Ref. Ares(2018)5766812 - 12/11/2018

Deliverable D 1.3
Report on monitoring system for obstruction
detection

Project acronym:

GoSAFE RAIL

Starting date:
Duration (in months):

01/10/2016
36

Call (part) identifier:

H2020-S2R-OC-CCA-04-2015

Grant agreement no:
730817
Due date of deliverable: Month 16
Actual submission date:

31-05-2018

Responsible/Author:
Dissemination level:

Meho Sasa Kovacevic, University of Zagreb
PU

Status:

Final

Reviewed: yes

GA 730817

P a g e 1 | 41

Document history
Revision
1

Date
10/05/18

Description
First issue

2

25/05/2018

2nd issue

3
4

31/05/2018
09/11/2018

Final
Improved report based on PO review

Report contributors
Name

Beneficiary Short
Name

Details of contribution

Sandra Skaric Palic
Meho Sasa Kovacevic

Sandra
Sasa

First draft
Edited draft

Irina Stipanovic

Irina

Edited draft

Ken Gavin
External reviewer,
Project Officer

Ken

Reviewed
Reviewed

GA 730817

P a g e 2 | 41

Table of Contents
Table of Contents.............................................................................................................................. 3
1.

Executive Summary ............................................................................................................ 5

2.

Abbreviations and acronyms ............................................................................................. 6

3.

Background ........................................................................................................................ 7

4.

Objective/Aim .................................................................................................................... 7

5.

Introduction ....................................................................................................................... 7

6.

Overview of methods for obstruction detection on tracks ............................................... 9
6.1.

Introduction ....................................................................................................................... 9

6.2.

Radar System ..................................................................................................................... 9

6.3.

LiDAR scanners ................................................................................................................. 11

6.4.

High resolution cameras and photogrammetry .............................................................. 13

6.5.

High resolution cameras and image processing .............................................................. 13

6.5.1.

Introduction .............................................................................................................. 13

6.5.2.

Components of digital processing system ................................................................ 15

6.5.3.

Digital image ............................................................................................................. 16

6.5.4.

Image formats ........................................................................................................... 19

6.5.5.

Image enhancement ................................................................................................. 20

6.5.6.

Image restoration ..................................................................................................... 20

6.5.7.

Image segmentation ................................................................................................. 21

6.5.8.

Image recognition ..................................................................................................... 22

6.5.9.

The use of MATLAB for image processing ................................................................ 23

6.5.10.

Dynamic time warping .............................................................................................. 24

6.5.11.

Background subtraction method .............................................................................. 24

6.6.

Multi-sensor train mounted system ................................................................................ 26

6.6.1.
6.7.

Multi sensor system with radar sensors and video cameras ................................... 26

Existing technologies for obstruction detection .............................................................. 29

GA 730817

P a g e 3 | 41

7.

Demonstration case study for obstacle detection........................................................... 35

8.

Discussion......................................................................................................................... 38

9.

Conclusion ........................................................................................................................ 39

10.

References........................................................................................................................ 40

GA 730817

P a g e 4 | 41

1. Executive Summary
In order to 'improve vehicle, human and big animal detection on tracks, and specifically on
safety-critical sectors of infrastructure, such as level crossings, bridges and tunnels', a new
system involving multiple sensors is proposed by University of Zagreb, in cooperation with HZ
Infrastructure. The system that will be mounted on a train, consists of high-resolution cameras
which are used for acquisition of series of 2D images.
Image processing is a well-known technique in many spheres of engineering however, its
application in railway safety applications still poses many significant challenges. In this report a
step forward is made by implementing a new, innovative, virtual instrument-based tool
supported by a neural network pattern recognition toolbox with custom made architecture to
form an algorithm for efficient obstacle tracking. In order to calibrate this train-mounted
dynamic system of image acquisition, high resolution fixed cameras are located also on the side
of the tracks and used in static conditions to obtain a large calibration database. To enhance the
system by overcoming disadvantages of image processing method, which include different
confounding factors of obstacles, other sensors will be mounted on the train.
Long-range LIDAR scanners (up to 500m) with scan speed up to 200 scans per second, which
obtain data in form of point clouds, will be used in concert with near distance and far distance
radar. By using different antennas which transmit radar waves over different frequency ranges,
radar measurements provide detection of objects as well as measurement of their position and
relative velocity. With different detection ranges, from near distance (starting from just 0.5m) to
far distance (up to 250 m) measurements, the system covers large area with different data
resolution. The methodology will be tested on a section of the case study region in WP4.

GA 730817

P a g e 5 | 41

2. Abbreviations and acronyms

Abbreviation / Acronyms

Description

ATO

Automatic Train Operation

CCA

Cross cutting area

GIS

Geographic Information System

I2M

Integrated Mobility Management

LiDAR

Light Detection and Ranging

TD

Technical Demonstrator
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3. Background
The present document Deliverable D1.3 “Report on monitoring system for obstruction
detection” contributes to the TD 5.6 of IP5, Autonomous train operation and CCA Work Area 4
Smart Mobility, Sub-work area 4.2 Integrated Mobility Management (I2M) (Shift2Rail Joint
Undertaking, Multi-Annual Action Plan, Brussels, November 2015).

