- FERFSIEGERE (CSCD) » FREFAR (PERR) (CNKI)

- R REHRIEGEE « FEFAHHSSTHISIEE (CAICED)
- FEZOHET (BE) JhEE « NEEEHTIEHRTS

« BERIFREARSIEREEE (JST)

GNSS, World of China/

KEZERDESHA RS LRI G
xR, O, REE K&
Development status and trend of United States of America military satellite navigation user equipment

LIU Dongliang, LU Jing, ZHENG Zixia, and ZHANG Song

FIHASL:

XUHRE, Bk, #BEE, F. EEEADLESHMAPESRBICR AT 2T &%, 2022, 47(1): 121-126. DOI:
10.12265/j.gnss.2021071401

LIU Dongliang, LU Jing, ZHENG Zixia, et al. Development status and trend of United States of America military satellite navigation user
equipment[J]. Gnss World of China, 2022, 47(1): 121-126. DOI: 10.12265/j.gnss.2021071401

TELR R BE View online: https:/doi.org/10.12265/j.gnss.2021071401

R BRRRNER B A S FE

Articles you may be interested in

i T P A O 2k L ST R 8 K R DR 5

Development status and trend of land—based radio navigation system

SBREN RS 2019, 44(1): 10-15

P T2 S R A i P s o o A

Analysis of International Standards for Shipborne Satellite Navigation Receiving Equipment

EIREN RS 2018, 43(5): 129-134

(DESHUHE ) BB IOERR

Exploration of Teaching Reform on Principles of Satellite Navigation
EERENLRGE. 2017, 42(5): 89-92

DRSNS SRR AR LR A

Overview of Satellite Navigation Spoofing Signal Detection Technology
LBREN RS 2018, 43(6): 1-7

TR U HIARE AT

Analysis and research on application standards of satellite navigation
EIREN RS 2020, 45(3): 115-118

TR SR RS S KR

Construction and development of satellite navigation augmentation systems

IRENFRSLE. 2019, 442): 1-12

KIEMBEART, PFREZHEER



$474% F1H
2022 2 A

EIREM RS

GNSS World of China

Vol. 47,No. 1
February, 2022

DOI: 10.12265/j.gnss.2021071401

% E

FRIESMBPRTLARINRKEESE

XM, A, AR, K&
(A RARAEACTFIER, T3 100071)

W OEDEREARESMAPEESNEL, TEBHGPSHE —K.F K. F=ZKREAR
PREENRIAT N, EHAR EEETGPS AP ELEN L EFE, FRETGPSAFEEW
BERAH, ARE L EFMAB XL R RAET — o) A FN1E.

4RI GPS; T2 F4%; 3% A P 5 4 K RA

hE 455 2E.P228.4 HERFRERDS: A

0 5 5

TBESWARGAE R Yt i)z | el
FE AR SRR | R SRR A R
B (PNT) FBL. H I DORIRZ s T Akt 2k
FEATE T I, B T AR A S M R

20 4 90 4F AR 47, 22 | 1Y GPS. ¥ Hi 1)
GLONASS . Wk 1 Galileo AHZKE A, 13 F AL 3|
TREFMARSE (BDS) 7E K M Hi 42Kk K45k TR S
MARGZ—, B4 0 LU 3E FE K GPS. &% i 1)
GLONASS . k¥ 1Y Galileo Ml 5w+ . B 5 B A
DL AR SRLE AR 1) K J, Lo & TR ik W EE, 6T
ST P R A I IE ROR i £ 10, A R RR A TR

HAT, SEE TR MU PR TS 52
Bri L, AR A A P R HE T OCEEE . R
AL RE T, EERWISE I L HTH) GPS Zhiik
oL, ST ARBA RS Z T, HIEME T
HAR R M55 ASCUASEE T TR S P R4
A, XF GPS SR 5 AN S AR P e
PURIEAT /M, ZEMLIERY_ 25 T GPS F /355 %
g, JHR I T GPS I A i kSR ita sy, Ik E
PR TR T —E S M.

