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Abstract 

Labels are used for managing warehouse environments by collecting information 
from existing items on shelves and racks. Labels enable description and identification 
of items accurately in a short time. Although lot of research have been done in the 
field of barcode detection, the present methods for detection are applicable at a short 
distance from the camera and with a clear background. Therefore, label detection 
from captured images is challenging especially with a large and complex 
background. Once a label is detected, it is ready for next process of recognition, to 
read out the stored information in texts and barcodes. 
 
In this thesis, we compared methods from previous works and implemented the 
most suitable one for detecting one-dimensional (1D) barcodes available on the 
captured images by standard lens. We created a dataset for label detection with an 
assumption on background color and we continued processing by K-means 
clustering and classification. After localizing label regions, a projection for 
determining a different candidate area is done. We have worked on two types of 
barcodes, one-dimensional (1D) and Data Matrix as a two-dimensional (2D) barcode. 
 
The results show a good performance of the system in terms of images, which are the 
most important issue in terms of industrial detection.   
 





 

V 

Contents 

 
 

1! Introduction+.................................................................................................................+1!

1.1! Problem+Specification+....................................................................................................+1!
1.2! Goals+.....................................................................................................................................+1!
1.3! Objectives+...........................................................................................................................+2!
1.4! Background+........................................................................................................................+2!
1.5! Social+Aspects,+Sustainability,+Ethics+.........................................................................+3!
1.6! Thesis+Outline+...................................................................................................................+3!

2! State+of+Art+....................................................................................................................+5!

2.1! Related+Work+....................................................................................................................+5!
2.2! Comparison+of+Previous+Work+....................................................................................+8!
2.3! Problem+Statement+.......................................................................................................+11!

3! Rough+Localization+..................................................................................................+13!

3.1! Rough+Localization+Based+on+Feature+Analysis+...................................................+13!
3.1.1! Image!Pre,processing!Phase!..............................................................................................!13!
3.1.2! Determine!the!Candidate!Regions!of!1D!.......................................................................!15!

3.2! Color+Segmentation+for+Label+Detection+................................................................+22!
3.2.1! Color!Segmentation!Based!on!Clustering!and!Classification!...............................!22!

3.3! Minimal+Bounding+Rectangle+.....................................................................................+24!

4! Detection+of+Labels+..................................................................................................+27!

4.1! Barcode+Types+................................................................................................................+27!
4.1.1! Linear!Barcode!Characteristics!.........................................................................................!27!
4.1.2! Data!Matrix!Characteristics!................................................................................................!27!

4.2! Detection+Based+on+Barcode+Characteristic+.........................................................+28!
4.2.1! The!Proposed!Method!for!Determining!Barcode!Regions!....................................!28!
4.2.2! Detection!of!Label!Type!1D!and!2D!................................................................................!30!

5! Results+and+Discussion+..........................................................................................+33!

5.1! Roughly+Localization+Based+on+Gradient+Feature+Analysis+.............................+34!
5.2! Rough+Localization+and+Detection+Based+on+Color+Segmentation+................+37!
5.3! Detection+of+Label+Type+...............................................................................................+41!
5.4! Discussion+........................................................................................................................+45!

6! Conclusion+and+Future+Work+...............................................................................+47!

7! References+..................................................................................................................+49!

8! Appendix+.....................................................................................................................+51!

+

 





 

VII 

List of Equations 

 
 
EQUATION!3.1!..........................................................................................................................................................................!14!
EQUATION!3.2!..........................................................................................................................................................................!14!
EQUATION!3.3!..........................................................................................................................................................................!15!
EQUATION!3.4!!.........................................................................................................................................................................!16!
EQUATION!3.5!..........................................................................................................................................................................!18!
EQUATION!3.6!..........................................................................................................................................................................!18!
EQUATION!3.7!..........................................................................................................................................................................!19!
EQUATION!3.8!..........................................................................................................................................................................!21!
 
 
 
 
 



 

 



 

IX 

List of Figures 

 
 
FIGURE!2.1:!LABEL!AND!BARCODE!DETECTION!SYSTEM!STRUCTURE!WITH!MAIN!STEPS!OF!PRE,PROCESSING,!ROI!

AND!LOCALIZATION!.......................................................................................................................................................!11!
FIGURE!3.1:!GRAYSCALE!IN!DIFFERENT!METHODS!............................................................................................................!14!
FIGURE!3.2�SOBEL!CONVOLUTION!KERNEL!.....................................................................................................................!16!
FIGURE!3.3:!TEST!IMAGE!.......................................................................................................................................................!16!
FIGURE!3.4:!APPLIED!IMPROVED!SOBEL!ON!TEST!IMAGE!.................................................................................................!17!
FIGURE!3.5:!EXAMPLE!OF!AN!INTEGRAL!IMAGE!.................................................................................................................!18!
FIGURE!3.6:!DENSITY!CALCULATIONS!..................................................................................................................................!19!
FIGURE!3.7:!F!IMAGES!............................................................................................................................................................!20!
FIGURE!3.8:!INTEGRAL!IMAGES!.............................................................................................................................................!21!
FIGURE!3.9:TRAINING!AND!CLASSIFICATION!......................................................................................................................!23!
FIGURE!3.10:!COLOR!SEGMENTATION!RESULT!...................................................................................................................!23!
FIGURE!3.11:!THE!PLOTS!OF!!TRAINED!CLASSIFIERS!WITH!DIFFERENT!TARGETS!.........................................................!24!
FIGURE!3.12:!MINIMAL!BOUNDING!RECTANGLE!REGIONS!RESULT!................................................................................!25!
FIGURE!4.1:DATA!MATRIX!BARCODE!..................................................................................................................................!28!
FIGURE!4.2:!SCAN!OF!BLACK!PIXELS!ALONG!THE!HORIZONTAL!DIRECTION!...................................................................!28!
FIGURE!4.3:!SCAN!OF!BLACK!PIXELS!ALONG!THE!VERTICAL!DIRECTION!.........................................................................!29!
FIGURE!4.4:!DISTINCT!1D!BARCODE!WITH!PROJECTIONS!................................................................................................!29!
FIGURE!4.5:!DISTINCT!2D!BARCODE!WITH!PROJECTION!..................................................................................................!30!
FIGURE!4.6:!CANDIDATE!REGION!CONTAINS!1D!BARCODE!AND!BARCODE!AREA!SHOWS!IN!RED!RECTANGLE!.........!31!
FIGURE!4.7:!CANDIDATE!REGION!CONTAINS!A!2D!DATA!MATRIX!BARCODE.!RED!CIRCLES:!‘L’!SHAPE!FEATURE.!

