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Fig. 2. The block diagram for the right-hand part of the system.

Hand�movements,� particullary� �ngers,� are� frequently� a�ected�
after�a�disease.�Exercise�and�rehabilitation�are�an�e�ective�type�of�intervention,�
but progress is slow and invisible to the human eye. Having a sensor system 
which could be used for objective assessment of our motor performance and po-
tential impairments can help clinicians to track small and slow changes in the re-
covery. 
�n�this�paper,�we�propose�a�novel�system�for�measuring��nger�force�pro�les�for�
dexterity assessment. The system was introduced as part of the work at the 26th 
Telecommunications Forum TELFOR 2018 [1] and the journal [2].

A system consisting of a software application and hardware assembled 
into a suitable PVC casing adapted to the anatomy of the left and right hands, 
separately, was implemented. The developed application controls turning 
ON/OFF�of�the�LEDs�(each�LED�corresponds�to�one��nger)�to�signalize�the�user�
which��nger�should�press�the�corresponding�strain�gage�force�sensor.�The�us-
er-friendly application is developed in LabVIEW ver. 2017 environment (National 
�nstruments��nc.,�Austin,�USA).

Fig. 1. Designed instrumentation.

Fig.�3.�An�example�of�a�force�pro�le�with�calculated��characteristic�parameters.

During�testing,�data�are�collected�as�force�pro�les�and�characteristic�pa-
rameters are calculated. 
The potential usage of the system is illustrated through an experiment 
example on four healthy subjects. 

Statistical analysis was performed using the software environment R 
ver. 3.5.1, Foundation for Statistical Computing. The mean value and the stan-
dard deviation were calculated for the previously listed response parameters. 
The�force�pro�les�of�all�trials�were�aligned�to�the�peak,�averaged�and�shifted�to�
the�mean�value�of�the�time�reaction�in�order�to�better�visualize�the�obtained�data.�
Such�force�pro�les�of�all�subjects�were�further�averaged�using�the�same�proce-
dure.

The relative error of standard deviations for calculated parameters, 
except for peak of force, is in the range 6-28%. Parameters TR, RT, and FT were ap-
proximately�the�same�for�all�subjects.�The�shape�of�the��nger�force�pro�le�is�simi-
lar�for�all��ngers�for�both�hands.�The�peak�of�the�force�shows�the�highest�variabili-
ty,�both�for�the��nger�itself�and�between�the��ngers�and�hands.
�n�addition�to�the�shape�of�the�force�pro�le�itself,�the�parameters�TR, D and FWHM 
can�serve�as�an�indication�of�normal��nger�mobility.
By using the developed system it is possible to track small and slow changes in 
�nger�movements.�The�system�is�encased�and�functions�on��a�plug-and-play�prin-
ciple which makes it easy to use in clinics.
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Intr����t��n

Human gait is a comple� �o�m o� mo�ement t�at �e�ui�es t�e coo��ination o� t�e ne��ous an� muscula� s�stem� �linicians
o�ten o�se��e t�is t�pe o� motion in o��e� to assess t�e state o� a patient �u�ing t�e �eco�e�� p�ocess o� in o��e� to ma�e a
ce�tain �iagnosis� �an� s�stems �o� o��ecti�e gait anal�sis ��ic� can �esc�i�e t�e mo�ement using �i��e�ent pa�amete�s �a�e
�een �e�elope�� ��ese s�stems ensu�e o��ecti�e �ecision ma�ing an� �uantitati�e measu�ements t�at can easil� �e
compa�e��
��is pape� �esc�i�es a �e�elope� came�a �ase� gait anal�sis s�stem t�at consists o� �an�ma�e optical ma��e�s an� t�o
sma�tp�one came�as� ��e �e�elope� s�stem is use� to t�ac� angles o� t�ig�s an� s�an�s on �ot� legs an� it �as �ali�ate� ��
an esta�lis�e� s�stem o� ine�tial measu�ement units � �t� ��in�a�

����r���nt

��e�e �e�e �ou� su��ects t�at pa�ticipate� in t�e e�pe�iment�
�ac� o� t�em �as inst�ucte� to �al� on a t�ea�mill at � �m�� an�
� �m�� an� to �og at � �m��� �ac� �eco��ing session consiste� o�
one su��ect mo�ing at one �i�e� spee� �o� a�out � minutes�
�u�ing t�e session t�e angles o� t�ig�s an� s�an�s o� �ot� legs in
t�e sagittal plane �e�e measu�e� �� t�e t�o s�stems� �ll t�e
su��ects �e�e �ealt�� �it� ages �anging ��om �� to ���

