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Abstract: This research is to suggest the future user interface appearing in automobile interior in
ubiquitous environments by analyzing changing aspects of user interface in design areas followed
by digital convergence. With the application of up-to-date technologies automobile interior space
is reg arded as a sp ace of li ving, bu t without ap propriate application of the de vices inside the
automobile, the tech nologies will no t b e easily u tilized. Th erefore, th is research is t o an alyze
design a spects appeari ng in aut omobile in terior sp ace with t he tech nological ch anges, an d t o
prepare the foundation for forecasting future automobile user interface. Specific models from each
automobile manufacturer applyin g up-to -date tech nologies will b e an alyzed an d wh ile analyzing
intuitive elements on user interface, this re search will c onfirm that use r behaviors in a utomobile
interior sp ace is also b ecoming i ntuitive. B y an alyzing ch anging asp ects app earing i n d ifferent
types of a utomobiles, it will sugg est the basis for forecasting the spatial changes in eac h type of
automobiles.
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1. Introduction
Today we are l iving in t he era of conver gence. The boundaries between each dom ain are diminishing and they
are changing and revolving. Each sphere of science is converging and creating new forms of consequences. The
subjects which used to steadily perform the unique function are changing into multi-functional aspects, and it is
not only limited on digital appliances, but also appears in other boundaries. However, in the driving situations,
even t hough a n a utomobile has t he m ost up -to-date technology, if the driv ers can not properly manipulate
devices, its up-to-date technology can not be easily utilized.
In this research I study the evolution of the appearances in convergence aspects within automobile interior space.
The pro cess on th e th eoretical co nsiderations on in terface and digital co nvergence i s a lso co vered. And while
observing the changes of interface which have occ urred in automobile interior space of the past, I forecast t he
interface for near fu ture automobile interior design within the environment of “ub iquitous”. For the boundaries
of the automobile types, this study focuses on passenger cars. And the analysis of high-technology elements of
automobile d esigns is searched in th e boundary of luxu ry cars as fa r as the m ost up-t o-date technol ogies a re
applied on the highest class cars from each aut omobile manufacturer. Also the forec ast are base d on hum an
factors, hu man-centered design, and in tuitive in terface design while con sidering th e meaning an d t he way of
application in ergonomics.
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I i nvestigate the a ppearances of co nvergence i n va rious design a reas which has been improving an d cha nging
until now. Th e an alysis on t he ch anges of th e i nterface in th e au tomobile in terior em ployed in the p ast and
present is pe rformed to forecast the

future aut omobile designs. While an alyzing t he hist orical c hanges i n

technologies a nd form ations of t he automobile interior space, I will investigate the problem s occurri ng from
those si tuations. A nd by a nalyzing t he as pects of c onvergence w hich a re n ow ap pearing i n t he a utomobile
interior space and by researching t he c onverging aspects of ot her a reas, I will forecast the future int erface of
automobile interior space maximizing its usability under the situations of “driving.”
2. Automobile user interface in the age of digital convergence
2.1 Intuitive interface in automobile interior design
With th e im provement on digital tech nologies, th e en tire living i nstruments are syn thesized in to th e on e big
network. And what is so called “full service network” is about to emerge.1 As digital devices are absorbed into
automobile in terior env ironments, th e au tomobile is n ot rega rded as t he t ransportation device, b ut as l iving
environments. The c onvergence of c ontrolling the electri c app liances like browsing in ternet with th e cellu lar
phone, watching TV, listening to radio, and doing the video communications by using the personal computer is
happening. Boundaries of each product are reduced, and the characteristics appearing in each product are altering
as well.
Interfaces in a utomobiles have e xperienced l ots of c hanges. Si nce Be nz patents ca r in 1886, user i nterface i n
automobile interior had lots of changes. When a s hape of each i nterface was not formed, shapes of handles and
other con trol sectio ns were similar to tho se of bicycles’. The con trolling devices were to tally mechanical, an d
most functions were closely related to user’s driving activities.
Intuitive interface means the action for controlling devices according to one’s intuitive sensibility. With intuition
one ca n i nstantly gras p holistic i deas, i nstantly na rrow or b roaden t he focus of at tention, i nstantly c hanges
viewpoint o r t he way o f l ooking at som ething, a nd m ake judgments on hi gher-order st ructures.2 W ithout
additional educations on operating products, while depending on human behaviors, a user is ab out to in tuitively
achieve product’s operation methods. When users need immediate manipulation on devices while driving, rather
than ac hieving manipulating methods by le arning, it is necessary t o i ntuitively perform its operation based on
human’s b ehavioral in tention. And th is mean s a user needs t o have an i ntuitive i nterface wh ich req uires no
manuals or educations.
(1) A visible interface
When the functions of interface, through human’s sensing organ, are approached or sensed not long ago and are
not removed from human’s short term memory, this function of i nterface can be “visible”. And in ot her cases,
this can be “invisible”. For users to correctly activate the in terface, appropriate elements should become visible
in the first place. With visibility, it sh ould show the confronting relations between actual operations and user’s
behaviors. If t he interface intentionally tries to rem ind a user of the existence of ce rtain functions, this activity
already becomes inv isible. When users l uckily fo und how t o op erate t he fu nctions af ter go ing thr ough lo ts of
steps by searc hing for its int erface, this is not regarded a s visible i nterface. When y ou a re in the situation of

