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1. Executive Summary and Report Scope
The main goal of SMART project is to increase the effectiveness and capacity of rail freight through the
contribution to automation of railway cargo haul at European railways. Two SMART working streams are:



Development of a prototype of an autonomous obstacle detection system (ODS),
Development of a real-time marshalling yard management system.

The SMART solution for obstacle detection (OD) will provide prototype hardware and software algorithms
for obstacle detection on the rail tracks ahead of the locomotive. The system will combine different vision
technologies: thermal camera, night vision sensor (camera augmented with image intensifier), multi stereovision system and laser scanner in order to create a sensor fusion system for mid (up to 200 m) and long
range (up to 1000 m) obstacle detection during day and night operation, as well as during operation in poor
visibility condition. By this planned fusion of sensors, the system will be capable, beside reliable detection
of obstacles up to 1000 m, to provide shorter range (< 200 m) wagon recognition for shunting operations.
The SMART real-time marshalling yard management system will provide optimisation of available
resources and planning of marshalling operations in order to decrease overall transport time and costs
associated with cargo handling. The yard management system will provide real time data about resources
available over open and TAF/TSI standard data formats for connection to external network systems and
shared usage of marshalling yards between different service providers.
This deliverable document, (D2.1), reports the activities, effort and work undertaken in Work Package 2
(WP2 Development of obstacle detection system prototype) of the SMART project, focused on the
specification of the selected sensors for multi-sensory system for obstacle detection. In particular, this
document includes a report on the sensors selected in tasks T2.1-T2.3 of the Work Package 2.
The introduction to multi-sensory on-board SMART obstacle detection system (ODS) is given in Chapter 2.
The specifications of selected multi-camera stereo system are presented in Chapter 3. Chapter 4 gives the
specification of the selected hardware for thermal vision channel and Chapter 5 gives the specification of
the selected hardware for image intensifier night vision channel. The selected laser scanner to complement
the multi-vision system is presented in Chapter 6. Chapter 7 describes the sensors housing designed so to
meet the requirements for system integration
The following document provides additional perspectives for the present work:


D1.1 Obstacle Detection System Requirements and Specification

2. Introduction
The conceptual solution of SMART multi-sensor on-board obstacle detection system (ODS) is illustrated in
Figure 1. The system will combine different vision technologies: thermal camera, night vision sensor
(camera augmented with image intensifier), multi stereo-vision system (cameras C1, C2 and C3) and laser
scanner in order to create a sensor fusion system for mid (up to 200 m) and long range (up to 1000 m)
obstacle detection, which is independent of light and weather conditions. The main idea behind the multisensory system is to fuse the sensor data as sensors individually are not yet powerful enough to deal with
complex obstacle detection tasks in all the SMART defined application scenarios, which include day and
night operation and operation in poor visibility condition. Because of this, the development of an adequate
data fusion system, which effectively combines data streams from multiple sensors, is required. The layout
of the architecture of the integrated SMART obstacle detection system is shown in Figure 2.
The data fusion approach will be designed based on sensor data availability. Namely, independently of the
illumination condition, sensor data from the thermal camera and laser scanner will be always available
(solid line in Figure 2). In contrast to that, the stereo camera system fails to generate data under poor
illumination conditions, and the night vision camera can not operate during the day (denoted with dashed
lines in Figure 2). In order to perform sensor fusion, a calibration procedure will be performed with respect
to an appropriately defined world coordinate system, such as the one illustrated in Figure 1. The calibration
5
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procedure will result in sensors’ calibration matrices, which will be used for data fusion. After obtaining
fused data, based on the individual advantages of each sensor, the resulting data stream will be used for
detection of obstacles on the rail tracks and for calculation of the distances from the locomotive to detected
obstacles.

Figure 1 Concept of the SMART multi-sensor OD system (top) Front view of the sensors mounted on a locomotive
and the attached world coordinate system as needed for sensors calibration; (bottom) Side view of the range sensors
and an obstacle detection scene

