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1. Introduction, actuality of the subject 

 
When assessing the abilities necessary for manual work, controlling physical 

aptitude and objectively evaluating efficiency, the force exertion of the hand and fingers, 
coordination, stability of posture, the measurement of tremor and reaction time provide 
important information.  
 

In industrial, agricultural, service, transport and medical attendance, and also in 
other fields not mentioned, people exert force on hand tools, piece of work etc. The 
stability of holding with fingers, grasping with the palm and the torque exerted by the 
hand are the requirements of operation safety. 
 

In special cases force exertions can approach or reach the personal maximum. In 
other cases, the reflex optimalization of these forces is observable. This regulating 
function adapts to the extent of friction forces between the skin and the object in order to 
prevent dropping the object.  

 
The measuring technique of force exertion, coordination, tremor and posture 

stability first of all leads to the fields of electronics, computer science, psychophysiology 
and biomechanics. In a way the program of goal-oriented movement is present in the 
central nervous system. Numerous elements of the program remain unknown. However, 
at the regulated part of the system, measurement is possible. It seemed practical to record 
certain physiological and psychometric procedures with the listed parameters. My 
research also covered the analysis of the effects of excited vibrations. 
 

For the fulfilment of the complex research project, the creation of an infrastructure 
for scientific examination, the application of new measuring methods, the development of 
models, the execution of experimental work and the mathematical statistical analysis of 
the measurement results were necessary. (Bretz K.J., Jobbágy Á., 2005).  

 
My results, being supervised, systematized and debated at scientific conferences, 

serve as a basis of comparison for the evaluation of the results of researches with similar 
subjects. The present work belongs to the innovation accepted under the 3.305 register 
number at the Hungarian Patent Office. 
       
2. Standpoints of research and purposes 
 
2.1. General survey 

 
Knowing the force exertion is determinant in the design of industrial and 

vehicular instruments, could be useful in the area of rehabilitation, facilitates manual 
work and contributes to the prevention of accidents. 

Motion coordination is the regulation of the neuromuscular system by the central 
nervous system in carrying out simple and complex movements and actions. In 
assembling metal structures, welding, as well as in the repairing of electric installations, 
preserving equilibrium and manual precision-coordination are a common requirement. 
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Tremor is involuntary vibration of a part of the body. Most often it is observable 
on the hand and the fingers. Its extent can be very diverse. Anybody can have the so 
called physiological tremor. The amplitude of physiological tremor depends on the force 
exertion. It is practical to study these two parameters, force exertion and tremor 
simultaneously. In certain situations, the simultaneous examination of three parameters - 
force exertion, coordination and tremor - can be justified. In the branches of 
microelectronics and in many other workplaces, this measurement has an importance as a 
part of aptitude control. The requirement is the accurate performation of the movement 
task, the control of internal vibration, thus the minimalization of tremor. An important 
application field is the rehabilitation. 

 
Tremor is mostly sinus-shaped. Depending on unpredictable effects, its 

appearance is periodic. In classifying the parameters of tremor, one possibility is due to 
the frequency analysis of the tremor, as follows: 
 
3 – 4 Hz tremor of cerebellum origin 
4 – 6 Hz essential tremor (in older age), tremor in Parkinson disease -,   
        tremor of muscle tone or psychic origin,  
6 – 12 Hz essential tremor (in youger age), physiologic -, in stance occuring -, tremor 

of muscle tone origin, tremor of psychic origin. 
 

The measurement of body sway also belongs to field of my research. In its 
spectrum, the frequencies of dominant components are usually lower than 2 Hz. 

 
 

Reaction time is the time from the appearance of the stimulus to the beginning of 
the response. It is measurable with light and/or sound stimuli. Its importance is 
recognizable in traffic, in everyday actions and in different workplaces. Tremor and 
reaction time are both dependent on the central nervous system and neuromuscular 
parameters.  
 

In the measurement of tremor it is important to define the posture accurately. The 
setting applied in the Romberg test is also suggestible, which is standing with the lower 
limbs closed and the upper limbs stretched out. The examination is carried out with eyes 
opened or closed. Another examinational position is sitting. The measuring device can be, 
for example, a video-set with a camera and a recorder. By using more cameras, it is 
possible to construct a three-dimensional record, to carry out a Fourier analysis and 
record an amplitude histogram. A marker can be glued to the tip of the fingers. 
Simultaneously posture stability can be measured with a stabilometer.  
 
