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SUMMARY

The following report describes the process of the development of the
proof-of-concept system FLOT: a tool that allows for tracking liquid-in-
take easily.

In this report, I briefly discuss the literature and research which came
before this design project. Next, I show the iterations and creation of the
sleeve prototype, later to be called Puck.

After evaluating this prototype with medical professionals, the project
went from designing a single tracking device to a system. A display part
called Hub was added to give data insight. The design choices and cre-
ation of this part are described.

Finally, I will briefly touch upon the behavioural and business aspects of
this system and give considerations for future steps.

INTRODUCTION

After studying the usability of MyBeaker last semester, I decided to cre-
ate a new tool, using the knowledge I had gained. As it had become
clear through research and talks with medical professionals, how much
a tool like this could help. That alone was motivating.

Next to this, this challenge provided me with a set of learning aspects
that interest me. multi-user design, behaviour change strategies, techni-
cal development are the main three.

In all these areas, I want to grow and develop. For example, I always find
framing a challenge quite hard. And this one, with multiple users and a
range of scenarios that the item could be applied in, would challenge me
in this aspect.

Next to this, this project had behavioural aspects that interested me and
allowed me to apply earlier learned knowledge.

By aiming to create the prototype, I expected this project would chal-
lenge me to improve my technical skills and develop new ones such
as CAD modelling and PCB design. This combination of behavioural,
usability and technical aspects felt like a fitting challenge for me as a
designer to develop my abilities.

In my previous semester, my development was heavily focused on the
honing of skills connected to the Design Research Processes and User
& Society competencies, with Technology and Realisation having more
of a background role. To balance, I wanted this project to have more
focus on the development of technical skills.



RELATED WORKS

In this chapter, I will recap the most important information from my re-
search paper, then discuss more practical related work concerning the
design process described in this report. I refer to my research paper for
more background information.

TRACKING INTAKE

In the hospital, several types of patients have their fluid intake tracked.
Older adults are generally more at risk of dehydration due to factors such
as reduced thirst signal and forgetfulness (Hart et al., 2020; Rolls & Phil-
lips, 2009; Hamilton, 2001; Yamamoto & Mori, 2018; Plecher et al., 2019;
Thomas, 2020). Heart and (hemo)dialysis patients also benefit from limit-
ing their intake to reduce blood pressure, no matter their age (de Vecchis
et al, 2015; Welch & Davis, 2000).

The current method is nurses keeping lists (Dutch: vochtlijsten). These are,
however, labour-intensive to fill in and sensitive to errors (Kreutzer et al.,
2013; Kreutzer et al.,, 2015). To combat the issue, specialized cups (e.g.
MyBeaker have been created to track the fluid intake of patients automat-
ically (Janssen, n.d.). However, these are not very reliable, nor user-friendly
(van Iterson, 2021).

SELF-CARE STRATEGIES

Next to smart devices, there are self-care strategies for patients who need
to track to increase or reduce their fluid intake (Welch & Davis, 2000;
Hodgkinson et al., 2003). These often require the patient to self-track on
paper or via an app (Burke et al., 2005; Dowell & Welch, 2006; Welch et al.,
2007). On the Google Appstore, one can find a multitude of examples of
self-tracking apps for increasing or regulating fluid intake (Jewell, 2020).
Most of these apps, and those used in scientific papers, build on prompts
and notifications throughout the day, reminding them to drink (Hackett et
al., 2020; Lehman et al., 2018). This doing this effectively is hard, as peo-
ple respond very differently to push notifications (Bidargaddi et al., 2018).

BEHAVIOUR CHANGE METHODS

There are different ways to motivate a person to change their behaviour.
The Trans Theoretical Model (TTM) (Prochaska et al., 2008) explains the
different stages of change, ranging from pre-contemplation to mainte-
nance. This model can be used to determine what type of support some-

one might need based on the stage they are in. From a different perspec-
tive, Self-determination theory (SDT) (Gagné & Deci, 2005) provides a set
of needs for one to feel fulfilled and have the motivation to change.

TECHNOLOGY

The technology I aim to use in this design uses weight tracking and move-
ment determination using an accelerometer and gyroscope, which have
also been used in recent research. Micromovements like sipping and
drinking can, by using just a smartwatch, be determined with an estimation
error limited to 15%, thus 85% accuracy (Hamatani et al., 2018). A simi-
lar study proved a 90-91% accuracy in determining drinking movements
(Chun et al., 2019). Research in which an accelerometer was placed in a 3D
printed cup also tested the accuracy of tracking drinking movements and
showed an 89.92 - 85.88% accuracy using a k-nearest neighbours model
(Liu et al., 2020).

Additionally, weight tracking has also been done before using loadcells
(Chan & Scaer, 2018). Using load cells, the tracking of a cup can be done
within a three-gram error range.

HEALTHCARE DEVICE

Technical innovation in hospitals always seems to catch up slower than in
other fields, even though healthcare professionals are often enthusiastic
(Safi et al., 2018; Ravitz, 2020). Thimbely (2013) states: the product or tool
needs to solve the right problem, there is always a cost for integration, and
the question of security and monitoring

To ease integration for the end-users, I will design the prototype with the
suggestions of the paper of Thimbleby in mind. Aiming to create an item
easy to use, accurate and considering ethical and monitoring concerns.



CURRENT SITUATION

To get a more detailed understanding of the cur-
rent system, I spoke with Suzan Hendrikx, a nurse
from the IC department at the MMC. She is familiar
with tracking fluid intake using the Hix system, a
widely used patient dossier program, and showed
me the entire process (Figure 1).

