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Once Upon a Time... (2015)

• Very few (research) labs were able to operate more than 10 robots
• High (single-robot) cost

• High engineering effort

• Limited reliability

90 % 35 %
(independent success probability)
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Video

https://youtu.be/px9iHkA0nOI
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https://youtu.be/px9iHkA0nOI


Once Upon a Time... (2016)

• What would it take to fly one order of magnitude more?
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Video

https://youtu.be/D0CrjoYDt9w
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https://youtu.be/D0CrjoYDt9w


Overview

1. How Crazyswarm Works

2. Use Cases and Users

3. Outlook

4. Crazyswarm Tutorial

5. Conclusion

5



How Crazyswarm Works
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• Tight integration with motion capture systems (Vicon, OptiTrack, Qualisys)

• Custom, robust object tracker (a single marker per CF is sufficient)
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• One-way data flow (broadcast communication)

• Native (C++) backend optimized for low latency
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• Relies on on-board autonomy (state estimation, planning, control)

• Works with the official firmware
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• High-level Python scripts, optimized for swarms

• Tools for swarms: simulation, visualization, battery check, reboot, etc.
6



External Localization

LightHouse and LPS

Low infrastructure cost; decentralized

Supported, but not primary use-case

Motion Capture

Low per-robot cost; sub-mm accuracy

Primary focus
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Motion Capture Challenges

1. A centralized approach

• Single native (C++) application tightly integrating: motion capture API, object

tracking, radio communication for all Crazyflies (anti-ROS pattern)

• Low-level communication optimization (broadcasts; special radio mode; compressed

radio packets)

2. Tracking of many tiny rigid bodies

• Commercial motion capture designed for tracking: a) humans (skeleton, face), or b)

a few, large rigid bodies

• We developed libobjecttracking for custom frame-by-frame tracking
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Custom Rigid Body Tracking

Pose (Position + Orientation)

Iterative Closest Point (ICP); Greedy

Disadvantage: Less robust; needs

more markers

Position

Optimal Assignment

Disadvantage: requires xy movement

to recover yaw

Both: Dynamics filter (max a, v , ω); initial position guess required
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Tools: Swarm Management

• Visualization of initial position

• Enable/Disable crazyflies

• Battery check

• Reboot
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Tools: Simulation

• Same script as used for physical

robots (--sim flag)

• No ROS dependency

• Linux and Mac support

• Software-in-the-loop (SIL) via

Python bindings to firmware

• Fast (no (aero)dynamics; use

CrazyS if you need that)
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Use Cases and Users



Google Scholar

• 57 actually using the Crazyswarm

• 11 of which are co-authored by James or myself

• Crazyswarm partially enabled 46 (or 12 per year) novel research contributions
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Research Projects By Topic

Crazyswarm

[2]

Planning

[3–22]

Art

[7, 23–27]

Control

[25, 28–35]

State

Estimation

[36–40]

• Machine Learning: [34, 35, 41–43]

• Software Engineering: [44, 45]

• VR: [46, 47]

• Optimization: [48–51]

• Target Tracking: [6, 28]

• Exploration: [52–56]

• Teleoperation: [57]

• Resilience: [3, 58]
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Research Projects by Country and Publication Type

15



Example: Formation Control / Art [25]

Nominated for the Best Paper Award on Multi-Robot Systems at ICRA 2019
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Video

https://youtu.be/Iw8mwt3l0RE
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https://youtu.be/Iw8mwt3l0RE


Google Scholar — revisited

• 199 - 57 = 142

• Some survey papers

• Some unrelated papers

• Many citations for unrealistic/centralized (“bad”) approach
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Outlook



Common Research/Engineering Motivation

Manual operation in highly

predictable lab setting
Autonomous operation in

highly unpredictable and

unknown environments
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Crazyswarm Focus

Robustness

• More on-board

autonomy

Distributed Operation

• Improved

documentation (we

already support

LightHouse,

distributed

execution)

• Swarm

Monitoring/Log-

ging/Management

(e.g., Peer2Peer)

Heterogeneity

• Better

ROS-simulation to

allow heterogeneous

teams

• Optional

physics-based

simulation w/

inter-drone

interactions
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Short-term Next Steps

1. Switch to crazyflie-link-cpp for communication robustness

2. New ROS-based simulation for distributed algorithms

3. ROS2 port (this will break compatibility with config files)

4. Physics-based simulation w/ aerodynamic interactions

5. Use in the classroom

21
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Crazyswarm Tutorial



Getting Started: Installation
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Getting Started: Define your UAV Type

