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Applications and Complex Environments
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We need models that capture the diversity of environments and that allow 

us to guide data generation towards realistic and important scenarios
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A probabilistic programming language:

A Scenic program defines a probabilistic scenario, 

a distribution over configurations of physical objects/agents and their behaviors over time 

Scenic: A Probabilistic Language for World Modeling 
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Scenic: Program Structure

Initial 
states

ego

spot
parked car

Agent 
behaviors
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Robotics

Autonomous Driving
Aviation

Application Domains
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Task: Fetch a bottle of water, 

while avoiding obstacles

Environment Model: 

Variations of corridor layout 

with chairs

Simulator: Gazebo + ROS

Fail cases:

- HSR failing to avoid chairs 

when moving backwards

- HSR struggles to plan path

Testing and Falsification: Toyota Human Support Robot (HSR)
Automatically finding “edge cases” that lead to failures / unsafe states 
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Testing and Falsification: Toyota Human Support Robot (HSR)
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Testing and Falsification: Toyota Human Support Robot (HSR)
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Sampling Concrete Scenarios from a Scenic Program
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- Scenic sends over 

commands through ROS

- This includes where to 

spawn objects at the 

beginning of the scene 

and what actions the 

robot should take

- Gazebo receives the 

commands, executes, 

and relays the world 

state info back to 

Scenic through ROS

Scenic Interface Overview



Behaviors and Actions
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Behaviors are functions running in 

parallel with the simulation, issuing 

actions at each time step:

- e.g. for AVs: set throttle, set 

steering angle, turn on turn 

signal

- Provided by a Scenic library 

for the driving domain

- Abstract away details of 

simulator interface

Behaviors can access the stateof

the simulation and makechoices

accordingly



Use Cases
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Images CTE

TaxiNet

Controller

TaxiNet: A neural network developed by Boeing that uses camera images to estimate the cross 

track error (CTE), i.e., the distance to the centerline of the runway.

Plane must track centerline within 1.5 meters

Synthetic Data Generation and Retraining: TaxiNet
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Synthetic Data Generation and Retraining: TaxiNet



What went wrong? → Debugging the Root Cause

15



16

● Generatea new training set 

(same size as original)

● Obtained much better 

performance

- 17% violated (vs. 45%)

- 0.6% left runway entirely(vs. 

9%)

Retraining



Retraining
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● Franka Emika Panda arm 

simulated in Webots

● Deep RL controller trained 

using Scenic

● Task: reach target while 

avoiding obstacle

● Falsification shows goal 

positions just beyond the 

obstacle (red dot) are 

hardest for the controller

Testing/Training Reinforcement Learning Agents
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● Franka Emika Panda arm 

simulated in Webots

● Deep RL controller trained 

using Scenic

● Task: reach target while 
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● Falsification shows goal 
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obstacle (red dot) are 

hardest for the controller

Testing/Training Reinforcement Learning Agents



Reinforcement Learning in Multi-Agent Setting: Soccer Scenario

Multi-agent, 

Reactive,

Stochastic Scenarios

Generated using Scenic

To train, test, or data 

generation for offline 

training 
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Design Space Exploration and Evaluation (Sim2Real)
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Target

Offset hills

(Random Perturbations)

Robot
(Parameterized Width/Height)
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Additional Scenic features: Compositional Scenarios

sScenic allows for scenarios 

to be defined modularly 

using parallel, sequential 

and more complex forms of 

compositions 



● Easy to interface to other simulators

● Constructs for easily recording data from simulations (sensors, 
ground truth, etc.)

● Declaratively imposing requirements on scenes and simulations

● Saving and replaying scenes and simulations

● Integration with VerifAI toolkit for falsification, optimization, etc. 

https://verifai.readthedocs.io/
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Additional Scenic features
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● Scenic Website: scenic-lang.org

● Scenic Forum: https://forum.scenic-lang.org/

● Github Repo: https://github.com/BerkeleyLearnVerify/Scenic/

- A probabilistic programming language for modeling multi-agent, reactive, stochastic scenarios

- Many applications, including testing & verification, synthetic data generation, design space 

exploration, debugging & triage, …

- Interfaced with various simulators and can be interfaced to any simulator of your choice:

Scenic: Probabilistic Scenario Description Language

https://scenic-lang.org
https://forum.scenic-lang.org/
https://github.com/BerkeleyLearnVerify/Scenic/tree/main
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Thank you!

Please provide your feedback in this QR Code / Link

● Which domains of robotics is Scenic useful for?

● Which simulator should we interface Scenic to?
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https://shorturl.at/1bHcU

https://shorturl.at/1bHcU
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Scenic Interface to Simulator with ROS

def getProperties():

- listen each Scenic agent’s 

ROS node to update properties

Scenic Simulator

ROS

1. instantiate agents,

2. control action

1. instantiate 

subscribers

2. publish action(s)

per agent

listen to each 

subscriber

def setup():

- instantiate ROS nodes for all 

Scenic agents 

def step():

- publish to each Scenic agent’s 

ROS node to execute action(s)
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Testing and Falsification

Multi-agent scenario involving

● 2 Robots: Spot, Fetch

● Human

Simulator: Meta Habitat

http://drive.google.com/file/d/1ArFcp-3Up52QjqTspj-nkXTk5VT5PX7m/view
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Habatat Example



Habitat Scenario Overview

1. ego (Spot), will pick up a box spawned on the bed.

2. Meanwhile, a human (controlled by Scenic), will reach her hand around the 

area of the box.

3. ego has to pick up the box, without getting close to hitting the human. (end of 

segment 1)

4. Once ego finishes picking up the box, the human will walk out into the living 

room. ego has to deliver the box to the human.

5. At the same time, a second robot is walking back and forth outside the living 

room. Spot should deliver the box while avoiding hitting the other robot.

6. The video shows some instances where the robot wouldn’t walk out to the 

living room. That is because its navigation unit is unable to path plan.
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Advanced Scenic Constructs 

sInterrupts allow adding special cases to behaviors without modifying their code

Temporal requirements and monitors allow for enforcing constraints during 

simulations



Scenic samples while abiding 

by the specified 

dependencies in the program

Sampling Concrete Scenarios from a Scenic Program
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