Figure 2 Layout of the architecture of the SMART integrated multi-sensory system
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2.1. Requirements for the ODS demonstrator
The goal of SMART ODS demonstrator is to provide safe and reliable detection of obstacles ahead of the
locomotive. The recognition of wagons/buffers necessary for automatic shunting onto buffers is also
required.
As stated in the Introduction section and as detailed in deliverable D1.1, the summary list of the core
functional requirements (FR) for SMART ODS demonstrator is as follows:
 Locomotive/test vehicle mounted ODS demonstrator (FR2);
 Mid (up to 200 m) and long range (up to 1000 m) detection of obstacles on the rail tracks ahead of
the locomotive; Targeted potential obstacle is every object found on or near the rail tracks that is
not the part of the railway infrastructure. For the evaluation scenarios SMART team should use
objects, potential obstacles such as humans, cardboard boxes, branches, vehicles, bicycles as
defined by the evaluation protocol (FR1, FR4, FR5);
 Shorter range (< 200 m) wagon recognition for shunting operations (FR1, FR5);
 Day and night operation (FR3, FR6);
 A complete operational system of TRL4, which will be evaluated in real-world (on-site) scenarios
within the framework of Work Package 7-Evaluation thus reaching a global TRL 5 (FR2, FR6).
All requirements (mandatory, desirable and optional), needed to fulfil above mentioned core requirements,
are elaborated in Deliverable 1.1. Mandatory requirements represent the features that must be built into the
final system prototype. Desirable requirements are requirements to be met if it is feasible within the scope
of the project. Optional requirements refer to features that could be potentially built into a system, but are
out of the scope of the project.
Following table summarises the mandatory technical requirements.
Table 1 TECHNICAL REQUIREMENTS FOR THE SMART OD DEMONSTRATOR

Requirement
No.
MSV1

MSV2
TVS1
TVS1
NVS1
NVS2
NVS3
NVS4
LR1
LR2
P1
INT1
INT2
INT3
INT4
INT5

Name:

Three RGB cameras implemented in the
Multi-stereo vision subsystem of SMART
ODS demonstrator
RGB sensors location to build two stereo
vision systems with different base lines
Thermal vision camera implemented in the
SMART ODS demonstrator
Sensor location
Optical lens system (prime objective)
Third generation image intensifier tube
5 MP CMOS monochrome image sensor
Sensor location
Laser range finder integrated into multisensor SMART ODS
Continuous target tracking
Support and vibration isolation of the ODS
case body
TRL 4 demonstrator integration – sensor case
and mounting
Sensors implemented into SMART
demonstrator
Connection to locomotive
Demonstrator case dimensions
ODS demonstrator case mass
7

Indicative
(mandatory,
optional):
Mandatory

Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory

priority
desirable,
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INT6
INT7
INT8
INT9
INT10
INT11
INT12
INT13
INT14
INT15
INT16
INT17
INT18
INT19
INT20
INT21
INT22
INT23
INT24
INT25
INT26
INT27
INT28
INT29
INT30

ODS demonstrator case vehicle driver
visibility disruption
Resistance to vibrations
Resistance to environmental effects
Corrosion resistant
No connection with the control & command
systems of the vehicle
Electric & electromagnetic compatibility
Functional target specification of all subsystem components
Documentation of all sub-system components
Mechanical design of the ODS demonstrator
case and its mounting
Conformance evaluation requirements must
be established
Identification of evaluation metrics and
procedures for conformance evaluation
Conformance evaluation parameters –
minimum requirements for all testing
Conformance evaluation protocol design

Mandatory

CAD model of the ODS demonstrator case
and its locomotive mounting
TRL4/5 demonstrator
Sub-system reports from conformance
evaluation
Data sheet and measurement/test protocols
Analysis of sub-system conformance testing
outcomes
Sub-system components not meeting all
conformance evaluation requirements
Evaluation of integrated system
ODS demonstrator performance testing
The ODS demonstrator case and mounting
transferability
The ODS demonstrator case and mounting
mass
ODS demonstrator must be possible to
transport in Europe
The ODS demonstrator must be properly
insured and declared at customs when
transported across borders.

Mandatory

Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory

Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory
Mandatory

The requirements INT1-INT30, listed in the above Table, are requirements to be met for system integration
into TRL4 demonstrator (all sensors integrated into a housing), which will be evaluated in real-world (onsite) scenarios reaching so TRL5. In order to enable the evaluation of ODS in different on-site scenarios,
the sensors housing should be easily mounted and demounted from the test locomotive (test-vehicle). For
this, a mounting system will be developed, as well as vibration suppression system, which would enable
testing of ODS with different test vehicles in movement.
One of the evaluation scenarios will be realised on the testing track of the Department for Rail Vehicles and
Transport Systems (IFS) of RWTH Aachen, one of the SMART partners, using the IFS Research Vehicle
8
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(former CargoMover AGV) (Figure 3(left)). There will be also several possibilities to evaluate the
developed OD prototype on Serbian railways network using the vehicle, the electric locomotive ŽS series
444, owned by “Serbia Cargo” (http://srbcargo.rs). The assuring of permissions for all the evaluation tests
will be responsibility of the University of Niš, one of the SMART partners. Different evaluation
possibilities with listed test vehicles, as well as characteristics of these vehicles, are detailed in Deliverable
D1.1. In this Deliverable D2.1, the focus is on the vehicle characteristics such as dimensions, mass and
mounting options, which influence the design of sensors housing such that the same housing can be easily
mounted on different vehicles.
The dimensions of frontal profile of the IFS Research Vehicle and possible locations of the ODS
demonstrator are shown in Figure 3(right). As it can be seen, there are two options for the mounting of the
sensors housing, on the upper hand rail (above the headlights) and above the buffers. In either case, the
maximum length of the sensors housing can be 2822 mm in order to satisfy the INT4 requirement. The
maximal height is limited to 450 mm for the proposed mounting positions and the width is limited to 525
mm in order to keep the housing behind the buffers and their work stroke.