4. Objective/Aim
Sensor technology in current land transport research is able to look some 200m ahead. The
required rail obstacle detection interfacing with train control should be able to look ahead up to
1,000m detecting objects on and near track which may potentially interfere with the clearance
and ground profile. It should safely identify patterns and be capable of differentiating static and
dynamic objects e.g. the position of trackside poles from a human. (Shift2Rail Joint Undertaking,
Multi-Annual Action Plan, Brussels, November 2015)
This document has been prepared to provide a description of the work conducted in the Task
1.3; describing state of the art technologies which can be applied for obstacle detection, as well
as novel solutions applied in the demonstrator in Croatia.

5. Introduction
In general rail is one of the safest modes, surpassed only by air transport. Still, a number of high
profile failures of rail infrastructure have occurred in recent years, with the incidence appearing
to increase in response to climate challenges (Figure 1) and aging networks amongst other
factors. In addition a significant number of non-passenger fatalities occur each year where the
general public interacts with rail infrastructure, with 1284 people being killed at level crossings
during the same time period (RSSB, 2015; European Union Agency for Railways, 2016). Collision
of trains with wildlife, as seen in Figure 1 is a common occurrence endangering not only traffic
safety but also wildlife preservation. The overall focus of the GoSAFE rail project is to provide a
near-eradication of sudden infrastructure failures, provide warning systems for obstructions or
intruders on the network and using a sophisticated micro-simulation model, allow the impact of
safety decisions on network capacity to be determined. This work focuses on object detection.
Novel technologies applicable to detect an obstacle on the track should be implemented into the
railway safety monitoring system in order to prevent collisions and incidents with fatal
GA 730817
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consequences. This report is giving an overview of existing technologies and novel solutions
which can be applied for obstacle detection.

Figure 1: Rock fall on tracks and bear killed in collision with a train (incidents in Croatia)
Because of the large stopping distances, the presence of large radii vertical and horizontal curves
and linear nature of rail lines, detecting track obstructions including vehicles, humans and
animals is a continuing challenge. This report gives an overview of a range of solutions designed
to identify particular hazards, together with demonstrators applied on the section in Croatia, in
collaboration with HŽ Infrastructure:
-

-

Radar System
A multi-sensor train mounted system utilising high resolution cameras and image
processing techniques will be deployed to identify hazards such as animals, humans or
other objects that block the track.
Fixed camera systems used at critical points such as level crossings and tunnel entrances.

GA 730817

P a g e 8 | 41

-

LIDAR scanners complemented with radar systems operating at a range of frequencies to
detect obstructions tested on the Croatian Rail network.
Drones in combination with train mounted high resolution cameras.

6. Overview of methods for obstruction detection on tracks
6.1.

Introduction

The main focus for obstacle detection applications was on level crossings, where the majority of
accidents occur, in order to prevent a train colliding with an object such as a vehicle stuck on the
crossing. Increasing safety consciousness, however, has prompted railway companies to install
more advanced systems than those that have been used conventionally. Nevertheless, the
number of incidents on the open track is increasing, as well as the developments for
autonomous train implementations. The need for a multiple-sensor approach developed from
the fact that every single-sensor system has certain disadvantages which limits its capability. This
is of importance since high demands are made on the measurement range, precision and
response time. In the next chapters an overview of existing technologies is given, followed with
the innovative solution applied on the test site.

6.2.

Radar System

Level crossings which are monitored and operated by obstacle detection technology are now
well established and in use on rail networks throughout the world. An automatic radar-based
system for railway safety is usually used to detect obstacles on the track at level crossings. It uses
short range high resolution radar to detect objects that enter the area before or while the gates
are closing and provides a warning to approaching trains via the existing signalling system.
The 3-D laser radar technology developed by Yutaka et al. (2008) results in a sensing system
capable of recognizing 3-D objects by applying laser radar technology. Table 1 shows the main
specifications of this system, and Fig. 2 shows the principles of measurement of this 3-D laser
radar.
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Table 1 Specifications of 3-D laser radar level crossing obstacle detection system (Yutaka et al.
2008)
Item
Detection
object

Dimensions

Detection range

Horizontal
view

angle

Vertical angle of view

of

Unit

Specification

m

Obstacle whose dimensions are 1.0 (W) x 1.0 (H) x 1.0 (D) or larger

Degree

60

Degree

30

m

5 to 30

Detection time

s

0.5 or less

Accuracy of position detection

m

± 0.1

mm

570 (W) x 336 (H) x 300 (D)

kg

17

mm

500 (W) x 350 (H) x 350 (D)

kg

24

Distance

Laser
head
Controller

radar

Dimensions
Weight
Dimensions
Weight

Figure 2: Object detection method for level crossings with 3-D laser radar obstacle detection
system (Yutaka et al. 2008)
For long distance detection of obstacles a multiple frequency radar system can be applied. The
stepped multiple frequency radar system continuously sends out wideband radio waves, and
analyses their reflections when they're bounced back from a foreign object. Only the most
prominent features of the object's reflected signal are processed, and then compared to a
database of known objects.
In the field of obstacle detection, this technique employs a machine learning approach, to allow
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can detection of pre-trained obstacle classes, such as humans, animals, cars, train, rock falls etc.
The main disadvantage of this system is that unknown obstacles cannot be detected.
Narrowband millimetre wave radar can be very effective in detecting various railway obstacles,
especially in narrow railway tunnels. Distance sensors can be used effectively in smoke, dust, fog
or rain, all of which are common conditions for railways operating above ground and
underground. The 3 millimetre wavelength enables the radar signal penetrate into a long narrow
smoky tunnel.

