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1al revolution has started;

Fig.1.1 Google car, USA
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I.1"The first industrial
revolution

revolution (1760 - around 1840);

11 iction to use of machines and
> of factory sy n;
Age of Steam (1760 - around 1914).
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B2 -n,;..,' second industrial
revolution

860 - 1950)
city &  railway

it Avenue
rance in
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1e third industrial
revolution

ommunication age (1950 - 2000)

1ged the way people

hange information.

T

Fig.1.4 5 MB hard drive
being loaded in an airplane
by IBM, 1956
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gl he fourth revolution

ysical, digital world and the

: : Pl
P IGE @ AIRBUS

Fig.1.5 Assembly system of A380 in Toulouse, France
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of items embedded with
nected to the Internet. »

- Fig.1.6 Mo-cap and assistance to people at LAAS-CNRS Toulouse
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sor and actuator networks
et of Things (IOT) are changing
teract with the physical

'j- - networks have a huge potential for
cations ranging from:

Ma 'acturing & agriculture (including
robotics), transportation, finance, security...
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1.4.2 CPS

al Systems (CPS): mechanism
omtored by computer-based
integrated with the Internet

': ‘presents a high combination and
lination between physical and
utational elements for critical applications

sciplinarity: mechatronics, cybernetics,
~ telecommunications & systems sciences.
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4.3 Ubiquity

1ation  about the  physical
biquitously available:

ition of shuttles or trucks
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systems of growing
>mart Earth.

. Smart cities;

> Smart world.
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5 Smart cities

mart cities
dam (the Netherlands)...
(China), Dijon (Fi‘ance).

1ies involved:
M, Bouygues, EDF, Suez, Berger Levrault...
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alia), Rio de Janeiro (Brasil),
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mart Conveyors

iIn manufacturing industry.
positioning parts.
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trends in computing

al revolution.
parallelism and

,. everal domains like
ributed computing and  parallel
puting.

concepts like cloud computing and

alization, volunteer computing, GPU
computing ...
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12/23/2017

[rends in computing

puting (broader, covers all

digms over the Internet) 2
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12/23/2017

. d Intelligence (cloud).
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2 Smart Surface

odern industrial
)TOCEeSSes:

ithout alteration small
'ns)

‘v-‘

"f S (crltlcal applic

1lar systems

smart Surface Project
ANR 06 ROBO 0009, 2007 - 2010.
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2.2 Smart Surface

face conveyor

Air-Flow Pres

Fig. 2.1 Smart Surface

19
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Smart Surface

essors.
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Fig 2.2 Smart Surface design
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an area of cells with sensors,
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Method of Bertsekas (activity graph &
acknowledgment of messages).
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t most one part on the smart
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3 Distributed Part
Differentiation

differentiation criteria, like

ients of vector x; with
> exists

mber of comp
| 'e 1 such that

X, =
J 1
on-based Criteria, like

number of components of vector x; with
value 1, i.e. surface like criteria.
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12/23/2017

onsidered. The values of the criteria
tored in cells.
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2.5 Distributed Part
- Differentiation

for all masks of the reference part.
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23 Distributed Part

ifferentiation

e: cells try to differentiate the

rt surface by comparing
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lrt Surface Simulator

Fig. 2.4 Smart Surface Simulator
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mart Surface Java Simulator (SSS).
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Istributed Autonomous
‘Robotic Systems

ble assembly lines
onveyors with distributed

| 'al applications

roject Smart Blocks.
2011-BS03-005, 2011 — 2015.

" 0 Distributed Autonomous Robotic Systems
Modular Reconfigurable Robots (MRR)
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3:1. Smart Block Project
> with:

ocks).

L top (parts).
ermanent ma
motion actua
motion).

atic MEMS

ay (moves

S
=

" -
-1

c

parts on tof

ocessing unit. ( Block with it
linear motors

- Communication ports.

Fig.3.1 The modular surface
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Irt Block Project

wfacturing,
micromechanics,
pharmaceutical .

