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1 Background

A challenge in the wine and beer making process is to maintain high quality
throughout the whole manufacturing process of the beverage. Both beer and
wine are made using biological processes dependent on many factors and inputs,
and these factors needs constant monitoring and control. This can be achieved,
for example, by measuring particles, PH value and carbon dioxide levels, which
serve as an indicator of where the process is heading.

The project aims to identify potential issues in the process, and ensure the
quality of the wine or beer despite varying inputs. It also involves finding a way
to mitigate deviations and create a solution that could be time- or resource-
saving for the winemaker. Our client, ATTRACT, has provided two early stage
technologies to the project, named Unicorn DX and PiPe4.0. The task is to
adapt these technologies to the wine or beer making process, and develop the
surrounding systems.

This chapter provides a background to the project, beginning with a description
of the overarching process of wine and beer making and the two technologies
in focus, namely Unicorn DX and PiPe4.0. Current products and potential
competitors are also identified.

1.1 Wine and beer making process

The wine making process is a process that has been used for over 6000 years.
Different kinds of wine have slight differences in the production process. Iden-
tifying potential errors in the process can be made evident by mapping the
production processes for red and white wine.



1.1.1 Red wine making

Ferment

|5

Press Ageing Blending Bottle

Removing skins

Figure 1: Steps of producing red wine

Harvesting and crushing

Red wine is made by first harvesting ripe grapes, either by hand or machine.
Then the clusters of grapes go through a destemmer/crusher that removes whole
grape berries from the stems and squeeze them to release the juices. This mix-
ture of juice, skins and seeds is known as must. Sulphur dioxide is often added
at this stage to kill unwanted microbes and preserve the must.

Alcoholic fermentation

After crushing, the must is fermented to convert sugars into alcohol. This can
be done by adding commercial yeast or letting the native yeast that already
occur in the grapes start the fermentation. Not removing the grape skins from
the must during fermentation is what leads to the deep red colour in red wine.
Depending on what kind of vessel that is used, different kinds of characteristics
can be added to the wine. At the end of the alcoholic fermentation the wine
is transferred to wine presses which separate the liquid from the skins and seeds.

Maturing

After fermentation, red wine is typically matured in oak barrels before being
bottled, but can also be matured in clay amphorae and concrete eggs. Usually
a second fermentation, called malolactic fermentation, occurs during the ma-
turing of the wine. During this process, malic bacteria converts the wine’s tart
malic acid to softer lactic acid, creating a more pleasant mouthfeel to the wine.



Blending

Since wine making is a natural process, each barrel of wine will not develop
completely identically, meaning that wine from the same batch can taste differ-
ently depending on factors such as acidity and sugar levels. Therefore, blending
is a crucial step to balance and harmonise the aromas of the different barrels.
By selecting and blending specific components, winemakers create their own
balanced wine.

Filtration/Clarification

Red wine undergoes clarification through racking, fining and filtering during
maturation. Remaining sediments such as seeds and grape shells settle at the
bottom and are removed through racking. Fining of the wine is done by using
substances like egg whites and certain clay, products that addresses tannins and
tends to remove cloudiness in the wine.

Bottle

Before bottling, final adjustments involving sulphur dioxide takes place. Before
filling, corking and labelling the wine, it is important to minimize the exposure
of oxygen to the wine in order to prolong its lifespan and protect its character-
istics.[Jim Gordon, 2023b]

1.1.2 White wine making

Harvest

Ferment Ageing Blending Bottle

Figure 2: Steps of producing white wine

Harvesting and pressing
The grapes are harvested early in the morning at cool temperatures to keep



freshness at optimal ripeness. The grapes are then pressed directly when they
arrive to the winery. Winemakers may be inclined to add sulfur dioxide or
potassium metabisulfite at this stage to prevent spoilage and oxygen absorption.
The skins are then separated from the must and the remaining juice is left to
settle in a chilled tank, followed by racking, removing the majority to sediments.

Alcoholic fermentation

Once yeast is added to the grape juice, a biochemical process unfolds, convert-
ing sugar to alcohol, releasing carbon dioxide, and generating heat. Winemakers
regulate this by manipulating temperature, stirring, aerating, and feeding the
yeast nutrients. Various yeast strains are available depending on which style of
wine is aimed to be achieved. While commercial yeast is an option, the native
yeast present in the grapes are enough initiate fermentation. The majority of
white wines ferment in stainless steel tanks, with some, like Chardonnay, fer-
menting in oak barrels.

Maturing

Malolactic fermentation is chosen for richness in Chardonnay or Viognier but
avoided in crisp wines like Sauvignon Blanc. Maturation can range from four
months for light whites to over two years for reserve-style white Burgundies.
Another choice presented to the winemaker is whether to keep or discard lees in
the wine. Lees is a layer consisting of dead yeast and various sediments at the
bottom, the right amount of lees can add aroma, protect from oxidation, and
generally contribute to a richer mouthfeel with periodic stirring.

Blending

Just like when blending red wine, winemakers are blending their white wines in
order to better control the taste characteristics of their final product, enabling
more stable wines. The blending is done by trial and error in small batches,
and the final composition is determined based on what the winemaker deems to
taste the best. This process heavily relies on the taste, experience and prefer-
ences of the winemaker. [Sean P. Sullivan, 2023]

Filtering

During this phase, winemakers clarify wine through processes like racking to
remove sediment and fining using substances like egg whites and clay. Mem-
brane filtration is used to eliminate microbes, sulphur dioxide levels can also
be tweaked during this phase to hinder the growth of microbes. [Jim Gordon,
2023a]

Bottling

When bottling still wine, it is ready for consumption immediately and further
ageing does not necessarily improve its characteristics . TPO, short for Total
Packaged Oxygen, is a measurement of the oxygen levels present in wine after
bottling. TPO has a direct effect on quality, lifespan and stability of the wine.
Thus, it is generally considered preferable to keep the TPO as low as possi-
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ble during bottling since higher TPO increases the risk of the wine to oxidise,
leading to a loss of favlour, color and essentially causing the wine to spoil.[Pete
Brissenden, 2023]

11



1.1.3 Beer brewing process

Mashing Fermentation Filtration Filling

Figure 3: Steps of producing beer

Mashing

The first step in beer brewing is to combine hot water, typically between 60 to
80 degrees celsius depending on what style of beer is being made, with crushed
grain in a vessel called a "Mash tun”. The grains are typically left to soak in
the hot water for 60 to 90 minutes, again varying depending on which type of
beer is being brewed. During this process enzymes in the malt convert starches
into sugars, resulting in a sugar rich liquid called wort.

Separation

The mash tun is equipped with a false bottom which enables the brewer to
separate the wort from the malt solids. By using gravity or a pump, the brewer
transfers the wort to the boil kettle. Hot water is often used to rinse the malt,
ensuring that all sugars are extracted and collected.

Boiling

Once all the wort is gathered, the boiling stage begins, which serves several cru-
cial purposes for the brewer. Boiling sterilises the wort, allowing only selected
yeast to ferment. Additionally, hops are added which contributes to flavouring
profile and bitterness. When the wort is finished boiling it is rapidly cooled to a
temperature lower than 38 degrees celsius, allowing yeast to survive in the liquid.

Fermentation

In the fermentation stage, yeast is added to convert the sugars from the wort
into alcohol, it is encouraged to aerate the liquid at this point. Furthermore, it
is crucial for the liquid to be at the right temperature at this point not to kill the
yeast. Yeast flavor can be influenced by factors such as fermenting temperature,
yeast quantity, yeast type and oxygen levels. For instance, Hefeweizens show-
case yeast-derived flavors like banana and clove, achieved by carefully managing
fermentation conditions to stress the yeast and enhance these characteristics.

12



Filtration

Filtering stabilises beer flavour, preventing further yeast development and re-
moving haze for a clear appearance. Various filter types, such as sheet or powder
filters are used. Sheet filters trap particles based on size, while powder filters
are more complex but efficient.

Filling

The final product is filled into bottles or cans using counter pressure, causing the
carbon dioxide produced during fermentation does not escape [Editorial Dept.,
2016]. Additional carbon dioxide can be added artificially or by introducing a
small amount of sugar in the bottle, which the small amount of remaining yeast
consume, in turn creating carbon dioxide and ethanol.

1.1.4 Possible faults

In some cases, errors are made when making beer and wine, which can lead to
the beverages having an unpleasant smell, taste or being completely undrinkable.

Wine faults
A few examples of what can go wrong is that the wine can turn into vinegar,
smell like rotten eggs or have yeastier characteristics than wanted.

A vinegary smell and taste means that the wine has been exposed to air, caus-
ing an interaction with acetobacter organisms, effectively converting ethanol
into acetic acid in the presence of oxygen. This can be prevented by adding
enough sulphides which inhibits the growth of unwanted organisms. If the wine
has converted into vinegar, there is no way to revert the mistake and turn it
into wine. The wine may still be drinkable and sellable if the taste is tolerable,
if not the batch may be turned into vinegar and sold as such.

If the wine smells like rotten eggs it is likely due to an excessive use of sul-
phide or lack of nutrients. If the grape juice is lacking in nitrogen, hydrogen
sulphide is released in to the wine by the yeast. This can also happen if the
yeast is shocked by temperature changes. However, this fault can be corrected
in most cases by simply racking the wine followed by aerating it. In more serious
cases the wine can be treated with copper sulphate or activated carbon which
inhibits the rotten egg sensation.

A yeasty smell is caused by the wine being in contact with lees for too long. Lees
are deposits of dead yeast or residual yeast and other particles that precipitate
to the bottom of a vat of wine after fermentation and ageing. When wine is
left in contact with the lees for an extended period, autolysis of yeast cells can
occur, releasing compounds that contribute to a yeasty or bready aroma. This
process is intentional in some winemaking styles, as it can add complexity and
richness to the wine. However, if the wine has been in contact with the lees for
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too long or if the winemaking process was not well-managed, it may result in
off-putting aromas.[Northeast Winemaking, n.d.

Beer faults

In beer brewing, faults can be divided in to two categories; those that occur
during the brewing process and those that occur post packaging. One example
from each category is presented below.

Bacterial spoilage is a fault that can happen during the brewing process. Lac-
tobacillus, pediococcus, and acetobacter are common spoilage organisms that
can impart sour, tart, buttery, and vinegar- like notes. To prevent this, it is
crucial to sanitise during the entire process, especially after wort cooling, when
the wort and beer is at a temperature ideal for bacterial growth.

Primary causes of faults in packaged beer are sunlight, heat and oxygen. It
is important that the beer is sealed properly and stored cool to prevent oxygen
from seeping in. It is also important to store the beer cool and dark since light

exposure may result in breakdown of the beer, resulting in a skunky flavour.
[Jeff S. Nickel, n.d]

1.2 The technology

The project works with two separate early-stage technologies that are partnering
with ATTRACT.

1.2.1 Unicorn Dx

Unicorn Dx is an electrochemical nanosensor designed for diagnostic applica-
tions. It operates as a lab-on-a-chip system, integrating one or several labora-
tory functions onto a single integrated circuit. The chip is capable of detecting
pathogens such as viruses and bacteria, as well as smaller biomarkers like in-
fection markers at the single-particle level (e.g., proteins). The detection range
spans from 10 to 100 nanometres.

To analyse a sample, a droplet of the substance to be measured is deposited
onto the chip, which is then inserted into a readout device. The sample under-
goes analysis by nanosensors within microfluidic channels, capable of detecting
the presence of biomarkers, for example. The integration of microfluidic technol-
ogy with nanosensors makes this system a versatile tool for point-of-care (POC)
bioanalysis at a nanoscale. Initially developed for medical use, with a focus
on prevention rather than treating existing diseases, the technology faces chal-
lenges in obtaining medical applications approval. In the meantime, the chip
technology could find applications in the wine-making industry. For example, it
can be used during the fermentation process, but that is our aim to investigate
in this project.
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The uniqueness of this technology lies in its capability to detect individual
particles [Attract, 2023a].

1.2.2 PiPe4.0

PiPe4.0 is a system containing two connected units. It is developed with the
main purpose of monitoring the chemical composition in bio gas, bio methane
and hydrogen-enriched natural gas.

The main unit is called gas monitoring unit, GMU for short, and is able to
do measurements in so called injection cabins to a low price. It is ready for
Internet of Things (IoT) and the hardware does not need any reconfiguration.

GMU measures the gas composition and the heating value of the gas according
to the standard ISO 6976:2016 which is used for natural gas. It is fully auto-
matic and suitable for many types of gasses with a broad set of compositions.

IoT refers to the interconnection of devices embedded with electronics, software,
sensors, and network connectivity, enabling data exchange over the Internet.

The second unit consists of a network of strategically distributed sensors. These
self-powered sensors can measure secondary parameters such as calorific values
and pressure. This distribution allows for the detection of leakage and changes
in flow. The fact that the sensors are self powered by the gas flow it self, makes
the system suitable for harsh environments.

The GMU unit uses something called gasraman, optical Raman spectroscopy.
Raman spectroscopy is a technology that uses laser light and the spread of
scattered light for measurements. Since the scattered light has different energy
compared to the incoming light (shorter wavelength), this information can be
used to determine the chemical compositions.

Optical Raman spectroscopy is used to measure the composition and calorific
value of natural gas (also in mixture with hydrogen), bio gas and bio methane.
Because this method is completely optical it is possible to measure these thing
without contact with the gas. [Attract, 2023b]

1.3 Mapping of current products

In the following section, a rough outlining of the typical products currently in
use by wineries are presented.

1.3.1 Brewing equipment

Fermentation tanks:
Fermentation tanks are used during the alcoholic fermentation of the wine. The
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most common type of tank is made out of stainless steel. They make temper-
ature regulations fairly easy and are also the most sanitary option since they
are easy to clean. A stainless steel tank is also a solid investment as it holds its
value after being used.

Another common type is wood tanks. They are not as sanitary since wood
is a porous material and therefore not as easy to clean. However, the wood
adds tannin to the wine which stainless steel does not, which is something some
winemakers may prefer.

