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Development of control system for High performance Industrial
Robots using Visual Sensor™

Hea sook Park*Nam jeong Kim** Dong sik Jang*Gwi tae Park**

Abstract

The purpose of this study is to improve the performance of robot by providing visual function
with robot and developing high-functioned controller and control program. The developed high-
functioned controller and software have the better accuracy and flexibility in the movement of
robot by complementing the existing robot controller and software problems.

To provide visual function to robot, camera calibration, thresholding and contouring tools are
also developed and applied in this study.

These tools help robot recognize the central points and orientations of objects on work-bench.
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i adbgel digt RS g5sle] dag s aEE
T ol A rego]e) w3l 7|E Alof7]e] FAIEE K
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S3H) =lch. A7l AR odARS 512 %5129 )
A} 256 1#0) Mg Zhec),

ol L ZA 371 AR o] x| A,
dide] olxe} EAl, o)=hbd =Z(contour extrac-
tion) A, ARES] $41H (central point) s} s}
(orientation)-g& 8= 7o}

2.1.1 0|xIZ}H( thresholding)
7k 2o Tgo] gl g glolse] ARt 2 1
glo] elPd& zH= WAlo] Tjlo] HwS 1(34)zke
Z WAIAZ)AL AR 2R Tglo] Wl g gk w)
Ao} Jello] B 0(7ea) o7 thEAlzIct. o) T
AlE Ao vehld ohgal 2o 3],
IF f(x, y)>=T then f'(x, y)=1 (1.1)
IF f(x, y)<T then f'(x, y) =0 (1.2)
71 (%, y) & 949 (x, y) Zhtelrle] 1zlo]
A E UERT T A4 o218 A7)= 9413
(threshole value)olt}. f'(x, y)i= o]x|8l7} @ %.9)
(x, y) 20| Z#jo] #dolt}. o] HAo] i of4}
o] H=3 3L AAH T RAES wiAn) o]
AxEA Hoy.

2.1.2 2|24t =& (contour extraction)

o] AAL o|X|3} o] Bk F, kBl g 7
AA HBE Fshe A 2 o) dEe] o gL S5
of hE-L vl o2 Re BeA)g)n 279 =7 v
4 Soll B HHE A= Folr}. o7)4 )t
/325t i (background) o] Eedddo] Ea)sh=
A A 5] A3he =R} [1][10]. £ =
ol 4] ANt o] Sl contour following
de|Folrt. ol dibE el ol o)) ¥
< 2o sjo] Eall o] &l of el wiAR o
2 o AdEe] o HAE Ao upelnt. At giakE
F919] Jele] I AR o ARE ale)
e HAo] Flof| 9= HAE HYrislo] A)A wieko
HdEs FHEH Eo) o] dare)Fe] Wi e}
2t}

L EA919) olele) & e 2y %oz By
A2 A ks galm, ol 22} w)g 9
Aol glom e E& 0w Ty Qe 2xulars &)
Aghc}, .

2. 22 A7} MA)zelA] Ak i ake ga
o EslA =l gz}

o] daelgel sl 329 ofTaL s} ale] 1
EZEegA] 7]efsjo} £} o ake nl$- zhe ofe] glo]
EfRA & o2 3 bl <kl 2 (single path) 2 3
Ak oite] 739l Harale HAg

o] 32]5-& 314, 8-connected djAlE2] 9B}
& T B, 2R ul$ 9zl A,
224 Ao} F8o] whEt 2% o) 31, wx|ute 2 gja}
Elell $1713h= hole o] H-3 deds 3] B3l
S AL gl ot akarelse] Zigkslar whan o)

Zell 8 o vherhs A o] 4319},

2.1.3 tAES| AN (central point) I} 81&F (oprien-
tation) 57|
2] 3 AR Wk Fglomy of 5
et slelel ko 2 re] BSg) 34} wpake )
2} e Bdlo] 8 72 ZHE Aojo] W Hug
M1 2R EAof7) 2 Aal])A Hel. 2REs o
HRE 0|83l chbge] 34 A2 o), Ygtap)
HdEe e 5 Al Hroh 2 ool Akas) upy
& A FAEE Ak FA FollA] Qe 24
78] Al sl fRlska, o] AAdw B4 ye)
2z Amalele] Al go) #avt He F4e et
ZAolct. o] AL X&oRRE] O7fo] Halo] i
| "o} 2].
ol #HE A F Aoz o] Ak 3lki= o
e TS Tehe A eR 24 Hr(xt, y
*) = A (L3)ell Ss elFIch [ 23] 2-1]3= 97)¢)
HAR o] Fo)zl F4o] HEE vepl 1 gir).
A )