As can be seen, automating the tracking can re-
move seven steps for every drink, and another
three when a drink was not finished. With only the
verification step at the end of the day (+-00:00),
the nurse’s interaction with the screen with the sys-
tem is dramatically reduced, and no longer breaks
their workflow.

PROCESS 1: FILLING IN LIQUID INTAKE

e H
2. Find signalling for fluid tracking 4. Find fluid type
5. Fill in amount drunk (4 fields) 6. Back at activiteitenplan
PROCESS 2: CORRECTING LIQUID INTAKE PROCESS 3: VERIFICATION
! —
= K

1-2. Go back to the total in/out screen, find registra- 3. Edit the fluid in

tion that needs correction

4. Checking total in/out

1-2-3. Go to the verification screen via total in/out and
verify the amount drunk this day.

Figure 1. Hix processes.



MyBeaker Sleeve

This sleeve/affixable version is a silicone cup, which

A e IDEATION & INITIAL REQUIREMENTS

The system can approximate the volume of liquid in

the cup through weight dstection, and a classifica- I see most purpose in the sleeve-attachment (for the 3 options see Figures 2,3,4) form for
The MyBeaker's current form is not seen the fOIIOWing reasons:
as very aesthetic. With this sleeve, one
can attach the tracking system to any cup,
/ thus keeping the pr_eferred look and . .
el 1) Versatility, as it can be attached to several types of cups.
This sleeve can be removed from the . . .
) cuneraless snd sias il SR 2) Hygiene: the sleeve must be removable so the cups can be cleaned without exposing the
. electronics to heat and water.
hrough goes b can ot up the 3) Investment for the hospital: Being able to remove the tool means that each patient only
5/ :;‘t::t‘i::nt,he cup is standing on to attract needs One.
s 4) Robustness: should the mug break, the attachment can still be intact, whereas, for the

sion moulding, the hard plastic box can

/. be created inanumber of ways. glass or plastic cups, the entire system would have to be replaced.
Figure 2. Mybeaker Sleeve iteration as presented in research.

Because of this, I decided to present this idea to Suzan. She was enthusiastic about this idea

Glass MyBeaker and gave some insights into user requirements she would want to see in this system. Using
THETei ot LB Tl her insights and those from research, I set up the first set of broad requirements.

it a more sleek look. The silicone cap at the bottom
protects the electronics from liquid and allows for
battery changes. The system can be made fully wa-

terfsc it is machine washable. R EQU I R E M E NTS

The MyBeaker’s current form is not seen
as very aesthetic. The glass and size of

| the Glass MyBeaker are closer to ‘regu-

lar’ glasses. SYSTEM USER BUSINESS
AR e HARDWARE SOFTWARE

J care homes, where hygiene is highly im-

portant
Detect liquid content | Determine the Easy to remove & Able to produce in
The Mybeaker system needs some form
e e amount drunk / place mass
reflect in interesting ways in the glass. thrOWn Out

In terms of production, the glass can be

created by a beaker-blower, the sili-

) cone must be created using injeetion or Detect motion Secure data sending | Robust

compression moulding.

—

Figure 3. Glass Mybeaker iteration as presented in research. Water-resistant Withstand
disinfecting

B — Y Able to send data Information display

This new iteration of the MyBeaker much like the

original but reduced in size. Instead of the 500ML

s S e L e Rechargeable battery Lightweight. Cup +
While a large volume can be beneficial in settings co nte nt <= 6 ® ®g r
where people need to drink a lot or where time is

e Less work than the
It is the simplest adjustment that tackles a set of curre nt System

the issues identified in this research.

. . Easy to hold - not to
The reduced size of the Tiny MyBeaker

aids in giving the user more grip. W]' de

The smaller size makes the cup easier to If a C U p' nO th 1 C k
hold and lighter when completely filled .
and reduces the chances of drinks

being thrown away. r] m S

In terms of production, injection
J] moulds should be created for the plastic
in and outside.

Figure 4. Tiny Mybeaker iteration as presented in research.



FLOT - SYSTEM

FLOT Puck

> Attachable to cup or mug

> Weighs the fluid

> Detect drink/throw away motion

> Sends estimation data to FLOT Hub

FLOT Hub

> Receives data from FLOT Puck

> Charging station for FLOT Puck

> Displays amount drunk using Light
> Can be connected to FLOT Net

“orm

FLOT Net
> Connects to local network

> Connects with multiple FLOT systems for data
sharing with caretaker/hospital

Figure 5. FLOT System overview.




FLOT - PUCK

FLUID

FORCE SENSITIVE RESISTOR (FSR)
Detecting the weight of the cup
placed in tthe holder.

ACCELEROMETER-GYROSCOPE
Detecting the movement of the cup.

FLEXIBLE OUTER CASING

Allows for easy attatching to any mug
or glass.

Figure 6. FLOT Puck overview.




FLOT PUCK DESIGN

Puck is based on the sleeve attachment as
shown in Figure 2. In the following chapter, I
will show the process of how Puck came to be
the sensor of the system, sensing, tracking and
estimating the amount of liquid drunk, using
embedded sensors, and why it is the shape it is.

HOW IT WORKS

The Puck can be attached to the bottom of a
cup (Figure 9). While attached, the sensors in
the puck detect the movements. When the glass
is standing stationary, it measures the weight
of the cup using an FSR. Using this information,
it makes an estimation of the amount drunk or
discarded.

Figure 7. Render of the STL file. Figure 8. Thanks to the wave-inspired slope, FLOT can also be placed
under cups with ears.

| \ ( \
0 [}
W ovDoDun“"Q Z

Figure 9. The easiest way to place the Puck on a cup.




