SPECIFIC OPERATIONS RISK ASSESSMENTS
(SORA) COURSE APPLIED TO UNMANNED AERIAL
VEHICLES
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CHAPTER V. SORA RISK ASSESSMENT
PROCESS
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PRE-SCREENING

l Can the transaction be considered within
the open category?

Can a standard scenario cover the

operation?

Is it an operation that cannot be carried out
in any case”?

T Has the competent authority determined
that the unmanned aircraft is harmless to
the ground risk?
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Operation UAS
Remote pilot competency Lisooent
Area of operation i - < operato
B [sgeaccordingtoMS MTON | lntechica requrements | ElctronicOf | .
Subcategory (farfrom aerodromes, st dlass : regitration
S gislation) Joule () (CE marking) geo awareness
maximum height 120 m)
Privately
" né : Nz
Fiy over hu\_t
people Read consumer info
<ai0g Cansulmer‘mfommun‘ No 0
CL‘ Toy Directive or
) i <19m/s, no sharp edges,
You an fiy over uninvolved people (not over :
selectable height limit
crowds|
Consumer information,
+ Consumer info SELCAR)
.| <80Jor [ mechanical strength,
+ online training (1
: <500g | lost-ink management,
+ onlingtest
1o sharp edges, selectable
height limit
+ Consumer info Consumer information, Yes +
+ online training mechanical strength, no .
R ; ; ! unique SN for
You can fly at a safe distance from uninvolved | o online test sharp edges, lostink vq' )
iy close to : Q | <dg identification
Pl people  theoretca test ina centre management, selectable
recognised by the aviation height limit, rangibility, yes
authority low-speed mode.
Consumer nformation, lost-
ink management,
; a 5
Youshould: selectable height limi,
A3 | ofyinan area where ts reasonably expected | ¢ Consumer nfo frangihily.
Fiyfarfrom | that no uninvolved people wil be + online training . <2k Consumer formation, ‘
people | endangered 4 o online test atonatec gt ifrequired by
+ keep a safety distance from urban areas =1 20neof
Privately ;
Na operations
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PROCESS OUTLINE
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Other Process
(e.g. category

cartified ora
new application)

Ground Risk Mitigations | [ Alr Risk Mitigations

Final GRC less than
or equal to 77

Preliminary agreement on Steps #2- Not Agreed
#9 of SORA by competent authority

Final assessment of SORA
application and approval by Not Agreed
competent authority

Figure 1- The SORA process



ROBUSTNESS CONCEPT AND SEMANTIC MODEL

Ground Risk Model

Adjacent Area

Low Assurance Medium Assurance High Assurance
Low Integrity Low robustness Low robustness Low robustness
Medium Integrity Low robustness Medium robustness Medium robustness |
High Integrity Low robustness pedium robustness High robustness
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Air Risk Model

Ground
Risk
Buffer

Contingency Procedures ——

Flight Geography

Operational Volume =

Flight Geography +
Contingency Volume

Adjacent
Alrspace

deciared to ATM

Er rgency Procedures —

Optional
Air Risk
Buffer

Contingency Procedures —
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STEP 1 - DESCRIPTION OF THE CONCEPT OF OPERATION
(CONOPS)

PILOT TRAINING

TYPE OF ACTIVITY ~ TYPE OF AIRSPACE

TECHNICAL

FLIGHT HEIGHT INFORMATION
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STEP 2 - DETERMINATION OF THE INITIAL INTRINSIC
GROUND IMPACT RISK (GRC)

KINETIC ENERGY

Ec = - mp?
E—Emt?

TERMINAL SPEED

|ew
1= ¢, Ap
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STEP 2 - DETERMINATION OF THE INITIAL INTRINSIC
GROUND IMPACT RISK (GRC

Kinetic Energy Calculation

rotary wing
M 49,05|N
cd 1|Dimensionless Vt
d 0,04308739|m2
p 1,225 |kg/m3 Ec
ISA Atmosphere 15°C
Fixed wing
W 1,3
Vmax | 72|km/h | Zolmls
Ec 260(J
Legend:

M=Mass of the aircraft (Kg)

W=Weight of the aircraft N (Newton)

Cd = Aerodynamic drag coefficient (dimensionless)

d =Diameter in plan of the aircraft (in meters)

p=Air density (kg/m®)

Vt=Terminal or fall velocity (meters/seconds)

Ec= Kinetic energy Joules (J)

Vmax=Maximum speed of the aircraft (meters/seconds)
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PASO 3 - DETERMINACION DEL RIESGO INTRINSECO DE
IMPACTO EN TIERRA (GRC) FINAL