Figure
3:
Train
with
mounted
radar
on
(www.prweb.com/releases/2009/08/prweb2707134.htm)

the

front

of

the

train

Radars using microwaves and milliwaves have advantages over other types of sensors, such as:
(1) Stable detection regardless of rainy, snowy or foggy weather and nighttime lighting,
(2) The ability to perform detection over an entire area with significant detection distances,
(3) Capability for direct speed measurement with high target movement prediction
performance
Disadvantage is that obstacle's position detected by radar is remarkably rough because radar has
low transversal resolution.

6.3.

LiDAR scanners

Laser scanning or “3D laser scanning” is also known as LiDAR which stands for “Light Detection
and Ranging” system. LiDAR is an emerging three dimensional mapping technology that employs
GA 730817
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a laser and a rotating mirror or housing to rapidly scan and make image volumes of surficial
areas such as: rock slopes and outcrops, buildings, bridges and other natural and man-made
objects in different fields.
It is based on knowledge of the speed of light and a narrow coherent laser impulse that the
device emits into space, some at up to 150,000 pulses per second. The impulse reflects from the
structure at the speed of light, and returns to the receiver component of the device. The device
measures the time interval the impulse needs to pass from sensor to obstacle and back. The
distance is calculated from time measurements. By repeating this in quick succession the
instrument builds up a complex 'map' of the surface it is measuring. Result of the measurement
is a 3D point cloud with 3D coordinates of all points.
This system is able to generate dense point clouds as shown in Figure 4, allowing the detection
of small obstacles. Through a machine learning training phase, this system learned a background
model of the space from a set of point clouds. Then the obstacle was compared online with the
background model and identified as the occupied area. The obstacles of unknown classes cannot
be detected.
LiDAR scanners have similar advantages and disadvantages as radar systems. Another
disadvantages of this technology is that it is relatively expensive and it is mathematically very
demanding and time consuming.

Figure 4: LiDAR image
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6.4.

High resolution cameras and photogrammetry

Photogrammetry is the science of making measurements from photographs. The input to
photogrammetry is photographs, and the output is typically a map, a drawing, a measurement,
or a 3D model of some real-world object or scene.
In Figure 5 the longitudinal and side overlapping when applying photogrammetry are shown.
Main principles of photogrammetry are following:
- 80% of longitudinal overlap
- 70% of side overlap
- Find matching points in photos
- Triangulate to create coloured points
- Automated meshing
- Texture applied from photos.

Figure 5: Principle of photogrammetry

6.5.
6.5.1.

High resolution cameras and image processing
Introduction

Image processing is any form of signal processing for which the input is an image, such as a
photograph or video frame, the output of image processing may be either an image or a set of
characteristics or parameters related to an image. It is a method including certain operations on
an image in order to get an enhanced image or an image differentiated for a certain purpose or
to extract some useful information from it. Modern digital technology manipulates
multidimensional signals with systems that range from simple digital circuits to advanced parallel
GA 730817
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computers. The goal of this manipulation can be divided into three categories:
1. Image processing (image in → image out)
2. Image Analysis (image in → measurement out)
3. Image understanding (image in → high level description out) (Rhadika, et al., 2016)
Fundamental tasks of image processing are:











Acquiring the image - to produce a digital image using a CCD camera.
Pre-processing - to perform some basic tasks in order to make the resulting image more
suitable for the job to follow. In this case it may involve enhancing the contrast, removing
noise, or identifying regions of interest. Through pre-processing the image that will be
processed later can be improved in ways that increase the chances for success of the
following processes.
Segmentation - extraction of that part which contains just the regions of interest from
the entire acquired image. To partition an input image into its constituent parts or
objects.
Representation and description - These terms refer to extracting the particular features
that result in some quantitative information of interest or features that are basic for
differentiating one class of objects from another. Here we will be looking for lines, curves,
holes and corners which allow us to distinguish the diﬀerent digits which constitute a
region of interest.
Recognition and interpretation - This means assigning labels to objects based on their
descriptors (from the previous step), and assigning meanings to those labels. So
identifying particular digits, and interpreting a string of four digits at the end of the
address as the regions of interest. In other words converting the input data to a form
suitable for computer processing and assigning meaning to an ensemble of recognized
objects.
Data storage - Knowledge about a problem domain is coded into an image processing
system in the form of a knowledge database.

There are different image processing algorithms for different tasks and problems which can be
used in the context of obstacle detection process:




Image enhancement - processing an image so that the result is more suitable for a
particular application
Image restoration - reversing the damage done to an image by a known cause
Image segmentation - subdividing an image into constituent parts, or isolating certain
aspects of an image
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6.5.2.

Components of digital processing system

Figure 6: Components of a digital image processing system
Digital processing systems can in general be divided into four basic components: acquisition
equipment, processing equipment, display and hardcopy/storage, Figure 6. The function of each
component is discussed in the following paragraphs, starting with acquisition devices for image
sensing. Two elements are required to produce a digital image, physical device that is sensitive
to the energy radiated by the object and a digitizer for converting the output of the physical
device into a digital form. For instance, in a digital video camera, the sensors produce an
electrical output proportional to light intensity. The digitizer converts these outputs to digital
data.
The computer in an image processing system is a general-purpose computer and can range from
a PC to a supercomputer. In dedicated applications, sometimes specially designed computers are
used to achieve a required level of performance. Typically software consists of a number of
modules that can perform certain specialized tasks. For example, MATLAB is widely used due to
the fact that it contains toolboxes for certain purposes as well as image processing toolbox.
Digital storage devices can be divided in three categories (1) short-term storage (2) on-line
storage for relatively fast recall, (3) archival storage, characterized by infrequent access.
Magnetic or optical discs are used for mass storage in image processing application.
GA 730817

P a g e 15 | 41

Image display and hardcopy devices are used for showing image content for human viewing such
as monitors, laser printers and inkjet units.

