#36H B2 rx X g E Vol. 36, No. 2
2018 £ 5 A PROGRESS IN ASTRONOMY May., 2018

doi: 10.3969/j.issn.1000-8349.2018.02.07

EREWMARS 10 2HT BERUS TR

B b, WATY, AERY, ERR, EXW!

(1. HEREER LWRACE, L 2000305 2. PEFRERRYEE, dEaT 100049)

WE: N SR RSB F R, R R RGP Lo (55 B g i 7 A
10 ZHUR PIRAL. A 2016 4FdbF TR RGUERFDHUE DA, BURHERF S PG TR R
BREVE TERR B BRI, N, WS RIS S ST, R T 10
BOR PIRAAE IR TR BUE BRI RCR. WIS RERY, 10 ZHURPIEATLURIE 107° cm /£
AN REE . (EHBERIF) A5 BUTE T2 ALATUR R [F) 25 B8 T2 302 i Th 3643 33 89.36% Al
99.17%. FREER iaor ZECAME VIS RIGCKT FE, 25 SRR, ZALFL AT LASEIL 100% Il
T, EMERERT LT, BXPRFEREERA, A A A R AT BT .

X B . BENEAS: EhNa: L5 (E5, SRSMEERS

FENERS: P135 SCHRARIRRS: A

1 5

ol

TR TESMAG T AWM EEEE. @ TREEYEI T H#E, A
TR S HE RS SHUE RS IREET R LEM EF R, Bl HENI AR E2H
FHPEREN RGR (global positioning system, GPS) K 13% T #AR F i) 376 2 P 1Y
FRZ BBk LA FHL R A (global navigation satellite system, GLONASS) fff & T 2
B AN R S RO . GPS T HRE PR A N L 16 S B0 R AN IS SR B
W18 SRR . RFPRRE RAIERS B WA A AR S A AR, T
AR e, NEEEIE B J R TR, DA 2 I 8t A A RS B2 1) 75 Ko

BRI R4 (satellite-based augmentation system, SBAS) fE X 2EK S LE &K%
(global navigation satellite system, GNSS) (b7 500, REW A R = R S0 M 55 45 FE
AT SEAFMEAIES M. H AT AR R RS R AR H 2 5 GLONASS #4151
M EEAE., AR, M SBAS Mk, RKH TR EES M L EBAR

WFSHER: 2017-09-12;  fEEIHHA: 2017-11-03
FBEE: ExESFEITRTE (20016 YFB0501900)
BIEE: K, lcQshao.ac.cn



206 KX 2B 36 &

JE BT DA B bR [7] 25 #1138 (geosynchronous orbit, GEO) P A. XEtERE I SHE [
%35 S HET I IR % A B R [ 108 (highly elliptical orbit, HEO). iR HER 25138 (inclined
geosynchronous satellite orbit, IGSO). HHIERHIE (medium earth orbit, MEO) i i
(low earth orbit, LEO) %52 FHUIE N LR BT R, K, EAEIGERGAEHIEN L 5
SEHOTRERE TR TEMEDKR, FT GPS FrRA KT SR 16 35
B, GEECH 10 N8, 4T RIS R4 10 SHUR DI

FELLZ Wi, GPS [ # 2 16 SHOEM 5% LN RS T O KEMR. HE%
N5 HE T R 16 B30 GEO, IGSO A1 MEO =i AR [/ 2478 T BLIE 11 2 Dbl & kS B«
frigess N5t T 2 i0E GEO PR EFSHOEIR 7% Bid -k N mpgmxl s A @
it ML R T 5 7 R TR T GEO T /MU 75 A i 4 3l SR P 45— R0 %3 ) AR B
TSR T MO R T S, skrh gl N BT TR A AR, B0l T hRME 16 B8
B IREAL, R H 1 /MO SR IR A A, (H, PR SEIESR RAUHTIMN 10 S5
BB A M AR . B AR K% Reid 28 N I B0 49 BT 7 76 2 Ahfpag 26 |
RiF 10 ZH0U2 PIsR 2t T N S 303 2 & ORI A RS B 45 7 T % 58 T R A
KT 10 2305 16 BRI 2 7.

