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Accidental miscellaneous events

2

UAS incident occurrences per year 2012-2016 (EASA)

- Fatal accidents are only related to the use of semi-
professional drones 

- 80 % of non-fatal accidents refer to leisure drones 
between 1 and 3 kg

- 96.7% of accidents involved quad-rotor drones

- UAS weight: between 500g and 800g
- Impact localized on the skull vertex
 loss of consciousness and skull fracture

Major concern of the surgical community
Forces between 14.1 to 68.5 J, which can be 
produced by a 500g drone traveling approximately 
17 to 37 mph, are enough to fracture adult human 
skulls in cadaveric studies [Chung et al. 2017]



2021 AMUSE International Virtual Conference
Ground Impact Study – 03/17/21 – F. Coussa

European regulation
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Ground Impact Study
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End of 2018: 
 Specific study founded by the DGAC (French Civil Aviation Authority) dedicated to the 
category C1 defined by EASA

Objective & problematic

# State of the art  World wide regulations / Impact criteria / UAS impact tests
# Experimental investigations 
 UAS Free-fall tests
 UAS to dummy impact tests

To assess the potential of lethality generated by a 900g UAS impact with 
human being on the ground

Proposed approach
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Summary
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• Experimental investigations
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Review of experimental studies
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+ Ohio State University: UAS impact tests on PMHS (Starck et al. 2019)  

In 2018, only 4 research centers have performed dedicated campaigns
for the experimental study of human body impacted by UAS
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Review of experimental studies
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Severity of impact of a 900g drone

Very difficult to consistently conclude regarding with the already published results
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Experimental investigations: UASs of the study
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Parrot Anafi Classic DJI Mavic Pro

GIS’s experimental tests: 
#1: Preliminary free-fall tests
#2: Impact tests with HIII dummy
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Free-fall experimental tests
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Experimental protocol

- Tested drop altitudes:
8 m, 10 m, 12 m and 13.7 m

- Wind influence minimized

- Tracking of the fall :
0.48 x 0.8 x 0.6 m3 / f = 1 kHz 

- Tested initial fall-orientations:
"flat" & "nosedive" configurations

- Repeatability: 
3 tests w/r to configurations and altitudes
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Free-fall experimental tests
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Comparison results

Equilibrium of forces not reached Fall altitude too low

Rotations during the fall: delicate comparison 

Arrival orientation: Battery towards the ground 

Height 8 m : 
- Anafi Eimpact (23 J)

Height 13.7 m : 
- Anafi Eimpact (37 J)

AF: Anafi Flat configuration
AN: Anafi Nosedive configuration

MF: Mavic Flat configuration
MN: Mavic Nosedive configuration
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Free-fall experimental tests
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Comparison results

Equilibrium of forces not reached Fall altitude too low

Rotations during the fall: delicate comparison 

Arrival orientation: Battery towards the ground 

AF: Anafi Flat configuration
AN: Anafi Nosedive configuration

MF: Mavic Flat configuration
MN: Mavic Nosedive configuration

Height 8 m : 
- Mavic Eimpact (52 J)

Height 13.7 m : 
- Mavic Eimpact (88 J)
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Free-fall experimental tests
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Drawbacks & conclusions

Drop altitude not sufficient to reach terminal velocity

Rotations of the drones during the fall to be taken into 
account: 

 comparisons of configurations not very reliable
 need for full height measurements 

Drone400 g  ~14 m  15.25 m/s  Eimpact: 36 J
Drone800 g  ~14 m  15.56 m/s  Eimpact: 88 J

 Input: velocity for impact tests 
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UASs impacts to dummy head

Impact tests protocol

- Velocity: ~15.5 m/s
- 9 impact configurations
- 3 impact location on the head
- CG to CG impacts 

 Worst case scenario

Impact tests injury criteria

- HIC (Eppinger et al., 1999) 

- BrIC (Takhounts et al., 2013)

- Nij (Eppinger et al., 1999) SAE J211 standard data processing
Accelerations and neck forces  CFC1000
Angular velocity  CFC60 (NHTSA NCAP)
Neck moments  CFC600



2021 AMUSE International Virtual Conference
Ground Impact Study – 03/17/21 – F. Coussa 15

UASs impacts to dummy head

1st Impact tests configurations: Anafi

UAS bottom surface to the top of the head

UAS front to the forehead (58°oriented)
UAS rear to the forehead (58°oriented)