RECTANGLE:!2D!BARCODE!DATA!AREA!.....................................................................................................................!32!
FIGURE!5.1:!SHORT!DISTANCE!OF!LESS!THAN!1!METER!CAPTURED!IMAGES!IN!A!WAREHOUSE!..................................!34!
FIGURE!5.2:!BARCODE!REGION!DETERMINED!FROM!CANDIDATE!REGIONS!....................................................................!35!
FIGURE!5.3:!LARGE!AREA!BACKGROUND!IN!WAREHOUSE!.................................................................................................!35!
FIGURE!5.4:!CANDIDATE!REGIONS!FOR!LARGE!AREA!BACKGROUND!...............................................................................!35!
FIGURE!5.5:!BARCODE!REGIONS!DETERMINED!FROM!CANDIDATE!REGIONS!..................................................................!36!
FIGURE!5.6:!FARTHEST!DISTANCE!MORE!THAN!2!METERS!CAPTURED!IMAGE!IN!A!WAREHOUSE!...............................!36!
FIGURE!5.7:!CROPPED!OUT!REGION!THAT!CONTAINS!A!BARCODE!...................................................................................!36!
FIGURE!5.8:!TEST!IMAGE!.......................................................................................................................................................!37!
FIGURE!5.9:!10!CLUSTERS!ON!TEST!IMAGE!.........................................................................................................................!37!
FIGURE!5.10:!IMAGE!CAPTURED!WITH!SHORT!DISTANCE!LESS!THAN!1!METER!IN!A!WAREHOUSE!.............................!38!
FIGURE!5.11:!IMAGE!CAPTURED!WITH!FARTHER!DISTANCE!ABOUT!1!METER!IN!A!WAREHOUSE!...............................!39!
FIGURE!5.12:!IMAGE!CAPTURED!WITH!DIFFERENT!ANGLE!AND!ILLUMINATION!...........................................................!39!
FIGURE!5.13:!IMAGE!CAPTURED!FROM!A!FAR!DISTANCE!ABOUT!1.5!METERS!...............................................................!40!
FIGURE!5.14:!LEFT:!ORIGINAL!IMAGE.!RIGHT:!MBR!RESULT!.........................................................................................!40!
FIGURE!5.15:!WHITE!AND!YELLOW!COLOR!SEGMENTATION!............................................................................................!41!
FIGURE!5.16:!2D!DATA!MATRIX!BARCODE!LABEL!WITH!BRIGHTER!ILLUMINATION!...................................................!42!
FIGURE!5.17:!1D!BARCODE!LABEL!WITH!DARKER!ILLUMINATION!..................................................................................!42!
FIGURE!5.18:!NON,BARCODE!LABEL!DETECTION!..............................................................................................................!43!
FIGURE!5.19:!1D!BARCODE!LABEL!WITH!LOW!RESOLUTION!............................................................................................!44!
FIGURE!5.20:!1D!BARCODE!LABEL!WITH!LOW!RESOLUTION!............................................................................................!44!
 





 

XI 

List of Tables 

 
TABLE!2.1:!COMPARISON!OF!RELATED!WORKS!..................................................................................................................!10!
TABLE!5.1:!THE!DATASET!DETAILS!......................................................................................................................................!33!
TABLE!5.2:!ROI!FOR!LABELS!AND!BARCODES!.....................................................................................................................!45!
TABLE!5.3:!CONFUSION!MATRIX!FOR!BARCODE!DETECTION!............................................................................................!45!
 
 
 
 
 





  Introduction   

 

1 

Chapter 1  
 

1 Introduction  

 
For the purpose of automation in warehouses, robots should be intelligent enough to 
recognize and describe objects. This can be achievable by identifying labels in 
warehouses, identifying pallet rack cells, bars, items on a pallet rack and shelf for 
data collection. Since barcodes and texts can collect a lot of information they enable 
rapid and accurate identification at low cost. In addition to these advantages, a 
barcode is a machine-readable representation of information and has been applied in 
many industrial products. Therefore they have been widely used in the automatic 
identification field [1], [2], [3].  
 

1.1 Problem Specification  

 
The captured images by a camera in warehouses may contain several labels. These 
labels which contain barcodes may appear different by depending on types of 
illumination, angle and the image that deviates from the ideal. Due to detection 
being based on the feature characteristics of barcodes, different angles, distance, 
brightness and resolution in seized images is quite a big challenge. Recent research in 
the field of barcode detection are based on visual sensor cameras with different 
resolutions. In this work, detection of different kinds of labels with background color 
is being focused. The proposed work is to realize a system for label detection in a real 
environment that can tolerate distance in large range, determine the skew, do 
rotation adjustment and rectification, which is flexible to illumination diversity. In 
the process of barcode detection, related methods are being applied and compared 
for different types of barcodes which are the one-dimension (1D) or two-dimension 
(2D) type. 
 

1.2 Goals 

 
The main goal of our thesis is to design and implement a system that can detect the 
labels on racks and shelves in a real warehouse environment to manage fully 
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automated identification. For this purpose, wide-angle images are logged during a 
warehouse exploration and they are processed for label detection. 
 

1.3 Objectives 

 
Since a barcode is a part of a label and can be used as a detecting object, barcode 
detection has been introduced. The existing approaches for detecting barcodes 
mostly work for large region barcodes. The objective of this work is that after 
comparison with the relevant existing approaches, a combined method will be 
proposed that detects the small size label under large complex background. Since 
images are captured without taking the positions of barcode and labels into the 
account, therefore the captured images may contain several labels. With regard to the 
complex background that includes many labels, the purpose is to detect labels with 
the following characteristics such as toleration of distance in the range of 1 to 4 
meters, affine transform invariant (e.g. rotation, distortion and scale), illumination 
tolerance and to be able to detect four types of label. 
 
Types of labels are categorized in text with barcodes in 1D and 2D and only text. In 
terms of the process time requirement, different algorithms are combined to detect 
and recognize barcodes and texts in labels simultaneously. 
 

1.4 Background 

 
Where there is an intention to automate in an industrial environment, it is important 
to detect labels on pallet rack cells and objects. It can lead to the provision of required 
knowledge contained in texts and barcodes. Efforts [1], [11] in this area have been 
focused more in finding different methods to deal with the variation of barcodes [1], 
[11].  
 
These methods are classified in two main categories, spatial domain based and 
frequency domain based methods [1]. In the spatial domain based method it is mainly 
about finding groups of unidirectional gradients that represent a barcode region. 
However, this method is indefensible in a large field of view because barcodes will 
be considered as background. Also the Hough Transform method [1] that elicits lines 
of barcode is not suitable in bad illumination. The frequency domain based method uses 
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the related features together with learning methods, or morphological methods that 
may require a large memory and it is not suitable for low storage devices [1]. 
 
Localization methods follow the objectives of accuracy and speed, although it 
depends on the target as well. For instance, in an industrial environment, accuracy is 
a critical objective, since it may cause loss of profit [2]. Depending upon each case, 
methods that are more suitable have been proposed for detection. In a warehouse, 
images that have been taken with the complex background are more challenging to 
solve [3]. Moreover, conditions with bad illumination in warehouses are challenging 
as well.  
 

1.5 Social Aspects, Sustainability, Ethics 

 
Since barcodes and texts collect a large amount of information in a concise form, they 
can be used to describe items and their characteristics (category, location, availability, 
information, etc...) in a very efficient and precise way. For this reason, they have been 
utilized in many industries for labelling products and for the management of 
warehouses. Automation of warehouses is highly dependent on this labelling 
mechanism, as intelligent robots need a standard to recognize and describe the 
objects. Uniqueness of barcodes eliminates the possibility of recognition errors in 
deciphering the object and correct decoding of the barcodes will yield expanded 
information about that object. This enables machines to take on a task that otherwise 
would be very cumbersome for humans. Warehouses, where efficient packaging and 
storage of objects is the primary purpose, can be unsafe and unhealthy work 
environments for human workers and robots can be very effectively utilized to serve 
humans. When people are saved from arduous labor, there are opportunities for 
more creative, pleasant work conditions. 
 