1 GPS F/ 280k

H 1990 4 A4 178 % 4+ 2 H A 32 4209 GPS H
U e =R, Eid T WALV, HRE
He B AR AR R, TR T KE T I | i A 7R A 2%

ks B #A:2021-07-14
BIE1ES : XM 4 E-mail: 907644846@qq.com

NEHRS:1008-9268(2022)01-0121-06

R RS AT AL . R B RAE ]
25 R P e A RS S 2R T e it i B
JURAE SR SRR ZR N 1 R,

GPS FH 7 26 45 R A< A I 25 15 1o HI AUsRH 245 5
Mo 2, BV E A Sy BB ST I A (TS B
TR A G E RN FHEER | BRI FIRE RSN
KA. o SR N7 0 2k 25 i A R U I 4%
RS, WA N KRR R G A sl s F 3 45
11 GPSE—RAPEZ

S —1X GPS 7 Lk £ LABE ML ., 40 51
WL, HA IS AR KA AN 2
) TR 22 4 2 25 R0 A R 5 2 o i 55 &2 4 B e (PPS-
SM) Flfh Bl s | (AOC), B T AR H A& BidgThfg,
T HL WA 22 A1 8 22 (A B SR 28 5080 1% i
I GPS 55— AU P A B B e W B e 4, et
RS IR I P A i 72X, 458 55 Db
St RPNk

S5—1% GPS I Lo 5 bR B2 T A&
JEMBL, S — B B LA 80 AN 90 AR,
& 2 Shyrp e gl £ Manpack A1 SLGR, HLEE S sh7s
BT 3A HRWIHL . I B A 48 S WU I8 F L,
MEERR 3S HEWHL. 55 —Hr Bl 90 AR E I, it
TR — R B IE TR AR S GPS 421K
HL (PLGR) BT, [AIHT PLGR thJ2: 4%l b 1 44
N FH %6 8, MLk %t DI BE AR R), (EAARFR SR it AUA
3A L =0 2 — BT GPS #20#% (MAGR)
BOAR, Mr#k 2 & 2 & T 3 F VME (VersaModule
Eurocard) &2k 1) GVRC UL+~ DA e 3S 205l
H) GPS AR, SEBE T X 3S HEIHLAY THEKL.


https://doi.org/10.12265/j.gnss.2021071401

122 A R 2 & R 4 %41 %
GPS—fLJil/ 44 GPS AL Pt GPS =AU e
LR e KR RGPS L * [ B 4 E A GPSTECHL
(MANPACK) (PLGR) (DAGR)
( gf%ﬁ%) -4 \ / l%ﬁﬁ\;L or v i 3 TGB-GRAM-MIY F-H54 5
a R RGPSEIRHL (ENHANCED PLGR) M?;Tgﬁ i/,}fR
(SLGR) (Combat Survior/Evader
Locator: CSEL)
. INEIHLEGPSHESHL Mii i HEGRAM
%CJ? /fé%ﬁﬂ (Miniaturized Airborne GPS GB-GRAM-M (Ground Based
Receiver, MAGR 2000) GPS Receiver Application
/NEIHLE GPSHENHL Module M-Code)
RCVR-3A =% (Miniaturized Airborne f
v GPS Receiver, MAGR) GRAM-S/M (GPS Receiver
WA/\fﬁ%% — * GPSHEUHLY FAE Application Module Standard
(GIE-% 1229 (GPS Receiver Applications Electronic Module )
GPS VME R &bl Module, GRAM) i e '
RCVR-38 = (GPS VME Receiver Card %ﬁk}%“ﬂﬁé AL
(Modernized Space

GVRC)

Receiver, MGR)

S B HS A (Auxiliary Output Chip, AOC)
YLy —t +

K5 % 78 R S5 2 A5 (Precise Positioning
Service Security Module, PPS-SM)

1

TERET] & SIRIRALER (Selective
Availability Anti-Spoofing Module
SAASM)

l (Common GPS Module)

t

iH FHGPSHHe

IFi] 52 R R 91 Rk
(Fixed Reception Pattern
Antennas, FRPA)

-+ AE
PR
(Controlled Reception Pattern
Antenna, CRPA)

KL

5 UGPSR R 4i-GAS
(The second generation GPS

Antenna System, GAS) '
P T R i
(Advanced Digital Antenna
Production, ADAP)

IR R G
(Small Antenna
System, SAS)

ZVPARER KL RS
(Multibeam Steering
Antenna System, MSAS)

