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A single drone operation contains risk to third party on the ground and in the air. Sharing airspace with
drones with different level of safety and reliability will increase such risk. Standardizing functional safety
analysis among drone manufacture is important when various experience, knowledge and philosophy are
found. Authors applied a functional safety analysis standardized in the automotive industry to a drone for

delivery, using a reliability engineering software in Automobile and Aviation Industry, Ansys medini analyze.
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T 5EZTIREDBADMBEITIZOWTERT L, S5I12, INOOWINOB) & % Te12 FehSE M A HL
RIS A HMBFIOEZ FTIZOWTiERETHLDTH Lo EAE O NALEHOIESFEED72DI121F
FEMANCHE T AEBR A N—FF A - aidb k), 2000 EREES—-BEEL 45,
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Risk-Based Approach in EASA and Implications for
Unmanned Aircraft Safety Regulations in Japan

Hajime Sasaki®', Shinji Suzuki®™', Junichiro Sumita™**
Institute for Future Initiatives, The University of Tokyo *'

Aerospace Project Planning **

Applications and possibilities of unmanned aerial vehicles in Japan are expected to expand further as
“Beyond Visual Line of Sight, Populated Areas” (Level 4) is expected to become a reality in 2022. The
development of unmanned aerial vehicles will require rulemaking that balances appropriate safety
management with the promotion of innovation while considering compatibility with existing safety standards
for manned aircraft. In this discussion, we can refer to the frameworks of other countries that are ahead of
us. The U.S. was the first to have such an operating environment, and in Europe, a framework to integrate
rules for unmanned aerial vehicles has been decided in 2019, mainly by EU member states. Noteworthy are
the three categories of risk-based approaches with corresponding safety certification standards, appropriate
training for pilots, and registration of operators and aircraft. In this paper, we first summarize the European
Aviation Safety Agency’s (EASA) approach to aircraft risk and its certification criteria. This paper discusses
Japan's approach to the regulation of unmanned aircraft based on these European developments. To
implement unmanned aerial vehicles in society in Japan, international harmonization of safety regulations,

as well as the importance of public-private partnerships for this purpose, will become even more essential.

Keywords: Unmanned Aircraft System, Risk-based approach, EASA, Level 4, Safety rulemaking
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1. & U & (£

TR CHE AL ZERE D FEDSEA A, FRATE T 2021 4E 6 A 11 H A OMZeFLbE (1112 £ ) 2022 4F
ZI3A AT IS BT R 22 L BHIORIT (Lv 4) OEBPGF SN, BUREITIC X 2 Bk b i
AODBH Do FMFICH 2B EFEE SN L BREICBVTE, ZEEHOOORENET 2iEED
FTH LR BUE L o T, MY HENE, i ATAm L ERT 2 BEICBW TR K TH Y
FIEFIC B LB 2 A ) N—T 3 U 2R S 5, BEAMMERFE OMEL L CEBEFOHF At 22t
FEL OFFRTER L Vo M EELE R Y, EEFIEIS L LI VEBENZN—FEF /¥ -2 a Y &hifte L
ICHRNEETH D, ZOL) BBRIZOVWTHERT 5 IXH72>T, MAZIELHE LTI TIZEHALTY
LI AIZDOWTESEZIZ L TV ZEDHFETH S, BRI Tl EASA (N AT 28 % 4 8% European
Union Aviation Safety Agency) 2 & 1) i AfLZEHE D Fek 42 A% EU #LHI 2019/947, 2019/945 & L Tl &
7212]o ZhUd EU N o e AL Z2 B 2 EASA D 5 it T B L2l AaTH b, N
ZERRIE A% O KB IE A THN—TE %) A7 R=ADE 2 J7 I3 E O B AR EIC L S
BN Do RETIE, BRMNZBIT ABHMAIIOWTHEL filthio>, OEOEAMEROFRIZTT 72
W=V AL F L IZOoWTiEiRzr T 5o

EASA ® UAS 123§ 5% 2 /1, R ANON L2 LEEMERBEICHTAHREDO L NV EHEL
[ FRE |2 4 AR ZERR I & o THr L\ EESEDSHEAL, BT, BT 2D T 0 FREE2RET 200 TH D, £
DIzDINTEIZZIZBEA SN TWE VAT AZHMIZBHT 52D TIE %R, LVERNTERZDODOLET
LWENRDHDHELTWD3]e FINTIRE SN AILY) A7 R=ZAT7 70 —F 2D T AT AREER
KD T TV 5T EZOEAHECETLIDOTH L, 20 &9 RiIUITRDE OB A EFEOHE % 3%
WA HIoTORELBE LR D,

2. EASANEXRT ZMEME ZOFHE
2-1 YURIFHEDEARNEZ S

A7, [EEOREDOHEREZNDHE L L EORERRMEOMAGDE L L TEHRSNS[4]. EASA
T RXTOVRAIPHFETEDLNE ) DR b TREMDOIEMEL LTBY, EASAICEBITL UASDH) X7
SEoREA, HEREHhTOE=ZFIINTL) A7 ZHAETELHMICTLI L EENL[5], UAS D
AEFEAR 72 D TR MR T A 720120, BREPHE Y X7 4 T L IER O KR THEE S LD 384N = M
AL, ZNUSHLTOMNKE T4 — KNy 7§52 ENREREINT D, TIUIHEARIZB T TITHEK
OEEWFHE 7 A L LTHRIN TV HiETHLH[6]. T72, HIERY A7 0E 2L BROHE A%
HEEZE 725D THY, €I TIEY A2 % Minor (L&ME RKE CAGHL 2 \Wihiz: &), Major (B354
FEIZDO %A% &9 il 7 &), Hazardous (2 > M H— )V F OMKER 7 &), Catastrophic (#b_1-o
ANATIZBEG- LR e WERERMOMZERICfEEL G2 rhhwiiER L) THEL TV,
2-2 REME

— B2 D LA TR 5 2 EIRSHLHNE 1944 AF#f G O EIBE REAT 2254 GRFR, 7 T4548) offE
# (Annex) THUIEIN, ¥ TFEMITHED & 1947 FICEEEE O T MR & LTz S 7z BB R M AT
72tk (ICAO) DEHLT B, ZTDO4RMT, MM ZEMEFL TWALZ LOFHELY[ICLYZT L0
TEMARELTBY, M5 T AT LERE, M0y b, EBEERESICN LT BEREL KD
TWb, ZTIULERE HiEED) OBFEICL 2E SNERBEOREERISIC L 2 b DI2h 575, BEKICHE
LTl ~ ORI O 2GR, BT L oBAFEH, B L O 2 ITEFFO AR OREFEHSE 4 Th
D, FEORBMERIIBWCHEINIT L IIMEEIIBWTZOBEGIHEIN TS,

FRFEIZB L CIE EASA T, [#dh, T — YR, Mk, FoMWEAD, #HI N ZRFHIZER L T
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% 2L RAEBEEIRRT A 2 L] DX ITERSINTVS([7T], T2 TW ) REGEE I, 2T %
bh [BRENTEELZERT 272010 LE R HETEET 222, MER ATaF03arR—% >
FOMRFE] &, ERTabL [G20NBREORT, ML ERTLZLICHETLITRT] ©22o0
BHEAET 5 6o T, FEAEIREL X [RETEBEEOFH VI ERN—AL L& EK T AT AW E% A
LTwa e iEbe i [koonsiE@izem 2 ComEmes MEREoB-ER ¥ A7 A0
W/ BEWOREFEEICLY, BOTELVATLAENZRECELRETHLI L] PERIIH L, 20O
L2 HEOE, FEORBMZER (NAA), FKINO EASA, KEO FAA 7% &%, ICAO ¥ 7 TERHTED S
N7oMiZe e Bl &L B0 FERZH ) . ZEBANT—HKIZ3 SO, 374b 5 Fhi ZHAl (Procedural
Rule : fTEFHi &, FEREFHi & 72 &), %RT#EEHE (Design Standard : iy 22Vt FEREALARE 2 &), EHIFLHE
(Operational Standard : ZElH &, XAV TF VA, ZIV—OEERELRE) oHEINFNZENOHAICE
PORER SN TV 5, BISEEM, MEZ2MEREH, B L OB 2 IEREET O AR ORENFEHSE, Part 21 (2HEHL
L7z CS21 & &ip & L7-F ABE I ICRIEORRRERIE & o TE D, \—-ﬂ%?‘zi{%'ﬁ‘”'%ﬁﬂ”iﬁj?% <D
AL LHEDEMSN TN 5D,

fLze S B gs AR (Standards Development Organizations : SDO) 1%, FESER, WFetRE, #EH2—49—,
REMELFORFEZED, ST LT —~ORBET O RAEIIET 5720 OB EIIHD HME VR
3%, SDO (2%, RTCA, ASTM, SAE, EUROCAE %o R IEEFIHEL D 1), _ﬂ%wﬁi‘%ﬂi, IYSE
22T K o THRGE S NRREERFIH ISR S 2 720 OFF R M A EH TR L L THHS NS Z LAt
H5bo
2-3 |AMZEH (UAS) DFEFR

i NFLZERE % KRR 555, EASA X FAA Tl A2 UA (Unmanned Aircraft) 3 X V%
Nz EBIEART 7200FEEMEEATZLODFE L LT UAS (Unmanned Aircraft System) DF-FR)S—
BAIZHV SN UASIEY AT 2T 20T ) #EIE S & X ) @Bt sf oy b, Y A7 45E
M, 22/ HESEOBRES TS 200 % &, —5 T, ICAO Tl RPA 7 5 N2 RPAS
(Remotely Piloted Aircraft System) »SHW 515, EE#IZIZ RPASIZ UASOH 7ty N ThHD, UASIZIZ
HEMATO D ONEEN L DIk L RPAS [ZIF HEMATEAMZERIIZ TNV E Vo 72 RBIAET 5,
ICAO B’WHE B EREEON® 2, IMBET S EASA % E 2B W T3 UAS & RPAS O % 43657 <
ENTVD, WINL VAT LAERKENRETLFETH DI LIIEDL) 2L, ThbbEAMEROH R
AL A E T 2 L CIRENERTE L VAT AR ENRETREZ D505, UAS OEHKITIZZT
HRGIZHE—TH D, KRB THH— L TUAS #Hw 5,
2-4 UAS DREIINT Z2RBZBOEE

