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Abstract

People are now more willing to improve their lifestyle by taking care of their health and
knowing about their eating behaviour and habits as technology advances and improves.
With the advancement of neural networks and image processing techniques, we can now
monitor our food preferences by continuously tracking the contents of our refrigerator,
allowing us to track our eating behaviour. Since smart refrigerators from international
companies like LG, Samsung and Bosch are so expensive, we decided to investigate how
we can build a model into a refrigerator that can initially detect target objects. Then add
more functions in the future, such as suggesting a shopping list based on the detected

objects, and this could help in the future to improve the market and lower prices.

In this thesis, we investigated the factors through several experiments that could aid in
the discovery of the optimal way to detect the objects (food) stored in our refrigerator.
We focused our research on fine-tuning and training a custom object detector Faster R-
CNN using the Tensorflow object detection API to detect four objects. Then in future
works, it would be simple to expand the number of objects based on the discovered

factors.

In this work, we used the Faster R-CNN model pre-trained on COCO17 and conducted
experiments on two refrigerators. We tried several methods and conditions to determine
what could help improve model accuracy, such as calibrating the number of the dataset,
changing the light condition and taking photos from different angles. Finally, the findings
of our study revealed that the combination of these various factors enhanced the model’s
performance and resulted in the successful detection of the four objects stored in our

refrigerator.
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Chapter 1

Introduction

Smart refrigerators, such as the Samsung Family Hub and the LG Smart InstaView, are

costly and use object detection technology to track the content stored inside them.

In this study, we aim to transform a traditional refrigerator into an intelligent refrigerator
by incorporating object recognition capabilities without incurring a significant monetary
expense. Our objective is to investigate the factors that enhance the precision of object

detection in a refrigeration unit.

We employ a methodology of fine-tuning a pre-trained object detector, Faster R-CNN,
utilizing a dataset that we have created and annotated, gathered from two refrigerators
under varying conditions and using various techniques. These intelligent refrigerators,
however, are generally more costly than traditional refrigerators and typically operate on

a proprietary platform that is not readily accessible for research and development.

1.1 Motivation

We frequently get confused about which dish to prepare and waste time thinking about
it. The concept of smart homes has now become a reality thanks to the Internet of
Things, Machine Learning, computer vision, image processing, and other technological

developments.

Innovative refrigeration is another intelligent home component that uses IoT to simplify

human life by providing various control options and advanced features.

Because of advances in computer technology and the widespread use of the Internet,
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intelligent systems with multimedia and innovative operation capabilities have begun to
appear in our daily lives. One of the places where we could find such intelligent systems

is in the kitchen.

Because modern life gives people less time due to their busy schedules, they do not have
much time to think about which recipe to cook, what items they have in their fridge,
what else they need to buy, and so on. Hence, an intelligent system, such as a smart

fridge, can help us live a more enjoyable and healthy lifestyle.

We commonly have features that help track inventory, set the user preferences for recipes,
and get recipe recommendations - to create an intelligent fridge with the additional
functionality of helping the person save time by not wasting time thinking about which

recipe to make today.

As time has become more important in the busy life of a modern person on a global scale,
this additional feature could help increase the commercial appeal of an Intelligent Fridge.

We believe an Intelligent Fridge will play a significant role in future smart homes.

1.2 Objectives

In this paper, we present a new approach for identifying bell pepper, tomato, carrot,
and butter on the top shelf of a refrigerator. To achieve this goal, we conducted
experiments using two refrigerators by collecting datasets from both and comparing
the results to determine the factors that could help improve the model’s accuracy. We
created approximately 1000 images of two refrigerators for the four classes and annotated
them. In the training data, we isolated each class and took photographs of them. In
the test data, we combined the four classes in different ways and positions to ensure the
independence of the training data from the test data. The object detector’s performance
was then evaluated using various data calibrations, adjustments, and factors. We then
adopted the ones that provided minimal errors and demonstrated these optimal choices,

resulting in improved results.

1.3 Scope

This thesis aims to develop an evaluation method for visual datasets by studying

and analyzing two diverse datasets from two different refrigerators used in developing

2
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intelligent fridge detection systems. The TensorFlow Object Detection API is used to
develop, train and evaluate these systems. In addition, we compared and analyzed
the datasets used in the training process to determine essential features that impact
generalized food detection ability and accuracy. We used Tensorflow and the Tensorflow
object detection API to train our custom object detector. Specifically, we took photos of
two fridges from two different homes to collect two different datasets, used the Labellmg
tool to label the images manually, trained the model on Denethor, an Ubuntu machine
equipped with an NVIDIA Corporation GV100 [TITAN V]| graphics card located in the
FORWISS sub-network provided by the University of Passau, and used Tensorboard to

visualize the results.

1.4 Definition of terms

1.4.1 Machine Learning

It is a subset of the artificial intelligence area. The science of learning from experience
and improving the performance as it learns. It is a discipline that helps in optimizing
processes and resource allocation. The word "learning" indicates improvements could be

possible in the future.

1.4.2 Neural Networks (NNs)

Are a machine learning subfield that forms the foundation of deep learning algorithms.
The human brain inspires its name and structure and mimics how biological neurons
communicate. They allow computer programs to recognize patterns and solve common

problems in AI, machine learning, and deep learning.

1.4.3 Deep Learning (DL)

Is a machine learning subfield that refers to training large neural networks. These neural
networks attempt to mimic human brain behaviour by "learning" from large amounts of

data. It allows systems to gather data and make amazingly accurate predictions.

1.4.4 Computer Vision

Focuses on the challenge of developing intelligent visual systems capable of understanding

and interpreting our real, three-dimensional world by allowing computers and systems to

3



CHAPTER 1. INTRODUCTION

derive meaningful information from digital images, videos, and other visual inputs.

1.4.5 Object Detection

It is a computer vision technique that uses a bounding box with a label to locate and
recognize objects in images or videos. It could count objects in a scene, determine and

track their precise locations, and label them accurately.

1.5 Outline

We divided this thesis into three sections: an introduction, five main chapters listed

below, and a conclusion.

1.5.1 Chapter 2: Background

In this section, we thoroughly describe this thesis’s key concepts and theoretical
foundations. We begin by presenting the fundamentals of machine learning, artificial
neural networks, and deep learning.  Then, we discussed the characteristics of
convolutional neural networks and described the Faster R-CNN model and its
predecessors. Furthermore, we demonstrate the ability to utilize pre-existing models
and algorithms by applying transfer learning techniques. This includes the utilization
of well-known CNN architectures and the TensorFlow Object Detection API to fine-
tune a pre-trained object detector model that has already been trained on a large-scale

dataset.

1.5.2 Chapter 3: Related Work

This section reviews the literature on the current state-of-the-art techniques in object
detection methods in refrigerators and related fields. The review covers the most recent
developments and advancements in the field, providing an overview of the current state

of the art and identifying potential areas for further research.

1.5.3 Chapter 4: Implementation

In this section, we outlined the methodology for developing and assessing the object

detection system, including the evaluation metrics employed.
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1.5.4 Chapter 5: Results

In this chapter, we evaluated and analyzed the performance of the fine-tuned model on
the test dataset. The results of evaluating our object detector are presented, specifically
focusing on the performance of fine-tuning the model on the two created datasets to
identify the factors that lead to improving the model’s accuracy and performance for our

application.

1.5.5 Chapter 6: Discussion

In this chapter, we summarized our results and discussed the factors that helped improve
the accuracy of our model. We also discussed some limitations of our work and offered

insights and recommendations for future research.



Chapter 2

Background

The success of AlexNet in the ImageNet Large Scale Visual Recognition Challenge
(ILSVRC) in 2012 won by Krizhevsky et al.[10], has dramatically impacted the field

of computer vision, particularly in the domain of object detection.

Object detection in a refrigerator is a crucial task in the field of computer vision,
particularly in the areas of food management and home automation. The objective is to
investigate the factors affecting object detection accuracy to accurately detect and classify
objects inside a refrigerator, such as food items, drinks, and other household items. This is
a challenging task due to the complex and dynamic nature of the refrigerator environment
and the wide variety of objects that can be present. The potential applications of
this research include improving food management and reducing food waste, as well as
providing assistance to individuals with disabilities or limited mobility. The research
will likely involve using techniques such as deep learning, convolutional neural networks,
and other computer vision algorithms to analyze images and extract features, as well as
developing new methods specifically tailored for object detection and classification in a
refrigerator environment. This work will also involve studying various challenges specific
to the refrigerator environment, such as low light, occlusion, and variations in object size

and shape.

2.1 Theory

This section describes some fundamental theoretical aspects related to this thesis. This

section aims to provide important information concerning the theory behind food /content

6



CHAPTER 2. BACKGROUND

in fridge detection.

2.1.1 Machine Learning

Machine learning is the science of learning from experience to predict the future. It
involves many experience-based predictions and improves system performance by learning

from experience using computational methods [22].

We can translate this by considering the experiences in computer systems as data. The
goal is to build models from the data by developing learning algorithms, which could be
achieved by feeding the learning algorithm with experience data to obtain a model that

can make predictions [22].

So, to perform machine learning, we first need to collect a dataset and then use the
learning concept to build models using learning algorithms; the data used in the training

phase is called training data.

The evaluation phase of our learned model is called testing. We use a test set to evaluate
the model, called testing data, to see how well the model has learned to approximate the

ground truth by learning from the training set.

When we try to predict a discrete output, we call this a classification problem, and if the

prediction output is continuous, it is called a regression problem.

We distinguish between binary and multiclassification. In binary classification, there are
two types of classes, one positive and one negative; if there are more than two classes, it

is a multi-class problem.

