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BEESMEENRRZREUKIRFERBVIEA - BEMITI[IHEIUELREE Bk A KEM
TEXENRAEEE o AHZTTUMESRBIRGEEZ (Aircraft Eco-Economy Industry) &zl o

e NBRKAMZERREE B SRR

(Aircraft Disposal and Recycle, D&R) > W HrEIFERLINZE

FlnZER Bt PAMELA 5t E R MZE SRR OGS (AFRA) RVEERACER o EBIFRE « MEIEINR
BIRAFHZ > MEJRACRKMESFBORIGREE > TEANEEHRENEGERE - £X
FHRENRGQENERES  RTHEEHMESRLIRTIZREH RERRE > SEAMMEE

BN R R o

AXEAZEBRERTHAMAREDN > BRAIEEHAEIE (Fair Use) ° RIFRERBI
R1EE » ERRICHE A D - MAEMARE > FHEBHERBRMRITERE -

1. #EE
1.1. oA =

fifi 22 2 A 2 R AR ES RO T AL T
T30 AN AR o0t BR A E E T R
PEZ BRI ERRAVIREE » BB e E
PR 22 S H R BRBEN T BR - A7K A 22 IR
MWW - S — 7 - IRIBES M SEHET
H s Az sk - 2S5 EA-® 8,500
ZefizegeR et - HHEEHRN AR W » B
A% 12,000 2 20,000 222 fit 22 2315 £ F5R
4ERR (End of Life, EoL) ° FEZFMiZZZTR
TR - RO SR B L WAL 2 i AR R

KRS o HHT RIS E IR
Ry S B IR e B B 2 (R ERBE » ARHIT
FUnRE T 2 [ R B ASE  cUE Y - RN
BIRE ~ BEEEYIIRE - DU AR 22 28 A
JFRIRAAR b HEF TER IR BOR < R -

1.2, ek A SE R 15 B < ] B e

e IE AR - BIRERABESR IR - B iz
AIEFRF BN TR IS i 1 IS5 s 2 B
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IS iz A FIR Ry THEIE SCH - fessah
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PRI EIRZ N 22ds » 5 RAEREh B
EREME - M2 e ~ FERE - L
AT 2 AR A RS R -

1.3. WFFTEnH

fi 22 25 16 3 & ¥ 2 (Aircraft Eco-
Economy Industry) & —#& » HHH 3 R [E]
R#RIT B < EEB R R B gt
A RfE - BEESERE FRRE ST
fize N E AR S R T R PR TE X
BRAORAY T 20+ ZREE AN A AT R B R B A 2
oy 0 BRI RS R ESRIE (Aircraft Disposal
and Recycle, D&R) ° [ 7 57 3 38 58 7 A
R~ MORHEIBORIBAGE [ S5 73 - ANMEERERE

{RABREER R - IRRE KRB s B R 12
TRAS Z FRIBREE o JhFIBAE B L B R SR
VBRI A B Bt - R R R i 22 58 7K A
BEAVEETTH -

1.4. Wr7E H R B e

® FEfHEIFREEEA] AFRA Bl PAMELA
AWFE B FEFRES B BRI TR & i
Ze B HIET o ERE B R AR
Bl fi; 2% 23 ¥ B 17 & (AFRA)
il PAMELA BEZEMZUE BRI - 43
B H R B IR A SR R R
FEER -

® TR IEREE T
SRR AT B AR 1A 2 A B
FYERDL - RS HIR IR - Phiked
ARz - WA R R

https://www.bbc.com/zhongwen/trad/business-53635963 )
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FZE S TR ERAC IR © KRR IR S iR
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O® PRI IZE A ERAS IR =
PRSI ER A A A M 22 2 Y
JERTETT - Frnl @Rz E
PRI B PRI O LS RS - FE
I SRS BR AR B RS R A 1 A £
ER

O FENVIKMEMI AR ey R E By &
THIAE 2R DA A e B AR i B B e T B
iRl w i =S L) RED/AS ] ol e
JEIVEBRARA G TERESE - IREEaRa T
M ~ IR S FE AR B [ B RS -

ARG SRR R A A 22 o i B A il
BRIGE  Raid S BRTE B BT Bt Bl B
H > BAERBORFIE S « EEFEE BRI
EEE Tt B - HEEhI 22 SRk

B2 MERZEETSE

B ER T AT

2. MBS ERIEEE

IR P22 2 1 B S B R A A R A
FH & 22 FR 2005 42 HY - W BREEFALG
B i R 15 i 22 2 Se MR B R AR (Process
for Advanced Management of End-of-Life
Aircraft, PAMELA ) - 5 7EFE ¥ R 2R A]RERY
N M2 o g DL A RE s B R - B
fizz s < el ~ SHRHOFEIC ~ Aokt FHEL )
Bt DL FOR AR PR B o BRI A R I st i
B 22 2 BT BRUR S EEAN IR IR - I iR
AACHREREME - R 1 e 3 H oA i B
G R Z B (End-of-Life Solutions,
EoLS) - Frisimks it @ig et HAR
A o R A A RIEREONBUFRIR T
RE - B HEE RO R 2

(3B : The Future of Aviation Sustainability: Commercial Aircraft Disassembly, Dismantling, and Recycling Industry.
www.linkedin.com/pulse/future-aviation-sustainability-commercial )
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( 3B : The Market for Commercial Aircraft Disassembly, Dismantling and Recycling.

https://global-recycling.info/archives/5849 )

2.1. ABEIAE AR BRI
(Aircraft Disposal and Recycle,
D&R)

AR SR 22 25 I B SRS o 25 P R A [
B > 43 AR T R E (Disposal) ; Bl T [H]
I (Recycle) ; » 38 FETEMTZE 28 4 dmE
YR E A o Sl RUE A S IR T AR
¥

2.1.1. & (Disposal)

F ELFE Y 2 R 22 85 7 % (Disassemble)
%+ MSH R SR HE —F G EEL
A - ETRRE - BRI - ZBREFTRIGTH
g o BIAN - e R ~ BB Z iR
A R] E A RYERCE - ORI SRR a1
R " FEHEH - EEHEHS® - E—8
FETRERNZ T AERFER T REE o - EHER
WA -

2.1.2. [l (Recycle)

b i 2% M ke M 22 A HY I B
(Dismantling) &t ¥ € 5 5§ 58 6 F 2

AR HEITA R BB RN T - S A
AR AR (A~ SRBWF) Rk
WEE - R IAE - TR E R SRR
BEARL > WARIRE S T E E B R A
fBGE - iE—@RRNE TRy AR
My BHEE R E R DB S E -

3ot (R S AR A 3ty A AR AH
JEZ A » T IR AR EE S FEA B T [
(Salvage) fiZEes L BRER1EMH - LIS
W RFELARITHZ 7 THETE SRS
LB E] ~ RSk e N T A ESE - H)
B AEBE - EITENENE - DIkR
TS i M2 esHE S TR - 1RAEW
T 7 R B B M i 8 L AR - BRBHRRR
Frems — A AL T R B [ A L
JIEEGERRR -

JiE B A2 A BT ~ e AR - i
ze g RIS AR vl DUA B s Ry B ER ] - AR
15— 2 B 22 rh 0 AR R BRI B RE
] Tarmac Aerosave 2 75 » FLEH A 5 =
AE %7 =] I A 22 25 A8 B 2 o PRI 5 92% »
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5 BT B R LB BE S T A1 99% » LU
Airbus 320 iz 25 RSB - HA RS
TSR R e (72%) ~ 8l (9%) FIgK

