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Abstract: Since future universal access transceiver 2 (UAT2) mode automatic dependent surveillance-
broadcast (ADS-B) devices for low-altitude aircraft surveillance would face overlapping messages in high-
traffic scenarios, this study combines probabilistic algorithms such as Poisson process and the binomial
distribution with the features of the UAT2 data link transmission and reception process to tackle this potential
issue. A relationship model is established to quantify the relations between the success rate of ADS-B
receiving equipment receiving a single message and various influencing factors. This model reveals that the
surveillance capacity of the ADS-B receiving equipment is jointly determined by the channel bit error rate and
the sampling rate under both ideal operational conditions and conditions involving message overlapping.
Simulation results indicate that when the minimum message reception success rate of 70% is set as the goal,

" with a bit error

the surveillance capacity can reach 199 s ' with a channel bit error rate of 10 °, and 256 s~
rate of 10 °. The simulation results closely fit the model curves, validating the reasonableness of the proposed
quantification assessment model for the surveillance capacity of UAT2 data link ADS-B receiving equipment.
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Wk 7 25 W 32 38 (Urban air mobility, UAM) iy 24
A 25 S0 R ) FA T TR Y fE R Ok UAM & & 1Y
R K R /NS AL S B 3 R R R AT A
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55 X7 1 A s AT AR UG sh AT A . A T aE
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1 T 7 X A 348 ¢ I (Automatic dependent
surveillance-broadcast, ADS-B) &4/ UAM &
A7 9 1) W PR B 5 b T Sl A R [ A 8 s A2 B
kB EHK A BARGE R RG/ ZU6EE L0k
# 4t (Joint tactical information distribution system/
multifunctional information distribution system,
JTIDS/MIDS) Link 16 %4 5% 1l B 4L (Distance
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Al Ik 96 km, GE W% 7F I 25 25 3l U & 19 1 o T et
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58 TAE/NEITE AHL L UAT M Al 47 4% . Roy'™
fit A1 B oAb 4 J8 A A ) 2 = K (Complementary
metal oxide semiconductor, CMOS) I 2 JF &
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BRI N TAE A5 & UAT2 B0 85 09 I R 2K .
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1 UAT2# X ADS-B R4 Ug & 18

1.1 UAT2ERXE 5T

UAT #i:0 ADS-B iy i & F AR FL I8 78 it =5 Tt
2k L H R %2 Bt 45 B & A i {Radio Technical Com-
mission for Aeronautics (RTCA)DO-282B)" "'} &
FHEAT T A . UAT2 Bdla i 7 UAT B 6 2k
filh b, B XS RO A 5 AR A 2 BN 1 UAM © AT
BT R AT, H R 2 AR IR S L L
7 f L€ AT ik Ik % (Flight information
service-broadcast, FIS-B) f1 ]~ 4% = 22 i {5 Bk 55
(Traffic information service-broadcast, TIS-B) LA K&
ADS-B A UAT2 B8 6 32 35 78 ADS-B
BB K% UAM AT A4 (9 42 HOR BUAE B, A7 4 24 A
) RTCA DO-282 UAT ¥ il J5 % Rl i 1] 24 5
(Forward error correction, FEC)#% =8, If #2 it n] F-
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B EATEERRE S, M UAT2{E1E A W fl 5L A
AL ) 3 A5 E\ : ADS-B 8 B A i E AT
B B 34 A ER 4 41 6 - 36 bit [A] 2 i (Syn-
chronize, SYNC) . # ¥l 48 ADS-B J§ B & fil K
ADS-B W EAK > Jy 144/272 bit 2 i 15 B 57 F1 96/
112 bit Hi ) 2 585 55 47 (A 55 0 B A7 . ADS-BH &
R 25 WL 1

| R-S&5H 1A |
| |
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w aza
36 bit 144/272 bit 96/112 bit
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Fig.1 Structure of ADS-B message
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ek 1 s, I At F IR BT (Coordinated univer-
sal time, UTC)Fb (98 55 4h . B Wit o3 Ay b 1D B
ADS-B Bt , Bela] & & 1 {47 ik 6] DL e 0 45 5 14 #
B PP iR . ADS-B i B B 2L 800 ms, #E—
AR 43 T B A B Pl 2 (Message start opportuni-
ty, MSO) . MSO £ #8250 ps (14 18] b 17 HEF1)
I TB) B S UAT 2 #8682 798 B2 9 2 A% S i) e /) i
[B] 15 &, A7 ADS-B 5 B A (14 1 i 26 28018 A 25801
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Fig.2 UAT?2 frame structure
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KAT R IR ADS-B i BRI ML I & 35 1Y TIS-B
SR AE 3K A i B N HEAT AL L AR T UAT2
WA 1Y RAT A AE B — i rh HgE 7T — K ADS-BIH &
&5, 35 % B b Y 3 200 4> MSO Oy il AL 2% %
— A MSO FF IR & H B
1.2 ADS-B i X#E &b 2 it 12