Figure 3 (left) IFS Research Vehicle used in SMART evaluation scenario; (right) Possible locations of the ODS
demonstrator (grey rectangular) on the front side of the IFS Research Vehicle

In the case of the second evaluation vehicle, Serbia Kargo ŽS series 444 locomotive, there are also two
possible locations for the mounting of the sensors housing. The first one is below the hand rail and directly
above the headlights and the second one is above the frontal foot support directly below the headlights, as
illustrated in Figure 4. For the first location, dimensions of the sensors housing could be 2750x480x400 mm.
The locomotive has a curved frontal profile so the width and height of the housing may vary across the
width of the vehicle frontal profile. Close to the edge of the frontal profile of the locomotive, due to the
curved frontal profile, the width of the housing can be up to 800 mm. Nonetheless, the width of the housing
is limited to 400 mm in order to keep the housing behind the buffers and their work stroke. Although
vehicle’s width is 3100 mm, the maximal distance between the hand rails, which could be used for
mounting of the sensors housing is 2750 mm. Maximal allowed height is 480 mm to accommodate the
housing between the upper hand rail and the headlights. However, at some parts along the length of the
housing (width of the locomotive), for example in the middle of the locomotive, the height can be larger.
For the mounting below the headlights, the dimensions of the sensors housing could be 3100x270x400 mm.
Similar to the case of the first possible location, for this location the width of the housing is also limited to
400 mm in order to keep the housing behind the buffers and their work stroke, although due to curved
frontal profile the width of the housing at the both edges of the frontal profile could be up to 800 mm. As
the hand rail is not obstructing for the housing placement, it is possible to use the whole locomotive width
of the frontal profile, i.e. 3100 mm. The curved headlights are limiting the height of the housing to 270 mm.
However, the height can be larger between the headlights or close to the locomotive edge.
9
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The result of the above analysis of the dimensions of the SMART evaluation vehicles as well as of the
possible locations of the sensors housing, is that the maximal dimensions of the sensors housing are
determined by the placement location. For the placement above the headlights on the Serbia Kargo ŽS
series 444, the maximal housing dimensions are 2750x450x525 mm, where the maximal length of 2750
mm is limited by Serbia Kargo ŽS series 444 locomotive and the width and height are limited by the IFS
Research Vehicle. However, the height of the sensors housing should be smaller than 450 mm for at least
50 mm in order to assure the space for the plate for vehicle mounting as well as for the vibration
suppression system. Also, the maximal width of 525 mm could be towards the edge of the locomotive front
profile, while the width has to be smaller at the middle of the locomotive frontal profile, maximally 400
mm.

Figure 4 Serbia Kargo ŽS series 444 frontal profile with the possible locations of the ODS demonstrator (grey
rectangular)

In Chapter 7 of this deliverable D2.1, the construction of the sensors housing for the placement above the
headlights of the locomotive Serbia Kargo ŽS series 444 is explained. However, the final decision on the
housing placement will be done within the Work Package 7-Evaluation later in the project. In case of the
final placement below the headlights, the maximal dimensions of the sensors housing are 2822x220x525
mm to accommodate for the plate for vehicle mounting and the vibration suppression system. The length of
2822 mm and the width of the housing are limited by the IFS Research Vehicle, while the height is limited
by Serbia Kargo ŽS series 444. The maximal width of 525 mm could be towards the edge of the locomotive
front profile, while in the middle of the locomotive frontal profile the width has to be smaller, maximally
400 mm. The height could be larger than 220 mm (up to 400 mm) in the sections which are not directly
below the locomotive headlights.
Further details of the sensors housing will be given in Chapter 7 of this document. In following Chapters 36, the specifications of the selected sensors to be integrated into housing, are given.
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3. Multi-stereo vision subsystem
As detailed in Deliverable D1.1, in order to meet the main requirement to develop a sensory system for
reliable multi range, mid (up to 200 m) and long range (up to 1000 m), obstacle detection ahead of the
locomotive, a multi-baseline camera system has been developed. Three mono cameras (C1, C2 and C3 in
Figure 5) form two pairs of stereo cameras, C1 and C2 with shorter baseline and C1 and C3 with longer
baseline.

