HAARTARY MEAFE Vol.41 No. 2, pp.187~197, 2023

\N2 g

[—

=2

187

- BT X

NIV NEET ) v INICE BEREE - =MD D F & LTI

e

Sarthak*? Mg H 1 F*2
s A H Fix3
B LR AR

W B M F*! Pathak
=R NI S T I N T
H

& (R (R BN

&

I

Vision-based Picking-Up Control by Robotic Grippers with Belts

Yuzuka Isobe*!, Sarthak Pathak*?, Kazunori Umeda*?, Yusuke Hashimoto*3,

Yoshinari Matsuyama*?, Taku Matsuda*3, Yu Kaneda**, Hiroki Ikeuchi** and Kenjiro Tadakuma*®

This paper presents a vision-based control to pick up an object by a robotic hand. In-hand manipulation, i.e.,
changing the position and orientation of the grasped object without dropping it, is a challenging task. It is important
and necessary for tasks like achieving a stable grasp by translating or rotating the grasped object even though only
a part of the object is grasped. However, it is difficult for soft objects like food, because the grasping force needs
to be just enough to hold and manipulate the object without crushing it. To tackle this problem, we propose a
system which integrates the control of the hand and object detection via a camera. The target robotic hand is
configured by two parallel grippers with conveyor belts for manipulation, and is equipped only with a stereo camera
as a sensor. From the camera image frames, the three-dimensional position, orientation, and size of the object are
calculated. While controlling the grippers and belts, the slippage between belts and the object is estimated based on
the difference between their displacements. The validity of the proposed system is verified through the experiments
wherein the hand is controlled to pick up objects of varying size and softness. By experimentally evaluating whether
the objects have slipped, been crushed, or been manipulated to the target position, it was confirmed that all objects
could be picked up with the appropriate force without dropping or crushing them.
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Fig.2 Conceptual image of the hardware component used in
the proposed system. Two-jaw parallel grippers with
conveyor-belt surfaces are used

Fig.3 The sequence of the conceptual motion targeted in this
paper. (a) the initial state of the system, (b) pinching
one object from a pile without breaking and dropping,
(c) lifting up an object by actuating the belts
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Fig.4 The assumed condition when the system runs. The fig-
ures are illustrated from the front view. (a) initial con-
dition when the object is partially occluded, (b) the ro-
tation of an object when one gripper contacts
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(a) Inappropriate condition

(b) Appropriate
condition

Fig.5 The conceptual images to explain the proposed method

which detects whether appropriate force is applied. Each
black and white arrow show the displacement of a belt
and a grasped object. The difference in the lengths of
both arrows represents the slippage
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(a) The robotic hand used in the proposed system

(b) The coordinate system. The white arrows show the
degrees of freedom of grippers and belts respectively

Fig.6 The robotic hand used in this system and coordinate
system for control

(b) Extraction of the object
region

L

Stereo camera

(a) Captured image

Camera
coordinate
system

&

) Result of PCA ) Calculation of 3D informa-
tion on the camera coordi-
nate system

Fig.7 The procedure from capturing an image to calculate 3D
information of an object. The three arrows in (c) indi-
cate the first, second, and third directions of the PCA
result. The bounding box of the object is described as a

cuboid
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Fig.8 The flow chart of the system. The flow is divided by
dotted lines into four phases; Approach, Pinch, Correct
and Lift

Correct grasping force
and orientation
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ET B, Sy DIEVPKEVEEEL, 7 v %% Agripper 7720
RODHEEATH. 7)) v mkO- 5, FERM Ay TOWH
DIREAET L. S0 X)), 77U v/ SIEOHIE &8 Y IREE
OWEFRHNARY RS LT, BRI Z ) v 3% 5kdTw
o Sstip WO LOHELI L EWHELT L 2o 72D Y
AIVTIIBNT, BESTELTEZWATHFETETRS
EET D, TDIAIVTIZBVT, TRTOT 7 F 21—
YOl E—BERL, K72 —-AETET 5.

7272l TV v NERDTBLIIZ, RO 7 v SsoiD
FARICERT 22 82515 (Fig. 4(b) B3). #C
T, K7z — XBGERH» S OWIRLE o OZLLFIET 5. %
BIALEDPREVIEAICIE, WoltAST 7 Fat—8 2=k
L, BHLTWBIES)DF) v DA EFRHVTWE, B8%ET
DRFEIZRS. TTOEBIR 7256, b)) v ROEE
BIMBYREBOHEEHEHT 25, ZOBREE AL SE%
W7z, BEL TWRWHl 7)) v oSO B E SRS T L
2479.

