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Long-term Goal

Is there smoke in any room
around you?

Yes, in one room

Go there and look for people

…

Physical agent
capable of taking
actions in the world
and talking to humans
in natural language

Image Credit: Lockheed Martin; DARPA Robotics ChallengeSlide credit: Abhishek Das



…

Image Credit: Lockheed Martin; DARPA Robotics ChallengeSlide credit: Abhishek Das 4



…

Slide credit: Abhishek Das

Internet AI à Embodied AI
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Image Credit: Image-Net

Image Credit: Lockheed Martin; DARPA Robotics Challenge



6 Image Credit: Image-Net, Video Credit: Lee et al., 2012

Egocentric vision

No access to well-composed, curated images

Slide credit: Abhishek Das

Internet AI à Embodied AI



7 Video Credit: Lee et al., 2012

Active perception

Action

Observation

Agent controls incoming data distribution

Slide credit: Abhishek Das

Internet AI à Embodied AI



8 Image Credit: Image-Net

Sparse rewards

Slide credit: Abhishek Das

Internet AI à Embodied AI



9 Image Credit: Image-Net

Sparse rewards

Slide credit: Abhishek Das

Internet AI à Embodied AI
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Sparse rewards

Slide credit: Abhishek Das

Internet AI à Embodied AI
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Language understanding
asda

nkslndjksan

asdlaskmdlas

Slide credit: Abhishek Das

Internet AI à Embodied AI
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• Slow

• Dangerous

• Expensive

• Difficult to control

• Not easy reproducible

Problems with reality

…
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• Slow

• Dangerous

• Expensive

• Difficult to control

• Not easy reproducible

Our Approach: Sim2Real
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Resurrection of Embodied AI
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EmbodiedQA

SUNCG (Song et al., 2017)

Datasets

Simulators

Tasks

Matterport3D (Chang et al., 2017)

AI2-THOR
(Kolve et al., 2017)

MINOS
(Savva et al., 2017)

Gibson
(Zamir et al., 2018)

Stanford 2D-3D-S (Armeni et al., 2017)

CHALET
(Yan et al., 2018)

House3D
(Wu et al., 2017)

Interactive QA
(Gordon et al., 2018)

Vision-Language Navigation
(Anderson et al., 2018)

Language grounding
(Chaplot et al., 2017,

Hermann & Hill et al., 2017)

Visual Navigation
(Zhu & Gordon et al., 2017,

Savva et al., 2017,
Wu et al., 2017)

HoME (Brodeur et al., 2018)

VirtualHome
(Puig et al., 2018)

AdobeIndoorNav
(Mo et al., 2018)

Matterport3DSim
(Anderson et al., 2018)

>= 2017 (!)

Slide credit: Abhishek Das 15



Abhishek Das
(Georgia Tech)

Samyak Datta
(Georgia Tech)

Devi Parikh
(FAIR/Georgia Tech)

Dhruv Batra
(FAIR/Georgia Tech)

Stefan Lee
(Georgia Tech)

Georgia Gkioxari
(FAIR)

Embodied Question Answering
[CVPR ’18 Oral]
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What is to the left of the 
shower?

Cabinet



EmbodiedQA

Slide credit: Abhishek Das



EmbodiedQA

House3D (Wu et al., 2017)

Slide credit: Abhishek Das



EmbodiedQA

SUNCG (Song et al., 
2017)

House3D (Wu et al., 2017)

Slide credit: Abhishek Das



EmbodiedQA

SUNCG (Song et al., 
2017)

House3D (Wu et al., 2017)

Dataset

Slide credit: Abhishek Das



EmbodiedQA

SUNCG (Song et al., 
2017)

House3D (Wu et al., 2017)

Dataset

Simulator

Slide credit: Abhishek Das



EmbodiedQA

SUNCG (Song et al., 
2017)

House3D (Wu et al., 2017)

Dataset

Simulator

Task

Slide credit: Abhishek Das
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>= 2017 (!)
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Datasets: Matterport3D



Datasets: Matterport3D



Matterport3d dataset
[Chang 3DV 2017]

10,800 panoramic views 
194,400 RGB-D images of 
90 building-scale scenes

Datasets: Matterport3DDatasets: Matterport3D
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EmbodiedQA

SUNCG (Song et al., 2017)
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Simulators

Tasks
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Slide credit: Abhishek Das



Example: House3D

32[Wu et al. 2017]
Slide credit: Manolis Savva



Example: MINOS

33[Savva et al. 2017]
Slide credit: Manolis Savva



Gibson [Xia et al. 2018]

34Slide credit: Manolis Savva



AI2 THOR [Kolve et al. 2017]
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DeepMind Lab [Beattie et al. 2016]
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Slide credit: Abhishek Das



