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1 Introdu
tionWe have been developed plasma 
utting ma
hine
ontrol system for a 
ommer
ial engineering subje
t.Paper des
ribes main prin
iples of this proje
t espe-
ially of the software design. There is main problemto break engineers to permanently 
hange spe
i�
a-tions whi
h degrades original lasagna-ravioli 
ode de-sign in dire
tion to produ
e only spaghetti 
ode. Sys-tem 
ontains me
hani
al portal with one motor onthe X-axis but two pinion-ra
k me
hanism with tor-sion shaft. Y- and Z-axis have also one motor ea
h.Movement of ea
h axis is provided by Permanentmagnet syn
hronous motor with 
orresponding drivewith CAN-Open interfa
e, There are also binary andanalogue input/output modules with CAN interfa
efor te
hnology. Another parts are two CAN-Openoperator panel with 3 line display and industrial
omputer with additional two port CAN interfa
e.2 Hardware 
on�gurationIn this se
tion we des
ribe used hardware and thelowest level of the software whi
h is in lasagna 
odeequal to hardware drivers2.1 CANbus interfa
e in PCIn the prototype we used Adlink PCI-7841 be
auseof 
ost and well do
umented Philips SJA1000 
on-troller. We were mentioned that SJA1000 is 
apableto a
hieve bandwidth of 1Mb/s, but on this 
ard itis impossible. We were used this 
ard be
ause ofprevious RTLinuxFree based proje
t and own driverderived form CanFestival proje
t's 
ode for hard-ware whi
h is not yet in
luded in the 
ode. In that
ode there was an remark that driver does not workon some revisions od Adlink PCI-7841. Code doesnot worked with our 
ard, so we made some extra
-tion and 
ustomization of the driver's 
ode as it isnot driver but only module with exported symbolswhi
h are fun
tion names. When we used only Bas-i
CAN fun
tions then driver worked, but when usedanother features of the SJA1000, system 
rashed.Basi
CAN is mode of 
ompatibility with PhilipsPCA82C200 whi
h is pin and ele
tri
ally 
ompati-ble prede
essor of the SJA1000. There is possibilityto use SJA1000 in the PCA82C200 board but thenSJA1000 
an a
t only as PCA82C200 or only in Ba-si
CAN mode of SJA1000. About half of the 
ardswith PCA82C200 supports only 500Kbit bandwidthalthough PCA82C200 
hips has 1Mbit 
apability.During resear
h we tested German Peak system

PCAN-PCI dual 
hannel SJA1000 based 
ard. Andthere di�eren
e. It works on RTAI with RTDMdriver on the 1Mb/s well. There was RTDM driverfor that 
ard from the manufa
turer. It worked ex-tremely well ex
ept that there are no examples forkernel mode use of the driver and examples were notable to 
ompile when used RT=RTAI option of themake 
ommand whi
h 
auses to 
ompile driver forRTAI. There were misspelled pre�x of t for trans-mit instead of 
orre
t r for re
eive in re
eive fun
tionor vi
e versa. When 
orre
ted all examples 
ompiled
orre
tly with even with RT=RTAI option. Just nowthere is newer version of that driver available on thePeak system website. We have to test it, yet.Be
ause of listed we have found that there is reasonto look at the boards and �nd di�eren
es. AlthoughPCB for PCAN is mu
h smaller than that for PCI-7841, number of ICs is higher fore PCAN. All ICs onthe PCI-7841 are present on the PCAN but there areadditional ICs on the PCAN. As of this we found thatour revision of Adlink 
ard is board for PCA82C200whi
h is not in produ
tion for a long time and itis repla
e by SJA1000 as 
ard is sold in
orre
tly asSJA1000 
ard.Therefor we will use PCAN 
ard in the future versionas well as we are to test PCAN-USB opto-de
oupledPCAN interfa
e for USB in the future. We usedthis USB dongle with Peak system Windows onlysoftware to monitor CANbus during developmentfor system's unpredi
table behavior debugging be-fore testing PCAN-PCI. But be
ause of in
ompatibleinterfa
e with 
urrent driver it is needed to rewritelowest level of the appli
ation. Here is shown whythere is needed lasagna 
ode strategy of developmentinstead of pure ravioli 
ode whi
h is best 
ode strat-egy for 
ode maintenan
e.2.2 Motors and drivesWe use 3 motors from German vendor Lenze withdrives wit CANopen interfa
e from same vendor.There are drives with or without PLC. We used ver-sion without PLC be
ause we do not need this fun
-tion when limit swit
hes are pro
essed as well in nonPLC version. Drive also handles over-
urren, over-voltage over-heating and maximum velo
ity or posi-tion error ex
eed. We 
an transmit wished positionand velo
ity to the drive and read 
urrent values ofvelo
ity position and limit swit
hes statuses with pe-riod of 2nd millise
onds instead of planned 1 millise
-ond with. This a
hieve wished a

ura
y of 0.1 mmwith speed of 50mm/s when normal speed is 30 mm/sand maximum is 80 mm/s. A