1.6 Thesis Outline 

 
The report has been arranged in the following order: in chapter two related work is 
discussed and comparisons made, then the solution to the addressed problem is 
proposed. In chapter three, pre-processing steps on image and methods to find 
candidate regions for labels are described. In chapter four, algorithms for detecting 
types of labels are explained. Chapter five depicts the results and experiments and 
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discuss about the results is done. In chapter six, our conclusion and future work are 
explained. 
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Chapter 2  
 

2 State of Art  

 
Most detections are based on finding unique characteristics in images and barcodes 
have their own features as well. For either recognition or detection, features are 
significant requirements. The general methods for detection of a barcode are to 
threshold the image first and then roughly localize the barcode region. The next step 
is to extract the precise location of the barcode. 
 

2.1 Related Work 

 
A huge number of methods have been proposed for detecting different types of 1D 
and 2D barcodes within different conditions. Most of them work in the clear 
background and the cluttered background is challenging.  
 
Kutiyananwala, et.al. [1] proposed a method for localizing a barcode region in an 
image which is claimed to be efficient. They have extracted Gabor filter based 
features by applying a multichannel Gabor filtering technique. For each filtered 
image a randomized hierarchical search method has been applied to find a 
horizontal segment of the same length. Then for each of the segments the frequency 
measure is being computed. If the frequency measure is greater than the pre-set 
threshold, it is assumed to be a segment line with high frequency. The similarity 
between high frequency segments lines has compared by the Longest Common 

Subsequence (LCS) algorithm [1]. Lines with high frequency and high similarity 
measures are being chosen for selecting the bounding box. A histogram along x-axis 
and y-axis is being computed for all selected pair lines. A histogram of an image with 
a barcode is expected to have a single peak with an amplitude more than threshold. 
The position of the barcode is localized by an analysis of start and end points of the 
peaks and the orientation of the barcode is the angle that the image is being rotated. 
 
Liu, Wang and Yang [4] proposed a localization algorithm for the Data Matrix 
Barcode (See appendix), which is done by boundary tracking and Radon Transform. In 
their algorithm, a Sobel mask [4] is being applied for edge detection and the result 
image is scanned left to right. Edge points that are passed by scan lines are shown in 
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pairs. After discrimination between inner and external points for a L pattern, 
boundary tracking is done in a L shape. The algorithm changes scanning direction in 
the tracking process. After extracting three vertexes of barcode, the fourth vertex of 
barcode is determined by Radon Transform. 
 
Shams and Sadeghi [5] presented a method to detect a barcode in images with low 
resolution and highly distorted one. At pre-processing level the RGB image is 
transformed to a grayscale image. This representation will connect the bars in the 
barcode with peaks and spaces with valleys in the algorithm. Detecting Region of 
Interest (ROI) level is done by the directional nature of the 1D barcode in the 
gradient map of the image. The Sobel mask is applied for gradient calculation and 
ROI is selected by tessellating the image with a fixed block containing modal strong 
gradient histogram in the chosen direction. Segmentation is for finding boundaries 
and fixing orientation by searching the horizontal quiet zone. Parameters are 
calculated in the way that cleanly cut the quiet zone but does not affect low height 
peaks. A cumulative intensity histogram is the result of eliminating background 
intensity variation and unwanted waveform. Then the quiet zone can be detected. In 
scanner level the input image is the result of the segmentation part. It is converted to 
a discrete one-dimensional sequence and gets feature vectors to enable decoding. 
 
Hu, Ku and Huang [6] suggested an approach with the main blocks of Barcode 
localization, barcode extraction and a decoder that is followed step by step. A point 
named P0 within the barcode is being assumed as start point. A suitable size of 
window would be extracted. Thresholding a gray level image is done with the OTSU 
[6] method. A point P0 within the barcode is selected and two Sobel masks are 
applied horizontally and vertically to calculate the gradient magnitude for each pixel 
of window. Then using histogram chooses the dominant direction of the window, 
and analysing the barcode texture direction is done. By taking advantage of the 
texture direction, a rough barcode localization is obtained. The next step Hough 

Transforms is applied on the rough localization of the barcode to find the precise 
position. Finally, by performing an inverse perspective transformation and bilinear 
interpolation method, normalizing the shape of the barcode is done. 
 
Zhang, Lu and Su [3] introduced multiform algorithms in recognition of barcodes. 
The algorithm is composed of two: SIFT algorithm [3] and the optimized similar border 

distance measurement algorithm. The process that is based on SIFT algorithm extracts 
features by using the information: location, scale and direction. The other process is 
to decimal code of the superimposed code. The first process is done without the need 
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for pre-processing on the image, but the second requires image processing to reduce 
noise and to separate that from the background. It is claimed that the comparison of 
two algorithms shows 97% accuracy for SIFT algorithm and 100% accuracy for 
optimized similar border distance measurements algorithm.  
 
Sherin M and Rana M [7]�came up with an approach to detect, locate the position 
and orientation for a damaged 1D barcode even in low resolution and noisy images. 
The method is first based on the Fast Hierarchical Hough Transform [7] for skew 
detection and the region extraction and tracing the contour of the barcode region. 
After that the Back-propagation Neural Network [7] is applied to recognize the barcode. 
 
Luping Fang and Chao Xie [8] proposed a robust algorithm to locate the barcode 
with a complex background in the spatial domain. Pre-processing the image by 
downsampling, transforming to the grayscale image and contrast enhancement is 
done. Then gradients of the image along 0o, 45o, 90o and 135o directions are being 
computed. The improved Sobel kernel is used to get the gradient image and make a 
binary image with OTSU [8] thresholding. Removing regions without the 
characteristics of the target regions is done by using density calculation to locate the 
regions with high density of unidirectional gradients. Integral image [8]  is used for 
speeding up the process. The sub-regions image still contains many small holes and 
they are filled by binary dilation. Those regions that are not rectangle shape will be 
removed. To locate the 1D barcode, a number of gray level transitions is counted in a 
scan line and it is checked with a pre-set threshold. 
 
E. Ottaviani, et.al [9] presented an image processing architecture in Region of Interest 
(ROI) detection, barcode location and barcode segmentation. This approach is mainly 
focused on the Data Matrix (See appendix) and Maxicode (See appendix). The Sobel 
mask is used in ROI to calculate magnitude and phase of gradient in order to 
accelerate the speed of computation. In the barcode location section, the edge 
detection and linked boundary produce a set of candidate points. Then the barcode 
segmentation will extract the code boundary from each candidate point and generate 
a polygon around the segmented barcode. In the last section, resampling and 
binarizing the area inside the polygon is done to compute the bit pattern of the 
barcode. 
 
Hee Hahn and Joung Koo Jound [10] proposed a method to extract the bar-space 
patterns directly from the gray level barcode image. This method employs the 
location and the distance between extreme points of each row of the barcode image. 



Label and Barcode Detection in Wide Angle Image   
 

 

8 

It is mainly suitable for decoding the 2D symbology PDF-417 (See appendix). The 
first step is to estimate the four vertices of the barcode image and the affine 
transform is adopted to fix the warped barcodes. Then the detected bar-space 
patterns are used to decode the code word. After that the high curvature points and 
local extreme points will extract four bars and spaces from the deformed barcode 
image. Finally the bar-space should be checked to finish the decoding. 
 
Ruben Mufiiz, Luis Junco and Adolf0 Otero [11] offered a method to implement a 
software barcode reader based on the Hough Transform to decode linear barcode. This 
approach is mainly adapted for code 39 (See appendix). Decoding is done by 
selecting a threshold and determining the wide spaces and the wide bars of a 
character. Then the character decoding can be done with the collected information 
from the wide space and wide bars. 
 