6.5.3.

Digital image

A digital image is a discrete representation of data possessing both spatial (layout) and intensity
(colour) information. It can be considered as a large array of discrete dots, each of which has a
brightness associated with it. These dots are called picture elements, or more simply pixels.
Typically, pixels are organized in an ordered rectangular array. The size of an image is
determined by the dimensions of this pixel array. The image width is the number of columns,
and the image height is the number of rows in the array. Thus the pixel array is a matrix of M
columns x N rows. To refer to a specific pixel within the image matrix, we define its coordinate at
x and y. The coordinate system of image matrices defines x as increasing from left to right and y
as increasing from top to bottom. Image size specifically describes the number of pixels within a
digital image. The pixels surrounding a given pixel constitute its neighbourhood. A
neighbourhood can be characterized by its shape in the same way as a matrix: we can speak of a
3x3 neighbourhood, or of a 5x7 neighbourhood. A 3x5 neighbourhood is shown in Figure 7.

Figure 7: Image matrix and pixel values in 3x5 neighbourhood

Types of digital images
Binary (1-Bit) images - Each pixel is just black or white and binary images are encoded as a 2D
array. Since there are only two possible values for each pixel, we only need one bit per pixel
where 0 usually means “black” and 1 means “white”. Such images can therefore be very eﬃcient
in terms of storage.

GA 730817
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Figure 8: Binary image and 6x6 pixel neighbourhood
Greyscale (8-Bit) images – Greyscale grey-level or monochrome) images are encoded as 2D array
like binary images but with 8 bits per pixel. Each pixel is a shade of grey, normally from 0 (black)
to 255 (white) and intermediate values are varying shades of grey. This range means that each
pixel can be represented by eight bits, or exactly one byte.

Figure 9: Greyscale image and pixel values in a 7x7 neighbourhood
True colour, or RGB (24-Bit) images - Here each pixel has a particular colour; that colour being
described by the amount of red, green and blue in it. Colour images are represented with three
2D arrays of same size, red (R), green (G) and blue (B), each array containing 8-bit value. Each of
these components has a range 0-255 this gives a total 2553 = 16.777.216 different possible
colours in the image. 32 bits per pixel is sometimes used as an alternative, called alpha channel
which provides a measure of transparency for each pixel (Marques, 2011).
GA 730817
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Figure 10: Colour (RGB) image with three pixel values in 6x7 neighbourhood for each colour
red (R)

Resolution
The definition of a digital image requires one additional factor called resolution. Resolution is the
spatial scale of the image pixels. For example, an image of 3300x2550 pixels with a resolution of
300 pixels per inch (ppi) would be a real world image size of 11" x 8.5". To clarify resolution
terms, ppi is pixels per inch and dpi is dots per inch. Ppi refers to pixel arrays, while dpi refers to
printer resolution. Resolution of image source (camera) can be specified in the following:






Spatial resolution – the number of recorded pixels by defining column (C) by row (R)
dimensions and is referred to as the pixel or digital resolution of the image (CxR,
640x480, 800x600, 1024x768 etc.)
Temporal resolution – is used for videos and it presents the number of images captured
in a given time period. The Unit frames per second (fps) is used to specify this type of
resolution. The time resolution used for movies is usually 24 to 48 frames per second
(frames/s), whereas high-speed cameras may resolve 50 to 300 frames/s, or even more.
Bit resolution – is the number of possible intensity/colour values that a pixel may have
(binary image has two colours (black or white), a grey-scale 256 different grey levels
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ranging from black to white while for a colour image it depends on the colour range.
(Solomon , et al., 2011)

6.5.4.

Image formats

There are different digital formats that an image can be stored in and it influences the image
quality and how much of the original data will be saved. Digital image file is either lossless or
lossy. A lossless format retains all the original data and nothing from the original file or photo is
lost. The file may be compressed, but all lossless formats will be able to reconstruct the image to
its original state. Lossy means that image data is lost when the image is compressed. Generally
lossy files are much smaller than lossless files, thus demanding less storage and making them
ideal to use online where file size and download speed are vital.
There is a number of digital formats for storing raster images (set grid of dots/pixels), but the
most common which will be described here are JPEG, GIF, PNG, TIFF and RAW.










JPEG/JPG – is a lossy format developed by Joint Photographic Experts Group where its
name comes from. It is one of the most widely used formats but as the image is
compressed blurriness appears around edges of objects in the photo. Once compressed
in JPEG format an image cannot be uncompressed (you cannot regain the original
quality). JPEG is best used for online photos, print photos and quick preview image and
not applicable for layered, editable images.
GIF – is a lossless raster format that stands for Graphics Interchange Format. GIF is
typically used for animated graphics, email images and social media memes. GIFs files can
be downsized by reducing the amount of colours and image information through
exporting into a number of highly customizable settings. GIFs are not to be used when a
photographic-quality image is needed, for printing an image because they have a colour
limit (limit of 256 colours) and when a layered, editable image is needed.
PNG - Portable Network Graphics is a lossless raster format and is one of the most
common image formats used online. This format has built-in transparency, but can also
display higher colour depths then a GIF. Since PNGs are optimized for the screen they are
not preferred for printing or working with photos.
TIFF - Tagged Image File Format is a lossless raster with extremely high quality. The
format is primarily used in photography and are typically very large (in terms of computer
file size).
RAW - an in-camera lossless format containing unprocessed data captured by a digital
camera or scanner’s sensor. There are numerous raw formats, such as CRW (Canon), NEF
(Nikon), and DNG (Adobe). Typically, images are processed and then converted and
compressed into another format (e.g. JPEG or TIFF).
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6.5.5.

