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1. Introduction 4. Theorem — 1D Case
Decision making under uncertainty - fundamental problem in | ¢ Consider some two actions a and b with measurement Action a Action b
autonomous systems and artificial intelligence models z, = h, () + v, and z, = hy () + v [t =1+H'S'H, I =I14+HI'S'H,
Objective: find action(s) that minimizes an information- | * Theorem: ot Tl by T 1
theoretic objective function (e.g. entropy) £ |Ia+‘ S ‘IH‘ — ‘Igﬂ < \I(’?+\ } =L BN e LT = e B,

Decision making over high-dim. state spaces is expensive!
Evaluating impact of a candidate action - O(n°) with z € R”"

* |n words: the impact of any two candidate actions has the same trend regardless if it is calculated
based on the original or conservative information space
2 Introduction - Motivating Example  Therefore: decision making can be done considering a conservative information space

Active SLAM, belief space planning
= State: L0:k :{ Xro °°° XL Lk }

6. Concept is Valid (at Least) for

@ Observation models that include the same arbitrary
states, possibly with different measurement noise
covariance zi=h(X)+v; X' CX

@ Unary observation models, possibly involving
different states z; = h; (z;) +v; x; € X

@ Pairwise observation models with the same
uncorrelated statex: 2 = h; (x5, 2) +v; 2,2, € X

5. High-Dimensional State Space

* |sthe concept valid?

* Going to the extreme: approprlatelv drop
all correlation terms.

* Decoupled conservative pdf: .

" pdf: P (To:x|20:k, Y0:k—1)
How to autonomously determine future action(s)?
Involves reasoning, for different candidate actions,

about D (To:k+1|20:k> Y0:k—1, Wkikt L—1, Zht-1:k+1)

3. Concept

 Resort to conservative information fusion techniques
for information-theoretic decision making

* Conservative information fusion approaches (e.g. [2]) -
Allow to consistently fuse information from multiple

7. 2D Example for Case @

d pl’IOrl covariance: Z —=,

5 _ [ 211 219 ] > — [ 211 0 ] ;

8. Applicable to Active SLAM? — Key Questions

The following aspects are suggested for future investigation:

. . . T % 0 %,
correlated sources, without knowing the correlation B o . More general observation models, e.g. binary models
Action a Action b

 Key idea: Reduce computational complexity in decision
making by (appropriately) dropping correlations

 Extreme case - drop all correlations: O(n3) == O(n)

s Do we get the same performance??

involving robot poses and landmarks (addressed in [1] for
specific cases).

Lo is measured I1is measurec

Examine concept while incorporating control terms.
Active focused inference [3] (objective function involves
only part of the variables).

Multi-step planning horizon to support planning in the
conservative belief space
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Do not need correlations to decide which
action is better!