Figure 5 Multi base line camera system

3.1 Cameras’ Specification
The zooming color cameras from the imaging source (TIS) were selected for SMART obstacle detection
(OD) system due to their long range and high resolution. The zoom camera DFK Z12GP031 are
categorized as GigE interface cameras which provides high data transfer rate, high bandwidth and power
over Ethernet (PoE) features which, in comparison to USB interface or FireWork interface, allows
transmitting of twice bigger images.

Figure 6 DFK Z12GP031 from the Imaging Source [1]

The main features of DFK Z12GP031 zoom GigE camera are listed in the table below.
Resolution
Frame rate
Pixel Size
Focal length
Interface
Supply voltage
Trigger
I/Os
Dimension
Weight
Shutter
Gain
White balance

Specification
2,592×1,944 (5 MP)
15 FPS (Maximum)
H: 2.2 µm, V: 2.2 µm
4.8 mm (wide) to 57.6 mm (tele)
GigE
11 VDC to 13 VDC or POE: 48 VDC to 56 VDC
Software and Hardware
Yes
H: 50 mm, W: 50 mm, L: 103 mm
330 g
1
/20,000 s to 30 s
0 dB to 12 dB
-2 dB to 6 dB

3.2 Camera Trigger
Since the cameras, which are forming multi-stereo vision system, are independent of each other by means
of hardware and software, it is required to synchronize and calibrate them in order to acquire the
appropriate stereo images. DFK Z12GP031 cameras allow triggering the camera in two ways, either
11
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hardware or software, where the hardware triggering is more suitable for synchronization than the software
triggering.
Beside the synchronization of the cameras, trigger is also needed for changing the frame rate and for
selection of the camera (if needed). The configuration of the selected cameras with PC via GigE switch and
trigger (Arduino) is illustrated in Figure 7.

USB

Ethernet

Arduino

Giga Switch

Digital IO
Port

Figure 7 Cameras configuration with PC via GigE switch and trigger (Arduino)

The trigger input of the Imaging Source GigE cameras is opto-coupled. It permits positive trigger pulses
with any amplitude between 3.3 and 24 volts to trigger the camera [2].

Figure 8 Opto-coupled triggering signal

Arduino is chosen for triggering the cameras as the following recommendations were followed:
1. Arduino works on TTL Logic and it is sufficient for triggering the cameras without any additional
circuit (Amplifier).
2. Plug and play.
3. The Imaging Source GigE cameras offer two different modes of operation as described below [2].
To use the triggering mode it is easy to generate PWM for triggering the camera on specific frame
rate using Arduino:
 Free running: The cameras generate a stream of up to 15 frames/s depending on the image
resolution. In this case, the camera's clock generator determines the actual moment of
exposure. Thus, it cannot be controlled externally. This mode of operation is called "free
running".
 Trigger: The cameras offer a trigger input to determine the moment of exposure. The
exposure begins after the occurrence of a trigger pulse and an adjustable delay where the
min delay (tdmin) depends on the camera's sensor. The length of the exposure can also be set
in software. The duration of the image readout is the reciprocal of the current frame rate.
Once the image readout has finished, the camera is able to accept a new trigger pulse at any
time (Figure 9).
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Figure 9 Triggering pulse from Arduino [2]

The pin configuration of camera connector [2] is given in the following Figure.

Figure 10 Camera pin configuration [2]

3.3 Suitability of selected color zoom cameras for the SMART OD demonstrator
The choice of color zoom vision sensors, to be used for building the stereo-vision systems, was done so to
make the trade-off between the cost efficiency and fulfillment of functional and technical requirements as
defined in D1.1. The chosen sensors fulfil the technical and functional requirements as follows:
- (FR4, MSV1, MSV2) the chosen sensors have variable focal length f, which will enable testing of
different zooming factors of individual vision sensor to cover different distance ranges.
- (FR4, MSV1, MSV2) the three selected sensors with variable focal lengths f (zooming factors) will enable
testing of different combinations of focal lengths (zooming factors) and base lines to cover different
distance ranges with different accuracy.
- (FR3, FR4) the chosen sensors are of high resolution which is a basis for reliable and accurate object
recognition.

13
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4. Thermal camera subsystem
Thermal camera of choice is FLIR TAU2 model with resolution of 640x480 pixels and 100mm objective
lens [7]. Its small size and the fact that sensor requires no cooling, together with possibility to expand it
with adapter for gigabit Ethernet communication, make it suitable for this project.
Objective lens
Specific needs of this project make it necessary to use narrow field lens with long focal distance to achieve
enough magnification for detection of distant obstacles.

