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Introduction o Practical Work o
Environmental monitoring S Objective R

Large-scale persistent environmental monitoring has become crucial
due to recent serious natural disasters.

Earthquake Flood Landslide
Cameralwsual sensor network
A network consisting of spatially distributed smart cameras

Earthquake Flood Landslide
Objective

| Monitoring the environmental change by PTZ camera network |
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| Monitoring the environmental change by PTZ camera network

Control Approach
Game Theoretic Control: Potential Game[2]
Advantages : Robustness for environmental change ¢
Scalability
Adaptability inreal time

Utility Design

Component[3] |-| Utility Design
- Learning Design: PIPIP[1] C il LN
Practical Work

« Utility Design (based on [4])
« Experiment and Analysis
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Problem Setting
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player €= {ec1, - .en
action a; = (0,0, A\i) € A;

Pan Tilt Zoom

constrained action set camerac;
A,‘(ﬂ',‘) = {LI,' + (5!)1.552,2!‘):;} e A,‘ib'l,bg.b:i, (= {—I.U.]}}
resource R = {ry, -« ,rm}
visible resources from camera ¢; with a; (a;) e R
Cameralm e ’ Cameralmage
M
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Problem Setting |

C= {“-1="' -.Cn} a; = (Si,?PhAi) eA R= {'-"1"" -.?'m}
Information got from the cameraimage
IE,C; = {1._"' ,L,‘}

=

Image value ¥i1 € {0,--- . 255}

pixel e L;
Information about resource ; € R;(a;)
the set of pixels captureing 7'
fg__j & . :
in theimage of camera ¢;

Yijila:) = {¥iiher, ;(an)

e e
e C, le Fijla;) C L

Cameralmage
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Problem Setting (Environmental change)
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C={c, e}, ai = (0i,0i, Ai) € Ai, R= {ri,---,rm}
leli:={1,---,Li}, yig€{0,--+,255}
Fij CL; thesetof pixelscapturing 1
Information of environmental change about resource 7; € R;(a;)
y}],j(“i) = {H:I.f}ief,__,tu.J , y:'._‘.l'(”i} == {yi,f}IEF._qu.)

e 1 (|| i — ¥, ||= threshold)
HEE 00 (1w - y?; ||< threshold)

hig € {0,1}

olo|o
olr|k
P|P|H

¥l € {0, ,255) yig € {0,--- , 255}

Difference Image
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Initialized Image Current Image

Problem Setting(Cost Function)
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1 (|| ix — »¥, ||= threshold)

Fij € L theset of pixelscapturing 75, hi; = { 0 (vt — g || < threshold)

Cost function
W) = 4 00 @I" (@) (L (@) 5" (a) > a)
? a (I%°(a) 15" (a:) < @)
() = ( W hu) /| 5(aq)| I35 (a;) = | Fii(as)| /L
1EF; 5(as) -
envirorjmental
change:
resource 1 resource 1
Cameralmage Cameralmage

Welfare Wi(a) = t:,]EI}.'é_:ifE!] Wi,j(a;)
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Problem Setting (Potential Game)
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Cost function
W) = 4 10" @I5 @) (L) I (@) > )
[ARLE a (Ii.“.r"(a.-)15“-““(&-) < 0)
- i t/)54, g i) =F
Welfare  Wj(a) = Jmax Wi ilai)

Utility Uil = 37 Wjla) = Wji(a)
rieRi(a:)
Global Objective W (a) = Z Wila)
r;ER

U;, W satisfy the following equation
Us(al,a_i) — Ulai,a_s) = W(al,a_i) — W(ai,a—:) Vi, @i, ﬂ';a a_;
m) agame G = (C. A, {U;}.cc. W) compose apotential game
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Learning Algorithm  PIPIP
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Experimental System
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Network

"

s Image !
1 Learning | _{/ | Processing | I
H Algorithm “Numeric | |
) Calculation | 1
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Experimental Setting
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Experimental Condition
Monitoring the environmental change on the ceiling(2D surface)

| environmental change

Experimental Condition ~ EXperimental change :
(Light on the ceiling) 3

Resources arrangement
divide the monitoring territory(2D surface) into 0.3 X 0.3[m2] areas.

l 2
4
Cameralmage i

-
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Experimental problem setting
C= {("1._(:2.(";;.(’.1} , a; = (f’,;‘Pi"/\l'}‘EA;

Aila:) = {a; + (5by,5ba, 2b3) € A;lby,ba, by € {~1,0,1}}
R={r1,- 750}
I () I o) (1) I8 (@) > 0.05)
Wi i(a;) 0.05 [I}_‘}r"(fr.-'J!,‘-fl,""(a;:] < 0.05,7; is visible perfectly)
] [f}f_",r"(rr,-]f:!_';;'l(n,-] < 0.05,7; isn't visible perfectly)
PIPIP parameter : eps = 0.05 (const), « =0.3
Experimental Situation (EnV| ronmental change)

Casel.

0light l|lght 2light

(No environmental change) a

Experimental Result
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Experimental Analysis
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12 1 2
Seminar
[ Experiment ]
[ Write the thesis ]
[ Preparation of the thesis ]
presentation
Thesis
Presentation
Experiment

Try similar experiment again

Change the Experiment situation (ex. the light number)
Experiment with another Learning Algorithm

(Simple Experimentation with Irrational Decisions)
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L earning Algorithm (PIPIP)
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Initialization: Aetion a is chosen randomly from A
Setal «— a;,a® — a;, Ul «— Ula), Ui(a)? — Uia), A; «— Ofor alli € Vandt — 2
Step 1: Update e,
Step 2: F U} = U2 or U} = U? = 0, then set
atme { end(Ci(a) )\ {a]), w.p. e
! aj;, w.p. 1

IF U} = U2 =0, then set

tmp { md(Ci(al )\ {al), w.p. as
a; .

al, w.p. 1 —as
Otherwise, set

md(Ci(al N\ {al), wp. e
a™ — ¢ al, w.p. (1= g)(nedi)

i
rr’f. w.p. (1 =)l — ke®)

Step 3: Execute the selected action a!™".

Step 4: Receive U™ (a'™?) .

Step 5: Set a? — al,al —al™" U2 — UL U} — U™ and A; o U2 = UL,

Step 6: t 4 1 and go to Step 1.
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Problem Setting

R={ry, -+ ,rm} resources
Ri(a;) € R visible resources from camera ¢; with a;
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Information got from cameraimage
I={1,--+,L;} € L; thepixel number in theimage of camerac;
yig € {0,--- ,255}the visual measurements(raw data)about camera ¢;

Information about resource 7; € R;(a;)
Fijla;) thesetof pixelscaptureing r'; in theimage of camera c;
Vi i(a)) = {w her. (o) Storedinitia visual information about r; € R;(a;)

Yijlai) = {iiher ;) thevisua information about r; € Ri(a;)

pog =4 L U=y 1= threshold) g s e rmation of environmental change
0 (|| wig = u}; ||< threshold)
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