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Robotic Network £ 0 F. a4
A network consisting of multiple robot L e
* Mobile Sensor Network PO
« Intelligent Transport Systems [ E y
» Multiple Unmanned Vehicles System . |
advantages |, Fig. 1 Searching Robot[4]
Network: Performance or Robustness against failure - ] & oo
Unmanned : No risks to human operator e G‘ a7 b
Application == [ T i
. ; it / oy e & @#os
Environment Monitoring ﬂ____ . Fig 2 Camera-Robot
* Search ' Links(5]
* Rescue ——
especialy in danger Fig. 31TS6]

Operation of Robotic Network
Each robot is required to act cooperatively using only

limited information =) Cooperative Control 0
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Cooperative Control of Robotic Network
A distributed control law using only local information
so that the robotic network achieves specified tasks
Example B rd - %

« Coverage »: - D .l

« Consensus @ :‘ - 1 & 4

« Synchronization ) =l :
; Fig. 4 C

« Formation Control 10. 4 Coverage(7] Fig. 5 Consensus[7] Fig. 6 Resource

*Motion Coordination Allocation[7]
Cooperative Control Problems for Robotic Network
to localize robots in desired positions and attitudes
Pose Coordination Problems

Pose Synchronization

Tolead all agents' position and attitude to a common one by

utilizing distributed control strategies
Available Information

Relative pose of neighbor agents
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Previous Research[1]
*Pose Synchronization of wheel robots[1]

In previous research, theorem is verified in experiment with
two-wheel robot
Motivation
Two-wheel robot has

Fig. 6 Two-wheel robot[1]
different condition, not suitable to verify
— more detailed experiment is needed  Fig. 7 Previous experiment[1]
Objective of thiswork
To consider pose synchronization on a plane and
experiment with omni-directional robots

without non-holonomic constraint
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Robotic Network: Rigid Body Motion
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Kinematics of Rigid Body Y,
Pose (State X;) X,i» Yui € R position
(Xeis Yair Oui) i€l -, n} 6, € R: attitude

Body Velocity (Input U)
vy, Vb € R: linear velocity .

@ e Rt angular velocity 0

X
x,, - world frame

Rigid Body Moation transformation from Z ;to X,

Xwi >COSHW\ _gnng 0 VSi
Vi |=|sin6, cosb, | Of V5 (Xi=f‘(Xi,Ui))
6.1 L O 0 1ja
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Robotic Network: Information Structure
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Information Structure among Rigid Bodies [8] [9]
Graph G:=(V, E) | :

Rigid Body Set (n: number of rigid body)

V:={, -, n}: A set of unique identifiers §% 9%9
l -

Neighbor Set .
EcVxV ((j,i)e E: body i cangetlnformatlonof body j)
. A set of edges represent the neighboring relations

Neighbor Body Set : A set of bodies whose information is available
N {]€V|(J I)G E}tobody|
Available Information
[)gj Yi QJ]T, je N, : pose of body j
relativeto body i in Z;

i), (k, j) (i, k)e E

Robotic Networ k

—|Robotic Network S(V, R, E) [8] |
’-‘ Information Structure I—
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V={1- EcVxV

-|A Set of Mobile Robots I
R= {R}uev {(X,,U;, X, f,)}lev Xio : initial state of robot i

Assumption 1
1 \aw(o]<%,Viev
2. G=(V,E)

« graph is fixed (atopology of a graph does not change)
« strongly connected (thereis adirectly path connecting any two distinct nodes)

strongly connected

8
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Goal: Pose Synchronization
Robotic Network Sis said to achieve pose synchronization

I limix, — x| =0, limy,, - y,;| =0, limg,, —6,|=0 Vi,

t—eo

Pose Synchronization Law[1]

v cosb,;  SinG,, || %y — X X
[vb}:kpiz[—sine cosé, }[y-—Y}:kpiz{ij

i JeN; wi Wi wj wi jeN;| Yij

a =k, Y sin(6, ~6,,) =k, Y sing, thisinput is calculated

jeN; ieN, only by relative information
body velocity input

Robotic Network Swith the above control law satisfying
Assumption 1 achieves pose synchronization
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’— Theorem 1: Pose Synchronization [1]

Simulation

Tokyo Institute of Technology

by theorem 1, getting this result

X[m]
Pose Graph y¢ —r
)ﬂm(t) : i —p)
R()=| v 1) d> U ) =
0. ()] 2 @g O
) Gain rﬂ
eV Ko ks =1 e time [5 *
Initial State . Yo [m] . Olred]
T [—P | —P
z ' i e
oo ALK
pO=L 3 o] = il
T
_ V.4 K 5 0 o B 10
P3(0)—[0 1 E} ime (s ¢ lation result "™

achieve synchronization
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Variable
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Variable definition for Omni-directional robot
motor number: me {0, 1, 2, 3

variable explanation
Vi[M/s] | moving velocity of the wheel
w,,[rad/s] | rotation velocity of the wheel
NI moving force of the wheel
T,[N-m] | rotation torque of the wheel

dm] distance from center of robot
to center of the wheel

r[m] radius of the wheel

Objective

Togenerate [V, v of byinputvoltagele, e, e, e

Robot Kinematics
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Kinematics of Omni-directional robot
 wheels touch the ground at the single points and don’t slip
Assume{- not consider gear and ground friction
« not consider dynamics of robot