2.2 Comparison of Previous Work 

 
Different methods have a distinct detection result for efficiency and accuracy. In the 
table below (See table 1), a comparison of previous works is shown with the main 
category of barcode type, sensitivity to noise and illumination and used methods.
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                                                       Category 
Related paper                        

1D 2D L&D R S Used Method Merit 

A Common Image Processing Framework 
for 2D barcode Reading [9] 

 ✔ ✔  Low • Sobel Mask • Fast response time 

Robust and Fast Localization Algorithm for 
DataMatrix Barcode [4] 

 ✔ ✔  Low 
• Sobel Mask 
• Radon Transform 

• Accuracy 
• Robustness 
• Reduce Computation 
• Independent geometrical 

shape of barcode 
• Efficiency 

2D Barcode Extraction method Base on 
Texture Direction Analysis [6] 

 ✔ ✔  Low 

• OTSU (thresholding) 
• Sobel Mask 
• Hough Transform 
• Inverse perspective transformation 
• Bilinear interpolation 

• Inexpensive in computation 
• Provide effective 

performance 

A Simple and Efficient Approach to Barcode 
Localization [1] 

✔  ✔  High 

• Canny edge detector 
• Multichannel Gabor filtering 

technique 
• Randomized hierarchical search 
• LCS Algorithm 
• Histogram analysis 

• Suitable for limited memory 
& cellphone 

• Able to find orientation for 
barcode 

• Able to handle barcodes of 
various sizes 
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                                                       Category 
Related paper                        

1D 2D L&D R S Used Method Merit 

A Barcode Recognition Based on Multiform 
Algorithm [3] 

✔   ✔ High 
• SIFT 
• Optimized similar border distance 

measurement 

• Low requirement for image 
high rate of recognition 

• High calculating speed 

Barcode Recognition in Highly Distorted and 
Low Resolution Image [5] 

✔   ✔ Low 
• Sobel Mask 
• Ripple threshold 
• Cumulative intensity histogram 

• Detect barcode in low 
resolution, highly distorted 
and noisy images 

Automated Barcode Recognition for Smart 
Identification and Inspection Automation [7] 

✔   ✔ Low 
• HHT (determine the skew angle) 
• BPP (training for recognition of 

barcode) 

• Locate and recognize 
partially damaged barcode 

• High success rate 
1D Barcode Localization in Complex 

Background [8] 
✔  ✔  Low 

• Improved Sobel Kernel 
• OTSU (thresholding) 

• Reduce computation 

Implementation of Algorithm to Decode 2D 
Barcode PDF-417 [10] 

 ✔ ✔  Low 

• Edge to similar edge (check bar-
space pattern) 

• Information-theoretic 
(thresholding) 

• Robust 

A robust Software Barcode Reader using the 
Hough Transform [11] 

✔  ✔  Low • Hough Transform • Robust 

L&D = Localization and detection,                                                R = Recognition,                                  S = Sensitivity to distortion, illumination, noisy image 

 
Table 2.1: Comparison of related works
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2.3 Problem Statement 

 
Based on the study of previous work, there is no single method proposed to detect 

both types of barcode. Most of the methods are robust against noise, distortion and 

illumination. Not all of the methods are able to deal with complex background and 
they are not suitable for detecting the labels in a large field of view. 

 

For reaching our objectives in a complex background that satisfies the accuracy 
needed in an industrial environment, we have suggested color segmentation as a 

common solution, based on the fact that labels have the same background color used 
in all type.  

 

We split the system into two main parts. The general system architecture is shown in 
Fig. 2.1. Firstly, we roughly localized the Region of Interest that includes barcodes or 

labels; secondly, we determined the regions and detected the label type. 

 

 

Figure 2.1: Label and barcode detection system structure with main steps of pre-processing, 
ROI and localization 
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Label detection system includes the steps of pre-processing, Region of Interest and 

localization. Finding Region of Interest is accomplished with two methods of 

Gradient Feature Analysis and Color Segmentation. First method leads to find 

candidate regions related to 1D barcode and second method is for labels that may 

include both types of barcodes. 
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Chapter 3  
 

3 Rough Localization  

 
In this section, it is discussed how to roughly localize the label regions that contain 
the barcode. It is considered that image background is complex and the barcode size 

is flexible, according to the distance that the image has been taken. Rough 

localization has been done in two different approaches. One is based on barcode 
feature analysis [8] and the other is based on color segmentation. 

 

3.1 Rough Localization Based on Feature Analysis  

3.1.1 Image Pre-processing Phase 

 
Due to several uncertain factors, effects like illumination, low resolution and image-

captured angle, it is important to apply some pre-processing techniques. These 

factors are almost inevitable while capturing the image from the camera. Pre-
processing such as removing noises, resizing and contrast enhancement are applied 

for further processing. 

RGB to Grayscale 

 
Digital cameras capture RGB images (See Fig 3.1-a) that store three values R, G, and 
B for each pixel as color information. But color information does not identify 

significant features like edges for most of the image processing techniques. There are 

three common methods used in converting the full color RGB image to grayscale [12]. 
Assume G is the grayscale value of a pixel and then get red, green, blue value 

separately for each pixel.  
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                (a) Original image                                         (b) Averaging method 

  
               (c) Luminance method                                     (d) Lightness method 

Figure 3.1: Grayscale in different methods 

 
Averaging is the most common, simple and quick way to do a conversion and it 

works by using the equation as follows:  
 

!! = ! (!!"#! + !!"##$ + !"#$)!/3 

Equation 3.1 

 
From the result (See Fig. 3.1-b), despite the method generated the equivalent color 

module, the shadow region of the image has not been represented well in the 
grayscale. 
 
Luminance assigns the different weight value to red, green and blue components 

according to the human eye’s perception. The common computation shows in the 
following equation as: 

 

! = !0.21×!"#! + !0.71×!"##$! + 0.07×!"#$!

Equation 3.2 
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Since there is a difference of weight value to each color component, the grayscale 

image is much more dynamic and reasonable (See Fig. 3.1-c). 

 

Lightness is given by the maximum and minimum value of red, green and blue, 

described in the following: 

 

!! = ! (!"#(!"#,!"##$, !"#$) !+ !!"#(!"#,!"##$, !"#$))!/2 

Equation 3.3 

 
As the result shows (See Fig. 3.1 -d) the method generates a brighter grayscale image. 

It only concentrates on the highest value in each color component. After the 

comparison of each method, the luminance is the best grayscale conversion and 

experimental result found that it is a reasonable choice in this project. 

Noise Filter 

 
For reducing probable noises in captured images, a low pass filter has been used. 

Although it is expensive to calculate in frequency domain and retransform to a 

spatial domain, a wiener filter has the least computational time in noise removal 

filtering. 

 

Wiener2 that is a function in Matlab uses a pixel-wise adaptive Wiener method [22], 

which is upon on a local neighbourhood statistics estimation for each pixel. Local 

mean and variance are estimated around each pixel. 

3.1.2 Determine the Candidate Regions of 1D 

 

Due to the related concept of complex background, we have used the described 

method in Barcode Localization in Complex Background [8] for this part of 

implementation. 

