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Summary 

Automated Guided Vehicle(AGV) as a kind of material conveying equipment has been 
widely used in modern manufacturing systems. [1] It carries the goods between the workshop 
along the designated paths. The ability of localization and recognizing the environment 
around themselves is the essential technology. AGV navigation is developed from several 
technologies such as fuzzy theory, neural network and other intelligent technology. Among 
them, visual navigation is one of the newer navigations, because of its path laying is easy to 
maintain, can identify variety of road signs. Compared with traditional methods, this ap-
proach has a better flexibility and robustness, since it can recognition more than one path 
branch with high anti-jamming capability. Recognizing the environment from imagery can 
enhance safety and dependability of an AGV, make it move intelligently and brings broader 
prospect for it.  

University West has a Patrolbot which is an AGV robot with basic functions. The task is 
to enhance the ability of vision analysis, to make it become more practical and flexible. The 
project is going to add object detection, object recognition and object localization functions 
on the Patrolbot. This thesis project develops methods based on image recognition, deep 
learning, machine vision, Convolution Neural Network and related technologies. In this pro-
ject Patrolbot is a platform to show the result, we can also use this kind of program on any 
other machines. 

This report generally describes methods of navigation, image segmentation and object 
recognition. After analyzing the different methods of image recognition, it is easy to find that 
Neural Network has more advantages for image recognition, it can reduce the parameters 
and shorting the training and analyzing time, therefore Convolution Neural Network was 
introduced detailly. After that, the way to achieve image recognition using convolution neural 
network was presented and in order to recognize several objects at the same time, an image 
segmentation was also presented here. On the other hand, to make this image recognition 
processes to be used widely, the ability of transfer learning becomes important. Therefore, 
the method of transfer learning is presented to achieve customized requirement.  
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Symbols and glossary 

AGV Automated Guided Vehicle, a kind of material conveying equipment 
CNN Convolution neural network 
Python Programing language. 
ROS Robot Operating System, is a kind of operating system which can edit code 

and run the program between multiple computers to complete the calculation. 
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1 Introduction 

According to the Material handling industry of America (MHIA), the definition of Au-
tomated Guided Vehicle(AGV) is a kind of unmanned automatic vehicle which is pow-
ered by electricity, it can move to a specified location under the monitor of the com-
puter, according to the requirements of path planning and operation, achieve the func-
tion of goods delivery charging and a series of work task. [1] Automated Guided Vehi-
cle(AGV) as a kind of material conveying equipment has been widely used in modern 
manufacturing systems and normal life. It can carry goods between the workshop and 
along the designated paths, with high dependability and efficiency.  Therefor the ability 
of localization and recognize the environment around themselves becoming an essential 
technology for AGV robots.  

The most important ability of an AGV is to navigate itself, therefor AGV navigation 
becomes one of the vital technology. AGV navigation control is developed from several 
technologies such as fuzzy theory [2], neural network [3] [4] and other intelligent tech-
nologies. Among them, visual navigation is one of the newer navigations, visual navi-
gation usually making decisions based on the environment or the position through col-
lection and analysis the visual information to achieve the function of auto navigation 
[5], the path laying of visual navigation is easy to maintain, it can also identify a variety 
of road signs. Compared with traditional methods such as laser navigation or electro-
magnetic navigation both of these two methods need accessory equipment, but visual 
navigation has a better flexibility and robustness, since it can recognition more than one 
path branch with high anti-jamming capability. Recognizing the environment from im-
agery can enhance safety and dependability of an AGV navigation, make it move intel-
ligently and brings broader prospect for it [6]. Image recognition is the fundamental 
technology in visual navigation, AGVs should have the ability to get the valuable infor-
mation from the images, however, challenges exist in the large amount of categories, 
many intra-class variations is different such as texture, shape etc. [7]Many different ap-
proaches of image recognition have been developed, neural network with deep learning 
recognition is one of the advanced methods to achieve this technology. [3]Neural net-
work is an intelligent mode recognition system, it imitates the behaviour of the animal 
neural network to deal with the information. However, when using traditional neural 
network dealing with the image needs lots of time to calculate the parameters, thus the 
convolution neural network (CNN) comes out [7]. On the other hand, to connect the 
recognition programs with robot and computer, Robot Operating System will be used. 

1.1 Aim 
This report describes generally different kinds of auto guidance approaches, analysing 
the advantages and disadvantages of these methods, and then explains several method 
and principles about how to identify the images. Image recognition can be used in an 
AGV navigation area and can make AGVs more intelligent, but is rarely used in real 
world application because of immature technology. To achieve this technology, deep 
learning and some neural network knowledge is needed, therefore the concept of deep 
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learning and neural network methods will also be introduced in this article. The final 
aim of this article are shown as follows. 

 Achieve Image collection and segmentation function. The robot should have 
the ability of collection the image information from the environment around it 
and segment objects from collected images. 

 Achieve image recognition function. Analysing the images and know what it is. 

 Achieve transfer learning. Make it possible to customize image recognition pro-
gram. 

 Write this functions in Python, in order to connect them to ROS on Patrolbot. 

1.2 Limitation 
 The training time and database is limited, but the robot can only recognize the 

object we have trained, so in this project the Patrolbot can’t recognize every-
thing in the factory. 

 The Patrolbot in this project is used as a platform to show how this object 
identification program works, but this program will not control the running of 
Patrolbot. 

 Due to the Patrolbot will run the program which is already trained by us, there-
fore when it is running in the real world, it can only collect images rather than 
retraining itself. 
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2 Related work (Background) 

This chapter generally describes some related knowledge which can give a better un-
derstanding about the project, different kinds of auto guidance approaches, analysing 
the advantages and disadvantages of these methods and explains several methods and 
principles about how to identify the images. Finally, described the principles of convo-
lution neural network and image segmentation method which is the core sections of 
this project. 