UAS front to the side of the head
UAS rear to the side of the head 
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UASs impacts to dummy head

UAS bottom surface to the top of the head

UAS front to the forehead (58°oriented)
UAS rear to the forehead (58°oriented)

UAS front to the side of the head
UAS rear to the side of the head 

1st Impact tests configurations: Mavic
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UASs impacts to dummy head

Test configuration: Vertex impact

- Anafi 

Test Head pos Drone 
Drone 

pos 

Speed 

(m/s) 

Side CG 

dev. (mm) 

Top CG 

dev. (mm) 

GIS_01 

Top  

90 deg 

Anafi 

Bottom 

15.65 1.3 

Low* GIS_02 15.63 -0.9 

GIS_03 15.64 1.2 

GIS_04 15.88 -2.9 
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UASs impacts to dummy head

Test Head pos Drone 
Drone 

pos 

Speed 

(m/s) 

Side CG 

dev. (mm) 

Top CG 

dev. (mm) 

GIS_01 

Top  

90 deg 

Anafi 

Bottom 

15.65 1.3 

Low* GIS_02 15.63 -0.9 

GIS_03 15.64 1.2 

GIS_04 

Mavic 

15.88 -2.9 

5 to 10* GIS_05 15.80 -0.4 

GIS_06 15.84 0.1 

GIS_07 15.72 -1.8 -5.3 

Test configuration: Vertex impact

- Mavic
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Test configuration: Vertex impact

M
a
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UASs impacts to dummy head
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Test configuration: Vertex impact
Test 

Head 

pos 
Drone 

Drone 

pos 

Speed 

(m/s) 
HIC15 BrIC Nij 

GIS_01 

Top  

90deg 

Anafi 

Bottom 

15.7 23 0.04 0.35 

GIS_02 15.7 20 0.04 0.36 

GIS_03 15.7 19 0.03 0.36 

GIS_04 

Mavic 

15.9 182 0.08 0.74 

GIS_05 15.9 190 0.08 0.77 

GIS_06 15.9 187 0.05 0.78 

 

UASs impacts to dummy head

A significant influence of the drone weight: 

- Head and Neck Compressive force 

- Significant higher HIC values

- - - - - - - - - - - - - - - - - - - - - - - -

- BrIC were small for all (less than 0.1) 
 rotations are limited 

- Nij values : lower than 1
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Test configuration: 58°forehead impact  

UASs impacts to dummy head

Anafi Mavic

Test 
Head 

pos 
Drone 

Drone 

pos 

Speed 

(m/s) 
HIC15 BrIC Nij 

GIS_07 

Front 

58deg 

Anafi 

Rear 
15.8 72 0.09 0.38 

GIS_08 15.7 60 0.09 0.38 

GIS_09 
Front 

16.3 9 0.10 0.29 

GIS_10 16 9 0.11 0.33 

GIS_11 

Mavic 

Front 15.5 45 0.22 0.65 

GIS_12 
Rear 

15.5 83 0.19 0.63 

GIS_13 15.2 67 0.18 0.61 

Drone weight influence is limited:

- Anafi Front and Rear : very different
 Design influence (local rigidity)
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Test 
Head 

pos 
Drone 

Drone 

pos 

Speed 

(m/s) 
HIC15 BrIC Nij 

GIS_14 

Lat. 0 

deg 

Mavic 

Rear 
15.2 167 0.28 0.07 

GIS_15 15.3 177 0.27 0.07 

GIS_16 
Front 

15.4 113 0.30 0.05 

GIS_17 15.4 45 0.28 0.06 

GIS_18 

Anafi 

Rear 

15.2 116 0.13 0.04 

GIS_19 14.9 102 0.13 0.04 

GIS_20 15.4 113 0.14 0.04 

GIS_21 

Front 

15.4 18 0.16 0.04 

GIS_22 15.4 12 0.15 0.05 

GIS_23 15.7 19 0.13 0.03 
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Test configuration: Side of head impact  

UASs impacts to dummy head
Anafi Mavic

Severity of impact : 
 Weight : 1st order parameter
 Design influence : 2nd order parameter (not to be neglected)
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UASs impacts to dummy head

