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Design of a Robot Controller using Realtime-Multitasking OS

°Choy Sung Lark, Jung Gwang Jo
Korea Institute of Machinery and Metals, Automatic Control Lab.

Abstract

In this paper, a robot controller that has a real time-multitasking OS
(Operating System) is developed. It can do given jobs in realtime, so its
effectiveness is increased. The controller has several CPU boards, and it

is necded to communicate among these boards. For that reason, it is

adopted VME bus system and VMEexec OS that can process mulli-‘

process in realtime. Multiprocess includes robot language cdit process,
vision process, low level motion contro! process, and lcach process in
higher layer. And dynamics, kinematics, and inverse kincmatics that

require realtime calculation are included in lower layer,
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33 Atk CPU boardt $37M2, AHG 2} delmlol2 g #3332
target CPU board®l 4] &= H B & $3 A2l 8t main CPU board 2},
6712} motor& control 3t kinematics, inverse kinematics, dynamics
& Adsts] sisA bR kg 458 Y22 3 CPU board,
vision sensordl Al 2% HME A2sk: CPU boardFolth,
motor2] ST AOlE S8l 2712] wotorvtel v whE AAbaie]
% Y& 71% DSP(Digital Signal Processychipe AHE®F M-8 motor
contoller® ¥l th.
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6% 7|V R & robotd control3}7]

VME bus system 2 2 T4 5ot o 29L&

2184 main controller&
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VME BUS
Target #2 Targelﬁ]
[ | 1
Vislan(PC) DSP #1 DSP #2 DSP #3

image Grabber M#1 MH3 @
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2% 1A, A el A thy
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Host Target #1 Target #2
Module | MVME1475A-1 MVME162-20 MVME1475-1
CPU MCE8030 25MHz | MC68040 25MHz MC68030 25MHz
FPU MC68882 25MHz XhA| LHE MC68882 25MHz
RAM 8Mb 4amb 4Mb
VME 0-Ox7FFFFFFF 0x200000000- 0xC0000000-
Address OX23FFFFFFF OXFFFFFFFF

S
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Host®= program”ltAlelli= UNIXE OSE v, 7idlo] €48 d
Fojlt= UNIXSH: WX 2 VMEexecoll M BHE ] kel 2§ 21317
gt ol programZA filed Weldhil  ANES] 4A 3
S13 M disk-based 0SS} UNIXE AH8817] oZolc}, Host board
UNIX B30 S2¢ 4 A5 F vize] & F8 3ol
7} R =vlr} FPU(Floating-point Process Unity® A 2Fsted H 3
48128 Zy) 910 cpud AE W £ AEF WUk E 10f4Y
VME addressE  addressablc®t 12 2] $ 4GbFolM AHE 7] 42
¢ % REY jocal address?l 8]l 3EE Ul URFH FUE
283 FUct
Target #13} DSP board= 2 ¥ VME busdoll #o] E2l12v] psp
board T 2712 RE|E Aol 4 Utk DSP board®] AR
A& ARt
Target #29} vision processord] PC(Personal Computer)9He ¥l %71
%4190 RS232CE Abg3ted FRE FI Wl Target #2 CPU
boardd! MVME147S-1- RS-232C port& 47 7FA] 32 et ©1F port
0% debugging$ terminal2 20]2 port 184 B3] PCH 4R
et ool wigh A2 3ol AFeet

3. Software2| 47|
3.1 A2X} QIE{HIOjA (User Interface)

User?} robot & control3+22 W3k 2% 317] S131 4 & userst
controllerZte} S/w2 Q) @7ze| glojok theh o Y& 3t Ao}
A87} Qe w o] Alel, o] &) 4-& ch-g T} et

e[S rcm-«« rvw ]

o
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1) Edit meau

@ Edit : A8 217} robot primitived AH-88}o] program® H4 Y +
2+ vi¥olch Robot primitivedt program&iol®] 49}
Ze Agezy, oJg Eo MoVI(1,30)01% primitive &
AL ohd o= AWA jointE 30% 3 ol2H: PHY
Zioltt.