ura
y is not depen-dent on the size of ar
 as in previous using solutions.If in the previous solution 
ir
le has diameter 1 m2



then a

ura
y in previous DOS based solution hasdynami
 a

ura
y of 15.7 mm when diameter of and
ir
le is 1 
m a

ura
y of 0.157 mm. If ar
 has 90degrees then a

ura
y 3.93 mm for ar
 with diam-eter 1m and with 1
m is it 0.0393mm for speed of157.08 mm/s but a

ura
y of 0,12 with velo
ity 50mm/s and 0.21 mm with velo
ity of 30 mm/s. thesesvelo
ities.Our new solution has dynami
 a

ura
y of 0.32 mmat 160 mm/s; 0.16 mm at 80 mm/s; 0.1 mm at 50mm/s, 0.06 mm at 30 mm independently of the di-ameter of the ar
. Only parameter new solution de-pend on is velo
ity be
ause time interval is �xed.A

ura
y is 
ounted as time interval of 1 ms timesvelo
ity. Opposite is old solution where two fa
torslimits a

ura
y. First of them is maximum 
ount ofinterpolation points of the ar
 whi
h is 200. Se
ondis minimum time period between points of 1ms.Therefor new solution has 
an
eled one of two lim-its of the old solution but be
ause of badly 
hosenPC interfa
e for CAN and drives with minimum re-fresh wish value 1-2ms depending on used CANbusbandwidth the se
ond limitation has been worsen.This 
an be solved by repla
e CAN interfa
e fromAdlink to Peak system 
ard. Only digital drivesthat are 
apable to refresh wish value in period lowerthan 1 millise
ond are drives of produ
t line Sinu-merik form german vendor Siemens. Sinumerik isonly drive produ
t line that is spe
ialized for highpre
ision high speed CNC and therefor their 
ost isat least two times higher than drives form Lenze,ABB, Ro
kwell Automation/Allen-Bradley, ControlTe
hnique, Rexroth or Invertek whi
h are only 
om-panies in se
ond league in drives behind only �rstleague Siemens.2.3 Input/Output modulesOn the CANbus there are also several binary inputsoutput for example for toxi
 gas exhaust se
tion se-le
t and start/stop of the exhauster. Ma
hine is di-vided into exhaust se
tion when only one se
tion isenabled be
ause then you do not need to use thathigh power exhauster as needed by just one se
tion.Using several se
tions then make ma
hine more greenas it 
onsumes lower ele
tri
ity . Exhauster is neededbe
ause 
utting metal material by plasma is basedon the sublimation of the metal. Produ
ed metalgas rea
ts with 
omponents of the air with prod-u
t of toxi
 gases. Exhaust has also 
ooling e�e
twhi
h is needed to a
hieve minimal 
utting gap. An-other binary I/O are used to start/stop plasma and
he
k plasma generator's state be
ause there are partof rapid move between 
utting traje
tories. Analogoutput is used to set power of plasma whi
h is pa-

rameter depending on thi
kness of 
utter material.Analog input is used to measure deviation voltageof ele
tri
 ar
 of plasma whi
h indire
tly measuresdeviation of hight of 
utting head from the materialwhi
h must be zeroed for best 
utting pro
ess andminimal 
utting gap. There are also binary inputsfrom operator's panels buttons and binary outputs to
hange 
olor of the button, to inform operator whi
hbuttons are allows and whi
h not. It is possibilitynot to under-light button with any 
olor.2.4 CAN busAll 
ontrol system 
omponents are 
onne
ted by�eld-bus from German 
ompany Bos
h named Con-troller Area Network whi
h is primarily used in au-tomotive industry. We 
hose this �eldbus be
ausein 2007 we were world's number one 
ar maker per
apita, when 
ar produ
tion in Slovakia rea
heda re
ord 571,071 that means the average of 105.7
ars manufa
tured for every thousand inhabitants[1℄.Therefor knowledge of the CAN bus adds 
apabilityto a
hieve job after 
risis. After 
risis is it be
auseour top 
ar bodywork designer Jozef Kabana 
hief-designed Bugatti Veyron , and was a 
hief bodyworkdesigner of Audi in time they made latest fa
elifts ofAudi A4/A6/A8. Bratislava's Volkswagen produ
esAudi Q7, Pors
he Cayene and VW Tuareg.Our proje
t made major su

ess in area of CAN buskernel framework as listed in software part. Volkswa-gen team has been beaten by us in this part of kernelbut there are di�erent approa
hes by doing this.2.5 Industrial PCFor the GUI and 
ontrol we are using industrial panelPC with resistive tou
hs
reen without mouse or key-board. PC is in moveable ra
k, whi
h 
old be moveda
ross the ma
hine. the only 
ables form an to ra
kare power 
able a two four wire CAN bus 
ables. in-dustrial PC has only two slots for additional 
ardsone PCI and se
ond PCI Express x1. Now we usePCI, for PCI-7841, peak system 
ard is as well forPCI Express x1 as for PCI, so we 
an have four CANports. Pro
essor is Pentium IV based Celeron on3Ghz. There are two Ethernet adapters one for 1Gbit/s and one for 100 Mbit/s for use to remote mon-itoring via Internet or by exe
utives of the 
ompany,where ma
hine will be working after sold. As wellfor planned automati
 software updates. Graphi
adapter is integrated on the board form Sili
on Inte-grated Systems. for the future we plan use integratedGMA3000/3500 or Radeon HD4200 for mu
h fastergraphi
s and OpenCL usage.3



