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Intelligence: Beyond Synthetic Data
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Modeling and Simulation:
Foundation of Modern Engineering
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Simulation has enabled several successes of ML

“Closed-world” systems make 
simulating

millions of trials easy.

Initial Atari ~ 10M frames
Agent57 ~ 80 billion frames
Alpha Go ~ 130M self-plays

Dota 2 ~ 45000 years of Dota selfplay
(10 months)
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Shah, S., Dey, D., Lovett, C., & Kapoor, A. (2018). Airsim: High-fidelity visual and physical simulation for autonomous 
vehicles. In Field and service robotics (pp. 621-635). Springer, Cham.

Microsoft AirSim



AirSim Architecture



Simulation Centric Data Strategy with AirSim

6

○ Diverse Motion Patterns   
○ Multiple Sensor Modalities

○ 20 Environments  
○ 500+ Trajectories
○ 400,000+ Frames

https://arxiv.org/abs/2003.14338

https://arxiv.org/abs/2003.14338


NEAR INFINITE DATA
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Supervised Learning to Detect Poachers



New Sensor Simulations – GANs etc
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Data-driven composition of simulators
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COMPASS.V0 Current Achievements – Drone Racing
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Onboard camera image 
of gate from drone

3D velocity command
for drone to reach gate

Input Output COMPASS

CM-VAE

https://arxiv.org/abs/1909.06993

https://arxiv.org/abs/1909.06993


Enabling Autonomy – Imitation and RL for Racing
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Example: Optimal Scanning. What Trajectory to Fly?

Roberts et al. ECCV 2018

• Safety: How risky are the 
flight maneuvers?

• Efficiency: How long does the 
process take?

• Performance: How good is 
the 3D model?
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ExpLOre: Imitating an oracle

(state, belief)

ExpLOre trains a policy to imitate the cost-to-go provided by an oracle 

(get value of  
action)

“Learning to Gather Information”, Choudhury et al. ICRA 2017



Example: 3D reconstruction of office scene

We train ExpLORE on synthetic data, and test on real data.

Learnt
Policy

Train Data: Office desks 
created in Simulation

Test Data: RGBD data 
collected by [3]

3. “A benchmark for the evaluation of rgb-d slam systems”
J. Sturm, N. Engelhard, F. Endres, W. Burgard, and D. Cremers. IROS, 2012



ExpLOre learns “desk exploring” policy

ExpLOre Occlusion Aware Heuristic 

Ground 
Truth 
3D Model
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Simulation
Identify Biases

Retrain

ML / AI Models



N = 1,000

We use high-fidelity simulations to 
diagnose biases within ML classifiers.

AI systems are often biased because 
the data used to train them is biased.



Testing, Verification and Robustness



Testing, Verification and Robustness

System under 
Test,
𝒮

Safety 
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𝜑

Active Testing in AirSim using 
Bayesian Optimization
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This adversary (  ) can make the optimization problem harder.

𝑓(𝑥) = 𝑤!𝐽!(𝑥) + 𝑤"𝐽" 𝑥, 𝑎

Path	derivative	cost

Adversary

Goal

Start

Poor condition number!

Collision	cost

Adversarial Attacks on Optimization based Planners
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This adversary (  ) can make the optimization problem harder.

𝑓(𝑥) = 𝑤!𝐽!(𝑥) + 𝑤"𝐽" 𝑥, 𝑎

Goal

Start

Poor condition number!

Path	derivative	cost Collision	cost

Adversarial Attacks on Optimization based Planners



24

Black	box	attacks:
1. Model	planner	behavior	by	observing	

extent	of	deviation	of	trajectory	for	a	given	
obstacle	location.
Fit	a	Gaussian	Process	between	position	of	
adversary	and	expected	deviation

2. Find	maximum	of	the	above	function	to	
identify	locations	that	can	cause	the	most	
deviation.	
Use	Bayesian	Optimization	to	compute	
optimal	adversary	position	given	target
state

Adversary	position	vs.	expected	deviation

Optimal	adversary	position	via	Bayesian	opt.
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3DB Workflow



26

Example Images



Case-Study: Coffee Mug

Wrong prediction of the cup if the
inside is appearing 

Hypothesis: classifier relies on the contents of the 
mug to correctly classify it

Class: Coffee Mug

Can we leverage 3DB to confirm or refute this hypothesis?



Case-Study: Coffee Mug

Experiment: Fill the mug with various fluids and check predictions

Indeed the mug’s prediction relies on the fluid inside!

NN prediction
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Unadversarial Examples: 
Designing Real-World Objects to Aid Neural Networks
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Unadversarial

Normal

Intuition: ML models love “non-robust 
features"-> let’s use those features!



32



Example: AgIoT + ML

Farmbeats, Chandra et al.



CES Display

AirSim visualization/simulation 
with real-time data. 



CES Display

Bell’s CES live display


