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The Nudge

| was first introduced to the topic of designing specific
footwear for a group of users when | started with my
internship at Ducere Technologies Pvt. Ltd., Hyderabad.
The company was founded in 2011 with their first product-
interactive haptic footwear - for the user group of blind
people. Due to the Covid related crisis, | was unable to
continue my internship after 2 months of joining. Then |
handed over my work done there to my superior and got
back in a conversation with my college guide.

Afterwhich at home, | started searching for a brief for my
graduation project. Due to covid, the on-field research
sources were limited but not unfeasible. | started
contacting relatives, friends, who all belong to different
professions and age groups. During this, | was able to see
a pattern forming which was pushing me to work with
pregnant ladies around me.

16 | Voet : A foot comfort solution for pregnant women

A major conflict here personally was - whether | want
to look at physiological issues faced by them and focus
on making a tangible product or Do | want to look at
Postpartum Depression and take up a route that may or
may not turn into a research-driven project.

As a design student, | have noticed a part of me that was
always ready to dive into research. This was my chance to
step outside the comfort zone and pick up there pieces of
a puzzle that were staring right back into me.

All three proceedings brought me to one single thought.
“You have to try this while you are in college!”

and | decided to look into physiological issues faced by
pregnant females around me. Eventually, | was lucky
enough to connect the findings from my earlier internship
to my (then) current research. and that is how | landed
myself with a project of designing a footwear accessory
eventually clubbed with a footwear product.



Diagram 11
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Design Education &
NID Ahmedabad

TE SieTTg- TR

In 1955 Pupul Jayaker, the noted writer on Indian craft
traditions and the founder of the Indian Hand-looms and
Handicrafts Export Council (HHEC) met the renowned
American designer Charles Eames at the Museum of
Modern Art in New York. The Museum had organized a
unique exhibition titled The Textiles and Ornamental Arts
of India. This would be the beginning of a lifelong dialogue
between these two eminent individuals.

The 1950s were a decade of rapid industrialization in
India and clearly, the need for such an institute grew
stronger. In 1957 the Government of India requested the
Ford Foundation to invite Charles and Ray Eames to visit
India. Charles and Ray Eames travelled to all parts of

the country, meeting and talking to writers, craftspeople,
architects, scientists, industrialists, educators and
philosophers. They took hundreds of photographs of their
travels.

On April 7, 1958, the Eameses presented the India Report
to the Government of India. The Eames Report defined
the underlying spirit that would lead to the founding of

18 | Voet : A foot comfort solution for pregnant women




NID and the beginning of design education in

India. The Report recommended a problem-solving
design consciousness that linked learning with
experience and suggested that the designer could
be a bridge between tradition and modernity.

The Report called upon future designers to re-
examine the alternatives of growth available to the
country at that time. The preliminary report was
that of a creative genius and philosopher who had
delved deep to discover and pinpoint the crises

in the field of the form, function, and way of life.
The detailed notes that followed it spelt out the
technological hardware necessary to build the
workshops that formed the integral structure of
the institute and provided facilities for training
research and service in the field of design, in its
widest sense. The National Institute of Design was
born. . ..

Since its genesis, the National Institute of Design
has been the front-runner for higher design
education in India, with currently 6 institutes in
different parts of the country, offering education
in varied fields of design on undergraduate,
post-graduate and doctorate levels. It is an
autonomous institution under the aegis of the
Ministry of Commerce and Industry, Government
of India. NID has been declared ‘Institution of
National Importance by the Act of Parliament,
by virtue of the National Institute of Design Act
2014. It is also recognized by the Department of
Scientific and Industrial Research, Government
of India as a Scientific and Industrial Research
Organization.
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Product Design at

NID Ahmedabad

The product design programme at NID inculcates user-
centric approach and processes. The courses are
developed in order to align with the perennial ideology
of NID’s teachings, that is ‘Learning By Doing’ The design
practices lay emphasis on a designer’s social, ecological
and ethical responsibilities. Responsibility and concern
towards the social, physical and ecological environments
is emphasized in the process of developing innovative
ideas.

The product design programme assimilates inputs

in diverse domains such as human factors, cognitive
ergonomics, form studies, studio skills, advance cad,
research methodology, design management, materials &
manufacturing processes and social sciences. Emphasis
is on process centric approach which shapes a student’s
education through participation and teamwork. The
semester ends with a jury, where a student is expected

20 | Voet : A foot comfort solution for pregnant women

to defend their projects done over the course of
the semester, in front of a highly experienced panel
comprising of internal and external members.

Design projects from the core of a product designer’s
education, with gradual increase in level of complexity
and cover broad areas that product designers are likely to
encounter in their professional careers.



Image 1.2
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Graduation Project at

NID Ahmedabad

The end of the students’ academic tenure at NID is
marked by the culmination of a substantial investigation
in the field of design on a topic that is closely allied to
their discipline of study. It is through the graduation
project and subsequent documentation of the same that
this investigation takes place. This is the final academic
project for the student.

A jury comprising faculty members evaluates the students’
performance in the graduation project, after which,
students are awarded NID’s professional education
programme final graduation.

22 | Voet : A foot comfort solution for pregnant women

The graduation project is an opportunity for students

to demonstrate their expertise and must be done with
academic rigour incorporating systematic inquiry and
informed design decisions. The graduation project should
reflect the thought leadership manifested through
creativity and innovation. The project should lead to new
knowledge creation and should align with the broader
objectives of the institute.

There should be structure and order in the representation
of the project carried out by the student. The project
must display systemic inquiry while exposing different
informed design decisions undertaken by the student
throughout the project. The project marks the conclusion
of the student’s academic life at NID, and hence must be
carried out with a responsibility to spread knowledge and
insights.



Image 1.3 Image 1.4 Image 1.5

Foundation year, Group A, 2016 Semester 3, PDUG16, 2018 Semester 7, Systems Design, 2019
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Proposition | 2

Introduction to Project

Every foot is unique, providing a solution to each foot

is a pervasive form of wellness and alignment recovery.
Personalized insole at a go (add-on to existing footwear),
with accuracy and effectiveness, opens up many solutions
for foot health and improvements, establishing improved
stance and gait, natural pronation (stability, neutral)
balanced walking, running, training, supporting, foot
shapes, that results in better performances.

Pronation, gait change, imbalanced walking are a few
issues faced by pregnant ladies that are often neglected.

Every foot’s feature points are unique and theoretically
act as a barbed fluke for the standard parameter building
process, resulting in interesting challenges to address in
space of insole customization.
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Proposition | 2

Context

According to Marybeth Crane, DPM, FACFAS, a Dallas Area
foot and ankle surgeon, women often experience foot

pain during pregnancy because of increased weight, foot
instability and swelling. “In the last five years, I've seen an
increase in pregnant women with foot pain because more
women than ever before are active, even running marathons,
during their pregnancies,” Dr Crane says.

Every foot is unique, providing a solution to each foot is a
pervasive form of wellness and alignment recovery.

This opens a scope for product development in the area of

lifestyle with thorough research study, interviews, experts’
insights, value hypothesis, opportunity identification.
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Proposition | 2

Initial problem setting

Design a product-based solution to ease down foot pain during
pregnancy by researching Technologies and innovative materials. The
purpose of the project is to understand users behaviour in everyday
experiences that indicate effective adoption of new technologies, that
aim to supplant existing solutions. The goal is to develop tangible
product solutions to form a product to support and improve foot
shape, suggest improvements for their gait and balance while
retaining the familiarity of the user environment.

Currently, the offered solutions to these problems are light exercises,
stretching, physiotherapy, orthotic solutions, correction of footwear,
increasing blood flow, hydration, increased blood circulation, balancing
diet, massaging with olive oil, wearing cotton socks, or compression
stocking. These are simpler products that can be effective in some
cases. Upon creating a matrix, a window to introduce a product in the
area of technology and familiarity opens up.
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Proposition | 2

Focus points

Additional comfort to foot (or the entire leg) muscles
Support and improvement of foot shape

Relaxation of muscles

May/May not be an improvement of existing product

A familiar solution for easy adaptation by the user-group

Users should not seek external help to use the product.
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Secondary Research | 3

What are different causes that lead to
changes in foot during pregnancy?

During pregnancy, the female body produces hormones that are new in quantity. Some of
these hormones, such as Prolactin, help relax ligaments and other structures to allow a
vaginal birth. These same hormones can also relax the ligaments in your feet, leading to
flat feet (fallen arches) and overpronation.

It is not uncommon for pregnant women to develop heel pain (plantar fasciitis) because of
the extra weight and stress on the arches.

Loosening of ligaments can also increase your shoe size during pregnancy—you may have
to wear a half or whole size larger after you give birth.

Pregnancy hormones can also cause changes in the blood vessels, which may lead to
swelling. All of this extra fluid needs a place to go, and gravity usually pulls it down to
your feet and ankles. Increases in foot size that are due to swelling are common and

temporary.

Varicose veins are veins that have become enlarged and usually stick out above the

surface of the skin. Varicose veins are also a result of the weight of your growing womb
and baby putting pressure on blood vessels.
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Secondary Research | 3

Suggested prevention and treatment:

1.

>

Walking gets your calf muscles working, which helps
pump some of the extra fluid out of your legs and
feet. That said, be sure to rest several times a day,
elevating your feet as much as possible when sitting
down.

. Wear compression stockings to help decrease the

swelling.

. Drink plenty of water throughout the day. Try to avoid

foods that contain large amounts of salt, to decrease
fluid retention.

Wear the correct shoe size for your foot.

Stretch and massage the muscles in your legs and
feet.
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Secondary Research | 3

Plantar-foot pressures in pregnancy

Below are a few research papers that discuss the change
in foot structure during the pregnancy period and the
major foot pain area that is affected.

1. According to the study [1],

In the static measurements, the pregnant women had
significantly lower maximal forefoot pressures and
higher hind-foot pressures than the non-pregnant
women. The area of the foot in contact with the
measuring pressure plate was greater in the pregnant
women than in the non-pregnant women. In a brief
explanation, The pregnant woman has a different
pattern of gait.