dr K

(o]

y*:l\%ﬁﬂ (1.3)
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f(x,y) :olxs}sl o] g}, a=32x2y(x ) f(x, y) (1.7)
(x,y) [ R Ax3Y. b=2x2y(y ) {(x, y) (1.8)
(x*, y*) I didEe] BAe A3k e=2x2y(y ' x" Y f(x, ¥) (1.8)
A LT ARES] A HA . E =asin’@+bcos’d-2bsing cosd (1.10)

E— cviD ] GilaiD 5. A (1.10)2] E & #HAisishe 0% ks 73l
> ! ! g* =tan '(b/a-c)/2 (1.11)
L) vy Gl ool Ak A (L1l T8 0% ko gl
CobymD ] GoymD ] O bymD g siep, ol 71271 079 Je BAsl F4

(33 2-1] HMC2 LR S8 T8l

A= e wheke Fehs Ao pedaie)
AR s bt 3t
(F8 W)
FAA e el

Aot 5

f(x, y), (%, y), (x*, ¥*)

1 %J“:]Zd Z]I/}—lﬁl‘] X—“T“’}' 7_1- 6__ o]Et_ Z_}K_Ql

(x-x*)sinf-(y-y*)cosd=0 (1.4)
2. thAHE- 4o Wjo] oeolef g o] 2A Az

Algs 7R
R?=((x~-x*)sinf-(y-y*)cosh)*
f(x,y) (1.5)
3. 99 U9 2E HEd g R°Y & EE 7%
c}.
E=3%3y((x-x*)sind-(y-y*)cosh)*
f(x, y) (1.6)

4. A (1.6)ellM x"=x-x* y -y*&} skz 4 (1L.
7)ol Al (1.9) e 2HE] A (1.6)& A (1.10) 22 &
LAl

Aukia] 24 o] 2E el o] Hxialele] Aelg
2 eshaic. (29 2-2]% FRAeld Qdo s
FA7A Ael} gol, XZFomye] 7} 05 ol%
= %48 vehhz ek

y

L

[ 22! 2-2] oMl 71871 621 ZiM
2.2 7}uile} 72| Beleld

aubd o g slslete} 28 B Hejsl 2]l 273 o)
o} aelEg F A= A2 o} &3 A (coordinate
system)§ 7HA et ololl ¥ 292 (19 2-
3]st Re}. 2HES) Tplieh} Belslo) glor2 Tl
2} #.%4} (camera coordinate system : CCS)Alell
A P5g oAREel B HAAMR(x, vy, 2z, pitch,
5o g9 ez ¥4 (robot coordinate system !
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RCS)ellxe) 942 Arel UdAshr] hect. wely
CCSs} RCSAlo]9] th-3A| & F3h= 718 7leilz} 72
#Heoldolzt A} 9][13]. & AFelirl= CCSe}

RCS Alole] BA1% 4 x 48R ekl o Y
& Tl CCSARIA Q& 2ol 9a4n e
RCS4e] 141428 Talgich,

Camera

Base x°

(38l 2-3] M= CIZ FEpA Al U= 72l 22 E

o] dme|FallA - 2FA Alole] A o Al

2 gy

C=AR
C, any ap a; ay R
G, Ay Ay Ay A R,
C. dy  ap &y au R,
1 A4 Az Q43 Qg 1

R'=(R,, R, R, 1), C'=(C, C,, C, 1)

4714 R-& RCSAke] deje] g vepli= Helo)
3, C CCSelAe] Rell djeshe ejo]ct. 2e)m
AgEe 4x4 H3¥HY (transformation matrix)
ojc}.

o] dare]FEE o]-g-3le] slele} Al Hao) e T o
Fhlle} & oS ARSSIsl] el 3aKd F7kellAg)
sele] g2 silete] 231 PAle] o= o)$=
2 EA42 Eololl ti3t Y ¥ FA=. o1& wed
o, A (2.1)& A (2.2) 2 Z4%) o7 48 A

[ —

Ra Re Ra
[R»] R-v2 Rvﬂ}

(3x3) P A2 FA3H}

C, A 4y A R,
C»} = [321 ap aun Rv‘l (2.2)
1 a4 Q42 Ay 1

Fh|2} W] Balo)d A xh= ohSa) 7o},

1. A'5j3e) 147} 97fo]mz o] g A7) $jsiA
= RCSell42} 7]#] (known) 9] 343}, ol o33}
= CCS9 33g oole} 7t o5 = A (2.

3) 34 3l

Ca Co Cg ay 8, ay

Ca Co stJ = lran ax 334] X
1 1 1 dz;  Azp  ay

(2.3)

1 1 1
2. 4] (2.3) 23¥] AR Fak),
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. ulze) 23 B

ann a;z auy
[321 an an| = [C, C, Cy
1 1 1

A4 842 Aay

Ca Cu Cy
J .

