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Abstract

For a robot to grasp a randomly placed irregular object is a challenging task. The
process includes several steps. First, the robot needs to be capable of identifying the shape,
position, and posture of the object. Second, the robot needs to determine a grasping
posture. Next, even when the robot can achieve the previous two tasks, the success of
grasping relies on adequate contact between the gripper and the object. This issue is
especially crucial when the dimensions or positioning of the object have uncertainties or
when the object is fragile or soft, because the mechanical gripper has less compliance
unlike the human hand. In short, the grasping task requires delicate coordination between
the hand, eye, and arm.

This study reports on a novel low-computation object grasping method that can
classify complex objects into primitive shapes and then select the object grasping posture
based on predefined grasping postures associated with the approximated primitive shapes.
In this approach, the object is not precisely modeled, and the grasping posture is selected
from a small number of candidates without massive search; thus, the grasping posture for
the object can be quickly derived. Because the object and primitive shape have
geometrical discrepancy, the gripper is compliant and equipped with infrared proximity
sensors on the fingers to compensate for the geometrical uncertainties and provide
adequate contact between the object and the grippers. Furtheremore, the gripper also
equipped with the pressure arry for detecting the slipping and adjustinh the grasping force.
The methodology is experimentally evaluated with several types of objects in different
postures.

Keywords: passive gripper, proximity sensor, pressure array, low-computation grasping

method
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5 1023
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4 2

if a

>Va,Va:30
a V//

c=arctan(—),pie[-—, =

Pj iR Dij 2 2]

+@o +
if ¢1¢32(/’3>_a,a>0 (3% 2-3)

2 Preo+o
Z= Zthreshold;(%+a)
if Z[t] < Z[t-1]and d 7j > 20,
the gripper will go down Z.
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Bl 2-31 7 4p 82 = dp 030 4 2477 &

B 4 2 A B 2 BT (5N 2-4) 51 0 B P o S E kRl d G e
SR RIE Y EE ke Vo SRR %Y EE PR R i, - B AR R
S8 Hig i 1023 -

b= doitdsitde  dutdsitds
3 3

if b Vp=50
it o[>V (5% 2-4)

b T
j=arctan(—),0je[--. =
Oi (ilR) gi<l > 2]

if 9203 <0, the second and the third finger open.
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ifr,=1
0, =0
if [arctan2(-r,,, 1, )| < [arctan2(r,, -1,, )|
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3.1.1 Scale-invariant feature transform(Sift);% & /2 i %
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Top View Front View

Side View

EREE

Model's Name :

Input a
Madel

Top View Description
#EE =% 6.2087 .

: ET : 4.5922 > 739643%

K H#EEIETE : 38079.2640 .
smm: 65910000 O 908/95%
=& 0.8266 —AEE: -%
Front View Description
-
#EE=: 21.7987 ) 44.4577 %
#EEIEM : 9.6912 ’
H#EEIE#E - 48373.2753 ) 68.0376 %
HEEE: 32912.0000 '
: =A%z 04225 “REEB: -%
.’_-lﬁjfg“znunoz /
. Y Side View Description
I

#EE=#: 21.0810
B : 5.8741 > 278646%
H#EEIE#E : 28355.1971 ) 78.4512 %
S4{aIEIFE : 22245.0000
—A#8=: 0.5956 —REE: -%

Definition : Long Box

Bl3-11 3 & FRFMEE L4504
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Top View Front View Side View

B13-12= 63974 2385 8.5 3 i

Model's Name: =&#¥I55H

Inputa
Model

Top View Description

#EERHM: 9.4783
= 82.8988 %

WEEN: 7.8574 > E

#EEEE: 62260.5352 )
) gmEm: 411415000 O 00796%
: =A% 0.1689 —AEE: 1.9389%
§ Front View Description

#EERE: 23.8709 > 392858%

B : 9.3779

H#EElE# : 40620.9073 ) 87.1608 %
Z{aE#E : 35405.5000 '

A&tz 0.3861 —RER: -%

AREAEITLIAE 4D

Gua

Side View Description

HEERM: 24.5220 )
HEEE#: 9.5719

HEEIE#E : 42592.3264 > 83.4986 %
£{IEE : 35564.0000

=% 0.3869 =REE: 27.8404%

39.0339%

Definition : Triangular prism

B3-13 2 5754 FHBME L B0 8%
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) e Inputa
Model's Name : BiRE

Top View Description

e HBEEH: 9.8172 .
A sy #5EsE : 9.1010 > 927044%
#EEm#E : 59197.8450 %
g@mER: sisa20000 O 5/074%
=A% 0.5932 “REB: -%
Front View Description
fEE=#: 20.2934 > 47.0639 %

#iEE%E% : 9.5508

#EEEE : 63580.8804 % 76.9665%
fIEE : 48936.0000 ’

=% 0.0828 =REB: 28.3040%

Side View Description

#EE&=#: 18.0459 )
B : 9.5377

#EEmE#E : 56461.6708 ) 757771 %
#{oEE : 42785.0000

== 0.1547 =REBE: 27.8404%

52.8529 %

Definition : Box

Bl 3-14 - p S FTHBE L ~ 1155

Top Button Front Back Right Side Left Side

N

Not Fit It Fits It Fits It Fits It Fits It Fits

By

Not enough It's enough It's enough

B 3-15 - pFEsk v A7 T8 %

B B
Fil
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Model's Name: RERFE

Top View Description

HER#M: 7.3024 o
WEE : 7.0274 ) mazms
#HEEmEIE: 33642.5433 o
mmE®: 327180000 O  O2519%
=Ai8%: 0.2598 —REB: -%
Front View Description
#HER#M: 14.7676 ) 66.8666 %
#EEsEM : 9.8746 ’
#EEmE#E: 50500.5011 > 771715 %
£foE#E: 38972.0000 ’
=A% 0.1119 =ARES8: 27.8785%
Side View Description
HEERH: 14.2657 ) 65.8506 %
. ]