El1 GPS APEZREH

R

[# 2 Manpack #ZULH1F1 SLGR ZULHL

12 GPSE_RAFREE

55 A% GPS H P % 5 R PG 1 1, HE
U 2 3 B ] MUK IR AR E (SAASM), 31X 2 —
R GPS % i, BX 5 — &L LI T T8
A, L2 PR R, NS GPS ZEFHEZHL N 5 %5
BT AR J AR B e A, TR T 9 HE R 1) B o TR
LA GPS ZE 4 25 W AR AT A (A% O gl 4, [R] B

W AR P e s bRk,

VRTS8, EZETE pUR R T b/ A 3R
AL TR DAGRZE R T 45 — U T4l
PLGR WL RERE A, (EARFURE /N | B s, SE T 5
FHAE, HEH W R M T EIE A 1. MicroDAGR /&
DAGR [ TF R, 4nlEl 3 fFfow, R TR @EIE R
T, B0 T E% Sk MP3 AT BE, I HARBU /N E]E
BT Wi LA, CSEL J&— 3 i1 Rk ik 45, ok
br L EAUEA GPS N TIRE, S RE (s A2
RIFERF MBI NS, HtE—RE DERS
FH P 3 2%, i ELA HL A 3 o i 1o 4 % R 15 38 15 1 g
1, B A AT R I U 14 3S #E L7,

1) 55 =X GPS i /e 4 & JR B U2 i A IR
R, B GPS 2L IR HE (GRAM). WAL 4 7,
X2 H GPS LA TR AZE (JPO) & L HIE
1) GPS ZE AR ERR .



%14

XAARRE, S FRERNTEFHR P EELEIRBAH 123

& 3 MicroDAGR 3EUL#HL

El 4 GRAM iR+

HR A 35 ZEAH SCBUR 20K, 7E1&A 3R15F JPO #i %o
TS OLT, A 2L 2L T GRAM #E47JF
K, BIAREE GPS $e 85 & S MAR = A 41 .
1.3 GPS F=REFREFFERREEFTRMLITX

4 GPS BEA I % T 2009 4F )5 3145 GPS
P44 (MGUE) i1, ‘e Bbs& b e r 3 H
KA B I A A Red I M %Y GPS 21k
BL. 55 = AR GPS 24 SE/EIA SAASM LAl I b
il 2 PR A O A AR R, RE RO Y
GPS {55 4L ¥RY)RE R 8 H GPS Bk (CGM)®.

5 AR 2 BURAL TR L2y B B = K S Y
BT, SR 53 A~ R BB, — 23 e
F1i% & (MUE) Wi H, — 2% H GPS H/ %% (MGUE)
T,

1) MUE 5i H

GPS BACALI — D B KRR T T 4%
R M S5, SCB T2 RAG5150 8, A &4
FHEMUE 5 RIXTPLRE 1. SE4E%) GPS ZE 24 AR
A1) B BEAR B RE RR S BRI R F M5 5. 28
75 42\ 2003 AF AT G T M OAS BRI AR A 5T,
2006 4EFFE T MUE #2YSpL < &30 H , 13X —5 5 55
JBr bR A P A A AT I B DGR R MO, B T

RIS 22 MGUE T30] A 8 A R B XU i - Je 1.
MUE 5 H 2013 4FA 58 1%, DIl 7 4%, #E%E0E 512
e

2) MGUE #iAt kit

MGUE %] F 2009 4F 1 3 # Hh, 36 B 25 4278
2011 4FJR 3 7%, EAK S0 MUE 3 H I8 R e 2¢
SERL, (AT AT MNXSE R B, 2978 T — & 4
ARIEAl. MGUE 11301 B 2 & HoA M i izlkhg
T BARAL GPS HEYHL, LA AL ER TR, 25
¥ MGUE 314328 TWASBrBok T e, Ridar 1 A
i 2 A B

Hrp, MGUE ¥4 1 J/&7E MUE BUREER 1T
T, FEAEREE 0 E R R T A R0 M E
SHAHL. A, AERG 1 PR O E R T I EALA
BTG (CGM) R4, VB R 78 H A 1 A% 0 3
filh 42 4 ; MGUE $ f2 2 JE7ERG & 1 i ik
LR L, K & TR NRGE | SR TR R 1
MR, U AR R ZE T GPS 2L <5 15>,
SRR ARNMERE (13— 25 52 FHFIXE 1 s i) i — 25
%E% [9]'