UAS Top battery surface to top of the head
UAS Top battery surface to the forehead 
(58° oriented)

UAS Side battery surface to top of the head
UAS Side battery surface to the forehead 
(58° oriented)

2nd Impact tests configurations: Mavic only
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UASs impacts to dummy head

Test configuration: Forehead & Vertex

- Highest HIC values of the study

Top Side

Test 
Head 

pos 
Drone 

Drone 

pos 

Speed 

(m/s) 
HIC15 BrIC Nij 

GIS_27 

Top 

90deg 
Mavic 

Top 
 

167 0.03 0.75 

GIS_28 
 

195 0.04 0.77 

GIS_29 
 

217 0.04 0.79 

GIS_30 

Side 
 

381 0.07 0.99 

GIS_31 
 

490 0.07 1.07 

GIS_32 
 

452 0.08 1.05 

Test 
Head 

pos 
Drone Drone pos 

Speed 

(m/s) 
HIC15 BrIC Nij 

GIS_24 

Front 

58deg 
Mavic 

Top 

Battery 

surface 

14.19 171 0.16 0.68 

GIS_25 14.87 192 0.13 0.69 

GIS_26 14.84 201 0.16 0.69 

GIS_33 

Side 

14.11 253 0.20 0.77 

GIS_34 14.85 311 0.20 0.81 

GIS_35 14.89 333 0.21 0.81 
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UASs impacts to dummy head

Anafi tests comparison: Dummy measurements

0 10-2 2 4 6 8-1 1 3 5 7 9
0

1 000

500

1 500

Time (ms)

R
es

ul
ta

nt
 A

cc
. (

m
/s

²)

Anafi tests by drone impact location

Bottom (21, n=3)

Front (13, n=5)

Rear (93, n=5)
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Anafi front impacts by head impact location

58deg (9, n=2)

0deg (16, n=3)
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Anafi rear impacts by head impact location

58deg (66, n=2)

0deg (110, n=3)

 High influence of the drone impact location

 Difficult to conclude on the head impact location 
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UASs impacts to dummy head
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Mavic side impacts by head impact location
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Mavic top impacts by head impact location
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Mavic front impacts by head impact location

58deg (45, n=1)
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Mavic rear impacts by head impact location

58deg (75, n=2)

0deg (172, n=2)
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Mavic tests by drone impact location

Side (370, n=6)

Top (191, n=6)

Bottom (186, n=3)

Front (68, n=3)

Rear (124, n=4)

Mavic tests comparison: Dummy measurements

 High influence of the drone impact location
 Difficult to conclude on the head impact location 
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UASs impacts to dummy head

Injury criteria: Tests comparisons

HIC

Critical head impact location:
Vertex & forehead

BrIC

Critical head impact location:
Side & forehead

Nij

Critical head impact location:
Vertex & forehead
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UASs impacts to dummy head
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HIC analysis & limitations

NHTSA skull fracture risk curves 

Lowest configuration HIC = 9
 risk of skull fracture ~ 0 %

Highest configuration HIC = 490
 risk of skull fracture ~ 20.3% 
(consistent with OSU’s study)

Risk results should be considered cautiously
 the confidence in the risk prediction for 
such low HIC values is questionable 
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Summary
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• Some differences with the point of impact head
• Large differences (HIC) depending on the point of 

impact drone   Weight is not everything

Conclusions

30

Repeatability :  
HIC:15% 
Bric: 7% 
Nij: 5%

• 2 "open" category drones tested
• 35 tests performed
• Various drones orientations tested
• Good repeatability of the different tests

Limitations/open questions: 
GIS I  100% experimental approach 

• Only one impact velocity 
• Only 2 drones of small weights 
• Is Hybrid III consistent for drone impact tests ? 

Max average per configuration :
HIC : 441
BriC : 0.284
Nij : 1.04
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Outlooks 

31

Ground Impact Study II (2021-2024)

To predict the impact severity by the 
potential energy transmitted by the drone
 study mechanical criteria (local stiffness, 
interfaces, weights, velocities, orientations, surface)

ONERA 

To estimate the risk of injury for a 
drone impact on the head 
 study of specific lesion criteria, human substitute 
(mannequin), human variability

EIFFEL
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