HEE%E% : 9.3940

HEEETE : 46409.6226 > 84.6376 %
#{gETE: 39280.0000

—#&i8%: 0.0033 —AESR: 22.9552%

Definition : Cylinder
Bl 3-16 EZ AT FHURELHE A 785

Top Button Front Back Right Side Left Side

B

Be B

It's enough It's enough It's enough

It Fits It Fits Not Fit It Fits It Fits It Fits

iy

B 3-17 FEpFEodflg dBv [7HAE8 %
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B 4-1 #dpd RAaEcd ik e

Passive DOG detection

Potentiometer

100 T T T T R F—— —_—— N
e — =T T ———— Finger 1
P - T Finger 2
e Finger 3
o
o B0 i ]
[m]
7O - ]
Il i I I I I I I
70 2000 4000 6000 8000 8992 10000 12000 14000
Time(ms)
Increasing PWM
©
i 150 T T T T T T T —— Fingers
2
Z, 100 1 ﬂf_ﬂf_ 1
=
@ sof
i 50
[}
= ) I 1 1 I 1 I 1
70 2000 4000 G000 BOOO 8992 10000 12000 14000
Time(ms)
Grasping Force
00 T T T -
Finger 1
o Finger‘?
3 g Finger 3
@
= Total
0 .
70 2000 4000 6000 BOOD 8992 10000 12000 14000
Time(ms)
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TR HRESE
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Object 1 Object 2

Object 6
7.06 cm

6.5 cm

20.5 cm

8.8 cm

13.9 ¢cm

B 4-5 H020 1 B
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Object 1

Top View Description

#EERM: 9.8172
(o)

BEE : 9.1010 > 927044%
#EEmE#E : 59197.8450 0
g 515420000 O  570674%
=f&H%E: 0.5932 —REE: -%
Front View Description
#HEER#: 20.2934

_ 47.0639 %
WE5EH : 9.5508 > 0
#EEE#E : 63580.8804 ) 76.9665 %

ZfIE#E : 48936.0000

=A% 0.0828 —AES&: 28.3040%

Side View Description

kB &% : 18.0459 >
#EExe# : 9.5377

#EEm#E : 56461.6708 >
£foJE#E : 42785.0000

=Ai8%E: 0.1547

52.8529 %
757771 %

—AES&: 27.8404%

Definition : Box

Object 3

Top View Description
HEE&EM: 7.3024
WEEH : 7.0274 > 962349%
WEEE: 336425433 .
gmm®: 327180000 O 22519%
=AiE%E: 0.2598 —RAEB: -%
Front View Description
HEE=H#: 14.7676

66.8666 %
HBEEH : 98746 > 2
#EEmE#E : 50500.5011 ) 77.1715 %

#QE#E: 38972.0000

=AiE%E: 0.1119 —AER: 27.8785%

Side View Description

fEE&%#: 14.2657 >
#iEEsE® : 9.3940

#EEIm#E : 46409.6226 >
#{E#E: 39280.0000

=#i8%: 0.0033

65.8506 %
84.6376 %

=—AER: 229552%

Definition : Cylinder

Object 2

Top View Description
fHEER#: 11.6753 o
WEEH : 7.8836 > o7s234%
#EEE#E : 39182.6543 a
gam®: 321210000 O SL776%
=fiE%: 1.8706 —REE: -%
Front View Description
f#EER#: 26.7670

46.2922 %
#EEEM: 12.3910 >
#EEmE#E : 71883.9710 a
wamE: sissaso00 O [ 7608%
=A% 0.0931 “RER: -%
Side View Description
EERM: 22.1764 > i
#HEEM: 7.9720 S
#EEmE#E : 38315.9143 > 80.3687 %
Zfam#E : 30794.0000
=Ai8%: 0.3517 —REE: -%
Definition : Box

Object 4

Top View Description
HEEE#M: 9.5863 .
WEEH : 4.9371 > siso%
H#EEImE#E : 44344.0505 o
game: 367065000 O  827766%
=Ai8E: 2.0317 —AER: -%
Front View Description
#HEERHM: 11.7108

82.8364 %
B : 9.7008 )
#EEmE#E : 106440.8103

74.3944 %
gEmR: 791860000  ° 4%
=Ai8%E: 0.7062 —REE: -%
Side View Description
HEE#M: 9.0519 5 i
#EsE% : 5.8641 BRI
#EEE#E : 59096.6015 ) 69.2163 %

Z{IJE#E : 40904.5000

=AiEZE: 0.2469 =—AES&: 30.0731%

Definition : Box

Bl 4-6 02 f 0k o shmic i
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Object 5
Top View Description
#EERH: 6.2087 .
WEESEH - 4.5922 2 TameaR
#EEmE#E : 38079.2640
gman: ses010000 O 268795%
=Ai87%E: 0.8266 —AEB: -%
Front View Description
HEEREM: 21.7987 Y a24577%
#EEEM : 9.6912 '
HEEm#E : 48373.2753 > 68.0376 %
#faIE#E : 32912.0000 i
=AiEE: 04225 —REB: -%
Side View Description
fEE&%#: 21.0810
WEEH : 58741 > 278646%
#EEm#E : 28355.1971 ) 78.4512 %
ZfoIE#E : 22245.0000
=AiE%E: 0.5956 —REE: -%
Definition : Long Box

Object 7
Top View Description
tHEE~#: 15.0494 0
#EEEH : 13.0996 2 B
#EEIE#& : 58175.8958 o
smmEs: sess7.s000 0 O72181%
=A% 04819 —AEE: -%
Front View Description
HEEREM: 17.7869 % 537654%
#EEsEM : 9.5632 '
#EEmE#E : 50195.9586 > 77.3319 %
LfIEE : 38817.5000 )
=AiEE: 1.8322 —REEB: -%
Side View Description
#EE&=#M: 15.0118 > 747 i
WEEH: 11.2236 L0317
#EEmE#E : 54850.8102 > 69.9388 %

#{E#E: 38362.0000

=AiEZE: 1.7653 —AER: 27.8404%

Definition : Disk

Object 6

Top View Description

HEE#: 94783 .

