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Recognition of Unknown Surface Shape used Image Recognition and
Bezier Curve for Grinding Robot System
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Recently industrial robots are used for many purposes, especially as machining facilities.
Many of grinding robots are controlled by using feedback of force. However, the force sensor
used for force detection by means of strain gage will be damaged if a shock and big force should
be applied. So, this laboratory has been researching with a method for grinding a target object
into desired shape with force-sensorless feed-forward control. The dust made by grinding injures
respiratory organs or eyes of worker. Therefore, this research aims to achieve construction of the
robot system which can perform autonomously grinding. It is necessary to measure the unknown
surface to decontaminate. This paper proposes a new recognition method to detect arbitrary
shape using Bezier Curve and shows the result of grinding experiment using the method.
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Fig.2 Grinding robot model

ns.

M(q)g+h(q,q)+g@+Dg=7+Jc" fu—Jr" fr (2)
(50)
JoT = L

or T r

T* PR PR

H@g IR ‘(aq) B
or

T, M :t;é*%%ﬁi2)/77 a2l —ZTHHDT2x2
OEMEITH], hiZ= VAV Iy 5@ 7], DIk, g 1

No. 15-2 Proceedings of the 2015 JSME Conference on Robotics and Mechatronics, Kyoto, Japan, May 17-19, 2015
2A2-U09(1)



HOREBEERTI MLTHY, 713V 7 OWEN NVY, f,
W, foldEEE AR R, F2, JeT, JrT i3EhERH
WA fn, BT fi OfREERT

*7-, QTRENDTTA T 47 Ry MM REICBEh
Lo % Lt uEzabiev. Zhig, 58 (2) oEsh it
2, (1) CRINDMHESEELZFZ LW RITIER BN &
WHZ ETHD.

X (1),(2) SRS £ 1T

fn =alq,q) + B(q)Jr" f — B(q)T (3)

Ehsb., ZZT,
alg.q) = m | S|8 a" [ (25)a)+ (%5
) c or aq \ oq ]
2 O] (9T pp-
s 2 w5 (e ) aet) )
A [OC ac\"
J— —_ _1 —_
W'_<%>M <%> ©
1<, alq,q) IFANT—, T ZEFERVIEDO, B(g) LT D

AR b THD. BRIV fo i3 q, 7 & fi THEEL
TEEDZEWDOND.

2.2 (L& - S FEEFSIE

Hiffio Ny REEESHOTT Y 7 OoRcfFEbnxX (3) 1T
foPaq, q, fi OREEEE L TEZLNDZEERLTED,
“hitq, g, fi BTS2 LT, HEMTT f, 2FEE
TEAAN T ZRETEDHZEEZERLTND.

K (3) X9, WHT) fr, ©BIEME frg ZFEHTSH 71X

T =—B"(@){fna — a(q,q) — B(q)Jr" fi}
+{I - B"(q)B(q)}k (7)

Lkivd L Tx . Bt (q) 1L B(q) DELTICTHS.
HITBWTHLSE I H D & F BRI fog Z2EH
LRV T DNV AERMEEEZD. FT28 TIHIT fog DEH
WIFERBRRIC~ = E 2 L— X OMERIEANZ 52505, fto
TLERIL fog ZFEHRTDIAL 72 q OEEE LT VL E/ID
e 52 Tn5.

ZITEENRY MV E By ROMERBEHOAT E LTH
WHZEEL, FEEERTRINANY FOMERZE, HER
ZEHAWT,

k= (g—q) (K p(ra—7)+ Kp(ia— )} (8)

LRETDH. Kp THBIF A ATHITHY, Kp 3574 v
1THI T 5. Fi rg (FRRGEIFELME T D0 R BEHLE T
o, K@) DBV RLEDLE LA (7) THRILEND T %
K B)VITRATHZ LT fro=foa E05.

3 AERMORHE

F8i%I%, Model-based Matching % & BRI T /LT Y XL (GA)
% FAV TAT 9. Model-based Matching ¥ & | ,mﬁﬁ%®@&
FERB Do TN D & EFNEF UIBRRET V2 R
T, B —H L TWE0EHEIT 5 2 & CHifg E&%ﬁo%{ﬁ
Thd. MEEESEIETIFICEREL, BRLE —HTHHERTE
TNE/D L TREMONIE L BB EZMD LN TEDL., 20O
WH#RE CGAICLE>TTH 2L TREEREITHI L0 b2 s
Tnun%ﬁ’f%é

AWFFE TR D OIIHI G OREIR TH D, SlEDE
By, X8mr A, TN RERLE LEBRETITWHSY L
BOBERERHT DL CREBRERHT .