Iteration 1
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ESP + Circuit

3D printed support
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Figure 10. Iteration and exploration process for the form of Puck.




HARDWARE - CASE

In Figure 10, iterations for Puck’s shape can be seen. The
first three steps, coloured purple, are from my research re-
port.

EVALUATION

Iteration 1, and the exploration forms were presented to two
nurses working at the cardiology department of the MMC.
They interacted with the prototypes, gave their opinions and
told me about their tracking method and helping patients
track their fluid intake. The latter will be discussed later in
this paper.

During the interaction, they gave comments (Figure 11). In
essence, Iteration 1 was thought to be too tough for some
older adults to place, and a more flexible material would be
prefered. Exploration 1 provided this flexibility. Exploration 2
was quickly disqualified for reasons ranging from the num-
ber of steps it takes to put on, to its ability to move around.

Using these insights the following choices were made:

- Placed at the bottom: this is the easiest location for track-
ing the content and for a secure attachment.

- The outside needs to be cleaned. So either i) the whole puck
either needs to be a fully waterproof system or ii) the elec-
tronics must be removable so the outside can be washed.

For these reasons, the latest version of Puck consists of two
parts: the internal ‘electronics puck’ and a silicone sleeve
around this puck to attach it.

FUTURE STEPS

The next step is having the form poured in silicone and then
evaluating the user experience and the robustness of the
current model. There currently are moulds being made (Fig-
ure 12 & Figure 13).

Iteration 1

Dit werkt voor mij
goed, maar kan

voor ouderen een

beetje te stug zijn

Ouderen
zouden dit zelf
niet kunnen
denk ik.

Figure 12. Three-part open-pour mould of which the inner

Ik zou dit wel
willen testen op
mijn theeglas,
hoe dat gaat
met het oortje

(‘,

Form exploration 1

Kan dit

Op a”e Dit gaas is wel
) soepel,
glazen 0 misschien kan

het over het
hele glas?

Gaas kan over
het hele glas
ook grip geven
voor ouderen

Form exploration 2

elektronica
erdanin
en uit?

Ik denk dat mensen
deze eraf gaan
halen. Helemaal als
het in de weg zit met
vasthouden van de
mok.

—

Figure 11. Medical professionals comments on low-fi prototypes (Dutch).

part and one outer part are showing.

Kan het
bandje niet
teveel
schuiven?

Als ik het zo
probeer, is het
bandje de meeste
stappen van de 3.
Dan heb ik liever
een van die andere

Figure 13. Section analysis showing how the moulds fit together.



£5P33 DEVKIT HARDWARE - ELECTRONICS
The hardware of Puck is embedded in
the internal box as shown in Figure 18.

FSR

T — ESP32 DEVKIT —

FORCE-SENSITIVE SENSOR - FSR

The FSR is placed in a voltage divider
circuit, allowing one to control the sen-
sitivity of the FSR. This integration is

22 described in the Electrical Integration

21

ﬁ i p— GND guide from the manufacturers of the FSR

S — GND — 3v3 :

” a3 (Appendix III).
21 — g
GND GND — In v1, a ©.1 uF was placed before Pin13,
L] Vin | —— 3v3— .
to lessen any peaks that the ADC pins
readings, as described by the Espressif
LK]* out+ IN+ ﬁ programming guide (espressif, 2021).
MH mini 360 i However, the capacitor drew too much
GND GND—T power from the board, causing the MPU
Figure 14. Circuit version 1 (v1). Figure 15. Circuit version 2 (v2). to faint thus it was removed. This caused
a slight increase in noise in the data, but
, , ‘ , this can be reduced through smoothen-
Effect of capacitor on accelerometer Effect of smoothing accelerometer Effect of capacitor and smoothing . . .
data data accelerometer data ing the data before analysis (Figure 16).
0,9 0,9 0,9

BUG IN THE BOARD

- W . \_MDM— RNy S G-V — When connecting the FSR to the board,

07 07 07 an internal bug in any ESP32devboard
must be taken into account if one wishes

o o oe o to replicate this system. There are two
05 e 05 R s e power rails on the board. The FSR pin
' —y-raw ' —y-raw ' . L
— — 2- raw must be on an ADC pin which is on a

o —with capacitorx | —roornx | —smaath x different power rail than the wifi chip, to
03 NWQVA ——uiith capacitory | 03 / V“ V M_ —moothy | 03~ VS mooth y prevent power lapses when the ESP32 is

—— with capacitor z ——smooth z ———smoothz in transmission mode ((espressif, n.d.)).
02 o2 02 Try attaching the FSR to an ADC1 pin if
01 WW\J\« 01 _\___,_/_ 01 S\ — ADC2 does not work and vice versa.
0 0 0

135 7 91113151719212325 1357 911131517192123252729 135 7 9111315171921232527
Number of data points Number of datapoints Number of data points

Figure 16. Analysis of the effect on the raw data of the cup standing still, using a capacitor and/or using softwarematic smoothening.




ACCELERO-GYROSCOPE - MPU5060
The MPU5060 is a gyroscope, accelerometer & temperature sensor.

MICROCONTROLLER - ESP32 DevBoard

An ESP32DevBoard is relatively small (3x6cm) and has built-in wifi
and BlueTooth making it a good candidate. In later iterations, using
just the ESP32chip allows for a smaller PCB (Figure 19 & Figure 20).
Currently, the size was reduced by designing the circuit in such a way
that the ESP32 is placed ‘over’ the other components (Figure 17).

