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Thanks

 Mark! Congratulations!

o All invited lecturers! | learned a lot!
 You all for staying.

e Colors on MSU campus!
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Two questions

e So what? / Why bother?
* \What else I/you/we can do?
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So what? / Why bother?

e Three answers
— Complexity
— Better than the best
— XXX
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Source:
https://www.flickr.com/photos/atheism_christian_apologetics/11
078762214/in/photostream/
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Complex I Scale-Free,

systems. P Heavy-Tailedness,
phenomena, Long Range Dependence,
behaviors, ... L Long Memory ...

Mittag-Leffler Law
Fractional _
order Fractional calculus
- based models
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http://220.178.124.24:8080/wbbbs/archiver/?tid-16226.html

New wisdom equipped with FC
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Non-normal way:
-ractional Calculus!
Heavytailedness

by non-norma

be explained

could
The nature’s rule (of complexity)
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http://220.178.124.24:8080/wbbbs/archiver/?tid-16226.html

New wisdom equipped with FC
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Non-normal way:

Fractional
Calculus!
Heavytailedness
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New wisdom equipped with FC

e "God is In the detall”
e “The Devil i1s In the detalil”

e ""God Is In the tail”
e “The Devil Is In the tail”
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http://en.wikipedia.org/wiki/The_Devil_is_in_the_detail
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So what? / Why bother?

e Three answers
— Complexity
— Better than the best
— XXX
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Better than the best, “more optimal”

2012

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems



UCMERCED Slide-13/1024
So what? / Why bother?

e Three answers
— Complexity
— Better than the best
— XXX
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Outline (What else | can do?)

e Motivations
 Why Regional?

e Some recent results
e Future topics
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What makes “measurement” so hard?

 For distributed parameter systems (DPS), the system
dynamics evolves along time as well as spatial variables,
usually governed by partial differential equations (PDEs)
and usually it Is required to discuss the modeling and
control problems in terms of a specified domain.

« Additionally, for sensing and actuation, we also need to
consider the cases of effective domains such as point-
wise sensing/actuation, zone distributed sensing/actuation,
and whole domain distributed sensing/actuation.
Additionally, we can also consider sensors/actuator can
be movable within the domain of interest.
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Measurement — It Is no longer as simple
and straightforward as before any more!
WWWWWH issues

* \Why measure?

What to measure? Q
 \Who to measure
Where to measure?
\When to measure? D, 9{@1
f)
e How to measure® L aarann
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2x2x5x5 = 100 cases

SIS0LS actuator
Mobile or static ! Pomnt-mwise DIRUIE:
7008 700¢
Domain distributed Domain disfribt
anenJ \ T it
-
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X 2

X2: sensors and actuators are collocated or noncollocated

X 4

X4: communicating (sensor-to-sensor, actuator-to-actuator, sensor-to
actuator, actuator-to-sensor).

Note: scanning an array of sensors/actuators is considered as “mobile”!

S0, total cases: 2x2x5x5x2x4=800.
(Ph.D.s)
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Example-1

For a simple room heater control
system, we have

¢ 0ne static point-wise sensor
(thermostat)

* one static zonal actuator
(heater).

* In this case, sensor and
actuator are placed at differen
places, also known as “
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DPS:
distributed parameter systems

Features:

eDomain of interest
eSensor configuration
eSensor effective region
eActuator configuration
eActuator effective region
Mobile or static
eCommunicating or not

eCollocated or not
MAS-net Project:
Smart Sniffing and Spraying Problem

Sensors and actuators are all
mobile

Credit: Drs. YangQuan Chen and Kevin L. Moore, 2002
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Water\Watch?

== —I» ‘Right time

Water resources, + Irrigation contro| ‘Right place
Gates, flumes / ‘Right amount

Weather, climate

A 4

Irrigators

/N

demand Geo-Domain

Water rights

calibration

Ground sensor pods

dit: Dr. YangQuan Chen, 2005
Reqional,sensing.and Agtuation of Fractional Order Distributed Parameter Systems

www.athertonsc.gld.gov.au/ photogallery.htm
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http://www.nasa.gov/centers/goddard/news,


http://www.nasa.gov/centers/goddard/images/content/95621main_Very-Dry-field.jpg
http://www.nasa.gov/centers/goddard/images/content/95621main_Very-Dry-field.jpg
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Fractional Order Controls

e |O Controller + 10 Plant
e FO Controller + 10 Plant
e O Controller + FO Plant
e |O Controller + FO Plant
uncertainties
disturbances nni:ses
R (s) E (s) v