2 GPS 3£ K EEE S

1) B A 2 AV S T IR R R 1 T

GPS 7 14 5 40 PR 22 0 FHAE i LR,
P& 740 GPS & A it 18 LA S R R P s il T
PAE R E S LR ERATATR, 55— L ST HE H
1 AOC 1 PPS-SM Pi-~ith i, B TR 58 et a7,
A S5 985 S 38 P AT AL, g 1 1) A3
fiff, — FLRE 2 2 JOKE T BB 1 B K22 A ), [] IS
WAHAY Sz 0 I R e BE A . Ry T I B AR A
B8 A ) BRI B PR, S ZE00F 1 25 — AR P
B4 i—SAASM. SAASM &4 AOC il PPS-
SM B4 BT REREAT T B35, T R — A~ s K 45
B, A HCEAE Bt TR, T N B i T sh Y e
AN E B, AN AR SO . R, SAASM
AR AT SR FH 6 AR 2 SR AAR T, SR T A X6 AR 2 BH A4
i, (E2E S AL T R A TF O XA T, oF H &
Fallezs A RE . 7R 5% GPS 5 =03, CGM
FELET SAASM HYZEHY, B EA B IR R | Bt R 1
RESIVE N REFRBIE & A2 7= CGM. Tl Ak RE i b B 4512

Btz Ah, SE 45— GPS I 2% & A Wifin st
TR T M AN SO O, 1 B T TR AR AT,
AW B ST AR 1 B UM SC ) R &bt T aE
e A 5 R R A5 B K bR .



124 2 R T

% 47 %

2) T H A HE R Y38 T

GPS 7 %6 #5 WA e B 45 R e b sl ke,
JEH IPO Gi4%, TR A i DR BRI ZE S ke (4,
URFEREE AL Y JE I, ] BEHL AR — 75 R Y
K, AR — RS AR R 2SRz 0, b 2he 45 7
5, BT A i AR AT AR KR, 5 KA
U5 A o AL, FBRAIR AR 7 AR . G D ik 7
AL [ B P B A AT T S KRR 1 3
PRI, SR R4 A4 CHLR FH MAGR2000 $2ICHL,
PR 0] S R 3S H2HibL.

3) AW m BRI R A K-

R GPS P 445 M R JIB B 22 ) 1 A )
WOE, MR R AL R B 5 o 2008 AEFF IR Y
MGUE 14, #2H T LL CGM k%0 2 45 8 &
B, I 3T CGM I J& GB-GRAM-M Fl GRAM-
S/M FiF AR . CGM &9 4545 =48 GPS 24
B RO A, HESE B R X SAASM B H Y it — 25 i
1k, DIRETERE T Ry oK | 2 o | AR R TIRE /N,

AR XHCGM
M AL iz AR
GB-GRAM-M ’ GRAM-S/M
@ TG Y i
ET G

§ &>

5 EZIMRLGPS APREZITX

4) HWBL A I T AAE

GPS HI/ 3% 5 4F 5~8 ARt T— IR B K 28 45 1
AT, 29 10~ 15 FEifF 7 — 448, GPS
FH P B A8 A 2 S sk i v HAG v B 1) o 5 e vk, g —
IR 2 7 I A e A B b i — IR Tie
B fdn R AR IR T, LR A, S —10F
ML PLGR £215 7 1997 1 1999 4EPKTF4K, 2004 4F
5 AR TFFE2e 4 DAGR TFIRZE&FFBN, 25 =R F+F
R WA A AT IR 2 457 BA. DAGR 5 PLGR A It
PETF TR A I 2 AR RE L B T RE H P St £
TS VERRES A 1 SE T RE, PRBE B A D REt K %
% i & 8 —ACF+HL7E DAGR JEal L3 hn 1
M 15 (4 o I RE 7). B 28 I RE S ORI ] T He 28 AL
SR PR EE AR AR T R R, BN TR AR A
FAE 7= BUAS, T ELAR KBS T 2 28 B IR A48 17 e
MEFE.

5) fa B EALH P AT

GPS JH P e a3 HAT Dy Ress . MR AT . i T
A A R AR, 32 336 7E O B A v A T
BN, 45 FH 5 FH 725 4 1 -3 e RS A] (MTBE)
FEFRERTE 15000 h DL L, 3TH% & K GRAM #L-R
AL T 20 000 h, BEHL . KLk B4 5 AR AR A 3
10 4. GPS /" 3% 4 2 T DA EL & An b 5 o 5 98 2%
BRI R B B 1 v FE E AL AN AT 4

FRHT—3K GPS F P 8 WNAT & A B KA it
Az PR A BN X A S AR 3 o = AN B, BV SRABIE
SARBET L PR AR TRE AL | BRI 2 £ o8
5, i KIS e AL SRR TR GPS Fl P 4<%
Al A PR A e Kt e A S A o B, T AT
T 51) 2 i A A R 2 % g 3 B B th A5 31 i
FAL.