LD EASA (2 BT % UAS DZEITH T 25808 LTiE, UASIZA AL LD X7 2502 L3 -

T AL LWLV FZHBERIID -722[8], D% ICAO TIE ARMOM A fE 4 I 2 5 RILILHE
TREQIL V) ZEZTHPRARSN, F7220154FE0) FEF T, BUROF AMZERO LM L FEED
LANLVERDDRETH D L) EZHDPPIRENTE2[10], 4H1D EASA OFH A TIEEH OB
BOWTOHANEMZESH LFAREDODDIZL THWLRETH L L) ZEPEFLN [11]. 2D UAS O

' 723 FAA T4 "Unmanned” % “Uncrewed” |2§ 5 & W o 2 HFEDO RE LSRR E > TWho ZAUIIMEASZEHEICE 5 FAA D7 RN A
1) —Z%H% (Drone Advisory Committee) |Zf¥E &N /2Y =¥ ¥ — - =2 — NI UVARHEEWGT 2 20 0EERHS (TG10) T &
2021 4 6 HICERRSINIZbDTH %o

® “A civil UAS must not increase the risk to people or property compared with manned aircraft of equivalent category.” [8]

% “A yemotely piloted aircraft shall be operated in such a manner as to minimize hazards to persons, property or other aircraft...” [9]

Y “The incremental integration of drones in the aviation system must not reduce the level of safety presently achieved in civil aviation” [10]

5 “Considering the specific characteristics of UAS operations, they should be as safe as those in manned aviation” [11]
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Ky 2214 | ’ﬁb“(@%‘iﬁlifﬁﬁﬁﬁ@%’l‘%ﬂ% IBWTHERR L o T ek e L TITA AL WA

DVATEEWEESL ) ETAHTELIERAGRE SN TVD, EBIZ, UASHEORE L ZOMEIZOWN
TORAMEL BELELFHTHBROTZ L T2,

— IR NALZERE DTN 22 I3k, =Py, TuRG L a2 e L2 DTH L0570 HIyITHERE
BHOZEMERE Vo 72T AE . —77 T UAS DI ZEMEE, # Eo A L CfaBEx Mz e nwiaeid
DTHAHZEBIY, ZHOMORATIEIN L TREZMR ZVWEELLDTHL I ENEREIN, HA
MZEHROZN L) DIEVEHIPFHIRERSINSL, LEDOZ 256, UASIZBWTIE, ZEeLrXnigd & i)
EHEAR B ARSI T D E VI EZHICHEDE, FOREMEEB L UFRIAETHEICOVWTHEAE
EFELODARZOFEERBMT LD TIE R, UASHMEAOLZEWEELZITIRETHLEVIZEZ Lo
T\,

2-5 UASICHBIFBRURIYN—=ZAFTY

EASA CIZUASZZD ) A7 L A_XVIZIu LT3205 57 31 (Open /1 7 I 1), Specific 7 7 I 1),
Certified 7 7 TY) 5L, £H 7TV LAREFRE T HEL Tnwb, DEZLZNOMEIZD
WTORY
2-5-1 Open A3V

Open 77 7 IV O G KBEREE & 25 kg LT TH 0 S 120 m LUF 0O E H 52 D B R0 @& 20 5
TN CGER TS 2 EDSHIRE Do BIEH ) X7 MR — R, RS-, EBERAEFHRTH,
OmnﬁTﬂUfi774F%%%?émb$mmﬂ%%ﬁtﬁwo%K%KOmnﬁ?jUiAD%%ﬂ
W ORATRWER T IIAT TH Y, HHRARATHHIHE L 7% % (Follow me € — N2 X 2 fHBEST & 0¥
O HHIRITIZHZ ). Open 1 7 TV IIMRATEAIZL Y Al, A2, A3SD 3O 7T Hh T TYDBHFHET Ho £
OMEIIRADEBYTHY, Al, A213E=F L OFRITTH Y, AV A A TG EN, ASIIE=4%

£1 Open 77 ITYOH 773 (BECHK[13] 2 TCICEEER)

W KBERETLE |47 7 ) SE R IR FRL— 5B ATy AR SRR
E (A F
R T T RO
Sk, RfT BT e
250 g il T TR X v — | s L L
Al & o THWRMKRIZT 24 FHERR S LT
* . VAL X 5
Casy7z | & BbOERC)
FTTO ‘ .
- . ——<= 12 °
efr o e ;IZ*;aiégﬁZﬁ—xL@
. ED5E % >
500 g i O _EZEORFTE L
g i TR LT 52To HHVIE, AI/AZHTH T T
VOF Y T4 SRR
A2 C A=Y =2 TV ORE,
2 o ORI, T e
o ke il ("A3 %77 N CFEOED S L &7 A O
i — N - a] (Z
ERE s gy <o ; b ae | B ST. HHVIE, A2 THFTY | 1685
WAL ImE) | s DF 54 > RBROTEIHL
2 FZEORATEE
i A C === 2 T IV ORE,
) HEOED D L IEF A RO
25kg i | A3 fEEHy, TR, TN e o
25 150 m W EHER 2 BT BECE AVASYTATH
L VDG T4 VR BROFE S

(JE CE~X—F 7282535 2022412 A 31 HE TOHAL LEIX Al O MAKEE ERIZ 900 g, A2 DR E & EIR
d4kg &7 5)
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PEBR L 725 CoO LREEE CORMRIC L DRITE LTV 5, FoMEII3BSES, E= EH, HEE
DB L CE~Y—F v 72k 227 9 A (CO~ Ch) DFRFMPLEL 2> T2 [12]s FDOEFOH
WER2IIRT, Cl, C2, C3DREMAEIZE L CTERATHICHTCMED ) E— MBHMAFREMF T oL, £
ThHTT) THHTELE7 9 A%FK3 1T LD D,

Open /1 7 I OFEGEFHe &1L, BMHAMEKS A7 4 L 2O L COREMWIETFIIN T 5 HFEE O H
CHWICEA2LDTHY, EAMICERZHRLCTY A7 2FEHMPAICND L) 355D TH S, Open
AT TNIZBWTOFRL =7 BLUS 0y MAILELRAF I RO SN TBY, 2-712BWTE
By b, F7BEBLOY AT 20 L CERRE SN E =B L 25T AR5 Rk LN 5 2 LI
5o
2-5-2 Specific A7V

Specific 77 T & Open 77 TV L ED ) 27 %) R’ITZ KR E L, Open O LIRZHE 2 2 BAE =D
R, CE~— 27O WiEEOFMH, 120 m LLEORTT, HHAGRIT, R LEZEORITR EAMHLT 5,
TR & BERRE RO EFRIZ 600 kg TH 5o Specific 77 TV TlE, FEARMIZILENH 1L HEE D SORA &

%2 ko CE 7”7 I ADF 84

COo C1 C2 C3 C4
900 g i, % 72 1% AT
PR = 250 g i HADET T AN F =73 4 kg i 25 kg Aiff 25 kg Al
80 Va2 — VLT
B R B AV s
T 19m/s LT 19m/s LT 3 m/s LT O DAL O B R
HTAT AT HE TRk
WA WANE
DR DES
BREENT — 81dB+ H & I
ERIEES D) s1dB £ b
T =T AR 25
WY > o R B
4R L
J I » |
B BE D H
Bt 2ok »Y |
R 05
54 b P

%3 OPEN 77TV ICBTAY7H T3 Liks 5 2ADER

Co C1 C2 C3 C4
Al OK OK NG NG NG
A2 OK OK OK NG NG
A3 OK OK OK OK OK

*EU OB CED S Nz R ek 2 72 2 L 2R3 308, LETHIUSE=F MM L sk %21 5 [12].
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IHEN 5 ) A7 Gl EfE L 729 2T, LELRFEEZERNICIIZEEOMELB,»LBETE 2 EAKkD 5
N5, 72721, Specific IZ2BWTHHERNY) 2 7 MRV 2 FEORITICELTIE, #EAor 2 (C5BLV
C6) LiE#T 1) 4 (STSO01, STS-02) 2SHE SN, HEETF ) A ICRIGT Al - B AR CHFNTE
LMD SNTWAE, ZODYF ) T OMELFR 4 (BT 5,