Image enhancement

Image enhancement is the process of adjusting digital images so that the results are more
suitable for display or further image analysis for a particular application. The problem with this
process is not well defined, as there is no objective measure for image quality. Image
enhancement can include different sub processes and it depends on the information needed
from the processed digital image, for example:





sharpening or de-blurring an out of focus image to highlight fine detail in the image or
enhance blurred detail,
highlighting edges,
improving image contrast, or brightening an image,
removing noise.

The basic requirment for image enhancement process is that the information that needs to be
retrieved from the acquired image has to exist in the image. The general principle is simply that
‘you cannot make something out of nothing’ if it does not exist. During this process, one or more
attributes of the image can be modified, depending on the given task and purpose. Enhancement
operations are performed in order to modify the image brightness, contrast or the distribution of
the grey levels. (Maini, et.al., 2010)
Image enhancement can be divided into two broad groups:




6.5.6.

Spatial domain methods – based on aggregation of pixels composing an image. Linear
(more common) or non-linear filtering is applied directly on the actual pixels of the
image. Targeted pixel is replaced with a new value depending on the neighbouring pixel
values.
Frequency domain methods – first compute the image with Fourier transform, multiply
the result by a filter and then take the inverse transform.

Image restoration

Image restoration may be considered as reversing the damage done to an image by a known
cause, for example:




removing of blur caused by linear motion, lack of focus or atmospheric disturbances ,
removal of optical distortions,
removing periodic interference.

Restoration techniques serve as a tool for recovering an image from a degraded version (blurred
and noisy image) to as close to original image as possible. In image restoration degradation is
modelled which enables removal of effects of degradation. Key parameters upon which the
GA 730817
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quality of image restoration depends upon are the computational efficiency of the used
algorithms and knowledge of point-spread function (PSF) and the noise. Generally PSF is a
deterministic factor which depends on the overall imaging system and is thus unchanging with
time. For example, in a simple optical imaging system, the overall PSF will be determined by the
physical nature and shape of the lenses. Noise parameter is stochastic in nature, it has many
specific forms and causes and cannot be controlled or predicted. However noise can be be
understood and its statistical properties can be modelled (Gaussian Noise, Impulse (Salt and
Pepper) Noise, Uniform Noise, Rayleigh Noise, Gamma (Erlang) Noise, Exponential Noise).
An image can be modelled as follows:
𝑔(𝑥, 𝑦) = ∬ 𝑓(𝑥 ′ , 𝑦 ′ )ℎ(𝑥 − 𝑥 ′ , 𝑦 − 𝑦 ′ )𝑑𝑥 ′ 𝑑𝑦 ′ + 𝑛(𝑥, 𝑦)
Wherein:




the integral is a convolution,
h is the point spread function of the imaging system
n is additive noise.

In this, g is the degraded observed image and through image restoration the original image f will
be estimated. In principle it means: estimate the input distribution f(x’,y’) using the measured
output g(x,y) and any knowledge we may possess about the PSF h(x-x’,y-y’) and the noise n(x,y).
Degraded image originates from convolution of the input with the system PSF and addition of
random noise. (Solomon, et al., 2011)

Original
image
f (x,y)

Degradation
function
h (x,y)

Degrade
d image
g (x,y)

Restored
image
r (x,y)

Restoration
filter

Noise
n (x,y)
Figure 11: Image degradation and restoration (Marques, 2011)

6.5.7.

Image segmentation

Image segmentation is an important basis for image recognition. It involves subdividing an image
into constituent parts, or isolating certain aspects of an image such as:


ﬁnding lines, circles, or particular shapes in an image,
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identifying humans, animals, cars, train, rockfall, trees, buildings, trucks or roads.

The problem of image segmentation has been addressed for many decades but still hasn’t been
solved completely. Most segmentation algorithms are based on two pixel values, discontinuity
and similarity. Segmentation highly depends on the complexity of the image, and is a very hard
task especially when considering nonuniform lighting, shadows, overlapping among objects, poor
contrast between objects and background.
Three basic properties of an image can be used for image segmentation:





colour – objects characterized by a certain colour properties can be separated from the
background,
texture – is a ‘typical’ spatial variation in intensity or colour values in the image over a
certain spatial scale and is used through calculation of the variance or other statistical
moments of the intensity over a certain image part.
motion of an object in a sequence of image frames can be used for image segmentation.
Stationary background is used as a contrast and there are several techniques that can be
applied such as simple frame-by-frame subtraction techniques.