BEEH : 7.8574 > is2BoBE%
EE#E: 62260.5352

g > 660796 %

#{QE#E : 41141.5000
=AiE%E: 0.1689 —AE&: 1.9389%

Front View Description

#EE R 23.8709 % 392858%
HEEEM: 9.3779 '
#EEE#E : 40620.9073 ) 87.1608 %
#{gE#E : 35405.5000 ’
=A% 0.3861 “ABEE: -%
Side View Description

HEERM: 24.5220 > 390339%
HEE%# : 9.5719 ’ °
HEEE#E : 42592.3264 > 83.4986 %

ZoE#E : 35564.0000

=AiE%: 0.3869 —AES&: 27.8404%

Definition : Triangular prism

Object 8

Top View Description
fEE&#: 9.3832
HEEH : 86842 > 92s5M0%
#EEm#E : 27050.4588
game: 25405000 O 042295 %
=A187%: 0.4050 —REE: -%
Front View Description
HEERH: 14.6252

66.8761 %
WEEH: 97807 > ’
#EEE#E : 35208.1935 > 82.2763 %

#{JE#E : 28968.0000

=#&482=: 0.1580 =HAE8: 33.2481%

Side View Description

#EE=#: 15.6287 )
#EE5E% : 9.4316

#EEE# : 36281.0858 >
ZfImEiE: 31282.0000

=/AiE%E: 0.1179

60.3478 %
86.2212 %

=AES: 30.0731%

Definition : Long Cylinder

Bl 4-7 020 ff 1 0k o s i

125
do0i:10.6342/NTU201704032



feidh e 8 - 2a

R T

pxd

*

Feh A~B-CArD 2 df & o for 4144

~
4%

R, T oA

ST EYT

B A AR KB A

2,

l

-

1

]
P
N
W

k=)

-
2
2

h5)
s
fé N

7

1P gt ot
L, He x#

=+
55

211

5

s

=1

j@ ﬁifr B

2L &
Pt

S fetbaed b
R N

(3N

“p

B ook
2

R =

E‘:

L
-

He
F

R

TR A N fﬁ'ﬁ-'}m % B

441 H- pRPxBZ

N

Sife

RA ¥ — WA

=
¥

A S

k=)

w)

%
b4

i

B i

+
o

=

’J'/,ﬁlff"f,\

=2

A4

+
U

-

e

do0i:10.6342/NTU201704032

LI~ A e 2

126

2

el

cH P HAU e A AL E A A

,
S

&

*



4411 PHFPEBFE Y

Bk U BHERL G E AT ok I AT E 4% G pF A oo

Bl 4-8 b2 md b+ (Fl)en o i 5 2 s 2 %

Fo4-1 22 BE g (L) U] 24515 T 8 & B Lk P
o ABF i A A(p) B(®) B(p) C(%) C(Hp) D(%) D(h)

BA T 360 360 360 360 360 0 0
P ARE T 360 360 360 0 0 0 0
RS T 360 90 90 0 0 0 0
BFABL R AR A(ip) B(*%) B(p) C(#) C@Ep) D) D(ip)
R L T 360 0 0 360 360 0 0
AR T 360 0 0 0 0 0 0

AR S 1 T 360 0 0 0 0 0 0

%42 H2 BERF(FH)EEA LT RO G IPZT E DL &
.
f

(XeiF A BF -l X3 E)
o ABF A(=4p)  A(S 4p) B C D
BEFEABRZT % d(rad) 013183  0.13183 X X X
B AR A(=4p)  A(S 4p) B C D
2 g iF A BF i & & (rad) - - . } _
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Posture A Wrist True

Posture A Finger
111111111111131311131131131331311313313113113313211313313311333313311333333113131331713133371713137313111113111

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

Posture B Wrist
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Wrist
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Wrist
0oo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist True

Posture Edge A Finger
111111111111131311131131131331311313313113113313211313313311333313311333333113131331713133371713137313111113111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111
Posture Edge B Wrist
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge B Finger
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Wrist
0o0o0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Finger
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Wrist
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Finger
0oo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B 49 b2 mh i+ (FH) b s L A5 8%

Target's Position
-1.773 3121 35.920

Target's Pose

0.732 0.035 0.681

-0.010 0.999 -0.041

-0.682 0.023 0731
Grasping Type:

Axis Length :
Ideal Grasping Posture
0.059 0.003 -0.998

Grasping Position
49.770 2.303 8.679

Grasping Pose

0.023 0.842 0.539
-0.035 0.540 -0.841
-0.999 0.001 0.042

FPS : 64 \i
Bl 4-10 zb = FE p+ 2
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B 4-11 657 w2k 4 (ML) e B3 3 % %

F 4-3 85T R (FHL) U 29718 IR 8 AP~ i P

oA L T 4 4 4 4 4 2 2
i AR T 2 2 2 4 4 0 0
B R T 2 0 0 0 0 0 0
FHAPEE AP A@p) B(®) B@Ep) C(®) C@Ep) D(%) D(ip)
oA L T 2 4 4 2 2 2 2
R i AR F 0 2 2 2 2 0 0
B R F 0 0 0 0 0 0 0

44 BT EEAF(FL)RE BT REEGTABZT LD

(Xeid§ A BF -l X3 E)

s ABE fi A(=4p)  A(B 4p) B C D
2 i A BoF fE e & (rad) X 0.257769 - X

B APE R A(=4p)  A(B 4p) B C D
B i ABZ fyh% & (rad) - - - - -
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W 4-13 557 5%+ 2 R 5 b

Posture A Wrist True

Posture A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000100000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000100000000000000000000000000000000000000000000000000000000000000000000000