£ ADS-B YR ML AL F TAER S, 4—%%4&(@
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Fig.3 Structure of UAT2 receiving equipment

I T, H2 OHLH SR B ADS-B S 5E 5
2% 3% 5 HH A W % 48 5 (Continuous phase frequency
shift keying, CPFSK) fif: 1 > 4 20 1) L -5 5 IR
BEJG R BEAR 58 5 3 UAT A% 2K 0 i, 422 0 L
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2 UAT2EW R SZGET

2.1 RIS sEEBIE ST

UAT2 # 8 F , ADS-B 3 & 14K (19 1 36 bit
SYNC [R5 551, 40 K 23 0 SR b 21 (0 f A5 5 R
A 55 [ 25 77 4 64T LA, 36 bit W] 25 55 A7 A 2
T 7 5 6 257 50— 20, WAk K I 2] T A 8
5o B PO AE T RS S W A 67 ) EROfE  E
W R g P T SYNC [7) 45 5 %) v 45— fir
J T IE B AR S, H P(X = n) %R 36 bit
6] 25 55 A 7 3 3 AH G 25 B HE SR

P(X=n)=Ci(1—P)yp> " (1)

i1 20 (1) w45, A 25 77 31 o OE B A B0 A R D

F i BE IR P { X = n | fF & W54

z( 30(1*

K (2)FWUAT2H N ADS-B #f SC Al 3 ik
*aaezp A0 ) R 23y S ARLA 5 A A o R v AR
RS P 5 HLE R 2P 7y 51 Al A OC 28 19 7 L
n A PE o n YR GG B SE PRI DL E o TR R
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J¥- 5 7 3 3 A SC R A B n 45 8 2 )5 15 B IR R
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A o
IR 4 W B 1 — 7 1 30 RT3 S AR G g A
R EFABICNFEMHA, FHARER,
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UAT2 8 R 1) ADS-B # 3C N 2516 & 5t i 7
R A0 T8 R 5 5 35 o R-S S5, HLal s fk &
HRAE RS (n, k) 4 BE A7 AE BRI, AT 24 48 e K7 15 4L
th(n—k)/2,% FK ADS-B i} B 1A RS (48, 34)
s ADS-B 4 BAR RS(30, 18) X 17 it 24 58 fiE 1143
SR TR 6 FE R SO a R AR A R R Y
FATBOR T H A 55 68 ), W v IE R #E 1T R-S
T AR SO Ry W e W BRIk, 7 A i e R oh
B A R AD R R BR AT BRSO T IE R
PEATAEE . ST RS(n, k), P ASIR RN
P=1—(1—P) (3)
A H PO S A R % (Symbol error rate, SER),
FER AT 7 AR AR 0 B O DR A
o AR RFEHREE B TR 7 kKA
R I A A W] B ST WAE n A o A
AR R B MER AT T R A S AR
I K0H 7 I R ARE 5
P(X=j)=C,PI(1—P,)"’ (4)
UAT2 & % 76 3 W TAE RS B, DL Ak 38
ADSB K Bk F . X F K ADSB # B &
RS (48,34) fl %€ ADS-B i B K RS(30,18) , §f i
FATA B B BB G 5y 5 R << TR j<<6,%4% &
ADS-B K550 B 1 2 H e 01, 7 IR i i R A
S0 2 48 5 R e USSR ADS-B T BR Y
SR S BEREME L RN j<<6. BK T ADS-BiH
BRI A RF AR T HRS UG,
UAT2 $5 Y % W] IE % #E47 R-S g i b =1+ B,
1k BEEWIER N

Puzicﬂspi(l_Ps)@ J (5)

BT AR B & R 2

VR A 5 B IR 2 M SR 75 E B

08 95 0 R G 3 LA A i
S R A

36
P(A’B)ZP(A)P(B)ZEC&;H—P)”P<36 w,

6
D CPI(1— P (6)
j=0

H(6)FH . UAT2 82U ADS-B #2174 %
W 2] fige 3 e 2 O R T S R O 2R A T 5 HL AT A i
fith 7% BE 7 FE SR A Rl R M5 S e AL S o AR P