#F 4 Specific 77 TV IZBIF HIEHED F 1) F
e ) oF STS-01 STS-02
BEAEE P O RIE O WA IE 1 km N, #igh#®
WV BLYAEIL2km DN ZE BEINCRITSE 2, &
FE120 m L. #l S Wzl ah co Wit i &5
Y95,

Wtk 7 5 2 C5 C6

Open TOHKEIINZ, BEBRORLE Ra . L . .

e T Lo BRI 5 A CEISRATHERN 2 B 2 %0 & 5 e T

. RATHCT e, ) o 2 BRI ORIB S F Bty o | T e

R h B S . R E 95 kg by | S 07 07T ATATRIEA RS &0 %o BT
o PR Rettee AR SR8 25kg LIFC, WML 3 m LT,

T, WAL 3m T,
T T4 OFREREBICER L, DELRBREER | T I OFRRBRICEE L, LERRER L FE
PL—= BT 5, Me—=2 7126 T %,

Open 7 73V A2H 7557 T)ICB WKL &
JEATNZ Wakg B D6 BE120m LT, Hl# s
72 ES T EREE T O HHMNRITA LT 5,

Pt o EA;

THES ) FUZEEB L R WAL, Rk SORAIZ & 5 1) A 7§l 2 4T VAL BE & 7 B BARERGE 2 B 9
LEBIT, N2V I HERLELURICREL CGREEBR TN — =V V2 E /T AL 1% 5%, 2O
B, Open # 7 3V 20 Bl 3 2 SHISIC D W TR SN L ZEUFFHM O A7 & IR ERIC L HHEEE &
HITTR L2 HHFEDPLEE L 72 %o EASA 1345 ’#ﬁﬁ@m—mﬁr’?’)17 LANLVDENS DI LTHEDLE LT
%o Specific # 7T DFNRL — & RmfE/ A T MZIXIZIT Certified 7 7 TV IZHE LWL NIVOEERE
¥R 5 15 HY LUC-Light UAS Operator Certificate kkﬂ’) FRAE " A XL — 7 HIEE LR 5 BUS T UL
ANV =5 OH Ol % S EYRAKES B Z EARRE R b
2-5-3 Certified 773V

Certified 77 7 TV IIHEAHAE I m L EO b DI2 X 5, AOHEER 22 Sk, AOERkZz &0

BT 2568 TH) T b b Ty 7 v —REEHEINR E b, 20O A A2 L FSEL VDY)
AT BEEDPRDONL DT I THh b, BakORRIL, Bk, =P, Tu~xF H kM, C2V > 7,
REDEEHR AT AL BFUASEH~ = 2 7 VETHERIIG L COBEHLE I TIAT U AR KA
W22, BERREEGEOCE=ET v 7 xxld, BMERRRL Y I -2 a VETEOMREYZ T 5. &
feA L =%, XA ay b, BEERASERE IS AT A LANVILE LB E SR &b, EASA T
GHEEFEMZ RERTH S,

2-6 SORA

SORA (Specific Operation Risk Assessment) & Specific 7 7 TV ORITI v ¥ 3 D) A7 F#liTHETH
5o R Y[R EHABEME KR SNLREN R E) A7 REFVAIDOI TARHETELLDTH
N, UAS DR AT LADOWES BIFL72) A7 52 X 22 &UFliFETH 5. 7235 SORA XY A7
VAT T A v 7 ICHB T & BT L L CJARUS (Joint Authorities for Rulemaking of Unmanned
Systems) 29&ETH L OHE L7235 D% EASA 25 L 72 [14],

SORA TidH#i 1) A~ GRC (Ground Risk Class) & 1221 27 ARC (Air Risk Class) OFFliiZo T
ROV A7 #HES Do LY X7 GRCIE, N, MR, EEA Y T7IDP VAL THEZZITLY X



22 e R— + EARE T - P
ZIZBELTBY, ANOEE, #E0fEE (VLOS ¥ 7213 BVLOS), UA O 1 X2 ¥ A #/EREE % Z &
T 5ho 122 227 ARC OHIETIL, FIZZEHANOB AL BOHE LR HELNL, ZZHANTHEAN
eIl B T 2R ZEE T 5. GRC & ARC DZFNZNOEE RS L 721k, MiEEZMAEDbELZ LT,
v Y a yORENZREHE, VWhbw Db SAIL (Specific Assurance and Integrity Level) 25RE SIS (F5).

£5 SAILOHER (BELH[15]% b L IZEATER)

BAr 5 28y A7
a b c d
<2 I i v VI
3 i i v VI
4 I I v VI
IR 72 s v v v -
o)A
6 \ \ Vv VI
7 VI VI VI VI
>7 Category C operation

SORA IFLANIVEREZ B 1 IRT 10 A7 v 7 TIT, KDY A 7 BEI K L 2 0% Rz KL To v
AT MMEY BLORRET Y b — VT 5, HABVIZEBENL) A7 PENWE &2 EKT 5, SORA D
HRETIZY) A7 OBFORPZER SNDLH, THHIEEEFIIFRR SN TBY, DAA (Detect and Avoid) >
AT LDEA TR, KEEOIBMR U-space ' — EANDIAZ & EHOLEE L L2 X - TSAIL # T IF
HIENTED, COXHIICEEMICPIRT 2 2L TLVEER VAT AEEXHBIL, SAIL L)LV~
VIICEUT B8N A7 LARVOWAEITH L CHEMEZIEMTE 5z R L, Certified 77 7 I ~D
A2 FEOZIEVZIF ANESE S & 5 Twh,

%B, SORADKEBETELE LTCIRD L) L7 —ADPHEEINTWE, O EDIEHiIERDE D, Appendix 1
WZBIR SN TV LIEED ) FICET HREICHIEIC) A7 03D wWETHh b, ZoOWEITREEL#R
KT HIETSORADREBEFHRLET LI ENTE L, T72, EEIMZFAIZE L TIZSORA X1 fliF %
PDRA (Predefined Risk Assessment) 75/R SILCWAIGAIEL, 1% SORAOREELTEZLLENTn5
[16],

SORA # I\ % Z & C, Specific # 7 21 T BVLOS TOEH R A% M 22T % Mt 250 6k
Ebo $NTOEM % SORA X PDRA THHT L, ## & LT Certified 777 T TORETHEE 2T 5
BELHY ) BN, L WHIEOYA L Specific 77 T O F FTREDL VA EIFCHITLTWZ L
HUHETH b0 BEDHIEE TELLEITRNVRTVFRMEIDL ETROTNWI ) ETHLED) MR b,
72721, BUKO SORA 25 EMIFHIIC & & F 5721712, FHA/PSSA b & b IZRD LN L5603 H Y, R
ELTCHEFME ZHEMELL TV 2MHE D H 5. EAUROCAE %8 F i 3 % UAS Airworthiness and Safety
training T34 SORA IZ BV T I REM ROV LD L LT, V) ATHEROERLDOWFRIEIZONWTD
ShEN7z, SORAFMKIRE L CRH%EZELICH S, A /¥—+1F 21 7 1 % Unmanned Traffic Management
(UTM), F7#HHO PO - BIEPTONLZ I LICLoTHELE ) AZICOVTERERENTELT,
EUROCAE UAS Airworthiness and Safety training TiZ 215 O AIZDOWTH 45D Annex S S 5
LR sz,

SORA (4 AB%E (UA) OEHE L EAMZE S AT 4 (UAS) OBLGEZEOME DD ATIHRO 55D D
Thh), FUREOELFHELTRRICT 2 A CTHEHZEMEOER BRI L Co#EEMEE 5 2 5 HCilit22
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Stepl : ConOps®@{ERK (UASIH L ORI\ TEdaR)

I

|mm2%ﬁum®ﬁLuxa&m¢ﬂtﬁﬁﬂ |

| Step3: U A7 BRIEEIUS = &1 X DRMMAI LY 227 BRI, |

NO

GRCIATLLF T 5 A E

Stepd: 178 A 2 #A~DIZ5r .

I

Steps: FfF3 5 L7 ) A7 OPE,  (Optional : EEEOZHEAD U R 7 73
Step4 TOARC SR T L 0 LIRWHE)

Step6: Tactical Mitigations Performance Requirements (TMPR) #37ii7z S 41T
WA OHERR.