There are also less common types of tanks such as concrete or amphorae which
also has their own pros and cons. [Gravity Wine House, 2019]

Ageing barrels:
Barrels used for ageing are typically made from oak wood. New barrels enhance
flavour and texture, while used barrels contribute a smoother texture.

Bottles:

All bottles are not the same. When producing wine the properties of its con-
tainment are essential for the wines shelf life. Especially when dealing with
sparkling wine, it is essential that the bottle can withstand the internal pres-
sure, often reaching 6 bars.[Fick, n.d.] The colour of the bottle also plays a big
role to ensure light does not deteriorate the wine.[Vogadori, 2021]

1.3.2 Measuring equipment

Carbodoseur

A carbodoseur measures the dissolved COs concentration by grams per liter
wine. A measuring cylinder is filled with wine and by shaking the cylinder
the dissolved gas is evaporated, building up enough pressure to push wine out
through a hole in the cylinders cap when opened. The remaining volume of
wine determines the COs concentration.

Indicator Strip

A thin piece of paper coated in a chemical that reacts with acids in the wine
when dipped. The strip assumes a different colour, which is observed to deter-
mine pH. Dedicated wine pH indicator strips often span a range of acidity that
is likely to occur in the wine, commonly pH 2.8 - 4.4.

pH-meter

A device typically in the shape of a large pen or rod, that gives a relatively
precise reading of a liquids pH level. The meter is held partly submerged in the
wine, measuring the pH level over the coarse of a couple of seconds, displaying
the final value on a small screen. The method gives more accurate readings than
indicator strips. In combination with a titration stand and a reactive additive
the pH meter can also be used to assess total acidity, TA.
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Hydrometer

A hydrometer is a thin graded glass tube with a small bulb at one end. When
submerged in a liquid the bulb sinks beneath the surface, leaving a portion of
the tube exposed above the surface. The density of the liquid can then be de-
termined by how much the hydrometer sinks. The specific density is measured
by reading the hydrometers grading at the liquids surface.

Vinometer

A vinometer is a graded glass tube used for determining alcohol content in wine.
The tube open in both ends, with one opeing being wider than the other. Wine
is pored into the wide end, letting the wine seep through the vinometer until
a droplet appears in the thin end, upon which the vinometer is turned upside
down in order to let the wine run back out through the wide opening. The
alcohol content is determined by the amount of wine that remains in the thin
part of the tube.

Sulphur Dioxide Analyser

A Sulphur dioxide, SOs, analyser is an electrical device, which measures the
concentration of SOy dissolved in the wine. The device consists of a measuring
unit, reading the signals and displaying the result, and a probe, which is held
in the sample, connected via wire to the measuring unit. The sample has to
be mixed with precise amounts of certain reactive chemicals in order for the
analyser to give a reading.

Combined Analyser

A combined analyser is an electrical device, which has the ability to measure
multiple chemical characteristics of a sample, commonly total acidity, SOs con-
centration and pH. The different modes require different preparations and ad-
ditives, therefore creating the need for multiple samples to be taken.

Thermometer

A common thermometer is the preferred method to monitor temperature in
wine. The sensing probe itself usually consists of a stainless steel rod which is
placed in the wine.

Refractometer

A handheld device that measures the refractive index of the measured content.
It is appropriate to use when measuring sugar levels in grapes to determine
their ripeness, it can also be used to determine alcohol levels in wine must. The
measured results are brix units, which is calibrated to grams of sugar contained
in 100 ml water.

Aphrometer

An aphrometer, or barometer, is an instrument used to measure barometric
pressure inside a bottle [Andrew Turgeon, National Geographic, 2023]. A typ-
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ical aphrometer for wine production utilises a needle that punctures the bottle
cap, giving a reading of the pressure inside the bottle on an attached pressure
gauge. The bottle is considered ruined or consumed after being subjected to
such a device. Some modern aphrometers uses a tunable diode laser absorp-
tion spectroscopy (TDLAS) technique, shining a laser through the bottle and
analysing the light spectrum passing through the liquid, that does not spoil the
wine. [Randy Frank, Sensor tips, 2018]

1.4 Competitors

In any development of a new product or service it is relevant to take the influence
of competing brands into account.

1.4.1 Manual measuring equipment

Several companies around the world produce measuring equipment used in wine
making. Some equipment is primarily intended for wine use, whereas other is
targeted towards general chemical analysis. The equipment offered by these
companies are typically cheap, widely available, easily understood and pose less
of a challenge to implement into current facilities, compared to more advanced
purpose built monitoring systems.

Given the nature of the project, trying to find a use for two cutting edge tech-
nologies, the traditional manual equipment manufacturers are not to be viewed
as primary competitors. Rather these should be regarded as a substitute for the
product category this project is reaching into. [Tim Patterson, 2011]

1.4.2 Automated measuring equipment

In the last couple of years a market for more advanced, fully or semi-automated
and interconnected monitoring systems has emerged. Companies like Vinpilot
and Winegrid are major actors in the market.

The Winegrid fermentation monitoring system consists of a fibre optic sensor
that can be placed inside a barrel or vat to give real time analytics of critical
parameters [Watgrid Solutions, n.d.]. The data is sent via antennas to a local
router, where the data is uploaded to a web service where it is stored and com-
piled. The user connects to the system via their smartphone and can monitor
the different batches individually through a centralised visualisation platform,
receiving information either through graphs or directly as numerical values. The
company offers monitors for first fermentation, second fermentation, pressing,
maturation and environmental control. [Winegrid, n.d.]

VinPilot offers an array of separate sensors and monitoring systems that in-

teract with one another in order to provide users with a highly customisable
amount of information on their batches. Unlike their competitors Vinpilot has
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incorporated devices, such as pumps, aerators and oxygenators, that can di-
rectly make adjustments to the wine it is monitoring. Data is collected by the
individual sensors, which report back to a local node via wire. The data is en-
crypted and uploaded to either a web service or local server where it is stored,
from which the user can access current and historical information on each barrel
and tank. [VinePilot, n.d.]

Although these competing products offer an improvement in testing frequency
and a decreased workload for the winemaker, the actual values that are tested
for are very much the same as with traditional methods. Furthermore some
key indicators still have to be tested for manually. Another issue is the pricing
of the equipment, which through a bulk order mentality disincentivises smaller
wineries from adopting the new technology.

1.5 Sales

Throughout this document the main objective is to find a way to implement
these technologies in a beneficial way to either wine or beer making processes.
Because of the project’s openness a concrete solution for the implementation of
the technologies is not yet fully in reach, therefore it is challenging to package
a product for sale.

Diving into the potential economics at this point would be very difficult. Neither
exact details on production nor real market applications have been produced. It
is worth mentioning, on a more casual note, that the clients for this project have
not been reachable thus making it more difficult to figure out exact price points
and costs, the technology is not currently out on the market, and information
regarding what the technologies actually are through a material perspective,
which has a significant role in sales and cost, is yet to be found out.

1.6 Distribution

The product/s will most likely fall under the industrial goods sector. Providing
consumers, with larger scale vineyards the potential product in hopes of simpli-
fying or streamlining the process. Due to Attracts broad spectrum of products
and innovations a producer to agent to business customer distribution chain will
be relevant.

1.7 Customers

At the products current development stage, the potential customers may either
be the wine makers themselves who intend to be the direct users of the product.
Alternatively, depending on if the scope of the product shifts, the customers
may turn out to be laboratory workers at wine testing facilities.

Potential customers in the future may also be beer breweries where the line

19



of work shares similarities with that in the wine industry and thus pose the
possibility of incorporating the product.
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2 Target

The target chapter tries to define a vision of where the project is heading.
Presented here is a preliminary definition of what the project is trying to ac-
complish, what should not be included in the project and some ideas on what
might be suitable topics for the future bachelor theses.

2.1 Goals

In the following section, the goals of the project are outlined. The precise
hierarchy of the goals within each category is visualised in Figure 4. Due to the
nature of this project finding one singular goal is quite difficult.

Implement techologies
in a manner beneficial
to the brewing process

Overarching goal

]

Combined user
interface

E—

Physical user
interface

Digital user
interface

Effect goal Decrease time | Decrease wastel
consumption
Give Simplify | Automate Repair Reroute Decrease number
recommendations | testing | production |failing wine | production |of wasted bottles
1 1 T
Detect
failing wine
___________________________________ E Ty Ry S ——
Project goals
Build Visualise Analyse | Find indicators
PEE—
prototype data data of failing wine
1 1

Find limits of
technologies

Figure 4: Hierarchy of goals
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2.1.1 Overarching goal

The overarching objective is to find a way to implement the two provided tech-
nologies in a manner that is beneficial to the wine or beer making processes.
Because of the limiting frames that surround the two technologies a physical
solution is not granted.

2.1.2 Effect goals

Listed below are the general effect goals of the project. The effect goals will not
be addressed directly, rather acting as motivation for the project goals.

Decrease time consumption:

Improve the efficiency of the wine making process by decreasing the time con-
sumption of individual elements, allowing the wine maker to either expand op-
erations or maintain the same with lessened workload.

Decrease waste:

Decrease the amount of wasted product and material. Large amounts of per-
fectly good wine is currently wasted in the testing process and on occasion entire
batches have to be thrown out due to it failing.

Give recommendations:

Provide the wine maker with recommendations on how to improve the develop-
ment of the wine throughout the process. These recommendations might include
temperature changes, additives, time of bottling and much more.

Automate production:
Provide the possibility for an automated process, where measurements made by
the end product is the decisions basis for alterations in the production process.

Simplify testing:
Make the testing process simpler, requiring less manual input and making each
test less time consuming.

Detect failing wine:
Identify early stages of a wine developing in an undesirable direction.

Repair failing wine:
Allow winemaker to make an informed decision about how to repair a failing
wine before it is permanently ruined.

Reroute production:

Avoid wasting resources on a ruined product by rerouting the wine to vinager
production at an earlier stage.
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Decrease number of wasted bottles in testing:
Provide wine makers with a method of making necessary measurements of a
bottled wine without opening and wasting a bottle each time.

2.1.3 Project goals

Listed below are the general capability goals the group is aiming to accomplish
at the end of the project. The project goals should aim to create preferable
conditions for the effect goals to be achieved in the future.

Visualise data:
Find a way to visualise the collected data in order for the user to find it useful
in the wine making process.

Analyse data:
Analyse the collected data in order to make predictions of the wines short and
long term development, especially of it failing.

Find indicators of failing wine:
Identify chemical and biological indicators of a failing wine. Mainly, indicators
that can be detected by the technologies, are of interest.

Find limits of technologies:
Identify which kinds of indicators can be found with the two technologies.

Combined user interface:
Make sure that the digital and physical user interfaces interact in a way, which
offers the user the smoothest experience possible.

Digital user interface:
Create a digital user interface, that offers a low enough barrier for new users to
adopt the product and to understand its main functions.

Physical user interface:
Create a physical user interface, that allows the product to be adapted to pre-
existing wineries and for the user to interact with it without discomfort.

Build prototype:

Build a physical, at least partly functional, prototype. The prototype should
showcase the intended user interface to the customer, giving a clearer insight to
the projects’ results.
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2.2 Boundaries

The primary scope of the project is currently wine making, with the eventual
possibility for beer brewing.

The project is time based and is set to end may 17th. The required man hours
are estimated to be 5120 hours. The project is budgeted for 3 000 SEK and
is the standard budget for bachelor projects at Linkoping University, with an
additional sponsorship of 10 000 SEK. Due to the time constraint, the project
is delimited to only European wine making.
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3 Business justification

In this chapter, the business justification of the project is discussed in terms of
needs, expected utility, ethics, and sustainability aspects.

3.1 Needs

There are many types of demands this project needs to face. Directly linked to
the chosen goals, one demand would be reducing waste during the winemaking
process as well as making this process more effective.

Seen from an economic perspective, one relevant need for the product and/or
solution is to be economically profitable and sustainable. During the study visit
made at a small winemaker outside Viderstad in Ostergétland, it was discov-
ered that in addition to the economic need, there is also a need for smoothness.
The winemaker in question needs to be able to easily and lightly perform his
measurements.

Another need the winemaker brought up is that wine making is often seen as a
craft and a sort of art form. Vineyards and recipes are inherited within families
along with a deeply rooted tradition of wine making. The quality and taste of
the wine are very subjective and adjustments in manufacturing and blending
are simply made after what the winemaker tastes and likes. Therefore, there
could be a need to maintain that aspect of the manufacturing that makes it a
craft and keeping the actual pleasure for the winemaker. In the end, winemakers
typically engage in wine making due to their genuine interest and passion for
the craft. [?]

3.2 Expected utility

The expected utility can be described as how much value, primarily monetary,
the project is expected to create. The expected utility is the basis for determin-
ing wether or not the project is profitable.[Hallin and Gustavsson, 2018|

Halling and Gustavssons model, PENG can be used to define the profit to
more than just economic revenue that can in turn be used to determine the
expected utility. It consists of three groups: ”direct utility”, ”indirect utility”
and ”uncertain utility” [Hallin and Gustavsson, 2018]

Direct utility:
e Revenue from customers purchasing the product.
e Improve the brewing process in different stages.

— Making the brewing process more consistent
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— Automating certain procedures and lessening work load and work
time.

Indirect utility:

e Future potential for incorporation and adaptation of new technology.

e Implementing the product in similar areas of use, such as beer brewing.
Uncertain utility:

e Introducing a new product that allows the possibility to set new industry
standard.

e The introduction of this product in turn makes wine producers more sus-
ceptible and accepting of future technology.

3.3 Ethics and sustainability aspects

In the product development process it is relevant to take into account different
ethics and sustainability aspects. When it comes to product development, it
may be more relevant from a sustainability perspective to develop a product
or system that can be implemented together with the equipment already in
use. In the case of wine making, avoiding having to replace all of the vessels or
measuring equipment in order to use the new product, is thus a point of interest.

Given the previously formulated needs, it is also important that the work envi-
ronment for the winemaker is sustainable.

Minimising the physical product and instead using the existing equipment can
also mean that you take advantage of the functions that already exist in a mod-
ern smartphone, something that the winemaker at Sartshéga Vingard strongly
advised.

It is also important to choose materials and design carefully to facilitate re-
cycling.