Fig.3.2 The reconfigurable smart blocks modular conveyor
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5.2 Discrete Model
2D Grid
Topology.

Node: center
of the square
that can be oc-
cupied by

a block.

Input, Output, O Exit point of objects
BlOCkS | Entry point of objects
: O Positions occupied by blocks
0 Free Positions in the rectangle diagonal [IO)]
Metrics: hop
Courn Fig. 3.3 The discrete model of the modular surface
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lock Motion

Fig. 3.4 Rectilinear block motion
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34 D istributed Algorithm

Intelligence well suited to cyber-

trajectory optlmlzatlon; distributed
ithm for the reconfigurable modular

= Distributed election ;
= Scalability, flexibility and optimality.
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34 D istributed Algorithm

up a modular conveyor with
e between I and O.

omputes rtest path between [ and O
g a strategy based on minimum hop count.

jstics tends to minimize the number of
< moves in order to build the shortest path.

ole approach based on distributed
asynchronous iterative elections.

12/23/2017 IM & CTCPA 2017 St Petersburg 35



SibiRecent wo rk (2016-2017)

12/23/2017

istributed hes

1aturization.
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5.5.1 E.P. Magnets

ON OFF
cor‘;f__igu rg_tjon configuration

Magnetize the magnet in different
direction instead of rotate the magnet

Fig. 3.5 Principle of EP magnets
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—

otion function
nection function
ving energy.

Fig. 3.8 Rotor in action
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S emi Electro Permanent Magnet

Example Alnico second quadrant demagnetisation BH curve
Pc=B/H=20_ Pci=Pc+1=21

Saturation
Residual Magnetism ——

=2
Coercive Force = ™ Coercive Force
(negative) J {positive)

S

Megative
Saturation “ Residual Magnetism
l 2 {negative)

c) Alnico5-7 full quadrant demagnetisation d) Process of magnetization
122361 eurve, Alnico5-7=Alnico5" & CTCIA 20175t Petersburg 50 tion reverse (



BIO¥Zasemi Electro Permanent Magnet

a) 2D  Fig. 3.8 Magnetic flux density b) 3D

 Process of elimination of magnetism.
e Simulation via Comsol MultiPhysics.
Guidance for design.
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5.5.5 Circuit Design

= Circuit

Fig. 3.9 Circuit of the main board
12/23/2017 IM & CTCPA 2017 St Petersburg



TR
0.5 Circuit Design

Fig. 3.10 PCB and main board for controlling the modules
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Block Design

Fig. 3.11 b) Block test
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3.5.5 Tests

Fig 3.12 a) Speed test _ Fig 3.12 b) Holding force test
Prepare for distributed algorithm Prepare for 3D motion

IM & CTCPA 2017 St Petersburg
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| 3.5.5 Tests

Fig. 3.13 Rectilinear motion
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5:5.60 Distributed algorithm &

ricple of a new distributed iterative
algorithm

Define a square domain

(3x3 or 5x5)

Try evey possible
motion

Elect a module

Fig. 3.15 Distributed iterative algorithu
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Fig. 3.15 distributed algorithm & SSM
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B:5.0 Distributed algorithm &
Stmulator of Smart Modules

= New distributed algorithm

Fig. 3.16 distributed algorithm & SSM
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1610 ther Moc lar Reconfigurable Robots

temperature



gsonclusions & Perspectives

velopment of distributed

T of modules
uted algorithms
tor of Smart Modules
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4.1 Future work

more loT aspects;
Miniaturization - Cloud computing;
Hosted intelligence:
Deep learning;

ata analysis:
Quantity of items
conveyed, faults

> Security.

Fig. 3.10 IoT Architecture
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4.1 Future work

challenges:
Access control;
Dynamicity;

| Interactions;
Cooperation of modules;
Sensor design;

Physical security.

pharmaceutical industry
Micromechanics. Fig. 3.10 IoT Architecture

A\ A
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2. Programmable Matter

nmable matter

Intel Carnegie Mellon University
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