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2013: Paparazzi
Delft University
■ Paparazzi drone swarm 

autopilot, originally developed 
and demonstrated by a Delft 
team to work for the Parrot 
AR Drone 2.0 with added GPS

■ Remes, Hensen et al, 
“Paparazzi: how to make a 
swarm of Parrot AR Drones fly 
autonomously based on 
GPS”, International Micro Air 
Vehicle Conference and Flight 
Competition (IMAV2013), 17-
20 September 2013, 
Toulouse, France



2016: US DARPA SCO
100+ Perdix drones launched from F-16/F-18

• DARPA SCO successfully launched a swarm of over 100 Perdix Drones 
from F-16, F-18 (Prototypes - MIT Lincoln Labs, October 2016)

• Washington Post: “Veil of secrecy lifted on Pentagon office planning 
‘Avatar’ fighters and drone swarms” 8 March 2016

• https://www.washingtonpost.com/news/checkpoint/wp/2016/03/08/inside-
the-secretive-pentagon-office-planning-skyborg-fighters-and-drone-swarms/

https://www.washingtonpost.com/news/checkpoint/wp/2016/03/08/inside-the-secretive-pentagon-office-planning-skyborg-fighters-and-drone-swarms/


2018 Olympics: Intel
Flew over 1K drones in a drone swarm “dance”

■ Intel successfully demonstrates drone swarms with over 1,000 
drones in precision flight (2018 Olympics)

■ By now drone swarms have replaced many fireworks displays 
around the world



https://www.intel.com/content/www/us/en/drones/solutions/intel-insight-platform.html

https://www.intel.com/content/www/us/en/drones/solutions/intel-insight-platform.html


https://www.intel.com/content/www/us/en/technology-innovation/aerial-technology-light-show.html

Drone swarm network platforms by a major player like INTEL® brought drone 
swarms into “prime time” over 3 years ago…

https://www.intel.com/content/www/us/en/technology-innovation/aerial-technology-light-show.html


R&D: Where are we 
headed tomorrow?
■ Spectrum allocations
■ Drone taxis & deliveries
■ Heavily encrypted mesh 

networks
■ LPI/LPD “Stealthy” 

Airborne Networks
■ AI & Embedded 

propagation managers
■ Blockchain for 4D 

navigation matrices
■ Cybersecurity!!!
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Rationale
1) It’s easy and inexpensive to register as a Recreational Flyer in the 

USA. (Defined by USC 44809 under Part 107 rules).
- Especially if the drone is less than 0.55 lbs

2) There is a legal “exception “ (PL115-254. Section 350) under Part 
107 that distinguishes some forms of educational and research drone 
use as “recreational”.
3) Teaching: Some drones, like the Tello EDU quadcopter, can be 
programmed in Python for both individual and swarm flight.
4) Research: Small drones can carry a useful array of optical sensors 
(cameras, EO/IR) and RF sensor (RF signal detection and DF) up to 
the legal 400-foot AGL altitude limit. 

- In 2017, our first RF/DF sensor payload was a WIFI Pineapple 
…)



https://www.faa.gov/uas/recreational_fliers/knowledge_test_updates/ .

https://www.faa.gov/uas/recreational_fliers/knowledge_test_updates/


Teaching computer 
programming, e.g. 
Python
Carrying sensors 
aloft up to 400-ft 
AGL

Drone cconsortia, 
e.g. Flight Test 
Ranges (VT)

https://www.faa.gov/uas/educational_users/ .

https://www.faa.gov/uas/educational_users/


USEFUL TIPS FOR 
BEGINNER DRONE PILOTS



Obtain your TRUST 
Certificate ASAP. 
They’re inexpensive 
(free). Keep it with 
you whenever you fly.



Register at least one 
active drone with 
FAA Drone Zone.