In�tr���nt�t��n

��e s�stem t�at �as use� �o� �e�e�ence in t�e �ali�ation p�ocess
consists o� �ou� ine�tial measu�ement units an� a �i�eless
communication station� �ac� o� t�e senso�s is place� on t�e
co��espon�ing leg segment using �elc�o tape� ��e s�stem t�at
�as �eing �ali�ate� use� �ou� optical ma��e�s �eac� �o� one leg
segment� an� t�o sma�tp�one came�as� ��e ma��e�s �e�e
place� on t�e on t�e �elc�o tape� a�o�e t�e p�e�iousl�
positione� senso�s� ��e t�o came�as �e�e place� on eac� si�e
o� t�e t�ea�mill so t�at t�e� coul� �eco�� t�e mo�ement o� t�e
su��ect�s lo�e� e�t�emities�

�������r������n��

�n o��e� to o�tain t�e sagittal plane angles o� eac� �o�� segment
image p�ocessing is pe��o�me�� �ne ��ame ��om a single came�a
contains in�o�mation a�out t�e o�ientation o� t�e s�an� an� t�e
t�ig� o� t�e co��espon�ing leg� ��e colo� components o� eac�
pi�el in t�e ��ame a�e compa�e� to t��es�ol� �alues an� among
t�emsel�es in o��e� to sepa�ate t�e a�ea o� t�e t�ig� an� s�an�
ma��e�s �especti�el�� �nce t�e ma��e� o� a leg segment is
sepa�ate� ��om t�e �est o� t�e image� t�e o�ientation o� t�e �lo�
t�at �ep�esents t�e ma��e� can �e calculate�� ��is o�ientation
�esc�i�es t�e angle o� t�e co��espon�ing leg segment in t�e
sagittal plane at t�e moment t�e ��ame �as captu�e�� ��
�epeating t�e p�ocess �o� all t�e ��ames o� t�e t�o �i�eos �one �o�
t�e le�t leg an� one �o� t�e �ig�t leg�� a se�uence o� angles is
o�taine� �o� eac� o�se��e� leg segment t�at �ep�esent its
mo�ement in t�e sagittal plane�

�����t�

��n������n

��e�implemente��optical�s�stem��o��gait�anal�sis��as�s�o�n�goo���esults�in�compa�ison�to�t�e�
�e�e�ence�s�stem���ossi�le�imp�o�ements�o��t�e�s�stem�inclu�e�came�as��it���ig�e����ame�ate�an��
lo�e��e�posu�e�time�in�o��e��to�minimi�e�t�e�e��o��coming���om�t�e��lu��iness�o��t�e�ma��e�s�in�
ce�tain���ames����monoc��ome��ac�g�oun��o���i��e�ent�t�pes�o��ma��e�s�coul��imp�o�e�t�e�p�ecision�
o��t�e�s�stem�as��ell�as��emo�e�possi�le��alse�ma��e���etection���o���u�t�e��upg�a�ing�o��t�e�s�stem��
mo�e�came�as�an��ma��e�s�coul���e�a��e��in�o��e��to�ena�le����motion�t�ac�ing�
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�ig �� ��stems �o� gait anal�sis� ine�tial units
�le�t� an� optical s�stem ��ig�t��

�ig �� ��pe�iment setting�

�ig �� �etting up ine�tial senso�s an� optical ma��e�s

�ig �� ��ig� ma��e� image segmentation�

�ig �� �ngle p�o�iles �o� eac� su��ect at t�e spee� o� � �m���

�a�le �� ���� pa�amete� �o� eac� su��ect at t�e spee� o� � �m���

�a�le �� �a�imal stan�a�� �e�iation o� angle p�o�iles �o� eac� su��ect at t�e spee� o� � �m���



Acknowledgement:
                . I would like to thank my mentors Prof.Dr Zhivko Kokolanski and Bodan Velkovs-

ki for sharing their knowledge  and contribution to the project.

Abstract:

Introducton:

Picking time / increment

 The working principle of the chess clock is the following. First the users pick the starting time (1,2,3,5,10,15,30,60 min) with clicking SW-1. After the picking of the of the start-
ing time the users pick the increment (0,1,2,3,5,10,15,30,60 s). When the users are done with picking the increment they switch SW-3 and the game starts. For ending the turn 
player 1 uses SW-1 and player 2 uses SW-2 and after the finishing of the turn their time is incremented. The respective LED (1 or 2) are on when one of the players are making 
their move. When the players have less than 30 s left the LED starts to blink. The program ends when any of the players have no time left or the SW-3 is switched off.The chess 
clock indicator is off when player 1 and opposite for player 2.

 The goal of this project is to simulate the working principle of a chess clock using NI-DAQ 6008, LabVIEW and the model with controls and indicators that is used in the com-
petition. 
Key words: chess clock, data acquisition, LabVIEW

 The architecture used is state machine and it contains states for initializing default values, picking time and increment, state when the players are on the move, incrementing time
 and ending. The timer and picking of time and increment are done with functional global variables.Custom indicators are done for display and chess clock indicator.The data 
acquisition is done with DAQmx. 

