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Abstract: There are many problems in the speed measurement and positioning of urban rail transit trains, such as fewer available
sensors, more lines with small radius curves and large slopes, frequent changes in operating conditions, and higher real-time and
accuracy requirements. In this article, a speed measurement and positioning method based on an innovation-based adaptive Kalman filter
is proposed, taking the unmanned metro as the research object. Firstly, based on the prior traction or braking target level constraint, the
train is regarded as a one-dimensional rigid uniform mass model and taken into account the dynamic behavior of the train passing through
the equivalent grade change point. A train motion model with modified maneuver acceleration is formulated. Then, based on the
innovation-based adaptive Kalman filter, the statistical noise affected by the change of operating and line conditions is estimated and
modified in real-time. Finally, taking the real train data of 3 typical conditions as an example, the speed measurement and positioning
are carried out based on 16 sets of motor axle speed information, comparing its six accuracy evaluation indicators with that of the average
axle speed method and conventional Kalman filter algorithm without adaptive noise estimation. The results show that this method can
effectively modify the progressive data drift caused by wheel-rail creep and reduce the high-frequency noise in the high-speed area. The
root mean square of speed error is 0. 349 0 km+h™" | and the braking position error is 0. 491 3 m. Under the condition that the axle speed
in the high-speed zone has a random loss of 1. 5% , the root mean square of the speed error can be stabilized at about 0.371 7 km+h™",

and the braking position error can be stabilized at about 0. 042 0 m, which has strong robustness to the loss of axle speed in the high-
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speed zone. Under the condition of train sliding, the root mean square of speed error is 0. 360 1 km-h™", and the braking position error

is 0.310 5 m, which has strong robustness to train slipping or sliding. The research results can provide a theoretical basis and

engineering reference for the accurate speed measurement and positioning of unmanned metros.

Keywords : unmanned metro; speed measurement and positioning method; maneuver acceleration; innovation-based adaptive Kalman

filter
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Fig.7 Absolute deviation curve of train speed in case 2. 1
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Table 3 Train speed measurement and positioning error

of each method in case 2.1

SENI T
-2l
IAKF
WL KF

MEAN/0.001 m  SD/m  RMSE/(km-h™") BPE/m

0.0229 0.838 4 -4.988 5

-4.502 3

0. 050 9 0.010 3 0.371 9 0.056 4

1.093 5 0.012 3 0.445 5 1.2115
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Table 4 Time and error of the train reaching each

(s)

equivalent grade change point in case 2. 1

A F KT %] TAKF {225 HLKF %2
1 1.7 0.0 -0.5
2 14. 4 -0.2 -0.3
3 22.3 -0.2 -0.2
4 26. 6 -0.1 -0.1
5 27.2 -0.1 -0.2
6 49.0 -0. 1 -0.1
7 60.2 0 -0.1
8 69. 8 0 0
9 74.1 0 0
10 88.6 0 0

Table 5 Speed measurement and positioning error
statistics of 100 groups simulation cases

PN FERR gl IR TAKF HHLKF
FIE —6.104 6 0.037 9 -3.7% 1
MEAN/0. 001 m
bRz 0.008 2 0.044 9 1.270 7
SESAE 0.026 6 0.010 3 0.013 8
SD/m o
PRfEZE 2,117 9x107* 9.367 4x107° 4.988 2x107*
RMSE FHIH 0.983 9 0.3717 0.5156
/(km-h™") Frifizs 0.0074 3.4472x10™*  0.0297
SEAAE -6.763 8 0.042 0 -4.206 1
BPE/m
FrifE2E 0.009 1 0.049 7 1.407 9
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Fig. 8 Train reference speed and speed measurement

of each method in case 2.2



55139 TIREE S HET 0 R L LR 2% 6 1 g e 00 5 5 1327 7% 243

100
. : - Pl

9.5 ' ! —+— IAKF
90 L i i —e— WHKF
50F ! .

~AS T EGIMEK | HATRAX R X

T a0k T R

2 30%F : :

H

% 25

220

®

0 10 2|0 30 4 50 0 70 80 0 100 110 120
BATH /s
B9 Gl 2.2 B AR 45 5 ol 3 A Xof Al 22 A8 Ak il

Fig. 9 Absolute deviation curve of train speed in case 2.2
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Table 6 Train speed measurement and positioning

error of each method in case 2.2

FENE MEAN/0.00l m - SD/m  RMSE/(km-h™') BPE/m

Xy s -6.101 6 0.027 1 0.998 5 -6.760 6
IAKF 0.041 2 0.010 3 0.372 1 0.045 6
WHLKF -3.206 2 0.013 4 0.496 8 -3.552 4

RT RO2.2 N FFEEEHT R AL RIRE

Table 7 Time and error of the train reaching each

equivalent grade change point in case 2.2 (s)
AR F) 3k % IAKF %2 HHLKF %22

1 1.7 -0.4 -0.5
2 14.4 -0.1 -0.3
3 22.3 0.0 -0.2
4 26.6 0.0 -0.1
5 27.2 -0.1 -0.1
6 49.0 0.1 0

7 60. 2 0 0.1
8 69. 8 0 0.2
9 74. 1 0 0.2
10 88.6 0 0.3
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Fig. 10  Train reference speed and speed

measurement of each method in case 3
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Table 8 Train speed measurement and positioning

error of each method in case 3

FENJEE MEAN/0.001l m SD/m  RMSE/(km-h™') BPE/m

RS SLEY -4.2350 0.023 7 0.865 9 -7.2419
IAKF 0.181 6 0.010 0 0.360 1 0.310 5
WAL KF -3.2755 0.016 9 0.621 3 -5.601 0

x9 HOIBINEINEEEHTRAMZRIRE

Table 9 Time and error of the train reaching each

equivalent grade change point in case 3 (s)
A EZlPeNingA]| TAKF i#2% HHLKF 5%
1 4.7 -0.4 -0.5
2 14.0 0.0 -0.3
3 21.3 0.0 -0.3
4 37.9 0.0 -0.2
5 38.9 -0.1 -0.3
6 74.3 0.0 -0.1
7 82.5 0.0 -0.1
8 94.9 0.0 -0.1
9 95.2 0.0 0.0
10 98.0 -0.1 -0.1
11 109.7 0.0 0.0
12 115.8 -0.1 0.0
13 127.3 -0.1 0.3
14 129.6 -0.1 0.4
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