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ABSTRACT

Trains are one of the oldest transportation systems used in the world. The first steam
locomotive was built by Richard Trevithick and first commercial use was on the narrow
gauge Middleton Railway in Leeds in 1812. There onwards with the development of railway
transportation, locomotives improved in design from steam, diesel powered, electric and to
hybrid during two centuries. With the development, more economical high speed locomotives

have been introduced to the world.

Every transportation system consists of advantages and disadvantages to the public. The
accidents are the most disadvantageous gain from the transportation systems. The railway
transportation is one of the conventional system subjects to many accidents annually in most
of the countries. High speed locomotives, insecure railway crossing, impatience vehicle
drivers and animals are some factors to increase the railway accidents time to time.
Comparatively to other transportation systems, accident preventive methods of locomotives

are not in best use due to following reasons;
1. Notic:_i‘ng an gbstacle on the railway at the correct time.
2. I(ié%ing the brdkingldistance fidz sutficrent braking!
3. Lin-1-i’_t-u‘tion of braking due to derailing of locomotives from the railway.
4. Braking methods used are conventional types due to its complexity.

Therefore, there is a necessity for improving accident preventive methods in locomotives and
image based obstacle detection system with driver assisting capabilities is proposed in this

research. The objectives of this research are;

1. Design and development of a driver assisting interface with sensing mechanism to

detect an obstacle and obtaining minimum distance to stop the locomotive.
2. Development of the overall system and validation.

The prototype comprises with two web cams, personal computer, arduino (UNO) hardware,

and a servo motor.



One web camera (side camera) will be mounted to the side window of the locomotive cabin to
capture images perpendicular to locomotive motion and the other camera (front camera) will
be mounted on the front of the engine focusing the railway and will change its yaw angle by
the servo motor connected through controller (arduino (UNQ)) hardware to the personal

computer.

Further, the front camera detects obstacles using a MATLAB program installed in the
personal computer. The detection will be declared by beeping of an audible alarm where
driver will be acknowledged the danger of hitting the obstacle instantly and by braking
manually, the deceleration can be measured by another MATLAB program by processing the
images taken by side camera and yaw of the front camera will be adjusted automatically.
Increasing the braking gradually to move the obstacle from the danger zone to the safe zone
shown in the front camera images and muting the audible alarm automatically, the locomotive

can be stopped without hitting the obstacle.

The system was tested to a normal vehicle and to certain extent of trains since the limitations

in testing the system in locomotives in Sri Lanka Railways and found to be satisfactory.
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1.INTRODUCTION

A target of implementing an accident prevention method for the railway locomotives
is considered in this thesis. Since locomotives are very predominant transportation
method in Sri Lanka, improvement of accident prevention is vital. Comparatively, to
prevailing other methods of transportation such as buses, cars, aircrafts and ships, the
development of accident preventive methods for locomotives are very few. During
past few decades, few researches have been performed in this area and obtained quite

successful results.

1.1 Literature Review

For first literature review, a study of moving obstacle detection at railway crossing by

machine vision has been considered.

This study designs an advanced safety system for obstacle detection by machine
vision at railway crossings. The schematic diagram of this system is shown in Fig 1.1.
A CCD camera installed at a crossing continuously captures images of vehicles
passing ovegithe tracki] Whes14train dppodehes e syktelnicinstantly transmits the
live v1de(3€;§d of the ¢ressing to-the loconintive ls/catyandprocesses the images to see
if there i§=n¥ obstatle’ Withi theldredsing boundaries. If such is the case, an alarm

signal is promptly sent to draw the engineei’s atiention. Therefore, the engineer can

initiate appropriate measures according to the monitored scene of the crossing ahead.

[16]

CCIrand transmit module

Fig 1.1 Schematic diagram of the obstacle detection system at a railway crossing



For second literature review, the design concept of train obstacle detection system in

Indonesia has been considered.

The object detection sensor is mounted on the front of the train head and detects
obstacles while moving forward. When the train is shifted into forward, the system is
armed. Inside the driver room there are 2 LED display the illuminates (green and red),
the green LED indicates that obstacle is not detect although the red LED indicates that

an obstacle is within the range of the object detection sensor shown in Fig 1.2 A & B.

The object detection sensor is using the infrared range finder system. The Infrared
range finder works by emitted and reflected back (or not reflected at all).The light
reflected back at an angle that is dependent on the distance of the reflecting object.
The reflected light signal are collected by lens and focused onto a photodiode inside

the sensor unit. The reflected light shift phase is compared with the reference signal.
From the number of shift phase, a required distance is calculated with good accuracy

(Fig 1.2 C).[01]



|LeDs |
_ | Indicator |

Detection
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A. The Object Detection Sensor Location
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C. Object Detection Sensors System

Fig 1.2 Sensor Locations & LED Indicators of Train Obstacle Detection System

in Indonesia



As the third literature review, a railway scout was considered.

The railway scout was designed as a concept for reducing railway accidents. A robust
scout was sent in front of the locomotive engine distance ahead as shown in Fig 1.3 to
identify any obstacle ahead the travelling locomotive. Front and side cameras have
been placed in the scout and it transmits the live videos of the surroundings to

locomotive engine driver to identify any obstacle ahead the railway. [02]

MAX (WSfTETWide Interoperability for Microwave Access) has been considered.

This paper proposes an approach that is efficient in all the way. The approach will
make use of WIMAX base station for sending and receiving the information about
locomotives to prevent collision. A locomotive will also send information to calculate
difference among them. A computer equipped with WiMAX would receive data from
the WiMAX transmitting station, probably using encrypted data keys to prove
unauthorized users access. The locomotive will enable WiMAX and find its location
with reference to fixed WiMAX base station placed parallel along the track, whose
position is known. The fixed base station broadcast messages periodically and
WiMAX enabled laptop/tablets fitted in the train use to communicate and can receive
information about surrounding and the status of other locomotives. When the
locomotive comes in its vicinity or range the base station it sends its information
about itself and takes information of other train’s to know about the surrounding. This

way all the locomotives can get updates about others and collision can be prevented



and system will work smoothly. Fig 1.4 shows the data transferring of locomotives

running on same track on same direction. [17]

P
el
ﬂﬁp{;ﬂ'_j’ Tk

oy

I
TN A with Y Traln Bwih Wi
enabled table

Luabivn of Tian A
withk respect o DS1

enablac table |

LOCation of 1m@m B
will peopel e B33

Fig 1.4 Representation of locomotive’s running on same track and in same

direction

As the fiffh_flitel‘zlttlre veviewy asmidy) based on finding the focus of expansion has

been considered.

The focus of expansion plays an important role in many vision applications such as
three-dimensional reconstruction, range estimation, time-to-impact computation, and
obstacle avoidance. Most current techniques are based on correspondence or on
accurate flow estimation and are therefore considered computationally heavy. In this
paper an efficient technique has been presented to find the focus of expansion from
optical flow. The technique utilizes a specially designed matched filter that does not
require an exact estimation of the optical flow but rather can use a low-quality
estimation of it. In addition, based on the location of the focus of expansion and its
immediate neighborhood, the paper suggests a way to estimate the range to the focus
of expansion. Based on the experimental results, the technique has proved to be both

accurate and efficient.



The fifth experiment of this thesis demonstrates range estimation. Fig 1.5 shows the
result of the application of the technique to an optical flow image of a camera moving
toward a scene. The scene is depicted by Fig. 1.5 A. The size of the image is 576 x
768, and the FOE was estimated using a filter of size 21 x 21. Figure 1.3 B shows the
neighborhood of the resulting FOE = (378, 363) with 1000 iterations. [10]

A. The ne%g“f;ﬁ_ol‘hood ofthejestimated £fOH = (378, 363) is marked by the black box.
B. A neighborhood around the estimated FOE. The FOE is marked by a black dot

Fig 1.5 Camera moving towards the scene

As the sixth literature review, segmentation of moving objects by long term video

analysis has been considered.

Motion is a strong cue for unsupervised object-level grouping. In this paper, it is
demonstrated that motion will be exploited most effectively, if it is regarded over
larger time windows. Opposed to classical two-frame optical flow, point trajectories
that span hundreds of frames are less susceptible to short term variations that hinder
separating different objects. As a positive side effect, the resulting groupings are
temporally consistent over a whole video shot, a property that requires tedious post-

processing in the vast majority of existing approaches. It is suggested working with a



paradigm that starts with semi-dense motion cues first and that fills up textureless
areas afterwards based on color. This paper also contributes the Freiburg-Berkeley
motion segmentation (FBMS) dataset,a large, heterogeneous benchmark with 59

sequences and pixel-accurate ground truth annotation of moving objects. [14]

2, Two imabes from d vided shot. Color Baded-sedmentation would not

) fegions.“€enter: ‘Clusteriig ot pomt trajectortes inticates regions with
similar motion. Béttomni: Segmentation based on these clusters provides object

regions.

As the seventh literature review Multiple View Geometry in Computer Vision has
been considered.

According to this review, camera calibration should be done to find the location of the
image of the absolute conic in an image.

Further, camera matrix can be obtained for a plane z = 0 by,

X
y = camera matrix Y
w 3x3_T [18]



Summary of Literature Reviews

The first literature review uses a CCTV at each and every railway crossing to capture
videos of vehicle movement across the railways. The system implementation is costly
since many CCTVs will have to installed and analysis of videos for obstacle detection
is very complex to send details to the nearest locomotive engine within a short period

to aware obstacles.

The second literature review uses a infrared range finder which works by emitting and
reflecting back (or not reflecting at all) the light. The accuracy of the system is much
considerable. The advantage of having this system is to trace the distance of the
obstacle lying ahead accurately. However, the disadvantage of this system is the
emitted light goes and hits on a certain portion of a vertical plane where obstacle is at
and if the obstacle is out of range, cannot be detected. Further, only rays have been

used, obstacles cannot be identified.

The thirdif%éture reviewrases @ raihwayescout to send sigialsite locomotive engine.
Since the’_ﬂﬂiwuy seautimovesl kéeping Is€veral meters away from the locomotive
engine, obstacles can be tracked early before hitting and hitting can be avoided.
However, malfunctioning of scout or failures of transmitting signals due to bad
weather can create unexpected situations of detecting obstacles far ahead along the

track.

The fourth review shows the importance of adopting WiMAX for to send data among
locomotives to prevent collisions. However, this system can only be used to avoid

collisions of locomotives travelling along the same railway.

The fifth review is on the focus of expansion while travelling towards the objects.
This is a very important finding for the present thesis where a front camera is used to

detect obstacle while moving towards the obstacle. Further, this is advantageous to



identify motion segmentations since different motions of objects have different focus

of expansions.

The sixth review is the findings on motion segmentation for moving objects. This
review assisted to analyze the present thesis’s live video clips received from front

camera and side camera for motion segmentation.

The seventh review is the multiple view geometry in computer vision. This review is
very important to perform the camera calibration on cameras and to obtain focal

length, principal point, skew, distortion and pixel error of a camera.

1.2.Motivation and Specific Objectives of the Thesis

1.2.1 Motivation
For this thesis, a driver assisting image based obstacle detection system will be
consideredZMostly] thej designiwilh be\Hased fom thgorigs| df imdge processing, servo

motor coﬂéz)@fand MATLCAB programs:

1.2.2 Spec;if_'ic; Objectives

The specific objectives of the thesis are;

1. Design and development of a driver assisting interface with sensing
mechanism to detect an obstacle and obtaining minimum distance to stop the

locomotive.

