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The following process book
documents all significant stages of a
research-driven design project;
initiated in summer 2016 and
culminating in the delivery of an
effective product solution in May
2017. The project called for the
development of an
inclusively-designed grocery
shopping aid in response to
the needs of a growing
number of dissatisfied and
disadvantaged elderly
consumers.

The immersive process of
research and creative
design practice fell into
four principle phases;

the ultimate product

proposal reflective of a
systematic and

user-centred course
of study.

01

DISCOVER

Identify
Research
Observe
Understand

There is always a market pull for
fresh innovation, often inspired by
significant real-world problems
affecting a proportion of the
population. By exploring these
reported issues, a gap in the
market for an improved or entirely
new product or system solution
can be exposed.



DEFINE

Analyse
Visualise
Conceptualise
Collaborate

The evidence gathered from
ethnographic and empathetic
study must be “unpacked” to
inspire the generation of a
meaningful solution. In
collaboration with the end
user, a specification and
brief are drawn up which will
direct a divergent process of
inspired ideation.

DEVELOP

Realise
Improve
Measure
Test

Highly creative work must

begin to produce tangible
solution iterations. A
convergent process of
modelling, comparison and
improvement sees the
conceptual design transform

from “blue-sky” to a feasible
and marketabe product.
Functionality and user-centred

design (UCD) take precedence.

04
DELIVER

Prototype
Promote
Instruct
Implement

The solution can be modelled
accurately, using CAD software,
from which a proof-of-concept
prototype can be produced.
Coupled with strong branding,
promotional materials and
ethical foundations; the design
can be presented and readied
for implementation within its
intended environment.
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VIRTUAL STORE
ASSISTANT

REAL-TIME VIRTUAL
REALITY (VR) AISLE
MAPPING

EASE OF

IMPROVE HEAVY
LOAD/GDODS

“INCLUSIVE DESIGN OF A
PRODUCT/DEVICE TO IMPROVE
THE SAFETY, EFFICIENCY AND

INDEPENDENCE OF THE ELDERLY
GROCERY SHOPPER”

HANDLING
CAPABILITY

AID TO
BALANCE

PREVENTION LXXX




UK parliament (2015) recognise that “the numbers aged over 65 are expected to
increase by 12% (1.1 million); the numbers aged over 85 by 18% (300,000); and
the number of centenarians by 40% (7,000) [between 2015 and 2020]". Being
able to shop for food is an important aspect of staying well and independent as
we age. It is also one of the most common methods adopted by the elderly for
maintaining social contact and physical activity (Age UK, 2012). Consequences of
a lack of food or inadequate diet in the elderly can be detrimental to health and
well-being; causing malnutrition, starvation and even death. Therefore, it is
essential that those who are physically capable of accessing food retailers and
groceries feel that they are catered for with the necessary support systems and
hospitality in place once in store to do so effectively, efficiently and safely.

Published literature from charitable bodies and

reputable consumer marketing journals has highlighted

a number of areas for concern; from inappropriate
s interpersonal service standards to inadequate
environmental design features and tools, discouraging
or rendering the accessibility of groceries difficult or
impossible for those most vulnerable.
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RISK OF FALLING ACCIDENT

60 8.5 >

SHOPPER AGE (YEARS)

ELDERLY SHOPPERS (65+) FACE THE GREATEST
RISK OF FALLS AS A RESULT OF EXTRINSIC
FACTORS (ENVIRONMENT & EQUIPMENT)
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(Journal of Paramedic Practice, 2011)
(Age UK, 2012)
(Journal of Retailing and Consumer Services, 2009)

A (Journal of Marketing Management, 2013)

>

32%

PROPORTION OF REGULAR SHOPPERS

MALE FEMALE

THE MAJORITY OF ELDERLY SHOPPERS ARE
FEMALE & SHOP ALONE: REPORTING THERE ARE
OFTEN NO SHOP ASSISTANTS AROUND TO OFFER

HELP

COGNITIVE AGE

IMPORTANCE (FOR SHOPPER SATISFACTION)

THE DESIGNED ENVIRONMENT & IN-STORE
ASSISTANCE HAS THE GREATEST BEARING ON
THE SATISFACTION OF SHOPPERS WITH REDUCED
SELF-EFFICACY

OF ELDERLY GROCERY SHOPPERS
ADMIT TO EXPERIENCING DIFFICULTY
CARRYING THEIR SHOPPING



VAN

(01) As of 2015, a charge was imposed to discourage
the use of “single-use” plastic carrier bags in large
UK grocery stores (gov.uk, 2016). As a result, the
modern shopper is more likely to carry multiple bags
with them as they travel around and away from the
store; reducing dexterity and stability while acquiring
goods. Tasks such as opening freezer doors or
reaching for high or low items must be conducted
with one hand unless the handbasket can be set
down.

