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Operational Safety Assessment of ADS-B IN
Applications Based on the Bow-tie Model
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(1. Yangize Delta Region Institute ( Huzhou ) , University of Electronic Science and Technology of China,
Huzhou 313000, China;2. School of Information and Communication Engineering,

University of Electronic Science and Technology of China,Chengdu 611731, China)
Abstract : Automatic Dependent Surveillance-Broadcast IN( ADS-B IN) applications can provide numerous
conveniences for pilots during flight operations, with safety being the prerequisite for realizing the
advantages of ADS-B IN applications. A Bow-tie model-based safety assessment method is introduced to
address potential safety issues associated with ADS-B IN applications in actual flight activities. By analyzing
pre-defined hazards ,the maximum acceptable probability of hazard occurrence is determined , which in turn
leads to the derivation of safety requirements such as the failure rate of ADS-B equipment or the integrity of
communication data links necessary to achieve this probability. Based on the explanation of this method,a
specific implementation case is presented to further illustrate its application.
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Aeronautics, RTCA) i ADS-B RG T & T — &R 51
PLEE LR, X 260 A ADS-B R GE T $2 411
ol , Uh B AT LA T HLY 3 IR AT BRBE R S
JE RS B AR G0 AT DR A S SR 2T
2348 1S Th A A I ROR , SEIHR s 1T RCR R
gl R T2 FIE L AL, TE FAA
B A % B9 B2 AR Bn fE L E ( Technical Standard
Order,TSO) H I8 ixX 26 )i FI G2 #% 4 ADS-B IN )i
FIT . ARHEAR AR o, H AT £ Y ADS-B IN i H]
A 8 Fh'P . B8R M 5 3K B ( Enhanced Visual
Acquisition, EVAcq); =5 1 5t & I ( Airborne
Situation Awareness, AIRB) ; 371 15 5 & ( Surface
Situation Awareness, SURF ) ; i#F i H A [8] f# ( Visual
Separation on Approach, VSA ) ; /& J& A8 B 2 ¥ ( In-
Trail Procedure, ITP ) ; i 5 % Y 52 18 i 5 & iR
( Traffic Situation Awareness with Alerts, TSAA) , R
A ADS-B 22 i ¥ 1f) & 4t ( ADS-B Traffic Advisory
System, ATAS) ; CDTI Bl H #0[E]B% ( CDTI Assisted
Visual Separation, CAVS) ; %5 3 ity [11] i 457 B ( Flight-
deck Interval Management, FIM) , I 1#EA A ) K47
BB HEER]

Xf ADS-B RGEHAT LM, IR R G ) )
RER BT BETFBE . Al % N IR %
VR 5T E ADS-B R GEE A S U Y SR
KK B R B my [ B 47 7 53 #1, Olaganathan 5%
NEIBEFET ADS-B ZRGEH AT RE A fa i, a1
T o i 7 198 5 o R XU P BB 3K T B 9 T T
ADS-B R ZE[ KA, 2 T ADS-B IN R 2
REMZE 4 7M., Sesso % N1V GNSS B4 1) 52 4
YA NS EAGr 0l 52 HFIRRGEM LM,
SIHT T ADS-B R GEAE G 1k Xtz 47 M L D RE Y
LZAVE, Zeitlin B HET ADS-B R GEHY %S
FEAR LRI 5 TCAS X LBy 77 0% ADS-B #4717 7€
PR 245007, Yiu %N R ADS-B FEBhAS 23 B
HERE I AT T 0, BRI SRS
FEXF ADS-B FR &¢I K —Fl BLAR T BE 1 B T 1
LA, JakE T HAR R ADS-B IN A,

ARICERXS ADS-B IN B H, 767 FEAHIE RTCA fp
WL R T LE ) ADS-B N S £ R AR A
Befift B, 5T — R 2 VAl ik AT
KiET ADS-B R G HAR T RE N, FIH Bow-tie

BRI HAE Iz 47 A8 v nl BRI B B A7
FRBARRE 4 2 A BER (A5 FE B A e A A A il
SZHFEEZ A
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A FENE
1.1 Bow-tie %!

