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EASA regulations: Risk-based

Approval doesn't depend on Specific Operations Risk Assessment
(SORA)
e whatis done
inspection/photo/delivery
e how fun/important/...

e which country

1.3(a): "The methodology .. aimed at
evaluating the safety risks ... of any
class, size or type of operation (including
military, experimental, research and

Just prove risk is low development and prototyping). It is
particularly suited, but not limited to,
‘specific’ operations...."

e nothing <
e nothing >
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https://www.easa.europa.eu/document-library/easy-access-rules/online-publications/easy-access-rules-unmanned-aircraft-systems?page=4#_DxCrossRefBm1764556597

SORA strengths

Scenario-based Qualitative ("pen&paper")
e PDRA "uncomplicated and convenient means to
e STS qualitatively evaluate the safety risk
associated with so-called specific category
Wide applicability UAS operations

[Denny,Pai.Johnson@DASC'18]

"SORA steps ... provide a risk assessment
that does not require substantial knowledge
of how to determine risks and necessary
measures to mitigate them"
[Cour-Harbo@ICUAS'18]
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https://ieeexplore.ieee.org/document/8569475
https://ieeexplore.ieee.org/document/8453411/authors

SORA weaknesses

Scenario-based Qualitative ("pen&paper")
Instead of generic scenarios, e "room for interpretation”
could [dis]approve every [Cour-Harbo@ICUAS'18]
concrete, unique operation (later slides)
e ELOS?
Fun fact: LOS (TLS) is quantitative

SORA's "Specific" = "Concrete" ?
not category

EFR <10°
(later slides)

x founding members
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https://ieeexplore.ieee.org/document/8453411/authors

Early voices to quantify SORA

GUTMA Annual conference: Riga airspace assessment:

"Defining how UTM services can best "However, the requirement to assign

support the digitalization of airspace ground risk classes for UAS operation

risk assessment (SORA)" has prompted the conclusion that this
S process needs to be digitalised and

"the immediate hard challenges automated to make significant resource
facing UTM" savings for UAS operators and

authorities, at least for determining the
intrinsic UAS Ground Risk Class (GRC) "

2018:
UTM's ancient history

x founding members
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https://www.unmannedairspace.info/uncategorized/gutma-annual-conference-will-vital-waypoint-utm-industry/
https://www.eurocontrol.int/sites/default/files/2019-12/report-riga-airspace-assessment.pdf

Recent chorus (CORUS on SORA -- later)

BUBBLES (SESAR ER4) D4.1:

"The SORA methodology will be
guideline but the goal is to improve the
qualitative methodology of SORA with a
quantitative methodology, since that will
allow to estimate a value for the RWC
separation”

"proposing a quantitative risk analysis
which enhances or replaces the
qualitative model of SORA"

A

j-— 11th SESAR Innovation Days

Fricke et al., ATMS'21

about their simulations:

"TUD [Dresden University of
Technology] suggest integrating this
type of agent simulation as air risk
assessment in SORA"

SORA may be hard to fully automate...

x founding members
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https://bubbles-project.eu/
https://www.bubbles-project.eu/wp-content/themes/bubbles/Deliverables/BUBBLES_D4.1_Algorithms%20for%20analysing%20the%20collision%20risk_Ed_01.01.00.pdf
http://www.atmseminar.org/seminarContent/seminar14/papers/ATM_Seminar_2021_paper_24.pdf

SORA IGRC table: column < span, energy

Max UAS characteristics dimension

Typical kinetic energy expected

Operational scenarios
VLOS/BVLOS over a controlled ground area
VLOS over a sparsely populated area
BVLOS over a sparsely populated area
VLOS over a populated area
BVLOS over a populated area
VLOS over an assembly of people

BVLOS over an assembly of people

1 m/ approx.
3ft

< 700 ) (approx. 529 ft Ib)

3 m/ approx.
10 ft

<34 K} (approx.
25 000 ft Ib)

8 m / approx. >8 m / approx.
25 ft 25 ft
<1 084 K] (approx. >1 084 k] (approx.
800 000 ft Ib) 800 000 ft Ib)
3 4
4 5
5 6
6 8
8 10
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SORA IGRC table: column < span, energy
Lorenzo Murzilli's in

1 m/approx. 3 m/ approx.