(6%) R - LEFRIr SRAEMZE 2R R %S
AJ[EE - R SRR PR AR A TR A A S
MR BGE IR 22 T Z A 5 S AR
FOEARAA R R AT AP ZARE R s 4 e ik
MU TIRE ©

Bt A RE IS TR o R
SRR R ~ A T DR R A
i Z2 A AT B — PR m] M el KRR A
HYBAE Wt 2 tE T - R - FEEER
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2.2, B A0S B R
(D&R Process)

2.2.1. BB — © AR o

Tz AT 22 2 2 TR E B B R e Bt
B AE > 25— B R =i iRl 5 A7 U
Ze g L 0 H REERAIE I NI ri i
BT YD - 2 R R M B
FABG 22 2s B E A L IR > HAHES 15
IS I . -

2.2.2. WHEZ L RAEEENIER VR

P 22 75 H B n LS 2 3 R A
FHEEE AT [ AR - A E] R es s i
B o JPE B R EE IR - RIGERE 2 LS
W5 AR EEEER R SR BT - HIE
AFER= -

2.2.3. BBE=: #’if# (Disassembling)
B4l (Dismantling)

P fa i 22 2s 0 I R R 0
SERMELIBE A S 5 JrEl 2Bk
B YRR e - DUBEE — 2 Sy 22 <5 e ]
W FIETTRRAL TR © AR — i zZ 2 Rl 2K
Wt > MEE ISR DU S st e - mofr el Al
T B HEHE N R R - PR & [ 2~
A~ KAUES R BN A o

2.2.4. BRI ¢ ZAHME PEBLM RS B

Tl pT RS C EEVIEE AZ R E L - Iy
HZ EVIREEAR R - 5 ]
DA 3 R WA - —fH R ZAH AT (38 ~ 5%
W) o SRS (A0 ~ YBE
BeTE) - B EBAMME A8
BT 5 MPRHE BRI RS AR R ~ L

2.2.5. FERTL | BERY)ER

MEVE BRI Z M E B P BRR RR
FRERIEIA PR S m s it T T e B
Y48 - W o 05 Uk PR Ho2 A mT DS R
ANAAT DA RE - LAY SR 40 F Y Be 3
7 s R BeE R s HERIEAIERE 2P
AEiER RS - R RS HE B B

2.2.6. HEEN ¢ AT A B M EIE

fi bl FLED B - A e iR
AU BRI - IR AR EE
B RS R ImEE N EE - filz2m]n]
DUEAT — R IR R R4 - 2 —HRES ]
WOREAM 228 L K EE TG - ERER
52 > D&R AT ZE—ERRA > 5L
ARRTHFE R REAL 2 5 HETT D&R IR
HIEILH -

2.3. R EKEIG R
A ge 2] L e 5 2 5C B ] D&R
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| SRR B WA
f | £
| I
| B | | ABRSHINE | | RAGUEAE | | R |
e | = 5 | »
=~ > NN
| st | w &Emmﬂl FRlEL 2 AR |
v I | w2z | v
| s | ' ki

T Do |
[ 1

| e | | s e |

B4 BEMEBEEBRELEE

Q

[=1=]
N

B AT A - DU D&R Ef KM D&REIZZA - ANFTEEI Tl - EfiZEes
2B - ARG AR HBISMTE R SR N (FFE AR SRR
afHZASTE AR TE AR - W — /Rt AR s i RERGR S BRE EET -
TR TR <0 - DB AR iR Biems - oA HESBREEA A -
AR R BRI de LR - LIRS PEREARER - PrElBddr s » SEAEE
ZASTE R AL AR A 22 SR IR BR A B2k AORVEEE ~ FERUAT ~ BRACRERIA ~ ZAEEmIH
B R REEZTRIT - M REERR - SEER - BE (a0
A1) e
2.3.1 BIgMiESREEERA (Cpar)

B R R I i 22 A B A - Bl

Cpar = );. Cpark = CD&R storing + CD&R disassembly&dismantling + CD&R component_management

+CD&:R,m1‘m'al_nmmgmumt + CD&R,reuse + CD&RAﬂrmmlive_reuse + CD&ngy_rmry + CD&R,hmd _filling
+CD&R,m:yclfng_iq + CD&R,mycIr’ng_hq + CD&R,resak

AR 1 FHMEREMEREERE
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Cperx = L Cparikj = Cp&R klabour + CD&R k,material + CD&R kenergy + CD&R . facility
]

+CD&R,k,tom‘ing&equipmt + CD&R,k,misceHanmus

AR 2 FLERZTFMEE

b ult A A {E A B AT R A A e 7S A T
EIBER b ve N SE TR Aok VA S S
Al Ky 55 #) (labour) ~ #4 ¥} (material) -
AE I (energy) -~ &% M (facility) ~ T. H
Bl 3% fii (tool&equipment) ~ Ff IH B¢ A
(miscellaneous) ° 2% FHEHIA » °TLL
B E| Coene Fol - TIEE HTHER L /NTTHR
FANIHE » BURHERA Coer

2.3.2 BAMIERHRIER ZEE Viesidua)
HXE G R B 22 2 ARl ar < (E1H -
Rz ds LR ERAME - EWh ke T HRME L
JEE —OFE BRI 8 R pOB R R MET R - DA
i SR AT 2R RS N LB - R
MEERIR - FEIREl (AR 3) SLEiZEss
ZIERE (Puc) MEITHBZEREE - IREE R
B (FY) ZfEME - BEIBREITERTLE K
ZABEIRHE (Cooprecianion) * TS 13 BIMTZAERS
25 B B B EE (Vesigua) > Bl
AR B ERIR - AR P B s & FIT -

Py Reffiz2asii A (81
(1+0)™ R B 1 1 I B A7 AR A S8
R Rz A B TR AR

FY BB ECAE B (Fiscal Year) @ AE 7RI
—AEREE » Hh FY, Fyi i 2= 23 5 2 I B
i

I Rosdfg=R

Caepreciation RIFTEE TR (EIEIERE 5

Raepreciation FoMUZE A madIT B -8 IR Fs TH
ftifii S5

2.3.3 MIYEEBZEE Vesda)

AR E G R R E R EE - B
R Viatvage 5248 D&R GEIE R Z fEHIH » AL
Hi&wmiEERs (A=04)  EEEEER
RAE (FV: Future Value) - [KJth 20 H#&
ERIEIEER (r) SKEIAETE Vg * BIIR
KARMEZIRFEEE (PV: Present Value) (28
X 5) - e BErE B E AR BB TR (fF
E H B LA REBUE - A TRAR—T
PR 2ZWAE IR ) -

FV
A+

AR 4 RMKREZREEEERSX

Vsa!wge

V residual = ——————
residual (1+rD&R)"D&R

n
Vsalmge = Vryesidual (1 + 7D&r) 7F

AR 5 RMRRZMERIZELCWEEEE

Vyesidual = Pac(1+ 17 ™" = Cagprecation = 72— ((1 + I Nigepreciaion — (1+ 1) (FY ~ FYg))

N depreciation

AR 3 MERIEETE
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Vsaimgie = Vcomponmt_reuse e 2 mepanmt_alfer_reuse = Vmergy_rcv + thﬂial'_hq . 3 Vmafeﬂ'a!'_!'q + Vresale

AN 6 FHBRAMEAEELEE

Vianvage H7SHIH H i M A HH - A
P BRI (Veomponent reuse )~ #H PR AU
FUH (Veomponent aiter reuse) > BETREIEL (Veperg,
o) BB (Vpaeriar ng) > REEAHY
Vnateriar 1g) > TREEEEE (V) » NI
HEUR T ANTHE Viavage 5 TERIUE