Bow-tie 557 A2 B A7 R A e I & A g T AL
FER IR LA B S & A 5 BT 3 3 e R, AR A 4 A
TS BEAR AATT A AR A BT 4 1 AR R B, FLARE AR
B 1 s, ISR & , FILFH SR 5347 T [a]
2R I Je 4 FE I & A T i W 25 SR 5 Bl 8 3 fE B
KA WAL BRI o R AR S ATV R ) 2 1 i
HEHFBEUER RN RGENEH, /T LR
PRALAEAE HEmE S, DO B FE B 9 & 2E . Bow-tie 58
FRUSE 3o X6} e 6 & A A A RIS SRR AT 4 0 T B A AT
5B A THE 4B Hb 43T ADS-B IN [ FH 15 6 1 5%,
STt Ny oy o N e A (A E RO

FH ) el HAER JaR

1 Bow-tie 8

1.2 E-T Bow-tie #E 1 ADS-B IN i R &1 {4
Fik

ADS-B IN [ JH 22 4= PAl ) 528 H A9 J2 45 H 1
VAR IV I 22 A2 K K i TR 38 17 vh i m] B8 % E
BT R AL A R E T e TRl 2 N, AR 24
S3 BT Sl N IS AT o B fa R s Ol A T
ST B0 S 1) B R T 32 e AR R B2 4 B b
(Safety Objective,SO) ; i J5 ) FH e B 43 B 725 70 Hr
ADS-B RG] BE R BUE K A AE RN LU &
X AHIC R GETC R (0 4 HOR Kz iz, AR %%
ENERINIVESIN

Bow-tie BIBIZE G 1 JHAF R 43 B R A 43 #
X R A R ET RS SR FATIR AT, B2 o T
ARVEAL 7 vk R BEY PP AL G R R s AT A R A
( Operational Hazard Assessment, OHA) F14% 4 H ¥x
M B3R 4y Be ( Allocation Safety Objectives and
Requirements , ASOR ) i /341 A%, 5578 <] 9 Z2 4%
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( External Mitigation Means, EMM ) DL N B85 S AR
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A R s A 2% D AT B A AR B4 2R RS SRR
B A TR (8™ R N R AR AT, SR R
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HEAEIP 7 ASOR ik, fE ASOR Jife h A
FHBC BRI Xz AT fE B AT 23, 1 8 5 BUE R & AR
FOSEAR T A B K R R [RDRE B AT B 1 & A=
BRI ) 2 LA JEL A 3k 26 B A SR AT RE R A
TR B DL R L3 a5 5, N BB T Bt
(Internal Mitigation Means, IMM ) 7 L i B iz 17 /G 6
MY ARAE o e X BEAS SRR 8 70 BT, 0 2 A L 1Y) 42 4
TR, IS BB AT IR i 22 4 H AR

2 OHA 72

OHA i F 2 H 0y At 5 s 17 fa i iy &
2 HAR, RS AT G K i e R v 252 R AR, S
BT RESY Jy 4 0 e AT ek e 5 R0
e ™ B R AR A B AR 22 4 H BR ( Safety Target,
ST) I35 Pe, a1 a1 224 B AR, 1N 1A
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BATRERAE ®AT AR ADS-B IN L AT
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IN N FH AT PREE A T AR IR L 19 25 v A8 o
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Je X AR E S5 1 B AR R AT 0 AT, 5 B Y sk
PRUEERAE 2R A T 2 SbR R M AR AT B, X 2 4
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PRI & A R, ] DA e 2w I A i 15 2

