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A Study on a En-route Model of UTM Airspace for Small
Unmanned Aerial Vehicles
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ABSTRACT

Most of a small civil unmanned aerial vehicle (UAV) or unmanned aircraft system (UAS), generally called a
drone, belongs to the unmanned aerial vehicle among ultra light aircrafts with a maximum takeoff weight of
150kg or less and should be operated in the G-grade airspace below altitude of 150 meter according to the
Korean Aviation Act. In order to increase the usability of small UAVs and to ensure safety, it is necessary to
technically improve flight time, collision detection and avoidance technology, and reliability as well as accuracy
of navigation technology. In order to guarantee unmanned safety operations and to prevent accidents, it is
necessary to elucidate the concept of UAS traffic management (UTM) and to study the core functions. In this
paper, we propose a en-route model that can be used in UAV airspace handling by UTM which is expected to
be airspace below altitude of 150 meter. And estimating the total system error (TSE) of UAV by utilizing
performance based navigation (PBN) concept and technology for civil manned aircraft, a methodology for

determining the safe separation distance among UAVs will be discussed.
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E 1. RNP 3 23 94
Table 1. Error Elements of RNP Navigation™

Error Elements Description

PDE occurs when the path
defined in the RNAV system
does not correspond to the
desired path, ie. the path
expected to be flown over the
ground.

Path Definition
Error
(PDE)

FTE relates to the air crew or
autopilot’s ability to follow the
defined path or track, including
any display error (e.g. course

Flight Technical
ight Technica deviation indicator (CDI) centring

Ei
ror error). FTE can be monitored by
(FTE) . .
the autopilot or air crew
procedures. FTE is sometimes
referred to as path steering error
(PSE).
NSE refers to the difference
L between the aircraft’s estimated
Navigation .. .o
position and actual position.NSE
System Error . .
(NSE) is sometimes referred to as
positioning estimation error
(PEE).
Total System TSE is the integrated error of
Error FTE, NSE, and PDE. (Generally,
(TSE) PDE can be negligible).
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Table 2 Safety criticality classification!"
Criticality Results in one or more of the
classification | following effects
Catastrophic - The loss of the aircraft
P - Multiple fatalites
- A large reduction in safety margins
- Physical distress or a workload
such that the flight crew cannot be
relied on to perform their tasks
Hazardous
accurately or completely
- Serious injury or death of a
relatively small proportion of the
occupants
- A significant reduction in safety
margins
- A reduction in the ability of the
flight crew to cope with adverse
Major operating conditions as a result of
increase in a workload or as a
result of conditions impairing to
emergency
- Injury to occupants
- Nuisance
Minor - Operating  limitations:  emergency
procedures
E 3. 9% = 5"
Table 3. Risk tolerability matrix""
Quantitative Qualitative .
robability of | probability of | C2Siication of
P Y P Y effect
occurrence occurrence
1 ~ 103 Frequent
10°% ~ 1075 Reasonably Minor
probable
1075~ 1077 Remote Major
107~ 107° Extremely remote Hazardous
_ Extremely .
9 Catastroph
<10 improbable atastropiue

SpiAl FE 2 9le) S A

Table 4. Collision and Hazard Probabilities Given
Probability of Separation Violations'®

Pr(COISV) | Pr(HH|CO) | Pr(HH|SV) Pr(HH|SV)
(mean) (mean) (mean) (worst case)
1074 1079 1077 10°°
Pr(HHISV)= Pr(HH|CO) x Pr(CO|SV) (6)
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