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Abstract. This article provides a summary of research into the integrating
kitchen design: a kitchen designed for simultaneous use by people with mobility
problems, including wheelchair bound persons as well as able-bodied people.
By introducing mobile gesture controlled modules into kitchen furniture it is
possible to dynamically adjust furniture for use in seating or standing positions.
An important aspect of research problem is such location of elements which
would optimize the simultaneous use of kitchen by two persons: able-bodied
and disabled.
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1 Introduction

This article is devoted to issues related with the integrating kitchen design: a kitchen
designed for a simultaneous use by people with mobility problems, including wheel-
chair bound persons as well as able-bodied people. Ability to dynamically adjust ele-
ments of kitchen furnishings to the requirements of all space users (able-bodied and
disabled) is a condition which determines whether common activities and everyday
interactions will be undertaken — behaviours that are crucial in post-traumatic therapy,
therapy for people with disabilities, and prolonging the independence of the elderly.
An important aspect of this problem is the ability to use an electric drive to support
mobility of structure elements and gesture-based remote control for moving individ-
ual furniture modules. This results in a digitally expanded spatial environment which
supports its user.

The article focuses on spatial and compositional solutions which result from the
use of complex technologies, new functional requirements, and safety requirements
within “mobile” environment. Other elements taken into consideration include impor-
tant aspects related to culture and customs in spatial design, which are linked with
social perception of disability. The topic was analysed as part of a project: “New lines
of mobility support products and accessibility of the environment for the elderly and
disabled people”.
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2 Methodology

The methodology accepted for research purposes included a combination of design
ideas, as well as conclusions and theoretical research carried out according to the
research by design method, i.e. practice-based research. Research by design is a
recognized method which makes it possible to draw conclusions and expand knowl-
edge in disciplines related to creative activities: architecture, industry design and art

[1]. The designs presented herein constitute a creative input in spatial problem

solution and play a role of an occasional experiment.
Research analysis stages:

e Developing a research thesis

e Thesis verification in the form of design simulation of the integrating
kitchen:

-analysis of design proposals for various types of layout: single row of fur-
niture, two rows, U- or L-shaped, and kitchens with an island.

-analysis of design proposals for mobile furniture modules.

-analysis of kitchen’s visual quality and style.

e Comparison of data related to the area of the room, layout of furniture, ob-
tained accessibility, and degree of residents’ integration, degree of modulari-
sation and visual quality according to the research by design methodology.

e  Conclusions.

3 Theses

Research and simulation related to the problems of kitchen space architectural ar-
rangement and kitchen furniture designs shall verify three main assumptions:

e  The use of mobile elements supported by gesture control system in kitchen
makes it easier to undertake common, simultaneous activities by able-bodied
people and people with disabilities; therefore it increases integration of the
users of the space.

e  Appropriate arrangement of kitchen space helps to optimize the number of
jobs and functions that can be carried out by at least two persons.

e  The presence of fixed and mobile modules in the furniture affects furniture forms
and it can bring it closer to the visual effect of world’s leading kitchen designs.

4 Concept Verification in the Form of Design Solutions
Analysis
4.1 Spatial Arrangement Requirement

Concepts related to the flexible and multi-functional modelling of the space have
been repeatedly brought up by the author both in theory [2] and design
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realisations'. This experience constitutes a basis for reflections and experiments re-
lated to dynamic changes of the functions of the space by using mobile elements in
interiors. Kitchen realizations have also become a place where behaviours and habits
inspired by the particular spatial solution could be observed.

Examples developed by the author, which constitute a starting point of the integrat-
ing kitchen design feature:

an effective use of the space

combination of several functions in one space

the use of fixed and mobile partitions optimizing functional zones in the flat
the use of contemporary style in harmony with modern architectural trends

Spatial conflicts occur in every kitchen used by more than one person and in the case
of designing a place that will be simultaneously used by able-bodied and disabled
persons conflicts are also caused by:

differences in abilities and physical condition
restricted or impossible access to kitchen elements, blocked access for walk-
ing people and wheelchair users.

e significant diversification of the ergonomic adjustment of furniture for able-
bodied people and people with disabilities.

The purpose of the integrating kitchen design is to reduce the two latter conflicts, the
access-related one and the ergonomic adjustment of furniture.