W e FR B 16 18 70 25 46 B4 ( Hazard Classification

Matrix, HCM) " 436 1 B, S A—AN 5 S50 Al
N7 [ ™ AR I S Y ( Severity, Sev)
x1 BRIEERE

g FHMEMER G FEERY B
Y (Sev.1)  (Sev.2) (Sev.3) (Sev. 4)
[i] Bk K b

Wb gy IR IR

X ATC  [E]F&5E K P DR PR
wm 2zx S0 ey Temas
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5
g;& %i; RWIE  TAWE  TAWE
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HFERE G 5 A AL AW, ] Sev. 1~
Sev. 5 XU EFEEFERMATRR, BITERER
PRS2 M A R AR B> 4 B2 AL 4350 0
X RALHRAE I U R 0 TRBILARe D s e /AT
G S e RN 25 A i R, A e R i
IR AEAEARE 1 X5 220 EH AR 52 ), 7553 it
PR 30 R B e ) AR AR TR R
2.3 4yBL ST FitE“pe”

ST FK/RZS féﬁ%@fﬂ( Air Traffic Management,
ATM) REGErp BA I — 4 B R S Y T A
SR IR T 32 R A AR AN, 120, ST X1 ATM
RGP A T E R YR 1 R R R KT %
AR MR SCHk [ 13 ], KUK 4325 07 % (Risk
Classification Scheme , RCS) N%E1™ ST 43 T AH R A9
AR, WK 2,

F2 REIEFE
AF=1 By LR AF=10 fy it (AR

ST

(B % AT/ (B %A/
ST1 107 107
ST2 107° 107
ST3 107 107
ST4 107" 107

AR ] P B AT 2H U0 XU B9 2 S, XU 935 )
BAT TG P B J5 SR A A LR A S B AT G
JIr st B SR A B R AR A ]

R=SevxP (1)
A R RN XU ; Sev /R Jr R A AR B 5 4% P
FORIE R EAEREA, RCS Ml /3 ST {77 MR

FE T SRR E MR PO A N ™ R SRS
TR 3 18 1 2 4 RV 48 Tl A T RT3 32 Y Rl 2 N
1% & AF( Ambition Factor) KT PABEN ST #4755
P S AR 1) A KU A

“Pe” WARMMER , ERRIESE I & E FER:—
FEE G R R A AR LT Dy s s i JL A A
X fRF B R R AT A, 45 A R BT
gEHL TTREMERPe” . [ 4 1 Pe2 AUTTE BT 22
fTF-BE A 5EMTBE B ZNIMZBHEXR . Y% MmT
BE A RWOMZE % T B B i [R)i % 2k 5 80™ & 2
FESFRN 2 WA R & AR, ) Pe2 MME R = M Filiz
BRI A S 2B NPRE, — B,
B G T B Z [ F T
2.4 HEEBETERMNREEHRE

RCS Sy &g —Fl ™ SR B S G P i I A I SR 45
TR AR R A2 K AR ST, R e iE— 200
FIZITER R SO Z /i, 38 5 B 454 7™ AR
SEGUITRE I AR B, AR SRR 14 ], ATM fi s
SRS TR B AR R ATM S B8 50 43 A
RK3IPR, ®BA,N,, FBnr—FEHEEN
ATM fafi it Horp | FORmEH B SR, WEH]
DI, ATM fa 6 Ay 125 F, Horb ™ o 2 3 45 4%

N4 A T3 B
*3 BREENH

JUER SR N i
Sev. 1 2
Sev. 2 25
Sev. 3 25
Sev. 4 73
Bt 125

IBAT GRS I 5 K T #2532 R AE M SO THE AR
mr.
ST,
Npws
Pe,
i FoRHEBEHFIGN,, , TR AT REH
PRGN | GRS  R EAL; Pe, 2R ™ R
FESEG i BTG 9 & A A AR 5 ST, R ™ L
FRRE SRS i (TR el 5 SR i i e KT 132 kA
R, e B E T fER SO,