K(s) —X—» G() Y >
L S U (s) Z Y (s)
nonlinearities

D. Xue and Y. Chen*, “A Comparative Introduction of Four Fractional Order Controllers”.
Proc. of The 4th IEEE World Congress on Intelligent Control and Automation (WCICAOQ02), June

10-14, 2002, Shanghai, China. pp. 3228-3235.
10/21/2016
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X 4

* Process Is Iinteger order or fractional order
« Controller is integer order or fractional order

X 4

« Controller is regional or not
* Observer is regional or not

800x16 = 12,800 cases (PhDs)
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|
O intial actuator postions
¥ intial sensor positons |
- e 1w 5ol —— Meumann boundary condiions
v xw wd @ Pdlution source
CEEXEEKXEXKEXERX X XKE

IR E XK :{'I_':':':"""-. o

Mobile Robots (Actuato
0a

S

1]

Fixed Sensors \

04

bz

Diffusion Source

Initial layout of actuators and sensors.

Strategy: 1) Form Voronoi tessellation
2) Move each robot to the mass centroid of its region

3) Spray neutralizing chemical in amount proportional to
concentration in region
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Fractional order potential field.

Can specify the “degree of danger” of the
obstacle in potential field method
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My submission - “Computational” can be

put in front of almost every thing

— Computational intelligence

— Computational material

— Computational neuron science
— Computational psychology

— Computational fluid dynamic

— Computational biology

— Computational chemistry

— Computational ecology

— Computational social science

— Computational virology
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My submission - “Control” can be put after

almost every thing

— Speed Control

— Diet Control

— Weight Control

— Emotion Control

— Arm Control

— Microclimate Control
— Machine Control

— Human Gait Control

— Blood-pressure Control
— Aging Control

— Evacuation Control/Traffic Control/Conggestion Control

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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So, here comes CPS

Computational Thinking + Control Thinking

=2 Cyber Physical Systems

Dr. Chen’s Definition of CPS:
Computational thinking and integration of
computation around the phvsmal dynamic
systems form the Cyber- Physical Systems
(CPS) where sensing, decision, actuation,
computation, networklnq and physical

10};)/FOC€SS€S are mixed.

172016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Common attributes of CPS’s

e Computational thinking, not just “computational doing”

 Integration of computation around the physical dynamic
systems

e Sensing, decision, actuation, computation, networking,
and physical processes are mixed.

« Bigger closed-loop picture

 Mostly Iinfinite-dimensional spatial-temporal complex
dynamic systems.

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems



Christophe Tricaud

CYBER-PHYSICAL SYSTEMS |

Sensing and

Actuation Policies
in Cyber-physical

WaterWatch? &

> enirne g Irrigation Control ;
et More Real-time Water Management

Gates, Flumes |

*At the right time
*At the right place poson
*With the right amount RSt

=

Ogtimal

Observation for
(yber-physical
Systems

A Fisher-information-matrix-based

animals :
etc. sround Sensor Pods

Credit: Dr. YangQuan Chen, 2005
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Outline (What else | can do?)

e Motivations
 Why Regional?

e Some recent results
e Future topics

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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“Physical”: Distributed Parameter Systems (DPSs)

DPSs are systems where the parameters and the variables depend both on time

and the location. They include inputs and outputs which allow the system to

communicate and interact with its environment (controls and measurements).
For example:

ye(x,t) = —Ay(x,t) +u(zx,t) in Q x [0,1]
with initial and boundary conditions:
y(n,t) =0 0on 9Q x [0,1], y(z,0) =yo(z) € L*(Q),
where v is a control depends on the number and the structure of actuators.

The measurements C : L?(Q2 x [0,1]) — Z is given by z(z,t) = Cy(x,t)
according to the number and the structure of sensors.

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Difficulties for classical investigation of CPSs

(1) For DPSs, the system evolves along time as well as spatial
variables, usually governed by partial differential equations (PDES).

(2) For sensors: It is not easy to make enough measurements--
neither dangerously enough nor luxuriously enough.

(3) For actuators: It is not easy and not a good idea to control
whole system. ( waste time and cost consuming)

(4) Moreover, in the case of diffusion systems, in general, not all
the states can be reached in the whole domain of interest.