@ Quit : ProgramZlitAlol "Ryt vz, 7lde] 244
gle) A &= vl olth Programd ¥ & Byich

2) Teach menu

ZHEE ZATHE vlwolrt. o vy

SIAE ZAUS AgAe el et

LA, & worldF 2T o] 4-3te] W3

Edit [ User J RUN Preview

1Y 2 AHEA UEElelA F2

oM RREF} 7} A 3t
key® AME, joint

A2 end effector

B 239} g3t 9130l end-ellector’t TESIA 1 Aol A&
Beofsle] o] § programol o4 ¢ AUtk =Y HAFolE end-
eflector®] B A position, orcintation®} 2} jointgkel display=l o] Z A&
Hg 44 Y 4 AEFE S22k b2 ZAY e o]t

Edit I Teach I Status Command Vision Setup
Joint Speed Position Display
World High x=13.33 Th1=3033 Th4=333
=> Madium y=9023 Th2=3224 ThS5=90035
=» Link Low z2=1.122 Th3=1202 The=313
Polint
POO1
=> P02
PO03

2% 3. TeachA 9] 8}9 34
$19) B}WeIM position displayHEE RHEZF ¥ dulvict
AE22 ypdate®Th ol8 4IHlAL task® background jobl®
2} e} ko] kinematics, inverse kinematics & &of display®l T ol of @t
4 % joint® SYAM ZAE YHUA, oFUH endeflector®
FA2 AAE Y AUA J keyR AL, ZANEEE ' keyR
Ag ZAE At gike AN ZA fdd, 2 SINE
M) 413t p key® HIAE AR olzm ZAE oA
5)&=d, teach pendant® w2 A 23hA 3L BE, terminal?)
ketboard & o] Ytk oo ALFEE g W, e, ', Y keyBE T
jointE +¥o2 SolA B, 2, W, ¢, v, Y, n keyEZ T
joint® Y2 & oA et
3) Status menu
ol kel B Alavel Hulg 8 + AUk viyolth REES]
Mojolt= ZH A WAl glov Belyde] PR YO ol viwdE
Foict
@ User : A8 212] o] §F o] display € rt.
@ System : A ALGrb e vinel, AFY 4 Ae pointe]
45| displayBrh.
4) Command menu
@ Run : edit®} 4] F4 % program& At A2 =7 AolA 1
stepy 4% ¥ £% UX HA program e el £YY
4% Atk Programe& YA £35)4= 2iQlo] 3]
A9k =8 WA end-cflector?] A% F join2] AEE
X A 5}o] debugging® ZHA3HA & 4 Ut
5) Vision menu
Camera®lM 2L vision image® A|de WHPolk BE o}
o] ¥ = vision process” U F UF- 8 &AL Holth
6) Setup menu
VB2 seitingd ek ol 8 Bo] A8 A HEAE ol A
world# 7| 8 R gchr |, end-effector®  transepose™ 4 v
menu®l €}, End-cfTectord transepose ke A& end-ellectorell tool &
A5 de ), end-clector?t  71El7l $1207F 2A oA vk
ojeba] A2E ool BHol endeffectord) HE& Wo] Fook
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ek o] & $181 M end-effector & transe -pose Al # 3 &= ol t},

3.2 Primitives

Robot language® /4317 $I18jA= t}2 computer program
language®} OF3F7FA R o] QFof(Reserved Word)9} ¥ 4 (Function) 7}
Aol of Bl=d], o] & primitives} ¥c},

1) ol ool

ool program Aol A HHQA d¥L A A ¢kod A
programd ol T & & FE& YYPEoIth, B =Rl How
ojofol e ohg mo} A},

X 2 o %ol (Reserved Word)®] &3

break do else elseif

end for goto if

switch case while with

o & Eol loopE 100¥] EUCHH 48 WP M FE Aof o}
19} oflotel§ ALE, do, for§ Y & AHEH] loop B €Y ¢
Atk 424 AL g2 o5 3 gt
@ do ... while
do’t AHEEI® 2 block®] Zeoll REZ A whileo] AMgElo]of ¥t}
Loop®-& ojf & Hozy loop & whx U7Hs 272 plock WE Y
whileoll A check7} Bt
[o1&]
i=0
do {
movj(1,0.04)
i=1i+1
] while(i!=100)

9] #-E moviE 1008 £t}

@ for...end
@ vl R loopE PV DA Ho]H L2 joopE WA U=
Z73L vlock Mgkl 4 check7F Brbs Reolct,
(1)
for ( i=1 ; 1<100 ; i++ )

movj(1,0.04)
end

Sl ol Z-& movj & 991 ¢}

@ if...end ... elseif ... end ... else ... end
ZAEolt) o2& Eof APl
[o12]
if i=0
movp (P001)
end
elseif i>30
move (P002, PO0O03)
end
else
movj (3, 30)
end