Vision

Language Robotics 
/ RL

Slide credit: Dhruv Batra 38



Vision

Language Robotics 
/ RL

Visual Navigation

Slide credit: Dhruv Batra 39



Vision

Language Robotics 
/ RL

V&L Navigation Embodied QA

Slide credit: Dhruv Batra 40



Vision

Language Robotics 
/ RLLanguage Grounding

Slide credit: Dhruv Batra 41



• Create the ImageNet/COCO/VQA of Embodied AI
• Dataset à Simulator à Task à Benchmark Challenge

Our Vision



SUNCG (Song et al., 2017)

Datasets

Matterport3D (Chang et al., 2017) 2D-3D-S (Armeni et al., 2017)

Simulators
AI2-THOR

(Kolve et al., 2017)
MINOS

(Savva et al., 2017)
Gibson

(Zamir et al., 2018)
CHALET

(Yan et al., 2018)
House3D

(Wu et al., 2017)

Habitat Sim

Generic Dataset
Support

Habitat API

Habitat Platform

EmbodiedQA
(Das et al., 2018)

Tasks
Interactive QA

(Gordon et al., 2018)
Vision-Language Navigation

(Anderson et al., 2018)
Language grounding

(Hill et al., 2017)
Visual Navigation

(Zhu et al., 2017, Gupta et al., 
2017)

Standardizing the Embodied Agent Stack



SUNCG (Song et al., 2017)

Datasets

Matterport3D (Chang et al., 2017) 2D-3D-S (Armeni et al., 2017)

Simulators
AI2-THOR

(Kolve et al., 2017)
MINOS

(Savva et al., 2017)
Gibson

(Zamir et al., 2018)
CHALET

(Yan et al., 2018)
House3D

(Wu et al., 2017)

EmbodiedQA
(Das et al., 2018)

Tasks
Interactive QA

(Gordon et al., 2018)
Vision-Language Navigation

(Anderson et al., 2018)
Language grounding

(Hill et al., 2017)
Visual Navigation

(Zhu et al., 2017, Gupta et al., 
2017)

Standardizing the Embodied Agent Stack

Julian Straub 
(FRL)

Richard Newcombe 
(FRL)



Julian Straub (FRL)

Richard Newcombe (FRL)



The Replica Dataset: A Digital Replica of Indoor Spaces [Straub et al. 2019]

FRL Surreal Team: high quality 3D reconstructions











SUNCG (Song et al., 2017)

Datasets

Matterport3D (Chang et al., 2017) 2D-3D-S (Armeni et al., 2017)

Simulators
AI2-THOR

(Kolve et al., 2017)
MINOS

(Savva et al., 2017)
Gibson

(Zamir et al., 2018)
CHALET

(Yan et al., 2018)
House3D

(Wu et al., 2017)

EmbodiedQA
(Das et al., 2018)

Tasks
Interactive QA

(Gordon et al., 2018)
Vision-Language Navigation

(Anderson et al., 2018)
Language grounding

(Hill et al., 2017)
Visual Navigation

(Zhu et al., 2017, Gupta et al., 
2017)

Standardizing the Embodied Agent Stack

Manolis
Savva (FAIR)

Yili Zhao
(FAIR)



Challenge: human vs machine needs

54

1080p @ 60Hz 256x256 @ 1000+ Hz

…

Slide credit: Manolis Savva





Habitat-Sim

• Photorealistic 3D simulator 
(C++ with pybind11)

• Generic 3D dataset support 
(Replica, Gibson, MP3D, +more)

• Fast: over 1,000 FPS single-threaded

10,000 FPS multi-process (single GPU)
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Habitat-Sim: Datasets agnostic!
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over 2x faster
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Why does speed matter?

Because you can now run experiments you couldn’t before. 



PointGoal Navigation









Goal





Agent and Model Design



Agent and Model Design



Agent and Model Design

• 1.25m tall cylinder with 0.1m radius



Agent and Model Design

• 1.25m tall cylinder with 0.1m radius

• Actions: 

o<stop>: Indicates the agent 

believes it has completed the task

o<forward>: Moves 0.25m forward

o<left>, <right>: Turn 10 degrees



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design



Agent and Model Design

• How do we train this agent?



Agent and Model Design

• How do we train this agent?

• Both actions (they are discrete) and 

the simulation are non-differential-able



Agent and Model Design

• How do we train this agent?

• Both actions (they are discrete) and 

the simulation are non-differential-able

• Use reinforcement learning!