2. Development of the overall system and validation.



1.3. Sri Lanka Railway

1.3.1 Statistics of Railway Accidents

The railway accidents are recorded annually and number of accidents for
corresponding years are tabulated in Table 2.1. According to Table 1.1, it is above 30
from year 2000 to year 2011 except for year 2001. It is almost twice than 2008 in
2012.

Most of the accidents can be categorized into following three categories;
1. Accidents without driver’s notice.
2. Accidents with driver’s notice and not enough time for braking.
3. Accidents with malfunctioned brakes.
Hence, 95% of accidents have been occurred due to No.1 & 2 of above categories.

Further, Table 1.2 compares the occurrence of accidents with its type for two

conseculi,yé;,%ears 2010 and 20414

Currenlly;- si-Lanka Raikwayuses GPRS|3ystem to communicate locomotive drivers
to inform obstacle ahead the engine to apply sufficient brakes to avoid accidents. This
method is useful to alert drivers about an existing obstacle on a railway for some

period.

10



Table 1.1 Statistics of Annual Railway Accidents from Year 2000

Year No. of Accidents
2000 53
2001 07
2002 30
2003 55
2004 31
2005 60
2006 60
2007 65
20()‘8__‘ 43
e &
3010 75
2011 82
2012 (till August) 84

11



Table 1.2 Sri Lanka Railway Administrative Report 2011

Accidents 2010 2011

a) Collisions 5 5
b) Other mishaps (such as trailing 8 8

through points, damage to points)

etc.,
c) Collisions with road vehicles at level 75 82

crossings
d) Cattle run over and killed 11 28
e) Elephants knocked down and killed 4 6
f) Terrorist activities 0 0

1.3.2 Raﬂ%—Types M SHQAHakh
Sri Lanka V%ailway uses mostly B.G."(Broad Gauge) railways. The standard rail
curvature used for B.G. railways are shown in Fig 1.7. The maximum degree of

curvature for B.G. railways is 10° for a minimum radius of 175m.

Further, the most of the railways in Sri Lanka are straight. Therefore, implementing a
driver assisting image based obstacle detection system for the Sri Lanka Railway is

much convenient to improve the railway safety.

12
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2.DESIGN OF OBSTACLE DETECTION SYSTEM FOR
ASSISTING DRIVERS

2.1 Concept of the Design

A detection of an obstacle from a locomotive front camera will be carried out within a
fraction of a second and a beep will be alarmed to warn the driver as shown in Fig.2.1.
The locomotive will be braked by the driver manually as much as possible. The front
camera yaw will be determined by considering the decelerations of the locomotive
based on the images of the perpendicular motion. The front camera will be then
focused automatically to the new yaw by the servo motor coupled to computer via
Arduino (UNO) hardware. If still the beep sound heard, the obstacle is in danger zone
and the driver will have to apply more brakes. The procedures should be repeated till
the beeping disappeared. Fig.2.2 shows the flow chart of the obstacle detection

system.

Moving Légbmotivie|w speed

Metion vectors generated at
FOE (1) from surrounding
objects from —w speed and
motion vectors generated at

FOE (2) from other moving

Drawing bounding boxes i i
objects with w speed, etc.

obtaining motion vectors
clustered more than 300 pixels
inside the DANGER ZONE
generated from both FOE (1)
and FOE (2).

Identifying obtained bounding
boxes each and counted one
using blob analysis

When counting bounding
boxes > 0, alarming ‘ beep’
and when bounding boxes are
zero, no alarm will notify the
driver whether to brake or not.

Fig 2.1 Detection of Obstacle at DANGER ZONE and alarming

14



Detection of Obstacle at
DANGER ZONE and alarming

l

Braking the Locomotive
manually

l

Measuring decelerations by the
images taken from the side

\ 4

camera

l

Measuring the front camera yaw

Obstacle is at DANGER and yaving th front camera
ZONE and still alarming using the SE_:WO motor throug
Arduino hardware

l

Obstacle,is at SAFE ZONE

S

Fig 2.2 Functional Flow of the Proposed System in Assisting Driver

2.2 System Overview and Major Components

The major components of the design are,

1. Front Camera

2. Servo Motor

3. Arduino Hardware
4. Personal Computer
5. Side Camera

15



Assembled system is shown in Fig 2.3 & Fig 2.4.

Side Camera

y

Personal Computer

A 4

Arduino Hardware

A\ 4

Servo Motor Front Camera

Fig 2.3 Hardware Connection

; \
er51tv 0 Egrat v, Sri Lanka.
S, E.L hc,ses & isscrtations

Fig 2.4 Built up Model Assembled in Locomotive Engine 861 of Sri Lanka

Railways

2.2.1 Front Camera

Front camera (Fig 2.5) is a robust camera which can be used to rotate along horizontal
axis by varying its yaw. For the modeling purpose a web cam has been selected.
However, a CCTV camera [13] should be adapted as the front camera to capture high

definition videos for image processing work.
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The robust camera base is firmly mounted on the dash board of the locomotive engine
cabin. MATLAB Simulation 01 is used to process the videos captured by the front
camera to detect obstacles. The detection of obstacles and alarming using MATLAB
Simulation 01 is explained in detail in section 2.4.1. The front camera is connected to

simulink block “ Input 1, From Video Device” of Image Acquisition Tool Box.

A servo motor (Fig 2.6) is used to change the yaws of the front camera. Relevent

signals for changing the yaw of the camera are fed by the MATLAB Simulation 03
which will be explained in detail in section 2.4.3, through Arduino (UNO) Hardware.

The identification of the servo motor used is;

TowerPro SG-5010 (Double ball bearing)

The servo motor has three wires. Wires can be identified as follows;

Brown wire : GND (ground)
Red wire 1+ 5V
Orange wire : control signal

Above wires are connected to Arduino (UNO) as follows;

17



Brown wire : GND (ground)
Red wire T+ 5V
Orange wire 12

The control signal which is a pulse-width modulation (PWM) fed to the servo motor
through Arduino (UNO) hardware according to the angle assigned from MATLAB

Simulation 03 during braking of locomotive engine.
Minimum: 1 millisecond corresponds to 0° rotation angle
Maximum: 2 millisecond corresponds to 180° rotation angle

Any length of pulse in between above will rotate the servo shaft to its corresponding

angle. Fig 2.7 shows the servo motor angles with their corresponding durations.

The simulink block of “continuous servo write” with pin 2 has been selected for the
MATIL AR Simulation 03 to integrate servo motor with the MATI.AB Simulation 03
through Af,d;}u{ino (UNQ)hardware.

Fig 2.6 Servo Motor- TowerPro (SG-5010)
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20ms
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(
i
0 Degrees 90 Degrees 180 Degrees

Fig 2.7 Servo Motor Angles and Corrosponding Durations

2.2.3 Controller: Arduino Hardware (UNO)

Lakduino EENO) Reydy hass heem fised casy Arduino Sfarfiwagé A{UNO). This is a
compalibi{_'l%'rdware of Ardnmo  Hardware (UN@)swhich icancbe easily link with
MATLABﬁéI:(V)gl'amS.

The features of the hardware are as follows;

1. Built-in USB connectivity and power supply of +5 V.
2. Atmega328 Microcontroller with UNO bootloader.

3. All Arduino shields supported.

4. ICSP socket for easy in-circuit programming.

5. Designed on a high quality dual-layer PCB.

6. Windows 8 compatible.

The manufacturer is LankaTronics Trading (Pvt) Ltd., No. 34/1, Old Kesbewa Road,

Rattanapitiya, boralesgamuwa, Sri Lanka.
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The computer architecture of the Lakduino (UNO) Rev4 is as follows;

First Lakduino (UNO) Rev4 driver, PL2303_Prolific_DriverInstaller_v1_9_0 should
be installed to the computer after downloading from the Manufacturer’s web. Then
the hardware will be connected to the computer via usb cable and computer device
manager is checked for connection at Ports (COM & LPT) for COM No. Then open
MATLAB Simulation 03 and set the COM No. setting to the connected Lakduino
COM No. manually. Now, Lakduino (UNO) hardware is ready to use.

Fig 2.8 shows a view of a Lakduino (UNO) hardware used for the field work of this

thesis.

Fig 2.8 Lakduino UNO Rev4 Hardware

2.24 Personal Computer

A personal computer (Fig 2.9) used for the field test comprises with following

features;

1. Processor : Intel(R) Core(TM) i15-2450M CPU @ 2.50GHz 2.50Ghz
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2. Installed Memory (RAM): 4.00 GB (2.74 GB usable)
3. System type : 32-bit operating System

The RAM of the personal computer used for the field tests should be as much as high
to get results instantly from the MATLAB simulations. Since, vast number of
iterations involved the speed of the personal computer must be adequate enough to

give results within a fraction of a second.

F

Fig 2.9 Personal Computer

2.2.5 Side Camera

Side camera (Fig 2.10) is an idling camera which can be used to capture videos
perpendicular to the locomotive motion. For the modeling purpose a web cam has
been selected. The side camera can be mounted on a side window pane of the
locomotive engine cabin. However, a CCTV camera should be adapted as the side
camera to capture high definition videos for image processing work. MATLAB
Simulation 02 is used to process the videos captured by the side camera to determine
the optical flow using “Horn- Schunck” method. The calculations of MATLAB
Simulation 02 is explained in detail in section 2.3.2. The side camera is connected to

simulink block “ Input 2, From Video Device” of Image Acquisition Tool Box.
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Fig 2.10 Side Camera

2.3 Algorithms of the System
2.3.1 Obstacle Detection

Optical Flow 1

Uil + Vinj
(ALL OBJECTS MOVING FROM
FOEI)
' . 3 7Y - 2 .
R'GB' FI® Ineensity Bans @ -0 opical Flow
; (AN ()L’\)JLCI MOMING FROM FOE2)

A
L

" QptidalFlow 2
Uzl + Vo]

Fig 2.11 Flow Chart and Link Equations of Section 2.3.1
Conversion of R’G’B’ to intensity of video frames capture from front camera,
Consider n™ and (n+1)" frames,
Using LUMA coding in video systems,
Y’ =0.2126R’ + 0.7152G’ + 0.0722B’ (1)

(Color coefficients 0.2126 (Red) 0.7152 (Green) 0.0722(Blue) according to ITU-R
BT.709 standard used for HDTV)

Using Horn-Schunck algorithm,

E = JI[ Lu + Ly + I)* + o (IVull® + IVvI*)] dxdy 2)

22



Optical flow vector,
V=luxy) vyl 3)

From Euler- Lagrange equations,

JL/ou - 0/0x(6L/0uy) - 0/0y(JL/ouy) =0 (@Y)
OL/0v - 0/0x(OL/0vy) - 0/0y(OL/Ovy) =0 5
L(Lu + I,y + 1) —a’Au =0 (6)
L(Lu + Ly + 1) — ’Av =0 (7)
Au(x,y) = u(x,y) — u(x,y) (®)
From (6), (7) & (8),

(L2 + oD + LIy = o i - LI 9)
Ldyu -+ (1, + o) =ao’ V-1, (10)
u™! = {T} TR § Er A AYACEE E T i (11)
V= fm TR R o e g (12)

Since the video frame 160 x 120 pixels selected,
For a w speed of the locomotive,

Velocity matrix obtained by (11) & (12),

W= [(u11i+V11j) (u12i+V12j) (1113i+V13j) \

(uigl + vig)) | (uzrd + v21j)  (ua2i + vaa])  (wisi+ vys))

(uiel + vig)) | (uasi + vazj)  (Upgd+voal) ool

(u17i + V17j) (ulgi + Vlgj) (ulgi + V19j) ..................