2.2. Objectives 
 
2.2.1. Determination of the parameters of force exertion, coordination, tremor, body 

sway and stress, and the design of a complex measuring device for their recording. 



 3 

The design and systematization of the examinational methods. 
 
2.2.2. The study and determination of the correlations between force exertion, 

coordination, tremor, posture stability, reaction time, stress index and 
psychometric parameters.  

 
2.2.3. Examination of goal-oriented upper limb motion and the modeling of posture after 

reaching the goal, defining the parameters influencing the upper cut-off 
frequencies of tremor.  

 
2.2.4. Recording excited vibration affecting the whole body on a vehicle and the 

evaluation of vibration load. 
 
 
 
2.3. Hypotheses 
 
Ad. 2.2.1. Five parameters defined at the given point, in an optional grouping, are 
simultaneously measurable with the measuring system produced de novo by me. 
 
Ad. 2.2.2. Among the seven parameters defined at the given point, there are always at 
least two, between which a correlation is detectable. 
 
  
Ad. 2.2.3. The personal upper cut-off frequency of tremor is traceable with a 
mechanical model and and it is possible to control this value with experimental 
measurements. 
 
Ad. 2.2.4. Concerning excited whole-body vibration, on the new vehicle involved in 
the examination, the requirement defined by the ISO 2631 is realized. 
 
2.4. Further points of view of the research, problems to be solved 
 

In literature, in works related to the same subject matter, the previously delineated 
parameters were usually made subjects of examination separately. In my own work, I 
consider the complex approach of the subject matter important (Bretz K.J., advisor: 
Jobbágy Á., 2005). The levels of force exertion, coordination, tremor, posture stability, 
body sway and reaction time can be influenced by stress, and in relation to this, HRV 
(heart rate variability), pulse rate, as well as psychometric parameters - anxiety, curiosity, 
anger, depression - can be studied. The sound method of examining psychometric indices 
is the application of the Spielberger "Test Anxiety Inventory" questionnaire. The heart 
rate variability is a consequence of the constantly active inner and outer stimuli. A stress 
situation or an increased mental strain can be mentioned, as an example. I see the 
possibility of improvement in the continuation of multiparametric examinations. 
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3. Construction of the infrastructure of my research, innovation 
    

3.1. Device for measuring of hand and finger forces and tremor 
(Bretz, K.J., Jobbágy, Á., Bretz, K.; Hungarian Patent Office, Reg. No.: 3.305, 
2006). 
  

  The device serves the measuring of tremor and force exertion of the hand and 
fingers. Its major parts are the universal adapters, the force sensor and the 
electromechanical receiver, the microcontroller controlled signal processor and the 
evaluating unit. It can be attached to a computer. 
 

A further feature of the device is that a LED, fixed in(to) the force measuring 
adapter, is in the vision field of video cameras. Thus evaluating the motion of the light-
emitting diode is possible in three-dimension, with the use of a special software.  
 

The device satisfies the needs concerning the simultaneous recording of the force 
exertion of the fingers and tremor of the hand. Figure 1 shows the "biro adapter" of the 
dynamometer, Figure 2 shows the whole measuring system. 

                 

         1. ábra.   Universal adapter, to measure force and tremor simultaneously 
                a./  1: fork-shaped sensor, 2, 3: measuring plates,  4: cable canal,  
                      5, 6, 7, 8: Strain gauges connected in Wheatstone-bridge,  
                      9, 10: borings with worms, 11, 12: screws with pressure surface,   
        b./   I: universal adapter, mounted, 
                       13: biro pen case,  14 metal stick,  15 cable,  16 adapter cable, 
                c./   I: universal adapter 22: LED,  23: cables. 
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  2.     ábra.   The complete measuring system. 
  I.:    universal „biro pen” adapter, 5, 6, 7, 8: Wheatstone-bridge: strain gauges,    
 II.:    force sensor;  33, 34, 35, 36: Wheatstone-bridge: strain gauges, 
III.:    electro-mechanical receiver,  17: front plate, 18, 19, 20: borings. 
IV.:    block diagram of the electronic unit controlled by PIC16F877 MC (39)                              

 
 
 
3.2. Equipment for tremor and reaction time measurements in the industrial  

aptitude investigation  
 
 The construcion is shown on Figure 3. . 
 