2.1 Probabilistic Robotics 
Robotics is the science of perceiving and manipulating the physical world through com-
puter-controlled mechanical devices. Robotics systems have in common that they are 
situated in the physical world, perceive their environments through sensors, and ma-
nipulate their environment through things that move [8]. However, there is a lot of 
variables in the real world which comes from environments, sensors, robots or the 
computation. All these factors will increase uncertain information, and the robot might 
stop current tasks because the lack of critical information.  

Probabilistic robotics is a new approach to define the uncertain things in robot per-
ception and action. [8] It is concerned with perception and control and relies on statis-
tical techniques for representing information and make decisions. The main idea of 
probabilistic robotics is to present those uncertain things with probability theory, using 
algorithms calculate to get a “best guess” and make decisions.  

The advantages of programming robotics in probabilities are that the Probabilistic 
algorithms do not need a highly accuracy of robot’s mode and robot sensors, it is suit-
able in variety kinds of environment and can also develop the deep learning technic 
based on it.  Therefor many algorithms can be considered which are described in depth 
in the book “Probabilistic robotics”. [8] 

2.2 Machine Learning 
The definition of machine learning refers to the function that a system can improve 
itself, the critical problems to achieve this goal is how to make the computer program 
improve the performance with the accumulation of experience [9]. In recent years, com-
bined with statistical theory, artificial intelligence, biology, cognitive science control the-
ory and other knowledge, a lot of algorithms and theories are developed. machine learn-
ing has been successfully applied in a variety of areas, such as the computer has been 
able to identify human languages [9]; automatic driving car [10]; victory over human go 
master [11] and so on. The research work in machine learning mainly focuses on the 
following three aspects: 
 Task-oriented research: research and analysis of learning systems that improve 

the performance of a set of scheduled tasks. 
 Cognitive model: study the human learning process and computer simulation. 
 Theoretical analysing: theoretically explore a variety of possible learning meth-

ods and independent of the field of application algorithms 
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Machine learning is one of the core research in artificial intelligence and neural com-
putation. Existing computer systems and artificial intelligence systems have little learn-
ing ability, very limited cannot fulfil the requirements nowadays. The study of machine 
learning and the progress of machine learning research will surely promote the further 
development of artificial intelligence and the whole science and technology. 

2.3 Machine Vision 
Machine vision is a branch of artificial intelligence that is rapidly developing, is to use 
machines instead of human eyes do measure and judge [2]. The machine vision system 
getting by machine vision products and converted into an image signal. It will transmit 
to a dedicated image processing system to obtain the morphological information of the 
subject to be transmitted, to the digitized signal according to the information such as 
pixel distribution and brightness, colour etc. The image system performs various oper-
ations on the signals to extract the characteristics of the target, and then controls the 
device operation according to the result of the discrimination. 

The most basic feature of the machine vision system is to increase the flexibility and 
automation of production. In some dangerous work environment which is not suitable 
for manual operation or artificial vision cannot meet the requirements of the occasion, 
machine vision can be used to replace artificial vision. On the other hand, in the process 
of mass repetitive industrial production, the use of machine vision detection method 
can greatly improve the efficiency of production and automation. 

2.4 Main approach of AGV navigation 
AGV is usually used to form the material handling system with high flexibility, but 
different navigation technology causes a big influence on AGV.  According to the au-
tonomous, usage and structure, AGV navigation can be classified into two categories 
which are Cable Guidance and Wireless Navigation. Wireless Navigation can recalculate 
the path in a short time, most of the work will be done by computer and changing the 
software can achieve the aim of change drive route. Cable Guidance is much more 
traditional, it has higher precision and easy to achieve but with lower flexibility and 
higher components costs. For example, it is hard to change the cable of Electromag-
netic Wire Guidance. 

2.4.1 Cable Guidance 
Cable guidance has higher requirements on the floor which should be smooth and 
clean, to minimize the influence when AGV is running. There are mainly three types of 
Cable Guidance which are Electromagnetic Wire Embedded Guidance, Optical Guid-
ance and Cartesian Guidance, etc.  

Electromagnetic Wire Embedded Guidance is one of the traditional methods of 
guidance, embedding the wire line on AGV’s route and loading a guidance frequency 
on it, the AGV can identify and track this frequency, from this the AGV can follow the 
wire line and run the route which is predefined by an operator. The advantage of this 
technology is easy to achieve with low cost. It will not be influenced by light, noise or 
electric, but it is hard to maintain and change the route. The principle of Optical Guid-
ance is to choose a big contrast colour drawing a route line, then using a camera col-
lecting the image information and sent it to computer, after analysing those information, 
the computer will make decisions and sent a signal to run following the line. This kind 
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of technology has high flexibility but the dependability is not good enough and has a 
higher requirement on the cleaning of the floor and environment around it. Cartesian 
Guidance method using positioning block divided the active area of AGV into several 
areas, the AGV was guided by counting these small areas. The advantage of this method 
is easy to change the route with high dependability and almost will not be influence by 
the environment around it. But the disadvantages are it is hard to measure the factory 
when the application is first installed, and this method cannot meet the requirements 
of the complex path. 

2.4.2 Wireless Navigation 
The requirement of wireless navigation is space accessibility, a higher positioning accu-
racy and signal transmission efficiency, the flatness and cleanliness of the floor will not 
influence the accuracy navigation. The main wireless navigation technology including: 
Global Position System (GPS), Visual Navigation and Laser Navigation. 