Gradient Image 

 
For extracting information from an image, the gradient images are used. The 

directional changes in value of intensity in original images make a gradient image 

[13]. Convolving original images with filters creates a gradient image. Each pixel of 
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the gradient image calculates the changes of intensity in a determined direction [5]. 

Commonly used gradient operators are Sobel, Roberts, Laplacian and Log [14]. A 

Sobel operator consists of two kernels (See Fig. 3.2) [15] for convolving each point 

with an original image. Gx is for horizontal and Gy is for vertical changes. 

 

 

Figure 3.2�Sobel convolution kernel 

 
For computing a gradient image and defining direction, an improved Sobel mask is 

being chosen (See Equation 3.4) [8]. To each pixel in the pre-processed image, four 

Sobel kernels in four different directions of 0, 45, 90 and 135 degrees (See Fig. 3.4) are 

applied on the test image (See Fig. 3.3). These kernels are as follow: 
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Equation 3.4 Improved Sobel Kernel [8] 

 
Figure 3.3: Test image 
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(a) 0 degree                                                       (b) 45 degree 

  
(c) 90 degree                                                 (d) 135 degree 

Figure 3.4: Applied improved Sobel on test image  

 
The maximum value of these four gradients of pixels is considered as gradient value 

of pixels. The corresponding direction kernel that results the maximum value in each 
pixel are regarded as direction of pixels. All maximum values are stored in E1 [8] and 

the related directions are separately saved in O [8] for further process. 

Integral Image 

 
The purpose of the proposed integral image is to speed up the computation time for 
faster image processing when the image needs to be divided into sub-regions [3]. It is 

an algorithm, which is a fast and efficient for calculating the sum of the rectangle 

area of the image. Using the integral image, we can easily get any rectangle region 
without calculating and sliding each pixel value over the rectangle region, especially 

when we need to compute multiple regions. To do the calculation, an integral image 

should work on the grayscale image.  
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Figure 3.5: Example of an Integral image 

 
Fig. 3.5 shows how an integral image works in a table. The integral image computes 

(See Equation 3.5) the pixel value !!(!, !)!for integral image in point (!, !)  and 

O!(!, !) for original image in point (!, !). In the given example with the yellow 

region right corner point, point (!, !) is (5, 2) in the original image.  

 

Using the following equation to calculate the integral image works like 1+25+15-11 = 
30. 

 

!(!, !) != !!(!, !) !+ !!(! − 1, !) !+ !(!, ! − 1)!– !(! − 1, ! − 1)!

Equation 3.5 

 
Then, we calculated each rectangle region (See Fig. 3.6) for each pixel called Density 
by the following equation. 

 

!1 = ! 

!2! = !!! + !! 

!3! = !!! + !! 

!4! = !! + ! + ! + ! 

! = !4 + !1 − !2 − !3 

Equation 3.6 
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Figure 3.6: Density calculations 

 

Extracting and Analysing the Gradient Features 

 

In this section, we present how an analysis of features can help removing non-target 

zones. By removing these regions by extracting features, candidate regions for 

barcodes are detected. 

Pixel to Real Number Function 

 
Binarized image of maximum gradients values denoted as E2 [8] and related 

direction of kernels are compared as follows to create ! function (See Equation 3.7). 

 

!! = ! 1!!!!!!!!!!!! !, ! = !!!!"#!!! !, ! = !0
0!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!"#$ 

Equation 3.7 

 
In this formula, we represent four gradient directions, 0, 45, 90 and 135 degrees. By 

this function target pixels with the same orientation turn to 1 and others are zero. 

Four f functions (See Fig. 3.7) produced in this part are applied on the test image. 
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                            (a) 0 degree                                                            (b) 45 degree 

  
                            (c) 90 degree                                                           (d) 135 degree 

Figure 3.7: F images  

Four binary !!(!, !)!images, based on maximum gradient values and orientation 

have been generated. In each f-image pixels with the same phase and target value 

becomes one and the rest are zero. 

Integral Based on Binary Images 

 
For speeding up the calculation, integral images (See Fig. 3.8) based on the 

previously produced binary images, in each direction, are calculated. 
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Figure 3.8: Integral images 

 

Based on integral images the density of each direction based on the probable barcode 

size is being calculated. The density of unidirectional gradients is as Equation 3.8. 

 

!!(!!, !) != ! (!!"#!(!!! !(!!, !)!)!)!/!(!!"#!(!!!!(!!, !!)!)!)! 

Equation 3.8 

 
The !!(!, !) is calculated for each pixel. If !!(!, !) is bigger than a pre-set threshold 

and !"#!(!! !(!, !))  is bigger than another pre-set threshold, then the area is 

considered as a target pixel. The resulting image consists of a few different target 

zones. To determine the Region of Interest, a morphological operation helps to make 

special changes in the binary image. These operations create an output image by 

applying a structuring element to an input image (dilation and erosion) [13]. After 

filling holes using dilation by the required iteration, a morphological opening is 

applied with the same structure. It fills the connected components and removes 

small holes and isolated pixels. What are obtained after the above described process 

are the connected components that possibly include the barcode region. 
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3.2 Color Segmentation for Label Detection  

 
RGB color space is the most commonly used color space that is composed of three 
colors: red, green and blue. The image captured by a digital camera is in RGB color 
space. As the label is usually printed with color background in the warehouse, we 
propose color segmentation for the purpose of Region of Interest detection. In this 
section, Region of Interest detection based on color segmentation in LAB color space 
is described. 

3.2.1 Color Segmentation Based on Clustering and Classification 

 
LAB color space [16] is a color opponent space consisting of L component for 
lightness, A and B as color-opponent dimensions. Hence, LAB color space enables 
easy distinguishing and quantifying of color. In this project, it is selected by human 
perception for color segmenting.  
 
By specifying background color that is used in product labeling, system can be 
learned to classify target colors. Objects are clustered in groups based on similarity. 
Then by picking samples from target group, the classifier is trained for classifying 
objects. Support vector machine (SVM) [21] is one of the popular maximum margin 
learning algorithms that is used for classification in the case of discrete data. SVM is 
a supervised algorithm that takes input data and performs classification by mapping 
the input data into a higher dimensional space, in which the data could be separated 
into classes by means of hyper-planes in that high dimensional space [21]. 
 
Several images with the same background color labels are being chosen as the train 
sets. They are segmented by K-means clustering [18] in the LAB space. The images 
are converted from RGB space to LAB space. Color segmentation with K-means 
clustering has been done with a pre-set number of clustering and the Euclidian 
distance as a metric measure for quantifying the adjacency of colors. Target segments 
are chosen and the data is trained with two feature vectors of A and B. The training 
of Support Vector Machine is done with kernel function named the RBF network 
(See Fig. 3.9). Since clustering the image with K-mean algorithm will yield K 
different regions and only one of them is the target region, a “one versus all” strategy 
is employed in training the SVM classifiers. After training with an assumption of 
label background color, the test image with a complex background (See Fig. 3.10-a) is 
clustered by K-means. Then the result of SVM classifier (See Fig. 3.10-b) is the 
regions with the same color as the Region of Interest. Training Support Vector 
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Machine classifier is done by the Matlab function named svmtrain and the 

classification of discrete classes is done by using the svmclassify. 

 

 

 

Figure 3.9:Training and classification 

 
 

   
     (a) Test image with assumption label                  (b) Color segmentation result 

Figure 3.10: Color segmentation result 

 
SVM classifier once has been trained by taking samples of yellow color from 

segmented clusters and it has also been trained for two colors of white and yellow 

that make it possible to classify objects with both colors. Fig. 3.11 shows the plot of 

training the classifier. 