3 SoftwareIn this se
tion we will dis
us software. It has threemodules working on di�erent 
omputers. First isdesign of what to 
ut by engineers in their ownCAD system. This leaves un
hanged. Se
ond issystem to transform CAD image into NC or CNCprogram into text �le with 
ommands in languagethat ma
hine understands. This was upgraded formDOS appli
ation to another multi-platform solution.Third part is 
ontrol system running at the indus-trial PC. This basi
 ar
hite
ture is as show ravioliar
hite
ture of the 
ode be
ause ea
h part of systemis independent and 
ommuni
ation is stri
tly de�nedby DXF(Drawing Ex
hange Format) format betweendesigning CAD and transforming CAD/CAM soft-ware to the own NC program language REZ. NCprogram is by Prva Zvara
ska 
alled Cutting planbut any other �rm 
all it NC program. Ma
hinemust be able to read text �le with REZ language
ommand and interpret them. It is not ravioli 
odebe
ause independent entities are not as small as it
an be. But there is not design of 
ode but design ofar
hite
ture.3.1 CADCAD 
ould be 
hosen by 
ustomer only 
onditionis that he export drawing into DXF whi
h is for-mat designed to ex
hange CAD drawings betweenin
ompatible CADs. Therefor 
ustomer 
an useamateur's CAd like QCAD, half-profesional CADslike Autodesk AutoCAD, whi
h is only availablefor windows and is most used in Slovakia or aswell professional CADs like Bentley Mi
rostation,IBM/Dassault Systemes CATIA or Parametri
 Te
h-nology Corporation Pro/Engineer. All of the profes-sional CAD are able or was able in previous versionsto run on Linux or other Unixes as well as majority ofamateur CADs. Half-profesional CADs are rare forGNU/Linux but there are several noti
eable as We-ber Systems Synergy, VariCAD or U.S. Army Bal-listi
 Resear
h Laboratory BRL-CAD. There is opensour
e proje
t openCASCADE whi
h produ
es plat-form to build multi-platform CAD espe
ially CADsfor GNU/Linux. It is main proje
t of Google summerof 
ode of previous and this year with potential tobe �nished in 2010 as framework that has all fun
-tion of AutoCAD ex
ept DWG �le reading. Thisis be
ause openDWG library from Open Design Al-lian
e[2℄ whi
h supports DWG is paid, but last yearthere was a 
hange that Adobe opened spe
i�
ationof the DWG via Open Design Allian
e for free andthere are several CADs for linux that supports Au-

todesk's AutoCAD native format DWG but it is stillno perfe
t. Proje
t to build free Linux library similarto openDWG, whi
h is free for anyone for Mi
rosoftWindows but paid for Linux is another key proje
tof Google Sumer of 
ode 2009. openDWG is te
h-ni
al free Linux, but Linux version os only availablefor members of Open Design Allian
e but member-ship has obligated yearly fee. To download Windowsversion of openDWG membership of Open DesignAllian
e is not required, but to download any Unixversion of openDWG is membership required.3.2 CAM - 
onversion to the REZin this 
hapter we will dis
uss three o�ered solutionsof 
onverting DXF to NC program3.2.1 DCPCOld version of the software is Slovak language basedDesign CAD for PC. It has two parts Imsisoft DesignCAD for Drawing and Basi
 s
ript whi
h produ
esNC programs from the drawings named DCPC (De-sign CAD for Pro
essing Convertor). DCPC workonly on DOS and only of spe
i�ed version of the De-signCAD and only with its Cze
h lo
alization.

FIGURE 1: DesignCAD for PC mains
reenAs seen of the Figure 1 GUI of this software isbased on DesignCAD and looks like traditional Bor-land's IDE for Pas
al or C language. It works onDOS or MS Windows 98 or older but not with NTkernel. For newer Windows it does not work. Sothere is time to repla
e it, but some engineers wantnot to 
hange known GUI. For them there is solutionwith Sun VirtualBox and virtual FDD for mounting*.img as Windows disk whi
h enable transfer datato and from the DOS ma
hine. Main and only prob-lem is with CODEPAGE for lo
alization. FreeDOSdoes not support national 
odepages (national 
har-a
ter sets and number formats) at least via needed4




