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A B S T R A C T

Automation in warehouses has been improved in a very certain man-
ner, combining sensors for perception of the environment and map-
ping of the warehouse. The most common characteristic, which makes
the products and the pallet rack cells discriminative, are the barcodes
placed on them. This means that the warehouse management system
should successfully perceive all the necessary information of the de-
tected barcodes, which also includes their position in the warehouse
and build a barcode map of the environment. For this process a bar-
code reader is needed, with extended capabilities such as estimation
of the 3-dimensional coordinates of the barcodes. The main idea of
this research was the development of a system to be used in future
work, placed on the roof of a forklift, which will be able to detect the
barcodes and localize itself using an existing map of the warehouse
and update new information in this map. However, the purpose of
this project was the investigation of a suitable system for barcode
mapping. The main challenge of this project was the development of
a barcode reader, which fulfills all the referred capabilities and the
comparison with a commercial reader in order to evaluate the perfor-
mance of the system.

In this project a barcode reader was developed using software li-
braries and a camera for industrial use. The performance of the sys-
tem was compared with a commercial barcode reader. Moreover, an
algorithm was implemented, for estimation of the position of each
detected barcode, with reference to the position of the camera’s lens.

According to the results of all the investigations the performance
of the developed system was quiet satisfying and promising. The
comparison of the two systems proved that the commercial barcode
reader had a better performance than the implemented system. How-
ever, it lacked the ability to provide the required information for map-
ping also the flexibility for integration with other systems. Overall,
the developed system proved to be suitable for integration with a
warehouse management system for barcode mapping of the environ-
ment.
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1
I N T R O D U C T I O N

Nowadays, the market is based on warehouses where the companies
store their products till the moment they distribute them to the buy-
ers. As it is obvious, is very important the storage and the collection
of the products inside the warehouse, in a way they can be found
easily and quickly, when they will be needed. A warehouse usually
consists of pallet rack cells where the products are placed on them in
order. Considering the distinction of the products, barcodes are used
providing with some identification information about the content of
the boxes. Also the determination of the position of the pallet rack
cells is essential, using also barcodes as landmarks providing infor-
mation about a fixed position inside the warehouse. The information
of the content of the warehouse is saved in a database like a map for
easy access of any product when this is needed.

As long as barcode detection and recognition is considered, bar-
code reader is the hardware equipment, which is responsible for this
process. The efficiency of a barcode reader depends on a lot factors
like light condition of the environment and angle and distance be-
tween the barcode and the lens of the reader. Furthermore, the back-
ground of the picture can affect the detection of the barcode. In addi-
tion, a warehouse environment is surely a complex environment with
pallets and boxes in the background which make the detection of the
barcodes a challenge. Also the light condition in a warehouse vary
from side to side, which also affects the barcode reader.

This project consists of a comparison study between a commercial
barcode reader from Cognex company [1] and a custom built sys-
tem. The custom build barcode reader was created using a Procilica
camera [2] and a free source software named Zbar [3] for barcode
recognition. This experiment will show which system is more reli-
able for barcode recognition and suitable for mapping of the envi-
ronment using barcodes. This project is a part of AIMS project [4]
research, which investigates the case a barcode reader will be placed
on a forklift, and will try to recognize the barcodes and associate the
data of an existing metric map of the warehouse. As far as, the bar-
codes on the pallet rack cells will be detected, their coordinates can
be calculated with reference to the barcode reader. Afterwards, the
relation between the distance of the forklift to the barcodes and an ex-
isting map of the warehouse can be made to localize the forklift with
respect to the world frame of the warehouse. Therefore, the system
could be used even for barcode detection and simultaneous localiza-
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2 introduction

tion and mapping of the warehouse(SLAM). The barcodes placed on
the pallet racks or on the boxes could be used for data association to
define the current position and refresh the map of the environment.
In respect of that research, the second part of this project is the im-
plementation of an algorithm to calculate the coordinates(x,y,z) of the
barcodes in the image.

1.1 aim

The mapping of a warehouse using barcodes, requires a barcode
reader which is as reliable as a commercial barcode reader, but also
flexible to integrate with other systems. Such a barcode reader should
be developed with free source software and a camera, which gives
the opportunity to be accessible from any other system. Moreover,
the barcode reader should be able to calculate the coordinates of the
barcodes in the image and the distance to them. As far as, these esti-
mations can be made, the relation of the warehouse map with some
fixed points could be made for localization. Considering all these re-
quirements, a barcode reader should be built to fulfill all these capa-
bilities.

1.2 problem statement

According to the detection and recognition of the barcodes, a lot of
factors affect the final result of a barcode reader. Therefore, the most
important questions are: Which system is more suited for barcode
mapping in a warehouse? Can a custom build barcode reader com-
pete efficiently a commercial barcode reader? Can the system based
on the high resolution camera, process a larger field of view than the
commercial barcode reader? How can these systems be improved in
a more accurate and fast way for future use in map building?

1.3 goals and objectives

The development of a barcode reader using simple hardware and soft-
ware and the comparison study with a commercial barcode reader is
a real challenge. The purpose of this experiment is the successful de-
velopment of a barcode reader reliable and flexible, which can be inte-
grated with other systems. Also the implementation of an algorithm
which can be used with the barcode reader to estimate the coordi-
nates of the barcodes, could be used in the future for robot localiza-
tion in the environment and mapping. The results of this experiment
will show if the developed barcode reader can compete with the com-
mercial barcode reader considering the reliability and the efficiency.
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1.4 expected outcome

The custom built barcode reader should be able to detect and recog-
nize the barcodes in an efficient percentage of samples in comparison
with the commercial barcode reader. Also the barcode reader should
work with multiple barcodes in the image and complex background,
as good as possible. Further, the custom built system should be able
to capture a wide field of view which entails that more barcodes will
be detected comparing with the commercial reader. In addition, the
implemented algorithm should calculates the distance of the barcodes
in the image and returns their coordinates in (x, y, z) axis, with refer-
ence to the local frame of the barcode reader.

1.5 project approach

The approach of this project is firstly to develop a barcode reader
using a Gigabit Ethernet camera [2] and free source software named
Zbar [3]. However, more implementations should be included such as
image analysis and filtering methods for better recognition of the bar-
codes in the image. Next step is the comparison study of this custom
built system with a commercial barcode reader from Cognex com-
pany [1]. The main features will be investigated are the performance
and the flexibility for integration of the two systems with other sys-
tems. Since the first part of the approach will be done successfully,
an implementation follows for calculating the coordinates of the bar-
codes in three dimensions in the images. Considering this part, image
processing will be the main ingredient of the solution. The algorithm
should calculate the coordinates of the already recognized barcodes
with reference to the position of the barcode reader, taking a sequence
of pictures and exploiting the properties of the triangle similarity the-
orems.

1.6 work outline

In the Background chapter, the most important information about
this field will be explained with more details. Furthermore, the Re-
lated Work chapter will illustrate similar approaches and a literature
review, comparing the other projects which have been done with this
project. The Methodology chapter will quote all the methods, which
were used for the fulfillment of this thesis. Afterwards, the Results
chapter illustrates the result data provided from the experiments and
in Discussion chapter an analysis about the results will be made. At
the end, the thesis will reach the end with the Conclusions chapter
and Future Work chapter, which refer to the outcomes of this project
and what possible work could be done in the future. Lastly, a Bibli-
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ography chapter is placed, consisting of all the sources, which were
used in this thesis.



2
B A C K G R O U N D

This chapter contains a small presentation of the hardware equip-
ment, which will be used and its capabilities. Also, the main concept
of the methods will be used for this project, will be explained in de-
tails. In addition, some background information about these methods
will be included.

2.1 barcode information

Barcodes in general can be separated as one dimensional or two di-
mensional barcodes, although in this thesis only one dimensional bar-
codes will be concerned. A barcode with one dimension can be de-
scribed as a representation of data with small lines (bars) and spaces.
This representation can be decoded and provide some information
for identification of objects. As mentioned before, in this project one-
dimensional barcodes will be used, that means that they will con-
sist from vertical lines and spaces and the most commonly used 1D
barcodes are: European Article Number (EAN-13, EAN-8), Univer-
sal Product Code (UPC-A, UPC-E), Code128, Interleaved Two or Five
(ITF-14) and Code39 [5]. Below in figure 1 which illustrates examples
of all these barcodes types.

The structure of a barcode consists of five parts. First is placed
a quiet zone and follows a start character. Next, are presented the
data characters with one check character. Last place in the sequence
has the stop character and a quiet zone follows as shown in figure 2.
Also, it is a very important factor the size of the barcode, so there is
measurement unit to specify the width in the horizontal dimension
of the thinnest bar of the barcode [6]. This measurement unit is called
mils and is actually 0.0254 millimeters, so the calculation in this unit
can be done converting the width of the bar of the barcode from
millimeters to mils.

2.2 barcode readers

The main tool for reading the barcode representations are the bar-
code readers. A barcode reader is an electronic device which consists
of a light source, a lens and a light sensor. In more details, when a
barcode reader is used on a barcode some light is transmitted on the
barcode surface. Based on the reflection of this light on the barcode,
the light sensor on the reader, recognize the feedback of the reflection
in optical impulses and converts it to electrical impulses which can
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6 background

Figure 1: Examples of different 1D barcode symbologies

Figure 2: Structure of a one dimensional barcode

be processed in a computer. Afterwards, the proceeding of the decod-
ing of this data is handled using a computer and a barcode decoding
software. Finally, the code number of the barcode is found.