2.5.3 #iE7xz—X

MHIE7 == AI2BWTIE, D REE A L T hdiE:
REOMERET.

F9, DFART - RAETHOIRENS, U % —FE Apers
IS, OV MEIERT R T OWEDRBZAL Sposition & B
BIAY Sorientation = HFMEAER L ) H LT 2.

1
5position =Yt — Yt—1 + §(ht COs ¢z — ht_1 cos 1/),5_1)
(5)

6o'rientat7lon = wt - wtfl <6)

ZZTC, ye BEP g1, he BEF hyq, e BEXF Y1 1,
FNENEELINBT 29E0 Y Wi ROME v, Wike S
h, U HHEOUELEE » #FLTBY, INO5OMIZTCH
BAEICE Y HEHEND (2.3HBLU 2.4 HiZH).

HH LR, AU NBEIE Aper & WEBEIE Oposition D
FEADPRKEVEE, JEFRII25ES < WRATHE o T B IKEE &I
T&%. 22T, 7)) v SREBEMDE Agripper 721755
M A ATV, 2D 5.

F 72, NV NEIERTERE COMRDLEEEAL Sorientation DIK
EWVE &I, BHEONV N ESEFIZE NPT 2 & TR
ET 5. BEFHEDZODLEHEDN)I N OFIEE bepy BEO
brignt \FENIC L D EHET 2.

biert = B(gright — Grept)| tan s — tan 1|

bright - 7bleft

{1 (6orientation 2 O)

-1 (507"Lentatian < O)

Z 2T, Gleft B Gright FHEO 7Y vMfIETH Y, E—
YOIy A=FHEIPSEHEINDG. P & g 13OV MEYERT
BTO U FEOWEDLES  TH Y, BEFGLEIZ L) IES
N5, SHMIEOERZIIFENNL P& —ER Ay 720TE2
TNV MR Aoy EWEBEIE Oposition DFETTENIV B
BVERT R COMEDLEIAL Sorientation 73L EWELLT & 7%
b, IE7x—AETET 5.
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2.5.4 FHLIF7z-X

Fib LF7 = — 2B Wi, 8O HEME T CUk %
b LT B HIEHEFTS.

BFEOWENEEL &5 LG 2 b7z BEEMED I &
D, Pz ATV OBEERIBEETT S EEONV
N D vy BED vpigne T TREORICE D FHHT 5.

h
Vieft = Uright = Kp {ygaal - (yt - Et) } <8>

ZIT, Kp BPTAYTHY, ygou FWEDOBEMETSH
B, Fl oy &b X, FRENRY STMOYRNLE L Yk
BEERLTBY, WEREHRPOHGESNG. 2B, K
BT 5D LITHIECE, MR O B #E 2 5 2 T
B, WA, WY A XX S TWHREES, TRy N EER
Y Bl TR UAE & 72 3 L) A =TT 5720, WEos
S hy BRFCEENS.

AV NN & D RS EEEREB E TR L 25, Gl %A%
T35, B, FHH LIRS, H7 L — A THEROWE ) IRER
FOEBLARB T 5. N REEPEL TV LHEE, X
NV E—HIEEL, #IE7 2 — XO0E %17, MIERIEEY
BHEEALE & DEGZFHR L, WkERL LT 2 6% T 5.

3. BEYXTLOFHA

3.1 FHff&E

WETIT ) EBROFHM G E 2 fab 5 5. ERIZBWTE, ¥ —
7y b OYERER LI VENEEZEL, TRoBM Ty AT
L ORM R FFT 5.

o MEEIE N LTI L HERT S

oA LTELZ L ILRET S

o k% HIZAE £ THD LIS
LFRESOBSICH LT, ENENLITISR T I CHME
€T pelocitys € €TTposition o WUF LAHII 24T 9.

3.1.1 FHMME erroeiocity

BEV AT AL BHET, WEINY FEFBVELT
WO AT 5720 08IEE LT, FHIIE errveiocty A
WA, erryciocity V&, MWIE7 2 — AT HPSHL L7 2 —
ZETHEETO, OV NHEEE vperr & WETIE vopjecs D7EE L
TTROXTEHET 5.