Tremor tester                                   Reaction time measuring  
  
Measurement time: 30 sec, 60 sec.                     Accuracy: 0,001 s 
Measured parameters: errors (No of cases)                   Stimuli: light and sound 
    sum of the time of errors    
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Fig. 3.  Block diagram of the electronic 
unit. Constructor: Bretz K.J. 

 
4. Modeling of force exertion and tremor phenomena  

 
4.1.      Upper limb model with three segments 

A promising method of the kinematic and kinetic examination of human motion is 
the application of mechanical models produced by approximation methods, which take 
the neuromuscular basis of motion coordination into consideration as well. With the 
model, I provide the general definition of the execution of a movement task (Figure 4). 
 

 
 

 

    
                a./        b./ 
     
           Figure 4. Scheme of a goal-directed movement (a./ and b./)  
   

In existence of the requirement that point E reaches A, the equations reflect a 
goal-oriented motion. Suppose that point A, as well as point E on the arc, and its path, on 
which it approaches A, are in the same plane. Also consider the fact that when we 
approach a screw with a screw-driver, we see the goal in a surface. In fact we observe a 
surface bounded by a circle, its centre being the aim. The radius of the circle in question 
is σ(t). At t = t0  it is possible, that σ(t0) = 0 and the coordinates of points A and E are the 
same. For example, the screw-driver has reached the screw.  
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4.2. Biomechanical model of the hand tremor 
 

Using the relative mass data from tables of Dempster, I composed the 
biomechanical model (Figure 5). I presumed that the hand and finger tremor recorded in 
the 3-12 Hz frequency range and the parameters of the low frequency vibrations are not 
independent of the biomechanical parameters. From the central nervous system, series of 
Dirac-delta shaped action potentials arrive at the body segment (for example the hand). 
Masses, torques of muscle origin, and gravity also influence the effects of these during 
the formation of the frequencies and amplitudes of tremor. 

 

                                  
 
            a./                  b./ 
         Figure 5. Mechanical model (a) és az erıvektor parallelograms of force vectors (b)  

           Abbreviations: H: hand; L: forearm; A-A: wrist 
 
ϕ  angular coordinate, 
ω  angular velocity (tremor parameter), 
α  circular frequency (tremor parameter), 
m mass of the hand, 
θ  inertia moment of the body segment (hand), 
r distance between the centre of mass of hand and the wrist, 
E  kinetic energy (sway energy), 
U  potential energy (at the peak value of deflection), 
c  spring constant (to approximate the behaviour of the three-component muscle 
model), 
R turning radius of the segment model, 
S1 spring (representing the extensors, with force exertion FS1), 
S2 spring (representing the flexors, with force exertion FS2), 
FA1, FA2    force vector components directed towards the point “A” (wrist), 
Ft1, Ft2     the efficient (turning) force vector components. 
Remark:  during a hand tremor occurrence, FS1  and FS2  dominate alternately. 
 
 
The circular frequency of the model is given by the following equation: 
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Using the data of a common set-up subject and the tables of Dempster, I calculated the 
vibration frequency of the model: Hzf 5,6=  , which value is similar to that of essential 
tremor.  
 
 
5.        Heart rate variability (HRV), inaccuracy of the histogram of pulse    
  

When the stress level is high, it can restrain efficiency, it can also help when being 
of optimal level. HRV is an important factor in defining the stress index.  