Figure 11 Thermal camera objective lens

FLIR lens of 100mm focal length and f number 1.6 fulfils all requirements for this sensor channel, detailed
in Deliverable 1.1. This was confirmed on a field test organized together with camera supplier. Total length
of lens is 100mm which is short enough to place it inside ODS sensors housing. When placed in the
housing, separate germanium glass is used in front of the lens for mechanical protection during exploitation.
Camera sensor
TAU 2 640x480 is uncooled vanadium oxide microbolometer sensor with 17µm pixel size which, together
with 100mm lens gives field of view 6.2° x 5° and intrinsic field of view of 0.17mrad. Equivalently, on
1000m distance, each pixel covers 17cm x 17cm square.
Gigabit Ethernet adapter
In order to use data from TAU 2 camera, it is necessary to convert it from one of available output formats to
GigE vision format. This was achieved by Workswell GigE adapter which connects to the 50pin Hirose
connector on the rear side of TAU 2 camera [8]. It is also fixed to camera by 4 screws so they form one
solid and robust body that can be further used as one piece. This adapter also allows Power Over Ethernet
(POE) to provide power for both camera and adapter itself so there is no need for separate power cables.
The only disadvantage is that it doesn’t allow for hardware triggering because of which, software triggering
solution will be used in the project.

Figure 12 Adapter

4.1 Suitability of selected sensors for the SMART OD demonstrator
14
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The choice of Thermal camera, to be used for SMART OD demonstrator, was done so to make the trade-off
between the cost efficiency and fulfillment of functional and technical requirements as defined in D1.1. The
chosen sensor fulfills the technical and functional requirements as follows:
- (FR3, FR4, TVS1) the chosen sensor is of resolution adequate for reliable and accurate object recognition
at long distance ranges.
- (FR4, TVS1, TVS2) the chosen sensor has fixed focal length which will enable reliable and accurate
object recognition at long distance ranges.
- (FR3, FR4, TSV1) the selected uncooled microbolometer sensor will enable testing of long range object
recognition in various environmental condition independently of lighting conditions
- (FR7, TSV1) the selected Gigabit Ethernet adapter will enable fast communication between sensor and
computer/embedded system

15
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5. Night-vision image intensifier subsystem
SMART night vision camera subsystem consists of 4 main parts: objective lens, image intensifier, coupling
optics and CMOS camera, as illustrated in Figure 13.

Figure 13 Night vision sensor: Camera augmented with image intensifier

Objective lens and image intensifier are of the shelf products from SMART partner HD SOVA, coupling
optics is custom made for the needs of this project and the CMOS camera was bought from The Imaging
Source [9].
Objective Lens
As with every night vision device, objective lens has to have as low f-number as possible. This is necessary
since in low light condition it is important to collect as much light as possible. The other requirement is to
have a focal length large enough to form the image of sufficient size (for objects on distance required by
project needs) on the photocathode. Both requirements are met by SOVA 6x objective lens with 170 mm
focal length and f-number of 1.7. It is readily available in SOVA and it was chosen for the project as
satisfying set requirements.
Image intensifier
Since image intensifier is the weakest component of this system, the best available was chosen. It’s
SOVA’s 3rd generation intensifier with resolution of more than 64 line pairs per millimetre and auto-gating
power supply which enables imaging in changing light conditions with high dynamic range. The image
intensifier with its length of 304 mm influences the most the size of the night vision sensor and so the width
of the sensors housing as it is detailed in Chapter 7.
Coupling optics
Since image intensifiers are analog devices on which image is displayed on phosphor screen, it is necessary
to convert this image to digital one. This is done by imaging output screen using of-the-shelf camera and
custom optics since there is no available lenses suitable for this purpose. Coupling optics is finite conjugate
system with requirements: low f-number to allow for shorter exposure times, short total distance between
object and image, resolution of ~200 line pairs per millimetre to utilize full potential of the intensifier and
magnification of ~0.32 to allow full width of the image intensifier to be imaged on the sensor. Suitable lens
was designed and manufactured in HD Sova
CMOS camera
The camera of choice is the Imaging Source DMK 33GP031 GigE monochrome industrial camera [9].Since
it should only image phosphor screen which gives green image, this can be monochrome camera. Also,
since coupling optics is designed to project image directly to CMOS sensor, camera itself needs no lens.
This particular model was chosen for easier integration with the rest of the system since the cameras of the
stereo module are from the same manufacturer, the same resolution and the same GigE interface.

5.1 Suitability of selected sensors for the SMART OD demonstrator
16
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The choice of Night-vision image intensifier subsystem, to be used for SMART OD demonstrator, was
done so to make the trade-off between the cost efficiency and fulfillment of functional and technical
requirements as defined in D1.1. The chosen sensor fulfills the technical and functional requirements as
follows:
- (FR3, FR4, NVS3, NSV4) the chosen CMOS camera is of resolution adequate for reliable and accurate
object recognition at long distance ranges.
- (FR4, NVS1, NSV4) the chosen Objective Lens has a fixed focal length which will enable reliable and
accurate object recognition at long distance ranges.
- (FR3, FR4, NVS2) the Night-vision image intensifier subsystem equipped with selected 3rd generation
intensifier tube will enable testing of long range object recognition in low lighting conditions
- (FR3, FR4, NSV1,NSV2, NSV3) the selected Coupling optics enables connection of individual sensor
components and enables enclosure and functioning of the system in non-ideal environmental conditions (eg.
frost, high humidity, dust etc.)