T =001 movpPoo1y©] +E I i7} 300) 5ol movj(3,30) ©l

T3 g 28l 2 220 move(Pou2, Poo3)°] 48 At

@ switch ... case ... end

@3 v &dtu] Q22HAE o Jlsd UMY & dodt WA
st s g o & B0 ohE - Aok

(o2
switch (i)
case O0:
movi (0, 30)
end
case 1:
movj {1, 30)
end
case 2:
movj (2, 30)
end
end

i7t 0,120 o2} o) SlF3E jointE S olv YHE dELR
Holx 9ct

® goto

274U ¥oranchyF & olth olF A g3k FEHRx 9]
WHEEE 4 e oy ARAEE ol goott &P
olgjz B ZAA el flgt fabelo] WIEA MeFof gt
Label & A 2o] IEA %2 A 27| ofof 3t

(2
SLABEL#1
movj{3,30)
if i<30
movp (P003)
end
else

goto LABEL#1
end

i7h 302k AohA movpE 43T, 1Y A ¢ohY LABEL# 22
Rbdhig=g

® with

djete]ld AA motion functioni} Fo] 2ol elefol ojt},
EARZE AR 4+ Utk &, 4% T4 speed s}t Zo] A st
olof ulgt A& '2) Fhrel A At

IGIES)]
speed = 100
movj (3, 30)
if 1i>400
movj (3,30) with speed = 50
end
else
movj (3,30}
end

SlolMEe TE movj7t AVMEZE 10022 Bto] FHRAY vt
q00R c} Fuolgt 5002 £ 3 At

2) %< (Function)
Y47 A robot motion®] YFE VA AERAM, 59

Ee e Ed g Aolth
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X 3. W4 Function)®l & H

Ay | FUA | g
Ux} Q1xt

FoiT BEE TN Uz 24 move
BAHSIRINM FOIZI IR 2 0| F
BHPIRIGIA FoiW fixl2 XM

ols

movf Joint # Angle

movp point

movi point

movc | point# point#2 | BIXHRIXIOIAM point#1 B XILt point#22

mova | point#l | point#2 | 3T R UE arcRE

® movj ( Move Joint )
movj(joint#, angle)
[Description]
ANA Qa2 Folal BWHE FHUA AR Fojl JrUF
S 3l thg o 2%-2 movjol Ultt block diagramelth.

AlE}

Read Argument

!

1 2ol cigt

ERER

!

[ motor(joint#, 2[H %)

-

1% 4. MOVI®] Block Diagram

Low level motion
Control Primitive

219l 2% el low level motion control primitive® Wo] Y2 & dl,
ol EE motionel HEHE primiivez M, A3 LA
prmitiveoltt, ol Y TEE FFIE routined 7HelUrh
Errorflel ¢HEY 08 reumdt errort UTHH vl AHojd
errordt& return¥eh

@ movp ( Move Point)
[Format]

movp(locl)
[Description]

PTP(Point To Point) motion®lth. Z} jointel motore F033l
HL(EE defaultZhHE YA $ixfolA] Fe]zl g)ae] Tt w7zt
motor& E ¥k MOVPY A+ thgt Zet

@ movl (Move Line)
[Format]
movl(locl)
[Description]
- @9] movps} ul =3 CP motionol & Aol th2th F, movp

Inverse
Kinematics

2t ol cyst
motor &[T 4= 2|t

!

motor(joint#, 2| X %)

2% 5. MOVPY Block Diagram
ZAzele Anglo] FxAHoz  FojA g TEIATL
movi& ZAolgt A2 E wal FHolE: motionolth T
Wil e 2010 A2 E Aol ko2 YeF 2 knotofrhel 2

- 2P inverse kinematics& Eol ¥3 17 sh= Rejct o]9) block

diagram2 th& 2} gl

Co

|l=(|oc1-|oc0)lloop I
¥
r———————l knot(i)=knot(i-1)+ ]
— ¥
Inverse
Kinematics

angleOf} CHE}
motor 8[| 4

o

motor{joint¥#, B]T4)

i==loop ?
o p>

Yes
)
=

27 6. MOVL®] Block Diagram

(33
* Loop¥* = real time execution®] ® ¢ AT & YU & 3 =H¢ch
* 2} joint9] motor® 22 Aol B+ ALK gt

@ move ( Move Conlinue )
[Format]

movc(locl, loc2)
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[Description]

mover @2 movid 27 Be ¥ Hug # F
A AN doci € HAH 1022 FH ol motion©| T}, Block
diagram< o3} 2o},

Alxt

movi(loct)

!

movi(loc?2)

23 7. MOVCH Block Diagram

@ mova ( Move Arc)
[Format]

' mova(locl, loc2)
[Description]

movaBt T VAIAA G locl, loc2 38 ¢ A& arceF S Wt

A 1ol M 285t joci € AY loc22 $3QUTE BE cp
motionolth. FHIE= UL movizt whREAZ dol WHAE
olg pathE F F ol§ o MY kaZ Y¥el 1 Azl
#F3H= inverse kinematics& 7 3F] motiong 3} Hojch ¥ g
Ado] geonz ANZHAE 918 routined r23 ¥ Wt
Qe Yfolch o 1YL movadl block diagram©]th.

