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(57) ABSTRACT 

A wheel slide detection System including an image capture 
means to capture an image of a wheel and a processing 
means to receive Said captured image, identify Said wheel 
and analyse the relative position of Said wheel to determine 
whether Said wheel is rotating. 
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AUTOMATED WHEEL SLIDE DETECTOR 

FIELD OF THE INVENTION 

0001. The present invention is directed towards a system 
that is able to detect when one or more wheels on a train are 
non-rotating or partially rotating. 

BACKGROUND OF THE INVENTION 

0002. A known problem with trains, which can lead to 
disastrous results, is that on occasion whilst the train is 
travelling one or more wheels of the train do not rotate or 
rotate only partially. This usually occurs when the brake is 
applied. AS the train travels, the non-rotating or sliding 
wheel slides along the rail, which in Severe circumstances 
may lead to derailment of the train. 
0003. The brakes may be applied due to human error, for 
example the brakes may accidentally be left on by the 
operator. This happens most frequently with hand brakes, in 
which case Some wheels may have a brake applied and lock 
up, while other wheels are rotating freely. Non-rotation of 
the wheels may also be caused by mechanical failure, for 
example failure of the pneumatic brakes, or collapse of the 
bearing preventing the wheel from rotating. In any case, 
failures would affect individual wheel sets or cars, and it is 
noted that in long trains this does not affect the ability of the 
train to travel. The reason for non-rotation or partial non 
rotation may be varied, what is important is the detection of 
non-rotation or partial non-rotaton. 
0004. If a wheel is not rotating, such that the wheel slides 
on the rail instead of rolling along it, the sliding wheel may 
develop a flat spot. The friction between the non-rotating 
wheel and the rail may cause the wheel to overheat. This in 
turn can cause the wheel to fracture, and a portion of the 
wheel may break off. In Such cases, the axle of the fractured 
wheel may then become dislodged, damaged, or fractured, 
leading to derailment. 
0005. A derailed vehicle can damage infrastructure and 
rolling Stock and also become a Safety hazard for rail 
workers and the public. Non-rotating wheels may also cause 
other leSS catastrophic problems. For example, the rail head 
may be damaged, or the braking equipment may be damaged 
if non-rotation or partial rotation causes wheel flats which in 
turn may damage the brake blockS. 
0006. In order to guard against non-rotation or partial 
non-rotation of train wheels, it is currently necessary for a 
train examiner to Stand next to the train as it travels past, and 
for the train examiner to conduct a visual check of the 
wheels. This can be referred to as roll-by inspection. It is 
Vital that non-rotating wheels are detected during the time of 
inspection, as this is the only time that they can be checked. 
However, this method is not Satisfactory, as a train examiner 
often fails to detect a wheel that does not rotate. This 
Solution is also prone to human error, whether through 
inattentiveness, tiredness, poor visibility, boredom or any 
other reason. 

OBJECT OF THE INVENTION 

0007. It is therefore an object of the present invention to 
provide an improved System, for detection of non-rotating or 
partially rotating wheels on a train, which is not prone to 
human errors. 
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SUMMARY OF THE INVENTION 

0008. With the above object in mind, the present inven 
tion provides in one aspect a wheel Slide detection System 
including: 

0009 an image capture means to capture an image 
of a wheel; and 

0010 a processing means to receive the captured 
image, identify the wheel and analyse the relative 
position of the wheel to determine whether the 
wheel. IS rotating. 

0011 Preferably a plurality of image capture means will 
be included, and also a plurality of images will be captured 
to enable relative comparison between each of the images. 
0012. In preferred arrangements the system would also 
include a trigger means to activate the System as a vehicle 
approaches, for example Switch(es) and/or microprocessor 
generated electronic impuls(es), and also an illumination 
means to assist in the capturing of images. 
0013 In further preferred arrangements the image cap 
ture means uses a slow shutter or time lapse technique, thus, 
advantageously rotation, partial rotation or non-rotation of 
the wheel can be determined from a single image. 
0014. The system may also calculate the diameter of the 
wheel So as to assist in determining whether partial rotation 
of the wheel is occurring. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015. It will be convenient to further describe the inven 
tion by reference to the accompanying drawings that illus 
trate possible embodiments of the invention. 
0016 Other embodiments of the invention are possible 
and consequently the particularity of the accompanying 
drawings is not to be understood as Superceding the gener 
ality of the preceding description of the invention. 
0017 FIG. 1 shows the basic arrangement of the present 
invention. 