POWER SUPPLY

Iteration 1: CR2032. After using the USB port as power source, the
next step was using two CR2030 batteries in series, adding up to
approximately 6V. This was then scaled back to 3.5-3.3V using a Buck
converter to the Vin of the ESP board, as the ESP runs on 3.3V. Unbe-
knownst to me, the power through the Vin goes through the built-in
scale-down circuit of the ESP. This double scale-down, caused the
ESP to ‘faint’ through lack of power. Powering it via the 3v3 instead
of the Vin port works, but the MPU6050 quickly drains the batteries.

Iteration 2: Li-ion. To power the circuit and the ESP, I tried using
a small Li-ion. The Li-ion (2500mAh) can power the circuit without
the ESP or MPU showing any signs of fainting. I did have to add a
charging circuit and a surge protection circuit, but these are both
relatively small (Figure 22).

FUTURE STEPS

There is still a lot to be done. Most importantly, the system needs to
be tested, to understand what needs improvement. Technical aspects,
such as the duration of the battery life using different rates of data
collection and data sending, and the overall accuracy of the system
should be tested.

In terms of usability, the Puck will need a way to display what its cur-
rent status is (charging, on, nearly empty etc). Most likely a light will
suffice, but this too should be explored. A similar setup to the usage
of LEDs like in headphones is a route I would want to explore.

Figure 17. How the pcb and the esp connect. Figure 18. Circuit in embedded box.
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SENSOR_VN
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QEQSYEDA Date: 2021-11-29 Drawn By: HannaH I.
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Figure 19. PCB components on 3cm Figure 208.Example of PCB design using only the ESP32 chip, reducing
radius circle. the size to +-2x3 cm.

Figure 21. v1 circuit, ESP32 removed, charged with 2x Figure 22.Li-ion batttery connected to the charging
CR2032 batteries. circuit.



SOFTWARE

Full annotated code can be found on GITHUB (van
Iterson, 2022)

RECEIVING & MAPPING DATA

The raw data from the FSR needs to be mapped
before use. Generally, one can follow the graph as
provided on the datasheet (Figure 23).

ANALYSING DATA

Identifying whether the content of the cup was
drunk or discarded can be identified using the
accelerometer and gyroscope data, as they ‘look’
quite different as shown in Figure 25.

I have tried and failed in creating a better mod-
el than the one presented in my research project,
which was 66-75.3% accurate (van Iterson, 2021).
Using Tensorflow and Tensorflow light I got to
about 55-64% accuracy with the data I had collect-
ed. This is barely better than a cointoss, thus not
really exciting. I have had accuracies shown using
KNN models that showed a 90% accuracy, howev-
er, using a small data set, the model likely became
overfited, and thus only accurate on my specific
movements.

Luckily, my envisioned method has been shown by
several papers to be functional. Chun et al. (2019)
showed a smart-wristband and can determine
drinking the movements with 85-91% accuracy.
Even more similar is the paper by Liu et al (2020),
in which a cup with an embedded accelerometer
can estimate the drinking movements with similar
accuracy.

ACCURACY

As stated in the datasheet, the FSR is accurate in
the range between 30 gr and 1000g. Glasses and
cups rarely exceed the range between 50g and
5009, with an additional weight of 250-300g of
fluid, this is well within the range of the sensor.

The accuracy of the force sensor differs from +-5
to +-25% depending on the sensor. Initial tests of
this sensor showed a +-6%-8% error range. This is
below the current 20-30 % off when done by nurs-
es ((Kreutzer et al., 2013)). However, this is given
the case the sensor is pressed evenly and placed
correctly.

FUTURE STEPS
Based on the reseach, it is quite certain that a KNN
movement estimation model will work.

Else, a convolutional neural network (CNN) could
be promising. CNNs are used often for visual im-
agery. Visual image detection algorithms are very
abudant, and are one of the most developed types
of classification models (Dang, 2021). Therefore, at-
tempting to make a visual detection model based
on the smoothed data from the accelerometer
could give interesting results.

Next to this, as with the hardware, tests will need
to be done to determine the overall accuracy of the
weight detection system is throughout the day.

Finally, a mitigation plan will have to be designed
to catch any errors made through mistakes in the
classification model. False negatives and False
positives have different implications and will need
strategies to prevent and solve the problems they
might create.

THROWING AWAY

PRINKING
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Figure 23.Force vs Vout curves in a voltage divider configuration. Vin =5V (Interlink Electronics, n.d.)

Figure 24. (Left) Detailed image of the drinking movement and the different accelerometer graphs.

Figure 25. (Right) The difference in the x,y and z-axis graphs from the accelerometer for the drinking, and

throwing away movements.



FLOT - HUB

LEDS
Displaying how much you may still
drink.

Every layer is 125ml. The 16 layers go

up to 2l in total.

CHARGING POINT
A place where Puck can be placed to
charge.

CORRECTION BUTTONS
To make any corrections to the sys-
tem if needed.




. | Hartfalen patiénten d[e tudens hun
\ opname voor het eerst een
| vochtbeperkt dieet krijgen, hebben
i ‘ hier nog geen ervarlng mee in de
thuissituatie.

‘ Het is belangrijk dat u leert om de
toegestane hoeveelheid vocht over
de hele dag te verdelen. Om dit
goed in kaart te brengen heeft u 2
flessen van 750 ml gekregen, samen
1500 ml. ledere keer als u iets
drinkt, wordt dit uit de fles
geschonken in een glas en
weggegooid in de wasbak. Op de
volgende pagina staat een overzicht
van wat en hoeveel als vocht geteld
wordt. Op deze manier ziet u
inzichtelijk hoeveel u nog mag

drinkerlgieidgrre’nggidﬁ dag.