ARSI R AR 10 SHCR DI RLHT T BLERE, RA GEO, 1GSO Al
MEO =HMAN[FIZE AL S bR R PUEHAR, 20 00 7z B e = 200 P E il &0
MG, WAL, BE GG RGBSR, 40 7 AT T, A AP
iy TRERURRME, RN 10 SEURDIBRLE 2 N AR T 255,

2 10 ZH A2 JifEi /44

10 ZHUE IR A3 B T 80K 2wt T GNSS 1 SBAS R4 Z R 5AY, £
$5 HEO, GEO, IGSO, MEO A1 LEO &meitiy, H 10 ML HEA T GPS T # A iH
16 NS, e R 1 R

®1 10 2HEMRENESH

Loe S 70 io/rad toe I ZIHNIE W f
a/m PIEPKAL faot/rad-s™!  HIEBIAEME
e BTE P00 26 2 /rad toe NIZIFAE MASE
Mo/rad  toe BT ZIFIT £ A Clc/rad IR AR ZIEIEE
w/rad  UTHLSAEE Cus/rad 2 B R A IR 528 IR A

16 ZHEE IS, BT 6 MUIESHA 1 ASFEPioubhst, Hg 9 MEEhSHI N 6
AN SR AN SR TR, BAA 3 MR BT, e rh e R 00 R 1 AR R ERLES s E
WA o MBEBT ¢ B, ISR 8 J 00T b1 24 T B2 CACIE B A X638 R i A 2E4T T



28 Ky, %, BEREMIEZRS 10 25 BEHNESH 207

BBIE, daoe AT A EANE 0 WHIEH ST TBIE. BT SBAS #3k 10 282
B K EH ARGy 120 s, BRIk, (EINBERERITEOLT, 1222 mT LA2Ig . FEHE A 1324k
TR A AR IR BB WU KRS LIE TR oK. Ik, fRE 16 28K
BRI 9 DS E I PIEMIA RN dao, CLEEAERABIER Cu M Cus, BIRTJE
JRBLAROLH L2 PUE T2 1E.

3 WG

AERAL RS 1 SR 8 S EM 14 5 E (40K GEO, IGSO 1 MEO) SEFx()
KU RE AT 10 SEE IR A, SBAS B3R 10 2 HUi AL i & K 568 181 B oA
120", WAL BB RS 5 min A6 1 MR A, SRS K2 Tk 2
TERERAT REEEFE N 1 s PAdEE. & 120 MEE SHRIK 120 s %EdE, DHTFUE.
WEKEN2016 1 H1 H-—2017 41 H 2 H, it 368 do MEWFERETEAZXN:

AZVZ?@X%AW+AW)’ "
120
Hr A A=A RE, AX, AY, AZ 5HANEGHESEENERE X, Y, Z 7R EW
s
FH T FH 57 AR 23R 08 TR IUTE B A7 AE /MU AN 0o 28 P AN 3 A n) 8, X 238 AL
HREMAK, BERMARBE, HAER A G FE d il 58— RT3 SRR B T )
WAL AR MR O, B EARNKT

&£ =ecosw
n=esinw ) (2)
A=w+M

e, M ONFIESA, € n AN RFTER 3 AN TEET AR ELL

TS T/ MA [0 R, A 3 B A AR TH B S vE R R v, IX TR L 6 A A H A R
#, {H SBAS L5 #2030 BT dh 0 F P S0 90 80 S AR BR T B AT e % (R Ab R, BT DATE AR X
(RIS T B P VA 6 /M A 1) R HEAT R R AL B, TN 10 S8R RS 45 AT 40T

Bl 1810 ZEE TR IE BRI RoR B K, HhiEa ARonla o, a6
[ P o A R T 7. 3 2 B A 45 RIS it

mE 1ML 2 vLEH, 1 SEMS SEMAERNEMEREMIEN, HHEAMIEEL
12 h BRI, gk R AEMA RO M EE T R, T 1 58, FAHUE AN
A 76 KWERM, FHIRAE 2.5 h BB E— RIS RSN T 8 S&, &M
A MNFAE 6 IRIE R, PR 12 min IR E — RILE R

