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Brief definitions

Fit-for-purpose 
computer 
model?
Good computer 
model for a 
defined task.

Unmanned aerial 
vehicle (UAV)?
Aircraft piloted 
without a human 
pilot.
“Remotely piloted 
aircraft”
“Drone”

Detect and 
avoid?
The capability to 
sense conflicting 
traffic and take 
the appropriate 
action.

TITLE: Fit-for-purpose unmanned aerial vehicle flight dynamics model for detect and 
avoid maneuvers

Development of a precise UAV computer model for the 
study of avoidance maneuvers in airbone collisions



Why?

www.dronedj.com/

www.washingtonpost.com

www.foxnews.com



Safe integration 
of UAVs in the 

airspace



1.
Develop a 

fit-for-
purpose 

computer 
model

2.
Validate 

computer 
model

3.
Integrate 
model in 
near mid-

air collision 
scenarios

How?



1.
Develop a fit-

for-purpose 
computer 

model

JSBSim with 
FlightGear

►Open-source
► Large aircraft library
► Flight dynamics and visualization
► C++ and XML
►Open to design (flexible)
►Developers  contributors

► GiantBig Stik representative UAV



2.
Validate 

computer 
model

PHASE 1.
Modelling and 
Development



2.
Validate 

computer 
model

PHASE 2.
Sanity test



2.
Validate 

computer 
model

PHASE 3.
Computer and flight 
test validation



2.
Validate 

computer 
model

PHASE 3.
Flight test 
validation

WIND EFFECT

Computer limitations

External non modelled forces will show 
differences between the computer and 
the real flight.



3.
Integrate 

model in near 
mid-air collision 

scenarios

Giantbig Stik vs 
Cessna 172

If we simulate 
avoidance 

maneuvers between 
two stable aircraft 
computer models, 

there will be no 
question about the 
certainty of our UAV 

computer model



Cessna 172 vs Twin Otter

According to FAA regulations (adopted by 
Canada), if Tau is the time required by the 
aircraft to complete the avoidance task, then:

▣ The pilot is warned 2Tau+15 seconds before 
an estimated collision

▣ If no avoidance task is performed by the 
pilot, an automatic collision avoidance 
must start 2Tau seconds before the 
collision

SST: Self-separation threshold
WCV: Well-clear violation

CAT: Collision avoidance threshold
NMAC: Near mid-air collision

How to 
calculate 

Tau?

CESSNA 172

TWIN OTTER



Critical points 
identification*

Avoidance maneuver and recovery 
performance analysis

Recovery performance
(overshootminimize)

Avoidance maneuver
(time to descend 100ft minimize)

Cubic approximation
Tau is estimated to be 4.13seconds

Cubic approximation
Elevator 0.15rad

Throttle 0.61%
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*For the assessment of remaining collision risk by calculating the 
horizontal and vertical distances between both aircraft during the 
avoidance maneuver and the recovery performance



Avoidance maneuver and recovery 
performance analysis

The aircraft does not reach 900ft 
until 78 seconds after the maneuver 
has started and by then, the 
intruder is far from the ownship

 Proved by calculating the 
horizontal and vertical distances
(not included in this presentation)



What now?
Conclusions and future 
work



!
The FAA is estimating 
that 30,000 drones will 
be approved to fly in 
U.S. skies in the next 15 
years



Thanks!
Any questions?

Fit-for purpose unmanned aerial vehicle flight 
dynamics model for detect and avoid maneuvers.
Development, analysis and implications

Oihane Cereceda www.cs.mun.ca/~occ356 email: occ356@mun.ca