2.3.4 (EBERESIEIERE per

RS EE BB (Viavage) > MUZE2R5RMH
(Viesiauar) FIFEIEE LA (Cper) #8555
— it B A A 2 A TR
Ipar ° f8INE & Wk B HRIE HBEERER
TRESRERERIEEE A (per> 1) » HIE
DR B 22 a8 A IS EE M 5 zan
Iper < 1> QIR j B 22 45300 A EL A i
I -

Vsalvage = Vresidual

Cp&r

Ip&r =

AN 7 BREEEGETLRABEEEWEE

3. B E I E E T R

i 2 2 ELRCR AR B PR [ 2 0 i
P > EHGE R B R R M T3 - 3R
CARPNE A iR D AR 7 E) - PN
RS~ AT S DR R R AR
B Foc S B SR RG A - Ja uRr Ry - iR
e 0 [ B 7 R AR AT TR - BE1S9R
B mf S DR R (Al 4) - FHEE
LN AR L i L B S SRS T B 2 R

4 RERBEEEES O ERNE TR — B EIREERE
BEsHE%THETSE -

(RIR : mE=HR S EASEIN (4-3)

https://www.carnews.com/nocategolized/216491)

T

BhEk - EHIOL - MiEdEEE D EREHSE
(EPASE NS RSNV &5 S CVNE
AME—FHEBAN  ZFHGEEEEE
% o BLAh - T SRR 0 BB
HEr% > thate—2D IR 7 H e i S %

72 o

AR Ry B - % st e ) o0 o B [ A B
HIERERIITROKIFE 56 - W2 B
H e Z S R B BR R A B - T R
i 2E 2 o i B (] A SRy i e A0 B B - L
AN EEFEIDIWION ST f 22 05 o Jo . B [ LA 7 S )
ok e T B R AT (DU s A TR AR = A

3.1. i+ PAMELA &t

PAMELA &1 & (Process for Advanced
Management of End-of-Life Aircraft) &
HPIEH R e A R B BT AT & - BT
R Ry fizz S SR E N ml F48 ~ A9 HERIRAY
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5 A2 PR T FRCRART » [BIRCRERY
50% » KEBST BEBEVI A MR I - HEREE
kK B B o NG S A E Bl R i
FEHEALYRAR » B BRI AR R oK
{RIENE - HEBfZE 5 2 TEERAG I -

PAMELA E1 &4 2005 41 X B @D » 3
BEEL AT AR o HEOU B SR HIZE R
ZAEMEMC ERREIEE T - FEEET R B Al
% B EYr B e I R - G EIERA
TR R R A B LB R A - A
RE TR RS A0 o0 e o [ bRt - S AT HEE LR T
BIEIBER 2 2RI E SR B - IRk
#Y) . R

PAMELA TE i B b #f i 7 — 28 85 AU
A300 TRHE - ERINENL T 85% Mkt - g
g0~ gk~ SDARE MR - H o SBEE
8 3 i B4 BT P A2 B 2 - AR R
B B | 4 5 = [ E B I T T alas - &Y
i REBE HEAE M 2 30% ° SE BB R
RS 7B IIRE SR - — g EEL
100 W2 fifiz2 23 [m 2% - (SR A gk =
HE BRI A4 20 2 30 BEOTKA » 1
FEEREE < BRI R A 50 HEEOT.Z HEIL
% o BR TR Z TR - ARG ENE B RS
OFIFIMZE 2981 - BfiZE A FEA KRR
HRA » EEHE R EIRIRE - HEE) T iz
SENEERAC -

b E T S B A B R i B el - i
JEYIE ISR BN 5% DUT o SRR
H 1 2R 2 W BRI RNV A - RS &
K RTG - R FEYE YT =TER
MZZmm B o MEGPRFEETS A - 82X
HHEB L Bk - 5% 858 % 2% H AT

P PR T R AR T [EIRORR » Horp i 0 i Z Bl
B Ry iR A AL AR iy DB B R AL e 7
e PEEEEAR A ERR T T IR - LR
TR AR A E R o IBzE Rt
#Et - BEt &I F A A %7 50,000 2 2
TRHERR - 7 PR AR R AR B PRAYAREE - A
B A A R BE R B UG SUAH L - BT ERE T
70% HIEEYIEIESR » B2 e S 2 2R
WCREE T2 2K

B ET o B s it 22 2 A2 i o 01 2
BETE TR ERE - R SRR LR 1%
PR BRR YL T AR o HB RSB N A =
FEAefiz2as B zE SR SRt T E EI 2
% R AEE IR A GRS 5 5 1 E
HHERGEESE - HRGEFHE RN
zedrml S bz 363 - AGTEITEM T AR
LEEIE - TAERLAERE EAETT AL AT - HE
B FE R - AMEEE TR IE S
BRI - RIS 1RSI B B
LI Ry B ERMTZE SER R B AR T —
fE51e -

3.2, fiiE AR [mT AL 17

Pz A 26 R M2 B[R E] Y 2006
TR T iz 2R s & (Aircraft
Fleet Recycling Association, AFRA ) » #lier
e — B F A 22 25 B ] RFHE S L 2
BRUEIRE ARG - BOTR B S R
REEHE L R EEE - HYITRE R T FEEH M
ZEEIR R 2 2 B E H I R AT 2K BR
SEHREK - FEE A A i B A S an A B -
e Rt LM SR IR AR~ 2 HASHE AR
IR EE -

HE H

It B 2 A0 TR & B B ATHEE
B el 2 TSR NE - H T R R E
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( Best Management Practices, BMP ) 7E 7€ #%
P AERIAA R a1 S SR A R RE B FE R < G5k
REAERR AT 2 2 47 EIIRAE ~ [l (B A
K (Aga& SR EMED) ~ DU #E &
FRIEAEYE - HlIaAnEE A RS2
mn o BEARHESHES R SE 4Rt TR /K HE 2 #R1F
fagl - MHEBRIET HTSEEH RN -

BRET - F] 2035 545 KA i 40,000 22
fifiZe 28 2 HAH F s a8 - B sz gs
#J 90% Z ARt a] DI eI AR - F 2k
$5 ~ EAME S Fl—seEEEmEE o
AN EREAIMIEE B i bR T He il g i 2 5T
EHAEAE ] - e BRI HE NI
TEERAC TN & - B B 22 A w] RO E K s 2
EE - NMER LR A R ZE 28 H IR 2 5
% AR MO H SRR EE SRS -
BIAN—2832 5 747 FRESAS H S R F i A2 A
WHRL o3 388l » AT eI S 60 Wi SR <
K AR P A < o o2 BER 7 K+ T kA ik
HERR -

FERCTR R b - 22 Bl SE L T R
RERHEA - BALET - 2 2030 4 - RERffIAEES
[ Ti55 . fREDREE] 50 (F357T - ZiEis
T T AR A LRI AT AT - Foig—115%
fefft 7 EEAYHEED ST -

3.3. HAthntE

ESRERERGE S R FEB - B Rk
a [SORE SEFE R R TR HEED R - PR -
SR IZE S AN B S S I~ AR
SRMEDUR i G M N IR R - i as I
B [m] i S H Rl PP R B - I35 H
o> B e L AHRRG T

® CIRPASS #t& @ #%aT & BN 2 i

72 3¢ Je ml S SERH A S A BT HE
B Ze 28 4 dn R A 2 R AR B e - g
£y [ S0 B 67 Y B 7 L & B o CIRPASS
S T AL BT M2 23 7 il Y e
H o+ DR RS HE BRI -