Ethical aspects of the project may include issues such as how the product possi-
bly relates to aiding the production of alcohol and the following effects of that.
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4 Stakeholder Analysis

The project involves several stakeholders, each with varying degrees of impact
and engagement. They have different levels of interest and varying degrees of
influence on the final outcome. Below, the key stakeholders are presented, and
their respective influence on the project is discussed.

1.Linkoping Universit
Keep pleased Keep engaged ping v Y

@ 2. Vineyards
@ 3. Attract

(4-> 4, Management board
@ 3
= — i )
@ 5. Pipe4.9 & Unicorn DX
>
flar .

Keep an eye on Keep informed
qc_ ' 6. Beer brewers
-

)

oo =V

Interest

Figure 5: Visualitation of interest and influence of stakeholders

4.1 Project owner

The project owner is Marie Bengtsson at Linkoping University and she is a key
member in the management board.

4.2 Decisions

Critical decisions regarding the project are done by the management board
consisting of the project owner Marie Bengtsson and examinators Mikael Axin
and Anna Ystrom. The board regularly reviews the project and decides if the
work is satisfactory, needs adjustments or should be stopped upon presentation.
Major decisions are made by the group members in cooperation with the project
owner and minor decisions are made internally within the group.
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4.3 Clients and users

The client is ATTRACT, a company whose goal is to gather Europe’s funda-
mental research and industrial communities in order to develop detection and
imaging technologies. Attract offers two potentially usable technologies to the
project, those being PiPe4.0 and Unicorn DX.

Primary users are wine producers. Possible secondary users are laboratories
responsible for testing wine parameters and quality control, and breweries.

4.4 Key people and competences

Project owner Marie Bengtsson brings years of experience about design think-
ing from her work as program director at Linkoping University. Bengtsson is
scheduled to meet with the group on a weekly basis in order to consult and
follow up on the project.

The management group is considered key to the project since they will steer
the projects direction by denying or allowing certain ideas and methods, thus
directly effecting the project orientation and final result.

Employees in the workshop at Linkoping University offer key experience and
high quality equipment which are useful when building the product prototype.
Meetings with personnel can be arranged in order to receive consultation about
construction, drawing parameters et cetera.

If needed, the group are able to contact a large selection of other professors
at Linkoping University with relevant experience. Furthermore, student con-
tact persons at Attract for the two technologies are considered to be key people
in learning about and understanding the technologies we are working with and
contact with them is important to be informed and updated on the latest infor-
mation about the technologies.

4.5 Other stakeholders
Stakeholders apart from Linkoping University and ATTRACT could be:

e Universities with ongoing similar projects, about either wine making or
similar technologies

e Aalto University in Finland is an example of an external stakeholder who
currently is working with ATTRACT’s technology, thus having an indirect
part of the project

e Wine making researchers

e Companies developing or researching similar technologies
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e Vineyards and beer breweries

When visiting Sértshoga vineyard, the owner Niclas, showed interest in a pos-
sible prototype or product we develop during our project.

4.6 Stakeholder mapping

Figure 6: Map depicting stakeholders

With the main goal in mind; to ensure consistent wine, or increase efficiency in
production, results with the main users of the potential product also being a
major stakeholder, that is the wine farmers. For similar reasons, other actors,
such as distributors and retailers retain great interest in the product. Other
stakeholders may also be regulatory or governmental organs who may wish to
ensure legitimate production. This may be especially prominent in areas where
legality of production is of high importance, for example Champagne.
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5 Conditions

In this chapter, the prerequisites and conditions for the project are discussed.

5.1 Current situation analysis

Below, a SWOT analysis is presented, examining the project “s strengths, weak-
nesses, opportunities and threats.

Figure 7: SWOT-analysis

5.2 Available resources

The project group has a total of 5120 working hours which translates to 640
working hours per group member. During period one the members are expected
to log 30 work hours per week, this is increased to 40 work hours per week dur-
ing period 2.

At Link6ping University the group has a wide range of personnel, machines,
manufacturing techniques and materials at their disposal. This includes work-
shop personnel, management board, assistants and supervisors. There are no
production or material costs added when using the workshop at the university.

The project has a budget of 3000 kr which can be used to acquire materials
that are not available in the workshop and to cover travelling costs. There is
also a possibility to apply for a wider budget and resources from the client and
earlier projects connected to this project. The project owner has mentioned the
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possibility for an excursion to visit the universities where the technologies have
been developed as well as a vineyard in Italy.

5.3 Responsibilities of the project group and owner

The project group has the responsibility to maintain good contact with the
management group, attending meetings with the project owner and to deliver
a physical prototype for the solution that is developed. Furthermore the group
needs to deliver status reports for the four gates and lastly a complete project
report.

The project owners responsibility is to act as a support tool and to help the
group with ideas, delegating decisions to the management board et cetera. The
project owner also has the responsibility to keep an ongoing communication and
discussion with the group, especially during the weekly meetings.
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6 Preliminary requirement specifications

A preliminary requirement list regarding the prototype has been established,
see Table 3. Because the project is in its early stages and as to not hinder any
possible solutions, the requirement list has been fashioned with requirements
that have been deemed essential or uniform for all possible approaches of the
problem. R stands for ”requirements” and P for ”preferred”.

Table 1: Requirement specification

Number | Requirement Type

1.0 Function R/P

1.1 Be able to implement at least one of the technologies. R

1.2 Be able to deliver measurable values with the help of a sensor. R

2.0 Function-Determining Properties

2.1 Does not contaminate existing product. R

2.2 Potential for symbiosis/collaboration with other existing P
products or possible software.

3.0 Service Properties

3.1 Does not diminish job satisfaction. P

3.2 Easy to clean and maintain. P

3.3 Lifespan of at least three (3) years P

4.0 Manufacturing Properties

4.1 Replaceable components for easy repair. P

5.0 Safety/ Ergonomic Properties

5.1 Oblige to health regulations. R

6.0 Aesthetic Properties

6.1 Designed in such a way as to not promote reluctance of usage. P

6.2 The design must be adapted to its intended environment. P

6.3 Express certainty that it does not contaminate the preexist- P
ing product (wine).

7.0 Scrapping and Recycling Properties

7.1 Can be disassembled into sub-components to facilitate recy- P
cling.
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7 Planning

This section outlines the overall plan for how the project is to be conducted,
with regards to time and budgetary limitations.

7.1 Work Breakdown Structure

The work breakdown structure, WBS for short, is an account of all the tasks
that need to be completed in order to finish the project as a whole. The tasks are
divided into different work packages, shown in pink in Figure 8, which in turn
is further divided into more specific tasks when applicable. The work packages
are not necessarily presented in chronological order.

2.1.1 User studies
2.1.2 Product criteria

4.1.1 Wishlist

1.1.1 Background

4.1.2 Research|

1.1.3 Business justification|

- 4.1.3 Contact
1.1.4 stakeholder analysis| 2.2.1 Brain stonTng' i e vy E_, -y
[1.1.5 conditions E 2.2.2 sketching] t3.3.1 30 mes| a.2.1 i : 5.5.1 ]
ﬁ 2.2.3 Morphological H33.2 Dl-auingsl 4.2.2 Observationsl 5.5.2 Presentations
1 [ 1.2.1 requirenent ratrix L5.3.3 purchases| 4.2.3 Interviews| vt
specification 4.2.4 Vineyards e |

1.2.2 Organisation|
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t1.2.4 Risk analysis| 2.4.2 Concept risk
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1.3.1 Project monitoring]

1.3.2 Requirement
specification

[ | 1.3.4 Test and
verification plan

1.4.1 Target outcone]
1.4.2 Goal fulfillment

Figure 8: Project WBS
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7.2 Activity list

Here, the activity list of the project is presented. The list outlines and describes
various activities performed in the project. It provides a comprehensive overview
of the planned and finished activities along with start end end weeks.
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Figure 9: Activity list with appreciated time.
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7.3 Preliminary estimate

As the project group works on unpaid time, vehicles for research excursions
are provided by the university and materials for the prototype are paid for by
ATTRACT, monetary limitations are not deemed to be the main limiting factor
in the project. Instead the time available to the project group, measured in work
hours, is considered the main resource.

7.3.1 Appreciated workload

In the first study period the schedule is shared with another course, absorbing
20 percent of the available time. Between the 15th of January and the 8th of
March, it is therefore estimated that up to six work hours per weekday will be
put into the project by each group member.

In the second study period all available time will be put into the project. Be-
tween the 25th of March and the 22nd of May, this means up to eight work
hours per weekday and group member. The project will be concluded on the
31st of May. Four public holidays in the second study period means that several
weeks will consist of only four work days.

Work hours
per week

350
300 i i
250 T
200
150
100
50

........

1234567891011121314 151617 18 19 20 21 22 Week

Figure 10: Estimated workload per week throughout the project

In reality, work hours will likely not be expended as steadily during the study
periods, in particular study period 1, due to illness absence and other preoccu-
pations. Similarly, expenditure might also not be completely static during the
exam periods, with a possibility of making up for the loss of hours during the
study periods.
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Figure 11: Accumulated resource expenditure as of 2024-03-22

7.4 Project timetable

The general timetable of the project is visualised in a Gantt chart seen in Fig-
ure 12. Direct dependencies between activities are shown with arrows. Due
to major uncertainties around time consumption of each work package activity
lengths are kept to whole weeks.

The chart shows an unbalanced distribution of work packages, leaning towards
a more intense second study period with many tasks supposed to be done in a
short time frame. This is a direct result of set dates for the project gates and
bachelor thesis deadlines. Where possible, work packages will be initiated early
in order to combat this imbalance.

Sane 01 Erap COMAFRY -
31 Flien whusy —_—

pomie =

e e
s

e e e e
L . .
E

¢ |€I
I

Prograsmeing
'l-: '-'""Ilﬂ‘;
&, § PrRRaFaT =
4.3 gn NNER T
4.5 fmarination [ i}
.8 wissalinaniers

/|3
==

4 repors
WP Leuponas Jearred
0 Bhelie TRl dabpeil L £
5.1 Dasay
&0l ciew ewinee = 1]
A Teeals delevia

| J.I d o

3456 7 8 91011121314151617 1819 208 21 22 Week

Figure 12: Gantt chart
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7.5 Milestones

In this chapter, the project’s overarching milestones are presented. The project
is goal seeking, meaning that the goals and milestones are flexible and might
change over time as the project’s ultimate goal may change or evolve over time
based on new information or changing circumstances. The recommended time
span for setting milestones in goal- seeking projects is one to two weeks. This
makes it difficult to estimate milestones past gate 3. [Hallin and Gustavsson,
2018]

The milestones are crucial for determining the project’s continuation. The dates
were chosen based of the provided gate deadlines, planned study visits, and the
tasks that need to be completed beforehand.

e 2/2 Gate 1 - Prestudies.

e 16/2 Gate 2 - Plan.

e 19/2 Project monitoring.

e 29/2 Choice of application in process.
e 8/3 Preliminary choice of 3 concepts.
e 21/3 Test and verification plan.

e 28/3 Gate 3 - Concept

e 17/5 Gate 4 - Finish and submission of report.
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8 Organisation

The following section aims to clarify the internal structure of the project.

8.1 Roles, responsibilities and staffing

Manage and deside

L3RS I8 — — — — — — -
Lead and excute

|

P.I‘ﬂjl';'t’ .rom

Figure 13: Visualisation of the organisation hierarchy

Beyond or within the main goal of our thesis specific roles have been established,
presented and described below:

Management Board:

e Marie Bengtsson - Project owner
e Mikael Axin - Project assistant
e Anna Ystrom - Project office

e Elinor Sarner - Project office
Assistant:

e Emma Walters - Assistant
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Project group:

Oscar Hagg - Project manager

As project manager Oscar oversees the structure and what steps are nec-
essary to move forward. Furthermore the responsibilities of the project
manager include creating a common digital workspace, delegating and
sending out surveys.

Chris Thoring - Vice Project manager
As vice project manager Chris assists the project manager with various
assignments, as well as supports other members in their work.

Hanna Jonsson - Financial manager
As financial manager Hanna is responsible for looking over the monetary
budget, the projects’ finances and execute purchases.

Ebba Johannisson - Logistics manager

As logistics manager Ebba is responsible for different reservations of rooms
for the group to work in. General overseer of the groups schedule is also
apart of her responsibilities.

Martin Hakanson - Communication manager
As communication manager Martin is responsible for all external and in-
ternal communication and being the groups contact person.

Gunnar Berg - LateX manager

As LateX manager Gunnar is responsible for the common latex in which
the group writes in. If a problem with code or formatting occurs, Gunnar
is the first responder.

Linus Frostell - Mood manager
As mood manager Linus is responsible for everybody’s well being by hav-
ing continuous check ups with the group and also planning fun events.

Sigrid Akerskog - Overseer
As overseer Sigrid double checks and reads through everything that will
be submitted.

Beyond the established roles, everyone in the project group has common respon-
sibilities. It is especially important to respect each other by contributing to the
project and being on time. Even though we have a project manager whose main
responsibility is to delegate work and ensure that the project moves forward,
it is still important that each individual takes initiatives. Ever member should
put in the time that was agreed upon; around 25 hours per week in study period
one, and 40 hour per week during study period two.
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8.2 In-depth Bachelor thesis

The project group is divided into three bachelor thesis groups. The three theses
will approach the main problem of inefficiencies and uncertainties in the wine
making process from different angles. In the end, all theses should contribute
to the overarching goal of implementing the technologies in a manner beneficial
to the wine making process.

8.2.1 Design of the sensor containing product

This bachelor essay is written by Chris Thoring and Oscar Hégg. The supervi-
sor is Renee Wever.

The thesis will concentrate on researching important mechanical properties in
the physical product. In particular details that interact with the wine itself, the
tank and the immediate environment, will be in focus.

Research questions:

e What are the requirements and limitations for the product to successfully
be incorporated into existing products?

e What mechanical principles could be utilised to achieve these require-
ments, and how does this affect the choice of materials?

The thesis should result in an in-depth design criteria list for the product. This
list should be of use to the product developer assigned to a future project, should
this project indicate substantial potential for the technologies to be used in wine
production.

