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Abstract

Food waste is becoming an increasing threat to the environment and the economy. Es-
timates indicate that annually, a third of the food produced around the world ends up
being wasted. Only one-fourth of that food is enough to take nearly a billion people
out of starvation. Food waste is especially higher in more developed countries, including
most of the states in the European Union and the USA. Sector-wise, food is being lost
from field to fork, with households topping the charts. Overbuying, not knowing what al-
ready is in the fridge, unaware of the food until it eventually expires, are among the most
common reasons that contribute to the food waste. The potential prevention of such a
massive waste could significantly reduce the amount of greenhouse gas emissions around
the world and help the economy of the households including all the parties involved in
food production, distributing and retailing.

On the other hand, technology has progressed in very rapid steps. The advancement
of Artificial Intelligence (All), Machine Learning (ML), Internet Of Things ([oT]), and
voice-enabled devices has revolutionized many industries and has made us more efficient
as human beings. Unfortunately, these advancements haven’t yet had any significant im-
pact in assisting families with their food choices and in preventing them from overbuying
and throwing food away. Most of the proposed solutions addressing this issue, do not
get integrated into everyday life. That is because they require a lot of manual input,
rely entirely on mobile phones, do not show immediate results to keep users motivated,
and on top of all, for the sole fact that modern lives are quite complex, and although an
important issue, food waste is not an everyday cause of concern of an average person.

This thesis takes into account all of the shortcomings of the previous works and aims
to create a more sustainable solution by exploring new ways of food inventory manage-
ment in the households by automating the process so that users don’t have to manually
enter the data themselves. The proposed solution consists of a device that should be
easily mounted into any fridge and acts as an interface between users and their food
inventory. The device contains a bar-code scanner for the item input and a back-end
that is capable of recognizing the item and can in return show user-friendly and valuable
information such as the approximate price of the item, the approximate due date etc. and
notifies users when an item is about to expire so that they can take appropriate actions.

7 out of 9 participants in the final conceptual design study said they would use this
solution in their homes. The rest of the results from the designed test cases indicate a
clear excitement and interest in participants and a willingness to see the prototype in the
finished state, all the comments and insights together with the future work and how the
feedback will be used into the next iteration are part of the final discussion of this thesis.
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1 Motivation

Food waste is one of the most important environmental issues the world will have to
address in the coming years. Estimates show that a third of all the food produced on the
entire planet ends up wasted.[I][2]

The current state of the globalized food system is unsustainable on many levels.[3]
With the existing efficiency and metrics, food production has to increase by 70 percent for
9 billion people to be fed by 2050.[2] [4] Around 88 million tonnes of food waste is gener-
ated in the EU! (EU!) alone. Put in an economic perspective, annually 143 billion euros
is lost on food that never gets consumed. However, the damage that food waste causes is
not only economical. Industrial agriculture, intense and monoculture farming practices
and their reliance on fossil fuels have severe environmental consequences, including air
pollution, contribution to climate change, loss of biodiversity, and low animal welfare. [3]
The water wastage generated is equivalent to the entire annual flow of the Volga-Europe’s
largest river. The energy that goes into the production, harvesting, transporting, and
packaging of all the wasted food, generates more than 3.3 billion metric tons of carbon
dioxide. If food waste were a country, it would be the world’s third-largest emitter of
greenhouse gases, behind the US and China. [5]

In order to address the waste issues, the EU! has set up Food Use for Social Inno-
vation by Optimising Waste Prevention Strategies (FUSIONS)) in order to work towards
a b0 percent reduction of food waste generated in the EU! and a 20 percent reduction
in food chain resource inputs by 2020.[6] European Institute of Innovation and Technol-
ogy (EIT)),[7] aims to stimulate entrepreneurship, innovation, and research in the food
sector to create a more sustainable and future-proof food sector. Their program ’Zero
Waste Agenda’ is one of four innovation programs and aims to develop solutions for food
security, improve the efficiency of the food value chain and reduce food waste.[§]

The United Nations Environment Programme (UNEDP)) has set future goals for raising
awareness on the value of food people eat, as well as the environmental impacts of their
choices with the perspective to redirect consumption patterns to less resource-intensive
food.[2] Here in Sweden, the Swedish National Food Agency (SNEFAJ), in collaboration
with the Swedish Environmental Swedish Environmental Protection Agency (SEPA]) and
the Swedish Board of Agriculture (SBAI), have developed an action plan that consists of
42 proposed measures and specified needs as regards investigation, research, and innova-
tion to combat the waste in all the food chain within the country.[9)]

In the last decade, technology has progressed with astonishing steps and has redefined
many aspects of our lives. Only in recent years, the increased amount of data generated
by everyday users has given power to different [AIl and [MIJ services to transform and
change entire industries. The data and insights generated from such services have made
us more efficient and continue to aid us in making better choices when it comes to clothes,
friends, partners, health decisions, etc, The proliferation of [[oT] sensors has brought un-
precedented opportunities to enable a variety of new services [I0] unfortunately, such
technologies haven’t yet been applied to the issue of food waste.



There are some smart fridges presented by companies such as LG[11] and Samsung, [12]
that try to help families manage their food inventory. Their large displays are good for
playing music, checking the weather, and surfing the internet, but not yet that useful for
translating the products it stores, into valuable data for the family. One good feature that
they offer is integrated cameras. They allow the user to check the contents of the fridge
from their smartphone. Nevertheless, that doesn’t easily translate into their shopping
list and it neither provides them more metadata about the food they possess such as; any
food soon to expire, the amount of milk left in the milk box, etc. Besides, the available
capabilities pose a risk of privacy leakage through the camera and also come at a high
cost. [I3] Therefore, keeping inventory by the aid of a smart fridge is still hampered
by time-consuming scanning of items or receipts as well as manual registration. This
situation creates skepticism towards the maturity of the smart fridge concept within the
tech press.[14]

1.1 Problem and Needs

Studies show that wasting food is not a mindless activity conducted by people with ”bad”
attitudes, but a process involving a complex network of social interaction, routines, and
practices, material infrastructure, emotions, and knowledge.[I4] Hebrok and Boks[I4]
suggest that a successful design intervention will contribute to "nudge” people to reduce
their food waste, perhaps without having to change their attitude be educated or raise
their effort greatly.[14] Reitberg et.al. argue that instead of forcing users towards a behav-
ior, system designers should focus on helping them make their changes. [15] ”Nudging”
individuals towards a certain behavior should be done in a way that makes the desired

behavior more silent e.g. making a healthier food option the ”default” meal for school
children. [16]

During their literature review, Farr-Wharton et al. [I7] concluded that future inter-
ventions should target the household fridge to reduce household food waste because it
is a tool that impacts both food purchasing and storage. In addition, they argue that
emerging studies in HCI have targeted behavior change, to increase awareness on issues
such as climate change, however the effectiveness of such motivational techniques such as
reward systems, emotional motivation, intrinsic motivation, gamification, and goal set-
ting is very low when it comes to maintaining changed behaviors over a longer period of
time. This is often because individuals experience an initial interest and motivation to
change, and over time, the interest dissipates due to lifestyle, time availability and other
external factors. Furthermore, they indicate that research must consider embedding in-
teraction and engagement into technology to simulate a behavior change process.

Thus it can be concluded that food waste in the households is not only a human
problem, or a software problem alone, and neither hardware but rather a combination
of them all. There is a need for a solution that efficiently combines the hardware with
the state of the art software and on top of that requires a minimal effort and change of
habit from the peoples’ side to effectively help them reduce the amount of food they waste.



Research points at a couple of main reasons for food being wasted. Over-buying re-
portedly is the predominant reason followed by shopping routines without planning, not
having an overview of what already is at home.[I8][19] [I7] [20] From a critical perspective
wasted food is mainly a result from a society where over-production of food is predom-
inant and the practice of over-buying by consumers and individuals is intended by the
industry and the market (big packages, offers, etc.)[I§]

Most of the solutions identified during our literature review rely heavily on users’
input. (See ?7?7) Having to manually enter the food items into the system proves to be a
big turn off for the majority of the people.[21} 22]

1.2 Research questions

To address the established problems, a set of questions were constructed using the Glob-
al/Question/Metric (GQM) paradigm.

Purpose Investigate
Issue: whether we can decrease food waste
Object: generated in households

Viewpoint: by automating the process of inventory management using modern technologies

In accordance with the aim of this investigation, the following questions were constructed:

e RQ1: Can an [oT solution simplify the process of food inventory in a household?

e RQ2: What are the potentials and challenges of using such an IoT solution in
everyday life?

The first research question i.e. RQ1 aims to explore different hardware and software
technologies to come up with a new way of food inventory management in the households.
The second research question, i.e. RQ2 further explores the opportunities and challenges
that such a solution introduces and the impact it can have in a family’s everyday life.

1.3 Thesis outline

Chapter 1 serves as an introduction to the food waste issue outlining its economic and
environmental consequences. It talks about initial impressions and identifies the needs of
a system that will ultimately help reduce food waste. Then it presents the two research
questions that drive the rest of the work presented in this thesis.

Chapter 2 presents the results of the literature review by giving a more vivid picture
of the problem. It analyzes the waste through all the food stages from farm to fork finally
focusing down on the households. Then, several interesting solutions identified during
the process of the literature review are categorized, presented and analyzed.



Chapter 3 discusses the methodologies used when conducting the research, building
the prototype, designing the user test studies and interviews, tools, and methods of data
collection.

Chapter 4 identifies the building blocks of the system and lays out the functional
requirements of each block. Furthermore, it describes the practical steps that need to be
taken to make the prototype happen.

Chapter 5, presents the technical details of the prototype, focusing on the architec-
ture of the system in general, technical decisions, and technologies used for each of the
building blocks.

Chapter 6 puts the prototype to the test by going through a technical validation and
an interaction study. Then it presents the qualitative and quantitative results of those
tests.

Chapter 7, analyzes the research data, the user studies to answer the two research
questions outlined in the Problem And Needs sub-section. Chapter 8 concludes the thesis
by summarizing all the work and all the journey up to the finished work. It discusses
the current limitations, things that should have been done differently, the work that will
be done in the future and the lessons learned during the research and development process.



2 Foundations

Food waste is a contemporary environmental, social, and ethical issue that came about
as a result of societies moving from scarcity to abundance, especially, in the western
countries. Being one of the most pressing issues together with climate change, food waste
appears on top of the agenda at the level of the European Union (European Com-
mission, 2011a) and the United Nations (UN]) (FAO, 2011, 2013, 2014) and thus on the
agenda of governments across the globe.[23]

Definitions of food waste, are not universally agreed upon, that makes studying and
qualifying food waste difficult.[4] Multiple terms have been used interchangeably, such as
food loss, food waste, biowaste, and kitchen waste.[24] In 1943 food waste was defined
as the destruction or deterioration of food or the use of crops, livestock and livestock
products in ways which return relatively little human food value. While in 2014, United
States Environmental Protection Agency (USEPA]) defined food waste as being the un-
eaten food and food preparation wastes from residences, commercial and institutional
establishments. So wastes from homes, grocery stores, restaurants, bars, factory lunch-
rooms, and company cafeterias are included. Pre-consumer food waste generated during
food manufacturing and packaging is considered as food loss. [23] This thesis uses the
[USEPAI definition when talking about food waste.

Table [1] shows the different definitions of food waste during different periods of times as
presented by Thyber et al.