Boeing’s ecoDemonstrator Program
b T B R A BR AR B
L[] B [6 1 3R 18  Hek  FER1) FH 5 kr Bt
9% o B4l » ecoDemonstrator I F T
{5 P T B T B A B i 5 - RO 57l
AEFERAEARSK 5 FEAHE DAL -

Sustainable Aviation Project (SAP) :
et & 2 RIS B 1 3 R 2T P AE I
G BRI AR E SR
Y T 5 [ AT il - ST e R o G 9 e S
FE BB BENR o SAP 2 55 il HE By Bl &>
BRULFESERY S E » DARE IR [ L RE
HREABLETEF -

European Aviation Circular Economy
(EACE) : thatHHECRED) - HiEE
Z TH T 22 25 Y[R CseR - G HEE)
BRSEZTRIFAY S, - EACE EFiR 1%
HAEIE H - SRR Rk R IR AE M1 3%
i EIRER]

NASA’s Advanced Composite Consortium

(ACC) : EBEIWUAHEE (NASA) H
AL ok HR B A L A SR S M RS
BOF ) B BT 4 e Bl « ACC i3 1
Z Al - BRAK T [EBGEE
BRI B WARTE 1R REAE R Y

B -

)
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3.4. B4ii 77 H Z W5

HRT - Bl AR 2 8y R R Ak A8
AR HE AR - EEELFERY 3%
SR L AR 1S - AR1 - BEE R ERIR IR RV TE
T+ BARAEZ Wia2 N w] e Bl 2R bR AG Bl 1%
ABE PR 22 25 [0 R #E (End-of-Life
System, EoLS ) Zfa% o — &b 3= ZE Sl iff 5%
PR S Bt

® L[ Cranfield University @ s B FER
fize ELEREE 2 22 B AFSE - HokAERTZE
flii.Ls (Centre for Sustainable Aviation
Technologies ) % i 22 25 A4 K} BB ffir
PR T EEEM -

® EEHIHE TR (MIT) : Hfjiz=kd
fiit K &E 9 (Department of Aeronautics
and Astronautics ) 1T I ZIERHA 2
o 2B an R A RHIE BRI F 2 5T -

® THEIMiZEMI R0 (DLR) : #bERE
R T FE 4 S AR & [RIBCEfly » SIf B
Z R M2 T G VR B R R e 22 2 i
B EREH -

® BX M M 22 5= £R i 72 Bk B8 (Clean Sky
Joint Undertaking ) : EZ MRS T K
A2 B2t A R 3 - BUTIR
Zegnandt ~ B E R R TR ER IR
&1L -

KRR - BEE Wiz an B BRI
HAT A I ER BT PR, B Ry R TR R - AL
T N A S0 R A 22 2 B B M L
i B AT SE = A RIS E SE B 7 ol R 25 B i
oI AS YRR o GRE E 2 28 RO BE R

BRI - B BT 52 B ) Ry A
etz - GBS HBRR %
WeEESERE » I SCRF A SE 2 Bl A BRI 227K 8 3
R G FHERES

4. BEZRMZERCINEZZED

AR AL £ ¢ BT 5 [l A
E S

EIEHIER GRS B R EE R PRE -
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'A Step Back'

'A Step Back'

Accident data for 2024 falls short of the'exceptional
performance’'recorded the previous year, IATA says.

FSF Editorial Staff | March 5, 2025
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Air transport aircraft were involved in The report, issued in late February,
seven fat al acc idents that killed 244 included data showing that the industry
passengers and crew in 2024 and that recorded improvements over the five-year
translated into an acc ident rate of 1.13 average for several parameters but "took a
accidents per million flights — yearly totals step back from an exceptional performance in
that were higher than those recorded in 2023, 2023." In 2023, one fatal accident was
t he International Air Transport Associati on recorded with 72 associated fatalities, and the
(IATA) said in its 2024 Annual Safety Report. accident rate was 1.09 per IATA Director
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'A Step Back'

General Willie Walsh added that "the long-
term story of aviation safety is one of
continuous improvement. A decade ago, the
five-year average (2011-2015) was one
accident for every 456,000 flights. Today, the
five-year average (2020-2024) is one accident
for every 810,000 flights. That improvement is
because we know that every fatality is one too

many."

Data showed that although last year's all-
accident rate of 1.13 per million flights was
worse than the rate for 2023, it was better
than the five-year average of 1.25 per million
flights. The seven fatal accidents recorded
last year exceeded not only the single
accident in 2023 but also the five-year

average of five fatal accidents per year.

IATA calcula ted the fatality risk—a
measure of a passenger's or crewmember's
"exposure to a catastrophic event with no
survivors" —at 0.06 in 2024, below the five-
year average of 0.10 but double 2023's 0.03.

According to the report, the most frequent
types of accidents in 2024 were tail strikes
(12) and runway excursions (10). The report
noted that there were no controlled flight into
terrain acc idents — one of the greatest killers
in the past —in 2024.

In the report, IATA noted its concern about
the increasing risks of operating in and near
conflict zones, and said that two events in
conflict zones in 2024 resulted in a total of 42
fatalities. The number includes 38 people

killed when an Azerbaijan Airlines Embraer
190 crashed Dec. 25 in Kazakhstan and five
killed Oct. 21 when a New Way Cargo Airlines
llyushin 11-76 crashed in Sudan. IATA class
ified both events as security-related events,
not accidents, and neither was included in
data presented in the Safety Report.

Nevertheless, the report noted that such
events, along with an increasing number of
occurrences involving interference with global
navigation satellite system (GNSS) signals,
are "a top concern for aviation safety requiring
urgent global coordination." IATA data show
that the rate of interference with GNSS
signals increased 175 percent from 2023 to
2024, and "spoofing" events (in wh ich
interference fools GNSS users into thinking
they are in another location) increased 500
percent.

"No civil aircraft should ever be a target
-deliberate or accidental -of military
operations," Walsh said. Governments must
step up,enhance intelligence-sharing, and
establish clearer global protocols to prevent
such tragedies and safeguard civilian

aviation." —s—
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Bridging the Generation Gap

Bridging the Generation Gap

Raul Bonadia Rodrigues

Proactive conflict management can help resolve differences
between older business aviation pilots and their younger
colleagues and establish a more collaborative cockpit.

Image: Atosan | shutterstock

Business aviation exists in a unique leadership expectations, and attitudes toward
environment, with small, close crews, many of technology pose real challenges in the
whom work together for long periods of time. working cockpit, given the presence of Baby
This can make for great friendships but also Boomers (generally considered those born

amplify generational conflicts. between 1946 and 1964), Generation Xers
(1965-1980), Millennials (1981-1996), and
Communication styles, work ethics, members of Generation Z (1997-2012).
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Knowledge of their generational differences,
in addition to crew resource management
(CRM) strategies, can mitigate the risk of
conflict, aid teamwork, and ensure safe

operations.

Different social, economic, and
technological environments of each
generation of pilots have had different effects
on attitudes toward work and professional
interactions. Generally, Baby Boomers, whose
many years of experience are often a source
of discipline and hierarchical structuring, may
be among those who crave the structured
decision-making process. They tend to
communicate using traditional methods and
prefer to discuss issues or give orders directly
rather than use other means. For Generation
X pilots, who began their careers during times
of change, both in the economy and in
technology, being independent yet a team
player is the norm, and they think
pragmatically. Millennials, typically
comfortable in the digital world, tend to be
collaborative and open to feedback; therefore,
fitting them into specific hierarchical structures
might be more challenging. Generation Z
includes the newest entrants into the
profession and the most technologically
adept; generally, they want seamless digital
integration processes.