160 x 120
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In above matrix, all the objects in front camera move in locomotive engine speed uj,i
+ v, from the Focus of Expansion (FOE1) of the moving locomotive engine, but
there is an obstacle which moves in u,i + vz,j speed from a different FOE2. This
scenario leads to obstacles which propagates in size on railway and moves in up,i +
Vo inside the danger zone, to count 1 or more from blob analysis and to alarm the

beeping continuously. [11]

Due to reason mentioned below, for blob analysis, 300 pixels area covering an

obstacle has been selected as the number of minimum pixels for blob analysis.

If an obstacle on the sleeper at the railway which is at s distance considered, [18]

From,

X+ ZPy fFOPO X

Y +7ZPy = 0fP, 0 Y

Z _ 0010 Z
o ney

LN Y

and since pfu']e =0,
Sleeper (image) is 10.192 pixels and the Obstacle (image) is minimum 300 pixels.

Therefore, MATLAB Simulation 01 detect the area with uy,i + v2,j as an obstacle and

count 1.

This will be done for other obstacles simultaneously and count the number of

obstacles at the danger zone and beep the alarm.

As the danger zone, using a MATLAB script, only the area fallen to railway ahead is

considered.

[03]
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2.3.2 Locomotive Speed Detection, Minimum Distance for Braking & Minimum

Angle of Front Camera during Braking

2.3.2.1 Locomotive Speed Detection

R'GB' Eans (D Ineensity Eans -4 opical Flow

Bqns (1) ical Flow? “0™ 1) sqrt Optical Flow?
Eqns (17)

= sum ( sqrt Optical Flow? )

Eqns (18) sum ( sqrt Optical Flow?) / [160 x 120]

S

fig 2.12 Flow Chart and Link Equations of Section 2.3.2.1
Conversion of R’G’B’ to intensity of video frames capture from side camera,
Consider n™ and (n+1)" frames,

Using LUMA coding in video systems,

Y’ =0.2126R’ + 0.7152G’ + 0.0722B’ (1)

(Color coefficients 0.2126 (Red) 0.7152 (Green) 0.0722(Blue) according to ITU-R
BT.709 standard used for HDTV)

Using Horn-Schunck algorithm,

E = [ Lu + Ly + 1)* + o (IVull® + IVvIP)] dxdy )
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Optical flow vector,

V=luxy, vyl

From Euler- Lagrange equations,

JL/ou - 0/0x(6L/0uy) - 0/0y(JL/ouy) =0
OL/0v - 0/0x(OL/0vy) - 0/0y(OL/Ovy) =0
L(Lu + I,y + 1) —a’Au =0

L(Lu + Ly + 1) — ’Av =0

Au(x,y) = U(x,y) — u(x.y)

From (6), (7) & (8),

(L2 + oD + LIy = o i - LI

Ldyu + (I, + o) =ao’ V-1,

u™! = {T} TR § A AYACEE E T i
vz m TR R o e g
Since the video frame 160 x 120 pixels selected,
For a w speed of the locomotive,

Velocity matrix obtained by (11) & (12),

W= [ (U11i+V11j) (u11i+V11j) (u11i+V11j)

(upi+vig) | (aei+ vigj)  (upzi + via))

(upi+vig) | (ai+vigj)  (upi + via))

(upi+vig) Ui+ vig) (Ul + vigg)
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)
®)
(6)
@)

®)

©)
(10)
(11)

(12)
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Since v;; = 0, only horizontal movement of the locomotive considered,

W =

[ (u11i + 0)
(u11i + 0_])
(uni + Q])

(u11i + 0_])

2
upp

\/W2 = [1111

upp

upp

up

(uyii + 0j) (uyii + 0j)
(u2i + vi2j)  (upi + v
(u2i + vi2j)  (up2i + v
(uyii + 0j) (uyii + 0j)
uj 1Z U 1Z

s M) THBat Vil
(a2 + viz)) U+ vi]
11112 11112

upg upg

Ve +vid) Vi +v

Vo +vi?) YV +v

2
12)

up

up

27

)
(1111i+0j)

J
)

Uul
J
)

U
J

(14)

160 x 120

(15)

160 x 120

(16)

160 x 120



2\/W2=[U11+U11+U11+ ............ \/(U122+V122)+........ U +Upqeeennnn.. ]160x120
(17)
INW? / [160 X 120] = Ujocomotive speed (13)

[03]

2.3.2.2 Synchronizing uj,comotive Speed with Actual Speed of the Locomotive
Engine

Locomotive engine set to run at constant speed, 40 kmph,

MATLAB Simulation 02 will iterate Uiocomotive speed,

By feeding actual speed to the MATLAB Simulation 02,

Reality Fagtgr = Actyal Speed/. Uiocomptixe speed (19)

The Realiﬁi‘actor obtained.! will beltused ds-alFactor 1o mBlaply Uiocomotive speed €L

actual spéedef the locombtive for furthér eftlculations of MATLAB Simulation 02.

U = Ujocomotive speed X Reality Factor (20)

2.3.3 Deceleration, Minimum Distance Braking & Angle of the Front Camera

From equations of motion,

vZ =u® + 2as (2D
For minimum braking,

s =u”/ 2(-a) (since, v=0,) (22)
Consider Fig 2.13(a.),

TanO6=s/h (23)
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0 =tan'[s / h] (24)

-a
_’ t
Locomotive —>
0 Obstacle
Hi O
D) @)

Railway
S

(a.) Equations of Motion Applied to Locomotive Engine

Sleeper (Image)

«—— Camera Center

b

ém,% th2)Sleeper at s distance

LA '

Sleeper at s (horizontal)

Vertical Axis of Camera .
distance

Fig 2.13 Front Caimera Geometry

Therefore, after having n iterations of MATLAB Simulation 02 & 03,

Deceleration = (-a), (25)
Minimum Distance Braking =s, (26)
Angle of the Front Camera =0, 27

Consider Fig 2.13 (b.),
Length of Sleeper (Image) / f = length of Sleeper (Actual)/ 1 (28)
Length of Sleeper (Image) = (length of Sleeper (Actual)/ 1) x f (29)

From MATLAB camera calibration f can be found.
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Determining length of Sleeper (Image), it can be identified using MATLAB on the
video frame and the distance of obstacle (if any) on the Sleeper is at the same distance

S.

2.4 MATLAB Simulation
2.4.1 MATLAB Simulation 01
Consider Fig 2.14;

The front camera is connected to simulink block ““ Input 1, From Video Device” of

Image Acquisition Tool Box.
Settings are,

Video format: YUY2_160x120
Output color space: rgb

Block sample time: 1/30

Ports modene mattidimensional‘$ignil

€3

S

Data typeismgle

Next simulink block is R’G’B’ to intensity.
Settings are,
Conversion: R’G’B’ to intensity

Image Signal; One multidimensional signal
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Next simulink block is Optical Flow.

Settings are,

Method: Horn-Schunck

Compute optical flow between: current frame and N-th frame back
N: 1

Smoothness factor: 1

Maximum number of iterations: 10

Velocity output: Horizontal and vertical components in complex form

Next simulink block is Thresholding and Region Filtering Consider Fig 2.15,
1. Velqcily input block
2. Vef(‘);@ty squated-block
3. Vel(futy Threshold block
4. Comparison block
5. Median Filter block
6. Closing (mask) (link) block
7. Region Filtering block
MATLAB script for Sub Matrix block,
function y = fcn(u, line_row)

$#codegen

l=size(u);
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y = u(line_row:1(1),:);
MATLAB script for MATLAB Function block,

function y = fcn(u, line_row)
$#codegen

dim=size (u);

repVector = zeros(dim) ;

repVector=repmat ([0 line_row 0 0],dim(1),1);
y = 1int32 (u+int32 (repVector));

Blob Analysis block,

Statistics: Bounding box

Statistic output data: double

Wiftber of blobs: 80

Connectiyg

Maximu
Specity minimum blob area in pixels: 300

Specify maximum blob area in pixels: 3600 [07]
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8. Output block for BBox block

Next Simulink Block is Display Bounding Boxes and Number of Obstacles.
Consider Fig 2.16,
1. Simulink block ‘Video in’

2. Draw shapes block

Settings are,

Shape: Rectangles

Border color source: Specify via dialog
Border color: User-specified value
Draw shapes in: Entire image

Imageéi%gul: One multidimensignal signal
3. Clea_le white line block

4. Black back ground for count block

5. Left dead zone block

6. Right dead zone block

7. Probe block

Settings are,

Select ‘Probe signal dimensions’

Data type for signal dimensions: double
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8. Selector block

Settings are,

Number of input dimensions: 2
Index mode: one-based

Index vector (dialog): 1

Index vector (dialog): 1

9. MATLAB Function block for audible alarm ‘beep’
function y = fcn(u)
coder.extrinsic('beep')
y=u;
if u>0;
beep;

end

10. Urn'A ?‘ ®lock
Setﬁﬁgs are,
Inp'a_t: and output to have equal: Real World Value (RWYV)
Integer rounding mode: Floor

Sample time: -1

11. Insert Text block
Settings are,
Text: ‘%4d’
Color value source: specify via dialog
Color value: [1 1 1]
Location source: Specify via dialog
Location [x y]: [1 1]
Opacity source: Specify via dialog
Opacity: 1.0

Image signal: One multidimensional signal
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12. Video out block
Next simulink block is ‘Results’
Simulink blocks ‘ Display bounding boxes and number of Obstacles’, ‘DANGER

ZONE’ and ‘SAFE ZONE’ are added to the ‘Results’ block via simulink block

‘Add’. Final video comprising all features assigned will be displayed in the

personal computer.

Y0
w0 " A
Ay u Y}_

u
Left dead zone Right dead zone
0
0
I
Whad P
—
Wideo Out
Variables
Insert Tesct
S| I

Display

M A v
fon

MATLAB Functicn

Fig 2.16 Display Bounding Boxes and Number of Obstacles of MATLAB

Simulation 01
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2.4.2 MATLAB Simulation 02

Consider Fig 2.17,

The side camera is connected to simulink block “Input 1, From Video Device” of
Image Acquisition Tool Box.

Settings are,

Video format: YUY2_160x120

Output color space: rgb

Block sample time: 1/30

Ports mode: One multidimensional signal

Data type: .Vsir_ngle

Next Sil]lllli::fll.\' block is R’G’B’ to intensity.
Settings are,

Conversion: R’G’B’ to intensity

Image Signal; One multidimensional signal

Next simulink block is Optical Flow.
Settings are,
Method: Horn-Schunck

Compute optical flow between: current frame and N-th frame back
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N: 50
Smoothness factor: 1
Maximum number of iterations: 10

Velocity output: Magnitude-squared

Next simulink blocks are as follows;

Sqrt: square root

Matrix Sum: Sum of the velocity matrix

No. of Matrix: Size of the matrix. Since selected pixels are 160 x 120,
Size = 19200

Divide? : Di\fiSiOﬂ of Matrix Sum from No. of Matrix

Reality cht'ar Fagtor-ebtained by synchronizing; eptical, flow, velocity with actual

velocity for_40 kmph;Realify ffagtorcanbélseen from the display.
Product 1: Multiplication of reality factor with optical flow velocity.
Manual Switch1 : Separate the system for velocity synchronizing.
Velocity: Display for velocity

Product: Multiplication for velocity squared

du/dt: Derivative for linearization of velocity to obtain deceleration.
Divide: Division of velocity squared by deceleration

Gainl: Multiplication of u*/ (-a) from 0.5

Constant: Hieght of the front camera focal point to the ground.