SO=min ,i=1,2,3,4 (2)

3 ASOR ifif2

ASOR A2 A9 H B9 )28 2 ADS-B IN v FH A9 %
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ZW,

ASOR W FE T KE 4> R 3 4, 43 ) S ¥ i s
B ATEE SO FIHfE %45k, ASOR T g W A 3R i
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|zt Rait ss0) |
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_______________ |_________________________-
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B 5 ASORifi#&

3.1 HIEMER

P A B 11 H R S B0 B & AR R AR
JR P A A Z i, 75 BT ADS-B IN i
(ITIREZEAE . DIREZA P AL & T SEER N FH DI RE T it
AT RERLER SRR TT LIS A 3 AN F R 480, 05 R
WRFRE% BRTFREMEET RS,

o S B R L AT i B kg TS 47 ARAR 7 T 1)
WIS AR VE AR , AT 5 B 17 fa 16 & A
SRR X ARG T[] AT o0 i, R 1R 7R 3
FILIE 6, L3 A AR ADS-B IN Jj FH H () Zh g s
BT H DI RE I B0 5 A TR T 43, vT LA
13BN TSGR AR AR N | LA JR R A Syl e
PR, T DO AR 4 R 2R AL A B HR |
TR ORISR R A

=k ]

[\

/\

[BAEH | [EFEA |
Eo6 MEMTE

[ AnER ] [ 8RR |

3R RS e (11 BT PO RS (S W PU R S
MR 7R T FEAS SRR 2 18] B A EL R 0 A BOB AT
KAEREAS RN TR R Z U B
i, Al AR A IR AR e By 47 g AL o A, —
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b FRATIN 2 FEAS L A Z [RIAH B kST, R e S
FTr Y _E RS AR T DLRR T 2 SRR Y
P, BT B RS AR AT DL RN R 2
HFLEE R,
3.2 %E SO

WA BRI H 08 B FEAR T R 14 5 3 AR
TR, FEX AR R AT RS AT, A H E
1 SCHRAIE 5 R0 7 st 50 X A 3 2E 47 4 BC RN TIE
B4 GNSS RGH KRB B AR IR R, 1
X N T HRAE 1R 303 R A 1 ) O SN iR R A
W AN 4 fis ARSI B T — A &
AR AR S JE T R UK 43 B T A 4 R R
(B BEEE R, A S HET T S AR TR 0], S 7
NGRS NN B T e e <B - % N S BT e )
ADS-B IN Jif FIAH G F AR A

T4 TEHRENESLETE

E M R A5 E A

A H A 102~10"
BHEY 10°~107?
/by 1074~107°

e H 10°~107

(EARIE B2, 224 F bR AT REAF A 22 Bl AN R 1Y
e T, T HREB R AL B IR T 58, T BRI
BRI DIREAM  ZOR IR 7 25 S BT 6 1Y
5 AL AUTE FE 5375 SE T A IO R 25 AR G D7 IR0 5 B i
2R T-BOR AT TR A5 T EA T, R —JEA RN 7
ZA TGRS BSOS v B, R 2R 1 73 i
o7 5 BB R (B fe/IMEL,

3.3 MEREEKR

BT HTAR AL R ITAFE5 18, R HEAR SR R TFHIFSE
T HEA A ARG A R — A 28 4 R 2 4 i)
B, X IR T A A M, — e, 5O B 3
S5 RIS R P A G A RE AR I RO 7= A 22 A i, i
B BV I SR TYE A A B
HI ADS-B IN Ji I # A 5 B B A S IR Oy 22 42 R
(9 2R, B FRAEARSE L BT T AT H E
FFHAIE