N Level of Robustness

elr} \
;:_ ‘ ‘Mitigatinns for ground risk Low | Medium | High

fh% Wiy (2@-Strategic mitigations - Sheltering 1 2 | N/A

aAs & M1(B) - Strategic mitigations - Operational restrictions | N/A -1 -2
M1(C) - Tactical mitigations - Ground observation -1 N/A N/A
M2 - Effects of UA impact dynamics are reduced N/A -1 -2
_
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STEP 3 - DETERMINATION OF THE FINAL INTRINSIC
GROUND IMPACT RISK (GRC)

INTEGRITY LEVEL SCHEME + O - INITIAL GRC + 0O - GRC FINAL

e of leary dos ot operalion SAIL determination
ihat level of integrity does our operation mee! 4 ‘ A s I
. ‘Mitigationsfurgroundrisk Low | Medium | High Finl GRC i b ¢ ¢
e e robusiness ves equred o U el Q I I Vo[
‘Ml{A]-Strategicmitigations-Sheltering 40 2 | NA 3 I I v Vi
1 T
o . o ) " 4 [ Il v Vi
yes o ¥ Check lower integrity leve nferior ‘Ml{B)-Strateglcmmgatmns-Operatlonalrestnclmns NA| A 2 ; N N N v
! ‘Ml{C]-Tacticalmitigations-Groundobservation 4 NA [ NA b v v v vi
red do 7 Vi v Vi Vi
‘MZ-EﬁectsofUAimpactdvnamicsare reduced NA| 4 |2 o1 Category C operation
¥ )
yes N
L} 1
]
yes No
Y
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STEP 4 - . INITIAL AIRBORNE COLLISION RISK (ARC)
DETERMINATION

AECs | Espacio Aéreo Operacional ARC
= 1 Operaciones por encima de 500 ft AGL en un entorno Oy
@ § S aeroportuario definido en SORA
228« 2 Operaciones por encima de 500 ft AGL en un TMZ
<= c=S Operaciones por encima de 500 ft AGL en espacio aéreo
=8 5F 3 d N
£z controlado
é’ 42 5 Operaciones en espacio aéreo no controlado fuera de entornos c RS> RE00E e-by MEh ;
urbanos
Otros 11 Operaciones por encima de FL600 b s
Operaciones por debajo de 500 ft AGL en un entorno
E_ ba aeroportuario definido en SORA y en espacio aéreo clase B, C o d
D OPSin OPSin -
ort/Heli Class8,CorD Ye
§ ) Operaciones por debajo de 500 ft AGL en un entorno rjzblissh Akspace? m
g2 C ob aeroportuario definido en SORA y en espacio aéreo clase E, F o [
.E g G sobre entornos urbanos
g Operaciones por debajo de 500 ft AGL en un entorno 1
A bc aeroportuario definido en SORA y en espacio aéreo clase F o G b ARG,
53 fuera de entornos urbanos
g2 7 Operaciones en una TMZ o clase F, G C |
=) - —— - ARC-d ARC-d ARCC ARCc
E = 8 Operaciones en espacio aéreo controlado debajo de 500 ft AGL C L.) = \
g~ Operaciones en espacio aéreo controlado debajo de 500 ft AGL, . .
£ P! P J c
2 en entornos urbanos
S] Operaciones por debajo de 500 ft AGL en espacio aéreo na oPsin 0rs o3 Spscasons
10 P! p d p b in Uncontmolled in Uncontrol led
controlado y fuera de entornos urbanos e i = iy Airspace over Arspace over Rural
Otros 12 | Operaciones en espacio aéreo atipico a < Areae

. 4

orPs
in Uncontrolled
Airspace over
rban Area,

Operations
inUncontml led
Airspace over Rural
Areas

oPSin
Made-C Veil
orTMZ?

oPs
in Controlled
Airspace?

OPS< 500 ft AGL

Y Yo < l

ARG { Arcc ) ARC-c ARC-b
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STEP 4 - . INITIAL AIRBORNE COLLISION RISK (ARC)
DETERMINATION

?E/\{_;g\ W % H 5 o ‘C‘onchillas

‘:t
) 8

D o 5B vesd | ARGD

oPsin
Class B,Cor D
Airspace?

OPS in
Airport/Heliport
nvironment?,

Operations
inUncontrolled
Airspaceover Rural
Areas

La Choza

oPs
in Controlled
Alrspace?

OPSin
Mode-C Veil
orTMZ?