0018 FIG. 2 shows a possible process arrangement of 
the present invention. 
0019) 
rotation. 

FIG. 3 shows an example for determining wheel 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. The system of the present invention has been 
adapted to detect non-rotation or partial non-rotation of any 
of the wheels of a train in motion. AS the System is designed 
to be automated, ft may be located at any point along a track. 
In the preferred arrangement, the System may include at least 
one activation means or trigger. This activation means may 
take the form of proximity Switches, lasers, optical Sensors 
or the like, adapted to locate the moving train or wheels. In 
a simple arrangement, the trigger may simply be a Switch 
located on the track and is activated by the passing of the 
train. Activation of the trigger tells the System that a train is 
approaching and that image capturing should commence. 
0021. The usual configuration of a train is that the wheels 
come in a wheel Set, Such that each Set consists of two 
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wheels, connected with a permanently fixed axle. Most 
wheel Sets are designed to ensure that both wheels rotate at 
the same time and at the same rate. If a wheel on one side 
of the wheel Set, i.e., one side of the train, is not rotating, 
then the other wheel of the wheel set is not rotating either. 
Accordingly, it is only necessary for the System of the 
present invention to be located on one side of the track if the 
wheel Set is designed with a fixed axle that does not rotate. 
However, in Some circumstances it may be desirable to 
locate the system on both sides of the track. This would 
allow the System to check the results of one side against the 
other side, or alternatively allows for inbuilt redundancy in 
the case of breakdowns or repairs. This would also enable 
the System to check for non-rotating or partially rotating 
wheels if the wheel Set is designed in Such a way that the 
wheels on the wheel Set do not rotate at the same time. 

0022. In preferred arrangements the system may be 
directed to analysis of a single image taken by a single 
camera using a time lapse or slow Shutter technique, 
whereby the camera's shutter is open over a prolonged 
period of time So that the trajectory of the marker or 
component is visible in the Single image. The trajectory of 
the feature, marker or component will be seen as a Single 
Straight line if the wheel is not rotating in the case of a time 
lapse image, the camera Starts to take the image as Soon as 
the trigger means is activated. The camera Shutter remains 
open until the wheel travels a Sufficient distance to enable 
the camera to capture the trajectory of the marker on the 
wheel on a single image. The length of the trajectory on the 
image must be longer than the length of the object being 
traced, the object being the marker, component or feature on 
the wheel. The camera Shutter then closes and may start to 
take an image of the next wheel. The image of the previous 
wheel is then analysed by using edge definition or other 
techniques to determine if the trajectory indicates a non 
rotating wheel (i.e. If the trajectory is a relatively straight 
line on the horizontal plane). 
0023 Alternatively, the system includes a plurality of 
image capture means Such as a digital camera. These cam 
eras are designed to capture pictures of the wheels of the 
trains, and may be fitted with automated iris control mecha 
nisms, if required, to control the image quality, depending on 
the lighting conditions. Ideally, the camera should be cali 
brated to achieve high accuracy measurements. The images 
captured by the cameras would then be passed to the 
processing unit for analysis. 

