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*f Exploration, surveillance: What do we do 7

g

o Target detection - patrolling in known environment
but want to increase system global knowledge

@ Events and dynamic exploration
= situation awareness

Cases where communication is really limited

@ Decentralized decision-making




“f Situation awareness : what's going on 7

g

Purpose of the situation awareness

@ Situation : set of all the entities in an environment + relations between them

@ = build an accurate representation and maintain it among time

Application examples




*f Situation awareness with multiagent system

g

@ Agents have to cooperate to build a complete and dynamic view of the
situation

@ Agents should organize their exploration to be as efficient as possible
@ Agents cannot exchange all information all the time

Problems

@ How to explore efficiently ?

@ How to choose information to communicate ?
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@ & = {Xk} : environment as a set of features
o AG = {a;} : agents set
e O = {on} : observations set

° Bft = {b}jtVXk € &£} : beliefs of agent a; concerning the environment
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Is o, relevant for agent a; ?

@ 0, is true

@ a; is interested in the subject of o,

@ 0, is new for a;

@ if o, is not new, o, should improve the beliefs of a;
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50% 50% . 70% 30%

Hellinger distance : bounded distance between two probability distributions

MBEIBE ) = Tce 51/ Sca B G) — o cra O
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70% 30% . 80% 20%

@) i; @) o
| > [T

Entropy : amount of information in the belief state

H(BE,) — H(Bf 1)

1
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Hellinger distance : bounded distance between two probability distributions

Dy (BE 1B 111)

Entropy : amount of information in the belief state

Relevance degree

£ 1RE 7
reli(op) = (1 = 8) D (B [|Bi ¢41) + 6
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POMDP formulation
A POMDRP is a tuple < S, 4,0, 7T ,w, R, by > with
@ S set of states

A set of actions actions

O set of observations

T :S x A— S transition function
w:S x A— O observation function
R:S x A— R reward function

bg initial belief state
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Set of actions

@ Explore action : Explore(Xy)

e Communicate action : Communicate(op, a;)

Extended Belief State
1,1 1 i1 |AG|.1
b i b{t bjt b t \
_ 1,k ik i k |AG|.k
Bi. bi,t b{,t b:.t b t
1,|&]| €] "-.IEI |AG|,|E|
bi i b: t b:t b:',t )
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1,k
B

2,k
1,t+1 Bi,

3.k
By
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What is good to do ?

@ collect a relevant observation

@ send a relevant observation

| \

Hypothesis

An observation should be coherent with the real state of the environment to be
relevant

A\

Problem

Agents have incomplete view of the environment.
= how to assess the veracity of an observation ?
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Using agent's beliefs

The agent's beliefs should support the fact that the observation reflects the real
state of the system.

Z Bi +(s)w(on, s, a)

seS

Reward for Exploration

R(Bi .+, Exp(Xk)) = Z ZB,-,t(s)w(o,,, s, a)reli(on) — Cep(xy)

on€0 seS

Reward for Communication

R(Bi,t; Comm(oka aj)) = ZBi,t(S)w(OmS) a)re/j(o,,) - CComm(o,,,aj)
seS

A\
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1 ‘ 2 Performance measures
i @ Amount of false belief states
a* i -9 @ Time to get a stable belief state
@ Amount of messages sent
3 4
_* f-%f

@ 2 types of observation : empty, notEmpty

@ Static environment (are the robots able to explore correctly ?)
o Beliefs discretization [0,0.2,0.5,0.8, 1]

@ Value iteration algorithm
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Agent-oriented relevance degree

‘f Conclusion and Future Work rie

The le
. Evaluation
| Conclusion and Future Work

The model

@ Bounded relevance degree based on Entropy and Hellinger distance

o Improvement agent's beliefs convergence towards common beliefs

@ First results promising

| \

Future work
@ Algorithms development to overcome the scalability issue (ongoing work)

o Extension of the model to really make the exploration endless (ongoing work)

@ Combining with goal-oriented frameworks to achieve more various tasks

A\
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