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BERD XSO R EOR BT R 2 A S AR G M
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FT-aek 2 CALPRIE, ADS-B 1545 H Hfi ik
AL A LR, LLRRAR 22 o) 22 550 05 X 58 i e
10 PP S O ) 30 17 e T 38 % £ b ThT 2 AL L K
2 BAEIR S 2% W R BRTT B W 28 Rl AR 15, AL
WA G GPS HEUb LR T ADS-B WA fEHL . S
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#LL GPS MEAT S 52 007, 2555 AL At i 45 SR 1
B2,000.5 ~ 1 sfalf@) #0020k %, Rtz 6L
AR ) #E (5 B it A BEIE 45 CDTI, CDTI #24%
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2.1 REEHEH

TEKFIHN R V, SERE V, KE VY,
KE=ZFRERZR(E2) N
V,=V,+V, (1)

A 2

B2 b WG 2 O R

A LR TR L M S | P AR
T F R |75 HAE LRI I 2 00
PO 35 FEL AR 02 i TAS'O | A6 7 7
O AR MR T 2LAL 7 160 WA 6 £

2.2 RiEE%

bR St v, 5 T HEA TR, AT A5 b

l Vv, || = V,=V,cos(0,-0,)+V, cos(0,-0,) (2)
Hobo, Wi m M, 0, W= B RmME, 6, A
HARRME, 0, - 0, FRANERM, —BILB/A, LUF
B AL, FS AT LYy 560 1 Aif . MR I
XX a7 F M, 00,90 180° Y2 K ¥4
e B R XGH AN L 50 75, PRI, 7E 9045 s

DR, cos(6,-6,) =0.9960~1, HHEEA[ fjfb N
V,=V,+V cos(0,-0,) (3)
V,=V,+V, (cosf,cosf, +sinf, sinf, ) (4)
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X V.=V,cos0,,V, =V sinf, (5)
oy V,=V,+V, cosf,+V, sin, (6)
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cosfl,, sinf, 1
A= : (11)
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V= [ VMW VW:V V(l ] !
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R ) 0, FUAT— 5 10 5 OB, 28 /1 (R4 >30°
93BT o X R Bl AL Bl % [ 72 2 30T B B
Hi, FTRE A TR A e 4 o it P 45 L S RLAE T
PREFE S (hold pattern) | A BAAN QAL 7E i T 25 i f
FTA0E , b PRI IR BN E L4 ATC 3
ATVRRE . PRI S 25 R 40 ] L] T 54 R B Y
S, X R REENS DUTE RS I AT AL 22 B, i £
B BAR AR MR, HAh, WA T7 ) ORI RAHL
e T Ry B 25 P R X T, SN TR A B (>30°)
PR WL, TR AR B2 .
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2.4 ZRHLEE

WAL SRR A B A 240 KL, L R R Y KA T
Dy, WIS (9 ) 8 1 Ty P 4H AT LAAR B s oR 14 fie /s — fe
fift, T8 A% 4, AT R CHL A —E
e gxalbg B 3 0 AR, 726000 m LA T 4
300 m>h—~ i 2 [ B, 726000 m DA i &5 25 v | A
600 m>ky— 1> e BE 2 ] P, (H2 AL 08 7K T ] B 35
B, — IR EAR20 km, DR, 7 2 X 38k P 2 5 A 1]
PRI B0 RAILAY T REE A K, FH Z 4L R LI & 15 2
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3.1 ADS-B #iEmifg4T

ADS-B R FHAE R A 7 1% 07 2 ik Kt ALk
ADS-B 545 B F AR Im T CHLEE Mt . Y4
AT, P B AR BB 55 2 1090ES (1090 MHz
extended squitter) 1 Asterix Category 021 & A%,
Asterix 42 MK I A5 M B 35 E 85 28 #0245 =X (all purpose
STructured Euro control radar information eXchange for-
mat, ASTERIX) ,

BRSO R K A5, AR UE 3 s,
| CAT | LEN | FSPEC |Recordl | - |FSPEC Record N|

K3  Category 021 A%

Ho CAT g2 RIBRIRAT, 1 A7y, [l g+ 2k il £
21, LEN MEKBERF, Bk 2 2797, F/m N CAT H 3|
)5 Y Record N AR B 745 4, FSPEC ¥
B AT, 271 AR K 1 R ARy 0 R
FSPEC 2550, HAA [ 01 HRAS 36 7R Ht B i) 454 13
(item) JEA51E G 52K Record HHE PR, B4k 100 i 2 LA
KARFIAFE 7] 2L 27 Category 021 ARifERY user applica-
tion profile( UAP) 3,