 
From the ECG record, the Vicardio produces the histogram of TRR times. The 

shape of the histogram is the expressive representation of the HRV. Recording of the TRR 

times could include inaccuracies. I made calculations for the estimation of relative error 
of frequencies, falling in the intervals of the histogram. Let the TRR pulse period time 
recorded by the Vicardio be ξ probability variable and the error in the measurement of 
TRR be η. It is a rightful assumption that ξ and η are independent, since the actual time 
between the pulses does not depend on the error of the pulse recording. The previous is 
influenced "usually" by the HRV and physiological processes, while the latter "first of 
all" by the measurement, as well as physiological factors. The density function of the 
previous is f(x) and can be differentiated twice, the density function of the latter is g(x), 
its expected value is 0, and the deviation is s.  I would also note, that variable η takes its 
values in the / - δ, + δ / interval with 1-ε probability, and it is true that δ > 0, on the other 
hand the estimation concerning δ is that δ = 15 ms.  It is also known that the interval of 
the Vicardio TRR histogram is 50 ms. After having done the calculations and assuming 
that the distribution of η is symmetric, and equal in the + 15 ms range, estimation of 
the relative error of the TRR-data stored in each interval 
 

 
 

11 2
1
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where   PK-1 is the number of pulses in the histogram interval K - 1 
              PK      is the number of pulses in the histogram interval K                                           
             PK-1 is the number of pulses in the histogram interva  K + 1     
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No.8. 53 male subject. State: 2,8,   ECG  no 
deviation. Stress index: 98 %. Pulse: 66. 

 

No.10.  Male subject. State: 4,9.  ECG: no dev. 
 Stress index: 10 %. Pulse: 76. 

                 Figure 6.  ECG "R-R" interval histograms and stress indexes. 
 
The characteristics of the histograms characterize the HRV and they mean an important 
factor in the calculation of the stress index. The left side of Figure 6 shows a histogram 
typical of high stress index, while the right side shows one typical of low stress index.  
 
 
6. Experimental results 
 
6.1 Forces of hand and fingers 
 Participants: male subjects: 16 pers., aged:  21,2+1,48 years, height: 182,7 + 9,19 
cm, body mass: 77,85 + 10,03 kg. 
Female subjects, 10 pers., aged: 21,8+1,23 years, height: 170,6 + 6,35 cm, body mass: 
61,5 + 5,15 kg (Right-hander subjects). Dyna-8 measuring device was used, (Bretz K.J., 
Jobbágy Á., Bretz K., 2007).  
  

Table 1. Males 
Forces, right hand (N) 

 Hand Little f. Ring f. Middle f. Index f. Thumb 

Average 551,2 30,8 37,9 55,1 56,7 107,7 
St. dev. 74,5 11,57 10,08 17,3 12,62 30,68 

Forces, left hand (N) 
 Hand Little f. Ring f. Middle f. Index f. Thumb 

Average 505,2 28,4 37 53,7 60,4 109,5 
St.dev 112,7 10,26 11,26 12,04 14,6 28,9 

                                                              Table 2. Females 
Forces, right hand (N) 

 Hand Little f. Ring f. Middle f. Index f. Thumb 

Average 335,1 17,3 23,9 34,1 37 72 
St.dev. 38,29 4,24 5,24 6,19 6,82 17,81 

Forces, left hand (N) 
 Hand Little f. Ring f. Middle f. Index f. Thumb 

Average 324,7 17,1 22 31,6 36,7 62 
St.dev. 32,1 3,57 6,11 8,24 6,02 20,88 

   
 
In the case of male students the correlational analysis showed a significant result between 
the handgrip force of the right and left hands (r = 0,942, p < 0,001). The one-sample t-test 
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showed a significant difference in force in favour of the dominant hand (t = 3,364, p < 
0,005).  
 
 In the case of female students, parallel to the measurement of force, oxygen 
saturation and resting pulse rate values were also recorded. The correlational analysis 
handled a significant result.  
 
between grip forces of right and left hand (r = 0,815, p < 0,004),  
between right and left index finger forces (r = 0,924, p < 0,001),  
between forces of right and left thumb      (r = 0,812, p < 0,004).  
 
Oxygen saturation showed positive correlation with  
 
handgrip forces:            (r = 0,797, p < 0,006),  
with the force of ring finger:   (r = 0,828, p < 0,003),  
with the force of the thumb:    (r = 0,633, p < 0,049). 
 
Further results:  O2<saturation> = 97,6 + 0,97 %; pulse rate: p = 71 + 10,43  / min. 
 
6.2. Measurements with the tremor and reaction time measuring device 

I simulated a phase of work activity and recorded the physiological tremor while 
holding the tool. Five university students participated in the tests. Results are visible in 
Tables 3 and 4.  
 