There is an increase of load on the lateral side of the
foot and the hind-foot.

[1] Nyska M;Sofer D;Porat A;Howard CB;Levi A;Meizner |; “Planter Foot Pressures
in Pregnant Women.” Israel Journal of Medical Sciences, U.S. National Library of
Medicine, pubmed.ncbi.nlm.nih.gov/9254877/.
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Plantar Pressure and Foot Pain in the Last Trimester [2]

Conclusion: This data suggests that forefoot pressures
increase in the last trimester of pregnancy during
standing & walking. There is prominent increased
postural sway in anterior-posterior direction in this
period.

Clinical Relevance: We believe that based on the
observed pressure changes, foot pain in pregnancy
due to changes in body mass and distribution may be
relieved by exercise and shoe wear modifications.

[2] Evrim Karadag-Saygi, Feyza Unlu-Ozkan. “Plantar Pressure and Foot Pain
in the Last Trimester of Pregnancy - Evrim Karadag-Saygi, Feyza Unlu-Ozkan,
Alin Basgul, 2010.” SAGE Journals, journals.sagepub.com/doi/abs/10.3113/
FAI.2010.0153#articleCitationDownloadContainer.
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3. Anthropometric Foot Changes During Pregnancy [3]

* Women’s feet change during pregnancy owing to
hormonal and anatomical changes, thus having a
strong influence on the decrease in their quality of
life during pregnancy.

* The most significant finding, with a reliability rate
of 95%, is the decrease in internal arch height,
which descends 0.65 mm (0.0394 inches) on
average at the final stage of the pregnancy period.
This change happened in 18 of the feet analyzed,
tending toward pronation according to the
measure provided by the Foot Posture Index, with
a change of 3.78 points on this scale.

e Conclusions - The foot of the pregnant woman
tends to flatten during gestational weeks 12 to
34, taking a more pronated posture, and the
anthropometric changes in late pregnancy result
in increases in foot length and forefoot width,
changes that seem to be moderate.

[3] Gijon-Nogueron, Gabriel A,, et al. “Anthropometric Foot Changes

During PregnancyA Pilot Study.” Journal of the American Podiatric Medical
Association, Allen Press, 1 July 2013, meridian.allenpress.com/japma/article-
abstract/103/4/314/184308.

4.

Pregnancy Leads to Lasting Changes in Foot

Structure [4]

The results of this study showed a significant
decrease in arch height and arch rigidity index, with
concomitant increases in foot length and arch drop.
During pregnancy, women’s foot size increased,
whereas the height of arch decreased.

The results indicate that the women subjectively
complained that their shoes were too tight, resulting
in foot discomfort.

The height of the arch decreased by an average of
0.52 cm (—24.2%)

The prediction model developed in this study can
serve as a reference for clinical applications and
shoe design to prevent women from experiencing
extreme discomfort in their feet during pregnancy.

[4] Chiou, Wen-Ko, et al. “The Influence of Body Mass on Foot Dimensions during

Pregnancy.” Applied Ergonomics, Elsevier, 29 Aug. 2014, www.sciencedirect.com/
science/article/abs/pii/S0003687014001434.
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Secondary Research | 3

Current solutions for foot
pain during pregnancy:

1. Taking a cool shower or bath. Water temperatures
between cold and lukewarm can help relieve sore,
inflamed muscles and tighten blood vessels. This can
improve circulation and lessen pain.

Elevate your legs to improve circulation.

3. Perform light exercise to alleviate leg pain during

pregnancy.

Stretch your legs to keep muscles loose.

5. Massaging sore and tired legs is one of the preferred
ways to relieve leg pain during pregnancy. The gentle
kneading action increases blood flow, decreases
inflammation, loosens sore muscle.

N

&

Image 3.2

Image 3.3 Image 3.4
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Inferences:

The main focus of any of these activities is to increase
blood circulation in the affected area as well as provide
enough activity in muscles to provide moderate comfort.
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Phases of gait cycle:

What is gait and stride?

The gait cycle is the time or sequence of events or
movements during locomotion in which one-foot contacts
the ground to when that same foot contacts the ground
again and involves propulsion of the centre of gravity in
the direction of motion.

A single gait cycle is also known as a stride.

Diagram 31

Diagram 3.2

40 | Voet : A foot comfort solution for pregnant women



Secondary Research | 3

A Bio-mechanical Analysis of
Gait During Pregnancy:

According to the study in The Journal of Bone & Joint
Surgery: May 2000 - Volume 82 - Issue 5 - p 625

Significant increases in kinetic gait parameters during
pregnancy (p < 0.05) explain how gait motion remained
relatively unchanged despite increases in body mass and
width as well as changes in mass distribution about the
trunk. This finding indicates that during pregnancy there
may be an increased demand placed on hip abductor, hip
extensor, and ankle plantar flexor muscles during walking.

[5]

Leg and joint pain during the second or third trimester
may be the result of added weight, changing body shape,
and biomechanics. It can also be caused by fluid retention
and joint laxity.[6]

[5] Laboratory, tMotion Analysis. “A Bio-mechanical Analysis of Gait During Pregnancy* [6] Mei, Qichang, et al. “Alterations of Pregnant Gait during Pregnancy and Post-
1 JBJS” LWW, journals.lww.com/jbjsjournal/Abstract/2000/05000/A_Biomechanical_ Partum.” Nature News, Nature Publishing Group, 2 Feb. 2018, www.nature.com/
Analysis_of_Gait_During_Pregnancy_.3.aspx. articles/s41598-018-20648-y.
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Pronation/Supination + Gait

In a study by J Athl Train. 2005 Jan-Mar; 40(1): 41-46.
Comparison of Different Structural Foot Types for Measures
of Standing Postural Control

It shows that,

Individuals in the supinated group had significantly
greater centre-of-pressure average speed, greater
maximum displacement in the anterior-posterior
direction, and greater SD and maximum displacement

in the medial-lateral direction than individuals in the
neutral group. The individuals in the pronated group had
significantly greater SD and maximum displacement in the
anterior-posterior direction used more trials to complete
force plate testing and had shorter single-limb stance
duration than those in the neutral group. [7]

The research concludes that Individuals with pronated
feet or supinated feet have poorer postural control
than individuals with neutral feet, but perhaps through
different mechanisms.
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[7] Cote, Karen P, et al. “Effects of Pronated and Supinated Foot Postures on

Static and Dynamic Postural Stability.” Journal of Athletic Training, National
Athletic Trainers Association, Mar. 2005, www.ncbi.nlm.nih.gov/pmc/articles/
PMC1088344/.
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Interview with pregnant females:

During the time of the pandemic, it was highly unsafe to
meet with pregnant women for interviews and increase
the risk of transmitting the Covid-19 virus to them.

For this reason, | contacted the patients through their
gynaecologist and interviewed them via a video call or a
voice call. In addition to this, | contacted my relatives and
neighbours, who were comfortable sharing their current/
past experiences with me.

After interviewing at least 20 women, | was able to
segregate the data provided by them into 3 different
personas.

The crucial input from this step was that even though
enough secondary research data implied the severity

of foot pain and gait shift during pregnancy, not many
women considered this to be an issue to be bothered by.
For further clarity, | met with a renowned gynaecologist of
the city and understood the relevance of the problem.
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5

Persona 1:

Age: 27
No. of pregnancy: 1

Experience with foot-related
issue:

Little swelling on top of foot area
no shift in footwear size.
Swelling at the ankle.

walking pattern slightly changed.

D

Persona 2:

Age: 30
No. of pregnancy: 2

Experience with foot-related
issue:

No foot pain, no change in
stride/gait,

No swelling was experienced.

no gait change was noted.

A
g

Persona 3:

Age: 27
No. of pregnancy: 2

Experience with foot-related issue:
The only pain in the bottom of the
foot in the morning, iterated gait
noticed. Occasional pain in calf and
thigh muscles.
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Interview with gynecologist:

Dr. Rupal N. Shah

ke . Obstetrician & Gynecologist
Image 3.5
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Q: How common is the pain in the foot area?
A: Almost 30% of patients have complaints about overall
leg pain, swelling in their 3rd trimester.

Q: What causes a change in foot shape?
A: The change in gait, lordosis, supination is more obvious
and common due to weight gain in the last trimester.

Q: What do you recommend to your patients to alleviate
foot pain?

A: Rest, leg elevation, increase blood circulation, salt-free
diet, vitamin E, B12, D3 supplements.
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Q: Is obesity a common factor for women who face foot pain?
A: Yes

Q: How effective are footwear solutions?

A: Something that focuses on the entire leg like compression
stockings increase blood circulation. This brings relaxation to
muscles. Using flat footwear and avoiding heels helps.

Q: How often do you hear this complaint regarding foot pain?
A: Only during the last trimester for the entire foot, less than
30% of patients have the complaint.

Inferences:

After the interaction with the
gynaecologist, | was advised to
meet with an orthopaedic doctor to
gather more data and understand
foot structure. We found some
common issues like gait change,
pronation/supination, foot comfort
which is not only limited to
pregnant women but affects a
larger group of the audience too.
After this insight, | went forward to
find more data around the topic.
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A pandemic certainly took a toll on me and my
batchmates’ projects. Guide meetings looked different
now. We couldn’t meet our faculties in person or catch up
with old friends while sipping tea at laalu’s. With Covid-19
risk, and different rules in different states, the institute
required everyone to meet with their guides Online, via
platforms such as zoom and Google meet.

After collecting a sufficient amount of data and a certain
instinct that this project may be capable to cover a large
segment of the audience, it was necessary to talk about
this with my project guide, Mh. Naim Shaikh, and take a

decision that is beneficial to the project.

