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NVIDIA DRIVE AV PLATFORM
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DESIGN OF AI-BASED AV STACK

Human-centered & Robust Autonomy
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HUMAN-CENTERED & ROBUST AUTONOMY
“Merging into traffic during rush hour is an exercise in negotiation." 

— Google Report, 2016 

From https://www.youtube.com/watch?v=_aKLwYgUj4A

https://www.youtube.com/watch?v=_aKLwYgUj4A


GENERAL MULTI-AGENT TRAJECTORY MODELING
Learn phenomenological action distributions directly from data

References: Ivanovic, Pavone, ICCV ’19; Salzmann, Ivanovic, Chakravarty, Pavone, ECCV ’20; Chen, Ivanovic, Pavone, CVPR '22.

▪Predictions for any kind of agent

▪Accounting of dynamics constraints

▪Conditioning on heterogenous data

Agent

Ego

Ego-conditioned 

prediction

Motion primitive



HISTORY OF DRIVING SIMULATORS

CarSim
High-fidelity vehicle dynamic simulator

1990

Virtual KITTI
Synthetic sensor image

2016

Nvidia DriveSim
Photo-realistic rendering as part of Omniverse

2021

CARLA
Urban driving simulation with UE4

2017

✓high-fidelity physics simulation

✓high-fidelity rendering (UE, Omniverse)

? intelligence that generates realistic, human-like driving behavior



TOWARDS BETTER DRIVING SIMULATION
Grounding traffic behavior synthesis in real human driving behaviors

Real-world driving log ML-based behavior model

Learn

High-fidelity simulator

Deploy



TOWARDS BETTER DRIVING SIMULATION
Grounding traffic behavior synthesis in real human driving behaviors

Challenges

• Stability: prevent the simulation from diverging out of “reasonable” behaviors

• Long-horizon: run simulation with horizon much longer than training data horizon

• Adaptivity: adapt to new regions / traffic patterns with little to no tuning

Desiderata

Fidelity: can we synthesize agent group behaviors that resemble real-world traffic?

Diversity: can we generate a wide range of realistic traffic patterns?

Controllability: can we steer the traffic model to generate a specific scenario?



MODELING HUMAN BEHAVIORS BEYOND PREDICTION
Closed-loop decision making requires rethinking behavior modeling

Ground truth trajectory Rolling out a prediction model



CLOSED-LOOP DRIVING BEHAVIOR SIMULATION
Hierarchical decision making: decoupling where from how

Hierarchical Policy = Spatial Map Planner + Goal-conditional Controller 

Rollout Spatial Probability Map

References: Xu, Chen, Ivanovic, Pavone, ICRA 23 (submitted).



SYNTHESIZE NEW AND DIVERSE TRAFFIC BEHAVIORS
Decentralized decision making: Emergence of complex interactive behaviors

All agents in the scene are controlled by a learned traffic model

References: Xu, Chen, Ivanovic, Pavone, ICRA 23 (submitted).



NEXT: CONTROLLABLE, DATA-DRIVEN TRAFFIC SIMULATION

Takeaway message: closed-

loop simulation will play an 

increasingly major role in AV 

development and V&V

References: Xu, Chen, Ivanovic, Pavone, ICRA 23 (submitted).
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DATA-DRIVEN MODELS ARE AT THE CORE OF MODERN AV STACKS
Sidestep brittle modeling assumptions by learning directly from data

Design time Deployment time

NuScenes

Cheng et al., Panoptic-Deeplab, CVPR 2020



...BUT THEY CAN BE UNRELIABLE AND ERRATIC



DNN trained on 𝑜, 𝑥 ∼ 𝑝train(𝑜, 𝑥)

DNNS ARE ONLY AS GOOD AS THEIR DATASETS

controller

environment

𝒐

𝒙

context

These examples come from specific contexts (e.g., weather, time of day)

Observation

DNN



DNN trained on 𝑜, 𝑥 ∼ 𝑝train(𝑜, 𝑥)

DNNS ARE ONLY AS GOOD AS THEIR DATASETS

controller

environment

𝒐

𝒙

Out-of-distribution observations can lead to faults in perception, and impact closed-loop 

performance

context

Observation

Out-of-Distribution

DNN Incorrect

Unsafe



RUN-TIME MONITORS FOR ANOMALY DETECTION

prediction downstream

decision-making logic

Monitor uncertainty

input
DNN

Takeaway message: run-time 

monitors are key to build 

high-confidence ML systems

Reference: Sharma, Azizan, Pavone, UAI ’21.
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