R.a Ro Rgy-t
(Rvi R.. R‘S} (2.4)
1 1 1
3. 74 204 73+ ATde] dgadnt CCSellAle
gL A EZHE ol tigsl= RCSY ¢)7]
HEE A (2.5)¢ o)A 73}

Ry an ap auy -t G,
Ryl = [am =22} 3-24] C. (2.5)
1 a4 84 Ay 1

4. 4 394 75 RCSY) YA R ZRE o]
7|2 A=}

3. ZHE Ali7|et TE
o 7

A~ 3L E_‘,Z_"o—]

2 A7l ARl BMEE 5% ZHEq)
SCORBOT ER[¢|r o] 2HELE 2HE Ei9} o]
£ Alojsh= 2R EA|o]7] (controller) & vPre]= 9]
o} EXE= HFER Aofr|E Bl A & 5
et AFEE Alefalr] sz Azl Al3s)
€ BT TEARLES I &3] AR} A4
El2} A|o}7] Ale]o] Al RS-232C5 ARg-3laL
U 111

3.1 SCORBOT ER-[ Aloje] A

3.1.1 2 = A|AE| (drive system)

EHES BE FEE DC M RE ] o8] 755
t}. 7} 2E)+= cloosed-loopE A =B gzl9) 7}
Lo} Wi3fo] feedbackir}. o}% $lsled 7+ =Enic}
rotary optical encoder”} A3fsle] glet. 1ejw 7}
FEES Hau)2 Alei=lch. 2E1ES] transmis-

sion ratios] #Js) & WA} 7t o) HHeL 7Y -
Qlch. 2ME 7} 9] HH8L (F 3-1)7 goh

(2 3-1) 2HE 2} 20| Mg
base
0.094

o] pitch | roll

0.458 | 0.458

shoulder| elbow

0.1175 |0.1175

Ay

oo | o

Jow

A

=R 31E ZFECA Bl BE wEe o)
Feg AfEe] RHE Fofr|R A os Hdy
t}. o] HEEL Aol7|2 Bl Hedolol sy 28 3t
=9 fir7ell et 2] od o] Blelsle Ad) o}
2} 4171 elj] ez vHreizict[4].

1. Uni-directional commands : J-&ri&]

2. Regular bi-directional commands : 7} 5¥
o] Al A =27

3. Special bi-directional commands : 2E]¢] 3]
Azt 547
3.1.2 23HE JFEATESH

2R e LEATede|d Utilitiest 7} gu}. o] A&
Zedols B 287024 assembleygie],
basic, celoje} QlE{so]2r} 7hssich. wzh AMgA]
£ o] ZEolollA AFH= = (function) & <]
gslod e 4= glok. 2] o] AT eSS
ol-§3lol 2HE Ao sluAtdd w= Ao shiz} sh=
o] WA ks slHsledel Ag[12]. 1
o £ AxEeEgelRi= 2R XAM(x. y. z
pitch roll) 24¥ 7} Fof FHZE 7€ 5= 9l AM&
A7d PR e siEs Fojol it wehy 2E
HA = s o) E38lA] Zata siof 2L 2slS ub
HHog sjolshs vlASAde] AR A|7)=c)
Aei71e} k) wedal uhya Lz Esojde]
A wigel] o] 2HE= A5Ee] 2] 53 il o
2 g8l gt = HelA tlekal sl 2}
e e Eahs -9t weh. B 22 E2] Ajo)7)
of Az egele] A2 ohest 2ot

1. 7} Ze] 5963l Ao 7hs3lA]at S A7t
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2. %7} 2|},

3. & AlefA] vlg] /jHZhe Ao glefot i)

4. 2R ES] HxY A5 slelsl 7 gloiA] flsh= )
A& ol g¥=Al, o3 emg A=A gt

glek.