17
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6. Laser scanner subsystem
As detailed in Deliverable D1.1, in order to complete vision modules and to provide accurate distance
measurements, a laser scanner is included in SMART ODS. Within the allowed budget, the SICK laser
scanner LD-MRS400001S01 is selected for SMART OD system due to its reliability, accuracy, popularity
in autonomous vehicle systems and maximum range in fewer budgets from currently available 2D/3D
scanners [3]. The scanner helps the OD system by contributing the accurate distance measurement in 3D
coordinates basing on the Time-of-Flight (ToF) technology and its built-in feature of object tracking. The
LD-MRS sensor has the multi-echo capability which allows its use in bad weather conditions (rain, snow
etc). The multi-layer technology of LD-MRS allows covering the vertical range with the individual receiver
for each of 4 layers.

Figure 14 Laser scanner LD-MRS400001S01 from SICK

In the following table, some most important features of SICK LD-MRS laser scanner are mentioned [3].

Laser class
Field of Application
Horizontal Field-of-View (HFOV)
Vertical Field-of-View (VFOV)
Range
Max. range with 10 % reflectivity
Angular resolution
Scanning frequency
Operating voltage
Power consumption
Weight
Dimensions (L x W x H)
Layers
Echoes

Specification
1
Outdoor
110°
3.2°
0.5 m - 300 m
50 m
0.125°, 0.25°, 0.5
12.5 Hz ... 50 Hz, object tracking at 12.5 Hz
9 V ... 27 V
8W
1 kg
94 mm x 165 mm x 88 mm
4
3

In the SMART ODS, chosen laser scanner will provide the reference distance measurement as covered by
its range. For the ranges for which laser scanner data will be available, machine learning techniques will be
used to learn the error in distance calculation by vision sensors. The learned error will be used for distance
estimation for the ranges for which the laser scanner data will not be available. Details of data fusion and
distance calculation will be given in Deliverable D2.4 (Month 24).

6.1 Suitability of selected laser sensors for the SMART OD demonstrator
The choice of laser range sensor was done so to make the trade-off between the cost efficiency and
fulfillment of functional and technical requirements as defined in D1.1. The chosen sensor fulfils the
technical and functional requirements, defined in D1.1, as follows:
- (FR3, FR6) independently of the illumination condition, sensor data from the laser scanner will be always
available so that sensor is suitable for day and night operation;
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- (FR1, LR1, LR2) the chosen sensor will provide continuous tracking of objects in front of the
locomotive/test vehicle for the ranges for which laser scanner data will be available;
- (FR6, LR1, LR2) for the ranges for which laser scanner data will be available, the laser scanner data will
be fused with available sensor data. This sensor fusion will also be used in machine learning algorithms to
learn the relationship between the laser scanner data and vision data for the ranges for which the laser
scanner data are not available.
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7. Sensor integration- sensor housing
7.1. Design of the sensors housing of the ODS demonstrator
According to the requirements related to the system integration detailed in Deliverable D1.1 and
summarised in Section 2.1 of this Deliverable, as well as according to the analysis of the possible
dimensions of the sensor housing (Section 2.1), the design of the ODS demonstrator housing was
performed. In this Deliverable, the housing design for the housing location above the headlight of the
locomotive series 444 is given. The sensors housing integrates all the sensors necessary for the SMART
ODS demonstrator, as well as other components necessary for sensor operation and successful obstacle
recognition as it is detailed in following. Due to the dimensions of the developed image intensifier for night
vision (Chapter 5), particularly its length, it was decided to split the housing into two parts in order to fulfil
the requirements regarding the maximal dimensions of the sensor housing, main housing part and the night
vision sensor part on top of the main housing (Figure 15). The main sensors housing has three sections,
which enable easier manipulation and assembly of the demonstrator (Figure 15 bottom).

1 – main sensor housing
2 – night vision camera housing

Figure 15 CAD model of the sensor housing of the integrated ODS demonstrator. Front view (top). Exploded view of
ODS demonstrator (bottom)

The main housing dimensions are 2704x320x400 mm, which fulfils the restrictions regarding the housing
maximal dimensions discussed in Section 2.1.
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Figure 16 CAD model of the sensor housing of the integrated ODS demonstrator with dimensions.