2.3 barcode detection using image analysis

In case of using a camera instead of a barcode reader the detection of
the barcode area is a complex process. First of all, it should be men-
tioned that the brightness and the contrast of the images are not usu-
ally appropriate for detection. Furthermore, talking about barcodes in
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warehouses, the barcodes are not always placed horizontal, so there
is some rotation, which makes the detection more difficult. Therefore,
the first step is to convert the image to gray scale image and find the
rotation, so that it will be rotated to the default horizontal place. A
small diagram of the process follows in figure 3.

Figure 3: Blog diagram of the process

The barcodes can be detected in an image taken from a camera
with image processing. Referring to image processing, there are a lot
of methods to define the region of interest in the image where the
barcode is placed. The most important methods are the color seg-
mentation where the barcode is found based on the colors and using
the color gradient [7], which express the directional change in the
color or the intensity of the image. The gradient is a two dimensional
vector, which points to the direction of the largest increase in the in-
tensity of the image and the length of that vector depends on the rate
of that change. Another famous method is the Hough Transform [8],
which is a technique for feature extraction. The Hough Transform de-
tect lines and arbitrary shapes positions, which means that can detect
the lines of the barcode and also define in what angle these lines are
rotated.
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2.4 zbar - open source software for barcode recogni-
tion

The recognition of the barcode is based on the distances between
the vertical lines of the barcode, which can be accomplished using
different algorithms and methods. There are also a lot of software
libraries, which are capable of reading a barcode in an image. One
free source software like that, is the Zbar library [3]. The Zbar library
has so many capabilities as it can be used in different programming
languages like C++, python, Perl and also can be used from the ter-
minal for real-time scanning. In more details Zbar library supports
many commonly used barcode symbologies such as: EAN-13, EAN-
8, UPC-A, UPC-E, Code128, Code39, Code25 Interleaved 2 of 5 and
QR code. The desired output using this library will be the identity of
the decoded barcode.

2.5 depth estimation image processing

Considering the mapping of a warehouse based on the detected bar-
codes on the environment is necessary the use of a system which can
provide except from the information of the detected barcodes, also
and their three dimensional coordinates. The need of a system like
that, which can return the three dimensional coordinates of barcodes
in the picture means that it can estimate the depth in the image. Re-
ferring to the depth, it is actually the distance of the camera to the
barcode and finally the system could provide the x, y, z coordinates
of the barcodes with reference to the system’s position. The depth
estimation in an image using image processing, depends on the hard-
ware which will be used. Considering a camera sensor as the hard-
ware equipment, without any capability of providing the depth in the
image, there are three methods which can be used according to the
amount of the camera sensors which are available and these methods
are explained below.

2.5.1 Based on known size of the object

In occasions there is only one camera and the size of an object and
the focal length of the camera’s lens are known, the distance to the
object can be calculated. The basic concept of this method is utilizing
the triangle similarity in the pinhole camera model shown in figure
4.
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Figure 4: Geometry of the pinhole camera model

Considering the triangle similarity theorem, the two triangle in the
4 are similar and the distance to object can be derived from equation
(1) shown below.

Distancetoobject = FocalLength · ObjectHeightinPixels
Sensor ′sHeight

(1)

An object will be set in a specific distance in front of the lens and
the pixel size of the object in the image will be used as a reference
point. Afterwards the object can be set in any distance in front of
the lens and the distance can be estimated, comparing the pixel size
to the previous known measurement. However, if there is a small
error in the calculation of the barcode, that will affect directly the
distance estimation and the error will be increased in a large scale.
This method can be used in the occasion there is only one camera
and the size of the object is known and fixed, but it’s not the best
choice for depth calculation in a picture, as it’s not so precise and
reliable measurement.

2.5.2 Stereo images method

The stereo imaging method requires two frames from the same en-
vironment, taken from two different cameras placed in a distance to
each other, but they should be aligned in the same horizontal axis.
According to this method [9] there should be some disparity between
the pixels of the two frames, as the centers of the two camera sen-
sors maintain some distance. This disparity factor is the key for the
calculation of the depth in the image, as it will be the reference mea-
surement for calculation of the third dimension. In more details, as
is shown in figure 5 there are two cameras, left and right looking at
the same direction to capture frame and the distance between them
is known.
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Figure 5: Stereo images from left and right cameras

The disparity is defined as the difference between the distance of
pixels in the image to the center of each camera. From the equations
(9), (10) the depth can be derived.

Disparity = x1− x2 (2)

Disparity = DistanceBetweenCameras · FocalLength
Depth

(3)

2.5.3 Depth estimation with mono-camera

However, it is possible to accomplish the same results using one cam-
era in the system. The camera should move in a parallel line with the
observing environment and the shift of the camera according to the
position it was, when the frames were captured will be used in combi-
nation with trigonometry theorems. In more details, the camera will
be moving in a certain speed and the frames will be captured in a
specific frequency, which implies that between a specific number of
frames the shift of the camera can be calculated from the division of
speed by time. Afterwards using all the information from the images
like the observed angle of the object in the two frames can be pro-
cessed to estimate the distance of the camera to the barcode based on
trigonometry theorems.
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2.6 automation in warehouses

This thesis is related to the field of automation in warehouses. The
automation of warehouses is under research and innovative methods
are being used every day in order to simplify the distribution and
storage of products in warehouses as well as decreasing the cost of
this task. The main tool which is used for the transportation of the
products inside warehouses, is the forklift.

2.6.1 Automated forklifts

The forklift is the vehicle, which is used by workers for distribution
of the boxes and the pallets in the warehouse. Nowadays new acces-
sories and systems are being integrated on the structure of the forklift
vehicle, with only purpose to produce one solid device which will be
able to fulfill all the usual capabilities without the need of control or
supervision from a worker [4]. The areas which are concerned for au-
tomation are the navigation and the localization of the forklift in the
warehouse as well as the mapping of the environment.

2.6.2 Navigation of forklifts

In consideration of the navigation of the forklifts, odometry methods
are used and different sensors for perception of the obstacles in the
environment. The different kind of sensors that are usually used for
navigation are cameras, bearing based laser range scanners and bar-
code readers. However, in many occasions artificial landmarks are
needed for easy recognition of the environment’s structure, such as
reflective or colorful surfaces and barcodes placed on the pallet rack
cells or the walls of the warehouse. Considering the ability of the
forklifts for navigation, the localization of the vehicle in the environ-
ment is the first requirement. In a warehouse environment there are
lots of pallet racks and corridors, which makes the localization of the
forklift a really important and challenging task. As it is already men-
tioned above, artificial landmarks are being used as reference points
in the environment so the localization could be done in a more accu-
rate way [10]. Although, the forklifts are able to detect obstacles and
navigate in the environment, a map of the environment is needed to
relate their local position to the global position of the warehouse. A
very common problem [11] related to data association for localization
of the forklift is when the estimated position using odometry, differs
from the original map of the environment, which is derived from
small error in the estimations when the vehicle changes direction.
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2.6.3 Thesis approach in this field

Despite all these improvements and research, the AIMS project [4] is
researching the idea of barcode mapping of the warehouse. The main
idea of this research is the integration of forklifts with barcode read-
ers which will enable the use of the detected barcodes on the products
and the rack cells for localizing itself. The purpose of this approach
is to develop a system able to detect barcodes and provide their co-
ordinates in the local frame of the barcode reader, so the warehouse
management system can associate the recognized barcodes with the
global map of the environment. According to this idea, the project of
this thesis concerns the accomplishment of a barcode reading system
which fulfills the capabilities for barcode mapping.
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R E L AT E D W O R K

This chapter consists of a literature review on previous works related
to the topic of this project. Different approaches, which has been
used in scientific papers will be reviewed and considered as a sug-
gested guideline for the current project. Also, the most significant
approaches will be evaluated as assistance to this project.

3.1 literature review

The main topic of this research is the barcode detection in a ware-
house environment. Considering the whole process as a sequence of
small tasks which should be accomplished for the achievement of the
final target, the process can be divided in two tasks. The referred tasks
are the barcode detection and the second task is the depth estimation
of the barcode, figure 6. The first process consists of the detection
of the region of the barcode. Afterwards, follows the calculation of
any possible inclination of the barcode in the image and rotation to
the horizontal position of the barcode and finally the decoding phase
of the barcode. Corresponding to the second task of this research,
consists of a different process, which is the depth estimation of the
barcode in the image and it is an additional algorithm which will be
implemented when the custom built system will be completed.

