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History, 
24. April 2010 
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March 2017 
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Safety Risk in Aviation 

Any aircraft is normally not a danger by itself. It is the operation in which the aircraft 

takes part, which can create a risk. 

 

 Risk for passenger and crew on board the aircraft 

 Risk for people on ground or in other aircrafts in case a collision 

 Risk for critical infrastructure 

 

 A crash can be acceptable as long no people are on board 
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Basics - Safety of an Operation in Aviation 

Operation 

Airspace 

Operator 

Aircraft 

Crew 
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Traditional Safety in manned Aviation 

An Operation is sufficiently safe to accept the risk when: 

  The Organisation behind the Operation is approved to accepted standards 

 They use a crew, which is approved to accepted standards 

 They use aircrafts which design, production & maintenance as well as the 

organisations behind are approved to accepted standards 

 

The Operation is not sufficiently safe and therefore to prohibit 
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Safety in non-traditional Aviation 

1. Operation is sufficiently safe to accept the risk. 

• All is approved to accepted standards 

• Within a legal framework which provides sufficient safety 

2. Operation is not sufficiently safe and therefore to prohibit 

3. Operation is not sufficiently safe and additional safety barriers are required 
to accept the risk. 
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Traditional Risk Assessment 

Operational 
Risk 

Assessment 

Technical 
Hazard and 

Risk 
Assessment 

Airspace 
Safety 

Assessment 
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Where we are? 

https://www.youtube.com/watch?v=dNRrP9zMrcg
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And where we go? 

Operation 

Airspace 

Operator 

Aircraft 

Crew PATS 

Personal Airborn 

Transportation System 
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Traditionally open Questions 

• Which are the rules to fly? And where to fly? 
 

• What are the rules for the design? 
 

• What about the production? 
 

• Design, Production, Maintenance people? License? 
 

• Certification? 
 

• Certificates? 
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New Approach 

Drones/PATS 
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Categories of harm – likelihood estimation 
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Responsibility? 
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Who to protect? 

 

 

• Protection of the people on ground is included in the protection of the people 
on-board the aircraft. 
 
 
 

• Protection of the people on-bord the PATS is included in the protection of 3d 
parties on ground and in the air. 
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One size fits all? 
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Individual Risk Assessment 

Operation 

Airspace 

Operator Aircraft 

Crew 

Operation 

Airspace 

Operator Aircraft 

Crew 

Joint Risk 
Assess- 

men 

Joint Risk Assessment 

Applicant 

Applicant Applicant 

Applicant Applicant 
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Holistic Risk Model (HRM) 

HAZARD HAZARD 

WG-6 - Specific

 operation 

WG-6 - Specific

 operation 
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having UAS 
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Harm Barriers Principles 

Reduce the likelihood of fatalities or injuries 
 
 
 Reduce the effects of the impact 

 
 
 

 Reduction of the number of persons exposed to the risk 
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Harm & Harm Barriers 

UAS operation is

 out of control 

UAS operation is

 out of control 

JARUS WG-6 - UAS

 operation 

JARUS WG-6 - UAS

 operation 

Fatal injuries to third

 parties on the ground 

Fatal injuries to third

 parties on the ground 

Containment in place

 and effective (tether,

 geo-fencing, etc.) 

Containment in place

 and effective (tether,

 geo-fencing, etc.) 

Effects of ground

 impact are reduced

 (e.g. Emergency

 Parachute) 

Effects of ground

 impact are reduced

 (e.g. Emergency

 Parachute) 

Crew training is adequate

 to cope with the situation 

Crew training is adequate

 to cope with the situation 

Contingency procedures

 are defined, validated and

 adhered to 

Contingency procedures

 are defined, validated and

 adhered to 

Fatal injuries to third

 parties in the air (Mid

 air collision with

 manned aircraft) 

Fatal injuries to third

 parties in the air (Mid

 air collision with

 manned aircraft) 

Containment in place

 and effective (tether,

 geo-fencing, etc.) 

Containment in place

 and effective (tether,

 geo-fencing, etc.) 

