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[Abstract]

In this paper, we develop the ground risk model of unmanned aerial vehicle (UAV) operation to quantify the ground risk when
the UAV falls to the ground during the intended operation in case of UAV failure. The ground risk is computed by using the
UAV failure probability, the probability of impact a person when UAV falls to the ground, the probability of fatality when UAV
strikes the person. We mathematically derive each probability to evaluate the ground risk of UAV operation. Also, the population
density map, building to land ratio map, car traffic database is used to estimate the number of people exposed to collision with
UAV. Finally, we assumed the operations of a UAV with two paths in Daejeon city and evaluate the ground risk of each UAV

operations.
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Table 1. Open, specific, certified category operation.

Operation category Summary

-Low risk

-Without involvement of aviation authority
~Limitations (visual line of sight, maximum
altitude, distance from airport and sensitive

zones)
~Increased risk

-Safety risk assessment (JARUS SORA)
~Airworthiness of drone and competence of staff
based on risk assessment

~High risk

-Comparable to manned aviation

~Type certificate (TC), Certificate of
airworthi-ness, noise certificate, approved
organisa-tions, licences

Open

Specific

Certified
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Determination
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Tactical Mitigation Performance J
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UAS Operation Approval
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Fig. 1. UAV operational risk evaluation process.
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Fig. 2. Concept of UAV ground risk computation.
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Table 2. Nominal vehicle failure rates by weight class.

Weight category Failure rate per flight hour
Micro (=0.25 kg) le-2
Mini (=2 kg) le-3
Limited (=9.5 kg) le-4
Bantam (=25 kg) le-5

Flight path of UAV

Pevent(xd' Ya + 17 Pevent xg + 1,}’,1 + l)
yat1
Pevent (Xa, ¥a)
Ya
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Fig. 3. Computation of probability of UAV crash.
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Table 3. Parameter for vehicle and mssion.
Parameter Value
Weight 3.75kg
Frontal area 0.1 m?
Drag coefficient N(0.9, 0.2)
Horizontal speed N(18,2.5) m/s
Vertical speed N(0, 1) m/s
Height N(50, 5) m
Flight direction U(0, 21t) rad
Wind direction U(0, 21t) rad
Wind speed Rayleigh(1.32565655311) m/s
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Fig. 4. 2D PDF of UAV ground strike position.
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Resulting Population Map
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Table 4. Ground risk evaluation of UAV.

Path Ground risk evaluation
Direct path
( fa.talitylpf‘:r qperation) 3.8376¢-08
Rlsk‘mlmmlzed pflth 1.90666-09
(fatality per operation)
E 5. F217| d|gAIZt
Table 5. Flight time of UAV.
Path Flight time
Direct path 2544 sec
Risk minimized path 309.4 sec
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