15 8BRS P 5 R W) 28 ¥ 51 AT Ao A OC 2% /9 47
B WA R AE o FETR] 2 T3 51 AT S o AH O & 1 057 28 n
S5 08 Z e A T8 TR A AR AR, U B2 WL Ak BB 2R
ADS-B i SCI L) 385
2.2 HMXEEBHEBE

EZ UAM AT drisfri s  biE ADS-B
WA EWGE N CAT A A 3 2 AN TR H AR &
SEY ADS-BAF 5 75 3 3k 45 g A AT 5k 23 7 A 4
XESMHME . 5 1090ES i X ADSB A A,
UAT2 3 1i Be R FH 40 &2 T4 A= DB AL
A )7 RAE ADS-B Bt 800 ms 3t 3 200 4~ MSO
Bl ML % P T A9 A5 S R o R AT A% i, AU
W A E SRR =4 . Bl TR T
VRV e 0 & 5 15 4 R i 38 23 1) Jmg PR, 76 X i — 4%
ADS-B iz SCAb# it F2 5 — 45 ADS-B # SC Y [
A 7 2 Bk m] ik b 3 AR R BT — 2% i S ik B
F G — 24 SC iy 203K B HLTT 432 LLF JLFR & 3
%, 0K 4~6 T .

Ail—£5ADS-BH#3C

[R5 HEB M

Ji—24&ADS-B 3L
B4 R e R AR HES 5 2

Fig.4 Ideal arrangement of messages

K5 EEARI
Fig.5 Overlapping phenomenon 1

K6 HEHEHL2
Fig.6 Overlapping phenomenon 2

TE AR SR, B — 45 ADS-B i SC i 15 Bk
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Az, B WL A — A5 i SO b B B op A
530 B 0 i SC L B SR S b B G RS AEAE T
PEEZ WG 1, AT — 45 ADS-B i SCIH B AR
O3 58 A 1 5 — SR ARCSCI R 2B P 8 R — SRR SR
[Fi) 25 15 371 T 1 g B UL R AR A B 1 I 5 — 45 4 S
TR G A, fEREWE 2,
Al — % ADSB #ft X TH Bk 7 55 — %
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ADS-B it 3C W [R5 7 5138 4y B &, RO G — 54l
SCHY [R] A5 e 81047 RT3 5k AF 56 2% A0 A I, D) AT I
WA 45 i SCHEAT ff i i 1

PR A A BRI 3E UAT2 Kk 1% & 19 UAM
KAT RS A A A AE UAT2 8 R % & A w6 25 N,
UAT2 % B 22 8 UTC B N 23 5 BEHL 2>
Bt B B B O =X, AR L T Ak i 2 S AE UAT?2
ADS-B B 3 200 4> MSO H3E £8 3 3 & Gt it HLIF LA
BR— KM R AN Lk . 7E UAT2 k& &k
SR A B A5 BT, AR & B A 45 ADSB
e SC o B Ak S0 B Ak 4 W A B IR R ik Sy HLAR
SE B AF A IR AT A A R AL R AR I b ad AR
SR AR TE B AT R BRI ADSB 4 SC B ik
() HE R

(A¢)
k)

FEHACIRAS TN, B SO Bk B HL S (19 4b
Mg EAS K e AEEEZNRNE . BRKTE
UTC 1 s NI —BF 21, 9 ADS-B iz 3¢t #2:1k
A% K I 2] I JF bf 0 A7 b B B2 O A5 A B BA 4
ADS-B #f SCHT i W B[] Sk o, BT s 5 AR X (7) AT
RTERT o FUG o P BF BE T8 HoAth ADS-B i 3C 19 4%
&S]

P(k,t)= e (7)

P=P(0,20)=¢ * (8)
EExtschbrig b il B ES L 1 5 &
BIE 2, M M E ADS-B 3K [R5 7 51 343
A 38 3 A SE BRI 7 B e AR 36 bit [A] 2 ¥ 8
B A B0 T B E U R 12 48 308 2 1E A a0
i  VEAR AL B A XoF o 8 BN 42 28t ST B LI
e (8) My 3L mh b, X 4 i 4% 4k BSR4 ADS-B
SR i BB o 450 A, Bl s;0 — Ao KRS
B4R AT OE R 4 04 S I A, 7E T — A%
ADSBH SRR BHLIG M o — Ao Z W, JG — 5%
F A B UCHL , J00 A L 4 SC R AT OE H R S, Horh
Ao (B FHRLE 1Y 5 & (7 A e XS Bl S A
AL IE H SR AT R S M
Pn=P(0,2(6— Ag))=¢ %7 > (9)
e AT 3 B 45 i SCRT o 3 A A 56 28R T O HL
T4 5 28 BE 11 EOR BMER P(A, BRI Py, 36
a7 (2) 520(9), il A5 B4 ADS-B 2 3 AT 9t 45 Uk
BB T #2200 1) B D) 2R P