(02) The availability, performance and quality of
in-store equipment and facilities is often cited as a
leading cause of frustration and cocern amongst
elderly shoppers. Whilst many shoppers use them as
an aid to balance, their poor maintenance and
antiquated design pose a risk to safety (Journal of
Retailing and Consumer Services, 2009).

(03) There is a modern bahavioural trend which has
seen personal trolley use rise dramatically. This
deviation from using larger supermarket shopping
trolleys reflects the little-but-often buying habits of
elderly households and consumers. Should
supermarket equipment make the switch?
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® LOAYS OF BRINGNGE
C ARRIED GOoDS
ClLoser

Primary and secondary research activity; in the form of immersive
ethnographic engagement and observation as well as extensive
literature review and wider market research, are vital for interpreting

the evidence surrounding the identified problem. Interviews and
focus groups conducted with elderly consumers and age-related
charities provide an insight into the voice of the customer (VOC);
their motivations and bug-lists when it comes to the fundamental
exercise of grocery shopping.

Physical shopping activity is crucial for maintaining health,
well-being, independance and social interaction as we age
and the following research provides the explicit user needs
for which a safer and more accessible solution can be
tailored.



We have sort of stopped going fo
[super-market] because we find it very
confusing where the items are, you get it

here one week and the next it's
somewhere else.

| can't stretch because of
my neck, and sometimes |
can't even see if there are

any products left on the
high shelves (female, 50-64).

I'm shrinking and now | find many a
time articles which | could once reach
are now very hard to reach. | always
have to go and search for someone to
help me and often there's nobody
around to give you a hand (female,
50-64).

They're that small you'd
have to nearly have big
jam jar glasses to see
themn. Someone else has
to do it [read them] for
you.

Now sometimes the things tend to be ftoo
high; | find the height very hard, very hard
when you're 5ft 4 inches and no high

ACCESSIBILITY

[trolleys] give you balance you see if
you're not able to walk. | take a trolley
so | can lean on it.

I'm not tall and can't reach things.
There are signs saying items
available on lower shelves but
they're all gone. | have to climb
up to get them or rely on other
customers (male, 65 +).

VOICE OF THE
CUSTOMER

The wheels needing checking
perpetually. It's a staff problem
again . .. they need a
handyman or someone to
check them (female, 65 +).

There's no seats in the
shops where you do you're
shopping, you have to
stand waiting on your lift
coming back.

“You always meet somebody and get talking
to someone”, "Shopping gets you out and
about, it's a good soclal aspect about it".

The trouble is the
trolleys are abused
and not maintained
[male, &5 +].

| shop everyday and I'm
living on my own. | like to
get out and | go.

The trolleys have a terrible
design that has never
been updated
(male, &5 +).

“That's too technical", "l
haven't got an internet”
and "What is thatg"

MOTIVATION PAGE 10



(01) “Self-service” is becoming increasingly popular
amongst busy supermarket patrons; with more numbers
of modern checkout systems being installed within both
smaller retailers and the “major-multiples”. This
environmental revolution, and reduction in manned
checkout services, may be involuntarily excluding older
shoppers with an aversion to the new fast-paced
technology.
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(02) Many older shoppers report a lack of shop assistants,
particularly in larger supermarkets, as a major area for
concern (Age UK, 2012). 74% of elderly shoppers believe that
ensuring supermarket staff are friendly and efficient is “very
important” (Journal of Consumer Marketing, 2015). Shoppers are
regularly left to seek assistance from members of the public,
endure long queueing times or leave empty handed.
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(03) Elderly shoppers typically conduct frequent but small
shopping trips, buying only the “essentials” for a single or
two-person household. Multi-purchase promotions, as well
as regularly changing store layouis and confusing pricing
structures, are a major cause of dissatisfaction. Shelf height,
store size and product labelling have all been reported as
key issues.

(04) The maintenance of supermarket equipment
(trolleys, baskets and freezers) is rated as a major
concern by 75% of elderly shoppers. Large trolleys are
too big, unsteady and cumbersome for the average
elderly female shopper to manoeuvre and navigate
around busy supermarket aisles; while handbaskets can
become too heavy and unstable to operate comfortably.
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(01) This shopper was found carrying a
personal shopping trolley + a handbag +
a supermarket handbasket as she
navigated her way through the store.
She only visited the store for “about 10
items” but was encumbered by the
additional load she was manually
carrying.

(02) This ALDI shopper was found using
a personal trolley, for transport of goods
away from the store as well as balance,
in addition to a handbasket. The
carriage element of the basket is
overlooked or undesired; serving only as
a storage vessel at a comfortable height.

