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Abstract

The takeoff and landing of carrier based aircraft is a technical challenge that troubles the world today, with a high dependence on
climate environment, pilot psychological quality, and the experience of ship surface guides. Compared with other guidance methods,
satellite guided aircraft carrier based takeoff and landing technology has the characteristics of high accuracy and all-weather
capability. The paper focuses on the carrier phase characteristics of satellite signals, studies the fusion and smoothing of high-
precision carrier phase characteristics with pseudorange observations, and investigates the combination method for solving integer
ambiguity. Based on the motion characteristics of ship aircraft, this paper innovatively proposes a dynamic EKF-LAMBDA algorithm
to solve the integer ambiguity. Through simulation analysis, the three methods studied in this paper can effectively improve the
accuracy of satellite guided takeoff and landing differential calculation and observation for aircraft carriers.

Keywords
satellite guidance; carrier phase; pseudorange smoothing; combination method; dynamic EKF-LAMBDA

RS LR SRR SRR AT R

(Aweazs
s E e T RHRE A T ST, i - PU)1] AES 610000
S

A BAA S A B G SRR, STAMERRE, KT RSE AR, a5 FRAZBEFRERR, AT E5)
FUMEMBIRER R R L CI FF5&, BAKAS. 4 REGHIE, #XERTEZEZETH kMR, st TFH
L AL S b A S A BB Z Gk T8, PR T ek R RN L, HIEMALIE 4R, LA #HRE—Fah S
EKF-LAMBDA B ik R % B R E , 8345 AT, 3% UBF R0 S 3 TSI 0t A B AL L 2 7] FAe % 2
5 TR AL B A

ES 5|
TR S HokARin; HE-FE; 4% ; 3 SEKF-LAMBDA

135|5 DESIFEA—IeRE, SBEER51577X, &
b, BRI AR . BRI LA LSS T, (e AR S THERER R,
g b S EfREah, RS, Mg, wrapese s, MR RE, EARORRET RN TR
fAET ). HRTHSR BRI R R KA 300 2K

| 2 123 SRREARE
iRES SR BRI ¢ / BN A RAH A 100 K24 . o

M, B RZSiEVIN. R . B SR ES DES|'SHlE 250 ] SHENTEAEN L € B0, S
BRI AN R — TS SR T4 2R R, HEAFEHEUR AT T2 R,

e BRI A T R e S | 2 R s, o BB EEOETER I B ERIENL, MENURATER
FE1S . (UEESIT. WSS, BotS 1S, BASISADE WUNESBESEH DEFEWNEMZE SR, THES
515 FIFEIRES R &, MifnSeBMAAE CrE e (WEI1) .

[fEE‘NT] K30F (1989-) , 5B, PEIY/IFPINA,
T, Tieh, MBBESERARTINR.



FEENES5TEMR - $£05%5 - F 081 - 2024 £ 08 A

A

DEES

BERES

MEAFE

% T

B 1 IE5| SR rER

Zo R E TR FEERRE, "M A =2, BIfrE
oy DNEEZESY . BIAEGIE . B, TDEBSWLRER
FHOTIEAE R — 2% 1~2mm, FTDAE s EE T,
e S BRI E (1% B ARG e 2k
(5 STEEIRISEE L ORAIAS L, DIFE S SIERRIEE .
TE SKZ ¢ & —MERLA o, WEN(ES, SEEp %
EEBBLk LSS, S5 0MAN o, WE S = k RIAEAL
R (o) o (oo, BIE TEELRIAE— K/
Bahey, AT, EEARCEELUREON AL, aREENE

(o—9) , WTE S EHUHL k IFEE p RIA:
p=Mp, —9)=AN, +Ap) (1)
A N—8ARGL Cop0) (2 BVEEREGR D5

Ap—— A JE— IR INEGS 5y 5

BN, ACEHE.

G5 E—MEPEENEZES, LERRAINE
H Bl A B — R R INEG Sy, TRIAEAEEE TR N, Rk
PR, R R S AR A R A i, LR
FREATL T2 5 | St 22 i B RS EE A R - 1,

3 HIKBA R AR R

MBI EA VRS T, AT EE S TSR E D
FREIRESIECIBZ 7 (DR S AEPAR L 7 =R
thygi. GLEZE > AIOEE 2 R FEARXS Z AR 2 R
B R

WX FE NS BRI EAE R S 2 R
BB SRS ZE DRI . — TR ERARCLE B
FIOHRENLNE P DO RERLS), $REBEZE R 55—
T A A . BI4S EKF-LAMBDA 753K AR RS FERORARE.,
SRR DR, UhCTEHENL L2 5 | Sk
3.1 HIKMBA FiBhRERAR

TR SRS P R A SR 5 AT 2 AR 0
M, SRR LR O™ 8 . FRARGR

8

MEREEREIREE, (HhTEEABMENEE, HuH
ZEITIRANIRE] . Kit, RIS I E AR
DU RS DO RE A TAROI -, RENS A TSRS &
W R R 22 AR N RN, R AR IR SR IRE R . AHAL
S SR PO RE LI AR R R, H B ERCE
5 BRI ERIRDA N B T 0B R .

