Trajectory Tracking

Xys Xys Xy

*

F' =1, %~k (i-%,)~k,(x-x,)

(X=X)+k,(x-x,)+k,(x—x,)

‘EX +héy+hk,e, =0

Ey =X—X,

In joint space

&, tkeé, +k,e,=0

gq :q_qd

Compliant
Motion
Control

Advanced Manipulation Capabilities

Compliant Manipulation Primitives

Multi-contact
Manipulation
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Unified Motion/Force Control

motion

S

“F=F _+F

motion contact

Unified Motion/Force Control

Ay(x) G+ p, (x,9)+ py(x)+F,

contact

=F,

Task Description

B Bt
ot

Task Specification

[03U0D~82104

= molwn Fforce Motion-Control
I et
7 000“\(
1 0 0 L
X={0 1 0; X=7/-X
0 0 0
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Generalized Selection Matrix

Generalized Selection Matrix

o. 0 0

F= 0 O-Fy O H EFZIB_EF
0 0 o,
oy 0 0

-l 0 o, 0| Zy=L-3%,
0 0 o

Generalized Selection Matrix

Basic Dynamic Model

x=J(q)q

C=J"(q)F

%
( J:JO(Q)‘?
0]
o)
w m

X=Jq=Ex)Joq t=JTF=JI(E"F)

o) (e

Basic Dynamic Model
A,=E"AE
Ax+u(x,x)+px)=F

g

/\019+,uo(x,19)+p0(x)= Ey

with 9= v
w




ox =E o¢

Control - Position Errors

(x—xd)z(x"_x"dj

xr - ‘xrd

X =E @ Y —x
:> P pd
5Xr =E’,@ 5¢

Vector

Error

ox, = (xr —xr(d)): E o¢

op=E’ (x,‘ - x,,(d))

x,=Fw
o
ox. =E o¢ /
5p=E' 6x,
Goal Position X, =
fr=—k, (xp —xpd)—kv)'cp
m =—k,6¢—ko

5= E: (x.)(x,~x.)

P

lo+ko+k,60=0

Li, +kix, +k,(x,~x,)=0

Direction Cosines

_(r.r.1m\T
X.=\hnnh

T
(7T T
Xra —(’idrzd’%d)

E=Lpr
2

1

op = —E(flrld + i, +f3r3d)

Euler Parameters

X, =A= (/1021/12% )T

A = (ﬂ’Odﬂ’ldﬂ’zdﬂ’jd )T

711 /'0

56 =EL(A)A, mz[zz 5

Ay A, A




Motion Tracking (x,, . %, . %)

F=X%,-k, (xp _xpd)_kV(xP _xl’d)

1.E +kég, +kpgx =0

£ =X, =Xy

Angular Acceleration

Acceleration Direction gosines

]

T
(.. T T
%, =(r'rn)

R= Xy 1 = Yoy 3= Za1ys

uxvxw=(uTV)w—(VTw)u
X =E(x,)o+R(x,,0)0— (0" w)x,
(o)1,
R(x,,0) = (rzTa))I3

(IETW)[3

X
(n+l) .

e =X X@ + (X(nJrl)Xa)) X
2

Yy .
a7 =Yy X0 + \ Y X@) X
2

d Z(n-v-l) _ . x
2E = R X0+ (2 X @) X0

Acceleration Direction Cosines

1 1 .
a.)d = EET jém’ + 5 Rr(xr’ a))xrd
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Euler Parameters

Euler Parameters

Motion Tracking (x,, . %, . %)

F =X, —k, (xp _xpd)_kv(xi’ _xpd)
LE +ke +k,e =0

E =X, X,

X, P

Motion Tracking (x,, ., . %,)

%

fr=%, =k, (x, = x,, )~k (X, -%,,)
m =, ~k,06p—k (0-w,)
5¢=E: (xr _'xrd)

a)d = E+ (xrd )er

A

w, =E’ (xrd)jérd —E; ('xrd)E('xrd)wd

4

(%, =%, )+k (%, -3, )+k,(x,—x,,)=0

(a)—a)d)+kv(a)—a)d)+kp§¢20

A Mass Spring System

lf
mi+kz=f

m

fS:kSz
mkis.)i+ﬁ=f ,éw
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System kafv +f.=f

Control

f=frme S,
f=f=mlk (£~ f)+k, 1]
Control-loop System
[k, fovkdk, (fi=f;)=0

Static Equilibrium

Ji=Ja

End-Effector/Sensor System

A+ 1, (x, 9+ p,(x)+ F,,  =F,

ontact

Unified Control
F,=F +F

motion orce

=AQF  +i,+P,

motion motion
~ ey *
F orce — AO Q F force + sensor

End-Effector/Sensor System

A9+ 1y (x,9) + p(x)+ F,, . =F,

ontact

Unified Control
F,=F +F

motion orce

F

motion

;\0 QFI:;otion +/&0 +ﬁ0
AQF, +Q

orce F desired

F,

force

Unified Motion & Force Control

Robot |
&

Environment

Two decoupled Q9 =QF1:0tion
Subsystems — =
Q9=QF

orce

Unified Motion & Force Control

Frner

(x,9)

Robot ||
&
Environment

Forward
Kinematics

Gravity, Corioli
& Contrifugal
Col

- mpensation

Two decoupled QI :QF;MM
Subsystems — . =
Q4=QF

force

lumanoid Robotics

Hualong Ren humanoid dexterous hand systems
Rohan Maheshwari navigation/path planning in dynamic environments; bipedal walking
Mishel Johns Task planning; Predictive control algorithms

Chris Dembia human motion synthesis

[Medical Robotics
Kyuwon Kim exoskeleton or robotic limbs for patients
Shiquan Wang Communication optimization for telemanipulator and the control under time delay

Chris Ploch haptic teleoperation

|
2
2
5

Kevin Tong Human Augmenting Exoskeleton Design for Ease of Use?!?!

Path/Trajectory Generation

Minghan Shen Robot Simultaneous Localization and Mapping (SLAM)
Laura Stelzner path planning in dynamic environments

Paul Chen

‘Thomas Lipp Minimum time trajectories

Luke Allen Path planning for walking robots

Matt Kiener Task planning for compliant motions (contact situations)

Aerial robotics

Martina Troesch Flying robots without external motion capture or micro flying robots with flapping wings
Hao Jiang Airplane Perching
Margaret Chapman Perception and obstacle avoidance for aerial unmanned vehicles (UAVS)

[Controller Design

Brian Soe Adaptive and learning control
Patrick Sherman Nonlinear and adaptive control techniquies
LiXuesen Adaptive and learning control

Lipeng Alex Liang. Adaptive and Feedback control