Figure 6: Diagram of the tasks

3.1.1 Barcode detection

According to another thesis project which was written in Halmstad
University from Guanjie Meng and Shabnam Darman [12], an ap-
proach for barcode detection in wide field of view using a high res-
olution camera, was investigated. First of all, they decreased the size
of the image and then converted the image to gray-scale. For detec-

13



14 related work

tion of the barcode region, they used two different methods, one was
color segmentation to detect the label of the barcode and the other
one was using the gradient feature of the image to detect similarities
in different angles in order to define the barcode region. Afterwards,
the color segmentation method was roughly working and the other
method only worked in close distances, as the correction of the skew
of the image was not considered. Based on this approach the current
project should focus on methods to extend the working distance and
consider the skew of the barcodes.
Another research has been published in a conference paper from
Briggs et al. [10], consisting of real time detection of self-similar land-
marks, using self-similar intensity patterns. The self-similar patters
were invariant of the scale so the distance to the camera was not
a problem and some threshold value has been used to define the
regions with strong probability of being a self-similar region. This
method could work in real-time recognition with variation of light
conditions and distances to self-similar regions.
Moreover, in another conference paper published from Harsh Kapa-
dia and Kinjal Shah [13], they implemented an algorithm to detect
1-dimensional barcodes using prepossessing techniques and angle
correction. In the beginning, they converted the image to binary im-
age and then using sub-pixel edge detection they detected the areas
where the black pixels can be separated from the white pixels in the
image. Furthermore, Hough Transformation was applied to calculate
the angle of the barcode’s lines and lastly the angle of the barcode was
corrected in the image. In this research, the angle detection worked
quiet accurate, but could not handle angles larger than 180 degrees.
Also blurred images or changes of the picture’s size, were huge prob-
lems for the detection, so this system could not be used for real time
detection.
Another similar approach has been described from Harsh Kapadia
and Alpesh Pater [14], in which they detected the skew of the bar-
codes using the Hough Transform and successfully rotated the bar-
codes to the correct position. Then they converted the image to black
and white color and used on single row of the barcode and used max-
imum and minimum value of the pixels colors. Next step was the sub
pixel edge detection where the edges between black and white pixels
were clear in that binary picture. This method was able to detect in
real time the angle of the barcodes with some difficulties in angles of
the 3rd and 2nd quadrant and also when the image was not steady
the detection could not handle the process. All in all, this approach
could with some modifications be used in real time system in the in-
dustry.
One more approach with analogous methods with the previous works,
was demonstrated from Hao Wang and Chengan Guo [7] of an al-
gorithm for barcode detection and recognition. Initially, they recon-
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structed high resolution binary images using a threshold value of pix-
els that are placed inside the area of the barcode and outside. In case
of blurred images, they reconstructed the barcode from a single row
of the barcode, projecting the lines of the bars along optimal direc-
tions and interpolating the projection curve with a cubic spline. The
method firstly required to separate the image into sub-blocks, using
the structure tensor to define the descriptive feature of the barcode
and then check in which direction (horizontal or vertical) whether the
gradient was strong or weak. The implemented algorithm was effec-
tive in detecting and recognizing barcodes even in complex scenes.
A slightly different task was described from Stampfer et al. [15], in
which they used a 3D model matcher for shape detection and Surf
feature [16] for text detection on the object. The project had as an aim
the active object recognition and sensor placement based on multiple
views. The real time recognition based on the shape of the object and
the text on it, could be used as well as for barcode detection.
An additional research was handled from Umut Simsekli and Tolga
Birdal [17] with purpose to create Bayesian network which can model
all the linear barcodes using hierarchical hidden Markov model. The
main procedure was to model the barcode information using the in-
tensity of the pixels of every line and in such a way that the graphical
representation of the barcode was succeed using the proposed prob-
abilistic model. That model worked efficiently with different symbol-
ogies, without prepossessing the image and succeeded against blur
and noise of the images.
Furthermore, a method for getting the position of an object using bar-
code information was developed from Han et al. [18]. In this project
the barcodes were used as landmarks and the Zbar library [3] was
used to detect the barcode and to define the corners of the barcode
region. Afterwards, the position of the barcode could be calculated
for the use of a robotic manipulator. In this project the Zbar library
was used. Due to the fact that the Zbar library could focus only in
one barcode region, only one barcode could be recognized every time.
Considering that the Zbar library will be also be used in the current
project, some details can be extracted from this approach for guid-
ance and improvement of the recognition of multiple barcodes.
Finally, a method for restoration of degraded 1-dimensional barcodes
from webcam images has been proposed from Namane et al.[19]. Ac-
cording to this method the barcode regions are defined as the areas
with high gradient and the orientation is estimated using the gradient.
The barcode detection is based on the orientation provided by the gra-
dient analysis as it is the main parameter for fast directional filtering
with median filters. In this approach the detection and restoration
of degraded barcodes was accomplished in real time, even in situa-
tions of blurred images caused by unfocused cameras with complex
background environments. This method was not used with industrial
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quality cameras and due to the performance of the algorithm, based
on the results, it is proposed as a robustness method.

3.1.2 Depth estimation-Navigation using artificial landmarks

The depth estimation refers to the estimation of the distance between
the barcode and the camera. Therefore the literature review concern-
ing this task is related to navigation using artificial landmarks, which
requires the estimation of the distance to landmarks in order to en-
able a robotic vehicle to navigate in the environment.
An approach of navigating a robot using landmars was described by
Briggs et al.[10], in which self similar landmarks were used. In this
experiment the robot was exploring the environment and detecting
the landmarks while simultaneously building a graph with connec-
tion paths between them. The size of the landmarks was known so
the distance could be estimated and the relative angle was used to
determine the position of the landmark.
Furthermore, a very similar approach was described from Han et al.
[18], where the barcode position was estimated for further use from
robotic manipulators. The four corner points of the barcodes were
used for estimating the rotation and distance, as the size of the bar-
codes was known.

3.2 literature analysis

Considering all these resources and reviewing the results of every
approach separately, the most efficient and accurate methods can be
used for this thesis. The most common problems for barcode detec-
tion are the resolution of the captured image, the skew of the bar-
codes and the focus of the camera to one region of the image every
time. According to the reviewed approaches the process can be sep-
arated into different stages such as preprocess of the image, skew
correction of the barcode, decoding of the barcode. For the first step,
resizing and converting to grayscale of the image can be done as a
preprocess for gradient analysis. On the other hand, binarization of
the image can be performed using some threshold value to define the
barcode regions similar to the approach described by Wang et al. [7].
Also the gradient of the pixels intensity can be used in order to define
the barcode regions like was it used by Meng et al. [12]. Afterwards
for calculating the angle of the barcode the Hough transform can be
used to detect the bars of the barcode to define in which direction
the barcode is skewed. However, the orientation of the barcode can
be estimated based on the gradient analysis of the barcode regions
as it was used by Namane et al. [19]. Last step is the decoding of
the barcode, which will be done using the Zbar library [3] like in the
approach described above [18].



4
M E T H O D O L O G Y

This chapter contains a description of the method which was used for
the development of the system and its specifications. Furthermore,
the algorithms used by the developed system are divided in every
single step and explained in detail. In order for every step to be clear
and understandable, the steps are explained separately and all the
related theory is mentioned.

4.1 custom built system

The custom built system can be considered as two main tasks, the
first one is the detection and decoding of the barcodes and the sec-
ond is the depth estimation of the recognized barcodes. The first main
task is divided into three stages, which are the data acquisition from
the camera, the barcode detection in the image and finally the de-
coding of the barcode using the Zbar library [3]. The most important
stage is the barcode detection which directly affects the efficiency of
the whole system and relies on image processing methods. Without
a successful detection of the barcode region all the rest process is not
possible to be accomplished. According to the Related Work chapter
a lot of methods have been used for barcode detection but the de-
tection is still a challenge, as for each one of the suggested methods,
the detection is affected by different parameters. In contrast with the
related project by Han et al. [18] in which Zbar library was used for
detection of the barcodes, in this thesis Zbar libary was used only for
the decoding stage. In more details Han et al. [18] used the Zbar li-
brary for detection of the decoded barcodes and based on the output
of the library, the corners of the barcodes were detected.

The second task refers to the distance estimation of the barcode
to the camera, which makes the system able to provide the coordi-
nates of the barcode related to the position of the camera. At this
point, it should be mentioned that for the developement of the algo-
rithms and the evaluation of the experiments in this project, certain
programming languages and software libraries were used. The pro-
gramming language, which was used was Python [20] in combination
with Opencv library [21] and Matlab [22].

17



18 methodology

4.1.1 Definition of the problem

One very common method is color segmentation or binarization of
the image using some specific threshold to the keep only the informa-
tion of the barcode regions. Assuming that there is defined a suitable
threshold for binarization of the image the label of the barcode can
be set to white region and all the rest image black color as shown in
the figure 7. Afterwards it would be very easy with simple methods
to extract these regions, using for example rectangle detection with
region size as a threshold.

Figure 7: Barcode detection process in stages

However, a barcode reading system for commercial use cannot rely
on a method like that, as it is sensitive to threshold values [23]. In
figure 8 there is an example of an image from a warehouse with
complex background and it is shown what will be detected from the
same method in this occasion.