Communications Gap

The generation gap is enormous when it
comes to communication styles. Baby
Boomers and some Generation X

professionals may like senior pilots to be
direct and authoritative, giving clear,
structured instructions while Generation Z and
Millennial pilots utilize tools in the digital field
to help them communicate more efficiently.
Such generational divergence can lead to
friction in the cockpit.

Team dynamics also involve differences in
work ethic. Generally, older generations stick
to old ways of discipline in aviation, focusing
on experience and seniority, while younger
pilots place more emphasis on work-life

balance and efficiency.

The most striking contrast, however, is
their different approaches to technology. The
flight deck experience favors those Baby
Boomers and Generation X pilots who have
adapted most easily to a digital flight deck.
Pilots who are Millennials and members of
Gen Z, born in the age of automation, are
more confident with technology and more
accepting of its use in aircraft operations.
However, their differences can give rise to a
conflict between automation reliance and
skills with manual proficiency.

The Shift in Leadership
Styles

The generational change that the aviation
industry has had to make has been the
change from hierarchical leadership, with a
traditional chain of command and the captain
as the absolute authority in the cockpit, to a

more collaborative decision-making model.
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Despite some resistance by senior pilots
against the relinquishing of authority control,
Millennials and members of Generation Z
tend to prefer this new collaborative model,
with teamwork and inclusivity and a culture
that enables all crewmembers’ input into

decision-making.

Moreover, supporters say that a
collaborative environment can help to
enhance safety and operational efficiency
through a plurality of viewpoints. As a result, a
CRM management strategy should consider
traditional and modern leadership styles to
assist in smooth generational integration in

business aviation.

Potential Friction

Business aviation often pairs pilots of
different generations, and those pairs often
work together many times over many years,
despite the generational tensions and
conflicts. Their interactions can result in
strong relationships that sometimes result
from differences in work styles.

In this situation, experienced senior pilots
may perceive young pilots as inexperienced,
without discipline, taking different approaches
to doing things, and not being committed
enough. In turn, younger pilots might be
frustrated and misunderstand their older
colleagues as outdated and not willing to
accept new technologies. Such perceptions of
each other constitute a dangerous breeding

ground for conflict that may threaten team and

flight safety.

This is a form of generational conflict, and
case studies show how generational conflict
shows up in the form of communication
breakdown and other disagreements. For
instance, the senior pilot may not be willing to
adopt new trends and technology, whereas
the young one feels that his or her input is not
considered important. These conflicts
highlight the need for teamwork and show that
closing the generational gap should be
addressed with an effective CRM strategy.

CRM is a good way to decrease
generational conflict by providing
communication channels, team-building, and
decision-making. In CRM strategy,
generational gaps are bridged, and ideas are
shared about joint responsibilities, mutual
respect, and employing best practices in flight
operations. One of the key parts of CRM is
communication training, which teaches pilots
to listen actively and speak correctly to others
to offer precise and constructive dialogue.
Different generations of pilots demonstrate
distinct preferences between verbal directions
and using digital tools and group talks in their
communication methods. Training in CRM
should improve communication and flexibility
in cockpits through its emphasis on structured
communication methods and adaptability.

Decision-making models and conflict
resolution frameworks further enhance cockpit
synergy, objectifying thinking, promoting

diversity of opinion, and making wise
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decisions. The models provide structured
avenues for resolving the conflicts that arise
from generational variances in leadership
style, work ethic, and computer usage. When
these frameworks are added into CRM
training for business aviation, there will be a
more cohesive flight crew environment within

the sector.

Also, adaptation, emotional intelligence,
and teamwork can be included in continuous
recurrent simulator training and in real-world
operations. Since it enables pilots across
generations to develop the interpersonal skills
essential to perform effectively in a team,
such practice ensures that pilots from all
generations learn how to work together.
Business aviation operators can embed CRM
principles into daily flight operations through a
plan for a collaborative flight environment that
improves overall safety and efficiency.

Influence of Technology and
Automation

Aviation has been transformed by
technology and automation, which have
altered the dynamics between pilots of
different generations. Millennial and
Generation Z pilots have lived in the digital
age and are more comfortable with
automation and the latest in avionics. They
voluntarily adopt new technologies such as
the glass cockpit, digital flight management
system, automated decision support tools,
composite rotor blades, composite airfoils, fly-

away fuel systems, and many others. On the

other hand, senior pilots, more often than not
Baby Boomers and older Generation X
aviators, tend to assign more weight to
manual flying skills and older navigation
techniques, and, some — especially those
who have flown the same aircraft model for
decades, with the same onboard systems and
in the same operational style — have taken
umbrage with automation.

The business aviation industry has
operational challenges that can come from
these varying perspectives. Older pilots
believe younger pilots may be allowing the
degradation of their manual flying techniques
because of their reliance on automation. In
contrast, senior pilots may take longer than
expected to embrace technologically
advanced concepts, resulting tension and
inefficiencies in the cockpit, especially when
younger pilots see their senior colleagues as
resistant to new technologies. The gap
between the two highlights the necessity for
learning with both automation proficiency and
manual flying skills.

This gap must be bridged so training
programs can use a dual-focused approach.
Manual flying skills should be trained in a way
that ensures that pilots remain proficient in
flying without automation. Training sessions
should teach students about both positive and
negative automation aspects. Scenario-based
training methods deliver critical support to this
approach, which requires pilots to use both
manual flight skills and automation for
handling real-world flight scenarios. Training

Flight Safety Bi-Annual, Jan~June 2025




Bridging the Generation Gap

allows different generations of pilots to build
understanding with each other through this
method.

Best Practices

Several strategies can help reduce friction
between the generations, including the
following:

e Mentorship programs: Senior pilots
transfer their knowledge to younger pilots,
and at the same time, younger pilots can
bring emerging technologies to the
attention of the senior. Mentorship
programs bridge the experience gap and
keep up good practices and technological
readiness within flight crews.

e Standard operating procedures (SOPSs):
Compliance with SOPs can help eliminate
the generation bias in decision-making. A
structured way to operate makes for clear
and more consistent procedures that

prevent miscommunications.

e Human Factors Training: Training in
human factors examines psychological and
interpersonal aspects of cockpit interaction
and can support teamwork and reduce
friction. This training encourages mutual
understanding of pilots of different
generations, positions, communication
styles, and degrees of inclusion of
technology and enhances their ability to
work together.

Generational conflict in business aviation
is not just social but also influences safety,
efficiency, and operational harmony.
Resolving these conflicts with proactive
conflict management can go a long way
toward establishing a collaborative, cross-
generational work environment that supports
flight safety and crew satisfaction.

Raul Bonadia Rodrigues is an airline
transport pilot licensed in Brazil and the
United States. He holds a bachelor’s degree
in aeronautical science and a postgraduate
specialization in aviation safety and
continuing airworthiness. He is a Six Sigma
Green Belt certified by the International
Association for Six Sigma Certification and a
member evaluator on the technical
committees for risk management and quality
management at the Brazilian National
Standards Organization, representing Brazil in
International Organization for Standardization

activities. —s—
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EASA publishes new

recommendations on managing
risks of lithium batteries

Janet Northcote
Head of Communication
European Union Aviation Safety Agency

The risk to safe air travel can pose by lithium batteries.

COLOGNE, May 28, 2025 — The
European Union Aviation Safety Agency
(EASA) published a new Safety Information
Bulletin (SIB) highlighting the risks to safe air
travel which can posed by lithium batteries.

