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Study on Precision Measurement Network Control Method Error
of Ballasted Track Line
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Rail Infrastructure Durability and System Safety, Tongji University, Shanghai 201804, China)
Abstract: The precision measurement network control method is based on the plane coordinates of the line and
the elevation of the railway line alignment control method. According to China’s track precision control measure-
ment system and the principle of the precision measurement network control method, the sources of error analysis
of the precision measurement network control method mainly include two aspects of three—dimensional adjust-
ment error and point change error. The results of calculating the plane coordinates, elevation error, and track
smoothness index of the measured station and adjacent stations when the CPIIl points change at different posi-
tions and different numbers show that the coordinate error of the measuring station increases with the increase of
CPIM point coordinate change. The closer the control point is to the measured station, the greater the impact of
its change on the coordinates of the measured station is; and the changes of the control point farther away from
the measured station are not sensitive to the influence of the station coordinates; the maximum value of the coor-
dinate error of the station are 1.732,1.668,1.626 mm respectively; the maximum coordinate error of adjacent

stations are 1.500,1.397,1.343 mm;among track irregularity index, the largest error is the track direction, fol-
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lowed by the gauge and level, the smallest error is the height; When the coordinate change of the nearest CP Il

point from the station is 1.0 mm in each direction,the maximum values of track pitch,level,height,and track di-
rection errors are 0.559,0.534,0.479,0.582 mm,respectively.
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Tab.2 Coordinate error of the measured station

A Ak, Ax /mm Ay /mm Az /mm
505 1.0 15 2.0 05 1.0 15 2.0 05 1.0 15 2.0
1 0309  0.618 0.926 1.235 0.223 0.447 0.670  0.894  0.205 0.409  0.614  0.818
5 0.109  0.218 0.327  0.436  0.095 0.189  0.284  0.378 0.083 0.167 0.250  0.333
1,2 0.321 0.643 0.964 1.286  0.237 0474  0.711 0.947 0.222 0446  0.668 0.891
1.5 0.250  0.500  0.750 1.000  0.167  0.333 0.500  0.667 0.200  0.400  0.600  0.800
5,6 0.113 0.226  0.340 0.450  0.098 0.196 0294 0392 0.111 0222  0.333 0.444
1,23 0362  0.724 1.086 1.448 0.306 0.612 00918 1.224 0297 0594  0.890 1.187
1,25 0282  0.565 0.847 1.129  0.255 0.509 0.764 1.018 0.238 0476  0.714  0.951
2,56 0216 0431 0.647 0.862  0.189  0.377 0.566  0.755 0.173 0.347 0.520  0.693
56,7 0139  0.278 0417  0.556  0.128 0.255 0383 0510 0.106  0.212  0.318 0.424
1,234 0433 0.866 1.299 1.732 0417  0.834 1.251 1.668 0.407  0.813 1.220 1.626
1,238 0406  0.813 1.219 1.625 0372  0.744 1.116 1.488 0.334  0.668 1.003 1.337
1,2,5,6 0250  0.500  0.750 1.000 0238 0476  0.713 0951 0215 0430  0.644  0.859
2,6,7,8 0.188  0.375 0.563 0750  0.139 0279 0418  0.557 0.127  0.253 0.380  0.506
5,6,7,8 0.150  0.300  0.450  0.600 0.132 0264 039  0.528  0.111 0222 0.334 0.445
e LIRS R 3.
RI ANMpLiRRERKE
Tab.3 Maximum coordinate error of the measured station m
AL BB Ax Ay Az
1 1.235 0.894 0.818
2 1.286 0.947 0.891
3 11448 £224 1.187
4 1.732 1.668 1.626
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Fig.6 Radar chart of errors for the measured station (Unit: mm)

HIPE 6 Al A, 547 3 4 44> CPIl A A= 4k

i, CP Il 5 A4S 00 s B 2 /N, 5 R AR DU 3 o 1]
REMAR (y,z T 5 Z 2 BHEAME)
322 AHRRI

RRAEX R ZR A — A P R AE AL, A
il 5 AR AT o ) T A SRR A R A Oms 2 1A
24 RUZEAL I Y IR 22 1 O CP]]I)?&EE%%H*I,*H@B

O

It T R R A AR IR ZE TR AE R ISR 4,

R4 WM ELIRIRE

Tab.4 Coordinate error of adjacent stations o
s, Ax /mm Ay /mm Az /mm
s 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0 0.5 1.0 1.5 2.0
1,2,3 0.109 0.218 0.327 0.436 0.095 0.189 0.284  0.378 0.083 0.167 0.250  0.333
1,2,5 0.250  0.500 0.750 1.000 0.167 0.333 0.500  0.667 0.200  0.400 0.600  0.800
1,4,5 0.341 0.682 1.023 1.364 0.316 0.632 0.947 1.263 0.300  0.600 0.900 1.200
14,6  0.113 0.226 0.340 0.450  0.098 0.196 0294  0.392 0.111 0.222 0.333 0.444
2,56 0.309 0.618 0.926 1.235 0.223 0.447 0.670  0.894 0.205 0.409 0.614  0.818
258 0321 0.643 0.964 1.286 0.237 0.474 0.711 0.947 0.273 0.545 0.818 1.091
1,234 0.113 0.226 0.340 0.450  0.098 0.196 0294  0.392 0.111 0.222 0.333 0.444
1,2,7,8 0250  0.500 0.750 1.000 0.167 0.333 0.500  0.667 0.200  0.400 0.600  0.800
1,2,5,8 0.313 0.625 0.938 1.250 0.288 0.576 0.863 1.151  0.276 0.552 0.828 1.104
1,458 0.375 0.750 1.125 1.500 0.345 0.690 1.034 1.379  0.336 0.672 1.007 1.343
2,3,6,7 0.000  0.000 0.000  0.000 0.000  0.000 0.000  0.000 0.000  0.000 0.000  0.000
2,358 0.272 0.543 0.815 1.086 0.237 0.474 0.711 0.947 0.222 " 0.445 0.668 0.891
e LARTHE LB R S,
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Tab.S Maximum coordinate error of adjacent stations

mim
AL A BUA Ax Ay Az
3 1.364 1.263 1.200
4 1.500 1.397 1.343
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Tab.6 Track irregularity index error
mm
AV MG bR W RRME fe/ME Eafid
1 0.559 -0.583 0.008
LN
5 0.313 -0.332 -0.002
1 0.534 -0.512 0.001
K
5 0.311 -0.343 0.005
1 0.479 -0.522 0.007
a5 %
5 0.251 -0.265 -0.004
1 0.582 -0.615 0.004
B
5 0.324 -0.338 -0.005
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Fig.7 Irregularity indicator error (Unit:mm)
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