TE ADS-B e SCEHE H , W XU s 38 A 1 42 B ] 42
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YER BB S T34 1 s,
Tl MRS AR B
Eraes A FBA
W021/073 45 SCH il (R time of message reception for po-
sition
ime of message reception for po-
1021/074 43 (448D) t e reception forw

sition-high precision

1021/130 245 position in WGS-84 co-ordinates
1021/160  Hb# % i airborne ground vector
1021/145 &) flight level

1021/140  JLA] & B geometric height

1021/170  H#x ID target identification

1021/090 AR quality indicators

1021/020  KAT#E2ET emitter category

3.2 ZE Airspeed

KD PREER AR XEEMNZSBRE V, W
Fiiffl Magnetic Heading %% oK i BIAE ADS-B 43¢
H R, R A X (9) AT R T, [RIESK A

25 N HAS T (TAS) (FE/R 25 3 (1AS) | o 5 ik
B (Mach) , 76 EIRARRL(1) | BE25 8 (TAS) 25K i
AR it W, (EAR R STk [ 6 ] Je it 58 ok 78 v 43
Mrvs T 8E 20, HaifR /DA HLER ADS-B # & T &
T TAS/IAS/Mach $¥s , NRE EL ok 15, M4 DL
HHIWFFELE I AR R A e )2, AR TR S 2 A
ALY B AT R A

3.3 & EZ flight level

1= B2 (flight level , FL) A3 T H 7 ] —1 K
T LY g B 2 DX, AR R R A O R, B A
0 ~179°, B H1 900 ~ 8100 m, 4 fH600 m%E—4> 5 J&
2, B EETE9000 m LA b, B[ 1200 m R — 4> & B )2
ELAA 180 ~359°, 1 1 600 ~ 8400 £:600 m A — 4~
)2, F 8400 m LA b Y AR 1200 m A — 4~ i
2. ADS-B 1 FL (A5 1/4,

SCH v EE SO A T AR PIANE A

(1) FWr ©ATRY B, B anie & R A

(2) Xz B AT = B o 2oy 41 il et ik A
DI B AR R A V, (ko) , bk NREE,c B K
MLERIECH B 1D,

3.4 HIREHE

HRAE XTSI R 19 ADS-B K48 Wt fiff A7 J 4 1o G 2 I
6] 22 | i A R AT oA m] DU B, i ks
A TR, IR 2 WU B R, A Jm ol 1 IR
target identification 7341 , 344 MBS () HEJF , AHSRPIAT Y

AflE] 22 <1 ms$E 2 <10 ns, HEEZ B A AT, H 2
1 msNHALFEIFR L AR, PRI AS 8 1o 4k 2 )
o2 BRI 1 ms NAVEIE JAR R 1 4,

PLANA KB, 22 | bk S B BB R A
500 ms, = T E AN ADS-B #F 58 R A FRIL 1, AR
it R FE 560 4055 AT KN ADS-B (1925 [H] R A
B /NTF125 m, 76 N FERY B AT FE 2100 m DAY, 25K
i 55 5 RLRUE R T A B B B PEAS BE AR . {HJ2 ADS-B
P RANE I Rz e /5 17 iR 7 3, R AE 10000 m 1) -k
JE R BRI B kT X, L BB AR IE b AR ] A
I b P SRAERG B, AN AZ B R B B

#2  ADS-B 4 RAEEIE

UTC % i3
0 09:52:10:600363 97.308784 38.998632
1 09:52:10:600446 97.308784 38.998632
2 09:52:10:600447 97.308784 38.998632
3 09:52:10:600447 97.308784 38.998632
4 09:52:11;120351 97.310157 38.998396
5 09:52:11,;120434 97.310157 38.998396
6 095211120434 97.310157 38. 998396
7 09:52:11;120434 97.310157 38.998396
8 09:52:11:670339 97.311637 38.998160
9 09:52,11:670422 97.311637 38.998160
10 095211670423 97.311637 38.998160

