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RN 34 GEO TG MR ALK, T 32 IS T35 B KRBT 8570k 38 43 1K
R R A MRS P BRI 1 EJ 5] T LPV-200 3955 k5. HREE. ik, &Lt
Aa] AR SUERORIRSE . W, HAR, R W, BIEEARGR A LA I s R
Gt XTI RGK A GEO LIC/A B 5k PEEN. ¥, B ZESOEHAEIE
JERZETLHE, N GPS L1C/A BAH P AR I k%, (5 BB T LB AZ
14> (radio technical commission for acronautics, RTCA) &4 [l RTCA DO-229E" #rifk.

LB R AR5 B B 22 4 e A i BB IR Z2IR 2 — (E) B ER S, A&
JFUE TR R ARG ED, RTCA DO-229E Arift H#il e 5 RIS i B Z A8 A5 S, U3
i R G R et HE B % T (non-precision approach, NPA) k4. EIE/EE B MILFA
FEH5E RS0 (BeiDou satellite-based augmentation services, BDSBAS), 4 SZEl 5 [H Fr At
WOl R A A LEAE, RUVEFERT L1/CA F 5 AR ML T L 7&K XU 2 & )4
(dual frequency multi-constellation, DFMC) #3855 . BT 58 B 30 22 58 WAAS (1) 55
JERGE G BT . FEACRRYE, R D RT A DL RS D 2 i A AR SOE R B S A AT
J IR A A D S 2 A S, X R IR AR R ) AR B 5 R A A SN E.
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38 5 FL ST )RR F SR T E 250 bit MG, FERETAICR 1se Hodr, s 8 bit NP
kP, R K 6 bit Fonfs BIM, FAK 24 bit NIERITCRKRIAL, H4A 212 bit NEHE
e B EEFEE AR, JoIE K R RAT R R S B R (S S, RTCA B WUk
AERKI N 11 AN (95 0—10), BALHEZE 201 MEW s, RAFE K E LHEZE
K I RUAL B A S PRI DR R SR B S 75 R i A I LB JE IR (B B, RBE R R e 1
T > 5] Fp st o7 RO B0 M 1 I B 2 A X5 B, IR 3R] LB (5 A 2 r 8 J 2 A AR
6 X s IS R F S B84 18 (Tyep 18) Fon (B XK 1), [ EFRA 18 @i 5 K45
RA L HERD AT I HE T B B0N I M4BT GEO P2 3R R HERD fa s B, DUE A P A
S ET A  H E E AR . RS B AL 18 Hh, AT RARR R — NI s A I A

Fz1 (EE2E 18 ¥R
A K& /bit  WHIFET ARG

BRI ISE A 4 1 0~11
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I0DI 2 1 0~3
% WA RS 201 T o
e 1 I "

WAAS 15 B 2K 26 (Tyep 26) AL 2 45 P B B )= 3 HL4E IR (grid ionospheric vertical
delay, GIVD) 4% W B B 2 1 B 1% % (grid ionospheric vertical error, GIVE), GIVE & H
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ik AR ZE L 99.9% B MR ML, GIVEL & i% M b5 26 EiE 265, 5 GIVE 2
B8] FRI B 5% 2R 1L RTCA-DO229E, 15 5357 26 Bk LK 2. {58287 18 {5 BAY 26
FR Ml S B HL B E AL B 2 A (issue of data ionospheric, IODI), F PARIERZ AL IE
fENTH B EMOER. RA 245 B2 18 i) I0DI 515 B35 26 # ) IODI VLA, 15
BAER 26 AR UAEHMEEEGE S, Wi B0 26 1] LIRS BT 18 % W HEhL
EERFOZ N 11 15 NE RS S EEE R, — ANy ks N B 2 AR 15 B 75 il il 22 il
R K2 “onneee 7 AR R — X B AR A% ) h e BRI 5 1 A I e 2 1 A A
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X B 4 1 0~13
F TP m HL 9 2 T IR -1 9 0.125 0~63.875 m
FE 0 5 L B8 2 T ELAR Z FRIR-1 (GIVEI-1) 4 1 0~15
& P it FL 8 2 9 SEIR-27 9 0.125 0~63.875 m
I A L R R ZE R IN-2 (GIVEL-2) 4 1 0~15
I i FL B9 2 9 L EIR-15 9 0.125 0~63.875 m
W R B R R HRZE AR IR-15 (GIVEL-15) 4 1 0~15
LB 2 Wi A5 (TIODI) 2 1 0~3
T 7 I 7
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M B RIS S, A VEE ), RN AL RGNS 1L SE AR 20 e OVE Bl N LTl
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AOA < 20%
(GIVEI) > 99.9% < 99.9% < 95% < 80% < 50%
<15 263 6 8 12 6 11
<14 257 8 7 13 10 11
<13 209 10 13 11 14 49
< 12 173 16 20 15 14 68
<11 54 26 17 28 22 159