2.1 Implications of Food Waste

The continuous population and consumption growth worldwide will lead to an increase
in the global demand for food for at least 40 more years, leading to intensified use of
natural resources, especially land, water, and energy.[19][23]

In the U.S. alone, every year nearly 400 billion pounds of food is circulated through
the food supply chain. That same food travels from farms to distribution centers, to
retailers. Finally, food service managers and grocery stores supply our institutions and
homes. Much of this food, however, never makes it into the plate. Approximately 50%
or 160 billion pounds, of this food, is left uneaten, sent to landfills where it makes up to
21% of the whole waste, the larger contributor.[24]

By wasting edible food, all of the resources spent growing, producing, processing and
transporting the food are also wasted, resulting in potentially needless environmental
impacts.[23]. The U.S. alone exhausts 19% of all the farming fertilizer, 18% of the crop-
land and 21% of agricultural water usage on the food that is wasted, totaling 218 billion
dollars(1.3% of the GDP). Saving this food could feed all of the 42 million Americans
facing food insecurity three times over.[24]

Meanwhile, in the global scale, 25% of the edible food supply is wasted each year.
It comprises approximately 40% to 60% of a household’s total annual garbage which ac-
counts for approximately 20% of landfill contents in developed nations. Two-thirds of



Author Year Definition

Food waste is the destruction or deterioration of
Kling et.al 1943 food or the use of crops, livestock and livestock
[25] products in ways which return relatively little hu-

man food value.

Food waste is food appropriate for human con-

FAO [26] 2013 sumption that is discarded (generally at retail and
consumption stages).

European Food waste is food (including inedible parts) lost

Com- 9014 from the food supply chain, not including food di-

mission verted to material uses such as bio-based products,

[27] animal feed, or sent for redistribution.

Food waste is uneaten food and food preparation

wastes from residences, commercial, and institu-

tional establishments. So, food wastes from homes,
USEPA 2014 grocery stores, restaurants, bars, factory lunch-
rooms, and company cafeterias are included. Pre-
consumer food waste generated during food manu-
facturing and packaging are excluded.
Food waste is a subset of food loss and occurs when
an edible item goes unconsumed. Only food that
is still edible at the time of disposal is considered
waste.
Only food that is still edible at the time of disposal
is considered waste. Food loss and waste refers to
food, as well as associated inedible parts, removed
from the food supply chain.

USDA 2014

WRI [28] 2015

Table 1: Food waste definition along the years.

these wastages are preventable.[29]

collected and analyzed data from across Europe concluding that as of 2012
an estimate of 88 million tonnes of food is wasted. The results include both edible food
and inedible parts associated with food. This equates to 173 kilograms of food waste
generated per person. The total amount of food produced in the E.U. during 2011 was
around 865 kg/person. This means that 20% of the total food produced is wasted.|4]
Economically speaking, during 2012 the costs associated with such losses are estimated
at around 143 billion euros. [6]

As it can be seen in table [2 the sectors that contribute the most to food waste are
households with around 74 million tonnes and food processing with approximately 17
million tonnes wasted. Farr-Wharton et al.[I7] estimate that two-thirds of this waste
in the households can be prevented, arguing that a person’s behaviors are the leading
drivers of food waste. Stenmarck et al. [6] note that the certainty of food waste during
processing is the lowest since they weren’t able to obtain more certain results from the
respective departments.



Sector Food  waste(million Food waste (kg per
tonnes) with 95% CI*  person) with 95% CI

Primary Production 9.1 +/- 1.5 18 +/-3

Processing 16.9 +/- 12.7 33 +/-25

Wholesale and retail 4.6 +/- 1.2 10.5 9 +/-2

Food Service 10.5 +/- 1.5 21 +/- 3

Households 46.5 +/- 4.4 92 +/-9

Total Food Waste 87.6 +/- 13.7 173 4+ /- 27

Table 2: Estimates of food waste in E.U.-28 in 2012 from this quantification study;
includes food and inedible parts associated with food.

This thesis focuses on food waste within households. In order to understand the
presented numbers better a deeper study was conducted to identify drivers for waste and
to find potential points where an intervention will help reduce those numbers.

2.2 Food Waste Drivers

The identified food waste drivers range from residential to institutional and commercial,
but more detailed information on the causes is limited. In developed countries such as
the United States (U.SJ) and the main drivers are increased volume, availability,
accessibility, affordability, caloric density of the food and the fact that there seems to
be a little understanding regarding where food comes from, what its production entails
and nutrition facts that are listed on the products are properly understood only by a
fraction of the consumers. [30] Furthermore, cultural and personal choices affect decisions
regarding what is too good to throw away.[23]

Farr-Wharton et al.[I7] found out a few reasons as to why people waste food during
the 3-month study they conducted examining the customer decision-making behavior re-
garding food wastage. Poor food storage and information availability were among the
top reasons. They argued that a lack of food supply and location knowledge are among
the key factors for promoting domestic food waste. For instance, people stockpile food
because they did not know they had already owned enough.[17] [31] In a previous study
of similar nature, Farr-Wharton et al.[32] organized the food by color-coding sections of
the fridge. They allowed their study participants to assign the colors the way they want.
Only by providing more clarity about where each food should be located resulted in the
reduction of the amount of food waste in the households.

Ganglbauer et al.[33] found out that consumers had various reasons why they end
up throwing food like bulk purchases, poor planning, lack of communication with other
household members, inability to track inventory, and busy and erratic lives. Farr-Wharton
et al.[I7] show that households with two or more members can be unaware of available
food and its location, which may have been purchased by others. So one good interven-
tion would be to provide household members with improved awareness of the household
food supply and the food’s location



In another study, Ganglbauer et al. [19] found out that people generally feel bad
about throwing food away, but end up in the trap of overbuying. Some of the participants
pointed out that sometimes they imagine cooking great meals. They buy the necessary
ingredients but don’t have time and energy to do the cooking. Another food waste driver
identified in the study is the packaging size. The big packages being cheaper than the
small ones make people buy more than they need, and eventually, end up throwing most
of it away. Ganglbauer et al. point out that over-buying can also happen due to lack of
planning e.g. not knowing which goods are already available at home. Gunders2012 et
al. also identify confusion over date labels and lack of education of the general public
regarding date labels and overpreparation i.e. preparing more food than needed among
the main drivers for food waste in the households. [29]

Ganglbauer et al.[I9] identify some parallels between food waste reduction and an
ecologically sustainable and healthy diet. However, the reduction of food waste benefits
mostly the environment, rather than the person as is the case when losing weight. The
results are less obvious therefore, hindering people from taking action. Food waste also
has some similarities with energy-related issues. Nevertheless, when saving energy, mon-
etary savings can be achieved. While once the food is bought the investment is already
done. The motivation-reward structures around food waste are quite different.[19]

2.3 Examples From the Literature Review

This subchapter summarizes the most promising and interesting prototypes identified
during the literature review process. Some of the approaches have been used or improved
upon in the prototype presented in this thesis. The identified solutions can be grouped
into four categories: the Prototypes Using Smartphone’s Camera as Embeddable Device,
Prototypes Requiring Manual Input, Prototypes Utilizing Different Sensors and finally,
Prototypes Leveraging Social Media.

2.3.1 Using Smart Phone Cameras as Embeddable Device

Thieme et al. and Ganglbauer et al.[34] leveraged the usage of smartphones cameras
to monitor the food consumption behavior within the research participants. Thieme et
al. built a social persuasive system that promotes behavior changes in food waste and
recycling habits within society named “Wewve BIN watching you”. In their study, they
installed the smartphone into the bin. (See figure [l) A picture was taken every time the
person disposed of the food.

BinCam users participated in the so-called ”Bin League” too. The system rewarded
the users if they reduced the amount of the food disposed on the bin. Concretely, a
decrease of recyclable materials in the bin led to a growth of the leaves of the tree and
the reduction of the food waste increased the household’s amount of gold.[34] The results
at the end of the study showed that BinCam system didn’t change participant’s attitude
towards recycling and food waste because the selected people were already good recycles



or at least contemplated improving their waste management. However, they suggest that
the system was able to raise the awareness of the participants and put a mild feeling of
guilt and social pressure for the food they wasted. [34]

Figure 1: BinCam Prototype

Altarriba et al. [35] developed a similar bin called "The Grumpy Bin” which consists
of two compartments. The first compartment contains a camera. When the user throws
something, the camera takes a picture of it and then it releases it to the second compart-
ment of the bin where the actual disposed food resides. Once the food is thrown, the user
is asked to give the reason why he/she did so. The picture alongside the user comment
is then uploaded to Instagram. ”The Grumpy Bin” was created to raise awareness of the
food waste issue.

A similar study was conducted by Ganglbauer et al.[I8] The smartphone, in this case,
was placed inside the fridge enabling the participants to see what’s on their fridge threw
the mobile app. (See figure [2)) The app was designed to be handy when shopping. As

Figure 2: Fridge Cam



mentioned in the Food Waste Drivers section [2.2] the user interviews showed that bad
shopping practices, not being aware of what’s already in the fridge, and overbuying were
the most frequent reasons why people waste food. Ganglebauer et al. suggest that keep-
ing a shopping list can significantly reduce this problem. They also point out that the
reason that keeps people unmotivated to reduce the food they waste is that they do not
see immediate benefits out of its like for instance, losing weight. Ganglbauer et al. argue
that the future research efforts should focus towards coordinated shopping and try to
make the process as easy as possible requiring less effort from the user’s side.

2.3.2 Users Required to Manually Enter the Data

Farr-Wharton et al.[21] took a similar approach with the previously mentioned works.
They tried to make participants aware of the food they have in their fridges. However,
instead of using a smartphone inside the fridge or the bin, they asked participants to
manually add the food they have bought at the market into the app. Furthermore, the
app provided users with food expiration information (manually added by the developers).
The results showed that the main reason why people waste food is due to their lack of
knowledge of what’s on the fridge and where the food is located within the fridge. Also,
they acknowledge that having the users enter all the information manually is not a good
design practice therefore, they defined their future work to be focused on using different
approaches to automate the food entry.

In an earlier study, Ganglebauer et al.[I9] designed a mobile app that asked the par-
ticipants to take pictures of the food they wasted and to add the reason why they did so.
Alongside this information, participants had to add the price of the product too. The
conclusion was similar to the above-mentioned study. The major reason for food waste
was overbuying. The study suggested that keeping a shopping list can reduce the amount
of waste. Besides, having an application that suggests recipes would also be helpful to-
wards waste reduction.

Reightberger et al.[22] developed a mobile app which connects to web services and lets
the users take pictures of their shopping tickets, and receive feedback on their choices.
The main goal of this research was to promote better food choices within households.
Since none of the markets agreed to share information like food nutrition facts Reight-
berger et al. decided to use the ”Wizard of Oz” [[| technique asking participants to only
submit their shopping tickets. The results were displayed visually, using graphs and a
pyramid system. The higher a participant stood in the pyramid system indicated better
food choices. The study showed that there was a significant change in people’s shopping
behavior over 4 weeks however, the lack of automation was a serious limitation for the
study.

Thttps://en.wikipedia.org/wiki/Wizard_of_Oz_experiment
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2.3.3 Using Sensors

Lim at al.[36] built a digital scale (See figure 3)) to help participants measure the amount
of food they waste. A form of feedback was given to the participants through light in-
dicators. The green light indicated that users wasted less food than the previous times
while the red light indicated the opposite. At the end of their study, they created ques-
tionnaire study using five-point Linkert scale El to ask the participants how much did the
digital scale, change their food-related behavior. The results showed that this system
successfully increased the awareness of the users that took part in this study.

Figure 3: Bin With a Weight Sensor

A similar approach to Lim et al. was taken by Gartland et al.[37] They purposed a
weight-sensitive bin which weighted the waste and displayed it on a touch screen using
wireless technology. The touch screen calculated the current weight disposal based on
its weight. Besides the weight information, they suggested the price of the waste but
without giving further information on how they calculated it. At the end of the study,
they concluded that people have to be motivated and need to see an immediate profit to
take actions.

