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Introduction

 Active Exploration
* Gain-based Exploration
* Full Map Posteriors
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Exploration

Robot actively performs actions to gather information during SLAM

Strategies:
 Random Exploration
* Frontier Exploration

« Information-Gain Exploration
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Information Gain-based Exploration
Using Rao-Blackwellized Particle Filters

Stachniss, Grisetti, Burgard

» Leverage Patrticle filters for maximizing information gain
Pose and Map uncertainty
Theory:
Entropy:
« Map: V measurement, V positions, V particles - Pose: V trajectories
» Trade off: Costvs. Information Gain
Practice:
1. Draw particle (weight)
2. Predict laser beams

3. Update Map & calculate Entropy Novelty:
4. Pose Entropy only « FMP-Maps
5. Add Entropies  FMP-Entropy
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Information Gain-based Exploration

Using Rao-Blackwellized Particle Filters
Formulas Stachniss, Grisetti, Burgard

1. Information Gain:
- General I[(2,a;) = H(p(m,x1.4|dt)) — H(p(m, 1.4, T
- Expected Gain  E[I(a:)] = [, p(Zlas, di) - I(Z2, ar)dZ

dt7 g, 2))

- Singleparticle = [, > wy - p(Z|lag, m, x1:4, dr) - p(m|z1e, di) - (2, ar)d2

- Approximation  DrawParticle — Raycasting — UpdateMap — CompareEntropies
2. Entropy

- General H(p(x1.t,mldy)) = H(p(z1:tlde)) + > w- H(p(m|r1.t,dt))

- Approximation H(p(x¢,m|dy)) ~ H(p(xe|dr)) + > w- H(p(m|xy,dy))

~ ShannonEntropie + MapEntropies —
- Yoawrlog(w) + >, (w- = >, pc)logp(c) + (1 — p(c)) log(1l — p(c)))
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Information Gain-based Exploration
Using Rao-Blackwellized Particle Filters

Formulas

1. Information Gain:

1(2, a,t) —

- Single particle

- Approximation
2. Entropy

- General

- Approximation
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Stachniss, Grisetti, Burgard

dt,at, 2))

H(p(ma xl:t‘d ))_ H(p(m> L1:t, x

L \""v/l Jz L N1 Tvs ey N A
~ f2 Zp Wt 'p(2|at) m, X:¢, dt) 'p(m‘xl;t, dt) . I(ZA’, at)dZA'

DrawParticle — Raycasting — UpdateMap — CompareEntropies

H(p(z1:4,mlde)) = H(p(x1:elde)) + > w- H(p(m|z1:, dt))

H(p(xe,m|dr)) = H(p(w¢|dr)) + 3w H(p(m|ze, dy))
~ ShannonEntropie + MapEntropies —
- Yoawrlog(w) + >, (w- = >, pc)logp(c) + (1 — p(c)) log(1l — p(c)))
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Closed-Form Full Map Posteriors for
Robot Localization with Lidar Sensors

Luft, Schaefer, Schubert, Burgard

Traditional map only OCC-probability — not uncertainty

« Structures smaller than resolution Beta Distribution
. o ﬂ — Measurements: 2
e Reflection Model: Z'r'ef — m —— Measurements: 200
a:Hits,3:Misses
« Posterior: bel(occ) = Beta(a, 3) g
0.0 0.2 0.4 0.6 0.8 1.0

x
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Closed-Form Full Map Posteriors for
Robot Localization with Lidar Sensors

Luft, Schaefer, Schubert, Burgard

 Traditional map only OCC-probability — not uncertainty

e Structures smaller than resolution

* Reflection Model: [, ., = ﬁ
a:Hits,3:Misses

bel(occ) = Beta(a, 3)

Entropy

* Posterior:

H(Shannon) = occ-log(oce) + (1 — oce) - log(1 — oce)
H(Beta(o,9)) = In(Beta(a, 0)) + (o + 6-2)-v(a+p) | = ™

-(a—=1)-¥(a) = (6 —1)-9(B)
Measurements

University of Freiburg | FMP Exploration 3. April 2024

universitatfreiburg



Motivation

* Information gain important!
« Utilizing uncertainty of maps and poses
 Full Map posterior:

- Half occupied cells

- More accuracy

- Fast calculation

e Information Gain
* Using FMP — Maps
* In ROS environment
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Implementation

* Environment
* Request Cycle
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FMP-Explorer
- Setup -

husky gazebo habitat FMP_Mapping
spawns robot simulates the environment performs SLAM
uses FMP maps
- FMP maps
occ_map
v 4——frontiers v
FMP_Explorer explore_lite

calculates Information Gain V frontiers
returns best pose

searches new frontiers
sends request to FMP-explorer

goal
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FMP-Explorer
- Request cycle -

FMP Explorer

Path Calculator
MapChangeSimulator
Entropy Calculator
explore lite

optional

exploration ended :-)

I inplace rotation = =------------ :

.;: .