(03) 100% of shoppers found using
these M&S baskets were observed to be
pulling their goods along using the
wheels rather than carrying them in the
traditional style.
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(04) Another case of a shopper
forced to carry multiple “carrying
aids” around the store. This shopper
“only went in for a few items"” and
reported that she found the basket
handles “unstable and likely to tip
over”,

(05) In many cases, shoppers left
their baskets unattended or set them
down on the floor, on top of freezer
units or balanced uncomfortably on
their forearm when 2 hands were
required to reach or access goods.
This poses a risk of theft as well as a
to health and safety; calling for
frequent stretching and bending to
pick up and set down potentially
heavy loads.
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(01) Standard UK supermarket shelving sizes and
arrangements are not enforced, although a common
minimum shelf depth is 560mm to house 2 x 280mm cases
of goods. The average standing eye height for an elderly
female is 1.46m from the ground. Supermarket and grocery
store top shelves can be as high a 2m, alienating the older
demographic with generally reduced stature and vision. A
1.33m shelf height is recommended to accommodate the
average elderly female for domestic design applications
(International Journal of Occupational Safety and Ergonomics,
2001).
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As elderly females comprise the
greatest proportion of shoppers
in need of a more tailored user
experience, their anthropometric
data must drive the design
specifications. Their minimum
and maximum capable range of
movement resulting from
rheumatism, reduced muscle
elasticity and dexterity will
determine the effectiveness of the
new assistive product/device.
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(02) Many supermarkets, smaller grocery shops and convenience
strores use standard-issue 25L capacity handbaskets. The
baskets have known dimensions of 430 x 292 x 228mm, which
could help to constrain the design of an improved small-capacity
portable device.

The weight of a typical elderly shopper's “full” basket is 6kg;
which when evenly distributed over two hands, has been shown to
improve postural and gait stability when carried.

(03) British Standard BS EN 1929-1:1998
provides vital dimensions for the width and
handlebar height for supermarket trolleys.
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(01) Wanzl are a German design comany who specialise in shop
fixtures and fittings; having produced a vast range of both
lightweight steel and UV-stabilised polypropylene shopping
trolleys. The Tango series features a modular and configurable
design; acting as a hub onto which multiple gadgets and
accessories can attach quickly and simply. Additional
accessories include (02) magnifying glasses for reading small
product packaging and labels (03) bag hooks for extra capacity
and (04) ergonomic handle grips. Anti-theft variations are
available for the same highly adaptable and innovative model.
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(05) The Clax folding shopping
cart is a German-made personal
shopping trolley with exceptional
space-saving capabilities and
portability. The device, with a tiny
footprint, weighs just 7kg and
boasts a 20kg carry weight
potential.

(06) The Levo shopping dolly concept
facilitates portability through the use of
optional individual shopping baskets,
hooked onto a central wheeled unit. The
revolutionary personal device negates
the use of heavy trolleys, clumsy
supermarket baskets and carrier bags.

(07) The ltalian Rabtrolley is a range of
modern all-polymer shopping trolleys

with huge space-saving potential,
almost silent operation and high recyled
content. The organically-shaped PP,
GRP or clear PC models feature almost
infinite colour combinations.
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(01) Keedoozle was a futuristic concept store; the first
fully-automated grocery store, which used a system of
vending machine-style goods selection and distribution to
customers possessing a key card. Three stores were
opened briefly in Memphis, Tennessee, between 1937 and
1948, but failed as result of the technology’s limitations
when processing high levels of demand and traffic.
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Patrons receive a “key” with which they
can select numbered goods as they
travel around the store’'s closed
displays and freezers.

EEEEEER
.
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-

The key is handed to a cashier who
reads and processes the selections
electronically.

Selecting goods creates perforations
on the paper key card element and a
running bill total is calculated.

a4

The goods are transported via a
closed-circuit conveyor system;
removing all physical effort from the
process.

Qo

I Bl e shopping is paid for manually and

.. the customer recieves their goods

boxed or bagged.



(02) The Metro Group Future Store Initiative proposes that RFID
chips located throughout the supermarket and embedded into
personalised ID cards are the future of shopping. The internet of
things (10T) will facilitate “smart trolleys” which can remember
your shopping list and map out aisles as you shop in real time.

(03) The Amazon Go store in Seattle uses “just walk out”
technology to eliminate queueing times and dependance on shop
assistants. Smart scanners detect goods on exit and charge the
bill to your connected device.

' (04) German logistics company WITRON are pioneering a system
of laser-detection automatic shelf replenishment, which could

grow into a fully “automated grocery store”. P AG E 2 0



Analysis of the research activity provided a number of significant findings;
including many both in support of existing material and observations not
previously explored in published literature. The most compelling evidence that
there is a common problem amongst elderly shoppers to be adressed came in
the form of a behavioural trend identified on multiple occasions and in at least
3 different stores. A model developed from one such case illustrates how a
shopper must bend down at least 15 times during the process of buying
just 5 separate items. A device which could reduce this physical demand

on the shopper would be a welcome innovation where existing systems
and devices have failed.




SHOPPING PROCUREMENT PHASE...

rhrhriehed

CHECKOUT PHASE...
(6) (7 (8) (@) (10)
PACKING PHASE...