After the discussion, | received further clarity onto similar
lines and we decided to interview orthopaedic doctors
and podiatrists as well. Before which | had to gather some
basic data through secondary research.
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Current solutions in market to solve
pronation/supination related issues:

Exercise
Insole
Massager
Food habits

pwp s

The main focus to alleviate foot pain is on 2 areas,
one is to increase blood circulation through varied
methods like exercise, massages, acupressure or
usage of external supporting devices. Another is
an improvement of posture through correction of
foot shape, stride and gait improvement.
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Why 1s the arch of the foot
the most important part?

The arches of the foot, formed by the tarsal and
metatarsal bones, strengthened by ligaments and
tendons, allow the foot to support the weight of the
body in the erect posture with the least weight.

Arch of the foot accounts for our uniquely human feet’s
stiffness, which allows us to push off without falling
over and distinguishes us from other primates that
need a more flexible foot to grasp tree branches.

There are actually three
arches in your foot:

Plantar Vault

A - C = Inner Arch
(Medial Longitudinal Arch)

B - € = Quter Arch
(Lateral Longitudinal Arch)

A = B = Across the Ball of Foot

(Anterior Transverse [Metatarsal] Arc

Diagram 3.3
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Interview with Orthotist:
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Insights:

A primary concern of insole is support especially for flatfoot
Check via footprint and percentage of deformity

Two directions of making an insole:
Corrective/preventive insole
Accommodative insole

When we use the wrong insole, it affects the axial skeleton.
Wrong insole -- deviated foot -- knee pain -- hip pain --
spine -- back pain

Ready-made insoles are Wrong for pediatric use as the foot is
growing.

Correction age is 6 to teenage. After that only exercises,
therapy, ortho surgery.

Soft insoles are strictly for adults only.

Bilayer or mono-layer material -- Combination of materials is
advisable.

Insole making is a 2nd line of treatment.
Selection of insole depends on --
Height, weight, occupation, demographics, medical condition,

profession
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Interview with Orthopedic:

Insights:

15-20% problems are related to foot out of which 75%
problems are traumatic in young & middle-aged people

How to inspect a foot?

1. Inspection - palpation - movements - neurology
2. Gait analysis

3. X-ray, blood test

Dr. Parag Parikh Sensation on foot is important, lack of it is likely to
MD orthopedic develop non-healing ulcers, leprosy, more prone to it if
% Surat | +91 2612325494 already have diabetes

Image 3.8

Different directions to consider:

Shape of the foot

Shape+mechanism of the foot
Shape+mechanism+function of the foot
Shape+mechanism+function+neurological
problems of the foot
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What is a primary foot problem?
When the cause and outlet of pain is the same area of the
body, it is considered a primary problem.

What is a referred pain (secondary foot problem)?

When the main problem is in one part of the body, but
the outlet /effect of pain is in a different part of the
body, it is considered a secondary problem. The specific
cause of foot pain must be accurately diagnosed by an
appropriately trained physician.

Advantages of insoles and proper fitting of shoes is that it
takes care of tender are like heels and medial arch which
eventually supports & corrects mechanism of the foot.

The most common material is,

Foam
Rubber (none of these are toxic)
Silicon (choice of material depends upon

comfort+cost)

Hard insoles are not for routine purpose. These are usually
used when; splint-age, after surgery, after injury, after

palsy

Observe the sole of footwear (footprint data)
-- pressure area of the foot -- advice thickness
accordingly

What can go wrong when used a wrong insole?
Painful foot, Parastasia, Altered gait

“A good insole can add reasonable comfort to a person.
Insole tech is helpful and appreciated.”

Stance -- Center Of Gravity -- perforated tummy/
varus knees/valgus knees

Criteria to be observed before advising insoles;
1. Shape of legs

2. The lateral stance of a standing person

3. Pressure points of the foot

“Gait can define your personality”

Via insole,
What can we do for a person’s gait?
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Secondary data analysis chart
for understanding medical grade
footwear & insole solutions:

Metatarsalgia

-
Metatarsal pads

Type of Area of foot Solution in Material Short term | Does it require | Can it be Can we get any Does it affect | Does it affect Front section/
foot problem market /long term | medical controlled with | data with Centre of Gait cycle? Back section
treatement? postural pressure gravity?
changes? sensors?
1. | Heel pain/ Heel | % Soft EVA,
Plantar Heel spur ¥ . medical Both No Yes Yes Yes Yes Back section
fasciitis pads | grade silicon
gel based
filling
2. | Supination Outer side Medial flange Hard Long term
of foot material effect if in few cases Yes Yes Yes Yes Back section
not treated
in time
3. | Pronation Arch Arch support Hard Long term
m material effect if in few cases Yes Yes Yes Yes Back section
_ not treated
L in time
4. | Cuboid Outer side Soft
syndrome of foot material Short term | No Yes No No No Front section
Cuboid
pad
5. | Morton’s Below the Soft
syndrome fingers, Morton material Long term Yes Yes No No No Front section
Bottom side |exten-
of foot tion
6. | Ball of foot f\ }%\ Soft
pain/ Ball of foot [ ‘ material Short term | Yes Yes No Yes No Front section
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Type of Area of foot Solution in Material Short term | Does it require | Can it be Can we get any Does it affect | Does it affect Front section/
foot problem market /long term | medical controlled with | data with Centre of Gait cycle? Back section
treatement? postural pressure gravity?
changes? sensors?
7. | Corns/warts Overall
Tapes Short term | No Yes No No Yes Front & Back
section
8. | Bunions Under the toe Soft Short term
K 3 material (may cause | Yes No No No No R
y long term
< ¥ effect)
B
Toe sleeves
9. | High Arch Arch - Hard
y material Long term | Yes Yes Yes Yes Yes Back section
Support insole
10. | Flatfeet Arch - Soft
w material Long term No Yes Yes Yes Yes Back section
Support insole
1. | Hallux Front of foot | Wide forefoot | Thin soft
valgus/ insole material Long term | Yes No No No No Front section
Wide feet
Table 3.2
Inferences: To bring comfort during walking and prevent the foot from pronating and supinating during the last

trimester (pg 53, diagram 3.3) the primary focus should be on arch support. As we can see in table 3.1
and table 3.3, foot problems like heel pain, supination, pronation, metatarsalgia, corn/warts, high arch,
flatfeet - all affect the COG and Gait cycle. Majority of which is the back area of the foot.
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Types of footwear preferred
by pregnant women:

Image 3.9 Image 3.10

Loafers, Loungers, Sneak- Crocs
ers

Usage: Outdoor
Usage: Outdoor

Reason: Slip-on, Non-
Reason: Slip on, Non-skid, skid, Enclosed, Flat
Enclosed, Flat

58 | Voet : A foot comfort solution for pregnant women

Image 3.11 Image 312
Belly shoes Sandals
Usage: Outdoor Usage: Outdoor
Reason: Trendy, Slip-on, Reason: Trendy, Slip-on,

Enclosed, Flat, Lightweight Adjustable strap
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The main focus of users
while choosing this
footwear is,

- Comfort,

- Easy to wear,

- Enclosed (for safety)

' ,,, Inferences:

Some nice to have features
Image 313 Image 3.14

include,
Slippers Socks - Washability,
- Trendy look
Usage: Outdoor/ Usage: Indoor
Indoor
Reason: Warm,
Reason: Trendy, Slip- Comfortable, Washable
on
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Footwear market

The leather and footwear industry in India is a high
employment generating sector, contributing significantly to
the country’s export earnings and economic growth. India
is 2nd largest producer of footwear, 6th largest exporter
globally. The footwear industry in India contributes about 2%
to India’s overall GDP along with employing 2 Mn workers,
making the sector one of the top employment generators
in the country. Holding an important place in the Prime
Minister’s drive to Make in India, the footwear segment
has been chosen as a Champion Sector. The non-leather
footwear industry in India is fragmented and close to 75%
of production comes from the unorganized sector, which
includes micro, small, and medium enterprises (MSMESs).

The footwear sector in India is now de-licensed and de-
reserved, paving the way for the growth of capacities on
modern lines with state-of-the-art machinery. To further
assist this process, the government has permitted 100 per
cent foreign direct investment (FDI) through the automatic
route for the footwear sector.
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Footwear market growth in India:

India is the 2nd largest producer and consumer of
footwear in the world, generating employment for over

2 Mn people. The current market size of the footwear
industry is estimated to be at $ 10.6 Bn in 2019, estimated
to grow to $ 15.5 Bn by 2024, registering a CAGR of 13 per
cent from 2018 to 2019.

Footwear Market Growth in India

Diagram 3.5
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Insole market

Custom insoles:

The smaller manufacturers are targeting different
segments of the market, like sporting insoles or
therapeutic insoles. The smaller companies concentrate
on developing insoles custom fit for their customers.
For this, the companies have developed feet scanning
equipment and software, which they employ to
manufacture one insole at a time. These insoles are high
in quality as they are individually manufactured and thus
create immense value for the company. Manufacturers
also provide liberty to the consumers to design the

insoles according to their choice to keep them engaged in
the manufacturing process, ultimately building consumer

confidence about the company.

Smart insoles:

Consumers like to stay aware of the benefits they receive
from their investment in a product, and the companies
have put themselves to the task to develop chips and
sensors which can provide the insole user with data

like impact analysis, stress reduction, and other critical
parameters. E.g., Moticon Science launched next-

gen insoles using sensors like 3D accelerometer, a 3D
gyroscope, and more than 15 pressure sensors which
provide the user data about their health through an app
on their mobile.

Foot Orthotic Insoles Market Revenue, By Region (%)

B North Americas
B Europe

APAC
= RoW

Diagram 3.6
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Footwear Consumption

Over the last three years, India has surpassed the US in
terms of ‘consumption by volume’. India is the second-
largest consumer of footwear globally with a share of 11.7%
followed by the US at 10.7% and Indonesia at 4.5%.

The largest growth rate was registered by non-leather
footwear with an increase in exports of 13.7%. The overall
footwear market in India is pegged to grow at 11 per cent
over the next five years propelled by developments in the
non-leather footwear segment. Globally, 86% of footwear
consumption has become non-leather by volume and
India is witnessing a similar trend. This consumption
growth has contributed to major growth in revenue
generated by the non-leather footwear industry.