TR

Each patient with a fluid restriction

The bottles represent the amount the patient
may drink in total that day (in this case 1500ml)

\\ m| \‘U
% —3F50mL

Drinkvoeding S —H

- Nutridrink 150 ml
~ Nutridrink multi fibre 150 ml
- Nutridrink juice 150 ml

_ Nutridrink yoghurt style 150 m!

_ Nutridrink compact 80 ml

_ Nutridrink compact protein 80 ml

- Diasip 160 ml
- Renilon 90 ml
- Protino 80 ml
- Breaker 150 ml
- Shake 150 ml
- Smoothie 100 ml

- Calogen 3x daags telt als 1x 45 ml

- Maximaaltje 200 ml

- Maximaaltje zonder soep 100 ml

gets two bottles and a measurement cup L

e

Onderstaande maten zijn
geldigin het MMC afdeling
cardiologie.
‘ - Glas 150 ml
- Kopje 150 ml
‘ - Tuitbeker 150 ml
- Schaaltje 150 ml
- Soepkom 100 ml
- Roomijs 50 ml
- Waterijs 40 ml
- ljsklontje 20 ml per stuk
- Fruit 1¢ stuk 0 ml
- Fruit vanaf het 2¢ stuk 100
ml per stuk fruit

- Appelmoes 100 ml
_ Pruimenmoes 50 ml

\\_ Every time the patient
drinks something ...

ST I ——
WATER WT,?

RfSTKICr/o/}f
=L oV
WUG T 200,/

— 200!

They look up the amount drunk
on the list or use the used cup
to measure the amount they drunk.

They then pour the amount of liquid drunk
out of one of the two bottles and throw it away.

'Fﬁé‘

This method makes it easy to see how much
one may still drink, and allows the person
to estimate and plan the next couple of drinks.

Figure 27.Method of the patient tracking their fluid intake visualised.

FLOT HUB DESIGN

HUB, the charging home and the ambient display of FLOT.

HOW IT WORKS

The Hub receives the data from the Puck and visualises this us-
ing LEDs behind acrylic circles. Each layer represents half a cup
drunk. Through the scattering of the light, the user can, from every
angle, see the amount they have left to drink during the day.

WHY AN ADDITIONAL ITEM AS A DISPLAY?

The reasoning behind the display is based on the feedback I got
during my conversation with the cariology nurses. They explained
that they aim to teach their patients to keep track of their fluid
intake themselves. They tell them why it is important, give them
simple tools to do it, and help them with it during their time in the
hospital.

This method provides both the nurse and patient with immediate
insight into the amount they may still drink that day, allowing them
to plan their behaviour. More on this in the chapter “design for
behavioural change”.

REQUIREMENTS

The main function of this prototype is to display data. This data
must be displayed in an ambient way to optimise the visibility of
the system and help people stay aware of their intake limit.

An important aspect of the data visualisation is the fact that the
system should allow for the user to go over their set limit. If they
drink too much, this must be shown. In essence, this means the
system should be able to go over 100%.

Finally, users must be able to correct the system if any mistakes
are made. The display is the best place to do this as they can im-
mediately see the effect of their changes.
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VISUALISATION ITERATIONS FOR HUB

Vertical

Google home (Pocketlint, 2019)
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Alexa (C. Welch, 2019) Ginko accordion lamp

(Gingko Design Store, n.d.)

Figure 28.Visualisation of the different iterations for the design of Hub.

STRALA STRALA

Lampenkap, 70 cm Led-tafeldecoratie
% 4.99 € 14 99
Laatste items! Laatste items!

Lamps from the IKEA catalogue (IKEA, n.d.)



HARDWARE - CASING

Figure 28, shows the form ideation for Hub, which is
based on its primary function: displaying info. I deter-
mined that presenting it in similar to the bottle system
used in the hospital (vertical linear display) will be most
intuitive.

CURRENT FORM

The size is currently determined by the electronics that
need to fit in the case. The height of the tower was
a consideration between readability from across the
room (hight of the tower) and logic in terms of liquid
amount per cup. Considering between the 20-8 layers,
I chose to go for 16. As 2L/16 = 125ml per layer = +-half
a glass. While 8 layers (250ml each) might have been
more intuitive, the height of the tower made it hard to
make an estimation from afar.

ADDING UP OR COUNTING DOWN

Almost all forms of Hub allow for ‘adding up’ how much
liquid you drunk, and ‘counting down’ seeing how much
you still may drink. To check which is preferred, I con-
ducted a small questionnaire under people who track
their intake. out of the 7 people I asked, 6 preferred to
see the amount they have left (Figure 30).

GOING OVER THE LIMIT

When patients drink too much, the system must be able
to display this. How Hub tackles this is shown in Figure
31. The colour change makes the change between the
two states clear and also starkly changes the environ-
ment around the Hub.

For manual corrections of the system, colour is used to
show the user what the effect is of their correction (Fig-
ure 32). Using contrasting colours makes the change
easier to see.

Comments on the
way the Hub should

3: display tower

Like running, | just

For me, it is a GOAL to
get to, so seeing my
progress towards that
goal feels more
productive than seeing
how much I still should

Well, both should be okay for
me, | suppose, but if | must make
a choice | would pick the one in
which | can see the amount of
water | have left to drink. That
way, my significant other can

display data want to know how
far | still have to go,
not how far I have
Right now | use pen and been. Ju‘St SEEMS
paper and | subtract how more logical to me,
much | have had from the you know.
1.5 I may drink, so doing
the same with this thing
would fit me best .
Ad d o personally. But maybe both CO u ntl ng
I n g U p options could be available?
down

I just think it's
easier to like,
see how much
coffee | can
still have.