The UAS is equipped

 with design features

 that aid visual

 acquisition and/or

 detection by other A/C 

The UAS is equipped

 with design features

 that aid visual

 acquisition and/or

 detection by other A/C 

UAS is equipped with

 capability to avoid

 collisions 

UAS is equipped with

 capability to avoid

 collisions 

UAS design features

 mitigate the severity of

 mid-air collision (e.g.

 frangible, very light) 

UAS design features

 mitigate the severity of

 mid-air collision (e.g.

 frangible, very light) 

Crew training is adequate

 to cope with the situation 

Crew training is adequate

 to cope with the situation 

Contingency procedures

 are defined, validated and

 adhered to 

Contingency procedures

 are defined, validated and

 adhered to 

Damage to critical

 infrastructure 

Damage to critical

 infrastructure 

Specific operation profile

 designed with

 consideration to critical

 infrastructure 

Specific operation profile

 designed with

 consideration to critical

 infrastructure 

Effects of ground

 impact are reduced 

Effects of ground

 impact are reduced 

UAS equipped with

 obstacle avoidance

 capability 

UAS equipped with

 obstacle avoidance

 capability 

Crew training is adequate

 to cope with the situation 

Crew training is adequate

 to cope with the situation 

Contingency procedures

 are defined, validated and

 adhered to 

Contingency procedures

 are defined, validated and

 adhered to 
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Ground Risk Assessment 
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Harm barriers out of SORA 
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Specific Assurance and Integrity Levels (SAIL) 

SAIL 

Lethality 
UAS Ground Risk Class 

7 6 5 4 3 2 1 

HIGH VI VI V IV III II I 

AVERAGE VI V IV III II I 0 

LOW V IV III II I 0 0 
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Threat & Threat Barriers 

UAS operation is

 out of control 

UAS operation is

 out of control 

JARUS WG-6 - UAS

 operation 

JARUS WG-6 - UAS

 operation 

Technical issue with

 the UAS 

Technical issue with

 the UAS 

The operator is competent

 and/or proven (e.g.

 ROC) 

The operator is competent

 and/or proven (e.g.

 ROC) 

UAS manufactured by

 competent and/or proven

 entity 

UAS manufactured by

 competent and/or proven

 entity 

UAS maintained by

 competent and/or proven

 entity 

UAS maintained by

 competent and/or proven

 entity 

UAS developed to

 authority recognized

 design standards 

UAS developed to

 authority recognized

 design standards 

UAS is designed

 considering system safety

 and reliability 

UAS is designed

 considering system safety

 and reliability 

Inspection of the UAS

 (product inspection) 

Inspection of the UAS

 (product inspection) 

Operational procedures

 are defined, validated and

 adhered to 

Operational procedures

 are defined, validated and

 adhered to 

Remote crew trained and

 current and able to control

 the abnormal situation 

Remote crew trained and

 current and able to control

 the abnormal situation 
Safe recovery from

 technical Issue 

Safe recovery from

 technical Issue 

Human Error Human Error 

Operational procedures

 are defined, validated and

 adhered to 

Operational procedures

 are defined, validated and

 adhered to 

Remote crew trained and

 current and able to control

 the abnormal situation 

Remote crew trained and

 current and able to control

 the abnormal situation 
Multi crew

 coordination 

Multi crew

 coordination 

Adequate resting times

 are defined and

 followed 

Adequate resting times

 are defined and

 followed 

Automatic protection of

 critical flight functions (e.g.

 envelope protection) 

Automatic protection of

 critical flight functions (e.g.

 envelope protection) 
Safe recovery from

 Human Error  

Safe recovery from

 Human Error  

A Human Factors

 evaluation has been

 performed and the

 HMI found

 appropriate for the

 mission 

A Human Factors

 evaluation has been

 performed and the

 HMI found

 appropriate for the

 mission 

Aircraft on collision

 course 

Aircraft on collision

 course 

Operational procedures

 are defined, validated and

 adhered to 

Operational procedures

 are defined, validated and

 adhered to 

Remote crew trained and

 current and able to control

 the abnormal situation 

Remote crew trained and

 current and able to control

 the abnormal situation 

The UAS is detectable

 by other airspace

 users 

The UAS is detectable

 by other airspace

 users 

UAS is equipped with

 functionality to

 maintain safe

 separation 

UAS is equipped with

 functionality to

 maintain safe

 separation 

Adverse operating

 conditions  

Adverse operating

 conditions  

Operational procedures

 are defined, validated and

 adhered to 

Operational procedures

 are defined, validated and

 adhered to 

The remote crew is

 trained to identify

 critical environmental

 conditions and to

 avoid them 

The remote crew is

 trained to identify

 critical environmental

 conditions and to

 avoid them 

Environmental conditions

 for safe operations

 defined, measurable and

 adhered to 

Environmental conditions

 for safe operations

 defined, measurable and

 adhered to 

UAS designed and

 qualified for adverse

 environmental

 conditions (e.g.