Author: Petar Vidoevski
Faculty of Electrical Engineering & Information Technologies

Skopje

Hardware

Methodology:

Front panel

Initializing default values

Incrementing time after finishing of the turnWhen is player’s 1/2 turn

FGV for the reverse timer FGV that counts how much times Time or Increment is clicked

SubVI for digital input and output

Conclusion:
                This program can evolve to producer-consumer based chess clock



The power of spectral components at low (0.04 �� to 0.�� ��� an� h��h (0.�� �� to 0.4 ���
fre��enc�es are anal��e� �n th�s paper. Th�s rat�o �s referre� to as �� � ��� where �� reflects a
meas�re of s�mpathet�c act���t� an� �� a meas�re of paras�mpathet�c act���t�.
�ase� on the o�ta�ne� res�lts� �t �s concl��e� that a relat��el� s�mple an� �ne�pens��e
protot�pe of the s�stem has �een �e�elope�.
�ome �mpro�ements can �e ma�e�
� �ppl�cat�on of mach�ne learn�n� an� �� �n the anal�s�s of ����� rat�o
� �etter ��al�t� har�ware components� most nota�l� �eart rate sensor
� The s�stem can �e �mplemente� �n an� motor �eh�cle w�th a few a���stments. �n electr�cal

power s�stem nee�s to �e ���lt so that the power of the comp�ter process�n� the s��nals �s
a���ste� to the �atter� �olta�e of the �eh�cle

�ther opt�ons for real���n� the alarm are poss��le thro��h the so�n� s��nal or the ���rat�on �n
the steer�n� wheel.

Low-cos� sys�e� �o� ��ows��ess �e�ec��o�
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�. �at�onal����hwa��Traff�c��afet����m�n�strat�on
�. ��ropean��omm�ss�on�� �ress�release���r�ssels������arch��0���
�. T��������������������������.��eart�rate��ar�a��l�t����tan�ar�s�of�meas�rement��

ph�s�olo��cal��nterpretat�on��an��cl�n�cal��se.���rc�lat�on�������pp.��04���0��
4. Tere�a��o���po�a an���an��ech���e����i�e���e���in���e�e��i�n���in�����i�����n���r����0��.
�. �.�.��amm e������������el�nes�heart�rate��ar�a��l�t��� stan�ar�s�of�meas�rement��ph�s�olo��cal�

�nterpretat�on��an��cl�n�cal��se�����r���e�r����� �ol.�����no.���pp.���4����������.

�e�e�e�ces

The p�rpose of th�s paper �s to �emonstrate h�man ph�s�olo��cal phenomenon of heart rate
�ar�a��l�t� (���� an� how �t can �e �se� to �p�ra�e the e��st�n� �r��er �rows�ness �etect�on
s�stem. The a�m of th�s s�stem �s to alert the �r��er when the s��ns of fat���e are �etecte� �s�n�
camera an� heart rate sensor s�m�ltaneo�sl�. The software for ���eo process�n� �s wr�tten �s�n�
�pen�� (�ntel �orporat�on� �anta �lara� ���� comp�ter ��s�on l��rar�� an� the al�or�thms for
e�tract�on of heart rate �ar�a��l�t� parameters are wr�tten �n ��thon. The software operates on
�asp�err� ��� wh�ch �s small an� relat��el� cheap comp�ter. The res�lts of th�s pro�ect can �e
�se� as an e�cellent platform for all �rows�ness relate� top�cs� �ncl���n� ���l��n� a low�cost an�
rel�a�le �r��er �rows�ness �etect�on s�stem.

��s���c�

����res 4 an� � show the spectro�rams of the awa�e an� sleep� s���ects. �s �t can �e o�ser�e�
�rows� s���ects ha�e a h��her proport�on of power at h��her fre��enc�es� wh�ch effect��el�
re��ces the �� � �� rat�o� as theoret�cal pre��ct�ons s���est.

�����e �.��pectro�ram�of�an�awa�e�s���ect� �����e �� �pectro�ram�of�a��rows��s���ect

The�real�t�me������s�shown��n����.��.���s���en��rop��n��al�e�occ�rs�when�s���ect��l�n�s.�The�
����threshol��for��l�n���etect�on��s�0.�

�����e �.� �����al�es��n�real�t�me�

�fter the secon� e�per�ment the follow�n� res�lts were o�ta�ne� wh�ch are ���en �n Ta�le �.

�ase� on these res�lts� the character�st�cs of the s�stem can �e �eterm�ne��
s�ec���c��y � 0.���� se�s������y � 0.�4�� ��ec�s�o� � 0.�4�� �cc���cy � 0.���

����o��c��o�

Sys��� ��s��������
���eo �s o�ta�ne� from the we� camera. �or s��nal ac���s�t�on a �eart �ate sensor �s �se�. The
sensor rea�s the analo� s��nal� wh�ch m�st �e con�erte� to ����tal �s�n� separate � � �
con�erter� �eca�se the �asp�err� �� �oes not own the same. �n ���. � a ��a�ram of the
connecte� s�stem �s presente�. �ne o�tp�t p�n of the �asp�err� �� �s thro��h a res�stor
connecte� to an ��� that effect��el� ser�es as an alarm.

