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An External Railway Geometric Parameter Measurement System
Based on GPS

FU Qinyi, LIU Zhiping, LI Kunwu
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Abstract An external geometric parameter measuring system is designed using the GPS positioning technology. The traditional track
inspection technology and GPS positioning technology are combined into the system. The system is composed of a four—component—
satellite system, track inspection apparatus carrying a receiver, control network and GPRS station. The track observation network is
built at first while GPS base stations are already set up. At the same time, the GPS receiver is loaded on the existing track inspection
instrument as a moving station. The data acquisition module of the measurement system consists of GPS base stations and a moving
station. Then, real-time location information is collected by the GPS stations while the track inspection instrument walks along the
track. The positioning data are processed by the double differencing carrier phase algorithm. The integer ambiguity resolution based
on LAMBDA ( the least—squares ambiguity decorrelation adjust method) is the key problem of the GPS positioning. Next, the position
of the antenna center is calculated. Finally, using internal geometric parameters and antenna center positioning data, the external
railway geometric parameters are calculated. The results of the static experiment and field test confirm the validity of the
measurement system. On the one hand, the static observation error is within 0.5 mm while the dynamic measurement error is less than
15 mm, on the other hand the labor cost of the system is low due to high automation.
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Fig. 1 Schematic diagram of the overall scheme

BT GPS W HUIE SN LA S 500 i R 5 2 TEE Sk
ASCAABERE [ 2R GPS UL , 45 A2 Xof I 2 A0 AH X6k, i
i RTK I S AR B O R o0 1 A = 4k AR, P
B RGN A5 A% TR B0 L A5 B BT SRR LA 2 508k
{8, ELARI R AR Qi 2 R .

42

PLERRIER
g B3
s W= BREBON
GPSHi iR f1e] R
AN L
HIGPSEEI
Hl: W3y
GPSEMBLR
> T ITA
BIAME RSN RSB ILI S
JLTEH R U OLECH G
mﬂggr 2

B2 HESMRILASHMERTE
Fig. 2 Schematic diagram of the external railway
parameter measurement
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Fig. 3 Form of control network
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E: FAANATE EX TR, ULTAE,

22 ZHEMERE

RS R W B 2R I AT GPS R A 1 I, Jin 28
GPS LB 1 GIY-T—-4A ks A LA K249 5 km/h 119 3 B 1% 2038
S, ISRl GPRS Bt & % A4 thil 19 v 4%
WCHLECHE , Pk AR AE DAL . 25 R RS ) 5 sh 4
N2 S EL A iR (A A DG, DRI, R BT [R]— 2451 GPS
Bk, B 5 [ Trimble 23 B 5B & [ BD970 GNSS L, 5
VESE A TS, WA 8] 7 min, B 3k R TS12, WIS A S 4
min, JjIC 2407, SRR A1 s,

FH UL 00 K5 4 A, DX s 7 T A . R
LAMBDA 7 fiff 339 JEASA B | ravio ([ 72 S22 i 5 e [ F) PR
B R 2. RO (8 D o H R 2, aniEl 6 iR .

THEAS 3 ratio (HAS LM ZR NI 7 BT . MKl 6 FIEL 7
AT, ratio (B 1% 28 R 2 W, Y #5180 ), (R 15 oG 34~35 4k
ratio [HFE/N o

IR 5 e B A AR 2 T T A7 5 AR A R 2, an %] 8 (a) FiF
N, AT UE s sh 2 e — 4 HA M B b i 3 51 i
VA 3 B AR A 4 5] FEE 4 R, 52 A A 4, Ui
WG] 38 BTyl ol B AR oA T AR S . R AR A Zean 21 8
(b) FiR o

43 Im



SCIENCE & TECHNOLOGY REVIEW

Pie#H

—t

www.kjdb.org R 53R 2014,32(31)
4 14
12F
3L
10}
2
2 § 8
6l
1k
41
0 1 1 1 L 2
0 = 100 0 200 50 0 50 100 150 200 250
Jige Jize
El6 RiERERERTHE BE7 ratioBEh TN Lk
Fig. 6 Epoch number required Fig. 7 Curve of ratio change with epoch data
+4x10°
300
250 F
200
£
~
150 |
100
50 100 150 200 250 300 350 0 50100 150 200 250
x/m +3.1146x10° JiIt

(a) FIETW

(b) HEEN

8 MEMEETHK

Fig. 8 Changes of position and velocity

M8 AT LI i, Wi sl )ia S B P s AR AT H0E | TN, SER e I ROR 2 A S AN R, IR ZEBOR, T AR

AN o A P AR EL AN A A A

uAL TR IR

TR 25 FR AN 9 FT 7R , K BEABLAE ratio AR M Ty H B2

P RS E/mm

22

20

18 F

tEis g Rm , fish | AT AR, A5 R R ZE N 11.0 mm, SRR ZE T

#°14.8 mm,
VI LM B, FE T GPS 2 o7 JE B A LB S50 T LAn %k

26

24 F

22 F

20

NS B/ mm

1 1
50 100 150

b

(a) FEIRE

200 250 0 50 100 150 200 250

B9 EMIBE
Fig. 9 Position accuracy



—t

B SR 2014,32(31)

www.kjdb.org

I 22 GE S A 1R 25 <0.5 mm, B iR 25<15 mm,
AT AT T E R 2K . AR £, fe Rk
J& 4 1.86 m/s,¥i’31%r“ N 1.44 mis, F I AHERURS AT E /Y
R A5 PR