8.2.2 Designing a User Interface intended for Winemaking

This bachelor essay is written by Hanna Jonsson, Sigrid Akerskog and Linus
Frostell. The supervisor is Rene Wever.

The purpose of this thesis is to study how UX and UI can be used when devel-
oping technology for winemaking, while both keeping traditions and meaning-
fulnes. Winemakers tend to have deeply rooted traditions and methods which
have passed through generations, meaning that there might be missed areas of
improvement due to sceptism of changes to the winemaking process.
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Research questions:
e Which traditions are widely valued as meaningful in winemaking?

e What is the most suitable UX/UI design in a product aimed towards a
target group who has deeply rooted traditions?

UX and UI will be central in the project when shaping the product, from concep-
tualization to prototyping. Information gathering begins early in the process
through observation and interviews, persisting throughout the project. The
study’s results will serve as a valuable resource for future product development
initiatives targeting winemakers.

8.2.3 Business acceptability and viability

This bachelor essay is written by Ebba Johannisson, Gunnar Berg and Martin
Hakanson. The supervisor is Renee Wever.

The thesis will investigate the viability of implementing the new technologies
PiPe4.0 and/or Unicorn DX in the wine/beer industry from a business and mar-
ket perspective.

During the pilot study, we observed that the acceptability to new technolo-
gies in the wine industry differs between types of production scales. Traditional
vineyards, in particular, seem to be quite critical to change their way of wine
making, while newer vineyards to some degree have already adopted technolo-
gies. Additionally, smaller wine and beer producers face resource constraints
and cannot afford to invest heavily in individual measuring tools. Therefore,
the economical aspect of producing a new product using the technologies is quite
important. We also noted the presence of numerous existing measuring tools on
the market already, contributing to significant competition within the industry.

Research questions:

e What is the perceived value proposition of implementing PiPe4.0 and/or
Unicorn DX among wine/beer producers, and how does it compare to
existing measurement methods in terms of accuracy, efficiency, and cost-
effectiveness?

e What are the potential market dynamics, including demand, competi-
tion, and regulatory considerations, that could impact the adoption and
commercial success of PiPe4.0 and/or Unicorn DX within the wine/beer
production industry?

The result should be a mapping of the plausible future customers and if there
is a business big enough to be profitable by answering the questions above. The
questions will be answered by conducting a comprehensive market analysis and
benchmarking research.

42



9 Deliverables

This section briefly describes the content of each of the projects deliverables.
The final result especially, is likely subject to future changes and clarifications.

9.1 Gate 3: Concept

The concept delivered at gate 3 should outline a general idea for the final prod-
uct. A decision will be made on what sensors should be included in the data
gathering unit and how the collected data is to be displayed. Examples of pos-
sible display solutions might be to attach a screen directly to the product, relay
the information to a phone or computer, or to save the gathered data to a local
file which is the accessed via a spread sheet. Examples of sensors might be the
PiPe4.0, Unicorn DX or a combination of sensors already on the market.

The concept should be the basis for the prototype development. Although the
prototype should preferably somewhat reflect the concept in its choice of sensor,
it is likely that the absence of the technologies in focus will call for a substitute
sensor to be used. The user interface element of the product, however, should
strive to be as close to the concept as possible. The idea for how the user is to
interact with the product should therefore be presented in greater detail in the
concept delivery.

9.2 Final result
The client has requested that the following material be included in the final

delivery. More details on what these requests should contain may be made
available at a later point in the process.

9.2.1 Physical prototype

A conceptual prototype proving a technical concept or explaining a design vision.
The prototype should ideally include at least one data collecting unit and one
displaying unit. Preferably the data collecting unit should contain one or more
sensors that are capable of making useful measurements in wine.

9.2.2 Short video

A short video showcasing the result of the project, as well as possibly giving an
insight to the process. The video should be one to two minutes long. Production
value of the video does not matter.

9.2.3 Promotional text

A short text promoting the use of the technologies in the wine industry.
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9.2.4 Visualisations

5 or more visualisations of the final result. These might include renderings of
CAD models, photographs of the prototype or schematics explaining the results.
The visualisations should be suitable for promotional or educational use.

9.2.5 Report

A project report going into depth on the process by which the result was
achieved. The report should make it clear to the reader how conclusions were
reached and why the design choices made were necessary. Future research on
the topic should benefit from the content in the report.

9.2.6 Team member poster

A poster displaying each team member, as well as his or her role in the group.
The poster may have a less serious tone and high production value is not a
requirement.
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10 Risk analysis

This section presents identified risks that may affect the project.

10.1 Mini risk matrix

A mini risk matrix is made in order to identify and evaluate risks directly in-
volving the project with the aim of eliminating them as soon as possible [Hallin
and Gustavsson, 2018].

First the group identified relevant risks that may affect the project, rated them
from 1-5 based on probability and potential damage they could inflict on the
project. The potential damage multiplied with the probability results with a
damage product. A damage product of 25 represents a highly probable risk with
severe consequences for the project while a 1 represents a low probable and low
consequence risk [Hallin and Gustavsson, 2018]. Risks with a product of less
than 8 will not be evaluated for solutions.

In order to clarify each risk a short description of precautionary actions and
possible solutions are presented, see Table 2. Certain team members holds
main responsibility for the risks that fall into the category of their role, for ex-
ample, the finance manager holds main responsibility that the prototype budget
is followed.
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Table 2: Mini risk analysis

Risk Probabilitft Damage] Damage| Preventive mea- Possible so-
1-5 1-5 prod- sure lutions
uct
1-25
The prototype is 3 5 15 Thorough research re- Present  the
not realizable garding avalible tech, prototype as
wine making process a potential
etc. product
Unicorn DX and 3 3 9 Acquire the technical Present  the
PiPe4.0 is not ap- limits early conclusion
propriate to use in the report
in wine making or with valid
beer brewing arguments
Poor work distro- 2 4 8 Map out the main Rethink the
bution between subjects of each thesis limits of each
the bachelor’s before starting theses
theses
Conflicts within 2 4 8 Keep good group- Try to solve
the group begins spirit by arranging | the conflict
to halt progress activites, keep good internally, lift
communication, with project
follow the group con- | owner if not
tract etc. possible
Contact with AT- 2 4 8 Establish contact Base the
TRACT is under- with relevant stake- work on simi-
whelming holders early lar tech
The prototype is 2 4 8 Create a separate Limit fea-
not finished on riskanalysis for the | tures and
time prototype quality in
order to have
something to
present
There is no time to 3 2 6 Finish the prototype
test the prototype as early as possible
The bachelor’s 2 3 6 Roughly map out
thesis becomes too the main subject and
similar headers within the
group before starting
No relevant com- 2 3 6 Contact companies
pany is willing to early
accept study visits
LaTeX and teams 1 5 5 Save back-up docu-
documents ceases ments regularly
to exist
A group member 1 5 5 Create and maintain
decides to leave a good group atmo-
the project sphere
The group fails to 1 5 5 Make sure to follow
pass gate or misses the requirements for
the submission each gate
date
The prototype 1 4 4 Proper economic bud-

budget is exceeded

get planning
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11 Field studies

This chapter provides a brief discussion on the conducted field studies, along
with their purposes and lessons learned. The most active stages of winemaking
occur during summer and autumn but the visits took place in February. This
means the visits had to rely heavily on descriptions and interviews rather than
the observations that otherwise would have been ideal.

11.1 Vineyards in Sweden

Four vineyards were visited in total and are presented in chronological order.
The first vineyard Sartshoga Vineyard was visited early on in the project during
January 2024, the last one in the end of February 2024.

Vineyard in Ostergb'tland

To gain an early understanding of how a vineyard operates, a study visit was
conducted to a vineyard in 0sterg6tland, Sweden. There, the group had the op-
portunity to meet the wine maker and observe and learn about the wine making
process, the tools and instruments used. Given the group’s relatively low level
of knowledge at the time of the visit, the main goal was to obtain an overview
and identify any clear problems and needs. At the vineyard, the owner showed
a smaller device that was used to measure alcohol level, but all analysing of the
wine was outsourced to Brattas Winegarden. Other than this, the owner had a
device to measure pressure in the wine after bottling, an afrometer. This device
pierced the bottle which means that the sampled bottle is ”destroyed”. This
was something that caught attention early on and further researched.

After the wine maker had gone through his work process and technologies,
the group asked questions to gain knowledge and information. It was to the
groups understanding that they was rather happy with his situation, and since
his vineyard wasn’t very large, funds for a highly technological device was not
the main focus.

However, they said that if they was able to monitor the fermentation with-
out manual testing, it could be interesting. They had looked into products such
as Winescan, but said that it would take them 100 years to come to the break
even point in comparison to using Brattdas Winegarden’s services. Price was
definitely their main concern in investing in products.

Skane

Later in the project, when it was time to develop concepts, a two-day trip
to Skane was made where three different vineyards were visited. By this time,
the level of knowledge was higher, and the group was better prepared with in-
terviews and a clear objective. The purpose of the visits, in addition to studying
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the current technology more thoroughly, was also to observe the winemakers at
work.

The vineyards visited varied greatly in organisation, size, and the owner’s at-
titude toward the project and responses to the questions. Furthermore the
personality and lifestyles of the winemakers were vastly different. At the three
vineyards visited, the winemakers used different equipment for monitoring and
analysing the wine. This gave a wide perspective on the different methods of
winemaking and attitude towards using technologies in the process. During
the visits, the winemakers started with freely describing their work process and
the tools used. Questions about technology, needs, problems and difficulties
were asked as fit during the visit. After touring the vineyard and winery, semi-
structured interviews were held, and worked well in the manner that the group
could tailor the interview according to the winemakers objective and individual
work process.

First vineyard in Skane

Located in eastern Skane. This vineyard operates as a collective, with its pri-
mary focus not being profit but rather serving as a recreational pursuit. It
stands as one of the oldest and largest vineyards in Sweden. The group had the
opportunity to meet the winemaker who is a retiree and formerly an agronomist.
Their prior professional experience includes a role as a marketing manager at
a company. They predominantly oversee the vineyard for the communal enjoy-
ment it offers and as a fulfilling pastime. As previously mentioned, the vineyard
worked as a collective in the way that individuals that had interest, pay for rows
of vines and decide what grape they want to work with. When the time comes
for managing the vines and harvesting, all members that had their vine rows
joined and helped with the harvest.

The owners, a married couple, did not buy the land first hand to run a vineyard,
the previous owner was selling and the land was leased. They thought it would
be a shame if the vineyard and capital were to be destroyed if no one purchased
the land, so it was a very spontaneous happening. Because of this, there was
not much knowledge about wine making and they had to learn on the go. In
the winery, no advanced technologies are used. In the steel tanks they mea-
sured pressure only. Just like the previous wine maker, this wine maker also
outsourced all her analysing of wine to Brattas Winegarden, who they spoke
very highly of. They mentioned that there was absolutely more to learn from
analysing the wine on their own, but then one would need to be able to act
on this, and neither of the owners were into the analytic part of wine making.
They also mentioned that the contact and relationship with Sveneric, the owner
of Brattas Winegarden, is meaningful and is more important than being able to
do her own analysis.
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Second vineyard in Skane

Located right by the sea on the western side of Skane the group met two younger-
generation winemakers from France. Both individuals had backgrounds in the
winemaking industry and had studied winemaking at master level in France.
They had a positive attitude towards technology and used several instruments
and technologies that the group had not seen during the previous visits. Their
main scanning device was from FOSS which gave them almost all needed values.
When purchasing this particular scanner, the customer is able to choose which
functions should be included. One of these functions, is a sulphate analyser.
However, since the accuracy of the sulphate scanner is not precise enough for
their needs, it was deemed not economically worth it for them. In order to anal-
yse sulphate, they use manual process called the Ripper method. According to
them, the process is easy but time consuming. Another new aspect discovered
in the winemaking process was the usage of microscopes. At this vineyard, mi-
croscopes were used to inspect smaller test batches during fermentation, with
the purpose of analysing the yeast in the must. The goal of the method is to
identify both wanted and unwanted yeasts as soon as possible. This information
sparked ideas for what issue the concept could aim to solve.

During the tour in both the winery and lab the group had an ongoing dialogue
with questions and after they had presented their work process and equipment.
A shorter semi-structured interview was then held. One was interviewed about
UI and UX while the other was interviewed about construction and technical
questions.

Third vineyard in Skane

Located south-western part of Bjiare peninsula, the group met another wine
maker, a former architect with a love for wine making as an art form. Their view
on wine making was as mentioned focused on art and letting nature, weather
and soil be the important factors. They were not advanced in using technologies
and had ties to Georgian wine making, using Qvevri wells buried in the ground
to age the wine.

This winemaker was not interested in our nor any other technologies, how-
ever he was very committed in political questions. They wanted to break the
Swedish alcohol monopoly, which would result in them being able to sell their
wine on their own. That would allow them to gain a much higher profit from
their products, and it was important to them to be in direct contact with their
customers. When asked about the new law from EU that forces winemakers to
display the ingredients and contents on their labels, they answered that they
thought it was a very good thing. This was because they did not use any addi-
tives what so ever, except a little sulphur, thereby looking good in comparison
to others. When asked about how they would gather information on the values
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of their wine in order to complete their labels, they responded that they would
probably send it of to a lab instead of buying a measuring product themselves.

11.2 Vineyards in Italy

In mid April 2024 the group travelled to Padova, Italy where two vineyards
were visited. At this point in the project the group were considering two prod-
uct concepts, Pump on the tank and Distillation unknown, seeking confirmation
or disapproval from winemakers during the trip.

First vineyard in Padova

Located in the Euganean Hills south of Padova, the vineyard is a family owned,
organic vineyard with 25 hectares of vines. The group met the winemaker who
together with their family and seasonal employees ran the vineyard. Today the
winemaker used a manual hydrometer to measure density, calculate sugar as well
as alcohol levels in his wine. For further analysis of the wine they sent samples
to a local laboratory. The winemaker described that they were in the thought
process of purchasing a microscope for analysis in the winery in order to detect
Saccharomyces (a type of yeast that is used in wine making) and acetobacter
(bacteria used to convert malic acid into lactic acid). Since they created their
wine by not adding any yeast, it was important to know if the right cultures
were present in the must. After similar dialogue as the other visits, they told
us that a product of our nature would be worth four times the price of a mi-
croscope, which was in the 1500€ range, as long as it was easy to use, did not
need regulating and measured values precisely and accurate. When asked about
if there had been any problems related to climate change they responded: ”If
the grass is yellow in the end of the summer, you know that there is going to
be problem with the fermentation.” Further impact of climate change on wine
making can be read about in [Johannisson et al., 2024].