2.1.2 Artificial Neural Network (ANN)

The human brain can swiftly recognise objects from various perspectives and under
varying lighting conditions, even in a cluttered environment. However, in the past,
computer systems were not able to perform such tasks with a similar level of efficiency.|11]
Neural networks form the basis of deep learning, a machine learning subfield where the
structure of the human brain inspires the algorithms. Neural networks absorb data, train
themselves to acknowledge the patterns in this data, and then predict the outputs for a
brand-new set of comparable data. Layers of neurons make up neural networks. These
neurons are the core processing units of the network. Artificial neural networks (ANN)

consist primarily of layers: an input layer, an output layer, and one or more hidden

7



CHAPTER 2. BACKGROUND

Figure 2.1.1: Artificial Neural Network Architecture

layers. The first hidden layer learns simple and basic features and passes them to the
second hidden layer.[1| Supported by the inputs from the previous layer, the second layer

learns more complex and abstract features than the primary one.|1]

It is likely that deeper layers within the network possess the capability to learn features
that are more intricate and advanced in comparison to the ones in the upper layers. A
multi-layered network can effectively address complex issues such as image classification

and object detection through this mechanism. [11]

2.1.3 Deep learning

Deep learning constitutes a sub-discipline of machine learning and artificial intelligence,
and it pertains to the scientific study of utilizing multi-layered artificial neural networks
to train computational models. These neural networks, called "deep neural networks,"
are characterized by multiple hidden layers between the input and output. The term
"deep" in "deep learning" denotes the depth of the neural networks, which typically have
more than two layers beyond the input and output layers. These deep networks have
demonstrated remarkable accuracy improvements across various applications, including
image classification, object recognition, speech recognition, and language translation.
The primary approach employed in deep learning is learning representations (or features)
from data, such as text, images, or videos, rather than implementing task-specific
algorithms. This learning process can be either unsupervised or supervised, with the
latter being the most prevalent in practical systems. One of the critical characteristics of
deep learning is that an increase in the amount of training data leads to an improvement

in performance, unlike traditional learning methods that tend to plateau performance

8
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Figure 2.1.2: Concept of the Convolutional Neural Network Architecture

beyond a certain data threshold. Additionally, deep learning models are known for
their hierarchical feature learning capabilities. Lower-level features are learned in the
early layers and are subsequently passed on to the higher layers to learn more complex
features. The scalability and hierarchical feature learning capabilities of deep neural
networks render them particularly appropriate for tasks like image classification, object

recognition, and speech recognition.

2.1.4 Convolutional Neural Networks

Convolutional Neural Networks (CNNs) are a specific category of artificial neural
networks that are based on convolution operation. This operation utilizes a window or
kernel, referred to as a filter, which is moved across the input image to learn and identify
features within the image. The underlying principle behind this operation is that it is
more efficacious to examine smaller portions of an image to detect specific features rather
than analyzing the entire image at once. CNNs are composed of multiple convolutional
layers, which distinguishes them from other types of artificial neural networks. They are
extensively utilized in visual recognition tasks, such as image classification and object
recognition. Due to its exceptional performance in the ImageNet Challenge in 2012 [10],
CNNs have gained widespread popularity and usage among computer vision researchers

and in the broader computer vision community.|[1]

The figure above shows a typical basic architecture of CNN, which are:
1. Convolution layers
2. Pooling layers
3. Fully connected layers

4. Softmax function
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Figure 2.1.3: An example of convolution operation

1 7 1 0
5 8 2 4
2 3 2 3
1 1 6 9

Figure 2.1.4: Max Pooling example with 2*2 filter and stride of 2

The input is an image that goes through several convolutional layers and pooling layers,
followed by some fully connected layers. In the end, the softmax function is applied to

perform a multiclass classification.

Convolution layers:

The convolution layer constitutes the fundamental and crucial building block of a
CNN. These layers are composed of neurons that function as filters. The filters
are systematically traversed across the entire image to generate feature maps. This
traversal process is called convolution (as depicted in Figure 2.1.3). As illustrated in
the aforementioned example, the initial block comprises a series of convolution layers.
Each layer operates as a filter and learns distinct feature maps from an input image
or feature map. For instance, given an image as input, if there are four convolution
layers in a block, the output of each layer would be a feature map representing three
distinct characteristics, such as color, edges, and shape. Additionally, the output of each
convolution block exhibits three dimensions: height, width, and depth. The height and
width correspond to the dimensions of the feature maps, while the depth corresponds to

the number of convolution layers.|1]

10
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Pooling layers:

Pooling layers generally follow convolutional layers and are used to reduce the size of
the representation, speed the computation, and make some of the features detected more
robust. There exist various forms of pooling, including but not limited to max-pooling
as illustrated in Figure 2.1.4, which is widely utilized, sum-pooling, and average-pooling.
The Max-pooling operates in the following manner: a window traverses each feature
map, and the maximum value within that window is chosen. We have an input of four
by four and want to apply a type of pooling called max-pooling. This implementation
of max-pooling with a 2*2 window and a stride of 2 will be a two-by-two output with a
stride of 2. In average pooling, a kernel of size n*n is moved over the matrix. For each
position, an average of all values is taken and inserted into the initial part of the initial

matrix.

Fully Connected Layers (FC):

The fully connected layer is a simple feed-forward neural network and will add up after
some convolutional and pooling layers at the end of the neural network. The fully
connected layer consumes a one-dimensional input, so the three-dimensional output of
the convolutional and pooling layers must be converted to a one-dimensional layer and
passed to the fully connected layer. Flattened means that the entire three-dimensional

matrix of the pooling and convolution layer is rolled up into a vector.

Softmax function:

After passing through the fully connected layers, the last layer uses the softmax activation
function (instead of ReLU) to determine the probabilities of the input belonging to a
particular class (classification). The softmax function is more convenient for multi-class
detection than the sigmoid function, which is helpful for binary classification. The result
of the softmax function for multiple class detection is a vector containing all probabilities
for each class, and the class with the highest probability is the target class. The Softmax
function formula is as follows:

o(a); = Ka'

Zj:l e%

11
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Where:
e a: Input vector (ao, ..., ax) to be passed to the softmax function.

e a;: represents all the elements of the vector passed to the softmax function, and

they can take any real value.

e K: represents the number of classes in the multi-class classifier.

o c%i:

Each element of the input vector is applied to the standard exponential
function. This results in a positive value greater than zero, which is very small
if the input is negative and very large if the input is significant. It must, however,

be fixed in the range (0, 1) required for probability [20].

. Z;i L €%: This represents the normalization term for ensuring the values of the

output vector o(a) will sum to 1 [20].

2.1.5 Important hyperparameters used in CNN:
Padding:

Building deep neural networks causes the input image to shrink with each convolutional
operation. So, if we have a hundred layers of a deep network, it shrinks a little bit on
each layer until we get a tiny image after a hundred layers, and the second issue is that

much information is thrown away at the images edges.

When we look at a pixel at the corner or edge, we see that it is only utilized in one
of the outputs since it touches the three-by-three regions that overlap that pixel. As
a result, it appears like pixels near the corner or edge are used significantly less in
the output, resulting in the loss of much information at the images edge. We may
pad the image to address both difficulties. By convention, we padded with zeros,
and if p equals the padding amount, since we are padding all around with an extra
margin of one pixel, p is equal to one in this example, and the output size becomes

m+2p—f+1)x(n+2p—f+1)
We differentiate between two kinds of convolutions:

e Valid Convolutions: This means that we are using no padding, and as shown in
Figure 2.1.5, we are convolving a 6*6 by 3*3 filter, and this would give a 4*4

dimensional output
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Figure 2.1.5: Valid convolutions

Figure 2.1.6: Same convolutions

e Same Convolutions: We use padding here so that the output dimension is the same

as the input size, as shown in Figure 2.1.6

Stride:

The stride is the choice of how many pixels the analysis window moves when scanning
the input layer on each iteration when applying convolutional operations. The majority
of CNN’s use a fixed stride value [21]. Figure 2.1.7 shows an example of a stride with
one and a stride with 2. In the stride of 2, each kernel is 2 pixels displaced from its

predecessor.

2.1.6 Supervised Learning

Machine learning is detecting hidden patterns in data and then using those patterns to
categorize or predict an event related to the problem [2]. "Supervised Learning" is a
machine learning paradigm typically employed in deep learning. It is the ability of an
algorithm to generalize knowledge from existing data with the target or labelled examples
such that the approach may predict new (unlabeled) cases. An ideal case would be for a
supervised learning system to accurately select the correct class labels for unseen data.
A model is trained using supervised learning on a dataset with known correct answers.
When the model fails to predict the answer, the mapping function is adjusted to decrease

error loss by modifying weight vectors. When the system achieves a desirable level of
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Figure 2.1.7: Stride convolution example when s=1 and s=2

performance, which means it reliably predicts the output of a given input, the training

is complete.

21.7 Object Detection

Object detection is a computer vision technique that detects objects in images and
videos. It combines image classification into a specific label class with object localization
within the image (see Figure 2.1.8), making it more challenging and complex than image
classification or object localization alone. Object detection is used in many applications

and is being massively debated in autonomous vehicles.

2.1.8 Transfer Learning

Training machine and deep learning models can be complex due to the lack of annotated
training data in a given domain. It is time-consuming and expensive to train models
from scratch and could require a lot of GPUs for object detection tasks. Reducing the
need and effort to recollect the training data and build the models from scratch would be
nice. In such cases, knowledge transfer or transfer learning between task domains would
be an optimal option [15].

Transfer learning is a machine learning technique based on reusing past learned knowledge
and applying that knowledge to solve another related problem [15]. This technique can

be applied to many machine learning models, including deep learning models. The goal
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Figure 2.1.8: Object Detection example

Figure 2.1.9: Concept of transfer learning

is to use the knowledge of a pre-trained model while performing a different related task
(Figure 2.1.9).