Posture B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist False

Posture Edge A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B 4-12 87 SR F(MHL)d 4 AT R 5 %%

Target's Position
0.865 6.286 41.284

Target's Pose

0.298 -0.946 0.129
0.365 -0.012 -0.931
0.882 0.325 0.341

Grasping Type: 1
Axis Length : 7.095755
Ideal Grasping Posture
0.178 -0.001 -0.984
Grasping Position
55.134 -0.335 5.514

Grasping Pose

0.004 -0.944 0.331

0.011 0.331 0.943

-1.000 0.000 0.012
FPS:63

iy
W
o
¥
A%
o=
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L

-
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4412 = A R NEBEHEIE LR
FEHP UA BHFREGBE TR T o2 d AT RN e FIEZ AR

EfhiEE o M2 AR AT IR ERESNABRT R o

LA A(%) A(dp) B(%) B(d) C(%) C@Ep) D(*%) D()

R T 3 0 0 0 0 0 0
AR F 0 0 0 0 0 0 0
i EEREE F 0 0 0 0 0 0 0
WHAPLE A A@p) B(®) B@Ep) C(%) C@p) D) D(@Ep)
BT T 3 0 0 0 0 0 0
AT T 3 0 0 0 0 0 0

EEERE S Y T 3 0 0 0 0 0 0

46 2z AT (2 AM)BEARLE RS AR AT Lok 4

(X2 § APF ;-G EX3E)

Foo A A A(=4p)  A(B 4p) B C D

2 i3 A BF fien & (rad) X X X X X

B A BE R A=) A3 dp) B C D

g iE A B e & (rad)  0.08193 X X X X
131
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Posture A Wrist False

Posture A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0o0ooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0o0ooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Wrist
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist True

Posture Edge A Finger
0o0ooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
00o000000010000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000010000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000010000000000000000000
Posture Edge B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge B Finger
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Wrist
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Bl 4-15 sz 2 65954 (2 & )bt L &g

Target's Position
2.238 -1.070 37.575

Target's Pose

0.998 0.004 0.056
-0.003 1.000 -0.016
-0.056 0.016 0.998

Grasping Type:
Axis Length :
Ideal Grasping Posture
0.129 -0.004 -0.992

Grasping Position
51.305 -1.677 20.529

Grasping Pose

0.016 0.543 0.839
-0.004 0.840 -0.543
-1.000 0.005 0.015

FPS: 63 E]

Bl4-16 zb2 = 4375, 4 2 LWL LB SR ABF B30 8 %
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Bld-17 657 = 43754 (Z 4 H)end B E P B 9 s 2 %

£ 47 S5 Z AR (2 &) LB ST UL Y A B P

£ AREH AR AGR) B(®) B C(%) Clp) D(®) D)

B F ] F 0 0 0 0 0 2 2
A AL F 0 0 0 0 0 0 0
SRS F 0 0 0 0 0 0 0
PHA&E AR AMp) B(®) B(Ep) C() C@Ep) D) D(4)
B ] F 0 0 0 0 0 0 0
A AL F 0 0 0 0 0 0 0
SRR F 0 0 0 0 0 0 0

£048 BhTZ 43754 (2 A BE AT LSRG AT Lk
2
;

(Xiizd 4 Bo% fi; 2

Lo dF LR A(Z4p) A(R4) B C D
2 g it A PF f P 4 (rad) - - - - -
FoG AL A(z4) A(F4) B C D
B it A BF fi ek & (rad) - - - - -
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Posture A Wrist False

Posture A Finger
o0ooooo0o0000000000000000000000000000000000000000000000000000000000000000000000000000000000
0oooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Finger
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Wrist
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist False

Posture Edge A Finger
o0ooooo0o0000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge B Finger
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Wrist
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Finger
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Wrist
o0ooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Bl 4-18 66T = 79504 (= &4)d ¥ 25 &

Target's Position
6.018 7.341 39449

Target's Pose

0.130 -0.965 0.230
0.851 -0.011 -0.526
0.510 0.264 0.819

Grasping Type:
Axis Length : Vo

Ideal Grasping Posture

do0i:10.6342/NTU201704032



4413 EHA WA B E R E LS
B 420 foB] 4-23 ¢ e R 5 — B o B i & & B AR | 2| ErpE > B G
PRI BT E ek o B 4-20 oM 4-23 3 BHRT R RS EE

BEFEY G EP G

4

304-9 - p R (5 M) - B RS R e % e

BA] T 2 2 2 4 4 0 0
A AL T 2 0 0 2 2 0 0
R ERE S T 2 0 0 0 0 0 0
PR APEE A AMp) B(®) B@Ep) C() C@Ep) D) D(ip)
BA] T 2 1 1 3 3 0 0
A AL F 0 1 1 1 1 0 0
S ERE ST F 0 0 0 0 0 0 0

%410 - PESE Y- AFVGEELIFLTLRE LG AL B 4
)N

)
(X2 § APF ;-G EX3E)

o ABF A(=4p)  A(S 4p) B C D
$ ki A BF i h 4 & (rad) X 0.12879 X X X
Wik A BF A(Z4p) AR 4) B C D
27 g iE A BF i & & (rad) - - - - -
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Posture A Wrist True

Posture A Finger
ocoooooooo0o0000000000000000000000000000000000000000000000000000000000000000000000000000000
0oooooo00000000000001000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocooooooo0o000000000001000000000000000000000000000000000000000000000000000000000000000000000

Posture B Wrist
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocoooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocoooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocoooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist False

Posture Edge A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocoooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000
ocoooooooo0o0000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Wrist
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Finger
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
0oooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Wrist
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
0oooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Finger
0oooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Wrist
0oooooo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Finger
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B421 - PSR (E )% - B b M L AL TR