The SIB was issued in response to an
increased number of safety events involving
lithium batteries carried by passengers on
board commercial passenger aircraft. This
SIB compiles and updates relevant
information from other SIBs on lithium
batteries, which have been withdrawn.

An SIB can be addressed to the airline
industry, in this case primarily airlines and
other aircraft operators, and highlights a
specific new or evolving safety issue. This SIB
calls on airlines to extend and reinforce their
existing communication to passengers on the
restrictions related to lithium battery transport
and appeals for the correct behaviours to

mitigate the risks. It also reminds of the
mandate to train airline and airport staff on the
associated risks and to properly communicate
dangerous good restrictions to the
passengers.

“Smart phones and computers powered
by lithium batteries are now an inherent part
of our daily lives, and we know that each
passenger now takes four to five such items
with them on a flight,” said Jesper
Rasmussen, Flight Standards Director at
EASA. “Airlines and their ground staff need to
make sure passengers know how to travel
with these items responsibly. This includes
prompting them to think carefully about not
packing the devices in their check-in baggage
but carrying them on board instead, so that
they can be monitored and dealt with if
something happens.”
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Portable electronic devices (PEDs)
powered by lithium batteries include a wide
range of everyday items, from mobile phones
to laptops, and tools (e.g. drill) to drones.
Some PEDs, for example scooters,
hoverboards, and certain types of drones, are
equipped with powerful lithium batteries that
are not allowed under the current regulations.
Power banks are not classified as PEDs but
as spare batteries, and must follow the
restrictions that apply to them.

Lithium batteries present a safety risk if,
for example, they malfunction, there is a
mechanical rupture, a short circuit, or they are
exposed to heat. The substances contained in
the battery then react in an uncontrolled way,
rather than gradually releasing their chemical
energy in form of current, which is the
expected behaviour of a battery. Lithium
batteries can overheat, catch fire, and/or
release toxic smoke.

E-cigarettes and power banks are seen
as particularly dangerous. They are both
forbidden in checked-in luggage, same as
spare batteries. Charging e-cigarettes is
strictly forbidden. Due to the risk that they
pose, power banks should also not be
charged or used to charge other items during
the flight. In general, batteries with a lower
charge pose a lower risk, so it is preferable to
carry such items on board at a lower state of
charge, and fully charge them again on
arrival.

The SIB intends to create passenger

awareness on the risks posed by PEDs,
e-cigarettes, power banks, and other lithium
batteries by highlighting the importance of
communicating this information to the
passengers. It further draws special attention
to training ground staff and cabin crews on all
aspects of lithium battery risks, including
dealing with an overheating battery in-flight, to
ensure containment of any fire and mitigate
the safety threats.

Key points for passenger
communication

The SIB emphasises the following crucial
points for communicating to passengers:

® E-cigarettes and power banks should be
carried where they can be monitored (on
the person). If not possible, they must be
in carry-on baggage and protected in the
same way as described below for spare
batteries.

® PEDs should only be charged through
the on-board power supply systems and
should be monitored at all times by the
passenger. Power banks should not be
used to charge PEDs during the flight.

® When not in use during the flight, PEDs
should be protected against damage and

unintentional activation.

® The limitation in watt-hours (Wh) for
each PED is 100 Wh and, only with the
operator’s approval, 160 Wh. The
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communication should include examples
of commonly used devices.

® Spare batteries, including power banks,
and e-cigarettes, when packed in carry-
on baggage, should be protected from
short circuit (e.g. by carrying them in
their original packaging, taping their
terminals, and putting them inside a
plastic bag or box). They should also be
protected from unintentional activation
as well as stowed as far as possible
within the bag from any other battery
and/or potentially flammable item (e.g.
perfume). Whereas charging e-cigarettes
is forbidden, using or charging power
banks is not forbidden but strongly

discouraged.

® Aircraft operators and ground handling
service providers should also make
passengers aware of the risks caused by
PEDs being short-circuited, damaged or
caught in the movable part(s) of a seat.

To access the SIB in full detail, visit the
EASA Safety Publications Tool. ——
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NEAYEYNSE PN

—ERE - mBCRIEANZER - 2
NSRRI AT » 35— YRR L EEEh T
B R E BT Y R - AR R R AE

A B R F i AT

TR L A B PRI HSE RS - 2 A AR
JUAFRTERER ACHR » SEERE BRI A AE - A

SORFEIET 4B 5B 8 AP B B e P 5 T A4
FH A SE AR SR S5 A 5 AR R B R — R 52
gt - BB A2 AN By 5 — e
VHF/UHF fE#55E F ARINC HEHEE SR A [F]) 1Y
SR -

B2 R AREERIERIERRIR(50 RE/150 AR)
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T A ASE AN AT

B3 KEEAEUEEGIERE 2 BME M

= BARBREENE

JoE A B AR AT o Ry T D B B S i o2
il o BYMERSEER - DUk T IR B
LGN E b 13 N W 2t S 5N =t i 51 B2
EES NS YN A To (30 Ve SN DA )
IR E B ARSI -

1. i < S B2 RIS e

fimE AR AMER AR L & ] o0 e T B HE
PRES , ~ TEMIEHR | B T R BER =0
HHWS B R i8S R BLERE » BiE e
BB mIEE - a0F-FEdss AR (RC
EVEGIER ) EURERPEIE CHESTEHITE S
HuTE s M ABE (Telemetry 5% JHIBHE )
e 6 57 B AR A L e K B ST - R v B 5
TAETE I RS SE ; Hmiehing  H AR
(Video 5214 8 BK ) 620 L B 8 A7 4% =0y
SR

2. BEIRPER S toC I H AR

e R AN [ R ) S A B HAR R AR A B
BRI BRI A0 - [ERAEA
B2 (Z8) ~ B (FEMERt) Bl wE
#r (ESC - FEFHEGEERE) MIGE » TREDRH
BRI TR o R 2 A

B4 AEEAKERRENFLHERR

WA » A REB S — IR ERRITES -
ey A FI AR EPVEER G E B GNSS »
IMU ~ RJEE ~ %0t ~ LiDAR ~ EHE T
AR - DL TAIEIIRE » MRPER
ESC ~ il il &3 M RIF] H PWM S5 & =85
TAFHES » EITHERERIEN 1 -

=~ ARSI BB TFE

8 S FHEE X e B 3t T W 3B A Y A L O MRS 3
ANEHES - R EVEREES « E IS DU
BHER S = - H TR ~ Bl B
HYSRAEBZE fat AL R o

1. EPeslipy

PR HH % (Remote Control Link ) &
AR & BRI AR T H 5 & B
PEREHT NGRS - B ARRITREAAR
Aol 720 thg B ie 4 2 M B PR R e bany
B o - L E AU 7RI ERIES
4 = g (Throttle) ~ f#E0 (Pitch) - 7H#

(Roll) ~ fRftfi (Yaw) - FRITEEXGIHR (40
FEy - HE) - KB - EEmBEE (A0
B~ 110 BEED ) - AR EL G A
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T A A E AN AT

SE A [EEEREERE (RSST) ~ HEHEEEH T
VEARRE S B A2 B IR B A1 SR e IR o
LA LoRa ~ FHSS % /7= tE1 (8 -

LA FHSS Beffir ok Lrpa H RC 524 (40
Futaba ~ FrSky &%) - #HREHE -« KL
T ORIV ZE BB FE R ¢ T LoRa AUEKH
B 7% (40 ELRS ~ TBS Crossfire &%)
I JE TIPS B e i A5 » 2R ~ G
BRI KGR F Y5 o SEPRAEBR LA R
PEEE ~ BB R YT ERE - hEE AR
Fefrzg e o AR 53 BHIY RC HI Telemetry
TREGH P - FL AR5 = Video $HFE  thE[ LA
BETER—EHERE B 1TE RIERGE
% °

