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Robot Cognition and Control Lab. _
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Robot Cognition and Control Lab. _

= Dexterous robot hands = Manipulation and assembly

KITECH-Hand R ool Handling



l. Bimanual Peg-in-Hole Assembly



Bimanual Peg-in-Hole Assembly _
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How Is It Done?

No force sensors are used

Shoulder
(4-DOF)

18-DOF dual-arm robot

The arms and hands are controlled separately

s

Hybrid force-position controll

| |

Advanced blind controller|is used for the robot hands
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16-DOF dexterous robot hand

ea is used for arms (force control is feedforward)



Main Idea _

Contact point-1 Contact point-2

= Apply (Properly designed) Random force => Perturbation
» Reaction force always is naturally generated towards center of the hole

= Sum of perturbation and reaction force gradually draw the peg into the hole



Control Scheme _

J Hybrid Force-Position Control

Task-space position control Force control (feedforward)

| 4T Q 0 | By O
=l [0 I]KPA:B—I—J [ 0 Rh]w

— g = TedTh Q = R,XR]

/ \ \ 3 = diag([0 1 1])

Suppress null-motion Gravity comp. Friction comp.




Position Control
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Force Control _

= Perturbation is a wrench vector in 6-dimensional
Cartesian space

w = [w1 Wo W3 W4 Ws WG}T

» The wrench vector is expressed using 4 parameters

w,; = CLZ'Sil’l(bit + C@') + d@', 1€ {1, 2, 6},
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Unit Motions

. Rubbing

Z
N2

w; = aisin(b@-t + Ci) + d@', 1 E {1,2, 6},

a=[00000 fup |
b=[00000 v |

c=d=0"




Unit Motions

. Wiggling

y\lz/ w; = a;sin(bit + ¢;) +d;, i€ {1,2,..6},
X

a = [ 000 fwiggle fwiggle 0 ]T

b= 000 Uwiggle Uwiggle 0 ]T

c=[00007/20]

d=0"




Unit Motions

| Spiral motion

Z
N2

w,; = CL@'Sil’l(bit + C@') + d@', 1€ {1, 2, 6},

a = fopira(t) fopia(t) 0000]"
b = | Vspiral Vspirat 0 0,0 0 |t
c=[07/20000]"
d=0"

f spiral(t) — OJSin(’Uspiralt) 6
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Unit Motions _

' Unit motions : Pushing

w,; = aisin(bit + C@') + di, 1€ {1,2, 6},




Peg-In-Hole Procedure _
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Wapproach — Wpush

1. Apbroaching

& Wgsearch — Wpush -+ Wgpiral
2. Searching

i ; /? Walign = Wpysh T Wigele T Wrub
3. Fitting

é Winsert — Wpush

4. Inserting



Experiment
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Advanced Blind Grasping

. Grasping |

No tactile sensor!

Desired force:
A C,— P

CIC =Rl

arf; +asf; +asf, =0.

| |

Control Law:
Ta=—-Dg+a.J'f,

J.-H. Bae, el al, “A grasp strategy with the geometric centroid of a
. groped object shape derived from contact spots,” in Proc. IEEE Int.
RSCL, KITECH Conf. Robot. Autom., May 2012, pp. 3798-3804.




Advanced Blind Grasping _

| InHand Manipulation

-, Translation:
B fi- 1i4{mac,
Rotation:

fi= 1)

fr';:éCX(Pz’_Cg)
f'r?l —
17+ = P, —¢,]

¥

Control Law:

ra=—-Dg+a;Jf,

J.-H. Bae, el al, “A grasp strategy with the geometric centroid of a
groped object shape derived from contact spots,” in Proc. IEEE Int.
Conf. Robot. Autom., May 2012, pp. 3798-3804.

|
RSCL, KITECH



Application: Block Assembly _




lll. On-going Researches in RCCL

Furniture Assembly
Peg-in-Hole with Smart gripper

Reinforcement Learning based Peg-in-Hole



Furniture Assembly _




Furniture Assembly _

J Challenge 1: Single Frame Assembly
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Furniture Assembly _

J Challenge 2: Multi Frame Assembly

3 *5; N o) -1y




Furniture Assembly

Challenge 3: Using Screw Driver
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Reinforcement Learning based Peg-in-H-

— (o —

state reward action
5, fi a,

: Fret f
' s | Environment ]4—
1

= Algorithm:
DQN

= Actions:
d +5mm
d -5mm
d +5mm
d -5mm
d

d

Y

X_
X_
Y_
Z d +5mm
Z d -5mm
Do nothing

After 1000 episode
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