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Abstract

In order to resolve the problems of relatively low positioning accuracy and the inability to effec-
tively meet the positioning reliability requirements in a stand-alone transponding system, a tran-
sponding system is combined with the Beidou Satellite Navigation System to achieve regional
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positioning enhancement. Since multipath error and ionospheric delay error are the two major er-
ror sources that affect the performance of differential positioning, an integrity monitoring tech-
nique is utilized to monitor these two types of errors. On the basis of the above research, the action
characteristics of various risk sources that can influence the differential positioning performance
are analyzed, so as to realize the integrity monitoring of differential positioning.
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Table 1. Measurement errors of forwarding-based satellite navigation systems
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Figure 1. Hatch filter
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R H 28 )2 & LA V. (Code Carrier Divergence, CCD).
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Figure 2. First-order linear model for code-carrier deviation estimation
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Figure 3. Code-carrier deviation estimator model 2
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Figure 4. Response characteristics of gaussian white noise
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HIIRAE D, H A HEAR 3
D, =K 00y + iAhk) b (2-29)
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H
Ah, =h, —h
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O = AV AR

Her, K, RH kAN RO N AL O T RIS BRI E K, B
=0 ( fakj (2-31)

H
iPﬁl,k SFou (2-32)
XHE Q7 RARIEIES BT KRB R, M ORI, P RS KU
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H
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H
o, =hWh (2-35)
JITEA
VPL=max{VPL,.VPL,| (2-36)
Ht, Koo MK, 53302 TR R AN 5 k A SRS N Rk S0 B o L8, HL 2
-1 PMD\O
Kmd,OZ_Q T (2-37)
i ==0" (Pups) (2-38)
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[~ ., N (2-40)
+ KHMI z Sz,nag,n + Z|Sz,nlupr7gnd,n
n=1 n=1

ENEARAC AL B S AR EZE N oy U S R AT KT 2

N
%W?=&MJZSLdﬂ (2-41)
n=l1

BE o NASHEZE N TEE S AR B i B IR IRE AR, A /L.

N
S KHMI Z |Sz,n6ng,n
n=l1

N ’ N N
VPLB 2 KHMI Z Sz.no-ng,n + KHMI Z Szz,no-éz',n + Z Sz,nluprignd,n (2_42)
n=l1 n=l1 n=l1
R AIRAIE VPL, > VPL, TEROL o
LTS3
N N N
Z Sz,n z Sz,n z Sz,n
128 g fr— = (K, a+y)+f (2-43)
2 2
Z Sz,n KHMI \/z Sz,n KHM[ \/Z Sz,n
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Wi L oy, T
N
Z Sz,n
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KHMI Z Szzn
n=1
FAH X (2-40) AL, AT AL :
JN
O-B,n 2 K (KHMlo-ng,n + /uprignd,n ) + O-ng,n (2_45)

AT SR R LA R B P i AR ZE TR B R AR 2 IRIEFERIA G L T 2D RE SR
135 sigma WK SLFAR RO FIVE KT, Q45T 81y Bilk 148 40
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K—(KHM,a+7)+/i’=1 (2-46)
HMI

R, 2 %MK R BRI 2 2 (2-43) N, BIVAT 2 vR 2278 s 123K .
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SRR B IR 75 VR0 A T S B T B I AR 7 B B HE SO3E SRR I P B R AT 1A ORI 7
GPS 2 AR A GPS 177 B4 (Satellite Navigation Toolbox for Matlab, SNTM)F #24Lf] svprime.dat
1 mops24.dat PINEHE SO R AE ) svprime.dat A1 mops24.dat PHANELHE SO, Oy EEIN R ZE bR TEZE A
6.0 mo N TEIRRAFEHO 72 7348 TE B Ge v H LAY 1 72 (1) s A FNAS SCRT 3 th R B0 5 1) & 3l 7, GPS 7 L4
W 48 h, SKRERFIAIY 30, REEFTTCECA 5760 4. F3EubAr T(125°6'N, 45°7'E, 0), F /7 FE 25 i 3=
ik 6 km, A 130 m/s. SEMFHERESEZR B E N 107, Hn A 3 NS BB, B AN I DY
PR ARSI ()OO 200 so A2 TE R 22 g W AR 22 NP A, R LT 2 5 i RIS LR R R
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Figure 5. System vertical protection level distribution map under no satellite failure condition
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Figure 6. System vertical protection level distribution map under key satellite failure condition
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Table 2. Simulation statistics on availability of the improved expansion algorithm before and after key satellite failure

2. XRDELEHEERIEF RS KE RN AR ERITER

PEHE A7 VPL (m) n A PE(%)
145 sigma I B35 4.52 99.30
24 Wi PR 0.8960
LR G RFR 4.05 i 99.99
23 BITE &4 sigma MK 535 5.06 08103 87.46
BGLRC R 4.41 95.24
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Figure 7. Influence of integrity monitoring technology adoption on dif-
ferent positioning results of combined differential positioning
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Figure 8. BDS differential positioning results under the condition of no integrity monitoring
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Figure 9. GPS/BDS differential positioning results based on the integrity
monitoring technology proposed in this report
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