 



Label and Barcode Detection in Wide Angle Image   
 

 

24 

 
                        (a) Yellow and white                                          (b) Yellow  

Figure 3.11: The plots of  trained classifiers with different targets 

 
The result of color segmentation is transformed to binary image, to apply a 

morphological operation, as described in chapter3.1.2. Then the Minimal Bounding 

Rectangle [8] is calculated in order to locate the Region of Interest. 

 

3.3 Minimal Bounding Rectangle 

 

To roughly localize the candidate regions from both gradient and color segmentation 

methods, the Minimal Bounding Rectangle (MBR) has been calculated [8]. Minimal 

Bounding Rectangle helps to determine the minimum area of the window that 

contains connected components. It returns the area of rectangle and coordinates of 

each vertex point for the rectangle. The green contour of the rectangles shows Region 

of Interest derived from color segmentation (See Fig. 3.12-a) and regions resulting 

from the gradient analysis are shown as well (See Fig. 3.12-b). 
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(a) Based on color segmentation  

 
(b) Based on gradient analysis 

Figure 3.12: Minimal Bounding Rectangle regions result 

 
For a better result of Region of Interest detection, the area of each region’s connected 

components is compared with the MBR’s area. If the ratio is low compared to a 

threshold, the region is rejected. This evaluation reduces the number of Region of 

Interest by rejecting those regions, which do not resemble a rectangle. A further 

process is employed to evaluate the content of the region in order to confirm the 

existence of the barcode.  



Label and Barcode Detection in Wide Angle Image   
 

 

26 



  Detection of Labels   
 

 

27 

Chapter 4  
 

4 Detection of Labels  

4.1 Barcode Types 

 

Barcodes are consist of two types, Linear and 2D. The linear barcode is the oldest 
barcode and most commonly used. Depending on different designs of this kind, it 

stores different amounts of data. 1D barcode is the most commonly used type of 

barcodes in industrial environment and warehouse.  
 

Besides the 1D barcodes, the 2D barcodes are applied more and more in many 

different fields. Because the 2D barcodes have the same characteristics as 1D barcode 
such as accuracy, being fast, and they also have a large storage capacity for 

information. One of the most commonly used 2D barcodes that we considered in 
labels is Data Matrix. 

4.1.1 Linear Barcode Characteristics  

 

Linear barcodes consist of thick and thin parallel lines [17]. 1D barcodes 

systematically interpret data by the differing widths and spaces of lines. Below the 
stripes of barcodes, there usually exist English letters such as JAN / EAN / UPC (See 

appendix) in the form of basic linear barcode. There are total of 250 designs of these 

barcodes that are made up of bars and spaces [11]. Between all different kinds of 1D 
barcode, MSI (See appendix) is widely used in industrial areas. The Linear barcode is 

fast, accurate, but it deals with small information capacity. 

4.1.2 Data Matrix Characteristics 

 
Data Matrix is a kind of two-dimensional matrix barcode [20]. In Fig. 4.1 the Data 
Matrix is composed of two parts: finder pattern and data area. The data area consists 

of white and black small module patterns which are arranged based on a rule. The 

two solid adjacent border lines show in an ’L’ shape that are surrounding the data 
area called the ‘finder pattern’. 
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Figure 4.1:Data Matrix barcode 

 

4.2 Detection Based on Barcode Characteristic 

 

After we got the color segmentation result, the separate candidate regions needed to 

be determined, whether it is a barcode region or not. The methods for determining 

the barcode region are focused on the texture feature. Thus, in our work we analysed 

the projection of a barcode along vertical and horizontal directions, relying on the 

texture feature. 

4.2.1 The Proposed Method for Determining Barcode Regions 

 

The projection [18] analysis works on the binary images and the scanning is done in 

horizontal and vertical direction separately. The scanning along the horizontal 

direction shows in Fig. 4.2, it counts the number of black pixels for each row of the 

image. Each time it meets black pixels, it accumulates the number by one. It works 

the same way along vertical direction, as shows in Fig. 4.3. 

 

 

Figure 4.2: Scan of black pixels along the horizontal direction 
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Figure 4.3: Scan of black pixels along the vertical direction 

 
Fig. 4.4 shows one type of 1D barcode without noise. As the characteristics we 

mentioned in section 4.1.1, 1D barcode is made up of numbers of parallel black lines 

and has a fixed arrangement. While, if we apply the projection on this 1D barcode 

without noise, then we get the projection images along the horizontal and vertical 

direction separately. From the projection images, it will have high frequency 

alterations in the horizontal projection when it scans the black pixels in all rows of 

the barcode region. Moreover, there is a long continuous and strong peak region in 

the middle of the horizontal projection signal, which is the corresponding barcode 

region. 

 

 
(a) Horizontal projection  ���������������  (b) Vertical projection�

Figure 4.4: Distinct 1D barcode with projections 

 
In the vertical projection image, there is a region considered as a continuous region 

that has some discrete and peak points with a short distance. The first and end peaks 

are corresponding to the left and right coordinates of the barcode region. 

Considering these features, we select an appropriate threshold to search for the 

typical region on horizontal and vertical direction. 
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 If both conditions in horizontal and vertical direction are satisfied, the ROI will be 
considered as a 1D barcode region. 
 
In subsection 4.1.2 we mentioned that a 2D barcode has a find pattern which looks 
like a ‘L’ shape. This feature can be analysed in projection as well. For the distinct 2D 
barcode shown in Fig. 4.5, it has the strongest peak bar at the end of the barcode 
projection region in a horizontal projection image. This peak bar is the horizontal 
segment of the ‘L’ shape and another segment can be found in the vertical projection 
image that shows the first strongest peak bar.  
 

 
(a) Horizontal projection  �����������(b) Vertical projection 

Figure 4.5: Distinct 2D barcode with projection 

 
The combining analysis of horizontal and vertical projection features can be used to 
determine if the image contains 2D barcode or not. 
 

4.2.2 Detection of Label Type 1D and 2D 

 
Based on the features described in the projection signal, the barcode region can be 
determined. But when the image is noisy, more conditions are needed for projection 
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analysis. Since most of labels have a fixed arrangement for barcode and text, then the 

text part can be seen as noise during the process of barcode detection. Furthermore, 

in order to analyse the projection of candidate regions under the same condition, the 

first step is to resize the candidate regions to the predefined size and select an 

appropriate threshold to remove the noise. The procedure for detecting the barcode 

is presented in the following. 

1D Barcode Detection 

 

For detecting label regions, it is needed to binarize the region first and then calculate 

the horizontal and vertical projection, based on the binary image. 

 

                           
(a) Grayscale image                                          (b) Binary image 

 

    
                         (c) Horizontal projection                                  (d) Vertical projection 

Figure 4.6: Candidate region contains 1D barcode and barcode area shows in red rectangle 

 
Due to the special characteristics of 1D barcode format, the red rectangle marked 

region in horizontal projection image (See Fig. 4.6) is corresponding to the 1D 

barcode. An appropriate threshold T1 has been selected to ignore the unwanted part 

in projection. Through the selected part, we searched for the longest continuous 

region. Then the numbers of projection pixel were checked by threshold T2. Finally, 

if all the previous conditions are satisfied and the longest continuous region exists in 

the pre-set value, then the horizontal projection is considered as the 1D barcode. 
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For the vertical projection image, all previous conditions were checked with the 
other pre-set threshold for the longest discrete area that is considered as the 
continuous region. If both vertical and horizontal projections satisfy the conditions, 
then the region is considered to contain a 1D barcode. 