4.2  Integrating Kitchen — The Use of Fixed and Mobile Modules

Flexible integrating kitchen space, where the most important elements used in the
food preparation process can be simultaneously used by an abled-bodied person and a
disabled one, comprises of fixed and mobile modules. Such solution benefits from
lower electricity costs of actuators and their control [3]. It is important to situate indi-
vidual modules in a way that facilitates simultaneous cooperation. Chapter 4.4 in-
cludes a comparison of mobile furniture modules designs, while Table 1. shows an
example of an assessment of the accessibility of individual kitchen appliances.

integrating kifchen space with gesture-based
control system
fixed modules mobile modules

! Author’s design realisations: Interior design of a 110 m2 flat at ul. Modra in Poznan, design
of a40 m2 studio flat at ul Morawskiego in Poznan, design of an apartment at ul. Wielicka
in Warsaw.
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4.3 Design Simulations of Integrating Kitchen Solutions with Fixed and
Mobile Modules, Types of Layout, and Legal Regulations

According to Polish technical and construction regulations [4] (as of 01.01.2012) the
clear width of a kitchen in a multi-family building should equal at least 2.4 m in a flat
and at least 1.8 m in a studio flat. These measurements determine the shape and type
of kitchen arrangements and considerable restrictions when designing a kitchen for
disabled people.

The arrangement of the integrating kitchen furniture in a studio flat with the mini-
mum kitchen width is impossible in the case of closed rooms because after putting 60
cm-wide furniture there will be no room for the wheelchair to be turned around. How-
ever, a kitchenette opening into a hall can be used, which enables an arrangement of a
kitchen with a single row of furniture. Also, extra lighting is not required for a studio
flat, which worsens visual conditions in the case of a design prepared for an elderly
person.

The minimum 2.4 m clear width of a kitchen in flats makes it possible to arrange
an integrating kitchen with a single row of furniture or an L-shaped kitchen due to the
fact that there must be room for a wheelchair to be turned around. Here, technical
conditions also allow the kitchen to be joined with a living room. Based on the
kitchen arrangement simulations it might be concluded that using an “open plan” and
joining kitchen with the living room makes moving around the flat easier and pro-
vides more opportunities for verbal and visual communication.

The clear width of a kitchen that enables free arrangement using two rows of furni-
ture, U- and L-shaped, must be 2.75 m. These layouts provide the greatest comfort
when using a kitchen.

Design simulations of 10 kitchens were carried out for the purpose of the research,
which illustrate:

- an arrangement of fixed and mobile modules,

- ability to ensure small distances between basic appliances (distance triangle:
cooker, fridge, and sink)

-and make it possible to assess an accessibility of various functions by two
people working simultaneously: an able-bodied person and a disabled one.

An example below shows one of the 10 simulations, and illustrates research princi-
ples. The arrangements were made based on real kitchens proposed by developers in
single- and multi-family buildings in Poznan and Warsaw. Issues taken into consid-
eration included various shape, kitchen areas, the location of gas connection and ven-
tilation. In some cases kitchen was arranged in several ways. Diagram (Table 1.)
prepared for each solution shows potential spatial conflicts in a sample kitchen with
an assumption that it will be used by two persons: one with a disability and one able-
bodied. The designs include an open-plan kitchen with a single row of furniture, a
closed kitchen with a single row of furniture, a closed kitchen with two rows of furni-
ture, an open-plan L-shaped kitchen, an L-shaped kitchenette, a closed L-shaped
kitchen, a U-shaped kitchenette, a closed U-shaped kitchen, two kitchens with islands.
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Symbol "N" indicates which actions cannot be simultaneously performed in the
kitchen, “T” indicates ability to safely perform two actions, and “O” indicates small
restrictions in activities.

Table 1. An example of the simulation of accessibility of six main functions in the integrating

kitchen
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Based on an analogical analysis of 10 examples it can be concluded that:

the largest amount of spatial conflicts occurs in L- and U-shaped kitchens and
the smallest amount in kitchens with a single row or two rows of furniture.
when it comes to ensuring shortest distances between basic kitchen appliances
(the fridge, sink, and cooker triangle), U-and L-shaped kitchens come first.
However, the scopes referred to in literature have been modified: distance
from the fridge to the sink measures usually between 120 and 210 cm for nor-
mal kitchen, and in the integrating kitchen it should measure between 152 and
210 cm, distance from the sink to the cooker between 120 and 210 for normal
kitchen, and in the integrating kitchen between 152 and 210, distance from the
fridge to the cooker between 120 and 270 cm, and between 152 and 270 cm for
the integrating kitchen.