Global Position System (GPS) using satellites tracking and controlling the object in 
non-fixed road system, usually used for outdoor and long-distance navigation.  The 
accuracy of the GPS depends on the fixed accuracy and number of satellites in space, 
and the surroundings of the controlled object. But it should be noted that the GPS 
signal will be weakened after passing through the wall, and has a high cost of ground 
facilities, therefore it is not suitable for indoor applications. [9]Laser Navigation needs 
to install several laser sensors around AGV, by detecting the reflected laser to scan the 
surrounding environment, determine the surrounding environment and planning the 
path [13]. The biggest advantage of this approach is that no other positioning facilities 
are needed, flexible route can be applied to a variety of scenarios, and currently most 
factories are using this kind of AGV navigation. But it has a higher manufacturing cost 
of this kind of AGV and is susceptible to environmental impact. [10] In addition, laser’s 
detection distance is limited, so it is not suitable for outdoor navigation. The basic 
working principle of Visual Navigation is to collect picture information through the 
CCD camera which is installed AGV, using computer to analysis those images infor-
mations and determine the current position of AGV. This navigation mode has high 
flexibility on route planning and low costs on manufacturing. In particular, this image 
recognition not only can recognize the route but also can identify the information of 
instruction flag, therefore the stop accuracy can be within ± 5mm, can be applied to a 
wide range. [5]However, due to the technology of recognition target rapid and accurate 
on visual system is not mature enough, therefore, visual navigation technology has not 
been widely used, and it will be the main research direction in the development of future 
AGV. 

2.5 Method of Image recognition 
In recent years, the machine vision technology and computer technology has been de-
veloped a lot, Vision based AGV has become an important research direction. In order 
to achieve a reliable navigation in different kinds of environment, AGV must know 
where it was and the environments around it. Therefore, analysing the collected image 
information positioning automatically is one of the key technologies. People use eyes 
to get the image information, analysing the information and planning a walking route 
by brain. To simulate these actions, we use CCD camera replaces the human eyes to 
collecting image information, use computer replaces the human brain to do the analysis 
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and route plan, from this the AGV will know where they are and know the surrounding, 
finally make an intelligent decision. 

Image recognition system generally includes three aspects: image acquisition, data 
analysing and processing, Discriminant classification, etc. As shown in Figure 1 

 
Figure 1: Image recognition system 

1) Image acquisition: Send the information from real word to computer which is ob-
tained by camera or scanners. Then convert the information into a suitable format 
for computer processing, such as binary code. 

2) Data analyzing and processing: Including preprocessing, feature abstraction and 
feature selection. The purpose of this stage is to improve the image quality, elimi-
nate or reduce the image noise which is made by camera or environment, make it 
easy for machine to analyzing and processing. In addition, a set of basic elements 
which can react image features is extracted from the image, and use these elements 
to represent the image feature. 

3) Discriminant classification: Using a certain standard to build classification rules, 
and use these rules to classify the category the image and identify it. 

The methods which are used to solve the tasks of image recognition can be divided 
into four types: Statistical identification, Structural statement recognition, Fuzzy identi-
fication and Neural network identification (mainly refers to artificial neural network 
identification). The first two types are traditional recognition methods, has been re-
searched for a long time and is much more mature than the other two, is the basis of 
other recognition technologies. With the development of technology, the emerging 
method of artificial neural network recognition has also made a lot of achievements in 
the field of image recognition which cannot be achieved by traditional methods. 

2.5.1 Statistical identification 
Statistical image recognition is based on probability theory, using the eigenvector to 
describe and find the decision function to make the decision and classification. Which 
means no matter what the input target is, the input will be represented by a set of num-
bers. This set of data is not a random data, but were selected from the result of meas-
urements. The general process as shown figure 2. 
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Figure 2: Structure diagram of statistical identification 

The upper part in figure is the identification part, classify the unknown images. The 
lower part is the analysis part, this part will find out discriminant function and discrimi-
nant rule by training samples, then classify the unknown images. At bottom-right corner 
there is adaptive processing part, after rules was given by the training samples, the sam-
ples were tested by rules and improve the judgment until it can meet the conditions. 

2.5.2 Structural statement recognition 
Structural statement recognition is to identify the object according to the structure of 
the model itself and the relationship between the structure of the object. The basic idea 
is that a complex mode can be recursively described by a simple mode, which means 
each of the complex mode can be described by several of the simpler sub mode and 
finally represent by some simple mode unit. As shown in figure 3. 

 
Figure 3: Structure diagram of structural statement recognition 

2.5.3 Fuzzy identification 
Fuzzy identification is the application of fuzzy set theory People usually understand the 
objective things with fuzziness, they describe things using fuzziness word such as height, 
fat, young, etc. People communicate through these fuzzy languages and make decisions 
after analysis by a brain. Fuzzy theory is to developer how to use fuzzy information to 
analysing things and to make computer has higher intelligence as the human. The main 
methods of fuzzy recognition are maximum membership principle, approximate prin-
ciple and fuzzy classification methods. 

2.5.4 Neural network identification 
The biggest difference between artificial neural networks and other methods is that they 
do not need to have too much analysing and understanding of the object which is going 
to be identified, with intelligent processing capabilities. The neural network is an intel-
ligent mode recognition system, it imitate the behaver of the animal neural network to 
deal with the information, therefore Artificial Neural network’s design and implemen-
tation depend on experience. This kind of method cannot ensure the result is optimal, 
but it can enhance the learning ability, adaptive ability and fault-tolerant ability of sys-
tems, has a strong development prospects. Especially the error Back Propagation(BP) 
based Multiple-Layer Feed forward Network. Using the BP algorithm, can be used to 
teach artificial neural network model learning the statistical rules from large numbers 
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of training samples, learn how to predict unknown events. This statistical-based learn-
ing method has better superior performance than the traditional Artificial rules based 
method. [8] 

In 2006, Dr Geoffrey and his student Ruslan Salakhutdinov publish an article on 
“Since” opened a new wave on deep learning in academic and industrial filed. This 
article Mainly stated two points of view: “1. The multi - hidden artificial neural network 
has excellent characteristic learning ability, and the learned features have a more basic 
characterization of the data, which is conducive to visualization or classification. 2. The 
difficulty of deep neural networks in training can be effectively overcome by "layer-wise 
pre-training". Therefore, the use of artificial network combines with deep learning tech-
nology can make AGV has the ability to learn itself, more flexible and intelligent to deal 
with complex environment problems.” [3] 

2.6 Convolution neural network (with deep learning) 
Convolution neural network (CNN) is a kind of deep learning method which is specially 
designed for image classification and recognition based on the multiple-layer neural 
network.  