3.5 HIERE

TE ADS-B A8, 22 KB HE I quality indica-
tors (1021/090) Ay 405 5 & 5 7, b B RS 246 FE <
JR i e U] e B 45 50t (9 50dls B i, o NUCr 5§
NACv Xy 38 B2 B i f 45 b5, NUCp 5 NIC X 1 28 26
FEROR AR, B O ~ 9, (e H A 2 I 2 530 vl
SEVEBE o WD R BRI AT 0 i 3R R 2B
BEPTE=5 W IXIR], UK 5 1 s B, Bl 5K T 5
MRS . ADS-B &R0 RAEEEE BT /- dn sk 3 iR,

3 ADS-B &R RAE R B 4B

NUCp i BR/nm Bl 5 %
9 < 0.004 0
8 <0.013 3.5
7 <0.1 79.8
6 <0.2 10.2
5 <0.5 6.4
4 <1.0 0.1
3 <2.0 0
2 < 10.0 0
1 <20.0 0
0 >20.0 0
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4 KBAERSHH

4.1 BRHISIGEE

S 1 BERE T AR AR A KA B B TRALIN B
ORS00 B, B A5 753 A, B ] 293 min (UTC
09:52:10- 09:55:36) , fiiL 32 1 D\ 1E A< 0 B 1 80 R 1E
B, 56 A B 2970, 44°, LA & 9616 m, 1 & AR fk
J 0, KR 420, 84 nmi, LB ANE 4(a) B, HR
P R AT (12) R A5 45 3 450, 4977, KU K41, 76
A7, AUn6. 89° AR 2E 4. 37,

41.504

41.454

gree

0

Latitude/de
IS IS
= =
[ RN
o =

41.304

41.254

102.65 102.70 102.75 102.80

Longitude/degree

(a) ©ATALE

102.60

400+

200+

200+

North Component/knot

—400+

—2r00 (r) 2(')0 4(')0
East Component/knot
(b) 353 b 53 A B 5
B4 Sci 1A L AT R R L

AR SCHR [ 6 ] A SELiEE , b ik O 4045 45 21— A5
KA i 2 A A B [ e R B 2, DA 1)
B0 1 R S AL AR B B R 2 v, B B4
REAHV, o B 4(b) EEE 1 AR B K 7 55y
A Bt Jr AU B A BRI (B0 A 9 AT 1 2 8 1 JXL ke
KA A R BEAT A s X R 25 Hb ke 53 fit, 3 48 53 B AR A
Mo AR A L B IR i B, SE R A AR Uk T
SCHR[ 6 ] ke 53 A HLAE , B8R IF 92 A S 38 59032 o .
ARBLRVE IR S O N A S 4 R a5 B

-400

SIS 2 [AIRESR AN LA KA R A AT
ANE 5 iR, 122910 nmiZK 078 N A f A28 4k
24135 13° 804 1 421 4, = )2 FL R107.5,

36.36

36.35

36.344

36.33

36.32

Latitude/degree

36.314

36.30

103.70 103.75 103.80

Longitude/degree

(a) ®ATALIE

103.65

200
1504
100
50
04e
50

= —-100

North Component/knot

-150+
—200+

100 0 100 200
East Component/knot
(b) #5353 A7 K U5 [
5 SEER 2 BN TR R AT R K A

-200

5508 1 AR Y, 2 8O By LA = FE A
3352.8 ml/> 7655.32 m, NFLI0O7. 538 /0 T 21, &
AR H# 204,517, X% S~ 13.05 nmi, X [H R
161.70°, f0E1%25 M8, 897 W& LS I 1 A KLdE v, it
BRI BEA AR LA & BEAR T F % RPLIEAL T F R Bt
P BB, — ek T F o, RA T 51 AR B A
PRI | 23 TR A A X 3K e o 3 (S 2 FL)
RIS iy SR ) G IR ) AR A AR R R, et Ty ik
JE AT LB RTE RS2 (1n>90°) 43 245845, K 5(a)
135, 13°%5635 53k 2 NBYBE, 35L&, B 5(b) R T
i S oA B S AU G 1R SRR A

T4 0% T AL BAT BBUE S LA 4
o B AT XS RS2 A — > RALAY3 min (5425
B B S AR B Y KU | KU A s B, 4% R R AT AR
HRAILEY LA v B AR AR AT HE R . R 4T AT LA
th A A EE A3 AA B TEA5 2 B XU IR ) R L
AHEAE