© ' 5 4

' no

| |

M— '

= : receiving new update position, - 3 frontiers? yes stop movement multi thre_adlng

8 : request maps & entropy V frontiers

g ¥ v

. a : getscan-update _ = i iate angles calculatg initial smoothen Plan < get globa_l -plan ______ check reachability
o8 : -poses rotation (only positions) & move goal

© .

'E_ Y poses expdecay ----------------- )
g?’ : V ! 4
S .

7] ' .
< : getlaserbeams W beams—» Jetallcellscrossed  yeens check for Hit ¥ penetrated—» update a & B Maps < --------------  calculate
2. . by beam distance in cell
(1] '
o : l
0 .
85
— H H
g5 : send response = blacklisting - evaluate bgst Pose calculate entropy
< i | unreachable (entropy / distance)
) 1 send to move_base
g :
o : :
o : . made -
= - »  search frontiers = same goal? yes—p- Tl ——no—- sending new request
=
s
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Testing

« Scenarios
* Results
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Testing Scenarios

1. Skloster — dining hall

* Bigroom

e Few small structures
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Testing Scenarios

2. Gallery

* Big hall

« Big structures
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Testing Scenarios

3. Restaurant

User Perspective
(135) Collection

« Windingroom

« Many small objects

B iR &

 Narrow
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Results

1. Skloster

= Resolution: 0.1 m Tests: 10
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Results

1. Skloster

Resolution: 0.1 m Tests:
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Results

2. Gallery

Resolution: 0.1 m Tests: 10
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Results

3. Restaurant

Resolution: 0.1 m Tests: 10
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Results

1. Skloster

Resolution: 0.5 m Tests: 6

1000

800

600

Discovered Cells

400

200

0.0 2.5

5.0

1.5 10.0 12.5
Distance (meter)

15.0

17.5

20.0

Map Entropy

14200

14000

13800

13600

13400

—— FMP Explorer
—— Explore Lite |

0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Distance (meter)

universitatfreiburg

University of Freiburg | FMP Exploration 3. April 2024 21



Results

1- SkIOSter Resolution: 1m Tests: 9
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Results

1. Skloster Variance

Resolution: 0.1 m

Tests:
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Conclusion

 Interpretation
* Future Work
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Conclusion
Interpretation - Ideas

Challenges: Advantages:
« Computational effort  Actually working
* Only a bit better « Small structures:
* Unrealistic to use - Significantly better

 Low resolution:
- Faster

- Performance still good

For certain scenarios might be an interesting idea to use.
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Conclusion

Future Work (present work)

* RoboCup — Restaurant Scenario
« SLAM
« Serving many customers
« Combining Exploration with Destination
« Optimization
* Low resolution

« Finding most informative path
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Thanks for attending :-)

Robin Dominic Steiger
Robot Learning Lab Freiburg
Telefone +49 157 3484 5522

steigerobin@hotmail.de
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FMP-Explorer
- Classes -

pathCalculator

FMP Gmapping

FMP_Explorer

+ FMP-Maps
+ Pose

«Service»
fmpServer

- move_base
- map Entropy
- fmp Maps

- position

-TF

- check_reachability
- move_base client
- tolerance

explore_lite Frontier ( + Info)

{> Force new goal
- Frontiers (+ Infos)

Goal
Blacklist Areas
Distance to goal

+ getBestPose(request)

- updatePoseAndMaps

- publishEntropy

- rotate_in _place

- process_thread(frontier)

- evaluateEntropy(sim_entropy, path_cost)

+ calculatePath(startPose, frontier, costMap = None)
- get_initial_rotation(startPose, firstPathPose)

- smoothen_poses(initialPose, allPoses)

- calculate_angle

- normalize_angle

- calculate_update_Pose(lastUpdate, newPose)

- pointReachable(point)

- move_goal_closer(startPose, goalPoint

- get_path_length(startPosition, allPoses, goal)

mapEntropy

isReflectionMap
alphaPrior
betaPrior
maxEntropy

+ getFMP_Entropy(alphaMap, betaMap)
+ getMap_Entropy(probabilityMap)
+ getDiscovered_Cells(probabilityMap)
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MapChangeSimulator

FMP_Objects |

Frontier

DoubleGridMap

- laserlnfo

- use_limits

- isReflectionMap

- checkHitPrior

- probabhilityMap, alphaMap, hetaMap

- deepcopy of probabilityMap, alphaMap, betaMap

Laserinfo

OrientedPoint

+ calculateMapChange(updatePoses, probMap, alphaMap, betaMap)
- calculateBeta_with_raycasting(orientedPoint)

- bresenhamSupercover(startPoint, endPoint)

- checkForHit(cell, startCell, endCell)

- calculateR(cell, beamStart, beamEnd)

- changeFullPosterior(touched_cells, beamStart, beamEnd)
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