® JHE: : 2.4GHz (JEHEHEMH) B 915MHz
GEFRZEETIME - HATZ2 2 aE A
ARBRTH] > BRI AR BRI B0

® [ ifi : FHSS (BRSHEAH) ~LoRa (K
PR STALED)

® f{ £ R # B E i : Futaba ~ TBS
Crossfire (CRSF) ~ ELRS ~ DJIRC 5§

® Tl : BEAH T TR KB R AL 5 - %
ARHFT ~ fwf ~ A ~ PRSP
HItE<
2. @R
FEIPEEE (Telemetry Link ) & AR
M i R E &R E . — 0 B
e R B E N B BCR M RE S B 2 R I
ABERIIRI TR DL B R HGEHF 28 AR 2
R NERITIEB BB NG E » PLHEEs H R
FIEETRITHIE (41 GNSS FERE ~ B EE R

AT ~ RITZRESE) » IREERHAEE
35 O LIRS T S [ {2t T e I G e A TR A T
ANBHUREME S EE eSS E - MAVLink &%
AR By — & IS SE F T E -

® JHP¥ : 2.4GHz &% F (433MHz/915MHz
ZEEAVERRE R - B AR B R
EilEE)ire)

® {5 : MAVLink (BHIEEEAE)

® Jilik : MIMTERE - Z0E - FJE - GNSS
B R

® B3 ¢ R FH e S%E FE I DL AR 51 AR R
(UART) #&EsaR It

3. AR

B (Video Link) FEfLEIEF 52

[ IIRE - FF TS FPV ~ BS 192 Bl 18 i e
FZEREE - ARSI G 3 B A 2k (A
AT i & R - G R E B B E Ehk
AABELLEE — AFE L A (First Person View,
FPV) - BEFIRTTES AR T RO BE 5 Bl &0k}
FURE (IR KA 52 5 B ] R RS 2
RARHE) - B EEEAN ~ A - JRn]
TRy B B/ A FEaSAvE A KR - HH
g5 X ] 53 Ry B FLER B3 W e -

S

©® FHIt A # : Fat Shark » Rush Tank ZF4E
ERAL ~ Z2ETE - T8

® i fii & # : DJI 03/04 » Walksnail

HDZero 55

{5 F DI 22 A3 7Y Occusyne B —fis
H FHEY OFDM 1l B H.264/H.265
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JREME Al - AT R 5 1080p@60£ps » 4EE
#7E 30ms

71 ~ S} EBEAS 5 E BT

FH ATt 53 A AT 0 - M A S0 IS AR A
MR Y T B ER BT B 7 e - B BRI R Y
MAVLink ~ & FEEfK 338 LoRa » DLk
R E e R B R R B s B B il =
T A FEEB E 5 & HAE SR -
5340 0 4G B 5G H % BSG FE1TENAE % Bl EE
BRI thn] DUFH B 1F R S A A Y S L
TH-

1. MAVLink &

L AT a5 32 15 P i J A0 B Ut 5 3R B
%€ » HH ArduPilot 1 PX4 248 - H 554 -
BCRAL - KRR B - A] SCER G 255 AR
AR REREES (H B EXRMRE mik
HEOEE]) o 2 By B U5 fHG b 1 2 1) ik 4
Mission Planner * QGround Control Z£#[ A £
MAVLink {F R FE@EA G E » TIRFEREH
2.4GHz B¥F -

2. LoRa 4@l (TBS ° ELRS)

Long Range JERFISHH 7F & I Bl & PR FE
FIFEEM - /U A TR =UENER
W5 - IR EREE nE B A E - MR
R - HTFRRE ~ A - LIFsER]
{#F3 915MHz 5 2.4GHz °

3. YR Rl
i [ Ry R FH <5 10 TR FH B (i
774 » 41 DJI OcuSync * WalkSnail ~ HDZero
F o GBI R ER T (H.264/H.265)
Ry R A% 8% 0 B R Wi-Fi/OFDM i
PGB S EE R — A TSR A e

TESER @ i [ 5.8GHz » 78 0] Ff & iR
2.4GHz °

4. 1784 (4G BE 5G)

A 32 iR IR i PR R AY 6 i BR
(Beyond Visual Line of Sight, BVLOS) 7%
17 > FIFBIAEEIRE PG 4G/5G BiaE
5 R E K AEE (4G A AE 20-50ms ¢
5G RITE 1-10ms ) 57 1 B AR (E RITEE #2
Hl o EFFEERNZ - B —0E 8 ARRKA
913 7F 2.4GHz/5.8GHz Bi 4G/5G Y 54 48 &
B+ e eI E B BRI AE (RF
Coexistence ) Ml B - DB G — 5 38 5
BRI LS R 18 - BE T2 U AR
GRS

A BRI T

TERARERHSZ TS H - G
HEH > PSRBT - NG
L P ER N Ry i AN ] R EL SR » Tl
1R PR I L R A G B R E S
B AQIE A T AR AR P4 < SRR N ~ Bk
SRELFRAEENT ~ BN EFE L RN ELE
flaskasfbmai e 4 -

1. MBI

B4 25 B0 I 1A B SR A A A BB B
i AES-128 B¢ AES-256 {7 ey EH T8 = e
REHE » AR ORAE bk B TR AT 25 [R5 < Bi
Gl - SRS RN RTREE P I =
JTRER G R g Y ey S R A AR E B R
B (Spoofing) BUEHE F i B 7518

(Eavesdropping ) °

2. BRIABL IR
o 5 TUAE B 975 9 B S AICES T R R B
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F A% #% B T # Bd FH B 5 % (Jamming) -
B 5 AR R 6 B A BESH (Frequency
Hopping Spread Spectrum, FHSS) B¢ & 4

(Spread Spectrum) Fffiy o 38 £ 7 LRETE R
IREFE P9 B Bl S AR - ARG TR RS
E MBS ERE ST - FERTE AR S RS &
B R -

3. BhirBaas B s e
Tl PR AT SRR VhRE SRS 1 3&

BS o W RMEAT B EEigtks] - flan
TEE A ZEE (Digital Signature) &5

AR B SE RN o A E TR 1k (R ' R i
A v ST B A TR IR SR I B B e S
FASHERR o EE TR IR = 7 A e v
dm P57~ RCIE RS A A TR BRI

FHBERMELR - W 7 RARREEE -

OIS - FESRTIERE T 2.4GHz SHE
&A% - AR 58 HoAth Wi-Fi >
B FICEN T3 - BB R A
JE R 5 3EE FHSS AIA RGHERE T 4
IRIES N L GNES LS S Sy R
SUIRERIE " RS SR B T PR AR,
AR JHE A B Al B e S O B R - P RT
FEHEE AR TR T - RER#
Iy PRERE

o~ BBALEAEB BT

ST AR BT A 25 R TR A
MHAEEFR ST - 2R DU H TR R B RE T A HE

RIS IRAE IheE EHENGE
GNSS &40 R B EARR UART /12C/ CAN/ SPI
REst ﬁiﬁﬂ%@%&% 12C (40 MS5611, BMP280 §&
| R)
IMU IEE., MEE, ZRE  SPI/I12C (40 MPU6000 &&F)
(BERA) B8
YA g B 75 =) F Efr 12C / SPI
(EFEE)
YmEEzE | EEEEEERERfL  UART/SPI
ToF / LIDAR | $iithSE / BHE UART /12C / CAN
| BOEsIEE  EYMEEEEREE  PWM/ SBUS/ UART / CAN
| ESC | EiERYEE R PWM / DShot /FOC
| (BFEES)
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T A ASE AN AT