3 GPS HP#& kR

g 90 AEARE AR T GPS JH P B A KR
MAR TR HLBIH R AR T, R E iR AR
PEIIBARALBR LR, IR AT X — IR R, B
Wk 6 firzs. HATE #EA BB B, T LA, R
K 10 4E N GPS I A a5 A i BRI AR & S a3 e
o FLE R RGEA . BEAh, Ao i P e 4, S84
AN ILASTr T 12 2 BUAUAL I & R sk A
R

Card
» i
= N
Modules & -y
(Multi-Chip) m

= = L ~ ' Chip
vﬁ%_‘-‘
Software ‘——

Code +=—>

E6 GPSHFPEEESHARNEL

1) Z GNSS ZEH# L

TFE R GNSS RGLA5 5 10 4 FHHE L
FASCHUMTEXS b T2 — LR S 515 w5
SRFNEHELL. Bl 25 K TR S R g i ik, H
FURTHRI ) TR SOk B 2, I T 5 R Rk
.M T Y AT AR SO W EHE S
GPS i/ 25 £ 1Mi 5, 22 GNSS Bl T T BE



%14

MR, F. FEERATEFRA P EEREIIRFA R 125

o, ] M, HE MR EE . %[ 2008 I
51 MGUE HR1FF & 19 CGM FHe T RE % 40 35 1 o7
FAAE L1, L2 i s BT A 4 RSiES, F—

£ CGM ¥ fiets 0k GPS T A (%5 #1 Galielo 1 E1.,

E2. ES 545, LM — 2oL @il N Y K g g
LT A R BLFI L BL PNT 155 192 GNSS ZE 3
WAL,

2) HA ML HuLaE

FZEINN, FKAY GPS P73 4 AN FEALE Rk
ST P e, T R VE N BT A 8 LR ag 4L
I IR]RNH A 5037 5 B I AL R, R R R 1Y
GPS P s N SR GFHARME &, HEFE
(38 17 T B FIsR R Il E e ). Y 4R iUAS Bid 1
TR TR S . Wi-Fi, W o 244 Bl JC 4258 15 fiE
J1, AR P REAAE R LS 1 —A 19

3) A e et S R AR RE

PR AR LAk, TS LB GPS %
VT, N SRR R RE . GPS k4%
FERE AR L5 R RV AR LS R AR = T e 4k, Fm et
U GPS 42 FH e 25 1 A PR AR B ABE = L B R DG BUR 7
BRI R R, SN AE FH &S I A 7 L i L i F i
LN e 1) A FR A AR WA SR B, A
PEVE N B BRI, T8 o R g RO R, AN S
P2 Ve 5 A R B e i A4 T, 2 GPS I
RN — KRR

4) R 4 4 AR AR 34

s EA TS i iae s, fereR
FH RGBT ARG A S0 PNT 5 8., (H A7 76 AL
FUHA AT, BT RER A B —, MR GR S iA
PRI, K S 0 R 7 A BRI 8 Rl AT
A GPS H P B 1 X — K RS HREIE LT
JUAT5 s — it — 2D AN A R R F )
FE, 4 2 R 25 A (B BEPE R 45 b 32 T 6 10 2458 By
P ot R REAL & R, SR ] Windows . Android., iOS
G H M EAE RS, JF R A W AL, B
5N AR Y T 888, 2 RS e & IR
“IERENE S R = 2 b VB DL AR TR
B

4 ZERGH

BDS 12 & W A 1Y TR S 0E AL R 58, X T
T ) 4% 2 2 AU e e B A T R SN, T
A b B AR SCRSE M S TR SR P 2t h
E, X GPS AU AN B AR e A
S PR BUAR AT 204, AR EERL T B 45 GPS I
AR RN K, FERARA TR UL e 75 1 i
HAL L O A R SR R etk AT T o B S T,
A RS XTI E BDS e & At — {5 4.

SE 30k

(11 AocE. U DESMRGE IR ST 5 PR, M2y
1z, 2010, 39(1): 1-6.