ountry.sys �le in stable FreeDOS release. In devel-opment releases 
ountry.sys is present. But there arefree to download supplemental �les for MS-DOS 6.0in
luding 
ountry sys at Mi
rosoft website[3℄. Thereis a problem that FreeDOS is fully 
ombatible withDOS 6.22 not 6.0 and for DOS 6.22 Mi
rosoft doesnot o�er 
ountry.sys. Therefor we need to use MS-DOS to run this program with 
ore
t dipaly of thenational 
hara
ters. There is not te
hni
al barrierto use MS-DOS in VirtualBOX but this is only le-gal problem. There is only solution via Mi
rosoft'sli
ense legal guide to downgrade rights[4℄ there iswritten: "Downgrade rights grant the right to useprior versions of Mi
rosoft software. Mi
rosoft Vol-ume Li
ensing programs in
lude spe
i�
 downgraderights. The OEM Li
ense Terms for most OEM ver-sions of systems software do not grant downgraderights. The ex
eption is the OEM Li
ense Termsfor the WindowsXP Professional operating systemand the Windows Vista Business and Windows VistaUltimate operating systems, whi
h grant downgraderights." This not mention repla
ement of the newersystem when used older as usually mentioned.Tthisis only Mi
rosoft's that do not mention Windows fordowngrade, so if we have Windows Li
ense we 
anuse DOS in Virtual BOX legally, when do not useother Windows appli
ation simultaneously. You justto have legal 
opy of the DOS installation disks or
opies form subje
t that owns it legaly. This is truefor us. Prva zvrara
ska has Windows li
enses as wellone li
ense for MS-DOS li
enses from the past. Theyalso has valid DCPC and DesignCAD multi-li
ense,but only one 
omputer 
apable to run MS-DOS.3.2.2 QCAD/CAM ExpertRibonsoft QCAD is GNU GPL li
ensed multi-platform 2D CAD. CAM expert is proprietary addi-tion to to QCAD for transforming DXF to standardor user de�ned NC program language. GUI is shownon the Figure 2. Software is fully lo
alized due tousage of QCAD 
ode. Q in the name means usage ofTrollte
h's multi-platform Library Qt. After Nokiahas bought Trollte
h the name was 
hanged to Qtsoftware. CAM Expert 
osts 149.00 EUR per sin-gle seat as shown on the Zuri
h, Switzerland lo
atedRibbonsoft home page[5℄. CAM Expert is tested onseveral OS's Windows: 98, ME, XP, 2000, Ma
 OS X:Ma
 OS X Tiger (PPC, 10.4), Panther (PPC, 10.3)and form Linux: SuSE 8.0, 8.1, 8.2, 9.0, 9.1, 9.2,10.0; Redhat 7.2, 8.0, 9.0; Fedora 3; Knoppix 3.3,3.4, 3.8; Xandros 2; Mandrake 9.0, 9.2, 10.0, 10.1;Linspire 4.5, 5.0; Sla
kware 8.0; Puppy 1.0.5; UHU-Linux 1.2 and Turbolinux 7.0, 8.0. We have testedit on Sla
kware 9.0 and 12.0, Mandrake 9.0, Open-

SUSE 11.0 an 11.1 and Ma
OS X 10.5.7 and 10.5.8(Leopard) on Intel based Ma
. We tested MAC OS10.4 version on that MAC.

FIGURE 2: CAM Expert GUIIn the CAMExpert are lo
ated all memus to se-le
ted language ex
ept CAM with CAM Export andReorder entries items. First of the is used to exportdrawing to the NC program with sele
ted language.Simple language de�nition �les are in the ma
hinesdire
tory of the dire
tory where CAM Expert is in-stalled. Files are named language.
xm where 
xmmeans Cam eXpert Ma
hine. You 
an sele
t severallanguages in
luded G-
ode whi
h is ISO 6983 norm
urrently rede�ning by drafts and approved parts ofISO 14649 series.Part 14 named ISO 14649-14 forlaser and EDM e.g. plasma beam te
hnologies pro-
ess 
ontrol 
ommands are not yet approved. Prepar-ing stage of ISO 14649-14 was �nished this year andon June the 25th, 2009 was started approval pro
esswhi
h belong at least half a year. ISO 14649 draftis not 
urrently supported by CAM Expert, but inQ4 2004 there will be new generation of CAM Ex-pert introdu
ed to the market or you 
an add it via
reating own 
xm �le.

