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@ Brief Introduction and Previous Work

@ Selecting and Manipulating Energy Consumption
Model to reduce unnecessary motion (****)

@ Considering Communication Cost (****)

@ Avoiding Obstacles (***)

@ Considering Uneven Surfaces (*)

@ Vehicle Model (**)

43D Works (**)

@ Optimum Multiple Target Achievement — Game
theory approach might be one solution (*)

**** : Need to be checked

*** : Need to be proven

** : Has some problemsin Simulation
* 1 Need to be discussed more.
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Brief Introduction & Previous Work (1)
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Background
1. Search and Recovery Operations.
2. Manipulation in hazardous environments.

3. Surveillance
4. Environmental Monitoring.
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Brief Introduction & Previous Work (2)

Distributed Control Algorithm
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Calculating the Agent Caleulating the Agont
(X#1) s Detection Probability (X+2)'s Detection Probability

I
Flows Approach |

[ I New Block

There are some addition and

Caleulating the Agent’s

Detecion Provabniy |:| modification

inside the block n
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Problem Clarification (1)
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Previous Work
- T S i ol ey mm
= = = .
= = [ [fimme 7,@:
= | | [
== T e rl
.l - L baid - o .| -— na - £ = * L}
et O Ermr et -
n = -
‘ et | 1
-l E - o — 3 - High
e E L Density
i — i . Region
Problem : -
*Sensors’ movement are ineffective, . . -
+Objective Function is not maximized Simulation
Video .
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Problem Clarification (2)

Previous Work

Assume:
Ei)= _t.lﬂhilll ¢ The energy will bedef:reasing

proportional to the trajectory
Effect : ‘L
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Es « Thesensing radius will be
R(Es) = o Riax proportional to the energy
LS contained
_ i—REN* (-0
P(q) = T REeE ifqe @
FROM NOW
1.Modifying Energy Consumption Model Assumptions: Finite Energy
2.Modifying Sensor Model Supplies

3.Designing Suitable Controller
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Theorem & Definition (1)
Definition 1
According to[1] :u = %
Definition 2

According to [2] : the motion of each semsar can be fully controlled as
Pi=u
Theorem 1 (A. Kwok et. all 2007 )
Consider general vecior field X; = (x, .. x,).
Xl =(ﬂil‘ﬁ'q)
Lie Derivative :
11F=m£ﬁ4g£&
where,
F as the objective fimction : F(p, E,) = [, $(a)P(p.9.0.E,)dq
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Theorem & Definition (2)
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Theorem 2

La Salle Principle

Let ¢ © D be a compact set

Let F : I — R be a continnously differentinble fanction such
that F £ 0in Q

Let X be the set of all poinis in @ where 7 = 0

Let M be the largest invariant set in X

Then every soluiion stariing in ¢ approaches M as £ — oo
(H. K. Khalil, Nonlinear Systems)
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Hypothesis (1)
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Related to the problem occurred (explained before), There will be
two hypothesis that should be tested :

1.Thereisat least one variable which should be well considered to
manipulate agent’s motion.

2.That variable can be controlled by local information.

‘Old” Next Movement ‘New’ Next Movement
I Gradient Flows g
- Calculation -

Local Information
Data Feedback and
The Variable Calculation
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Solution (1)
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1. Modifying Energy Consumption Model
Previous Model Proposed New Model

B = _(&ﬂ) 7272 = complicatd i et ol

Itputi:rﬂmm {u) is the next movement of a mobile sensar;
mﬁmmmnpu=§%
&mmﬂmm&hmnﬂtﬁm :

o) ()
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Solution (2)
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2. Modifying Sensor M odel

Previous Model
2 Physical Meaning
(d( - £"—R ) (x; — 8)2 Too many variables
Q) = — should be considered

E F1
(o)
Proposed New Model

z . .
O
S
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Simulation I(1)
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Simulation 11 (1)
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Simulation 11 (2)
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Simulation 11(1)
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Simulation I11(2)
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Proof (1-1)
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Suppose we can nat design any suitable cantroller But we still can
find “the variahles":

LyF =<0

H(_k'(r_.))".,— m%%)z=7
|r2% |

Smmalier k., give better performance
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Proof (2-1)
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16

E,tt)=—@(51

Need to be defined Physical Meaning

Fact :

Assigning Constant VValue will decrease the objective function’s value
(based on the result of the simulation)

Using Theorem | Definition | and Definition |1
. aF _ OF ., @OF
&F=ma+ﬁqﬁ u=h=g,

oo (2 ()
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Proof (2-2)
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Using Theorem 11
Since () is compact set, by LaSalle’s mvarince principle; the
in LgF =0 ; Invariant Set {(p1, By, e Pra Bp) € Q% }

Failure Cases

Tokyo Institute of Technology.

During writing the report etc., 1’'m just curious of the condition of turning
off one or two agents (in 800 s and 1600 s respectively). Thisisthe result :
r g T g e

.III!I!I!&

— -
(H. K. Khalil, Nonlinear Systess) o — =
1 M PR R M oW k]
I.,F-(I IS e '-ﬂ:
) + (- k.(._.,) ) Jar o ST LI LTI
ko= — Based on these theorem, ’5; Although one or two agents fail, the
( Eg )‘ the objective will be achicved —w—m o g largeted areastill can be achieved.
BBy [fthem:gyofmi;:lppﬁnd PP PR -
based on the velue of — and {22 3’
0Ey, ("") ﬂ'b‘fvh g | | But, don’t know
[1¢ means - 3. Designing Suitable Contrelier to produce k, | P me T, ™, T howtoproveityet.
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Communication Cost mainly comes from the power/energy
consumption for wireless transmission !!
We consider, there are two key energy parameters:

By = @31 + opd" e(d} = ayy + @d™ + oy,
Ery = opa

Eyy Tramsarissicm Encygybil =

x:.: - e(d) = ay + ad*

ay = Encrgy Dissipated/bil in the Il_-iqr-p(Wﬁrl-Z)
;= Encrgw'hil consumed by recciver
@)= Gz tyy = { ORI

So that, Where | bs the closest agent or point from

B0 = -k, (f%l)z (%)x ~weaa koo™ (i)

we= Weight for commumcation cost encrgry consmmptio
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Considering Communication Cost (2)
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Hypothesis

—@®<

New Joint Objective Function
Hp.0) =F(p.8) — L(p.8)
=w, [ #(q) P(q.p,8)dg — w2 XL, ri(pr. 6 E; (11,60
wyand wy is weighting frctor ; can be imerpreted into scveral
meanings.

n{p8) = [; #(q)Pi(g.pi0)dg
is event detected frequency of agent i
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Considering Communication Cost (3)

Tokyo Institute of Technology

Simulation
W= We ;
n=2:k =010, =10.10%: 0, =10.1072; o, + W = 1

Emeprten;  Fatal Energy Cast
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e J Reducing around 20% of Energy Cost ‘
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- ‘ Detecting more events ‘
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Considering Communication Cost (4)
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® N
W¥gaay =Y. Y. [ $@Pylar0p,8)da
=1 =152 Minimizing the communication
_-‘l“‘m'm“"m cost makes the sensing radius
performs better for longer time.

A ‘\/A‘ This condition make the events
o detection frequency isincreasing.

One Agent detect other existing

"I = m oa o = ggentsmore
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Considering Communication Cost (4)
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Proof

E, (1) = —|lp:(®) — m @)l 5

0 < |lpu(0 — ;0| < B(E,) + B (B,,);
a0 T i a2 0it) —
Sk, D) = & Gy~ S0y~ A0 g 1 0 = & g5 =
Ay g — AW oo and

E,, is a fimction of p;(1),

Then reducing distance by modifying agent’s next movement (as
cantrol input) p(f) and G()will decrease the smomnt of energy
(geQ);

Becausc r(t) and ADFygpanis 8 function of ¢ then the value of both of
them will also increase
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Avoiding Obstacles (1)
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Hypothesis
Agents will avoid any obstacles. As the compensation, it needs longer
time or tragjectory to maximizes the objective function

Field Model High Density Area: Target
Obstacles

v Fancts

)
Palg) = Pg) — Zz.m
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Avoiding Obstacles (2)
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Solution:  New Objective Function To Evaluate this solution,

we will show the

I1f we want to consider the communication
Simulation| | Trajectory

cost and energy also than

The Objective Function will be:
](Psa) =EL(PJH)-L(P-9) "

Objective Function . .
Tkyo Insiuteol Technology _HM
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@ Selecting and Manipulating Energy Consumption
Model to reduce unnecessary motion (****)

@ Considering Communication Cost (****)

@ Avoiding Obstacles (***)
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@ Vehicle Model (**)
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4 Optimum Multiple Target Achievement — Potential
Game approach might be one solution ()
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** : Has some problemsin Simulation
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Considering Uneven Surfaces (1)
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Hypothesis

Agents will avoid sny obstacles (hills or valleys) in order to optimize
the motion. As the compensation, it needs longer thme or more step to
maximizes the objective function. Control Input &, is nceded
e B e e High Density Area: Target
Agents Initial Position
Tdea :

Defining Uncven Surfaces
£1(g) a8 Density Function

#nle) = ¢(q}—an§(q)
=1

iy : Comivol knpos
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Considering Uneven Surfaces (2)
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Solution :
New Objective Function

B (2.8) = wy [, dul(q) Plg.p.0)dq

To Evaluate this solution, we will consider the cost of path that all
of agents through.

This parameter can be noticed by observing the energy status since
the cost of path will decrease the amount of energy.

LI’
Bugroten = Z L By, (t)dt
1
If we want to consider the communication cost and energy also than
The Objective Function will be :
Kp.9) = Fy(p,0) — L(p, 0}
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Considering Uneven Surfaces (3)
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Simulation

I was thinking to mge the idea of representing hills/valleys as
negative density fumetien in srder to simplify the technique to
optimize the path cest by finding the best valne of ky
Bat,
That idea did not werk well. Becamse, in fact, agent would
move like aveiding obstackes only. Agents did not eplimize the
path enst.

3D Works

| have problem in selecting step-size.
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Considering Simplified Vehicle Model (1)
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Hypothesis :

An Agent will not hit other agents by expanding the “point” into

“field”.
“point”

Considering Agent’s Orientation/Direction, then this model has some
advantages :

1.Avoiding any collision related to rotating motion (orientation)
2.Easier in Programming

Simulation On Developing Progress!!

Tokyoinsituteot Temology _mm




Conclusion & Future Works
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_l!aa:donm“workmdﬂnsewnﬂrsahove,wmcomlndcﬂm

1. Each agent & able to meet its duty to cover the tarpeted area.

lAmmﬂolh!putMmi-anﬂ{ - laredevelopedto
guaranice the agents’ lifetime and effective motion.

3. Soall Decreasing of Enerpy give a better performance.

4. Comnmnication Cost has been considered and represented in Energy
Model.

5. Each Apeat can avoid obstacles.
Future Works o

e

3. Opiimization in uwneven (nof flaf) regions (need more Oterature
survey)

4, Comterig teveic el on smltion declpoet) @)