The principle of the traditional multiple-layer neural network was shown in figure 
4. Multiple-layer neural network including one input layer and one output layer, several 
hidden layers between it. Each layer contains numbers of units, between two adjacent 
layers each unit on one layer will connect with all the units which are on the other layer. 
In most of the recognition problem, the input layer represents the eigenvector, and each 
unit in input layer represents an eigenvalue. In image recognition problem, these units 
may represent a grey value of one pixel, but using this neural network to recognize 
image have not considered about the space structure of the image, it will limit the recog-
nition. On the other hand, this kind of neural network has a huge amount of connection 
between two adjacent layers, those huge amounts of parameters will limit the training 
speed. [10] 

 
Figure 4: multiple-layer neural network 

However, convolution neural networks can solve the problems above. The convo-
lution neural network uses a special structure for image recognition which can be 
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trained fast. Improve the speed of training make it become easy to use multiple-layer 
neural network method. 

2.6.1 Introduction of Convolution neural network 
Facing with a huge amount of image learning, the traditional neural network will lose 
the advantages because of the huge amount of calculation and long-term training. 
Therefore, convolution neural network comes out, this approach greatly reduces the 
amount of computation and reduce training time  

The basic structure of CNN mainly includes two layers, one is the feature extraction 
layer, in this layer each unit is connected to a local area from the previous layer and 
extracts the local feature. Once the local feature is extracted, its positional relationship 
with other features is determined. Another one is the feature mapping layer, each com-
putational layer of the network consists by multiple feature mappings, each feature map-
ping is one layer, all the units in one layer have equal weights. The structure of feature 
mapping use sigmoid function as the activation function of the convolution network, 
so that the feature map is shift invariant. In addition, since the units on one mapping 
layer are sharing weights. [11] Thus it can reduce the number of free parameters in the 
network. In CNN, each convolution layer is followed by a calculation layer, this two 
feature extraction structures reduce the feature resolution. As shown in figure 5. 

 
Figure 5: Convolution neural network; C is a feature extraction layer; S is feature 

mapping layer. 
Take an image of 1000x1000 pixels as an example, there is 1 million hidden neurons. 

In the traditional artificial neural network model, each hidden layer of neurons is con-
nected to each image pixel, thus there will be 1000 x 1000 x 1000000 =10^12 connec-
tion, which means 10 ̂  12 weight parameters, as shown in figure 6. It is hard to training, 
time consuming and laborious. 

But in CNN, the relationship between neuron and image is local space connection, 
each neuron only needs to represent a local area, and finally combined these features at 
higher levels to get the global information. From this the number of connections will 
be reduced a lot, which means the parameters that needs to be trained has been reduced. 
Use this principle to analysis an 1000x1000 pixels image, assuming that each neuron 
only connected with a 10x10 pixels area, then this 1 million hidden neurons are only 
have 100 million connection, which means 10 ^ 8 parameters in mapping layer, as 
shown in figure 6. If more features are needed to be identify, the only thing needs to 
do is to increase the type of filter and get more feature map. 
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Figure 6: Example of Traditional artificial neural network and Convolution neural 
network 

2.6.2 The advantages of Convolution neural network 
Convolution neural network is used to identify the displacement of the object, zoom or 
other kinds of no distortion 2D images. The feature extraction layer of CNN will learn 
itself by training data, therefor when using CNN mode it is not necessary to show the 
feature layer and it can also learn from this hidden layer. On the other hand, the network 
will lean parallels because of the weight value on each layer sharing the same one, this 
is also a major advantage of the convolution neural network relative to the traditional 
neurons network. CNN mode can be applied in voice recognition and image recogni-
tion, with its special structure. The layout of CNN mode is same with biological neural 
network, sharing weight value reducing the complexity of network, especially when 
dealing with multi-dimensional input vector graphics can enter the network directly, 
this can avoid the complexity work on feature extraction and data reconstruction. [9] 

Convolution neural network learning from training data, therefore it did not need 
to sampling features. [12] This makes the convolution neural network different from 
other neural network-based classifiers, it can deal with grayscale images and image-
based classification directly. 

2.7 Image segmentation method 
Image segmentation technology research has decades of history, in recent years, many 
scholars applied it into image and video segmentation, and achieved pretty good results. 
But so far people still have not find a generic method which can fit all types of images. 
Image segmentation refers to the technology and process of separate the image into 
several regions with features and extracting the objects of interest. It is a vital step be-
fore the image analysing and is a basic technology of computer vision. In other words, 
image segmentation is the basis of the target extraction and parameter measurement, it 
makes the analysing and understanding becomes possible for higher level of image. 
Therefore, the study of image segmentation method is of great significance. 

Image segment can be mainly divided into four categories which are thresholds or 
clustering based segmentation, Edge detection based segmentation, Region based seg-
mentation and Graph theory based segmentation. But these methods work better when 
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segment gray images than colourful images. Therefore, the colour image usually will be 
converted into a grayscale image first, and be segment after that. 

2.7.1 Threshold - based Segmentation 
The basic idea of the threshold method is to calculate one or several pixels gray value 
based on the features of the image, compare the values of each gray pixel in the image 
with the thresholds. Finally, these pixels will be assigned to the appropriate categories 
according to the results. Therefore, the most critical step in this approach is to find out 
the optimal grayscale threshold value according to a criterion function.  

2.7.2 Edge - based segmentation 
The edge refers to the set of pixels on the boundary line between different regions in 
the image, it is the reflection of the local feature discontinuity of the image, and reflects 
the abrupt change of image characteristics such as gray scale, colour and texture. In 
general, edge-based segmentation refers to edge detection based on grayscale, which is 
based on the observation that edge gray values exhibit a step change. 

There are significant differences in the gray values of the pixels on both sides of the 
edge, while the edge is at the turning point where the gray value rises or falls. It is based 
on this characteristic that edge detection can be performed using the differential oper-
ator, that is, the extremum of the first derivative and the zero crossing of the second 
derivative are used to determine the edge, which can be accomplished by convoluting 
the image and the template. 