Step7: ket LU A7 LEAET S LY A2k T,
Specific Assurance and Integrity Level (SAIL) % &,

Step8: Operational Safety Objectives(OSO)DHF7E, SAILIZE-S& | Hifff
AT b, bl—=rY FIEEHOER,

Step9: ITEFO kIS X VKD Y 2 7 DEJE,

A 4

Certified ¥ 7 = U ~@% ¥ XConOps®
At e St FE OB

Stepl0: HEMEIZHET HHR— 7 4 U A EER,
SORADEREHT= LT A,

NO

lvm

YZOSOITA LD R 7 2 FE L TE0,
R, AR, BONMRHILEEITH S L
k35,

1 SORA IZBF 2 FIMHBEE (£ 3CHk[15] 2 Jei2 & 1ER)

MRl oREAs L L TfEibh b, F7- EASAICIZBROIGCHER TOHBEE L SBOH % BLE L
TR DRBP N O RSN LD, FOho—>2& LT Uspace 7°d 5, U-space (&, Bl clazeaet
o EDBEOEERED L I3k LWHIBR T 12 2 M AHL22HE 08 H OlF 2 B RERIIZ IR T 5 72O OFTH T %
[17]c 2THUEC2Y > 7R E—FID EMENZHEHEHREE L AT LAHFIZEET A L0, REI
BUZEAMELOTH T TOEMATERO 5N LBUTEETHR L ORE LR LL DT, UASHEAZER
A BT ZOHER SR L 200, WEHEEZFOLIAVERREEZIRL, 22 TORBEBRELED-
G L Z N O IO M EE MY AT LB HMETEL DI > TV 5D,
2-7 BEOER

Open 1 7 31) &, Specific # 7T @ STS01, STS-02 (2B L TIIFEAfEH DOBERERPEH I N TWDL DT,
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In recent years, flying car (Urban Air Mobility, UAM) technologies have been actively studied in Japan and
other countries. However, the social acceptability of flying vehicles such as UAM and drones (Unmanned
Aircraft Systems, UAS) has not been extensively investigated. Social issues often arise when social acceptance
is neglected. Thus, novel issues are expected to arise upon the advent of the so-called Aerial Industrial
Revolution because of the industrial use of drones and the commercialization of flying cars. To overcome
these issues, herein, the social acceptability of this revolution may be evaluated by two different approaches:
realtime evaluation by electroencephalograph (EEG) measurement using a Kansei analyzer and social-
psychological evaluation by using a questionnaire. However, at this stage, the applicability of the Kansei

analyzer for the evaluation has not yet been fully addressed. Thus, in this study, an experiment was conducted
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to verify the applicability of the Kansei analyzer. In this experiment, subjects answered a questionnaire after
hearing some noises. The effects of four types of sounds and three levels of volume on the noise-induced
stress levels were investigated. This study described the results and consideration about the experiment to
evaluate noise-induced stress among participants and confirmed that the Kansei analyzer is applicable for

such stress detection. Moreover, the differences of results in both approaches were revealed.

Keywords: Aerial industrial revolution, EEG measurement, Flying car, Kansei analyzer, Noise,
Questionnaire, Social acceptability

1. Introduction

Currently, drones (Unmanned Aircraft Systems, UAS) have been adopted for several purposes: from
observation, inspection, and logistics to leisure applications. Moreover, the broad-scale application scope of
systems other than drones has been investigated; various companies, including aircraft and car manufacturers
in Japan and other countries, are conducting extensive research on the flying capability and safety of cars as
new mobile infrastructures (Urban Air Mobility, UAM, e.g., SkyDrive and CityAirbus) [1, 2]. Based on these
advances, a phenomenon called the Aerial Industrial Revolution is expected to occur in the near future, with
industrial drones and flying cars implemented and being used in the society. However, although there are many
studies on the implementation of this revolution, its social acceptability has not been widely studied. Social
acceptability, in this context, can be evaluated by determining how the emerging infrastructure (e.g., sound,
wind, landscape changes, and psychological effect of having a heavy object flying right above the head) is
accepted by the society in general, even if the performance and safety of flying cars are guaranteed. Therefore,
the merits and demerits of the Aerial Industrial Revolution and its social acceptability should be addressed to
develop standards and legal systems concerning the technical development and introduction of new
infrastructures.

This study is focused on a candidate method for social acceptability evaluation that involves the use of a
Kansei analyzer, which uses brain waves to evaluate Kansei in real time (developed by Dentsu ScienceJam
Inc.) [3]. In addition, this method is combined with socio-psychological evaluations designed to acquire
knowledge on habituation and convenience through questionnaires and its performance is evaluated. However,
at this point, it is not clear whether the application of a Kansei analyzer is an appropriate means to evaluate the
social acceptability of the Aerial Industrial Revolution. Therefore, this initial stage of research was focused on
the social acceptability of a new flying mobile infrastructure. A study was conducted to evaluate whether a
Kansei analyzer based on brain wave measurement is applicable to evaluate noises. The noise regulation for
drones/UAS has been investigated as the European unified standard so far[4]. Moreover, the sentience
evaluation of drones/UAS has been mainly studied by NASA. Its comparative study with vehicle traffic noise is
well-known [5]. However, such an evaluation for UAM has not yet fully considered except for a few
examples[6]. The final goal of this research is to develop a simulator for the social acceptability evaluation of
flying mobile infrastructures. The purpose of this simulator is to combine sound and wind with images of flying
cars, shown in Fig. 1, to reproduce the conditions wherein the new flying infrastructure is being implemented
as a part of the Aerial Industrial Revolution. This simulator would, thus, facilitate a comprehensive evaluation of
its social acceptability by brain wave measurement and through questionnaires and identify the issues that

must be addressed to the achieve its implementation.
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Fig.1 Image of flying cars.

This study provides an overview of a Kansei analyzer and discusses the results of an experiment designed to

evaluate noise-induced stress.

2. Kansei analyzer
2-1 Overview of Kansei analyzer
A Kansei analyzer is a simple brain wave meter that detects the level of five types of emotion: stress,
concentration, preference, calmness, and interest, and it follows a common standard derivation method[7].
Conventional brain wave meters are not so easy to use because of various issues: they are typically expensive,
large, cannot be used outdoors, require a considerable time to attach multiple electrodes, require the application
of an electrolyte gel, and their application stresses the subject. However, the Kansei analyzer used in this study,
which is a simple brain wave meter, has overcome many of these issues and has the following advantages:
- It is compact;
- It only requires one electrode to be attached to Fp1 of the international 10-20 system[7], which takes only
approximately 30 s (the conventional type takes 30 to 45 min) ;
- It can be used by a single person anytime and anywhere;
- It does not require gel application;
- It can minimize the level of unnecessary stress on the subject while measuring brain waves.
Because of these advantages, Kansei analyzers have been used to evaluate various types of Kansei, such as
the interior decoration of restaurants, choices on food menus, and level of comfort in cars[8, 9]. Figure 2

shows the external appearance of a Kansei analyzer.

lectrode
i Fpl: International 10-20
msystem fo

e LY

Fig.2 Kansei analyzer (left:components; right: application on a subject) (EEG:electroencephalograph).

- "\
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2-2 Internal systems of Kansei analyzers

A Kansei analyzer analyzes brain waves following three basic steps, as shown in Fig.3.
(1) Filtering

A Kalman filter estimates and removes the noise. In addition, before the measurement starts, there is a
calibration time of approximately 15 s, during which the data that exceed three times the standard deviation of

the data is removed without being measured (in Fig.6, the part of the graph where the line is broken

corresponds to this).
(2) Feature amount extraction

The brain wave data obtained are subjected to signal processing techniques such as fast Fourier transform,
and features such as the power spectrum are extracted.
(8) Pattern recognition

The extracted features are applied to internal data to calculate the Kansei index value. Here, “internal data”
refers to data linking the volume of hormones caused by emotions and brain wave feature patterns, evidenced

by both “Hormone amount — Brain wave pattern” and “Brain wave pattern — Hormone amount.”

EEG data

— EEG database
Algorithm

EEG data Kansei index value

Filtering |. P AW T T Like : 10
I-__-L M\WV\MMI\W Stress : 80

Feature extraction }/ % |

Select methods|
and parameters
Pattern recognition WMMJ\‘W’WW Interest : 50

Kansei index value

Huee

Fig.3 Internal systems of the Kansei analyzer.

Kansei analyzer -

0.4m Speaker
/

Fig.4 Experimental environment.

3. Experiment to evaluate noise-induced stress
3-1 Purpose and method

The experiment described in this section aimed to investigate whether the Kansei analyzer could capture
changes in the stress level due to noise and if the stress level changed differently according to the noise

volume, sound quality, and habituation. In addition, a questionnaire survey was simultaneously conducted to
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analyze conscious stress level changes and investigate differences between unconscious and conscious stress
level changes.

The experimental environment illustrated in Fig.4 was prepared. In the experiment, the subject wearing a
Kansei analyzer heard three levels of sound (high: 90 dB; medium: 80 dB; low: 70 dB), with intervals of 5 to 10
min played, from a speaker for 15 s in no particular order. Thus, their Kansei was measured by the Kansei
analyzer, while they were asked to answer a questionnaire concerning the sound that had just been played. The
subjects were five men of approximately 20 years old. Four types of sounds were played, each sound was
submitted to frequency analysis in advance, and the output of 3 was adjusted to a specific frequency. The
sounds played were the following:

(D Flight sound of a helicopter (steady sound);

(2) Metallic alarm (unsteady sound);

3 Sound of U adjusted to sound like @ (steady sound);

@ Rotor sound of a propeller (steady sound).

Here, the helicopter and the metallic alarm sounds are obtained from the sound source site ([10] and [11],
respectively). The rotor sound is obtained by using the multicopter propeller in Fig.5 and corresponds to the
sound when the same four propellers rotate at 2500 rpm simultaneously. The speaker volume is adjusted so that
the average noise level is almost set to 70, 80, or 90 dB by using a noise meter in the subject position in Fig.4.
The 1/3 octave analysis results of the frequency of the four types of sound are shown in Fig.6. The graphs on
the left represent the results of the 1/3 octave analysis of the time average of the sounds, with the frequency
[Hz] on the horizontal axis and the noise level (dB) on the vertical axis. The colored graphs on the right show
the time history of the frequency and noise level, with time [s] on the horizontal axis, the frequency [Hz] on
the vertical axis, and the noise level (dB) expressed with colors.