The benefits of transfer learning are that we can achieve higher accuracy with less training
data and train faster because the original model has already been trained on a large
dataset. Thus, we do not have to begin training from scratch, which would be a better

start for solving a target problem.

Fine-Tuning

Fine tuning is associated with the concept of Transfer learning. It is a method of
implementing or utilizing transfer learning. Fine-tuning is a process that takes an already
trained model for a given task and tunes it to perform a second similar task, presuming
that the initial task is similar to the new one. Using a pre-designed and trained artificial
neural network allows us to leverage what the model has already learned rather than

develop it from scratch.

15



CHAPTER 2. BACKGROUND

Figure 2.1.10: R-CNN Architecture
1]

Building models from scratch can be a difficult and time-consuming task because we
must experiment with various approaches in a trial-and-error process. We must choose
how many and what types of layers to use, which order to put layers in, and how many

nodes to include in each layer, among other things to consider.

2.1.9 Region-based Convolutional Neural Network (R-CNN)

Girshick et al. [9] used the benefits of the convolutional neural network to create a
network for object detection by combining region proposals with CNNs. They called
it a region-based convolutional neural network, or R-CNN [9]. It takes a deep Neural
Network trained originally for image classification using millions of annotated images and
modifies it for object detection. The method generates around 2000 class-independent
region proposals for the input image using a Selective Search algorithm. Then, warped
all the regions to the same size since the CNN only accepts fixed-size input. Thus, these
regions are scaled to the fixed size required by CNN. Next, using a CNN, each feature is
computed for each of the proposed regions, and category-specific linear SVMs are used

to classify each region [9].

Selective Search

It is an algorithm to generate region proposals to locate all the objects in an input image
[18]. Uijlings et al. [18| consider the following variety of strategies to deal with to make

an accurate selective search algorithm:

e Capture All Scales: Objects occur in different scales in an image, and the selective

search algorithm should consider all object scales.

e Diversification Lighting conditions, colour, and more factors could influence how

regions form an object, So a diverse set of strategies would work better as a single
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strategy to deal with all cases.

e Fast to Compute The algorithm should be reasonably fast to create all the sets of

possible object locations.

2.1.10 Fast Region-based Convolutional Neural Network (Fast R-
CNN)

As a successor to R-CNN, Fast R-CNN builds on previous work that used deep
convolutional networks to classify object proposals efficiently [8]. The training process in
R-CNN is a multi-stage pipeline, which makes training expensive in terms of space and
time, and it takes 47s with VGG16 to detect objects in a single test image [8]. So, in
order to improve the training process of R-CNN, Girshick [8] developed Fast R-CNN, a
faster object detection algorithm, in 2015.[8|

The network of Fast R-CNN works as follows:

e An input image is fed into a single CNN with multiple convolutional layers to

generate a convolution feature map in Fast R-CNN.[§]

e The regions of interest are still generated using the Selective Search algorithm and
fed into Fast R-CNN. Each proposal for a region is warped and fed into an Rol
pooling layer.|§]

e The Rol pooling layer generates a fixed-length feature vector from the feature map

for each object proposal and feeds it into a series of fully connected layers.|8]

e Finally, the fully connected layers are divided into two branches: the softmax
classifier predicts the proposed region’s class, and the regression output provides

the four offset values for adjusting the bounding boxes.|8|

Fast R-CNN network is better than R-CNN and SPP networks [8], and the following are
some advantages of Fast R-CNN over R-CNN:

e Fast R-CNN involves only training one CNN for an entire image rather than training

multiple CNNs for all of the region proposals generated for an image [8].

e Multiple class-specific SVMs are replaced by a single softmax classifier, allowing

the neural network extension without training a new module [8].

e When compared to R-CNN, the above factors make training single-stage faster.

17



CHAPTER 2. BACKGROUND

The testing speed also significantly improves. According to Girshick [8], the speed
of Fast R-CNN for training the VGG16 network has improved nine times than that
of R-CNN. Similarly, the test speed for Fast R-CNN has increased 213 times when
compared to R-CNN [8].

e Furthermore, Fast R-CNN improved detection accuracy by achieving an mAP score

of 68.4 % for the PASCAL VOC 2012 dataset [8].

2.1.11 Faster Region-based Convolutional Neural Network (Faster
R-CNN)

Faster R-CNN is an enhanced version of Fast R-CNN and uses a Region Proposal Network
(RPN). Fast R-CNN reduces training and testing time, but the Selective Search algorithm
used to generate region proposals is a time-consuming and computationally expensive
method of producing region proposals [17]. As a result, Ren et al. [17] replaced Selective
Search with Region Proposal Network (RPN) in an object detection algorithm known as
Faster R-CNN in 2015. A region proposal network generates a fixed number of region

proposals. Faster R-CNN combines RPN and Fast R-CNN to detect objects.
The network of Faster R-CNN works as follows:

e A stage for generating features for these objects from an input image fed to a CNN

network [17].

e A n*n window is slid over the feature map obtained by the last convolution layer,

mapping it to a lower-dimensional (e.g, 256-d) feature vector [17].

e The feature vector output is connected to two fully connected layers, one for
classification and one for regression. RPN generates a set of k region proposals
with varying aspect ratios for each sliding window location. Anchor boxes are the
k regions proposed by the sliding window [17]. Each anchor box is associated with
an objectness score and four bounding box coordinates. Anchor boxes are classified

as object classes or backgrounds using the objectness score [17].

Because RPN generates a maximum of k regions for each location, the classification layer
produces 2k scores to predict whether each region is an object or not, and the regression
layer produces 4k corresponding to the four coordinates of each region. Following the
detection of all anchor boxes, the relevant region proposals are chosen by applying a

threshold to the objectness score. In essence, regions with an objectness score greater
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than a certain threshold are chosen and fed into the Fast R-CNN detector, along with a

convolutional feature map [17].

The region proposal step is almost free because RPN shares the CNN feature map with
the detection network [17]. Moreover, Faster R-CNN achieved state of the art accuracy
with an mAP score of 70.4% on the PASCAL VOC 2012 dataset, and an mAP score of
73.2% on the PASCAL VOC 2007 dataset [17].

2.1.12 Convolutional Neural Networks training procedure

Huge annotated images could be required for successful CNN network training to learn
different patterns, which could help the model to converge and predict well on unseen
data. Having well-annotated training data can help tune the initial weights by updating
their values in different layers while learning from the error and attempting to keep it as
small as possible. After that, we use the test set to perform evaluations. The network
adjusts the filter weights during the training process using a backpropagation algorithm.
Backpropagation consists primarily of four stages: forward pass, loss function calculation,
backward pass, and weight update. At the start of a training process, all weights are
randomly initialized.

The forward pass involves running an input image from the training set through the
network to generate an output. We use the predicted and generated outputs to calculate
the loss function. We determine which weights to adjust and how much to reduce the
loss function based on the loss function, and this stage is the "backward pass". Then, in
the final stage of the weight update, we take and update all the weights according to the

previous action. The following formula is used to update all of the weights:

w = wi — AdL/dW (2.1)

where w = New weight, wi = Initial weight,

A = Learning rate, dL./dW = Derivative of loss function

The parameter A is known as the learning rate. The user chooses the learning rate,
which is an essential part of the training process. Because the weights are randomized at
the start, the learning rate is usually kept high. A faster learning rate implies that the

model could converge or minimize the loss function in less time. One iteration of learning
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consists of the four steps listed above. We carry out a fixed number of training steps to
reduce the error function, which is the aim of the training process. The obtained model

is then evaluated using the test dataset.

2.1.13 Tensorflow Object Detection API

The TensorFlow Object Detection API [4] is an open-source framework and a method
for resolving object detection challenges [4], which offers easy-to-use pre-trained models
for object detection tasks. This API makes the training, evaluating, and deploying of
object detection models easier through available instructions and code examples for fine-
tuning models to tackle different object detection problems. TensorFlow can be used
for various purposes, but its main focus is deep neural network training and analysis.
It supports easy deployment on CPUs, GPUs, TPUs, and computational device clusters
and is designed for major platforms such as macOS, Windows, Linux, Android, and
iOS. Tensors, which are multidimensional typed arrays, form the basis of TensorFlow
computations. Mathematical operations are carried out at a tensor’s node, whereas
input-output operations are carried out on the tensor’s edges. We find in TensorFlow
Object detection API that different pre-trained models have been trained on different
datasets. We chose for our work Faster R-CNN with ResNet 101. The model was trained
using the COCO 2017 Dataset [13|, which consists of 2.5 million labelled instances in 328
000 images, containing 91 object types [13].

Tensorboard

TensorBoard is a TensorFlow visualisation tool used to inspect and analyse graphed
representations of how TensorFlow runs. Metrics such as mean Average Precision,
training loss, and evaluation loss are included in the visualisations. TensorBoard allows
to evaluation models performance through the time plane, making it easier to analyse
a model as it evolves. We can run the Tensorboard during the model training to check

whether the training is going correctly [4].

We use the command shown in Figure 2.1.11 to access Tensorboard from the terminal,

and an example from our work with Tensorboard is shown in Figure 2.1.12.
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Figure 2.1.11: Terminal command for Tensorboard

Figure 2.1.12: Tensorboard
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Related Work

3.1 Introduction

Object detection is a critical problem in computer vision, with applications ranging from
self-driving cars to security systems. Object detection attempts to locate and classify
objects in an image or video. Object classification, tracking, and localization are three
key research areas in object detection. In this literature review, we examined the state-
of-the-art methods for object detection inside refrigerator papers and their strengths and

limitations.