(12) (1) (14) ()
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In order to assess current market competitors
and expose a gap in the market for the new
assistive shopping aid; strength, weakness,
opportunity and threat (SWOT) analysis was
conducted. Well-established fixtures within UK
supermarkets (trolleys and handbaskets) as
well as the innovative products in use in
European stores were reviewed. The market
pull for an alternative device which can be
maintained more readily and features a less
antiquated design and more intuitive
functionality is a common theme.

Some of the equipment used in Europe and
Australia is far more advanced and
demonstrates better UCD considerations than
the UK equivalent. This state of design
stagnation is the result of a culture which will
need to be changed in order to better satisfy
shopper satisfaction.
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Clear branding space
allowance; including colour
match and logos

Limited space occupation
due to stackable design

Variety of capacities
available

Good recyclability and
established supply chain

Include greater functionality
and responsiveness to buyer
behaviours

Improve theft-prevention
through issue-and-return
system

Provide a service comparible
to a hospitable shop
assistant

Speed up the checkout
process

More than 1.5million
shopping trolleys are stolen
and dumped every year
(Mail Online, 2015)

Equipment is poorly
maintained, with no
dedicated staff

Weight and handling are not
inclusive for older shoppers
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DISSATISFACTION

i
FULLY
> IMPLEMENTED

g EXPECTATIONS
" (IMPLICIT NEEDS)

The KANO model helps to determine the importance
of product features in satisfying the primary user
groups; the elderly shopper and the supermarket
personnel. The shopper’s explicit needs should have
the greatest influence on the design of a solution,
while the staff’'s expectations will impose constraints.
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MARKET SEGMENTA

)\

Name: Eunice Suffon

Gender: Female

Age Group: 75-84 (elderly)

Location: Coventry, 10 minute walk from nearest town centre

Career: Refired former cleaner

Relationship Status: Single with 1 son (50) and 1 grandson (32)

Income: £18,000 from all sources

Health: Eunice has average general health and mobility for an elderly
woman and fries to remain socially and physically active via regular trips
into town on foot. She is farsighted and struggles fo read packaging
information without glasses

Consumer Habits: Eunice cannot drive and walks info town almost every
weekday; she says that the shops are too busy at the weekend and her
family will offer to drive her thereinstead. She lives alone and is the sole
source of any income

“The frolleys have a terrible design that has never been updated"
“I shop everyday and I'm living on my own. | like fo get out and out |

go”
"They're that small you'd have fo have big jom jar glasses fo see them"



Name: Alfred Richards
Gender: Male

Age Group: 65-74 (young old)

Location: North-west England, 20 minute walk from the

nearest town centre

Career: Refired former civil servant

Relationship Status: Married with 2 daughters (40 and 35) and |
grandson (12)

Income: Both alfred and his wife are refired and have no earnings;
annual household income is £38,000 from all sources

Health: Alfred has naturally limited mobility, about average for his
age. His eyesight is deteriorating and he frequently forgets to wear his
prescribed glasses. His wife has very poor mobility and finds walking
for any sustained length of time difficult

Consumer Habits: Alfred owns a car but prefers to walk to the nearest
town cenfre 3 times a week for groceries as a means of exercise. He is
the sole shopper for his household

“I'm not tall and can't reach things. There are signs saying items
available on lower shelves but they're all gone. | have to climb up to
get them or rely on other customers"



PROBLEM
NARRATIVE
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(1) Eunice completes a 10 minute walk from home (z) Her eye height is 1.4m above ground level and

(3)

to the nearest supermarket; an ALDI store in
the town centre. She takes with her a handbag
containing 2 reusable “bags for life”. She is
shopping for “essentials” which are likely to
weigh around 6kg (the typical mass of an
elderly grocery shopper’s full basket) (Gait &
Posture, 2016).

She enters the store and spends a moment
inspecting the smallest available trolleys,
located just inside the store entrance, to pick
out one which appears well-maintained and
offers good mobility.

She follows overhead signposting towards the
dairy aisle, where she looks for a 2 pint bottle
of milk.

(5)

®

her maximum reach height is 1.8m; the shelf
containing her goods is 5ft above the floor (BS
4467:1991, 2012). The shelf appears empty but
there may be more bottles hidden towards the
back and out of her line of sight.

Eunice cannot find a step ladder provided and
doesn’t want to risk falling by climbing or
overreaching. She waits 3 minutes until a shop
assistant is available to fetch a bottle down.

She bends down to place the bottle in her
near-empty trolley and continues to procure a
few other items before waiting at the checkout,
buying her goods and packing them away once
more into her bags.