There are different segmentation methods which can be classified into the following categories:




6.5.8.

intensity-based methods – depending on the pixel distribution
region-based methods – rely on adjacency and connectivity criteria between a pixel and
its neighbours
other methods – segmentation based on texture, edges and motion (Marques, 2011)

Image recognition

Image and/or pattern recognition, in the context of machine vision, is the ability of software to
identify objects, places, people, writing and actions in images. Computers can use machine vision
technologies in combination with a camera and artificial intelligence software to achieve image
recognition.
In simplified terminology image recognition or computer vision is a technical discipline that deals
with searching the ways to automate all that a human visual system is capable of. There are
available open-source frameworks and libraries today that give access to millions of tagged
images and make it possible to use image recognition technology widely and exponentially.
The common goal of pattern recognition, also known as pattern classification techniques, is to
assign a class to an unknown pattern based on previously acquired knowledge about objects and
the classes to which they belong. According to (Marques, 2011) the following steps are needed

GA 730817

P a g e 22 | 41

for development of statistical visual pattern classifier:
1. Define the problem and determine the number of classes involved.
2. Extract features that are most suitable to describe the images and allow the
classifier to label them accordingly.
3. Select a classification method or algorithm.
4. Select a data set (representative images to train and test the solution).
5. Select a subset of images and use them to train the classifier.
6. Test the classifier.
7. Refine and improve the solution.

6.5.9.

The use of MATLAB for image processing

Matlab is a data analysis and visualization tool which has been designed with powerful support
for matrices and matrix operations. As well as this, Matlab has excellent graphics capabilities,
and its own powerful programming language.
One of the reasons that Matlab has become such an important tool is through the use of sets of
Matlab programs designed to support a particular task. These sets of programs are called
toolboxes, and the particular toolbox of interest to us is the image processing toolbox.
We are at the moment experimenting with a range of real time techniques to detect
obstructions on tracks including humans, animals, vehicles and inert obstructions such as rock
falls, landslides and trees on the track such as:





Image comparison,
Movement detection,
Pattern recognition, and
Machine learning algorithms.
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6.5.10. Dynamic time warping
Dynamic Time Warping (DTW) has been used for a long time for speech recognition but it can be
also effectively used for measuring image similarity. According to (Senin, 2008) the DTW
algorithm is widely used for measuring similarity in times series in the presence of minor
distortions in the time axis. The Euclidean distance metric has been widely (Keogh & Kasetty,
2002) used for analysis of time series data but it has a weakness regarding sensitivity to
distortion in time axis. DTW has turned up as a solution to this problem since it allows non-linear
alignment of two similar time series that are locally out of phase (Ratanamahatana & Keogh,
2004).
When aligning two time series/sequences using DTW, where
Q = q1, q2,…, qi,…, qn
C = c1, c2,…, ci,…, cm
A matrix n x m needs to be constructed in which the (i th, jth) element of the matrix corresponds
to the squared distance d(qi, cj)=(qi-cj)2 A path through the matrix is obtained, which would
minimize the warping cost given by:
𝐷𝑇𝑊(𝑄, 𝐶) = min{√∑𝐾
𝑘=1 𝑤𝑘
Where: 𝑤𝑘 is the kth element of the warping path W, i.e. 𝑤𝑘 = (𝑖, 𝑗) , in which W defines the
mapping between Q and C.
Lacunarity is a term which describes the texture of a fractal and it has to do with the size
distribution of the holes, meaning if a fractal has large gaps or holes, it has high lacunarity. It is
used to obtain sequences Q and C by estimating the lacunarity of the quantised DCT (Q-DCT)
coefficients of the reference and test images respectively. Distribution of gaps among a range of
values at different scales is used to distinguish spatial patterns. The Q-DCT coefficients, despite
being from the frequency domain, can be treated similar to a texture of varying pixel values
(Ibrahim, Valli, 2015).

6.5.11. Background subtraction method
This is a method that can be used with both fixed and in-vehicle camera systems with certain
differences in the methodology. The method is based on detecting obstacles by subtracting
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present and past in-vehicle camera images. There can be various obstacles obstructing traffic so
detecting can be a challenging task. The area is developing rapidly and there are a number of
techniques to detect forward obstacles available but still most of them detect only specific
obstacles. They use of various sensors such as millimetre-wave radar, stereo or monocular
camera or infra-red camera, each having their own restrictions.
Kyutoku et al., 2011, proposed a method for detecting forward general obstacles, based on
image subtraction between an in-vehicle camera image and its past image captured at the same
location. This method does not require learning image features beforehand and comparison with
available library images.
One of the problems related to this method is that it does not consider the difference of
illumination conditions between present and past image taken at different days/times.
Illumination issues are more related to in-vehicle camera systems while detection by background
subtraction using a fixed camera is not so sensitive to this characteristic (Kawanishi et al., 2010).
The method uses simple local features, e.g. brightness values of each pixel, so the accuracy of
detection depends on the illumination conditions. The use of this method requires past images
with no obstacles which can be solved through use of in vehicle camera image database. The
background subtraction method performs the following two processes:
1. Frame-Level and Pixel-Level Registrations
2. Subtraction-Based Obstacle Detection Using an Illumination Insensitive Local Feature
The in-vehicle camera images are recorded as an present image sequence F={f t} and past G={gt}.
ft(m,n) and gt(m,n) are pixel values at coordinates (m,n) of the t-th frame in past and present
image sequence. The process begins with finding the corresponding frame in present sequence
that was captured at the nearest position in the past sequence. Once the corresponding frame
has been found each pixel (x,y) in the road/rail surface region in present sequence f ti needs to be
found in the same location (x’,y’) in the past sequence gt’i (Kyutoku et al. 2011).
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6.6.