If I see how much |
have had I will have to
calculate how much |
am still allowed to
drink, seems like extra
work to me if you ask
me.

Personally, | think
the link: "the more
[Light] | see, the
more [Water] | still
should have" is just
more logical.

. i z do. help me spread out my intake a
1 matnuelﬂ con 2: charing bit,
1o point for Puck
Figure 29.Current form of Hub. Figure 30. Comments on the display style of Hub by potential users.
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Figure 32.How Hub displays a manual correction of the system.

DRINIc TSNS \,

CouwNT
PACK



HARDWARE - CIRCUIT
It is an ESP32 DevBoard connected to an addressable LED strip
of 16 LEDs long and is powered via a 5V charger (Figure 33).

The light of the LEDs shines through the acrylic layers or seg-
ments of the tower, causing scattering of light (Figure 35).

SOFTWARE

Currently, the software for the Hub simply receives the data and
visualises this via the LED lights. For each 125ml drunk, one
light will go out (Figure 34).

FUTURE STEPS

CURRENT FORM

The most important future step is validating the current system
and the current form. First impressions by healthcare profes-
sionals were mostly positive, but questions were asked about
the ease of cleaning, the overall robustness of the item and the
size. Personally, I wonder if the ‘resolution’ of the current tower
is high enough to be accurate.

INTERACTION WITH THE SYSTEM
A first iteration must be made of the interaction of correcting
the system in case of an error in the data from Puck.

ENERGY SAVING

In the current setup Puck does all the calculations and sends its
results to Hub. As Puck runs on batteries, while Hub is plugged
in, it might be better for the battery life of Puck that Hub does
the calculations on the data send by Puck. However, all the data
then needs to be sent to Hub, whereas it currently is a single
string with ‘X amount drunk’. This increase in the usage of wifi
might end up costing more power. No tests have been done on
the current energy usage. This should be tested, so a well-in-
formed decision can be made.

1014

GND
Vin

ESP32 DEVKIT

GND
— 3v3

— Powered either by 5V using the USB
— port on the ESP or via a 12V bread-
board powering circuit.

Logic level converter

— w1 HV1
—{Lv2 Hv2
Lv HV

Lv3 HV3
—Lv4 HV4

GND GND

Adressable LED strip

N

5V

Datain

GND

Figure 34.LEDs in the tower.

Figure 33.Circuit of the Hub.

Figure 35.Light scattering through acrylic.



DESIGNING FOR BEHAVIOURAL CHANGE

Throughout the process of creating this device, the goal for the nurse was to
reduce the workload of tracking fluid intake. For both them and the patient, I
aimed to be aware of the aspects that help a person change their behaviour.

THE NURSE AS USER

SWITCHING COSTS

For the nurse, learning a new way of tracking will be time-consuming at first.
This cost of switching must be low enough to make the switch attractive and
the final product must -in the end- lower the workload. I aimed to do this by
significantly reducing the number of steps, and by making the task of helping
people stick to their goal easier through the peripheral display.

Whether this is enough is to be tested.

«m» Hospital
Home

|

~+ Precontemplation Contemplation Maintenance

Preparation Action

Figure 36.Transtheoretical model visualised.

THE PATIENT AS USER

TRANS THEORETICAL MODEL

Using the TTM (Prochaska et al., 2008), it can be determined in which part of
the behavioural change the patient might be when in the hospital. Ideally, the
patient-user is (made) aware that changing their habits is helpful for them in
the long run, and they are preparing for action. The system can make the step
to start tracking their fluid intake easier, as the ‘cost’ of starting and maintain-
ing is made low. But it does not help them in the process before taking action
(Figure 36).

SELF-DETERMINATION THEORY (GAGNE & DECI, 2005)

Starting and keeping up a habit requires motivation. To be motivated intrinsi-
cally, one needs relatedness, competence and autonomy. FLOT mostly plays
into the aspect of competence: it makes the task simpler, giving people the
tools to do the task effectively and accurately.

To do this effectively, the system must be simple to use and be very clear in its
feedback. The latter is done very nicely with the bottles (Figure 27) but rather
crudely, and later in Hub as well.

SOCIAL TRANSLUCENCE (ERICKSON & KELLOGG, 2000)

This form of display is intuitive and provides a peripheral awareness of the
amount of liquid drunk. This peripheral awareness creates social translucence.
The choices of the user are visible, the display creates awareness, in them and
those around them. This can help them in aiding and understanding the user
better, and it allows the user themselves to have insight into their behaviour,
helping them plan ahead. However, while visibility and awareness are helpful,
accountability might not be the best motivator. People should not feel judged
if they make a mistake if it is there for all to see.
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Figure 37.Many-to-one link between Hubs and Net and one-one link between Hub and Puck.

Bill Of Materials (Hub)

Bill Of Materials (Puck)

ESP32 DevBoard X €10,60 ESP32 DevBoard X €10,60
logic level shifter 1x €1,50 MPUG6050 1x €4,-
Addressable LED-|1 6 x|€13,20 /m Resistor X +-€0,05
strip LEDs +- €1,50 /16LEDs
Single-core wires | +-18cm | €1,- /m Single-core wires | +-5cm | €1,-/m
+- €0,10 /10cm +- €0,05 /5¢cm
MircoUSB charger | 1x €1,50 FSR 1x €5,49
Total €16,10 Charging circuit 1x €3,-
Li-ion 2500mAh + | 1x €10,-
protection circuit
Total €33,19

Table 1. Bill of materials for Hub

Table 2. Bill of materials for Puck

SYSTEM DESIGN
WHY SYSTEM DESIGN?