Object(white)
(a) First searching model

(d) Searching result (©) Third searching model

Fig.3 Searching model
Fig.4 How to search surface

Background(Black)

Bw |  B@w | Bu)

¥

%) \\)j("’*x/ —k '
) O

a(v)

Object(White)

Fig.6 Modeling by Bezier

Fig.5 Points of recognition Curve

Start

| Capture cameraimage |
|
| searching first ellipsemodel |

k=2
[
| searching k-th ellipse mode! |

| Determine center points of ellipse models |
[
‘ Modeling surface by Bezier Curve ‘

Fig.7 The flowchart of searching surface

BFRETNVE, I3OLIIHEHBETVE L THETD. B
RET L, BREOEFTV THD. fidD X 5 ITERET VT
L ROERE R > TV 5. BBRAOEE O AR OE#
ThHY, BOFRITEREETNTNNFF>TW5E. K3 DED L
IR EEEL, BROMEREFF-ELE S, HOAl
RER ST E S, &5, INEEBILLTHED XY ICET
NEHE &T5. ZOWRETIVIL, FUMiBEL LI T
RIND. ETABRAATEBG EICEREINTEE, BRREALD
LENUDF > TWA AL @S LN L TWDHEENTD
nNa. ZOHEHRERND, BREETANEORE KL TWD
DA FHIT 5 BSOS RIEO (9) IR THEA KR TH 5.

3.1 EAEEK

i VX, A TIERER S TH UL DERMOEBTHY,
p(rig) Eib DIEREDE vy LR D@L TG & &
1, 25 TRNEE —1 LRBMKTHS. HAEMKEERT

TINORE L BT LIz F(¢) &T5 L,
F(g)= > pr)+ > priy) (9)
7:,;€Sp Ti,;€Sw

L5,

3.2 ¥BFRFE
FEMPRRET VI L > T L R OBER 2 38iT 5. B
REREEXR 7IZFT. ”AITFET L ITHENTEET L A5k 7

No. 15-2 Proceedings of the 2015 JSME Conference on Robotics and Mechatronics, Kyoto, Japan, May 17-19, 2015
2A2-U09(2)



FEL TN 2 & T, BRAER L7z m0EED & LTHR

—OHDOHEMIEL 1 RIEME, Rz 2 RIEMAE &S 1K
HITIALE & BENRITHY, TNOHEERT D, 2 RUARE
TIE—2ORIOMHEAN DALEIIRE S ILD DT, BBDOHEHRR
T5.

HEEREE WD Z &T, (il L BEORET L MEILHEE
BRI AL T HRMBEICE S A D 2 &N TE 5. MEEEKR
{ERIEIZ LT GA M4 % 2 & TRERM OB 21T 5.

3.3 3RANTIRICKDEREHIKODETILEE

RIB ORI > 7= BN S ET MEEITH. ok
X 3IWRARVMMBEH NS, K6 DX DICRBWIIELD 3 &K
NUTBRTESN, K (10) DX HITHTD. L w TS
EHCTHBHIZO<u<1THSH. X (10) TO<u <1 OHPAT
u NET D & x ol e

(1- u)3 3 qs;
) _ 3u(l — u)2 341
Bl(u) - 3U2(1 _ ’LL) ‘13¢+2 (10)
u? d3i+3
4 HrEIEER

T DT, FEBICHEIERR AT o Tk R AR BRI b
LT SITFRTHDEAND. = ORI % R RE
L, X 8ITRTREIOERSY & REOFENHEIZAT . SriE/
FIRFRI 24T o 72 fE R & LTy RREIERB LY, FheRh
R
4.1 2B

FERERBE ISR E 21TV, WA TNORRYEM L= H 02K 9
WRT. BOWE B SR T, BN RERTHH.

B4R LR 2 10 1R T. £/, TO—EERLE
bOZRK IR, K11 X0, BESy L L o4 38505
TETNBZENDOND.

PR RN DR LN TR XY i A VTR L7 R
ZX?NRT. v — =TTy MEEETEE D O R
T, FRTRTHLORRT iR L > CEBGERIL 7= O TH
5. ZORERE RV THHIERZ 1T o 7.

4.2  HEI

RIS G % 7T A4 T 4 7 LT EEDETEX
121TFF. KV 7Dy a—FhbEon-FeMmE s BE
fEE LCHEZ IR 2B L7002 X 13 177, £
77, FHEAE L BEFEMNE L OREEZZNEFNN 15, X161
R &6, BEREA WO REEK 14 (TR,

DL EOFER LY, Mg SHEE U= S O TR % i
HIThZ EnT&x7z. K13, 15, 16 X0, EiEEHRHSHEE L
TR L EBIC T A T g v aRy SR G & il L
TWEFENEN OB/ LNTER & DN 6~8mm] FREH D 2
L%, BEMEL L THEL TWIHEEENEROR L Y
BAZH 572, BAEMEICHIET DAy & Bl LT b,
FD7, HHENR Y hr—F TERE L W BRI LY
2 MABHZLERY, M14AbEbNDEIC, HWRANE
EOELIYREL Lo TnDHEEZLND. HIERIR & EBOF
RICENECTER E LT, BFEOBERZETONS. K10 &
0, AT T VRIS & 5 L OB X U BB A Y
AATRHMLTWDEIICRZD. £72, WA TOBRYAIFLE
RACETEREIZIR D AT SR T2 & T, IEMICHTERE R % &
HTETCWRWREDOERNEZHND.

5 ®as
THIOBE L ZD S L, B A FERIZE D 2 RITHE DR
RERFBH TV, MHIERZT-7. SRIOERN L, Wi
TR DHETE LT AFHI S DTERIT S LT, R & —iE
TEIZHIBE L2 BRI T 2 2 LN TED L &AL,

Fig.8 Object to grind

A
i |

Fig.10 Search result

Fig.9 Image of object using
camera

Fig.11 A part of Search result

Fig.12 Capture of grinding
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