3.2 Hze Ai79 TELTES )] A

H}
=

AHellA 2| A7 FAPES s A3l Aljo)7) 22l 4
5% A AloiSms) Alofel §a142 ol w4
2g Alol7lel 5 Areslols Aalalct. A
A7) 712 AHeol7|7} +15, -15Ve] #Mgle Dg
2 shel wlsha) e} 75 el el et 7)E
Hhal b= o] PWM(pulse width modulation) ®}
A5 Aelsle] Alefo] fredd-S olar glet. wak 71 &
of A7l $1AHeIA] counter S AHgEkA] gk
encoder?] AelE 24 9g-o 2 Aojgh vk, Al
% Alo)7]= BEol4] v}2= encoder pulsed] &
AAR st o] & 7REEEle] S| E Folam glr).

£ S ALk WS A slo] AbgRle] Bl

we} Az Egloje] o] FH5REE o] o] 7]E2)
Aoi7lel MlaA 4R Helucky @ + gk
el 4e) CUP(SDP) & Al4aled %2 ejol s
] 29024 7t 30] CUPE 348 4 9lo] 2
55 Yok bz Aold 5 ok we] 5 e
DC Ake chopping8le] 58] 234 DC A4k 1}
HolM mEIS 5 glck. o wEje] S4of o}
o Pslabl S22 7pEA 5 Q2 A,

3.2.1 JHLE Rlof7|9]

DC 28 A4l E +35p7] 18] A R A)zka
sleglols oo}l AFE 4AM YAHEE) R,
PWM =3 upys)2, PWM 7532 2 PWM =
T3 2 508 7AH gt ol5e] Falst Absa
o ebs] A ofga i)

7lelie} 2| HeaolAd sdoll ) 2R E Aloj7)& 9
¥ SAANEE vlo|z8 T 2A|Kol] ofs)) slopEal %
Ha¥g AAkkt, o dle[ef7} PWM 23]z g »
2 PWM s}3lo] nkgeia] 1 o] wj8le PWM 7%
312E Az PWM 5Z7)d| Q7o 2e|E 53}
Al ot paEl Alof7)e) slego PHEE [23 3
-1 13t 3t Alejz)e] 528 sheglofol iRk Ao o}

v 2t
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3.2.1.1 DSP(digital signal processor)

DSPe} 72:= 413 A2] A)25)g 9)8) 223} 5o
dth. F8& FEE oE W, 168E Tx, 32u)E
Hol2E] T8)3 @ 7150 sl=solx] 78l Solc).
DSP= 413 Aejol] glojx] Alabatel 2a)ae- )48}
8k, o] Hads) 71eg o fsjol A Al Awlol
A 278k 928 254)70c). TMS3209) 7324
S 2 S (G 3-2) ¢l 2ofsldc.

(E 3-2) TMS3202] x5 A

A % A

E
=1 <

1] ol
S},

Ao 2 ugdle]l dae]Es

o g Eo] A A8 Ho]glch

sfo) el

spile 7 | dlolElg} HeelE Ealel shHe

sesle] #417]

sheslo] 4138 | 118 clolup 4

16915 $)=e] | opx}5} 2 248

320 E )= A | Aol o3l ¢ 212 2| Askgkck

sheglo] ~ul | wlE QIEIE AulE A3

Eshur oMELE 9o ojat FAb|e] ¥F

PR Rt

3.2.1.2 PWM his] =
vlolzz TR} §JH HRE wlolEo|A Y} A4t

]
T
T

r
ot Mo

& 3he FellE AHgd o Hugt PWM 45
WA F T ode 327 Aesl o)e) e )
Bhs Zlo] PWM whags] 2o}, Analog PWA 3}3
HE) 2= SRt 522 15 9le] 23] of
A7V Akgel ok} ubdel] digital PWM s} w5
B 73g) digital 322 slojg)w, switching 331
TE Al uk2 5= glrhs o] glon} hnela) i
Sy
3.2.1.3 BA 44p| 32

7|1E2) Alej7le) A Foe HAG 67He] HAS
3P Wkl we} 90%0] 9AFAE Zh= A4k BA
o] 274 BAE A} e Bo) A Ay
5 A3 53] AdellMe] "o 248 ulr|9jel 47l
325 A Alzsle] Pe) 5 4u2 B F9c)
3.2.14 912 A& F=