Figure 8: Barcode detection process fails in stages

In this example it is obvious a need of a better calibration of the
threshold value, which can be adjusted manually or derived automat-
ically from a function in Matlab [22] according to Othu’s method [24].
In case of setting the threshold manually most probably will cause
data loss, because there are no evaluation criteria for definition of the
barcode regions. From this result a conclusion can be derived that the
system must be robust and should not to such a degree rely in cali-
bration of threshold values in every change of the background, thus
consuming too much response time for processing one frame. There-
fore, below there is a description of the most reliable method which
will constitute the main ingredient of this thesis approach and this
is the Gradient feature analysis. The gradient of images is derived
after convolution of the original image with a filter and usually it
is useful to extract information with that method from the original
image. For getting information about the direction of the gradient, it
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should be calculated for both horizontal and vertical direction. The
gradient analysis is used also for edge detection, as long as the pix-
els with high gradient values can be considered as edge pixels. The
gradient method is less sensitive to light changes of the environment
and camera’s performance therefore is more reliable way to extract
information than other methods.

4.2 barcode detection and decoding

The most common approach for robust detection of the barcode, which
does not rely on the shape or the color of the label on which the bar-
code is printed, is the gradient analysis. In order to build an algorithm
for detection of barcodes all the related work was considered, while
paper [19] was the inspiration of the development of the current algo-
rithm. However, the refereed article was just a guidance on how the
main approach of the algorithm should be developed based on the
gradient analysis. Therefore, after investigations the algorithm was
build under new ideas and combination of different methods. For
better understanding of how the algorithm was implemented there is
a figure 9 below, which describes every step of the algorithm.

Figure 9: Diagram of the algorithm
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Afterwards, every step is explained in a discreet way with all the
related theory of every method used. On the left column of figure 9

the detection part in which the barcodes are detected in the frame is
described. Next on the right column the processing of the detected
regions which have been extracted from the frame one by one and
finally get decoded is described. The structure of the algorithm is
similar to other approaches found in the Related Work chapter, but
specific stages have been replaced by other methods in different or-
der. First off all, in the gradient analysis of the difference of the gra-
dients in perpendicular directions was calculated in order to define
the barcode regions, while by Wang et al. [7] the regions of maximum
average intensity in all the four directions was used. Afterwards in-
stead of a Gaussian filter, which is usually used, an average filter was
used. Also for the detection of the barcode regions instead of clus-
tering the regions with same gradient orientation as descibed in [19]
was replaced with binarization of the gradient image and followed by
morphological operations in order to find the contours of the largest
objects. Moreover, the angle of the contours was used instead of the
angle of the gradient intensity or using the Hough Transform to esti-
mate the angle based on the bars of the barcode similarly to Kapadia
et al. [13] to define the tilted barcodes. Furthermore the contrast of the
cropped regions was enhanced by Adaptive histogram equalization
instead of reconstruction techniques used by Wang et al. [7]. Finally,
Zbar library [3] was used only for decoding the already detected re-
gions and not for detecting the barcodes based on the drawn decoded
regions the library returns as feedback like it was used by Han et al.
[18].

4.2.1 Preprocessing

Initially, the captured frame is a color image which is converted to
gray scale image in order to focus on the intensity information of
the pixels. Next step is the smoothing of the gray scale image with a
Gaussian filter which was applied in order to remove the noise.

rgb to grayscale image : A color image contains information
of three different colors red, green, blue in every pixel. On the other
hand a gray scale image contains only the intensity information of
every pixel instead of different colors information. Therefore, a gray
scale image is composed by the gray values of the pixels with repre-
sentation of the lowest intensity pixels with black color (value zero)
and highest intensity pixels with white color (value one). Any inten-
sity value between these two limits is represented by shadows of gray
color. An example of a color image converted to gray scale is shown
in figure 10. There are different methods using different ratio between
the colors converting an rgb image to grayscale image. In this imple-
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mentation that was done using Opencv library [21] based on equation
(4).

Grayscale = 0.299 · Red+ 0.587 ·Green+ 0.114 ·Blue (4)

Figure 10: a) RGB image b) Grayscale image

gaussian blur : In order to remove high frequency noise from
the gray scale image before the gradient analysis, Gaussian filter was
used. The Gaussian function which was used for calculating the trans-
formation applied to every pixel of the image is presented in equation
(5). It is a combination of two Gaussians, one for every direction, hori-
zontal and vertical. More specific the function cv2.GaussianBlur from
Opencv library [21] was used.

G(x,y) =
1

2πσ2
· e−

x2+y2

2σ2 (5)

The number of standard deviation used here was three in order to
avoid large amount of blur and keep the details of the edges for the
gradient analysis clear. The effect of the filtering is not so obvious
in the eye without enlarging the image, therefore the figure is not
included.

4.2.2 Gradient analysis of the image

The most common approach for robust detection of the barcode, which
does not rely on the shape or the color of the label on which the bar-
code is printed, is the gradient analysis. The gradient feature was
calculated in the vertical, horizontal and the two diagonal directions.
After that, the difference of the gradient images was computed be-
tween the perpendicular directions in pairs such as horizontal with
vertical direction [23] and diagonal with anti-diagonal direction. Fi-
nally these two gradient images were combined with a Bitwise-Or
operation. Next the regions of this produced gradient image with
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high gradient value were considered as barcode regions, in contrast
with different approaches for the gradient analysis such as the aver-
age of the gradient in four different directions used by Wang et al.[7].
In that way these regions were detected as candidate regions of bar-
codes.

gradient analysis - sobel operator : The gradient feature
can be described as the directional change of the intensity or the color,
in the image [25]. Moreover, the gradient vector adapts the direction
of the largest increase of the intensity and also the magnitude of this
vector relies on the amount of the intensity change in this direction.
In order to make the edges in the image visible the change of the
pixel intensity has been used, which means the gradient analysis of
the image. The gradient of a gray scale image is derived by convo-
lution of the image with a filter kernel. There are different gradient
operators such as Sobel, Scharr, Roberts, Prewitt and Laplace [26]. In
the current algorithm the Sobel Operator was used, which combines
the Gaussian smoothing and differentiation.

sobel operator : The gradient consists the derivative of an im-
age, therefore high frequency noise in the initial image will be em-
phasized in the gradient image. For that reason, smoothing of the
high frequency noise is handled by Gaussian filtering. A Gaussian
filter is applied to the image before the Sobel kernel is applied in or-
der to reduce the noise. The Sobel Operator uses different kernels for
calculating the derivative of an image separately in horizontal and
vertical direction. However, the combination of these two kernels can
derive more kernels suitable for calculation of the gradient in differ-
ent directions, such as in equation (6).

(6)

The most common use of the Sobel Operator is convolution of the
horizontal and vertical kernels in order derive the changes of the in-
tensity in these two directions. Afterwards, in order to detect the edge
gradient and direction of each pixel formulas were used, which are
shown in equations (7) and (8).
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EdgeGradient(G) =
√
Gx2 +Gy2 (7)

Angle(θ) = tan−1(
Gy

Gx
) (8)

However, in order to find barcode regions, it should be mentioned
that a 1-dimensional barcode region has larger gradient magnitude
in the direction along the bars than the perpendicular direction. An
explanation of this assumption is the fact that the intensity change
between dark bars and brighter gaps areas is significantly larger than
in the vertical direction of the barcode. Based on that assumption the
subtraction of the gradients in these two directions will find the re-
gions where that difference is maximized, which also means that the
region belongs to the barcode [23]. In order to cover the whole range
of angles and investigate any possible occurrence of barcodes which
are not horizontally captured on the image, the same process should
be done in the diagonal and anti-diagonal directions. The horizontal
and vertical barcodes will be detected by the difference of these two
directions. The rotated barcodes will be detected in the image based
on the difference of the other two directions. Therefore, these four
convolution kernels are applied to the image separately and the abso-
lute differences between pairs are estimated as described in equations
(9) and (10).

Gradient(horizontal− vertical) = |Gx−Gy| (9)

Gradient(diagonal− antidiagonal) = |G45−G135| (10)

In that way, finally, in the two gradient images, which had been de-
rived, the regions with the maximum gradient values will be selected
as the detected barcode regions. Subtracting the gradient images in
pairs where the directions of the gradient are perpendicular, the de-
tection for all horizontal, vertical and rotated barcodes is succeed.
Finally, the two images of the subtracted gradients were combined
with a bitwise-or operation from Opencv library [21], which was a
new way developed experimentally. A bitwise or takes as input the
two images of equal size and performs a logical inclusive OR opera-
tion on each pair of corresponding pixels. Therefore the regions with
high gradient value from the two pictures are combined in one gra-
dient image in order to detect all the barcodes in the captured frame,
figure 11.
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Figure 11: a) Grayscale image b) Gradient image

4.2.3 Processing of the detected regions by gradient analysis

After the regions have been detected by the gradient operations next
step is smoothing the image. An average kernel was used for smooth-
ing the high frequency noise of the gradient image, similar approach
of reconstructing destroyed pixels by the neighbour pixels [19]. After
the gradient image has been smoothed it will be converted to a bi-
nary image based on a threshold value to keep the regions with high
gradient like [7] . The next step is the morphological transformation
of the binary image in order to remove the gaps along the bars of
the barcode. To achieve that a closing operation is required by a rect-
angular kernel, which is basically a dilation followed by an erosion.
However, small objects are still remaining in the image, therefore a
few iterations of opening operations are applied.

image smoothing - average filter : Image smoothing means
that the the image is convoluted with a low pass filter kernel. Another
name of this process is image blurring and the purpose of this tech-
nique is to remove high frequency noise or edges from the image. An
example of smoothing the gradient image is plotted in figure 12.