                                          Table 3. Tremor in static position. Number of errors 

Hand  Dominant hand Non dominant hand 
Mode with support without support with support without support 

Boring  (mm) 4 4,5 4 4,5 4 4,5 4 4,5 
Average 12 2,6 44,6 17,6 26,4 13,6 47,2 22,2 
St. dev. 4,9 4,77 9,63 7,73 12,38 7,83 6,87 7,53 

                                       
                          Table 4. Tremor measurement with moving task. Number of errors  

Hand  Dominant hand Non dominant hand 
Mode with support without support with support without support 

Boring  (mm) 4 4,5 4 4,5 4 4,5 4 4,5 
Average 26,4 7 39 17,2 29,2 15,2 78,8 32,8 
St. dev. 19,03 6,85 10,75 11,26 12,64 6,26 19,18 8,26 

 
I conducted the measurements both with the dominant and the other hand. The difference (showing 

up) between the efficiency of the two hands is eye-catching. The setting options of the electromechanical 
receiver provide practical comfort.  
 
6.3.      2D tremor investigation and analysis using video technique 

(Bretz K.J., Kovács V., 2007) 
 
 
Five male university students participated in the measurements.  
The materials used: DYNA 8 force measuring system, video camera, computer. During 
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the measurement, we recorded the force exertions and the path of the handhold, LED-
including universal adapter. Table 5 shows the force exertions and the radii of the 
characteristical circles, with which we characterize the extent of the tremor. (in Table 5 
"Tremor" = radius, mm) 
 
 

                               Table 5. Force exertions and  tremor 
   No Parameter              Value 

Force  (N) 5 6,2 2 1 
Tremor  (mm) 1,3 4,3 3,7 

Force  (N) 11 13 10,4 2 
Tremor  (mm) 7,9 4,6 4,8 

Force  (N) 8,1 16,3 17,5 3 
Tremor  (mm) 4,2 5,2 5,7 

Force   (N) 5,1 8,1 11,7 4 
Tremor  (mm) 5,2 5,4 4 

Force  (N) 6 17 26 5 
Tremor  (mm) 2,2 3,2 5,6 

     
 

6.4.      Tremor measurement with Zebris 3D movement analyser system 
 
 Case studies. Participants 3 persons, aged: 55,7 + 29,7 years. 
 

The materials used: DYNA 8 force measuring system, biro adapter, ZEBRIS 
CMS 10, ultrasound-based motion analyser measuring system. First task: recording 
tremor of the tip of the finger, with the upper limbs stretched out, duration: 5 s. The 
second task was reaching the aim with the biro-like force measuring adapter. The subject, 
while holding the tool still, lifts it 20 times to a boring on the device. Height of lifting is 
h=0,16 m.   
 
Dispersion at 50 % of the lifting height: S50% = + 8,55 mm. in the moment of reachig the 
goal: Sc = + 1,8 mm.  Diameter of boring Dc = 4 mm. Diameter of the LED: DL.= 3 mm. 

                             
6.5.      Measurement with the Ariel APAS 3D movement analyser system 
            (Aliante St. 6. Trabuco Canyon CA 92679)    
 

We used two cameras. The modules available in the apparatus in full 
establishment: recorder, digitalizator (manual or automatic), 2D-3D transformational 
module, analogue channels (32), kinetic module. It is convenient for the reception and 
display of EMG signals and the force measuring platform. During measurement the 
subject exerted a 16 N force on the biro constantly.  
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Fig. 7. Movement of LED of the adapter 
(Tremor)  
First diagram (above): low frequency 
movement (tremor) in the axis direction 
of the adapter. Second diagram, vertical 
vibration, with greater amplitudes.  
Third diagram: lateral vibration. 
Maximum amplitudes: 3,6 mm, 
frequencies: 6 – 6,5 Hz. 
 

 
The APAS apparatus served perfectly in measurements executed with multiple 

markers, however due to the further data management and processing, it is recommended 
not for the execution of routine examinations, but for completion of scientific work 
(Figure 7). 
 