Fujiwara et al.[I3] built their version of a smart fridge that includes a weight sensor
and takes voice commands using technologies such as Alexa. The system learned more
about the products by users placing the product in the weight sensor and then saying
the name of the product out loud so that the system can register it. They argue that
their final results suggest that the proposed smart fridge has a big potential for smoother
foodstuff registration thanks to its hands-free nature by resolving the implementation
issues in the smartphone application when registering.

https://en.wikipedia.org/wiki/Likert_scale
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2.3.4 Using Social Media

Lineahan et al.[38] suggest that some people do not see the need for change therefore,
persuasive technologies should be further utilized to make people aware of the impor-
tance of the food issues. Although their work is less relevant to ours, it still has some
valuable suggestions which benefit our thesis. Lineahan et al. developed two prototypes
namely "Social Receipt” and ”Plate and Rate”, to encourage people to make healthier
food choices. 7Social Receipt” was not successful because participants didn’t find the
application sufficiently engaging to either user inconsistently or allowed it to affect their
food purchasing. On the other side ”Plate and Rate” was more successful because it was
more engaging and included game-like activities on Facebook.

Comber et al.[39] conducted interviews and shop-along as part of contextual inquiry
with 10 households, to better understand the complex household food practices. Their
findings were in complete accordance with previous research papers mentioned above.
Overbuying and not using shopping lists were the two main reasons households throw
away food. To reduce food waste, people should buy less, control the expiratory dates
and create shopping lists.

Yalva et al.[2, 40] developed a mobile application called "EUPHORIA” (See figure
) which connected people and suggested different recipes depending on the ingredients
they had available. The application also allowed the logging of food and waste related
daily practices and persuaded groups of people to share their food. The application also
tried to suggest the right recipe according to the user’s preferences. However, to guess the
user’s preferences the application firstly needed a considerable amount of input. Yavla
et al. believe that when the technology is smart enough to exactly track the types and
amounts of ingredients consumers have, their application will play a bigger role in food
waste reduction.

EUPHORIA i

€

pum|

Figure 4: Fuphoria mobile app
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From all the analyzed works this far, the ”Foodsharing.de” El (See figure ) web plat-
form has been the most successful approach to engage people to share their food and
contribute to lowering of the food wasted. In this study, Ganglbauer et al. successfully
leveraged social media like Facebook to promote their cause and help people share unused
food through their developed platform. At the period when this research was conducted,
Foodsharing.de has 15.000 active users and had been featured in different TV snews re-
porting as a successful campaign and awareness-raising platform. [41]
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Figure 5: Foodsharing.de

In yet, another study by Ganglbauer et al.[I8] suggests different ways that help re-
duces the food waste. Some effective ways to reduce food waste mentioned in this paper
are as follows: connect moment of consumption with later implications of food waste, con-
nect people who can share strategies, stories, food resources and values, promote actual
gardening practices etc.

3https://foodsharing.de/

13



3 Methodology

This chapter presents the methodology used to define the research problem, construct
the research questions, complete the literature review, suggest a solution and test it to
answer the constructed research questions presented in the Introduction section

3.1 Research Strategy

An in-depth understanding of the food waste issue in households is a necessary prereq-
uisite to identify potential intervention opportunities. For that reason, with the help of
our mentor Jorge Zapico, a research strategy was developed. (See Figure |§| JACM and
IEEE digital libraries were the primary sources of articles and scientific papers. The
word "Food Waste” in combination with the word ”Technology” was used to retrieve all
the research that is relevant to this work. Furthermore, the papers older than 2009 were
excluded. Except for [25] and [26] which date as far back as 1943. They are used only as
a reference to how the food waste definition has evolved over the years.

o=

Identify Intervention
Opportunity
Propose and Test First
Prototype

° Analyze Feedback
Propose and Test Final
Prototype
Analyze Results and
Publish the Data

Figure 6: Research Steps

The papers that met the criteria were analyzed and added into a spreadsheet. (see
Appendix E[) The spreadsheet contains categories which are details of interest to our
thesis and are useful in answering the constructed research questions. For instance: what
were the limitations identified in the paper, ease of use of the proposed solution, reasons
for food waste, etc. Each paper is ranked on a scale from 1 to 5 on each of these categories
based on our judgment.
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From all the data collected during the literature review process, it was obvious that
lack of planning, overbuying, not knowing what already is in the fridge, lack of under-
standing of the expiration dates, and not being motivated enough to take action were
among the most common food waste drivers. Chapter [2|discusses these food waste drivers
in details. In addition to that, several interesting solutions were identified and categorized
depending on the approach they take to tackling the issue. (also see chapter . Then,
the drawbacks that these solutions come with were analyzed to spot possible intervention
points and offer a solution. The main problem identified in the current state of the art
is that the majority of the proposed solutions don’t become part of everyday life. They
rely heavily on user input, thus users do not feel motivated enough to keep using such
applications after the research period.

Having grasped the extent of the problem, and the current state of the art helped us
list down a few possible alternative solutions. As the research effort progressed, it became
obvious that there is a gap between the state of the art technology, and our interaction
with the food. Technology is a powerful tool of transformation that has been leveraged
to great success in many areas of our lives but not yet when it comes to helping us make
better food choices. Smart fridges look impressive but they are not yet so smart after all.

3.2 User Validation of the First Prototype

The initial validation of the prototype was designed to help us reduce the scope of the
work and validate our initial proposed solutions. A short presentation explaining the food
waste issue alongside those solutions was shown to 9 participants. Some of the responses
were surprising but helped shape our final solution. The results of this survey can be
seen below, while the full survey itself, is available in Appendix refappendixb

3.3 User Validation Results

The first conceptual design was tested and validated by 9 marketing and innovation stu-
dents here at Linnaeus Universit (LNUI). After the initial presentation, they were asked
to take a survey. The survey was designed to help us understand how age and student life
affects someone’s motives to not want to waste food, and whether they already use some
application to manage their food inventory. Studies show that different age groups have
different wasting patterns and priorities. Although this information isn’t fully utilized in
this study, is a piece of important information for our future work. The second part of the
survey listed several features which users had to rate on a scale from 1 to 5, depending
on how much they would want this functionality to be included in the final product.

Results showed that 55.6% of the participants belonged in the 18 - 24 age category
while the rest i.e. 44.4% in the 25 - 30 category. Of them, 88.9% were female while only
11.1% male. 44.4% of the participants indicated that they have economical motives to
waste less food. 33.3% stated that they are driven by their moral ethics while only 22.2%
by environmental consequences. 100% of the participants do not use any app to manage
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their food.
The text and figures below show the answers to the second survey. The results will
be further commented on the Discussions section [7 and are available in Appendix

When asked about how would they rate having a device that mounts into their fridge

and allows them to scan the items without having to type them manually, 3 out of 9
voted 5 (from 1 to 5). While only one voted 1. See figure

3(33.3%) 3(33.3%)

2 (22.2%)

Figure 7: Having a Barcode Scanner

2 of the participants want to see the nutrition facts of the food items they own i.e.
they voted 5 out of 5. 2 others wouldn’t want to see any nutrition facts i.e. voted with
1 point. See figure

2 (22.2%) . 2 (22.2%) 2 (22.2%)
2
Count: 2

1 (11.1%)

Figure 8: Seeing Nutrition Facts

Being able to be notified before an item expires appears to be one of the most favorite
features, as it can be seen in figure [9]

An interesting feature that could have been explored was the ability to pre-plan meals
for the week and then generate the necessary groceries into a shopping list. The responses
were scattered between the scale of 1 to 5. See figure [10} It is worth noting that only 7
people answered this question.

4 out of 9 people want to have the possibility to scan an item and mark it as wasted
or finished. While one person wouldn’t want to have this feature in the final product.

See figure
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5 (55.6%)

2 (22.2%) 2 (22.2%)

0 (Cl)%) 0 (?%)

1 2 3 4 5

Figure 9: Getting Notified When an Item is About To Expire

2 (28.6%)

1 (14.3%) 1 (14.3%) 1 (14.3%)

Figure 10: Generate Shopping List From Recipes

4 (44.4%)

2 (22.2%) 2 (22.2%)

1
0 I

1 2

Figure 11: Scan and Mark Item as Finished/Wasted

One person would want to see how much money he/she spends on food i.e. voted 5
out of 5, while 4 people voted 4. One person didn’t seem interested to know about the
money he/she spends on food. See figure

The most voted feature was having the possibility to see how much money one spend
on food that is wasted. 5 participants rated it as a 5, 3 participants as a 4, and the final
participant as a 1. See figure
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1(11.1%)

Figure 12: See How Much Money You Spent on Food

5 (55.6%)

3 (33.3%)

0 (0%) 0 (0%) 1(11.1%)
0 | I
1 2

Figure 13: See How Much Money You Lose on Food You Waste
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3.4 User Testing of The Final Prototype

Two different tests were designed to make sure that the prototype has the capabilities
to help us answer the constructed research questions. The first test being the technical
validation and the second the User Interaction study.

3.4.1 Technical Validation

A technical validation was designed and introduced to a group of participants to make
sure that the developed prototype is functioning without any major flaw or bugs. A list
of actions was defined as an interaction protocol consisting of steps that the participants
should take in testing the system.

Each volunteer was given an introduction to the problem alongside the solution so
that they understand the issue we are trying to solve. Each user interaction lasted ap-
proximately 20 minutes. Notes were taken during the whole process. They were also
encouraged to think-aloud while using the prototype so that potential design improve-
ments can be integrated early on the process. After all the instructions were performed,
the participants took part in a formal interview to get their final thoughts and feedbacks.

3.4.2 User Interaction Validation

The user interaction validation test was created to understand how users interact with the
newly developed prototype. The purpose of this test was to make sure that the proposed
system is easy to use and can be understood. The majority of the reviewed without much
effort.

Each participant went through a one-on-one session with the researcher. The partic-
ipants unfamiliar with this work were given a quick introduction. Then, once the goal
of this prototype was properly explained, the participants went through the basic use
cases as they were giving think-aloud feedback while interacting with the system. The
researcher took notes on the comments and behaviors of the participants while eventually
answering questions.

3.4.3 Data Collection

The technical validation and user interaction study were designed to collect qualitative
and quantitative data necessary to help answer the constructed research questions.

For the technical validation, the following data collection methods were used:

e Self Constructed Pre-Validation Questions - to see the knowledge testers have
regarding the food waste issue in households, how aware they are of the extent of
the issue and whether they take any steps to minimize the food they waste in their

households.
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e System Logs - coming from the prototype itself when the participants complete
their tasks when interacting with the system.

e Post Validation Interview - a qualitative interview where the users express their
opinion on the issue and the system in general, focusing mostly whether they think
this prototype is helpful and whether they see it as something with the potential of
being fully integrated with their daily life at some point in time.

For the interaction study, the following data collection methods were put in place:

e Self Constructed Pre-Validation Questions - to see make sure the users were
able to figure out how to use the prototype.

e System Logs - coming from the prototype when the user interacts with the system
to analyze their behaviors.

e Post Validation Interview - in this interview users were asked to give their
feedback and thoughts on the overall system, and whether they think it would help
them reduce the food they waste, what should be improved, and which features
should be included in the future for them to commit to the product.
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4 Concept and Interaction Design

The majority of the reviewed solutions encountered during the literature review show
positive results however, fail to be a long term solution. The amount of manual work
required by such solutions outweighs the benefits they offer. So, a long term effective
solution would be a system that considerably reduces this friction namely, reduces the
manual work and maximizes the benefits it has to offer.[21], 22]

4.1 The Conceptual Design

After thoroughly analyzing the literature, the obvious starting point was to create a sys-
tem that at its core reduces the work required from the users while helps families keep
track of the food in their households. There were a few options considered to automate
food inventory management.