Divide3: Multiplication of Gainl by Constant
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Trigonometric Function: atan of Divide3 to determine the required angle to focus the

front camera to analyze the destination is free from obstacles
Gain3: To convert radian angle to degree angle. K= 57.29577951
Front Camera Angle deg: Display for front camera angle degree.

Manual Switch3: To discontinue running system to send data to MATLAB

Simulation 03.

Discrete Sample Holdl: Selecting an angle value and hold for sending to MATLAB

Simulation 03.

To File: Sending data to MATLAB Simulation 03 file as input values.
For finding Reality Factor,

Actual Speed: 40 kmph is given to the block

Constant1: I?zwlor to convert kmph to ms™. Cl=0.2777777777777778
Producl2fj@hiplication of Aetual Speed by @1 10)¢conyveit kiph to ms™
Manual Swrtch To stop iterations after finding the reality factor

Dividel: Actual speed is divided by the optical flow speed to generate the reality

factor

Discrete Sample & Hold: After disconnecting the manual switch final value obtained

by iterations will be hold as the reality factor.
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2.4.3 MATLAB Simulation 03
Consider Fig 2.18,

Following simulink blocks are used for the MATLAB Simulation 03,
From File: Angle received from MATLAB Simulation 02.
Front Camera Angle deg: Display of angle value

Arduino Continuous Servo Writel: Simulink block to connect with Arduino (UNO)

hardware.
Setting is,

Pin Number: 2

Servo Control

ARDUING |
untitled. mat L #
From File Pin 2

Continuous Serve Write1

Fig 2.18 MATLAB Simulation 03
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3.Field Tests

3.1 Field Tests of MATLAB Simulation 01

MATLAB Simulation 01 for obstacle detection has been tested using following

scenarios;

CASE 01: Using finger tip;

=
NOTE:
'BEEP' =1
'SILENCE'= 0

| TFRONT CAMER A

Y \WVL

, ,,’ 1

1
SAFE ZONE

hil

DANGER ZONE

Fig 3.1 Overall Arrangement of Finger Tip Test

MATLAB Simulation 01 has been run connecting a web cam and the video was tested

using the finger tip. (see Fig 3.1 and Fig 3.2)

1.) When moving the finger tip at SAFE ZONE, counter shows zero and no beep

sound heard.

2.) When moving the finger tip inside the DANGER ZONE, counter shows one

and beep sound heard.

Variation of parameters from the actual case is the background is idling.
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CASE 02: Using Various Railway Videos

Two types of railway videos have been selected from the internet and screened to
personal computer and captured the video using web cam attached to MATLAB

Simulation O1.
Videos were recorded focusing the front camera to rail way.
1.) Locomotive engine travels at certain speed without engaging into an accident.
Consider Fig 3.3,

MATLAB Simulation 01 ran most of the time without alarming since no
obstacles were found along the railway. However, some bridge crossings were
considered as obstacles and beeping was heard till the locomotive engine

passes the said bridge.

-l

s
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SNAP SHOT

DANGER ZONE = 1/

SAFE ZONE =0

Fig 3.3 Locomotive Travels at Constant Speed
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2.) Collision
Consider Fig 3.4,

A video clip was run where two locomotive engines were collided together.
No beeping was heard till the locomotive engine comes towards, reached the

DANGER ZONE.

After reaching and till the collision, beeping was heard.

()

-l
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SNAP SHOT

DANGER ZONE = 1/

SAFE ZONE =0

Fig 3.4 Collision of Two Locomotive Engines
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CASE 03: Measuring Obstacle Distance from the Front Camera using Sri Lanka

Railway Locomotives

The previous case study shows generally the distance of an obstacle from the front
camera during the first detection. However, it is very important to test the system
assembling to a locomotive engine and to measure an obstacle distance for the first

‘beep’. Here, collision of two locomotive engines was considered.
Venue: Motive Power Sub Department of Sri Lanka Railways

Date: 03" February 2015.

Locomotive Engine Class Y 689 Load R was used to assemble the system as in Fig

3.5.

Fig 3.5 Built up Model Assembled in Locomotive Engine Class Y 689 Load R for
Testing
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Locomotive Engine Class S1 1SD 16308 was selected as the obstacle idling at the

same rail as in Fig 3.6.

Fig 3.6 Selected Obstacle, Locomotive Engine Class S1 1SD 16308

Four Trials were performed by moving Locomotive Engine Class Y 689 Load R
towards the Locomotive Engine Class S1 1SD 16308, slow speed 5 kmph and

distances were measured for first continuous ‘beep’ during the detection of

$
/3

Locomoti
ABGSEADA latdt 45 i Table3.1.

gine*€lass S11SD 16308 as'an obstéele-dt'dan@erzone of front

Table 3.1 Obstacle Detection Distance

Trial No. Obstacle Detection Remarks
Distance (ft)

01 50 Web Cam live video capturing was
02 55 very poor due to sun light and low
03 59 definition of the camera

04 69

The results, obtained from the assembled system was not up to the desirable level for

braking due to following reasons;

1.) Front Camera is a web cam where only low definition videos can be produced.
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2.) Due to sun light web cam video capturing is very poor (since there is no auto

white balance for particular web camera).

Above results can be improved to the desirable level by using a HD CCTV camera as

the Front Camera.
3.2 Field Tests for MATLAB Simulation 02

CASE 01: Testing the actual speed reduction with the optical flow velocity reduction

using Sri Lanka Railway Locomotives

The speed reduction test was carried out using MATLAB Simulation 02. The test was

carried out for a locomotive with some prevailing limitations of Sri Lanka Railways.
Venue: Motive Power Sub Department of Sri Lanka Railways

Date: 03" Egbruary 2015.

LOCO]nothiiéﬁgine: Class Y 689 Load-R

Maximmﬁ g}ﬁ@@d Allowed: 5 kmph

The system was assembled to Locomotive Engine, Class Y 689 Load R.

First, MATLAB Simulation 02 was set to run.

The Locomotive engine speed was increased up to Skmph and moved on constant

speed.

The reality factor was obtained during this period using the running MATLAB

Simulation 02.

Table 3.2 shows a trial of varying speed of Locomotive Engine, Class Y 689 Load R
after synchronizing to actual speed using the obtained reality factor by running

MATLAB Simulation 02.
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Table 3.2 Trial of Varying Speed of Locomotive Engine, Class Y 689 Load R

Trial No. Speed (m/s) Distance for | Front Camera Remarks
Braking (m) Angle (deg)
01 20 1.6 40 Reality Factor=
31670
23 3.64 67.63
45 2228 89.96

Above results clearly shows when speed of the locomotive engine increases the

braking distance increases subsequently front camera angle increases till 90"

Fig 3.7 Display of MATLAB Simulation 02 for 2" Set of Data

Fig 3.7 shows the 2™ set of data inclusive of the reality factor clarified in Table 3.3.
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3.3 Field Tests for MATLAB Simulation 03

CASE 01: Testing Servo Motor Angle with the MATLAB Simulation 03

The front camera angles using the servo motor through arduino (UNO) hardware

while changing MATLAB Simulation 03 were checked.
Venue: MALABE Cinec Campus Road
Date: 31% March 2014

While running the 4WD double cab, several angles were given to MATLAB

Simulation 03.
The angles are 20°, 40°, 60° and 90°,

The servo motor through arduino (UNO) hardware kept it angles at the instructed

positions by the MATLAB Simulation 03.

Fig 3.8 Changing Angle from 40deg to 20deg
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3.4 Field Tests for Overall System
CASE 01: Testing the Overall System

Venue: MALABE Cinec Campus Road
Date: 31* March 2014

Overall system was checked assembling the system to a 4WD double cab for the

validation. Following results have been obtained;

1.) The fluctuations in front camera angle in MATLAB Simulation 02 are very

high and could link to the MATLAB Simulation 03 as the input values.

2.) The front camera yaw variation is very high due to the fluctuation of input

values received from MATLAB Simulation 02.

3.) The front camera continuous yaw variation does not obstruct viewing of the

vehigle frong yiew.

4.) Hoggvel ardttino ' (UNQ) 'hardwaie Cmalfunctioned 'and->overflow condition

occarred at ‘Contihuons ServoWrite 1° simulink block.
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3.5 Tests for Motion Fields (Vector Fields) and Motion Segmentation

The safety zone margins of the MATLAB simulation 04 have been improved as in Fig
3.9 to obtain better results during the tests for motion fields (vector fields) and motion

segmentation.

Rest. (-0 juEl

View Seftings Help

Ay

Right dead zane:

< image :'ET:E‘*““E Bleck background

Er— for count
Draw

Redtangles

Video Cut
Variables

Inset Text

Fig 3.9: Improvement of SAFETY ZONE Margins by Modifying MATLAB Simulation
01

Furth 111(&%’%51(& 1ication ol Focus-OL CXPans1oiy (L :Jj_.[ Nas: neen 1 in Flg 310,
since FOBRS®& very.importangpasameter.inn

As per the Fig 3.10, with the Focus of Expansion (FOE), motion vectors generated on
poles, trees and vehicles beside the railway which will be falling into the Safe Zone.
Since very few motion vectors generated on the railway and within the Danger Zone
when there is no obstacle along the railway, encountering less pixels than the

minimum nos of pixels given to the blob analysis where no beeping is heard[10][12]
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Fig 3.10 Identifying the Focus of Expansion from Motion Vector Fields
Therefore, motion segmentation can be categorized as follows;

1.) Motlon vect?rs are appeared rfrom the Focus of lExpanslon (FOE) of the

”l Mi &P :/] Euv “ ¥ ,,;HT[ La aﬂyﬂ“m,‘

g fronL Cdmerd tow;ﬁjl thé scen?iy“from polés treLes idling vehicles
¢ 1 atons

the ra11Way ’l\“’»ese are not ﬁ)unfed by blob émalysm since it distributed
YV R«”‘ 10) \[H

1n51de the safe Zone.

2.) Since the railway most of the time, continuously connected to the Focus of
Expansion (FOE) of the front camera to the locomotive engine, very few

motion vectors can be seen.

3.) The Obstacle coming towards the locomotive engine can be seen with higher
number of motion vectors due to obstacle’s own speeds and propagation in
size within an instant and when it enters danger zone, from blob analysis,

number of blobs are counted and beeping will be heard.