As per industry estimates, the synthetic/non-leather
footwear market in India is approximately 59% of the total
footwear market in India.
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Volume (Mn pairs)

46% L2%
Textile & Leather

other Footwear
Footwear

13%
Athletic
Footwear
Diagram 3.7
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Favourable policy ecosystem and support by the
government:

The government of India has approved a special package
for employment generation in the leather and footwear
sector called Indian Footwear, Leather & Accessories
Development Programme (IFL ADP) with an approved
expenditure of INR 2600 crore ($ 348 Mn) over three
financial years from 2017-18 to 2019-20.

To spur local medium and small enterprises that are
involved in the manufacture of footwear, the Union
Budget 2020 has pushed to increase the customs duty on
footwear from 25% to 35%.

India has a significant transit time advantage for supply to
US East Coast and Europe.

Footwear Market Growth in India

-------

Diagram 3.8
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World wide waste generation
from the current footwear market

The worldwide footwear consumption has reached 24.2
billion pairs in 2018, raised by 2.7% over 2017 and crossed
23.0 billion pairs in 2015 as per the report of APICCAPS,
which is supposed to rise by every year.

Because the material of Foot Orthotics Insoles is soft
and deforms easily, they need to be changed every three
to six months on average. They may function as shoe
deodorizers, provide arch support, or offer targeted relief
to the heel, midsole, or ball of the foot (metatarsus).

Polypropylene was the leading segment and it accounted
for over 42.24% market share of total revenue generated
in 2017. Thus, polypropylene is widely used to manufacture
footwear.
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User and customization User and comfort

Studies show people are willing to pay about Logitech’s Definition of the Role of Comfort
20% more for a personalized product. in Product Design (n.) 2. Comfort is a critical
Builds Customer Loyalty. component of the design process; the
About 55% of millennials indicate they like value of comfort urges companies to create
personalized experiences, especially those tailored products designed to fit the unique
associated with a good cause. shape of the human body.
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User and technoloqy

According to the new market data, 55% of U.S.
broadband households want to use their smart
home devices.

The wearable market is still growing. Experts believe
this space will reach $25 billion by 2019, Link
Wearable tech is the first step to eating better,
reducing stress and adopting a healthier lifestyle.
Consumers are voting again and again [through their
purchases] for devices that offer peace of mind and
anticipate their needs.”

oo
o0——0
oﬁo
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Aim: Objective:
A footwear solution that fits the individual’s foot To provide comfort through custom design solutions
perfectly and provides comfort to the back of the to each individual's foot contours.

foot area during the last trimester of pregnancy.
To make sure the Gait cycles & mobility for pregnant
women is not changed.

To make a product that can be used by pregnant
women independently.

Reduce material layering in footwear manufacturing,
for the possible recycling process.
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Material study

PU : Polyurethane

PU foam is “blown” into moulds. The liquid compound
expands and foam air cells fill the moulds. PU foams are
used to make durable mid-soles for hiking boots and can
be made into entire sole units, tread, and midsole all in
one. Many women’s fashion shoe high heel outsoles are
made from high-density PU. Very soft PU is used for foot-
beds due to its resistance to compression.

Material property:
Elongation break
Tear strength
Tensile strength
Hardness

Reasons to use:
Comfortable
Long-lasting
Affordable
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TPU: Thermoplastic Polyurethane

Thermoplastic polyurethane (TPU) resin has the
advantages of high wear resistance, high elasticity, fatigue
resistance, chemical corrosion and so on, and is widely
used in shoes. Colour TPU foam is expected to replace
color EVA foam to use in the high-performance shoe field.

Cork

It is also used in shoes, especially those using
welt construction to improve climate control

and comfort. It is impermeable and moisture-
resistant, Cork is used as a sustainable alternative
it has low density. Elasticity + near-impermeability
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PCL: Polycaprolactone

Instamorph result is a very strong object that could be
used every day and gives you a glossy professional finish.
(mouldable plastic) Also called Polymorph.

Heat, mould and use within minutes.

Great for all types of art, hobbies, prototypes, props,
modelling, etc.

Tested and Verified By Experts.

Fabric
Leather
EVA foam
PE foam
Synthetic
e leather
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Ortholite is one of the leading material provid-
ers for footwear insoles in a wider range.

Before OrtholLite®, insole materials were just generic
commodity foams —a basic filler material that didn’t
breathe, flattened out quickly and caused sweat and
odours to accumulate. Today over 350 brands choose
OrthoLite and over half of these industry leaders choose
to co-brand with OrtholLite.

Ortholite’
Hybrid"

Ortholite

Recycled Ortholte

Impressions

OrthoLite® Recycled™ is a result of our OrthoLite® Hybrid™ is a patent pending
expanding commitment to the creation of formulation that uniquely blends 5% recycled Ortholite” Impressions™ provides immediate
more sustainable technologies that close the rubber and 15% production waste foam for 20% step-in comfort and molds for a truly custom fit

over time.

Product Details

loop on postproduction waste material and get eco-content for uncompromised performance

with less impact on the planet.

Product Details

us closer to the end goal of ZERO waste.

Product Details

"
c
2
w
7
o
13
Qo
=

Ortholite’

Image 318
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Ortholite
EcolLT"

Ortholite
Eco

Ortholite® Eco LT™ brings innovative eco- Ortholite® Eco™ expands on our popular

upgrades to our original 11D and 13D EcolT™ formulation—more than doubling the
formulations, replacing a portion of the bio-oil content to further reduce the use of

petroleum.

Product Details

petroleum with plant-derived bio-oil.

Product Details

Image 319
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Preferable material

It was found that [9] static postural stability was not
affected by insoles, but cupped insoles improved dynamic
postural stability, and rigid insoles were associated

with better dynamic postural stability compared to soft
insoles. These findings can aid in better understanding the
insole design features associated with improved postural
stability in older adults.

Typical arch supports known in the arch have a
polypropylene shell that is flexible enough to provide
comfort, while being rigid enough to properly support the
person's arch and to restore foot structure to a natural
position during activity.

[9] Qu, Xingda. “Impacts of Different Types of Insoles on
Postural Stability in Older Adults.” Applied Ergonomics,
Elsevier, 15 July 2014, www.sciencedirect.com/science/
article/abs/pii/S0003687014001124/.
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Market study of moulding
processes for customization

Fibreglass
e Less accurate
* Can be distorted by shrinkage and nonconformity

3D scan

 More efficient with its ease of use and faster
processing via email

* Inconsistent

 Non-reproducible

Plaster
* Long turnaround time
e Messy

 More accuracy

Foam crates
» Difficult to maintain the subtalar joint in neutral
with any weight-bearing
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Structural innovations

1. Auxetic:

Auxetics are structures or materials that have a negative
Poisson's ratio. When stretched, they become thicker
perpendicular to the applied force. This occurs due

to their particular internal structure and the way this
deforms when the sample is uniaxially loaded. Auxetics
can be single molecules, crystals, or a particular structure
of macroscopic matter.

Applications such as body armour, packing material, knee
and elbow pads, robust shock-absorbing material, and
sponge mops.

Production of auxetic metamaterials through the
introduction of patterned micro-structural cuts using
direct laser cutting. In footwear, the auxetic design allows
the sole to expand in size while walking or running,
thereby increasing flexibility.
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2. Origami structures: 3. Hexagonal structure:

I f# | 4. Slits

Image 3.21

PP,
WARRESTD
I’v;v vlvi‘

RAAA )

Image 3.22

Nuti Mody | National Institute of Design | 77



Primary Research | 3

Survey data on foot-pain area:

Two types of surveys were conducted,

With 30 pregnant women inquiring about their foot
health, major foot pain area, foot care routine, Insole
knowledge and general view. The majority of the age
group that participated was between the age of 25-35
years.

With 50 people about their knowledge about insole,
general view, customisation, smart products, and foot
health. Occupations varied between students, pregnant
women, desk jobs, On-field work, housewives, Physical
activities.
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How often do you
feel pain at the
front of ankle?

How often do you 1o%
feel pain at the back Front of the ankle -
of your heel? 21.2%

28.8%

A
69.2% The back of
your heel

How often do you
feel pain in midfoot?

Midfoot

How often do you
feel pain underneath
the outer ankle?

Outer side of the foot
How often do you 28.8%

feel pain in outer

H D
Underneath the outer ankle Side 6f books 69.2%

11.5%

|

84.6%

Everyday

1-2 times a week

. Never

Diagram 3.10
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Side of the ankle

How often do you feel
pain in side of ankle?

82.7%

Forefoot

How often do 15.4%

you feel pain
in forefoot?

11.5%
88.5%
Tops of the toe
How often do you feel =
94.2% pain in tops of toe?

Diagram 3.1
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Under the
big toe

How often do you
feel pain under
the big toe?

71.2%

How often do you Under the
feel pain under pinky toe
the pinky toe?

21.2%

9.6%
88.6% __m

Arch

How often do you
feel pain in Arch?

How often do you Heels

feel pain in Heels? 69.2%

50% 30.8%

. Everyday

44.2%

1-2 times a week

. Never

Diagram 312
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Under the
big toe

upper area

affected area that was >30%
according to statistics collected

Ball of foot (30.8%)
Under the big toe (29.9%)
Heel (55.8%)
Arch (30.8%)
Back of heel (30.8%)
Outer side of foot (30.8%)

Outer side
of the foot

Arch

Side area
For further elimination, the

cases that had a maximum
number of combinations of
these 6-foot problems were
analyzed to understand the
intensity rate and occurrence

rate of pain.