3.1.1 Smart Refrigerator inventory management using

convolutional Neural Networks

Tae-Ho Lee et al. [12] developed an automatic inventory management system for
intelligent refrigerators based on Deep Learning and Computer Vision. They divided
the work into object detection and object tracking. Tae-Ho Lee et al. used YOLOvV3 as
an object recognition model to recognize 25 types of objects, including various fruits
and drinks stored in the refrigerator. The system achieved an accuracy of 84.63%
for a range of test cases. The dataset consisted of a small set of manually labelled
images in combination with automatically generated images, using an automatic labelling
method based on object segmentation and augmentation. They consider the effects of
3-dimensional viewing angle and illumination when creating a training dataset to achieve
high accuracy in Deep Learning-based object detection. Wide-angle cameras mounted on

the side of the refrigerator enabled the detection and tracking of incoming and outgoing
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objects in a refrigerator with an additional camera to detect variations in objects inside
the refrigerator. By using multiple cameras, they found that object detection accuracy
has improved, which also helps solve the occlusion problem when objects are occluded

by human hands while moving.

3.1.2 Research on Food Recognition of Smart Refrigerator Based

on SSD Target Detection Algorithm

Gao et al. [7] investigated how to effectively and accurately identify the food inside
the refrigerator without opening the refrigerator. They compared popular algorithms
such as R-CNN, Fast-R-CNN, Faster-R-CNN, YOLO, and SSD. They concluded that
the SSD target detection algorithm is the most suitable for the current situation inside
the refrigerator. They found that SSD512 is better than SSD300 in detecting food inside
the refrigerator after performing a comparison test with the VOC2007 dataset. Based on
the experimental analysis, SSD512 performed better than SSD300 on target detection,
with an accuracy of 76.8% over 74.3%.

3.1.3 Object Detection in loT Based Smart Refrigerators Using
CNN

Ashwathan et al. [3] have developed an intelligent system that detects 14 items in the
fridge every time an object is placed or removed from the fridge and calculates their
quantity. The system also detects the presence of rotten fruits or vegetables inside the
refrigerator to avoid food wastage. This intelligent system notifies the user if any object
has run out of stock or has gone empty. The object detection module consists of the
PIR sensor and a Pi camera connected to the Raspberry Pi microcontroller. Whenever a
person opens the refrigerator, the PIR sensor detects motion and triggers the Pi camera
to take an image of the refrigerator’s contents. They used the YOLO model for the object

detection part, which performed well with an accuracy of 95%.

3.1.4 Object Detection and Recognition for Visually Impaired

Users: A Transfer Learning Approach

Wei-Cheng Won et al. [19] applied transfer learning to Single Shot Detector (SSD) and

Faster R-CNN pre-trained models to detect and recognise 40 classes of ordinary objects
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in their surroundings and then compared their performances. Faster R-CNN performed
better than the SSD model by achieving an mAP score of 0.8961 with an inference
time of 7.2 seconds, while the SSD achieved an mAP score of 0.5708 with an inference
time of 1.8 seconds. This work’s purpose is to make the navigation of visually impaired
people easier by identifying objects in their surroundings. Wei-Cheng Won et al. stated
that resizing the input images to a fixed size of 300*300 pixels improved the training
efficiency. Besides, applying dropout and data augmentation prevented the model from

overfitting.

3.1.5 Object detection in refrigerators using Tensorflow

Kirti Agarwal’s [1] dissertation focuses on detecting eight objects found within a
refrigerator. He employs the Tensorflow Object Detection API to train and evaluate
three models: SSD, Faster R-CNN, and R-FCN. He examines the models both as pre-
trained and as fine-tuned. The fine-tuning process utilized a training dataset for eight
food classes extracted from the ImageNet database. Faster R-CNN demonstrated the
highest performance on the test food dataset derived from the ImageNet database with
an mAP score of 81.74%, followed by R-FCN with an mAP of 80.33% and SSD with
an mAP of 76.39%. However, SSD required significantly less detection time than the
other two models; thus, Agarwal selected the SSD model for deploying object detection
on mobile devices, as he considered the speed of an object detector as a crucial aspect of

real-time applications.

3.1.6 End-to-End Airplane Detection Using Transfer Learning in

Remote Sensing Images

Zhong Chen et al. [6] developed an aeroplane detection algorithm based on a single
convolutional neural network through transfer learning. The aeroplane samples were
collected from Google Earth and manually annotated. In the test phase, Zhong Chen
et al. proposed a method for dealing with remote sensing images of large and different
sizes of input images, adding MultiBlock and MapBlock layers. A MultiBlock layer is
added before the input layer, and the MapBlock layer is added after the detection output
layer, which aims to effectively solve the problem of slight object loss caused by directly
resizing the image. The SSD method achieved an mAP of 86.28%. On the other side,
adding MultiBlock and MapBlock layers has improved the model accuracy to 96.23% on
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the test set.

3.1.7 Object Detection Using Deep CNNs Trained on Synthetic

Images

P.S. Rajpura et al. [16] applied transfer learning to a Fully Convolutional Network (FCN)
detector trained almost entirely on synthetic images for detecting packaged food products
clustered in refrigerator scenes. They analysed the influence of factors like training data
set size and 3D model dictionary size on the detection performance. They found that
CNN fully trained with 4000 synthetic images achieved a 24 mAP and underperformed
against one with 400 real images, which achieved a 28 mAP. However, adding 4000
synthetic images to the real dataset boosts the detection performance by 12% (achieved

36 mAP).

We have created Table 3.1.1 to provide a summary of the papers we reviewed. The table

is presented below:

3.2 Summary

This chapter summarises seven papers focusing on detecting objects inside refrigerators
and other related domains. Each paper uses different concepts and strategies and offers
new ideas. After reviewing the papers, the most used models for detecting objects in
fridges are the Faster R-CNN, SSD, and R-FCN. Most use the transfer learning concept
to fine-tune an existing, pre-trained model. In our work, we will use the Faster R-CNN
model to perform the detection task in our fridge. In the next chapter, we will go through

the necessary steps to develop and evaluate the object detection system.
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Year | Title Description Result
Target: Create a system in the refrigerator
to detect different products based on quantity and
food quality monitoring module using sensors
such as Pi Camera, PIR motion sensor,
2022 Object Detection in ToTBased Smart ultrasonic sensor, and gas sensor. Accuracy of YOLO:
Refrigerators Using CNN [3] 0
Models: YOLO
Datasets: Set of 500 images downloaded from Kaggle
Target: Use transfer learning on two pre-trained
models to detect and recognise 40 cla of
ordinary objects in surroundings and compare
the performance of the two models. The mAP of Faster R-CNN:
0.8961 with an inference time of
2021 Obj?ﬂ.t Detection arnfl Recognmon. for Visually Models: Single Shot Detector Mobilenet V1 (SSD) 7.2 seconds
Impaired Users: A Transfer Learning Approach [19] . . . .
and Faster Region-Convolutional Neural Network Inception V2
(Faster R-CNN) The mAP of SSD:
o 0.5708 with an inference time of 1.8 seconds
Datasets: The training included 29 object classes from the COCO
dataset + 11 additional classes.
Target: To detect food inside the refrigerator
.thmugh the SSD targo.t def(.‘(‘mon algorlthn?‘ which The mAP of SSD300:
is based on the regression of deep convolutional 0
74.3%
neural network
Research on Food Recognition of Smart
2019 | Refrigerator Based on SSD Target Detection
Algorithm [7] Models: SSD512 and SSD300
The mAP of SSD512:
0
Datasets: Source of experimental pictures and 76.8%
VOC2007 dat
Target: It focuses mainly on detecting eight objects The mAP of SSD-MobileNet-v2:
in a refrigerator by comparing three models and 76.39%
selecting the most suitable one for this problem.
. Lo . . The mAP of Faster R-CNN-ResNet-101:
2018 | Object detection in refrigerators using Tensorflow [1] Models: SSD-MobileNet-v2, Faster R-CNN-ResNet-101 81.74%
and R-FCN-ResNet-101
The mAP of R-FCN-ResNet-101:
Datasets: ImageNet 80.33%
Target: Use deep learning and transfer
roplanes OLE SCNSING TMAges. 86.28% with an average prediction time
513.76 ms for each image
2018 End-to-End Airplane Detection Using Models: SSD-VGG16 for the training phase and
Transfer Learning in Remote Sensing Images (6] add Multiblock and Mapblock layers for testing
phase The mAP after adding Multiblock and Mapblock layers:
96.23% with an average time 1934.63 ms
Datasets: Is collected from satellite images for each image
of the world’s top 30 airports in Google Earth
Target:Using transfer learning to train an object
detector almost entirely on synthetically rendered datasets
to detect packaged food in refrigerator scenes The mAP of the detector:
Object Detection Using Deep CNNs 24 on a test set with 55 distinct
2017 Trained on Synthetic Images [16] roducts as objects of interest
yrthetie fmages Models: Fully Convolutional Network Detector (FCN) products as objects 9 o
v and 17 distractor objects.
Datasets: ShapeNet Dataset
Target: Build a deep learning-based system for
object recognition and inventory management
Smart Refrigerator Inventory Management Using v . The mAP of the YOLOv3
2014 Convolutional Neural Networks [12] Models: YOLOv3 84.63% for a set of test cases
Datasets: Small set of manually labelled
images 4 automatically generated images

Table 3.1.1: Summary of the Literature Review
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Chapter 4

Implementation

This thesis aims to train and fine-tune one of the state-of-the-art object detectors,
specifically the Faster R-CNN, on a custom dataset. The objective is to test different
calibrations on the data to determine which approaches should be applied to detect four
classes of interest in different ways and at different positions. Additionally, the study
aims to investigate the ability of the Faster R-CNN to detect occluded objects and then
generalize to detect more classes in future work. This chapter describes the dataset used
in the research and the required pre-processing steps. The object detection model (Faster
R-CNN) pre-trained in Tensorflow is then fine-tuned. Finally, we describe the evaluation

metrics used in this study to objectively measure our model’s performance.