3 #ig

1) BEXFERE R R AU RE A5, WFFEIF BT 1 0 42 R Y A1
W T55E o 675 I ERS RE nT SR LA 2 B AR FR AR G L A
EAR %Léﬁﬂ%@ﬁ}ﬁ%,%?ﬁﬁﬁﬁﬁmﬁ4 km, K
I LB H oM 6 45

2) K GPS AL SE I AR BG4 - inZk i) GPS #21k
BLRZ O RO E AR B, IF 5 BB AN 61 ) Hh GPS il
A R A B AT A2 A 3, P38 1 LAMBDA fff 35048 J] AEkg
BE AR B R Hpt AL RS TR 22 R Bh AR 224391 0.5 mm
115 mmo,

3) FEF GPS 4 R A5  ERME IR, UKL B KGR ik
F1.86 m/s, F-HIEE A 1.44 m/s, K PRS2
FA TR AN P2 B MR ASORE B2 255 | A R BB B

GPS N HAT AR R ARSA RS o R
S B R BRI A T LTS, KRR & T H
SIEARRE WD T A

230k (References)

1] WRo, XINHEE, BAEnE, 45, mdt i LR 19 42 s s i
W75k S0, BRI, 2014, 36(3): 80-86.
Chen Qiang, Liu Liyao, Yang Yinghui, et al. Static geometry measurement
of high— speed railway tracks by vehicle= borne photogrammetry[J].
Journal of the China Railway Society, 2014, 36(3): 80-86

2] WA, TR B B AT PR H E k%, 2000, 109): 8-
11.
Luo Lin. High smoothness, a must for the high—speed railway tracks[J].
Chinese Railways, 2000, 10(9): 8-11.

3] PREAE, TR, EUIE, 4 T RGN R A B T U SR
RED). JeiA4R, 2010, 30(11): 3203-3208.
Fu Sihua, Yu Qifeng, Wang Mingzhi, et al. Railway geometric

SCIENCE & TECHNOLOGY REVIEW

SCIENCE & TECHNOLOGY REVIEW

parameters measurement system based on video metrics[]J]. Acta Optica
Sinica, 2010, 30(11): 3203-3208.

[4] Alippi C, Casagrande E, Scotti F, et al. Composite real-time image

=

processing for railways track profile measurement[J]. IEEE Transactions
on Instrumentation and Measurement, 2000, 49(3): 559-564.

[5] iR, EAAT. F O HE B ARG I ZE 2 A AT, E
A, 2009, 15(1): 81-85.

Gao Chunlei, Wang Fadeng. Inspection of long—wave none-smoothness
for the railway track using the laser alignment technology[J]. Railway
Engineering, 2009, 15(1): 81-85.

[6] Iyengar R N, Jaisal O R. Random field modeling of railway track
irregularities[J]. Journal of Transportation Engineering, 1995, 121(4):
303-308.

71 HIPRE, A, GRP1000 FUt /N4 A7 JoEPUE A i 45l 7 i
[, g, 2008(3): 17-20.

Hu Qingfeng, An Boge Operational method for checking ballastlesstrsck

with GRP1000 track checking car made by amberg technology AG[J].

Railway Investigation and Surveying, 2008(3): 17-20.

Eﬁﬁ(@’;ﬁ AR, XK A, 5. Wi-Fi 5l B T BEA S S B GPS 2
J. IR 5 BRERR, 2014, 39(1): 52-55.

Xia Jingchao, Ye Shirong, Liu Yanyan, et al. Wi-Fi assisted GPS

positioning with fixed geodetic height[J]. Geomatics and Information

Science of Wuhan University, 2014, 39(1): 52-55.

9] X, &, A7tk GPS F il X Y 77 Z AR S S0 o3 AT ()], T AR %,

2009(2): 435-439.

Liu Pei, Wang Jian. Optimization layout and implementation survey of

ribbon GPS control network[J]. Geotechnical Investigation & Surveying,

2009(2): 435-439.

[10] Yoon S, Lundberg J B. An integer ambiguity resolution algorithm for
real— time GPS attitude determination[J]. Applied Mathematics and
Computation, 2002, 129(1): 21-41.

(L] SR, B, f] 250, 5. TR 18 pR 5k i 17 1 PR i
BT P B T2 FUARBMFAR, 2012, 36(5): 840-845.
Song Gaoshun, Wang Changming, He Yunfeng, et al. Self- adaptive
design of fitness function in ambiguity function method[J]. Journal of
Nanjing University of Science and Technology: Natural Science
Edition, 2012, 36(5): 840-845.

(% B4

(R SRMEE"HEXE"

Ay e ik Bk B R AT AT R R, <<7fjr3:i%-1}li>>
AR A 4 B F AL B ——3 W s A A 4
— B ] P AR R ARGE R AR B R R A %'T’Ti
AT ; RO IZ AR P B 75 R B AR R
TAERHX T AR, B R £ FW o ERT
300dpi; 35 & b R R, BB AT 8 4 L7 ok AT
R AR LR, JEEIEAS  www.kjdb.org,

45 I

Jr



