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A Study on the Automation of Deburring Process
Using Expert’s Skills
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Abstract

In deburring process, Humam experts who have long experienc in performing deburring tasks can
manipulate tools efficiently and adapt the tool motions according to the state of the process based
on their skills. However, human experts have difficulties in describing linguistically their control
schemes and strategies because they don’t aware the detailed process in interpreting sensory
information and adapting tool motion. Therefore, it is important to develop a mean of understanding
the skills and acquiring the control schemes so that the robot can perform the same skillful motion
as the human experts. In this paper, an expert’s skill model is developed so that it can be
transferred effectively from the expert to the robot. Skills are represented by a mapping which is
generated by using a neural network. Expert's skill shows that the robot is able to associate a
correct control strategy with process characteristics which is acquired from a vision image in a
similar manner to a human expert'’s.
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Fig. 1 Deburring mode! description
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Fig. 2 Schematic model of Human skills

3-2.. &A3E vhH+= Dynamic Model

o} ol BTTE UIREE S3xY Jed 2o} s}
7] 918l $4 &=l Lo E ¥ I3 ZAE
ot AL Lol 2B 2 HAY gert qch
olgA S=8 2o We RAFZ ElY tjoleje] otF
2AYIA & Bol uolo} sz, 71 2 e Az
X0l ARY 4+ UATF )¢ Zreisjoput ¥ch 2 dFe
A= olejel Yol BIE THEE WY RN E Ap&-gict
()

bx(X_Vo)=Fr e e (D)

kyy+F0=F,, e e e . (8)
F8} F,2 370 zgse agduygzt Haididel
ztzke] Yojch V, ol$uEto] MERYDE FABhe
71& &Eolm, dbgle] F,& Pau¥el M=XH=EE B
Ast= 712 Qolrh kol Afe BAsoIn. vy P

flr



Wakel F7] Hejolch. ¢ Aof EH IteiHE by Vo,
ky, Fo&2 EF ANNY U2 ¥ 5o Fr}

( bx: I/'U, ky' FO)
FEHoz Suxe B A9l viAR4E 1Y Aoz

ehd 4 girh

a =

3-3. %A} Jlerd el

S8zle JgE& ZHol AW sl fales HET A
Mg AHgsle] tiHE AL AR ARy $5E 33
slof gtk AYeld &Pshe BelFY MMES AT
Y £ gl BE 4ES 2EY 4+ ¢ dAEANE
AN 2] ZAFE TAZL gt MA7L FHY 5 =
BE BEe 2hE BE Uehdtl £ dFolME o F
3 B5AH5E 93 v FANE AHEsle] WY BHES 24
t}h o] BEHES bE HEAFZ, ol H|A FA2RE vig
Yo Ho o|7g tIHA T Y 7kt BHdo g vjepdch
grel s@zte] J1EAQ Hq EAEo] FAEA bE HH
wix] olrid, ZA wleluEl bl FUMNRE F3 2%
uletel a2 F2Ho R AYHA AU Uehta] g& Ro)
tl. ElYdolel Wizte] dxHg A ¢l8 HPxx
HA(Lipschitz's Condition)& ARg3Ic} AxEE AL
F A=Y ol AU o] glojof gl

v b, b)
dib' , )8 Z¢= b FZHE b b 7] Azleln d(a'

a')= aZ 2 b o} bloll thgshe a'el &' Ajoje] Aele]
th el L& A% AAgkelch

<L, Vo, véeB - < (10)

3-4. ¥9) B4 &3

2 dAolde oy 2ol W BHES 3] ¢
sto] wjAAA & WEIlgch v APAE o #Y3} cop FH
Wzt a2l QAN e NS (WB-02)2 gEolA glen,
Fioletet AHE 2P Ao] AY=Eo] glch Fig. 32 B4
Azl 38& 2o &b AA LWT (Look Up Table)& A}
£3}o] Mx| 7ol o] AN 2§ BcL. BX o]z HH
tadell A UAEZ HHPA olths BRE FAsle] zh@ag
Byich npjte R st dWHe] B ¥ £08 Yo &
HE o7l 2 W §4 3 ¥ 3R], WY 43
. e oY, v A FPES VeplEch

b = ( Bh, Bl, Ak, Ac)
ZEHoz tHygod FHEALY viAHE4+E ¢ Heg
viepdct

4,49 ¥ W A3
Fig. 4= tlHg AE #FAE Bo F31 gt xy& +F
glolg sl tiMal A9} copsival Tala FaAHRe] A
2] o= glch. zelly Hu] FEoll= 6% Force/Torque
(10/100) ¥ A 7} R-atslo] Habeg FAFch AU x-y
Holgols Fage] ol4Exst 22 E A5, 2 919
cepghiehes W QS dold AR T Biujx We)
E4ES Al B2Y dFTe Av] 2lddo #
A t)AaE ARSI, AVoRE 6-10m FAAEHE T1A
AT Fo)] B4E HES ol 8stdrt. F2 AMY HE

-687-

- “Clapt
C Start >

ﬁnslolleltlnge Copturd

|

t |

firea of Interest Setting |
: |

1
abel ling ]

Burr Clarateristic Briracti

|
|
i
|
|
< End > ]

Fig. 3 Procedure of Image Processing
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Fig. 4 The experimental setup
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Fig. 5 Measured Ft values versus computed
values based on the process model
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Table. 1 Teaching data acquired from

human deburring operations
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Fig.6 Measured Fn values versus computed
values based on the process model
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