4.1 Data Collection and Preprocessing

Training deep convolutional neural networks (CNN) is challenging in computer vision
because it requires collecting many labelled training images to train image classifiers and
object detectors. Moreover, training an object detection model from scratch requires
a lot of GPUs and a huge number of labelled images, and it is also time-consuming.
In this thesis, we fine-tuned a pre-trained object detection model from the TensorFlow
2 Detection Model Zoo !, trained initially on the COCO 2017 dataset. Our goal is
to detect four objects, namely, a bell pepper, butter, tomato, and carrot, on the top
shelf of our refrigerator. The raw data consisted of frames extracted from the video

footage of our refrigerator. Many pictures were included in different ways and positions

Thttps://github.com/tensorflow /models/blob /master /research /object _detection/g3doc/tf2
detection zoo.md
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Figure 4.0.1: Implementation of the Object Detector Training and Evaluation Process
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to investigate the effects of specific factors, such as the color and shape of the object
classes. The training data was taken with our camera phone and consisted of refrigerator
images for each object class. The test data consists of refrigerator frames with all four
objects combined in different positions and ways on the upper shelf to ensure the test
datas independence from the training data. The final data consisted of 400 training data
images and 100 test data images, and we pre-processed the gathered datasets for training

and testing purposes as follows:

e Resizing of images: We created an automated script to resize the images of the
training and test datasets to a width of 400 and a height of 640 using the OpenCV
library cv2.resize, which gave good results in detecting the objects in the test

dataset.

e Annotation of Datasets: We annotated around 1200 images and kept the best 500
for training and testing purposes. The annotation part of the manual labeling
of images required significant time and effort. We employed "Labellmg" for
annotating the graphical images. This tool, based on Python, facilitates the
labelling process through bounding box coordinates, which are then saved in either

PASCAL VOC or YOLO format. Our work utilized the PASCAL VOC format to

maintain the annotations via Labellmg.

e Create training and test dataset: After completing the annotation process, we

divided the dataset into two sets: the training dataset and the test dataset.

e Create TFRecords: To fine-tune a pre-trained TensorFlow object detection model,
we must convert the training and test datasets into a TF Record format using a
ready-made Python script, generate tfrecord.py. TFRecord is a commonly utilized
format by TensorFlow for training object detection models. The original training
and testing datasets were in XML file format, which were then transformed into

the TFRecord format using the following Python command:

python generate_tfrecord.py
—x path/to/train(test)_labels.xml
—1 path/to/label_map.pbtxt

—o0 path/to/train(test).record

Following the execution of the code shown above, two new files should be created
and saved under the output paths specified in the script: "path/to/train.record”
and "path/to/test.record", respectively.
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4.2 Configuration of a Training Job

After reviewing much research literature, we decided to go with the Faster R-CNN with
ResNet-101 model since it is the most accurate model based on the comparison results
obtained in the literature review made by Agarwal [1] between SSD with MobileNet-
v2, Faster R-CNN with ResNet-101, and R-FCN with ResNet-101. Thus, we decided
to work on this model and extract some factors that could affect the model’s accuracy
and performance, which could be helpful for future work to consider those factors while
performing object detection tasks.

After implementing all the steps above, the next step would be starting the fine-tuning
process of the faster rcnn resnet101 vl 640%640 cocol7 model, which provides a

relatively good performance in detecting objects in the COCO 2017 dataset.

4.2.1 Download Pre-trained Model

The pre-trained Faster R-CNN with ResNet-101 model is available in the TensorFlow 2
Detection Model Zoo, where it can be downloaded. The download in the format *.tar.gz
should begin by clicking on the model’s name. After completing the download step, we
opened it with a decompression program (we used WinZip). After that, we opened the
* tar folder that should be visible when we opened the compressed folder and extracted
its contents into the training demo/pre-trained models folder. Because we downloaded

the Faster R-CNN model, the training demo directory should now look as follows:

training_demo/
-- pre-trained-models/
-- faster_rcnn_resnetl0l_v1 640x640_cocol7_tpu-8/
- checkpoint
- saved_model

- pipeline.config

4.2.2 Training pipeline configuration

We now need to create a new directory for the training job, which we named
my _faster rcnn_resnetl01 under the training demo/models path. We copy the
pipeline.config file from the pre-trained-models directory and paste it inside the newly

created model directory. The model’s directory should look like this:

training_demo/
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- models/
- my_faster_rcnn_resnetl101/

- pipeline.config

After this step, we implemented the changes shown in Figure 4.2.1 on the pipeline.config
file, which is the basis of our fine-tuning. Afterwards, we could start the training job on

our custom-gathered fridge dataset.

4.2.3 Training the model

The model requires the model _main_tf2.py ? file in the training _demo/ directory. Next,

we need to run the following script to be able to initiate the training of our model:

python model_main_t£f2.py

3 —model_dir=/.../training_demo/models/my_faster_rcnn_resnetl01

1

5 —pipeline_config_path=/.../my_faster_rcnn_resnetl01/pipeline.config

The script includes the pipeline.config file and the model directory created for

my faster rcnn resnet101.
Once the training is successfully started, it will look similar to Figure 4.2.2.

Utilizing the computational resources of a Denethor, an Ubuntu-based computer
equipped with a powerful NVIDIA Corporation GV100 [TITANV]| graphics card located
within the FORWISS sub-network provided by the University of Passau, significantly
reduced the training time of a Faster R-CNN model, with a typical training duration of 45
minutes and 28 seconds. However, various factors such as the hardware’s computational
power, the utilization of a Tensorflow GPU or CPU, the complexity of the objects to be

detected, and other considerations, may affect the training time.

4.3 Evaluation of the model

Periodically, checkpoint files were generated within the training directory, which served as

snapshots of the model’s state at various stages of the training process. These checkpoint

2https:
//github.com/tensorflow /models/blob /master /research/object _detection/model main tf2.py
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files were subsequently employed in the evaluation phase to determine the model’s
proficiency in detecting objects within the test dataset. The evaluation outcomes were
subsequently encapsulated in metrics that allow for the monitoring of progress over time.

To achieve our objectives, we had to undertake the following evaluation procedure:

e We must install and download the desired metric, as well as install the pycocotools
package, which is a dependency of the Object Detection API, and place it in the

/.../models /research directory using the following command:

e We need to acquire the desired metric and install the pycocotools package, which
is a dependency of the Object Detection API. This should be done by placing the

package in the /.../models/research directory and using the command:

I git clone https://github.com/cocodataset/cocoapi.git
2 cd cocoapi/PythonAPI
make

cp —r pycocotools <PATH_TO_TF>/TensorFlow/models/research/

e We need to set metrics _set to "coco detection metrics" in the pipeline.config file,

as shown in Figure 4.3.1

e We run after that the following script to start the evaluation process:

| python model_main_tf2.py
2 —model_dir=models/my_faster_rcnn
3 —pipeline_config_path=models/my_faster_rcnn/pipeline.config

——checkpoint_dir=models/my_faster_rcnn

During the evaluation process, the system will continually monitor the most recent
models/my faster renn resnet101/ckpt-* checkpoint files with a default interval of 300
seconds, to assess the performance of the model. The results will be saved as TF event
files (events.out.tfevents.*) in the models/my faster renn resnet101/eval 0 directory.
These files can be utilized to analyze the computed metrics, as outlined in the subsequent

section.

4.3.1 Visualize results using Tensorboard

TensorFlow provides an efficient mechanism for monitoring and visualizing various

training and evaluation metrics during our model’s training. As previously discussed,
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Tensorboard is the tool that enables this functionality. To evaluate the performance of
our model during the evaluation phase, we can utilize the following steps: Navigate to

the Eval file directory and execute the command shown in Figure 4.3.2.

This will initiate Tensorboard in the current directory. The results of this action are

depicted in Figure 4.3.3 and will display the contents of the eval file directory.

Then, open a browser and type http://localhost:6006/ in the address bar. A dashboard

will be displayed, similar to the one shown in Figure 4.3.4 below.

4.4 Evaluation metrics

Object detection involves identifying target objects within an image or video by localizing
them and drawing bounding boxes around them. Several metrics can be used to evaluate
the performance of an object detector. One of the most common is average precision
(AP). In our work, we used mean average precision (mAP) and average recall (AR) to

assess the performance of our model.

The confusion matrix table, shown in Figure 4.4.1, is commonly used to assess the
performance of a classification algorithm. However, in the object detection domain,
we could use the confusion matrix to compute various evaluation metrics, such as
precision and recall. We will go over the elements of the confusion matrix and their

definitions:

e True positives (TP): The object detector could correctly detect an object in the

image and surround it with a bounding box.

e True negatives (TN): These are the instances where the object detector correctly
identified the absence of an object in the image and did not place a bounding box
around it. Regardless, this does not apply because we have infinite bounding boxes

that should not be detected within any given image. [14]

e False positives (FP): These are instances where the object detector incorrectly
identified the presence of an object in the image and surrounded it with a bounding

box.

e False negatives (FN): These are cases where the object detector incorrectly
identified the absence of an object in an image and failed to draw a bounding

box around it.
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441 Precision

Precision is the percentage of correct positive predictions made out of all predictions. In
other words, the model’s ability to identify only relevant objects. [14]

The following equation expresses the definition of precision:

TP B TP
TP+ FP  all detections

Precision = (4.1)

44.2 Recall

It is the fraction of objects of interest detected by the system out of the total number
of objects of interest in the image or video. For example, if an object detection system
detects 50 out of 100 objects of interest, the recall is 50/100 = 0.5. [14]

The equation for the recall is as follows:

TP TP

Recall = -
AT TP FN ~ all ground truths

(4.2)

Precision and recall are important metrics for evaluating the performance of object
detection models. When one of these metrics improves, the other tends to decrease.
For instance, a model with a higher detection threshold will have fewer false positive
detections but will also retrieve fewer accurate positive detections. So, as the threshold
increases, precision will improve while recall decreases. In any application, it is necessary
to find a balance between precision and recall that meets the application’s specific needs.