SORA video: 3t 10t

heated discussion in SRR PR R o e
JARUS WG6

- 2

® Span, or 5 3

e energy ? 3 4

4 5

ending in: - 6

span ~ energy

8 m / approx. >8 m / approx.
25ft 25 ft
<1 084 K] (approx. >1 084 k] (approx.
800 000 ft Ib) 800 000 ft Ib)

3 4

4 5

5 6

6 8

8 10
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https://www.youtube.com/watch?v=sq7wozIzXBM

SORA IGRC table: column < span, energy

—_— insi d risk class .
Lorenzo Murzilli's in 3 drones with
. 1 m/ approx. 3 m/ approx.
SORA video: 3ft 10t
. . . ] >
heated discussion in <70l | s span>1m
JARUS WG6 * energy<700J
1 2
e span, or . .
e energy? : 7
4 5
ending in: - -
span ~ energy :
8
- ~‘/X‘._ - \ x_ /1_ founding members
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https://www.youtube.com/watch?v=sq7wozIzXBM

SORA IGRC table: column < span, energy

"If there is a mismatch 3 drones with
between the maximum o e
UAS characteristic () | <stbe ® span>1m
dimension and the typical e energy<700J
Kinetic energy expected, 1 2
the applicant should 2 3
provide substantiation for 3 <
the chosen column.” i -

5 6
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SORA IGRC table: column < span, energy

"If there is a mismatch 3 drones with
between the maximum s or
UAS characteristic <7001 approx 297 <34 aprox e span>1m
dimension and the typical e energy<700J
Kinetic energy expected, 1 2
the applicant should 2 3
provide substantiation for 3 4 Substantiation...???
the chosen column.” t :

5 6 May be hard to

automate this

[ I'm not a robot n] !
22

x founding members
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SORA

May be hard to automate
in general

Many examples

e described in literature
e foundin SORA

Strength: Qualitative — flexibility

At the same time ...

11th SESAR Innovation Days

Allows quantitative methods

which may be easier to

digitize

automate

computerize

formalize

model mathematically with rigor
numerically calculate

have algorithms for

use data-driven approaches for

SESAR oo - 9
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SORA

Trivia question (*® ) :
#hits when searching for

e "qualitative"
e "quantitative"

x founding members
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SORA

Trivia question (*® ) :
#hits when searching for

e "qualitative" 29
e "quantitative" 9

#4:. warning!
"The SAIL is not quantitative”
When was the last time
someone did

arithmetic operations
with Roman numerals?

11th SESAR Innovation Days

<3

##1--3, 8, 9: qual «— quant interplay!

e ...use either qualitative .. or
quantitative.. , or consider both

e ...quantitative ... allows to reduce
... . ... quantitative ... used to
validate ...

e assessment ... qualitative ...
augmented with quantitative ...

e ftranslate ... quantitative ... into

qualitative ...

x founding members
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SORA

To finish with qual/quant in SORA
##5--7: explanation!

C.3.1 SORA qualitative vs
quantitative approach

... assessment is qualitative... Where
possible, ... will use quantitative
data.. The SORA approach in general
provides a balance between
qualitative and quantitative
approaches...

ﬁ* 11th SESAR Innovation Days

So, SORA isn't purely qual
Does/may 3 purely qual

risk assessment method?
Philosophical Q for

after wine @SIDs dinner

Meanwhile, go2 quant method
Also based on

e Airrisk

e Ground risk
x.

SESAR ¥ o&Do
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Air risk quant methodology

e [Weibel, Hansman. ATIO 2004]

e Arctic Science RPAS Operator’s Handbook

e Zhang, Xuejun, et al. "Safety assessment and risk estimation for unmanned
aerial vehicles operating in national airspace system." Journal of Advanced
Transportation 2018 (2018)

e l|a Cour-Harbo, Schigler. "Probability of Low-Altitude Midair Collision Between
General Aviation and Unmanned Aircraft." Risk Analysis 39.11 (2019)

e Usach, Villa, Gallego. "Trajectory-based probabilistic risk model for UAS
operations." Risk Assessment in Air Traffic Management. IntechOpen, 2020

x founding members
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https://www.amap.no/documents/download/6617/inline

0000

Arrval rees (CDO)
_ Actual traiectonies (OpenSky)

Instantiation 25000 |
Stockholm 20000 | Ry,

o TMA 3 |

GA-batleers— 8 15000 .
e Hospital 2
EMS ops 10000

altitude 5000

50 40 30 20 10 0
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| A\
Processing \-%§\\