MR ATTUES, W& GIVEI v JTTRRAE A BEAK, &l YRR AN Eof >, K]
FHAE S AN S N, 24 GIVEL ITFRAE N 11 5, /] FE KT 99.9% HHs A % 3 3 54
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6 WAAS BEBEEREMIFTAMS® (GIVEI < 11 AFA)

WAAS RS W 2 WK I B0 B AL IDW  (inverse distance weighed) 5% fife 5% ¥
MERERME R, TR AR MBRESE, 8 IDW SLIK MR LS4 SUEIR B



2 WETy, % WAAS # R R AR K H A RE DR A 271

A, KR T I Klobuchar 1 4! (1)  #F B INAL (inverse distance weighed with Klobuchar,
IDWK) &=, EEE 9 2 HE 4% 3 & 45 (GPS and GEO augmented navigation system,
GAGAN)"" " Fne [ iy b2 A Ge th R IDWK SEMR S I B 2. IDW 3 IDWK 53%
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W GIVE™,
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A AL T2 E A BT B & A 5 A I X, L S5 25 b A wa [ — 3
BRI BT A T 2k, I B RESR A N F B SR IR {E B X HE Kriging
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7 RFIDW FEHER WAAS #MAT BiEShE

5 WAAS ## H & J= 3 ELAE IR OB RS FE 20 A

ASCEIT RPN E FL L (Center for Orbit Determination in Europe, CODE) & i [f] 4%
2R 25 )22 B (global ionosphere map, GIM)"""* Skt GIVD (¥ S50 RS 5 HEAT VP4, TPA% A B
HN2019 % 1 A 1 HAeR. £ 5K WAAS 1AL 306 & S BAE GIV ET #4773 284t
it GEFEIREM, £ GIVEI < 14 EOLN, AR GIVEIL, KM &R TE IR Ak
FEFE 2 525/, GIM Y& ) RM S F 0.170~0.248 m il N. 24 GIVEI = 141, H GIM
PR RM S B KT GIVEI < 14 B1E M.
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x5 REMBEEEREEHLRENEREST m
GIVEI ‘V¥WGIVD #&H/NGIVD &®KGIVD GIMiFE RMS

9 0.683 0.000 2.000 0.248
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14 0.745 0.000 2.625 0.432

XE GIVEL < 15 (R M s AR X SR RS BEBEAT G it 0, 45 R LI 8. AT Bl
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Ko FEAFRAMIX (AL 40° DAFgHUIX), K L B R 2 ELAE IR X eSS BE AR T i X

1" 0.1 !
70 poe 067 i
13 o.16 022 017
- : s ; :
60 701500 SEESF o 0.06-086-D.O7- 0.08-0:09-0:44-D 446048049080 020 20 A19-0:18 -0.46-0X5%H3 - p12-043 024 |

21 019 ',- 516" ©05 0.07 D09 0.12 0.14 O,Y6f017 0.18 017764 @42 0.11 0.10 0.10 = 1 0.12 0.13 0.1 :DW?_ 015 027

— : : BV :
B:26--0:21-0:48-047--D:44-043--016 -0.08-D.08--0.07- 0.0 @ - £:43-015-0:49- 824022 0.24-018-0:45 - 514--0:40-- 0,09-6LT F%210-0:41-8:44- DA2-0:47-- 0.24------—|
50 i ot ST :

