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This paper presents a visual-feedback control to pick up an object by a robotic hand.
Picking up a desired object from a pile of objects by a robotic hand is an important task in
assembly and food factories. In this task, it is necessary to grasp an object without dropping
it, even when only a part of the object can be grasped by the tip of the hand, initially. A
critical condition is that the grasping force needs to be just enough to hold and manipulate soft
objects like food without crushing them. To tackle this problem, we use a robotic hand that has
two parallel grippers with conveyor belts for manipulation, and is equipped only with a stereo
camera. Stable grasping is achieved by controlling the belts while moving the grasped object
towards the palm from the tip of the gripper. For adjusting the grasping force, the slippage
and the orientation change of the grasped object is detected by the camera. The validity of the
proposed system is verified through experiments wherein the hand is controlled to pick up and

move objects of varying size and softness.
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The robotic hand used in this system and

Stereo Camera

Fig. 1
coordination system for control. The yellow

arrows show the degrees of freedom.
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Fig. 2 Flow chart of the proposed system

AHARXTDAREFHAL, N> FFEREREATRERNE
WHLE T 5. HfcEKoRT e Ry b EEER%
W3, 7V vonRy bEER X B RONME,
HZEL DY BHAHOBEIR, BXUZNZADEHE)
TEREEHIENR Y 35, W2, EREKE X, v,
O, HHNCENIDNT Z ERAJRETH . ¥ AT L 2k%
BLT, HEEGERFIC XD TiloMikEHRrzEG3 5.
-fIE (X,Y AM@) : x,y
- &8 (0, 5M) : 6,
cH4X X,y AE) : wh
7B, MMED Z HROMEIREE TIERWD, X7
LAARXZITED 3R IS L&EZ H )13 5.
ARETI, 7V v -BIUNIL EERE] L 2B
RO DIKEE H X T EGE» LM T 2. IBOHIET
ROERNOIF I e kB IREE RS 5 2T, Wik
EWREIIELTERWVEY) RN EZFET 5.
U iR O F ATSIRED Y RFEHDIT
EOMNEFE TR EIF5 22T, K& X0 X 23AKH
DYIERE DO F A LT AIRERGIE S AT L B4R T 5.
22 REDATLOHEE RBES 27 L DL
7n—%2K21RT. #1912, iG55 53k
DY A RZEDET, &7V v e Ykoiil £TH
FxE5. 2ot 2oWkERe IR U TSR
T5. KT, NV hE—ERHETES LIFT 5. &
R0 aERT, 70 v oMU NE 3O BRIk
BHDTWL. 70w RElHEIT- 7252 O E, WG
WMEBR 7L —LTOVRNMEL DE(LEZEHT 5.
ZIZT, NLREELLEITTWE D, 7Y v
YHADRNZIE D DT 7 72 5 L VMR EDNZELT 5.
i, ZV o REMPETORD B0, IHHPEL
WE/INRD T THIHEE LT\ A IREER R ATRE L & 2
5. 12720, RO Z Y v RO AR L, ¥
EHEL Z e dEZ NS, 22T, PIHERCHY
L — LA TOVHRZEBOELbEE T 5. REL(LEN
KEWEAIE, LTV HDZ Y v DA%
WTWE, ZRAZITTOREBICRT. WikiEOE(LE

~140-



MLEWHEM LR o725, 7V v juETYIRE D
FHTOBIRELHK L~V 2 —HEET 3.
DEALRE, MEROMEBELZBICE X, %
VEREBOMIERITS. £3, DFEATVWRIRETOY
RIEREBIRT 5. ZTDRICANL N —EE Sy 7213
BESE 5. ~L MEERTTR T OYIRAIEZY Sposition,
ZEBIA Sorientation & TRLORIT X D H T 5.
Oposition = Y2 — Y1 W
orientation = 022 — 0:1
22T, yi, O 0L MEHEET, yo, 0p 1EHlEZRD
MiE B TH 2. ~L MlHFTER T OO E)
= Sp()silion DIV MEENE Sy £ D DX L\if/%/ﬁ\, i
FEHID5F S EIE D E L TO2IRE R IR 3.
Z 2T, 7V vy NiEEHEMDERD ZHIEIZITV,
I RRD 5. £z, ~L MR TYERDOL
BIAC Sprientation DREFWVE ZiZ, FITDRIL FDA
EEIHLRBEMIEST 2. Q) IBVWTEHEINS
tan Sprientation WIED & BIXEAINL b, BHDO L FTHN
V% brojarive IS EERS.