6.6. 3D tremor demonstration simultaneously with the force measurement 
 

The 3D acceleration measuring sensors, the optical or ultrasound motion 
analysing systems also belong to the conventional instruments of tremor recording. 
During recording, three time functions "arise", which they complete by the trajectory 
embedded in the spatial coordinate system designed in a plane. 3D tremor recording was 
executed with a force measuring, LED-including biro-model moving in the vision field of 
two cameras (Bretz K.J., Jobbágy Á., Bretz K., 2007). Together with the „real” three-
dimensional picture, the "conventional" time functions of tremor are also displayable. 
This method provides significantly more information than the former works.  
    

                            
            Fig. 8. Tremor recorded with 3D video system using 2 cameras 
  The force exertion of fingers is 16 N. Anagliph picture if coloured.   
                        The „Z” axis is perpendicular to the plane of the page  
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6.7.      Limiting factors of the upper cut-off frequencies of tremor 
 
          
                                                 Table 6. Voluntary tremor. 12 male subjects 

       Units Minimum Maximum Average St. dev 

Age year 19 27 22,92 2,31 
Body mass kg 61 86 72,33 7,46 
Height cm 170 193 179,17 7,47 
Frequency Hz 5,1 8,5 6,6 1,12 
Acceleration m/s2 34,9 54 44,75 6,13 
Amplitude mm 15 51 28,5 9,86 
Anxiety  10 32 18,25 7,6 

Anger   10 29 15 7,57 

  
Twelve university students participated in the measurements. We fixed an 

acceleration measuring device between the mass centre of the palm and the basis of the 
proximal phalanx, on the dominant hand. The instruction was the following: after a given 
sign, vibrate the hand, with extended, tightly closed fingers, with maximal frequency. The 
wrist was fixed during the measurement. I summarized the results in Table 6.  
              The participants completed the Spielberger psychometric questionnaire, with 
which the levels of anxiety, curiosity, anger and depression are evaluable. I wrote the 
indices of anxiety and anger in the table. 
 
Significant correlations were found 
- between body mass and height  r =   0,790 p < 0,002    
- between frequvencies and amplitudes r = - 0,876 p < 0,001 
- between amplitudes and anxiety   r =   0,693 p < 0,012 
- between anxiety and anger  r =   0,687 p < 0,014 
 
 It is visible from the results that the frequencies of voluntary tremor fall close, in 
some cases they nearly overlap with the frequency calculated by the model, which is 6,5 
Hz. They suit the spectrum of essential tremor. The (tremor) frequency is also influenced 
by the muscle characteristics and the mass of the body segments, which are first of all 
with an influence on the upper cut-off frequency. This statement is provable: when we fix 
an accessory mass to the hand, the maximal frequency of the voluntary vibration will be 
lower.  
 
6.8.      A HRV, a state indicator of functions of organs 
 

Changes in the values of HRV are in connection with an increased mental strain 
and/or physical strain, stress. In my examinations of this issue, I provide the 
interpretation of cardiac parameters, state and stress index.  
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The basic data by using the Vicardio device are: 
the cardiac state index:  0 – 5, „5” is the best value, 
the stress index:    0 – 100 %,    value under 35 % is desirable, 
pulse rate, complete evaluation of ECG. 
 

We examined ten young voluntary firefighters. We applied the reaction time 
program of the „Psycho 8” device, executed the dynamic balance and motion 
coordination test with a stabilometer and measured the handgrip strength with the DYNA 
6 force measuring system. We determined the parameters of the heart, the heart state, 
stress index, pulse rate, with the use of the Vicardio device. We recorded the age, body 
mass, height and the four psychometric indices. 
 

 
Significant correlations were found between 
the age and handgrip forces:     r =   0,796  (p < 0,01) 
body mass and stance stability    r = - 0,703  (p < 0,05) 
shortest reaction times and  „B”errors:   r = - 0,654  (p < 0,05) 
the stress index and the shortest reaction times:  r =   0,828  (p < 0,01) 
the shortest reaction times and pulse rate:   r =    0,940 (p < 0,001) 
the average of reaction time and movement coordination: r =   0,719  (p < 0,05) 
the reaction time and heart state index:   r = - 0,734  (p < 0,05 
the stress index and reaction times:    r =   0,766  (p < 0,02) 
the stress index and pulse rate:    r =   0,904  (p < 0,001) 
 
. 
 