4 ZOIFFR

25 W I 5 & i1 ( Enhanced Traffic Situational
Awareness During Flight Operations, AIRB) I ] J&—
F ADS-B IN BIHI, ERE AL RATHI B AR
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LA R 23 s ST i AT BRSSO, K
7 B 5 223 SR B AR B AIRB B F A 3 6t 19 1
B A s AME B, SN 5858 RS I T
Wi IR, AIRB W AL RE A3 0 KA T2 A F2s
HAE T RCR R BEHS B ©AT BT g b 1R RN
FUREfG e F & PR AIRB W FH %2 41 PAh
T ARAE R AR SO AL T vk B N R SE B 45t ATRB
N 2 A v A e R Y 4
4.1 OHA &8

TG, R AIRB 3 FH (458 4E d P R0 2 v A o)
FEHEATATHT  B05E T AIRB I — NS TGRS

OH ; &AT B 9l 3¢ i /R #415 B AR T N W AF 7R
R TR T e < I

AIRB KHL(F525 4 T AIRB M A KHL) 1Rz
TGRS & A o BT ALk 1 Se bk T R BE 254 L) I 5
S0 RE R U 1 16 22 i it , W SR R Ok o B
BUAE R TR B X f B 2R A7 2 1A% 4 A 2 i, 38
T Z W AIRB CHLIBTT AR & AL B T Ab i 5, ¥F
Be oA ARG AIRB AL B RES YL B 25 th 52
RS LA G S AL S S A B 7S Sl
JESE, AIRB KALIY B Ak i R 858 S5 E— 2 FR I
HEE TR SERE KA vk A S ) ™ R AR

BATER &G, AT BORAS i BOB R L — &R
S1) %) 8 fipp e it A e AV G T ] 8 s Al ) 2 ), X BB %
il it B S EMM, EMM 3l 5 40 45 K AT 5L 4f
AIRB [ FHHAAT CATAT: 45 I 60 5 B0 B8 DL R AE %
S AE UG A B R , B a0 AT B 7 B 2 0 o
AME B ToZk fLfE B A AS i oR BEE B T — B0k
FEAE 5, AT UL, LA XF ATRB “RAILAY JIF &b 2R
FRA TR 30

BT 1 AIRB "CHLFNERDS R 1) 38 E #AE A
B.C 3 D 2z 3 DM AT RN AT, PIrdh 2 45
PRBERIRIRSS , AR KM ARG M, HixIX 3§
A B A

HRAE AIRB [ 3R E TR PRS2 T
OH M & 3 T A 1 & i 15 Tt 35 2R 8500 3 AN By
Btk Py P, P, TE P, BB, AIRB KHLAY &
A7 53 MR 22 38 5k S5 R 2 A 114 T 2k LA BN G 38 1
SOIRBLIEATVEAS P, BB RAT B3 1 A R B 1)
MBI it 5 3505 HAf RBL A &8 S8 BE RGP, BB
H AT R E AR T SRR AL BRI R B T S5 H
b CHLIRI A 22 M BEREAIR . 3% 5 ' B1~B8 2 OH_LI
GRS & A S R0 5 I 25 e %) 1 ) ABE 23 A AR A1 A =5
AR T 4 BRSPS THE