024 021 0.18 0.17 0.17 0.17 0.15 0.14 0.15 0.15 §.17 0.16 0.16 0.19 022 D22 0.23 0.27 l"!:\’ 820
: : S —

/()

& = H H
A0 oo 032028 825024 6:28-0.24-0.24- 0:25- 026 24 D23--0:22- 824023 D:24- 025026 - 027 D3 T2 027-0.52 :45- 018 B:20- 624028 orrvoorr]

0.37 D29 028 030 029\D.28 0.29 0.27 028 0.30 0.29 0.31 0.32 0.38°0.36 0.33 0.35 :0.39 039 036 045

SO froris e Did2-0.28-026-0:28 -0 IS 036 NFK, 0:36 P2 PO 033 0:37-039-0:40 DIT-0B1-036 ]
042 028 024 203,082 034 D j4 0.31 027 0.2 '_%Q_WE 017 0.15 E015 0.15
20+ Timy 0.28-D:49-0:44-911-10.09- DAY 0:40/0.G9 m.{g'owozs; : —
025 03F 029 029 :0.30 034 038 044
10 i \ j j I I i
-180 -160 -140 -120 -100 -80 -60 -40 -20

ZRE/(°)

B8 CIM EENFMER WAAS BT M A E BT RIREGIT 7

P9 A 10 43 BN TEZE 100° Jb46 25° « THZE 150° db4h 65° K% W sk HL 29 )2 3 B A8 IR 14
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i 52 [ KR a4 307 R0 5 43 28 o s 2R AR X ek, JE X B Kiriging A1 IDWK $8{E 75 45 B AT
R, RILIDWK J7i2A000 225 sl A 010 B Y AR ) e R s el A, Kriging 3B 77
KRR T P MG 0 R 7 i Y L, AR Rl 0t 2 K ety 1) B2 B8 T A 5 B PR A I R 58 A A
Al A,
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K P 52260k T o ) sy A A ORI, SAFEARSCHERCR. fEHREi X (Jb4h 40° LLFg
HUDX), R 2 T AR A RS AR T s A X
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Broadcast Characteristics and Performance Evaluation of
WA AS Ionospheric Grid

CHANG Zhi-giao', CHEN Jin-ping!, LIU Li'!, HU Xiao-gong?,
GUO Rui!, XIN Jie!,;, CAO Yue-ling?, MA Yue-xin?

(1. Troops 82021, Beijing 100094, China; 2. Shanghai Astronomical Observatory, Chinese Academy
of Sciences, Shanghai 200030, China)

Abstract: Grid ionosphere information determines the service level of SBAS with RTCA
protocol. Based on the long-term analysis of the ionosphere information broadcast by three
WAAS GEO satellites, we obtain the detailed broadcast characteristics of grid ionosphere
with RTCA protocol in terms of message arrangement, update period, grid distribution,
etc. According to different availability conditions, the availability of each grid is analyzed
in detail. When GIV EI = 15 is the threshold value, WAAS broadcasts 263 grid ionosphere
information with 100% availability, covering the whole North American continent and most
areas beyond the coastline of 20°. By comparing the grid availability of WAAS with Kriging
interpolation and other systems with IDWK interpolation, it is found that IDWK method
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has high availability only for grid within the layout range of reference stations. Kriging
interpolation method greatly expands the coverage of available grid at the cost of increasing
GIVE, but also causes the grid over the Hawaiian Islands which are separated from the
mainland to be completely unavailable. Based on the GIM model published by CODE,
the correction accuracy of the available grid of WAAS are analyzed. When GIV EI is
less than 14, the difference correction accuracy of the ionospheric vertical delay between
different GIV EI is relatively small, and the correction accuracy of the grid ionospheric
vertical delay evaluated by GIM is relatively large in relation to latitude. Although the
ionospheric puncture points are densely distributed in the middle and low latitude area, the

correction accuracy is lower than that in the high latitude area.

Key words: WAAS:; ionosphere grid; broadcast characteristics; availability; accuracy
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