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[Arimoto Position Control Based Synchronization ]

»>Control Object MG, +Cg,+9, =7, ,i=LLR oo )

»>Controller =0, —kyd -k ((qi —04)+ (qi *qj))
=g ’knqi ’ki (ei Jr/‘Lljeij) oy J =LR - (2)
>Closed-100p M, +C,g, +K, 0, +k,8 +K 8, i, i=L,R - (3)
Theorem

robot dynamics(1). Then errors g, e; i, j = L, R are asymptotically stable

Consider the closed loop system formed by the controller (2), and the
if the control gainsk,, k, are positive definite

Proof
Storage Function v, = ¢/ M,q, +e k.e +> e“kpeu, Lj=RL e (@)
V=V +V,
d,_d, d
SV =gV Ve =200k + ekl | <0--(6)

Then, LaSalle’s Theorem can be used to proof system’s asymptotically stability
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Introduction

Cooperative Reaching control of
Dual Robot Manipulators

Control two manipulators from
their start points move to the
desired point in the task space
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Reaching Control

move the manipulator from
a start point to the desired
point in the task coordinates
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Introduction

Control for Redundant Humanlike Natural Motions
Manipulators for Redundant Manipulators
> A manipulator possesses more degrees .+ 5. Arimoto et al. (2005)
of freedom than are required to achieve
the desired end-effector motion
» Advantage of using the redundant
manipulators
— Humanlike natural motion
— Obstacle and singularity avoidance
» Disadvantage
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“Natural Motions for Redundant
Multi-joint Systems ”

— Definite an equilibrium-point manifold
to stabilize the system

- Self-motion A B
— complexity for control Motivation _
5, Cooperative control of humanlike
¥ oy,

natural motions for dual redundant
manipulators
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S.Arimoto, et al. Journal of Robotic Systems , Vol.22, 2005 #
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m Problem Setting

> Control Objects (Right and Left two manipulators)

{MLqL +C4, +9,. =7,
Mgt +Crlg + 9z =75
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» Reaching Controller for singular manipulator (Arimoto)
T=—kdq—Jkap(X—Xd) ........................ )

Goal: Extend above equation to dual manipulators use the
synchronization control scheme achieve the cooperative reaching

XL =Xg =Xy quZQquL:qR
Problem

1. Which information we should use to synchronize?
2. How do we achieve cooperative reaching?

_mmﬂ

S.Arimoto, et al. Journal of Robotic Systems , Vol.22, 2005.
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» Synchronization Control for Robot Manipulators
— Nijmeijer: G, —>9; =04,G > d; =04, > §; =G
- Spong: Yi ™Y,
— Last Presentation: 0, = 0z =0,

» How about the reaching problem in the task space?
X > X =X, 70, >0z 76, >4z ?
* We choose d, — 0 to achieve the cooperation

Then we define the coupling errors and position errors as

AQg =0, —0g,AGp. =0z — 0,
AX| = X_ = Xys AXg = Xg — X,

Tokyo Institute of Technolog

Fuiita Laboratorv 10

Cooperative Reaching Control-- Prepare

Tokyo Institute of Technology

» We know the Arimoto Reaching Controller as (eq.7)
1:_kdq_Jkapr,Ax:X_xd ............ )

> Use the synchronization scheme to extend (eq.7) to dual
manipulators, we can get the controller as
7=k G — Ik AX T T = LR (8)
T Where, ?I denotes the new input required for coordination control
> Design the new cooperative input as
7 :—kpiﬂquqij =L R e 9)
Combine the controller(eq.8) to the dynamics (eq.6), we get

Miqi+ciqi+kdiqi+JLkpiAXi :?i Ji=L R e (10)

i pi

Vi (x() -V, (x(0) = [ 7 q.dt- [ "k, gti = LR

input-output pair ﬂl

I we take v, ~2q'Ma +2axk,a%.i LR , then

20
Therefore the system is passive with (7, ;) as the

Tokyo Institute of Technolog

Cooperative Reaching Control-- Prepare

Tokyo Institute of Technology
» Definition [Cooperative Reaching]
« Control two manipulators reach one common target point, as the
same time they should move symmetically
N. Chopra and M. Spong (2006)
Passivity from u; — ¢; guarantees passivity from —u, — - .
 Then, if we chose one set of the manipulator states and input

output as it’s inverse, we can get the stability as the same as the
synchronization control