%4 x| &% AT ADS-B #IEM R K& B FIE Sk 417
F4 ZHPACHBIES
JURE I /m LR/ m BB/ (o) KT /omi R/ LA/ () 2/ Dy
1 11254.74 7.62 35.15 23.29 44.19 76.07 442.58 7.28
2 8763. 00 7.62 37.30 20.45 60.33 90. 86 480. 82 2.91
3 8077.20 30.48 37.84 24.98 4.68 250.26 442.54 4.85
4 9075. 42 411.48 62.31 23.38 26.63 1.45 428. 60 4.46
5 3352.80 655.32 135.13 9.31 13.05 161.70 204.51 8.90
6 7421. 88 662.94 49.88 21.16 17.53 283.18 396.32 5.76
7 7536. 18 830. 58 52.53 21.76 37.11 78.57 381.88 9.26

4.2 BRYLLIGEE

TEAET B2 AT B0 5225 M AR/ NI B0 R, X
A28 B R B B T B S BN 25 1) KR
AL TIR S S, S0 3 I TR R

] BRI Y 3 > LAY AL i B 9B, nske 5 Ja
3 Bl ok A 3 ZUA R RHL, 2740 TR KB
Be Ml AR AR N B 1 BB A TS
SRATRERATEE , 5250 3 A R ANIE 6 FoR,

5% 3 ZCHUBA SUEM S

JLAT 5 HE/m JLITEEHEE L/ m P MBf/() BB/ SFRE S
1 7764.78 0 246 263.20 0.03 19
2 8138.16 7.62 256 58.85 0.13 101
3 8077.20 0 256 238.66 9.43 82
400 )], %4 ,2019,40(11) ;25-29.
300 [2] #ok, Ak, B R, 5. AT 5 = ke Rk
£ 20 KERRI S REAR[T]. A RAK T HE,
£ 1001 2019,36(1) :51-55.
= (3] NE# 3EDRATEEMRE LGRS T o)
;‘:ﬁ: R [1]. FHER,2015(10) :89.
% ool [4] HRRE M B AT AR EEMNRA[D]. &K
400 ARl F AR K 2014,
_400 200 O 200 400 [5] Ewed#) tkmE HER F.ATAKI TN

East Component/knot

Ko SiH:3 24 WHLF R i B R 5

5 &g

X ADS-B Sz i BN 2 3 X 8 1) KUK R EA T AR
FRIEAT & SCHRAE S AE T VEAN A BCEA AR R 6 5
2, IR SR X Bk AT B IE, S 4 SR
5 I [0 [0 o AR — 5 225 S ) B P KAL) 25 SR/ N 3k
AEE | TEIUBA ) FE AL B 0T DUAR B B RALAS KA
JE RSB B A RO RHLB B S A5 3 1% 45 ek
(18 X IR, 2 8 235 SR T A B v

SEH
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Wind Vector Inversion Method of based on ADS-B Data

LIU Tao'”, LIAO Wei*, QIN Liehua, XU Zhili, WANG Yuankai', WANG Haijiang' "’

(1. College of Electronic Engineering, Chengdu University of Information Technology , Chengdu 610225, China;2. College of Logistics,
Chengdu University of Information Technology, Chengdu 610225, China;3. Civil Aviation Gansu Air Traffic Control Sub Bureau, Lanzhou
730087 , China ;4. Second Institute of Civil Aviation Administration of China,Chengdu 610041, China;5. CMA. Key Laboratory of Atmospher-
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Abstract ;: Among the important factors affecting aviation safe operation, wind field is one of the most important aviation
meteorological information. The existing wind field detection techniques, such as radar, air exploration and so on, have
many inherent defects. The inversion method based on Automatic Dependent Surveillance-broadcast ( ADS-B) system is
a novel one, which can effectively solve the real-time and resolution problems of wind field detection and reconstruction
in the airport region. The first step of this novel method is the inversion of wind vector, which is the research aim of this
paper. The wind vector in local space and time is modeled and the inversion method is studied, and the actual ADS-B
downlink data is used to analyze and verify. The experimental results show that the method has a good inversion effect for
single aircraft turning data or multiple aircraft data in the same local airspace.
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