������
�amera �s a metho� �n�ol��n� constant mon�tor�n� of the �r��er. �n real t�me� the camera
capt�res the �r��er� then the e�e re��on �s e�tracte�. �� anal���n� the re��on o�ta�ne�� �t �s
poss��le to o�ta�n �nformat�on a�o�t whether the �r��er �s clos�n� e�es for a lon�er t�me� wh�ch
wo�l� s���est that the �r��er �s �rows�. �f the camera �etects that the e�es ha�e �een close�
for more than 0.� secon�s� an alarm �oes off. �n th�s wa�� e�e �l�n�s are not �etecte� �eca�se
the a�era�e h�man �l�n� lasts �etween 0.� an� 0.�� secon�s. ��� (��e aspect rat�o� �s the �al�e

that we meas�re an� �s calc�late� as� ���� � � ������� �� �����

� �����
(f��. �� �4�.

�e��o�

��sc�ss�o� � �o�c��s�o�

�es�o��e�� �� ��e �e��e� �e���� �c�� �e����

��� �� �ale ��� ��

��� �� �ale ��� ��

��� �� �emale ��0 �0

��4 �� �ale ��� �0

�h��th�s�top�c��s�of��nterest�to��s�
� ��o�t��00�000�acc��ents�per��ear�are�ca�se������rows���r��ers���
� The���ropean��n�on��s��ntro��c�n��a�law�that�states�that�from��0����ear��

all��eh�cles�m�st�ha�e�a��rows�ness��etect�on�s�stem���
� Therefore��t��s��mportant�to����l��a�rel�a�le��real�t�me��low�cost�s�stem
� �ommerc�al�s�stems�are�cons�ste��of�camera��r��er�mon�tor�n�
� �an�s�ch�a�s�stem��e�enhance��
� �es.�����s�n��ph�s�olo��cal�s��nals�s�ch�as�heart�rate��ar�a��l�t��an��

anal���n���ts�parameters�s�ch�as�������rat�o.��t�was�fo�n��that���r�n��the�
trans�t�on�from�wa�ef�l�to��rows��state��the�heart�rh�thm��ecreases�an��
that��er��low�fre��enc��(�����osc�llat�ons��ecrease��wh�ch�pre��cts�a�
chan�e��n�the���������rat�o�to�paras�mpathet�c��om�nance��th�s��that�rat�o�
�ecreases���.

�es���s

����e �� L�s� o� �es�o��e��s

�c��ow�e��e�e��
The�a�thors�than��the��a�orator��for���ome��cal��n��neer�n��an��Technolo��es���epartment�of�
���nals�an����stems���ac�lt��of��lectr�cal��n��neer�n���n��el�ra�e�for�f�n��n��th�s�pro�ect�an��
the�opport�n�t��to��se�the�la�orator���an��espec�all���oc.��r.���l�ca �an�o��c�as�a�mentor�an��
on�s���est�ons�for�wr�t�n��the�paper.

���e �e�����e ���se �e�����e ���e �os����e ���se �os����e

�� � �� �

����e �� ����e� o� co��ec� ��� ��co��ec��y �e�ec�e� L��� ����os

�����e �� �ys�e� ��oc� �������

��� ����������� ��s���������
Two e�per�ments were performe�. The f�rst e�per�ment was �one �efore s��nal ac���s�t�on an�
process�n�� a ser�es of offl�ne recor��n�s were con��cte� to tra�n a class�f�ers �ase� on tra�n�n�
set. �ecor��n� t�me �s ��0 secon�s. The �escr�pt�on of the respon�ents �s ���en �n Ta�le �. The
o�ta�ne� res�lts were �se� as a �ector of pre��ctors for the calc�lat�on of class�f�cat�on
parameters. The class�f�er �se� �s ��nar� lo��cal re�ress�on. �n or�er to �al��ate the s�stem� �0
����� �al�es were meas�re� �n the secon� e�per�ment� �� ��r�n� the �a� an� �� ��r�n� the
n��ht. �s meas�rements were ma�e �n real t�me� �t was necessar� to ha�e a �warm��p� t�me
��r�n� wh�ch �ata were collecte�. The f�rst ����� �al�e �s �eterm�ne� after ��0 secon�s an� the
ne�t ones were o�ta�ne� e�er� �0 secon�s. Th�s �al�e �s then passe� to the class�f�er� wh�ch
o�tp�ts 0 � not �rows� or � � �rows� after wh�ch the alarm �oes off� �n o�r case an ���
connecte� to a c�rc��t w�th a �asp�err� �� comp�ter ���.



Strahinja Aškrabić

School of Electrical Engineering, University of Belgrade

Abstract

A LabView based platform for control and monitoring of a six-phase electrical drive is developed in 
the Laboratory for Electrical drives at the School of Electrical Engineering in Belgrade. Three-phase 
and six-phase scalar control algorithms have been implemented for demonstration purposes. The 
software base of the platform is a program developed in National Instruments LabView 
programming language.

