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Abstract. This paper describes a new developed ultrasonic system used for subsurface and surface

defect detection on rails. The developed system was proposed based on requirements defined by

experts  in  railway  service  area.  As  the  main  requirements  the  following  prerequisites  were

considered: on-line and continuously rail (both sides) scanning at speed in average 60 km per hour,

surface  and  subsurface  object  detection,  automated  object  classification,  on-line  database  data

storage and  reproducibility of tests. As a main desired requirement was that the proposed system

should be as an inseparable part of complex inspection NDT wagon. The constructed system had to

be verified in real application under current terms and ambient conditions. 

Introduction

Ultrasonic  non-destructive  testing  (UT)  is  commonly  used  for  flaw  detection  in  materials.

Ultrasound  uses  the  transmission  of  high-frequency  sound  waves  in  a  material  to  detect  a

discontinuity or to locate changes in material properties [1]. Ultrasonic wave propagation in tested

materials  is  essentially  influenced  by the  tested  material  structure.  In  general,  due  to  material

structure the acquired ultrasonic signal can be corrupted with relatively high noise level, commonly

called backscattering noise. Besides backscattering noise level, another source of noise is usually

caused by the electronic circuitry. These sources of noise components are generally contained in all

acquired  ultrasonic  signals  together  with  the  flaw  and  back-wall  echoes.  Back-wall  echo

characterizes the reflection of ultrasonic wave from the end of material (surface) and fault echo is

caused by the reflection of ultrasonic waves from the cracks or defects. 

This  paper  presents  our  developed  fully  automated  system  involving  measurement  of

ultrasonic signals on rails  with consequent signal processing, classification and defect reporting.

Proposed processing of ultrasonic signals allows efficient filtering by which it is possible to reduce

the noise formed from scattering and electronic circuitry.

The first section describes the filtering of ultrasonic signal and introduces the basic analysis.

For filtering method based on the discrete wavelet transform called wavelet packets [2] is used.

In the next section the automated system used for rails testing introduced. In the final section

system for automatic rails inspection is described. With the system it is possible to automatically

detect and clasify the objects (defects, holes and welds) located on rails.

Noise suppression

Pre-processing of ultrasonic signals contains the amplitude normalization and filtering. For

filtering  of  ultrasonic  signal  a  method  based  on  the  discrete  wavelet  transform (DWT)  called

wavelet packets (WP) is used.  This method is very efficient in the time domain.  The ultrasonic

signal in A-scan is measured and WP is used for the improvement of the signal-to-noise ratio. The

wavelet  transform is  a  multiresolution  analysis  technique that  can be  used  to  obtain  the  time-

frequency representation of the ultrasonic signal. Filtering procedure is based on decomposition of

signal using DWT in N levels using band pass filtering and decimation to obtain the approximation
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and detail coefficients. Next step is thresholding of detail coefficients and reconstruction of signal

from detail and approximation coefficients using inverse transform (IDWT). The WP method is a

generalization of wavelet decomposition that offers a larger range of possibilities for signal analysis.

In  wavelet  analysis,  a  signal  is  split  into  an  approximation  and  detail  coefficients.  The

approximation is then itself split into a second-level approximation and detail, and the process is

repeated. In WP analysis, the detail coefficients as well as the approximation coefficients can be

splited. Hard thresholding was used for thresholding detail coefficients. Hard thresholding can be

described as the process of setting to zero the elements whose absolute values are lower than the

threshold.  For  thresholding  of  detail  coefficients  the  local  threshold  value  based  on  standard

deviation was used [3]:

2

1

1
( )

1

N

i

i

Thr k Dc Dc
N =

= × × −
− ∑ ,         (1)

where             k  is coefficient related to crest factor of filtered signal (crest factor is the ratio of the

peak value to the RMS value),

Dc are detail coefficients at each level,

N  is length of each set of detail coefficients.

Usually global  threshold  is  used in  WP filtering.  In our  study the local  thresholding was used

instead of global thresholding. The threshold is computed from detail coefficients at each level of

decomposition. Then the computed threshold is used for thresholding detail coefficients at the same

level.

For filtering of ultrasonic signals the wavelet packets method was used. In this method the

local threshold was applied. It means that the threshold was computed in every detail coefficients

and these coefficients were thresholded. This method gives the highest suppressing of background

noise which is contained in measured signal. The results of measured and filtered ultrasonic signals

are in Fig. 1.
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Fig. 1: Ultrasonic signal of grainy material – a) clear raw signal, b) filtered signal, c) raw signal with

fault echo, d) filtered signal with fault echo, e) raw signal measured on weld, f) filtered signal 

measured on weld

This method has been succesfully implemented into industrial ultrasonic system to efficiently 

reduce noise level from signals acquired during rails testing.  