[09][10][14]
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Further studies were carried out below to check the validation of the obstacle
detection system introduced in this thesis since the object detection is done with a
moving background. Therefore, several railway accident videos obtained from
locomotive cabin front cameras have been analyzed using a special MATLAB
simulation shown in fig 3.11 for the generation of motion vectors due to different
FOEs and checked whether beeping really occurred due to the identified obstacle

ahead the locomotive engine.
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Fig 3.11: Adapting Video to Workspace, Simulink Block for analyzing Final 10

nos. of Frames
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3.5.1 Determination of Focal Length of the Front Camera using Camera
Calibration

Twenty numbers of Checker Board images with different angles have been used for
the camera calibration. The main purpose of this calibration is to find the accuracy of
the image capturing by the camera and to determine the focal length. Performed
calibration test for each image is shown as follows;

Image 01: Captured Image

Camera Calibration Toolbox fo| ok MATLAB R2012b 3 === &)
[ Figure 2 = |2 T
€ s vizion.caltech.edu l: gEd " . Tools Deskton  Win e E Dagh @lsﬁmh Documentation H
o ile Edit View Insert Tools Desktoy indow  Hel ~
counting activated), af *H> @A PGy Uses i 2 2 M.
s = \ e o = z -
re-process the few imj  Current Folder O5d< | A8 ¥3R4 2|08/ ®
Name Click on the four extreme comers of the rectangular pattern (first cormer = origin)... Image 1
Do you want to us % 20bmp
or do you alway: v A0
—— o [l vide.. [ [® |[=] I
Using (wintx,wint e |
Click on the four s
The first calibration in
e images
] = all images) =
x and winty):
] k3 cunting mechanism (0=[]=default)
1 =T Of squazes manually (1,other)? |
\ |E
- 5x5 (Note: To reset the window
rectangular complete pattern (the £ix
»

=l Y

58
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Image O1: Extracted Corners

| Camers Calibration Toolbox fo| gk MATLAR R20125 3 EE=)
[ Figure3 = _—
€ @ wwwision.caltech.edu -;‘ gEd — —_— 8 B O seorch pocumentation PH
o it rt k]
b I F U » C» Ugers| FIe EO View Inset Tools Destop Window Help =
Fa A -
Current Folder D de |k W@Qﬂv@‘ﬂ@\ﬂ@ ®
bame Extracted comers
2 Wbmp 2
&/ 19.0mp 3 L — E
& 1amp o [ Vide.. [ = |[ & |[ &
#17.6mp gt
2/ 16.bmp L4
& 15.bmp 40
& 14.bmp
213 T
=/13.bmp T 60
& 12.0mp =
The comners are extrad & 11.bmp 5
Follow the same proe{ % 10.6mp z
#9bmp s
= abmp £ 100
- d -
(& 6.bmp i
& 56mp =
& 4.bmp @
& 3bmp 140
& 2bmp size = 5x5 (Note: To reset the window
= = *
& 1bmp 2 14:22°49.932 | 160x1 £ che rectangular complete pactern (che fir
direction ([]=0.1524m) = 27
20 40 60 80 100 120 140 160 D A -
Xe (in camera frame) osses on the image) are not close to the ac
guess for the radial distortiomn factor kc
Heed of an initial guess for distortion? ([]=no, other=yes)
Corner extraction...
Processing image 2...
Loading image 2.bmp... c
Using (wintx,winty)=(2,2) - Window size = 5x5 (Hote: To reset the window
Click on the four extreme corners of the rectangular complete pattern (che fiz
20.bmp (BMP File ~ < 1, » i 21! [ ] 3
Busy

L TR ARY IED

Image 02: Selecting Extreme Corners

[=IE=]

PRcAl=] @ISEar(h Documentation PH

v 2 n
[C]
[Z/17.bmp
2] 16.bmp L4
2] 15.6mp
2] 14.bmp
The comers are extrad  &13 bmp
Follow the same proc & 12.bmp
[/ 11.bmp
[2/10.6mp
[&]9.bmp
2] 8.bmp
(=] 7.omp
[&/6.bmp <
2] 5.bmp
[ 4.bmp
& 3.bmp direction ([]=0.1524m) = 27 7
& 2bmp osses on the image) are not close to the ac
&/ 1.bmp 142612714 | 160x1 guess for the radial distortion factor ke
160 tion? ([]=no, other=yes)
20 40 60 80 100 120 140 160
Loading image 2.bmp...
Using (wintx,winty)=(2,2) - Window size = 5x5§ (Note: To reset the window
Click on the four extreme cormers of the rectangular complete pattern (the fir
Size of each square along the X direction: d¥=27m
Size of each square along the Y direction: d¥=27m  (Note: To reset che size d_
If the guessed grid corners (red crosses on the image) are not close to the ac
it is necessary To enter an initial guess for the radial distortion factor kc| |
J% Heed of an initial guess for distortion? ([]=no, other=yes) -
20.bmp (BMP File A m » < T ] »
Waiting for input

B0 (@] ]rm]

60



Image 03: Selecting Extreme Corners
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Image 05: Selecting Extreme Corners
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Image 07: Selecting Extreme Corners
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Image 09: Selecting Extreme Corners
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Image 11: Selecting Extreme Corners
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Image 13: Selecting Extreme Corners
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ection: d¥=27m  (Note: To reset the size c,
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Loading image 14.bmp...
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Image 15: Selecting Extreme Corners
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If the guessed grid corners
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- Window size = 5x5 (Note: To reset the window
corners of the rectangular complete pattern (the fir
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the X direction: dX=27m
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Image 16: Selecting Extreme Corners
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Image 17: Selecting Extreme Corners
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Image 18: Selecting Extreme Corners
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Image 19: Selecting Extreme Corners
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Image 20: Selecting Extreme Corners
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Calibration Results

Carmera Calibration Toolbox fof |

| € @ wwwuision.caltech.edu
A A

<awp |l » € » Users » Dulan Sriwardene » Desktop » calib_example

Current Folder
[ Name~
HH calib_data.mat

After comer extractio
Calibration is done in
The initialization step
The non-linear optimil
6*20 DOF extrinsic =
computation of the Ja

Aspect ratio optil
Principal point o
Skew not optimize
Distortion not fu

sixth order
Initialization of
Initialization of
Initialization of

Initialization of

calibration param

Focal Length:
Principal point:
Skeu:
Distortion:

Hain calibration
Gradient descent
Estimation of unc

Calibration resul

Focal Length:
Principal point:
Skeu:
Distortion:

® | Workspace

Name &
A

] aB
HH A ki
tHHe

FHH1

HH H_ 10
FHH11
o H12
HH H 13
HH H_ 14
HH H_1s
HH H_16
FHH17
FH H18

HH H_19

Value
<10:98 double>

<106 sparse double>
[-0:1955,-0.4030;-0.13
<6198 double>
[-0.0237,0.5094,31.35..
0.0338,0.2432,23970.
00212,03418,17153.
0.0092,04185,31.205...
0.0030,0.4971,26.400
[-0.0126,0.5707,55.68
[-0.0748,0.5716,49.12...
0.0289,0.3703,21.778.
0006104121, 27 485...
0.0056,0.4214,26.894...
0.0147,0.3766,23.727

431761

08431

555224
511021
536605
69.5198
64,5894
597481
556808
50,6481
511822
346229
570469
728794

oy
IN]

Command History

@

B3

b
1

Pixel error: Details

2015-06-29 5:19 2.2
t-calib_gui

1and V
Estimation of uncertaintie

Calibration results after

Hote:

Focal Length: fc
Principal point: cc
Skew: alpha c
Distortion: Xc
Pixel error: err =

s...done

optimization (with uncertainties):

= [ 293.74872 294.10597 ] [ 3.89685 4.73742 ]

= [ 38.12752 ©6.58398 ] [ 7.95763 5.47613 ]

= [ 0.00000 ] [ 0.00000 ] => angle of pizel axe

= [ -0.41748 1.54673 -0.00412 -0.00780 0.000C
[ 0.14588 0.18424 ]

1l 3 <[ 1

The numerical errors are approximately three times the standard deviatic

Note: The numeric.

Mame,
calib

19.bmp
iV WW
16.bmp

15.bmp
14.bmp

o Motatuwa, Sri Lank:
}-¥lectronig: These§
lib.mrt.ac Hes ™

HH.10
HH11
HH12
EERBE]
FH H1a
HH H1s
HH H_16
HH 117
(HH18

(H H_19

Value

e~

& Dasscrtatior

-04938;-0.13...

-0.4939
-44.9677
-0.0237
-0.0034
-1.6070e-05
3.9132e-05

0.0338,0.2432,23.870
00212,0.3418,17153
0.0092,0.4185,31.205...
0.0030,0.4971,26.400.
[-0.0126,0.5707,55.68.
[-0.0748,0.5716,49.12...
0.0289,0.3703,21.778
0.0061,0.4121,27.485
0.0056,0.4214,26.894.
[0.0147,03766,23.7217...

d.

Max
1&; 31761
(s
32
4704

08431
555224
72 511021
72 536605
'2 69.5198
2 64.5994
2 59.7481
556808
506481
511822
546229
570469
728794

Co. @
B3
ica
e -3
= 27

Details

(with uncertainties):

294.10597 ]
86.52398 ]

[ 0.00000 ]
1.5¢673  -0.00412
0.18224 1

[ 5.89685 4.73742 ]
[ 7.95763 5.47613 |

=> angle of pixel axes = 90
-0.00780 0.00000 ]

rately three times the standard deviatiens (fo

.00000
[ 0.11389

0.00000 degrees

0.75654 0.00365 0.00771

r reference) .

0.00000 ]
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Show Exentric

| Camera Calibration Toolbox fo| .\ MATLAB R2012b

) ED)

File Edit View Insert Tools Desktop Window Help

FEE IS PRI

€ | @ wwnwision.caltech.edu,
== <> EHA )

Current Folder

» C:o» Users

Mame +
HH calib_data.mat
&) 20bmp
& 19.6mp
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& 17.bmp
& 16.6mp
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& 13bmp
& 12bmp
& 11.bmp
& 10bmp
& 9.bmp
& 8.bmp
& 7.bmp
& 6.bmp
& 5.bmp
& 4.bmp
&) 3bmp
& 2bmp
& 1bmp

In order to exit the er|
Click on Show Extri

Extrinsic paramatars {camera-centered)

Remove camera reference frame|
Switch to world-centered view

el

leerror | Recomp. comers

Calibration

Exit

Fies):

[ 3.89685

Skew:
Distortion:

[ 0.00000 ]
1.54673
0.18424 ]

alpha ¢ = [ 0.00000 |
[ -0.41748

[ 0.14588

Pixel error:

Hote:

F >

-0.

7.95763
=> angle
00412 -0.

Details <

=

.

On this figure, the fraJ
centered”

viewtoa™

Show calib results

4.73742 ]
5.47613 1
of pixel axes = 90.00000
00780 0.00000 ] [ 0.11383

0.00:
-}

The numerical errors are approximately three times the standard deviations (for reference).
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Extrinsic parameters (Wworld-centered)
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Analyze Error

Reprgection eror (in pixdl) - To exit: right button

0.5r w

0.4f

0.3r

O1r

O01-

0.2F

| | | |
04 02 0] 02 04 0.6
& University of

AT 1OV heoo
4 | LUJEELW 1 L1 -y
) : ==
- & & YA §. ¥4 AT e
2. .. sy lib.mrtac ik : =10 P
= ample M
_ Dede 2 0E =
Print | = L| ®
| Layout Reprajection eior (in pixel) - To exit: night bution Min Bytes Max
05 ! ; ! j ouble> 7840 431761 -
e ] arse double> 748 B
< + -04939,0.13... 32 08431
03 uble> 4704 55,5224
- Jble> 144 135
3 bble> 1443062503
g 0.5094,31.35 72 511021
2432,23970.. 72 536605
341817153, 72 695198
1418531 205... 72 64,5994
LA9TL26 400... 72 597481
0.5707,55.68 72 556308
0.5716,49.12. 72 506481
3703,21.778... 72 511822
4121,27.485... 72 546229 "
O]
results after optimization (with uncertainties):
e i i Fi i e : fc = [ 293.74872  294.10587 1 [ 3.82685  4.73742 ]
. bint: cc = [ 32.14752 56.583%8 ] [ 7.95763  5.47613 ]
alpha_c = [ 0.00000 ] [ 0.00000 ] => angle of pixel ames = 90.00000  0.00:
Tistortion: kc = [ -0.41748 1.54673 -0.00412 -0.00780 0.00000 ] [ 0.11388 O
Pixel error: err = [ 0.14588 0.18424 ]

Note: The numerical errors are approximately three times the standard deviations (for reference).