MOFERIDIEH, BRI E BREE EIPV NS,
AT LN O SE B, AR N RS
FEA KRB E GBS £ TN, RIEEARErE
M SEIMEEDR, SEEBIEN D TS R i shiE S e
AEhEEEE
3.2 BEEME KR A EMR

B ATl PN K s SR R R (B — W o A =5 1k

O EER:: BELE RS, DEBEBEK
FIRT RIS SN RRAA AR, KR E AR At A e A
H, MifeT DLk ROK R AR O AR i, HH
TR G TR — B 21215 5 0 SE M RIS LU e
FERISENR, A RIS Sk RIS R, RAKR LT
B2 /DiaA)) 20 Sy e 2 in—AE A REE, kA
IERfRE IR X e 2 452, — T N 5 ]k
T IE R R R (B

QRIS « SR A SRR
FRASE], AU P SR RS B 2R R T O,
HAERENEES: LAMBDA &k, LMS £, FARA
BJ:. AFM BRI FASF &k,

QE K FIRIRS . PhinZX AR K i, 22
R LA B

1B SR 2 A7 FIEh 2 EKF-LAMBDA 7572 3K fig 8 Ji
AR T RIS ST S5 EHT
3.3 3% EKF-LAMBDA 7&K B EEHE /55 R

B EIEIREN, EKF-LAMBDA SR gL s
B, RTCEOKRARR, AT EFESIAIE Ry, HooRea
I ABUEMEAAS, HREMNUNTAREEC ML, BRe5EH
TEFSKIE, 1 BEESEREARE, 5 REAEIRK.
W GNSS AZerh, I AR WL AR a7 o T A4k
T AR R K e o R . 1% R th 2 e Bk
FOKARR, FRESEAR BRI E, FoRELRIAR, M
AR A E

TERDEEREEE 2 RDIA, RATW D EE I A% 17T
PR RRE R . IBEERSESE 2 K G, S5EPMiE
SR, 1S AT — P4 EKF-LAMBDA 757333k
SKAREE RN

EARADUMN AR

A'¢=\/(xl_xu)2+(y1_:Vu)2+(Zl_Zu)2+C'5t+/1'N

(2)



FEENES5TEMR - $05%5 - F08HI - 2024 £ 08 A

KAAREMEITRELE (w0 Yuo Zuos 8o, No ) 2B 3EhZ 5N
J&TT

aR OR
Aeb=Rot gl Cu= o) =l O Yuo) +
u

0x,,
R\ +c-St+A-N
alzuo (Zu_ZuO) 4
(3)
Rl
OR OR
/1'¢_R0+a_xu|xu0'xu0+a_yu|yu0'yu0+a_zu|zug'ZuO

=:7’1|xu0 -xu+;’%|yu0 -yu+;7’1|zu0 Zy+c St+A-N
(4)
RIDEBNZ AR REF A, TEEEKE, A2
MU EA L CEE A R R 2 s R AR, BT
Je R IR R IR 75 AR PSSR fe e R SRR B s AR AR
BT ERME. B S e T ED
F—2 IR
xNow = coeA * xLast + coeB
FEAP BT E R

EKF-LAMBDA

covNow = coeA * covLast * coeA' + covQ

F= RRSWEKE .
Kg=covNow * coeH’ * inv(coeH * covNow * coeH’ + covR)

FEPUA . EESEST

xLast_temp = xNow + Kg * (Zmeasure - coeH * xNow)
P W7 FEREMEE .
covLast = covNow - Kg * coeH * covNow

I ERY R RIRE IR L AT DU BB RO Y
PSRRI 2 6, IS A LAMBDA BSOS R
{ERESK HRE Rk R 1y [l A

AT ERIFRNGE, WO THRERIE: K
MRS WA (E AL EE / AR AN B AR A 0 B B (E ) 2
8, VUL TR R EE(E 5351 4 N1-N4, 5 sREE R A0k
FEFS M 10, ASRR IR (AR ZE A 2.0 K, (5EDITT
5000 /%, ~R/REGEFMTTRERIIDTT 22 FaERIaE 8 2.01,
AR AR T A R A 2,

MIFERTDIEH, FE7570 2100 AA47PU/EE R (E
THEWST IERE(E 10 T ERS), RAATDLEROK S
TR E

SRR BB 45 @Rse10)

5 *.‘r o N4
»
é =
= —
75 * ,,,,,,,,,,,,,,,,,,,,, X: 2096
‘ e S AL
q -
10 ‘,lqs m H ﬂw
= J a |
T
by

YR BERY

[ 2 h7& EKF-LAMBDA 775K iR 52 AR U S {7 B B 2%

4 S BIE ST, /0 T S, 75T
BRI P
GRS ST, TR S, O R
S Z Lk

FOEMEE T HERARTFE, mZES DEBENIEES . &
IFRBRIZ S PARTEOR , 35 AT IR FHEGR AR LS R AR It
TR ERE, MABdem S a MRS, (EEEMRE ),

(1] IRADERT AMLEE T SLINA R 22 53 1) TE ANl
51 RG] MRS SR H ARk, 2023(6).
SN ST EHIN A R 75 U s T S RIS AL 0],

BFHETE, W AR ATR A DY IR AU ) (5 L2 EHIE201109).
B, Be ERIOVEEIERS N, FHRESOMBE R ERAIE (3] MBI SRS A A BRI KA. S AR,
B o AR AR RIS O 5 R R T e A G 2014(12).