The night vision has a separate housing which can be detached and mounted on top of the main housing on
different positions along the length and width of the main housing as shown in Figure 17. In such way the
restrictions in height for both evaluation vehicles can be avoided as the elements which limit the maximal
height are bypassed.

Figure 17 Possible positions of the night sensor housing onto the main housing

Figure 18 shows the housing attached to a vehicle mounting plate and the vibration suppression system.
The vibration suppression is realised via 6 rubber metal munts. The design of the vibration suppression
system will be further elaborated in Deliverable 2.3.
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Figure 18 ODS sensors housing attached to a vehicle mounting plate and vibration suppression system

Inside the main sensors housing, the mounting of the sensors is enabled onto the standardised profiles using
special adapters designed for attaching of SMART sensors to profiles as shown in Figure19.

1 – stereo camera
2 – thermal camera
3 – 3D laser scanner
4 – industrial PC
5 – switch
6 – power supply with battery
7 – aluminium profile
8 – sliding support
9 – sliding camera support

Figure 19 SMART sensors attached to standard aluminium profile

The connection of the sensors onto the profile with standard sliding elements enables the quick change of
the distance between the sensors and reconfiguration of the sensor position if needed. As shown in Figure
19, the main profile consists of three sections which is the design decision to enable fulfilment of the
requirement INT31.
The front panel of the housing is detachable and provide easy access to the sensors. The sections of the
front panel are made from plan parallel tempered glass which provides protection for the camera sensors
while maintaining the visibility. The thermal camera is protected by a circular shape Germanium glass
which is transparent for infrared radiation. The SICK laser scanner has already a protective housing so no
additional elements for its protection are introduced. At the top of the housing guiding louvers are
introduced to guide the air flow from vehicle movement to the protective glass elements. The air flow speed
is increased by in a nozzle like system. Such design solution enables the functioning of the system during
rain and snow as the high speed air flow sweeps the water/snow particles from the glass protective
elements.
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The front panel is inclined for 70° with respect to the horizontal plane in order to avoid/reduce reflection
from camera shooting through the glass. The reflection is further avoided by a Lens Hood made from
rubber and attached between the cameras body and the protective glass. The soft rubber hood has two other
functions: it lowers the vibrations of the camera as they are additionally supported by a rubber element and
removes condensation on camera lens and internal surface of protective glass as the volume between the
protective glass and camera lens is filled with inert gas. Resistance to environmental effects will be secured
via above described design features which enable functioning of the sensors in all weather conditions
(INT8).

7.2. Power supply and the processing unit
One of the functions of the sensors housing is to provide power supply to the sensors (INT1). The power to
the sensors will be provided by the Power over Ethernet switch ADVANTECH EKI-9512P (Figure
20),which also provides real-time sensors connection, as well connection to the processing unit for obstacle
detection, which will process acquired data from all the sensors (INT1). The switch has 8 PoE Gigabit
Ethernet ports and it is certified for in-vehicle usage regarding the vibration resistance, as well as compliant
to EN 50155:2007 (Railway applications. Electronic equipment used on rolling stock). The function of the
processing and data storage (INT1) will be performed by the industrial PC SINTRONES VBOX 3600
(Figure 21) which is certified by EN 50155:2007 (Railway applications. Electronic equipment used on
rolling stock), as well as for EMC according to EN 50498:2011 and IEC 61000 family of standards. The
detailed specifications of switch and PC are given respectively in Tables below. The PC is also equipped
with GPS Dead Reckoning & G-Sensor which enables the determination of exact position on the track even
when no GPS signal is available. Furthermore, PC is equipped with WiFi and GPRS connection which
enables the wireless control of ODS real-time hardware even over long distances. The PC is also equipped
with a 512 GB SSD for data storage.

Figure 20 ODS demonstrator network switch [4]

ODS demonstrator switch specifications [4]
Technology
Standards

IEEE 802.3at PoE+ to supply 30W power
IEEE 802.3af PoE to supply 15.4 power
IEEE 802.3af/802.3at per port with system PoE power management

Interface
Ports

12 x 10/100/1000BaseT M12 X-Code

Power Requirements
Input Voltage

24 / 36 / 48 VDC dual inputs

Power Consumption

~ 26.4 Watts (System)
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Overload Current Protection

~ 90 Watts
Supports up to 8 ports PoE/PoE+
Supports Overload Current Protection
Supports Reverse Polarity Protection

Physical Characteristics
Housing

Aluminum Shell

IP Rating

IP67 protection

Dimensions

254 x 174 x 64.5 (mm)

Weight

3.5 kg

Installation

Panel mounting, DIN-rail mounting (with optional kit)

Environmental Limits
Operating Temperature

-40 to 70°C

Storage Temperature

-40 to 85°C

Ambient Relative Humidity

5 to 95% (non-condensing)

