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Abstract:

high-speed trains based on robust adaptive filter was

A fusion speed measurement algorithm of

proposed to solve the problem that the fusion accuracy
decreased due to the observation gross errors and the

dynamic model errors in the fusion speed measurement
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using Kalman filter. Firstly, the anomaly detection

function and error discrimination statistics were
constructed on the basis of Kalman filter, which were
used to detect and distinguish the observation gross errors
and dynamic model errors caused by abnormal
observations of sensors. Then, for observation gross
errors and dynamic model errors, a three-segment
function and an exponential function were used to
construct robust factor and adaptive factor, respectively.
The weights of observation information and model
information in state estimation were reasonably adjusted
by the two factors, so as to reduce the impact of
observation gross errors and dynamic model errors on the
fusion results. Finally, the performance of robust adaptive
filter was verified by simulation with two operation scenes
and comparison between algorithms. The simulation
results show that compared with the fusion speed
measurement algorithm based on Kalman filter, the
proposed algorithm has higher accuracy and stability in
both the observation gross errors scene and the dynamic

model errors scene.

Keywords: railway transportation; train  speed

measurement; robust adaptive filter; high-speed train;

information fusion
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Fig.1 Schematic diagram of fusion speed

measurement system scheme
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VB TT A IR, B S8 I R I 20 50 3 8 60
R 5 L AR AR TS (3 A 280 T )
EE X o, T SR LIS B, Z, A 2515 3 S ok
Ko Mo, TR R KA, 45 . Ty, A
A R I B Kalman B8 5 5 4, T, M
HISE AT S, SRS T WL 0 5 G5 -k 7, VA 260 )
G T 1, WO ¢ R 2 (A L R I e b 22 D
38 R . AR BPRAS AR T X AR 2 By
SR P



5 6 1

F/IME R RE T2 S R R 3808 A 5 DA v 939

3.3 2REEmEAE
W 24U B R A T B A 4R 15 B Al
A TR A SR R RTHE R . 2 IR AR
S B MR R X P, X FIP, 0 2R
X, R R AR e B
X, =W, X+ W.X,, 20)
2, W W AL E SRR . R X R R
TCAw B, ) W W i A
Wi =(P i+ P, ;) "' P|
W,=(P}+P,.) " P}
FCORAZ(20), 715
X,=(P}+P,}) (P X +P,}X,,) 22
4R B R A X (22) X A 0 A
ST AR, T LA BB AR A A 4 R e A
(], L B2 B B M 91 2 il A

4 (FEWIESS

BEXFAR SCHE A BE T 22 A S I R A9 51 4 il
A0 R At 2 s L s DA K A ARTA Y
XTH, B HATT 2268 R H & N RE T -

4.1 FESHIZE

L CRH380A RYBfj 4240 Ay {5 B 470, A AU Bt
I8 429 1, [n] 5% 5 22 00, 08, 78 AN 25 7 B i BHL
JIREBLT 88 45 5 | THEAE 8 Aast T 88 -
15 H 7P A A 8 A B AN R 3 TR, B 4 az A7 B ] 3
11800 s, iZ AT FRALFE M &) 151 7T Ak <5 By
Bt ABRIRES S HOR BN 50 AL SR AR ARR 20
Hz, BB EI 25 0. 2 mes ' 223 i) 5 ik L 4%
2 Hz, ¥R 15 25 0. 2 mes 5 0 BE T 1 451 5%
100 Hz, Jik B i 22 0. 03 mes % {5 Bl &
WHEMO0.5 s,

D5 AR B 2 e T 5t Y 1, 76 1 5 0L i

80

QD

0 100 200 300 400 500 600 700 800
fTa] /s

E3 CRH380A BIZhZ4A B {7 H 2k
Fig.3 Speed simulation curve of CRH380A train

7 SEAN b X e AR R A 2 ) R R AR
I S (REOULINR 22 ) s 5 2, X I BE T A
SO A (B3 Jy 2 iRl 22 ) . 3.3 W4
Jeife A G i B SERE b, 78 JR R UE B 2 43 2R
HH Kalman 3§ % (KF) 5% | SCHk [18 ] 9t 22 J6 il
Kalman 3§ 9% (F1 22 UKF ) 835 LA KA SCHE 22 H 3l M
U S AT RS A B b, Hrh 2 R
WH ko oy BER 2.5.4.0, FAERL A FH A R 2. 0,
4.2 fFERIE
4.2.1 PHrEtEResE