>500ft. AGL but

. 4

= b : ) ; 0PS< 500 & AGL

Operations
inUncontrol led
Airspace over Rural

orPs
in Controlled

OPS in
Mode-C Veil

orTMZ? Airspace? Alag
0.
R Un eIarrea 3 L 05 5

DRONESVIP| 7o 13 @O



STEP 5 - . FINAL AIRBORNE COLLISION RISK (ARC)
DETERMINATION

STRATEGIC MITIGATION
(BEFORE OPERATION)

&
TACTICAL MITIGATION
(DURING OPERATION)
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STEP 6 -

TACTICAL MITIGATION PERFORMANCE

REQUIREMENTS AND ROBUSTNESS LEVELS (TMPR)

Tactical Mitigation
o ihack from the cycle —] Residual ARC Performance Requirements TMPR Level of Robustness
(TMPR)
See m—— Decide Mumm——— Avoid ARC-d High High
ARC-c Medium Medium
ARC-b Low Low
ARC-a No requirement No requirement




STEP 6 - TACTICAL MITIGATION PERFORMANCE
REQUIREMENTS AND ROBUSTNESS LEVELS (TMPR)

TIPR: Lewel
Function Lew Medium High
| ARC-5) {ARC-c) (fC-d]
The mxpactation iz for the applicans’s DAA Plan to
enable the aperater to detect appraximatsly 90 %
i The expactation i for the apalicent's DAA Flanto  of sl aircraftin the detection walume’. To
E enable the operator to detect appracmately 50 % accamphzh the, the applcant will have ta rely on
of all sieraft in the detection volume? ane ar a comkinatian of the fallowing systems ar
E Thiz is the performance reguiramant in the services: & st
abasrce af fallures and defauits » Ground based DAL RADAR mesting RTCA
; E— " - Itiz raguirad that the applizant haz swarenezs of e PLARM *" SC-22Bor
b s g mast of the traffic aperating in the areain which = Pilat Aware ¥ i:smc“ G-
= . g ] the operatar intends to fiy. by relyingan anesr o ARS8 |n/ UAT In Receiver”
g Deteet” F i mare of the fallawing: « ATC Separstion Services” m.:#_s.':.-msﬁs
/ B zimilar]
-E =2 = ::‘.‘D: frrebbarad] (el Ame ATTALACIE v LTM Uspace Surveilance Serice’ Enn inﬂalllen in
= . » UTM -z pace Early Conflics Detection and accardance
| ] » Uz Law Cost AD5-B | AUAT/ELARK @ilat . s
\ | B ) 8 H " Reszlution Service . ) weith applicable
z Sware” aircraft trackars . L = Actiie communicatian with ATC and ather [
= * Use of UThU-spae Dy namic Gecfencing sirspace users®.
£ » Monitoring seransutical radia communisstions o oo ezen: srovides an sssessment of the
= e g uis of 3acanne

effectiveness of the detection tools/methods
chaszen

Far an in-degth understanding of the derivation, pleass see Arnex G Detection should be dame with adeguate presisian for the auoidance manseuyre to be effective.
‘The det=cticn volume is the wolume of sirspace (temporal or spatisl measurement| which is reguired to awcid a collisian {and remain well dese if required)] with manned
sirerafe, |t can b thought of 55 the last geint st which 3 marned sircersft must be detested, 1o that the DA systerm cam parfarmance allthe DAL functions, The detection
walume in not tisd to the sensariz] Field af ViewField of Regard. The size of the detection volume depends an the aggravated dasing speed of traffic that may reasonably
e snoountered, the tire reguired by the resnote pilst t d the ausid o the time required by the system ta respond ard the manseuyrasilny and
= perfarmance of the sircraft. The detection valurme is proportianally larger than the alerting thresheld.

. FLAAM and Pilotiwars srs sommercally available (trademarked| predusts/brands. They sre referanoed hers only 31 axamgle technelogies. Th

2n erdorsament by the spproval sutharity for the use of thase products. Other products affering similsr functiors may alsa be uzed.
¥ *These refer to possible future applications of autormated traffic management systems for unmanned aircraft in an UTW/U-space environment. These applications may not
4 amizt 3z such today.

‘4{ ’ j “If parmitted by the suthority. May require 3 Rado-License or Permit.
. “The selection of systerns ta aid in electronic detection of traffic should be made considering the average equipment of the majority of sroraft cpersting i the ares. Far
axampils: in arezz whers many ghiders are krown ta operste, the uze of FLARM ar similar systams should be considered wharsas for aperatians in the vidnity of langs
cammersially sperated girerafy, ADE-B N s probably mare apprapriste. These refer to peasible future applisations of sutomated traffic managerment systams for
unmanred sircraft in an UThU-space environment. These applications may not exist 35 such today. & subscription to thess services may be required.
"The selection of systerns ta aid in electronic detaction of traffic showld be made considering the average sguipment af the majerity of arcrafs sperating in the ares
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STEP 6 - TACTICAL MITIGATION PERFORMANCE
REQUIREMENTS AND ROBUSTNESS LEVELS (TMPR)

TRPR Laswel
Fumction L Muwdium
[ARC-h) |ARC-c)

All reguirements of ARC-band n addition:
The UAS mould have ad ted da-
= BREFAEr Sheld NV e A cacumen! 1. The apsrater provides an assessment of the

carfliction scheme, inwhich the L&5 operator .