4.1.1 Scanning the Grocery Tickets

All of the grocery shops give out the receipts upon payment at the cashier. The ticket is
a print out of all the items a person bought plus the amount and the total cost. There
are a lot of services that can extract out a text from a picture. So, aiming to build an
application that can take a picture and translate it into valuable information was the
first option to be considered. Therefore, several tickets from different grocery shops in
Vaxjo, Sweden were collected and analyzed. At some point, it became apparent that
they all come in different varieties. Every grocery shop offers a slightly different ticket
with different item acronyms, for instance: Cola, CocaCola, C.Cola etc. Therefore, cre-
ating a system that can correctly identify items would be a challenge. Besides, even if
hypothetically one could correctly identify the items in the ticket that information has
to be linked somehow with other metadata describing each item. For instance, if a per-
son buys a Coca Cola and the app correctly identifies the text, it still is not capable of
understanding what Coca Cola is, what nutrition information it has and when is it’s the
approximate expiration date.

4.1.2 A System That Improves With The Time

Another viable option was to create a system which contains the most bought grocery
items such as milk, eggs, bread, butter, etc. Then, when users buy groceries, they open
the app and search for the items they bought. In case any of the items do not exist in the
system they manually enter it making it instantly available to all the other users of the
application. The more people use the system and enter the missing items, the faster the
input becomes. For instance: John goes to his local grocery shop and buys bread, milk,
eggs, and chocolate. It turns out that the type of chocolate he bought is not present in the
app. He takes a minute and inputs it manually. Next time any user of the app buys that
same chocolate, they simply search and then select it. Although such a system improves
with time, it still requires a lot of manual work. As the literature review suggests, this
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cannot be a long term solution. Therefore, this option was also ruled out.

4.1.3 Emedded IoT Devices

Farr-Wharton et al. [42] explored the role of mobile applications in reducing domes-
tic food wastage in which the need for some sort of hardware embedded onto the fridge
emerged. During the study, many of the participants expressed their problem with having
to go back to their mobile phone every time they finish or throw an item from the fridge.
The majority of the participants expressed their preference to undertake the majority of
interaction with the application through a device embedded within, for example, the re-
frigerator and use a mobile application for interaction during grocery shopping. One user
suggested this might reduce the burden of data removal from the application’s inventory
because it would allow users to easily see what food is available within the fridge before
opening the door.

The cashiers at the grocery stores are capable of processing a big number of payments
in a very short time. That is because they have pre-registered all the items they sell and
can easily scan them using a barcode scanner. Furthermore, they don’t need to add any
information manually because each barcode is linked to exactly one product description
which contains the necessary information for the final price to be calculated. Having a
system that connects directly to the retailer’s database similar to FcoPanel from Zapico
et al. [43] could fully automate the inventory management process.[44]

Any solution that will make a significant contribution to the reduction of food waste
in households will inevitably involve hardware. That was the necessary push to look for
pre-existing solutions. The obvious choice was smart fridges. But, as previously dis-
cussed, a state of the art smart fridge is still not capable of automating the process of
inventory management. On top of that, they usually are very expensive and people tend
to not change their fridges that often.

Another option is to create an embedded device using a micro-computers such as an
Arduino E] or a Raspberry Pzﬂ Arduino is an open-source hardware and software company,
project and user community that designs and manufactures single-board microcontrollers
and microcontroller kits for building digital devices and interactive objects that can sense
and control both physically and digitally. Its products are licensed under the GNU Lesser
General Public License (LGPL]) or the GNU General Public License (GPLI), permitting
the manufacture of Arduino boards and software distribution by anyone. Arduino boards
are available commercially in preassembled form or as Do It Yourself (DIY]) kits.[45]

The Raspberry Pi is a series of small single-board computers developed in the United
Kingdom by the Raspberry Pi Foundation to promote the teaching of basic computer
science in schools and developing countries. The original model became far more popular
than anticipated, selling outside its target market for uses such as robotics. It does not

4https://en.wikipedia.org/wiki/Arduino
Shttps://en.wikipedia.org/wiki/Raspberry_Pi
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include peripherals (such as keyboards and mice) and cases. However, some accessories
have been included in several official and unofficial bundles.|?]

Put it simply the Arduino and Raspberry Pi are easily extended boards that can con-
nect to different sensors. Working with them is not that complicated even for a software
engineer. So, having a barcode scanner module and a touchscreen that connect to a
micro-computer seemed like the best bet. But, for such a system to work, it should come
with pre-existing data so that the user won’t have to manually enter them. Currently,
in Sweden, most of the grocery chains such as ICA Max, Willys, and Coop have their
products publicly available online. A software application could potentially read that
data from their respective web pages and store it in the database. It should all be done
in a manner that does not overwhelm or disturb the normal functioning of those web

pages.

4.2 User Scenarios

Several user scenarios were created to better understand the functional requirements of
such a system. Since the study aims to reduce the household food waste, the scenarios
are designed around a family that is a potential user of the proposed application.

4.2.1 Coordinated Shopping List

A basic function that the prototype should offer is the ability for a family to coordinate
their shopping list. That implies, all family members should have live access at any
point to the family shopping list and should be able to add and remove items from and
to it. For instance, John and Maria both have a busy and stressful life juggling family
and work. They don’t get to spend much time together, and when they do they don’t
discuss matters such as the groceries they need to buy. John wakes up in the morning
and prepares himself breakfast. He realizes that the milk has run out. John clicks on
the touch screen mounted on the fridge and searches for the brand of the milk his family
uses. Having added it to the shopping list, he leaves for work. His wife Maria wakes up a
bit later and prepares breakfast for the kids. Dropping her kids off to school she realized
she promised them she would cook pizza on the weekend. Having no time herself to stop
by the grocery shop she opens the mobile app and adds the ingredients they need into
the shopping list.

After a long day at work, John knows that he should probably head to the local
market and buy all the groceries needed. He stops by the grocery shop and opens the
app where he sees the ingredients that Maria has added. When he checks the items off,
the touch screen in the fridge lights up and shows that the items were purchased. At the
same time, Maria gets notified about this activity on her phone.
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4.2.2 Managing Inventory

John heads back home. He has a bag full of groceries he just bought. The fridge is aware
of this and waits for John to confirm that the items checked in have been placed in the
fridge. He can either confirm the list or scan the items one by one, as the cashier would
do in the grocery store and puts the items in the fridge.

4.2.3 Nudging the Family Into Taking Action

More than a week has passed by since the last time John and Maria went to the grocery
store. However, the system detects that the eggs and the cheese are still not finished
since they are not marked as such. The system is aware that eggs and cheese last approx-
imately a week in the fridge. An indicator turns on so that John and Maria are gently
reminded they need to take some action every time they pass by their fridge. John and
Maria also get notified about the situation on their phones. John decides that the next
morning he will have cheese and eggs for breakfast.

4.2.4 Mark Items as Finished or Wasted

)

John is planning to cook the chicken for dinner. He takes it out of the fridge and using
the touchscreen marks it as finished. Unfortunately, the system has been warning the
family for a few days that the butter is about to expire. Having no choice but to throw
it he marks it as wasted. The system adds it to the items that went to waste. John and
Maria can see the items they have thrown and their approximate cost. When the system
is mature enough, it will be able to suggest them to buy a smaller butter package. That
way, they would be able to reduce the chance of wasting butter and in return decrease
the possibility of food waste while saving money.

4.3 Functional Requirements

A list of functional requirements can be derived from the user scenarios presented above.
The requirements can be divided into two parts. The hardware/device and software
requirements.

4.3.1 Hardware Requirements

e HRQ1 - The device should have a barcode scanner so that the users can identify
items and take appropriate actions such as add grocery to the inventory, remove,

read more ec. (addressing scenarios and [4.2.4)

e HRQ2 - The device should have a touch screen so that the user can see the inventory
and interact with it. (addressing scenarios 4.2.2 4.2.3| and [4.2.4))
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e HRQ3 - The device should be mounted onto the fridge so that it will look as if it is
part of the fridge (addressing scenario |4.2.3))

e HRQ4 - The device should "nudge” the users whenever some food is about to expire
or any other action is required (addressing scenario 4.2.3)

4.3.2 Software Requirements

e SRQ1 - The application should allow the users to have coordinated shopping list.
(addressing scenario [4.2.1))

e SRQ2 - The application should allow users to add items to shopping list.(addressing
scenarios [4.2.1| and [4.2.2))

e SRQ3 - The application should allow the users to remove items from shopping list
(addressing scenario [4.2.4))

e SRQ4 - The application should allow users to check an item from shopping list and
move it into inventory (addressing scenario 4.2.2)

e SRQ5 - The application should add an item to inventory(addressing scenario |4.2.2)

e SRQ6 - The application should allow users to view item details (addressing scenario
4.2.1))

e SRQT - The application should notify users when an item is about to expire(addressing

scenario {4.2.3))

e SRQ8 - The application should show users recipes(addressing scenario |4.2.3)
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5 Implementation of the Prototype

This chapter discusses the technical implementation of the prototype. It consists of two
sub-chapters namely the hardware implementation and the software implementation. The
hardware sub-chapter talks about the implementation details of the touchscreen device
that is mounted on the fridge, while the software sub-section discusses the implementa-
tion details of the backend, that is, the mobile app and the web application that also
runs in the hardware device.

5.1 Hardware Implementation

The Concept and Interaction Design chapter established that hardware is a necessary
component of this solution. The functional requirements state that the hardware device
should allow the users to interact using touch gestures the same way they would interact
with a tablet/iPad or mobile phone, and scan the items effortlessly to add them to their
inventory or to see the details of that particular item such as expiration date, description,
price, etc.

5.1.1 Choosing the Correct Board

From this specification, several hardware components were identified. First of all, a
microcontroller /mini-computer that will host the touch screen and the barcode scanner
should be chosen. The two obvious choices were Arduinos and Raspberry Pi. Two
similar-looking devices but with different capabilities. A simple search on the web shows
that there is a general rule of thumb when choosing between Arduino and Raspberry
Pi. Arduino is good at controlling small devices such as sensors, motors and lights and
is much simpler to use than a Raspberry Pi. There are a number of different Arduino
boards all with slightly different capabilities as can be seen in the table [3]

Arduino boards would fit perfectly if the prototype did not require a touchscreen.
They can power a small LCD screen but, in this case, Raspberry Pi was a better choice,
albeit not a perfect one for reasons described in the Conclusion section. Table 4] shows
the Raspberry Pi specs.

5.1.2 The Barcode Scanner Module

The barcode scanner module is another crucial component of this prototype. Finding such
a component was easy however, it arrived with no instructions, or any online resource
explaining how to integrate it with a Raspberry Pi. After a period of trial and research, a
new barcode scanner module was ordered. This time, it was made sure that the company
selling the barcode scanner had online instructions on how to integrate it with other
devices.

As it can be seen in the figure [14] the module is very small with 53.3mm x 21.4 mm
dimensions. It is capable of reading 1D and 2D codes, by using the intelligent image
recognition algorithm in a fast and accurate way both on paper or screen. Through
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OPU Analog Digital

Name Processor Voltage Seed In- In- Flash[kB]
p /Out  /Out

101 Tntel® Curie i’;’\\// = 3oMHy 6/0  14/4 196

Uno ATmega328P 5V/7-12V 16 MHz 6/0 14/6 32

Mega 2560 ATmega2560 5V/7-12V 16 MHz  16/0 54/15 256

Ethernet ATmega328P 5V/7-12V 16 MHz 6/0 14/4 32

Due ATSAM3XSE ?'2?3// - 84 MHz 12/2  54/12 512

Mega

ADK ATmega2560 5V/7-12V 16 MHz 16/0  54/15 256
SAMD21

MKRI000 MO+ 3.3V/5V  48MHz 7/1  8/4 256

Table 3: Different Arduino Boards

SoC: Broadcom BCM2837

CPU: 4 X ARM Cortex-Ab3, 1.2GHz

CPU: 4 X ARM Cortex-Ab3, 1.2GHz

GPU: Broadcom VideoCore IV

RAM: 1GB LPDDR2 (900 MHz)

Networking: 10/100 Ethernet, 2.4GHz 802.11n wireless

Bluetooth: Bluetooth 4.1 Classic, Bluetooth Low Energy

Storage: microSD

GPIO: 40-pin header, populated
HDMI, 3.5mm analogue audio-video jack, 4X USB 2.0, Eth-

Ports: ernet, Camera Serial Interface (CSI), Display Serial Interface
(DSI)

Table 4: Rasbperry Pi Model 3B+ Specs

Figure 14: Barcode Scanner Module
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the onboard USB and UART interface, it can plugin directly into a computer, or easily
integrate with devices such as Raspberry Pi due to its small form factor. Table [5| shows
the specs of the module.

