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[Abstract]

“UAS flight recording system’ is a system that is mounted on an unmanned aircraft system consisting of various components and
records flight-related data. The data recorded by this system should be used for aviation accident and incident investigations to prevent
similar accidents. In particular, for the category of UAS with high operating risk, safety devices close to that of manned aircraft are
required, and it is urgent to develop flight recording systems reflecting the characteristics of the UAS to secure airworthiness. This paper
highlights the need for UAS flight recording systems for aviation accident and incident investigations and seek a method to derive flight
recording system parameters for ‘Certified Category’ with high operational risk. To this end, Inter-City UAM was used as a concrete use
case, and the process of approaching system parameters was devised by assuming accident occurrences and hazards from mission

profiles and scenarios. As a result of the study, it was confirmed that parameters could be derived through this process.
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Fig. 1. The concept of UAS flight recording system.
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Table 1. Fixed wing aircraft flight recorders category.

Category Sub category
ADRS (aircraft data recording system)
CARS (cockpit audio recording system)
Light flight AIRS (airborne image recording system)
recorders DLRS (data link recording system)
INote) The image and data link information may be
recorded in the CARS or ADRS. respectively.
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Table 2. UAS risk considerations.

Category Sub category Consideration
People on the ground
) Safety risks Other airspace users
Operational Critical infrastructure
risks ) Property
Other risks Privacy
Security
Safety
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Fig. 2. UAS operational categorization (safety risks).
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jor your front yard.
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Table 6. Examples of certified ConOps in SESAR project.

Main paramater Example 1 Example 2
1d N N
Vol Y Y
Operation category | Specific or certified Specific or certified
Air risk Controlled Controlled
Ground Risk Intermediate Intermediate
Op. Type VLOS VLOS
Type of Multirotor Multirotor
Drone
50Kg MTOM 50Kg MTOM
Dimension and mass 20Kg empty 20Kg empty
~2m diameter ~2m diameter
Cruise Estimated: Estimated:
Speed 15ms-1 15ms-1
. Estimated: VRCD Estimated: VRCD
Maneuverability
Sms-1 Sms-1
Payload No Risk 30Kg
T. Type Line Line
Flight Mode Automatic Automatic
Monitoring YES YES
Tracking service YES YES
Tactical Separation YES YES
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Table 7. UAM use

Use
Case

Mission Profile

crutse flight

Seats: 2 ~ 4, 90kg per
person

Range: up to 50km
Speed: 80~100km/h
rere[Vehicle: Multi-rotor
configuration

Intra
-City

L ——

Vertiport > Vertistop > Vertistop > Vertiport
Seats: 4 ~ 6, 90kg per
person

Range: up to 100km
Speed: 100~150km/h
\Vehicle: Conventional
_ helicopter / VTOL
rotary-wing- / VTOL
fixed-wing-configurati
jon

Vertiport > Vertistop > Vertiport

cruive flight

IMission steps:

cruise light

Mega
-City

landing

transport ranpe

IMission steps:

Seats: 4 with hand
luggage (4x 110kg)
Range: < 30km
Speed: 100~150km/h
~[Vehicle: Multi-rotor
configuration

Airport
Shuttle

+ transport ange >

: Vertiport > Vertiport

eruise flight

Seats: 4 with hand
luggage (4x 90kg)
Range: < 70km
Speed: 100~150km/h
~|Vehicle: Multi-rotor
configuration

%
%

Sub
-Urban

laiding

transpart range >

: Vertiport > Vertiport

criive flight

Seats: 6 ~ 10
Range: > 100km
Speed: > 100km/h
\Vehicle: VTOL

~ [fixed-wing
configuration

Inter

City

< transport range >

w

/e
>
kl
a
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Fig. 6. NASA UAM mission profile.
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Table 8. Inter-City UAM mission scenario.

1. Taxi (to takeoff pad)
roll the wheel to power itself or move the vehicle from the
parking/mounted area to the takeoff pad (for 15 seconds at 10% of the
cruising power)

2. Vertical climb
take off from vertiport in VTOL mode (rise vertically to 50 ft (AGL)

above ground at 100 ft/min, maintain slow speed for passenger comfort)
* VTOL (vertical take-off and landing) due to conditions in densely

populated areas where there is little land available and land costs are high
3. Transition
after 50 feet vertical take-off near vertiport, the aircraft switches to climb

flight (for eVTOL aircraft (e.g. tiltwing), there is a finite period of time

during which the aircraft changes shape from vertical to horizontal flight,

and the maximum output must be able to be maintained for 10 seconds)
4. Climb

climb to cruise altitude (4000 ft AGL) maintaining more than 900 ft/min

early in the climb to help the aircraft quickly raise altitude and move away

from take-off areas

*declare “over airspace where the UAV can operate” passing altitude of

500 ft AGL approximately one minute after takeoff
5. Cruise flight

Mission steps: Vertiport > Vertiport
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cruise at 4000 ft AGL altitude (Cruising distance varies depending on
mission) flying at a speed that maximizes range, rather than maintaining a
specific cruising speed
* to ensure sufficient maneuverability and the ability to fly higher if
necessary (e.g. for potential airspace consolidation needs), aircraft can
generate a rise rate of at least 500 ft/min during cruising flight
* must be cruising directly over the arrival area
6. Descent
start descending directly over the area you want to arrive in
(Default rate designation is reserved (no-credit))
* free descent to the turning point of 50 ft AGL
7. Transition & hover
transition to vertical flight at 50ft AGL, the turning point
* add a 30-second hover to receive the final landing permit (if necessary)
(also to place the aircraft in precision at the landing site), (therefore, at
least one minute is required to maintain the thrust required for the hover)
8. Vertical descent
vertical descent (speed below 100 ft/min)
9. Taxi (to ramp)
roll the wheel to power itself or move the vehicle from the take-off pad to
the parking/mounted area