14 5 EAE 2016 F2FEMAH N XKIUE RIS L. BRHENLI 1 52/ 8 T R ENGE
1RZ, (HW I FT%%0 GEO, IGSO A1 MEO #il b, 10 SR ik R 54 4 S i



208 KX 2B 36 &

8GR

)
¢
¢
¢
¢
¢
¢
)
¢
¢
)
¢
¢
¢
¢
)
¢
¢
¢
g

0 1 5 3 1 5 6 7 8 910
T T T T T T T
I
iy SO
=
0 50 100 50 200 250 300 350 400
20164F1 A 1H R R ¥ /d

1 10 BHERREUE R RTEE

*2 HWEHERGT
PR B WaRBGeE PUER NS R

158 265 682 28 265 76.598
8 S5 E 264 962 2199 5.975
14 52 264 242 2 0.002 93

ATRETES

K 2 iR ZE AR A 0 R B B B e RO L R 22/ T RHE R e s B 5
TEE . TS RENRKNE S RAMEMER KR, 7 EER RS f S,
IR UK O AL IR Z R B PTBUREL BAR 1 SEM 8 SEAMRZMGRK
ML, (EXT 90% PA LG BRI AR R, 1 5 2M 8 SEMMEIREL 14 F2K1
NEF LA, B 1073 cm. H1 SEM S SEMGIREMPESNIRA, Dot H L
lem BEH. 1M 14 SEMEGRERKEL N 107! cm F5, BN WG RZE KRS
THOLU T 10 SHRR LA 88 TR

HIRIX UL R AP & 8 i n R TE, (EEMERIIMBOL Y, &Rz L4k LR
RIE 1072 ~ 107 em B4, HAFIRHLREER] 107" cme 35 RENEEEXTULG b U BL 7 H 15 0
BEAT AL, SOESAGU G R, BRERR D E e AR S R L, T 10 2R T
R RE 8 IE TR # ik TR AE A B .



2 %, % BREERARSL 10 25U HREHMS T 209

1A iR A /om
|

C 1SR
o

-3} J
—
—4
- 858
14EE

0 10 20 30 40 50 60 70 80 90 100
B o H/ (%)

B2 RENGHENLRER
4 EBR o, ZEOHIE I

I A ] SOk KR, FRATRIL, BTENE AR daoe S, BIUINAEFR da0 BASE
(19 AN, ATLURE IS R . R AT A 2.

Zgiit, A TICH 10 SEE TIBERLE P IR ia0 SEUG, K HIHLE R T)
oL (WL 3).

®3 Tiae MBIAERS
TRS Bt HaRBne

15 265682 0
8 FE 264962 0
14 &2 264 242 0

K 3 NEER iaor ZEURIEREDM A HWOREE. dE LW EME L, XKk
idor ZHUR MM GTENEA BFRTF. =R UBHI BT, MaREDEPERL -
KPLLET, 5K 2 WA CAFERZRRREL. H57%8K 10 ZHMEMIL, Ha
WELETHT 2~3 NMEH, B 1 5EESMRAFE 1071 cm EHLSL, 8 SEM 14 SEMIS
WEEIN 1 om B WAL, KR e Z80R, MEREMER 7RI, EMEREA
S

BEAh, B MR A FIAR — D EE AR BRATHR THME iaee Z5UE



210 KX 2B 36 &

0.5
ok
g -05
~
o
E=S
-jﬁg
U,H_i( *1.5'.::
{n
= -of
-2.5F
— 1SR
3 e
C SR
73'50 10 20 30 40 50 60 70 80 90 100

Mgt it/ (%)

3 EBRis: BHEUMERERSHEREE

XU LIS S R, X A PR — oo s A T4t WEE 4 ATDE
LR daoe ZHUGE, 1 FENUGREIE TR, M8 5 EM 14 T EMEREA I ETt,
I, 15 ERPE s E AN SRR 3 5, 8 52 14 5 B &1 HH B 25l o 5k 1
1/4 f11/2.