In our case, having fewer false positives and, thus, higher precision is essential.

4.4.3 Intersection Over Union (loU)

IoU (Intersection over Union) is a metric used to evaluate the performance of object
detectors. It represents the degree of overlap between the predicted bounding box and
the actual ground truth region, assessing the prediction’s accuracy. The IoU score is

calculated using the following formula:

A 1 '
ol — reao f Intersection(Overlap)

(4.3)

AreaofUnion

Figure 4.4.2 displays the calculation of the IoU score between two bounding boxes, the

predicted and the ground truth. This score is obtained by estimating the areas of both the
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overlap and union of the bounding boxes. A high IoU score, approaching 1, demonstrates
a significant overlap between the two bounding boxes, while a low IoU score, near 0,

suggests limited overlap.

4.4.4 Average Recall (AR)

The average recall measures a system’s ability to detect objects of interest in an image
or video. It is defined as the average of all recall rates in a dataset across all objects of
interest. The average recall is often used with other evaluation metrics, such as precision
and the F1 score, to understand a model’s performance better. It is beneficial when
working with imbalanced datasets, where some classes have significantly more instances
than others. By calculating the average recall across all classes, we can see how well the
model can detect instances of all classes rather than just the most commonly occurring

ones.

4.4.5 Recall-Precision curve

The recall-precision curve is a graphical representation of a model’s precision at various
levels of recall. It is created by plotting the precision of the model on the y-axis and
the recall on the x-axis. The curve is generated by varying the decision threshold for
making positive predictions and calculating each threshold’s precision and recall values.
A recall-precision curve is a helpful tool for evaluating the trade-off between precision

and recall and for selecting the best model for a given application.

4.4.6 Average Precision

Average precision (AP) is a metric used to evaluate the accuracy of object detection
models. It is calculated by first generating a precision-recall curve, which plots the
precision (the proportion of true positive detections among all positive detections) against
the recall (the proportion of true positive detections among all actual positive instances
in the dataset). The average precision is then computed by taking the area under this
curve and dividing it by the total number of recall levels. The mathematical expression

for average precision (AP) is as follows:

AP = Z(precisz’on(r) — precision(r — 1)) x recall(r)

r
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where precision(r) is the precision at recall level r, and precision(r — 1) is the precision
at the previous recall level (r — 1). This equation sums the precision values at different
recall levels and multiplies them by the corresponding recall values to calculate the area
under the curve. The AP is then calculated by dividing this value by the total number

of recall levels.

In object detection tasks, the AP is often used to evaluate the performance of a model on
a particular class or set of classes, and the mean average precision (mAP) is calculated

as the mean of the AP values for all classes being evaluated.

On the other hand, average recall is a metric that measures the proportion of true positive
detections among all actual positive instances. It is calculated by taking the average recall
values for all food categories separately. A high average recall value indicates that the
object detection system is able to accurately identify a large proportion of the actual

positive instances across all food categories.

4.4.7 Mean Average Precision (mAP)

The mean average precision (mAP) is a metric used to evaluate the accuracy of object
detection models. It is calculated by taking the average precision of all object classes
being evaluated, where precision is the area under the precision-recall curve for each
class. The mean average precision is then calculated by taking the mean of the average

precision values for all classes.

M
1
mAP = N;APj, (8)

AP; represents the AP in the jth class, and M represents the total number of classes being
evaluated. Average precision is the area under the recall-precision curve for each object
class. In object detection tasks, the mAP is often used as a benchmark to compare the
performance of different models and to select the model that performs the best. Mean
average precision (mAP) is a metric that summarizes the overall performance of the
system by averaging the average precision values for each object category. It takes into
account both precision and recall and provides a single number that summarizes the
performance of the system across all object categories. A high mAP value indicates that
the system is able to accurately identify a large proportion of objects across all categories

while maintaining a high level of precision.
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4.4.8 Relation between mAP and AR

In general, mAP and average recall are related but measure different aspects of the
system’s performance. mAP considers the trade-off between precision and recall, while
average recall focuses on the proportion of true positive detections among all actual

positive instances.

When analyzing the results according to mAP and average recall (AR), it is essential
to look at both metrics and consider their relationship. A high mAP value and a high
average recall value generally indicate that the system is performing well overall and can
accurately identify a large proportion of objects across all categories while maintaining
a considers both precision and recall and providing a single number that summarizes the
system’s performance of its performance. For example, suppose mAP is high, but average
recall can be that case, the system can identify a large proportion of objects across all

categories with high precision but struggles to identify all actual positive instances.

In summary, mean average precision (mAP) and average recall (AR) are both metrics
used to evaluate the performance of object detection systems. They measure different
aspects of the system’s performance. A high mAP value and a high average recall
value generally indicate that the system is performing well overall and can accurately
identify a large proportion of objects across all categories while maintaining a high level
of precision. Analyzing the results separately for each food category could help identify
which categories the system is performing well in and which categories it is struggling

with.

4.5 Summary

This chapter discussed using Tensorflow to implement object detection inside our
refrigerator. We described collecting and preprocessing data specifically tailored to our
needs. We explained the method for fine-tuning a pre-trained model, specifically the
Faster-RCNN-ResNet101 model, using the Tensorflow object detection API. We also
explored various configuration settings for fine-tuning this model. Finally, we covered
the evaluation metrics used in the current study to assess the performance of our object
detection models. The following chapter will further evaluate our object detection model

using these metrics.
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1 model {
2 faster_rcnn {

3 num_classes: 4 # Number of classes set to 4

8 train_config: {
9 batch_size: 1 # batch_size set to 1
10 sync_replicas: true

11 startup_delay_steps: 0

14 fine_tune_checkpoint_version: V2

15 fine_tune_checkpoint: "/home/bokhari/customod/TensorFlow/workspace/training_demo/pre—trained
—models/faster_rcnn_resnetl01_v1_640x640_cocol7_tpu—38/checkpoint/ckpt—0" # Updated path

16 fine_tune_checkpoint_type: "detection" # set to detection

17 data_augmentation_options {

18 random_horizontal_flip {
19 }
20 }

]

2 train_input_reader: {

N

label_map_path: "/home/bokhari/customod/TensorFlow/workspace/training_demo/annotations/
label_map.pbtxt" # Define label_map_path to our path

24 tf_record_input_reader {

25 input_path: "/home/bokhari/customod/TensorFlow/workspace/training_demo/annotations/train.
record"” # Give train.record path

26 }

27 }

28 eval_config: {

29 metrics_set: "coco_detection_metrics" # Used metrics_set

30

31}

33 eval_input_reader: {

34 label_map_path: "/home/bokhari/customod/TensorFlow/workspace/training_demo/annotations/
label_map.pbtxt" # Give the label_map_path for the evaluation step

35 shuffle: false

36 num_epochs: 1

37 tf_record_input_reader {

38 input_path: "/home/bokhari/customod/TensorFlow/workspace/training_demo/annotations/test.
record"” # Provide the test.record path for the evaluation step

39 }

40 }

Figure 4.2.1: Modifications to the Configuration: An Overview of the Config File Changes
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Figure 4.2.2: Two start training examples

eval_input_reader: {

label_map_path:

shuffle: false

num_epochs: 1

tf_record_input_reader {
input_path:

Figure 4.3.1: Metric used in our work

PS D:\FOlder_thesis\02_07_2022\eval> tensorboard

Figure 4.3.2: Command line for starting Tensorboard
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Figure 4.3.3: Results of running the command

Figure 4.3.4: Tensorboard dashboard example

Figure 4.4.1: Confusion Matrix

Figure 4.4.2: Areas of intersection and union
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Results

This chapter presents the results and discusses the performance of the fine-tuned object
detector Faster R-CNN using the metrics mean average precision (mAP) and average
recall (AR). We used two datasets gathered from different refrigerators under different
conditions to train the Faster R-CNN object detection model. We used the TensorFlow
Object Detection API ! to train the model. Furthermore, we did the evaluation using
several test datasets that were independent of the training dataset. We compared the
detector’s accuracy between the two datasets. Moreover, we assessed how well the
detector could detect the four objects of interest on the top shelf of the refrigerator.
We focused our research on various factors that address the dataset’s quality and could
affect the performance of an object detector based on related work gathered during the
literature study. We applied those factors during the conduction of the research. Before
starting the training phase, we had to prepare the datasets. The TensorFlow Object
Detection API expects inputs to be in the TFRecord format. During preparation, we
converted the datasets to the correct format, and specific modifications were made and

explained in the previous section.

5.1 Data Preparation

We collected the dataset for this research by taking photos inside two different fridges
under different conditions with our mobile phone camera. We created a Python script
that helped us save frames from the video recordings inside our fridges to generalize

more images and capture the objects from different angles. Furthermore, we also did the

Thttps://github.com /tensorflow /models/tree /master /research /object _detection
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annotation manually, which was time-consuming and laborious.

5.1.1 Description of the first dataset

Figure 5.1.1: Training butter pictures examples from the first refrigerator

The first fridge was a small one inside a closed kitchen with poor luminosity conditions,
thus leading to poor-quality images (see Figure 5.1.1). Some of the first dataset’s
characteristics include insufficient image variety per class and unbalanced training
data. We took pictures for each object class, and in the test set, we combined the
objects. Finally, we converted the images and their corresponding labels to TFRecord

format.