retative = |(gright - 8lefr> tan 60rientation‘ 2

Z 2T Glefr & Grign &, PRy MEER X @i/ HO
ATV v RONMBETH 5. FHEMHIEDEMLIZHEE
AN E—EBEINL, N1 DEFLEWVEMTE
RolbMIESET T 5.

ZDRkIX, MREEEONEE TR S B 2%
1795. W7 L — 2 TOYIRLE e HIEME & DA
HEoOWT~L N EEDT. MRS EENIEF TEREL
726, HIHZEKT S5, kB, FbLiFHicd, 87
L — A TYRDME D IREES X UZRBE L EMH T 5.
DB EC TV AREEE, L2 —HE
1L, EROMIEBEZITS. MIERIIHUBEME
Y OEFEFEL, MIRERD LT 2 HIEEHERT 5.

2.3 Wik Ky R 7 LTHHT 2 ViR EHR
(2-1 HiZIR) 2G5 2 EGUEIC OV TR T 5.

¥9, BUF L7ch X ZHEIBITH LT, HSV fF%z
BicikiEs ezt 3. 271U AAIX I 006G
% 3 XCiERERAWT, MHREBORA Y 5T K
EERLARZ LT 3. FRZE2MIIH LT, 21—
7V v FilE#EZ Vb RER 2TV, K7k
HEr 922V 0753, BEEPRRLRZRIE
AR LT, ERD A E1TS. HEDE W B 3
Jim (BB 1~%8 3 B 2L, &A% R
7 NVHDIEND % 1 D EX & L7z Bounding Box
BT 5. ®iBC, FRofzEH T 3.

« fifi&: Bounding Box ®H/MEE

Note that the

patentable configurations are masked by the

Fig. 3 Experimental environment.
gray regions.

BB F 1 EWDDH X T EERE N T AE
+ %« X: Bounding Box D& LD E X
72720, BHEINZEIZ D X T BEERTERINTY
7%, aRy MEERICEBILENT 3. £/, L
SO, FIENEICLSTE T L —LFETT 5.

3. % B

BRI AT LEHWT, KE ISP X23EL 2Pk
BOFEAL LT BZEBREITV, ZHMEZFEM L 7.

31 FHMEAZE AFEBRICBWTIE, TioBs
TYRT LOZAWZFHIT 5.

1. DAz EE T 2 e R EE LT 3

2. MR EELIEZ e BT 3
ZFRFEIET 2HIMER,, R, ZEFR LaHliZ{T5.
FHEE Ry 1%, DFEARLEDOFD LR TRRET
D, PRIRIE vopjec &NV N vy, DFEL T 5.

Ry = Vobject — Vbelt (3)

FEEETIE, Ry bV RO FHIL—YZNE (HL-
G112-S-), FY=v ) ZHREL, N¥ FPEFFT
BYIRDIRIE vopej ZEUGT 5. 2B, WHIELEX
HERIFONRD SERNT .

FHIAE Ry 1Z, PIRODUE Wop jeee (SEHIE) & HillEEITE
TRED 7V 9 288 Wepipper 1 & D, HlIHEIRE D HEHE O3
HELTHR@ICEVERT 3.