Interfaces: USB and UART

Operating

Voltage: oV

Operating .

Current: 135mA (scanning), 58mA (Standby), 2mA( (Sleep)
Operating 0 Celcius - 60 Celcius

Temperature:

OI')e‘ratlng Hu- 5% - 95% (Non Condensing)

midity:

Code bar, Code 11, Code 39, Code 93, UPC/EAN, Code
128 /EAN128, Interleaved 2 of 5, Matrix 2 of 5, MSI Code,
Industrial 2 of 5, GS1 DataBar (RSS)

Decodes 1D
code:

Decodes 2D

qr code, data matrix, PDF417
code:

HDMI, 3.5mm analogue audio-video jack, 4X USB 2.0, Eth-
Ports: ernet, Camera Serial Interface (CSI), Display Serial Interface

(DSI)
Roll 360 degree, skew +/- 65 degree, pitch +/- 60 degree

Scanning An-
gels:
Dimensions: 53.3 mm x 21.4 mm

Field of View: 28 degree (horizontal), 21.5 degree (vertical)

Table 5: Barcode Scanner Module Specs

5.1.3 Choosing the Right Touchscreen and Switching To Tablets

The touchscreen is the most prominent part of this IoT solution. It is the interaction point
between the users and their fridge. Therefore using a responsive and fast touchscreen is a
must. There are a wide variety of touchscreens available that can be integrated with the
Raspberry Pi and their prices vary depending on the quality and the size of the screen.
In this particular case, a larger screen estate would be a better choice. However, since
this is only a prototype, a 77 touchscreen would be just fine. Figure 15| shows the most
widely used Raspberry Pi touchscreen. It is a perfect solution for creating portable and
embedded projects where keyboard and mouse would be in the way. The full-color dis-
play outputs up to 800 X 480 and features a capacitive touch sensing capable of detecting
10 fingers. Furthermore, only two connections from the Pi to the display are necessary;
namely the power from GPIO (or USB) connection to the DSI port. The adapter board
handles power, signal, conversion, and touch input conversion.

The touchscreen is the most prominent part of this IoT solution. It is the inter-

action point between the users and their fridge. Therefore using a responsive and fast
touchscreen is a must. There are a wide variety of touchscreens available that can be
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Figure 15: Barcode Scanner Module

integrated with the Raspberry Pi and their prices vary depending on the quality and the
size of the screen. In this particular case, a larger screen estate would be a better choice.
However, since this is only a prototype, a 7”7 touchscreen would be just fine. Figure
shows the most widely used Raspberry Pi touchscreen. It is a perfect solution for creating
portable and embedded projects where keyboard and mouse would be in the way. The
full-color display outputs up to 800 X 480 and features a capacitive touch sensing capable
of detecting 10 fingers. Furthermore, only two connections from the Pi to the display
are necessary; namely the power from GPIO (or USB) connection to the DSI port. The
adapter board handles power, signal, conversion, and touch input conversion.

Finally, the IoT device, in this case, the tablet with the barcode should be able to be
mounted in the fridge. One of the ways to do so is by using a magnetic case enabling the
tablet to stick into the fridge.

5.2 Software Implementation

The second sub-chapter discusses the software implementation of the prototype. The
software is what gives life to the device and enables it to fulfill all the functionalities
that it promises. The software implementation is further divided into three parts. The
backend, mobile application, and the frontend/fridge application.
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Frontend Backend

Grocery Stores ||

Mabile App

BACKEND

APl GATEWAY |

Web App/ Fridge |, —— |

Device

Figure 16: Architecture Overview of the System

5.2.1 The Backend

The backend is written in Nodejs using the Fxpress Framework. One benefit of NodeJS
is that it enables developers to use Javascript for both the frontend and the backend.
Furthermore, NodejJS has an event-driven architecture capable of asynchronous I/O op-
erations. It is built on top of Google’s V8 Javascript engine and it is supported by a
wide and active community. FEzpress is a minimal and flexible Node.js web application
framework that provides a robust set of features for web and mobile applications. Fx-
press provides a thin layer of fundamental web application features, without obscuring
the Node.js features. With a myriad of HT'TP utility methods and middleware at the
disposal, creating a robust API is quick and easy.

5.2.2 The Data Layer

MongoDB was used as the database of the system. MongoDB is a document based non-
relational database which stores the data in flexible JSON like documents where fields can
vary from document to document and the data structure can change over time. Currently,
there are 6 tables in the database namely, accounts, fridges, inventory, items, recipes and
shoppinglist. Figure [17] shows the structure and the contents of each of those tables.
This prototype uses a non-relational database, therefore the tables are not linked be-
tween themselves. The fridge table is the table that holds the information on the main
account. Fridge in this context is the IoT device that is attached to the fridge. Currently,
it consists of name, username, and password fields. A fridge can have multiple accounts.
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fridges accounts inventory
PK | _id PK | _id PK | _id
name fridgeld item
username name amaunt
password surname status
username account
e password timestamp
Pk | id email
- isAdmin recipes
name PK | _id
barcode
— name
price shoppinglist
description
categories PK | _id .
time:
url fridgeld
g nrOfingredients
photo_url arcount temperature
fhem portions
amaunt steps
timestamp ingredientsinstruction
comment ingredients
ingredientsRaw
mandatoryingredients

Figure 17: Database Tables

accounts hold the user’s accounts information. For instance: a family of 4 can have 4
accounts i.e. each member one account. They all belong to the same fridge. Ideally, one
of the members is the admin of the fridge account. That would give him/her more user
privileges in the system.

The data scraped from the grocery stores is stored in the item table. Currently, only
a small set of items is scraped from the Coop’s website so that it can serve as a proof of
concept. Fach item in the table has a barcode field. Barcode is what is used by the IoT
device when scanning an item. Each item belongs to a couple of categories. The photo_url
as the name suggests holds the URL where the photo of that item is found. The wurl, on
the other hand, is the URL from where the data was scraped. The price field holds the
approximate price of that item. That is the price at the point when the item was scraped.
Price is something that varies at different times and in different grocery stores, therefore,
it is considered and presented as approximate. Nonetheless, it is an important piece of
information that ranked high as a feature request by users that participated in the pro-
totype test. Hopefully, using the price as information will give more realistic information
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and awareness to the families on the food they waste and drives them to take more action.

The recipes table as the name suggests holds recipes that can be browsed by the users.
Each recipe has its name, description, time (the time it takes for the recipe to be cooked),
temperature, the nrOfIngredients it requires, the mandatorylngredients (ingredients that
must be present for that recipe), the steps which basically are the instruction steps that
one needs to take in order to cook that particular recipe and the ingredientsRaw. The
difference between ingredients and ingredientsRaw is that the later one has stripped out
the other details of the ingredients from the recipe and it contains only the ingredient.
For instance, the ingredients field would hold the information 1 tablespoon of sugar while
the ingredientsRaw would have it as sugar.

The table inventory basically holds the items that the users have bought. An inven-
tory row contains and item, an account which basically is the account who checked it in
in the system, the amount of such item e.g. 3 milks, timestamp being the time of check-in
and finally the status. The status field can have three values IN.STOCK, FINISHED and
WASTED.

The final table shoppinglist contains the family shopping list information. A shop-
pinglist item belongs to a fridge and to an account i.e. the person who added the item
into the shopping list. It also contains the item and the amount of that item. Finally,
users can add a comment to the shopping list item stored in the comment field.

5.2.3 The API Gateway

The API Gateway is the layer that manages the requests from the clients. It reads the
requests with its request parameters then calls the appropriate business logic to get the
required data. When the data is ready it packages and sends it back to the user who
requested it. There are a few request methods that the API Gateway can handle such
as GET, POST, PUT, DELETE, HEAD, CONNECT, OPTIONS, TRACE, and PATCH.

router.get (’/accounts’, (req, res) => {
if (req.session.fridge) {
const fridgeld = req.session.fridge. _id;

account .getAccounts (fridgeld , (response) => {
res.json (response);

Hs
} else {
res.json ({status: ’'no_session’});

1)
Listing 1: Retrieving all the accounts of the fridge

The above snippet is an example part of the backend API gateway. It accepts a GET
request, checks if there is a session. If yes, it gets all the accounts that belong to the
fridge and returns them to the user. If the session doesn’t exist, it returns an object with
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the status no_session.

Endpoint Method | Request Params Response

/login POST username, password | Fridge Object

/logout GET - Status Object

/accounts GET - Accounts Array

/accounts PUT New Account Values | Updated Account
/accounts POST New Account Values | Accounts Array

/accounts DELETE | Account ID Accounts Array

/items GET - Items Array

/items/:id GET Item ID Item Object

/items/filter GET Filter String Array of Items Matching Filter
/inventory GET - Inventory Array
/inventory POST Inventory Values Inventory Array
/inventory/:status PUT Wasted / Finished | Inventory Array
/inventory/:barcode | GET [tem Barcode Inventory Object
/shopping-list GET - Shopping List Items Array
/shopping-list POST Shopping Item Shopping List [tems Array
/recipe GET - Recipes Array

/insights GET - Statistics Object

Table 6: API Endpoints

Table [0] shows the main API Gateway endpoints. Besides the HTTP requests, the
system also utilizes WebSockets. WebSockets enable two-way communication. You can
send messages to a server, and receive event-driven responses without having to poll the
server for a reply. This comes quite handy when the system needs to show live updates
as one person of the family is interacting with the application. For instance, when John
adds an item to the shopping list, the [oT device updates instantaneously and Maria gets
notified. Similarly, when he checks-in an item Maria’s phone gets the update because
both of their accounts listen to the same socket channel. WebSockets are designed for
messaging applications and NodeJS takes full advantage of them.

5.2.4 Extracting Data From Grocery Stores

The main goal of this thesis is to automate the process of inventory management, and
that cannot be achieved by asking the users to manually enter all the information of the
items they buy. There are some web applications and public APIs that offer a wide range
of grocery items that can be filtered and searched by name or by barcodes however there
is no database that is specified for the products sold in Sweden. Luckily, the grocery chain
stores such as Coop, I[CA Maz, Willys, and Clitygross list their products online, in their
respective web sites. For this thesis, a set of data from the Coop’s website was scraped
using the cheerio.io scraping library. This set should be big enough since it contains the
most used daily products therefore, enabling us to comfortably test the system and serve
as a proof of concept. The entire extraction process was conducted safely and in a way
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that it won’t disturb in any way or form the normal functioning of the Coop website. The
data was extracted periodically, in a couple of days and currently, there are over 6 000
items in the database. Snipped [2| shows a code snipped that is responsible for fetching
the categories found in the official Coop website.

i const url = "https://www.coop.se/handla—online /’;
> pageLoad. fetch (url).then(function (data) {
var $§ = cheerio.load (data)

$(’.js—sidebarNavList .SidebarNav—headingLink ’).each(function (i,link){
categories_links.push($(link).attr (” href”));
s 1)

8 return categories_links;
o 1)
Listing 2: Fetching all COOP categories
Snipped [3| shows a part of the code that is responsible for reading the article URLs.