The moment Hub was added to FLOT, a clear system and data
flow had to be established. To do this properly, I spoke with a
software and an electrical engineer. They helped me under-
stand what is possible using this hardware, and what is handy
in terms of software. Their insights are shown in Appendix II.

The main tip they gave for this stage of the project, was to add
Net. Mainly for ease of use in a hospital setting where multiple
FLOTs will be present, Net is connects to the router and sets
up a network specifically for Hub. Multiple Hubs can connect
to this network and securely send data to the hospitals dos-
sier (Figure 37).

BUSINESS ASPECTS

After discussing the current system with Erik Janssen -the
creator of MyBeaker- shared with me his insights as a busi-
ness owner. He gave me quite the wake up call when discuss-
ing possible pricing.

I had aimed to make the Puck as cheap as possible, but the
costs of just the electronics were already higher than I had
expected (Table 1 & 2).

With an automated production line, I expected it to sell for
no more than €10-15,- above that. However, as Erik explained,
I 1) underestimate production cost, and 2) there are invest-
ment costs (think of moulds, setting up that production line).
A price around €70-80 is probably still low, as currently the
price of the casings and the cost of maintaining and making
software are not included.

Additionally, the product would need to be tested if it fits
medical standards of hygiene and security. Which will also be
rather expensive, as it will most likely take several iterations.



PRIVACY CONSIDERATIONS

With any device that tracks and saves data, the ethics need to be con-
sidered.

DATA SECURITY

Privacy and security are in the digital age, very important. The AVG law
in the Netherlands is one of the security measures taken that already
changed a lot in terms of consent for cookies and your right to have your
data deleted from certain companies. However, for medical devices, the
rules are stricter. Examples of this are the GDPR (General Data Protec-
tion Regulation (GDPR) - Official Legal Text, 2019) and the NEN7510
(ISO/IEC 27001 — Information Security Management, 2021).

METADATA

However, these laws do not take into account the risk of home usage of
any data, nor any meta-data that might be collected when collecting pa-
tient data. In the case of the FLOT system, the latter needs to be taken
into account.

Every time a nurse interacts with the system in the hospital, either via
moving the Puck to a new glass, or by correcting a mistake that was
made, this data is saved. Using this data, one can determine how reg-
ularly a patient is visted by staff, or how often corrections are made.
While this data may sound harmless, it could be used to check the work
of nurses in great detail. This again can be used for good, or be used
against them. E.g. blame them for playing favourites with one patient, or
get checked on how fast they respond to a call or question.

This risk needs to be minimised. To do this, a plan must be made to
identify what data is necessary to save and for how long. Both to ensure
revision can be done, but without endangering the privacy of both the
patient and the nurse.

CONCLUSION

Past semester, I aimed to create a proof of concept system to track liquid in-
take of patients in the hospital, with the intention to lower the nurses workload.
Throughout the project via conversations with medical professionals, a second
goal, was adopted: to aid nurses in teaching their patients the habit of tracking
their fluid intake.

This resulted in FLOT, a two-part system consisting of Puck and Hub. Puck, the
sensor which is placed under a cup and senses the weight changes of the con-
tents of the cup and uses motion tracking to estimate how much was discarded or
drunk. Hub, which displays the data and gives nurses and patients insight in tothe
drinking behaviour of the user.

While there is still a lot to be done before the prototype can be called a ful-
ly-fledged product, the first building blocks are there to further develop FLOT.

Future steps include validation of the form, interaction and the tracking system.
Next to this, there are business and ethical considerations that need to be done.
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For my M2.1, I continued with my research project by
developing a new solution for the studied problem. I
chose this as I felt it would help me develop in the
field of Technology and Realisation and help me de-
velop new hard-skills. Next to this, I aimed to design
aware of user behaviour.

PROFESSIONAL SKILLS

GOALSETTING

The, hardest thing this project was to keep the problem
simple. I wanted too much in one project, and creating
a clear report of what I did exactly was very hard to
do. For next semester, next to ensuring my PDP goals
are SMART, I must make sure my overall project goals
are also SMART. Thus, clear indicators of success and
quantifiable.

ADJUSTMENT OF GOALS

Where I started this project, keen on creating a ful-
ly functional full version of the new MyBeaker, about
halfway through I came to the point at which I had to
choose whether to fully engineer this prototype or to
design the setup and the foundations of the full system
I had thought up, which can then be made by profes-
sionals in their respective fields. I chose the latter. I
aimed to still make prototypes to help me explain my
ideas and plans to stakeholders, but would not spend
more time on creating learning models and nice-look-
ing optimised software.

MATH, DATA AND COMPUTING

Even though I chose not to make the model fully func-
tional, and while I could not get it working better, in-
vestigating machine learning and the different models
was very insightful. I have tried to make a model using
a variety of programs, such as Weka, Tensorflow, Ten-
sorflow light and Python. Through trial and error, I now
have some idea of how to work with these programs
and will be more confident in future projects with try-
ing different types of software.

TECHNOLOGY & REALISATION

I was able to do most things I set out to do for this
competenciy: the revision of older skills such as sol-
dering and pcb design, and some new ones.

LEARNING CAD MODELLING

Learning 3d modelling is something I have wanted to
do, but it have put off. However, this semester I finally
started by attempting to create a 3d model of a mould
for the outside of the Puck and Hub. It challenged me
to think differently. But though loads of YouTube tuto-
rials, and even more trial and error and feedback from
the lovely people at d.search, I eventually made two
different moulds for different production processes
and the 3d-print files for the first iteration of the HUB.
Which feel like a good indicator that I learned.