\
Vv pixel p in ROI: n, = # of a/c flying through p (or within 300m of p)

during time horizon T=24hrs or 12hrs (or whatever you choose)

E[# a/c in p / unit time] (a/c traffic intensity) = np/T (eg 12al/c / 12hrs = 1a/c / hr)
assume const, but can do fine-grained (morning, day, night, specific hrs...)

t = time for our vehicle to pass through a pixel
assume const, depending on speed but can do fine-grained (speed profile)

E[# conflicts with a/c in p] = npt/T
makes sense: we run (not walk) crossing a highway to min # of cars hitting us

x founding members
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E[conflicts with a/c] 140

100

@
o

()]
o

40

20

o
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Fleet types

Type of aircraft | Number
BOEING 737-800 33335
AIRBUS A-320neo| 11444
BOEING 737-700 10798
BOMBARDIER Reg 10012
AIRBUS A-320 9626
ATR ATR-72-600 6294
BOEING 737-600 5963
AIRBUS A-321 4761
AIRBUS A-319 4321
SAAB 340 2512
AIRBUS A-330-300 2228
BOMBARDIER Das 1800
EMBRAER E190-E] 1679
FOKKER F50 1643
BOEING 787-8 Drd 1447
BOEING 757-200 1255
BRITISH AEROSPAS 1170
BOEING 767-300€ 1027

11th SESAR Innovation Days

BOUNG 717-800

ARBUS A 5 Nomen

BOUNG 717200

BOAIRMADALE Bagonsd bt T3 900
ARBUS A 100
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ARBUS AN
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NB: p{collision|conflict} =
p{180fatalities|collision} = 1

EFR (Expected Fatality Rate) SORAL ANSP operatore?

E[# conflicts with a/c along a path P] =} oin P npt/T

time to fly P = |P|t (|P| = # of pixels through which P goes)

E[conflict rate] = E[# conflicts with a/c along a path P] / unit time =

=Y e NUT /timetoflyP = /T3 . .n /|P| =mean(n )T

EFR = E[conflict rate] * E[pax] = mean(np)/T *180
[Usach,Villa,Gallego'20]: "the most probable intruder aircraft when flying in controlled

airspace is a short-to-medium-range airliner like a Boeing 737 or an Airbus A320 (two of the
world’s most successful commercial airliners), with an estimated capacity of 180 pax"
We're > fine-grained: count only where routes are, with local traffic intensity

(aH-oHthe-controlted-airspace)

x founding members
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https://cdn.intechopen.com/pdfs/70952.pdf

EFR

0/1, b&w

0

x founding members
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EFR Bremma 50
0/1, b&w 40
26re from UAM POV to "to B or not to B (only A)"
hot topic in Sweden
B=Bromma Beeirg, A=Arlanda Airbus 30
Conventional aviation vs U-space .
(Reg 665, 666; AMC/GM pending) 20
e VIcentAD: In Rome, ' ¥
Do as the Romans Do 10
e XXl centAD: In U-space,
Do as the Drones Do 0
A8 2 or X 3 ;4,_ _ founding members
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Occupancy over 16 hours 0-100m

E[conflicts with a/c] ¥t

w

......

# of aircraft

N
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Occupancy over 16 hours 100-200m

E[conflicts with a/c] 17.5

12.5

10.0

# of aircraft

Koy
Ul

i
o

B
U

L 0.0
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Occupancy over 16 hours 200-300m

E[conflicts with a/c] N7 7S / "

20.0

17.5

15.0

12.5

aircraft

LA, i 2 10.0 %5

#0

L 0.0
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E[conflicts with a/c]

Occupancy over 16 hours 300-400m
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Occupancy over 16 hours 400-500m

E[conflicts with a/c]

140
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100

o0
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# of aircraft
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E[conflicts with a/c]

Occupancy over 16 hours 500-600m

.......
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Occupancy over 16 hours 600-700m

. . > = - 160
E[conflicts with a/c] ; ’
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E[conflicts with a/c]

Occupancy over 16 hours 700-800m
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Occupancy over 16 hours 800-900m

E[conflicts with a/c] 7 7= 7 j:
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E[conflicts with a/c]

Occupancy over 16 hours 900-1000m
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E[conflicts with a/c]

Occupancy over 16 hours 1000-1100m
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E[conflicts with a/c]

Occupancy over 16 hours 1100-1200m
T ™
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Occupancy over 16 hours 1200-1300m