1 categories.forEach (function (i){
2 pageLoad . fetch ("https://www.coop.se/’+1).then(function (data){

var $§ = cheerio.load(data);
1 $(’.Grid—cell .ItemTeaser—content .ItemTeaser—link ’).each(function (
i,link){

5 articles_urls.push($(link).attr (’href’));
6 mn+-+;
T 1)

Listing 3: Extracting Article URLs

Finally, going through all the article URLs gathered in snipped number {| the article
data is extracted and stored in the database.

1 let ArticlesData = new Articles ({

url:’https://www.coop.se’+i,

s name : $(’.ItemInfo—heading’).text (),

i price : $(’.ItemInfo—price > span’).attr(’content’),
photo_url : $(’.ItemInfo—image img’).attr(’src’),

6 barcode : barcode,

7 categories:categories

s 1)

V)

10 Articles.create (ArticlesData, function (error, user) {
11 if (error) {

12 let string = error.message;

13 console.log(string)

else {
console.log(” Article saved successfully”)

wo -

Listing 4: Extracting Article Info and Storing them in DB

5.2.5 The Frontend

Finally, after having completed the backend and inserted a considerable amount of data
into the database the frontend clients were ready to be built. From the software func-
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tional requirements, it was apparent that there will be a need for a mobile app and for
a web app which will also serve as the app in the IoT device. The obvious language
choice for web apps is Javascript. However, to build any serious application a Javascript
framework must be chosen. There are a couple of popular frameworks out there such
as React, Angular and Vue. All serving the same purpose. A longer experience using
Angular was one of the main reasons why Angular was chosen over React. In addition to
that, using the Ionic Framework, the same Angular code could be used to build mobile
apps. Although there are some drawbacks to hybrid mobile applications for this partic-
ular use-case Ionic was the better choice.

This subchapter presents and explains the application flow through screenshots. Fig-
ure number |18 shows the account view of the web application. A fridge/family account
can have many user accounts. Preferably one for each family member.

Application Logout

C
@ Kushtrim Abdiu
Pad
kushtrim.abdiu.16@gmail.com
@ Admin
Edit Account
=

Figure 18: Web App - Account View

Once the user has an account and is logged in, he/she sees the food inventory page.
All of the products in the inventory seen in the figure number have been scanned or
moved from the shopping list into the inventory view and none of the data was entered
by the users manually.

A similar view can also be seen in the mobile app. Due to the screen size items are
displayed in a list. In the mobile app, users have to swipe from right to left for the action
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Application Logout
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Handla,Smakséttare,Sas - tﬂitlac-;fn!ng,Laglaklos ) Handla,Férdigmat Fairdiga
E Fond - Grill Firdig Sas aktostritt Frysta Maltider,Enportions
Férdigratter
b A— -
2]  féie P -,
P | ===
~ oo
FINISHED WASTED FINISHED WASTED FINISHED WASTED
Fruktdryck Mango
Handla,Dryck,Juice -
Mijolkdryck,Drickfardig Juice
FINISHED WASTED

Figure 19: Web App - Fridge Inventory View

buttons to show up so that they can mark an item as Wasted or Finished. When a user
wants to add an item to the inventory using the web or fridge app (figure [19)), he/she
clicks on the floating barcode button on the lower right corner. The application enters
the scanning mode, and a scanning indicator is displayed at the top. The barcode module
turns on ready to scan. In the mobile version of the app (see figure , the user has to
click the + button located on the top right corner and search by title or scan the barcode
using their mobile phone.

To see more item details (see figure the user clicks anywhere on the item card and
is presented with a popup that displays the item image, the approximate price, or, more
correctly the price of the item at a particular time when it was scrapped in a particular
grocery shop (in this case Coop). Despite being an approximate price albeit a very close
one, it is a very important piece of information. If a family wastes a particular item, they
can have a quantifiable indicator that affects their economy in hopes that it will make
them more aware of the issue and incline them to take real actions.

To add an item to the shopping list, the user should click on the shopping list tab
while on the mobile app and in the shopping list navigation element on the left side of
the screen when using the web version. In the web app (see figure , the user can see the
approximate current price of all the items in the shopping list as well as the approximate
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Figure 20: Web App - Mobile Inventory View

Kvarg Vanilj Laktosfri

CATEGORIES

Mejeri
Bak - Matlagning

Laglaktos - Laktosfritt
PRICE
SEK13.00

Go to product

Figure 21: Web App - Item Details View

price of each item they plan to purchase. When using the mobile app, to take action upon
any of the items, the user should swipe from right to left and the two action buttons show
up namely, mark item as bought i.e. move it into the inventory tab or delete it from the
shopping list.
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Figure 22: Web and Mobile App - Shopping List View

To add an item to the shopping list, the user should click the plus sign on the mobile
app and the bottom right shopping basket floating button. A search popup will show up
(see figure . Next typing the name of the item and selecting the appropriate article
will add it into the current shopping list.

Another useful feature that this application offers is the recipe recommendations.
Many additional features could have been built leveraging recipes, like for instance, show-
ing different recipes depending on the currently available items of the fridge. However,
due to time constraints, such features weren’t completed. If implemented, such a feature
would enable the users to get recipe suggestions based on the ingredients they currently
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Figure 23: Web App - Add Shopping Item View

have. Though, when building such a feature, one should take into account the amount of
each ingredient a recipe needs, and know whether that amount of the item is available to
cook this particular recipe. This issue coupled with the time it takes to implement the
solution was the reason why this feature was skipped for now. Nevertheless, users can
still see a few recipes by navigating to the recipes navigation bar on the left of the web
app and the recipes tab on the mobile app. (see figures [24| and

Application Logout

& Rostad potatissallad med granatapple och fetaost 30min -
E med saganaki och Btsdi 35min -~
a INGREDIENTS: DESCRIPTION:
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2 portabellosvampar pa spett och grilla til fin férg. Njut med en kramig cashewndtsdipp.
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STEPS:
1 liten aubergine

" " Skar svamp, gronsaker och ost i jimnstora bitar. Tré upp pa spett och pensla med olja, ev
8 roda steldokar eller 1 blandad med vitiok. Salta.
stor rédldk i klyftor
Mixa cashewnotter med vatten och citronsaft tills det blir en ljus, slét kram. Smaka av

1 rod snackpaprika med vitlok och salt.
200 g saganaki eller Grilla eller stek spetten till fin farg och servera med dippsasen.
halloumi
1 msk olivolja
1 vitloksklyfta, finriven
1 tsk flingsalt

Kycklingférsspett med grekisk sallad 60min v

Figure 24: Web App - Recipes View

Lastly, this prototype also offers some basic statistics and insights. A user can see
his/her family approximate spendings on food and on the food they have wasted. (see

39



figure

Application Logout

Total Money Spent

:Dmem

12:34PM 100
&  Gronsaksspett med saganak

Gronsaksspett med saganaki och
cashewnotsdipp

i 35MIN ¢

2 portabellosvampar

1 liten zucchini

1 liten aubergine

8 réda steklokar eller 1 stor rodlok i klyftor
1 rod snackpaprika

200 g saganaki eller halloumi

1 msk olivolja

1 vitloksklyfta, finriven

1 tsk flingsalt

]

Fridge Shopping List Recipes Sett

1y
m
M

seeec T

12:34PM 10(
&  Gronsaksspett med saganak

Gronsaksspett med saganaki och
cashewnotsdipp

i 35MIN ¢

2

Mixa cashewndtter med vatten och
citronsaft tills det blir en ljus, slat
kram. Smaka av med vitlok och salt.

4
]
m

Fridge Shopping List Recipes Sett

Figure 25: Mobile App - Recipe View
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Figure 26: Web App - Insights View
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6 Results and Analysis

As laid out in chapter [3 the 7th and final step of the research methodology consists of
two parts.

e Analyzing the results of the technical validation - designed to test the usability and
capture any eventual bug.

e Analyzing the results of the user interaction study - to help answer the research
questions.

The results of these tests are presented in this chapter and show whether the proposed
solution is valid and successful.

6.1 Final Prototype Validation

The conceptual validation survey in which we validated our initial proposition was in-
strumental in narrowing down the focus and the scope of this work. From the results,
several features were chosen and moved into the implementation phase. The details of
the implemented features can be seen in section [5

6.1.1 Technical Validation

Three participants tested the prototype. They were asked to firstly try and intuitively
use the system, to see if they will be able to figure out how to complete a defined set of
actions. See table [7/] And then ask questions and give feedback.

[@p)

=+

@D
o)

Complete the Following Actions

Login

View Fridge

Scan Mode On

Scan Item

View Item Info

Mark Item as Finished

Mark Item as Wasted

View Shopping List

OO0 || U | W DN —

Add Shopping List Item

Mark Item as Bought

[Sy y—
[ =]

Delete Item

—_
[\

View Recipes

—_
w

View Statistics

Table 7: Technical Validation - Actions participants had to complete using the device
and the mobile app.

The participants were asked to complete the steps described in table [7|in that given
order. A couple of bugs were discovered during the validation process. When the users
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added an item that does not exist in the system, the application would insert an empty
row. To solve this issue, we simply put a checker that asks the server whether the item
the user is trying to add exists in the system. If the item does not exist, the applica-
tion displays the message that the item currently does not exist and as such, it cannot
be added. In the future, all of the items available in Coop, Willys, ICA, Hemkop, etc.
will also be present in our system, so the chances of users adding a non-existing item
will be minimal. Furthermore, the application will allow the users to manually enter a
non-existing item into the system, thus making it available to the other customers.

Some of the item prices fetched from the Coop website were noted with a sek:- sign
e.g. P2jsek:- and would mess up the statistical calculations. This is because 24sek:-
cannot be converted into a number and arithmetics between numbers and strings cannot
be performed. For example: 100 + 20 + 24sek:- will result as undefined instead of 144.
To solve this issue, we wrote a script which goes through all the price fields and removes
any extra character that the price might contain, making sure that all of them exist in a
numeric form.

Besides these bug reports, participants also suggested some few Ul changes that can
further simplify the application usage. Those details are discussed in the Discussion
section. The reported bugs were fixed before the user interaction study took place.

6.1.2 User Interaction Study

Similar to the conceptual validation session [3.2] participants of this study were first in-
troduced to the general problem of food waste and what this work is trying to achieve,
then, they were asked to respond to the first survey which consisted of general questions
regarding their age, the number of family members in the household, whether they use
shopping lists or no, how often do they end up wasting food, why would they want to
avoid wasting food, etc.

44.4% (out of 9) of the participants belong to the 35 and up, age group. 33.3% belong
to the 25 - 30 age group, 11.1% were aged 30 - 35 and 11.1% in the 18 - 25. 88.9% of the
participants were male while 11.1% female. The majority of the participants i.e. 55.6%
live with 4 family members or more, 22.2% live with 3 household members, 11.1% live
with another person and 11.1% live alone.

When it comes to their shopping behaviors, 66.7% of the people use shopping lists.
44.4% of them goes shopping more than once a week, the same percentage goes shopping
only once per week, while only 11.1% goes to shopping once in two weeks. 55.6% of the
participants plan their meals ahead of time. 55.6% of people occasionally end up wasting

food, 22.2% often waste food and the same percentage of participants sometimes wastes
food.

The participants were asked to check all the statements that describe the reasons why
they end up wasting food. 7 participants have ended up wasting food due to expiration.
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5 people often end up overbuying, 3 people buy things they already had and 2 people
sometimes plan to cook something but then end up not doing so. When asked to select all
the reasons they don’t want to waste food, 7 participants selected ”FEconomical Reasons”,
6 ”Environmental Reasons”, 3 people ”Moral and Cultural Reasons”, and 1 had ”Other”
reasons also.

In the next phase, they were introduced to the prototype with which they interacted
with by completing a set of predefined actions. During this stage, each participant had a
lot of questions along with some open discussions. On average, one session lasted about
25 minutes. Then after the interaction session, they were asked to fill out our last survey
in which they were required to rate the statements from 1 to 5 regarding the prototype
features. In case they forgot or wanted to see that particular feature in action, they could
come back to us or watching the recordings of a prototype interaction.