1

2

The Meaning on Convergence and Decentralization, Choi, Hwan Jin.
The Dagstuhl Workshop on Intuitive Human Interface for Organizing and Accessing Intellectual Assets
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using help options for operating methods, the interface becomes invisible. When analyzing interface, designers
always have to sufficiently investigate on how users perceive the functions which certain products have, and they
also have to arrange the each visible function to contain sufficient affordance.3

Figure. 1 Different types of buttons and knobs4
(2) The principle of mapping5
Mapping is a technical term meaning the relationship between two things, in this case between the controls and
their movements, and the results in the world. Consider the mapping relationships involved in steering a car. To
turn th e car to th e righ t, one tu rns th e steering wh eel clockwise (so th at its to p m oves to th e ri ght). Natural
mapping, by which it means taking advantage of physical analogies and cultural standards, leads to immed iate
understanding.

Figure. 2 Seat adjustment control and window switch from a Mercedes-Benz6
(3)The principle of feedback7
Feedback-sending back to the user information about what action has actually been done, what result has been
accomplished-is a well-known concept in the science of control and information theory. Imagine trying to talk to
someone when you cann ot ev en hear you r own vo ice, or trying to draw a picture with a pencil that l eaves no
mark: there would be no feedback.

3
4

The Humane Interface, Raskin Jef, 2003, P, 81-82.

The visible interface- when users are facing the operation methods for certain devices, users need to see the way to operate these elements.
And this can be learned once they are looking at buttons and knobs of the device. Users can imagine whether to push the button or to turn the
knob around from the look of these elements.
5
The design of everyday things, Donald Norman, P23:7-28.
6
This is an excellent example of natural mapping. The control is in the shape of the seat itself: the mapping is straightforward. To move the
front edge of the seat higher, lift up on the front part of the button. To make the seat back recline, move the button back. Mercedes-Benz
automobiles are obliviously not everyday things for most people, but the principle doesn’t require great expense or wealth. The same
principle could be applied to much more common objects, The design of everyday things, Donald Norman, P24
7
The design of everyday things, Donald Norman, P27:7-28