PRODUCTION PROCESSES

Through the creation of this mould, and the 3d print.
I have also picked up knowledge of this production
method of silicone/plastic pouring and 3d printing.
While it is only the basis, I now feel more confident in
determining whether it is possible to make a mould of
a certain item or whether it would be easier to 3d print.
Knowing the possibilities and limitations of these sys-
tems can help me better determine the right creation
or prototype method in future projects.

USER AND SOCIETY

USER INTERACTION

I feel like I could have done much more in terms of
usability and user interaction. The moment the system
was functional, many things popped up next to the cor-
rection buttons. This shows me just how much differ-
ence additional iterations can make and how much of
a tunnel vision one can land in.

Next to this, while I took behavioural aspects into
account, I should have elaborated and experiment-
ed with them a bit more I feel. However, I also think
that is easier in a longer-term user test, as habits take

quite a while to form. Still, I would like to dive further
into the application of behaviour change techniques, as
I feel like I missed out on that a bit with this projects’
focus on technology.

I am however happy with the contact I had with poten-
tial users throughout this project, in spite of the restric-
tions due to the pandemic. Working with the multitude of
stakeholders in this project was also a good challenge.

CREATIVITY AND AESTHETICS

While I feel the Puck has quite a nice design, the Hub
still needs a lot of work in terms of aesthetics, both in
looks and interaction design. However, having a proto-
type will make testing in the next stage easier, therefore
I feel the current form is justified to speed up further
development. Still, I aim to be more aware of the look
and feel of my final prototype in my FMP.

For Puck, I have dealt with the different constraints set
in my previous project in terms of form. Weight, size,
content and width of the cup were all part of this.

BUSINESS AND ENTREPRENEURSHIP

Thanks to my contact with Erik, I got a lot of business
insights. He helped me get a more realistic view of the
market and what this means for any financial model I
make for a prototype or product. I was also woken up in
terms of handling risks in a project. Moulds can fail and
will need reiteration, software can hit critical errors. Cal-
culating risks in your planning is simply becoming more
important the more complex a project becomes.

FINAL MASTER PROJECT

Next semester, I will continue with another project. While
working further on the MyBeaker could be interesting, I
am up for a new challenge. There are other fields I am
interested in and I want to fully take the chance to take
new learning opportunities with another usergroup, new
tech and a new challenge in my final semester.



APPENDIX I: ENGINEERS INSIGHTS

In these images, one can see the ideation process of a software and and electrical engineer thinking about a possible system for the full FLOT system. In
these images, the items are called the Puck and Dock, which later are Puck and Hub. While most of their ideas were not within the scope of this project to
realise, their insights and ideas might be useful for further ideation.




APPENDIX II - USER MANUAL

SETTING UP THE SYTEM STARTING USAGE
Before use, the system mus:t pe set WQT Check if Puck is charged. If Puck is on,
ts%:u[sgebc;ﬁ;ltjes;risn?_;?selirslldm;;/gos; Nry— it displays a blue light. A flashing light

- indicates a nearly empty battery.
connecting the Hub to the computer LT/ GoaL

using a micro-usb cable. Using the system starts by attaching

Puck to the cup or glass you wish to

CHARGING use. Make sure Puck is always placed
Using FLOT starts by pluggin in the on the cup you are using. Puck will au-
FLOT Hub to an outlet. L3V tomatically track the amount you drink.
Changes in the amount you have left
Charge Puck by placing it in the |—— —> @ will be displayed on Hub.
charging circle in the middle of the S = N
three circles of Hub. READING INFORMATION HUB
Using blue light, Hub shows the amount
Puck displays a red LED while of liquid you have left to drink for this
charging. When fully charged, it will day. Each band on Hub stands for
turn green. The two devices are linked 125ml.
at production and will, once they have
power, automatically start exchanging Should you go over your limit set for the ?
data. No linking required. — day, Hub will start filling up from the
bottom using red lights.
Puck light meaning CORRECTING WEIGHT While I was making this manual, I
Colour light - Too little was tracked realised that there was a need for
Adding any addtional drinks you have a way to make corrections on the
Red Constant Charging had can be done via the buttons on the system if any tracking was not done

lowest circle of Hub

properly. The exact buttons where

Green Constant Fully charged
- Too much tracked not yet thought of, and are thus
Blue Constant Puck is on and| Subtrackting any drinks which were something that must be thought
sending data tracked which you did not (fully) drink, about in future iterations. However,
Blue-red Alternating Puck cannot find| can be done via the buttons on the low- the way it could be displayed is as
Hub --> check pow- | est circle of Hub written in the report.

er Hub




APPENDIX III: MOULD UPDATE

Just before the deadline the moulds were created. For completeness I add them here.




APPENDIX IV: INTEGRATION MANUALS FSR

Following the links below, you will be able to read the integration
manuals which were shared with me by the manufacturing company
of the FSRs. These gave me insight in how to use them during the
project.

Mechanical Integration

Electrical Integration

Thank you for your interest in our FlexiForce® products.

Tekscan sensors are water resistant, but not water proof — water will
eventually seep in if left submersed. Please recall that Tekscan sensors
are fabricated from two thin sheets of polyester sheet, joined by an
adhesive. For production reasons, the adhesive must be screen printable.
The production adhesive is reported to result in an open cell foam that
provides an adequate barrier to water for an hour or two, but eventually

water will wick or penetrate through it.
Attached please find our Integration Guides on how to use our sensors.
Best Regards,

Mark Ma
Inside Sales & Technical Support