To sum up, kitchens with two rows of furniture turned out to be the most useful for
two reasons. They cause the lowest amount of spatial conflicts resulting from the
simultaneous use by two people: a wheelchair bound disabled person and an abled-
bodied one. At the same time, the distances between basic kitchen appliances (the
fridge, sink, and cooker triangle) remain small.
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4.4  Solutions Used When Designing Mobile Modules of the Integrating
Kitchen

A collection of kitchen furniture was created for the purpose of the integrating
kitchen. Mobile modules designs feature kitchens that are comfortable to use both
for wheelchair bound and able-bodied people.

4.4.1 A Set of Mobile Worktops

Worktops in integrating kitchen move upwards and can be regulated vertically by up
to 20 cm. Individual modules can be moved independently which enables one person
to work at a lowered module (person with disability) and the other at a raised work-
top. Worktop position can be changed while working. Concave worktops facilitate
drainage in one direction and prevent dripping to the sides.

Mobile worktops can contain an electric cooker or sink. The sink and cooker mod-
ules have been fitted with a top covering panel, which increases usable area of a given
module. The worktop control mechanism can be moved manually; optionally, it can
be powered electrically.

Fig. 1. Mobile kitchen worktops. Rendering by A. Bonenberg.

4.4.2 Mobile Lower Cabinets

Two sets of double drawers have been placed under the worktop level, and they move
horizontally on a double rail fixed to the wall. By sliding the drawers apart it is possi-
ble to push the wheelchair under the worktop. While moving them together makes the
kitchen look similar to the ones designed for able-bodied persons. Apart from two
drawers (deep at the bottom and shallow on the top) each module is fitted with an
additional pull-out worktop.

4.4.3 Upper Cabinets with a Pull-Out Internal Basket

The upper cabinets can be opened from a standing position - one of the front planes
can be tilted, it can also be used from a seating position thanks to a drop openwork
basket. The upper cabinet fronts have been designed as asymmetric, flat pyramids.
The division into planes camouflages brackets of the openwork pull-down shelves.
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Fig. 2. Upper kitchen cabinets. Rendering by A. Bonenberg.

The capacity of one pull-down module is approx. 30 kg. Cabinet mechanism can be
operated manually and electrically. Optionally, it can be controlled by gesture-based
system.

4.4.4 Kitchen Cabinet

In a kitchen a major problem for wheel-bound people is the restricted accessibility to
the storage space located in the upper parts of the room. The proposed solution en-
ables all upper modules to be slid down to a comfortable position in the lower parts of
the furniture in accordance with the diagram shown in Figure 2. It is possible to
simultaneously use the furniture in sitting or standing positions. All storage space is
accessible from the level of approx. 115 cm, mobile module capacity includes: 40 kg.
Cubic volume of the cabinet is 1.25 m3 and useable capacity is 1.04 m3. It can be
electrically powered.

Fig. 3. Cabinet operation diagram. Rendering by A. Bonenberg.

4.4.5 Cabinet for Household Appliances with a Turn-Around Top

The problem related to the limited accessibility of upper storage space can also be
solved by fitting a top above a piece of furniture that can be accessed by a wheelchair
bound person. The idea of the top is for its body to revolve around an axle fitted to the
wall. It can be turned by 90 °. After placing it at a right angle to the wall an openwork
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basket for crockery and products storage can be pulled down. The advantage of the
top is that household appliances that cannot be moved can be placed in the lower
piece of furniture: a cooker, microwave oven, under-counter fridge, and dishwasher.
Two such appliances can be fitted into the cabinet. The maximum pull-out module
capacity is: 25 kg, cabinet cubic volume: 1.7 m3, and it can be electrically powered.

ISP =
i
J

Fig. 4. The rotary top cross-section; lower cabinet contains an oven. Rendering by A.
Bonenberg.

