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BARK – Developing, Simulating and 
Benchmarking Behavior Planners



� BARK is a framework for developing and 
continuously benchmarking behavior planners

� BARK closes the gap of systematic and 
continuous benchmarking

� Core characteristics:

• Interaction-aware, fast, semantic simulation

• Models are used for simulation, prediction, and 
planning
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BARK: Introduction
Motivation: Benchmarking



� Aimed at three persona:

• Python Evangelist: Implementing Python 
behavior models

• ML Aficionado: Uses BARK-ML for learning 
behaviors

• C++ Enthusiast: Developing C++ behavior 
models

� Benchmark who built the best BehaviorModel!
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BARK: Introduction
Motivation
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BARK: Introduction

Blueprints for BARK::World

ScenarioGeneration

Scenario
+ AgentList

+ MapInterface

+ Parameters

…

+ GetWorldState()

MapInterface

Models

Behavior

Dynamic

Execution

GoalDefinition

StateLimitsFrenet

GoalDefinitionStateLimits

…

Overview



Overview

1. Python Evangelist

Implementation of a Python BehaviorModel

2. Machine Learning Aficionado

OpenAI-Gym environments; BARK-ML Agents; …

3. C++ Enthusiast

Building from source; Efficient C++ Behavior Model

4. Benchmarking

Benchmarking Behaviors in BARK

5. Summary
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Python Evangelist
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Creating Behavior Models
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pip install bark-simulator



Python Evangelist
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Creating Behavior Models
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� Various of utility functions (e.g., geometry, Frenet, routing, etc.)



Overview

1. Python Evangelist

Implementation of a Python BehaviorModel

2. Machine Learning Aficionado

OpenAI-Gym environments; BARK-ML Agents

3. C++ Enthusiast

Building from source; Efficient C++ Behavior Model

4. Benchmarking

Benchmarking Behavior Models

5. Summary
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�OpenAI-Gym environments
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ML Aficionado
BARK Machine Learning

merging-v0

highway-v0 Intersection-v0

pip install bark-ml



� Actor-Critic Agents:

• Proximal Policy Optimization (PPO)

• Soft-Actor-Critic (SAC)

• Graph Neural Network-SAC (GNN-SAC)1

• …

� Quantile Agents:

• Fully Parameterized Quantile Function (FQF)

• Implicit Quantile Networks (IQN)

• …
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ML Aficionado
BARK-ML Agent Models

1Hart, Patrick, and Alois Knoll. "Graph Neural Networks and Reinforcement Learning for Behavior Generation in Semantic Environments." 2020 IEEE Intelligent Vehicles Symposium (IV). IEEE, 2020.
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ML Aficionado
Training an Agent

Create an SAC Agent

Assign agent to the environment

Runner for training, evaluation, 
and visualization



Overview

1. Python Evangelist

Implementation of a Python BehaviorModel

2. Machine Learning Aficionado

OpenAI-Gym environments; BARK-ML Agents; …

3. C++ Enthusiast

Building BARK from source; Efficient C++ Behavior Model

4. Benchmarking

Benchmarking Behaviors in BARK

5. Summary
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C++ Enthusiast
BARK Core

� Actual BARK World core in C++

� Behavior models with high computational 
complexity can utilize C++

� Various C++ BehaviorModels available:

• Lane-following (IDM, MOBIL)

• Search-based (MCTS)

• …

� Using bazel.build, C++ is automatically compiled

https://bazel.build/
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C++ Enthusiast
Behavior Model

ParameterServer is completely 
serializable
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Who built the best behavior model?

�BARK offers systematic behavior benchmarking capabilities



Overview

1. Python Evangelist

Implementation of a Python BehaviorModel

2. Machine Learning Aficionado

OpenAI-Gym environments; BARK-ML Agents; …

3. C++ Enthusiast

Building from source; Efficient C++ Behavior Model

4. Benchmarking

Benchmarking Behaviors in BARK

5. Summary
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�ObservedWorld used to model 
perturbations, such as uncertainties
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Benchmarking
Concept

�Each agent receives an ObservedWorld to 
plan in

J. Bernhard and A. Knoll, “Robust Stochastic Bayesian Games for Behavior Space Coverage,” presented at the Robotics: Science and Systems (RSS), Workshop on Interaction and Decision-Making in 
Autonomous-Driving, 2020.
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Benchmarking

BenchmarkRunner

+ Evaluators

Blueprints for 
BARK::World

ScenarioGeneration

Scenario
+ AgentList

+ MapInterface

+ Parameters

…

+ GetWorldState()

MapInterace

Models

Behavior

Dynamic

Execution

GoalDefinition

StateLimitsFrenet

GoalDefinitionStateLimits

…

Evaluators

EvaluatorLTL1

…
EvaluatorRiskBased2

EvaluatorRSS

Overview: Recap and Extension

1 EvaluatorLTL: Esterle, Klemens, Luis Gressenbuch, and Alois Knoll. "Formalizing traffic rules for machine interpretability." CAVS2020.

2 EvaluatorRiskBased: Bernhard, Julian, and Alois Knoll. “Risk-Constrained Interactive Safety Under Behavior Uncertainty for Autonomous Driving”, IV2021.



� INTERACTION dataset integration
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Benchmarking
ScenarioGeneration

Esterle, Klemens, Luis Gressenbuch, and Alois Knoll. "Formalizing traffic rules for machine interpretability." 2020 IEEE 
3rd Connected and Automated Vehicles Symposium (CAVS). IEEE, 2020.

ScenarioGeneration

InteractionDataset

Configurable

…

DR_DEU_Merging_MT 

DR_CHN_Merging_ZS

Sampling-based scenario 
generation with conflict resolution
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Benchmarking
Example

Bernhard et al. "BARK: Open behavior benchmarking in multi-agent environments." 2020 
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS). IEEE, 2020.

https://github.com/bark-simulator/example_benchmark

https://github.com/bark-simulator/example_benchmark


Overview

1. Python Evangelist

Implementation of a Python BehaviorModel

2. Machine Learning Aficionado

OpenAI-Gym environments; BARK-ML Agents; …

3. C++ Enthusiast

Building from source; Efficient C++ Behavior Model

4. Benchmarking

Benchmarking Behaviors in BARK

5. Summary
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Summary

� (rapid) Development of interaction-aware behavior 
planning algorithms

� Systematic and reproducible benchmarking 
capabilities

� State-of-the-art research for autonomous driving

� Open-source framework under the MIT license
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https://github.com/bark-simulator/bark

https://github.com/bark-simulator/bark-ml
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