Introduction

One of the main tasks of modern society is to introduce new, flexible and efficient electrical drives. Previous research has shown that five or six-phase drives have greater efficiency, reliability and 
better performance than three-phase drives, which is especially important in high power applications. Of course, application of six-phase induction motors requires adequate power converters and 

control algorithms.

Metodology

Main components of the platform are two three-phase ''SEMIKRON SEMITEACH IGBT'' power converters, ''Power Electronic & Drives Board-PED Board'' control unit, two boards for 
measurement of three phase currents each equipped with “LEM’’�current sensors and ’’HVSB“�voltage sensor board for per-phase and DC voltage measurement. The platform is modular and very 
flexible, so it can be easily upgraded with other sensors and devices (e.g. encoders or resolvers).

''SEMIKRON SEMITEACH IGBT'' power converters are 20kW three-phase ac/dc/ac converters with a maximum of 20 kHz switching frequency. This devices are developed for educational and 
laboratory purposes, so all their components are well-designated and can be easily distinguished, which is very important for students. At their input is a three-phase diode bridge rectifier. The 
output stage is a three-phase voltage inverter with powerful IGBT transistors. The DC link with 0.88-1.32 mF capacitors and a braking chopper and an optional braking resistor are connected 
between the input and the output. 

''Power Electronic &  Drives Board-PED Board'' control unit is equipped digital and analog inputs and outputs. This control unit contains an FPGA chip and it is programmable via NI LabView
programming language. Use of LabView represents a major advantage, because it allows implementation of complicated real-time control or optimization algorithms which can be executed at high 
sampling rates thanks to the FPGA chip. Apart form the implementation of the control algorithms, LabView also allows development of an interactive user interface. This powerful software enables 
the user to control and supervise the drive and to aquire important data.

Soft start with adjustable ramp-up time of the 
frequency reference is realized as part of the 
control algorithm. For the three-phase 
algorithm, U/f control is applied. U/f is 
realized as aproximate piecewise linear 
relationship that can be adjusted by user. For 
six-phase control, the user specifies Udq and 
Uxy voltage components, and the phase 
angle fixy, so voltage references are 
calculated as:

The monitoring system allows the user can 
monitor four phase currents and two phase 
voltages which are directly measured by the 
sensors. User can also monitor calculated 
values as dq an xy components and complex 
components of the current values. Data  can
be exported to an Excel spreadsheet for 
storage and further analysis. 

The control algorithm is separated in two parts. One part of the algorithm, that requires high rate execution (PWM, inputs sampling...) is realized as FPGA code. The other part, (setting the voltage 
and frequency reference, current and voltage monitoring) that does not require such high execution rates, is implemented in the processor. Even though the power converters have their own 
protections, additional software overcurrent protection is implemented as a part of the algorithm. For measurement purposes, analog inputs of ''Power Electronic &  Drives Board-PED Board'' control 
unit are equiped with second order low-pass Butterworth filters.

Conclusion

The developed platform has proven to be a very reliable and user-friendly solution for the control of a six-phase 
electrical drive. The result is a very modern laboratory electrical drive control and monitoring system with a great 
educational and research potential. Students and researches can use the setup for testing and developing of 
modern control algorithms which are necessary as part of the sustainable power industry.

��FPGA
��30 PWM channels
��24 analog inputs
��4 analog outputs
��36 digital inputs/

outputs
��Resolver interface
��Ethernet
��RS486

��20 kW
��50 kHz switching 

frequency
��500 Hz max 

output frequency
Six or three-phase 
induction motor

��+/-110A measuring range
��1:2000 Conversion ratio
��DC...200 kHz bandwidth

Encoder/Resolver 
possebility

��+/- 1kV measuring range
��DC...60 kHz bandwidth

Supervisory-Control-And-
Data-Acquisition

Calculating of six-phase reference voltages on FPGA in fixed point aritmetics

Measured Phase current

Calculated dq component of currents

Idq vector

Calculated xy component of currents

Ixy vector

Measured voltages
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Dynamic parameter identification can be divided into sections that include: 

� Specification of robot trajectory in the Wincaps software tool for Denso robot programming: 
� movements are specified individually for all joints, taking into account the minimum and maximum 

angles which can be realized by a certain joint [6] (Figure 1) 
� in this work the trajectory is given by the ad-hoc method, that is, manually pointing the robot to points 

inside the workspace; the robot repeats the trajectory while data is being collected 

� Signal processing in the MATLAB software tool, which includes:
� calculating velocities and accelerations based on the measured joint position data (Figure 2)
� processing of the obtained torque data achieved during the movement of the robot along the given 

trajectory
� filtering the measured data with a low-pass BUTTERWORTH filter (Figure 3)
� parameters optimization by the ordinary least-squares method
� model validation based on the comparison of measured and estimated torque (Figure 4)

Prior to parameter identification itself, a symbolic vector of base parameters is obtained using
the SymPyBotics software tool.
Only the results of the first, third and fifth joint are shown.