B AN 7 e R P L R - DU 28 Ry
TRAZE 7 B e 1 SR 2 e P - A A Bl S
FH A e a2

TR AR P 1 S AT A 25 PR L R
iy - AN [FEER G E R AN EIRYE SRR ~ (i
R R LA BB - ST SR AN R e R Bl
fEtran s

1. UART G IEN] B feidin)

e g S 3R i B K A 100kbps » £} F &
m] 2 (TX/RX) 4 & - & & L GNSS»
Telemetry » OSD ~ i fAHSE ©

2. 12C (&P RHE)
fE R 100kbps ~ 400kbps > 58 & {#H
7y CRIERET ~ #aJIEH) » (EPIHHERE ST

ERLS/CRSF/SFHSS

B

CRSF/SBUS/PPM

LED @5t =

PWM/Dshot

3. SPI (WhIR RE i HE)

g S 12C » SBH E SMbps »
FHHA IMU ~ P& B8 52 &5k} 58 5 3R 5 A
o

4. CAN Bus (F%ilill 3B IR490% )

{50 2 Bh5EER ~ R T SE M G e
PR RARER - 5 RN R R RS T
AR (2065 UAVCAN fh5E ) -

5. PWM / DShot / FOC

22 RS S e A AR L B (AN
) PWM RELEERGR - DShot F B fif5
9t 0 ’E B RIERehre B R RT3 6E
FOC A2 —#f 1 ESC FI| 53 R Y 7k [E 54
PETIIRIE - REFTTR (L B v ) K S SR BE RS
FfErr 2 -

Wi |—|B_|,.’” ) k P;

GCS #hE s

oﬁi GNSS
l‘l I : L’
> MOS cil. / F :‘,Ngjm BEE

E5 FANEAGREIMEYABBAEETER
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AR ARG EBETES
HE R T AYEH (40 IMU ~ LiDAR) fid
B2 SPI 5 CAN Bus MEJRHE > #EILEETE
IS Fr =R BT B RE T - KRR G A REE
A Ethernet ~ TSN ( FF [t BB BK #4 % ) FE %
& DA e BB AT i R A
AR FE K o BIA0E BU R AE A% (Depth
Camera) Bli& % EH B AH » FTAERITH
BT 5% B & & R #E TR 1252 2 it il By 28 S

(Companion Computer) * ENIT2 R
HARH S S TAE -
T KKBRES

1 $¢ iy 5 S B JAE P 4 R 1 5 EE HfE B
T N B S FH B il T S 2R AR g g
o Al 2 217 5 ~ BSG/ f# 2 @ 1 5% & B
UAVCAN+ROS2 15 #H 1 S 5 35 16 $F 7% 5 fie
NSRS A YR 2 -

1. AT B3 i s L e

Al ] EE a8 730 BRRFH R
TEABSAE A AT B BRI TR A SEAR 2 8 - 40
SEELBE ISR ~ TEHEERIRI ~ B BE g B[]
BRI F S o ARV I E A FE R
FITE E SR B g REAR U - 5 AL H 8

& - SHEARCRMN S - S AR EREEH
ik~ SEARAYREREEL B S AR B RCR - Rl
R Z 3T R] ~ BEREEH B S B REER S N
A o
2. B5G / iR #aES
B5G (Beyond 5G) B #fLi fi 2 9%
HURS & RS A BEAS DLZE R Hth i A e 15 7

IR > EHRE IR BRIV IRATHR R B
TE o BRI ECE ~ R EE K e B b

HIRFL T » Ei B5G 8 Bl 2 iy
fii » AU TR RGE R R B  THEERIEH
W EAHFIIARE - B AS S IR R S a2 5
15 1T IRAT vl i U - 38 5 KR TE TT
BVLOS (i@mieh) BRIFeyn]5et - FRIm AR
Ry — T L B (B A sE i T H -

3. UAVCAN( 8k DRONECAN) + ROS2
BIEHAL T 15

UAVCAN (8 DRONECAN) & —ffi 5t
Y CAN Rk EH B ] SEmER T E - B
=t ~ BB ETRE | B b e
ROS2 JIIRy B it AE F v i B 1 Bl 5
THREEJTRIBASEZRE - B R G R AT HEIRIT
A B G ~ EiEEH 5 EEHAE L
SEE (40 Hura Ay UGV B R BT EY )
[ERES P E i EITESE - anth—2k - M AR
ANFE PRI - T2 = B m] R S B AT e )
HRMEBG SR L5 a Bk e
RAERE A ~ I R T B 2B AR -
AR 3E ~ TR ~ g - BB EEE
R E R RS - BB —H
LA ROS2 FEHIEIHE A5 - v DARIR(EHS
H AR DR B AN RIS - SR R =UR ]
RIHERI 2% AR IESE - i AR R R AT IR 5%
AR AR R S it » DARRRAECAE RE BRI ok
ARG I R B -

IRy -7

TETRMLZL YA - EAMELE AT
EENEE R EAEAE LR - EiE AR
My el B A FEMZE RS I o RELLH i R FEE
B WERER VHF 8% ] UHF fE4ReE
BT 72 ) B 4 1T B AR T AEE - D
JENVANR B G ~ MifTEREE RIS
EEMRER AN E - BB A )
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T A ASE AN AT

BT ST RATRE

® AN S - A H A AY8E A ] 22
(e PR A7 #5017 A B fiE KB o D ) 422 71 B
& THI L L 2 — T B (e B EG o ER A
S S 1o L R L e 2 3 ) LAt TR
TTRATEAE - BIF AR E R ERE &
Atl » 38 PE1S i AP EE DUE A Bl AL
Pz - ZHLL T bR, TR AE
DARIEFE G 22 b 4 2 -

® i - BEE RS HE A BGEARAME TR -
BRI IE 2 28t - E il 58 - K
AU T P [ AR B - L S SR R 2
B EL AT - B o> B ISR E B R A
TS ZIERIVAE )T - AEMMIETEH#E TS
HESHE 1 ST 7 H AL 288 B TR B T T 4T
B SETEAL G RN B S D RE R - Bl
AN i A RITRRF {2 Bl ] S B SRobe ey

® HHESIMN S - MEABEAYE/LEEABEE RN
PR [E] 20 B R o AN I 3 Ui 122 71 B A
[EEARRIR - R SRR ~ 155
RO EL LR ERIR LR - 18 530S
D& Bl HAS S AL REER
=5 i 38 B R R M AR 20 A S AR IR
[ BE R~ SR [A) A AR SR B - R
2 SEERRRAGREA HRUE T IREEERR 1Y
B BER R IRERITL 2 > (E
5 i U B S 3B T TR BH SR - A
BB H 3G - EACR M ERCE —
EEHIEAC R Z 88~ 21T ~ Bl Al
B i ) R S U A - R K H A
PR TEREENEE ST - K2 R AP R 238
FNIRIR L — - AEMFHIRIT B L1
LB EMEMER ST - E AR A
eI ERIRIT IR LR S

7 AL -

Btk o BRI ABEPE 335 BLR(E A B
5 o B B SRR A 3 0 e A £
fill - SE R PALFaRET » Lt iR
RTF IR o AEHE AR B A
HE 5 R A 2R A L B e R 1 - R R R
TEHY AL B85 ~ 5G Tk BLES - 1T
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