(7) She carries her 2 bags full of shopping home;
where she will unpack and store her groceries.
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VUUL

Inspiration for the coming design process
can be found in a vast bank of cultural, visual
and emotive sources; to provide the most
imaginative starting point for idea generation.
The elements within the mood board are a
selection of objects, scenarios, motivators
and even obstacles which may appear in a
day in the life of the elderly shopper. A
meaningful solution must appeal to the
current elderly shopper, but should also lay
the foundations of a more inclusive and
empathetic retail environment and culture for
the current “young-old” and future
generations of shoppers. For this reason, the
inclusion of high-tech features, forms and
connectivity should be explored.
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) Analysis of the primary and secondary research activity provides inspiration
for conceptual design work. One of the most fundamental findings was the
lack of efficiency involved in typical shopper behaviours; a result of the
current supermarket environment, equipment and system. Elderly
shoppers in particular are locked into a system whereby they must exert
@ excessive energy and physical effort to procure even a small number of
goods. The aim of the shopper is to move goods from the shelf or
freezer into their personal shopping trolley or bags before taking them
home; however the supermarket handbasket or trolley serves as a
“middle-man” creating an extra cycle of lifting and bending.

A new conceptual solution would see this extra step removed by
issuing trusted customers with a branded personal “shopping
assistant”, into which goods could be placed, scanned, payed
for and removed from the store legally and quickly. This was
one of many innovative design ideations generated to solve the
identified existing product and service problems.
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A standout concept emerging from
design ideation is the development of a
small wheeled ftrolley, like existing
personal shopping trolleys, onto which
handbaskets can be mounted. The
branded adapter would be lightweight,
collapsible and could have configurable
extra features and USP’s. The “basket”
space could also be unique to the
assistive device; becoming a new
moulded form which changes current
shopper behaviours.
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("i"‘) The “shopping assistant” basket

carriers are stacked neatly at the
entrance to the store; with minimal
space occupied thanks to their
collapsible design.

f—SO%uu"\

The user chooses an
assistant and extends
it to its full size. Any
bags they entered the
store with can be
hooked onto the
robust/lightweight
aluminium frame.




The user picks up a handbasket, which are stacked
close-by, and places it on the frame. The frame is
designed to accept most common plastic and steel wire

handbaskets.

The shopper can easily
view and reach top-shelf
items by using the built-in
step. The assistant is
stabilised by an intelligent
wheel-locking response to
the increased load.

The user pushes the assistant
along as they travel around the
store; placing goods into the
basket mounted at the most
comfortable and central height
to minimise user effort.

The assistant facilitates quick and easy checkout

with a connected barcode scanner. The goods are
bought and the device can be removed from the

store or returned after bagging.
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Another ambitious and promising concept emerging from
the design work is a device with automatic lifting and
lowering capabilities to reduce the physical effort exerted
by the shopper even further. The device would be more rigid
than concept 1 and contain more user-interfaces and touch
points to clearly communicate its advanced functionality.
The system would almost certainly demand greater
investment in maintenance and security features to provide
its most effective assistance and to reduce theft or loss of
components.
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The device could become commonplace in larger supermarkets, willing
to invest in the new product and maintenance. The assistant satisfies the
demand created by labour-intensive handbasket carriage and large
capacity, cumbersome trolleys for more manoeuvrable and responsive
ible equipment.
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In order to critically compare the two most promising concepts emerging
from the early stages of design work, an evaluation matrix was drawn up.
The two concepts; a collapsible wheeled handbasket adaptor and a
handbasket lifting aid, were each rated according to how effectively
they satisfy the same 5 performance criteria. Manoeuvrability (around
the store and under maximum load) was judged to be the most
important design driver, while collapsibility was the least significant.
e Based on the results of a weighted rating comparison, concept (2)
proved to be the design most worthy of further detailed
development.

The design development stage sees the design transformed
from a “blue-sky” concept into a well-rounded, functional and
commercially viable product solution. The use of CAD
software and 3D sketch modelling will aid realisation of the
tangible product design in both a virtual and physical
context.



TN [T K

MANOEUVRABILITY 2010 3(16)

ASSISTANCE 4 14) 3(12)

MAINTENANCE 3 2(6) 2(6)

CAPACITY 2 2(4) 2(4)

COLLAPSIBILITY 1 3(3) 1(1)

TOTAL WEIGHTED RATING
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This development further explores the concept of a
folding handbasket carrier, to be picked up once the
user steps inside the supermarket from a “hub” of neatly
stored units.

FETRIRILLS

~ 0 e
at W)

The collapsibility of the unit would be in keeping with § i
current trends surrounding the limited space occupation 'l
and easy storage and access of trolleys and baskets. §
Ensuring the product keeps a small footprint is also a better
motivator for its adoption into smaller independent shops
and grocery stores.

At this stage the “step” for reaching goods on high

P AG E 4 shelves remains but questions must be raised
regarding the safety of such a feature...



(01) The foldable trolley concept was
tested through the creation of a 1:1
scale cardboard sketch model. While
the space reduction between the
' product’'s working and collapsed
~ dimensions  looked  promising,
concern was raised over the risk of
finger entrapment injuries and the
mechanism’'s ease-of-use.