2.7.3 Region-based segmentation 
Region-based segmentation are divided into different regions according to the similarity 
criteria, which include several types such as seed region growth method, regional divi-
sion method and watershed method. 

The seed region growth method starts from a group of seed pixels representing 
different growth regions, and then the pixel in the neighbour of the seed pixel is merged 
into the growth region represented by the seed pixel and the newly added pixel is taken 
as the new seed. The pixels continue to merge until the new pixels are not found. The 
key to this approach is to select the appropriate initial seed pixels as well as reasonable 
growth criteria. 

The basic idea of the regional split merger method (Gonzalez, 2002) is to divide the 
image into several non-intersecting regions first, and then split or merge these regions 
in accordance with the relevant criteria to complete the segmentation task, which ap-
plies to both grayscale images Segmentation also applies to texture image segmentation. 

The watershed method (Meyer, 1990) is a method of segmentation based on topo-
logical theory of mathematical morphology. The basic idea is to regard the image as a 
topological landform in geodesy, and the gray value of each pixel in the image indicates 
the point Altitude, each of the local minimum and its affected area is called the basin, 
and the boundary of the catchment is divided into watershed. [13] The implementation 
of the algorithm can be simulated into flood flooding process, the lowest point of the 
image was first submerged, and then the water gradually drowned the entire valley. 
When the water level reaches a certain height will overflow, then in the water overflow 
place to build the dam, repeat the process until the entire image of the points was all 
submerged, then the establishment of a series of dikes to become separate watersheds 
of the basin. The watershed algorithm has a good response to the faint edge, but the 
noise in the image causes the watershed algorithm to be over-segmented. 
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2.7.4 Graph Theory based segmentation 
This method associates the image segmentation problem with the min cut problem of 
the graph. First, the image is mapped to the weighted undirected graph G = <V, E>, 
where each node N ∈ V corresponds to each pixel in the image, and each edge ∈ E 
is connected to a pair of adjacent pixels, the weight represents the non-negative simi-
larity between adjacent pixels in terms of grayscale, color, or texture. And a segmenta-
tion of the image is a cut of the graph, and each region C ∈ S that is divided corre-
sponds to a subgraph in the graph. The optimal principle of segmentation is to make 
the partitioned subgraphs maintain the same degree of similarity inside, and the simi-
larity between subgraphs is kept to a minimum. The essence of the segmentation 
method based on graph theory is to remove the specific edges, divide the graph into 
sub-graphs to achieve segmentation. At present, the methods based on graph theory 
are GraphCut [17], GrabCut [18] and Random Walk. 

The more influential objects in the input image, the lower the accuracy of object 
recognition result, therefore extraction the target area to reduce the dry factor is one of 
the most important parts to ensure the accuracy of the identification, area-based seg-
mentation methods such as watershed are appropriate 

2.8 Training 
Neural network recognition includes guidance learning neural network and no guidance 
learning neural network. In guidance learning mode, since the category of the sample is 
known, therefore the space distribution of the samples should be divided based on the 
distribution of similar samples and types of samples. A classification boundary should 
be founded to make sure that different samples are located in different areas. This re-
quires a long time and complex training process, adjusts the location of the classification 
boundaries constantly to divide the sample space, so that as few samples as possible are 
divided into different areas. [11] 

The convolution neural network is a kind of mapping from input to output, it can 
learn large numbers of mapping relationships, without the need for any precise mathe-
matical expression between input and output. Therefore, after several trainings on the 
convolution network, the network will have the ability to input or output the mappings. 
Each sample consists of two vector pairs which are input vector and output vector, all 
those vectors can be collected from the actual operating system. Then training algo-
rithm is similarly to the traditional BP algorithm, mainly consists of four steps as follows: 
 Take a sample (X, Y1) from the sample set, enter X into the network as an 

input; 
 Calculate the corresponding actual output Y2; 
 Calculate the difference between the actual output Y2 and ideal output Y1; 
 Adjust the weight matrix. 

2.9 Robot Operating System 
Robot operating system (ROS) is a kind of open source operating system for robots, it 
provides the services that an operating system should have, it also provides the tools 
and library functions needed to get, compile, write, and run code across computers [8]. 
In this project, all the program is written in python, so with the help of ROS system it 
becomes easy to connect the program with robots and computers. 
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3 Method  

 
Figure 7: working principles of image recognition model 

The main aim of this project is to let the AGV robot have the ability to recognize the 
environment around it. However, robot cannot feedback as human being, camera is the 
eye of AGV robot, therefore the input information is an image with a lot of object 
information in it. However, most image recognition model from internet can only iden-
tify one object every time. To solve this problem, we can pre-process the input images 
and separate the big image into several small images which contain single object only, 
then sent these small images to identify process and collecting results one by one, from 
this it is easy to get the information about what object might exist in the big image. 

Training this image recognition model, the open source platform tensorflow can be 
used, it is developed by google and special for image recognition, there are many kinds 
of trained model on that model. Well trained program usually needs very huge amounts 
of images as training database and most computer cannot run it, therefor download a 
trained model is a better chose. If the robot will only work in a certain place and the 
objects in this area are known, then a customized recognition model can be built by 
retraining the last layer with the specified images. 

In this project, OpenCV is used to deal with the images, image segmentation is an 
important part of this project. Connect segmentation program and recognition program 
together can achieve the ability of identify many different objects at the same time in 
one image. Extract the important information from the original image becomes a big 
problem, to solve this problem, many different methods has been found from internet, 
such as threshold segmentation, edge segmentation and watershed. Test these methods 
in customizing environment watershed segmentation looks much more suitable for this 
project. However, there are still having many variables during the test, through changing 
parameters can give us a better result, therefore parameter analysing will be described 
in the end, to figure how do these parameters influence the result. 