Figure 12: a) Gradient image b) Smoothing with average filter
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In the current implementation the averaging method was used with
a kernel size 4x4, which was selected experimentally. The average
method takes the average of all the pixels under the filter kernel and
replace the central element [19]. The kernel size is specified as width
and height in the current occasion it will look like the equation (11)
below.

Kernel =
1

16
·


1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

 (11)

convert gradient image to binary : A binary image con-
tains only two values for every pixel which are 0 for black and 255 for
white color. Therefore, in order to convert the gradient image to bi-
nary, the use of threshold value was unavoidable. The threshold was
selected experimentally after the testing of the algorithm and was set
at 240 in order to keep only regions with really high gradient value.
That means that all the pixels with intensity value 240 and over was
set automatically to 255 which means white color and all the rest pix-
els were set to 0 which is the black color. In figure 13 is shown an
example of how a gradient image is converted to binary image.

Figure 13: a) Gradient image b) Binary image

morphological transformation-apply closing kernel on

binary image : In order to remove black points from a region of
a binary image a closing morphological operation is need [27]. That
means that a dilation is applied followed by an erosion. Below there is
a description with more details about the specifications of these two
morphological operations. To create the rectangular kernel, a struc-
turing element is created with ratio between width and height 3:1,
like the shape of barcode as is presented in equation (12). Afterwards,
the rectangular kernel will be applied to the image to perform a clos-
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ing operation, in order to close small holes inside the objects of the
image.

(12)

Figure 14: a) Binary image b) Structuring element applied to binary image

opening operation : An opening operation is simple a erosion
followed by dilation, which is mostly used for removing noise, such
as small bright objects in dark foreground of an image [27]. In more
details, an erosion kernel sets a pixel in the image to 1 only if all
the pixels under the kernel have the value 1, otherwise the pixel is
set to 0. On the other hand, a dilation kernel sets a pixel to 1, if at
least one pixel under the kernel is 1. To summarize an erosion kernel
compress the boundaries of a white region, while a dilation kernel
expands them, as is plotted in figure 15.

Figure 15: a) Binary image b) Opening operation of binary image
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4.2.4 Estimation of the coordinates of the detected regions

In order to detect the candidate regions of barcodes the contours of
the binary image were calculated. Also the estimated contours had
provided the area, the coordinates and the angle of the regions which
had been detected, based on functions of Opencv library [21].

countours of the binary image : The contours is the curve
which connects all the continuous points with the same intensity on
the boundary of an object [28]. In the current situation the binary im-
age improves the accuracy of the contours as there are only black and
white pixels. The contours were found based on the cv2.findContours
function of Opencv library [21]. The contours function returns as
an output the area of the detected regions. Afterwards the function
cv2.minAreaRect of Opencv library [21] calculates a bounding rectan-
gle around the region based on the minimum are of the contour and
also considering the rotation. Finally, the last function returns the
coordinates of the estimated rectangle region and the angle the rect-
angle is rotated. In order to take in consideration only the largest con-
tours and reject any small object the contour list has been sorted and
the largest contours have been selected based on a threshold value
according to the size or the amount of the barcodes, as shown in fig-
ure 16. In contradiction with different approaches such as the Hough
Tranform in order to calculate the rotation of the barcode as used by
Kapadia et al. [14], the function cv2.minAreaRect of Opencv library
provides all the necessary information which does not require any
further processing.

Figure 16: Seletion of the largest contours of the image

4.2.5 Selection, processing and decoding of the candidate regions

In that stage the coordinates and the angle of the candidate barcode
regions were provided from the contours areas. Therefore, the regions
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should be cropped from the grayscale version of the original color im-
age and not from the processed binary image. In order to improve the
contrast of the grayscale image adaptive histogram equalization has
been applied. Afterwards, the candidate regions were extracted and
rotated to the horizontal position based on the angle information of
their contours. Last step before the process of the regions by Zbar
library [3] is the filtering of the noise. The noise from the cropped
regions was removed based on fast non-local mean filtering method.
Finally, the cropped and filtered regions were processed with Zbar
library [3] in order to be decoded. All the information of the suc-
cessfully decoded regions were saved in a database with the symbol,
number and coordinates of the barcode.

contrast limited adaptive histogram equalization :
The adaptive histogram equalization is an image processing method
used in order to improve the contrast of an image [29]. This adaptive
method computes several histograms and each one corresponds to a
specific region of the image and redistributes the light values of the
image based on these histograms. In that way the contrast of every
small region will be improved, but in case of noise in some region
contrast limiting has been applied in order to avoid any amplification
of the noise. Therefore, if any computed histogram is above the con-
trast limit specified by the related function in Opencv library [21], the
pixels of this region are rejected from equalization. This method is
used for improving the local contrast in an image and also enhance
the edges in every region of the image. Figure 17 show an example of
how this method works.

Figure 17: a) Grayscale image b) Contrast adaptive histogram equalization

cropping of selected regions : The coordinates of the selected
regions have been estimated from the contours of the binary image.
Though the regions will be cropped from a copy of the initial color
image directly after the adaptive histogram equalization has been ap-
plied to the image figure 18.
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Figure 18: Grayscale image and the extracted barcodes

rotation of the cropped regions : The information about
the angle of the cropped regions has already been estimated from
the contours features of the estimated rectangle around the region
from Opencv library [21]. Finally these regions can be rotated to be
aligned with the horizontal axis.

filtering of the cropped regions : The filtering of the noise
from the image is based on an algorithm according to non-local means
denoising teqnique [30]. This method instead of averaging the values
of the close neighbors [19] of a pixel in order to remove noise, in this
method similar pixels are searched in larger neighborhood. Therefore,
the filtering is applied in a larger region where the noise from all the
pixels inside that region is removed as all the pixels have the same
importance.

4.2.6 Decoding of selected regions

The last step is the identification of the number of the detected bar-
code. In that stage the candidate regions which have been cropped
and processed suitable, they were feed to Zbar library [3]. Afterwards,
the library returns the decoded symbol-number of the region in case
a barcode was detected or a message that the candidate regions does
not contain any barcode.

zbar library : Zbar library [3] provides a few more options, such
as to return only the decoded information of the detected barcodes or
plot the processed frame with selection of some bars of the barcode
with green color as it is shown in figure 19.
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Figure 19: Feedback of the detected barcode from Zbar library

However, in the current approach only the decoded information
of the barcodes from the library is used as the information of the
detected regions is already known. In contrast with Han et al. [18]
where they used Zbar library [3] also for detection of the barcodes in
the image.

4.3 depth estimation

In order to estimate the depth of the image, which means the distance
between the camera’s lens and the barcode surface the only source
of information was the camera sensor. Therefore the estimation was
done using image processing of the captured frames to detect the
barcodes and estimate the distance to them.

The main idea was to detect and decode a barcode and capture
sequential frames of the same barcode while the camera which is
supposed to be on the robotic vehicle, is moving with perpendicular
view to the barcodes. Considering that the vehicle is moving with a
known speed and the frequency the sequential frames of the same
are captured is known the displacement of the barcode can be cal-
culated. Therefore capturing two sequential frames of the barcodes
and combining the information of the displacement of the vehicle in
that period of time, a correspondence between the pixels on the im-
age and the displacement in centimeters can be made. Afterwards
using trigonometry theorems the distance to this barcode could be
estimated.

However, the experiment was modified and instead of moving the
camera along the barcodes, the barcodes were moving in front of the
camera. For the accomplishment of this experiment the camera was
placed on a fixed point and the barcodes were placed on a conveyor
belt which was moving under the lens of the camera, as shown in
figure 20. It should be mentioned that the lens of the camera was
perpendicular to the barcodes, while any change on the angle of view
can affect the distance estimation directly. In contradiction with stereo
imaging method (see 2.5.2) which could overcome the limitation of
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a perpendicular view, although it requires two cameras, while the
current method was accomplished with only one camera instead.

Figure 20: Description of the experiment for depth estimation

In more details when the custom built system has detected and
successfully decoded a barcode it captures another frame in a period
of 1 second. After that the barcode has been detected and decoded
in the second frame as well, the coordinates of the center points of
the barcodes have been calculated in both frames. The conveyor belt
was moving with standard speed 10 cm/second which means that
every 1 second the displacement of the barcode can be estimated from
equation (13).

Displacement = Speed · Time (13)

Next step is the correlation between the pixel’s displacement of
the barcode in the two sequential frames, with the real displacement
of the barcodes on the conveyor belt. The real displacement was al-
ready calculated from equation (13) and the pixel displacement was
provided from the image analysis process. In the figure 21 there is a
schematic representation of how the experiment was scheduled. At
this point, it should be mentioned that in the described method three
sequential frames were used instead of two for more accurate esti-
mation. Instead of calculating the displacement in pixels between the
center points of only two frames, a third frame was also used to cal-
culate the displacement of the other two frames, as shown in figure
21. Finally, an average of the two displacements was used. In contrast
to estimating the distance based on the size of the barcode (see 2.5.1),
the displacement of the center point of the barcode in three different
time frames are used, which provides a better accuracy.

The pixel’s difference between the centers of the barcodes in these
frames in combination with the displacement of the conveyor belt
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Figure 21: Visualization of the displacement in 3 sequential frames of the
same barcode

every 1 second can derive the dimension of the frame’s width in cen-
timeters. From equation (14) is it shown how the image’s width is
calculated in centimeters.