Kinematics[2] o
Voi (1) 0o 1 d Fz/rbe’ztl)ousmput
Vli(t) -1 0 d EI
- Vyi (0
VZi(t) o _1 d b Z X,
@ (1) X
Vs (t) 1 0 d @y (1) 1 d bt
YV leo| 110 ] hY
" r Vyi (1)
r o,t) r|0 -1 d wb(t)
@y (1) 1 0 d i

input is voltage |:> Next, voltage equation m
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Actuator
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Derive relation between voltage and wheel rotation velocity

Actuator Model[3] (noload torque and friction) % [V]: input voltage
" K Jlkg-m?} inertial of wheel
t

e, — W, rat: gear
- l K,[Nm/A} torque constant
motor o ;
r,[]: inner resistor
ratk

back EMF r K,[V-s]: back EMF
constant

K,.K K
Ja,(t)+———tw,(t)=—"¢e,(tfN-m
i (1) : 7 () rat,rtem()[ ]
K,
Oy =—F———
rat-(Jrs+K K,)
not considering dynamics delay Jr, — 0

&y [rad/s]

= Eni (t)= 1 (t
e reponea =S g onll)=L-e)

assumption
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Robot Representation
—| Rigid Body i, i€V |
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1 _ )
=tk e:(t) m={0,1,23,ieV

4.

A Rigid Body i, i<V |

e () o -2 o y2]%0

V) =——|y2 o -y2 o sty

()] "™ |yad yad yad yad 82‘8 v ()
using this representation, > VZI t)
we make robot generate g e R*—{ Transformation |~ wy'b ©

body velocity ‘
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Input and Output

[x”‘ Yui gm]T’jEN' controller

relative,
+4 pose | | Pose Synchronization

_ Law

I[VZ vy w‘b]r X,
Transfolrmation' — nput Robot i Yoi
& (t) 6.

0 1 d] g

ratk, | -1 0 d} Je (1)

ropo0 -1dl e )

1 0 d
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Experimental Environment

Pi

_—
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cture

Frame and Parameter
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Overhead Camera
constant parameter
d | wheel distance from center 0.085 | [m]
r | radius of wheel 0.024 | [m]
K, | reverse voltage constant 0.00247 | [V -slrad]
rat | torque gain of gear
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Simulation
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Cooperation with two robot il
X, lM
Pose Graph  Error —
Xyi (t) estimated 1.2 —P,
_ measurement error E
R(t)=] v, () Pose: 0.003 [mi(1lpixel]) 3 [T P
6, (t Attitude: 0.05[rad] 08 g
ieV Galnkpi =07 R — o
. k = 2.1 time [s.
Initial State @ Yoo [m] N
11756 : — | 0
R(0)=|0.7128 = 8 5 o\[1agy z
0.6786 F;(ZO),PZ(ZO) Hgn :§
0.7790 E> 00773 7 el | 3268 e
Pz(o){ 0.4279 } { 0.5704 } v
—1.4914 —0.4064 0'40 5 10 15 20 2[ 5 10 15 20

time
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[s]

ime [s]

. . ti
simulation result

achieve synchronization a

Experiment Data

Cooperation with two robot
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Xlm]
Pose Graph Error —
X, (t) estimated ENRTE S
— measurement error E
R)= yu(V Pose: 0.003 [ml(Upixel]) = ' 3o7min]
6,(t) _ Attitude: 0.05]rad] o8l hag
ieV Gamkpi =07 T L
— time [s.
Initial State ka=21 y,m el
11756 : —D —z,
oo B Yo
67790 §j 09262 ] 5% 2fmm]| LIV 20019 | oossarrg
P(O){o:zmg}ﬁ(zo){0'6527} o8 f 1700
~14914 03835 oq 5 10 15 20 X 5 10 15 20
0.8895 time [s] . time [s]
P,(20)=| 0.6506 experiment result
-03516 difference remains a
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Summary

Achievement
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« Derivation input of four-wheeled omni-directional robot to

achieve pose synchronization

* Pose synchronization experiment with two robot

« Verification is not sufficient by

Future Works

X

« Increasing the number of robotsin experiment G%U

« Detailed analysis of sampling data

« Difference reduction
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aremarkable difference
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