ETT yelocity = Vobject — Ubelt <9)

2T, vpey WE—FOILA-FENSENT A, T/, E
B DURTREE vopject 7 BUIFT B HHEIZOWTEHRT 5. WA
JEORHD/=OIZ, Fig. 9 1IRT 512, L—VEAE (HL-
G112-S-J, ¥+ v=v 7)) ZEHT5. 4B, Fig.91F, oky
MY FIZE DR O FATVWLIRESR T H > HRE LK
THb. Ry bV FOTHIZ, L—PEMNE%HEL, 2
¥ RHMEEET 2 Wk o B & FREICHIE S 4. HUS L - Bk
F— 8 EENE DY VT 7L — kD SWEEE vopejer 7 H
Hda, B, BHbEF 72 —X2B0nT, fiEL#E2 L CTw
A, HEEHON R, SBINT B,

3.1.2 FHMMHE e

REFHRIIBCT, W LED LIZELTLE > T vk
RHIET B 72O IFHIME ¢ #EFT 5. e (L, WIERDIE Wopjert
EFE EITHIBISE THROERD ) v IMIE grepes Grignt & M
W, FEMOTAE L TR DERINA.
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Fig.9 The setup used for data collection to evaluate metrics.
The laser displacement sensor measures the position of a
grasped object from below

o Gright — Jleft
6_1——ﬁ§;;— (10)

%8B, Wopjeet \EFEBRRINC FAIZL Y WEOIEE I L 728 %
L, &7 v/ iBEE— s HBBoOZ sy a— 50008 L
T REICHENT 5.

3.1.3 FHMME errposition

EEONMENOFL FITEESEH SN T2 22l 25
72OV FHIE errposition © BT 5. errposition (X, HHDL
D52 5NHWED BN ygou &2 F A LITETHOWIE
L yopject DAGFE LTEINS.

ETT position = Ygoal — Yobject (11>

5B, WEE yopject 1&, FEH LT 72— XETHIZ 3.1.1
HEFEBIZER Y b TR S L —WZEMEE v Cille
T 5.

3.2 FMlifE ¢ DEAEERE

MG ¢ DRBMEEHRT 72010, HBLITHELTE LW
NT/RELT05 L EDQVTHEE DB ZITV 2w, 72721,
AWZETHEHT 20Ky bV F (Fig.6) 1277 v 3FH7 %N
VA Y SO RENT AR CH B 720, EHRTHo 7
ELChE v EE OV PRMMICHERT S 2 &L v,
ZITC, FELAWEEEDELTERICOVT AL, %L
EFHELTELVATIEELTWA L ZOUTAEE LTHE
T35, ZOUTHEEFHIME e O3Mefl & KO, FEREFO FFM
it e LIMEMA B, REVAT LAOZN A BT 5.
DFoREICT, FHlifE e EBEELIET 5. 9, FA
NTTY w8 %HIE L, WEEERESEE. ZoL &, YEs
ELLVIREEE T 272010, BHTWHROBENES AL,
EBLTELHRETCYY) v/8% ko5, RIS, FLTW2IR
EALE£7) v 8% 0.01 [mm] $OML. WkEEeTECs
oy EBWTWE, UESELLZEROZ) v LE»S S
) v NE Wag 2 EMT 5. EERESROFAMME e 103 2 Kk
fli& LT, TRDME eqa ZRITHET 5.

Wstd
std =1 — ——— 12
Cotd Wobject ( )

4. E BR
REVATLEHCT, 4 XREE PR LMEEDOE S

HARDRY MERFE 41 B2 5

(b) The fixture and adjuster. These can
position an sample obejct and adjust
the height of its region in an image

Fig.10 Experimental setup

Table 1 The specification of the stereo camera

Camera dimensions

(width x height x depth) [ 03 * 44 X 45 [mm]

FOV (Horizontal x Vertical) 57.0 x 46.1°
Sensor resolution 1,255 x 986 [pixel]
Minimum depth distance 50 [mm]

T2 FEEREAT, R LA SN L 72,

4.1 EEREMG

EBBEE % Fig. 10 [2RT. AT L+ 7 A5 & LT, Tablel
WORTHBFEO D AT 28 L. &b, 47D ¥ 2 B0~
RTHAHIZD, ZUvNRIZE>TZ) vo8eRoE s (BRy
MR Y #O5E) RS, REF OIS L ST, BB L
NV FOESHERE—HESEL2012, AT—Y &M LR
A OMBNEZ RS Lz, 72, KRB oMM EL, 3ERH
LI E ) v oA M AREOE I E L, 25l R
FUEERLTHETLILT, I A FHEGEHTORBRA OF &
FHORZFFNERRS>TLE D). ZZTHEIWC L ) RABRA 2
W95 LT, HIEBGERNCEERA D ERICE L E S 2 k— L
7o, W HMUSMNOBEBAAE D, HRICKDMEROEZITo
7= (Fig. 10 (b)). F7z, FHIME errociocity X errposition % I
T572012, WE7z— A TRICAT—IV2BE L, 8L
TWARBAF OTHICL —WEMET 2 &S L7z, B E e L
THWZREBA OY 4 ZLME, BLUHEOEE % Table 2
VORY. BB, WEE, Ya7E (HS) I2LhERLTWAD.
FHOLZOOMBHIZ L AWARY DHECH Y, AiniE
ANDOWH AR CEE L, T2, RTEOMEHNL, BEOS
WHIE 7Oy 7 & L7z, Thid, BERRELLEDOFEL WY
KOBR LT, WAFRE EOEFHLEE LEETTo72. T
72, #BEBE OEE% Table 3 1IR"Y. ZNEROH A X, 1
EOMAEDLEIZLY, KRESRWMS DL L 20 HHOR
L7z, BB, LR T WIS ICH AT EIEERT A
% ®H L7,