All the program code is written in python, because python can be used in ROS 
system, through ROS system we can easily connect this program with different equip-
ment. 
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4 Identification processing 

This chapter general described the working principles and the method of object identi-
fication. First of all, the reason and the way of image acquisition was described. After 
that an image segmentation way with watershed was presented, this part will influence 
the recognition accuracy directly. Next the segmented images will go to image recogni-
tion process, to achieve this ability we choice inception_v3 model as basic frame. Finally, 
to make the identification process can be customized, transfer learning is necessary. 

4.1 Image acquisition 
Image acquisition is an important step in image recognition, which can be obtained by 
camera / internet / local image and many other ways. In this project, the image acqui-
sition work can be separate into two parts. 

The first part is to collect the images which are used to training the recognition 
program. First, we need to classify the objects which are going to be identified, accord-
ing to the categories. Then collect the image information for each category, and improve 
the recognition accuracy by training the images from the same object but different angle 
etc. Finally, classified and pack the images as we want. To get a higher accuracy, the 
more collected image database, the better the accuracy we can get in the trained model. 

 In order to get more reliable results, the collected image had better with the follow-
ing features: 
 The collected images size is uniformed; 
 The image is clear and with single background colour; 
 Less interference factors within the image, the object to be identified does not 

overlap with other objects as much as possible. 
The second part is to acquire the image information of surrounding environment 

when AGV running. This image will be used as input information and sent to image 
processing process. AGV analyses the surrounding environment information by real-
time acquisition to achieve the purpose of recognition surrounding environment and 
target object. 

4.2 Watershed segmentation 
In this project, watershed segmentation method is used to process the input image. 

The basic idea is” to regard the image as a topological landform in geodesy. The gray 
value of each pixel in the image represent the altitude of the point. Each local minimum 
and its affected area is called a catchment basin. The boundaries of the basin form 
watersheds.” [13] It separates input image which contains all objects into several small 
pictures which contain independent objects. These pictures will be subscribed by the 
image recognition processing module to identify, final results as an output will be 
printed on the local position on the input image. The advantage of combine this seg-
mentation approaches with recognition process is that it can achieve recognized multi-
ple objects in one image at the same time. People do not need to provide images with 
specific object, the robot can take photos through camera and no matter how many 
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objects are included in the image, the accuracy of recognition will not be influenced. 
The flowchart of segmentation working principle is shown in Figure 8. 

The input image is the picture which is taken from the environment surrounding 
the AGV robot. Before segmentation, the image should do some pre-processing, wa-
tershed needs greyscale images, therefore the input image should change into binary 
image first. Noise removal can make segmentation result become much clearer and 
helpful for finding counters.  

 
Figure 8: image segmentation logic 

Next step is to draw contours for these different areas, after that we can calculate 
center point of the area and extract a new local image based on this center point. but 
the input image will contain a lot of useless information, such as floor texture etc. it is 
not necessary to analyzing these small debris image information, therefore a judgment 
algorithm can be used to filter out small areas, only extract and analyse larger and useful 
areas is enough. In order to extract local images, the input image should be separated 
based contours, so marker labelling can be used. Marker different area with numbers 
and extract local image based on the marker labelling and the center point of each area. 
Finally get several new local images. 

4.3 Image recognition with Tensorflow 
Our brains make recognition looks easy. To recognize an object, people never under-
stand an image such as breaking down a panda into several parts, these seem easy to 
recognize by us, it is because our brains can understand the image very well. But the 
problem is that it is hard to make a computer have a mind or really “understand” some-
thing. 

In recent years, machine learning has developed a lot, especially on solving this 
problem. A model called deep convolution neural network has been developed, it can 
achieve reasonable performance on hard visual recognition tasks, even better than hu-
man beings on some ascepts. [9] 

TensorFlow is the second generation of artificial intelligence learning system devel-
oped by Google. It can transfer complex data structures into artificial neural network 
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to analysing and processing. It is widely used on machine depths such as speech recog-
nition, image recognition or any other deep learning area, which can run on either 
smartphone or a computer. TensorFlow is a fully open source deep learning system and 
is currently used in voice recognition, natural language Understanding, computer vision, 
etc. The image recognition and depth learning methods used in this paper are based on 
this platform, using the existing model Inception-v3 to construct the depth learning 
program and test the results. In addition, this paper also attempts to do transfer learning 
to use customized objects, this function can achieve customized recognition and to 
meet the needs of customers requires. Transfer learning can also make the test results 
become more accurate. [19] 

4.3.1 Inception-v3 model identification 
Inception-v3 model is used to train the 2012 ImageNet Large Visual Recognition Chal-
lenge data set. It is a standard task in the field of machine vision, this model divides the 
image into 1000 categories, such as panda, zebra, dog and backpack etc. However, the 
Inception-v3 model has a huge volume database with general computer cannot process 
it, therefore download the model from internet which is already trained, is the best 
chose. The working principle shown as follows, input images from the huge image da-
tabase, features will be sorted layer-by-layer and it builds a classify layers in the end.

 

Figure 9: principles of inception3 model 
This model basically has ability to identify basically all kinds of items in our life, we 

can get the result by enter the image information directly to do the identification pro-
cess.  

4.3.2 Transfer learning 
The existing object recognition model has millions of parameters, it might need several 
weeks to complete the training. But a set of categories can be used (such as ImageNet) 
through a well-trained model to complete the work, and retrain new classification. This 
chapter mainly described how to transfer learn the last layer while keeping all other 
levels unchanged. Although he is not as good as a full training run, but for many appli-
cations it is very effective, you could even run it with CPU, without GPU support. 

The second training is still using the network structure from inception model, be-
cause the previous convolution layer used to capture the characteristics of the back of 
the base layer is used to classify, so we only need to re-train the last layer of the network 

 
Figure 10: principles of transfer learning 
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Before training, a set of images need to be prepare are using to teach the network 
about the target object we want to identify. In this project, 7 categories of object more 
than 3000 images will be trained through the network including ABB robot, crane, table, 
computer, control cabinet and chair. 