x5 BRERINEERFEREL

SRR

B Gt B IR %%

ZEHE] AIRB ALY TCL (R B
Bl JfFRRE] AT BB S 1 R R
WRAY, B S R TRAT B R IX — 1 L

AIRB KHLA A AT B R R, 25
B2 EEIHNIIX—EIET RSO &
BERRARIRI R AT R AP — 1 0

AIRB KHLAG LB BB & A T 805 &
B3 MR kAL E i KLY D e
FEAIL

HEFE RS AIRB KHL L LM
FEARA AR A, IT AR TR 45 R 7 A 4 4
M B 2RI W ) RAT LR AR A IE
i

TEL ML REE L2 )5, AIRB &AT
B5  Blidad F A A A XU O EAT AL
SR AL

TR B B E R ILZ )G, HAb /AL
B6 By AT Sk B A A Rl XU T
PHEATHLBhERVERLEE ATRB "RAL

23 8 R AR R AR RURS: I R A1 21 TE
B7 i, FHOGCHUAR S 2 A B AR p A AL

3 I 55 ik G il A8 AR

T A AL 2 [ o7 B O R A 2R

B8 .. 90. 000
filf 45

99. 000

99. 900

99. 999

B4 99. 990

20. 000

20. 000

99. 900

FEFAER A8 B o At SG B S 2B 2 ) JoT ]
R 2R, TR A 45 B it f) JSC S R 3 102 B
KA T MM RA R AEMR, J5RH ™ E R
BEERABAE R M a5 th . B 7 J&R T OH_T S F
REIAT R ZER  FEFER A LS T PRA S

P, P, P, VA 45 R

OH |B1|B2|B3|B4|B5|B6|B7|B8| Sev Pe

S 9.90x10"
OH 1| |S 9.90x10”
F S 1.00x10°
1.00x10™"
2.00%10™"°
1.60x10™"°
6.39x10"°
5.76x10"°

El
w2
N WW WA || |

F S

Fl 1| 6.40x10”

B 7 OH_IMEHMIIER

el SO Bt E A, 53 OH_T /9 SO K
1.40x107°, HELERNE 6 Fimn,
- 1891 -



www. teleonline. cn

HLIRE AR

2025 4

*®6 OH_IMISOTELR

Sev Pe ST(AF=10) SO
1 6.40x107" 1.0x107° 7.81x10°
2 5.76x107"* 1.0x107 6.94x10°
3 9.99x107" 1.0x107° 4.00x10’
4 9.99x10° 1.0x107 1.40x107*

4.2 ASOR %R

Kl 8 E/R T AIRB N FHBYTHREZEH , 7 M K ik
WAEE,, T RSO Z R L FRR, b
WG R T SCER AIRB o FH A2 fE

138 B IR >
(41:GPS)

KHURIET RS
GNSSHEHL SR .
e %%%%sz A}%ﬁlﬂi ADSBf&%
N4 RE Ae ||
(ﬁ FMS) I
Al Bl
Cl D

A2 \ B2 T RS
o 2 st T T/
GNSS%%UH%) i LG
{ ﬁtﬁﬁﬁﬁﬁﬁ AIR;
i 1_ AbE E
WA E R
ADS-B/ iR,
TIS-B/ AES BI,{%SA-:B %g%‘g §%* E &
ADS-R 5-Ri% 5 /| S50y i 2
_________ N

& 8 AIRB i FRIThEEZE4

VIS AT AR & AR T Re SR R AN T

1) 28 R b SR < RAEAEA B EHL
R AT BRI A B A B A LR AR R O A A7
TEA B 0 Bl X — A N Sy i R AR A
(Human Factor, HF) , Ho B AE 2 1. 0x107° A&
T3/

2) 32 38 b 7 g A R 1 R CAE TR B )
BL”, RAT RO — {5 2R T, SRR O & A 1 R
PR PR R R G b ) i B A T R O Hok g
AR AIEHE L —Fh 5 P2 5 — 3 HaE 2Ly oy X 7E
ZCH s bR T A R RAIL

ZE s ) R R B AR, & BT ADS-
B 7 G0 K4 e 1 2 A% o A e N A o
W, 75 RHLIRIF RS, B0 o8 B R BT gk
HETE D/A2—G1, H 5 B0 AIRB 048 #0108 n AE 5 oy
1.0xX107°(R=01) , 7K & 0l it B3 AN o LR
WENLE L AETE A2—B2, A AEME N 1.0x107°
(R-02) . £ WK% T REG, Bl e 5 R AT fig
KAAE Al—-D, H S5 AIRB BAEHIRHIAER N 1. 0x
107 (T-01) , Ko7 B I i AN el HoR TR 2570
Fl & A 7E A1—B1, HR AR R 1. 0x107°(T-02) ,
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