Back of heel

Diagram 313
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Case 1 Asge: 20- 35
Occupation: Job

Daily Activities: Walking,
Sitting, Mild excercises

Under the
big toe

Outer side

of the foot Arch

Never

Often,
Moderate pain

Heels

Often,
Extreme pain
Back of heel Often,

Diagram 314 Extreme pain

Case 2 Asge: 20- 35
Occupation: At home
Daily Activities:
Walking, Sitting

Ball Under the
Often, big toe
Moderate Never
pain
Outer side
of the foot Arch

Heels
Everyday,
moderate
pain Back of heel often, slight pain
Diagram 315

Case 3 Asge: 30+
Occupation: At home

Daily Activities:
Walking, Standing

Ball Under the
Everyday, big toe
Extreme ¢
pain | Everyday,

Extreme
pain
Outer side
of the foot Arch
Moderate
Heels pain
Everyday,
Extreme Often
pain Back of heel 1oderate
Diagram 3.16 pain
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Case 4 Asge: 31-40
Occupation: Job
Daily Activities: Walking,
Sitting, Standing

Under the
big toe
Never
Outer side
of the foot Arch
Often, Often,

Moderate pain Extreme pain

Heels

Often,
Extreme pain

Back of heel

Diagram 317

Age: 40+
Occupation: Job
Daily Activities:
Walking, Sitting

Case 5

Ball

Under the
Everyday, big toe
Moderate Never
pain
Outer side
of the foot Arch
Often,

Never

Moderate pain
Heels

Often,
Extreme pain

Back of heel

Diagram 318
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Case 6 Age: 40+
Occupation: Teacher

Daily Activities:
Standing, Walking, Sitting

Under the
big toe

Outer side
of the foot Arch
Everyday, Often

Extreme pain
Heels

Often,
Slight pain

Back of heel
Never

Diagram 3.9
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Comparing these cases takes us to a conclusion that,
People of different age groups, with more standing time
during their routine activities, have often complained
about pain in the lower foot area (especially in the heel
area) than upper foot area.
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Concept Development
Ideation Sketches

Directions for mock-ups
and prototyping

Mockup trials
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Concept Development

At first, all the arbitrary concepts
were written on post-its and later
segregated according to 4 wide
categories. These categories being
- Health and lifestyle, help in
emergencies, Luxury feature/value
addition, miscellaneous.

Image 4.1
Image 4.2
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— Categories ~

Remove/add

) Insole fits user perfectly
upper layer like

Health/Lifestyle

post-its for
washing/cleaning

]nsole helps Temperature
with emergency Self-cleaning Cleans my
situation foot/pedicure

infusing control

insole

hot/cold as

Changes music

per need
acc to gesture
. Insole helps when
EES T user gets cramps CORErot
Lu);lélrydfeatlure/ Reduce massage Insole motivates
AAAECIVEIE shoe bites user to walk/ jog/
o rkout Changes tempo
Acupressure/ Inactivity alert B of music acc to
Acupuncture - motivate user walk speed
for PE
Emergency
Mood changing alert gesture Create
ability via Guide user beats/tunes
accupressure through my based on how
workout . user taps on floor
Switch between
walking &
. running mode Play tune in a Games- tappy
Insole is i L pi bird, t L
VT virtual piano ir l,o emp e;un,
chappal Measure user’s vitals (via (AR/VR) subway surter
photoplethysmography),
gait, step count, calorie
INsock burn, BMI and make log
Indication to visit
orthodpaedic/pljod.iatrist/ Colloct Kinet Adjustable
ermatologist . ollect kinetic .
g Vibrate to wake energy to height

up dead feet recharge itself

Diagram 41
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/

EXTRA ADDED

COMFORT

A NORMAL INSOLE

Now the plausible combinations
of these ideas were combined
& sketched for further
visualization, a few with mock-
up and trial.

)

FOOTWEAR =

G IVES MASSAGE ) ARomA
: INFOsIng | EMP
Y arog/ INSDLE compoL
2 1INSDLE
ALL TIME oN Foor ? HELPSWITH
, ’ FoOoT cAMPS
NSDCk + HEATING PAD
Diagram 4.2
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¥2 CUSTOMISABLE

AT HOME

FITs PERFECT
To YooR FOoT

WARM INSOLE

W HAT IF
my eHO0E/ INSoLE

SMART INSOLE

J

- GAT ANALYSIS

-~ STEP WONT
KM | Milea

- POTENTIAL
PRosLEM [oNDITION
MERT
- SLGGEST
EXCERUSED

MY FOOTWEAR.

T MOTIVATES mE.

TO WALK,
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1. Modular insole- was an

idea where users can customize
according to their needs. According
to your foot type and issues face,
you can change the material from
soft to hard, on a common TPU
base, where one can snap-fit each
module.

MODOLAR (NsOLE

layer

Male yoor owy funscle by

chooeing requivements from welsite
where cach part s Veplace ble.

Diagram 4.3

T,
(/j \ { OVTER-
d /  EPGE
PL (Sv prvan
SPoR s
(3D Pant)
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2. Charging:

The shoe every day can be a tedious
task. So if the shoe is to include any
electronics for haptic feedback, we
have to think of various pathways of
getting the battery charged.

The options can be,

- With coin cell,

- USB port to the wall

- USB port to the phone

- Self-charging

- Solar-powered

- Kinetic energy

- Wireless charging pod,

- Wireless charging platform

Self- C«hé’t’g?nj‘ Leatve,
(ellect lc?meﬁc &etﬁg

3 Cmrg,e, if
Phovrg. -

Diagram 4.4
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Qevnovalolc

Top layevs.

/( )/ 50’9{; m QW?al

‘ﬁ/IlV‘IIQ el
\\\f\ T

g
3. Removable upper layer - ™
/

is a concept for easy cleaning of
hard material footwear, when the
EVA foam/soft TPU can make the
upper layer, which can be washed in
the washing machine on its own.

e PCL £mbedel

TPU Coge. tEfJ
Remove t‘)P la\fe/r ‘ Remove top l(ayet @ @
— Waeh 'h mad-ine — Throw ‘/ €
B B Aou . \,B/s
Re —attaclo. e
Diagram 4.5
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4. Gaming/Playfulness - These were

different concepts where the everyday
walking was made more fun by using
simple everyday gestures. (This concept
was thought of as an added feature
and does not cater to the main goal of

enhancing comfort)

@ Graming / Tntevackive

@) Yivkval Piano —detects Placement

‘C’% Shoe — plays ace Yo steps o & Lsek.

I
\

°%
{

I\

S L) =k
T W

~5

P

Music

Top-Tap > R ecord — F[ox\i
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Diagram 4.6

ch) Geme — TSFF‘Y Bivds.

Shoe + Phome

J

- Y
b g
°K’:& %
17
~ Y, 2%
% /’qf’ 2
6‘0 2
3, R
€¢ ey
T v, &
* s % 5
S Q’Q’Q/
Lhﬁ// Sy
e
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5. Ventilation to prevent

sweat- This could be achieved by
either material control or structural
innovation. Sufficient ventilation
can keep the feet feeling fresh
throughout the day, adding extra
comfort to the product.

Diagram 4.7
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[nsole motlughes
Vser o run fwalk

6. Shoe that motivates to walk/run

—

The idea here is to make a product

based on instant gratification and reward
systems, where you are motivated to walk
more and do the advised physical activity
that can eventually give the user a reward

or a massage or points to redeem. Y—fﬁ—" N

308\ =)
reached -
D
o
6 /
o / Rohyfhexn"tc,
/ Vibalon ap
an Sndicakion
’ e of tag (< con
oz i 2 : plef
7€ s Ho v L) o \/\by‘(\:)’\("n
RoTIC noti Heation = S the Shoes
Diagram 4.9
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7. Gesture control

This concept was created in general
to brainstorm on which gestures
will be easier to capture by the tech
that is available in the market. The
main challenge here was to ideate
on something which will not be
mistaken by the regular walking/
running and adding false data.

The concept can be combined with
any of the other concepts if the
user experience requires gesture
control.

Gesture Contkrol
“\ — Gmwg,e/mz\;j oder

Lett —é’:‘«’r@le ThE s P(a}j —_ MUs‘?c.—plaV,pmuAe,W%b,SmP
'L — Stgle Tap —— Paige
Le &=
— Doouble T It s
St QP Brenvioo g Trae le / Emekéwmc%/ dia
N answer 9

| | () Any oot —3-taps

\:’? H\ Tovrn OFF f‘flaVW’/
% tap 2 ,\,/\ Gronk tap J Sneoz L.,

Diagram 4.0
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. wlkeLeas
8a) Massaging footwear CHARGING

is a luxury feature to relieve o vigrATION
stress in foot muscles which e NS
are usually caused by the
exertion of the muscles.
Mainly with the condition of
pronation/supination/flatfeet.

— >
@ | \ o 7
—— | 1
. e \ ) C __\‘S 7
v:%\, & fnish yoor dsily
INSOLES START \ _ ot !
RYYTHEM — N == \ g /Wﬂlknrﬂ +ﬁraet
VIBRATIONS /& %S:z-h %
/, %65//
‘\07//
Diagram 410
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RHYTHEMI . — VIBRATIONS

E — WMASBAGING NSOLE

=

8b) Massaging footwear

A more focused intervention \ ‘ abno"mat
for the condition of ﬁ“’\\/ /V\ dekeck= voﬂa)”
experiencing occasional foot /‘L —/) = %ﬂ/ movwne;/\ks W
cramps. The footwear can have A \/ o oo the gno
sensors to detect unusual ;:f;ek \ fabric

e (¢

muscle movement of the
foot, and can instantly start CRAMP ?J
vibrations to increase the
blood flow and provide relief
to the user.

\\d( Qukomatically

Diagram 411
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9. New-gen footwear-
Insock-

Insock which becomes your
permanent footwear. The
moulding insole is attached to
the sock which you can wear
inside your shoe.