Imagewidth(cm) = 2448pixels · Displacement(cm)

Displacement(pixels)
(14)

From the datasheet [2] is known that the width of view of the cam-
era is 2448 pixels. Then dividing the real displacement by the pixel
displacement, the size of every pixel is derived in centimeters. Next
the multiplication of this number with the pixel number of the im-
age’s width, derives the real size of the image’s width in centimeters.
In addition, the camera’s lens provides angle of view 50 degrees as
it is mentioned in the data sheet. From this point the depth of the
image can be estimated using trigonometry theorems as described in
figure 22.

One requirement for this theorem is that the triangle that will
be considered for this calculation should be a right-angled triangle.
Therefore, the center of the image separates the image to two sim-
ilar right triangles. Considering that requirement the depth will be
estimated as the adjacent side of one of the two triangles and the op-
posite side will be the half width of the frame as it is estimated in
formula(15).

Depth =
width/2

tan25◦
(15)

As it is already mentioned for the accomplishment of this mea-
surement the camera’s lens should be perpendicular to the barcodes,
otherwise the error on the size of the barcode will affect the center
point and finally the depth estimation.
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Figure 22: a) Trigonometry theorem b) Implementation on the depth mea-
surement

4.4 performance measures

At the point the system is developed and the results of the experi-
ments have already been investigated, the need of specific evaluation
measurements is essential. The evaluation measurements which were
used are Accuracy, Precision, Recall and F1Score [31].

4.4.1 Evaluation of the algorithm based on labeled data

In order to evaluate the performance of the system, labeled data were
used. The labeled data are all the barcode regions on the datasets
that were marked manually using Matlab [22] and the coordinates of
these regions were saved in a database. Afterwards, in this database
the identity of the image was corresponded with the number of exist-
ing barcodes and their coordinates were saved in order. In that way,
the detected barcodes from the algorithm were compared against the
labeled data. When the detected data was matched with the labeled
data the detection was counted as “true positive”, while in case they
were not compatible, the detection was counted as “false positive”.
Also, in occasions the labeled regions were not detected from the
algorithm, they were mentioned as “false negative”. Moreover, any
“false positive” detection of the algorithm, which was rejected from
the decoding stage as region with no barcode was counted as “true
negative”, figure 23.

4.4.2 Accuracy

Accuracy is the most simple measure and is defined as the ratio of the
correctly positive and negative predictions of the whole population of
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Figure 23: Evaluation of the algorithm based on labeled data

samples, given equation (16). However, accuracy is more suitable for
symmetric distribution of data which means that the ratio of positive
predictions and negative predictions is equal.

Accuracy =
Tp+ Tn

Tp+ Tn+ Fp+ Fn
(16)

4.4.3 Precision

Precision if defined as the ratio of the “true positive” predictions and
the sum of true and false positive predictions, given in equation (17).

Precision =
Tp

Tp+ Fp
(17)

4.4.4 Recall

Recall is also known sensitivity and it is the ratio of the “true pos-
itive” predictions and the labeled positive data, given equation (18).
Though, the measure does not consider “false positive” predictions.

Recall =
Tp

Tp+ Fn
(18)

4.4.5 F1Score

F1Score is a more complex measure due to the fact it is the weighted
average of Precision and Recall, equation (19). Also takes in consid-
eration both the “false positive” and the “false negative”. It is more
useful than accuracy in occasion the distribution of the predictions is
not symmetric which means the number of positive predictions is not
close to the number of the negative.

F1Score = 2 · Recall · Precision
Recall+ Precision

(19)
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4.5 selection of performance measure

In order to summarize all the referred measures above and find which
one is suitable in every situation the figure 1 shows the criteria of
selection. The positive observations consists of the “true positive” and
“false positive”, while the negative observations from “true negative”
and “false negative”.

Table 1: Selection of measure based on observation of dataset results

According to the ratio between the false observations of the system
and the ratio between the positive and negative observations a suit-
able performance measure can be selected. Considering the detection
algorithm which don’t have any “true negative” observations and the
“false positive” observations are more than the “false negative”, the
Precision is the most suitable measure. On the other hand the de-
coding stage does not have any “false positive” observations which
makes Recall the most suitable measure.





5
R E S U LT S

This chapter is divided in different sections such as the evaluation
of the developed algorithm, the evaluation of the depth estimation
and the comparison study between Cognex 260QL [1] barcode reader
and the custom built system. The results are derived after investiga-
tions based on a variety of experiments to fulfill different evaluation
criteria.

5.1 developed algorithm for custom built system

The algorithm for the custom built system can be evaluated in two
different aspects. The first evaluation include the detection of the bar-
codes and the second the decoding of the barcodes. The evaluation
of the detection algorithm in comparison with the evaluation of the
full system can prove any inefficiency of Zbar library [3]. Finally, a
summary evaluation was made for evaluation of the whole system,
see figure 24.

Figure 24: Evaluation of the system in stages

For the evaluation of the algorithm a database with images from a
warehouse environment was needed. The database consists of differ-
ent data-sets created with images captured in the lab of the university
simulating a warehouse scene with images of barcodes on pallet’s
racks and boxes, figure 25.

Figure 25: a) Close distance 50-100 cm b) Long distance 100-150 cm c) Side
view
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Creating the data sets different factors were considered such as the
distance and the angle of the camera, therefore the algorithm could
be evaluated in a variety of situations, figure 28.

5.1.1 Evaluation of the barcode detection

For visualization of the results of the barcode detection algorithm,
green boxes are drawn around the barcode regions like figure 26.

Figure 26: Detected barcodes marked with green boxes

Considering the evaluation of the barcode detection algorithm, the
use of a ground truth table was essential, with the number of existing
barcodes in every image, which was tested. For this reason the re-
gions of the barcodes were selected manually using Matlab [22] and
their coordinates were saved in a file. Afterwards the detection algo-
rithm could access that file and check if the detected regions were
correctly selected as barcodes regions. A description of the results for
evaluation of the algorithm is represented in figure 27.

Figure 27: Evaluation example of detection algorithm

The tables consists of the number of existing barcodes in the im-
age, the true positive variable represents the number of correctly de-
tected barcodes. The false positive observation represents the number
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of false detected regions where there is no barcode. Moreover, the
false negative variable represents the number of regions in the image
where there was a barcode, but the algorithm did not detect it. The
evaluation was made firstly separately for every data set and finally
a summary of all the data sets, see figure 28.

Figure 28: Results of different datasets for detection algorithm evaluation

In order to evaluate the performance of the algorithm all the perfor-
mance measures were calculated, see table 2. However the detection
algorithm does not provide any true negative observations which
means that the system cannot reject at this point false detected re-
gions. Also, the false positive observations are more than the false
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negative observations. Therefore the Precision of the system should
be considered mostly to evaluate the performance of the detection
stage.

Table 2: Database information of detection evaluation

According to the results of table 2 the performance of the detection
algorithm has decreased in occasions such as images captured from
side view of the camera and over 125 centimeters distance.
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5.1.2 Evaluation of the barcode decoding

For the evaluation of the barcode decoding the first data-set was used
consisting of images captured inside the lab in close distance, cause
of the disability of the Zbar library [3] to decode barcodes in poor
quality images. For the evaluation of the performance of the decod-
ing stage the ground truth table was used again. Figure 29 show an
example of how the algorithm was evaluated with feedback informa-
tion of the decoding printed on the image.

Figure 29: Evaluation example of barcode decoding

The decoding stage had as an input all the detected regions pro-
vided from the detection stage. Therefore, it should be mentioned
that both the correct detected and the false detected regions from the
detection stage were forward to the decoding. Considering the decod-
ing stage, the true positive variable represents the number of correct
decoded barcodes for which the algorithm returned their decoded
number, see figure 29. Moreover, the false negative variable repre-
sents the number of barcodes, which could not be decoded, while
there was a barcode in the detected region. Finally, the true negative
variable represents the number of the false detected regions from the
detection stage, while were correctly aborted from the decoding stage
as long as there were not any barcodes in these regions.
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Figure 30: Results of different datasets for the decoding algorithm evalua-
tion

The results of the different datasets are presented in table 3. For
the evaluation of the decoding algorithm it should be considered that
there are no false positive observations. The only performance mea-
sure which does not require false positive observations is Recall or
else known as sensitivity of the system. However, the accuracy of the
system was calculated as an additional measure with zero value of
false positives observations.
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Table 3: Database information of detection evaluation

It should be mentioned that the system was developed based on the
specifications of a high resolution camera [2] and the requirements of
Zbar library [3]. Therefore images captured from side view over a
limit (see 5.3.3.3) and over 100 centimeters distance do not provide
the required resolution of the barcodes for Zbar library. A summary
evaluation of the performance of the decoding step shows that the
working distance has decreased at 100 centimeters distance and the
angle of the camera affects directly the performance of the decoding.