(02) The proportions and form of a
one-size-fits-all holding unit for
existing handbaskets were tested.
The basket must be held securely to
avoid overbalance and tipping.

(03) The upright storage of a
number of the units within a store
may require a tailor-made and
installed stacking unit or cage...
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Development of the second concept, a useful vertical handbasket
holding and lifting device, saw the form, required parts and
functionality refined. The base (housing a number of electronic
components for the lifting system), handlebar/control unit and
basket holder are all designed with injection moulding for mass
production in mind. The large rear wheels are off-the-shelf parts
commonly found on existing personal shopping trolleys.
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To further constrain and focus the development of a
solution, the original intention to design a widely adaptable
holding rig for multiple supermarket handbasket models
has been changed to specify the 28L PP basket most
commonly used in ASDA and ALDI stores. A simple holder
with tapered sides has begun to develop, but a modular
system whereby this component can be swapped for use in
other stores would promote wider appeal.



(01, 03 & 05) The form of the vertical lifting device was developed through
1:6 “playscale” and full scale 1:1 sketch models; using clay, papier mache,
card and LEGO. Both organic and perhaps more lightweight and economic
“skeletal” forms were explored.

(02) The unit’'s “footprint” modelled in MDF. The form of the product’s base
was explored to confirm the best balance and wheel attachment options.
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Feedback suggested that some elements of the product's
form were clashing visually and better juxtaposition of straight
and curved lines may produce a more inviting and ergonomic _
aesthetic. Unnecessary material from the handlebar unit and
basket holder can be removed; drawing the operator's
attention to important points of interaction (such as the
UP/DOWN buttons and key lock interface) more effectively.
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The primary point of interaction between the user and
product is to be the handlebar and lift controls, so the form
of this area has undergone multiple iterations. Flowing
curves, more like modern car bodies, with a recessed
button panel may prove a more inviting interface. Space
must be created behind the panel for electronics.

Orthographic drawings have been instrumental in
constraining the solution’'s proportional
relationships and ensuring no anthropometrics are PAG E 5 0

overlooked.



" (01) A scale model proof of concept model was built from
LEGO, using a double-throw switch to lift and lower a
“basket”. The system uses 2 drive belts; the common
tension across both determines the effectiveness and
smoothness of the mechanism. The belts and wiring
would have to be hidden from the user and available only
to trained maintenance personnel.

(02) 2 intuitive and clearly-labelled directional buttons
would create a more inviting and straightforward
interface. Additional “satnav” displays may prove too/
great of a behavioural leap at this stage. '
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The basket lifting system is central to the product’s innovation and
USP; providing the primary function as well as potentially the
highest bearing on cost. A number of possible mechanisms have
been considered including pneumatic or hydraulic pistons,
inflation, counter-weight pulleys and drive belts.

The two most effective solutions are (1) a rack and pinion system
and @) a linear leadscrew actuator system; based on performance,
accessibility and cost factors.
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As the product solution reaches its final iteration through accurate CAD
modelling in SolidWorks, development of a working 1:1 scale prototype
model begins. The proof of concept model is produced to demonstrate
the principle functionality, characteristics and dimensions of the design
in a real-world setting; allowing user-experience and interactions with
the product to be assessed and improved upon.

The prototype was produced largely from the available 3D CAD data
and 2D plans using a number of different rapid prototyping and
manual methods including; FDM 3D printing in ABS, laser cutting,
milling, turning, polyurethane foam modelling and electronic
coding. The prototype is representative of the product’s finished
proportions, interfaces and basic functions and not necessarily
the final DFMA intent. The modelled parts can be described as
effective “plugs” for future mould-making or vacuum casting.
The final product would ultimately be mass produced with
more lightweight, uniform and thin-walled parts to reduce
cost and optimise manufacturability.






FAVOURITE COLOUR (51 - 69 Y.O. FEMALES)

FAVOURITE COLOUR (70+ Y.O. FEMALES)

LEAST FAVOURITE COLOUR (51 - 69 Y.O. FEMALES)

LEAST FAVOURITE COLOUR (70+ Y.O. FEMALES)

Colours can have deep psychological and emotional connotations which
determine their appropriateness within different environments and contexts. The
predominant colour featuring in the neutral, unbranded shopping aid should
appeal to the senses of the target user above all else; to help them engage with
and enjoy using the product (Rob Curedale, 2017).
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The final product colour could be
dictated by the branding culture
already adopted by the store the
units are installed within. In this
case, minimum colours should be
used and the design must be
simple enough to serve as a
“blank canvas” for vast potential
branding combinations.
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passion - optimism - adventure
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serenity - rescue - intelligence

(Vanessa Arbuthnott, 2016) PAG E 5 6



Cheap Strong Light

Fsea @® @
E Aluminum & ]
‘ﬁ Titanium @ ®

ECarbonfibrei @ ®

(Rick Hansen Foundation, 2015)