5.1.2 Description of the second dataset

Figure 5.1.2: Training butter pictures examples from the second refrigerator

The second refrigerator was more oversized with better lighting conditions (see Figure
5.1.2), thus leading to better-quality images. In the training collection, we took various
photos from different angles, far from and close to the fridge, for each class. In the test set,

we combined the objects in different manners and orders to guarantee the independence
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of the training dataset from the test dataset. We also converted the images and their

corresponding labels to TFRecord format.

We summarized the comparison between the two datasets in Table 5.1.1. We addressed

the significant differences between the two datasets and evaluated both to see if the

differences could have a significant impact on object detector accuracy.

Table 5.1.1: Comparison between datasets

First Dataset

Second Dataset

Training data of low quality

Better quality of training data

The luminosity was low

Better lighting conditions

Lack of variety of images per class

Variety of training data

Unbalanced number of training data

Balanced training data

The pictures were taken from the same
distance from the refrigerator

Several Angle and distances to the

refrigerator when taking pictures

5.1.3 Chosen Parameter

Agarwal [1]| concluded after comparing the model’s accuracy before and after changing

the configuration file parameters that the default configuration gives higher mAP values

in all cases. Hence, we chose to use the default configuration of the Faster R-CNN model

in our work. We only made some custom changes to the configuration to make the model

fit our purposes. All the performance results of the Faster R-CNN model were visualized

under the following updated configuration:

The number of classes is four, used for our model

Batch size: 1

We kept the learning rate: 0.04

We kept aspect_ratios as in default configuration:

Number of steps used is 25.000

[0.5, 1.0, 2.0]

We updated the fine_tune_checkpoint to our path

We set fine_tune_checkpoint_type to detection

We updated the label_map_path to /home/bokhari/customod/TensorFlow/workspace/
training_demo/annotations/label_map.pbtxt

We set the input path input_path for the training to /home/bokhari/customod/
TensorFlow/workspace/training_demo/annotations/train.record

We set the input path input_path for the evaluation to /home/bokhari/customod/

TensorFlow/workspace/training_demo/annotations/test.record

Listing 5.1: Modifications to the Configuration File
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Previous studies in object detection inside refrigerators have primarily concentrated on
evaluating the performance of various models and determining the optimal model for a
specific dataset. In contrast, our research took a different approach by focusing on the
dataset. We examined the significance of dataset quality and aimed to identify critical
factors that impact the model’s accuracy. Our study aimed to gain insights into the
conditions and factors essential to enhance the performance of object detection inside

fridges, ultimately leading to better optimization of the object detection process.

Figure 5.1.3: Comparison example between the two fridges

Figure 5.1.3 shows the difference in image quality between the two, which was critical in

improving the model’s accuracy.

5.2 Results from training the model with the first
dataset and testing it with images from the first
fridge

Tables 5.2.1 and 5.2.2 presents the results of the object detection model for detecting
four objects of interest inside our fridge. By utilizing the first dataset to train the model
and evaluating its performance using test images from the same dataset. The tables show
the results of the model at various intersection over union (IOU) thresholds, after 25,000

training iterations.

Table 5.2.1 includes the mean average precision (mAP) metric, as well as the mAP
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mAP | mAP@.50I0U | mAP@.75I0U
0.2877 0.5408 0.2739

Fine-tuned

(25k)

Table 5.2.1: Mean Average Precision values

at different intersection over union (IOU) thresholds, specifically mAP@.50I0U and
mAP@.75I0U. These metrics measure the model’s ability to detect the objects of interest
within the fridge accurately. The mAP metric is a general indicator of the model’s
performance, while mAP@.50I0U and mAP@.75I0U specifically measure the model’s
performance at IOU thresholds of 50% and 75%, respectively. Unfortunately, the results
are inadequate, with an mAP of only 28%. This indicates that the model is not

performing well in detecting the objects of interest in the fridge.

AR@1 | AR@10 | AR@100
0.2688 | 0.3688 | 0.3812

Fine-tuned
(25k)

Table 5.2.2: Average Recall values

Table 5.2.2 includes the Average Recall (AR) metric at different levels of recall, specifically
AR@1, AR@Q10 and AR@100. These metrics measure the model’s ability to accurately
detect the objects of interest within the fridge. The ARQ1 metric reports the average
recall when only considering the top detection, AR@10 reports the average recall when
considering the top 10 detections and AR@100 reports the average recall when considering
the top 100 detections. The results presented in the table indicate a relatively low value
for the recall metric, suggesting that the object detection model is encountering difficulty
in accurately identifying a substantial proportion of the objects of interest within the

fridge.

Figure 5.2.1 shows how the detector could not detect the butter but could detect the
carrot with 99% and 76% accuracy, even if it was not an image with a complicated
background or with several objects. It shows that the model needed to be trained better
using the images from the first dataset by adding more images for the carrot class to
balance between the carrot and butter classes or by adding various images from different

angles and positions.

Figure 5.2.2 shows that the model could only detect the butter class this time and not

the carrot.
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Figure 5.2.1: Results show how the model could detect only the carrot with different
accuracy values

Figure 5.2.3 shows how the model could not detect either of the two objects (carrot and
butter), although the detector could detect the carrot, as shown in Figure 5.2.1 and the
butter only in Figure 5.2.2.

5.2.1 Summary

The results show that the model could recognize the two objects separately, i.e., once it

recognized the carrot class but not the butter class.

In some cases, it could recognize the butter but not the carrot, and sometimes it could
recognize neither object. Several factors played a crucial role in the models recognition

ability.

The quality of the training dataset, the shooting angle of the photos, the diversity of the

dataset, the distance to the refrigerator, and the position of the photos could all have a
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Figure 5.2.2: The results show how the model was able to detect only the butter

Figure 5.2.3: The results show how the model was unable to detect any object

significant impact on the models ability to generalize well and accurately recognize both

classes simultaneously for different test examples.

5.3 Results from training the model with the first
dataset and testing it with images from the second
fridge

Tables 5.3.1 and 5.3.2 present the results of evaluating the object detection model’s
performance, obtained by training the model with the first dataset and subsequently

testing it using images from a separate, second dataset.
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mAP

mAP@.50I0U

mAPQ@.7510U

Fine-tuned

(25K) 0.337

0.4591

0.3974

Table 5.3.1: Mean Average Precision values

Table 5.3.1 demonstrates the results of the object detection models performance, which

has shown a slight improvement with a mean average precision (mAP) value of 33.7%.

The improved results are attributed to the fact that the testing data of the second fridge

was obtained under more favorable conditions, resulting in higher image quality. This,

in turn, has led to more accurate detection of objects of interest within the fridge

AR@1

AR@10

AR@100

Fine-tuned
(25k)

0.3829

0.5147

0.5147

Table 5.3.2: Average Recall values

Table 5.3.2 illustrates that the values for the average recall metric have also exhibited an

improvement.

Figure 5.3.1: The model could not detect any of the target classes

As shown in Figure 5.3.1, the model could not detect any object classes in the new

fridge after training with the first dataset with low-quality data. As a result, the model

performed poorly in the test dataset, failing to detect any of the target classes.
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Figure 5.3.2: The model mixed up pepper and tomato

Figure 5.3.2 shows how the model falsely predicts the bell pepper as a tomato. This could
be because of the similarity in shape and color since the red pepper had approximately
the same shape as the tomato in the image and the same color. So, the model could not
make a difference between the two classes. This problem could be addressed by taking
more pictures of the red pepper class from different angles and positions to guarantee

that the model learned more and overcame this issue.

Figure 5.3.3 shows two occluded objects, the bell pepper and tomato, with an additional
carrot. The model could not detect the carrot and considered the red pepper and the

tomato as one class (tomato).

Figure 5.3.4 contains three objects, the model mispredicted the bell pepper and

considered as a tomato. The model couldn’t detect the tomato and the carrot class

5.3.1 Summary

Training the model with the first dataset of low-quality images led to a poor job of
detecting objects in the new fridge. The model failed to detect the carrot in most cases
and repeatedly mistook the red pepper for a tomato, it also performed poorly in the

occlusion problem.
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Figure 5.3.3: The model did not do perform well in the occlusion problem

5.4 Results from training the model with 50 images pro

class

Tables 5.4.1 and 5.4.2 demonstrate the outcome of assessing the model following the
utilization of 50 images per class from the second dataset and evaluating it with images

sourced from the same refrigerator.

mAP | mAP@.50I0U | mAPQ@.7510U
0.5219 0.7656 0.6558

Fine-tuned
(25k)

Table 5.4.1: Performance Evaluation of the Model: mAP, mAP@.50I0U and
mAPQ.75I0U Results values

It is observed from Table 5.4.1 that the performance has improved in comparison to

previous cases, and the mean average precision (mAP) has increased to 52%.

AR@1 | AR@Q10 | AR@100
0.5004 | 0.7138 | 0.7163

Fine-tuned

(25k)

Table 5.4.2: Performance Evaluation of the Model: Average Recall values

Table 5.4.2 indicates that the average recall values have increased, which implies that the
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Figure 5.3.4: The model could not detect the carrot and the tomato and falsely predicted
the red pepper

model has shown enhancement in identifying the objects of interest.

Figure 5.4.1 shows that the model could detect the yellow pepper and the carrot but
could not detect the tomato and the butter.

Figure 5.4.2 shows how the model mixed up the three peppers with the tomatoes, even

though the peppers have different shapes and colors.

Figure 5.4.3 shows how the model correctly detected the butter class but misclassified

the yellow and orange peppers as tomatoes.

Figure 5.4.4 shows how the model correctly detected the butter and carrot objects but

confused the yellow pepper and tomato objects again.

We have changed the order of the objects and put the yellow pepper in the left position,
as shown in Figure 5.4.5. The model did not detect the yellow pepper correctly and
considered it again as a tomato, but he could detect the carrot and the butter classes

correctly.

