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Information Value Functions for Sensor Planning:

Information . : . :
value Decide . Sensing Monitor Spatlal
. sequence phenomenon
function

e State of the art

— “An Information Potential Approach to Integrated Sensor Path Planning
and Control”, G. Zhang, et al.

— “A Comparison of Information Functions and Search Strategies for
Sensor Planning”, 2012. S. Ferrari, et al.

e Main contribution:

— Method for continuous spatial phenomenon
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Nomenclature
A: Region of Interest

SYSTEMS AND CONTROLS
60
I50

= g: Spatial phenomenon
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Spatial phenomenon,

g(x),xe A
 Defined over two-dimensional region of interest, A C R?
* Time invariant
* Max temperature of the continental United States in August
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Nomenclature

A: Region of Interest
g: Spatial phenomenon
T Targets

Set of targets,

T = {t@‘l =1, ,T},t@' cA
* Represent points of highest interest in A

* 7T and r can change over time

Introduction ~ Problem formulation =~ Methodology =~ Simulation  Summary 5



VL ISC

LABORATORY FOR INTELLIGEMNT AcceSSible SeHSing Locations

SYSTEMS AND CONTROLS

Nomenclature

A: Region of Interest
g: Spatial phenomenon
T Targets

S: Accessible sensing locations

Set of accessible sensing locations, S
S={sjlt =1,--- 1}y C A
* Known a priori

e Size of S 1s limited
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At the kth time step 7,
* Sensor takes one measurement from,
- V€S
e sensor model:
-z =g(yk) + €
— &: additive Gaussian noise, N (0,07)

* History of sensing sequence

Y =yil -y
* History of observations
Z, = [z] 2]
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Nomenclature

A: Region of Interest

g: Spatial phenomenon
T Targets
S: Accessible sensing locations
Y, =1yl |y
Z, = [z] | 2]

Sensor planning:

Decide Y, *=[y,"| -~ | y,” ] that minimizes

err == |37 (g(x) — BLf(x)[ Vi Z4)?

x; €T
fory“eS,i=l,...,k

Introduction ~ Problem formulation =~ Methodology =~ Simulation  Summary 8




vLISC Gaussian Process:

LABORATORY FOR INTELLIGEMNT

SYSTEMS AND CONTROLS Model the S atial Phenomenon

Estimation of spatial phenomenon:
. g(X) < estimation f(X), = .A

* f(x)~ Gaussian process

Gaussian process:
f(x) ~ GP(m(x),k(x,,X,))
m(x) = E[A(X)]
k(xy, X,) = E[(f(x))-m(x,))([(X,)-m(X,))]
Notation:
« X, =[xq] - |Xx],xeT,i=1,....r
+ Xy =[Ax) - Ax) ]
* m(Xp) =[m(x)) - m(x,) ]
* KXV, jl=k(x,y), x,=X[:, 1], y,= Y[, /]
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Prior distribution on targets:

f(X7) ~ N (m(Xr), K[X7, X7])
Prediction:

[ Z. ]NN([m(Yk)] [K(Yk.Y;ﬂ)wLa?I K(Yk.XT)])
f(Xr) m(Xr)| |  K(Xr, Yyg) K(Xr, X7)

Posterior distribution on targets:

f(Xo)| Yk, Zy ~ N(pr, Xi)
where,

pe = m(Xr) + K(X7. Yi)[K(Ye. Yi) + 0217 (Zg, — m(Yy,))
Y = K(X7. X7) - K(X7. Y3)[K(Yr. Yi) + 01 K(Yr. X71)
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Kullback-Leibler (KL) divergence: difference between P(x) and O(X)

D@ =~ [ m Do)

o P(x)dx

Choose {y,,z,} to maximize
D(p(£(Xp)[ Y, Zi)|[p(£(Xp) [ Y -1, Zy—1))

But z, 1s unknown =) expected discrimination gain (EDG)

Op(E(X7): 2klyre. Yi—1,Zp—1) =

/D(p(f(XT)Yk’—lazk—laYk:aZk)p(f(XT)Yk—laZk:—l))

X D(2e| Y1, Zp—1,x)dzy,.
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For multivariate Gaussian distributions, the EDG is
@D(f(XT)a 2k ‘Yk:q Yk;_l, Zk—l) —

e 1 det(Ek)
/_Oo §(tr(2k_12k) — ln(det(Ek_l)) —r

+ (ﬂk - ”k’_l)TZ;—ll(y’k’ - u’k—l))N(Uzm O-z;c)dzk-

where
Mz — K()’ﬁc-. Yk—l)[K(Yk—l,Yﬁg—l) + UQI]_I(Zk—l — m(Yk—l))
-+ T?’Z-(y;c)
and
0 = Ky, Yo 1) [K(Yro1, Y1) + 071 ' K(Yeo1. yi)
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Integrating EDG analytically over z, to reduce computation

@D(f(XT)zk\yk Yk 1,Z;€_1)
_ det(Ek)
— 1 — —
— CO' \/_—|— O'Z;\/E(U'(Ek_lzk) ln(det(Ek_l)) r

+VIMISE! (M V) = 2M, Va) + VIME S ML Vs )

where
M, = K(X7, Yi—1)(K(Yr-1, Yi-1) + 021)_1

Mo = K(X7, Y1) (K(Y, Yi) +0°1)" !
Vi=Zp-1 —m(Yy_1)

Vo = [(Zi—1 —m(Yi1))" pey —mlyn)]”
¢ = diag(M 3,1 M) [k]
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Greedy algorithm for sensor planning:

Input: functions: m, K(-, -);
sets: S. 7T
scalars: maximum number of observations, /Ny
Output: sensing location sequence Y y,
begin
YNf — w
for k =1: Ny
yr = argmax ¢p(£(X7): zx|yr. Yr—1, Zr—1)
YLES
Y[k.] — Yk
2k = g(yk) + €
Z[H — Zk
endfor
return Y
end
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Data:

Maximum temperature distribution of the continental United States
territory in August, 1997

Prior distribution:

* m(x)=0
¢ k(xi,xp) = ¢ Pl
Other parameters:
parameter value memo
r 41 number of targets
[ 100 number of accessible sensing locations
o 1.0 [°C] standard variance of sensing noise
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A

1
Estimation error: é(¢p) = — || — g(7T)||
r

greedy error
random error
- - - - greedy variance

Estimation variance: G(¢p) = — tr(X;)
r

Random algorithm: y, ¢ S~ 1/] - - - -random variance
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 Problem formulation
— Sensor planning

Methodology

— Gaussian process: data representation
— Information value function: greedy algorithm

e Contribution
— @Greedy algorithm for continuous spatial phenomenon

Future work
— More covariance function
— More nonparametric Bayesian models for various phenomena
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Thanks
Welcome Questions
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