This paper focuses on determining the set of dynamic parameters of a six-axis Denso VP-6242 industrial robot.
Identification is performed by the experimental method [1], which implies that the parameters of a dynamic model are
estimated using the data contained in the robot’s response and measured during a specially designed experiment. First, a
symbolic set of dynamic parameters must be determined, based on the DH parameters of the industrial robot [2], and
then model identification is performed by solving the Inverse Dynamic Identification Method (IDIM). After that, the
obtained parameters of the dynamic model are optimized by the least-squares method. The final identification step is
model validation, based on the comparison of measured and estimated torque. This model represents the dynamic
relationship between the joint torques and joint positions.

A dynamic manipulator model is required for advanced Model-Based Control (MBC) algorithms
or Kalman filter formulations when designing adaptive algorithms. When there is another robot
or human in the environment of the robot, and there is a Physical Human-Robot Interaction
(PHRI) between them, the implementation of protective collision detection techniques is
necessary, i.e. collision with the robot environment requires knowledge of robot’s dynamics.

Dynamic model is affected by physical components such as motors, gearboxes, etc. - they are
constantly consumed and their characteristics change.

The IDIM equation, or the motion equation according to the LAGRANGE or NEWTON-EULER formalism [3] is:

� � �� + � �, �� �� + � � = �. �1�

For an industrial robot with � segments, � is the �-vector of actuator torques as well as the joint positions �, velocities
��, and accelerations ��. � � is the � × � symmetric and positive definite inertia matrix, � �, �� denotes the �-vector

of Coriolis and centrifugal forces, and � is the �-dimensional vector of gravitational forces [4].

The simplification of the motion equation in the linear form [5] is:

� = � �, ��, �� �,
where � is � × �� observation matrix, and � is ��-vector of dynamic
parameters. In general, not all the dynamic parameters have the same
influence on the model, and only the minimum-set of dynamic parameters,
so-called base parameters, can be identified. Consequently, the IDIM
based on basic dynamic parameters can be rewritten as

�� = �� �, ��, �� � , 3

where � is ��-vector of base parameters, and �� < �� . The result of

experimental procedure is a set od estimated robot dynamics parameters ��.

[1] Walter�E.,�Prozanto�L.,�(1997).�„Identification�of�Parametric�Models�from�Experimental�Data“.
Communications and Control Engineering. Springer-Verlag London, 1st edition. 

[2] Denavit J., Hartenberg R. S. (1955). A kinematic notation for lower-pair mechanisms based on matrices, 
Journal of Applied Mechanics 1. 

[3] Borovac�B.,�Đorđević�G.,�Raković�M.,�Rašić�M.,�(2017).�„Industrijska�robotika“,�FTN izdavaštvo,�Novi�Sad.
[4] Vuong N.D., Marcelo H. Ang Jr. (2009). Dynamic Model Identification for Industrial Robots. Article in Acta 

Polytehnica Hungarica.
[5] Swevers J., Verdonck W., Schutter, J. (2007). Dynamic Model Identification for Industrial Robots. IEEE 

Control Systems Magazine. 
[6] Bahloul A., Tliba S., Chitour Y. (2018), Dynamic Parameters Identification of an Industrial Robot With and

Without Payload. IFAC. 18th IFAC Symposium on System Identification, SYSID 2018, Stochkolm, Sweden. 
[7] Jubien A., Gautier M., Janot A. (2014). Dynamic identification of the Kuka LWR robot using motor torques 

and joint torques sensor data. Proc.of the 19th World Congress, The IFAC, Cape Town, South Africa.

The proposed identification method identified 31 of 48 base parameters and a total of 72
dynamic parameters for Denso VP-6242 industrial robot. To achieve better results, a few changes
need to be done:

� Trajectory optimization according to robot constraints instead of ad-hoc method
� More adequate filtering, i.e. signal processing
� Use of MDH instead of DH because it affects the set of base parameters [6]
� Parameter optimization based on the physical sense of the parameters (to avoid impossible 

parameter values)
� Combining different measurements (moments and currents) to identify more parameters [7]

The resulting set of dynamic parameters is validated based on the comparison of measured and
estimated torque. Torque estimation can be further used in the design of advanced control
algorithms, and one of the techniques is Computed Torque Control – CTC.

To be able to update the dynamic model in real-time, it is necessary to create an algorithm that
will estimate at which point the deviation of the dynamic parameters occurred. Depending on the
application of the robot, the work assignment can potentially be used as an excitatory signal for
the experiment.

Robot’s�dynamic�model�
changes over time

Algorithms cease to be 
optimal over time

The dynamic parameters 
model needs to be updated!