After the tour of the winery, the UX/UI group hosted a workshop with the
owner regarding general Ul preferences. The workshop explored how they, as
a winemaker, prefers to interact with the concept product. Topics raised for
discussion were which format information should be presented in, which hard-
ware should be used to display said information, how one should be notified
when parameters of the wine are deviates from normality and the importance
of portability of the product.

Second vineyard in Padova

Located at the bottom of the Euganean Hills, this vineyard is also a family
owned vineyard with over 70 000 vines. In the winery, the family used the same
kind of simple manual density meter as the previous vineyard. They seemed
rather pleased with their current situation, and main concern for a product
was as the other winemakers, pricing. However, they had noticed the impact
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of warmer weather. They discussed about how their latest wines had a lot of
residual sugars left after fermentation, that the pH was to high and that their
wine that is supposed to be around 12% alcohol instead came all the way up to
15%. This, in their opinion, contributed to a less enjoyable drinking experience.

11.3 Conclusion field studies

As all vineyards visited were in the small to medium range, the main concern
for a technological product was pricing. Takeaways from these visits was that
if a precise and accurate product within a reasonable price range i.e below 10
000 euros could be developed, it would be of interest. Unfortunately the group
did not get a chance to visit or get in contact with a larger scale winery which
would provide another perspective. These larger, mass scale wine production
wineries with a budget for technology could be the main target group and is
something that should be further studied.
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Figure 14: Used wineglasses in a winery in Italy.
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12 Requirements specification

The requirements specification presented in table 3 has been developed based on
the users needs identified during conducted excursions and preliminary studies.

Table 3: Requirement specification

Number | Requirement Type
1.0 Function R/P
1.1 Be able to use Unicorn DX chip together with the product. | R
1.2 Measure pH. R
1.3 Measure specific gravity. R
14 Measure density. R
1.5 Measure temperature. P
1.6 Measure SO2. P
1.7 Measure NH3. P
1.8 Detect yeast strains. R
1.9 Detect lactic bacterias P
1.10 The user can take remote samples/track the progress of the | R

wine
1.11 The product can perform continuous sampling R
1.12 Samples taken represent the entirety of the wine R
2.0 Function-Determining Properties
2.1 Does not contaminate wine. R
2.2 The tank should not have to be adjusted in order to imple- | R
ment the product.
2.3 The user can still taste the wine from the fermentation tank. | R
2.4 Should tolerate temperatures up to 80 C. R
2.5 Have an external energy source. R
2.6 The wine should not crystallise inside the sensor unit. P
2.7 The device should be movable P
2.8 Possibility to turn on/off R
2.9 Structural strength for a pressure difference of at least 72 | R
kPa
2.10 Leak-proof at a pressure difference of at least 72 kPa R
3.0 Service Properties
3.1 Does not diminish job satisfaction. P
3.2 Easy to clean and maintain. P
3.3 Do not exceed 70 db P
3.4 Minimum lifespan of 5 years. P
4.0 Manufacturing Properties
4.1 Replaceable components to ease repairs. P
4.2 Prototype friendly. R
4.3 Modular. P

\ Continued on next page |
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Table 3 — continued from previous page

Number | Requirement Type
5.0 Safety/ Ergonomic Properties
5.1 Oblige to health regulations. R
5.2 Inert to chemicals in wine and cleaning agents R
6.0 Aesthetic Properties
6.1 Designed in such a way as to not promote reluctance of usage. | P
6.2 The design must be adapted to its intended environment. P
6.3 Express certainty that it does not contaminate the preexist- | P

ing product (wine).

7.0 Scrapping and Recycling Properties
7.1 Can be disassembled into sub-components to facilitate recy- | P

cling.
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13 Concepts

In this chapter, the concepts generated from field studies and idea generation work-
shops are presented, along with an explanation of how the workshops were conducted.
The study visits provided insights into wine production and contributed to an under-
standing of winemakers’ needs and desires. The information and insights gathered
during the visits served as input to the concept generation process.

13.1 Idea generation workshops

Idea generation is used in this project as a systematic process to explore the entire
solution space to the given problem. Several workshops are held to generate an inspi-
rational list of solutions to each partial measuring problem.

13.1.1 Workshop A
The main product is divided into four different functional categories:

e Measurable value:
What could the product measure? Which values could be of interest to the wine
maker?

e Input to the product:
How could the user communicate instructions to the product?

e Output from the product:
How could the product communicate its results to the user?

e Sensing unit:
What could the sensing unit look like? What physical principles could be im-
plemented?

For each category the group is given a set time to come up with as many possible
solutions as possible. Emphasis is on speed, in order to stimulate free thinking and
discourage self censoring. One participant at a time writes down a suggestion on a
sticky note, sticks it on a board and hands the pen over to the next participant. When
the time is up duplicates are eliminated and the team members vote on the most
promising ideas by distributing a set number of dots on their favourites. Multiple dots
were allowed to be placed on the same idea.

13.1.2 Results from workshop A

The results from workshop A are visualized in figure 15. The number within paren-
theses represents the number of votes each item got. Suggestions with one or no votes
are grouped together, and is not represented in the figure, but in text down below.
Some words, which does not fit the description, are eliminated.
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Figure 15: Results from workshop A.

Measurable value:

e Aldehydes, pH, Temperature, Volume, Alcohol, Bacteria and Yeast on grapes,
Interactions, Transparancy, Profit, Volume of grapes, Transport (1)

e Sulfides, Sulphur, Weight, Number of bottles, Grape value, Water content, Lac-
tic acid, Pressure, Work hours (0)

Informational input to the product:
e Knob, Seamless, Sensors, Voice, Handle (1)

e Touch, Lid/Cork, Unicorn in product, Signal, Vibrations (0)

13.1.3 Workshop B

Workshop B was a storyboard session where each group member had to propose a
solution to a specific problem within our project, presented in sketch format. Certain
criteria were given to each member, and they then had to apply these criteria to their
idea and sketch. The workshop served as a spontaneous practice to pause and rethink
the available options.

13.1.4 Results from workshop B

Despite the enjoyable and creative nature of the workshop, none of the concepts gen-
erated in this exercise were ultimately incorporated. While the sessions may have
inadvertently nudged us towards fruitful ideas, the brainstorming process tended to
yield unconventional and ”wacky” concepts. However, upon reflection, this outcome
was precisely what we had hoped to achieve. The workshop provided an opportunity
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for free thinking and exploration without the constraints of immediate practicality,
allowing us to stretch our creative muscles and consider possibilities outside the box.
Although the specific ideas may not have been directly utilised, the exercise served
as a valuable means of sparking new perspectives and potentially inspiring future
innovations within our project.

13.2 Basic concepts

The most promising ideas from the idea generation workshops are combined into 16
rough concepts, denoted A to Q.

Table 4: Basic concepts

Den. | Process Technology Value Description

A Fermentation PiPe4.0 Gases Pipes or tubes
from tank to
sensor station.
Pump and gas

switch
B Fermentation, Already in use | COg, pH, | Sensor in lid.
Ageing temperature Modular design,

ability to add
more capabilities

C Fermentation Unicorn DX Particles Stationary  sen-
sor. Collect
droplets from
tanks

D Fermentation Unicorn DX Yeast Sensor on tank

E Fermentation Unicorn DX, | Sugar, alco- | Pump on tank

EasyDens hol, density pumping out lig-

uid.  Measuring
unit mounted on

the tank
F Crushing, fer- | Liquid raman | Sugar, alcohol | Handheld or
mentation, stationary unit.
ageing Measure through
glass
G Ageing Unicorn DX Thiols, bacte- | Take sample with
ria argon syringe af-

ter bottling or
pipette.  Deter-
mine when wine
should be sold

H Ageing in bottle Liquid raman | pH, Tannins, | Smart bottle.
Alcohol etc Representative
for batch being
continuously
monitored

Continued on next page
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Table 4 — continued from previous page

Den. | Process Technology Value Description
I Preparation Unicorn DX Bacteria, Scrape inside of
fungi barrels and test
for contaminants
between batches
J Crushing, soak- | Liquid raman | Tannins, Determine when
ing sugar, yeast to stop soaking
for desired taste.
Monitor yeast
presence
K Bottling Unicorn DX, | Sugar, COs3, | Determine  fer-
PiPe4.0, Liqg- | yeast mentation time.
uid raman Anticipate bottle
pressure
L Every stage Unicorn DX, | All chemical | Universal ma-
Liquid raman | and biological | chine able to
markers test for all values
in all stages.
Stationary mea-
suring unit, with
a test tube dis-
penser on each
tank. Insert test
tube into mea-
suring unit. Self
cleaning chips for
multiple uses
After fermenta- | PiPe4.0 Alcohol, CO2 | Evaporate sample
tion to measure gases
N Replace  micro- | Unicorn DX Identify Additional at-
scope yeasts tachment to
fermentation
tank outlet
(0] Fermentation, Unicorn DX, | Already mea- | Stationary mea-
ageing Already in use | sured, bacte- | suring unit with
ria built-in  receipt
printer
P Fermentation PiPe4.0 Sulphur and | Automatises sul-
free sulphur phur distillation
Q Before bottling PiPe4.0 COq Sample is ex-

tracted from
tank and shaken
to release COs.
Sensor measures
concentration of
gas
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13.3 Concept description

In the following text the concepts listed in table 4 are described in more detail.

Concept A

This was originally an idea from the researchers at PiPe4.0. Their vision was of pipes
or hoses connecting the fermentation tanks to a stationary GMU. The gases would
be pumped from the top of the tank through a gas switch to the GMU, where COx,
oxygen and various other gases would be measured in order to monitor the fermen-
tation process. The concept would probably work from a technical perspective, but
likely has very limited use within the current industry, especially seen as many wine
makers use float lids. Thus far, none of the wine makers participating in the study has
indicated that the gases produced during fermentation would be a suitable indicator
of fermentation progress.

Concept B

Concept B is intended to lay a foundation for future technologies and implementa-
tions of instruments. The concept replaces existing float lids on the wine tanks, and
incorporates existing in-use instruments such as, thermometer, pH-meter, and other
instruments of interest.

Concept C

This concept intends to use Unicorn DX as it was presented in the Tech cards provided
by ATTRACT. In other words as a stationary sensor that can measure one desired
particle at the time, in the sizes between 1-100 nm. This does not improve the wine
but harmful particles can be detected in time to solve the problem. This concept could
be combined with both I and O.

Concept D

A device with sensors, preferably Unicorn DX, is attached to the nozzle of the tank
using a garden hose connection. The concept is quite similar to concept C but more
complicated, and is therefore rejected.

Concept E

This concept intends to continuously monitor the density, and thereby simultaneously,
also the alcohol levels. This is done by providing a continuous flow through a machine,
similar to an EasyDense, powered by a small pump. The data is then redirected to
software that plots and presents the data in a fashionable manner. This concept also
has the possibility to insert a Unicorn DX chip in the side to easily take samples of
the wine. The flow that passes through the machine ensures that the sample that is
taken, is representative of the entire tank, in contrast to if the wine had been still.

Concept F

A liquid raman sensor can measure molecules in liquids without being in contact with
the fluid. Therefore it could be suitable to measure alcohol, sugar and other interesting
molecules in different stages of the wine; crushing, fermentation and ageing.

Concept G

This concept does not intent to improve the wine in any way, but rather help the wine
maker determine the ideal time to sell or discard the wine. This could help maximise
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the wine makers profits more than other concepts, but seen as the initial cost of the
product is rather high the Unicorn DX might as well be used in other stages of the
process too.

Concept H

Concept H intends to use any technology implemented in a wine bottle. During bot-
tling, the bottles are filled as usual with wine, but one of the bottles is a special bottle
with built-in sensors that measure pressure, pH, thiols, and tannins. This bottle allows
you to track the development of the wine’s character during the aging process.

Concept 1

A crucial part in winemaking is hygien. Therefore we saw the opportunity to use Uni-
corn DX to test for contaminations in barrels or tanks before use. This would be done
by scraping the inside of a container and disolve the test to be able to drop it on a
chip and detect particels. This concept could be combined with both concept C and O.

Concept J

This concept relies on using a liquid raman during soaking, which is when the must
is in contact with the flesh and skins. The liquid raman could measure when to stop
soaking to have relevant levels of tannins and end up with a desired taste.

Concept K

With the use of both Unicorn DX and PiPe4.0, an estimate of the amount of residual
sugar and yeast can be calculated. This can be used to determine the fermentation
time, and anticipate the final bottle pressure. This is useful to ensure a complete
fermentation or to determine the level of carbonation which in turn determines which
tax bracket it may land in.

Concept L

L is similar to concept C where the technology is used in a fixed measurement sta-
tion. A Unicorn DX sensor is combined with a liquid raman sensor to cover essentially
all chemical and biological measuring requirements. One drawback of the concept is
that it heavily relies on the condition that the chips are able to be cleaned within the
machine. Given that this requirement is met, however, the concept is deemed very real-
istic, although not as interesting as other solutions and probably much more expensive.

Concept M

PiPe4.0 could be useful to determine different gases in samples. Since PiPe4.0 is a gas
raman, it means that the sample has to be in gas form in order to measure. Therefore,
the sample has to be heated up. Our idea is that this could measure small molecules
such as alcohol and CO2 accurately.

Concept N

The goal of concept N is to replace the microscope with an extension to the tank outlet
containing Unicorn DX. The microscope is currently being used by certain winemakers
to identify different strains of yeast while running smaller test batches. The created
extension should be able to identify and measure bacteria while reducing the risk of
human error by misidentifying biomarkers, as well as hopefully minimising the total
steps to identify yeasts.