869

2.2 Intuitive interface within the automobile interior space
With an appea rance of digital conv ergence today, whe n electric devices in aut omobiles are m ore c omplicated
and various, intuitive interface plays a main role to let users freely and correctly operate the devices. Accordingly,
drivers can int uitively access the devices and this behavior e ventually keeps it safe t o m anipulate devices in
driving situation.
In driv ing situatio ns, a driver’s in tuitive d ecisions are ab solutely n eeded. In th e past, when fu nctions were t o
determine forms, functions of each element apparently were visible, and users did not have many problems using
those functions. H owever, with t he development of m icro-processor chi ps, t hese multiple funct ions were
absorbed into one button, and naturally one button began to perform multiple tasks.
When a majority of automobile companies adapted a d igital instrument board instead of an an alog panel, it was
comparably harder for a driver to intuitively perceive the speed with digital speedometer. Eventually automobile
manufactures adapted a nalog panels a gain. E ven though speed on a digital in strument panel can be in stantly
perceived by t he driver, speed ranges can not easily be se nsed. However, it is easier for a driver to perceive the
speed ranges in analog instrument panel since a driver can compare the proportions on an instrument panel, and
intuitively perceive the speed.
3. Analysis on the interface of today’s automobile interior space
3.1 Driver-centered interior
In the past, the automobile interior was created only for driving behaviors, and main compositions were needed
only for driving conditions. However, as the area of product design and others are converged, converging aspects
in au tomobile d esign becomes more act ive. B ut as convergence as pects produced m ore c omplicated user
interface, it made users learn a lot more complicated information for operation.
In t he past, dashboard design of a utomobiles was f ocused o n d river’s preferences. H owever, wi th hi gher
importance on leisure and sports, its location and shapes also changed. Center console shapes of sedans in the
past mostly were in clined t oward a driver’s seat. And those let drivers ha ve easy acc ess to devices located in
center c onsoles. However , passengers sitting behind a nd next t o a dri ver were not easily able to access the
devices.

Figure. 3 BMW's interior design in the past8
3.2 Driver and passenger-centered interior (sharable design)
It can be found from the most recently des igned SUVs or RVs, and it is designed for sharing their devices for
8
As it shows, the center consoles of BMWs in the past were inclining toward driver’s seat. And this is showing that the devices were mainly
focused on driver’s preferences, on the other side it is harder for passengers to reach the devices located on center console. In other words,
the design looked closed from the viewpoints of passengers.
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passengers. With i ncreased demands on l eisure l ife, users are see king f or m ore c onvenient l ife f or operating
devices within their living environments. TV, DVD, CD, and computers are converged into automobiles, and this
eventually let a driver share the space with other passengers.

Figure. 4 Center fascia designs for RV & SUV
3.3 Changes in automobile interior design
3.3.1 Historical changes of interior design in specific models
Selection standards for a nalysis are hi gh-end m odels from each a utomobile manufacturer si nce those are
adopting ne w t echnologies. In or der to a nalyze changes , I selected m odels with c onsiderable a nd c onsistent
histories. Target models are BMW 7 series, Mercedes Benz’s S class, and Nissan Maxima. These are regarded as
the hi ghest-end from each autom obile m anufacturer. Time sphe re ca n be from the beginning of 1980s’ t o the
present (2008), since convergence aspects were mostly active in 1980s’.
Generally, mechanical and complicated buttons in 1980s’ gradually became simpler and buttons became more
electric. Cente r fascia sha pes b ecame complicated until the mid 1990s’, while adopting LCD scree n in m id
1990s’ numbers of buttons were decreased and buttons moved towards the upper part of a dashboard which was
closer from a driver’s field of vision. Center fascia shapes became more complicated until mid 1990s’. However,
it became simpler with LCD screen as functions of each button were absorbed into a screen. A LCD screen was
located in the center of a center fascia, but with provided multimedia, GPS, and other contents it became larger.
Finally the location of LCD screen moved closer to the upper part of a dashboard for drivers to easily look at in
driving position.
3.3.2 Analysis on interior changes in current models
Explorations on changed aspects of automobile interior can be demonstrated as following. For easier illustration,
I divided th e center fascia in to two different areas of a control a rea and a dis play area. When c onvergence
aspects were not rapidly developed, a display and c ontrol area in t he past was locate d in the m iddle of a cente r
fascia, a nd t hey were m echanical. However, as it be comes more c onverged, a c ontrol a rea bec omes more
electronic a nd gra dually bec ome separat ed fr om a di splay area. With the em ergence of LCD t ouch scree ns,
electric buttons were absorbed into LCD. A LCD sc reen was located in th e middle part of center fascia, bu t as
the new automobile models were manufactured, it moved toward the upper part of dashboard. This display area
gradually moved towards a windshield, and it became closer to t he driver’s range of vision. And a control area
which used to be located in the middle part of ce nter fascia was al so separated from a display area, and moved
toward the bottom part of a center fascia.
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However, with t he em ergence o f ne w c oncept of c ontrolling sy stems, t he l ocation of a co ntrol a rea be came
higher and closer to the location of driver’s arms. Even the height of a center console became higher, and finally
a center console moved to the height of driver’s armrests. It clearly sh ows that automobile interior is gradually
developed as “ living space”, and it bec omes more user-centered. Rear passenger seats tend to be separated, and
even control devices are dispersed to rear sections. This eventually provides opportunities to entire passengers to
share one vehicle. Additionally the fact that a display area moving closer to the driver’s field of vision and t he
control area moving towards the location of arm apparently sh ows th at user in terface in au tomobiles b ecomes
more intuitive.