After that these images should be sorted into different folders and name it with their 
category, subfolders only contain one category of the images. And connect these folders 
with program as a parameter, the program to read the location of these images and the 
script can start training these customized images. 

The script loads the pre-trained Inception v3 model when the first time running, 
removes the old top layer, then generates a new layer in the image we prepared. What 
special things are that transfer learning training to distinguish the lower layers of certain 
objects can be reused for many identifying tasks without any changes. 

The result accuracy of training can also be influence by training steps. The size of 
training steps affects the recognition accuracy, and increasing accuracy will slows down 
the training speed, even will stops at some point, so that the parameters can be changed 
according to the actual situation. 

The "bottleneck" is an informal term that we often use to refer time that are actually 
used to classify the final output layer. Because each image is used repeatedly during the 
training process, each bottleneck takes a lot of time, therefore save these data in a de-
fault directory, eliminating the need to double the calculations. When re-run this script, 
it will be reused instead of waiting again. 

Transfer learning is suitable for the identification training of the known target, and 
the targeted image acquisition and identification training for the specific target object 
can increase the accuracy of the recognition result. For example, on some specific oc-
casions, such as factories, training programs to identify ABB robots / computers 
/desk/chair/sings is enough. Animals, flowers or trees are almost impossible to appear 
in this work scene, only training specify targeted only can also reduce the program size 
and processing time. The image recognition model used in the project Inception-v3 
cannot recognize industrial robots, so we will retrain the last level based on the needs 
of most factories general environment. 
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5 Results and discussion 

Following the methods which are mentioned before, the results are described detailly 
in this chapter. The results show that the object identification method which is pre-
sented in this article, it works well and much more flexible than the traditional ways. 
However, some limitation and factor will influence the accuracy of image recognition. 

5.1 Image segmentation test 
This experiment uses an office environment image taken by the camera as the input 
image, the image processing results shown in Figure 11(a). change inputs image into 
binary image shown as Figure 11(b). Then using this binary images finding contours for 
each marker and marked it on a copied image as shown in Figure 11(c), and marker 
labelling image was shown as Figure11(d). These steps can be defined as a pre-pro-
cessing of the input image, and the quality of labelling result is the most important 
things in this part. 

               
(a) Input image                                                 (b) binary image 

                             
(c) Counter and center                                    (d) Marker labelling 

Figure 11: images after pre-processing 
Based on the center and counter we can calculate area of each labelling, ignore some 
tiny area and based on the center of labelling a local image can be extract out as shown 
in Figure 12. 
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(a) segmentation area                               (b) extract local image infor-

mation  
Figure 12: Steps of image segmentation 

5.2 Parameters analysing 
According to the method described above, the input image will be cut into numbers of 
independent small picture, but the same program might be applied in different circum-
stances, the input image size, clarity, noise and other factors will change because of the 
change of environment and affect the result of image segmentation. We can adjust the 
parameters to find a suitable value to complete the image segmentation.  

5.2.1 Noise remove 
Images collected from the camera will generally contain image noise, the image noise 
pixels do not to look like its neighbour pixel, it will affect the image segmentation results. 
Therefore, smooth image is very important, here we change filter kernel sizes to smooth 
image to suppress noise locally. Changing the size of filtering the results shown in fig-
ure13. Compare with (a) and (d) shown in Figure 13, we can find that a bigger filter size 
will ignore more detail things on the image, the result from 5*5 kernel sizes even ignore 
the backpack and chair. However, some objects have small flaws, texture or shadow 
themselves, using a smaller filter will make these small areas will be assumed as an in-
dependent area which is not necessary as shown in Figure 13(a), these worthless areas 
will slow down the processing speed and influence the recognition accuracy. According 
to the actual situation in this project and compared result from different filter kernel 
size, 3*3 is more suitable and the results are more ideal. 

      
(a)Kernel  2*2                                           (b)Kernel  3*3 
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(c)Kernel 4*4                                         (d)Kernel  5*5 

Figure 13: compare different labelling result influenced by filter kernel 

5.2.2 Image Fineness 
Image Fineness will also affect the partition results directly, the smaller the fineness 
value is, the greater the degree of image fine, a bigger fineness value will make border 
line become smooth but also will ignore some important details. Here we give different 
fineness value 0.2 and 0.5 as an example, the difference shown in Figure 14(a)(b). In 
this project prefer the picture is partition with high accurate, find the location of the 
object accurately and going to segment recognition process. Rough image fineness will 
make the final segmented image still contains multiple objects, it lost the meaning of 
the image segmentation, that is why in this topic we choose the fineness of 0.1 to pro-
cess image as shown in Figure 13(b). 

  
Fineness = 0.2                                       Fineness = 0.5 

Figure 14: compare different labelling result influenced by fineness value 

5.2.3 Area limitation value 
By changing the constrains of the area, to screening valuable information for extraction, 
the debris information in the small area can be ignored. If we only want to recognize 
bigger object, then use a bigger area limitation can solve this. In addition, according to 
the probability the results will be written on the original picture with different depths 
of red, where the brighter red represent a higher probability. As shown in Figure 15, 
limiting the recognition area to at least 2000, the program need handles more picture 
than the recognition area is set to at least 4000. But the small picture sometimes cannot 
express the target information well, so some of the small area of the extracted image 
recognition results are not satisfactory, as shown in Figure 15(a) some of the small area 
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has very low possibility and sometimes we will get wrong result. Figure 15(b) Only 
analysing larger areas, the relative accuracy of the identified results are higher. 

          
(a) Area = 2000 

 
(b) area = 4000 

Figure 15: result with different area limitation 

5.3 Recognition result 
In this project two recognition process were tested, one is inception-v3 model which 
has ability to recognize most of objects in our life. The other one is customized recog-
nition process which is retrained based on inception-v3 model. 