90 mm, 33 g 120 mm, 124 g 210 mm, 491 g

crazyflieTypes.yaml

default:

bigQuad: False

batteryVoltageWarning: 3.8 # V

markerConfiguration: 0

# ...
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Getting Started: List all UAVs

allCrazyflies.yaml

crazyflies:

- id: 1

channel: 100

initialPosition: [1.5, 1.5, 0.0]

type: medium

- id: 40

# ...

• Initial position for frame-by-frame tracking and simulation
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Example 1: Hello World

example1.py

1 from pycrazyswarm import *

2

3 swarm = Crazyswarm()

4 swarm.allcfs.takeoff(targetHeight=0.5, duration=2.0)

5 swarm.timeHelper.sleep(3.0)

6 swarm.allcfs.land(targetHeight=0.0, duration=2.0)
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Video
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Video
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Example 2: Trajectory Tracking

example2.py

1 from pycrazyswarm import *

2

3 swarm = Crazyswarm()

4 for cf, fname in zip(cfs, fnames):

5 traj = uav_trajectory.Trajectory()

6 traj.loadcsv(fname)

7 cf.uploadTrajectory(0, 0, traj)

8

9 swarm.allcfs.takeoff(targetHeight=0.5, duration=2.0)

10 swarm.timeHelper.sleep(2.0)

11 allcfs.startTrajectory(0)

12 # ...
28



Video

http://youtu.be/7KIa9FlmbRc
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Example 2: Trajectory Generation (1)

Trajectories can be generated from higher-level data using

https://github.com/whoenig/uav_trajectories

• Sequence of waypoints and desired maximum velocity/acceleration

figure8.csv

0.0, 0.0, 0.0

0.5, -0.5, 0.0

1.0, 0.0, 0.0

0.5, 0.5, 0.0

0.0, 0.0, 0.0

-0.5, -0.5, 0.0

...
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Example 2: Trajectory Generation (2)

• Sequence of (time, waypoint) pairs

genCircle.py

for t in linspace(0, T, 100):

f.write("{},{},{},{}\n".format(

t,

r * cos(t + phase),

r * sin(t + phase),

height))
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Video
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Example 2: Trajectory Generation (3)

• More advanced techniques is active area of research [4, 5, 9, 14, 20]

• Some of which are open-source, e.g,

• https://github.com/USC-ACTLab/rlss

• https://github.com/mjdebord/smoothener/tree/cylinders
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Example 3: Distributed Execution

• Verification of a new distributed

algorithm

• Implementation in firmware might

be time-consuming or even

impossible

• Here: Monte-Carlo Tree Search

with multiple neural networks [43]

• Run one process per CF on a host

computer, only using

local/relative information

34



Example 3: Distributed Execution: Script

example3.py

1 import rospy

2 from pycrazyswarm.crazyflie import Crazyflie

3

4 rospy.init_node("CrazyflieDistributed", anonymous=True)

5 # ... (logic to identify which Crazyflie should be served)

6 cf = Crazyflie(cfid, initialPosition, tf)

7

8 while not rospy.is_shutdown():

9 # heavy computation, e.g., optimization that

10 # can rely on own and neighbors state

11 pos = complicatedFunction()

12 cf.cmdPosition(pos)
35



Example 3: Distributed Execution: Launch File

run.launch

<launch>

<!-- ... -->

<node name="cf1" pkg="crazyswarm" type="example3.py">

<param name="cfid" value="1" />

</node>

<node name="cf2" pkg="crazyswarm" type="example3.py">

<param name="cfid" value="2" />

</node>

<!-- ... -->

</launch>

Can use roslaunch crazyswarm run.launch sim:=True for simulation
36



Video

https://youtu.be/mklbTfWl7DE
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Conclusion



The Crazyswarm is ...

• Versatile, open-source framework for aerial heterogeneous swarms

• Supports centralized and (some) decentralized operation and many different

localization methods (motion capture, LightHouse, LPS, ...)

• Widely used to validate research in many domains

Not what you are looking for?

• Tracking: libmotioncapture, pip motioncapture, libobjecttracker, standalone ROS

Stack

• Simulation/Development: Firmware Python bindings

• Matlab: Use the ROS Toolbox
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Crazyswarm: A Powerful Framework for Aerial Swarms in

Research and Education

• More Information:

http://crazyswarm.

readthedocs.io

• Contact:

hoenig@tu-berlin.de
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