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tri
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hnologyIlkovi
ova 3, 812 19 Bratislava, Slovak republi
peter.fodrek�stuba.skAbstra
tThis paper des
ribes edu
ational stand for tea
hing distributed 
ontrol systems. It uses industrialreal-time Ethernet framework 
alled EtherCAT. For I/O we used modules from German 
ompany Be
k-ho�. EtherCAT master kernel module is used for Etherlab in Linux with RTAI. We mention Hardware
on�guration, system software and appli
ation ar
hite
ture as well as some troubles in the solution. Thispaper is based on master thesis of Jaroslav Kamensky from June 2009 supervised by Peter Fodrek.1 Introdu
tion
Paper is about distributed 
ontrol over EtherCAT.This te
hnology is repla
ement of the �eldbus basedon Ethernet.It solves main problem of the �eldbusesthat is its 
ost be
ause of low 
ount of sold 
ompo-nents 
ompared to the standard hardware as Eth-ernet. Problem of Ethernet is that it was not de-signed for low laten
y and hard realtime but for softrealtime of a large amount of data. EtherCAT orEthernet POWERLINK solves this problem. Thenthere is se
tion about Ether
at I/O modules fromGerman 
ompany and EtherCAT inventor Be
kho�.We used module from it as they were taken to us asa gift.Software 
ontains three modules: 1st for 
om-muni
ation over EtherCAT, 2nd for 
ontrol and 3rda only user spa
e module for GUI in JAVA. We usesanalog Computer to simulate analog pro
ess in taskof prove fun
tionality. We used dis
rete PID to 
on-trol non-linear system but there is possibility to useany other 
ontrol law.

2 EthernetAs we mentioned using Ethernet as the 
ontrol loop�eldbus repla
ement we saw three main disadvan-tages:I. Too mu
h ISO/OSI levels and therefor too mu
hmetadata for devi
e 
ommuni
ation with 
ommuni-
ation with low amount of data.II. Too mu
h wiring and therefor too addition 
ostfor low number of devi
es and CPU performan
e.III. Not enough realtime 
apabilities be
ause of toomu
h CPU utilization.IV. Star topology is not suitable for industrial 
on-trol in many 
ases.Be
ause of this there was developed addition and
hanges to Ethernet to use it as �eldbus in dis-tributed 
ontrol.Most 
ommon are Ethernet Power-Link andEtherCAT. In the paper there we will be1



mention only EtherCAT.3 EtherCATBest addition is to add linear stru
ture of the 
ablesas show on the Figure 1

FIGURE 1: Ether
at Pri
iple[2℄[3℄Frame of the Ether
at based on Ethernet isshown in the Figure 2

FIGURE 2: Ether
at Frame[2℄[3℄EtherCAT used o the 
y read/write to the Ether-net Frame whi
h is produ
ed by EtherCAT master.EtherCAT master is sot ware a therefor standardEthernet adapter to be used. Only devi
es must beEtherCAT devi
es. This approa
h made author ofEtherCAT German 
ompany Be
kho� famous. Ea
hdevi
es 
an have several bytes on several pla
es in theEtherCAT frame as shown of the Figure 3.

FIGURE 3: Ether
at Devi
e data in theEtherCAT Frame[2℄[3℄Another problem is how to date after all modi�-
ations will return to the master for pro
essing in thePC and GUI. Ea
h system has virtual ringbus ar
hi-te
ture with possibility to use to use hardware ringbus when devi
e 
an be send in whi
h of go-returnpart of the frame pro
essing will pro
ess whi
h bitof the frame as shown on the Figure 4.

FIGURE 4: EthreCAT ringbus[2℄[3℄These 
hanges are enough to a
hieve hard real-time 
apability with not non-realtime devi
e on thenet. There is possibility to use non-realtime hard-ware, but then there is need a spe
ial EtherCAT mas-ter to avoid frame 
ollision with not realtime 
om-muni
ation. Hard realtime hardware module is forexample 
on�gurable module from Be
kho� as seen2



on the �gure 6

FIGURE 5: Be
khoof devi
e we usedFor our appli
ation only three modules are used
ommuni
ation module on the Figure 6, Analog in-put module for E-bus on the Figure 7 and Analogoutput module on the Figure 8. all these modulesare from Be
kho�. We were 
onne
ted to the 
om-muni
ation module with mu
h more modules on thee-bus but we use these modules

FIGURE 6: Ether
at blo
k

FIGURE 7: Ether
at blo
k

FIGURE 8: Ether
at blo
k4 Analog ComputerWe have 
onne
ted analog output and input tothe analog 
omputer MEDA-50 (MEDA=Maly Elek-troni
ky Diferen
ialny Analyzator or Small Ele
-troni
 Di�erential Analyzer) as shown on the Figure3
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FIGURE 9: Analog Computer Meda-50As we shown TV is not reguirer but 
an be usedin some 
ases to monitor pro
es but we do not usedit.5 Appli
taion ar
hite
tureWe used RTAI as Realtime nanokernel, EtherCATmaster program form proje
t Etherlab with Real-tek Ethernet adapter. Therefor only several versionsof the Ethterlab will work on spe
i�
 kernel versionwith it. We use one mole to 
ommuni
ate with twokernel modules of the Etherlab master. One of it iffor Ethernet adapter and one for API generalization.Our module set Etherlab master make 
ommuni
a-tion domains and 
hannels for spe
i�
 and very welldo
umented hardware form Be
kho�. Next moduleis used to 
ount 
ontroller output or 
ontrol law. it
ommuni
ated with user spa
e JAVA GUI appli
a-tion via Realtime FIFO pipes. GUI is able to 
hangetype of dis
rete PID with windup e�e
t of 
ontrolleroutput limiter and with anti-windup 
orre
tion. Italso use two types of dis
rete PID for both 
ases.Ea
h of this four 
ontrollers 
an have own parame-ters of the gains and period of the timer of the 
ontrolloop or dis
rete system period.

6 Appli
ationWe produ
ed appli
ation in the Slovak language tomanage 
ontrol loop and for displaying values as ofFigure 9. Values are like in 
ontrol theory: w- forwish value, e- for deviation of the wish value andpro
ess output y for pro
ess output and u- for 
on-troller output. There are two 
ontroller outputs upo
for algorithm output and ureal for real input of thesystem with mentioning bounds. Really only ureal issend to the Output modules be
ause it does not a
-
ept larger value then maximum output. As seen onthe Figure 10. there are 4 
ontrollers and parametersare 
hanges only when Zapis=write for 
ontroller ispressed Choi
e of the a
tive 
ontroller is applied au-tomati
ally. You 
an 
hoose whi
h of the values todisplay in the graph. As well as the wish value. Itis applied when nastv=set button is pressed. Con-troller 
an be enabled(zapnuty) or disabled(vypnuty)and as well as integral part to be reset to the 0..Graph 
an be stati
 (stati
ky) or dynami
 (dynam-i
ky). stati
 graph means that data are refreshed af-ter data for new full s
reen graph arrived. Dynami
plots ea
h time value arrive to the GUI appli
ation.For 
ontroller you 
an set gain for (P)roportional,(I)ntegral and (D)i�erential part a well as time pe-riod T.

FIGURE 10: Appli
ation7 Con
lusionsWe des
ribed our appli
ation used to demonstratepossibility to 
ontrol in the industry via RTI andEtherCAT. It is not perfe
t and needs future im-provements but student was learned ho to write ker-nel module RTAI appli
ation and JAVA GUI. As wellas Java Native interfa
e to use RTAI FIFO pipes forpart of appli
ation to 
ommuni
ate.4
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