Y 1 AR SRR bt 2= MR A T I IE
R A AR 4 a5 00 A et o A S5 WL 5 , 7
B ZE 00/ el T Y B R A TR I 25 B /W A T iR
25 BRR S B IR AT RSN R] 15 s, % 238 ) R A B
B% 100 s A AR I F 152 22 , F TELAUS G4k 2l Fliz
FTEREESE N o (&1 4 %8 UG IR A1 22 80y 7 SR AH X
AN A 5 LA A I R 25

ir - - RS
— ZEHES

HEFIRZ/(ms )

0 100 200 300 400 500 600 700 800
Hf 8] /s
El4 NEERFEENSRE
Fig.4 Measurement errors of speed sensors

K5 g th T Ryl ug i A v 2E N 2 1l
AT LI 2 R g e AT 22 N T AR e HE AR U
S LIRS, T HORIR R S8, A 5w
MR T 152 5 PR DA, O DRI AL BEAE IR
WL Y T 2L N

LADG HE B2 N 225 (5, Vst 1 G R 22 40
K6 . aTRUE Y, i TAR&SI2ERE T, Mt
KF BE ez B AT ) B TR MR iR 22 5 fi 22
UKF 34 BEAE ] 0 0 A WL R 25 , (LA 70 sf
ZIBER L TR 22, IR R T3 T30 )
FRAEPLZE N T T RAAE e 1k, 5o T Hi2ERE
A4 R4 s AR SCRRA il T RS2 TN 5k 22 , AN A7 A I [)
AL, AR A i e e R R RERGE T AR

N T B WWRSREVERE , SR AT B 4 X R 22
Cenine) 50K JEE , 2R T3 75 MR AR 22 (o) B R RGUE



940 [l o K 2 2 MCH 9K BE 2% O

%52 %

1.2
l.OL—_-
0.8+
0.6
04}
0.2}
O @ [ ] o

HiEH T

2 1 1 1 1 1 1 1 )
0 100 200 300 400 500 600 700 800
iR /s
a FRAeE B R R AR

1.2
1.0_
0.8}
0.6
0.4F
0.2F

Or 0 0 0 0 0 ¢} o
—0.2 e
0 100 200 300 400 500 600 700 800

A fal/s
b FHIEHE REBIEH A

E5 migdEhinERERFEL

Fig.5 Change of robust factor during filtering

EE =S

Lor o KEEE
—~ L == P2 UKFH¥:
T, 05f I i — AICHE
g |4 i
ﬁ I
iy
%( |
& —0.5 |
|HEE
-1

O 1 1 1 1 1 1 1 ]
0 100 200 300 400 500 600 700 800
1] /s
6 F=1MEERERE
Fig.6 Fusion speed errors of scene 1

Peo R 1N 3FEIETET 5 1T B 4y 4e %5 22 Fl
PITARIRZ G TSR . AERS B I, AR SO A
B E 0,038 4 mes !, # L T KF fl4i 2% UKF &
BRI T 52% f110% . FEFa e ki , A S8
P AR R 25 )N, Ul B RS e PR A L A LG T
KF 147022 UKF 8.3 40 34T 17 72% F13%.
I, AR SCE TR AR e T HoAth 2 b3k 7 WK 22 $1 855
TR B AR 28 B AR T R e R e
(NS LT
4.2.2  Hid W PERERIE

FEYy st 2 Bk AR SCRE X Bl ) A i

e
H B BERE S . (ERBSMI N 2 A FE 435

T
bl

%

F1 3MEZEESS 1 THFHENREMYFTIRIRE

Tab.1 ey, and ey of three algorithms in scene 1

Bk eyar/ (mes ™) eruse/ (mes™ 1)
KF #3% 0.079 2 0.1712
Hi 2 UKF Bk 0.042 6 0.0558
AR 0.0384 0.048 5

A G EERZE , TR Jy e iR 2z . &7
oA 2SI JEE AR T ) A i 5 S P

W®E,

0or --- - IEEEHA
P T mEES

JEEER 2/ (ms™?)

. 5 1 1 1 1 1 1 1 )
0 100 200 300 400 500 600 700 800
EEVS

E7 mEEHInEENEIRE
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