2
v %R S

Totally 1  objects has founded

Target's Position
9.430 5773 36.864

Target's Pose

-0.020 -0.853 -0.522
-1.000 0.027 -0.006
0.019 0.521 -0.853

Grasping Type: 1
Aods Length : 7.97567
Ideal Grasping Posture
0.082 -0.015 -0.997

Grasping Position
50.714 -9.430 0.027

Grasping Pose

-0.019 -0.852 0.523
-0.020 0.523 0.852
-1.000 0.006 -0.028

FPS: 63 Count: 2.8 ms  state: 100 @

B 422 - P ik (£ M)% - B b B E R AF B8R
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B 423 - p (£ )5 - B hi b G E %S

F4-11 - P FEFR(E M) Z AH U 2471 chIL 8 & B fi e P
todBE B A(®) A(dp) B(®) B(#) C(%) CHr) D(%) D(d)

B F ] T 2 2 2 4 4 0 0
AR T 2 0 0 2 2 0 0
SRS T 2 0 0 0 0 0 0
WHAPLE A A@p) B(®) B@Ep) C(%) C@p) D) D(@Ep)
B ] T 2 1 1 3 3 0 0
AR F 0 1 1 1 1 0 0
SRR F 0 0 0 0 0 0 0

2412 - pESFE WS- AN GEIFET RO AT IR L4
N

(X PF ;g e r 3 )
EER SR e 1t A(Z4p) AR dp) B C D
22 g iF A BeF i end & (rad) X 0.261425 X X X-
Wi dPF R A(=4p)  A(B 4p) B C D
B i ABZ fyh% & (rad) - - - - -
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Posture A Wrist True

Posture A Finger
ooooooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000
oooooo0o0000000001000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000001000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Finger
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Wrist
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist False

Posture Edge A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0o00000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Wrist
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Finger
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Wrist
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B 424 — p (£ )5 - B s A A BF B 2%

Totally 1  objects has founded

Target's Position
-4.786 5.142 40.235

Target's Pose

-0.002 0.974 0.226
-0.994 0.022 -0.102
-0.105 -0.225 0.969

Grasping Type: 1
Axis Length : 7.97567

Ideal Grasping Posture

0.156 0.014 -0.988

Grasping Position
54.085 4.786 6.658

Grasping Pose

0.105 -0.969 0.223
-0.002 0.224 0.975
-0.994 -0.103 0.022

FPS: 64 Count: 2.8 ms  state: 100 @
Bl425 - p &% (£ )% - B b B EE 4% 8 g
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4414D FAFE L F 2%
Bl 4-26 ¢ chpr WF D B E 0 LB Y R BTG R E T B

WHHAPL L LFAFTF T E 0 - B G AL GAPIER TN BZf o

% 413 @S (L) TR 21 BEES G J8 4 5% de
todPEE ACR) A(R) B(®) B() C(%) CE) D(#) D)

IR T 4 4 4 4 4 2 2
AR T 0 0 0 0 0 0 0
SRR F 0 0 0 0 0 0 0
WHAPRLE A A@p) B(®) B@Ep) C(%) C@p) D) D(@Ep)
B F T 2 4 4 2 2 2 2
AR T 2 2 2 0 0 2 2
SRS T 2 0 0 0 0 1 1

£ 4-14 plEse (P BE LR e G L fad b

(Xeid§ &PF -l g i~ )

* o kB E R Az4) AG4) B C D

2 g i & B F fE e d & (rad) X X X X X
B A BE R A(=4p)  A(B 3p) B C D

2k & BoF fy e & (rad) X 0.28558 X X 0.18399
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Posture A Wrist False

Posture A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0oooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Finger
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000o000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist True

Posture Edge A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0o0000000000000000000000000000000000000000000000000000000000000000000000010000000
0oooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0oooooooo000000000000000000000000000000000000000000000000000000000000000000000000010000000

Posture Edge B Wrist
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000o000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Finger
0000o000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Wrist
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000o000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Wrist
o0ooooQoo00000000000000000000000000000000000000000000000000000000000000000000000000010000000
0000o000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Finger
0o000000000000000000000000000000000000000000000000000000000000000000000000000000000010000000
o0ooooQo000000000000000000000000000000000000000000000000000000000000000000000000000000000000

\!

B 4-27 e fa(Flio) b4 LA L Rt 5 8%

Totally 1  objects has founded

Target's Position
-5.614 2.601 43.051

Target's Pose

0.060 0.962 -0.265
-0.927 0.152 0.342
0.370 0.225 0.901

Grasping Type: 7
Axis Length : 1432615
Ideal Grasping Posture
0.244 0.026 -0.969

Grasping Position
56.020 5.274 13.382

Grasping Pose

0.202 -0.228 0.953
0.199 0.962 0.188
-0.959 0.152 0.239

FPS: 64 Count: 4 ms State: 100

Bl 4-28 fplghie fg (FlHL)end % 8 %
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4415B B Homt B 2%

Bl 4-29 ¢ chi- M F] 5 L i ¥ Fpt g ? T TRy AL 40T

AEEIB R AFE © ABoF f A B UG e S pE T ok o
F T

LA PE A A@p) B(®) B(Up) C(®) CGp) D(%) D)

B T 4 4 4 4 4 0 0
A AL T 0 4 4 0 0 0 0
ERSEREE 1 F 0 2 2 0 0 0 0
WHAPRLE A A@p) B(®) B@Ep) C(%) C@p) D) D(@Ep)
IR T 4 4 4 4 4 0 0
AR T 4 2 2 0 0 0 0
EESEREE 1 T 4 1 1 0 0 0 0

3416 T 2 G C(E S ) E AR E BB A AR E ek &
)

(X2 § % BF {2} e~ 8

NS o

£ kBT AZ4H) A(34) B C D
22 g iF A BeF i e d & (rad) X X 1.06321 X X
HGAPT R A(=4p) A3 4p) B C D
B i A BF e & (rad) - - - , -
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Posture A Wrist False

Posture A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
Posture CWrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist True