The upright guide rails for the lifting system take the
form of cylindrical hollow tubes. The strength and
friction of the underlying material are critical to the
mechanism’s smooth function, while the stock price
and weight are equally important factors. Aluminium
displays perhaps the most effective trade-off for use
in the final product.
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(Granta Material Intelligence, 2017)

Market research found that the majority of competetive
products already produced and used within stores share the
same small number of common materials; polypropylene (PP),
glass-reinforced plastic (GRP) or polycarbonate (PC). PC can
be ruled out as opaque material will be the most appropriate for
concealing the device's mechanics. Material data shows that PP
has the most appropriate and cost effective stength and weight
characteristics for the potentially mass produced new product,
as well as the best injection moulding suitability.



A high gloss PP moulding (01) would
provide the modern and high quality
surface finish sought after by users.
A similar finish with a rougher texture
(02) may help to disguise scratches
and scuffs developed over the
product’s working life. Car body vinyl
wrap (03) is another option, although
the production labour implications
and durability are drawbacks.

(04) Brushed aluminium would prove
more hard-wearing than a highly
polished finish.

(05) Moulded LDPE rubber feet
should provide long life and prevent
damage to supermarket floors.

(06) Reverse engineering of existing

shopping trolleys exposes the strong
triple-layer composition of their

handlebars.
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“Intelligence”
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including
Electronic unseen
..-o....... key lock arduino,
system motor control
immobiliser . 5 and speed
‘. control

12V rechargeable .
lead acid battery ®

) 700 x 20mm

j trapezoidal
leadscrew
assembly

12V 2.8A planetary
DC geared motor -
1917 RPM

Lift and lower push buttons with top and bottom
limits to constrain the 540mm basket travel distance

Development of the final electronic system and assembly for the basket lift control, to be used within the prototype, is more
bespoke and unrefined than the version which would be adopted within the final product. Components like the arduino board
(01) and leadscrew would be replaced by more cost effective, energy efficient and standard parts which can be more easily
replaced and maintained. The system is designed to raise and lower a 12kg load (the average weight of shopping plus a
factor of safety of 2) a distance of 540mm Iin a comfortable 4s. An electronic key lock (03) is included in the system as a
theft and misuse-prevention feature; the key can be issued only to shoppers who register with the store to use the device.
The prototype switches (05) are hard wearing “arcade-style” push buttons, but embossed aluminium or responsive,
illuminated LED buttons would provide better intrinsic motivation and instruction in the final design. P A G E 6 0



(01) The 3D CAD model of the handlebar unit was imported into
Autodesk’s 123D Make software, where the solid model was split into
composite sections to be cut from sheet material.

(02) The individual sections were laser cut from 5mm plywood and
assembled carefully. The skeletal structure was filled with blocks of
modelling foam, which help to bring the form closer to the final design
intent.

(03 & 04) The part is refined further through developing stages of
sanding, filling and applying pattern coat primer to provide a smooth
and symmetrical surface finish; ready for final spraying.
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Face-plate +««.-

. <2+++ Bearing mount

spring-assisted
insertion method)

sssssssnnssen Handlebar (s-part

The handlebar unit serves as the product's principle touch
point; providing the most significant functional and
ergonomic interfaces. The handlebar itself was turned from
lightweight POM plastic, to represent the 25.4mm diameter
shared by common supermarket trolleys, and provides the
most comfortable grip according to anthropometric data.

The angle of the face-plate, containing the
three user interface switches, is positioned for
greatest visibility and clarity. The face-plate
and other screw mounting points (the stable
motor and bearing mounting plates) were laser
cut from 5mm plywood and HIPS plastic (04).
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(01) The solid CAD model was divided into 20 5mm layers
of material which, when stacked together, produce an
accurate profile of the formed basket mount/lift. Some of
the small details and radii from the final design are lost this
way and must be created by hand to provide a smoother
entry for the user’s placement of the existing handbasket.
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(02) The 20 layers of plywood were glued and stacked. To
keep the component’s mass down (and more accurately
represent the physics of the real-world moulded plastic
product) a strategic internal honeycomb structure was
used to remove material from most of the layers. The
though holes provide stable guides for the part’s vertical
travel.



(03 & 04) After finishing by a process of sanding, flattening back and filling in any imperfections with body filler; the lift
should be suitably smooth and accurate for accepting the shopping basket comfortably. The wooden part could also
provide an a adequate former or plug for vacuum forming or creation of a 2-part mould. Either of these processes would

more likely be adopted for the shopping aid's cheap and lightweight final mass production.
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(01) The method of assembling laser cut layers posed
greater difficulties for the bigger and more complex base
part; but did prove that the dimensions of the part provided
an adequate footprint for balance and stability.

(02) The part was instead handmade in six pieces from PU
modelling foam, which were glued together and
continuously sanded to a smooth finish.