0024 Depending on the location of the system, it may be 
preferable to include a lighting System. Ideally this lighting 
System would also be activated at the same time an oncom 
ing train activates a trigger, or at the same time as the picture 
is taken by the camera. The number and location of the lights 
required may be dependent on the natural ambient light, and 
in a preferred arrangement, the processing unit will assess 
the lighting required based on the current ambient light and 
then illuminate the necessary number of lights. 
0.025 The processing unit receives the captured images 
from the cameras and assesses whether the wheels are 
rotating. An image of each-wheel is taken by the camera in 
a precise manner by using Sensor-activated or microproces 
Sor-activated triggering. A plurality of consecutive images is 
taken of the same wheel. The images are taken by one or 
more cameras. The Video image processing establishes the 
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center of the wheel by detecting the edges of the wheel and 
establishing the wheel's dimension. This Step is important, 
as it provides the reference around which the rotation, or 
non-rotation, or partial rotation of the wheel is detected. The 
Video image processing algorithm chooses a particular vis 
ible or electronically encoded feature or marker on each 
wheel as a reference for establishing rotation. The feature or 
marker is programmed into the Video image processing 
algorithm. The Video image processing algorithm compares 
the location of the feature or marker on consecutive images 
of the same wheel. The System may then assess the rotation 
of a wheel using by calculating the angle of the rotation of 
the wheel. In a basic configuration, the System may merely 
determine whether there has been any movement of the 
wheel, opposed to determining the angle of rotation. How 
ever, in Such an arrangement the System would be unable to 
determine whether partial rotation or full rotation was 
present. 

0026. The plurality of cameras may be used to take a 
plurality of images of each wheel as the train passes. In an 
alternative arrangement, in Some circumstances it may be 
possible to use a Single camera to capture consecutive 
images of the wheel in such a way that it would still be able 
to show any relative motion of the wheel. 
0027. The System may analyse the captured images using 
image processing Software Such as MATLAB to determine 
whether a wheel is rotating by finding the location of a fixed 
Visual or electronic feature or marker on the wheel and then 
calculating the angle of rotation of the wheel by following 
the path of travel of this feature or marker. The system may 
be adapted to analyse a distinctive component on the wheel, 
Such as a bolt, or may be adapted to locate and track a 
Specially applied feature or marker added to the wheel. The 
feature or marker could be of any size, shape, colour or 
pattern, and may also be mechanical or electronic. What is 
required, is that the component, feature, or marker, whether 
a part of the wheel, or added to the wheel is able to be 
detected and tracked by the System. 
0028 Successful detecting of non-rotating or partially 
rotating wheels depends on identifying the centre of the 
wheel, which can be derived by analysing the image. The 
center of the wheel can be derived by edge detection 
algorithms that find the Outer edges of the wheel or of any 
other round component of the wheel, Such as an end cap, or 
by finding the end cap bolt group whereby each bolt is 
located at an equal distance from the center of the wheel. 
Other features or components of the wheel may be used in 
certain circumstances to establish the location of the center 
of the wheel. Furthermore, the markers or permanent fea 
tures have to be identified. At least two images are taken of 
each wheel, as at least two images are required for detection. 
The first image will show the location of the wheel centre 
and the markers, or any other distinctive features, on the 
wheel. The second image will then show the location of the 
wheel centre and the markers. If the wheel is rotating, the 
position of the markers in the first and Second images will be 
different. 

0029. For example, if we consider an example using end 
cap bolts, which are distinctive features on the wheel as 
shown in FIG. 3, we are able to check for rotation. The end 
cap bolts 18 are fixed to the axle 19 and are visible from 
either side of the train. The bolts 18 are affixed in a circular 
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arrangement around the centre 20 of the wheel 16 usually 
1200 apart in the case of 3 end cap bolts. The camera takes 
two images A, B in a known period of time. The first image 
A is used to locate the centre 20 of the wheel 16 and the 
initial location of the end cap bolts 18. The second image B 
is used to find the location of the centre 20 of the wheel 16 
and the bolts 18 after a known period of time. In this 
example, the Second picture B is taken at a time when the 
bolts 18 will travel less than 120, so that one bolt does not 
overlay another bolt on a Second image. Each bolt may be 
identified by its unique feature, Such as as shape and size. 
However, there is no need to identify each bolt if the travel 
is less than 1200, as this means that one bolt will not overlay 
any other bolt in the Subsequent image. By comparing the 
location of the bolts on the first and Second images, the angle 
of rotation of the bolts in this example may be established. 
This angle of rotation is compared with the expected angle 
of rotation, assuming we are able to determine the radius R 
of the wheel. The radius is determined by finding the center 
of each wheel and referencing it to the top of the rail. The 
expected angle of rotation may be determined by using the 
following equation: 

Angle of wheel rotation=(D/R)x(360/2x3. 

