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Thursday, 13 September 2018; 11:00-12:30; Chengdu, China

Session: 
What is UTM and why is it separate from, but interoperable with, ATM?
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Since Drone Enable/1 launched one year ago, we have seen 
many initiatives by various aviation bodies and companies!
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Growth of Drone Applications

About 88% of drones registered are for the recreational use!
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A fast-growing R&D area, too!

1999: One article/week; 2017: 55 articles/week!
Source: SCI
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ATM: Phases of Flights
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https://www.airport-technology.com/contractors/traffic/airbusprosky/attachment/airbusprosky2/
https://contentzone.eurocontrol.int/aircraftperformance/details.aspx?ICAO=A320&ICAOFilter=a320
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Safety: Approaches and Procedures (Manned Aviation)
Collision-free Approaches
Different departure time
Route: Waypoints; STAR (Standard Terminal Arrival Route)

SID  (Standard Instrument Departure)
Height: FL360; Speed: 290 knots
Safety separation/Well Clear (1000ft; lateral 3 miles etc.)
Procedure to follow
Enabling systems/technology (CNS) tested/applied for decades 
Certificate to follow (RTCA DO-178B, DO-254, etc.); Redundancy
Pilot and ATCO (professional and skillful)
Stringent certification/assessment; suspended for mistakes/errors



Manned and Unmanned Airspace

Manned Airspace

Unmanned Airspace

Recreational

ATM
Regulated
Respect law

UTM
Professional
Want to respect law

Enforcement
(Procedure)

Enforcement

UTM
Amateurs
What law?

Enforcement?
Even yes, not 
necessary to follow
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ATM Enablers
• Communication
• Procedure
• Contingency 
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Unmanned (low altitude; sUAVs) vs. Manned aircraft
Same utmost priority: Safety 
(Manned Aviation: highly regulated industry, procedures & operations)

Differences:
- Neither pilot nor passenger on board (different considerations)

- Dealing with different scales (weight/size/cost), flight 
duration/range, operation complexity, level of redundancy

sUAVs: Unknowns/unpredicted; Life cycle of systems and 
components is rather short (unlike man aircraft/RPAS)
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Inspection DeliveryVideography Surveillance
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Fleet Management: A number of drones operated in the same time period over a managed airspace

To maximize commercial benefits, multiple-drone operations over the
same airspace are targeted by industry, together with other users.

BVLOS: Beyond visual line of sight 
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Crucial Areas
Operations BVLOS (beyond visual line of sight) Operation

Autonomous flight 

Altitude restriction; safe separation

Flight above people (if necessary)

Airspace integration (ultimately)

On-Ground Operation – Take-off and Landing (seamless mobility)

Matrix of UAS Growth (Performance-based)

Crucial Areas
Vehicle (UAV) Identification

Propulsion

Airworthiness

Weight/Height/Speed restriction

Technology capabilities (DAA, connectivity, safe separation, etc.)
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Crucial Areas
Risk- & Performance- Based 
Assessments

Data/Evidences of System Performances 

Social Effects (privacy, noise, etc.)

Multiple-Drone Operations Capacity, Scheduling, and Efficiency
Vehicle to fixed/moving objects; Vehicle to 
vehicle; Technology capabilities (DAA, 
connectivity, safe separation, etc.)

Matrix of UAS Growth (Risk-based)

• Situational Awareness
• Environmental Awareness
• Social Awareness (crucial for urban environments)
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Technology capabilities for 
Urban multiple-drone operations



Safe 
Operation

UAS Performance-based Redundancy Level
• L0: Basic Autopilot + DAA (���
����	� �
���	������)
• L1: C2 UA – UA-Operator datalink (RTL/land at a specific place)
• L2: C2 UA – UTM datalink 
• L3: DAA + Auto Navigation (avoid collision damage in auto mode)
• L4: Geo-fence (extra gate to critical situations)

L0: Autopilot
L1  &L2: C2

L3: DAA
L4: Geo-fence

UA

UA-
OperatorUTM

C2
-1 C2-2

Battery and Software function properly. 



UTM 
Framework 
(urban;  risk-
based UTM)

Risk Management

Risk Alert

Mitigation Advisory

Risk-based Assessment
(situational and environmental awareness; 

task-specified, model-oriented etc.)

Risk Indexing
Risk Mitigation
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First Comprehensive 
Circular on BVLOS!

Source: CAAS, Singapore 
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Overview of Assessment Methodology for BVLOS Operations 

(Source: CAAS AC UAS2(0)) * Incorporated into UTM for Low/Medium/High Risks 
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Your Thoughts? 

• Motorbikes

• Cars

• Buses

• Trucks

• Bicycles

License required

No license required

• To cover all drones (sUAVs, not RPAS) 
in UTM consideration?  

• If no, what are the criteria/means for 
drones to be excluded for UTM? By 
weight? By Flying Height? By kinetic 
energy? By Operation?

Outcomes of Drone Enable
DE1: Framework of UTM (Sep 2017)
DE2: Identify the needs to align UTM to ATM (Sep 2018)
Next: What are crucial and necessary needs? 

How and to what levels/extent of achieving them?

Avoid overkilled and thus counterproductive!
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Concluding Remarks

Existing and new technologies for sUAVs are to be tested and 
validated as a whole eco-system
Before it is tested to be stable and reliable, we need to have a set 
of rules (or guidelines) to “facilitate” the drone operations by
incorporated with comprehensive UTM, by learning from good 
practices developed and tested by ATM, while recognizing their 
differences with RPAS and manned aircraft

Fast-evolving & game-changing fields: Industry/Commercial Push



Looking forward to work
with you to identify 

needs and predict unknowns 
J J J J J J

e-mail: mkhlow@ntu.edu.sg