FIGURE 3: CAM Expert CAM WindowCAM dialog is shown on the Figure 3 where lan-guage 
hoi
e is upon Extension, Feed rate and Clear-5



an
e parameters.Main advantage of CAM Expert isits 
apability to have user interfa
e in 17 languagesin
luding English, German,Fren
h, Italian, Cze
h,Slovak, Hungarian, Polish and Russian but it is farless than 42 languages in QCAD. Where untradi-tional languages like Bask, Catalan / Valen
ian, Bre-ton or Irish is possible to set. Other advantages arethat program run on many OS-es in
luding Solaris,BSD and listed before OSs as well as simpli
ity toad own NC language. Main disadvantages are thatCAM menu is only in English as well as that it isnot 
apable at 
urrent version to automati
ally orderar
s and lines in other order then order the ar
 andline they were drawn or saved by another CAD. Youmust reorder ar
s and lines manually whi
h meansto 
li
k on the ea
h part of the image in order youwish to get as a result. Only ex
eption is that nextparts of image are in right order then you must no
li
k on that parts. Another disadvantage is that youmust and ar
s or lines for 
oming the the traje
tory aleaving out of traje
tory before and after traje
toryis 
ut. These additional parts are usually used fora

elerating and de
elerating form the 
utting speeda they are must for plasma and other EDM te
h-nologies but not needed for milling or turning. CAMExpert 
an do simulation of the 
utting to determineorder of 
utting. You 
an also 
hoose speed of 
ut-ting, but wen you use play button then you only seeorder of the lines and ar
 and only when lowest speedis 
hosen, be
ause system is so fast. When you usefast forward button instead of play button you willtake point by point simulation whi
h is slower thenpart simulation via play button.3.2.3 HeeksCAD/HeeksCNCHeeksCAD[6℄ is multi-platform 2.5D CAD at rangeof low end half-profesional CAD that is based onOpenCas
ade library 
overed by new BSD li
ense.Te
hni
ally it is an GUI for openCASCADE, madepartially in C a partially in python. HeeksCNC[7℄ ispython library written in C for HeeksCNC whi
h a
tas an extension of the 
apabilities of the HeeksCAD.Extension adds one menubar item and one toolbar tothe heeksCAD GUI you have to go to the File menuand 
hoose plugin and add shared library (shared ob-je
t) a then you need to restart HeeksCAD to startinstalled plugin. For Mi
rosoft Windows there is notseparate installation of HeeksCNC be
ause if you in-stall HeeksCNC you will install HeeksCAD with in-tegrated HeeksCNC plugin. Both HeeksCAD andHeeksCNC are proje
ts maintained by Dan Heeksand it is one of the proje
ts under Google summerof Code 2009. Main legal advantage of the BSD li-
ense is that you 
an take all my work and use it

for your own 
ommer
ial appli
ation. That meanswe 
an 
lose modi�ed sour
e 
ode for a 
ustomer.Main advantage is that HeeksCNC adds automati-
ally a

elerating and de
elerating additional part ofthe traje
tory, but only as ar
s. This is no problemalthough DCPC uses ar
 or lines as su
h parts, butar
s are more suitable for the me
hani
s of the ma-
hine. Ar
s has only 90 degrees so it is longer thansimilar linear item of the path. This slows 
utting abit 
ompared to linear a

eleration de
eleration item.You 
an also 
hoose a point of middle of the ar
 forstarting and as well as �nishing traje
tory or morepre
isely point near it. Program has several modesof the transfer as shown on the Figure 4 on the 0.7.xseries of the HeeksCNC.

FIGURE 4: Heeks CNC 0.7.xCurrent version is 0.8.1 for Linux and sour
e 
odeversion and 0.8.2 for Windows. HeeksCNC menubaritem is Ma
hining and toolbar for HeeksCNC startsunder s
issors and �nished with diskette with "GO"label. First four buttons of this toolbar sets pro�lemode(in HeeksCAD 
alled operation) for 
urrent tra-je
tory or 3D obje
t here known as sket
h. For sket
hwe 
an set 
lo
kwise or 
ounter
lo
kwise dire
tion asmain of the parameters. For pro�le 
reated form thesket
h we 
a set 
orre
tion for tool dimension likeleft or right, whi
h means on whi
h side of the tra-je
tory when 
utting sele
ted dire
tion is 
orre
tionapplied a well as diameter of the tool. There is ap-plied 
orre
tion as half of the tool diameter whi
h islogi
 be
ause we 
ontrol position of the middle of thetool. As of 0.8.x series there is possibility to 
hoose 0mm diameter. For the pro�le we 
an sele
t position6