Standards and Certifications
Rail Traffic

Shock

EN 50155; EN50121-3-2
FCC Part 15 Subpart B Class A
CE EN55022 (CISPR)
EN55024 Class A
EN61000-4-2 (ESD)
EN61000-4-3 (RS)
EN61000-4-4 (EFT)
EN61000-4-5 (Surge)
EN61000-4-6 (CS) Safety
IEC 61373

Freefall

IEC 60068-2-32

Vibration

IEC 61373

EMI

EMS

MTBF (mean time between failures)
Time

TN-5308-8PoE-48 Series: 308,392 hrs

Standard

Telcordia SR332

ODS demonstrator PC specifications [5]
SYSTEM
CPU

Intel Gen 3 Core i7-3517 1.7GHz

Memory

8 x DDR3 1600 MHz SO-DIMM

Chipset

QM77

LAN Chipset

Intel I210-AT Gb/s Ethernet Controllers Onboard
Support PXE and WOL

Audio

Realtek ALC662 HD Codec Onboard

Watchdog

Watchdog Timer Support, Offer 1 – 255 Step

POWER REQUIREMENT
Power Input

9V -32V DC Power Input
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SYSTEM
Power Protection

Automatics Recovery Short Circuit Protection

Power Management

Vehicle Power Ignition for Variety Vehicle

Power Off Control

Power off Delay Time Setting by Software

GRAPHICS
Graphics

Intel HD Graphics 4000
DirectX Video Acceleration (DXVA) for Accelerating Video
Processing - Full AVC/VC1/MPEG2 HW Decode
Supports DirectX 11/10.1/10/9 and OpenGL 3.0

Resolution

Up to 1920x1200

I/O
Serial Port

4 x RS-232 (2 with RS-422/485 (Auto Direction Control))

USB Port

4 x USB 3.0 Ports, 1 x USB 2.0 Ports for Internal

LAN

4 x RJ45 Ports for GbE

Video Port

1 x DVI-I + VGA and 1 x DP Port Connectors on Rear I/O
Support Dual Independent Display

DIO Port

4 in and 4 out

Audio

1 x Line-out and 1 x Mic-in

SIM Card Socket

2 x SIM Card Sockets Supported Onboard with eject

MECHANICAL & ENVIRONMENTAL
Dimensions

250 x 150 x 55 mm

Weight

1780g (bare-bone)

Relative Humidity

0 ~ 95%

Operating Temp.

-40 ~ 70°C (Default CPU 17Watt)

Storage Temp.

-40 ~ 80°C

Certifications

CE, FCC Class A, EMark Compliance, EN50155

Figure 21 ODS demonstrator industrial PC [5]
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Industrial PC and switch are powered over 24 V accumulator battery which is charged by the AC-DC
PULSE power supply CP10.241-60 The noted power supply is also certified by EN 50155:2007.

Figure 22 ODS demonstrator power supply [6]

The certification of PC, switch and power supply to railway standards enables the satisfaction of
requirements regarding the Electric & electromagnetic compatibility (INT11). The only connection to
locomotive electric system will be a 220V power supply cable which is connected into the driver cab outlet.
The system has position determination system (GPS) independent from the vehicle positioning system.
Passive alarm and video from ODS can be transmitted if needed via the video/ethernet cable to the driver.
Such configuration allows the fulfilment of the INT10 requirement as no connection to the control &
command systems of the vehicle is made.
As the overall mass of the sensors housing with all the sensors and additional equipment will be
approximately 90 kg it can be considered that the ODS demonstrator mass is negligible in comparison to
the locomotive mass, thus fulfilling the requirement INT5. Furthermore, the relatively low mass of ODS
demonstrator enables meeting the requirements INT30, INT31 and INT32.
The overall sensors housing dimensions and planed positioning bellow the windshield so that it will not
hinder the driver’s field of view (INT6).
The sensors housing of the ODS demonstrator will be made of high strength steel with sufficient cross
section of structural elements, which was checked by the Finite Element Method (FEA). Additional
stiffening elements will be integrated onto the longer sheet metal spans to increase the system vibration
resistance. Natural frequency of the sensors housing is significantly above the dominant frequencies of the
locomotive car body vibrations (SMART deliverable D1.1, Chapter 9). Furthermore, the sensors housing
will be vibration isolated in the TRL 5 phase. Such design will enable fulfilment of the requirement INT7.
The vibration resistance will be tested according to EN 61373:2010 (Rolling stock equipment – Shock and
vibration tests for a Category 1 Class B device) after the manufacturing of the sensors housing.
The sensors housing will be powder coated after the manufacturing which is connected to its corrosion
resistance (INT9).
The presented design of the integrated system enables the fulfilment of all the requirements defined in
SMART D1.1.
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