We finally put the yellow pepper in the middle, as shown in Figure 5.4.6. The model
considered the yellow pepper like a tomato and detected the carrot and butter objects

well.
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Figure 5.4.1: The result shows the model detecting only pepper and carrot

5.4.1 Summary

The detector performed admirably in detecting carrot, butter, and tomato objects, with
only a few instances where the model failed to recognize the butter and tomato. However,
it misidentified the bell pepper class and became confused between the tomato and the

bell pepper.

5.5 Results from training the model with around 100

images pro class

Tables 5.5.1 and 5.5.2 present the outcome following the expansion of the training dataset
from 50 images per class to 100, and the subsequent training of the model with the

augmented dataset.

mAP | mAPQ@.50I0U | mAP@.75I0U
0.6106 0.8606 0.6558

Fine-tuned

(25k)

Table 5.5.1: Mean Average Precision values

Table 5.5.1 demonstrates that the expansion of the training dataset yields a notable

enhancement in accuracy, as evidenced by an 11% increase in mAP.
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Figure 5.4.2: The result shows the model detecting the three peppers as tomatoes

AR@1 | AR@10 | AR@100
0.6494 | 0.7244 | 0.7244

Fine-tuned
(25k)

Table 5.5.2: Average Recall values

Table 5.5.2 illustrates that the expansion of the training dataset also results in an
improvement in average recall values, indicating that the model now exhibits superior

object detection capabilities as compared to its previous performance.

Figure 5.5.1 shows that the model could detect the three objects successfully. The model
could detect the red bell pepper successfully. The model could overcome the problem
of confusion between the bell pepper and tomato classes. This issue was addressed by
increasing the number of images per class and providing more training images for the

bell pepper class.

Figure 5.5.2 shows how the model did well in detecting the carrot, tomato, and one red
pepper, but it could not detect the red bell pepper on the left side and considered it a

tomato.

Figure 5.5.3 shows that the model could detect the three objects correctly. The model
predicted the yellow bell pepper correctly this time and did not consider it a tomato like

in the previous test.

We switched the positions between the butter and the carrot, as shown in Figure 5.5.4.
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Figure 5.4.3: The result shows the model detecting the two peppers as tomatoes
The model did not get confused and detected the three objects correctly, which is a good
sign of the model’s ability to generate nicely.

This time, the model predicted the red bell pepper correctly. The previous tests confused
the red bell pepper shown in the middle of Figure 5.5.5 with a tomato. The model

detected and predicted the tomato and carrot classes correctly.

The model considered the red bell pepper and the tomato as one object class (in this case,
the red bell pepper), which is the foreground class, as shown in Figure 5.5.6. However,

the model could detect the carrot correctly.

The model treated the occluded objects, butter and tomato, as a single object and

assigned them the label Butter class, as shown in Figure 5.5.7.

The model could detect the carrot correctly but could not detect the red bell pepper this

time.

5.5.1 summary

Increasing the number of training images for each class improved detection performance

and assisted the model in overcoming the tomato-bell pepper confusion problem.

The model could now do better at detecting the combined objects. The model took the

foreground class as the predicted class in the case of an occlusion problem, as we saw in
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Figure 5.4.4: The result shows the model detecting the pepper as a tomato and correctly
detecting the other classes

Figures 5.5.6 and 5.5.7.
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Figure 5.4.5: The result after changing the yellow pepper to the left position

Figure 5.4.6: Putting the yellow pepper in the middle this time
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Figure 5.5.1: The model detected successfully the three objects

Figure 5.5.2: The model confused the red pepper as tomato
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Figure 5.5.3: The model made good predictions

Figure 5.5.4: The result after switching positions between the butter and carrot
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Figure 5.5.5: Some results example

Figure 5.5.6: first example of occlusion
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Figure 5.5.7: second example of occlusion
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Discussion

Table 6.0.1: A comparison of how well the model performed on the two datasets

Performance of the model in the first

Dataset

Performance of the model in the second
Dataset

The model performed poorly in recognizing
object classes on the test data

The model performed well in recognizing
object classes on the test data

The model’s accuracy was poor.

The model’s accuracy has improved.

The model needs to be improved on classes
with similar shapes and colors.

The model could solve the issue of object
confusion caused by similar shapes and
colors.

The model was unable to detect the objects
when they were combined.

The model performed well in detecting the
objects when they were combined.

In this section, we discuss the performance results of the Faster R-CNN on the two

datasets. In Table 6.0.1, we summarized the critical points of the differences in how the

model performed while training it on the first and second datasets.

After reviewing several related papers, we chose the Faster R-CNN model for our study

since it successfully detected contents inside the fridge. It was pre-trained on the COCO

2017 dataset. Thus, choosing a suitable model for a specific problem could be critical, as

not all models perform well on a specific issue.

After doing experimental research on fine-tuning and training the model on two different

datasets, we found that several factors could be crucial in affecting the model’s

performance.

We collected the first dataset from a small fridge with poor lighting and did not take

photos of the objects from various angles and positions. We also ignored the fact that
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the distance from the fridge, no matter how far or close, should affect the detector’s
performance. As we can see in the results section, the model struggled to detect the
objects when they were combined and became confused several times between the bell
pepper and the tomato. This confusion was caused by the tomato’s and bell pepper’s
similar shapes and colors. The model predicted the bell pepper as a tomato because the
dataset was also unbalanced, as we had more images of a tomato in training than a bell

pepper. Hence, the model has always considered the bell pepper a tomato.

We conclude from analyzing the first dataset that the dataset’s quality and variety play

a vital role in improving the detection ability of the object detector.

We have improved the quality of the second dataset by taking photos from a bigger,
brighter fridge in another kitchen. We also considered that the dataset varied and was
balanced, so we conducted an experiment in which we took 50 photos for each class,
and the results were better than in the first refrigerator. We trained the model with
photos taken from different angles and positions. We have improved the luminosity, thus
improving the quality of the dataset. We took photos from various distances away and
close to the fridge to help the model in the test dataset generalize better when detecting
the combined objects. This led to better results, but the number of training images for
each class needed to be increased to ensure better model performance. Because The
model sometimes stuck between the bell pepper and the tomato and could not detect

some objects.

We then took around 100 images per class, which led to good results and allowed the
model to overcome the confusion between the objects. Furthermore, the object detector
was capable of detecting combined objects reasonably well. Only in a few cases did the
object detector predict incorrectly, but expanding the dataset would improve detection

even more.

In our experimental research, we faced the problem of occlusion between objects. We
noticed from the results that the model predicted the foreground class as the dominant
class and considered the occluded objects as one object. The model could not detect the
object in the background, and due to the limitations of our work, we did not address the

occlusion issue.
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Summary

We concluded that the following factors could play an essential role in improving the

detection performance of an object detector:
e The dataset quality
e Light conditions

e Variety of training data, including shooting from different angles and positions,

from different distances to the fridge
e Balanced training data

The Faster R-CNN model did pretty well in detecting the target objects, and the better
the quality and variety of the dataset, the better performance of the object detector
in detecting the target objects. Increasing the number of images per class leads to
better results. The optimal number of training images per class would be around 200
to 250 images class to achieve perfect results. However, in the limitation of our work,
we trained our model with around 100 images per class, which gave good results in
detecting four objects inside our refrigerator. Another limitation of our work is that the
model considers the two occluded objects as one. The front object class is considered the
predicted class for the two objects, and the model could not recognize the hidden object

on the backside.
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Conclusions

In conclusion, this thesis has presented a novel approach to content detection inside
fridges using deep learning techniques. We focused on investigating the factors that play
an important role in content recognition in the refrigerator. We limited our research to the
detection of four target objects on the top shelf of our refrigerator. The proposed method
utilizes a Faster R-CNN model pre-trained on COCO 2017 dataset and then trained on
a dataset of images collected from a real-world fridge environment. The results showed
that the model achieved an mAP of 62% in detecting these objects, which could be
improved by adding more training data. We compared two datasets and analyzed several
factors that could affect an object detector’s performance. After several experiments, we
found that the following factors in making a dataset played a crucial role in affecting the

accuracy of the model:
e The brightness
e The balance of the dataset
e The angle of capture
e The distance between the objects
e The diversity of the dataset
e The quality of the images
e The similarity between the objects in terms of their colours and shapes
e The distance of taking pictures from the refrigerator

One of the significant contributions of this thesis is the creation of a dataset of fridge
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images that includes many objects inside the fridge under different lighting conditions and
backgrounds. This dataset can be used as a benchmark for future research in this area

and will help advance the field of object detection in a refrigerator environment.

The suggested system could be expanded and used in another context, such as tracking
food stock or detecting expired items, thus simplifying the process of fridge management.
Additionally, integrating the object detection system into smart kitchen appliances
enhances the user experience, provides additional functionality, and can potentially

decrease the cost of these devices as currently, smart fridges are quite costly.

The current system does have certain limitations, one of which is that the model has only
been trained on four specific objects. We discovered that when two objects are occluded,
the model incorrectly identifies the object in the foreground as the class predicted by the
model, as we did not account for the occlusion issue in our research. Therefore, the model
is currently unable to handle the occlusion issue. Future research could examine the usage
of other deep learning models, such as Single Shot Detector (SSD) or YOLO, and expand
the number of objects of interest. In future studies, addressing and developing solutions

for the occlusion problem would be a valuable addition to this work.

This thesis has presented a comprehensive approach to object detection inside a fridge
using deep learning techniques. The proposed system achieved pretty good accuracy in
detecting four objects of interest and has the potential to be applied in various scenarios.
The dataset created for this research can also serve as a benchmark for future studies.
This work demonstrates the potential of object detection in the context of smart kitchen

appliances and highlights the importance of further research in this field.
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