2D Barcode Detection 

 
In the case of a 2D barcode detection, the projection method is to find the two line 
segments for the ‘L’ shape as in the Data Matrix feature. Fig. 4.7 demonstrates a label 
containing a 2D Data Matrix barcode.  
 

            
(a) Grayscale image                                          (b) Binary image 

 

    
                         (c) Horizontal projection                                     (d) Vertical projection 

Figure 4.7: Candidate region contains a 2D Data Matrix barcode. Red circles: ‘L’ 
shape feature. Rectangle: 2D barcode data area 

  

One outstanding peak’s region in the specific range should exist in both projection 
signal, as marked with the red circles (See Fig. 4.7-c, Fig.4.7-d). For this reason we are 
searching for the strongest peaks on two sides of horizontal projection and the 
vertical projection. If the two peaks in both horizontal and vertical projections are 
found within expected regions, the analysed region is considered as 2D barcode.  
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Chapter 5  
 

5 Results and Discussion  

 
We implemented the discussed system using MATLAB version 7.14, utilizing Image 
Processing and Bioinformatics toolbox. 

 

To evaluate the performance of label and barcode detection system, several 
experiments on the prepared test images and the images captured in a real 

warehouse were done by using standard lens. The test dataset includes 32 images 
captured with Xperia-ST cell phone camera. These test images were captured in the 

different situations, such as different distances between the target and the camera, 

and different illumination and angles. Description of our dataset is shown in Table 
5.1. The results are discussed and evaluated in two sections: rough localization and 

detection.  

 

Description Total Number 

Total number of images 32 

Barcodes and labels 87 

Images with one label 13 

Images with multi labels 19 

Max number of labels in one image 11 

Max number of barcodes in one image 11 

Images with different captured angles 8 

Images with distance of 1 meter and less 19 

Images with distance between 1 and 4 meter 13 

Table 5.1: The dataset details 

 
We have evaluated two different methods to find the Region of Interest. One is based 

on gradient image and the other one is the outcome of color segmentation. 
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5.1 Roughly Localization Based on Gradient Feature Analysis 

 

We tested the gradient feature analysis method on the images with different 

captured distances in the warehouse. The results of finding candidate regions with 
gradient feature analysis are shown as follows.  

 

In Fig. 5.1, these three images were captured with a short distance less than 1 meter, 
but in different illumination. These labels were under the complex background. The 

regions of each image that have characteristics of a barcode can be determined 

without being affected by the illumination. In the right column images, all the 
barcode regions were included in the candidate regions.  

    

 �  

    

                            (a) Original images                                (b) Images with candidate regions 

Figure 5.1: Short distance of less than 1 meter captured images in a warehouse  
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Figure 5.2: Barcode region determined from candidate regions 

 

For the further distance with approximately 1 meter, the image (See Fig. 5.3) with 

large area background, the candidate regions containing a barcode can be 

determined as well. However, in contrast with the closer distance images, we got 

more candidate regions. There are at least 10 candidate regions shown in Fig. 5.4. The 

barcode is included in the candidate regions. 

 

 

Figure 5.3: Large area background in warehouse�

 

Figure 5.4: Candidate regions for large area background  
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Figure 5.5: Barcode regions determined from candidate regions 

 
For the farthest distance more than 2 meters captured image in the warehouse (See 

Fig. 5.6), the numbers of candidate regions were much more than the regions in Fig. 

5.4.  Some of the barcode regions were included in the candidate regions, but the 

barcode region was not the target label region (See Fig. 5.7).  

 

 

Figure 5.6: Farthest distance more than 2 meters captured image in a warehouse 

 

Figure 5.7: Cropped out region that contains a barcode 

 

In the experiments, we got that the number and area of the Region of Interest grow 

when the distance of camera to object increases. It is also the same when background 

becomes more complex. When the number of rectangles increases, the scanning work 

will be time consuming. In addition, the probability of failing in the detection will 

get higher. 
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5.2 Rough Localization and Detection Based on Color Segmentation 

 

Label detection based on color segmentation does not depend on type of the 

barcodes (i.e. 1D or 2D). The following images show the results based on color 

segmentation by using k-means clustering. For clustering we have used 10 clusters 

based on the experiment. We have trained the classifier with sample images (See Fig. 

5.8) of color labels and the results from the SVM classifier are shown (See Fig. 5.9). 

Regardless of the type of barcode, this method can detect labels that include text and 

barcodes.  

 

 

Figure 5.8: Test image 

 

 

 

Figure 5.9: 10 clusters on test image�

 
The images were captured from different distances, angle and illumination from the 

warehouse and the other environment. All the Region of Interest, based on the 

background color for each type of image, is discussed in the following.  

 

In Fig. 5.10, the test image was captured at short distance less than 1 meter with a 

color label. Since there were some boxes of a similar color, the number of candidate 
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regions shown is unexpected. However, the label regions inside the candidate 
regions can be successfully determined.  
 

   
(a) Original image                                ������ (b) Color segmentation result 

   
(c)�MBR result                                                        (d) Candidate regions�

Figure 5.10: Image captured with short distance less than 1 meter in a warehouse  

 
For rough localization of the barcode label in a real warehouse with the images 
captured from a farther distance about 1 meter, Fig. 5.11 shows the two label regions 
can be detected successfully. Other regions, with similar color characteristics of the 
barcode region, could be removed after applying the Minimal Bounding Rectangle 
(MBR) algorithm. Then candidate regions are determined as it is described in section 
3.3.  
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(a) Original image                                       (b) Color segmentation result 

  
(c)�MBR result                                           (d) Candidate regions�

Figure 5.11: Image captured with farther distance about 1 meter in a warehouse 

 
Fig. 5.12 shows one image with different angle and illumination in a distance less 

than 1 meter. The label region can be localized as well.  

 

  
(a) Original image                                 (b) Color segmentation result 

  
(c)�MBR result                                           (d) Candidate regions 

Figure 5.12: Image captured with different angle and illumination 
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For the test image with four labels captured from a far distance approximately 1.5 

meters, the color segmentation result included all color labels. Unfortunately, one of 
the labels was missing after the MBR was applied.  

 

   
(a) Original image                                 �����(b) Color segmentation result 

   
(c)�MBR result                                                (d) Candidate regions 

Figure 5.13: Image captured from a far distance about 1.5 meters 

 
In the other experiment, the image captured from farther distance about 3 meters 

(See Fig. 5.14) was failed in roughly localizing the four labels in image. None of the 

candidate regions include labels and the regions completely missed the target area. 
 

   
Figure 5.14: Left: Original image. Right: MBR result 
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Additionally, we have trained the classifier with sample images and two colors of 

white and yellow. As shown in Fig. 5.15 the Region of Interest included the 
mentioned colors. 

 

   

Figure 5.15: White and yellow color segmentation 

 

5.3 Detection of Label Type 

 
In the detection experiment, we tested the candidate regions, which contain 1D and 

2D barcodes and also the region is a non-barcode region.  
 