5.3.1 Inception-v3 model recognition 
Using the existing image recognition model to analysis the images which are extract 
from the input image, the picture to be recognized one by one and output the possibility 
of category attribution, only print the results which has higher possibility on the original 
input picture, shown in Figure 16. 
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Figure 16: final output result 

The results of the cognitive model established in this subject are output in proba-
bility form, for example processing an input image which is segmented from original 
image, the output result will print as shown in Figure 17, which means, 65% it is a 
backpack, 5%it is a sleeping bag, 5% it is running shoe, etc. the highest result is back 
pack, therefore we can assume it is a backpack. However, some of the extracted images 
are still having a lot of interference factors, the model cannot recognize the target pic-
ture accurately. So, we can limit the percentage to limit the output of the results, for 
example, we can only print out the result which has a higher possibility.  

 
Figure 17: output result of image recognition 

From the final output image we can also find that there are many incorrect results, 
but most of them are happened around the edge of image. This happened because im-
age recognition process only analysis the local image which is segmented from original 
image, but when cutting the areas on the edge of image, an image with incomplete 
information will be given as shown in Figure 18. Compare with the original image we 
can know that it is a computer, but only with this single local picture, even human will 
not know what is it. That is why in this test, the top part of the computer ware identified 
as an icebox. Another example is a half backpack was identified as a loafer which is 
shown in figure 19. 
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Figure 18：half computer was identified as icebox 

 

 
Figure 19：half backpack was identified as loafer 

5.3.2 Transfer learning test 
In order to achieve the customization requirement, make the robot have ability to iden-
tify targets objects in specifying environment such as industrial plant, we can retrain last 
layer of Inception-v3 model with customized image database. This project prepared a 
database which has several common objects in the industrial factory, such as ABB in-
dustrial robot, Electric control cabinet, computer, table, forklift etc. Analyzing the same 
picture with original Inception-v3 model and the newly trained model, the result shown 
in Figure 21. 
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Figure 20: input image from customized environment 

 
Figure 21: result from inception-v3 model 

 24 



Degree Project for Master of Science with specialization in Robotics 
Improvement of Automated Guided Vehicle’s image recognition - Results and discussion 

From the output image which is shown in figure 21, the ABB robot was identified 
as a crane, and chairs were identified as desk or other things. This picture is taken from 
factory, inception-v3 model can recognize many objects from normal life, but factory 
and ABB robots almost will not appear in normal life and inception-v3 model cannot 
recognized it correctly. 

Based on possible object categories within the plant, build a customized database. 
The retrain method of Tensorflow is to input each training image into the network, and 
get 2048 dimensions feature vector in the bottleneck layer (bottleneck) which is the 
reciprocal of the second layer, this feature is stored in a TXT file, use this feature to 
train softmax classifier. Therefore the method of transfer learning can be used. That is, 
the parameters of the previous layer are unchanged, and only the last layer is trained. 
The last layer is a softmax classifier. This classifier is 1000 output nodes in the original 
network (ImageNet 1000), so we need to remove the last network layer, change the 
output nodes which is required, and then training it. Retrain the last layer of the incep-
tion-v3 model to make this model have ability to recognized the robot, input the same 
image the new recognition model said 90% it is an ABB robot. The new model is much 
more suitable for this environment and has a higher accuracy. 

 
(a) recognition result from original model 

 
(b) recognition result after retraining last layer 

Figure 22: recognize same picture with different model 
Comparing the results, it is easy to find that the Inception-v3 original model does 

not have the ability to recognize the mechanical arm, but after training the last layer the 
new model can recognized it accurately. And from the comparison of the results of the 
possibility, we can find that training target object within a specified environment, can 
greatly improve the accuracy of the identification of items. Finally connect this retrained 
recognition program with image segmentation program and testing the same image the 
result is shown in figure 23. However in the result picture there are several parts are 
defined as abb robot, the reason why it will happen is because after image segmentation 
some small area will be extract out, but some of these small area might will include 
features which looks like a part of robot, and the computer might will define it as a 
robot. But the accuracy and reliability of the recognition depends on the training data-
base, to improve the accuracy and reliability we can collect more high quality images 
with only one object and retrain the model, and limit the output value which will be 
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print on the picture. For example if we only print the result which is higher than 80% 
on the picture the final output picture will become better. 

 
Figure 23: recognize same picture with retrained program 
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6 Conclusion 

Automated Guided Vehicle as a kind of material conveying equipment has been widely 
used in modern manufacturing systems and normal life. The most important ability of 
an AGV is to navigate itself, therefor AGV navigation becomes one of the vital tech-
nology and the ability of localization and recognize the environment around themselves 
becomes an essential technology for AGV robots.  

The advantages of this image recognition method which is present in this article are 
that it can recognize several objects in one image at the same time, and it is convenient 
to install this program on different machine such as AGV robot, car, humanoid robot 
and so on. Using convolutional neural network can reduce the computing time and in 
this project it is possible to run the model on CPU. Analysing these objects, AGV robot 
can get a general idea about the environment around it. Transfer learning is another 
important part in this project, for robot with special use, we can transfer the last layer 
as we want, customized transfer learning has a higher accuracy and dependability. A 
special environment has been trained in this article, and obviously after transfer learning 
the computer has ability to recognizing the object which is trained by us. But training a 
good layer usually needs a big image database, and a customized recognition models 
need customer collecting a lot of related images to build the database, this might need 
spend a lot of time. 

6.1 Future work 
For the future work, we can change the normal camera into depth camera, from this 
we can get a distance information and the robot will have clear mind about “what ob-
jects around me and the distance”. On the other hand, in this project the retraining is 
trained by human and the robot can only learn the objects we taught, but in the future, 
we can try to make robot collect images itself and trained itself during its working, it 
can make robot becomes much more cleaver like a child learning themselves. 
 Use depth camera to get the distance information, from this robot can get the abil-

ity of knowing its position on the map. 
 In this project, the Partol robot can only run the program we trained before, in the 

future we can try to make robot collect images itself and trained itself during its 
working, it can make robot becomes more and more cleaver like a child. 
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