Sem| — hnkle Socks —
User wears Tt everyda
App collects Jata everyolay

SHOE/ INSOLE COLLEcT/y g

GAIT—STE“)E - FOOTS7TEP DATA

Q——’\ /‘L L '\/ﬂ—/

ONCE SHOES ARE REMovED

THE (NSOLE CANNOT coLlECT
OSER DATA -

Diagram 412
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INSoLE [INSOCk ARe
STILL oLl geTine
THE AT £ Foorsrer

DATA  ALL ThY

* Colovy Tdicater
wheve Tnsole ave
at the Mowmentt
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How can | provide a
shoe that can push
the boundaries of
comfort for users?
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Directions to be taken forward
for mock-ups/prototypes

* Massaging insoles with rhythmic vibrations. The mock-up trials started with understanding material
properties:
* An insole that conforms to your foot such as Due to covid restrictions and limited resources, initial
mimicking the experience and comfort of walking mock-ups were made with available material at home
barefoot. which includes, EVA foam, Corkboard, Felt cloth, Jute

sheets, PCL mask, and by optimizing electronics.

* Look for ways to heat PCL at home by users. Now onwards you will be following a journey
of two separate processes:

1. Shape moulding insole

(Colour coded for easy continuity)
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At this stage a discussion with an
expert from the field was required.
Mr Nathan Pereira is a Product
Designer and Materials Engineer. He
is currently building a new sneaker
brand at Flatheads, Bangalore.

I* Nathan Pereira

Image 4.3
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v > 2 “\
' Prblem NO POINT OF
nario Ve e UNess There ADDING A NEW
f!di’nj Is A STRaNG PRODUCT DUT..,
. U A LN VKON RANN IR e
Rational . X u“};‘:é\\wolwg\;\rhnssmawﬂ; COW'Fo.)f\\;%\\‘\!
mMen ' S \ \ el 0 feady N
QV;ZH t.%_’ \ 012.3 : \;‘;‘C&:\E_\q\\ﬁhﬁ_\\\\gﬁxmﬁ‘m-\.\c ‘.JSH_’_": "\\.;\..A]
Manufacturin fo,t_;:;g
Fossibilities ne " LSEFUL & il THE.;
¢ INSIGHTS = LIMITS ©
: LESS TY \a‘% (omFORT.
GP boa fobe 15 THIS A D, e e
< e 5 A DAT, i
Realste oNLY msou.eA -~ - | COMFORT ! o

can proviDE? |77

TeDATA_ 0
{ gop ; w:::% - —= -
Y_ Bz2c ‘ g +Hhewm ? B TR

‘I-;Lf:‘:“!"cmij'.n,.ﬂ: N

. ! \
\ ::::ZM_.‘; Wil 2 héme% ‘/\ 1’
are rrying with v\mudclma?
Mow b ér

/ \ nota ., ’
@ wnong ',. insi i
? > MIES e Narrow DOWN jees,

SER | Typesor _ SHoE o thpero€
( Y Prorescon”  TYPE Shoes

Diagram 413

The major inputs from Nathan were,

1. Unless there is a strong USP, there is
no point in adding a new product to the
market.

2. If you are adding technology, is it the kind
of data that only your foot can provide?
Can you convert the data to something
useful to delight the user?

3. Hierarchy of features: moulding>massage
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Form structure: y

of the arch will define the
form structure of the sole
inside the shoe:

Image 4.4 Image 4.5
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Notes for measurements of the form:

Foot/footwear size (as followed by the Indian footwear market):

Man's 5ize Conversions Women's Size Conversions

US Sizes :i"m UKSizes Inches cm  USSizes :;:Z UKSizes Inches  CM
IE%
& 35 5.5 g,25" 235 4 L] 2 8.1875" 20.8
6.5 3q & g.5% 24.1 4.5 35 25 B.375" 1.3
7 40 6.5 9.625" 244 5 35-36 3 B.5" 21.6
7.5 40-41 7 9.75" 24.8 5.9 36 3.5 8.75" 22.2
8 41 7.5 9.9375"  25.4 6 36-37 4 B.B75" 22.5
85 41-42 8 10.125" 257 6.5 7 4.5 9.0625" 23
9 42 8.5 10.25" 26 7 37-38 5 9.25" 23.5
9.5 42-43 9 10.4375"  26.7 1.5 38 5.5 9.375" 23.8
10 43 9.5  10.5625" 27 8 38-39 6 9.5" 24.1
10.5 43-44 10 10.75" 27.3 85 39 6.5 9.6875"  24.6
11 . 10.5 10.9375" 2739 9 39-40 7 9.875" 25.1
11.5 44-45 11 11.125" 283 9.5 40 7.5 10" 254
12 45 11.5 11.25" 28.6 10 40-41 8 10.1875" 259
13 46 125  11.5625" 29.4 10.5 41 85  10.3125" 26.2
14 47 13.5  11.875"  30.2 11 41-42 g 10.5" 26.7
15 48 145  12.1875" £} | 115 42 9.5  10.6875" 27.1
16 49 15.5 12.5" 31.8 12 42-43 10 10.875" 7.6 Table 4.1
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How to know your arch type?

WAt s poer RO tprnt ok [Re? Desiribe your aech Veear Bean insele arch heighe

Balra Ngh ach hegee e

Diagram 414

An accurate method to measure arch
dimensions: kT
50% foot length

Arch Height Index (AHI) Frok g
AHI is used to measure medial longitudinal
arch and based on which foot can be
categorized into high-arched, normal and
low-arched.

Truncated
" Toot length

Daorsum height at 50% foot length
Arch hesght index =

Truncated fool length

AHI = Height of the dorsum of foot at 50% Diagram 415

of foot length + Truncated foot length

If the ratio is 0.356 or greater the foot is
considered high arched, and a ratio of less
than or equal to 0.275 is considered a low-
arched foot. Description of arch mobility
can be assessed by having AHI taken at
10% and 90% of body weight.
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[10] (1]

Tahle 2. The definition of arch dimensions
dim ensions Definition

Table 3 The mean, standard deviation asd ANOVA test resulis

The distance fom the 1st Archlength  Amhdepth  Archheight Distance oF Dhstance of meta- I'J1.mnreofr.he =y m?dj-
e N i . . navicalar . S al point of medial border line
2. Arch longth metatarsal point protrusion o (mm) (mm) (mm) MEFL) tarsle tibiale (%FL) [%FL)
. . = %FL)
;t" l“d‘m,”‘;mj'u‘:]',m'f'ﬂ . Males W54 BIie4 5060 ¥ian 734 (16 307 14.4)
! ”%‘W"""I' d_” g Females 1M9(63) 15403 331 (4.9) 36.6(25) 733(15) 52.8(33)
& WVertica istance from
b. Acch dopth ihe most medial poiot of medial prvalue o NS o o NS B
- W border line to the line of arch NS: mon-significant; ** p < 0.01; **=* p<0,001
lemgth.
c. Arch beight The height of naviular
o v (Xion ot al. 2010). Table 4 The arch dim ensions among different shoe sizes for females (N=150) and males ([N=150)
. The straight distance of pa- . - - =
ricular Ghoe sizes (U5) st f e of the mast medial
length. {mm) {mam {mm) mavicular (%FL) "%FL" : Ip‘?:F]_] )
Figure 2. T he illustration the definition of the six arch dimen- The distance fom the 1st 4 1226032 [234) 325042  I5B(22) 522(18) T281(14)
i . Distance of metatarsal point protrusion to B . . . . - N
sions ¢ poime B 51297 (38 I2B(84) 331048 366(25) 52.0(3.8) 73.4015)
metatazsle tiblale (%FL) I]::h“l f"‘]‘dfgog"' feat leagth Females 6 IBOGA  BEEE)  328(52  I6IE5) 512 (3.0) 735(16)
L;:” a"h o " 130.1 (1.0) 367 (6.1) 441 350023 526(33) 7270135)
= @ siramugl Istamce  from - - & 5 & -
. Disance of the WO e ot medial point of media e B JUSGT) | BIANS) | JCH, | SO SHGH | TIO8 ...
medial point of medial Lk ‘s - 7 L3814 2 36.1(6 174(22) 730014 517 (3.1)
border line (%FL) border line (Hawes et al. 1092)
P § - . ) " v "
10 heel divided by foot length. & 45204m 36.3 (4.8) 34022 i50m 31.30(43)
Males 8 1307 (4.1 1[5 05) VAGH 30020 TIA(E 31.004.2)
10 157.0(34) 3300.5 38907 37420 735 (18] 17.090.4)
Table 4.2 11 1624 (4.1) W39 381049 364028 734012 483 (6.0)
Table 4.3
H H “ 1 H . . . .
[10] Imaizumi, Kazuya et al. “Effect Of Foot Load Changes On Foot Arch Evaluation Using [11] Anthropometric Dimensions of Foot in Northwestern
N ” s
Foot Pressure Dlstrlbutloq Data”. Joyrnal of Foot And Ankle Research, vol 7, no. S1, 2014. Iran and ... www.researchgate.net/publication/327021689_
Springer Science And Business Media LLC, doi:10.1186/1757-1146-7-s1-al14. Anthropometric_Dimensions_of_Foot_in_Northwestern_lran_

and_Comparison_with_Other_Populations.
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[12]
The base insole will be
remoulded and reshaped Varinhbe Mean 5D WAL L Maximum
acgording to different Males (n = 24)
he|ghts of arch & navicular Areh height index 0.354 0.018 n.aze 0.394
; 0 Norm alized navicular haight 0.142 0.031 0.088 0.199
height and the 50% length Arch index fram mked foctpring 0.241 0.058 0111 0.352
of foot when pressed down, Arch index from F-Scan 0.205 0.079 0.029 0.318
the maximum arch he|ght Inked fooiprint index 0.308 o110 0.068 0.453
. . . Madified arch indax o101 0.0E3 DJo0E 0.245
index during level walking Subjective ranking 2,000 0.859 1.000 3.000
and maximum MFL(midfoot Malleolar valgus index 13.072 4175 5587 21,604
length) is to be considered. Midfoot dorsal angle (a) (*) 25 125 2 585 20.750 31.000
Females (n = 24)
#reh haight index 0. 352 0.029 L3 0418
Norm alized navicular height 0.140 0.030 0.073 0.185
#reh indax from inked footpring 0.238 0.038 0156 0. 328
Arch Index from F-Scan 0.203 0.088 0.024 0.355
Inked fooiprnt indes 0327 D.0B4 0118 0. 498
Medifiad arch indax 0.106 0.058 0.005 0.207
Subjective ranking 1,478 0.880 1.000 3.000
Mallsclar valgus index 11.026 4.834 2399 19,557
Midfoot doraal angle (o) (%) 24 815 2 388 20.000 &5 750

