is always stable, as all poles are located at the 

origin. Signals of natural hand movements were removed by 

using high pass filter while the low pass filtered worked as 

anti-aliasing filter and removed noise from the signal. 2 - 

10 Hz range was chosen based on the frequency analysis 

and studies that disclosed the range of hand tremor frequen-

cies. 

Device that uses mechanical vibrations to increase 

blood circulation (ViLim) was used to test the interference 

with hand tremor [10]. Data of tremor oscillations was com-

pared, analyzed and concluded with device turned on and 

off. Measurements with gyroscope were conducted to see its 

effect for hand tremor.  

ViLim uses electric motors that creates mechanical 

vibrations of different frequencies. This low-high frequency 

combination is needed to use beating phenomenon [11] that 

creates oscillations of low frequency. To ensure low fre-

quency vibrations and higher than 1 mm limb amplitude, the 

beating phenomenon has been considered as the most ap-

propriate. Otherwise, high voltage and heavy motors have 

to be selected in the case of aspiration of low-frequencies. 

By using complex algorithms and implementing real time 

tracking systems hand tremor stabilization can be achieved.  

Our goal is to use ViLim to counter hand tremor movement. 

Several researches have been implemented in purpose to de-

velop tremor sensing or mitigation systems verifying possi-

bility of achieving this goal. Researchers from Malaysia's 

University of Technology have employed piezoelectric ac-

tuator with active force control technique to control human 

hand tremor in simulation [12]. Robert LeMoyne et al. used 

wireless accelerometers to collect tremor parameters data 

from 20 trials [13]. Same parameters can be gathered by us-

ing gyroscopes, haptic devices, etc. [14]. Accelerometers 

could be used to separate voluntary and involuntary motions 

from raw data as well [15].   

 

 
Fig. 3 Beating phenomenon occurrence [11] 

 

3. Results 

 

We analysed travelled distance of markers during 

the period of 54s (100 Hz sampling frequency) of recording 

(Fig. 4). Different patients showed different travelled dis-

tances, but the pattern remained the same. Longest distances 

were travelled in furthest points of the limb – points on the 

nails of index and small finger. It was followed by points of 

knuckles of small and index finger. Movement range of 

wrist, elbow and shoulder were the smallest comparing with 

other points. After processing and analysing the data, deci-

sion was made to put device after the wrist, where the tremor 

has the biggest effect.
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Fig. 4 Markers travelled distance during 54 s recording 
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Fig. 5 Hand tremor data gathered from marker on finger and filtered with 10 Hz low pass and 2 Hz high pass FIR filters to 

get tremor trajectory. Left and centre: trajectory from patients. Right: trajectory created with device. Note: device 

trajectory can be rotated independently from axes 

 

For each patient trajectory varies, nevertheless the 

rotational movement can be seen in every of them and the 

tremor shape can be described as ellipsoidal. Healthy per-

son's hand with device turned on creates similar trajectory. 

These results are shown in Fig. 5.  
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Fig. 6 Tremor frequency on x, y, z axis 

 

Fast Fourier transform [16] were used to find the 

main frequencies of the gathered signal that is shown in Fig. 

6 and Fig. 7. Main frequency range was observed in the 

range of 4 - 8 Hz. In one case (Fig. 7), there were second 

noticeable frequency of 9.5 Hz, with smaller amplitude. 

Fig. 8 shows spectrogram of index finger nail in all axes and 

there the main frequency with some small amplitude har-

monics could be clearly seen. Frequency varies from 0.1 Hz 

to 0.5 Hz when changing stances. There was no connection 

found between frequency changes when changing stances. 
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Fig. 7 Main and visible second tremor frequencies on x, y, z 

axis 

 

Fig. 9 shows the amplitudes of the filtered hand 

tremor signal when hand is held straight with palm horizon-

tally. Typical amplitude is 2 mm, but it varies from 1 mm to 

4 mm. Sampling frequency is 100 Hz. 6 Hz were seen on the 

patient hand and 6 Hz were created by external mechanical 

oscillations  source.    Filtered  tremor  amplitude   captured
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Fig. 8 Hand tremor spectrogram with 5 Hz main frequency on X, Y, Z axis from left to right 
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Fig. 9 Left: filtered hand tremor when hand is held horizontally straight and device is off. Right: filtered hand tremor when 

hand is held horizontally straight and device is on 

 

from small finger nail with device turned off is shown on 

the left graph while the right graph shows filtered tremor 

amplitude captured from small finger nail with device 

turned on. Device created vibrations interferes with hand 

tremor vibrations and both vibrations are summed up. In the 

graph can be seen that minimum and maximum values (os-

cillations) appear when the device is on, due to misaligned 

phase of the vibrations and slight variation of hand tremor 

frequency. Maximum values appear 50% greater than stable 

tremor amplitude and minimum values were 16.5% lower 

than stable tremor amplitude. These results show the com-

patibility of the method but the control algorithm needs to 

be improved. In the further steps, sensors for momentum di-

agnostic of hand’s frequency are planned to be installed into 

the same device. This will enable to reduce response time 

and simplify interference of hand and device vibrations.     

Gyroscope effect to tremor was also tested result-

ing in elimination of rotary tremor motion. Natural hand 

movements were also affected. Subjects felt uncomfortable 

to move arms as gyroscope reduce all rotary movements in-

cluding voluntary ones 

 

4. Conclusions  

 

1. An experimental analysis of hand tremor vibra-

tions were made and tremor interference with external me-

chanical oscillations source was tested. 

2. The experiments showed that the main frequen-

cies of the hand tremor varies from 4 to 8 Hz, most com-

monly ~5 Hz. In one case second frequency appeared (9,5 

Hz). Amplitude varies from 2 to 5 mm on index and small 

finger nails and amplitude decreases when moving to shoul-

der. Tremor trajectory shape is always ellipsoidal.  

3. Interference with external mechanical oscilla-

tions source ViLim reduced vibration amplitude 16.5% on 

interference minimum and increased up to 48.8% on inter-

ference maximum concluding that tremor can be affected by 

external mechanical oscillations.  

4. By mounting gyroscope on the hand, we noticed 

reduction of hand tremor amplitude as well as impairment 

of natural hand movements. 

5. Further analysis are focused on improvement of 

the algorithm which will identify and process hand move-

ments and creates mechanical response based of tremor fre-

quency and amplitude. This improvement will increase de-

vice efficiency and hand tremors will be reduced to some 

point, but not completely 
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M. Venslauskas, E. Litvinas, A. R. Juknevičius,  

V. Ostaševičius 

RESEARCH OF HAND TREMOR VIBRATIONS AND 

INTERFERENCE WITH EXTERNAL MECHANICAL 

OSCILLATIONS SOURCE  

S u m m a r y 

This paper presents the research of hand tremor vi-

brations and interference with external mechanical vibra-

tions source. Photogrammetry were used to capture and an-

alyze hand tremor parameters from 8 patient with essential 

and Parkinson tremors. Blood perfusion device, that creates 

mechanical vibrations, was used as an external source of 

mechanical vibrations and was tested with patients. Device 

interference with hand tremor showed promising results of 

hand tremor reduction. The minimum points had 16.5 % 

lower amplitude of hand tremor. The maximum amplitudes 

were about 50 % greater and these results show the compat-

ibility of the method but the control algorithm needs to be 

improved. 

 

Keywords: mechanical vibrations, tremor, Parkinson’s dis-

ease.  
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