of of the start and stop of 
utting as shown on theFigure 4 with two 
rosses near the square. Yellow isfor start and blue is for the end. When you 
hoosethe at the same point only �nish is shown as also visi-ble on the Figure 4 on the obje
t right of the square."Py" labeled button generates python s
ript fromthe drawing and "Go" labeled button exe
utes it.From the 0.8.x version there is no "Py" button but"Go" button a
ts as sequen
e of "Py" and "Go" but-tons. Fun
tion of "Py" button is available from theMa
hining menu in the 0.7.x a well as in 0.8.x series.S
ript is shown in the Program sub-window. S
ript
ontains several import dire
tives but one is dynami
and generated dependent of the the property namedma
hine of the Program obje
t as seen on �gure 4.In the 0.7.x there is relative path to the library �le
ontaining fun
tions needed by python s
ript to gen-erate 
ode in proper language. In the python there is/ in the path repla
ed by "." and �nal .py or .py
 inthe name of the library is omitted. So n
.iso meanspath ./n
/iso.py or ./n
/iso.py
 where .py is used forsour
e 
ode of the library in the PYthon languageand .py
 means PYthon 
ompiled. 
ompilation ofthe .py to .py
 is done by �rst 
all of the .py �le orusing import dire
tive whi
h in
ludes library. whennothing 
hanges to the .py �le then .py
 is not regen-erated and py
 is used. Therefor we 
an distributebinary python library without sour
e 
ode for gener-ating library of the REZ language.0.8.x series adds tothe n
 dire
tory text �le index.txt where is writtenfor iso following "iso G-CODE iso6983". This 
ausesthat user does not write name of the library �le but
hooses from the list possible values in the ma
hineparameter string "G-CODE iso6983" for HeeksCNCto add n
.iso the import dire
tive. After run s
ript
orre
tly there is generated �le /tmp/test.tap forUnixes and C:\n"Windows\n"TEMP\n"test.tap orsimilar for Windows. In that �le there is generated
ode but not for user. After this HeeksCNC 
allsanother �le that has same name as generating s
riptbut with additional su�x read so if NC 
ode is gen-erated via rez.py
 then there is to 
all rez read.pyor rez read.py
. This �le reads /tmp/test.tap �lewhi
h is sent to the s
ript as parameter and 
ouldbe 
hanges via property of the HeeksCNC Programobje
t for both generating and reading s
ript. Reads
ript must read line by line a parse output �le. Inin
ludes library with �ve main fun
tions add textthat is suitable to ad pro
ess 
ommands. Similar isadd 
omment whi
h adds text but this text is shownin the output window with blue 
olor instead of bla
kfor add text. Be
ause REZ language di�ers remarksand pro
ess 
ommands we used both. Next fun
-tion is add rapid whi
h adds rapid move betweenPro�les, this 
an be only linear move and 
ommand

and path of the ma
hine in the display window andoutput windows is red for part added by add rapid.Fun
tion add feed ads linear 
utting move whi
h isdisplayed in both output is green. Both add rapidand add feed has parameters of �nal point in 3D inmm. Last 
ommand is add ar
 whi
h ads ar
 to thetraje
tory. Ar
 is in graphi
al window green but ar

ommand is 
yan in the output list. Ar
 has di�erentparameters for HeeksCNC and REZ language. REZlanguage has 3 parameters X,Y 
oordinates of thear
 
enter and signed angle of the ar
h, where signmeans dire
tion but HeeksCNC had 6 parametersand the dire
tion. First 3 parameters of heeksCNCis 3D ve
tor from 
urrent position of start ar
 to the
entre of the ar
 and se
ond three parameters are
oordinates of the �nal point of the ar
. It existssimple 
onversion from parameters in REZ to theparameters of HeeksCNC by vi
e versa 
onversion ismu
h more 
ompli
ated. The read s
ript produ
es/tmp/test.tap.n
.xml �le whi
h is pure XML a this�le imports HeeksCNC after s
ript �nished. This �leis used to display 
olored real traje
tory of the Cut-ting head 
enter. Open folder i
on baton reads NC
ommand �le and displays it via read s
ript. Diskettesaves displayed NC program to the spe
i�ed �le notin the working dire
tory.Main disadvantages are that building new languagesvia two Python s
ripts is mu
h more diÆ
ult thenlanguage de�nition in the CAM Expert, that systemin in beta testing state and that windows version
rashes when saving to the Heeks own format whereall CNC settings is saved. Saving into DXF or usingLinux version has no problem. Last problem is thatthere is no simulation like in CAM Expert but whenyou 
li
k on the lines of 
ode in the output windowsthen 
orresponding ar
 or line will be bold in theimage window. This 
an repla
e simulation but itis less pra
ti
al. Sometimes drawing is not refreshed
orre
tly so you need to 
hange size of program win-dows two time to see all image. CAM Expert andHeeksCNC has same bug that when you save �le.File Save dialog displays only *.n
 and *.
n
 �les butsaves into 
hosen endings of the name(in WindowsExtension). HeeksCNC is better be
ause when you
hoose *.rez �le and same �le exists HeeksCNC askif you allow repla
e �le but CAMExpert do no askand rewrite �le without noti
e. It is surprise be
auseCAMExpert's language de�nition �le has parameterdefault extension and HeeksCNC has no su
h param-eter. Surprise doubled when you �nd that CAMEx-pert saves �le with default extension instead of dis-played extension. Therefor is HeeksCNC best solu-tion for the future although author of new language
an not �nd if is presently 
utting on the left or rightpart of the traje
tory. this fun
tion will be helpful7