As seen in Appendix [D] the majority of the participants were quite satisfied with the
UI and gave a lot of constructive feedback during the discussions. Table number [§| below
shows the features and their average scores (1 - 5, depending on how much they liked it),
rated by 9 of the participants who took the final survey.

Foatire (Alv?rs)ge Rating
Add Real Products to Inventory and Shopping List 4.625

Get Notified Before an Item Expires 4.5

See the Approximate Price of Items in Shopping List 3.75

Mark Items as Wasted or Finished 3.87

See How Much Money You Spend 3.66

See How Much Money You Waste 4.3

See Recipes You Can Cook With Available Groceries 4.44

Table 8: Feature Ratings

7 Discussion

This chapter answers the research questions presented in chapter by referencing and
discussing the works identified in the literature review and the findings of the conceptual
validation survey (see chapter|3.3]) and the final prototype’s technical validation and user
interaction study (see chapter @

7.1 RQ1: Can an IoT solution considerably simplify the process
of food inventory in a household?

Food inventory can be defined as the process of keeping track of the food that is available

in the family household. It is usually done before grocery shopping using pen and paper.

The same process can be achieved using a mobile app. The advantage of mobile apps is
that they offer coordinated shopping lists. That way, all of the family can keep real-time
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track of the shared shopping list and inventory. Studies show that coordinated shopping
lists reduce the amount of food waste. |18 [39)

However, difficulties show up when maintaining that inventory. Despite having coor-
dinated lists, the existing mobile apps and the solutions encountered during the literature
review (see chapter [2)) still require a lot of manual input from the users. The dynamics of
life, give most of the families a little to no time to organize and systematically keep track
of what food has been eaten, and what remains buried somewhere hidden in the fridge.
[33] The inventory is not updated immediately after an item is finished /wasted. That is
because one needs to take out their mobile phone navigate to the app and update the
list. Having a device embedded in the fridge is a more natural way of interacting with
the inventory.[42]

This thesis proposes an IoT solution that considerably simplifies the process of food
inventory in a household by requiring minimal upfront work and offering a better way of
interacting with the food. The results of the conceptual validation survey show that 8
out of 9 participants found this solution useful (see chapter . Both the device and the
mobile app are important components of the solution. They let the users add real existing
items found in their local grocery stores to their shopping list with a simple search. Then,
when an item is marked as bought, it moves it into their inventory. All these actions are
received by the [oT device and the rest of the family, removing the risk of somebody else
buying the same grocery twice thus addressing the issues outlined by [17, B1]. The device
is right there when the user takes an item out of the fridge, enabling him /her to update
the inventory in just one simple click. Thus, removing the need for the mobile app and
addressing the limitations outlined in [42]. Being reminded (gently nudged) about an item
expiring, every time the user passes by the fridge increases the likelihood that he/she will
take action more than receiving a mobile notification that can be dismissed and forgotten.

7.1.1 RQ2: What are the potentials and challenges using such IoT solution
in everyday life?

Having this system in place to manage the household’s food inventory, with little effort
makes way for more opportunities and interventions. Nevertheless, there are still ways
to further automate the process, for instance, enabling voice services such as Amazon’s
Aleza [f] to enable the users to interact with their fridge by talking. All of the available
commands would also be available through speech. Users could ask their fridge for its
contents or, order it to add some items to their shopping list or, mark an item as fin-
ished. Moreover, the device would fit in nicely with other smart appliances such as a
smart bin, similar to Winnow [46] or, the project developed by Altarriba et al. [35] called
"The Grumpy Bin”. Hypothetically speaking, since the system already stores pictures
for every item, the user would not need to manually update the status of the item, once
it is thrown in the bin. The bin itself would be able to detect the correct item and mark
it as finished or thrown.

6alexa.amazon.com
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Another potential that this system offers is its screen estate. It can be used to dis-
play numerous information regarding the quality of the food a household consumes. In
a study conducted by Reitghtberger et al. [22] (see chapter , users were shown a
pyramid system and their position in it depending on the food choices they make. The
higher the user stood in the pyramid, the better food choices it indicated. The results
of the study showed that there was a significant change in people’s shopping behavior.
This feature can already be implemented in the system since all the items taken from the
grocery stores already contain nutrition information. Moreover, similar to FcoPanel by
Zapico et al. [43], who tried to narrow the gap of how much eco-products people think
they consume and how much is that in reality, users could be shown how much of their
buying is ecologic. Participants of the initial conceptual design were already interested
in such a feature. (see Appendix

As established by both the literature review and the two user studies (see appendix
and @[), money is an important aspect of food waste. During the conceptual validation
survey, 1 person(out of 9) said that being able to see how much money he/she spends on
groceries is a must-have feature voting it as a 5 (out of 5), while 4 participants voted it as
a 4. However, when asked if they would like to be able to see how much money they lose
by wasting food; 5 people gave a maximum score of 5, 3 were almost as certain by rating
it as a 4 and the remaining participant rated it as a 3. 44.4% of the participants stated
having primarily economical reasons for not wanting to waste food. Identical results were
observed during the user interaction study (see chapter @ where being able to see the
amount of money lost on food that is thrown away received an average score of 4.3 out of
5. Furthermore, this observation can be linked to Ganglbauer et al.[I9] who argue that
one problem with the food waste reduction is that, results of such actions are not easily
seen as in the case when losing weight or saving energy. Thus, we can conclude that
quantifying the amount of food waste in monetary terms propels people to take concrete
actions. This thesis has achieved just that while requiring no extra input from the users.
Nevertheless, financial insights currently available in the system can be further expanded
in the future to empower families to identify items that are usually thrown away unfin-
ished and suggest them alternative products coming in smaller packages or avoid them
altogether to prevent waste before it happens.

Numerous other features can be implemented on top of the existing functionalities.
For instance, a list of local food banks can be displayed every time some food is about
to expire, similar to foodsharing.de by Ganglbauer et al. [41] The system already has a
lot of metadata about the items which could be used to build dietary functionalities such
as displaying only items that comply with any specified diet or indicate items the user is
allergic to.

Alongside the opportunities listed so far, the proposed solution comes with challenges
in design, security, and privacy. The list of challenges is expected to raise as the project

moves forward.

7 out of 9 participants in the conceptual design study(see chapter when asked if
they would use this technology in their homes, answered positively. 3 of those 7 people
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put a contingency on the solution being nice looking and easy to use. Similarly, during
the user interaction study of the final prototype(see chapter @, a few remarks were
made about the UI. Therefore, making the prototype simple and nice-looking is a must.
Currently, when a user wants to mark an item as bought/wasted/finished through the
mobile app, he/she has to swipe left, for the action buttons to show up. That is an
unnecessary extra step that can be eliminated. Instead, the action buttons should be
made visible from the list view.

The IoT battery life is another design challenge that needs to be figured out in the
future. Currently, the device is removed from the fridge and charged. One advantage
that smart fridges have in this area is that the displays get the electricity from within the
fridge. One way to solve this problem is to have a long charger cable, letting the device
charge the whole time. This may not look that nice however if the color of the charger
cable is the same as the fridge’s color, it should not be so obvious.

Privacy and security is another pressing issue that has to be addressed in the fu-
ture. Having access to a family’s fridge contents is a very big responsibility. A thorough
study should be conducted to understand the extent of user data the system can store,
and what does that mean for family’s privacy when such a system is deployed into their
home. Having any vulnerability in the system can expose the user’s data to hackers.
Hence, security should be a challenge to be taken seriously. Finally, family dynamics in
households having smaller children should be further studied and analyzed. It is impor-
tant to understand how kids interact with the fridge and by that extent with the IoT
device.

8 Conclusion

This chapter is divided into four sections. Section one, re-iterates and summarizes all the
thesis work, section two discusses the limitations of the presented work, section three out-
lines the lessons learned during this journey, and the final section discusses the directions
that the project could take in the future.

8.1 Summary

Food waste is becoming an increasing threat to the environment and the global economy.
A third of the food that is produced never gets eaten. If a portion of the current food
wasted were to be avoided, we would have been able to feed the starving people around
the world. The resources needed such as water and electricity, to grow and maintain
the food that eventually gets thrown away have catastrophic consequences on the en-
vironment. The landfills are filled with uneaten food that releases methane gas to the
detriment of the ecosystem.

A considerable amount of research has been conducted to first and foremost un-

derstand what food waste is and then identify the drivers of food waste, especially in
households. Many other entities besides researchers such as governments and indepen-
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dent organizations have expressed their concerns and readiness to tackle this issue. Plans
and strategies are formed such as the initiative by the Swedish government to become the
leading country in food waste reduction by 2030. Such steps, however, are not enough to
tackle this growing issue. There is a need for innovators and creators of all walks of life
to come up with strategies and new solutions to first and foremost educate the people
and make them aware of the consequences of the food waste and then offer solutions that
can be adopted and implemented.

Although food waste happens from field to fork, this thesis focuses on the leading
area that produces the most waste, the households. The main food waste drivers in the
households are overbuying, lack of knowledge of food already available at home, unco-
ordinated shopping habits, etc. To contribute towards the reduction of food waste, a
research methodology was defined to serve as a roadmap and a reference point for this
work. A literature review was conducted to give us a clearer picture of the extent of the
problem and what has been done so far to address it. During the literature review, many
identified solutions were analyzed and categorized to further understand their shortcom-
ings and to identify potential intervention opportunities.

Researchers are aware of the food waste drivers and have proposed creative solutions
to address them. However, the identified solutions do not become part of the family’s
life and eating habits. That is mostly because such solutions heavily rely on the user’s
input. The challenges they come with outweigh the benefits they have to offer. An-
other challenge with existing systems is maintaining an up to date inventory. However,
people, don’t grab their phones and update their list every time they take an item out
from the fridge. There is a need for an embeddable device which enables more natural
interaction with the food. Smart fridges are a good candidate for filling this need how-
ever, they still are far from being useful when it comes to helping a family manage their
food inventory and helping them make better food choices. They are hampered with
a lot of issues because currently despite having impressive hardware they do not under-
stand the items that come in and out of them, therefore, needing to be manually updated.

This thesis focuses on the above-mentioned limitations and proposes an embeddable
device that can be attached to the fridge using a magnet case and act as the "brain” of
the fridge. Furthermore, thanks to the grocery markets in Sweden such as ICA, Coop,
Willys, etc. the proposed solution can analyze their websites and recognize all the prod-
ucts that the users can buy. It can display the prices of the items so that the users can
have an exact idea of how much money they spend on groceries and what’s the value
of the food they waste. To speed up the process of inventory ”check-in”, the device has
a barcode scanner module that allows for quick identification of the products the same
way grocery store cashiers do. The device accompanied by a mobile application that can
be used during grocery shopping or when away from the fridge to add/remove items in
the shopping list or inventory list, coordinate shopping list with the rest of the family
members, view recipes and insights, etc.

The results and analysis of both the prototype validation and user interaction studies
show that the proposed solution improves the food inventory process and answers the
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two research questions. Furthermore, it has the potential to help families reduce food
waste in their households. Nevertheless, further studies are needed to verify such claims.

8.2 Limitations

The biggest limitation during this journey was the lack of hardware knowledge and proper
estimation of the time it takes to find the right hardware components and make the pieces
work together. Another equally important limitation is the lack of longer user testing.
That was largely due to the costs of making such a device. In an ideal situation, a bigger
number of participants should have a copy of the device installed into their households for
a longer period of time, to properly assess its validity. For this time being, the thesis relies
mostly on the literature review, the user interaction studies and the open discussions all
of which are available in this thesis.