Inspection System Proposal

Previous  section  described  method  for  noise  suppression  in  ultrasonic  signals.  The

mentioned  method  is  really important,  because almost  all  ultrasonic  signals  are corrupted  with

noise. The situation is even worst in case the signals are acquired during the testing at high speed.

Imagine the application where the ultrasonic probe is in touch (using coupling) with material under

inspection and the probe is moved along the tested material by 40 km/h. Such conditions are related

to the real application and it is very important to have perfect coupling (probe must be in touch with

tested material) and signals with adequate information about material structure. Such signals can be

used as master signals to detect and classify all objects presented on rails. The development of our

system has been initially based on the main system requirements. 

The  main  requirement  is  to  implement  and  integrated  fully  automatic  non-  destructive

system to primarily detect and finally classify holes, welds and cracks present in train rails. Other,

secondary,  requirements  were  the  following:  system  should  be  integrated  at  inspection  train

(wagon),  inspection  speed  minimum  40  km/h,  automatic  classification  of  detected  object,

differentiation of holes, welds and flaws, implementation of rail’s flaws specification (according to

standard),  data  storage  for  future  analysis  and  automatic  printing  of  evaluation  form  (flaw

localization with adequate flaw specification). Such requirements led to detect subsurface objects,

so we have initially implemented ultrasonic testing method as it is quite sensitive method to detect

flaws. This decision was made by considering the subsurface defects, cracks, holes and welds which

are normally present in the rails. To get the appropriate information about material structure, we had

to use more probes with different angle probes (0°, 30°,45° and 70°). All these probes were used in

dual configuration; in total we used 8 probes. All probes were integrated in especially developed

probe’s holder. This holder has been driven by hydraulic system to have the holder (and probes) in

touch with surface of rail. Each rail has own holder. The holder is driven by hydraulic system which

is  controlled  by ultrasonic  module  which  is  used to  synchronize  ultrasonic  data  collection  and

analysis. The principal of ultrasonic module implemented in rail inspection wagon can be seen in

Fig. 2.



Fig. 2: Ultrasonic module DIO2000 implemented in rail inspection wagon

For  the  ultrasonic  signal  evaluation  new  software  was  developed.  The  software  contains

implemented  signal  processing  methods  with  variable  parameters  that  guarantee  all  objects

detection.  This  software  contains  implemented  advanced  classification  methods  used  for  the

separation of detected holes, cracks, defects and welds. All detected objects are automatically stored

to the database and the operator can created detailed statistics of presented objects in the rails. The

developed software has automatic possibility to export all results to SQL database. SQL database is

a basis for future data analysis. Other feature is the graphical representation of results which is the

picture representing rail and the parts of the rail with all marked cracks, flaws, holes and welds. The

result of such graphical representation can be seen in Fig. 3.

Fig. 3. Example of object detection and classification on rails (top – left side, bottom – right side)

For  the  surface  defect  detection  we  have  developed  special  cameras  with  integrated  sensitive

detectors  and implemented  image processing algorithms.  All  presented  surface defects  are  also

stored to the database. Both systems are fully synchronized and operator can simply invoke printed
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version of all detected objects. The main advantage of the created system is the synchronization

with GPS data, so we are able to trace and mark all defects, holes and welds that are present in the

rails and show them in the map. Using the presented system the rails and train transport are safer

and service companies has better overview about defect presence on rails.

Fig. 4: Principal of data analysis and final report generation

The output from the rails inspection system is the form containing information about flaw presence

in rail with appropriate GPS information. The flaw is also classified according to standards which

specify the different flaws and cracks assigned as identification number.

The  presented  developed  system  is  finally  installed  on  inspection  wagon.  The  system  can  be

operated automatically or manually by trained operator.

Conclusions

This paper described fully automated system used for rails inspection. The system uses ultrasonic

testing method to detect subsurface objects presented on rails. Using especially developed probe

holder,  the  acquired  signals  contain  appropriate  information  to  differentiate  defects,  holes  and

welds.  To  recognize  such  objects,  we  have  implemented  advanced  signal  processing  and  data

analysis  methods.  To  classify defects  sensitively according  to  rail  defect  catalogue,  the  expert

system has been implemented. The information from all probes has been used to provided strong

features. The described system is fully automatic, all information are stored in SQL database for

future analysis.
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