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Abstract: Aimed at the problem that the smoothing accuracy of Hatch filter in single frequency GBAS ( ground based augmentation system) is
reduced by the ionospheric anomaly, the influence of ionospheric delay on the smoothing accuracy of Hatch filter was analyzed systematically, and
an improved adaptive Hatch filter algorithm was proposed. The code-carrier divergence was calculated according to the satellite signal, and its high
frequency was suppressed by using the second-order linear time-invariant filter to detect whether the ionosphere is abnormal. A function model
between the root mean square of smoothed pseudorange error and the ionospheric delay rate, the standard deviation of pseudorange measurement
noise and the smoothing time was established, from which the optimal smoothing time of Hatch filter was determined. The verification experiments
were carried out by using GBAS prototype developed in the laboratory. The experimental results show that the adaptive Hatch filter algorithm is able

to calculate the optimal smoothing time according to the ionospheric delay rate of satellite signal. When the ionospheric is abnormal, the maximum

airborne position error is reduced from 1. 15 m to 0.43 m, which verifies the effectiveness of the proposed algorithm.
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Fig. 1 Hatch filter algorithm diagram

KL H @ g3 37 GNSS D BE F 485
AAREIN BE 20 5 (B sy D9 CMC A, e Oh B 0 2 A
PN AR 225K 15 . CMC 28 3 I 3 98 3ok, He s 4
WA TS W R 5 15 B x, HE— 20 S A B BB AR L
& QL4 AT LTS DI W 1

G PP AT FAIRAL 14 R KON -

1
s +1 (2)

A, R AR ISP as F V18 I ], s 378 AR
PLERLHTR . X T GBAS T &, ¥=p, P =
¢, HIt, A48 CMC {H2h
X=p-¢=2t0-N+(n,-n,) (3)
H—PE A GE g Ay F S Al e
CMC {H R
)?:F/\/:2FL—N+F(1],7—77¢) (4)
(1) M (4) ATV 5 B PR

v =x +¢
=r+(2F-1)1 +Fn, + (1 -F)nq,
3 &

=r+{f+¢ (5)
o, € s S ARG U8 I D BRI 506 BT 52 v
JRIE , & FOREAMHEIEIG R PAIRIR 2
fixi GNSS Hellebilda i 5 = B T, )
— AP (5) B R B s HE T A

F(s) =



54 1)

BN, 45 : GBAS Hhi ] L 1 J2 5

Wt A& Y Hatch S8BT 5 - 17 -

pos =it oy + =) (6)
K o, o RIS kR k-1 B2 5
PABEMI LA , M = 7/T, 3%/ Hatch J8 3% &5 7 i 1)
6] ,p, FE7~ k B 20 PH BRI B AH, b, oo, 23 TR
kA k=1 sk 20 28 AR A I
1.2 Hatch JEiREFIRE D
H =0 (5) AT, ~F- 1 I O R 25 A 46 2L
WA Z AR, A e Th R IR 22 & IAnHEZE N
o RN Dy Jo ] () O BE 0 & R RS 22 B AR AN
FEIC, FR ARG I8 I 2515 38 PR AT 15 o B3Rk =T
AR :
o=o, m (7)
Ko, FOROUEEIN B RERE . — R OL T
GEDE P A% e r (HiE KT T Bk
(7)) v, Oh IR 28 AR AL P T T G v 0 e 7 A )
AR
T T 3E A ST 2 A BB A B R 3 A
Hatch 3% i #% 1% 22 F¢ ¥, GBAS il & F| A
Stanford JCAHE HY Y L 25 )2 SE B AS Y JE 47 1% 2% 41
Bt R gk -
o(t) =1, +1,t (8)
K I, TR B2 TR F &, 1, FoR 21T
A, JE— 20X 2 (8) #E4T Laplace 72246 n]
15 HEL B J2 A B B A A R B Rk R
() =4 (9)
4> H B 2 A B TR SIS AR B AL,
NARHEC(5) 15 A€ BRAA N
Al=1-€=2[1-F(s) Ju=

27s

¢ (10)

s +1
B () A (10) 1T 15 AC RS IRZE N
27s ([()

A€ =lims - [
5—0

s +1\ s

+j;‘)] =271, (11)

H (L) AT, 22 H B J2 SE N A8 A RN 2 T
0 I, FL B J= SE Ny 28 i a8 e I 2577 A 1 T
(B 22, 00 22 R/ 5 U8 BB - 98 B TR J30AE LE o
Fon, Y L R B AR A3 0. 1 m/min 7 HUE
100 s B iZ IR ZE 2 0.33 m, f I A] R, U8
- TR S T B, D)5 | 1 i (B R 25 R AR
T EE P L 3 AFr 0, Q08I e T 0 B R AR OAC , W 410 o)
RO, Rt , s SRR SEPR PR 13 33 0 o D
&S O L 1151 N

2 HiEMN Hatch JEiKE &%

KAZ B2 50 R 107 ~ 1077 4

G, PRI A 5 )22 JC 5 1 DU Hateh I8 0 P 1
i ] AT HRAE A 100 s 24 GBAS i sk HLER R 4L
RGN 81 P, g S22 5 I U AR H 2 A AR A
AR A G N Hatch S8 IS 1E] o 18] 2 DA
SCHTRE Y B 38 I8 B A AR R SORE 333
25t PR B R S RN T 35 A Hatch 8948 S0
T I BI85 07 1%

hIE SR
FAALARIIME

I

HUB SR R

| B -
-]

y
S PRI
e

v

Mg

|t 100

P2 s P s iR
Fig.2 Flow chart of adaptive filtering algorithm
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