For the experiment purposes, it is necessary to
achieve master-slave communication between
the robot controller and the computer. Designing
an experiment requires knowing the limitations
of the robot:

� working range of the robot - workspace
� maximum load weight
� maximum joint speeds
� maximum joint torques

In this paper, the robot has no payload on its
end-effector while performing the experiment.
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The focus of this paper is an i�p�e�entation p�atfor� for �uic��� an� si�p�e ana���in� of a contro� a��orith� for ro�otics �oint �ith �aria��e stiffness� The �ain �oa� is achie�in�
a possi�i�it� to test contro� a��orith�s� �ritten in the �at�a���i�u�in� pro�ra��in� en�iron�ent� �irect�� on the rea� s�ste�� The casca�e contro� a��orith� �escri�e� in ��� is �i�i�e�
into t�o e�ecutin� parts� �irst part represents a �o�er contro� �oop� �oop for contro��in� actuators� e�ecutin� on ���� chip� ���� chip� �ue to its spee� an� �eter�inis� �hich cannot
�e achie�e� �� another s�ste� �i�e ��� represent the perfect choice for e�ecutin� a fast �o�er contro� a��orith�� The secon� part represents a hi�her contro� �oop� �oop for contro��in�
non�inear �u�ti�aria��e s�ste�s� �i�e contro��in� position an� stiffness of anta�onistic ro�ot �oint� e�ecutin� on �� usin� �at�a���i�u�in� pro�ra�� �hoosin� �at�a���i�u�in� for
hi�her contro� �oop �i�es f�e�i�i�it� for so��in� the pro��e� of contro��in� the anta�onistic ro�ot �oint� �n a��ition to �� ��at�a���i�u�in�� an� ���� chip� s�ste� contain a�so �ea��
Ti�e contro��er use� as a co��unication an� contro� �echanis� �et�een these t�o e�ecutin� p�atfor�s�

�n the �ro�in� fie��s of �eara��e ro�otics� reha�i�itation ro�otics� prosthetics� an� �a��in� ro�ots� �aria��e stiffness actuators ����s� or a��usta��e co�p�iant actuators are �ein�
�esi�ne� an� i�p�e�ente� �ecause of their a�i�it� to �ini�i�e �ar�e forces �ue to shoc�s� to safe�� interact �ith the user� an� their a�i�it� to store an� re�ease ener�� in passi�e e�astic
e�e�ents���� � co�p�iant actuator �i�� a��o� �e�iations fro� its o�n e�ui�i�riu� position� �epen�in� on the app�ie� e�terna� force� The e�ui�i�riu� position of a co�p�iant actuator is
�efine� as the position of the actuator �here the actuator �enerates �ero force or �ero tor�ue� This concept is specifica��� intro�uce� for co�p�iant actuators� since it �oes not e�ist for
stiff actuators� �assi�e co�p�iant actuators contain an e�astic e�e�ent� i�e�� a sprin� that can store ener����hich is not the case for actuators �ith acti�e co�p�iance� �here the
contro��er of a stiff actuator �i�ics the �eha�ior of a sprin��

� Bio�o�i��������i�����oi�����i��������o���o�

This �io�o�ica��� inspire� �oint stiffness contro� is a rotationa� �oint� actuate� �� t�o
���s as sho�n in �i�ure �� �hen �oth ser�o�otors rotate in the sa�e �irection� the
e�ui�i�riu� position of the �oint is chan�e�� �hen the� rotate in the opposite
�irection� the stiffness of the �oint �i�� �e chan�e�� �t is i�portant to �antione� that
the non�inearit� of the sprin� is essentia� to o�tain the a�apta��e co�p�iance����

�ontro��in� �� contains c��� contro��er fro� �ationa� �nstru�ents �ith appropriate
�o�u�es for �otor contro� an� �easurin� ana�o� inputs� ��ste� co�ponents�

• NI cRIO 9074 [�� � �ea��Ti�e e��e��e� contro��er �ith ���� ship
• NI 9�0� [�� � �o�u�e for contro��in� actuators
• NI 9�0� [7� � �o�u�e for �easurin� ana�o� �o�ta�e si�na�s

�oft�are�i�p�e�entation�is��i�i�e��into�four�in�epen�ent�app�ication��hich�co��unicates�

�ith�each�other�throu�h��ifferent�an��pre�efine��protoco�s��

� ������������������������ supportin��co�e�for�co��unication��et�een����an��

contro��in��s�ste�

� R��������������c������� app�ication�for�contro��in�������e�ecution�an��pro�i�e�

co��unication��et�een����an������

� �����c������������������������c������� �����i�p�e�entation�of�contro��in��

a��orith�s�an���easurin��s�ste��si�na�s

� ����I���c���������������������������������c������� app�ication�for�connection�

confi�uration��et�een����an�������an���onitorin��of�s�ste��si�na�s��easure����������

app�ication

�i�ure���sho�n�co��unication�protoco�s�use��in�co��uniication��et�een�app�ications��

�o�er contro� �oop� �otor contro��in� a��orith�� contains three ���s connecte� in
casca�e� Throu�h the confi�uration too� user can confi�ure the fina� �o�er contro�
a��orith� �� ena��in���isa��in� an� �efinin� ��� para�eters for each of these three
���s� �tructure of �otor contro� a��orith� i�p�e�ente� in �����
� ����� c���������
• �������� c���������
• ������� c��������r