6.9.      Stance stability, dynamic equilibrium, body sway, case studies 

The uncertainty of posture stability and the disharmony of walking belong to the 
symptoms of Parkinson's disease. Both are strongly dependent on certain indices of static 
and dynamic stability. I conducted case studies in a rehabilitation institute; I delineate the 
results below.  

 
Stabilometry system was used (ZWE-PII, Elektro-Bionika KFT, Budapest,)   
It includes: force platform (0,5 x 0,5 x 0,1 m.,  

range: 20 - 2000 N;  
linearity: ±1.5 %; hysteresis: ±1.5%,  
amplifiers, microcomputer, special software, Laptop.  
Sampling frequencies (adjustable): 16 – 500 Hz.  
Complete COP movement analysis with spectra. 
Second kind regression analysis was used to determine the dominant direction of 
the body sway: 

                                                   
yx

x

y mmxRy +−= )(
σ
σ

     

  
R:  correlation coefficient,  
σx and σy: : standard deviations,  
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mx   my:  the expected values [M(X), M(Y)]. 
Pearson correlation was used.  
 
The slope of the regression line can be calculated as follows: 
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A good estimation for the regression equation is: 
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   The recording of the stabilogram is carried out with the measuring of the motion 
of COP (centre of pressure). In the evaluation of the measurements of posture stability, I 
examined the time functions of the lateral (x) and forward-backward body sways, their 
spectra of frequency and the length of the path of the excursion, as well as the "x" and "y" 
directional components. I pictured the characteristic circle, which includes 95 % of the 
sampled data of the stabilogram. The range of its radius characterizes the extent of 
stability. The resolution is 1 mm. 
 
 
 
 
 
7.  Whole body vibration on vehicles 
 

The vibration of the human body and the body segments could be of internal 
origin, for example in the case of physiological tremor, and it can be of external origin, 
for example during the use of vehicles or certain machines. The effect of vibration 
depends on the frequency. We recorded the vibrations of the vehicle on the line of trams 
4, 6 in Budapest. 

 

           
          "a"                                                           "b"                                                     
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9. ábra. Measurement of vibrations on Combino Plus tram (Siemens) 
Directions of vibration measurements: "a". Damping of the vertical vibrations with 
rubber springs (1, 2, 3, 4): "b".  (Bretz K.J. et al, IEEE Trans. on Veh. Techn., 2009). 

  
Measurements also verified the subjective experience, that on the new Combino 

Plus trams the vibration load of the drivers and the passengers is significantly lower, than 
on the former GANZ tram. The active hydraulic shock-absorber system more than 
completes the requirements concerning the keeping of medical limits, set by the ISO 
2631 standard. 
 

 
8. Discussion 
  
  It justifies the examination of the handgrip force, that its knowledge makes the 
good estimation of general muscular aptitudes possible. The measurement of the force 
exertion by the hands and the fingers is needed by numerous fields of techniques. 
 

Tremor, the involuntary oscillation of the hand is an uncertainty, which 
influences, makes harder or even impossible the execution of voluntary motion. With a 
device being properly accurate, the existence of physiological tremor is demonstratable in 
everybody. When deciding about work aptitude in special cases, it is important to know 
the level of the physiological tremor.  

 
Primarily, I designed the measuring device for the measurement of physiological 

tremor, as well as the simultaneous examination of force exertions and tremor, however 
these are of universal function. I used industrial models, from the fields of precision 
mechanics, optics and electronics. I regarded the pencil-grip of the handled object 
important. The grip of the miniature soldering iron is mostly a pencil-grip.  
 
  With the apparatus measuring tremor and reaction time, I modeled an operation 
relative to a field of instrument industry. The examination helps deciding about special 
industrial work aptitude. Apart from the neuromuscular and biofeedback processes, 
numerous complexly prevailing other factors were revealed. Namely: visual qualities, the 
accuracy of "semicircular gap estimation", since the operator can see the tool from only 
one side.  
 The measurements concerning HRV were carried out by the Vicardio measuring 
system (Energy Lab. Technology). I analysed the TRR  histograms featuring the HRV. The 
characteristics of the histograms significantly depend on cardiac stress. The psycho-
physiological parameters studied by me depend on stress. The structure of HRV 
histogram can include error possibilities, which can be of physiological as well as 
technical origin. It was possible to determine that to what extent the errors and 
inaccuracies in question cause a deviation in the TRR  histogram.  