Pixel error: err = [ 0.14588  0.18424] (all active images)

B

o>

Details A | |FETF < . v
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Finding the error at cursor point

o
Toa ‘error

File Edit View Insert Tools Desktop Window Help

B T TS X 1) PR LY ) e 2
Print ®
Layout Reprojection error (in pixel) - To exit: right button Min _— o

05 j " : j j N ouble> 7840 431761 -
arse double> 748 Bl

S -0.4939,-0.13 32 08431

uble> 4704 555228

1 hible> 144 135

Lible> 144 3062503

] 0.5094,31.35... 72 51101

2432,23970... 72 536605

] 1341817153 72 60,5198

418531205 72 64,509

] L4971,26400... 72 597481

0.5707,55.68... 72 556808

7 0.5716.49.12... 72 506481

13703,2L 778... 72 51182
] 412127485 72 546220 Y
1 @
err = [ 0.14588 0.18424 ) o

) limerical errors are approxzimately three times the standard deviations (for reference).
0.6
err = [ 0.14588 0.18424] (all active images)

Selected image: 1
Selected point index: 49

Pattern coordinates (in units of (dX,d¥)): (¥,Y)=(6,0)
Image coordinates (in pixel): (34.25,119.19)
Pixel error = (0.56207,0.37648)
Window size: (wintx,winty) = (2,2)
I o>
Details ~ el e i

Page:17 of 17 | Words:6 | o

=SEIOIEIEN

7 ’ ! |
150 /7 ot 1 NN

I~ 4 1 VSN

o
Pixel emor =[0.1459, 0.1842]
Focal Length = (293.749, 294.106) +-[3.897, 4.737]
Principal Point =(38.1475, 86.584) +/-[7.958, 5.476]
Sew =0 +-0
Radial coefficents = (-0.4175, 1.547, 0) +-[0.1139, 0.7565, 0]
Tangential coefficents = (-0.004117, -0.007801) +/- [0.003646, 0.007707]
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Visualize Distortions- Complete Distortion Model

Cordete Oistation Moddl
O v v 1777 G~ :
+7.m)\_ V'L, e
o O
N i

P

1007

v

/ !
WOus , |y 15,
0 50

Pixel emor =[0.1459, 0.1842]
Focal Length = (293.749, 294.106) +/-[3.897, 4.737]
Prindpal Point —(38.1475, 86.584) +/-[7.958 5.476]
Sew =0 +-0
Raial coeffidents ; « ; 014175, 547, D) +/-]0.1139, 0.7565, 0]
Farbential cosffidents— (01004117, -0.007801) /£10.003646, 0.007707]
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Visualize Distortions- Tangential Component of the Distortion Model
Tangertia Gomponent of the Oistortion Moddl
°/N/1i\‘.\fh:%o%t

> 07 \ Q2.

100l -+ e e e e e

150+

L

0

Pixel emor =[0.1459, O. 1842]

Facal Length — (293,749, 294,106) +/-[3.897, 4.737]
Pitipal Point L (381473 )85 584y W/A[7.958, 5.476)
SR =0 +-0
Gzl coeffidents C L 1014475, 11 84756 WL id139, 0.7565, 0]
TAReEAtial coeffigients = (0.004117, -0.007801) +/-[0.003646, 0.007707]

3.5.2. Determination of Actual Height of Objects for the Front Camera
Object : Tube well post lying x distance from camera
Calibrator : A vertical ruler with mm scale

Methodology: A vertical ruler kept at y distance from camera and picture was taken
capturing the vertical ruler on ground and the tube well on ground.

The Horizon of the camera was marked for a railway video frame (Fig 3.12 (a)).

Since the ground plane and horizontal planes of up most heights of objects intersect at
horizon of the camera which was found by Fig 3.12 (a.) and by maintaining similar
conditions at camera end, height of the tube well from the ground level can be

geometrically found as in Fig 3.12 (b.).[18]
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HICR|FOR

(a.)Marking the horizon of a video frame

Micocortatinnc

Elgctragde Theses & Dissertations —

www b mirt ac 1k

HORIZON

Camera Height = Approx. 520mm

Considered Height of Tube Well Post = Approx. 975mm
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(b.)Determination of Actual Height of an Object

Fig 3.12 : Measuring Actual Heights of Objects captured from Web Camera

3.5.3. Determination of Minimum Area (300 Pixels) for Blob Analysis
Focal length after camera calibration = 294 pixels

Confirmation of focal length determined by the camera calibration using an
approximation;

Object: Square Hard Board 100mm x 100mm (10000 mm?) kept 1100mm distance
from front camera

Actual length of square hard board center from camera center = 1100 mm
According to Fig 3.13,

Image height =27 pixels
Focal length (Approxi.) according 100mm x 100mm square hard board calculations

=27 % 1100 /100 pixels

S

E’j H29T%ixels
Length of.'zf.‘éommon railway sléeper = 2600mm
Width of a common railway sleeper =275mm
Length in between two sleepers = 550mm
Consider a sleeper 75m ahead from the camera center point,
Image (sleeper) length =2.6/75 x 294 pixels

=10.192 pixels

For 300 pixels image (Obstacle) on considered sleeper about two times of sleeper
length,

Image height =300/(10.192x2) pixels
= 14.717 pixels

Actual height of the Obstacle =14.717/294 x 75 m
=375m
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Therefore for blob analysis, 300 pixels (minimum) have been considered to track
the object for drawing bounding box and for beeping.

lools  Window Help

Qe % B &AM %G00

1(X,Y) RGE]

Fig 3.13: Image of Square Hard Board (100mm x 100mm) at 1100mm Distance

Case O1:Lggomotys, Motes SR COPAS Mi%ha, Sri Lanka

Ten cons e Vlaé&kéémém&glh%lyzed for motion segmentation and since

no obstacie ahead the railway, very few motion vector fieids have been found.

VideoClip:file:///F:/Videostrain/Strasbourg%20to%?20Paris %20Driver %27s%20eye

%20view%20preview.webm
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Fig 3.14: Locomotive engine travels in a constant speed

Yellow pixels shows the motion vectors generated due to FOEs. Since a cluster of
motion v ﬁ rs bountads byrconnectinh /Msktaw pixels Syith] conrdegtivity parameter 8

have beé Ldered tocompare miniouns requiretsbloblareapiveels (300).

Checklng no.. of yellow pixels;

According to 10" frame, cursor position shows motion vector covers two yellow

pixels (fig 3.15).
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B Movie Player
File Tools View Playback

Help N

DSk R Ok %S @ |

HWdamEPFDpwH| 0=

RGB:120x160 [100% (20 fps) [10/10

. Muovie Player

File—— = S—— S 1
E .Pixel Region (Movie Player) EI@
? File Edit Window Help o
—1Bm?

Pixel info: (78, 59) [38 106 103]

Stopped Stopped [RGB120x160 [100% (20 fps) |
Fig 3.15: Pixel Values of the Cursor Point
Last ten frames of video are as follows;
Frame 01 ;- [ Tond i
8 Ficcironic

'.Mwie.P\e o ey = ':'.?."J:___ '-_ CTH

file Tools Vieltupiapionk Help Y¥ WV vy . L1 . BLJIAE, cbls . Gigh piayback  Help = [ =

Oa|cE| o ok £ & ol R O £ ~ Gy

MU EED M| o e P2 B0 i<l Region (Movie Player) ===

File Edit Window Help ~

RGB-120x160 [100% (20 fps) [1710

Ba?

[RGB:120x160 [100% (20 fps) [1/10 | Pielinfo: (X, Y) RG]

Yellow Pixels inside DANGER Zone (8)
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Frame 02

n Movie Player

File Tools View Playback
Daagh ® 0|

Maea m e w |

(===

~

e e

&, & |EJzz0x

e =

RGB:120x160 [100% (20 fps) [2710

n Movie Player

File Tools View Playback

=8 EeR

£

BIEIEER- TR =

HamrFpp

Paused

Yellow Pixels inside DANGER Zone (6)

Frame 03

File Edit Window Help
BE ?

% 34 Finc
D 4aBbcc. AcBbCeD: AaBbCeD: =

> e Rep
B Pixel Region (Movie Player) =@ =]

¥

RGB:120x160 [100% (20 fps) [2/10

B Movie

= iz}
M4 m

Paused

File  Tools View

UnEvers
e

Eleetroni
www.lib.

RGB:120x160 |100% (20 fps) [3/10

File Tools

H 4 4 W

Paused

Miaratmmwa S

J
[RGB:120x160 [100% (20 fps) [3710

Pixel info: (31,62) [000]

| B pivel Region (Movie Player)

File Edit Window Help

Pixel info: (32, 38) [000]

Yellow Pixels inside DANGER Zone (6)



Frame 04

B Movie Player
File Tools View Playback Help

===

RIENER: O | 9 & Bz

HampeEnpn )I:Q:QD_'

[E=8 Bl

£

B Movie Player
File Tools View Playback Help

@ @ @ @ISearch Documentation DH

@ £, Community

DelagB [EIREX ] [El]zz0

nes =

Haam kDb wi|

[100% (20 fps) (4110

Paused [reE:120x160

[=rErE=]

£

B Piel Region (Movie Player)
File Edit Window Help

Ba?

Pixel info: (32, 80) [00 0]

Yellow Pixels inside DANGER Zone (11)

Frame 05
nMo\ne
File Tools View ck  Help
a|& YN
H 44 4 [

e

Eleetroni
www.lib.

Paused REE:120x160 [100% (20 fps) [5/10 | Paused

e

Playback Help
Fraawass

T e N

“ 4 u

REE:120x160 [100% (20 fps)

Yellow Pixels inside DANGER Zone (4)
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Frame 06

B Movie Player [=E)=E]=]
File Tools View Playback Help -
RIEIEEEAC LS

Hd4d4qmp s =

Do

B Movie Player

File Tools View Playback Help
RIEIEEE A EIEEY T e
L3 |

H4H4qamp !'!703_‘

[E=8 B=

£

Paused [reB:120x160 [100%

(20 ips) 6710

@ @ SE? @ISearch Daocumentation 2

@ (i, Community

B Pixel Region (Movie Player)
File Edit Window Help
Ba?

===

¥

Pixel info: (32, 58) [0.0 0]

Yellow Pixels inside DANGER Zone (10)

Frame 07
Bl tovie AR T
File Tools ¥ File Tools View Playback Help B
Qm| o L MR rs] ISNASTRIPVAS SIE=A11K
LERCEE I | ¢ M ¢4 . b M0

Eleetron1
www.lib.

x e
RGE 120160 [100% (20 fps) [7/10

Paused

RGB:120x160 [100% (20 fps) [7/10

BTG s-or< Docurmentotion o

3, Community

IN-] Region (Movie Player)

File Edit Window Help

==

Y

Pixel info: (32, 58) [00 0]

Yellow Pixels inside DANGER Zone (3)
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Frame 08

B Movie Player ' | B Movie Player EI@ e @ISearch Documentation ,0

File Tool View Playback Help % | File Tools View Playback Help M

DajcH O | % & @ | Deas [L IO % 20% A= (g communty

HACa m b By e = HampepwH a2 B Pixcl Region (Movie Playe) i =]
File Edit Window Help Ll
Bm?