&
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Occupancy over 16 hours 1300-1400m
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Occupancy over 16 hours 1400- 1500m
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Expected Fatality Rate (altitude band Om-100m)

EFR

0/1, b&w

SESAR ¥ 00"
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Expected Fataluty Rate (altitude band 100m-200m)

EFR

0/1, b&w

0
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Fatality Rate (altitude band 200m-300m)

Expected
S A8 _ 3 LY o

EFR

0/1, b&w

0

L = ' 4 AR
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EFR

0/1, b&w
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Expected Fatality Rate (altitude band 400m-500m)

EFR

0/1, b&w

founding members
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Expected Fatality Rate (altitude band 500m-600m)

EFR

0/1, b&w

100

}4 founding members
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Expected Fatality Rate (altitude band 600m-700m)

EFR

0/1, b&w

100

: | % T
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Expected Fatality Rate (altitude band 700m-800m)

100

EFR

0/1, b&w

. 1 .Xﬁ- founding members
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Expected Fatality Rate (altitude band 800m-900m)

EFR

0/1, b&w
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Expected Fatality Rate (altitude band 900m-1000m)

EFR

0/1, b&w

0

}4 founding members
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Expected Fatality Rate (altitude band 1000m-1100m)

EFR

0/1, b&w

0
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Expected Fatality Rate (altitude band 1100m-1200m)

EFR

0/1, b&w

}4 founding members
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Expected Fatality Rate (altitude band 1200m-1300m)
EFR L YT

0/1, b&w
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Expected Fatality Rate (altitude band 1300m-1400m)

EFR

0/1, b&w




EFR SORA

0/1, b&w, simplistic air risk picture complex air risk procedure
quant POV: rather airspace availability overly? pilots are aware of risks
diff corridors (hot topic) on diff altitudes

discovered by alg, hardeoded/decided
flip <> through our maps

Fun fact: SORA1 -- simple(r); towards
2.0 avia professionals had a lot to say ;-)

Ground risk: new =7? simple (overly?) in SORA
"def"?: pop area = "includes areas substantially used for residential, commercial or recreational purposes"

Finer-grained pop density? Go2 quant ground risk (where air risk is negligible)

x founding members
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EFR

0/4, B&w, simple air risk picture
Norrkoping municipality (~10°ppl)

Ground risk
sole EFR contributor

Occupancy over 1 month

%
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EFR remains the KPI

e SORA1.0: The number of fatal injuries to third parties on ground (per flight hour)
is chosen as the best parameter that can embody the equivalence of risk, when
kept equal among the different categories

e SORAZ2.0: The usual means to measure fatalities are by the # of deaths within a

particular time interval (e.g. fatal accident rate per million flying hours), or ...

Arctic Science RPAS Operator’s Handbook

[Weibel, Hansman. ATIO 2004]

[Dalamagkidis, Valavanis, Piegl. Progress in Aerospace Sciences, 2008]

10-sMth fatalities/hour

x founding members
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http://jarus-rpas.org/sites/jarus-rpas.org/files/jar_doc_06_jarus_sora_v1.0.pdf
http://jarus-rpas.org/sites/jarus-rpas.org/files/jar_doc_06_jarus_sora_v2.0.pdf
https://www.amap.no/documents/download/6617/inline

Risk map: V q, E[exposed | fails at g] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop densit risk (d = 200m

1 1800

1 1600

1 1400

1 1200

1 1000




Risk surface: V q,E[exposed]|fails at q] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop density — blur — risk (d = 200m)
2000
10
1500
8
6 1000
4
500
2
0 0 g
1000 1000 Y =
500 | et
\ 4 7 founding members
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Risk map: V q, E[exposed | fails at g] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop densit risk (d = 200m

1 1800

1 1600

1 1400

1 1200

1 1000




Risk map: V q, E[exposed | fails at g] = ppl within d of g
possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop densit

— 1200

1 1000

1 800

2 p By 2 S N founding members
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Risk map: V q, E[exposed | fails at g] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop densit

1600

1 500

1 400

200

100

founding members
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Risk map: V q, E[exposed | fails at g] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)

pop densit risk (d = 50m

A \. By 2 S N founding members
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Risk map: V q, E[exposed | fails at g] = ppl within d of g

possibly weighted by P{fatality | struck} (if shelter et al. info available)
pop densit

o 5 e - founding members
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Grid paths