60



Concept O

This concept involves implementing Unicorn DX into a measurement station along
with other measurement technologies to measure values both before and during the
fermenting and ageing process. The design of this concept would be in the form of a
stationary unit that can print out slips with tables of information, but also be able
to transfer information digitally. This is due to the discovery made during the excur-
sions, that many of the winemakers use post-it notes or similar items on their tanks.
It therefore seems apparent that analogue methods are appreciated by the users. The
printing would resemble a receipt printer/label printer and therefore not be something
that needs to be specially ordered. This concept could be combined with both C and I.

Concept P

This concept aims to automatise the sulphur distillation process. This is done by
implementing PiPe4.0 in a contraption that monitors the gas that is boiled during
distillation. PiPe4.0 should successfully monitor and count the flow of sulphur thus
eliminating the next step in the traditional distillation process, where the amount of
sulphur is calculated manually with solutions and colouring liquids. Resulting in the
amount of sulphur being know without major interaction with the process, and no
additives.

Concept Q

This concept aims to automatise and remove possible human errors when measuring
COs2 , in a similar way as an already existing product, the Carbodoseur, does. This
is done by shaking a cylinder which brings dissolved CO2 out of the wine, this forces
liquid out of the container and the lost liquid can be cross referenced by a supplied
chart to calculate CO2 i mg/l. [Winequip, 2024] The idea is to, create a nozzle which
could simulate the shaking to get the dissolved CO2 . This would then be analysed by
the pipe which could be attached on the nozzle. A pre installed software where values
are entered in advance would act as an indicator if there is too little, good or too high
levels of COa .

13.4 Initial evaluation

The concepts D, F, I, J, K, M, and Q have been eliminated. Through group discussion,
the different concepts were color-coded red, yellow, and green. Green represented a
concept we wanted to move forward with, yellow indicated one that needed some ad-
justments, and red signified when the concept felt irrelevant. There were no definitive
requirements when the concepts were produced, except that the technologies had to
be included and needed to be implemented in one or more stages of the winemaking
process. Some qualities from the concepts are however noted for future development
of the other concepts. Much the same, the concepts A, B, G, N and O are not con-
sidered promising enough on their own, but might be combined with other concepts
into suitable contestants in the future. Considered most promising are therefore the
concepts C, E, H, L and P.
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13.5 Concept sorting

By combining and evaluating the concepts that were not eliminated in earlier stages,
four concepts were created and will be described and presented with both text and
separate sketches below.

13.5.1 Pump on the tank
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Figure 16: Concept:E

After reviewing the remaining concepts it was apparent that concept E could be used
to satisfy what N was aiming to achieve, thus they are combined into one. The concept
"Pump on the Tank” utilises an attachable extension which is able to connect to the
fermentation tank outlet. Once connected, the winemaker can command the product
to present a sample to the technique used in Unicorn DX via a pump, combined with
other already existing techniques. The concept is supposed to be swiftly moveable
between different tanks depending on which one is more interesting to measure at
a given moment. This method would offer the winemaker continuous monitoring of
the wine in order to measure biomarkers and alcohol levels. The winemaker does
not necessarily have to be present when doing the tests depending on how the Ul is
designed.
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13.5.2 DXpacito

(a) Concept: C (b) Concept: L

Figure 17: DXpacitos original concepts

This concept is a combination of of the original concepts C and L. It’s main focus
is to implement Unicorn DX in wineries as a measuring unit for winemakers and/or
wine-analysers. It would be designed as a stationary unit that the user could place
on a preferred surface. The technologies in the unit would be Unicorn DX combined
with a liquid raman. This would theoretically be able to measure all essential chemical
and biological requirements, even those that was found to be hard to measure such as
bacteria and sulphur in different forms. Drawbacks on this concept however is that it
would be quite expensive and also in need of single use chips in order to use Unicorn
DX, or to find a way to clean and re-use the chips.
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13.5.3 Distillation unknown
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Figure 18: Concept:P

This concept intends to automatise the sulphur distillation process by removing a large
amount of the human labour in this process. A sample of the wine is placed in the
round beaker which is then heated with the use of a heating mantle, controlled by
internal software. The unit contains two thermometers, one which ensures that the
heating mantle maintains the correct temperatures and one positioned higher in the
pipes that measures the temperature of the gas. The units internal software will ensure
that the temperature is maintained and not exceeded so that unwanted substances are
distilled. Once the gas from the sample starts rising, it passes the PiPe4.0 unit that
measures and analyses the gas that is passed. PiPe4.0 will then document the amount
of sulphur that has been extracted from the sample, and once PiPe4.0 indicates that
there is no sulphur left residing in the sample, the main connection will be cut off and
the heating will stop. The gas follows the turn and is then condensed back to a liquid
with the help of water cooling.
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13.5.4 Argon will pierce the wine

Figure 19: Argon will pierce the wine

The concept is a custom made wine bottle with three windows on its sides. The win-
dows are to be transparent and flat which allows raman spectral methods to be used,
a technique that can analyse gases and liquids molecular composition. A custom cork
could also be implemented and contain measuring equipment to monitor parameters
during bottle aging.

The concept is aimed towards winemakers and restaurants. The winemaker could
use it to gain information about the wine during aging without opening the product
and thus wasting an entire bottle of wine. Vinyards could market the special bottles
as ”the first batch of the year” which potentially could interest wine collectors and
increase revenue while wasting less wine.

Restaurants and bars would benefit from the product by transferring wine from opened
bottles into the concept bottle and resealing it with argon, effectively pushing out un-
wanted oxygen and creating a vacuum. When resealed, restaurant staff can monitor
the health of the wine and determine whether it is sellable or not. The concept bottle at
restaurants would come in a smaller size compared to the one used by the winemaker,
and is mainly aimed towards more expensive wines worth conserving.

13.6 Concept choice

The four sorted concepts were once again put against each other. This was done
by writing up pros and cons in an excel sheet. A post construction of the sheet is
presented in table 5 below:

It was decided that the number of pros and cons was not decisive, but rather the
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Modular
Replaces micro-
scope

Similar products
are on the mar-
ket

One
tank

unit  per

Unclear how to
implement Uni-
cornDX

Boring to proto-
type

Very expensive
technology

Fulfills a need

Unclear if it is
better than com-
petitors
Unnecessary to
vaporise in order
to use PiPe4.0

Pump on the | DXpacito Distillation Argon will
tank unknown pierce the
wine
Pros
Fun to prototype | Useful in all | Interesting mea- | Gap in the mar-
stages sured value ket

Does not work
with any tech-
nology in theory
No time for more
research

Table 5: Pros and cons of the sorted concepts

groups value of them. The group was united in removing DXpacito and Argon will
pierce the wine immediately. Mostly due to prototyping reasons, the need of further
research which requires time that is not available in this project. However, there was
a split opinion weather to go forward with Pump on the tank or Distillation unknown.
This choice would be vital in order to know what product to develop as well as which
of the two technologies to implement.

A discussion was held and the discussed points were mostly around the pros and
cons presented in table 5. The decision was finally made by a simple voting. The
result was to continue with Pump on the tank. Further arguments on why PiPe4.0
was found to be hard to implement in the wine industry is written in section 15.2.
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13.7 Concept development

After settling on the final concept being Pump on the tank, a multitude of design
choices remained to be made in order to create a finished concept and prototype.

The first step was to decide on the general design of the prototype. A brief workshop
was performed where the group members sketched ideas on general design principles
such as attachment to the tank, how pumping of wine should work and how the user
could interact with the product. The resulting conclusion was that there should be
a small display on the device as well as buttons for on/off as well as a mode button,
changing the shown parameter on the display when clicked, for example from pH-value
to temperature. In addition to using already known sensor technology for monitoring
parameters, an outlet for the Unicorn DX technology is to be added to the device
for further yeast bacterial analysis. In order to be able to store and view historically
measured data, it was deemed that the concept should have an external application
avalible on phones and tablets.

At first, the general idea was to use plastic pipes to carry the wine from the rack-
ing valve down to the bottom valve with the goal of having a constant flow of wine
through the device. To easily read measurements from the device, movable tubes in-
spired from flexible hoses were suggested to be implemented, see Figure 19 and Figure
20.

Unioarn
outlet?

Figure 20: Plastic pipe 1 Figure 21: Plastic pipe 2

After further discussion, it was decided that the a constant flow was unnecessary
viewed from an energy perspective, since the pump would have to be running con-
stantly. It was then determined that plastic pipes would not be needed and the device
should instead be attached via a ball valve to the racking outlet. This enables the
possibility to detach the device while wine is in the tank as well as making it more
ergonomic and easy to read of the display. This solution also allows the winemaker to
use the tap freely, for example to taste the wine. To circulate wine from tank into the
product a pump system is considered, in the prototypes case, this could be done with
a dc-motor inside the product, see Figure 21 and Figure 22.
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Figure 22: Attachment to tank Figure 23: Pumps

At this point the general design was considered done, and more detailed iterations
were made in the CAD program Fusion 360 to decide a potential final design of the
prototype. Six different versions were made, as well as a suggestion for construction
with internal parts, see Figure 23. It is important to note that all of the iterations
utilises the same general concept function, it is merely the shape of the shell that
differs.
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Figure 24: Prototypes 1-6

After reviewing the six iterations based on user friendliness, number two and four were
deemed not good enough since the placement of displays combined with the prototype
being close to the floor, forces the user to operate non ergonomically when reading the
screen. Among the remaining iterations, number one and five seemed suitable based
on function, but did not aesthetically suit the common shapes found in wineries during
study visits. The circular shape found in version three was appealing, but not optimal
since products used to build physical prototypes often are rectangular, meaning that
room within the prototype would be hard to use efficiently.

With this in mind, version six was picked as the most satisfactory model. How-

ever, since the screen and button layout found in version three was appreciated, it was
decided to continue with similar features in the final CAD model.
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14 Test and verification plan

In this chapter, a plan is presented for how to test and verify the requirements set for
the prototype.

14.1 Execution

The execution of the verification and constructions requirements is presented in table
6. Some requirements require a specific verification plan, and are evaluated separately.
The verification plan only tests requirements that applies to the prototype, some re-
quirements can not be tested because the prototype will not be able to be built to it’s
fullest. To summarise, some verification points will be theoretical.

Table 6: Verification execution

Test execution Requirement tested

Visual inspection 1.1, 1.10, 2.2, 2.3, 2.7, 2.8,
6.3.

Disassemble and assemble 1.12; 2.5,3.2, 4.1, 4.2, 4.3,
7.1

Run prototype 1.2-1.11, 1.13, 2.4, 2.6, 2.9,
3.3

User testing and interview 3.1,6.1, 6.2, 6.3
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Visual Inspection

Visual inspections involve confirming specific criteria through visual observation, as
the name suggests. However, the requirements extend beyond mere visual confirma-
tion, as exemplified by Requirement 1.2: ”be able to deliver measurable values with
the help of a sensor.” This requirement underscores the importance of integrating sen-
sor technology to complement visual inspections.

Essentially, the approach combines the intuitive nature of visual inspections with the
analytical capabilities of sensor technology. By doing so, it ensures that the inspection
process not only meets visual standards but also adheres to predetermined quantita-
tive criteria. In essence, the goal is to ensure that what is seen visually aligns with
measurable values obtained through sensor assistance, thereby validating the accept-
ability of the inspected criteria.

Disassemble and Assemble

The primary objective is to design a prototype that facilitates easy disassembly and
assembly, for example, cleaning purposes, and the physical test for this is self explana-
tory. Requirement 3.2 emphasises the importance ease of cleaning, with assembly
being a critical aspect of achieving this goal.

The rationale behind this requirement is twofold. First, easy disassembly enables
thorough cleaning of the prototype’s components, ensuring that any dirt, residue, or
contaminants are effectively removed. By simplifying the disassembly process, main-
tenance personnel can access all areas of the prototype, enhancing cleanliness and
hygiene standards.

Secondly, seamless assembly is essential for ensuring operational efficiency and min-
imising downtime during cleaning procedures. A prototype that can be quickly and
effortlessly reassembled enables swift turnaround times between cleaning cycles, max-
imising productivity and minimising disruptions to workflow.

Run prototype

The verification run prototype functions as an observation method, akin to visual in-
spection but with a focus on senses beyond sight. Requirement 3.4 emphasises the
importance of minimising noise levels during the prototype’s operation. The test pro-
cedure involves observing the prototype while it runs, evaluating its performance and
noise output.

User testing and interview

When conducting a usability test, a commonly used method is the System Usability
Scale (SUS). The method is a question-based test, where ten statements are presented
to the user on how the system was experienced. The user can then chose on a scale of
one to five how strongly they agree, with one being ”strongly disagree” and five being
”strongly agree”.

Another important method is to ask many follow-up questions and inquire about
the user’s thoughts, reasons, preferences, or why they consider a specific feature good.
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14.2 Specific technical performance evaluation

Tests performed on the prototype should indicate, whether the principles discussed
and eventually put in use on the prototype are suitable for the real product. A testing
system will be set up, with a test tank attached to the prototype via a ball valve,
similar to those in use in the wineries of the target group.

14.2.1 Sealing ability

In order to ensure a long term seal between the wine in the system and the air and
contaminants in the outside world, it is of importance to test the sealing components
for longer periods of time. Given the time frame of the project, it is not likely that the
one to two month use cycles the product is intended for can be replicated properly. In
order to make up for this discrepancy as much as possible, the prototype should be
attached to the full test tank at all possible times.

When service needs to be conducted, changes made to the prototype or tests taken, the
prototype should be temporarily removed and then put back on the tank to continue
the sealing test. Much the same, unless necessary, the tank should not be emptied of
liquid. Visual inspection will be used in order to confirm that the prototype is either
sealed or leaking.

A value that is harder to measure is the leakage of oxygen into the tank through
the prototype. Although measures should be taken to ensure that the sensor contain-
ing unit does not become a source of unwanted oxidation on the final product, doing
so for the prototype will be of lower concern. If there is the time to do so at the end
of the project, a testing method for ensuring complete separation from the outside
atmosphere will be developed and tested.