Table 4.4

[12] Xiong, Shuping, et al. “Foot Arch CharacterizationA Review,
a New Metric, and a Comparison.” Journal of the American
Podiatric Medical Association, Allen Press, 1 Jan. 2010, meridian.
allenpress.com/japma/article/100/1/14/104589/Foot-Arch-
CharacterizationA-Review-a-New-Metric.
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Shoes are made from dozens of overlapping materials
being glued or stitched together. They require separation
and proper treatment to be efficiently recycled, which is
extremely complex and costly. As a result, 95% of shoes
produced today will end up incinerated or in a landfill,
even shoes made of clean or recycled material.
Environmental organizations promote and encourage
mono-material recycling because it is a high-quality
recycling process which allows multiple outlets for the
recovered materials and offers high-efficiency potential.
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Image 4.8
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EVA plastic is the standard
material used in footwear
around the world. If

we need to reduce the
product to mono-material
manufacture, for future
scope for easy recycling, the
process we can use with
EVA plastic is mould and
press. EVA plastic because
it’s a malleable, multi-use
material that doesn’t mark.
It’s also hypoallergenic and
anti-bacterial.
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After generating ideas in different
directions, It was time for me to get
another input from my mentor.

| was lucky to be living in the

same state as my guide mentor,
and therefore when the situation
allowed, | could visit him in person,
taking all precautions.

Image 410

i‘ N & I~ 3
-7
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Discussion

During the meeting we discussed about the first
level mock up that | had created with the material
at home. Some combinations and few tweaks here
and there, but the major takeaway was to move
from paper to materials.

At this point of project, | had to start my
experiments with PCL but due to covid implicated
lock down, most of the international business was
taking more time than normal. This was stretching
my timeline by months.

We decides to use pieces of a mask which was
available at my home from my father’s radiation
therapy. We also found 2-3 contact point who had
the material available in filament form that could
be easily 3d printed with a compatible printer.
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Polycaprolactone exploration:

The first time | encountered the PCL material was in
2016. In radiation therapy after cancer treatment, it

is required to capture the precise shape of whichever
body area that needs the treatment. For this, A mask is
created out of PCL- Polycaprolactone.

The process followed is - a perforated sheet of 3-4
mm thickness is first dipped into hot water(temp: 60-
70%as the material softens, the sheet is carefully put
on whichever body part, firmly pressed from top, till it
cools down and becomes stiff again.

With the already available PCL mask at home, a few
experiments were run to check the reliability of the
material. With a positive outcome, further experiments
were conducted with fresh PCL filament/3d printed
structure.
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After heating the

PCL becomes very
soft in just a couple
of seconds & becomes
difficult to handle

First structure
with no rib
structure

After heating for
roughly 2 minutes,
the PCL becomes

2nd structure
with 50%

rib structure mouldable,
yet sturdy
on the joints.
Before
Heating

After heating for
almost 5 minutes the
PCL becomes soft in
few spots, major area
is still hard.

3rd structure
with complete
rib structure

Table 4.5
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First trial of 3D printed insole:

Image 411 - Image 412
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Observation chart:

Each time the insole was heated in
a microwave inside a cotton bag

Time Observation

Inferences

10 sec - Major Area is soft
- Heel area with more dense
structure was still hard

s - Back heel is soft
- Thinnest area sticks to the
cloth bag

20 sec - Majority of area becomes
overly stretchable and rubbery
- Sticks to the cloth bag

Need to increase
heating time

Form needs to change,
make thinnest area of

2 mm and so on

Heating time is
too long

Table 4.6
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Second trial of 3D printed insole:

Image 412 Image 414

Diagram 4.6

— Arch height for proto: 34.5 mm
= Arch length for proto: 139 mm
— Arch depth for proto: 365 mm

m = )

E — Half insole length for prota: 166 mm

Image 413

Image 4.15
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Observation chart:

Each time the insole was heated in a

microwave inside a cotton bag for
(Support structure in all is at 10%)

15 sec

How was it shaped?

Observation

User sits, insole is moulded
using hands

- The surface of PCL sticks to one’s
hand

- Finger prints and dents on the
surface

Insole on the floor, user
stands on top till insole cools
down

- The entire process takes roughly a
minute

- Bottom of the insole is flat due to
floor pressure

Insole in the mould, user
stands on top to shape it

Insole placement in the mold is
tricky and inconvenient

- Bottom contour helps press near
the arch area

Insole in the footwear, user
stands on top

- Insole placement is easier than
before

Table 4.7

Inferences

Final result is not
clean and smooth as
expected

Bottom side is flat
- Doesn’t fit in sports
footwear easily

Can be used with
multiple footwear but
less accurate shape

Very specific to
particular footwear
- Accurate contour
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PCL - Polycaprolactone:

Once the time and
method was narrowed
down to 15 sec in a
microwave, different
support structures

for 3d printing were
explored to decide the
final insole density and
structure.

Each time the insole was heated in a
microwave insidea cotton bag

Time

Support
Structure

Observation

15 sec

10%

Entire insole softens at
desired state, but the arch
are collapses

15 sec

20%

Entire insole softens at
desired state, Arch area is
retaining it’s shape, after
molding

15 sec

40%

- Arch area is still sturdy
compared to the thin are
which has almost melted
after 15 sec
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As the proof of concept was
taking shape, it was now
time to work around the
form and CMF of the shoe. As
always the process started
with a mood board and form
sketches inspired from there.
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Massaging feature:

At first the massage feature was to be controlled through
mobile application using a Bluetooth chip in the shoe. Below
is the optimized circuit for mock up run.
User--->Mobile--->Application--->Bluetooth--->Power
supply --->Vibrating motors

Arduino Uno
$2338 x Qty: 1

Vibration Motor
§1.95xQty. 3

Diode Rectifier - 1A 50V
S01xQty 3

USB Cable Ato B
§326xQty 1

HM-10 BLE Bluetooth 4.0
$258xQty: 1

Transistor - NPN BC337
8027 x Gty: 3

27x0ty:3

1K Ohm Resistor
$0.1x0Qty 3

BreadBoard
§8.25x 0ty 1

Jumper Wires Pack - M/M
$1.95xQty 2

Diagram 4.6
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Electronics/massaging feature:

Using a silicon based insole
to decide different points to
place the vibration motors

for maximum area coverage.

Image 4.16 Image 417
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Image 419

Image 4.20 -

Rhythmic vibrations
vs. on spot effect trial.

Image 418
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o

Once the placement of vibration motors was finalized for
maximum effect, we tried to move to the next step.

With Mr Nathan Pereira’s insight and further brainstorming,
The next model with electronics was combined with an
accelerometer, to capture the gesture and provide input to
start different modes of vibrating motors.

User gesture ----> accelerometer ----> power supply ---->
vibrating motors

(2 steps reduced)

Image 4.21
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Below are the graphs to show the motion sensed by
the accelerometer and how the gesture is noted as
the input to start the motors.

Stage 1.

simmm

Baseline (no motion)
Sensor value in blue,
modes denoted by other

colors
a158 58 E @158

E [ send | e

Diagram 4.6
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Stage 2.

simmm

Normal Walking Pattern ,__‘> Steps on that foot

12859 12959 13059 13159

E [ send | Ine

Diagram 417
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Stage 3.

simmm

)
L Red line denotes mode 1 turned on X\/ A [\

Orange arrow denotes
gesture (double tap)

—
Mode change through gesture _—% Green arrow denotes
normal step

16346

16096 16221
|[“Send | Ine

&

Diagram 4.8
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Stage 4.

simmm

L L L L ) L

odel mode 2 mode 3

= =N e )Y

All
off

— ) ceur
Switching modes with ————-; Normal step

gestures

18d8g 18580 18689 18789

S [ send | Ine

Diagram 419
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Furthermore, the circuit was rebuilt by The optimized
using smaller parts which can easily fit circuit at this point
in the area of the shoe. At this point looked like this.

we were forced to use the whole parts
of an accelerometer and an arduino
mini due to a compromised production
facility at home. The parts we used are
mentioned here.

ULN 2803 Battery cell holder  Vibrating motor
231x8.0x715 mm 241x21.7x8.6 mm 3.0x10x10 mm

Accelerometer Arduino mini
21.2x16.9x11.2 mm 18.0x22.5x 4.5 mm Image 4.22
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Once the size of

the technology was
finalized, | went

ahead to decide the
placement on the

foot contour - which
allowed me to make
the cavities in the sole
to place electronics
safely.

Doing so, led me to
creating the 3d model
for the prototype of
the shoe, which would
mimic the look and feel
of the final product
that was envisioned.

Image 4.23

Image 4.24
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Concept iteration

Form study/mood board

Proof of concept development
Exploded view

Technical specifications
Product dimensions

User Journey

Cost estimate
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Concept iteration

136 | Voet : A foot comfort solution for pregnant women

>>Explode the original shoe

>>Delete inside surface and connectors
>> Offset inward 1.5 mm (thickness)
>>Give base height of 10mm (inside)
>>Scale 1d on z axis

>>Make supporting peripheral structure
to support sheet inside, with 10 mm
spacing below. (z axis)

>> Make a seperate 1.5mm sheet of
insole/fabric on top, electronic on back

>>PCL insole on top of this sheet
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>>Explode the original shoe

>>Delete inside surface and

connectors

>> Offset inward 1.5 mm (thickness)

>>Give base height of 10mm (inside)

>>Scale 1d on z axis

>>Make supporting peripheral

structure to support sheet insidez ::p ‘:‘r'::‘e '-'; o

with 10 mm spacing below. (z axis) sheet of insole/
fabric on top,
electronic on back

>>PCL insole on
top of this sheet

3

“Electronics
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Form study/mood board

Image 5.1 Image 5.2 Image 5.3
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Bold

Pleasent

Soft

!_&ﬁ 5

Image 5.4 Image 5.5
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Proof of concept

Which is further refined into a working prototype made with optimized electronic pieces
embedded in a footwear made out of TPU (Thermoplastic Polyurethane). Here due to lack of
resources a proof of concept is made using 1 chip of accelerometer, 1 chip of arduino, and a
9v battery. In the final production of the product, these 3 modules can be converted into one
chip of the size of 10x10x2 mm and a wireless charging coil of the size of 42 mm diameter.
The optimized circuit is shown in a render on the next page.