A
- L error up to ~40% 9 T
- many turns -- unnatural PARREEN RN
(raster2vec stratghtfwd) o
- incorrect risk when converted
(over/undercount in/out) Dot j‘i \» /g
L : a\2+1 < a+R <2a+1 | 704 .
- min a*L+risk path may mislead N\ forR-1 < a <(R1)/(v2-1) ;f‘ifi" A
(have high risk R>>1) |73¢2+1 N | ?‘4 Tl
+ Easy to compute a+R VY (7t p

More connections: issues \ but remain
[Rudnick-Cohen, Herrmann, Azarm'16]

A
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https://www.researchgate.net/profile/Stefano-Primatesta/publication/326225175_Ground_risk_map_for_Unmanned_Aircraft_in_Urban_Environments/links/5b3f260aaca27207851c6bc9/Ground-risk-map-for-Unmanned-Aircraft-in-Urban-Environments.pdf

[LIU+NASA ATMS'21] (siides)

i .
Representatlve paths (dlscovered by alg, hardeeded%deerdeé)
El gen 8 agen ‘ . agen J 9 -

Hirarmaleta,

4 oo - 9
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http://www.atmseminar.org/
https://docs.google.com/presentation/d/1FsbvcObz_Ftrj0YzJ5wbmB3Qcp0ZwCLdASltnq0atwE/present#slide=id.gf0269b4cba_0_5

[LIU+NASA ATMS'21] (siides)

Options V mission

EFR vs Length tradeoff, Pareto-opt paths

e min EFR for given L
e min L for given EFR

risk

>
o]
e
(O]
=
>
o
()
et

authorti

acceptable
by user

(

Loddby

Resebro

Exposed population: 4341
Affected area: 3.395e+6 m?
Exposed population density: 1.279e-3 ppl/m?
Linear density: 5.116e-1 ppl/m
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http://www.atmseminar.org/
https://docs.google.com/presentation/d/1FsbvcObz_Ftrj0YzJ5wbmB3Qcp0ZwCLdASltnq0atwE/present#slide=id.gf0269b4cba_0_5
https://undefiened.github.io/ground_risk/

Qual methods discouragement: why reducing EFR?

Endpts in densely pop area = GRC=6 = all routes equal from qual POV :-(
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cf. SORA's discouragement?

[CORUS Section 2.2.2.c]: "drone operations in ARC-c or ARC-d offer little motivation for an operator to reduce the
GRC, as the SAIL stays almost unaffected"

SAIL determination
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Category C operation


https://www.sesarju.eu/node/3411

Fix: mandate quant RA (+ to SORA)

Use longer but safer route (among SORA-approved)
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Fix: mandate quant RA

Encourages using computerized tools In line with emphasis on
(in practice: mandates,

sans mental calculation enthusiasts)
for mission

e automation
e digitalization

in UTM

D very def of U-space service as one
"relying on digital services and
automation of functions designed to
support safe, secure and efficient

access to U-space airspace for a
umber of UAS" [664] ‘

; _',';'-‘ AR - } al v
AT 11th SESAR Innovation Days .- SESARx TXDT g€

e planning (operator)
e approval (regulator)




Fermandate-gaantRA Future: computerized services

e optimize the performance

e automation . :
e minimize the adverse impacts

e digitalization

of drone proliferation
risk being empty hype words in defs, P

while CORUS: list U-space services
E.g., “GRC can be reduced easily
using the information provided by
certain U-space services.”

o RA
e operation approval

done with pen and paper Pareto opt tool above:
(Thank you SORA for early-stage contribute to such services,
opportunity to use qual methods, but) specifically targeted at ground risk
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Quant flaw

High EFR Low EFR
per flight hour

High pop density
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Quant flaw and a fix: mandate Pareto opt

Logic: forbid "unduly long" = Pareto-ept Acceptance & exeessive-fying

e Regulator: Pareto opt tool above Fair to favor better-equipped (PBS)
e Operator: pen&paper planning? (may apply to delivery only, but...
exedse break the paradigm
High pop density "“regulations don't
@ @ care about your
Not approved business" :-( ...)

Discussion needed...

x founding members
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Discussion/Conclusion: qual «» quant RA

Qual, easier (for stakeholders) to Quant, easier (for researchers) to
e consider o digitize
e think about e automate
e envision e computerize
e describe o e formalize
1773,) Se e model mathematically with rigor
e mandate? /h{Q/yfloﬁe e numerically calculate
we suggest /7//74» e have algorithms for
+ quant e use data-driven approaches for

x founding members
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