14.2.2 Pressure capacity

Seen as the liquid pressure is proportional to the height differential from the top of
the tank to the measuring point, the pressure that the prototype will be subjected to
will be negligible during testing [Hagg, 2024]. This concerns requirement 2.9 and 2.10,
but in order to carry out proper tests on pressure capabilities, the prototype would
need to be connected to a pressure chamber suitable for liquids. Although possible,
the extra work needed to provide such data for a prototype, which does not perfectly
resemble the final product, is not deemed a worthwhile endeavour.

14.2.3 Fluid mixing and particle build up

A hot topic of discussion during the development of the concept, figure 16, was whether
the chosen solution would mix the fluids properly, guaranteeing a sampling pool rep-
resentative of the whole batch, or lead to a micro climate closest to the intake and
in the sensor containing unit, being unique to that part of the system and delivering
skewed results. This point is in regards to requirement 1.12, and in order to test this
aspect of the prototype two methods are proposed.

The easiest and most intuitive testing method involves dying the liquid using com-

mon dyes, such as food colouring. By adding different dies in different parts of the
tank and observing the spread and mixture of the colours an image can be created
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of how fluids behave in and around interesting components. This method has mainly
two issues. Firstly observing the spread of colouring throughout the tank is fairly hard
considering neither the tank nor the prototype is designed with visibility of the liquid
in mind. Samples could be taken and compared side to side outside of the tank, but
how clear the differences would be to the eye is unclear. Secondly, food colouring is
dependant on stirring or other mechanical mixing in order to properly mix in water,
and without the natural circulation created by the active yeast during fermentation
the food colouring might spread much slower throughout the liquid, delivering an un-
realistically pessimistic result.

The second method involves adding salt to the liquid. Unlike food colouring, salt
is expected to spread through the system in a more desirable way, however, testing
can only be done by extracting samples from different points. The samples are then
evaluated by running an electrical current through the liquid and measuring the re-
sistance. Lower electrical resistance should equate to higher concentrations of salt.
It is yet unclear how effective this method is and whether the use of consumer grade
measuring equipment will yield any meaningful results.

In order to combat the flaws of each method, both methods might be used. If both
tests point towards the same conclusion, this indicates that something might. On
the contrary, if the two tests indicate different results, the verdict might be that the
testing methods are too flawed to provide any meaningful information. Unfortunately,
both tests cannot be carried out at the same time. Food colouring relies on the similar
density of the water and colouring in order to mix properly. When salt is added to the
solution the density of the fluid increases, which forces the food colouring to gather
at the top of the tank, not combining properly with the rest of the solution even after
violent stirring.

Another concern was whether putting the intake close to the bottom of the tank
would lead to a disproportional build up of sediment as larger residual particles from
the grapes and dead yeast cells sink to the bottom. A rough simulation of this phe-
nomenon could be created by adding substances such as crushed grapes, bentonite
or some other arbitrary form of clay and other organic contaminants to the system.
After running the prototype for a longer period of time without a mesh covering its
intake, letting the sediment gather at the bottom of the tank, the prototype should
be removed in order to monitor whether a higher concentration of particles is present
in the liquid previously in the prototype compared to the rest of the tank.

14.3 Requirement Fulfilment

At the time of achieving a completed prototype, some requirements are able to be
verified. Though due to it only being a prototype and lacking all proper components,
a complete and comprehensive verification can not be made.

The following requirements are made evident by the construction of the prototype:
1.5 and 1.10 through 1.12. Along with 2.2, 2.3, 2.5, 2.7, 2.8, 4.2. Further struc-
tural and health governing requirements such as 2.1, 2.5, 2.9, 2.10, 3.3, 5.1, 5.2 can
be achieved by adhering to the proposed guidelines from thesis Design of the Sensor
Containing Product [Hagg, 2024].
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15 Product design

The current unit is designed in such a way as to fit a DIN 40 thread and accommo-
dated its components in a space efficient manner, whilst maintaining accessibility to
its components and controls.

The device is comprised of two compartments, an inner part where the sensors and
wine is contained and an outer shell containing the electronics. This is done for the
sole reason to mitigate wine leakage in case the device is damaged. This is to ensure
that the primary damage receiver is the outer shell and not the containment where
whine is kept to avoid leakage and loss of wine.

The main focus when designing the casing was retaining a pleasing aesthetic and
producing a product that attempts to suit its surrounding.

15.1 Mounting position

The mounting position of the device came down to two alternatives. Either through the
standard taps used for tasting the wine, or through the racking port. After evaluating
the mounting alternatives, it was concluded that mounting on the racking port was
preferred. This decision was motivated by the desire to not occupy or remove the
tasting tap, being that it is frequently in use. Producing a substitute solution for the
occupied tap was possible, but deemed too cumbersome to be viable.

15.2 Why not PiPe4.0?

Throughout the project, as previously mentioned, two technologies have been under
discussion. The challenge has been to identify which parameters in the winemaking
process are not already being monitored and how these technologies could assist in
addressing those aspects. After research and discussions, the technology PiPe4.0 was
determined not to be relevant for further developments in regards to the project.

The primary challenge with the PiPe4.0 technology stemmed from its measurement of
irrelevant parameters, while the relevant ones were not present in high enough concen-
trations for the technology to detect. This includes alcohol and sulphur levels. PiPe4.0
functions as a Gas Measurement Unit (GMU) utilizing Raman spectroscopy. Conse-
quently, the concepts involved necessitate passing through several unnecessary stages,
like distillation, to facilitate monitoring. This would be a difficult and unnecessary
manoeuvre.

15.3 Design language

The design language of the product has been investigated in many ways. Through user
studies it has been noted that wine makers are more like artists and not lab workers.
Therefore, the group wants the design to be a bit playful and create an easy inter-
pretation of the device for the user. To differentiate the product and make it more
appealing than existing products, a cheaper monitoring system is very important as
well as a new and sleek design of the device. The remote and continuous measuring
system is uncommon and only few other competitors uses something similar [Johan-
nisson et al., 2024].
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To design a device that is appealing the group compared existing products and steered
clear of similar designs. With a different design composition and modularity, our device
gets its own identity which is important for marketing and to attract new customers.
Requirements for the device to be small and easy to use are met and as learned from
user studies, smaller to medium range wineries do not have the budget for many de-
vices, which our product eliminates with the possibility to easily attach to the tank.

Figure 25: The final product.
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16 Ethical aspects

One aspect when talking about ethics concerning the product developed, is that the
product may decrease job opportunities. Since the final concept would be implemented
in the fermenting process, the person performing tests on the wine is not longer needed
to the same extent as before. On the other hand, the final concept makes it possible to
perform more testing in-house, instead of sending samples to an external laboratory.
Anyhow, the measurements made with the final concept still has to be analysed.

Another aspect could be regarding alcohol and alcoholic consumption. The final con-
cept aims to monitor the quality of the wine, making it easier to ferment the win.
This might lead to an increased production of wine, which can lead to negative health
consequences for individuals and society.

Developing a product aimed for food production entails a responsibilities. If the prod-
uct doesn’t work correctly or in some way could be manipulated, it can lead to an
inaccurate fermentation process or bad wine. This, in turn, can result in a product
that contains more alcohol than predicted, which can be harmful.

The final concept is beneficial for fermenting wine with natural yeast, as the Unicorn
Dx likely can detect yeast strains. In other words, the final concept might facilitate
and simplify the use of wild yeast, which can be seen as advantageous. Normally,
using wild yeast can result in an unpredictable process, but with the final concept, the
process can be more easily controlled. The final concept also makes it easier for the
winemaker to produce wine that keeps the same consistency year-to-year, as the yeast
can be analyzed with ease.

When interviewing winemakers that used wild yeast, it was found that they viewed
using wild yeast as a method to preserve the micro flora of the vineyard, and produce
a more diverse wine. Using wild yeast also means that no lab yeast has to be produced
for fermenting the wine. Due to this, the final concept might be beneficial for a more
sustainable wine production. However, the yeast question is considered complex and
divides winemakers as well as consumers into two opposing groups.
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17 Prototype

The prototype consists of one physical prototype and one application prototype made
in Figma.

17.1 Physical Prototype

The physical prototype consists of a cube-like 3D-printed casing with a LCD screen
accompanied with 2 buttons and a rotary encoder. For demonstration purposes, the
device is connected to a ball valve sized DIN 32. This is in turn attached to a 25L
stainless steel tank.

The casing is constructed by FDM printing the housing and threaded coupling. The
unit is divided into two main compartments in order to separate the liquid from the
electronics. The inner compartment is connected to the outlet of the tank and allows
fluid to be pumped through itself and past the thermal sensor. The outer compart-
ment contains the electronics.

The prototype is attached to the test setup just like the real product would be to
a real wine tank, by holding the casing at the desirable angle and screwing the at-
tachment ring onto the valve on the tank. The battery is inserted through a front lid,
attached to the casing with magnets. To turn the device on, one of the two buttons is
pressed. The other button allows the user to switch between different metrics and to
turn the display back on if it has gone into stand-by mode in order to preserve battery
life. Unlike the real product would, the prototype has a rotary encoder to alter the
frequency of measurements. This is done in order not to have to reprogram the device
every time different tests are going to be performed.

The electronic components consist of:
e Arduino Uno board
e Arduino LCD display
e Arduino LCD display interface
e Liquid thermal sensor
e Peristaltic pump DC
e Buttons
e Rotary encoder
e Resistors and transistors
e Relay
e Battery housing
e 1,5V batteries AA
e Cables and electrical connectors

The relay protects the Arduino Uno board from excessive current surges during
operation of the peristaltic pump, which might otherwise damage the board. In order
to provide power to both the relay and the arduino board the power supply is spliced
into two parallel power supplying cables.
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Figure 26: Physical prototype

Figure 27: Inside of physical prototype
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17.2 Application Prototype

The application prototype is an interactive prototype, created in Figma, aiming to
mimic a functioning application connected to the physical prototype. Users interact
with the application prototype via a tablet, placed near the physical prototype, and
are able to navigate through fictional measurements, graphs, reports and more.

The digital user interface is designed based on results and information gathered from
existing theory, study visits, interviews and workshops, more about the design pro-
cess can be found in the thesis Designing a User Interface intended for Winemaking
Frostell et al. [2024], which is connected to the project.

The application prototype allows the user to view and simulate the following actions
digitally:

e View home screen.

e View current wine parameters: pH, alcohol level and specific gravity.

e View historical graphs of the measured parameters.

e Navigate between different WineOT units on other tanks.

e Generate wine reports in pdf format.

e Dispense yeast samples.

e View and adjust a selection of general and tank settings.

e Simulate the scanning of a QR code on a tank, redirecting the user to a corre-
sponding measurement page.

Figure 28: Parts of the app prototype.
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Figure 29: Overview dashboard

Figure 30: pH level dashboard Figure 31: Alcohol level dashboard
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18 Target fulfilment

This chapter follows up on the targets set in chapter 2.1. Table 7 displays a summary
of which objectives were met and which were not.

?A”: Achieved, ”SA”: Somewhat Achieved, "NA”: Not Achieved

Table 7: Target fulfilment

Goal Fulfilment
Overarching goal
Overarching goal

Effect goals
Decrease time consumption

Decrease waste

Give recommendations

Automate production

Simplify testing

Detect failing wine

Repair failing wine

Reroute production

Decrease number of wasted bottles
in testing

Project goals

Visualise data

Analyse data

Find indicators of failing wine
Find limits of technologies
Combined user interface
Digital use interface

Physical user interface

:(>:]>;>:(>D>[.;>D>|:J> I

18.1 Overarching goal

The overarching objective of implementing both the PiPe4.0 and Unicorn DX systems
into the wine making process was not reached. Research has concluded that the
technology used in PiPe4.0 at this point in time has no suitable application in wine
making. Unicorn DX shows potential, being able to measure several desirable values
previously unavailable to the common wine maker, however, the system has not been
developed far enough to be properly evaluated in this specific application and must
therefore be analysed further in order to reach a meaningful conclusion.

18.2 Effect goals

Seen as no product has been developed far enough to perform accurate tests on its ef-
fect on the wine making process, this section is somewhat speculative. The conclusions
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drawn are based on the indicative performance of the prototype and the theoretical
effects of the concept.

Decrease time consumption:

Wine makers spend a considerable amount of time collecting samples and performing
measurements during the fermentation stage, sometimes up to one hour per day during
prolonged periods of time. A product developed from the chosen concept could likely
decrease the time consumption of the work required to monitor the fermentation. This
could allow wine makers to expand their business, or dedicate their time to tasks that
they experience as more meaningful.

Decrease waste:

Once wine is extracted from the fermentation tank, it is considered consumed or
wasted, being that it cannot be returned to the tank due to contamination risks. Thus
by sampling the wine that is in circulation in contrast to extracting samples regularly,
the product successfully decreases the quantity of wine that does not amount to the
end product. This gain, however, is very small compared to the potential savings from
decreasing the number of wasted bottles during ageing, and should therefore not be
considered a major success.

Give recommendations:

In its current state, the product is not supposed to make any type of measurements
that wine makers currently cannot make by hand. Due to this fact, reccommendations
given by the product would likely be as good as or inferior to an experienced wine
makers verdict. Giving recommendations on how to develop the wine would be possi-
ble, but currently unnecessary, and has not been investigated further.

Automate production:

The concept successfully automates and simplifies the testing of daily collected data
which in turn lessens the workload and time consumed in-house for the winemaker.
This is done by continuous measurements collected by the device that then provides
accumulated and processed data to the winemaker, elevating them from conducting
the repetitive daily tasks of testing for pH, alcohol/sugar level and temperature.

Simplify testing:

Compared to manually collecting samples and making measurements with analogue
equipment, taking notes on paper and calculating the progress with tables, attaching
a measuring device to the tank at the start of fermentation, monitoring the progress
via a mobile application and cleaning the equipment after use seems less complicated.
Although not realised yet, the concept shows great promise when it comes to simpli-
fying the testing process.