. . . huwman/machire mberface factars that may affect
explains which took or methods wil bs used for the remate pilot's abiity ta make 3 timely 3nd A mystem
detection and what the critaria are that wil ke - rimp;mpnn & mesting BTCA
applied for the decison to avaid incaming traffic. IPprap SC-228 or

—%)
¢

Tactzal mitigation perarrma noe requirements [TMPR)

= = In case the remate plot refes on detectian by z. LIA5 op r pravides 3n aisess b af EURCCAE WG~
E E ) the affectiraness of the tzok ard methods
& ] tameone elee, the use of phrassslogy will have ta | . ) 105
Diecide E = be deserbed x5 well wutiized for the timely detection and avedarce of MRS/ MASPS
traffic .
5 E Exarmiples. [ aimilar]
Ik et Ereraly | fin bng th
g g % The ap=ratar will initiate a rapid descend & e ﬁ_ pexk b ‘_W “j_' ) o a1 enabing the and irstalled in
remats pilct ta dedde within 5 ssconds after the
traffic is cressing an akert beundary and operating accordance

irdicatian of incaming traffic is provided.

t bz tham 1000 th appleable
e nan . . The Ud5 operatar provides an asseszment of the T AR
# The abserver maonitaring raffic uses the phrase: | | . 3 . - requrEmanis
‘DESCEND . CIESCEND! DESCENDY failurs rate ar availablity of ary tool or service

the UAS eperator interds ta use

-
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STEP 6 - TACTICAL MITIGATION PERFORMANCE

REQUIREMENTS AND ROBUSTNESS LEVELS (TMPR)

TIVIPR Level

Function Low Mecium
[ARC-b] |ARC-c)

Avoidance may raly an wartcal and horizantal
waidance manogising and i dafined in
UAS deszending ta an skitude not higher than the standard procedures. Where horizontal
nearest trees, buildings or infrastructure or 560 Faneeuvring is applied, the aircraft shal be
feat AGL s cansidered sufficent demonstrated to have adequate performance,
The sircraft should be able to descend from s such s sirspesd, scceleration rates,
cperating akitude to the “safe alitude’ in less than climby/descend rates snd turn rates. The falewing
a minite are sugzested minimum perfarmance eriteria;
s Alrapeed: 2 50 knots
* Rate of dimby/descand: & 500 ft/min
o Turn rate: 2 5 degrees per aecend

Evgeute

Mo Requirenmsnt
Mo Reguireme=nt

Tactca | mitiga tion performa noe reguirements [TRIPE)]

“Law End Performance Representative [LEPR) performance requirments far RTCA 30-228 Study 5
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meeting FTCA
SC-22Bor
ELIROCAE WG-
105
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[@r similar|
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STEP 6 -

TMPR: N/A TMPR: Low TMPR: Medium
(ARC-a) {ARC-b) (ARC<c)
Allowable loss of Allowable loss of Allowable loss of Allowable loss of
function and function and function and function and
performance of the performance of the performance of the performance of the
Criteria Tactical Mitigation Tactical Mitigation Tactical Mitigation Tactical Mitigation
System: < 1 per 100 System: < 1 per 100 |System: < 1 per 1 000| System: < 1 per 100 000
Flight Hours Flight Hours Flight Hours Flight Hours
{1E-2 Loss/FH) {1E-2 Loss/FH) (1E-3 Loss/FH) {1E-S Loss/FH)
Level of This rote is
integrity commensurate with
The requirement is The requirement is o proboble failure
considered to be met |considered to be met condition. These
Ce ts / by ¢ ially by commercially |failure conditions are | A guantitative analysis is
Notes ovoilable products. available products. anticipated to occur required.
No quantitative No guantitative one or more times
enalysis is required. | anolysis is required. during the entire
operational life of
eoch aircraft.
TMPR: N/A TMPR: Low TMPR: Medium
(ARC-a) (ARC-b) (ARC-c)
The operator
6 clares ahar the TI.\e operator The evidence that tl::e
'ac‘:'::e";'f';m" that the f y will the
Criveria NA procedires il mitigation system risk of collisions with
will mitigate the risk manned aircraft to an
mitigate the risk of %
& = of collisions with acceptable level is
Level of collisions with %
manned aircraft to an| verified by a competent
SESLEADCS pEned sicati s an acceptable level. third party.
acceptable level.
Comments /
Kites NfA nyA N/A N/A

TACTICAL MITIGATION PERFORMANCE
REQUIREMENTS AND ROBUSTNESS LEVELS

Tactical Mitigation

Table D.3 — TMPR integrity and assurance objectives

DRONESVIPI®
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Residual ARC Performance Requirements | TMPR Level of Robustness
(TMPR)
ARC-d High High
ARC-C Medium Medium
ARC-b Low Low
ARC-a No requirement

No requirement
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