Posture Edge A Finger
000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
Posture Edge B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
Posture Edge B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000010000000000000000
Posture Edge C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture Edge D Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Y ' [TV Y v B4y s ) Bl 554
Bl 4-30 B > g go(£ S Rk ¥ LS A BT L E R %
Totally 1  objects has founded
Target's Paosition
-1.733 1.187 41.482
Target's Pose
-0.954 0.020 0.300
-0.016 0.993 -0.115
-0.300 -0.114 -0.947
Grasping Type: 3
Axis Length : 6.3208
Ideal Grasping Posture
0.199 0.006 -0.980
Grasping Position
55.332 1.733 10.613
Grasping Pose
0.946 -0.304 0.114
0.303 0.953 0.020
-0.115 0.016 0.993
FPS: 63 Count: 1.1 ms  state: 100
= >, ] g Syl " [ LH NPT ¢ ), e PO
Bl 4-31 2 2idgiftigo(R > W)PE R ER BT RS
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4.4.2

Totally 4
1.520

0.769
-0.008

-0.639

Grasping Type :

Axis Length :

0.111

52.016

0.019

-0.026

0.770

-0.999

Ideal Grasping Posture

Grasping Position
-1.412

Grasping Pose
0.638

%

R R
ERHIELREF AP RANTEF AFRBLES

$y % BB R

T 7 gy &P

i

F 2w BRw

B 4-32 P &%

i+

objects has founded
Target's Position

3.145 38.246

Target's Pose

0.026 0.639

0.999 -0.031

0.019 0.769

5

123342

0.003 -0.994

12.820

0.770

-0.638

-0.008

FP5:63

Count

B 4-33 P &5

0.031

8.3 ms

»
Tkt b R E

&

N\

Loy

LB R ot A T 7 AW
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Posture A Wrist False

Posture A Finger
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooo00000000000000000000000000000000000000000000000000000000000000000000000000000000000
cooooooooooooooooooooo00000000000000000000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Wrist
goooooooooooooooooooo0000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Wrist
oooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
Posture D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
goooooooooooooooooooo0000000000000000000000000000000000000000000000000000000000000000000000
Posture D Finger
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000
goooooooooooooooooooo0000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge A Wrist True

Posture Edge A Finger
111111111111111111111111211111111111111111111111111111111121111111111111111111111111111111
1111111110Q00000000000000000000000000000000000000000000000000000000000000000000000000000000
000000000000111111111112222133333222222213331133322222233333321221171333332111111111111111111
111111111111111111111111211111111111111111111111111111111121111111111111111111111111111111

Posture Edge B Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge B Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
oooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
ooooooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge C Finger
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
oooooo0000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Wrist
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Posture Edge D Finger
goooooooooooooooooooo0000000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B 4-34 p 5% ,ﬂ;—‘t‘mﬁ,\txxﬁ?‘ S s

(b)

Bl 4-35 &P~ BB PRSP T
@AHESAFFELHTF OAFEF LRI HT
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4422 FHARGES B LT BEF BV F WA TR LSS

S

)

PP AP RS B 437 ¢ h R R o R R GHETREE 5 g B

Wi 43P R g 3RS Al S A 4 SR 439 ¢z 29

IRy

E AP P AR o HETE AR AR 4-17 #To o Aol 4-37 Bl 4-39 i o SR E S

5

PR LFRE S FRAFRBRFTADIFZT LR EEZ L < 5 4-8ms -

B 436 PHEFEAF(FHIOR B LN BT R EFTHES

Totally 2  objects has founded

Target's Position

0.031 3.143 44.393
Target's Pose

-0.363 0.034 0.931

0.003 0.999 -0.036

-0.932 -0.010 -0.363

Grasping Type.: None
Axis Length : None

Ideal Grasping Posture

Grasping Position

Grasping Pose

FPS:63 Count: 8.6 ms  State: 1
B 437 PHREEAT NS ERIPFTEF 5 0P ML T 7 LR
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% 4-17 P& 2L+ i LA B LA

PHEEE LS 2931 1849/2931=0.631
63.1%<95%
PARREFCS G A 1849 B ARHF>S%

P BETE 148.1
148.1>58.6
AP Bpft
PRI A B MEEEE 586
26.2°>5°

AT E(R) 26.2° o
Bl4-38 PR = o AR AR HRIER

Totally 3  objects has founded

Target's Position

-6.740 -0.806 44,104

Target's Pose

0.888 -0.411 -0.207
0.358 0.899 -0.252
0.289 0.149 0.946

Grasping Type:
Axis Length :
Ideal Grasping Posture
0.288 0.033 -0.957

Grasping Position
56.689 3.260 20.213

Grasping Pose

0.149 0.229 0.962
0411 0.870 -0.271
-0.899 0.436 0.036
FPS : 64 $]

B 4-39 {ecp =z 3954 BB EBIBPL R TES 0P HLAT TR
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4423 HFHPLBRS X RRFZHFBARBPLHRFE A

B AR K A B P RS i T A S K (s b S G bR e R M
WAEHBLARBY Y A by REs AR 2 b PR EAc R 4-18 fror o F] A
€ LT PR ARG ILIPIAT S AP R o Ao 441 w0 ABE Lot B

Z & 3.2ms -

( J S Vi
cv L ! ‘7‘ i

B 4-40 P HRipgtifcen B B3 5 R & 3 %

Totally 2  objects has founded

Target's Position

-3.533 1.464 39.805
Target's Pose

0512 -0.509 0.692

-0.028 0.796 0.605

-0.859 -0.329 0.393

Grasping Type: 3
Axis Length : 6.3208
Ideal Grasping Posture
0.160 0.012 -0.987

Grasping Position

53.655 4.063 10.336
Grasping Pose
0.389 0.861 0.329
-0.695 0.508 -0.509
-0.605 -0.031 0.796
FPS: 80 Count: 3.2 ms  State: 1 @