Learning vs SLAM





Depth Agent (RL)



Blind Agent (RL)



Depth Agent (RL)





The agent must decide between left, right, and straight at the end of the kitchen



Goal Sensor (GPS+Compass) indicates straight



However, it can see there is wall straight



and a wall on the left



It correctly predicts that right is the direction to pursue





Backtracking

















SUNCG (Song et al., 2017)

Datasets

Matterport3D (Chang et al., 2017) 2D-3D-S (Armeni et al., 2017)

Simulators
AI2-THOR

(Kolve et al., 2017)
MINOS

(Savva et al., 2017)
Gibson

(Zamir et al., 2018)
CHALET

(Yan et al., 2018)
House3D

(Wu et al., 2017)

EmbodiedQA
(Das et al., 2018)

Tasks
Interactive QA

(Gordon et al., 2018)
Vision-Language Navigation

(Anderson et al., 2018)
Language grounding

(Hill et al., 2017)
Visual Navigation

(Zhu et al., 2017, Gupta et al., 
2017)

Standardizing the Embodied Agent Stack

Abhishek Kadian
(FAIR)

Oleksandr Maksymets
(FAIR)



Habitat-API

• Modular high-level Python library

• Easy to define virtual robot configurations

• Multiple Embodied AI tasks

• PointGoal, ObjectGoal, VLN, EmbodiedQA

• Baselines: Classical Robotics (SLAM), 

Imitation and Reinforcement Learning
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PointGoal Navigation: Go to (x,y)

Slide credit: Abhishek Kadian

Habitat Challenge and Workshop @ CVPR ‘19



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Habitat Challenge and Workshop @ CVPR ‘19

Agent



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Agent

Habitat Challenge and Workshop @ CVPR ‘19



Habitat Challenge and Workshop @ CVPR ‘19
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Replica (Straub et al., 2019)

Datasets

Matterport3D (Chang et al., 2017) 2D-3D-S (Armeni et al., 2017)

Simulators
AI2-THOR

(Kolve et al., 2017)
MINOS

(Savva et al., 2017)
Gibson

(Zamir et al., 2018)
CHALET

(Yan et al., 2018)
House3D

(Wu et al., 2017)

Habitat Sim

Generic Dataset
Support

Habitat API

Habitat Platform

EmbodiedQA
(Das et al., 2018)

Tasks
Interactive QA

(Gordon et al., 2018)
Vision-Language Navigation

(Anderson et al., 2018)
Language grounding

(Hill et al., 2017)
Visual Navigation

(Zhu et al., 2017, Gupta et al., 
2017)

Standardizing the Embodied AI Stack

127



• Create the ImageNet/COCO/VQA of Embodied AI
• Dataset à Simulator à Task à Benchmark Challenge

Our Vision



ICCV ‘19 
[Best Paper Award Nominee]
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Decentralized Distributed PPO:
Mastering PointGoal Navigation

Stefan Lee

Devi Parikh Dhruv BatraIrfan Essa

Erik Wijmans Abhishek Kadian

Manolis Savva

Ari Morcos



Decentralized Distributed PPO

131

Gradient

Worker 
(simulation + 

RL)

Gradient

Gradient

Gradient

Worker 
(simulation + 

RL)

Worker 
(simulation + 

RL)

Worker 
(simulation + 

RL)
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Decentralized Distributed PPO

256

196



We utilize DD-PPO to train an agent for 2.5 Billion steps of experience 



over 180 days of GPU-time training



in under 3 days of wall-clock time



Visual Turing Test



Option 1 Option 2



Option 1



Option 1 Option 2



Option 2



Option 1 Option 2



Learned Agent Shortest Path Oracle





Are We Making Real Progress in Simulated Environments?
Measuring the Sim2Real Gap in Embodied Visual Navigation

Abhishek 
Kadian*

Erik 
Wijmans

Dhruv 
Batra

Joanne 
Truong*

Aaron 
Gokasalan

Alex 
Clegg

Manolis
Savva

Stefan 
Lee

Sonia 
Chernova



Does progress in simulation 
translate to progress on real robots?

(In the context of embodied navigation)
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Georgia Tech CODA Building Scans

• https://my.matterport.com/show/?m=yZVvKaJZghh

147

https://my.matterport.com/show/%3Fm=yZVvKaJZghh
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Sim-vs-Real Correlation Coefficient (SRCC) 



Sim-vs-Real Correlation Coefficient (SRCC) 



Cheating by Sliding
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St

St+1

0.28m

0.43m SPL Path

Sliding path



Sim-vs-Real Correlation Coefficient (SRCC) 
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Import Objects
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• Why?

• Egocentric CV

• Domain 

randomization



Physics
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• Why?

• Intuitive physics

• Robotics, 

sim2real

• Egocentric CV



Habitat in Browser
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• Why?

• Grounded Dialog via 

2-player data collection

• Demo: 

ohttps://aihabitat.org/iccv2019-

demo/

https://aihabitat.org/iccv2019-demo/


Plans

• Full support for object interaction + physics

oPhysics is slow! Need to spend time optimizing.

oArticulated robot integration (URDF)

• Humans-as-agents (Web + VR)

• CVPR20 Challenge

oPointGoal Navigation w/ GPS+Compass

oObjectGoal Navigation

159
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In collaboration with Devi Parikh’s and my groups 
at Georgia Tech



Internet AI à Embodied 
AI

Thank you