5.1.3 Summary evaluation of the algorithm

The two different evaluations stages of the custom build system pro-
vided more information about the features which could be improved.
Also the decoding stage can reduce the efficiency of the whole system,
in occasion that the resolution of the barcode in the image does not
fulfill the requirements of Zbar library [3]. However, in unique con-
ditions, the decoding stage could be considered as a second control
check of any possible wrong detection, which can be aborted from
the system, as long as no barcode number will be recognized. In fig-
ure 31 all the details of the results of the full system on different data
sets are shown.
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Figure 31: Results of different datasets for the full system evaluation

Finally a summary of the results for a full evaluation of the whole
system has provided the results in table 4. For the overall evaluation
of the system the true positive observations of the decoding stage
were considered. The false positive observations from the detection
stage were considered, while the true negative observations from the
decoding stage were used. Only the false negative observations were
summarized from both stages of detection and decoding as long as
both stages missed or rejected existing barcode regions.
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Table 4: Evaluation of the whole algorithm for the whole database

In order to evaluate the whole system the number of the positive
observations is not equal with the number of the negative observa-
tions and also the false negative observations are more than the false
positive. Considering the criteria of performance measures from the
methodology chapter, the most suitable measure is Recall. The sys-
tem’s performance has decreased significantly comparing with the
results of the detection stage. However, it should be mentioned again
that a few data sets have significantly decreased the overall system
performance, due to the limitations of Zbar library [3].
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5.2 developed algorithm for depth estimation

The evaluation of the depth estimation was simulated with barcodes
placed and moving on the conveyor belt like it was described in the
Methodology chapter 4. Initially, a suitable speed for the conveyor
belt motion was chosen at 10cm/sec and three frames at the same
frequency were captured as shown in figure 32.

Figure 32: a) Barcode at time t1 b) Barcode at time t2 c) Barcode at time t3

The experiment was accomplished by using different distances be-
tween the camera and the conveyor belt. The measurements were
repeated 10 times in order to obtain more accurate and reliable re-
sults. The maximum distance was selected at 150 centimeters, which
is the maximum distance in which the custom built system can work.
The results are shown in figure 33 below, where the real distance is
provided and also the estimation of the distance. The solid line of
figure 33 represents the linear function which connects the estimated
values.

Figure 33: Depth measurement in centimeters

In the horizontal axis are the real distance of the 5 measurements.
Every measurement was repeated 10 times and the average of every
measurement is plotted on the graph. Afterwards, investigating the
results, an estimation of the error of the measurement is represented
in table 5.
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Table 5: Depth measurement variance

In table 5 the real distances of the five different measurements are
displayed as well and the average value of them. In order to evalu-
ate the accuracy of the measurements considering each measurement
was repeated ten times the variance of the measurements should be
estimated. The variance measures how far each value of a data set is
from the mean value. Considering this experiment there are five data
sets in five different distances. Each data set consists of ten samples
which are the iterations of each measurement. Therefore the variance
of each data set is estimated and displayed in table 5. Observing the
variance of the measurement at 100 centimeters seems to be larger
than any other distance, which most probably is ought to the variance
of the size of the detected region. The measurement can be affected
directly from the size of the detected barcode region. Therefore the
camera lens should be perpendicular to the surface of the barcodes,
while a slight variation of the size of the detected region can increase
the error of the measurement significantly.

5.3 comparison study

The main purpose of this project is the comparison study of the
Cognex bar-code reader with the custom built system. For the accom-
plishment of the comparison of these two systems, it is really impor-
tant to investigate the limitations of the two systems, which will be
considered for the definition of the evaluation criteria. As long as the
results of the capabilities of the custom built system were mentioned
already in chapter 5, below follows a summary of the specifications of
the custom built system and a description of the commercial barcode
reader [1].

5.3.1 Custom built system

The custom built system consists of a Procilica camera with model
name GT2450 [2] of 5 Megapixels sensor providing resolution of 2448

x 2050 pixels and a Cinegon 1.8/16 lens [32] with focal length 16.4
mm. The maximum working range of the system is 150 centimeters,
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due to the resolution of the captured images, while the performance
of the decoding stage decreases significantly over 125 centimeters dis-
tance. Moreover, the system is sensitive to side view of the barcodes,
therefore any angle over 10 degrees directly affects the performance
of the system.

5.3.2 Cognex 260QL barcode reader

The Cognex barcode reader [1] can process a field of view with di-
mensions 752 x 480 pixels. In figure 34 it is displayed the output of
the barcode reader, which draws a green box around the detected
and decoded barcode region. According to the data sheet [1] is able
to detect barcodes in maximum distance of 100 cm from the lens and
in different angles, but it lacks the ability to recognize multiple bar-
codes simultaneously as shown in figure 34. The minimum size of
1-dimensional barcodes it can recognize, is 5 MIL at maximum dis-
tance 15 centimeters of the lens and 35 Mil barcodes at 100 centime-
ters. Also before using the system, a training setting of the system
is required for the specific barcode type and light condition of the
environment in which it will be used. Even if it works quite accurate
in the maximum distance and almost under any light condition, the
system provides only the pure information of the decoded barcode
and can save the captured frame, but doesn’t provide any informa-
tion about the position of the barcode in the image. Therefore, it is
questionable the flexibility of the system for integration with other
platforms such as automated forklifts.

Figure 34: a) Maximum distance b) Skew along horizontal axis c) Skew
along vertical axis d-e) Multiple barcodes in the same frame

5.3.3 Experiments Description

In a warehouse environment there are barcodes placed on boxes, pal-
lets and racks. In cases like that, the size of the barcodes varies and
in a few cases the barcodes may be tilted. Moreover, a barcode reader
should work in a large range of distance to be able to detect different
barcodes in a warehouse environment. Furthermore, the illumination
is not normalized across the corridors, which directly affects the per-
formance of the barcode readers. Therefore, the main considerations
of these experiments are the size of the barcodes, the distance to the
barcodes and the light condition of the environment. Additionally, an
experiment investigating an angular threshold value of the the tilted
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barcodes that the two systems are able to handle. Below there is a
description of these experiments and their results.

5.3.3.1 Recognized distance of barcodes in different size

In this experiment barcodes with different sizes were placed in dif-
ferent distances in front of the barcode readers, for testing. For this
experiment the custom built system was used with two different set-
tings, one with adjusting the camera focus in every change of the
distance and the other setting was using the same standard focus in
all the different distances. In the figure 35 below there is a graph with
the results and all the information of the measurements.

Figure 35: Different barcodes size and distance limits

According to the results it is obvious that the commercial barcode
reader with resolution 752 x 480 pixels can recognize even small bar-
codes in a larger distance than the custom built system with resolu-
tion 2448 x 2050 pixels. However, it is limited in a working range of
120cm, while the custom built system can work further at 150cm dis-
tance to the barcodes. The maximum range was investigated with bar-
codes on the center of the image, therefore there is a slight difference
with performance in general situations. The manufacture Cognex com-
pany [1] refers to a limit of working range 100 centimeters and the
performance of the custom built system decreases over the range of
125 centimeters. Moreover, the custom built system in small size of
barcodes can be significantly affected from the focus of the camera’s
lens, while for larger barcodes the efficiency of the system is the same
even with standard focus. On the other hand the commercial barcode
reader has an auto focus function, as it is built in liquid lens. The
maximum range of recognition for each different barcode’s size is rep-
resented in figure 35, for the two systems. For example the Cognex
barcode reader cause of the fact that it provides a narrow field of
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view it requires some distance bewteen the lens and the barcode to
be able to capture the whole size of the barcode. In more details for
barcodes of size 15, 19.49 and 20 Mils requires minimum distance 20

centimeters, while for 25.98 and 40Mils requires 25 and 50 centime-
ters respectively. On the other hand, the custom built system with
the wide field of view of the camera is able to detect and decode
the barcodes in closer distances. Referring to barcodes with size 15,
19.49 and 20 Mils it requires just 15cm in front of the lens and for
25.98 Mils and 40 Mils barcodes requires 20 and 25 centimeters re-
spectively. According to these results, the main observation is that
the Congex barcode reader is more stable and accurate even for small
size barcodes, but it cannot work in too close distance and has a maxi-
mum recognition distance at 120 centimeters. The focus of the camera
improves only small size barcodes, while for barcodes of size 40 Mils,
the performance remains the same. Therefore, the custom built sys-
tem can be used with a large size of barcodes such as 40 Mils in a
quite big range of distance from 25 to 150 centimeters. Inside a ware-
house environment the custom built system with this distance range
and with suitable size barcodes could fulfill the task of mapping the
environment with a standard setting of the camera focus.

5.3.3.2 Different light conditions of the environment

The next experiment is related to the different light conditions of
the environment that the two system could function in. Moreover,
to avoid any failure of recognition cause of the size of the barcodes, a
40mils barcode was used, which is recognized in all the range of both
barcode readers. The measurements took place in the lab of the uni-
versity in a dark, semi-dark and normal light condition as it is shown
in figure 36.

Figure 36: a) Dark room b) Semi-dark room c) Normal light room

The results of this experiment are plotted in the figure 37 below.
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Figure 37: Results of the experiment in different light conditions

According to the results, it is obvious that the Cognex barcode
reader [1] is a robust system and it’s performance is not affected
from the light conditions. It should be mentioned that the commercial
barcode reader has been built in self lighting support. Therefore, the
light setting is adjusted automatically every time it is trained in a new
environment. The custom built system on the other hand is affected
directly by the light condition, cause of that it should be considered
the requirement of a support light adjusted on the system.