Bl 4-41 P A fcenB B ER/ABPET RIS oh e+ 7 L E
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% 4-18 P Hip ki gz enth Fo A B LB BT

PP R4 fF 5187 3163/5167=0.61
61%<95%
PRGBS S 3163 & L >S%

PHEBBETE 186.1
186.1>83.1
A &Pt
1A B REE Y 83.1
-1.4°<5°
. ] PR AT A(R) -1.4° ) L
W 442 PR 6 fERRE A7 P HHEA

45#%@Wﬁﬂ§%%4i§$$%

RN T] O E ARE G AP F R A ss T L
T R AT R AR ARG 0 de xRS BRI B v AR~ ABE ] 0 B 4-
43 ¢ AP BRnARArT Lk K- B IEA R £ F 0 £ R A B
A ARNEABHIERF Y 2 L BFHINIBE BB ARNP LY FABpF
BRA RS A3 - TP PRI BRI P g o FLF
LAt F L RS AR E R X T A2N # FEER- ER
Pazpddec B 443 B0 a X enFkiES > 2P Condition ] snffFijm e %R fx
WP & Atk T (A # e BAete k8 > 2R A A Condition 2 iR ¢ gRiRL &
#FEAe o R A E gAY VL ER P E R g o d
PRBRTLTAGEEB AL A R E R BB

ALY Y FESE R AR E G FRART R ERSE
FEE A o iE- e - R LA TR 2 B enfp Mg B R

Boom 5 H e s kBt i o R A ui,,m,gg}%pgfaﬂ,lﬂw _%z HUR

ARG ER R € F AT oo B 2 F k4 BE (2 (correlation) & B 5 R a F G R 2

~=\

AR 2R S T 2 B e 02 R € A% - 4p B 12 (correlation) 7&;@@[30, 31]e
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B B 2 R A L TR T d (5 4-1)RF[30] - H ¢ o O ok -
RS ) egp i~ X £t 3 R4 A org B R e dnen- B s s X 2 %)
A B AhTm Y £ - 3RS E5erg B A e L dhih- BEsa Y
b - RS EAhTme (en@ At f 127 k@& r 2750 2
Flengp B 2A& ~ > g @ W v C(correlation) sl & & /) R HETEE § B 4 o

PO A Z g AN e R A BB 2 ke S+ o oL 4-8 ki @

GHFEFFEER TR - FHRLEAS ZZ BN HAR kP4 PRERAT

PREBMAFEL 0T PP B AP e | g S e
fe (E BB R G~ B i DR R RA R AES R A R £

g T ELR AP A S % o T B ehsampling rate ¥ 3 2ms ©

(X = X)(Y =Y’
IR XY Y Y vy

(% 4-1)

Default position Prepared position Grasping position Destination

Condition 1

Condition 2

FE]443 El -}B"/nﬁi-r ,E_,F_g]
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451 &34 F o R R R
PRRTESH AP TR A PHE o FRPDIERZAL 2T §
Wt B4 T R L B 4 o

Bl 4-44 5 % B4 iF &2 4p B 4 (correlation) B e B %% 0 B Y a0} Blieko

L E Ak ulfe s - R LA M > @ T e bR - 4y R

LHE AR efrz gl fred FREST U g I HB DB F I g4

CE PSS S E

Increase Grasping Force

Slip detection
1= . e — —
0.92 - ' ! N 1 [~ = Threshid
. Finger 1
T } Finger 2
8 Finger 3
5 o6r |
@
B 04f |
O
0.2 i
0 L I
o 500 1000 1500
Time(ms)
Grasping Force
150 . : .
Finger 1
\u) H'W-M”WMJ”N"WWMJJFU\,MPMWMM Finger 2
TJWI'NMWWWIUNVMMFJ Finger 3
100 i Total
18]
s |
©
=
50 ) - )
oyl eawvwvrwwﬂwytm"ﬁﬂwﬁﬂwxﬂﬂqb A n et b tind il
0 L I
0 500 1000 1500

Time(ms)

Bl 4-44 % B~4 i &2 4p BE M4 (correlation) B % F B % %
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452 F o R %

EH;Z ¢ 12 250g fr 500g F’ﬁ_é TengERAF S AP TR g4
P ABRFREES 2om o BES BPFERR 4 L5 adp B M (correlation) £ F § £
fodpl 2l A2 R G 2 ARRE o
4521 L+ £ 250g

Bl 4-45 {ol) 4-46 5 § & 250g cnF £+ U A i ha 4 i A BT A
% o FliB5iZ PWM A5 R A2 #-dPd EHBEAFL Y BlicEy B4
FlhE &G gde o B BT e A A B 15% N o

d B 4457 g AR auEARY RS BE G JIA ST E 0 2 2 ok
PREY G AP d RADE - R o dp i BRARRLF 20 R
AREAS M ATEALY B NN G AR A B S P T i
A7 PR ME AN BB OFE S > A py BE AR BET A

I Z) 2 e 0 4 B - (correlation) shiic & € TR B F] 0 g AL 2|9 5§ FEH 4 0

Bl 4-46 ¥ e S %A 0 BRA AP A S B RY B PR 4 TG
™ vk AR g i B2 J 7] 0 2 2 dpend A F L G s PTG B ey
4 352 4p B 1 (correlation) s Sk R AR 1 0 H LG BIRIR G E e 4 o

B g RS R0 f RS AR E A 100 L LRV e A4

250g th- %+ 0 31 4 fipliE PDMS # i eng 2 5 % (B 2-44 #7577 )
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Covariance