Detect failing wine:

Through continuous sampling and testing, the concept can detect an early decline in
the health of the wine, being the pH, alcohol, sugar or temperature levels deviating
from its expected path. Primarily the health of the yeast can be monitored. By notify-
ing before irreversible damage occurs preemptive and reactive measures can be taken
do ensure that the wine ferments in a desirable way. Repair failing wine:
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The chosen concept does not directly contribute to the wine makers ability to repair a
failing wine. Apart from possibly giving the wine maker a few hours earlier warning,
which would likely not make a large difference seen as changes during fermentation
usually takes up to several days, the concepts benefits mainly relates to the decreased
time consumption of testing.

Reroute production:

The chosen concept is primarily intended to be used in the fermentation stage. Rerout-
ing production to either vinegar, a different type of wine or gin, however, does not
occur in this stage of the process. The concept would therefore not decrease the
amount of unnecessary resources put into a product that is going to be turned into
something else at a later point.

Decrease number of wasted bottles in testing:
The chosen concepts approaches the problem of waste in a stage before bottling. This
goal has therefore not been achieved.

18.3 Project goals

Unlike the effect goals, evaluating whether the project goals were met is a more straight
forward process.

Visualise data:

The collected data should be processed and presented in an intuitive way in the cor-
responding mobile application. The Ul for this application has been created based on
research performed on how to best convey the information of importance. The absence
of a realistic data set has however hindered testing the usefulness of the Ul and it is
therefore unclear whether the data visualisation is satisfactory.

Analyse data:

The vision is for collected data to be processed and subjected to algorithms that plot
and predict near future developments of the wine. This should then be presented to
the winemaker through a mobile application where the winemaker can asses each tank
individually and conduct their decision making based on the aforementioned predic-
tions. However, seen as no meaningful measurements have been performed and no
relevant reference data has been found, no actual analysis has been performed and no
algorithms developed.

Find indicators of failing wine:

Through the conducted excursions, it was discovered that certain bacteria and yeast
strains were undesirable and may lead to wine failing. These biomarkers can be iden-
tified in early stages of the wine thanks to Unicorn DX. Aiding in the decision to
continue with the batch or divert it to other use. Additionally, by monitoring the
state of the wine, with indicators such as yeast ceasing to produce alcohol or the tem-
perature reaching sub-optimal levels, can be vital for ensuring that the wine does not
fail.

Find limits of technologies:
From the excursions made it was concluded that PiPe4.0 is not viable for the projects
intentions, due to lacking measuring accuracy at low concentrations and difficulties
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to measure in a liquid medium. Unicorn DX was not investigated as thoroughly, but
seems promising in certain applications within wine making, as it could replace some
measurements usually performed with a microscope to assess bacteria and yeast pres-
ence.

Combined user interface:

The physical interface (the final product) interacts with the app prototype through
QR codes and bluetooth. Additionally, the final product has a small screen, offer-
ing several options for displaying current measurements to the user. While designing
the interfaces, this objective has been considered. For example, the amount of clicks
required within the app and on the product display has been minimised to enhance
usability, as users often prefer the easiest path. Due to time constraints, this goal
hasn’t been tested on the user. Further user tests would be necessary to validate if
the objective has been achieved. The test and verification plan for the user interface
is outlined in [Frostell et al., 2024].

Digital user interface:

The digital user interface is designed using established principles commonly used for
smartphone and tablet applications, meaning that new users are likely to swiftly learn
how to navigate within the application. Clear icons and describing texts connected to
majority of the functions is believed to help the user quickly adopt and understand
the main functions of the product.

Physical user interface:

The concepts main attachment point, the coupling thread, intentionally uses Deutsches
Institut Fur Normung (DIN) standard threads to allow for wide application on the most
common tanks within the EU. These threads consist of very few varieties and are easily
fit with adaptors if needed. Mounting the device is done similarly to mounting hoses
or other tank accessories, using a standard spanner for DIN fittings, eliminating the
need for special tools.

Build prototype:

The prototype intends to simulate the usage of the product, providing an representa-
tive experience of its size and interactive elements. This is done by creating a scale
model that pumps and circulates wine and measures the temperature. The act of
measuring the temperature represents how further sampled data such as pH, alcohol
and sugar levels will be collected in the final product. The prototype further indicates
the implementation of Unicorn DX.
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19 Project follow-up

This section will evaluate how well the project group has lived up to the time plan,
budget, milestones etc.

19.1 Resource expenditure

As of the 17th of May a total of 3791 hours have been spent on the project. This is 561
hours less than anticipated. In gate 3 there was a difference of 495. This means that
even though it still has been hard to fulfil the time plan, the difference between planned
time and actual time has been almost the same since last time, as seen in figure 32.
The deficit depends primarily on Swedish holidays such as Valborg, Ascension Day
and Easter. Group members have taken a bit more vacation than given in the public
calendar.

Accumulated
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Figure 32: Accumulated resource expenditure as of 2024-05-16

19.2 Milestone completion

Since Gate 3 the milestones ”Concept” and ”Test and verification plan” have been
completed. However, it has been decided that the test and verification plan can not
be done in this project due to lack of time. It is instead included so it can be used in
eventual future projects. The final report will be finished in time for submission.

19.3 Preliminary estimate

As the project group works on unpaid time, vehicles for research excursions are pro-
vided by the university and materials for the prototype are paid for by ATTRACT,
monetary limitations are not deemed to be the main limiting factor in the project.
Instead the time available to the project group, measured in work hours, is considered
the main resource.

19.3.1 Appreciated workload

In the first study period the schedule was shared with another course, absorbing 20
percent of the available time. Between the 15th of January and the 8th of March, it
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was therefore estimated that up to six work hours per weekday will be put into the
project by each group member.

In the second study period all available time is put into the project. Between the
25th of March and the 22nd of May, this means up to eight work hours per weekday
and group member. The project will be concluded on the 31st of May. Four public
holidays in the second study period means that several weeks will consist of only three
or four work days.

Work hours
per week
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Figure 33: Estimated workload per week throughout the project

19.3.2 Accumulated resource expenditure

Based on the credit valuation of the courses, the project and attached bachelor thesis’s
as a whole should correspond to 640 work hours per group member, or 5120 hours
combined. With a planned expenditure of six hours per day in the first study period
and eight hours per day in the second, it is estimated that each group member will
put 240 hours, in the first study period, and 336 hours, in the second study period,
into the project. This amounts to a grand total of 576 hours per person, or 4608 hours
combined.

19.4 Budget

Linko6ping University has allocated 3,000 SEK to the project, which have been used
for the prototype. Costs for vehicle booking and study trips are covered by Marie
Bengtsson’s project budget, outside of the budget shown below. Furthermore AT-
TRACT have sponsored the prototype budget with 10,000 SEK, some of which has
been utilised.
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Purchase Expenses [SEK]
Electrokit, arduino compontents 1521
Bygghemma, water tank 1086
Polisinelli, ball valve stainless steel 1286
Sum: 3893
Remaining budget: 9107

Table 8: Prototype budget
19.5 Risk Analysis

This subsection integrates the developed risk analysis from Gate 2, focusing on existing
risks and their development since then. No new risks has been identified since Gate 2.
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Table 9: Mini risk analysis from gate 2

Risk Probability| Damage Damage | Preventive mea- Possible so-
1-5 1-5 prod- sure lutions
uct
1-25
The prototype is 3 5 15 Thorough research re- Present  the
not realizable garding avalible tech, prototype as
wine making process a potential
etc. product
Unicorn DX and 3 3 9 Acquire the technical Present  the
PiPe4.0 is not ap- limits early conclusion
propriate to use in the report
in wine making or with valid
beer brewing arguments
Poor work distri- 2 4 8 Map out the main Rethink the
bution between subjects of each thesis | limits of each
the bachelor’s before starting theses
theses
Conflicts within 2 4 8 Keep good group- Try to solve
the group begins spirit by arranging | the conflict
to halt progress activites, keep good internally, lift
communication, with project
follow the group con- owner if not
tract etc. possible
Contact with AT- 2 4 8 Establish contact Base the
TRACT is under- with relevant stake- work on simi-
whelming holders early lar tech
The prototype is 2 4 8 Create a separate Limit fea-
not finished on riskanalysis for the | tures and
time prototype quality in
order to have
something to
present
There is no time to 3 2 6 Finish the prototype
test the prototype as early as possible
The bachelor’s 2 3 6 Roughly map out
thesis becomes too the main subject and
similar headers within the
group before starting
No relevant com- 2 3 6 Contact companies
pany is willing to early
accept study visits
LaTeX and teams 1 5 5 Save back-up docu-
documents ceases ments regularly
to exist
A group member 1 5 5 Create and maintain
decides to leave a good group atmo-
the project sphere
The group fails to 1 5 5 Make sure to follow
pass gate or misses the requirements for
the submission each gate
date
The prototype 1 4 4 Proper economic bud-

budget is exceeded

get planning
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The prototype is not realizable
In essence, a prototype will be crafted to visually showcase the project’s outcomes,
prioritising intuitive presentation. However, it’s crucial to note that this prototype
won’t encompass all previously discussed functionalities due to constraints like miss-
ing technology, expertise, budget, and time.

Unicorn DX and PiPe4.0 is not appropriate to use in wine making or beer brewing
This risk loomed over our project from the outset and stood as a pivotal factor in
determining the project’s trajectory. Through thorough research and discussions, it
became evident that PiPe4.0 was not pertinent to our objectives, whereas Unicorn DX
emerged as a more relevant avenue for our pursuits.

Poor work distribution between the bachelor’s theses

This risk remains pertinent at present, with impending deadlines looming for both the
group project and individual bachelor theses. Balancing time between these commit-
ments has been crucial, and efforts have been evenly distributed accordingly. Notably,
progress made in individual bachelor theses has served as a reference framework for
developments within the group project, highlighting the interconnected nature of these
endeavours.

Conflicts within the group begins to halt the progress
Luckily, this has not been a problem for our project. Of course disputes and dissatis-
faction have occurred. But is has not affected the progress of the project.

Contact with ATTRACT is underwhelming

This risk has proven to be entirely accurate. Despite the lack of contact with AT-
TRACT, it has not posed any significant issues. At the time of identifying this risk,
we lacked clarity on who our stakeholders were and which ones necessitated commu-
nication. However, our interactions with the technology owners have emerged as more
pertinent, and the communication in this regard has been effective and fruitful.

The prototype is not finished on time

The prototype is unlikely to be fully developed and finalized in time for the ” vernissage,’
which is scheduled shortly before the project deadline. This delay is primarily at-
tributed to logistical issues such as shipping delays and challenges in communication
within the chain of command.

i

There is no time to test the prototype

This risk is quite high now, at least in time for the vernissage and Gate 4 presentation
on the 15th and 17th of May. However, the plan is to have a semi functioning and
tested prototype for the eventual trip to California during the first week of June.

The bachelor’s theses becomes too similar
Early on in the project this eventual problem was solved and there is no risk anymore
that the thesis’s are too much alike.

No relevant company is willing to accept study visits

Now with the answer given, there has been many interesting study trips during this
project. It was quite difficult to get accepted by vineyards but by contacting an ex-
tensive number of people the problem was solved.

89



LaTeX and teams documents ceases to exist
This is a risk with a very small chance of happening and has not happened thus far.
Everything is saved and downloaded throughout the work to prevent this.

A group member decides to leave the project
This has not been a problem.

The group fails to pass gate or misses the submission date

This has not been a big problem. The group has set up deadlines all the time in order
to get all the work done over time. There has also been clear directions on what to do
thanks to the governing documents.

The prototype budget is exceeded

The budget given by Linkoping University has been used, but the group attained a
larger budget for prototyping, there has not been any need to utilize this budget as
much so far, as 9000 SEK out of 10 0000 is still left. Therefore, the risk of exceeding
budget hasn’t impacted the project at all.

20 Closing

This chapter presents the residual-list of the project, how the result is to be submitted
and recommendations for possible future projects or research.

20.1 Residual-list

The residual list is a description of the backlog of activities not yet finished, along with
the approximated number of hours left in the budget. As of May 20th, the activity
list is depicted in Figure 9. Most tasks have been completed at this stage, however,
some remain. Chiefly, the project should be summed up and concluded in a finished
report, necessary tests and verifications performed in order to evaluate the result and
the three bachelor theses finished and presented. In Table 10 the remaining activities
from Figure 9 are presented with a remaining time estimate.

Activity description Time (h) | Status | Responsible
1.4.3 Closure 160 Initiated Everyone
5.6 Completed Report 200 Initiated Everyone
5.8 Preparation California 64 Initiated Everyone
5.9 Participation California 128 Everyone
6.4 Thesis defence 600 Initiated Everyone

Table 10: Rest list

20.2 Delivery

The result will be submitted in the form of a final report, a physical prototype, an
application prototype, posters, a promotional text and visualisations, consisting of two
short videos and a brochure describing the project.
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Since this project is goal seeking, a full solution will not be delivered, but rather
a suggestion.

20.3 Further Recommendations

Following up on the effect goals, it is clear that the prototype successfully decreases
wasted wine and automating parts of the wine making process. At the current stage,
the concept is capable of plotting parts of the fermentation process and give adequately
predictions. With further development, the unit will be able to predict and produce
well informed forecast of the fermentation.

The next steps in development would be to explore ways to perhaps compartmen-
talise components of the product and to further develop a product in a way that eases
sanitation and repairs. With the focus of maintaining a clean product without con-
tamination and simultaneously retaining strength and wear resistance.

Further incorporation of new technologies and further developed technologies is of
importance to investigate. This is an important aspect dedicated to the development
of the physical product. Making the device susceptible to updates in developments in
regards to advancing technologies, notably Unicorn DX, will lead to further reaching
the overarching goals, which is to implement new technologies in a manner beneficial
to the brewing process. This however can only be done with close cooperation of the
Unicorn DX developers.

The user interface prototype is currently at an early-stage proof of concept. It vi-
sualises the idea of how the data should be presented, but further user studies and
other types of research are needed to make the interface more closely fitted to wine-
makers needs. To achieve this, a clearer understanding of the technology’s capabilities
is required. For instance, it’s unclear exactly what Unicorn DX can measure, making it
difficult to determine which data should be presented to the user and how it should be
presented. At present, the prototype offers an idea of how the interface could appear
and function. For the prototype, the human-computer interaction could be further
developed by connecting the app concept to the measuring device. That would make
the whole system more understandable and realistic.
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