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Abstract: There is a large number of large-scale freight transport demand in the railway freight
transport. Because of its overweight and over large characteristics, large-scale goods in process
transport have possibility to colliding facilities and equipment along the line or too close to the risk
of transport. The existing technical cannot handle the railway large cargo over-limit status real-time
monitoring and management. In order to solve this problem, it is proposed to use infrared distance
sensor as the data collection terminal, and present a rotation displacement judgment method based
on the sensor's real-time acquisition data is proposed.

1. Introduction

In order to ensure the safety of the railway transport, it is necessary to limit the horizontal size of
the cars and goods running on the line[1,2]. It can prevent the railway vehicles, cargos and
equipments on the line such as platforms, bridges, tunnels, signal machines, contact networks, etc.

In order to find the change of the position of the goods in the process of transport in time and avoid
the adverse effects caused by it, real-time monitoring of the excess status of goods in the course of
transport is a problem to be considered in the transport of goods by railway[3].In this paper, it is
proposed to use infrared ranging sensor as the real-time acquisition end of the raw data of the
over-limit state.

2. Sensor arrangement and correction of cargo loading position

Set two infrared distance sensors in the direction of the vehicle's horizontal center line and the
vehicle's vertical center line. The four sensor numbers are S, S,, S;, S,. Where the
connection of S,, S, parallel with vehicle horizontal center line, the connection of S;, S, parallel
with vehicle vertical center line. The four sensors measure distance from the sensor itself to cargol,,
L, 15, 1,.

The right-angle coordinate system is established withS,, S, connection as the coordinate system
y axis, the two sensor coordinates are(0,b,), (0,b,), and theS;, S,connection as the coordinate
system x-axis, two sensor coordinates are (a,,0), (a,,0), as shown in Figure 1.
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Fig. 1 Sensor layout

Set the coordinates of the calculation point before position change of the goods due to external
factors be p(x,y,1)", and the coordinates of the calculated point after the location change is

CoOsAf —sinAf 0
p(x,y,1)". Setthe rotation displacement matrix is R=| sinA@ cosA@ 0| and the translation

0 0 1
1 0 AXx
matrixis M ={ 0 1 Ay |.Inthe matrix, A& isrotation angle, with the cargo itself as the stationary
0 0 1

reference system not considering rotation, and the goods moving distance of each point along the
horizontal and vertical direction of is Ax and Ay respectively. Because the goods under the external

force in the horizontal direction will produce two movements: rotation and translation, the position
change before and after the calculation point coordinates of the relationship can be expressed as:

p =MRp
1 0 Ax)\(cosAf -sinAd O

p=/0 1 Ay|/ sinAd cosAd O0|p (1)
0 0 1 0 0 1

COSAO —sinAf Ax
p =|sinA@ cosAO Ay |p
0 0 1

As shown in Figure 2, the angle of measuring point connection corresponding to vertical center
line of vehicle before rotation of S,and S, isé.After rotationS,, S, corresponding measuring point

connection and vehicle vertical center line angle is & . The rotation angle isA@ =6 — @ . After the
rotation, sensor S,, S, measures the distance from itself to cargo is 1., |, .
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Fig. 2 lllustration after rotation

0 = arctan [ﬁj
a, —a,
| [ I4' - |3' ]
¢ =arctan| ——
a, —a
L, -1 -1,
A@ =arctan| —— |—arctan| —— (3)
a, —a, a, —a,
After calculating the rotation angle of the cargo, on this basis, calculate the cargo calculation point.

After the translational movement, use the horizontal and vertical center lines of the vehicle as the
reference system coordinates.

Then:

(2)

AX—=l,  Ay—b
I2_I1 bz_bl
AX—a, Ay-I,
a, —a, I4_|3
|2 I1 4, —a
-, +a,—-* q
szll_lz _bz_bl ' |4_|3 3+I1b2_|2b1 4)
b, — -1, a,—-a, b, —b,
, b,—-b I,—I,
I2—I1_Il _a4—a3_I3
Ay:bZ_bl |4 I3
|2_|1_a4_a3
bz_bl |4_I3

Since:
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COSAO —sinAf Ax
p =|SinA@ CcosAO Ay |p
0 0 1

COSAE —sSinAf Ax)( X
SINA@ CcosAO Ay ||y
0 0 1)1

P < X
Il

X = XC0SAH—ysin A@ + Ax
y =XSinA@+ yCoSAQ + Ay
The position of the available cargo changes under external force is:

IZ_Il -
—1,+a,——* g
I1_|2 ‘bz_bl ' |4_|3 3+I1b2_|2b1
bz—b1 |2_Il 8, — & bz_bl

Iz I1 a, -4
-l +a,—-* g
Jbob TR
|2_|1_a4_a3
bZ_bl |4_|3

|3

. I, -1, l, -1 . l, -1, I, —
X = XCos| arctan [MJ—arctan (MJ —ysin| arctan (MJ—arctan (4—
a—a a—4 - -

3

y =xsin {arctan [QJ —arctan {ﬁﬂ +ycos {arctan (ﬁ] —arctan (i
a,— & a,— & a, — & a, — &

(5)

(6)

Where y is included in the calculation of half-width of the actual cargo as a lateral offset caused

by the change in the loading position.

3. Summary

This article is based on the practical problems encountered in the process of over-limit cargo
transportation. In order to timely monitor the situation that over-limit state changes due to the
displacement of the cargo caused by train during the journey. Reduce the errors and related workload
caused by manual secondary measurements in traditional mid-way inspections. A real-time
monitoring of the cargo using an infrared ranging sensor is proposed, and a complete algorithm for

judging the overrun situation based on the monitoring data is proposed.
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