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Benefits of regional control and observation
(a) Occurs naturally;

(b) Allow for a reduction in the number of physical
actuators/sensors ;

(c) Help to reduce the computational requirements;

(d) Great help to study those non-controllable/non-
observable system since it interests in knowledge of the
states only in a critical sub-region of the system domain;

(e) To improve the degree of controllability/observability of
the system only on a sub-region;

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Zhou Y, Jiao F (2010) Existence of mild solutions for fractional
neutral evolution equations. Comput Math Appl 59(3):1063-1077

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Why regional?
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Outline (What else | can do?)

e Motivations

* Why Regional?

e Some recent results
» Future topics
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http://perso.univ-perp.fr/aej/index.html

Université de Perpignan

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Professor Abdelhag El Jai’s works

o L. Afifl, A.El Jai et E. Zerrik. Systems Theory.
Regional Analysis of Infinite Dimensional Linear
Systems, PUP, ISBN : 978-2-35412-140-2, 440

pages. Janvier 2012

e A. El Jal & A.J Pritchard. Sensors and Controls

In the Analysis of Distributed Systems. Ellis
Horwood Ltd - JOHN WILEY & SONS 1988

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Why we made this collection of El Jai’s works?

» Professor Abdelhag EL JAI’s papers on regional analysis of
distributed parameter systems (DPS) are truly original and important.
It is getting more and more important in this 0T (internet of things)
and CPS (cyber-physical systems) age with cloud computing and big
data movements. A dedicated conference was organized in his honor
In 2014

e My first reading of El Jai’s work was in 2002. In my 2004 SPIE paper
on mobile actuator and sensor networks (MAS-net), we first cited El
Jai’s work.

o Since 2014, with Fudong Ge, a visiting Ph.D. student from Donghua
University, China, we started an exciting journey in exploring the
regional analysis of fractional order DPS with DRONEMATH in
mind (e.g. pest spreading in crop fields under drone remote sensing

and cropdusting spraying control).
10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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e Fudong Ge, YangQuan Chen and Chunhai Kou.
“Regional Analysis of Time-Fractional Order Diffusion
Processes” (Springer London, to appear Winter 2016 or
Spring 2017) [draft book ready, 270 pages]

— JMAA, FCAA, Automatica, IET CTA, IMA JMCI, 1JC,
IEEE/CAA JAS etc.

10/21/2016 Regional Sensing and Actuation of Fractional Order Distributed Parameter Systems
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Outline (What else | can do?)

e Motivations
 Why Regional?

e Some recent results
e Future topics
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cyber

« Communication topology
o Communication induced uncertainties
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physical

« Space fractional diffusion systems
e Space-time fractional diffusion systems

e Variable order and distributed order fractional
diffusion systems

* Nonlinear fractional diffusion systems
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systems
 How many actuators/sensors are sufficient when
there exists communication among them and how
to best configure them for the fractional diffusion

control processes?

* The optimal positioning problem of the
actuators/sensors;

» Given the desirable zone shape, Is It possible to
control or contain the fractional diffusion process
with static/mobile actuators/sensors within the

given Zone?
10/21/2¥16
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reminder

X 4

* Process Is Iinteger order or fractional order
« Controller is integer order or fractional order

X 4

« Controller is regional or not
* Observer is regional or not

800x16 = 12,800 cases (PhDs)
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Minds like

parachutes function only when open
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Sensing (CCTV, Segways,***)

Modeling of evacuation . .
8 Controlling of evacuation

Ordinary differential equations L TEE B PR D e

Cyber-pedestrian

Partial differential equations ST AL o Crooris

System

Fractional

Integral differential equations Granular fluids of crowds

Coupling equations Actions based on games

Actuations (Segways, blocks,*)

Kecai Cao, Yangguan Chen, Dan Stuart, and Dong Y ue.
Cyber-physical modeling and control of crowd of
pedestrians: a review and new framework. Automatica
Sinica, IEEE/CAA Journal of, 2(3):334-344, 2015.
http://arxiv.org/abs/1506.05340.
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New research monographs

« Kecal Cao and YangQuan Chen. “Fractional Order
Crowd Dynamics: Cyber Human System Modeling, and
Control” (Invited book project. Volume #1 of the De
Gryuter Monograph Series “Fractional Calculus in
Applied Sciences and Engineering” ISBN
9783110472813 )
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New robotics research
from controlling crop dynamics to crowd dynamics ...

MAS-net to CPS to CHS: Robots as Sensors and Actuators
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In the next a few years ...
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ultr -campus Synergy on CIDERS
Calrfornra Institute of Data-drone Engineering and Services

UCM, UCSC,UCB, UCSD,
LLNL

CIDERS in Scientific data-drones: platforms, operation, and certification

UCM
UCD
UCSD

CIDERS in precision agriculture
UCM

UCD
LBL
SNL

CIDERS in environmental monitoring: water, fire, soll, dust, AQUCSD
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Thank you for attending my talk!

For more information, check

http://mechatronics.ucmerced.edu/
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