0030. Where 
0031 D=Distance traveled by wheel 
0032) R=Radius (of wheel) 
0033) (=3.14159 (mathematical constant) 

0034. The actual angle of rotation may be compared to 
the expected angle of rotation. If the actual angle is less than 
the expected angle then the wheel is not rotating or is only 
partially rotating. 
0035) In the preferred arrangement the system uses the 
radius of the wheel to calculate the anticipated rotation of the 
fixed components, features or markers and to compare it 
with the actual rotation. In this way, the System is able to 
detect for partial rotation. Whilst partial rotation may not be 
a significant problem in terms of train Safety, it does have 
repercussions in terms of maintenance and replacement 
costs of components Such as brake pads. Partial rotation may 
also damage the wheels. 
0.036 Should a non-rotating, or partially rotating wheel 
be detected, the System should provide a warning to the 
operator to this effect. The warning may be sent by radio or 
any other available type of transmission to the train driver or 
any other responsible perSon. The preferred means of warn 
ing the train driver is by Sending a warning message over the 
radio, as this is the most immediate. In the alternative, or 
concurrently, a warning message may also be sent to train 
control. It is envisaged that this warning will also be sent by 
radio or LAN, although any other method of communication 
may also be used. Depending on arrangements in place, the 
warning message may also be sent by any communication 
means to a computer, telephone or any other recipient or 
device. 

0037. The system may be configured using a combination 
of hardware and Software as shown in FIGS. 1 and 2. One 
or more triggering means 5, 6 may be located adjacent the 
track 1, together with cameras 3 and lights 4. The data from 
these devices may then be transferred to a processing or 
main unit 7 which may be located adjacent the track 1 or in 
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a location remote from the track. The main unit 7 would be 
configured to monitor the trigger devices 5, 6 located 
adjacent the track 1. When the trigger 5, 6 is activated, a 
Signal is Sent to the main unit 7 which then activates the 
lighting 4 if necessary and prepares the cameras 3 to capture 
the images. 

0038) Data from the cameras 3 will then be passed to the 
main unit 7 together with any references from the triggering 
devices 5, 6 or any other devices that can be used to 
reference the pictures. Similarly, the captured images are 
analysed and compared to determine whether the wheel is 
rotating. 

0039. If the system detects that the wheel is rotating, then 
the next wheel or axle is considered. Should the system 
determine that the wheel is not rotating, or in Some circum 
stances only partially rotating, then an alarm or alert may be 
Sounded. 

0040) Ideally when a non-rotating or partially rotating 
wheel is detected, the system will identify which wheel is 
non-rotating or partially rotating and forward this informa 
tion to the desired recipients. The System would then also 
check the next wheel. 

0041. The software controlling the system may be 
installed on the main unit 7. The main unit 7 can include a 
central processing unit, a digital signal processor, Video 
capture cards, trigger control Software, and image proceSS 
ing Software. On startup or following processing of a pre 
vious wheel, the main unit 7 resets the system variables and 
waits for the trigger to be activated 8. If the trigger 5, 6 is 
activated, a Signal is Sent to the main unit 7, the main unit 
7 then activates the processing unit 9, and as necessary turns 
on the lighting 4 and data capture means 2, 3. 
0042. The system then captures 10 the video data with 
reference to the triggers. The main unit 7 then analyses 11 
this data comparing it with expected results So as to deter 
mine whether the wheel is rotating 12. If the wheel is 
rotating, then the System considers the next axle 13 and 
repeats the process of capturing the image 10 and analysing 
the data 11. If the wheel is not rotating or partially rotating 
then an alarm is transmitted 14 before the system then 
considers the next wheel 15. Once all the wheels have been 
analysed, the System is then able to reset and await a further 
trigger. 