The analysis results indicate that the flight sound of a helicopter contains many sounds mixed other than the
rotating sound of the propeller, and the difference in the noise level between frequency bands is small.
Moreover, the alarm is a sound in which only the frequency peak is prominent, and the rotor sound of the
propeller yields a gentle mountain-shaped spectrum with the peak frequency as the apex.

Furthermore, the items of the questionnaire were as follows:

1. I became surprised when I heard the sound,

2. I could not calm down while the sound was playing;

3. Ifelt stressed because of the sound while it was playing;

4. 1felt stressed because of a factor other than the sound;

5. What factor other than the sound ? (Free comment);

Fig.5 The propeller for the rotor sound.
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Fig.6 1/3 octave analysis results.

6. Suppose this sound is going to be played for 15 s. How long do you think you can tolerate it ? ;

7. Feel free to write your impressions and questions (free comment).
3-2 Results and considerations

* Results of Kansei analyzer

A part of the Kansei analyzer data obtained with this experiment is shown in Fig.7. The vertical and
horizontal axes of the graph represent the stress index value, and time, respectively. The sounds were played
for 15 s from the black dot on the graph, which comprises data of 1 min in total, including 30 s before and after
the sound was played.

For the next step of the analysis, we chose the stress index value data with a clear reaction after the sound
was played, as shown in the two graphs of Fig.7, and counted the number of reactions. However, as absolute

stress index value was subjected to personal differences, it was necessary to evaluate the stress index value
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Fig.7 Stress level data from Kansei analyzer.

before and after the sound in a relative manner. To determine whether there was a reaction or not, we
compared the peaks before and after the sound and those that exceeded the stress index value level by 6% or
more were considered as reactions. This threshold of 6% was set on the basis of previous experience. The
experiment results obtained by the Kansei analyzer are summarized in Tables 1-3.

Regarding the types of sounds, Table 1 shows that the total number of reactions was higher for the alarm,

followed by the rotor sound, helicopter sound, and the adjusted helicopter sound. The first question arises from

Table 1 Number of stress reactions (volume and sound).
Number of stress reactions
Large (90 dB) Medium (80 dB) Small (70 dB) Total
Alarm 4 3 2 9
Helicopter sound 3 2 1 6
Adjusted sound 2 1 1 4
Rotor sound 3 2 2 7
Total 12 8 6 26
Table 2 Number of stress reactions (order and sound).
Number of stress reactions
First Second Third Total
Alarm 4 3 2 9
Helicopter sound 5 1 6
Adjusted sound 3 0 1 4
Rotor sound 3 2 2 7
Total 15 5 6 26
Table 3 Number of stress reactions (volume and order).
Number of stress reactions
Large (90 dB) Medium (80 dB) Small (70 dB) Total
First 6 5 4 15
Second 2 2 1 5
Third 4 1 1 6
Total 12 8 6 26
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the opposing results of the alarm and the adjusted helicopter sound. As shown in Figs.6 (a) and (c), the two
sounds have similar peak frequencies and roughly the same frequency band. Therefore, whether the sound is
steady or unsteady may have caused this difference. The alarm is an unsteady sound, whereas the adjusted
helicopter sound and other studied sounds are steady. Thus, the first observation is that “(I) people feel more
easily stressed with unsteady sounds than with steady sounds.”

Considering the sound volume, Table 1 clearly shows that the volume and the number of reactions have a
positive correlation. Based on this, the second observation is that “(II) people feel more easily stressed with
higher volumes, at least in the range between 70 dB and 90 dB.”

In addition, Table 2 shows that the total number of reactions to the first sound was approximately three
times larger than the second and third sounds. Furthermore, the highest number of reactions was also
observed for the first time each sound was played. From Table 3, the same observation was applicable for the
volume: the highest number of reactions was obtained the first time the sound was played. Based on this, the
third observation is that “(III) noise-induced stress is reduced by short-time habituation.”

These results demonstrate that although people adapted to a sound, some stress reactions occurred even in
the second and third times the sounds were played (Tables 2 and 3). In Table 2, the stress reduction effect
due to short-time habituation seems weaker with the alarm and rotor sounds; this trend is also observed for the
high volume in Table 3. In the case of the alarm, it may be due to the fact that it is an unsteady sound, and in
the case of the rotor sound, some characteristics of its frequency may have influenced the number of stress
reactions. Regarding the volume, we considered that the stress reduction effect due to habituation would be
lower with “Low volume — High volume” than with “High volume — Low volume”. Thus, the fourth observation
is that “(IV) with unsteady sounds, sounds with some type of frequency-related characteristics (rotor
sound), and sounds from small to high volume, the stress reduction effect due to short-time habituation
is weakened.” Note that the relationship between sound spectrum and stress should be more studied as a
future subject.

Therefore, the evaluation using the Kansei analyzer demonstrates that there is a somewhat direct
relationship between noise-induced stress and the manner the noise is presented.

* Results of questionnaire

Questions 1-4 were evaluated on a five-point scale ranging from “Completely disagree” (1) to “Completely
agree” (5), and only Question 6 was evaluated with eight alternatives: “ <30 s, After 1 min, After 5 min, After 15
min, After 30 min, After 1 h, After 3 h, and ‘I cannot tolerate it.” Then, the average result of each question was
calculated. The experimental results obtained by the questionnaire are summarized in Tables 4-7. “Large,

Medium, and Small” refer to the volume, and “First, Second, and Third” are the order the noises were played.

Table 4 Results of the questionnaire (Alarm).

Alarm Average points
Question number Large Medium Small First Second Third
1 5 4 3 4 3.6 44
2 4 3.8 2.8 3.2 3.6 3.8
3 3.8 2.8 2 2.8 2.8 3
4 2 2 1.6 2 1.6 2
6 7.2 6 4.6 6 6 6.6
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Table 5 Results of the questionnaire (Helicopter sound).

Helicopter sound Average points

Question number Large Medium Small First Second Third
1 5 4.6 44 5 4.6 44
2 4.8 3.8 2.6 4.2 3.6 3.6
3 4.8 34 2 3.8 3 34
4 1.6 2.4 2 1.8 2 24
6 7.6 6.2 438 6.4 6 6.2

Table 6 Results of the questionnaire (Adjusted sound).

Adjusted sound Average points
Question number Large Medium Small First Second Third
1 438 4.2 4 44 4.2 44
2 4.2 3 2.8 3 3.2 3.8
3 4 2.6 2.2 3 2.6 34
4 1.6 1.2 1.2 14 1.2 14
6 74 5.6 5.4 5.8 6.2 6.4

Table 7 Results of the questionnaire (Rotor sound).

Rotor sound Average points
Question number Large Medium Small First Second Third
1 5 44 4.2 4.8 4.2 4.6
2 4.6 4 3.2 4.2 3.8 3.8
3 44 3.8 3 3.8 34 3.8
4 2 2 2 2 2 2
6 74 6.6 6.2 6.8 6.6 6.8

By comparing the questions and the answer results, it was observed that all sounds had a positive correlation
between volume and stress, but no correlation was observed between the order the sounds were played and
the level of stress. In addition, when the sound volume was small, the average answer points for questions 2 and
3, except the rotor sound, were lower than 3. This indicates that when the volume was approximately 70 dB,
except for the rotor sound, the subjects did not consciously experience considerable stress. In contrast, when
the volume was 80 dB or higher, they reported being at least somewhat annoyed with all sounds. Thus, it is
possible to argue that “(A) when people consciously experience stress, the volume is important, and the
impact of short-time habituation is small” and that “(B) some sounds have frequency-related characteristics
that can induce stress even at a low volume.”

The above-mentioned considerations revealed that the way people experience stress is different according to
the two types of evaluation methods. Unconsciously, people tend to adapt to the noise and feel less stressed
from it. However, consciously, the impact of adapting to a sound is small, and they tend to feel stressed

whenever there is a loud noise around them.
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4. Conclusion

A basic study designed to evaluate the social acceptability concerning the Aerial Industrial Revolution was
performed. Initially, an overview of the application of Kansei analyzer was provided, followed by a discussion of
the results of an experiment conducted to evaluate noise-induced stress using the analyzer. This real-time
evaluation using a Kansei analyzer indicated a relatively direct relationship between the level of noise-induced
stress and the way the noise is presented. Moreover, a conscious evaluation based on a questionnaire was
performed, and the differences between experiencing stress in unconscious and conscious manners were
discussed. As demonstrated in this study, each method of evaluation has its own characteristics. Thus, when
evaluating the social acceptability of the imminent Aerial Industrial Revolution, it is important to conduct a
comprehensive evaluation using multiple methods, as shown in this study. In the experiment performed herein,
changes were made to the way the noises were presented; however, an analysis in which changes were made to

the situation of the listeners was provided in a separate oral presentation by the authors[12].
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The Joint Authorities for Rulemaking of Unmanned Systems (JARUS), a group of aviation authorities from
the United States, Europe, Japan, and other countries, has published SORA (Specific Operation Risk
Assessment) in 2017, with the aim of providing a communication tool for operators of unmanned aircraft
systems (UAS) and regulators. SORA is to facilitate them to confirm that risks are controlled to an acceptable
level of society. We applied SORA to an already permitted UAS delivery demonstration at BVLOS (Beyond
Visual Line of Site) approach in Japan in order to deepen the understanding of the SORA and to obtain useful
suggestions. SORA highlighted risks that need to be mitigated from the demonstration phase to the full-scale

social implementation of UAS, and also necessary improvements for the operational environment in Japan.
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W, RIS OEMIATERHE ) A7 TR SN2 L x, YF L O THRET 5.