Figure. 5 Interior changes in current models

4. Future automobile user interface within ubiquitous environment
4.1 Future automobile interior design in concept models
4.1.1 Analysis on interior design of concept models appearing in motor shows
To understand current status and trends on autom obile interior, concept cars from each year from 2000 t o 2008
were analyzed. Samples are extracted a nd researched from international auto shows such as Paris Mo tor Show,
Turin Motor Show, Geneva Motor Show, Detroit Auto Show, Tokyo Motor Show, and Frankfurt Motor Show.
For analyzing concept cars from motor shows, I classi fied various interior aspects in concept models into four
different categories. Interior styles in concept models are largely divided into four types as A, B, C, and D.

Figure. 6 Different types of automobile interior appearing in motor shows
A-types shows that interior areas excluding dashboard are opened, in other words, boundaries between a driver’s
seat, a passenger’s seat, and a rear passenger’s seat are not apparently separated. For types of B and C, it shows a
driver’s seat and a passenger’s seat are separated. Also rear passenger seats are integrated into one area. Finally
D-type, while the heightened center console is expanded to rear seats , shows the a rea is to tally sep arated in to
individual areas as driver’s seat, passenger’s seat, and rear passenger’s seats. A-type mainly appears in SUVs or
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minivans corresp onding t o t rends which are b ecoming mo re leisure and family-oriented. This illu strates th at
automobile interior is not designed for only drivers but created for entire passengers.
4.1.2 Concept of the future automobile interior
Eventually future automobile interior from concept models are largely inclining toward following two types. One
(A-type) is mainly appearing in minivan and SUV designs, and the other (D-type) is mostly appearing in sedans
and sports coupes.
A-type em phasizes its cen ter fascia and dashb oard design. Passeng ers will sh are on e lar ge cen ter fascia and
dashboard. And this im plies the m eaning of “sha ring one space.” Front s eats and rear seats are respectively
connected and visualizing integrated aspects illustrating each passenger shares one big space of an automobile.
D-type mostly appearing in sedans illustrates that each passenger is sharing one m achine of an automobile. A
control a rea is disperse d t o a rear seating area a nd each passenger a rea is divi ded for each passenger’s own
propensity. And a controlling device is individually located at each passenger’s section as well. In this separated
space even temperature can be individually controlled by each passe nger’s preference. And this describes that
the concept of automobile interior becomes more like a living space and more user-centered while making users
be more comfortable and convenient.