I={loc1-locO)loop

8912l
Ay

of| cHet
-] ot

[1
L motor(joints, 2T %) ,

™R MOVAL Rinck Dineram

3.3 Lexical Analyzer

Lexical analyzer®, editor\t command mode®ll 4] AH8-2}7} robot
primitice® AHSHIA WL YYPYUS, UIFH22 o] FY &
457, Hold 7 moduled calldt T argument®A ZF data®
dAsE g ste F#oleh o8 interprecrIE Bh=d],
lexical analyzer’s Y%l F-& oujojAl Al g-Hc}, & Wz Fgk
WM 2 okend WAFE UT el o] JYUL Aok

gl 2e] sigste B4 E AFLR WEY Fi uwiliyd
ARG she] A A Th UNIXS utilityol & lex, yaccol Q&=ul, o} ol
utlz 2§48 PPtk #4471 C source code® &Y E
Wiz v]A] o] & control programol A 4= UA Hol Utk fexd
lexical analyzer2M, AMS-271 A#HZF robot language?t FHel
S=AE checkd? errort ATP userolA R E YEEch
yaceol A& lexoll A 20 token& Fot U action sl B
C source code® WEO] &k thf 1H-L texs} yaced ZNHAHLY
LML ot

lexical grammar
rules rules

parsed
input
27 9. lex® yace} €A T

o] lex2t yacc® AE-3HE $le] ZelAl9l Zo] yylexptt W ot
yyparscQTt 38 AF LR eS| £t BE, o] d4E WEY
A FHEYA okenW 2 T lexical ruled}t grammar ruleol A

)3l Folof 31 Z} tokenoll Yl action= coding 3l 3= o of ek,

3.4 Serial Communication
Vision processord] PC(Personal Computery®} $41& @ wl:=

PC7F VME bus® AAshA (Foeuz NZ7h 38HeR 7%

2 RS-232C portE T 3IA vlE] A3 protocol 2 M FAUS ek

LM WA setting 2 2 A, thg o] xe} ek

E 4. RS-232C2] H/W sciting

ol & Mode
SUHY Serial
ENEE Port #2
o k= 0 -
Data Size B bit
ER P ER-RRIE £-1 Stop bits 1 stop bit
A3} Parity None Parity
Baud Rate 9600
Es B4 44
Name Bit No. 43
AS_FLOW o] 0:HAW flow control
1:XON/XOFF flow control
AS_ECHO 1 0:Echo recelved character

1:No echo
0:Use type-ahead buffer
1:Disable type-ahead buffer

AS_TYPEA 2

AS_DNULL 3 0:Discard received null characters
1:Don't discard received null characters
AS_DTR 4 0:.DTR On
1:DTR Off
AS_RTS 5 Q:RTS On
1:RTS Off
AS_RAW 6 0:Raw mode

1:device supports SYSTEM V/68 character processing
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MVME1478-12 VME4°lA 9] vision processorel®l.  ©] CPU
board®} A& background job 2 24 PCE22 £44] routineo] EL
Aol A requestZt & Mvlct jobo] wake-upo] Eol PCH FAE
ek WA VMEA N4 PCol position datad R E3HE message®
B pct ule] AlWs] & vision daa® formaol W3
Byj&ct

4.8 E

# =Fol M= robot comtroller®] M A Hw, siwel 24&
A, AHEAE BTl o] 2| rabot language®] 7182 primitive2}
offefo], 18| 1 scrial communication®l W3t LSt wwE
CPU board®] %7}, AtAl7b §ol3t2  multitasking®) +¥ o] YW}
ol At VME busE Abgste], #¥3A, o] Wieo] yws
OS& UNIXE 3] multitasking®] ALY oj5o] A 4 A&
B3¢ vt oo, AN AlejE S18IAM VMEexcec®
Agste] AAZE GEAeE T 4+ A B%H& AFA s
3%l A serial communication® UIE routine® VMEexecoll 4 A3
e BTE o83t WER2R A, ALgsire] ofe]& el
AAIRE assembly 9] HURF Ao E Y £ ArkE Ao} Arh
ol HAl robotel poring¥= FAel 1 AYANE B¢
MM scheduling®l = ook Bful, 73 H2 o] AAZ melg S
73§ ¥l5o] Folof qlch
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