*4 THRESIERRHBEER
A daor FIEIRE  To daor FITLG KL

154 25.25 8.11
8 5 11.67 42.55
14 58 8.48 17.27

i bR 3 M EEUER B AEIE N, LR i SEERIEINEGHR SR E
P, A I A RIS L. (H 5 5 10 SEEUSHEL, BETHET 2~3 ME%H.
T GEO #Ui8, LB iqor SHTUMCKHIR T L& 12 FEE; X T IGSO M MEO #LiH,
P38 S A BRI

5 4 1w

AL £ 5 GEO, IGSO Al MEO LA [ SEhnks s HUEAHE, X 2L E A5
W10 2R AT G . a5 RERW], 10 ZHE R SRS ATIA 1072 em,



2 iy, % BIEMERSR 10 250 BEHME ST 211

EME R ZE, UERIREIR, AMEIRERNRK.

M 10 ZHRER DGR iaoy ZEFBEATING R — R BB TT % TERER oo ZHUA,
3 ZSRIeHUE B S RE A BRI, EITE e G I X GEO, MEEFH)
IEHHE AR BT, MUERENT 107! em &4 AT IGSO Al MEO, MIfF/EME
WG REFIE B B, MAERELAN L cm B, EEEE KB AR, X
10 ZHEERAG ] BE R B S RGO, W RASCRITE daoe 28U, DU SRS
RIG

Buigt

AR H T RS SR VR 2 B AR N O T A AR 3 R A SR R A RS
KB, XEATS G BRI TAE AR 3 8. AR I ORSC#EERED) WITI A 1R S A
ARG FE - S A

EEPEE

[1] SR, ATENESIR, 2005, 24(3): 37

[2] BESEHM, FEOCHE, BUMK, 5. BRIFAR, 2006, 26(5): 382

[3] &, /AL, £/, % RICFEHRE, 2006, 24(1): 81

[4] ffwge, ER, xIF], 5. WL, 2011, 40(s1): 52

[5] BUA-kE, UMK, RE I, 55 M2k, 2011, 40(s1): 149

(6] BRXIm, #FFLF, FR4T. MZE, 2007, 32(3): 12

[7] . Mg BRt BAURAE, 2012: 66

(8] skl kL, XU, & TR, 2014, 43(5): 452

[9] Reid T, Walter T, Enge P. Proceedings ION GNSS 2013. Nashville, TN: Institute of Navigation, 2013: 825
[10] Reid T, Walter T, Enge P, et al. GPS Solut, 2016, 20: 737
[11] AfTlg, SA/NT, WIS, 2. MLkl 2017, 42(6): 13
[12] Satellite Based Augmentation System Interoperability Working Group. SBAS L5 DFMC Interface Control

Document. Issue 1, Rev 3. Dakar: SBAS IWG, 2016: 35

Analysis in Fitting SBAS 10-Parameter Broadcast
Ephemeris Model

LU Chang’?, HU Xiao-gong!, ZHOU Shan-shi!, TANG Cheng-pan!, DONG Wen-li!

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Uni-
versity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: SBAS designed a new 10-parameter ephemeris model, which would be broadcast

on the new SBAS signal at L5. The model was a subset of GPS 16-parameter ephemeris
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model, which was based on an augmented set of Kepler orbital elements. The purpose of this
model was to support the wide range of orbit classes being considered for SBAS, such as MEO
and IGSO. Based on a year of Beidou GEO, IGSO and MEO satellite precise orbit data, this
paper evaluated the new SBAS ephemeris model in terms of the fitting accuracy and failure
rate, as well as the computational effort. To avoid fitting failure, this paper tried a method
which was to exclude the IDOT term in the model fitting. The conclusion was that SBAS 10-
parameter ephemeris model can achieve a 10~2 cm fitting accuracy on average. Excluding the
IDOT term was effective to avoid failure in some circumstances during the calculation. Fitting
without the IDOT term can avoid fitting failure, but in the cost of decreasing the accuracy
to about 107! ¢m to 1 em. Moreover, for different classes of orbit, the computational effort

has different degree of increasing or decreasing after excluding the IDOT term.

Key words: satellite-based augmentation system; ephemeris fitting; signal L5; global navi-

gation satellite system
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