5.3.3.3 Reaction of the systems in occasions of rotation of the barcodes
along different axis

Considering the fact that the barcodes placed on pallets and on boxes
could be rotated or cause of the position of the barcode reader, the
barcodes in the images could contain some rotation along different
axis. Therefore in figure 38 the different occasions of rotation are in-
vestigated.

Figure 38: a) Rotation along vertical axis b) Rotation along horizontal axis c)
Rotation along depth axis

The Cognex 260QL can handle barcodes rotated along the vertical
and horizontal axis in maximum range -25 to +25 degrees and along
the depth axis -35 to +35 degrees. On the other hand, the custom built
system can handle barcodes rotated along the vertical and horizontal
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axis in maximum range -10 to +10 degrees and around the depth axis
covers the whole range of 360 degrees. These results were provided
after evaluation of the systems in different experiments.

5.3.3.4 Head to head comparison of Cognex 260QL and the custom built
system on common data sets

In order to compare the systems in a more precise and realistic way,
the systems were tested with the same data set of images. The two
systems were placed next to each other at a fixed point standing over
a conveyor belt. The two systems were working while barcodes were
placed on the conveyor belt and moving under the lens of the systems.
In that way collecting data in a specific range of time and using the
same view of the environment a more straightforward evaluation of
the two systems was succeed with the results plotted in table 6.

Table 6: Evaluation of the two systems on the same data

In this stage, the frames which were captured from the custom built
system were processed also directly from Zbar library [3] without
any preprocessing steps, in order to compare the custom built system
with the pure performance of Zbar library [3]. The results of that
additional comparison are shown in table 7.

Table 7: Comparison of the custom built system with the performance of the
pure Zbar library

Considering the difference of the performance between the custom
built system and the pure use of Zbar library [3] it was essential an
analysis of the prepossessing stage of the custom built system till the
point Zbar library was used.
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5.3.3.5 Preprocessing analysis of improving Zbar library performance

In the order to improve the performance of Zbar library [3], the bar-
code regions were prepossessed before they were feed to the library
for the decoding process. An analysis of these preprocessing stage
was done, dividing the process into steps and investigating the de-
gree every step affects the performance of the algorithm, see figure
8.

Table 8: Analysis of the algorithm

Observing the results above the most crucial steps are the cropping
of the barcode region and the rotation of that region to the horizontal
position. Also in a few occasions of noisy data, the contrast enhance-
ment improved the contrast and the sharpness of the edges in the im-
age. Moreover, the filtering of the cropped regions removed possible
noise, usually from images captured in larger distance than 1 meter
or in cases of slight side view of the camera. Considering the results
of this analysis the performance of Zbar library has been improved by
the custom built system and specific in this dataset displayed figure
8 has reached double efficiency.

5.3.4 Summary of the comparison study

According to the investigations of the comparison study on the Cognex
barcode reader and the Custom built system, the results were summa-
rized in order to give a brief description of the specifications of the
two systems, see figure 9.

At this point it should be mentioned that the comparison between
the custom built system with the commercial one was a hard task.
The criteria of the comparison varied depending on the use of the
two systems. In the current project the comparison was made in or-
der to investigate which system is suitable for building a map with
the detected barcodes. Even if the performance of the Cognex 260QL
[1] was quiet impressive, it is concluded that this type of system is
not suitable for mapping. Due to the fact that it can not provide the
necessessay information and it is working autonomously by the soft-
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Table 9: Table of comparison between Cognex 260QL and custom build sys-
tem

ware provided by Cognex company [1], the performance is not any-
more the most suitable criterion of this comparison. However, the
custom built system is a really promising development, which was
developed based on image processing and the open source Zbar li-
brary [3]. Finally the performance of the system was improved in cer-
tain manner comparing with the capabilities of Zbar library [3]. All
in all, the custom built system provides all the necessary information
for mapping and is totally flexible for integration with other systems.
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D I S C U S S I O N

Due to the importance of examining the most suitable and reliable
development of a system for generating a map for positions of bare-
code objects in a warehouse, a huge part of this thesis was spent on a
comparison study between the developed system and a commercial
barcode detector Cognex 260QL [1]. Considering the range of such a
study, during the scope of this thesis several obstacles were encoun-
tered in the following phases:

detection phase : In this stage the detection of the tilted bar-
codes was a challenge using the gradient information of the image.
Therefore, the gradient of the image in four different directions was
calculated and combined in a suitable way in order to define the bar-
codes with high gradient value.

decoding phase : In this stage the performance of the decoding
using the Zbar library [3] was not as good as expected. To solve that,
the barcode regions were extracted from the image and preprocessed
before they were decoded, in order to improve the performance of the
Zbar library. Finally, an analysis of the preprocess stage was carried
out in order to emphasize on the most crucial steps.

evaluation of the custom built system : In this phase in
order to evaluate the system, a suitable data set was needed. There-
fore, a generic database consisting of 360 images was created in order
to simulate a warehouse environment as realistic as possible.

comparison study : In this stage the limitations of the custom
built system and Cognex 260QL were needed in order to compare
the two systems under a common set of constrains. For that reason
several experiments were carried out and the results were used for
investigating and evaluating the difference in performance of the two
systems.

depth estimation : In this stage only one camera was available
and the estimation should be based on this camera. Due to limited
time a method based on trigonometry theorems was used to accu-
rately estimate the distance between the camera and the barcode. This
method had a limitation, it required the camera lens to be perpendic-
ular to the barcode. A finer method is suggested in the chapter Future
Work.
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C O N C L U S I O N S

The aim of this project was to investigate and develop a suitable sys-
tem for barcode mapping and compare it with an existing commercial
barcode reader.

The performance of the custom built system was evaluated in the
detection and decoding stages. The detection stage had a high suc-
cess rate with working distance till 125 centimeters, while over this
distance the performance was decreased significantly. Considering
the decoding stage, the working distance of the system was limited
to 100 centimeters. The decoding stage decreased the overall perfor-
mance of the custom build system, due to the resolution of the cap-
tured barcodes and the limitations of Zbar library [3].

Moreover a comparison study between the developed system and
the Cognex 260QL [1] barcode reader was carried out based on the
same testing data captured in the lab of the university. The custom
built system is affected directly by the light condition of the environ-
ment and also from the angle of the camera’s view. Also it provides
a large resolution of the captured images and can recognize multi-
ple barcodes simultaneously. On the other hand, the Cognex 260QL
provides a small resolution and can recognize one barcode per frame.
Furthermore, the custom built system can recognize rotated barcodes
in a larger range than the commercial system, while the commercial
system can recognize smaller size of barcodes than the custom built
system. All in all, the performance of Cognex 260QL is high with
maximum working distance of 125 centimeters.

To summarize the performance of the Cognex 260QL is better than
the custom built system considering the different aspects in which the
two systems were tested. However, for the task of barcode mapping
the custom build system is suitable as it is able to provide the coordi-
nates of the decoded barcodes in three dimensions. Also the custom
built system can be integrated with any other system as it is build
with open source software libraries [3] and [21]. The Cognex 260Ql
does not provide any coordinate information of the barcodes and is
compatible only with software from Cognex company [1], which does
not provide any possibility of integration with another system.
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F U T U R E W O R K

In this thesis a system suitable for barcode mapping was developed
and investigated, which can detect, decode and return the coordinates
of the barcodes in the environment. In order to extend the working
range of the system as a future task the replacement of the camera
sensor with a higher resolution is suggested. Also the decoding stage
is handled from Zbar library [3], which is an open source library, this
could be improved by replacing the library with another software li-
brary with better performance or focusing on reconstruction of the
detected barcodes. Furthermore an improvement of the depth estima-
tion algorithm could be considered in order to overcome the require-
ment of having a perpendicular view. Another method that could
be considered is the bearing-only method which is usually used for
simultaneous localilication and mapping (SLAM) [33] in order to esti-
mate the relative distance between the camera’s lens and the detected
barcodes.

Except from these improvements, the most important step that
could be done as future work, is the extension of the system. That
means that the system could be placed and integrated on a robotic
vehicle which can provide the coordinates of the position it is driv-
ing towards and the direction. In that way, the system could be ex-
tended and use the position of the vehicle as a reference point in
order to translate the barcode’s coordinates to the global map of the
warehouse. To summarize the suggested extension of the system is a
really promising idea, which could simplify the mapping of a ware-
house and also provide the warehouse management system with a
low price system.

The next step is the development of a system, which can process
all the information of the custom built system. Afterwards the system
can correspond the products in a specific position in the map of the
warehouse based on their barcode number on their boxes. Finally, all
this data can be saved in a database of the warehouse management
system and every time a product is needed the position and the path
can be provided.
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A P P E N D I X

Figure 39: Lab 150cm maximum distance

Figure 40: Lab 50cm close distance
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Figure 41: Lab 50-150cm slight side view

Figure 42: Lab 50-150cm perpendicular view
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Figure 43: Lab 50cm close distance side view

Figure 44: Lab 50cm perpendicular view
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Figure 45: Lab 75cm perpendicular view

Figure 46: Lab 100cm perpendicular view
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Figure 47: Lab 125cm perpendicular view

Figure 48: Lab 150cm perpendicular view
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