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Gaussian Root Mixture A\‘(IT

Karlsruhe Institute of Technology

s 41
GRM:  r(z) = 3 vi N (3 i, P2
i=1
v K
GM:  f(z) =r*(x) = > wpN(z;e,5%) , o2 =9
k=1 T |
K = R2 @0.1- \/\
—  Closed form expression of f in the parameters of r ool = , e

10 5 0 5 10

X
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Irif) = /:L’ER,f>O f(x) o

bad for mixtures

Prof. Dr.-Ing. habil. Uwe D. Hanebeck

13 27th International Conference on Information Fusion, Venice, July 2024 Intelligent Sensor-Actuator-Systems (ISAS)



Fisher Information A\‘(IT

Karlsruhe Institute of Technology
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Fisher Information \‘(IT
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Ip(f) — /xeR,f>0 f(:lj) dz — IF (7”‘) — 4/xER (T/(Qj)) dx

bad for mixtures good for mixtures

—  Closed form expression of Ir(f) in the parameters of r

"

GRM: sz 33 s Pisy )
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params of r(x):
{U’iv Pi; P’L}ff%zl
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GM Moment Matching A\‘(IT
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I'r(f) —» minimize

3y
=
||

params of r(x):
{U’iv Pi; P’L}ff%zl
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GM Moment Matching A\‘(IT
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I'r(f) —» minimize

3y
=
||

params of r(x):
{U’ia Pi s P’L}ﬁ:

\f(a;) _>/ dx_,match

moments
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GM Moment Matching A\‘(IT
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/ I7(r) = Ir(f) —» minimize

params of r(x):
{U’ia Pi s P’L}ﬁ:

\f(a:) _>/ dx_,match

moments

closed form expressions
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GM Moment Matching A\‘(IT
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I (r) = Ip(f) —» minimize
/ \

Constrained
params of r(x):

R closed form expressions nonlinear
{vi, pis Pi}itq optimization
f(z) =r?(z)—> / z™ - f(z) dg —» Mateh /
R moments
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Tandem processing in root mixture space space R and original mixture space M
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Optimization (2)

AT

Karlsruhe Institute of Technology

Tandem processing in root mixture space space R and original mixture space M

Root Mixture Space

Original Mixture Space

Fisher Information Constraints
A A
i IR () S.(f) L
Optimization
|
Conversion

r(z) [ R—>M f(z)

Root Mixture ‘
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Demonstration A“(IT
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Measurement model: y=~h(x)+v , h(z)=—2"—2, X,=2
= Likelihood: A(z) =N
2

Measurement: ¢ =

== prior

likelihood
0.3 4|=9ground truth
== proposed

0.1

0.01

_20 10 0 10

X
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More typical use cases:
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More typical use cases:
» Estimating continuous probability density function from given samples
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Karlsruhe Institute of Technology

More typical use cases:
» Estimating continuous probability density function from given samples

Density estimation
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:
» Estimating continuous probability density function from given samples

Density estimation

A f(z)
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:
» Estimating continuous probability density function from given samples

Density estimation

A f(2)

L

given samples
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:
» Estimating continuous probability density function from given samples

Density estimation

s S (@) density estimate

| ]

given samples x
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation

density estimate

| ]

given samples x

A LU
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints

density estimate

| ]

given samples x

A LU
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints
) f(2) density estimate A f(2)
‘ ‘ >
given samples x X
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints
) f(2) density estimate 4 f(2)
given samples x X
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Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints
) f(2) density estimate 4 f(2)
given samples x X
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Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints
) f(2) density estimate 4 f(2)
given samples x X
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Context & Motivation (3) AT

Karlsruhe Institute of Technology

More typical use cases:

» Estimating continuous probability density function from given samples
* Find continuous pdf fulfilling equality and inequality constraints

Density estimation Form constraints

s S (@) density estimate ) f()

\—/

Nl

given samples x x
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Context & Motivation (4) AT
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More typical use cases:
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

Prof. Dr.-Ing. habil. Uwe D. Hanebeck

18 27th International Conference on Information Fusion, Venice, July 2024 Intelligent Sensor-Actuator-Systems (ISAS)



Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

A f(z)
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

A f(z) mixture (few components)
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More typical use cases:
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

A f(z) mixture (few components)

>

increase number of components
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

A f(z) mixture (few components)

>

increase number of components

A f(z)

>
T
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density

A f(z) mixture (few components)

>
X

increase number of components

A f(x) mixture (many components)

>
T
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More typical use cases:
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>
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T
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

>
X

increase number of components

A f(x) mixture (many components)

T
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Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

A f(z)

>
T >

increase number of components

A f(x) mixture (many components)

T
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Context & Motivation (4)

More typical use cases:

* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

increase number of components

>

X

A f(x) mixture (many components)
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Context & Motivation (4) AT

Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

A (@) extract some moments

>
T >

increase number of components

unknown density

A f(x) mixture (many components)

T
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Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

A (@) extract some moments

>
T >

increase number of components

unknown density

A f(x) mixture (many components)

solve moment problem

T
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Karlsruhe Institute of Technology

More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

A (@) extract some moments

>
T >

increase number of components

unknown density

A f(x) mixture (many components) A f(@) I —
solve moment problem

x > 1
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More typical use cases:
* |ncreasing number of components of mixture density
» Estimate continuous pdf from set of given moments

A f(z) mixture (few components)

A (@) extract some moments

>
T >

increase number of components

unknown density

A f(x) mixture (many components) A f(@) I —
solve moment problem

T T
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General setup:
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Context & Motivation (5) AT

Karlsruhe Institute of Technology

General setup:
= (Virtual) underlying true density f(z)
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Context & Motivation (5) AT

Karlsruhe Institute of Technology

General setup:
= (Virtual) underlying true density f(x)
» Discrete set of specifications S;
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Context & Motivation (5) AT

Karlsruhe Institute of Technology

General setup:
= (Virtual) underlying true density f(z)
» Discrete set of specifications S;

Given density f(z)
Entire shape of f(x)

Information
bottleneck

l Finite number of

specifications S; € S

Calculate least-informative pdt

v

Desired density f(x)
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