Multi-sensor train mounted system

A multi-sensor train mounted system utilising high resolution cameras and image processing
techniques can be deployed to identify hazards such as animals, humans or other objects that
block the track. The need for multiple sensor approach comes from the fact that every single
sensor system has certain disadvantages which limits its capabilities. This is of importance since
high demands are made on measurements range, precision and response time regarding
obstacle detection on railway tracks.
Image processing techniques applied in other domains should be transferred to the rail sector by
implementing a new, innovative, virtual instrument-based tool supported by neural network
pattern recognition toolbox with custom made architecture used to form an algorithm for
efficient obstacle tracking.

Figure 12: Train mounted with image processing equipment including high resolution camera

6.6.1.

Multi sensor system with radar sensors and video cameras

An example of a rail car fully equipped with the multi sensor system comprising a tele camera, a
far distance radar, a survey camera and a near distance radar network for practical testing is
explained in Kruse et al. (2003) (see Figure 13). The radar sensors are mounted at comparatively
low positions so that they can measure the area in front of the vehicle in a small tilt angle. The
far distance radar is fixed in the centre, above the coupling. The near distance sensors are
positioned close to the outer edge. The two video cameras are situated behind the front
windshield to protected them against weather impact. This high position gives a good view of
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the monitored area. Figure 14 shows the detection of a person walking within the driveway by
the video system.

Figure 13: Rail car equipped with the
multi sensor system (Kruse et al. 2003)

Figure 14: Detection of an obstacle-person
detected by a video system (Kruse et al. 2003)

Table 2 Summaries of various sensors’ characteristics (Ukai et al., 2011)
Sensor

Radar

Optical
camera

Laser

Infrared
rays

Ultrasonic

<2m

∆

ο

∆

∆

ο

2-30m

ο

ο

ο

×

×

30m<

∆

∆

ο

∆

×
ο

×

<10deg

ο
ο

>30deg

∆

ο

×

ο

ο

Angle resolution

∆

ο

ο

ο

×

Direct speed measurement

ο

×

×

×

∆

ο

∆

∆

∆

∆

Performance in
snowy or foggy
weather

ο

×

×

∆

∆

Performance the when sensor is contaminated

ο

×

∆

×

ο

Performance

Detection distance

Detection angle

Performance
rainy weather
All-weather compatibility

in

∆

Table 2 summarizes the characteristics of various sensors’. Ukai et al. (2011) have examined a
method for sensor integration because a high level of detection performance can be expected by
combining a radar sensor offering long-distance detection performance and an optical image
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sensor in a complementary way (Figure 15). It is important to keep lenses clean, however, the
use of chemical cleaners should be avoided as they can cause damage to the lense.

Figure 15: On-board obstacle detection system by fusing radar and image sensor (Ukai et al.,
2011)
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6.7.

Existing technologies for obstruction detection

Existing technologies for obstruction detection are contained in Table 1.
Table 3 Overview of detection technologies and their features
Type of detection
technology/sensor
Automatic Radar system

Detection
range
> 60m

Detection
angle
<10 deg

Advantages

Disadvantages

Application







Level crossings (short range
high resolution radar) /
detects objects that enter
the area before or while
the gates are closing and
provides a warning to
approaching trains via the
existing signalling system



Tunnels (Narrowband
millimetre wave radar)




(www.prweb.com/releases/
2009/08/prweb2707134.htm)
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Stable detection
regardless of rainy,
snowy or foggy weather
and night time lighting,
The ability to perform
detection over an entire
area with significant
detection distances,
Capability for direct
speed measurement with
high target movement
prediction performance
Good performance in bad
weather conditions
(rainy, snowy or foggy
conditions) e.g. 3
millimetre wavelength
enables the radar signal

low transversal
resolution which
causes remarkably
rough estimation of
the obstacle's
position
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Type of detection
technology/sensor

Detection
range

Detection
angle

Advantages

Disadvantages

Application





penetrate into a long
narrow smoky tunnel

Lidar (3-D laser scanning)

> 80m

Horizontal
angle of view
60 deg
Vertical angle
of view 30
deg







GA 730817

Measurement gives a 3D
point cloud with 3D
coordinates of all points,
which allows detection of
small obstacles.
Machine learning
trainings, with the amount
of trainings the system
becomes “smarter”
Detection time 0.5 s or
less




the obstacles of
unknown classes
cannot be
detected.
relatively expensive
mathematically
very demanding
and time
consuming.
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Level crossings / recognizes
3-D objects in the area of
level crossing

Type of detection
Detection
technology/sensor
range
Train mounted thermal camera

Detection
angle

Advantages

Disadvantages

Application

Pilot project with the train
Minimum temperature
driving at about 200 km/h on a difference of ΔT ≥ 5◦ is
railway which slightly bends to needed.
the right.

(Berg et al., 2015)
Fixed high resolution cameras
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> 100m

<10deg
>30deg

Applies image processing
technique. Image and/or
pattern recognition, ability to
identify objects, places,
people, writing and actions in
images. Computers can use
machine vision technologies in
combination with a camera
and artificial intelligence
software to achieve image
recognition.





Particular
susceptibility to
ambient light in
backlit scenes,
rainy/foggy
weather, etc.
Low accuracy in
terms of distance to
target objects
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Level crossings
Critical areas of open track

Type of detection
technology/sensor
Multi-sensor train mounted
system
(e.g. tele camera, a far
distance radar, a survey
camera and a near distance
radar network)

Detection
range
Large
distances

Detection
angle
/

Advantages

Disadvantages

Application

Combining a radar sensor
offering long-distance
detection performance and an
optical image sensor for short
distance works in a
complementary way.
This enables covering short
and large distances in all
angles.
Image processing techniques
are deployed.