FRIN Tl 2019 4123817 & 1172 Commission Implementing Regulation (EU) 2019/947 ® T, Article 11 A%
KD BLIEMLY) A7 T A AL MIZDOWT, SORA % Acceptable Means of Compliance (AMC) & L CIA4EIC
BATSNIZLEOHRTHAL TWAE[4]. 20, I TIE, A —ANF) TOMZERZRET, FiEFHER
ETHFHENTWA[5], F72, ASTM International % EUROCAE 7 &4 Afi 22t o+l &322 h)l CE
L FESERIAE A FRAL L T 2 B HE A AR (6] 12 BV A HAETERL DT, SORA % ik L 72 k& ok
WAMTHhILTWw5b (il 21X, ASTM International /%7 ¥ 2. — + ®#H#%[7] % EUROCAE T FHA #i#% 72
E[8])o EINTI, SORA IZIEMDFFFEN % K 2B LT 4 F Tl 2\ A%, SORA O R L EINEHE D
ERSHES B COEELZEEZON, Fo, ANV 27T 0 Fefiolz A—h—RF R L —% —»
LR SN TV EINOBEANZEEEEIZBNT, EHOY A7 OPFFER L2 REMF KD H 1) J7 OEHEAL
FLETHY), SORADVS AL REEZELENLDTHIULTR G TOEHAILENS, £2 T, SORAD
F—AAY T4 RFEML, FOTEOHMFEZERD, F/2HARTOMAMZERIEHILKICHT TOERZ1T)
N DY

2. SORA OHIE
2-1 SORA ICEAH 2585
SORA D5 HHFHIZ LT O L 9 IZHEL TR ST A [1] ¢
& HOHWDHYTALI A ADENMERDEN, BLY, H50W5HY A 7oEM (Ebk, Wz, &)
Ea&t) D) A2 ZHETLIZEZEMLELDTH D, FIC, BERLY A7 OFEITRD 5
NABD, Mzt aEZhEE L) A2 /15 3 — (Specific 77 ) —) OIEF~O@ I8 L
TWBED, ZNZIFICEES NS DT\,

'SORA Tlx, 1RATHEMI & 720 OFIEERE 1x10 LANWVIZHZ 52 L2 ATHIC, 7277 LEEN R TEOFERIL, Whv Ny 7 757 v
FOFRL = =% ERTHL, N—FUDEWEHRL, EENICRZ 2FELIML T2, WEET, ENe7 7a—7
~NOPM L H L 05, WEEICTEZHEIRLTEY (2], EHENLETHENTEL L) IR 5TV,
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® I A\FLZEWE L OERICEDL LY A7, SHROUERTEINLTFETH S,

® EHHEDRD ISR LEZANOREL, NBoE®, Rtk &EOBEMIZHES it SORA ©
AT=TPHBEAEN TS,

® [HZEEICEDLO VRN, Bz, EELERTEIOORELRLE, vX¥ ) 710 BT 20
(&, SORA F-:oEH#FHNCH 5

® TIANY=RT 7 AT ADOMIIX, SORA THEOBHFHMINTH %,

O EMUIHED ) R VHAERELREHE F CHIHI SN TEMTE L LREOTHIUL, EEMD
—EBSEkR 7 &2 SORA FEEFIH T2 2 A3 TE %,

® SORAIIMZT, AL —%—1Z SORA FEHD T L b xfin L Cur 2o\ o) B9 2 H 12 e
THULEND D,

SORA Tt A7 %, SAE ARP 4754A[9]ICEF SN T WD L)1, H2IHE (harm) OFEME (the
frequency of an occurrence) & iE%] & (Severity) D AEDHLHEELE L TWwh, LT, SORATIX, HHT
LHIHEL

° ﬂ:% BANOF T 2215

® ZEHDE=FNOBMN L E

® HEIi A \DIEE
Ewvof:, —HNRLOTHICHEDLL DL L, REMIZHhzo THEO S OEHLT 5 L 9 BN

FEFD SBRVTW R, 72721, Mlstt S0 R BREAOBE R L, Il 2BE LMo RE LT
CEITVLYVEMAAZEEIWEETH S,

2-2 SORA X5y

SORA JF L THAA 2N T W 5B 1 O SORA FIHAMRIED & 9 12 SORA 121X 10 RFEDIEEAR T v T3d 5
75, SORA % fF#i§ 54 —A bT) 7TOWRED T LO/MER (B2) [10]Z2EbETHLZ LT, 20
RGBS LR T WEE R, IR NAT 5B,

SORA Tl Step #1 TiEfit 7>t 7 b (ConOps) ZHEILL, ZOEMICEDLH LB X PEHE=E1) A
279 A (11 GRC [Ground Risk Class], ARC [Air Risk Class]) % Step#2 B L U'#4 T, ¥~ U~
Z&EFH LTS 5. COEBTHITSNL Y A2 75 A0 GRC B L UO#IM ARC & &, ZoEN
M7 5HMAS, SFEBROEMLE R B5612, XL —% — L Step #3 B L U Step #5-6 12T, T OFHEEZITV,
BT 5 EALORFEN % GRC B L VARC 2458 T 5o BAEMREINE, 77— A8 T4 OFTHHT %,

Step #7 Tl, Step #6 ¥ TTIFE SNz, BT LEMOEZEND) A7 7T A5, ROOLNLEE
DPREE & BAYED L X)L (SAIL: Specific Assurance and Integrity Levels) % 3% < ., Step #8 Tl&, FFE SNz

‘ Step #1: BAia >~ 7+ (ConOps) MR ‘

[ 12 BHT Y 7RBETILF— D SMEADYRS 752 (GRO) DFE |

GRCH' 7 T #EZR.

< ves
‘ #3852 — FRZOMOFETO Y R ERE MK L TRIEGRCEHED

‘ # BT U THORFERYRI 5 (ARC) BE

e ” - - EE=% |[ ZPE=H
‘ #5: MEBI b0 A A L 2B L TRIST A & BB LO5RIC £ HARCOHRE ~ADYRY ~ADYRY
‘ #6:T DARCOFRT THE L TR 430 5 (E CDAA) DIEREPRIE (TMPR) DFFE SORA~®D - )
‘ #T: EROR%E ORI LGRCE ARCH 5 RIELBAKDL <L (SAL) OHEE A¥7yt g
I #8: SAILA 5 EMEL B (0S0) AHE B> +£7 b
UT offRn%E
[ HOUAT U 7 BT 5T ) T OEHOER © ARL—%—
i8S « BRY2EM

© YRT L

c UE—FT—

EiFFA (&Y 2
ZHEDBE)

1 SORA OFJE[1] 2 SORA OFNHOBEZE[10]

HEPEEEEEE

e FIE (Certified 57
u—) §7L1C Op mxrt
EAT% 0 THi T2
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SAIL 12)& U CiEfi 24 HEZ (0SO:Operational Safety Objectives) 2SikE SN b, XL —%—1%, #IZT
TRESND, FEate®l I, A v 7 - v A, BLXOEMICEDL L ZEMEE L Zou /N A MEIHIST
Do FIBHEE L WAL, AL =7 —3E o S PR RE L TCHEStep I L TW 2 &R D,
BARI 2B, 77— AAY 74 OHmTHIT 5,

Step #9 Tl, MEAMMERD 2 VIINEE L AT 202, BHET A ET) 7B IEREZ KITT L)%
I OB EFEESEDL L) BAREEOWREMEN 2 W & 2T 5. Step #10 TIL, Step #9 F T
SORA{fi# %, ZOHTRDOOLNIZTET VY AELELET, WY FLOLEMTHL, TOW) TLo%
HMLT, AL =¥ —HE, H25VIETHRCEGRIREE L, ZOEMDOEZEMEIIOWTHERT %,

2-2 O/NZ %

SORA T—FEHMIN 2 b DL, oA MO T Y+ 7 M2, SORADFINEOH T, FEIN/) A7
Y BERIRIZOWT, ROLNLENA MEDPRE SN, BANLRRIZOWTIIEHEZF > TRETE
5L Tn5, IEESNLZONA MEZ, BAEMICIE, ZOEEKICEY “thZeetrEmts
7 EFRTIEBEOELSM (integrity) LNV e, 20 “ZEMoOmEEENRL SWIEPZROD #FET 3
BB OMREE (assurance) LNV LR SRS (F 1),

BESNIBEMEL NV EBL72DICLERIFEICOWTOFEMIZE 2 TIREET 5, FEFL~LIZDOWn
T, EICEHTUL,

® LN FRL—F =2 WL INDLZEZEEIHON EEST 5.