4.2 Forecast on future automobile user interface in ubiquitous environment
4.2.1 Intuitive interface in future automobiles
In order to control various types of electric devices in automobile, what kind of methods should be a pplied and
what will be the best solution to realize? Intuitive interface can be one of the best methods for easily and safely
performing c omplexity ap pearing i n digital co nvergence era . And design s hould be co nnected t o a driver’s
experience. Even though generations and environments change, design systems which a driver was experiencing
and contacting until now should be applied to newer automobiles. And while user experience design is connected
to intuitive elements, it will create safer and more correct usability.
With t he influen ce of d igital co nvergence and ubiquitous, GUI becomes more im portant th an PUI. With t he
enlarged LCD screen, physical user interface in the past will exist as one of the contents controlling the device of
automobiles. Also it will perform tasks as one of the elements while putting more importance on GUI.
4.2.2 The totally separated user interfaces
With t he in troduction of Drive-by-Wire tech nology and a fu el cell eng ine an au tomobile will b e u tilized in to
more vari ous ways. R ecent concept m odels f rom va rious m otor shows ar ound t he world a pparently sho w
separated spaces in limited space of automobile.
With the rise of newly created social groups, automobiles are morphing into a space satisfying users’ need. New
generations app eal to th e con cept of sharing, bu t still wa nt to be sep arated fro m o ther ind ividuals. Eventually
they seek for design with not only individual characteristics but also the concept of sharing. From this point of
view f uture a utomobiles s hould a pply i ndividual sections of s pace, and l et eac h passenger sha re de vices
implanted in automobiles.
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Figure. 7 Future automobile interior design with totally separated interface
4.2.3 The relations to ubiquitous environments
Automobile networks with m obile services are accelerat ing with the s tart of T elematics services. With t he
influence of mobile networks and digital convergence, more complicated and m ore diverse automobile interior
gradually begins to communicate with other objects located in the other areas. Ubiquitous network represents the
next-generation IT paradigm characterized by the ability of various portable devices and information appliances
used anytime and anywhere. Though the shifts of technology best described by the expressions “embedded in the
real world” and “ownership to applications,” ubiquitous networks continue to evolve from “ownership-focused
ubiquity,” where users depend on the mobile environment they own, to “application-focused ubiquity” in which
the universal availability of devices enables users to concentrate on applications.9
In ubiquitous era, wh ile au tomobiles are manufactured into an in telligent electric energy vehicle, with a
consumer’s coo peration, various Telematics serv ices will b e in troduced. Esp ecially with in au tomobile in terior
space, a vehicle will be able to pe rform automatic recognition of the owner, and key and door open. And it will
provide not only reque sted i nformation rel ated t o user’s driving be haviors realized from vari ous de vices an d
displays installed in driver’s and passenger’s seats, but also will supply entertainment/game contents, and digital
broadcasting. In th e fu ture consumers will u se au tomatic recog nitions on fo rward ob jects for au tomobile’s
driving con trol, b raking an d automatic reco gnition on traffic lig hts and speed li mits, t he con firmation on th e
location maps for acquiring traffic information, GPS reception maps, recharging stations for cellular phones, and
receptions on DMB signals.10

9
10

A development scenario for ubiquitous networks: viewed from the evolution of IT paradigms, Hiroyuki Nomura, P, 1.
User scenario of ubiquitous IT in 2030(I), Electric Parts Researching Electric Information Center (www.eic.re.kr) p.5
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Figure. 8 Future automobile in ubiquitous environments
Future automobiles in ubiquitous environment will be based upon more advanced Telematics technologies. An
automobile is capable of being connected to th e number of social faci lities, and se nds/receives the vari ous
information-related serv ices. An au tomobile itself will b e put in to th e biggest categ ory o f politics, eco nomy,
society, culture, and technology. And within those areas, it will be communicating with other social facilities. As
for the smaller categories, the environment will include education, tradition, age, nations, and gender. Also these
environmental elements will be based upon ubiquitous society.
5. Conclusion
With the integration on digital convergence, shapes of modern society become more complicated. And we will
be able to find the behavior of users who always have to consider and learn manuals before manipulating certain
devices from the viewpoint of user’s usability. It is not easy to forecast how the future will look like, as today’s
technologies have i ncredibly fast progresses. Fo recasts will always have t o co nsider other en vironmental
elements such as politics, economy, culture, society, and technology. And from that basis, the correct forecast and
the plans will be made. In the d igital society, human beings and the objects around them will b e all connected
and communicating each other. Moreover, in the ubiquitous society, these trends will accelerate and most objects
will b e tied i nto sev eral n etworks. And al so t he au tomobile will ap parently be th e part of t hese networked
societies. Hopefully the au tomobile will act as an access point between each network and will perform the tasks
from a driver and passengers while being connected to other environments. And the role of the automobile in the
future will be the important element for the future society.
The directions which automobile design will seek for are totally unlimited. However, even with this unlimited
potential wh ich au tomobile eventually h as, its ro les i n t he fu ture will be m uch m ore various. And t he way t o
realize its roles and the future will be entirely based upon the social trends and technologies, which will embrace
the environment of automobile interior space. And automobiles will exist as one of the most necessary tool in the
human life.
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