0043. The present invention discloses an automated 
wheel slide detection System. This System includes com 
puter hardware and Software that may be installed at any 
location near the track, and uses image assessment to detect 
whether a wheel is rotating. 
0044 AS Soon as a non-rotating or partially rotating 
wheel is detected, the System preferably issues a warning 
(audio and/or visual) and may send a warning message to a 
recipient (for example, to the train driver or to the train 
controller). This message can be sent by any convenient 
means (such as radio, SMS, Internet). The system ideally 
identifies the location of the sliding wheel either by refer 
ence to the axle or Vehicle. The train can then be stopped, 
and appropriate action can be taken by the railway operator. 

004.5 The wheel slide detection system can be fully 
automatic and enables every wheel that goes past to be 
checked. As a result, wheels that do not rotate and may cause 
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an accident are flagged as Soon as they have passed the 
wheel slide detector and a warning is issued to a Suitable 
recipient. Because of the System's automation feature, it can 
be installed anywhere along the track. Automation also 
makes it more reliable and consistent than employing a 
human train examiner. 

0.046 Whilst the system of the present invention has been 
Summarised and explained it will be appreciated by those 
skilled in the art that many widely varying embodiments and 
applications are within the teaching and, Scope of the present 
invention, and that the examples presented herein are by way 
of illustration only and should not be construed as limiting 
the Scope of this invention. 

1. A wheel slide detection System including: 
an image capture means to capture an image of a wheel; 

and 

a processing means to receive Said captured image, iden 
tify Said wheel and analyse the relative position of Said 
wheel to determine whether Said wheel is rotating. 

2. A System as claimed in claim 1, wherein a plurality of 
image capture means are included. 

3. A System as claimed in claim 1 or 2, wherein a plurality 
of images are captured by Said image capture means to 
enable relative comparison between each Said image. 

4. A System as claimed in claim 3, wherein the comparison 
is made between consecutive captured images. 

5. A System as claimed in any one of the preceding claims, 
further including a trigger means to activate Said image 
capture means. 

6. A System as claimed in claim 5, wherein Said trigger 
means is a Switch or an electronic impulse generated by a 
microprocessor. 

7. A System as claimed in any one of the preceding claims 
further including at least one additional trigger means to 
provide at least one reference point for Said processing 
CS. 

8. A System as claimed in any one of the preceding claims 
wherein each said image capture means is a camera. 

9. A System as claimed in claim 8, wherein Said camera 
includes automated iris control mechanisms adapted to 
adjust to varying lighting conditions. 
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10. A System as claimed in any one of the preceding 
claims further including a lighting means to illuminate Said 
wheel. 

11. A System as claimed in claim 10, further including a 
lighting control means to adjust the illumination provided by 
Said lighting means dependent on ambient conditions. 

12. A System as claimed in any one of the preceding 
claims, wherein to determine whether said wheel is rotating, 
Said processing means identifies a fixed component, feature 
or marker on Said wheel, and analyses the movement of Said 
fixed component or feature to determine whether said wheel 
is rotating. 

13. A System as claimed in claim 12, wherein at least two 
images are captured. by Said image capture means, and Said 
processing means compares the relative position of Said 
component, marker or feature in each said image to deter 
mine rotation. 

14. A system as claimed in claim 12 or 13, wherein the 
degree of rotation determined by Said processing means is 
compared with expected rotation of Said wheel to determine 
whether Said wheel is partially or fully rotating. 

15. A System as claimed in claim 14, wherein the expected 
angle (frotation is determined by (D/R)x(360/2xt) 
where D equals distance traveled by Said wheel, 

R equals radius of Said wheel, and 
It is a mathematical constant. 

16. A system as claimed in claim 1, wherein the image 
capture means uses a slow shutter or time lapse technique. 

17. A System as claimed claim 16, wherein to determine 
whether said wheel is rotating, Said processing means iden 
tifies a fixed component, feature or marker on Said wheel, 
and analyses the movement of Said fixed component or 
feature to determine whether Said wheel is rotating. 

18. A System as claimed in any one of the preceding 
claims wherein if Said processing means determines Said 
wheel is not rotating, or is partially rotating, an alert or 
warning message is Sent to at least one predetermined 
recipient. 