® HILANL: FRL—F =, 7 MEERCREBEOIHER &, Zattidfons & LT 4k s #

9 %o

® Sl RLREFEZFN, TOEGMEOEREHRL TV 5,

EVS IFEEIARO 5N D, TELLETUROBEGZHES L, HAH7ZHLTORZEEHPHERINL T 70—
FLInid, B, MILTLEEREOEMRR EET VI ENIHIUE, ONA MNEEZRET L7 OER
BRIV EFRTNE 72 L SORA F LTI RS5NTW 5D,

x£1 TNz MMEORE

{RES R 5 PRAE
RAEAE BN 2 h TN Z b DA SN
HRER A fETI N A b ha N2 b RN A b
A EAuPAV SN O NA b BTN b

3. ¥—RAAEF«
3-1 HIY

ENCRATHEW OSSN 72E T > & 7 MMIxh LT, SORA THIULE, EME I L ED L) HERk%E
{DOMe ARETIL, SORA OHFZ D 5720, BEENZHITHED 5 LT 2 Wi & T oM AMMZERD
RATFEAEFEERD 1 B2 LT SORAD AT v T EHT %,
3-2 F—Z2BE

£ 51%, 2020 4F 11 BICEFRICBWT, IANY 75— (R2, K3 #FAHAL-HBELLEH
HVRAT % 1 Wi EREEER & 5Tl B X OVFEE L 72 BRI, #SMYIT, REMWiRo 3 v —  &iE
(B4 L, BNEBEMTIZag A VAKRETHY SN LMETFHRICED Rk ARG, AL
VLB I & SRR OR F (T D 720, RO O PUS Lz, BERERE, SRR CTHENTO
PelE72hs, KA, #ESEEZ A L CRE L) mZWERET EfiT 2720, #idh#® 7% L BVLOS (H#4t
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£2 (TR

Bk TN B S

eain FAZERR G2

SN 3.6mx0.7mx12m

AAfrua—%—#% |31m

FEARA AR 80 kg

~RAu—F 35kg (MA¥6L)

i Ao 90 km (fh 2 5845 1 F g

R i 100 53

e 72 km/h "

R L¥ag—Hvy v o W 7

 MEEZE / /

%y P RHXRE |

7
%;Aama/\a e
3 A B4 #Efv— b (i PRI

74T, Beyond Visual Line of Site) DFFU HEF L 720 20204 11 H3 HA2S 12 HF T, 1 HAk2)V— b
6 fHCRF 42 2 1M L, EAT=R 79%, #AATHHE 1,216 km, #RRATIEH 28 K 27 25 2 5Ldk L 720
3-3 SORA ##f
3-3-1 SORA Step #1
LT S b2 L OBI2H72Y), SORA D Annex A1) ZFIH LT, xFREEIZE b 2 3 i B 15 &
Ffi B E G E, ~= a7 VOERR E2SHE|\CER L., 22 TIIREORE LEIET 5,
3-3-2 SORA Step #2
WY GRC 2R3 DO E L. KFETRIMEN TS GRC S HDOEMMIZE BT LLDOTH LN, R
RDLEMT TNV ARELT T FOYE, ROUEWVGRC ZERZ L LR, 22Tk, #EToBVLOS

£3 EAHLZEHEOWL GRC OFFE[1]

RRKDOBEE—~ 1m 3m 8m 8m Ll I

LA 70 8B = A )L ¥ — <700] <34K] <1084 k] > 1084 kJ

EHLT ) A
VLOS/BVLOS CTEHL ' Fw » Fx1) 7 k2 1 2 3 4
VLOS, FIXSICADBEA T 2 Hbis 2 3 4 H)
BVLOS, FIXHIZAFEA TV 2 HlK 3 4 ) 6
VLOS, # A 4 5 6 7
BVLOS, & Ay ) 6 8 10
VLOS, #%0 Fh27E 7 NA NA NA
BVLOS, #%o bz 8 NA NA NA
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TfTx&te/2%, GRC=4 L& L 72,
3-3-3 SORA Step #3

Step #2 D~ b 7 AL, RATEM B 720 OfglEFE % &2 F TP IFLEH (GRCHAEITITEVIT L,
HER 2 BT 2LENDH L) ZHHICRKOLIETLOIDOTHY), 1 RATHMD-) DEILEERE 1x107° 12
FEL, T 7OANOEEEHEBE2S, ThiRo L) E LT [10]. BEIZIE, F T3 5MEAME
PEIZHE S N D IBBEMER L HEEZ T ISV F3EEQEHf I T P TEIIEDLLITT TH S, SORA
TIAK 47D Step#3 THE SN, GRC 2T L LN TE L, A — AT, RITV— PP LRITEET
H5 150 m LI EOHEEY, nE STLE =B S AKFEHIANCHS . SORA TIIARATE R & [F UHia % #E5 2
EETTAHIVMELTED, MITIZuNA MEEL (0) &5, RILL, 287 a— PEERHEHL T2
Wz M2 3L (0) 12, ZLT, MIBRONA K4 VICHl- -BER}EEEZ FTVR— ORI, 2 & &
o THBY M3IEHFE/NA ME (0) 1220, ZOfE%E Step #3 Tld GRC IZZLL 2o 72,

x4 MAAZEHROWH GRC OFR%E(1]

TN A M
o lAD Y RS ORI 14 L H [
M1—#h Fo> 1) A 27 % 43 2 Wk g i 5 0L L 4
(fERRIZE 5 ENTW A ANOEZ S T T) -1
M2— 3 E OO F R 0 4 y
(B Z2E 2 ADSILS B T30V F— %k 5 T T-5%) -
M3—4 XL — % —HHGE L, A8 % RO B ELIE ) 0 4
% (ERP) OFEAT -

3-3-4 SORA Step #4

Step #4 TlX, B5 L1, FHEi3 2#EATEREE L D 0] ARC 24523 5. ZOHRIE, HAMZERE L O
DEBEBED AT T2OINER SN TB Y, BB 2% 1L Step #5 X° Step #6 7217 T/ <, Mz & EEED
AT — 7 2 FH L CET 2 2 EDREE SNTWb, S0 — A CTlaIEfR L Z2IpE | 228 ¢ o
M T ARCD LHFEL: (3-3-5 bz L),
3-3-5 SORA Step #5

5 DN EREEERL TRy, A#EYEEZ DAL, Step#5 21790 CIUIEROFIHTH %,
TRV —%—, YF, BIUOEHESRMEMEEER LT, ARC ##1% 3 %, JARUS[1]IZ X g,
ICAO I EEL 7 ¥ a3 v 32[11] R L EEPEICB W T, A AMERE X O AH R, mofd M
RS [T BEN CE22% M3 % (remain clear and avoid collision) | & & AAZREnTHBY, A
RUZERE 2 A AALZERE & A U228 CHifid 51213,

® JiiZE CLREIHEMATE D I L 2R b DREM

® [FELOFIRD 2 My 5 UM

W 272 TUEDRD D L) o FEMZEERITEET 5, 4, 4 OHEINCHERES Lo—213/ME
B2, EHMEOR 2 7 BB IR ZEETH ), S HIZHAN/MEBEZEEZ T TR R
R Zeps o LARZETT, B, B, WOTEBREHEERTo TB Y, FEIRRE A AZERE & BRI
s TV (ARCh 7 5 ALUTF) &L 7z,
3-3-6 SORA Step #6

Step #6 T, FO— U EERERICINSG, FO—COFAMEKE OEZR) A7 %2 FIFA “Bitny %"
TR & MRS 9 %0 HRATIVIRIRIRIE, RO 2 D007 7u—FIHHTE b,
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ARC-b
AEC-11
Z=/E (FL60O ( )
TOERM?

ARC-c
(AEC-5)
TYBS
50m st D TN ot o L2 Je#f 22
FLE0OLL T ¢ R e JEEH 2 SFEHEETO
S ? I e T OEM? SEA ?
N - o s I ot #ph EZ ES
150m T T ORAZZSIRIR EZeiE e : X
il RAZZS o FEE Iz FEHEETD
SEAA ? Ves TOERM? TDER? R 2 E‘éﬁﬁ?
lYes
ARC-d ARC-b
(AEC-6a) (AEC-10)

SEEH L2
ARC-d z . ARC-b
(AEC-6b) 7 ;;%gie (AEC-6c)

5 MEMZEE O ARC 0 FFE[1]7

® VLOS (H#MMAT, Visual Line of Sight) 7 7’1 —F : j@l@iiits B L 0/ F 721 3EREDS A OB
AL TR AR L, TRz RS, MOMERD S OEEE T 572008 % & 5,

® BVLOS (H##17, Beyond Visual Line of Sight) 7 710 —F : A O H 242 FEEFAH L T,
fofmizet s O RS, FoEHEEELET 5,