8.3 Lessons Learned

There are a couple of lessons learned during this interesting and challenging journey we
feel are worth sharing. First of all, time management and proper time estimations are
very important things to be considered. Having no prior hardware experience caused us
to spend too much time trying to make the hardware components work together. The
barcode scanner had to be shipped from China and that took almost a month. We now
believe that there are other ways to demonstrate such a concept without having a perfect
prototype in place. Another lesson we learned the hard way was that some of the features
we spent time developing, turned out to be not so relevant to the research questions we
were trying to answer. While it is good to ship useful features it is best if things are kept
simple and only what is crucial to the research question is build.

8.4 Future Work

Based on the responses we got from the participants and all those who got to hear about
this research, the future looks promising and exciting. In the next steps, a stable IoT
device will be built and deployed in a few households. Then, the participants will be
asked to use the system for a defined amount of time so that we can learn from their
interactions and further refine and improve the service. Having real users using this
system on a daily bases will help us collect data regarding their behaviors and potentially
enable us to give them suggestions such as Are you sure you want to buy this item? There
is an 80% chance you will end up wasting this product. Maybe buy a smaller package.
Or show them the quality of the food they buy. Let them analyze their expenses and
optimize their shopping behaviors. We strongly believe that once the system is optimized
and the work required to use it is significantly lowered we will be able to reduce more
than half of the food waste generated in households.
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6/7/2019 Food Waste App

Food Waste App

9 responses

QUESTIONS

Select your age group

9 responses
® 15-18
@ 18-24
® 25-30
@ 30-40
@ Over 40

Select your gender

9 responses
@ Female
@ Male

https://docs.google.com/forms/d/1RTd16gF9dxBFQ55-AlhRgilo44NgnHnxqlh_W2qu7TA/viewanalytics

1/9



6/7/2019 Food Waste App

What motivates you to not waste food

9 responses

@ Economy
@ Moral ethics
@ Environmental effects

Do you use any mobile application to manage your household food and
shopping planning ?

9 responses

@ Yes
® No

Specify the apps that you use and what you don't like about them.

1 response

that most of them are not developed enough. Apps with a daily reminder | use frequent

https://docs.google.com/forms/d/1RTd16gF9dxBFQ55-AlhRgilo44NgnHnxqlh_W2qu7TA/viewanalytics 2/9



6/7/2019 Food Waste App

Have the sensor (with the barcode scanner) mounted on your fridge and
scan your items to avoid having to type them in manually from your mobile

phone

9 responses

3 3 (33.3%)

2 (22.2%)

See nutrition facts in the mobile app for all the items you have in the fridge

9 responses

2 2 (22.2%) 2 (22.2%) 2(22.2%)

'IERED)

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics

3/9



6/7/2019 Food Waste App

Get notified before an item expires

9 responses

6
5 (55.6%)
4
2 2 (22.2%)
0 (0%) 0 (0%)
0 | |
1 2

Select the recipes you want to cook for a specified amount of time and we
generate the items you need to buy by adding them to your shopping list.

7 responses

2 (28.6%)

1(14.3%) 1(14.3%) 1(14.3%)

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics 4/9



6/7/2019 Food Waste App

When an item is about to expire get recipe recommendations with the
items you have in the fridge to avoid throwing the food away

9 responses

4 (44.4%)
3
2
1
1(11.1%)
0 (0%)
0 I
1 2 3 4 5

Get information on which products you buy are GMO

9 responses

2 (22.2%) 2 (22.2%) 2 (22.2%) 2 (22.2%)

1 (11.1%)

When an item is finished go to the application and indicate it as finished

9 responses

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics 5/9



6/7/2019 Food Waste App

1(11.1%) 1 (11.1%)

When an item is finished simply scan it in the device mounted on your
fridge and press a button to indicate it is finished or wasted and we
automatically update your app with the changes

9 responses

2 (22.2%)

See the amount of money you spend on food

9 responses

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics 6/9



6/7/2019 Food Waste App

4 (44.4%)

2 (22.2%)

1 (11.1%) 1 (11.1%)

See the cost of the food you marked as thrown/wasted

9 responses

6
5 (55.6%)
4
3 (33.3%)
2
0 (0%) 0 (0%)

0 | |

1 2

Would you have used this technology in your household?

9 responses

If it is not ugly and does not use that much energy. Where does the energy for the scanner come from?

I think it would make more sense to teach people about when food is not good anymore and to tell them how
to store it rather than totally disconnect them from their common sense and let an app do the job

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics
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6/7/2019

Food Waste App

| probably would, ye.s

yes, | don't waste that much and always eat everything | have, but | would still like to have it justa s a motivator
adn | feel like this would be ana amzing technology for so many people!

I am unsure if | would actually use the device, although | totally see the point of it. | do not have many
problems with waste food now, neither.

Yes, if it was easy and fast to use
Probably yes, it's a really good idea
Yes i'd Like to use if it is not very expensive

| like the concept but i would depend om the final produkt.

Write down any extra thoughts or suggestions you might have.

7 responses

riktig bra

what about food that has no barcode (fruits, vegetables often come without > and | try to avoid packaging so
no barcode...)

Do you only take into consideration when the expiration date is close? This date is not "throw away after" but
rather a legal protection from the producer

| don't have any currently.

it must just be as simple as possible, but otherwise the things written in the survey has had all the services |
feel that | need. The recepie idea for food that will go off is really good! and would help!

Maybe the effort of scanning everything will prevent people from using it. Is there a way to have a RFID
Scanner at home? On the other hand, people might dislike this as well (privacy vs. transparent consumer
debate...)

How do you get all the information of the food?and if the expiry date is passed you mention the user but
sometimes it can be eaten later how do you deal with these problems like suggest them to throw or extend the
time but how to ensure everything is secure and safety?

its a real good concept you got here!! unfortunately, | find it hard to believe in the idea of an external scaner
when you can scan barcodes with today's smartphones. if you insted focus on making a good app where you
scann products with a mobile phone it would open for more areas than refrigerated food. Exampel.frozen
foods, dry goods and household products and so on. And focusing on a standalone app would reduce
development / pruduction costs and open to a larger customer target group,in my opinion.

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics

8/9



6/7/2019 Food Waste App

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service

https://docs.google.com/forms/d/1RTdI6gF9dxBFQ55-AlhRgiLo44NgnHnxqlh_W2qu7TA/viewanalytics 9/9
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6/7/2019 Food Waste - Pre-Session Survey

Food Waste - Pre-Session Survey

10 responses

Your age

10 responses

® 18-25
® 25-30
@ 30-35
@® 35and up

Your gender

10 responses

@ Female
@ Male
@ Prefer not to say

https://docs.google.com/forms/d/1 AheKCOZT1BzEnlg7Q1R_yW6PEDb_je81YAyRW-Oczi0/viewanalytics

1/5



6/7/2019 Food Waste - Pre-Session Survey
How many members are there in your household?

10 responses

@ 1 (I live alone)
0?2
o3

@ 4 or more

Do you use shopping lists for your groceries?

10 responses

® Yes
® No

How often do you go grocery shopping?

10 responses

https://docs.google.com/forms/d/1 AheKCOZT1BzEnlg7Q1R_yW6PEDb_je81YAyRW-Oczi0/viewanalytics 2/5



6/7/2019

A

Do you plan your meals ahead?

10 responses

How often do you end up wasting food?

10 responses

Food Waste - Pre-Session Survey

@ More than once a week
@ Once a week

@ Once in two weeks

@ It depends

® Yes
® No

@ Sometimes

@ Never

@ Occasionally
@ Sometimes
@ Often

https://docs.google.com/forms/d/1 AheKCOZT1BzEnlg7Q1R_yW6PEDb_je81YAyRW-Oczi0/viewanalytics

3/5



6/7/2019 Food Waste - Pre-Session Survey
Select all the reasons why you waste food

10 responses

| end up overbuying

| buy things | already had.
(I did not...

8 (80%)

Food expired

| had planned to cook
something but the...

Do you use any shopping list app?

10 responses

® Yes
® No

Select the reasons why you don't want to waste food

10 responses

https://docs.google.com/forms/d/1 AheKCOZT1BzEnlg7Q1R_yW6PEDb_je81YAyRW-Oczi0/viewanalytics 4/5



6/7/2019 Food Waste - Pre-Session Survey

Economical 8 (80%)

Environmental

Moral & Cultural

This content is neither created nor endorsed by Google. Report Abuse - Terms of Service

https://docs.google.com/forms/d/1 AheKCOZT1BzEnlg7Q1R_yW6PEDb_je81YAyRW-Oczi0/viewanalytics 5/5
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6/7/2019 Food Waste Post-Session Survey

Food Waste Post-Session Survey

9 responses

4

The Ul feels intuitive

9 responses

6
5 (55.6%)
4
2 2 (22.2%)
0 (0%) 0 (0%)
0 | |
1 2 3 4

| find it easy to add items to inventory

9 responses

https://docs.google.com/forms/d/1bkCvKVOHFrdel 1 fFsna4dFOh3goxAiG_zbz79Je VM2Fs/viewanalytics

2 (22.2%)

1/10



6/7/2019 Food Waste Post-Session Survey

| find it easy to scan the items

9 responses

‘ 4 (44.4%)
3
2
1
0 (0%) 0 (0%)
o | |
1 2 3 4 5

| find it easy to add items to my shopping list

9 responses

5 (55.6%)

0 (0%) 0 (0%) 1 (11.1%)
0 | |

https://docs.google.com/forms/d/1bkCvKVOHFrdel 1 fFsna4dFOh3goxAiG_zbz79Je VM2Fs/viewanalytics

2/10



6/7/2019 Food Waste Post-Session Survey
| find it easy to look at recipes

9 responses

4 (44.4%)
3
2
2 (22.2%)
1
0 (0%) 0 (0%)
0 | |
1 2 3 4 5

| find it easy to look at insights

9 responses

4 4 (44.4%)
3 3 (33.3%)
2 2 (22.2%)
1
0 (0%) 0 (0%)
0 | |
1 2 3 4 5

| think having a touchscreen attached to my fridge makes food inventory
management easy

9 responses

https://docs.google.com/forms/d/1bkCvKVOHFrdel 1 fFsna4dFOh3goxAiG_zbz79Je VM2Fs/viewanalytics

3/10



6/7/2019 Food Waste Post-Session Survey

6
5 (55.6%)
4
2 2 (22.2%)
0 (0%) 1(11.1%)
0 |
1 2 3 4 5

This solution significantly automates food inventory management

9 responses

3 (33.3%)

2 (22.2%)

'IERED)

0 (0%)
0 |
1

Having a mobile app alongside the touchscreen device is a must

9 responses

https://docs.google.com/forms/d/1bkCvKVOHFrdel 1 fFsna4dFOh3goxAiG_zbz79Je VM2Fs/viewanalytics 4/10



6/7/2019 Food Waste Post-Session Survey

5 (55.6%)

The process of scanning of the items/adding them through the app is
tedious

9 responses

4
3
3 (33.3%)
2
]
1(11.1%)
0 (0%)
0 |
1 2 3 4 5

4

Being able to add real products to the shopping list instead of manually
typing in the item names

9 responses

https://docs.google.com/forms/d/1bkCvKVOHFrdel 1 fFsna4dFOh3goxAiG_zbz79Je VM2Fs/viewanalytics 5/10



E Prototype Demonstration Video Links

Description Link
Web and Device Application - Part 1 LINK
Web and Device Application - Part 2 LINK
Web and Device Application - Part 3 LINK
Web and Device Application - Part 4 LINK
Mobile Application - Part 1 LINK
Mobile Application - Part 2 LINK

Table 9: Prototype Video Demonstrations
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https://youtu.be/QCGwiFrIIeo
https://youtu.be/Wx1vibKWE4s
https://youtu.be/tvPI0SdfvBM
https://youtu.be/hoV1Vh5bBfQ
https://youtu.be/6qYgLCOY5DM
https://youtu.be/408ilCmvtaw
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