 adequate sensors,

 DO-160 qualification) 

UAS designed and

 qualified for adverse

 environmental

 conditions (e.g.

 adequate sensors,

 DO-160 qualification) 

Datalink deterioration Datalink deterioration 

The UAS is designed

 to automatically

 manage datalink

 deterioration

 situations 

The UAS is designed

 to automatically

 manage datalink

 deterioration

 situations 

Datalink performance

 established and

 verified (e.g. datalink

 budget) 

Datalink performance

 established and

 verified (e.g. datalink

 budget) 

Procedures and

 limitations are

 in-place and adhered

 to 

Procedures and

 limitations are

 in-place and adhered

 to 

Datalink systems and

 infrastructure is

 manufactured to

 adequate standards

 appropriate to the

 operation 

Datalink systems and

 infrastructure is

 manufactured to

 adequate standards

 appropriate to the

 operation 

Datalink systems and

 infrastructure is

 designed to adequate

 standards appropriate

 to the operation 

Datalink systems and

 infrastructure is

 designed to adequate

 standards appropriate

 to the operation 

Datalink systems and

 infrastructure is

 installed and

 maintained to

 adequate standards

 appropriate to the

 operation 

Datalink systems and

 infrastructure is

 installed and

 maintained to

 adequate standards

 appropriate to the

 operation 

Deterioration of external

 systems supporting UAS

 operation beyond the

 control of the UAS

 operator (e.g. GPS,

 ILS). 

Deterioration of external

 systems supporting UAS

 operation beyond the

 control of the UAS

 operator (e.g. GPS,

 ILS). 

Procedures are in-place to

 handle the deterioration of

 external systems

 supporting RPAS

 operation  

Procedures are in-place to

 handle the deterioration of

 external systems

 supporting RPAS

 operation  

The UAS is designed

 to manage the

 deterioration of

 external systems

 supporting RPAS

 operation 

The UAS is designed

 to manage the

 deterioration of

 external systems

 supporting RPAS

 operation 
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Threat barriers out of SORA 
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Holistic Risc Model (HRM) 

UAS operation is

 out of control 

UAS operation is

 out of control 

JARUS WG-6 - UAS

 operation 

JARUS WG-6 - UAS

 operation 

Technical issue with

 the UAS 

Technical issue with

 the UAS 

Human Error Human Error 

Aircraft on collision

 course 

Aircraft on collision

 course 

Adverse operating

 conditions  

Adverse operating

 conditions  

Datalink deterioration Datalink deterioration 

Deterioration of external

 systems supporting UAS

 operation beyond the

 control of the UAS

 operator (e.g. GPS,

 ILS). 

Deterioration of external

 systems supporting UAS

 operation beyond the

 control of the UAS

 operator (e.g. GPS,

 ILS). 

Fatal injuries to third

 parties on the ground 

Fatal injuries to third

 parties on the ground 

Fatal injuries to third

 parties in the air (Mid

 air collision with

 manned aircraft) 

Fatal injuries to third

 parties in the air (Mid

 air collision with

 manned aircraft) 

Damage to critical

 infrastructure 

Damage to critical

 infrastructure 

Why this 

happens? 

What 

happens if? 