for us but engineers from Prva zvara
ska uses onlyone side and they determine if 
ontour is in or outvia 
lo
kwise or 
ounter-
lo
kwise dire
tion just now.It runs in Windows and openSUSE 11.1 form rpmsin version 0.7.5 and from 
ompiled sour
e of version0.8.1. on the MAC OS X 10.5.7 and 10.5.8 there isproblem with in
ompatible vxGTK and wxWidgetslibraries C language SDK a therefor we 
an not proveif it works.3.3 Control system on the ma
hineIt this se
tion we mentioned how is ma
hine softwaredesigned. At the top level there is ravioli design.There are three obje
ts: Control appli
ation, Read-ing REZ format and transform it to set of Positionand velo
ity wish values in time and the last one isModule of standard shapes.3.4 Rez interpretationRez format interpretation is C language programthat takes parameters as �lename of the REZ lan-guage program, 
utting velo
ity repeating and spa
esbetween repeatings of the �le in ea
h axis. When 
ut-ting multiple plans and 
orre
tion for size of plasmabeam whi
h is same as in HeeksCNC but without leftor right dire
tion whi
h is written to the REZ �le.Next parameters how how long before start 
uttingis 
ooling gas open so gas 
omes in the pla
e wherewill be 
ut started and how long after shutting downplasma will be gas opened. Last parameter is howlong will be plasma beam on before start movingto 
ross
ut thi
k material. Inputs are well de�nedand output is �le with 
opy of memory of de�nedstru
tures of values. Content of this stru
ture hasbeen 
hanged during development and we produ
edthis part based on previous two solutions but doneby Mr. Blaho who does none of previous solutions.Rewriting 
ode and redesigning stru
ture made mu
hfaster 
ode and better maintainable 
ode but therewas needed to add new feature of 
orre
tion and this
ode needs to know line that will be interpreted byprogram in the future as well as 
urrent a previousnon 
omment line of the REZ �le. This was possi-ble done only by multiple pointers be
ause of badde�nition of the REZ language ba
k in 1990's and1990's. Using REZ language is must be
ause of oldsystem working ma
hines at the Prva zvara
ska 
us-tomer fabri
s plants and their need to upgrade tothe 
ompatible system. Three di�erent pointers andrewriting working 
ode with new feature has shifted
ode bit toward to the spaghetti 
ode but no morethen it was needed as we have not enough time to

write 
ompletely new 
ode with better ar
hite
turefor adding new features. Before starting adding newfeatures 
ode was based on the lasagna 
ode prin
i-pals.3.5 Module of standard shapesThis module was need by Prva zvara
ska to allowworker test ma
hine by 
utting prede�ned shapeswith parameterization of amy aspe
t of the shape.It is made in Java and it allow user to 
hoose shape,then to write parameters into it, view how parame-terized shape looks like with 
orre
tion of hazardousor not allowed 
ombination of the parameters andthen generates program in REA language in prede-�ned dire
tory with prede�ned name. GUI JAVAprogram 
alls this full s
reen appli
ation when 
ho-sen to open it and after program �nished GUI muststart Rez interpretation module. Main problem isthat industrial ma
hine has no keyboard nor mouse.It has only tou
h s
reen and user that is unable to usegeneral purpose virtual keyboard like xvkbd. Therewas designed own virtualkeyboards that is able touse worker. Code is in java with stri
t ravioli inter-nal stru
ture of 
ode.3.6 Control appli
ationControl appli
ation is designed upon lasagna 
odeprin
iples whi
h is must be
ause one part is in ker-nel spa
e and another in user spa
e. Ea
h of thisis di�erent ply (of lasagna) and there is stri
tly de-�ned whi
h ply is lower level and thus has priority ofexe
ution be
ause kernel spa
e part is RTAI nanok-ernel appli
ation whi
h run on same ply of systemar
hite
ture as kernel. As we have found it run inRing 0 of the pro
essor. Realtime part is written inC and GUI user spa
e part is written in JAVA us-ing JNI(JAVA native interfa
e) to a

ess RT-FIFOpipes �les in /dev. These pipes a
ts as 
ommuni
a-tion 
hannels between parts of appli
ation3.6.1 Hard Realtime partThis part is designed originally as lasagna 
ode withseveral layers �rst is 
ommuni
ation with CAN 
ard,then there is an layer of the CANOpen proto
ol,then there is layer of the devi
es whi
h is designed asravioli 
ode where obje
ts (ravioli) are 
ommuni
a-tion with Lenze drives over CANOpen proto
ol, thenthere are 
ommuni
ation obje
ts for digital inputs,digital outputs, analog inputs and analog output. Allthese modules reads and writes values to the mem-8



ory area of the pro
ess values. Next layer is layer ofthe 
ontrol where are position 
ontrollers and modeof operation tasks as RTAI threads as well as 
om-muni
ation via �ve realtime FIFOs. This layer is too
omplex and allow to produ
e spaghetti 
ode dire
tlyfrom design be
ause 
ontrol depends on 
ommuni
a-tion and thereof GUI 
ould produ
e problems in therealtime parts. Very spe
ial problem is that GUI
ould ask to 
hange mode of operation of realtime
ode. There is basi
 
ontrol whi
h does not allowto a

ept request in any time, but we 
an not provethat it is enough. This is worst part of the realtimeappli
ation. Best part is part of CANopen proto-
ol. This part was developed at that level whi
hallow one of the tasks Vladimir Chren's master the-sis to be internationally a