36
Ps(](jzzcgg(l 7P)/1P(36 71)6*2)\(57.&5) (10)

K (10) R R CFE ESIG T a] o 4 Y%
B B ME R Pooe B & E RS BN K
% UAT2 8 ADS-B # SCH) ©AT #% 09 80 A 42
W is 4% b B8R S5 ADS-B i SCH BT K o DL R (R I iR
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3 BMMERKEZSIEER

3.1 CHET 2 S5 B IEE

fii F Matlab 84 o 84800 52 56 °F &, 78 S5 5
XA OGRS ARG AT I E o P A T R R
P E , ARAT BRI UCE N 42 W 48 B 2 422 Wi 31 vl 3
I AH G #8 IEAF A f S A8 S AR ) R SCEUE S R
SR R SR 1 PR, O 5 R AR R AT X
R S50 SRR B LR 1.

x1 BEUXBSHER

Table 1 Simulation experiment parameters

S B LA
AH G &5 B A /it 20
B 1 1R 1 % P 10 '~10°°
K/ % 80
JEH S/ Y 20
i SR 2 2 B 10 000

St e E /(A +bits™ ) 384/240

TR0 b K AR AR B B i 25 A v 4 SCAE S
RN A o KARSCE AL By 34 B A B 8 (F
7 1~34)F1 14 B FEC 2 £ 5% (5715 35~48) , & 4l
SRR i 18 B B B B fr (F 7 1~18) F1 12 B
FEC 2 #5115 (795 18~30) . LI K MR LN &
FH & 33 i BE ML A= B

PR A O 2% B 2 50 n B 20 1 S B 400 52 56
S8, MR SCA 28 )7 51 AS 20 F 20 bit [/ 26 85, L Xt
B B TR B2 WSOT B A% 1% 2 AF A7 A% AT AR A L AR
= (10) AT 75

36
P(A,B)= z CL(1—P)ypes .
n=20
6
Sowri—rr
=0

S R R T AL, AR S 56 S R I AT IR
4% ) T A B AL & % K SO 10 000
W o 10 SR IE i AH DG #8 IFE DT  BOAN B i 6 S 1Y
UBCR L) 530 SFAE A [A) B R B B0 B IR
5 10 000 19 L AE AL B S R P (A, B), e 445
WA S IR R PAE 10 '~10 *JE BN, KN
0.001 By 1% iy AP, IR e £ (X, YD), Hoh X oy i 4
RP,Y WIERM IR P(A, B), 56155125
(X, Y)an &7 vozs o 5B s o #5258 45 1 (X,
Y) 52 (1) A e S i 2k BEAT 36 UG 45
WME7RR .

Xof B S 00 5 SR 5 S AR AR 3R i £ 1 S A SR T
P U 2508 . (1) 5250 45 5L 15 450 0 ME 2% iy 4% 7 B¢
A MR R 35 15 N A A KRR B UL, T I B R SR AR 7Y
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Fig.7 Fitting comparison between simulation experiment

results and model results
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(4) a0 5K A7 1B RS R AR AL 102 R LAR, ol S2 3
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EIEE
3.2 MXEERALERBEERZREIE

T SE A ) S5 T B O S 00 P il AN
I AF CCL1310 - % el A 5 v, b I & A w] A7
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[ 7R 76 B> UAT2 T ADS-B I & Bt 800 4~
MSO HBifi L 1% 8 % S I HLEA TR S0 & % . Rl
e PN AL 28 CC1312 T R AT 80, T &
M AE B 2 UAT2 88 ADS-B 1 85 T ik 17 it
KA o 38 3 TS S 50 e R] P 2 URHIL B T Ak B A
SCECEE 5 R G I S SOOI Y B 36 AR TR O
Mo SCEG TR S LI B AN R 8 F 9 TR . SLEFR
B ESHFRNE 2R,

B X ADS-B #fe SCHE B AR AR 45 X (10) H 52
i) B 5% ADS-B 2 SCHE R Th 3 1Y 1 AR R S
SRR AT S5, 38 s o AR Ak AR A G R A R
P, AR BIAE A [ 3R 5% A5 T T, B 55 ADS-B )t C
B TR Pope 5 UAM K AT 78 B0 A 19 455 R iy
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