So, We choose the states of left manipulator as
. —>—q.,G. > —q,7 >-7,
Then, the controller can be written as
7= (ko (—00) =I5 (~0kp A% (—0) + 7 (=0, Gg)
= _kquL - JxTLkaAXL - zTL(_QquR) - (11)
Tp =Ky lp — ‘]IRkpRAXR + 7o (=00, Gg)

M. Spong et al. in Advances in Robot Control: From Everyday Physics to Human-Like Movements, Springer-Verlag, Berlin, 2006
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Cooperative Reaching Control

* Then Combine the controller(eq.11) into the dynamics (eq.6) ,
we get the closed-loop as
M LqL +CLQL + deQL + ‘]kapLAXL =7
M RqR +CRqR + deqR + ‘]kapRAXR =T

Tokyo Institute of Technology

Where, T = 7kaZ’LR (qL + qR)l?R = kpR/‘LRL (qR + C|L)
Theorem
Consider the closed loop system (12) formed by the controller (11), and the
robot dynamics(6). Then the system errors Ax,Aq;,Aq;, i,j=L,Rare
asymptotically stable , if K, K, >0,K;>0,i,j=LR andk,dy =k, 4q

Storage Function

1. o1 1. A
V, :7qIMLqL +=AXK AX L Vg :7qZMRqR +=AxgK pAXg
2 2 2 2
1 1
Vi :ZAqIR (kaﬂLR)AqLR v Ve :ZAq;L (kpR}‘RL)AqRL - (13)

_zmmﬁ
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Proof for the theorem
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Just consider the left-manipulator. Derivate the storage function
VL = qIM Ao +Eq1 M i +AXIkaAXL = ’q[deqL =0, (ka)‘LR)AqLR
vn = _q;deqR —Gr (kpRﬂ’RL)AqRL

.1 o1 o
Vig = EAQIR (ka’iLR )AqLR = EAqIR (kpR]”RL)(qI *q;)
o1 o
Ve =EAQEL (kpRZ'RL)(q; ’qz)
The storage function of all system can be taken as
V=V +Vy+V+Va

Manipulators Coupling
If, kpR}‘RL = ka’iLR , T AQ =—Aly
Then, v :vL +\/R +vLR +vLR = _qI koL — q; ky 0z <0

LaSalle’s Principle Theorem can be used to prove system’s asymptotical stability
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Fig.I Simulation sctting of dual manipulators cooperative reaching

Length

Link 1 0.2[m] 12.27[kg] 0.1149
Link 2 0.2[m] 2.083[kg] 0.0144
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Simulation -- Prepare

« Coordinates of the endpoint in task space
{x =1, cosq, +L,cos(q, +0,)

y=Lsing, +L,sin(q, +q,)
 Jacobian Matrix
3.(a) :(—Llsin g —L,sin(g,+0,) -L, sin(ql+q2)] ...... 1)

Tokyo Institute of Technology

L, cosq, +L,cos(q,+0,) L,cos(q,+a,)

Inertial States Setting

> Inertial Position (Left) : [x,y]=1[0,-0.4] (-90° ,0°
> Inertial Position (Right): [x,y] = [0.07,0.39] (80° ,0°

Target Point

[x4.¥41=[0.3,0]

Gain Setting

>Left K, =diag[40,40], K, =diag[4,1], K, =diag[0.5,0.5]

— o

>Right K, =diag[40,40], K, = diag[4,1], K, =diag[0.5,0.5]
Jokyo Institute of Technolog w

Simulation
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Arm configuration and endpoint trajectory

0.4 T T T T T T T

0.3
E oz
@
- 0If

0
01 _ Left Manipulator ,Right Manipulgtor
-04 -03 -02 -01 o o1 oz 0.3 0.4
Y-Axis [m]
Tolop Ingiuic of Technolo




Simulation
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¢ Inthis presentation
- Introduction for Control of Robot Manipulators
— Problem setting of Cooperative Reaching Control

— Cooperative Reaching Control using the Synchronization Coupling
scheme

— Simulation of Cooperative Reaching Control
» Future Work
— Discuss the coupling scheme of two manipulators
— Extend to Redundant Manipulators
— Consider the Humanlike Nature Motion

— Absorb the visual feedback scheme into this method to observe
the information in task space
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