Value

Covariance

Value

Object's Mass:250g / Pressure Array's Value:50

Slip detection
pon [T T T Y TR T T [ Thveshia
Finger 1
0.8 ] Finger 2
Finger 3
0.6 [ b
0.4 1
0.2 1
D 1 1
0 500 1000 1500
Time(ms)
Grasping Force
150 T T -
Finger 1
Finger 2
Finger 3
100 ] Total
50 fr WHHM-WMWW“WN1 (.r" A e A A AT
R L e e S gt
[ gt "‘“‘“““::1\ N T b et el e e gy
D 1 1
] 500 1000 1500
Time(ms)
Bl 4-45 FoF S5 (f £ 250g ;5 B4 LA 451 50)
Object's Mass:250g / Pressure Array's Value:100
Slip detection
S e S [ B moweny
Finger 1
08 ] Finger 2
Finger 3
06 1
0.4 b
0.2 B
D 1 1
0 500 1000 1500
Time(ms)
Grasping Force
150 T T -
Finger 1
Finger 2
WJWMMWMMMMMW 1] MWWMMNW\’"‘M Finger 3
100 ] Total
> ;‘"””“"'M“M“”“"MWWW'WWQWW
ST VPIE PR AT S XUV RSP WPV O T -‘“-wﬂ,_-M!u'n-d:bw-t-m.-tﬂt:-m
D 1 1
0 500 1000 1500
Time(ms)
W 4-46 FdF SR E%(f £ 250g 5 B4 L5445 @ 100)
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4522 SLak+ g £ 500g

B 4-47 ~ B 4-48 ~ B] 4-49 o/ 4-50 % § £ 500g ing-E ik + 11 A Fe g i 4
FABRT AP LS o FL5E PWM 347 R &2 %54 8o 1
FBEED RS LI AL € FE o BY AR At EFEAL A 15% MR o F
B4 S TE S0 R T R 2 @ iE & B 500g - E okt o Fptd R4 S
100 B 4oipl3# o

d B 4-47 feRl 4-48 7 g Ay A P agieY B4 REG A TR 2
ZAp A A R A R 0 2 AT A BEER RS AON g AP B i)
24 0 4P B M (correlation) sl (B i iE S B & BiEAR Y § H| W g 2 hfEA) o X
FoREE T RA LA 4 lE 5 100 ol i p] B ik & 25 P &gt 150 2] o

t ] 4-49 PR o SR BT R G uBaEY B4 BB TR0 T 2 5

fu

EEs VA ‘73 ER :}&/? /ﬁﬁv Y 4 s e {5 F ¥ 7 4o B 4-47 {- B 4-48 i
® §lZ) o 4P Bt (correlation) e S % R 1) B e e e B0 o

B Bl 450 ¢ R AR HT 0 b F B AP RS IR

FTEOARE e AT A RIF] 0 Zdgend AT 2 s PTG g 4
@ AP B 12 (correlation) s B Bk 4 LG WRID G FEF L o

d ot P %% T LAiR] 0 48 M 12 (correlation) i iE % 1Y A F T 2 i R
TG ipdnd s b gzl tipM St ed sy Erog R4 L
FIRTE B 200 = 4 PFER AR G e B0 e B8 T T R wehd A e 500g e Rk
+ @ g RALIRE A 250 2 ERIT YR 2 0P A2 500g R L o

b itls& PDMS BcpF st 5 26 % 8 £ (W) 244 957 ) -
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Covariance

Value

Covariance

Value

0.92

150

100

50

0. 92
0.8

0.6

0.4

0.2

150

100

50

Object's Mass:500g / Pressure Array's Value:100

154

Slip detection
- — — Threshid
Finger 1
Finger 2
Finger 3
1 1
0 500 1000 1500
Time(ms)
Grasping Force
I I Finger 1
Finger 2
. Finger 3
easter b sl A MY _ Total
MW.»M A
A I o
A Rt M, P A AP A M A A A i
S L U R e o e e e
1 1
] 500 1000 1500
Time(ms)
Bl 4-47 83 S % (f £ 500g 5 &4 L5440 1 100)
Object's Mass:500g / Pressure Array's Value:150
Slip detection
_________ R F“l TN T T |- — Threshid
Finger 1
§ 7 Finger 2
Finger 3
0 500 1000 1500
Time(ms)
Grasping Force
ke L T Ny WJ‘-'\WM\]"‘" Pl W Finger 1
e/ “r""""""\'-m““f"'. "1 M"&MW \l('-""-'.r""“w Finger 2
L..LH. Finger 3
L i Total
e e T e wxp A0 pormid Moot in R e
. T N T e
0 500 1000 1500
Time(ms)
W 4-48 F o F B L% (f £ 500g ; B4 L5445 i@ 150)

do0i:10.6342/NTU201704032



Covariance

Value

Covariance

Value

0.92
0.8

250

200

100

50

o
=

o
=]

o
s

=
ra

250

200

100

50

Object's Mass:500g / Pressure Array's Value:200
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Slip detection
. __ 1 [~ Threshd
Finger 1
i ] Finger 2
Finger 3
1 1
0 500 1000 1500
Time(ms)
Grasping Force
I I Finger 1
i 1 Finger 2
T e’ .
A e e e g WWWM.WWMNMM _lf—:lntglarB
wﬁ—“}#\/" (5]
e Al Pl e o
L '};,;.Q,}.r S L o
1 1
] 500 1000 1500
Time(ms)
Bl 4-49 oo F % (f £ 500g 5 B4 LI4~ 458 B 200)
Object's Mass:500g / Pressure Array's Value:250
Slip detection
T — — Threshid
Finger 1
i ] Finger 2
Finger 3
0 500 1000 1500
Time(ms)
Grasping Force
T T
L T R T | A Finger 1
ectrma lﬂrfﬁwwwmmw Finger 2
Finger 3
B 1 Tatal
‘-A-dh-ﬂn—",l-\w“- 'V‘fh-\ﬂ'v-a—“-\f‘wvw-\mﬁ-' Tt P R u . i
i Ao - v
0 500 1000 1500
Time(ms)
B 4-50 H 69 5% % (f £ 500g; B4 L3445 250)
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453 BB KD %

U e R0 250g e 500g f £ g STl ER R RARELS Rie
T R4 SR B 80 e dniE i A B s e 32 Som o FliE P i B (A8
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