F72, EBRIIBWTERELR, £/57 X — 4 fli% Table 4 |2

R, ZONRFT A= EHOTIREY AT L EZETL, £38%
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Table 2 Size and hardness of tested objects

Size [mm
Type || Width | Height | Depth
X | O | @
A 30 20 30
B 30 30 30
C 30 20 50
D 50 20 30
E 80 30 30
Material Hardness (HS)
Polyurethane sponge Less than C1
EPDM sponge C8
Chloroprene rubber sponge C25
Ethereal polyurethane A95

Table 3 Mass [g] of tested objects

A B C D E
Polyurethane sponge 041 07]07 07| 16
EPDM sponge 20 | 3132|3378
Chloroprene rubber sponge || 3.7 | 5.5 | 6.7 | 6.4 | 14.7
Ethereal polyurethane 20.6 | 30.7 | 34.3 | 34.3 | 82.0

Table 4 The values of the parameters used in the proposed

system
Parameters value
« 0.75 [mm]
A 1.0[s]
Agripper 0.1 [mm)]
vt 1.0 [mm/s]
Apert 2.0 [mm]
Ky 0.25
Ygoal 27.1 [mm}

R LT, 5RO T2 1T- 7.

4.2 BEFRILIEBER

FEEHERE Fig. 11 1RT. 2B, FHfE e 2oV ik
fif €s0q D7 Y FLTW5,

7, MEVAT AL DHHOKT % Fig. 12 I2/R 7.
Fig. 12 (a)~12 (c) (ZWHIRE, Fig. 12 (d)~12 () 13HHIE7 = —
A5E TR, Fig. 12(g)~12(31) EH b LF 72— X THOIR
Bafow Lz, R4y, &8N, @728 L, FHhfE
erTvelocity & +0.19 [mm/s] PLA, e 13 0.085 [mm/mm] #iif,
erT position 1& £1.9 [mm] LINTH - 7-.

4.3 E=E

FEHIEICR L CTEREIT).

T, FHE errveociy 22V TERT S, ZOFFMEICD
WL, fEAS 0 1EVIFE D AYE L T WIREZ IR L T
5. Fig.11(a) &0, |EVATLTHVC, EHVEHEETIL
R CELLHMTE S, HOIXHD X, BEOARY
UHER BRI E T Oy 2 AW LI LB L=
BRI OMERRAER, ~V MHEEZPE T84 I 72k
THELDLEEIILDIDEEZLND,

W2, FPMAE e \CBI L CiE, MM ey EDOEZIT). &
BRI B ETAME ¢ & RMEMH ey DT THD A #H
WL 72#ER (FI9fE) % Table 5 127”7

Ac=€—€sa <13)

Table 5 & 0, FEAEMEIIH L TREY AT A Tid0.3~2.8%
Z, BB AB LT ECnAHRE o TV, FRIZ, ARV Y
METHLEY) LY AKLY, EPDM AKXV, zua
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(c) The result of errposition

Fig.11 The experimental results

LYTAARYDIZBWTIE, kb1 Xo/hswilbeh (¥
A7 A) IHLT, 1.8~ 28%BEVTAIEHEL Tz, ¥4
7 A ORBF L, BB OWE2S 30 [mm] TH 572% (Table 2
Z), FRLoRERA 126 L CiE0.55~0.85 [mm] FREH LT X
TWeZ e nb, LEE LT /NS WETHL LW
RBH, LTVFOH TS 272012, ZORFRIIH L TEE
2179, BRELT, TRROZODIEZ LN S,

ER1 DFAT7x—RIBVWTTY) v & BRI %5
Ag'ripp(—:r 75‘7(3?’57:
TR 2 A XAV Wiz, BgHToOWFREEAVNE <, T