�n this paper� it is sho�n the i�p�e�entation of the casca�e contro� a��orith�� �i�her an�
�o�er contro� �oop are i�p�e�ente� in �at�a���i�u�in� an� ���� chip� respecti�e��� This
i�p�e�entation �rin�s t�o �ain a��anta�es� �o�er contro� �oop i�p�e�ente� in ���� chip
�i�es hi�her perfor�ance co�pare� to the sa�e contro� �oop i�p�e�ente� on �� or �ea��
Ti�e contro��er� �i�her contro� �oop i�p�e�ente� in �at�a�����u�u�in� �rin�s free�o� for
choosin� approach in so��in� non�inear �u�ti�aria��e s�ste�s that can �e app�ie� to contro�
position an� stiffens of anta�onistic ro�ot �oint�
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Figure 3. (a) The original image obtained from a web 
camera, and (b) the binary region obtained by the algorithm

Image based method for assessment of
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Figure  1. Planimeter

Figure 2. Acquisition system with a positioned meat sample

(a)

(b)

In this research, a novel system for measuring the water holding capacity of 
meat was designed and it’s functionality was experimentally verified. Experi-
ments were conducted on ten di�erent meat samples, and the obtained 
results were compared to a reference planimeter measurement method. It 
was shown that results obtained from both methods were in good agree-
ment.

The parameter of water-holding capacity is most 
often determined by the planimeter compression 
method which is well represented in the profes-
sional literature. The meat sample by compres-
sion leaves a mark on the filter paper and the sur-
face of the squeezed juice is measured by a 
planimeter. Unfortunately, the method takes a 
long time and requires the skill of the evaluator. It 
can also result in high measurement error which 
influences the decision on further production.

In this poster presentation, we propose a solu-
tion that is accurate, gives fast results, and does 
not require operator training. The aim of our 
research was to develop a simple and robust 
method for determining the water holding capac-
ity of meat. The proposed method is based on the 
algorithms used in digital image processing.

The water that meat can release is called free 
water. There are several methods for estimating 
the water holding capacity of a meat sample, the 
most common methods being based on the 
application of force to squeeze free water and 
measure its quantity. 

Meat quality testing is carried out in order to 
decide on the usability of meat for human con-
sumption. Water holding capacity is the ability of 
meat to retain its own or added water and is a 
characteristic of the quality of meat on the basis 
of which meat is classified for the production of 
particular meat products. Water in muscles can 
be bound in two ways: by chemical bonds or by 
physical forces. Chemically bound water and 
water immobilized in capillary structures are lag-
ging behind.

3. Place the compressorium on the stand and 
take a picture of the samples.

2. Wait for five minutes in order for the meat to 
release all of the water.

1. Place the meat sample on the filter paper and 
put it in the compressorium.

The algorithm for calculating the displaced water 
is based on segmentation with further image pro-
cessing for Binary object analysis. The measure-
ment procedure is consisted of the following 
steps:

4. Insert a sample image into the program.

5. Read the value obtained in the program.

By processing and segmenting the image, we 
have successfully separated the region that rep-
resents the displaced water from the meat sam-
ple. Now with simple operations on a binary 
image we can count the pixels and get the value 
of the required area.

Since we have the value of the surface 
expressed in cm², by multiplying by 10 we get 
the value of free water in mg. The multiplication 
factor is 10 because a 1cm² filter   paper   
absorbs   10 mg   of   water.  The algorithm is 
implemented in the “National Instruments - 
Vision Assistant 2019” software package. We 
used a standard general purpose web camera.

From the table we note that the values obtained 
by the proposed algorithm are approximate to 
the values obtained by the planimeter. However, 
it should be borne in mind that planimeter mea-
surements in this work were performed by an 
inexperienced operator, that is, the author of this 
paper.

Sample Planimeter [cm²] Algorithm [cm²]

1 16,01 14,58

2 10,92 10,38

3 8,95 8,43

4 8,94 8,76

5 8,31 7,9

6 7,16 6,57

7 15,63 15,57

8 13,08 13,08

9 12,37 11,93

10 15,44 14,77

Table 1. Comparison of values obtained by planimeter and 
our algorithm

 

Figure 4. Samples corresponding to the results shown in 
Table 1. The inner boundary in all the samples is colored blue 

in order to simplify the planimetry measurement.

 

The developed acquisition system is consisted mostly of general purpose, 
low-cost components, and it provides multiple advantages over the 
planimeter method. The most important advantages include the measure-
ment speed, simplicity, repeatability of results and no need for complicated 
operator training.

For further research, it is intended to implement the algorithm using free soft-
ware libraries i.e. OpenCV, and make an application publically available to 
everyone. Dependance of results on the quality of the camera is to be quan-
tified by using an industrial grade camera. It is also our intention to use the 
methods for analyze the measurement uncertainty of the proposed system. 
In the end, a 3D printer friendly test stand should be designed in order to fur-
ther simplify the assembly of the whole acquisition system.
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