Label your registered 
drone on the outside



First Steps: Getting your first drone
■ Watch how-to-fly tutorial videos on YouTube

– ”Drone Flying Tips: 7 Tips for Beginner Pilots
■ Link: 

https://www.youtube.com/watch?v=3qd4bbssmKc&list=PLUmMl_n4NvqGYRT_I23
0ds0kgtko5_EF1&index=15&t=29s

■ Obtain a crashworthy, easy-to-fly drone
– Refurbished! (You can spend less than $100)
– Simple to fly in basic mode (ability to fly indoors is also useful)
– GPS equipped and Includes, or can add, flight management capability

■ Example: Parrot Bebop (refurbished) is very sturdy
– Very stable, comes with LARGE propeller guards
– Streamlined gimballed HD camera in nose 
– Altitude sensing and collision avoidance
– Can upgrade with Parrot Flight Management SW
– Excellent trainer for Parrot ANAFI – and DJI Spark/Mavic Mini/Mavic

https://www.youtube.com/watch?v=3qd4bbssmKc&list=PLUmMl_n4NvqGYRT_I230ds0kgtko5_EF1&index=15&t=29s


SMALL DRONE FLIGHT 
MANAGEMENT AND 

SWARMING WITH TELLO EDU



Tello EDU Drone Swarming Tutorial with 
Packet Sender and Python

■ A new ~ $100 drone called “Tello EDU, using DJI technology, is being 
used for experimentation and computer science education

■ YouTube video 13:49

■ Author: Dennis Baldwin
– This is a detailed overview of how to configure Tello EDU to swarm 

using Packet Sender and Python. You'll need an access point for 
to achieve this functionality. Here is the one I used in the video:

■ https://youtu.be/cIsddY4SKgA

https://youtu.be/cIsddY4SKgA


Thinking of Getting a Tello EDU Drone?
Watch These Videos First!
■ Tello EDU Drone 2020 Review

– Link 
https://www.youtube.com/watch?v=6yWEU
dLRs40

■ Ryze Tello vs Tello EDU – Best Beginner Drone? 
Learn to Fly, Learn to Code

– Link 
https://www.youtube.com/watch?v=zEnQ9
1KTPeA

■ DJI Tello Drone Full Review – Should You Buy It?
– Link: 

https://www.youtube.com/watch?v=I0WY2
NNj3tE

■ Ryze Robotics Tello EDU website
– Link: https://www.ryzerobotics.com/tello-

edu
– Recommended source: DJI Store

https://www.youtube.com/watch?v=6yWEUdLRs40
https://www.youtube.com/watch?v=zEnQ91KTPeA
https://www.youtube.com/watch?v=I0WY2NNj3tE
https://www.ryzerobotics.com/tello-edu


How to Download the Tello EDU Python Code

Download the 
drone swarming 
code from GitHub.

Use the GREEN
Code downlink 
button.

Link: 
https://github.com/db
aldwin/DroneBlocks-
TelloEDU-Python

https://github.com/dbaldwin/DroneBlocks-TelloEDU-Python


FLIGHT PLANNER  
TUTORIALS



Parrot Anafi Flight Plan Tutorial
■ Parrot Anafi Flight Plan Tutorial

– YouTube Video 9:53 
– Author Shawn Williams
– Gives a good “feel” for programming the Parrot Flight Planner, 

which is remarkably like the DJI Flight Planner in actual both user 
interface and flight operation. (They use the same API)

– https://www.youtube.com/watch?v=XS14u9A68B4

■ Parrot Anafi is typically available for $450 or less, complete with 
stabilized gimballed cameras, GPS, controller and batteries. It is 
popular for use by commercial operators, like realtors, landscapers, 
and power line survey companies. It is approved for purchase by US 
DOD operators. Versions with Infrared cameras, UV sensors, etc. are 
available at added cost.

https://www.youtube.com/watch?v=XS14u9A68B4


DJI Flight Planner Tutorial
■ DJI Flight Planner Tutorial

– YouTube video 6:24 
– Useful tutorial showing how to program the DJI Flight Planner, an 

automated flight management system used with an entire range 
of DJI drones ranging in price from about $400 (DJI Spark, DJI 
Mavic Mini) to much more expensive units. DJI drone come with 
stabilized, gimbaled cameras and GPS costing several thousand 
dollars. Most of the recent DJI models also feature collision 
avoidance, which Is not offered by the inexpensive Tello EDU 
Drone.

– https://www.youtube.com/watch?v=cC_XVms9JMw

■ DJI drones are NOT allowed to be used by US DOD operators due to a 
concern for cyber hacking.

https://www.youtube.com/watch?v=cC_XVms9JMw


THANK YOU!