HA FrE w7} s she 2w vl sle] HAs
W EE Agajelot. wed o] HAg sle-Esky wE]s)
Arprkg s Aslder ke o = glen] mEj] Qa9
A5 o 9 ek " Frjdly sk Has g)s-
E1817] $lsf A= W 7he-E 3|27} W asict. o] 3]
= ZE9] 3ok 7hEsle] ql3 FEZ A vl
AREBAMZ Holgo| e Tt A% 38
o BEAE [ 29 3-2]9 2ok

mﬂ._‘;‘,ol
=l

ADDRESS BUS

dsp

l
DECODER

COUNT CIRCUIT

T

MOTOR

ENCODER CIRCUIT

PHASE MULTIPLIER

(38 3-2] HRIHE 529] g2Me



sy, 29 1992, 12 Al A B

o] 48 17| A4 RHES] Ao x| 2g A 139

3.2.2 2HE IEATER 4] I

ZHEE ZASEIR Alojapr] Slsire 2RES A
QAT dFF Al AN ] HasH =
o} F BaAe] YR FoiAH 122N 3
FAl gt 7 2 E Al & 02] gkE Tt
of EYE 7} &5 Aojgh}. o] sl E ks wHoE
Al wiel ofs siE ek denavite}
hartenberg®] Asi@uo] gl 7]5}8=Q] s A
)3l 88 F3l= geometric inverse kinematics7}
ATH 5 ). & Aol 715tskal siAell 2]k Bl
& Apg-slodct.

[28 3-3]& ZRE 7} o e 7317] <3l
AR 7 o] $AE viehd Aelch. Zt e
AXE el ZPe g Pl e} AN o
= ot 2t

plx, v, z]

[O8l 3-3] 2RES| zt fEute| g
(F2 W)
P(px, py, pz] s34l 2R E9 T8]7] o
old B 3le) zEgt

lenl2 . base2] o]

len23 : shoulderg] Zo|

len34 . elbowe] Zo]

len45 . pitch2] 7o)

0., 0, 0, 64, 0, . baseEHE] roll 2] 337}

2HE 7t gl g Fake T8 AAke vhew 2

1. 6,
s o] 547 6,8 7t
g ,=tan"'(py/pz)

2. 6,
Fmze] o)Al3k4d (shoulder) Alold) o] F&
zt 0.5 7k 2FAMAY O 6205 02
off olaf & 5 it
8, =cos '(len23° +len24* —len34%/(2 len23

len24))
f ;»=cos™'(len24*+len12?—len14%/(2 len24
lenl2))
8,=8»+6,—90

3.8,
[1% 3-3]oAF o7 (shoulder) 2t &

=34 (elbow) o] o] F+= 7t 6,5 77}

f3=rcos '(len24®+ len232-1en34%/(2
len23 len 24))

4. 8,
2] (pitch) 2} 5o o] F= 7+ § . & 73}

6 ,=cos '(lend5°+ len56?-lend6?/(2 lend5
len56))

5. 05
05 27 1-ellA 77 g2 kst 27jo]
5= gttt

MEZg BRE FELTENOE sfubgto 24 A4
ale] &3kl 4] 219 2}7) teach pendanty}d H3FE )
Hro o3 2RES] 2q]E AK51A] gofx .
Z, FWlletE o] 43le] 2RlEe] Fl3ew wRES
o5, A& AL o}, ohE HAZ o)FA1H
QUEE sl om, =3 29l EL] A7} wiAEx 3}
27 e A RS o217 He ot GiA sisict

4. 4 2

E Aol ZH e A)77]%5-8 Hoisle] 2]ix}
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L e X A A

7[_}LUL26‘ . bﬂ'—:‘L]EH )>< ¥ ’Ef_l‘f('luh

7hrle] AlE] ol 20 S} giale ~aw o)
AR ol i3 YR 5] Sslo] Aaie] zlele
T gle mzeslols Auslgin), wal 7|2 4
of71e] Alejuiale] Al de Batsle] RuEs go
28 Aefdt 5 ol A7) E Apiksie] w)1sEl 2
HE X 2elg aslodc),

2 AT e 2EE A2Ele s)Ee) A aalg
o 2j)pae) At} qu) gadslelw
Hofeh Pssme] o e 2jla s} =) mhat
Hon 7t Fef FAjAoieh Sjdallol ) shsala S x
o) 7hs st g N R=I7] w2l gel] clep &
Asp A& 5~ Qi) seqh Aol 4] 2ljRe] o

7t 9] 4]

AGH(x, v, z, orient)UkO R ZHEEZ 2pEo @ 4}
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