(2] AW, HEE, T8 GPSS MR T2 iR 4% 4 R
R[], i AL B, 2004(12): 54-55.

(3] k. BEEEREMRAERNI]. TRESM4, 2008(8):
24-27.

(41  ZRY. b3 TR S 4 o 1 & o A 0] 15 BB 1E,
2018(3): 96-97.

(5] ok, b3k TR 5 o0 2 o A9 2 B 43 i (0] BRAR S0,
2017(4): 239-242.

[6]  akdes, skfe, 7 b dn. b2 Lo B BUR Bk e fa #4ak R [0].
Breram 5L, 2011(6): 88-89.

[7]  EAfE, AT TR SRR 1R R HI].
ALK, 2009(11): 31-35.

[8] DIJIGAN V 1. Adaptive signal processing in multi-beam
arrays[C]//The 9th East-West Design and Test Symposium,
2011. DOIL: 10.1109/EWDTS,2011.6116576

[9] KADLEC P, STUMPF M, RAIDA Z. Adaptive beam
forming in time-domain[C]/International Conference on
Electromagnetics in Advanced Applications, 2011. DOI:
10.1109/ICEAA,2011.6046359

(101 BREEA. Jb3k RGeS b EPNTR T G [1]. #7514
#2441, 2010, 24(12): 1075-1081.

E&EN

XHRR (1993—), B, ML, TAF, HFR 7 @A
ALK G BAR | L2 FALF 7 & oy AR A,

FiEE: (1979—), %, ML, BFR R, BF R 01 A F
FIE LR FIE 5 @ AREAL.


http://doi.org/10.3963/j.issn.1006-8864.2004.12.034
http://doi.org/10.3969/j.issn.1674-7976.2017.04.002
http://doi.org/10.3969/j.issn.1672-7274.2011.06.025
http://dx.doi.org/10.1109/EWDTS,2011.6116576
http://dx.doi.org/10.1109/ICEAA,2011.6046359
http://doi.org/10.3963/j.issn.1006-8864.2004.12.034
http://doi.org/10.3969/j.issn.1674-7976.2017.04.002
http://doi.org/10.3969/j.issn.1672-7274.2011.06.025
http://dx.doi.org/10.1109/EWDTS,2011.6116576
http://dx.doi.org/10.1109/ICEAA,2011.6046359
http://doi.org/10.3963/j.issn.1006-8864.2004.12.034
http://doi.org/10.3969/j.issn.1674-7976.2017.04.002
http://doi.org/10.3969/j.issn.1672-7274.2011.06.025
http://dx.doi.org/10.1109/EWDTS,2011.6116576
http://dx.doi.org/10.1109/ICEAA,2011.6046359
http://doi.org/10.3963/j.issn.1006-8864.2004.12.034
http://doi.org/10.3969/j.issn.1674-7976.2017.04.002
http://doi.org/10.3969/j.issn.1672-7274.2011.06.025
http://dx.doi.org/10.1109/EWDTS,2011.6116576
http://dx.doi.org/10.1109/ICEAA,2011.6046359

126 A& R O E 2 A2 4% % 47 %

Development status and trend of United States of America military satellite

navigation user equipment

LIU Dongliang, LU Jing, ZHENG Zixia, ZHANG Song
( China Aerospace Standardization Institute, Beijing 100071, China)

Abstract: United States of America satellite navigation user equipment has been applied in many fields
and has played a key role in recent wars. Focusing the United States of America military satellite navigation
user equipment, this paper analyzes the current situation of the first, second and third generation of GPS user
equipment, summarizes the development characteristics of GPS user equipment, and puts forward the
development trend of GPS user equipment, which can be valuable reference value for the development of

China’s satellite navigation terminal equipment.

Keywords: GPS; satellite navigation; terminal; user equipment; development trend

(E4% 102 )

regional, single station and combined ZTD prediction models are studied by using BP neural network, LSTM
and the algorithm proposed in this paper. The prediction results of HKWS station show that the root mean
square error (RMSE) of regional, single station and combined ZTD prediction models are 10.2 mm, 10.4 mm
and 8.5 mm respectively, and the prediction accuracy of the combined model is improved by 17.2% and
18.4% compared with the regional model and the single station model, respectively.

Keywords: regional troposphere delay modeling; BP neural network; long-term memory network
(LSTM); continuously operating reference stations (CORS); combined model
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