Paused RGB:120x160 [100% (20 fps) [8/10 | Paused RGB:120x160

100% (20 fps) [8/10 | Pixelinfo: (32, 61) [000]

Yellow Pixels inside DANGER Zone (20)

Frame 095"%

nMC‘-‘E ' < (54 E ®|Search Docurnentation DH
File Tocol: & cl H p Hel -
SEIEEIE N LIRS 1+ B L DI e | comunty
M4 ® D ow M| e Haa m kW nfes= I Pivel Region (Movie Player) i =
s File Edit Window Help k]
Ba?
Paused [RGB:120x160 [100% (20 fps) (9710 Paused [RGB:120x160 [100% (20 fps) (9710 Pixel info: (32, 61) [00 0]

Yellow Pixels inside DANGER Zone (8)
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Frame 10

B Movie Ployer [= (=] =] | Bl MoviePlayer [E=E [EcH > 2 E @I Search Documentation PH
File Tools View Playback Help 5‘ File Tools View Playback Help =l @
IETELTEA RS 1 RIEIEETEAD IR = b i Commuty

HUaEr BB [|o Heamrppu[n|e: B Pixel Region (Movie Player) [=1=re]

File Edit Window Help El

BE?

N Ay S L e e ]
Stopped [RGE:120x160 [100% (20 fps) (10710 | Stopped RGB:120x160 [100% (20 fps) [10/10 | Pixelinfo: (32, 64) [000]

Yellow Pixels inside DANGER Zone (8)
Case 02: Collision of Two Locomotive Engines

A collision of two locomotive engines has been considered. Again ten consecutive
video frames have been analyzed for motion segmentation and found areas with more
than 300 pixels which are higher than the minimum po. of pixels for blob analysis

resulting 2
T/
Video Clipz=Prain Colliston' Compilation!

Elistacles in danger.Zone.
tP?\!“ j( g

Train Collision Compilation!

Fig 3.16: Collision of locomotives
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Ten adjacent frames of the video have been considered.

Frame 01

B Movie Player =]

File Tools View Playback Help £ File Tools \r.m|'p|ayhack\ Help
Lialet b0k %% e B PIEIEETE R = ED
HdamrD || HeamrpnwH|ne

No. pixels bounded by yellow pixels > no. of minimum pixels for blob analysis (300)

Error. Should be 01No. of blobs.

B Movie Player = =Er=]

File Tools View Playback Help ~
FIEEEIEICERLY 1=

K w1 nfen =

B Movie Player (=8|

File Took View Playback Help
BIEIEE LIRS =

I T N s A

Paused IRGB:120x160 [100% (20 fps) [2/10 Paused [RGE:120x160 [100%

(20 fps)

No. pixels bounded by yellow pixels (290) < no. of minimum pixels for blob analysis

(300)

Therefore, 0 Nos. of blobs identified.
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Frame 03

TE S « - TR = = |
Home | View @
b i e G [Byonoaazen: = [ MEmmE sy
paste SR | St o | [@1AQ | Brusnes %222%@23 " EhS ‘ Slfe ol | color DD%%%%%%DD ot
Clipboard Image Tools Shapes Colors

B Movie Player [==@])=] B Movie Player ==

File Tools View Playback Help E File Tools View Playback Help
BIEIEEE I IS RIEIEEIEIC RS 1+ E

DRIoEpbo|ajes 000 re——i( Meamrpralaja=

ml A=]e]- f

No. pixels | bounded by yellow plxels (261) < no. of minimum plXGlS for blob analysis
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n Movie Player EI n Movie Player EI@

File Tools View Playback Help Bl File Tools View Playback Help N
DacB n ok e & Bz NMEIEEIE LY D
LRI NN N IS HWdadmED M|

Paused RGE:120x160 [100% (20 fps) [4110 Paused RGB:120x160 [100% (20 fps) [4/10

No. pixels bounded by yellow pixels > no. of minimum pixels for blob analysis (300)

Therefore, 01 No. of blobs identified.

=8 =0 )

T —
). L1 . CLN LI @

HIERS ¢ -g=l=lnl O EE ST DO OOOOO e

Shapes

B Movie Player = En = B Movic Player ===
File Tools View Playback Help 2

File Tools View Playback Help ~
NIRRT EILA X e 4 : i - Oj&|c8o 0k 8 & (=

K« mrpn e

Bl 0 (4l[r=]el]
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Motion Segmentation 01

No. pixels bounded by yellow pixels (252) < no. of minimum pixels for blob analysis
(300)

Motion Segmentation 02

No. pixels bounded by yellow pixels (54) < no. of minimum pixels for blob analysis

(300)

Therefore, 0 Nos. of blobs identified.

Frame 06

L8 vioic py S =

Fle Tools View Playback Help
LIRS

HAA4amrDnH|[nje

{sertations

Motion Segmentation 01

No. pixels bounded by yellow pixels (39) < no. of minimum pixels for blob analysis

(300)
Motion Segmentation 02

No. pixels bounded by yellow pixels (65) < no. of minimum pixels for blob analysis

(300)

Therefore, 0 Nos. of blobs identified.
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Frame 07

e T =
Home | View @
Xt | ) o 2 |H~VOOO&A|-| 7 outine - | = DDDDDDDDDD
D 3 copy | 4 [ Resize ZI0A @ NOOOD At | Fun- — D D DDDDDD D
paste St o e [ FIAIQ Bustes |5 L 5 X D50k s Coor | color DDDDDDDDDD ot

Clipboard Image Taols Shapes Colors

Vovie Player == B Movie Player

: Tools View Playback Help ~ File Tools View Playback Help a
EIEEE I IR 1= D\é|6ﬂ§l|@\0¥\\.~'\.m%
[eo =

400 8.
2015-06-02 | |

@@@HJ

Motion Segmentdtlon 01 )

No. pixé
(300)

‘5: F dedjfby:yell’ow pixal$1(590: % Bo. lofl axigirhat pixels for blob analysis

_i‘«‘

Motion Segmentation 02

No. pixels bounded by yellow pixels (146) < no. of minimum pixels for blob analysis

(300)

Therefore, 0 Nos. of blobs identified.
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Frame 08

S e
— @
e T T EENEE EEEE
E| | R 7 ROOOD a0 | - | = = || (emEE e D
PﬂvitE SE‘,ER ':‘Rutatgv @ , q EVUEHES O + ﬂ{ZXDDC) = 5\55 (ﬂ[b! [ﬂ\ﬂf DDDDDDDDDD cilﬂult’s

Clipboard Image Tools Shapes Colors
ovie Player =N ol | -

Tools View Playback Help o
CIEETEE R T2 ED

CamEnwH|nio g e w0

OEDEEEE A, S

L}
B Movie Player

File Tools View Playback Help

D\ﬁlﬁﬂihﬁ\ﬂ@al\‘.lmzzn%

[RGB:120x160 [100% (20 fes) (8710

Motion Segmentation 02

No. pixels bounded by yellow pixels (69) < no. of minimum pixels for blob analysis
(300)

Motion Segmentation 03

No. pixels bounded by yellow pixels (103) < no. of minimum pixels for blob analysis

(300)

Therefore, 0 Nos. of blobs identified.

94



Frame 09

vie Player (E=S B>
Tools View Playback Help -
EETRLETRRY I+ R

a4 m oM e

B Movie Player
File Tools View Playback Help
D\E\ﬁﬁ\@\o‘\\‘\@m%

M4 m B M|

=]k

b =
IRGE.120x160 [100% (20 fps) (9710

[
Paused RAR-2M1RN  [100% (20 fos) @710

Motion Segmentation 01

No. pixels bounded by yellow pixels (161) < no. of minimum pixels for blob analysis
(300)

(300)

Motion Segmentation 03

No. pixels bounded by yellow pixels (86) < no. of minimum pixels for blob analysis
(300)

Therefore, 0 Nos. of blobs identified.
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Frame 10

Dovie lsyer =)

File Tools View Playback Help ~
MR EIRRE =

HHd mBrD M|

B Movie Player [eE=]

File Tools View Playback Help -
NEEEIC EIRL I e

HeamrppH|ojes

[RGB:120x160 [100% (20 fps) 10710

Motion Segmentation 01

No. pixels bounded by yellow pixels (241) < no. of minimum pixels for blob analysis
(300)

Motion Sggmentation 02 ISILy s

S
|
|

No. pixefs
(300)

ilded‘by::yic‘ll(_)w' pixets (293)l< no. of minimum pixels for blob analysis

Therefore, 0 Nos. of blobs identified.

Case 03: Collisions with Road Vehicles

Three vehicles crossing the railway have been subjected to collision with a
locomotive engine. Ten video frames have been considered below for their motion
segmentation. However, three consecutive video frames show the areas covering more
than 300 pixels which are greater than the minimum no. of pixels for blob analysis

resulting as obstacles in danger zone.

Video Clip: Train Collision Compilation!
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Train Collision Compilation!

Fig 3.17: Locomotive engine collision with road vehicles

=

File Tools View Playback Help
iew  Playback Help

A IR T =S alch @16"|Q‘Q@513“%

H9amPFDpwi| o cees

Motion Segmentation 01

No. pixels bounded by yellow pixels > no. of minimum pixels for blob analysis (300)

(out of the DANGER Zone)
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Motion Segmentation 02

No. pixels bounded by yellow pixels (378) > no. of minimum pixels for blob analysis
(300)

Motion Segmentation 03

No. pixels bounded by yellow pixels (336) > no. of minimum pixels for blob analysis

(300)

Therefore, 02 Nos. of blobs identified.

Frame 02

N ENEEEEEEEEEE

Rsertations, © - S

O EF 1739 n
S o8 R 0 ldfrraz u wmmENEEE =N
KW D wH|e=
| ]
- s
.

AR PARD [00% 20 fox) 2110 | U RGB120x18D [100% (207ps) 2710 |

Motion Segmentation 01

No. pixels bounded by yellow pixels (648) > no. of minimum pixels for blob analysis
(300)

Motion Segmentation 02

No. pixels bounded by yellow pixels (355) > no. of minimum pixels for blob analysis

(300)

Therefore, 02 Nos. of blobs identified.
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Frame 03

B Movie Player [==r=]
File Tools View Playback Help o

E|E|ﬁﬂ\@|°\\\.|@m%

HAa m e e

File Tools View Playback Help N
D|E|ﬁﬂ|@|o‘\.\'|zgm%

Hamep M nes=

Paused

RGB:120x160 [100% (20 fps) [3/10

RGB:120x160 [100% (20 fps) [3/10 ‘

No. pixels bounded by yellow pixels (526) > no. of minimum pixels for blob analysis

(300)

Error. Should he 01No, of blobs.

; I Thviive 1< ity 0 ‘ 21 5
From Frage 04 to d,‘l ‘due' %01I1'§10rf ‘of"
f | | "NV |

(S

Case 04A: A locomotive hits a dog

A locomotive hits a dog which sits on the railway has been considered. Since the
minimum number of pixels for blob analysis has been set to 300, the dog has not been
identified as a obstacle since the number of pixels bounded by yellow pixels is less

than 300.