10. Reserve
an additional 20 minutes of cruising flight (if necessary), spare flight time

will allow the aircraft to fly to alternative vertical ports
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Table 9. The result of deriving UAS flight record system parameters.

Mission | Function/Purpose Occurrence Hazard Cause Item Parameter Cath
_ (_Cons¢quence) i _ . Word
Colhslqn with an obstacle| Impact \.Jv1th static Tnadequate path planning Navigation GPS coordinates | No
Move to Takeoff Pad during movement objects System
Loss of control during Loss of directional . . .
Takeoff navigation stability Failure in control system | Control System | Control inputs | More
Power Activation for .Exc.esswe power Uncontrolled Failure in power Power. Modulation
Taxi activation causing rapid acceleration modulation Modulation settings More
movement System
Vertical ascent from Loss of altitude control Altitude stability Control svstem failure Altitude Control| Altitude control No
Vertical | VTOL to 50 ft AGL during ascent degradation Y System inputs
imb Inadequate climb rate Slow ascent rate Power system failure Power System | Power settings | Less
clm Maintain slow speed Excessive lateral Uncontrolled lateral . Lateral control
for passenger comfort| movement acceleration Control system failure | Control System inputs More
Transition Change from vertical| Loss of control during Control instability Flight control system | Flight Control | Control inputs No
to horizontal flight shape transition during transition failure S_ystem during transition
Ascend to cruise Collision with manned Manned aircraft Inadequate airspace C(i)lrr;irractfon Airspace No
Climb altitude (4000 ft | aircraft over 500 ft AGL intrusion coordination System coordination status
AGL) ez‘irly in the . Inadequate power . Power settings
climb Loss of climb rate Power system failure | Power System . . Less
_ - supply i i i dynng chmb
Cruise at 4000 ft AGL] Deviation from planned Altitude deviation Altitude control system |Altitude settings| Altitude settings More
altitude altitude failure during cruise during cruise
Fly at a speed Loss of speed control Inadequate speed Speed control system | Speed settings | Speed settings Less
maximizing range P control failure duripg cruise during cruise
lese (Generate a rise rate offFailure to achieve required| . . . C.l imb ratf: Climb rate settings
flight . . Inadequate climb rate |Climb rate control failure| settings during . . Less
at least 500 ft/min climb rate cruise during cruise
. . . M ili -
Ensure sufficient | Loss of control during Inadequate Flight control system ;2:;1;/3;?:1 1ty Maneuverability No
maneuverability maneuvering maneuverability failure cruise S lstatus during cruisq
SFart descending Deviation from planned L S . Navigation Vertical descent
directly over the Navigation error  |Navigation system failure . More
arrival arca descent path System rate during descent]
Descent
Fre‘e desc.e nt to the Failure to reach the Descent rate control Descent Rate Dc?scent ra'te
turning point of 50 ft . . Inadequate descent rate . settings during | Less
required altitude failure Control System
AGL descent
Transition to vertical| Failure to transition to | System malfunction [Software bug in transition| Transition |Transition duration| No
Transition flight at 50ft AGL | vertical flight as planned during transition control system Control System | during transition
Add a 30-second |Delay or denial of landing| e L Hover duration
& hover hover to receive the ermit due to hover Instability in hover Sensor malfunction in | Hover Control durine hover No
final landing permit p instability control system hover control system System seg%nent
. E ing th ifi Failure i D R
. Control the vertical xeeeding the specified Uncontrolled Descent | o ore MM descent rate escent Rate Descent Rate | More
Vertical descent with d descent speed due to control system Control System
descent el:)scle VlVOO ;/sp.ee system malfunction Loss of Altitude Malfunction in altitude |Altitude Control Altitude Less
clow min Control control system System
Taxi (to ﬁ(?r?:}fetifk:gfl’f?lea d Low visibility conditions | FOD (Foreign Object |  Poor Foreign Object [Sensors detecting FOD Detection | Early/
ramp) to the ramp p during taxiing Debris) on the taxiway| Debris (FOD) control |[FOD on taxiway| System Status | Late
Limited battery capacity Battery Capacity Less
. Power
Ensure additional 20 Iniﬁg;em power Management Efficiency Less
. .. gement
R minutes of cruising Additional cruisine ti E Depleti _ System
eserve flight for potential itional cruising time nergy Depletion Various on-board Power
alternative vertiports Unexpected systems Consumption More
power-consuming events | (Avionics, during Reserve
Communication) Operation
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