Level of Robustness Level of Robustness 
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Air Risk Model 

Air Risk 

Nominal 

Ambient risk 

External 
mitigations 

DAA 

Off-nominal 
(loss of control 
of operation) 

Ambient risk 

Likelihood of 
mishap 

Protection from 
mishap 
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Target Level of Safety 

D

P

Internal Mitigations 

Residual Risk  

Air-Risk Class 

Airspace Threat 

External Mitigations 
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Qualitative Approach to Air Risk 

Risk Factors 

• Proximity 

• Geometrics 

• Dynamics 

Operational Factors 

• Flight rules  

• Altitude 

• Airspace Type 

• Underlying Population 

X = Air-Risk 

Class 



SORA • Risk AssessŵeŶt for uŶŵaŶŶed airborŶe Mobility 

Markus Farner 

 

31 

Proximity, Geometry, Dynamics 
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Proximity, Geometry, Dynamics 
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Proximity, Geometry, Dynamics 
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Proximity, Geometry, Dynamics 
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Qualitative Approach to Air Risk 

1. Proximity - The more aircraft in the airspace, the 

higher the rate of proximity, the greater the risk of 

collision. 

 

2. Geometry - An airspace which sets or allows aircraft 

on collision courses increases risk of collision. 

 

3. Dynamics - The faster the speed of the aircraft in the 

airspace the higher the rate of proximity, the greater 

the risk of collision. 
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Where to expect Aircrafts 
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Airspace Encounter Categories (AEC) 

• Close to an Airport 

• Within a TMZ 

• Over Urban Areas 

• Over Rural Areas 

• South pole / North pole 

• Controlled Airspace 

• Uncontrolled Airspace 

• Above Minimum Flight Altitude 

• Below Minimum Flight Altitude 

• Stratosphere 
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Airspace Encounter Categories (AEC) 

Very High Risk for Mid Air Collision 
 
• Close to an Airport 

 Controlled Airspace 

 Above Minimum Flight Altitude 

 Below Minimum Flight Altitude 

• Within a TMZ 

 Controlled Airspace 

 Above Minimum Flight Altitude 

• Non Airport Areas 

 Controlled Airspace 
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Airspace Encounter Categories (AEC) 

High Risk for Mid Air Collision 
 
• Over Urban Population 

 Controlled Airspace 

 Above Minimum Flight Altitude 

 Below Minimum Flight Altitude 

• Over Rural Population 

 Controlled Airspace 

 Above Minimum Flight Altitude 

• Within a TMZ 

 Below Minimum Flight Altitude 
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Airspace Encounter Categories (AEC) 

Low Risk for Mid Air Collision 
 
• Over Rural Population 

 Controlled Airspace 

 Below Minimum Flight Altitude 

• Stratosphere 

 

 

Very low Risk for Mid Air Collision 
 

• South pole / North pole / Sahara Dessert 
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Airspace Encounter Categories (AEC) 

 
Very High Risk for Mid Air Collision 
 
 
High Risk for Mid Air Collision 
 
 
Low Risk for Mid Air Collision 
 

 

Very low Risk for Mid Air Collision 
 

 

 
Risk Class 4 
 
 
Risk Class 3 
 
 
Risk Class 2 
 

 

Risk Class 1 
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Airspace Encounter Categories (AEC) and Air Risk Class (ARC) 
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Reason mitigation model (Swiss Cheese) 

Strategic 

Conflict 

Management 

External 

Mitigations 

Internal 

Mitigations 

Providence 

Target  

Level of Safety 

UAS 

Unmitigated 

Collision Risk 

Mitigations 

https://openclipart.org/detail/16692/single-engine-cessna
https://openclipart.org/detail/267123/camera-drone
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Air-Risk Class and strategic mitigations 

Risk Class 1  

Risk Class 2  

S
E

P
 Le

ve
l 1

 

Risk Class 3  

S
E

P
 Le

ve
l 2

 

Risk Class 4  

S
E

P
 Le

ve
l 3

 

Risk Class 2  
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Specific Assurance and Integrity Levels (SAIL) 
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Specific Assurance and Integrity Levels (SAIL) 
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Air-Risk Class and tactical mitigations 

Risk Class 1  

Risk Class 3  

Risk Class 4  

Risk Class 2  

Tactical 

Mitigation 

Tactical 

Mitigation 

Tactical 

Mitigation 
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Tactical Mitigation, Performance Levels 
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Robustness Levels 
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3 Pillars of a new Risk Assessment 

• Risk Based Approach. What are the real Risks of the Operation 

• New Culture. Holistic not Atomistic 

• A Total Hazard and Risk Assessment 
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QUESTIONS? 


