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Study on track geometry estimation from car-body acceleration

Yasukuni NAGANUMA, Nippon Kikai Hosen KK., 2-1-95 Konan, Minato-ku Tokyo
Takahito KOBAYASHI, Nihon University
Hitoshi TSUNASHIMA, Nihon University

To enhance the safety and reliability of railway transportation, it is one of the most important tasks to check the
track condition frequently and accurately. This paper describes the track condition monitoring technique using
car-body motions. In an inverse problem to estimate track irregularity from car-body acceleration and pitching
rate measured by in-service vehicle, dynamic programming filter and Karman filter were applied. Study result
confirmed that proposed solutions can be used to estimate track geometry in level with desired precision.
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Fig. 1 Linear vehicle model

e = le0c, a1 = lwly1, apz = L2 (5)

ThD.

DM FRATHDLQ)RIT, WEEHR<27 bk
(y, 9)7 & B, (6)F0IC T 1B o B E L TR
CEBmEND.

(3) - (—1\40**1( —M]~1C) (i)
" (AnglE naPll)) (:) (©)

(6) 7 & SRR 4 B CHEMUIE T T, ()RITBL T R
FHIAXEERLEVEEORESBER,

x (n+ 1) = Fx (n) + Pu(n) (7
NELIAD.
WY CTHH.
Ty = (y.") e R¥, u, = (T.“) € R® (8)
y'h‘, r’"_
BohiRESFBRICAADLEBGERE, FRESN:6H
EHWMOERBE, SRy FABEELR2ICTT.

(1)

WES2 b bshy r 3@ RiziT
A ENEBE R L IC Pade 1132 v 1.

20k track geometry

104
HURIT .

1 (in/s)

vertical acceleration (car body)

oF

i

%10~ 2(rad/s)
[ pitch rate (car body)
of\/\/\/\/*\r\/\/\[v\/v\/\r\,\/\/‘\\/\ﬁ

Fig. 2 Calcurated acceleration and pitch rate
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Fig. 3 Simplified model
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Fig. 4 FEstimated track geometry by DP filter
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Fig. 5 Estimated track geometry by Kalman filter

5 &BbUYlc

AT, WEIEO TESREERTOBRMEN, &
AF 2w 7ol T oI BLBILTST £
P ERAWTHEIEVWERHE F2FEICOWRRLE. &
MEORREELLTIREHS 5.

(a) 1B (K7 ONEREY TIX8AH ihsr o ER K &
TOWE) A5 xDH, FRBIFTIhLE2TELL
WRA D LRTERY. RFETH, BHEELE
ELAELTHBEEFAV 2 LERDRBCHELL, LT
DR R AR LT

By ¥A4FI 92 Tus T IS T 4% TREGRER
bR A= ab525 Licko>TEE ., A X &M
LA bREMN N -OEMAYEHE CL0 mik & RIEn %
WETXD., MACIGRERERE LATEERPLERO
THREFM M Iz TE S 2.

(c) MLUBIEWE T AT — 2 EFALTHREL, Zhiaik
WEHFBRICHAAT D L Thib= 7 4 ¥ & iR
A RREE Lz, SR ORE, /4 X4 S i
EHERIOMEESEIEVRHECTCEXALAZ L ibihs
Jo, A= 7 4 IREHABRICE LT ALY
ALOT, P REEHER ~OEHANGE S D,

HAT R TaPIIVvTZALE, BT 4
HELFAMICITHEERICHETES. SHhIIEF—¥
TEDHDMEEHERT S E L b IC, AHERE VAR o @i
FEVHEEL HED AT

Eife, AR T, EAHEAZ A — 2 OECEN 4 X
OFWMOEERITHEBRTRO N, Zh o2l
SYLEELRFEHER I AT A - OREHEHELABTZ
LLSBOEELRBHOI->THS.

&% 3k

1) ARBRERN, DG, @Y TREZEMEF V2RV
ToHGE O FIEE ), BT SRS 18 MR SRR
£ (2012).

2) Trujillo, D.M. and Busby,H.R.: Practical Inverse Analysis
in Engineering, CRC Press, New York (1997).

3) M, AR, KM, bR (Fo—FHEfic
KB HOE oo KBRS, B RS KD haE R E o E e
B 27 Ao S, BB, Vol.12, No.b (2007),
pp.50-55.

4) AB M, HHEFF TREZEME 7 v Ry #uEiE
W O # o), FITESGERITES > B Vo Lk
i i S (2010).

5) HREI: TEGEIEWCEEFE OE IS 5B
OFESL & OIS L, BRI E# 4, No.1336 (1987).

6) Y. Naganuma and Y. Sato: Track state control with use
of real time digital data processing, International Journal
of Heavy Vehicle Systems 2000, Vol. 7, No. 1, pp. 82-95
(2000).

7) Y. Naganuma and A. Yoshimura: Reconstruction and es-
timation of railway track geometry using regularization
methods, Proceedings of IAVSD 2009 (2009).

8) )WY RS Ty R FIARHT AP ), 50k % (2005)

9) FEFEME, WILE T Y a MRS AL T 40
%1, ¥ (1993)

— 1) ~