The two barcode labels were detected with two different situations. One label is with 

brighter illumination (See Fig. 5.16) and the other one is with a little darker 
illumination (See Fig. 5.17). Since there are some texts beside the barcode area, the 

projection of the text is considered as noise. According to checking the requirement 
of the projection image, this 2D Data Matrix barcode was correctly detected.  
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(a) Grayscale image    (b) Binary image 

  
(c)�Horizontal projection                                (d) Vertical projection�

Figure 5.16: 2D Data Matrix barcode label with brighter illumination 

 

The binary image of the candidate region in Fig. 5.17, the 1D barcode label appears 

with noises. In order to ignore these noises, additional limitations need to be 

considered. However, if there is more noise with a large area of black pixels, then the 

detection will fail. 

 

                     
(a) Grayscale image                           (b) Binary image�

   
(c)�Horizontal projection                                (d) Vertical projection�

Figure 5.17: 1D barcode label with darker illumination 
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If there is one region without any barcodes (See Fig. 5.18), then the projection image 

is totally different from both 1D and 2D barcodes. For horizontal projection, we 

checked the pre-set threshold for searching the longest continuous region that 

corresponds to the 1D barcode region. For the vertical projection, there is no obvious 

feature in the pre-set range. The experiment of projection result shows both 1D and 

2D barcode regions have been eliminated. Hence, the non-barcode region has been 

detected. 

 

               
(a) Grayscale image                                           (b) Binary image 

�

   
(c)�Horizontal projection                                (d) Vertical projection�

Figure 5.18: Non-barcode label detection�

 

However, in these numbers of tested images, we have encountered false detections. 

A candidate region that contains a label with 1D barcode (See Fig. 5.19) with more 

than 3 meters farther distance to camera has failed for checking the projection result. 

It is not detected as a 1D barcode label. From the binary image we can see that, the 

characteristic lines of 1D barcode has faded away. Therefore, both the horizontal and 

vertical projection cannot satisfy the conditions for detecting a 1D barcode. 

 

 

 

 

 

 



Label and Barcode Detection in Wide Angle Image   
 

 

44 

                                             
(a) Grayscale image    �������������������(b) Binary image 

�

    
(c)�Horizontal projection                                (d) Vertical projection�

Figure 5.19: 1D barcode label with low resolution 

 
In the case of failed detection, we reset the threshold to see if we can get a much 

clearer barcode region. The projection result as shown in Fig. 5.20 still cannot fulfil 

the conditions. Finally, the detection for this label failed again. 

 

�������������������������   
(a) Grayscale image                                         (b) Binary image�

 �  
(c)�Horizontal projection                                (d) Vertical projection�

Figure 5.20: 1D barcode label with low resolution 

 
The experiment shows for most of the candidate regions that are captured from a 

short distance of less than one meter can be distinguished with 1D, 2D and non-

barcode region. For the images captured from a far distance of more than 2 meters, 
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false detection could happen due to low resolution and bad illumination affecting 

the image. Because detecting the type of labels is based on barcode features, when 
barcode features are not sufficiently distinct they cannot be analysed. 

 

As a result of evaluating the total 87 labels used in 32 images, the performance of 
Region of Interest detection and label category detection in our system is shown as 

the confusion matrix in table 5.2 and 5.3.  
 

                 Predicted Class 

Class 
ROI of Barcode ROI of Non-barcode 

ROI of Barcode 74.71% 25.29% 

ROI of Non-barcode 0% 100% 

Table 5.2: ROI for labels and barcodes 

 
 
       Predicted Class 

Class 1D 2D Non-barcode 

1D 56.25% 0.02% 41.67% 

2D 0.06% 64.71% 29.41% 

Non-barcode 14.67% 0% 85.33% 

Table 5.3: Confusion matrix for barcode detection 

 

5.4 Discussion  

 
Barcode detections have mostly been implemented for different situations of noisy 

images, such as low resolution and distorted images. By different methods attempts 
have been made to overcome problems for detection and localization and get a fast 

and accurate result [2], [5], [9]. The main challenge we had was facing the complex 

background in the images. As is discussed in [8], [20], dealing with complex 
backgrounds is possible by using special techniques. The issue of distance can affect 

the whole efficiency of these proposed methods. While using the knowledge of 

removing the background from barcodes area [8] we were challenged to fit this 
algorithm for detection in distant objects. Since the algorithm is based on 

unidirectional gradients, it can detect one type of barcode (1D) and it fails for 2D. 
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Moreover, when the distance is increasing, the probability of assuming gradient 

features as a background region gets higher. Even changing the assumed threshold 

for the Region of Interest might cause more non-barcode regions and larger assumed 

regions. Due to the aforementioned problems, we suggested a system for label 

detection with the same background color. Since labels usually are produced with 

the same color, there is no automated method for recognizing different colors. With 

color segmentation, regardless of distance, types of label and barcode, angle of 

camera and complex background, the regions that include labels are localized. Then 

the matter of detecting regions that might be or might not be the label is checked.  

 

We have suggested four different labels and we checked for two kinds of labels that 

include text with 1D barcode and Data Matrix as a 2D barcode. The objective for 

short and farther distance is achieved by testing the sample result.  The detection 

with short distance can be achieved with acceptable accuracy. Captured images with 

far distance of around two meters can be roughly localized as well, but detection for 

type of label is not accurate. Roughly localizing with different angles of camera is 

tested, but for detection and decoding it needs an appropriate algorithm to rotate the 

image, such as affine transform. Moreover, for the illumination tolerance objective, 

we have tested in different situations, like shadows or too much light. As a result, the 

experiment results were satisfying. 
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Chapter 6  
 

6 Conclusion and Future Work  

 
Label and barcode detection with different distances and complex backgrounds in an 
industrial environment is the most challenging issue in our work. The labels that 
consisted of barcode and text in images are captured by a digital camera in a real 
warehouse environment. According to the detection, it can lead to identify objects 
and bars in warehouses.  
 
In our work, the performance of the system which can detect labels including 
barcode is evaluated and implemented, by testing on the test and sample images 
from a real warehouse. As a result, it shows a good result in the closer distance. 
 
For label detection, we used K-means clustering and SVM classification for detecting 
the Region of Interest based on color. It is capable of detecting several labels in the 
complex background, with large distance tolerance. For 1D barcode detection, two 
different approaches were implemented. One is based on color segmentation; 
another approach to detect the Region of Interest is employed, which is based on 
gradient feature analysis. By projection we determined the regions cover 1D and 2D 
barcode areas.   
 
For the further improvement, increasing the speed of detection and enhancing the 
detection effect by enriching the feature vectors for training are two key points need 
to be considered. From the experiment with an image captured from different 
distances, we found that our system still cannot fully overcome the limitation for 
long distance capture. Also it is a challenge for future work to perform detection in 
large field of view.  
 
Although most of the labels are consisting of barcode and text, we have implemented 
the detection for two types of barcodes. The text detection could help to increase the 
accuracy of label detection and is also a future work for identifying a warehouse’s 
corridors.  
 
The color-based system is able to roughly localize labels in any view of camera. 
However, we have not considered the skew angle of the image captured from the 
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camera for detection. If this kind of skew condition happens, the rectification is an 

essential step for detection. 
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8 Appendix  

 

Index Barcode Name Barcode Image 

1 Data Matrix  

 

 
 

2 Maxicode  

 

 
 

3 PDF-417 

 

  
 

4 Code 39 

 

 
 

5 JAN 

 

 
 

6 EAN-13 

 

 
 

7 UPC 

 

 
 

8 MSI  
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