TV —F =1L, RABELESOL7200BMOFEEZMREFT T2 LIZL VT LwaS, SORA T,
VLOS IE, §_XTDARC L XVOMEZRY) X7 AT REL NV E T T E 28K E e L Tnd, 4
Ik BESE S % B &, BVLOS AT 1T 9 o SORA Tlx, BVLOSRATZAT9 1272, D ARCIZHIE L
7f220) A7 R FFAE TR L OV T L 5 720 OB 512K S A 1R (TMPR, Tactic Mitigation
Performance Requirement) %#42/RL T\ %, 513 ARCH IZA5d 5 TMPR TH 1), Ka NN MME? TO
ERAER L TV 5,

3-3-7 SORA Step #7

INFETICHELZGRCBLUVARC 205, 6 2 HWTSAIL 2, 4 ED 7 F A M SAIL=1II |2

o7z

?Mode-C Veil : ADSB out (5D L — % — X 1) @K THBO M EHREZINTICRET AT AT L) #HRLMZBERITE AL
& BiRMEZES (79 A BMHY) O 30NM (8 55.6 km), 5 10,000 feet (% 30,500 m) 2238,
TMZ : T ¥ ARV ¥ —OEMIPFBHL S N T2 25,

SEEAVEICOWT, 1IRATHM S 720 OF AN L OISR 10 2 2 HRICHKELTBY), ToFEodb ) E2HCESTHoE L
TWh,
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£5 ARCb 7 F ZDEMIZKD 5T\ B iz aliEtE e & TMPR[1]

A ROEIHNH L MERO BB L Z50% %+ XL —% —=HPHMTE 5 L HHFT 5, BHiiEE ko
Fid ExFIH LT, RIT% TET DR E AT 5RO B 5 e &@it@t%%%tfvéz%
Wb

> TV A LOHZERGEER — Y X DR

> KA OALZERREER S A T 2 OFIH

> MBS OB 2

TR —F =%, HEREORAF -2 OFFEAERL, EOL) FEAFA L CZ®EmA L, [l

DIzODBERPEIZED &) LFNEE RSO 22T 2o mIHRHEE S, MOBMAERICEHSLZ O TH

L, SEDEFR (phraseology) itik L7 < TlEW TR\, #HlZIE,

> RV —F =L, MZEEAS7km (2NM) LxfEYY), 300 m DN AZE L TR0 THIL, E
HLICH T2 BET %,

> EMEHIE MEREROULEAIC AT I FEAR I EAE T L) SHELMNT 5,

iy
CH
&
&

C2Y Yy DL, SF ), WBEGMEN I~ F2%D), BEIFEITT L TICHLEREMA 5 %8B
272\,

. MR ORREY, 4> 75, £33 EX) 60m U THREF TR TIUIToEEZONL, K
DS, EHESEDSS IS LmEE T1AUNICKTTERITUIZ 5 v,

RERHEE DY, MEHEOMANCEFW TR 2AH T 2548, TOMEEOFER (& 212, L\, HE,
%%,b777>@EL%E%%M@@ﬁék&éhé_toa5ml@NM)@ﬁ%%%@ttt%é
5HOFEHERE L 10 BORBIERE CTHILERWEEZ 5N D,

T4 =Ny
V="

%6 SAIL Of#E[1]

e ARC
% GRC ARC-a ARC-H ARC-c ARC-d
1 I II v VI
2 I II v VI
3 II II v VI
4 I I v VI
5 v v v VI
6 A% v A% VI
7 VI VI VI VI
>7 PARRRRE 7 1 v A DL 8 (Certified 77 7 1) —)

3-3-8 SORA Step #8

3-3-7 THFE L7z SAIL # W C, ZEEMOT-DIZMOENLREEH L, RKOSNLUNA MEZFEE
ERAE

R71E, SAILULISHINT S, SORA Dt 5, MAMZEEOLZELEMO /- OITHF %, T Cff
HAENTEL—BNREEDO) A MT, ZLOHEMEOFEBHENEL/ZLbDZE VI [1], ZORTIE, £
NZNOWEFIZH L, OIEE, LidEa N2 METOER, MIZHREEOT R MMETOFERK, H I
ONA METOEGEHESE L T b SORA T E 512, % 0SO IZX LT, Fu/NA MEZHIEY 5720
DFMZFZTTVENZ Z TIIREOH S EEHET 5,
3-3-9 SORA Step #9

COAT v T TIE, BAMERITIEARE L IRREICR - 72812, BT A b)) 7B XU F 721328
WZH720END)AT\OIAEEZ L, BET ALY 7, ZEAHSET L L) 7R L ) En
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£ 7 SAILII OEHIZHELE S N 2 5E %4 HIZ (0SOs) [1]

4 \ATCZE RV B 3 2 Al 19 7 [
#01 | AL =y WU LEIERE LD, FERNSNEH S TWS M
#02 | WENOH D, FAIKRSINFERICL Y EAMERSEESN TN L
#03 | BN OH B, FALKRRSINFERI LY EAMERIEH SN TN M
#04 | MIRHFRE L IRREIHE I o TRAMZERDFIE ST 2 0
#05 | VAT L OEEEEEMEEEE L TEMERSRE ST L
#06 | EATICHE L7 C3 ) vy HRER A LTV A L
#07 | EMT T EOBER AT S 0 O TR (BERE) 2ThNRTw 5 M
#08 | EALTFIHAED S, TOZUUEDSHERSIEFEN TS H
#09 | 774 M7 V=0T O THESHEFF S TWT, BREFEBICLERTES M
#10 | BANORIED S O &%) HN) —HTE D M

I A2 BT % SR 2 AN Y A T A ORI T
#11 | BEABLEARIEN A T 278 A7 2 OBBE T IS 2 720 OFIESEDO 5T D H
#12 | BEAMLZERRIEN A LT 2B A T A OB T ICHLTE 2 & ) 1T ARG ST M
#13 | #EAMLZERROEN % IR T HIHE — EAERUSHE L 72D DIC ko T b M

bLa—<vr LT —
#14 | EHTIESED SN, ZORZLEITER I IETFEIN TV 5, H
#15 | UE— M7 T4 M2 IV—DFFEFTTO N TR SR S, BESBIcb IR TE s M
#16 | I V—BOFTEN) FLTES M
#17 | UE— LT TIA N7V =3B B 25 L 7 IREESE M
#18 | L2 —< VI I—H5DOMRITT o Na— T O HBEE L
#19 | L2 =T ITT—DOORER) AN =HNTED L
420 La—<r7 7 —HEEFERFHACT, HMI (Human Machine Interface) 33 v > a Y IZ@EL 2L D L

ThHbHIEDPHRINTND

AL AF 22 St
#21 | ETIESED SN, ZOZLGUIMER I NETFEIN TS H
#22 | VE—DFTTA NIV —=D, 70T 4 HVEEELMERERIILT, FReRTs L IcdimshTwns M
#23 | WEEHOZOOBRELMUDED SN THT, ErfbWHERIREICR > TnT, BFEIN w5 M
#24 | BOLBRBEESM A MUE L CIEAMZEEAERT S, HIS L (qualified) & FEliS T 5 M

GRC % ARC %559 20 &) TR UTC, MAMERD 2 I3INT Y A7 402, Efei 4 &5 &
) BRHEMERRL Y 7 My 2 T RN — B 2 TIZET AR E B S NS A, SEERR TIE 2w,
3-3-10 SORA Step #10

WBEOAT v 7T TIX, FifiE CTHEZToCT& 7

® W GRC ¥l 3 2 720 D%tk (Step #3)

® W ARC % P9 % 725 D UG EEIRE  (Step #5)

® I ARC |ZxFIs 9 A HEAT AR I8 (Step #6)

® OSOs (Step #8)

o [KPdpT) 7 /2 0EEEIH (Step #9)

RERE LT FLD, TRV —F =N, FYRCEHIKEEORGEEITH
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4. B
4-1 FE S 7= 0SO & HEXEREEREH & DR

2-2 % 3-3-8 T#hi-~X7- L 912, SORA TiE, FrE SN/ SAILIZIE LT, HHT 2IE0GH RS,
ea LM E DL 7 V—OFHE, X 7+ v AEOEREER, £ L CGEMFOSEEREEAICET 24
HlZe E12oWT, flIDLHTA RTA4 VIR EINT WD, EF S, SRIOFEIFIINT TE L 72 @ Hi )
EPFEINTEZEOSODH A FFA4 2 %iiilz LT WDOH, ii7z LT Wi I24 m oFEIE R %
fEfDsd B D) DOMGREE AT 5 720

FORFIEZ 20 F Fiii/28 750 080 1ZW < o0dh o7z, BlzIiE, 8D OSO#3I T “A¥FFrA7H
7L, UREPEYTHLEEZTVLIEEIZES LAEDET, H50IE F72, BREIFED L FEIC
Mo THEINTVD, Vo tERDH LD, WHER L SORAZEA L TWAIMMNTEZ, RIHED:
KHEHEIIZ C, FERNHE L TWa L) Th b, SHOMEETIE, KRR TIE R TS, HAREEMEAM
Zet T2 (JUAV) OFRE LT TORMGE EET LKL Lo TR 08RHhUL, Uiz L T
WEEIRYT 5 L2 LT,

% 0SO DEREN BTN MEEL, SR OEHEG OB RIZRI OE) TH L, TOME, LTD
HH LA TIZEE S OFEFEIZ SORA DERZH7Z LTV D EDRFEREZELD, La—<rII5—|128b5b
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