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e |s the spatial exploration problem solved?
e How well do recent approaches compare with each other?
e \What are the strengths and weaknesses of different approaches?

Speaker: Santhosh K. Ramakrishnan, UT Austin & Facebook Al Research



A |ack of standardized experimental conditions

23-28 AUGUST 2020

Architectures, algorithms
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- area covered

- objects covered

- reconstruction

- navigation

- overcoming sparse rewards
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e Rewards visiting states that are infrequently visited

Novelty

T n(s) = number of times state s has been visited
n(s

Discretize the world into grids
that represent states

Unifying count-based exploration and intrinsic motivation, Bellemare et al, NeurlPS 2016
# exploration: A study of count-based exploration for deep RL, Tang et al., NeurlPS 2017
Episodic curiosity through reachability, Savinov et al., ICLR 2019
Speaker: Santhosh K. Ramakrishnan, UT Austin & Facebook Al Research
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e |earns aforward dynamics prediction model Cutiosity

e Agent is rewarded for visiting states where this model is poor at prediction,
i.e., do things you are curious about

r(s) oc ||s" = fa, 5)|

Exploration in model-based reinforcement learning by empirically estimating learning
process, Lopes et al., NeurlPS 2012
Curiosity-driven exploration by self-supervised prediction, Pathak et al., ICML 2017
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e Maximize the amount of area seen during exploration ( 4 ) Coverage

r(s) = AA

Exploration in model-based reinforcement learning by empirically estimating learning
process, Lopes et al., NeurlPS 2012
Curiosity-driven exploration by self-supervised prediction, Pathak et al., ICML 2017
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e Actively gather information to reconstruct the entire environment

Reconstruction

Reward
t=1, MSE =48.003 t =3, MSE = 16.551

Ground truth

t=0, MSE = 72.684

r(s) o« —AMSE

Learning to Look Around: Intelligently Exploring Unseen Environments for Unknown Tasks,
Jayaraman & Grauman, CVPR 2018

Sidekick Policy Learning for Active Visual Exploration, Ramakrishnan & Grauman, ECCV 2018
Emergence of Exploratory Behaviors through Active Observation Completion, Ramakrishnan et
al., Science Robotics 2019
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Photorealistic 3D environments

Active Vision Dataset [1]

[1] A dataset for developing and benchmarking active vision, Ammirato et al., ICRA 2016
[2] Matterport3D: Learning from RGB-D data in indoor environments, Chang et al., 3DV 2017

Speaker: Santhosh K. Ramakrishnan, UT Austin & Facebook Al Research 15
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Exploration policy architecture

Allocentric map B Obstacle
[ Free space ResNet-18

[1 Unexplored . Collision encoder

A
/}:i?:‘) Encoders . Action encoder
- o

@ \_ N1 7 _| ar_1
| | _ Actor
Scoarse | |
, o | | l GRU T o~y
| |
piin |= y : ] Critic
| | X
Bump >
sensor '

Learning Exploration Policies for Navigation, Chen et al., ICLR 2019
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Evaluation metrics suite

Visitation metrics
-  Area covered
- Objects covered

Downstream task transfer
- Pose estimation

- Concept reconstruction
- Navigation

Speaker: Santhosh K. Ramakrishnan, UT Austin & Facebook Al Research
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S1 - Navigation S2 - Mapping S3 - Object discovery
S4 - Localization S5 - Reconstruction
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Impact of noisy odometry on exploration

Matterport3D
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e Taxonomy of exploration algorithms
e Exploration study benchmark

o Photorealistic 3D environments
o High-performance exploration architecture

o Diverse evaluation metrics
e Study reveals strengths and weaknesses of existing approaches.

Speaker: Santhosh K. Ramakrishnan, UT Austin & Facebook Al Research
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