In the examination of goal-oriented movements and tremor, I also applied 
mechanical models. These models well describe the parameters of tremor. The calculated 
and measured results fall close to one another, and to the data published in international 
literature.  
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The vibration of the human body and the body segments could be of internal 
origin, for example in the case of Parkinson-tremor, and it can be of external origin, such 
as during the use of vehicles or certain machines. The importance of investigating the 
latter is justified by the need for exploring the possible unfavourable effects.  

The objectives formulated in 2.2. were realized and the hypotheses in 2.3 were 
justified. 
   
9.   Novel scientific results 
 
1. I showed that it is possible to record and evaluate force exertion, motion coordination, 
tremor and body sway of internal origin as well as excited vibrations with high accuracy  
measuring process created by me as the research result for purposes of investigations in 
industrial, traffic, ergonomy and rehabilitation fields. For recording of the above listed 
parameters I constructed and used special sensors, adapters, linear amplifiers, data 
managing units and softwares, which I adapted in an advantageous way to record the 
parameters simultaneously. For identification of the factors influencing the listed 
parameters, I applied a simultaneously run psycho-physiological measuring apparatus. I 
showed the the effect of stress characterized by HRV, as well as the psychometric 
indices, in the changes of the studied parameters, and the performances shown in the tests 
used for their determination. The methods and devices realized as a result of the research 
gained utilization fully or on the module level at the following research places: 
Semmelweis University TF, University of Pécs, University of Szeged, Santerra GmbH, 
Piding, Germany, Dr. Lee Fitness Center, Ipoh, Malaysia. Results were published in 
English (Bretz K.J. et al. 2003: [[[[2]]]], 2004: [[[[10]]]],  2005: [[[[11]]]]); in Ukrainian (Bretz  K.J. et 
al. 2008: [[[[5]]]]); in Hungarian (Bretz K.J., 2005: [[[[1]]]]). 
 
2. I determined the maximal force exertions of the fingers and their correlations, on 
homogeneous groups, females and males, in a number necessary for the determination of 
the significancies. I showed the relation of force exertion with oxygen saturation and I 
introduced the simultaneous measurement of the force exertion and tremor of the hand. 
The results were confirmed in revised scientific articles. (Bretz K.J. et  al., 2008, [[[[9]]]]; 
Bretz K.J. et al., 2010, [[[[3]]]]). 
  
3. I showed that the analysis of tremor phenomena and force exertion can be executed in 
an advantageous way by simultaneously operating the 3D movement analyser system 
with two video cameras and the patented force measuring device with its adapter and 
electronic unit, and with the special software. I determined the dependence of tremor on 
force exertion. I applied a new, three-dimensional video technique and effect for 
displaying the tremor diagrams. I originated this solution from the fifth claim point of the 
No. 3.305 patent. This technique was proven to be the most expressive mode of 
displaying tremor. (Bretz K.J. et al, 2006: [[[[8]]]]). 
   
 4. I determined the effect of measurement inaccuracies on the accuracy of histograms 
showing HRV. (Bretz K.J. et al, 2007: [[[[13]]]]).       
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5. I showed a new mechanical model for the biomechanical characterization of hand 
tremor and goal-oriented motion and the investigation of static position after reaching the 
goal. I examined factors determining the upper cut-off frequencies of hand tremor with 
my  model, and I checked the conclusions in connection with the model by using 
voluntary tremor. The results showed a large scale similarity. I correlated the results of 
the measurement with the psychometric indices too, and I recorded significant 
correlations. (Bretz K.J. et al, 2010: [[[[4]]]]).  
 
6. I showed that the body sway could be of internal origin, for example in Parkinson's 
disease, and it can also have an external cause, such as a vehicle or the oscillation of a 
worktool held by hand. I determined the extent of excited vibration concerning the whole 
body on a new public transport vehicle, the Combino Plus tram. I evaluated the results on 
the basis of international standard (ISO 2631). For the measurement, I applied the 
apparatus used for the examination of tremor. The results were confirmed by revised, 
published articles. (Bretz K.J. et al, 2005: [[[[1]]]]; 2009: [[[[6]]]], IF: 1,308).).   
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