(03) Nylon tube holders were drawn and turned.
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The base part serves as a hub for all of the lifting
mechanism components; including the 12V battery, motor
and circuitry. The base must also dictate the device's
centre of gravity and stability while static, under the
maximum load, and while in transit. The space within the
housing is critical and 3D printing was the chosen process
to ensure that the hollow form was suitable for mounting a
number of plates, wires and components (04).

The final product would have strategic removable panels
within the base unit to provide access to every component
for battery charging, installation and general maintenance.
The prototype wheels and axle system are off-the-shelf but
the final design may include bespoke wheels to avoid the
risk of tampering by store-goers.
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// Names for the pins
const int keySwitch = 2;
up = 3;

down = 4;
toplimit = &;
bottomlimic = §;
Ml = 11;
DIRPL = 12;

// Used to determine whether the mover is running and its dir, respectively.
int enable = 0; // Zero ia off. One is on.
int dir = 0; // Zeroc is down. One is up.

// Used to determine whether the keySwitch is active. Negative logic due to pullup resitor methed.
/f TRY CHANGING TO TRUE IF CODE DOESH'T WORK!
conat boolean active = true;

// Change for max run speed
const int PWMVAL = 255;

(01) After several iterations and testing with different component
configurations, the arduino code and electronic system; featuring a
compact 3-relay module, were proven to be functional. The use of arduino
offers the potential to build further intelligence and functionality into the
product; including the capability of the store personnel to optimise and
monitor battery usage and track the assistant’s performance remotely.
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(02 & 03) The prototype
stands 1.1m tall and 0.5m
wide; representing the critical
dimensions of the final
design. The tapered basket
holder is strong enough to
suspend existing hand
baskets as intended.

(04) The contrasting control
interfaces offer instrinsic
motivation; with multiple test
users commenting on the
inviting nature of the push
buttons. The UP/DOWN
instructional symbols are
raised for clear defintion.

(05) The 2 straightforward
trolley wheels are removable
for ease of maintenance and
exchange at the end of their
functional life.
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The Personal Shopping Assistant, measuring 1.2m tall and 0.5m wide, is
: “”“”.’ ) he ideal companion on shopping trips for the “essentials”; with a tailored

! arry lng capaclty uslng most common supermarket handbasket models.

C ize and stability, wm unmanned and while transported
lifasistants the ‘most ambltlous and practical

installec hin bofh small grocery
. ‘ .




OPERATION

Lift the basket to remove the need for continuous bending and lifting
or lower the goods to pull the Assistant effortlessly around the store.
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MAINTENANCE

The safe basket lift mechanism is almost maintenance-free;
delivering smooth, consistent and silent performance with
minimal lubrication to combat friction.

FUNCTIONALITY

Shoppers no longer need to balance their basket
precariously while stretching to locate goods in deep
freezers or on shelves.

Theft and misuse prevention are paramount. The
issue-and-return key lock security system has been
developed to maintain the longevity of the device for those
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FINAL DESIGN
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4 x tamper-resistant security
Torx bolts
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PERFORMANCE

Large 15cm PU/rubber wheels provide the smoothest
portability, whether pushed or pulled along, and perfect
stability while unattended with the help of hard-wearing
rubberised feet.




The high-performance/low-cost battery, inaccessible to
shoppers, is capable of supplying at least 5 hours of
continuous use before requiring a recharge at a dedicated
in-store docking and storage facility.

USER INTERFACE /

Simple and responsive 2-button operation offers the most intuitive
user experience and control possible. The aluminium push
buttons are engraved to add a touch of quality and accessibility

for visually-impared users. PAG E 7 4
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% the use of a dedicated
monitored and tracked by in-store

BRANDING

Lightweight injection moulded PP components are
designed for ease of manufacture and versatile branding
capabilities; with almost limitless possible colour
combinations.







1. lower 2. raise 3. shop

Compatible with most common handbaskets, the ASSISTANT eliminates

physical demand & leaves 2 hands free; granting shoppers the freedom to

conduct essential shopping tasks comfortably & easily.

The ASSISTANT is a modern supermarket equipment solution designed to
help the older shopper complete their in-store tasks more effectively,
independently & safely. The lightweight & compact device boasts greater
manoeuvrability than alternative shopping trolleys; requiring less
maintenance fo ensure consistent performance & deliver almost silent
operation.
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ASSISTANT

PERSONAL SHOPPING AID

Infuitive UP/DOWN interface Secure, trackable key lock
with 2 hard-wearing engraved immobilisation prevents theft &
aluminium buttons misuse

Lightweight, hollow PP base houses
the rechargeable battery for ease of
maintenance

Large 15cm PU wheels offer excellent
maobility in transit & rubberised feet
provide stability while unattended

Jamie Kneale - BSc Product Design Engineering - 6003PDE Design Project Il
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