W, ri r
Ry=1-— 8rippe. (4)
Wobject

32 RERRIE - RERMF  EEEEZX 3 IOR
T.RATLAAAT LT, RIWRTHRDOA X F
ZRIELIz. 7z, {EFFARRICERBRA 227 v o3
I TOEDLES (BARy FEERY #5H) &
%% &5, AT YRR LHHEIZITo 7. TR
R UTHWRESFABRF OV A XEME, BIU
WEOREZX 2 1R, ZhzhoflAaEabEIc X
D, REIPHWIDRL S 20 MEDHABRF Z/HL
oo F7, BRI, HEELS VK S ICERE 2 B
L7z, &alBich LT, 3320721707,

-141-



Table 1 The specification of a stereo camera
Camera dimensions
(width x height x depth)

53 x 44 x 45 mm

FOV (Horizontal x Vertical) 57.0 x 46.1 deg
Sensor resolution 1255 x 986 pixel
Minimum depth distance 50 mm

Depth accuracy less than 1 mm

Table 2 Size and hardness of tested objects.

Type Size [mm]
YP® | "Width (X) | Height (Y) | Depth (Z)
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
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Fig. 4 The experimental results

33 RERER FEEBERPX 41177, BRX
D, @FRITZE LT, FHHfE R, 34 0.044 mm/s, R,
13375 0.034 mm/mm TH - 7=,

34 EE F R E N L TEREITS

FIRHME R WCBILT, ERERLD, WikEED
BT e ERLRIZZEDTELEVZ S,

FHAfE Ry 1B LT, AREBICBWTHW RN
WKRLTIE, HNZRMZE2EREZS. 2771,

BHEFEOHNLTVWEYOER S EZ 2, KD/
W T 72 0 DN ARE L 72 5. EERICBW
TIZ, WA BLZIL L THHDOED TV SIREE L 4|
EEINDZETIZHEAL100 7L —2BEELTW:. 2
DN 7V v 2P 2 HIEIEH 6 BfThbATED,
I mm EERDTETW 2 XoT, Xbh/hxnwhTit
3272001, LEWVEORIEL, kb3 E2
BIZE 7 v R IEEIRT 2 HEOBMZ M L TwL .
4. ¥ B

ARETIE, IATEZHANT, REIDINELS
Ytk o% A T 2HIEIS A7 LA ZIER L. aRy
AT R, T2V vk b, £V
PRRMENC A I RT )L bR BEIT 2R A L.
TV o R HEENTAEICRAT LA IR S ZHBL,
EFERDNIE - BB - I 4 ZDIEREBUF L7z,
> FEIERICHEGE SR SN2 PRERE D, WikD
D IRERRAZ(LEMH Lz, EBuc kD, ExD
YA XRWEOYRITH LT, e IFTHELTERL
WU TOEA ETPMTA 2 e 2R L 72
SR, T X —REHE(ER 7 v IR O R
DIEN, AR T VYIRS B E OBV D 2 16
FLTW3,

5. [

CORRIE, ENIIFFEBIRIEAS T AL ¥ — « FEER
e G BRFME (NEDO) oBaEE (JPNP20016)
DFEREBLNTZH DT,

‘i&'?-l

2 XK

(1) K. Morino et al., “Sheet-based gripper featuring passive

pull-in functionality for bin picking and for picking up

thin flexible objects”, IEEE Robotics and Automation
Letters, Vol. 5, Issue 2(2020), pp.2007-2014.

(2) A. Kakogawa et al., “Sensor-Less and Control-Less
Underactuated Grippers With Pull-In Mechanisms for
Grasping Various Objects”, Frontiers in Robotics and Al,
Vo. 8(2021), pp.1-11.

(3) S. Yuan et al.,“Design of a Roller-Based Dexterous Hand
for Object Grasping and Within-Hand Manipulation”,
Proc. of the IEEE Int. Conf. on Robotics and Automation,
(2020), pp.8870-8876.

(4) T. Narita et al., “Theoretical Derivation and Realization
of Adaptive Grasping Based on Rotational Incipient Slip
Detection”, Proc. of the IEEE Int. Conf. on Robotics and
Automation, (2020), pp.531-537.

(5) A. Yamaguchi and C. G. Atkeson, “Tactile Behaviors
with the Vision-Based Tactile Sensor FingerVision”, Int.
Journal of Humanoid Robotics, Vol. 16, No.3(2019),
pp-1940002:1-1940002:40.

~142-



	06ronbun_all_0219
	4A3