B EN72 3D IHIDRB LA > 72
9, RETFHEIIBVUL, B2 LT 572008 LT
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(a) Type E, EPDM sponge

(b) Type A, Chloroprene rubber sponge

(¢) Type B, Ethereal polyurethane

(g) Type B, Polyurethane sponge
Fig. 12

(h) Type D, Chloroprene rubber sponge

(i) Type E, Ethereal polyurethane

The experimental results. Each left-side image shows external appearance, and

in right-side one, a line enclosing the contour of a tested sample depicts the
result of object detection. Figures on each row were captured before Approach
phase or after Correct or Lift phase, respectively

Table 5 The result of A¢; comparison of the result of ¢ with
that of €44

A B C D E
Polyurethane sponge 0.018 | 0.009 | 0.012 | 0.006 | 0.012
EPDM sponge 0.028 | 0.009 | 0.003 | 0.007 | 0.009
Chloroprene rubber sponge || 0.024 | 0.015 | 0.006 | 0.005 | 0.006
Ethereal polyurethane 0.004 | 0.011 | 0.006 | 0.01 | 0.009

—EE Agripper T PEBEIIICK ) v xR RD T D, FBRIZ
BYTC, Agripper DIEVPKETE/Z L5, LROBRBA 21§
LY EBRRE LTEZOND, Agipper BREVIE, 728
RIRD BABDEE L TN T ThH, K& ZIEHEH A
HEULTLEY)ZENEZONS, 747 A OB (XE U A
DIFDOFE I LTV (Table 3 ZH8) 729, K& %40
Fhangs88idhwv, L, fBE A XN Enizo
R OAEAKE L, 7)) v %5k 5 A LE DL I
y(&ofLiot:tﬁ%i%ﬂé FIZT, LhEFVWHT
OET 272012, 70 v oSBT & D BRI 5 o

Tld7z L, EEFMICT L2 L 2MET 5. 72, WELED
METEZEL, 2FARAT - AETRIALEFEL LIFA2ET
Wb oW AGE K& S L2, 7)) v NIRRT 5 6l
EMTAHIET, LV TORFEERT L 2 & 2
LTw3

F 72FHIME errposition 22V T, IF5DENKEVHERL
ol ZiUE, FICAT LA S ATIZE S 3D FHlREAEDE N
Thb., HOBRBFIZBWTId, 7 AT EIERT 5% ki
L7278, BEMIEIT 7 AF vy DL LRWIKEEE Zro Tz, 7272,
B EOBE, EBRICBIIL2RBRLDVOT 7 AFYOH
YN LNEEZ HENDL, SREIBYTOEREITH) LT
HHEDOAT LA N AT RFHNTFESZ L TH L 2B L Tw
Eowv, Fz, AEBRICBLTE, FH P BEMEL B
LMUDE 2 5NEEOME L LT 4%, Wikot
A AR LT, EofEE THL LIFEEE L2 iE
L Bh, $2AERb %D o RO ESEIEZ AHEO 72

I FTELLTAVLENS L NPEEEE LT, HEM

HAORY MERFE 41 B2 5

BORDTZHET LT <L
SHNRE

5. i
AT, NV hERFRLZORY bNY FES A SEGE
FACTHIEL, &tk EOREIOFT#HME O F A LIFE YA
FAERELZ. 0Ky PNV RELT, 7Y v/ 8EmIIANL b
R EMNF TR OFAT 29677 ) v B FH L. ke L
TAT VLA A AT EF, ZRITOWEER (C#E - L8 - 54
) RS L7z, NV NEEEEWHRBBEE LR L, NV F
RETOYRDM ) RELIEE L7z, EEBEEZHCT WY
PHEL R B2 ETHFENEZMAZ L1128 Ry My Fadl
WTHIET, BLEITHLTELWIRETOITREZFEBLL 72,
F 72, UGS L72RERE VTR 7 v e kizin o %
T7O—F 7 2R, {BVIREERHEET S 2 LTI 2
T5O0FAT =X, FHRCYEROEE A MIET HHIET = —
A, BLXUOHEMEE CWREBESELHL LIF 72— Ah
SubHMY AT LA RRERL L EBRICLY, sHEOY A R
AFEHEOWEOYMRIF LT, BL3FHLTERWITOE
A, HIEMEF CED LIF2ME2 T2 722 & 2R L7z,
LHRlE, L DFWHTORFEEHRT L2012, JEEIHRE
R OBIER, DF ALK ) v sZ BT 2
THMBOBEMERE LTWaE, 72, Ak EORhedw
B L COEBRLERLTWELW, 512, EvrT7r
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