4.5 Visual and Compositional Qualities, and Style of Furniture Based on an
Example of the Integrating Kitchen by a bonenberg

Research indicates that cultural aspect is very important when it comes to preferences
related to the composition of a kitchen for disabled people [5]. Although the style and
colours of kitchen furniture depend on individual preferences of a customer, when
designing furniture for disabled people one basic preference can be observed: mini-
mizing obvious compositional differences between kitchens designed for able-bodied
and disabled people. Thus, either traditional or contemporary styles can be applied,
but it is important to minimize the visibility of features which indicate that the space
is used by disabled people. A particularly visible characteristic of a kitchen designed
for disabled people is void space under the worktop which enables the wheelchair to
be moved freely. In the integrating kitchen the “void space effect” is reduced to the
minimum due to the use of under-counter mobile cabinets which can be moved hori-
zontally. And although this solution creates a gap that enables a person to work at the
worktop, this gap is significantly smaller than in other known solutions.

In the integrating kitchen design the author followed contemporary trends in archi-
tecture and interior design. A priority was to build kitchen furniture in a style that can
be successfully used in closed rooms and as an addition to the living room decor (an
open-plan kitchen) which results from the research presented in chapter 4.3. Charac-
teristic forms of facets proposed in the design are on the one hand present in the
mainstream structural solutions of contemporary architecture, and on the other hand
they are used here to cover and camouflage functions typical for solutions designed
for disabled people. Systems used to open cabinets, and brackets which enable work-
tops to be moved are treated as an ornament of the front part of the worktop.
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The appearance of kitchen furniture is also important when selling a property and it
can have an impact on the transaction - typical kitchens designed only for people with
disabilities are seen by a new buyer as having little use. It must be emphasised that the
integrating kitchen can be used in many different ways. The group of users can in-
clude people who want to perfectly adjust worktop height to their own height, so it
also helps to optimize working environment for able-bodied people.

5 Summary: Comparison of Interrelations between Kitchen
Types, Obtained Accessibility of Functions, Degree of
Residents’ Integration, Presence of Mobile Furniture
Modules and Visual Quality

Table 1. Comparison of interrelations between kitchen types, obtained accessibility of
functions, degree of residents’ integration, presence of mobile furniture modules and visual
quality
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L. Kitchen with a single row of furniture, open-plan, 8.7 | 1 80% | 80% 5

m2

2. Kitchen with a single row of furniture, closed, 6.7 m2 1 80% | 80% 5
3. Kitchen with two rows of furniture, closed, 8.7 m2 3 86% | 60% 4
4. Kitchen with two rows of furniture, closed 3 86% | 60% 5
5. L-shaped, open-plan kitchen, 8.7 m2 4 73% | 66% 4
6. L-shaped kitchenette, 7.9 m2 5 5% | 75% 4
7. U-shaped kitchen, open-plan 4 70% | 61% 3
8. U-shaped kitchen, closed 5 T3% | 54% 3
9. Kitchen with an island 5 2% | 62% 5
10 | Kitchen with an island 4 8% | 64% 5

Based on the analysed kitchen designs and the above comparison it is clear that the
presence of mobile modules makes simultaneous work possible which enhances resi-
dents' integration. Accessibility of individual functions depends mainly on the layout
of the kitchen; compositional consistency seems to be unrelated to the above factors.

% In order to assess vicinity and accessibility of three main functions, the distances between
basic appliances ( triangle: cooker, fridge, and sink) has bee taken under consideration.
? Evaluation based on 3D model simulations expert assessment.
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6 Conclusions

Based on the prepared arrangements of responsive spaces in ten integrating kitchens
and the presented five furniture solutions with gesture control system, it can be
concluded that:

e Positive assessment of the degree of residents' integration depends on the
useable area of the kitchen and type of layout. Layout helps to optimise the
amount of work and functions that can be carried out in there.

e From the perspective of collision-free functioning, kitchens with two rows of
furniture turned out to be most useful. The L- and U-shaped layouts are use-
ful only if kitchen area exceeds 9 m2. The use of mobile elements supported
by gesture control system in kitchen makes it easier and quicker to undertake
common, simultaneous activities by able-bodied people and people with dis-
abilities; therefore it increases integration of the users of the space.

e Visual and compositional qualities and style of the furniture are important
assets of the integrating kitchen design which takes into consideration the
cultural aspect related to disability. Furniture forms are close to the visual
effect of world's leading kitchen designs.
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