epted in CANFestivalproje
t[8℄ with "Wow" rea
tion in January/Febraury2008. it was the �rst working CANbus proto
ol inkernel spa
e. CANFestival is CANopen frameworkoriginally form Fran
e and Vladimir was maintainerof the kernel port of the framework. But he was busyworking on this proje
t whi
h not allow enough timefor maintaining 
ode last year. Vladimir over
ame�ve years development of �ve developers in Volkswa-gen in Wolfsburg whi
h developed similar CAN pro-to
ol kernel framework but VW superseded Vladimirin introdu
tion to the kernel as VW 
ode was in-trodu
ed in 2.6.25 kernel in April 2008. VW 
odeis still not working well as of 2.6.30 kernel but mybe better in 2.6.31. To be 
orre
t VW's 
ode usednetwork sta
k instead of serial/tty sta
k whi
h wasused by Vladimir. As 
orre
t lasagna 
ode ea
h layerin written as individual kernel module and thereformodprobe for loading all is used in r
.lo
al �le.
3.6.2 GUI partGUI is written in JAVA so it is ravioli 
ode. Asall 
ode of the proje
t it is written in E
lipse andby manual writing of SWT using 
ode be
ause ofvery bad Visual editor in the e
lipse espe
ially threeyears ago, when proje
t started. The biggest prob-lem is that JAVA does not allow to a

ess /dev �lesand therefor there is needed C 
ode 
ompiled withJAVA Native interfa
e Libraries and JNI 
lasses forthe 
ode. Main problem was that C and JAVA usedi�erent ENDIANs so 
orre
tion of the byte order isneeded. JNI has endian 
orre
tion fun
tions. Appli-
ation Loading before kdm or as only shell of auto-mati
ally logged in user allows users to simply shut-down 
omputer and developers are allowed to testnew version within usage of old version.

3.6.3 RT FIFOBiggest problem of 
ontrol appli
ation is 
ommuni-
ation between parts. It is done by �ve RT-FIFOof the RTAI 3.6 on the Sla
kware 12.0 There is oneunsolved problem here. We transfer data as stru
-tures put in to the one dire
tion pipes. But whensize of the �fo where data to display like velo
ityand positions are sent or wish values to the 
on-trol module is not equal of integer multiply of thesize of send date at on
e system 
rashes. As wellas system may 
rash when GUI waits for 
on�rma-tion of the state 
hange from kernel spa
e and real-time part waits for ask for state 
hange. Both partsare tested individually via C appli
ation reading andsending data to the pipe as anti
ipated when every-thing works well but when they are tested togetherit sometimes fails. This is sign of the spaghetti 
odebetween layers. Spaghetti 
ode is well know as badlywritten 
ode where independent parts depends onea
h other. Spaghetti 
ode is 
aused by prin
ipalmis�res of the proje
t/team leader as Peter Fodrekis for us. Team-leader's task is not to allow 
us-tomer to take not full or not to 
orre
t spe
i�
a-tions at the start and to 
hange spe
i�
ation duringprogramming. Failure was that spe
i�
ations werenot written and signed before proje
t starts by 
us-tomer. It was be
ause friendship between 
ompanyexe
utives. Another task of the team-leader is to beavailable for programmers to help them with prob-lems and 
he
k their 
odes and third party 
odes aswell.4 Con
lusionsWe have designed fun
tion working appli
ation withstability issue needed to 
he
k and repair. Workingappli
ation will be presented via video on the 
onfer-en
e. There is need to 
hange team-leader or at leastto for
e his to believe in programer analysts whi
h
oded Control appli
ation as mu
h as it was in thisproje
t. And 
he
k their work on 
ommuni
ationpart and not allow them to be for
ed by 
ontinuousspe
i�
ation 
hange to produ
e spaghetti 
ode.Referen
es[1℄ http://www.industryweek.
om/arti
les/slovak 
arindustry produ
tion almost doubled in 200716083.aspx[2℄ http://www.opendesign.
om[3℄ http://support.mi
rosoft.
om/kb/1243829



[4℄ http://www.mi
rosoft.
om/downloads/details.aspx?FamilyID=4F4B3CFD-7F4E-46CB-8117-8275F7683D3F&displaylang=en[5℄ http://www.ribbonsoft.
om/store/index.php?main page=produ
t info&
Path=69&produ
tsid=193&zenid=37a23ee796e0a6ed
e7
6a933f3be043[6℄ http://
ode.google.
om/p/heeks
ad/
[7℄ http://
ode.google.
om/p/heeks
n
/[8℄ http://sour
eforge.net/mailar
hive/forum.php?thread name=200801191554.49767.vlado.
hren%40gmail.
om&forum name=
anfestival-devel[9℄ http://kernelnewbies.org/Linux 2 6 25#head-0957d99bd917f82924f1eab1f3f17945e1
4d
90This paper is supported by grants from APVV and VEGA whi
h solution �nished in 2008 or �rst half of2009.

10