Image 5.7
Top side of insole in left shoe

Image 5.8

Diagram 5.6
Circuit diagram Bottom side of insole in left shoe
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Wireless Wireless arduino +
charging charging Vibration accelerometer
coil module motors module

42 mm 10x25x2mm 10x10x2 mm  10x10x2mm

-I-'-i1

.4

—— Vibration
motors
10x10X2 mm

Diagram 51
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electronic on back

>>PCL insole on
top of this sheet

PCL insole

Image 5.9

Render 51

“Electronics

wr )

Render 5.2
Diagram 5.2
Image 511 Render 5.3
SKETCH PHYSICAL WORKING PROTOTYPE VISUALIZATION
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Render 5.4
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Render 5.5

Render 5.7

Render 5.6
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Indicator grooves for
charging pod placement

Render 5.8

—

Detailed
view

Charging pod

Exploded
view

—

Render 511
Render 5.9
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A foot comfort solution for pregnant women

Render 512

Top layer made
out of single TPU
(2.5 mm thickness)
(Press molded)

Vibrating motors

Embedded electronics
into the grooves of TPU
- top layer with
industrial felt

Chip module 1

Charging module 2

Charging module 1 - coil

Bottom case single TPU
(Wall thickness of 4 mm)
(Press molded)
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Render 513
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Technical Specifications

Electric components: Materials:
Chip module 1 contains, Polycaprolactone (PCL) used in molding insole
Accelerometer, PCB, Bluetooth
Charging coil made of copper and charging module Flexible Thermoplastic Polyurethane (TPU) -
Vibrating motors (coin sized) Elastollan[13] is used to make the outer casing of shoe,
bottom case of shoe entirely of one material for easy
Upgrade PI film for resisting tear and humidlity. breakdown of product at the end of its life-cycle.

Industrial felt to cover top layer inside the shoe for
comfortable skin contact
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- e
Battery: i -
5V 2A Large Current Wireless i ()
Charger Module Transmitter —
Receiver Charging Coil Module —

Due to the adoption of a
Contactless charging power
supply, to complete sealing
of the products, waterproof
and dust-proof; increase
product service life, use more
convenient.

Connectivity:

Bluetooth chip inside
both shoe chip module
for mode changing

Render 514
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Product Dimensions

1. Dimension drawing of the Mouldable Insole
2. Isometric Exploded view
3. Dimension drawing of Charging pod
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35.00
ayy
e
/|
/ /
/“‘/f/{j
[
3.20
4
23.00
/
FRONT
R42.50

Name: Foot Comfort Solution
Drawing title: Mouldable Insole
Drawing number: 1 (Diagram 5.2)
Scale: Not to scale
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19.50

35.50

All Dimensions in
mm
(Not to scale)

70.00

21.30

74.00
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R25.0

35.00
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Name: Foot Comfort Solution

Drawing title: Isometric Exploded View
Drawing number: 2 (Diagram 5.3)
Scale: Not to scale
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44.6°
g 8 g
M| o - /ﬁ
o —
6.10
SIDE
1.20
o)
©
<
R21.00
R24.10
TOP

BOTTOM PART OF CASING

Name: Foot Comfort Solution
Drawing title: Charging pod
Drawing number: 3 (Diagram 5.4)
Scale: Not to scale

1.00

12.00

SIDE

TOP PART OF CASING
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3.00

SIDE

CHARGING COIL

All Dimensions in
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PCL - Polycaprolactone

Ceramic casing

Name: Foot Comfort Solution
Drawing title: Material Specifications
Drawing number: 4 (Diagram 5.5)
Scale: Not to scale

Copper coil

Aluminum

Elastollan
(Flexible TPU)

Felt
Charging coil

Battery
Vibrating motors
PCB

Elastollan
(Flexible TPU)

Elastollan
(Flexible TPU)

All Dimensions in
mm
(Not to scale)
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User Journey

First time use

The user receives the product in a
standard cardboard box. The box contains
1 pair of massaging shoes, a wireless
charging pod, 1 pair of molding insoles
inside an individual cotton bag, a user
manual.

The molding insoles can be used with

any desired footwear (recommended to

be used with your daily wear). Place the
insole inside the cotton bag and put it in a
microwave for 15 seconds.

When the microwave alarm goes off, take
out the insole from the cotton bag and
place it carefully inside the shoe. Make
sure the heel area or the shoe and insole
match with each other.
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Step inside the shoes and stand still
for a minute till the insole feels room
temperature.

Your customized daily wear insoles are
ready to use with the selected shoe.

The insole can be washed with soapy water.

The insole can be reheated for molding 6-7 times.
It is recommended to remold it inside a new pair of
your daily footwear.
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User Journey

Regular Use

1 Tap either your left or right shoe (front area)
3 times in a row to start a massage.
The Bluetooth in both the shoes will make
sure that the pair turns on at once.

2 Tap ONE TIME, for changing one mode up.
Different modes are,
1. Frontal area
2. Heel area
3. Entire foot
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Tap 3 times with either of the shoe to
stop the massage. Shoe automatically
goes on battery saver mode when
disabled for more than 15 minutes.

The battery life of the shoes is 18 hours.
When the intensity of massage starts to
taper, simply put the charging pod inside
on heel area on the marking, and recharge
it within 3-4 hours.
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Costing Estimate

The Foot comfort solution, being a Lifestyle enhancing
product, It would be sold to users who belong to higher
class, or upper middle class. This was the reason why
the product cost was never considered to be a primary
constraint throughout the duration of the project. An
estimated breakdown of the pricing and components,
along with service charges can be found here. These
values are approximates and must be considered as
ballpark values.
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The service model that will be used for the
product would involve compensation on
the next purchase when returned, making
it easier for the company to sterilize and
recycle the product, thus making it a
reusable service model.



Part Detail

Polycaprolactone (PCL)

Ellastolan

Ceramic casing

Vibrating motors

Custom PCB (accelerometer and circuit)
Battery

Wireless charging coil

Total (Product Cost)
Taxes (@30%)

10% Logistics Cost
10% Retailer’s Margin
5% Company’s Margin
5% Service Cost

Sub Total (Additional)

Minimum Retail price

Cost in INR

65
120
90
110
275
100
550

1310
393
131
131
65.5
65.5

786

2096

Nuti Mody | National Institute of Design | 161
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Future scopes
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Visual sources
Endnote

Glossary

Colophon
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Broader possibilities

With a Bluetooth module embedded in the PCB
inside the shoe, It is likely to develop mobile based
application support for health check monitoring.

Since the Massaging feature is operated with an easy
gesture control, the shoe can be beneficial at the
times of foot cramps to bring faster relief.

The Footwear and insole combination can be further
developed for broader audience.
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Limitations

With other competitive brands like Fitbit, Apple
watch, Amazon in the market creating fitness
trackers for roughly the past 5 years, it is difficult for
a Footwear product to replace their product.

Most waterproofing technologies are effective only
when there is no sudden impact or outer force on
the outer casing.

Brands like Nike and Adidas have been successfully
able to create gaming shoes which have electronic
parts inside. But making a footwear successfully
waterproof to protect the electronics inside even
during rains is something that needs to be looked
into.

1. A heating coil does not heat up the PCL evenly
throughout the surface area - which is why,
currently the product is heated inside a cloth bag
in a microwave.

2. A heating coil will certainly damage the electronic
components inside the footwear.

If a coil can be designed taking into account the
electronic components for the massaging features
and heat the insole within the shoe, the user
experience can be upgraded. In this case, the coil
can be utilized for keeping the feet warm during
winters too - which can be an added feature.
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Future Scope

From here, The brand has two possible ways ahead,

1. Using the database gathered for PCL, and the
nature of the material, Brand can come up with
more applications of the material, and creating an
ecosystem in the field of lifestyle and accessory.

2. Work in the market of smart footwear solutions.
Brands like Adidas and Nike have recently
launched footwear in the sector. It is a fresh-
budding segment in footwear where a lot has to
be done. There can be more luxury products with
customization and tech-incorporation.
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Reflections

Most of the students have envisioned themselves
taking up their final year project with a company to
learn and understand the professional world while
still being in the safe spot of being a student. At the
beginning of my 8th semester, | had the same action
plan. The global pandemic situation of COVID-19
brought changes to all of us. A self sponsored
project in the discipline of Product Design is always
Challenging. And yet, 8 out of 17 of us have finished
their Self-sponsored projects this year.

Personally, my journey with Product design started
with a thought of ‘Making people’s life easier than
what it is right now’. At the start of my 1st year | would
have never imagined myself shifting from Simple-
Effective products and the Craft sector to the field of
footwear design. But that is what NID prepares you for
and let’s you carve your own journey.

These 5 months of project have surely made me
look at a foot differently. A footwear is not just
an accessory. We dive a little deep and connect
this work to comfort, Lifestyle, necessity. But
what | have realized from my understanding

is that proper footwear is what defines your
experience, your Gait, your personality.

As the Project moved forward, my perceptions
about a lot of things began to shatter. | was
engaging in things that | had not considered
within my comfort zone. | have improved on my
skill-sets, eye for detail, Collaboration methods,
Organizational and documentation skills.

In the end, the principles of product design
that | had picked up over the years contributed
vastly towards this project.
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