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Quadrotor obstacle avoidance
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Simulator choice
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• MATLAB + Simulink
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• Microsoft AirSim (2017)



Simulator choice
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• Hector Quadrotor (2012)
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• RotorS (2016)



Simulator choice
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• ROSflight (2018)
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Algorithm Evaluation
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Algorithm Evaluation
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A simulated benchmark ? 

The BOARR benchmark

Step-by-step guide

Conclusions

6/12/19 8BOARR : A benchmark based on ROS and RotorS 



Objectives
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• Quantitative evaluation of each algorithm

• Comparison of algorithm proposals

• Clarify the state of the art

• A step toward compatibility

• A step toward reproducibility
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Other comparison tools
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• Real life benchmarks :

– Set strict protocols

– Not always possible
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ACRV picking 
benchmark



Other comparison tools
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• Challenges : 
– DARPA Grand Challenge

– Yearly competitions at ICRA, IROS...

– Autonomous Drone Racing Competition, IROS 2016-2018
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Advantages of simulation
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• Allow statistical Analysis

• Allow tests during early 
phases of a project
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A Gazebo-ROS benchmark ? 

The BOARR Benchmark

Step-by-step guide 

Conclusions
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Using RotorS for genericity
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– Most common quadrotor simulator

– Most common quadrotor size and 
weight

– Multiple control options are proposed 

from position control to motor control

– Multiple Cameras and Depth sensors



Using ROS for genericity
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Standard ROS messages for sensors (inputs) :

 

– sensor_msgs/Imu

– sensor_msgs/PointCloud2

– sensor_msgs/Images

– sensor_msgs/NavSatFix

– sensor_msgs/MagneticField



Generated Worlds
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• Geometric :

– Unrealistic, perfect sensing

– lightweight

 



Generated Worlds
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Forests : 
– Multi-density forests

– As light as possible : low- 
poly trees, same trees 
rotated

– Automatic generation of 
multiple parametrized 
worlds  



Unit Test

6/12/19 18

Single Goal : Reach  
1km of flight while 
avoiding collision and 
reaching a set of 
predefined way-points
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Increase the difficulty by adding 
disturbances
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• Adding realistic disturbances is different from having a 
realistic render 

– Noise nature and level 

comparable to natural noise

– Simulated wind impact

comparable to real wind
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Statistical Analysis
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• Non deterministic environment : 
– ROS-Gazebo by itself is non deterministic 

– Simulated wind and sensors noises are non deterministic

• Comparable tests : 
–  Wind and sensor noises have the same profiles across multiple tests 



Main Indicator
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• Probability to fly 1km without a collision 

– Probabilistic bound (Chernoff bound)

– The bound precision depends

 on the number of tests



Secondary indicators
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• All successful tests : 
– Average speed 

– Average time

– Average traveled distance

– Average energy consumed

•  On failed tests :

– Average Linear Distance 



A Gazebo-ROS benchmark ? 

The BOARR Benchmark

Step-by-step guide

Conclusions

6/12/19 23BOARR : A benchmark based on ROS and RotorS 



First step : Compatibility
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• On the geometric worlds

• The tested algorithm needs to be interfaced with ROS

• To do :   
– Place launch files in a special directory and rename them 

• To check and/or modify : 
– Frames 

– Inputs-Outputs topics

• To choose :  
– Control Modality 



Second step : Visual Assessment
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• On the forest

• Execution of 
a Unit test

• Automatic 
video 
generation



Third step : Statistical Analysis
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• Everything handled in a single bash script

– Detect RotorS/Gazebo crashes and restart a test when it happens

– Compute the indicators using a python script

• It takes around a week to complete the 1060 tests 



A Gazebo-ROS benchmark ? 

The BOARR Benchmark

Step-by-step use

Conclusions
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Main features recap
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– Based on ROS, RotorS and Gazebo

– Automatic Forest Generator

– Realistic Noise on Sensors (IMU, GPS, barometer and depth sensors)

– Wind with recurrent gust

– Multiple modes : single test and statistical analysis

– Scripts to start every mode using a single command line

– Automatic video display

– Available in open source

 

• BOARR : A quadrotor obstacle avoidance benchmark : 



Going forward
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• A docker container to parallelize the statistical analysis

• Open to contributions ! 
https://github.com/Gipsa-lab-PFP/BOARR

– Improve the wind and drag effect

– Improve the noise model of the sensors (GPS)

– Improve the dynamics and stability of RotorS

 



On simulated benchmarks
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• Powerful comparison tools : 
– Allow Statistical Analysis

– Needs multiple indicators to highlight the strengths and weaknesses of all 
proposals

•  A  step toward :

– Compatibility and Interoperability

– Reproducibility

• Applicable to other topics



A Benchmark for quadrotors 

Obstacle Avoidance using 

ROS and RotorS 
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