Video Clip: https://www.youtube.com/watch?v=YZG8VyVYQX4&spfreload=10

99



Fig 3.18: Dog was hit by a locomotive

Frame 01

B Movie Player
File Tools View Playback Help

EIEE TR T +HED
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Flcctronic Theses & Dissertations

RGB:120x160 [100% (20 fps) |1 /10 ; - k¥ S 3 I . Stopped RGB:120x160 [100% (20 fps) [1/1

No. pixels bounded by yellow pixels (116) < no. of minimum pixels for blob analysis
(300)
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Frame 02

B viovie Pl == B viovie Ploer ===
File Tools View Playback Help - File Tools View Playback Help
BIEIEETAL ETEEY = D& cE 808k %% 8 B
HamerppnwH ojee= HAam e p e

Paused RGB:120x180 [100% (20 fos) [2/10 Paused [RGB:120x160  [100% (20 fps) [271

No. pixels bounded by yellow pixels (84) < no. of minimum pixels for blob analysis

(300)

Frame 03

UIIVEISILY U1 IVIOTALUWa, DI Ladllsd.
Electronic Theses & Dissertations
www.lib.mrt.ac lk

i e ——
B Movie Plz. Movie Player =nEcE
File Tools View Playback Help : File Tools View Playback Help

BIEIEEIEEEIEEY 1=

Haamepw M|

D‘E‘ﬁﬂ3||o‘*\.\@zsu%

HAam DM oo

Paused RGB:120x160 [100% (20 fps) [3/10 Paused RGE:120x160 [100% (20 fps) (341

No. pixels bounded by yellow pixels (84) < no. of minimum pixels for blob analysis

(300)
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Frame 04
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Paused RGB:120x160 [100% (20 fps) [5/10 Paused [RGB120x160 [100% (20 fps) [5/1

No. pixels bounded by yellow pixels (0) < no. of minimum pixels for blob analysis

(300)
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Frame 06

file Tools View Playback Help ~ File Tools View Playback Help
IR TS A BICIEEIEC IR I D

HEamerpnH o HACa m + D M| x|es =

B Movie Player

RGB:120x160 [100% (20 fps) [6/10 RGB:120x160 [100% (20 fps) [6/1

No. pixels bounded by yellow pixels (0) < no. of minimum pixels for blob analysis

(300)

Case 04[ f"educed to 50)

A locomr'hits wgvgywhichigits o tHe railway has been considered. Since the
minimum number of pixels for blob analysis has been set to 50, the dog has been
identified as a obstacle. Further, some dark areas of the railway also counted as

obstacles due to minimum blob area pixels reduced to 50.

Video Clip: https://www.youtube.com/watch?v=YZG8VyVYQX4&spfreload=10
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Frame 01

B Movie Player == ir=]

File Tools View Playback Help u
Dalagh b 0 \'u.ﬂ@zan%

DoaoboDolaEes 00 |

File Tools View Playback Help
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HamrpwH|ae

ki
RGB:120x160 [100% (20 fos) [1/10 [

Stoppzd 11 stopped RGB:120x160 [100% (20 fos) [1410

No. pixels bounded by yellow pixels (78) > no. of minimum pixels for blob analysis
(50

Therefore, one obstacle had been counted.
University of Moratuwa, Sri Lanka.
Electronic Theses & Dissertations
www.lib.mrt ac.lk :

B Movie Player [a=]=]
File Tools View Playback Help £l
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Haamrppajoje=________

File Tools View Playback Help
D|E|5E‘@|o‘\*'\@m%

HedmrDpnH e

| Paused RGB:120x180 [100% (20 fps) [2/10

Motion Segmentation 01 (Dark Area)

No. pixels bounded by yellow pixels (96) > no. of minimum pixels for blob analysis
(50
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Motion Segmentation 02 (Dog)

No. pixels bounded by yellow pixels (67) > no. of minimum pixels for blob analysis

(50)

Therefore, as in the counter, two obstacles had been counted.

Frame 03

B Mavie Player
File Tools View Playback Help

RIEIEEAACEILEY 1+ B

HA44a m - M0 es

feEr=] f T
~ / File Tools View Playback Help
E|E|EE‘@‘°‘\.\'H@BG%

Km0 wH|ofe=

aused RGR 120180 [100% (20 fosy (3710

No. p1xe1§b§pndech'bﬁy/allgbwppﬁrmﬁ§ m%j s no. of minimum plXGlS for blob analysis
(50)

Therefore, one obstacle had been counted. However, counter shows 2 but one obstacle

had been bounded by green color (left).
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Frame 04
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File Tools View Playback Help l File Tools View Playback Help
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Paused RGE:120x160 [100% (20 fps) (4710 | Paused RGB:120x160 [100% (20 fps) [4/ 10

No. pixels bounded by yellow pixels (51) > no. of minimum pixels for blob analysis

(50)

Therefore, one obstacle had been counted. However, counter shows 2 but one obstacle

had been bounded bm gIEen QQH{ (Lef:%t)f/‘]
! lectronic Theses

El

B Movie Player
File Tools View Playback Help
REIEETEREILS Y I+ ER

Hamenwi oo

File Tools View Playback Help ~
SIEIEEI ETEEY 1=

W amepwu e

Paused [RGB:120x160. [100% (20 fps) [5/10 Paused [RGB:120x160 [100% (20 fps) (5710
Motion Segmentation 01 (Dog)

No. pixels bounded by yellow pixels (56) > no. of minimum pixels for blob analysis

(50)
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Motion Segmentation 02 (Dark Area)

No. pixels bounded by yellow pixels (51) > no. of minimum pixels for blob analysis

(50)
Motion Segmentation 03 (Dark Area)

No. pixels bounded by yellow pixels (78) > no. of minimum pixels for blob analysis
(50

Therefore, as in the counter, three obstacles had been counted.

Frame 06

B Movie Player

EEIE]

File Tools View Playback Help -
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HAdm Do e Kamep |zl

Univerﬁkty of Morafuwh, Sri Lanka.
Elactroniic Theses 1ssertations
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e P

Paused RGB:120x160 [100% (20 fps) 6/10 ‘ ‘ Paused

File Tools View Playback Help

NEEEIRLEIRLY I+ ET

"o
RGB:120x160 [100% (20 fps) [6/ 10

No. pixels bounded by yellow pixels (83) > no. of minimum pixels for blob analysis
(50

Therefore, one obstacle had been counted. However, counter shows 2 but one obstacle

had been bounded by green color (left).
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Frame 07

B Movie Ployer ===l Y B Movie Player

File Tools View Playback Help » File Tools View Playback Help
O=2c8|k(05 %% & B BIEIEEEA FIEEY 155D

M4 m D 0es HACU m » D op M e =

oo R e i R | HEY RGB:120x160 [100% (20 fps) [7/10

Motion Segmentation 01 (Dog)

No. pixels bounded by yellow pixels (82) > no. of minimum pixels for blob analysis
(50

(

cgic tatlérlm‘(ba%w%reé& atuwa, Sri Lanka.

g.i n
onic The E issertations
e

JOL nded€ bykyellﬂ)w[ﬂ;mlns L) p no. of minimum plXC]S for blob analysis

(50)

Therefore, as in the counter, two obstacles had been counted.
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Frame 08

B Movie Player B Mavie Player
File Tools View Playback Help ~ File Tools View Playback Help
D\§|ﬁﬁ\@\0\\.\'\@230% BIEIEEEAL IR 1=ED
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[RGB:120x160 [100% (20 fps) [E710 [Re:120x160 [100% (20 fos) 6710
Motion Segmentation 01 (Dog)

No. pixels bounded by yellow pixels (71) > no. of minimum pixels for blob analysis

(50)

[ronic | h I 1t10NnS
Jal1bik pixéls (73) K no. of minimum pixels for blob analysis
(50)

Motion Segmentation 03 (Dark Area)

No. pixels bounded by yellow pixels (56) > no. of minimum pixels for blob analysis

(50)

Therefore, as in the counter, three obstacles had been counted.
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Frame 09

B Movie Player
File Tools View Playback Help
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File Tools View Playback Help
BIETEETE-IC T TR 1
Heam e e

HeamrpwhH|[ofe
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Motion Segmentation 01 (Dog)

No. pixels bounded by yellow pixels (110) > no. of minimum pixels for blob analysis

(50)

Motion Sggmentation 02 (Dark Area) "
No. pixels ! "%ndeda\byﬁyaﬂow; pixefs (101)k> no. of minimum pixels for blob analysis

(50)
Motion Segmentation 03 (Dark Area)

No. pixels bounded by yellow pixels (53) > no. of minimum pixels for blob analysis

(50)

Therefore, three obstacles had been counted. However, counter shows 4 but three

obstacles had been bounded by green color (left).
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Frame 10

B Movie Player EE=]

File Tools View Playback Help kY
B EIEES A+EE
Hu4amrpwH|njes:

File Tools View Playback Help
RIEIEE IR 1+ ED

Hamrppu e

e e Stoppea o 120160 [100% (20 ) 10170
Motion Segmentation 01 (Dog)

No. pixels bounded by yellow pixels (131) > no. of minimum pixels for blob analysis
(50

{ i 7]

Motion Sggentation 02 (Dark "Area)
No. pixef@;_hded;:‘by::yg}l”(_)‘wj pixets (248)l> no. of minimum pixels for blob analysis

(50)
Motion Segmentation 03 (Dark Area)

No. pixels bounded by yellow pixels (51) > no. of minimum pixels for blob analysis
(50

Motion Segmentation 03 (Dark Area)

No. pixels bounded by yellow pixels (58) > no. of minimum pixels for blob analysis

(50)

Therefore, four obstacles had been counted. However, counter shows 5 but four

obstacles had been bounded by green color (left).
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4.CONCLUSIONS & RECOMMENDATIONS

This thesis proposes a portable system which can be adapted not only for image based

obstacle detection in locomotive engines but also for the other vehicles as well.
The main conclusions of the research are given below;

1. A front camera mounted on a wooden base placed on locomotive engine front
section programmed with MATLAB simulations and blob analysis can be

used as an obstacle detection system for railways.

When front camera moves on engine speed, objects moving on other speeds
and other directions in front of front camera and propagation of idling
obstacles of front camera far ahead with time can be detected from blob

analysis inside the danger zone.

2. Finding distances of locomotive engine stoppage for decelerations during
brakKing programmed-awith MATLAB simulatiois and-optical flow analysis of
sidézéamem uimagescandcintenfacing with freaccamieraryaw variation can be

ud’oéied to preVEnt acbiddnts]
As the recommendations;

The image processing based obstacle detection system implemented for the railway
locomotive engines is still in experimental level. Much improvements can be done by

researching the model further.
The system implemented can be used for following applications as well,

1.) Heavy vehicles such as tipping trucks, backhoes and containers to detect

obstacles. MATLAB Simulation 01 can be used.

2.) A security system of an office building at night can be used. Obstacle
detection system can be used to track movement of thieves. MATLAB

Simulation 01 can be used.
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Appendix- A Letter of Request
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Appendix- B Letter of Obtaining Statistics from Railway

oo dg oo @ dpeden efDEe

e !

Caéhu B oupmsad agaTasnius sau W=
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B VSN D L AR | '

feguest Kindly reviiasied dats

gy &
iramime

ST
illow 1Fis

o g Parogla'q waril
i Watr Bapoiy & s s Basd

WEN Pamskruma Malasin
Wi i

MINESTRY OF WATER SUPPLY £ DRAINATE
“Water - Every Drop is Prodees™
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Appendix- C Letter of Requesting to Test Prototype
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Appendix- D Financial Expenditure for preparing Prototype Model

The financial expenditure for a prototype model with high accuracies will be

much reasonable as follows;

Table D Financial Expenditure for preparing Prototype Model

Item No. | Description QTY | Rate ($) Amount ($)
01 CCTV Cameras 02 250 500
02 Personal Computer 01 1000 1000
(Core i5)
03 Arduino (UNO) 01 30 30
Hardware
04 Servo Motor 01 20 20
05 g MAT LAB Software 01 300 300
OGE&-d Accessories (wirting; o1 10 10
= bdses,'connectors;-€te:)
Total 1860
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