Expensive

Open track

Multiple frequency radar
system

Large
distances

/

This technique employs a
machine learning approach, to
allow can detection of pretrained obstacle classes, such
as humans, animals, cars,
train, rock falls etc.

Unknown obstacles
cannot be detected

Open track

Application of
photogrammetry which

Limitations of the drone
battery

Open track

(Kruse et al. 2003)
Drones equipped with high
resolution cameras flying in
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distances
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Type of detection
technology/sensor
front of the train

Detection
range

Noise systems
(the blaring of the animal
sounds from aboard the
running train)

/

GA 730817

Detection
angle

/

Advantages

Disadvantages

provides number of outputs
(map, drawing, measurement,
3D model of some real-world
object or scene)
Images can be used for many
purposes (inspection,
monitoring)

Navigation.
Not applicable in the
populated areas.

3-second-long recording of a
deer’s snort and 20 seconds of
a yapping dog were aired from
aboard a running train car
between evening and late at
night, the time of the day
when deer typically make
frequent appearances.
Cheap

Not applicable in the
populated areas.

P a g e 33 | 41

Application

Open track.
Tunnels

Type of detection
Detection
technology/sensor
range
(http://www.asahi.com/ajw/
articles/AJ201801170001.html)
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Detection
angle

Advantages

Disadvantages
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Application

7. Demonstration case study for obstacle detection
Image comparison has proven to be the most useful of all applied techniques for obstacle
detection, using simple subtraction methods between images taken in a different moment in
time. The fact that we need only one mathematical operation of image subtraction in processing
this technique makes this method simple and easy to apply.
We can use video recording to extract images from different intervals and analyse them to
detect obstacles. Since the pictures/images are matrices we can simply subtract one picture from
another and at the end have another matrix with only one mathematical operation. If the
pictures are the same we will have matrix with all zeros meaning a black picture. The technique
works fastest if applied on black and white pictures. A problem can arise if an object is too small
and cannot be detected on a simplified black and white image.
Storing movies and images in database collected by fixed camera system

Obstruction detection using image processing
Step 1

Two images look the same but when a subtraction is applied the resulting image shows
differences, which is in this case not the aim.
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Step 2

Solve the problem from previous step by applying thresholds and setting pixel values to zero.
Step 3

Easiest and fastest technique is to use black and white pictures, by first transformin colour
pictures into black and white, and then apply subtraction. The problem is that there is a lot of
lost points and a small object may not be detected.
Step 4

Play with different colours but still a lot of black areas appear.
Step 5

Play with different colours, combination of coloured and grey, but still a lot of black areas
appear.
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Step 6

The most effective algorithm used in the case study.
Step 7

The problem with these two pictures is that they are different due to the fact there is a passing
train on the parallel track but there is no obstacle on the track. This problem can be solved in
two different ways. One way is to use only image processing technique, object recognition, to
find two straight parallel lines representing tracks. It is mathematically demanding operation and
there are some risks that some other lines will be recognized as tracks. Another way to solve this
problem is to use a drone to obtain 3D cloud of this area and to have 3D coordinations of the
tracks. Then we can simply transform global coordinate system with global coordinate of the
tracks to local coordinates of the picture/image and find local coordinates of tracks on the
picture. Then extend area of interest and add for example 1,5m to the sides of the tracks and all
pixels outside the area of interest set to zero values. At the same time the process is faster since
the analysed area is smaller.
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8. Discussion
There are still existing problems to be solved, one of the most important being the very long
distance a train needs to stop when it starts braking. The braking distances of a train travelling at
70 km/h is up to 300 m and for faster trains much longer distances are required, see Rail
Transport Course (https://www.slideshare.net/AndrvanEs/2015-overview-rail-transport-course).
The techniques identified in Table 1 can provide adequate site distances to location obstructions,
however, a control system has to be put in place to transmit the information to the train driver
in time for action to be taken.
An interesting solution for this problem was introduced in Japan as a warning system to keep
animals away from tracks as shown in Figure 16. The Tokyo-based institution, Railway Technical
Research Institute (RTRI) thought of a solution based upon the assumption that the blaring of the
animal sounds from aboard the running train will reduce deer-train collisions. It has so far been
proven to be successful and RTRI plans its practical use by the end of fiscal 2018 as a novel anticollision measure.
In tests, a 3-second-long recording of a deer’s snort and 20 seconds of a yapping dog were aired
from aboard a running train car between evening and late at night, the time of the day when
deer typically make frequent appearances. Deer were sighted only 7.5 times per 100 kilometers
from aboard the trains, about 45 percent less than when no measures were in place.
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Figure 16: Anti collision measure invented in Japan using deer snorts and dog yaps
(http://www.asahi.com/ajw/articles/AJ201801170001.html )

9. Conclusion
This document outlines the state-of-the-art literature survey on technologies for obstacle
detection and research efforts for innovative solutions applied at the case study in Croatia. This
report contributes to the TD 5.6 which aims at a state-of-the-art development in multiple
dimensions relevant to rail freight.
The sensor technologies in current land transport research are able to look some 200m ahead.
The required rail obstacle detection interfacing with train control will be able to look ahead up to
1,000m detecting objects on and near track which may potentially interfere with the clearance
and ground profile. It will safely identify patterns knowing to differentiate e.g. the position of
trackside poles from a human.
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