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As part of the concept of all--round
visibility and as an element of safety
and as a distinctive marketing feature,
the glazed transparent area in 
motor vehicles has undergone a
significant increase.
Assisted electronic visibility, including
the contribution of rear-view mirrors,
sometimes seems to limit the trend
towards enhancing visibility by means
of glass. This paper shows that
assisted electronics in place of direct
vision reduces safety. In fact, assisted
electronic visibility not only reduces
perception times compared to direct
vision, but also more glazing certainly
contributes to improving driver-
environment integration and
increasing driving pleasure. Moreover,
the creativity of designers and the
skills of aerodynamic engineers 
can be more fully exploited.

Giovanni Manfrè*
MG CONSULT



138 HE GROWING OF TRANSPARENT
AREA IN VEHICLES

The relationship between the glazed sur-
face area on vehicles and all-round visibility was
first evolved by designers for the purpose of style
and aerodynamics, more recently in order to
increase driving safety and now also as a dis-
tinctive marketing feature.

Larger front and rear windscreens, wrap-
ping of the roof and sides, front and back, have
contributed greatly to reducing driver 
blind spots and simplifying the flushing of a 
continuous transparent aerodynamic area between
the front and the rear windscreen, by 
using panels or a monolithic central transpar-
ent roof section.

Over the last 15 years, motor shows in Frank-
furt, Tokyo and Geneva have highlighted this
trend, with designers, car manufacturers and
glassmakers all playing their part.

The Avantime from Renault heralded the
‘renaissance’ of automotive glazing in 1998. This
‘renaissance’, related to all-round visibility,
involved glassmakers and processors, strategically
forcing them to shift their attention from option-
al to standard multifunctional glass able to
meet demand for functions such as solar and
acoustic control, for antireflective, heatable
and more recently hydrophobic or hydrophilic

glazing, better
glazing encapsu-
lation and direct
bonding with
debonding tech-
nologies.

On the other

hand, the multifunctionali-
ty needs seem to have given
rise to the feeling that the
increased glazing is getting
too complex and as a con-
sequence too expensive.
Consequently, there has been
a move in the opposite direc-
tion in an attempt to find different solutions, main-
taining the level of safety without the need for
such large all-round transparent areas.

Electronically-assisted visibility seems to
be a possible alternative and its comparison
with increased glazing constitutes the main
theme of this article.

TRANSPARENT SURFACE INCREASE AND
ITS CONTRADICTIONS

The transparent surface increase can be
summed up in the following developments:

Fig. 1a & 1b -
The all around
visibility perfectly
realized with
nearly all
transparent upper
body surface in
the Saab 9X. Even
the whole roof is
transparent as a
wrapping
continuation of
windshield, lateral
windows and
backlight.

Fig. 2a & 2b - The Citroën C-Airdream [13] is
integrating the aerodynamic lines, pure volume,
sophisticated materials and lighting at internal
passenger compartment. See also the
transparent backlight down to the baggage.

FIG. 1A

FIG. 2A

FIG. 2B

FIG. 1B
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1. Increased front and rear windscreen size
with lateral wrapping as on the Saab 9X
(Fig. 1a & 1b), which can be considered one
of the most innovative prototypes at Frank-
furt Motor Show 2001. Another example is
the more recent Citroën C-Airdream (Fig. 2a
& 2b) at Geneva Motor Show 2003, with a
similar design to that of the Saab 9X but 
with a completely transparent roof, no lat-
eral wrapping but rear glazing which conti-

nues down to the baggage level.
This trend of lateral wrapping

has already been applied to pro-
duction models, of which a typ-
ical example is the BMW Mini
Cooper (Fig. 3a & 3b).
2. The nearly monolithic wind-
shield with a totally transpar-
ent roof like in the Opel Signum
2 (Fig. 4a) even with a lot of
electronics on the dashboard
(but not related to assisted vis-
ibility by electronics) offering a
glimpse of styling trends which
will be seen in the Opel model,

recently exposed at Geneva Motor Show 2003,
like the Opel GTC Genève (Fig. 4b & 4c).

Fig. 3a & 3b -
Typical real
example of the spin
off the concept of
wrapping
windshield on 
back-light
wrapping the
lateral side.

Fig. 4a - The Opel Signum 2 with a near
monolithic windscreen plus transparent roof
(Frankfurt Motor Show 2001).

Fig. 4b & 4c - The Opel GTC Genève (Geneva
Motor Show 2003) shows a real innovative
car with a nearly monolithic transparent roof
that stretches from windshield to back-light.

FIG. 3A

FIG. 4B

FIG. 4A

FIG. 4C

FIG. 3B
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Even the Japanese Mazda MX Sport Tourer
can be considered of the same family of
transparent roof although with no mono-
lithic replaced by lamella glass panels (Fig.
5a & 5b) in addition to the Nissan Evalia
(Geneva Motor Show 2003 [13]) (Fig. 6a, 6b

& 6c) which can be considered derived from
the concept Inalfa at Frankfurt 2001 [6].
Finally even small cars like the Subaru
hybrid HM-01 (Geneva Motor Show 2001)
seems to have followed (Fig. 7a & 7b) the trend
of the higher segment cars.

3. Large use of glass without transparent roof
The spin off of the increased transparent
area, as safety and marketing parameters,
has acquired confidence even in classical
car makers, at least for European market
models such as the Toyota Fine S car (Fuel
cell car) (Fig. 8a & 8b) and the GM HY-
Wire (Fig. 9a & 9b), both exhibited at Gene-
va Motor Show 2003, with increased use of
glazing in front but not on the sides.

FIG. 5A

FIG. 6A

FIG. 6B

FIG. 8A FIG. 8B

FIG. 6C

FIG. 5B

FIG. 7A FIG. 7B

Fig. 5a & 5b - A lamella sunroof on the
family of transparent roof on MX
Sport Tourer by Mazda.

Fig. 6a, 6b & 6c - The top Evalia has
been first exhibited at Frankfurt
2001 with the name of Inalfa and now
the derived Evalia (Geneva Motor
Show 2003) seems to be an
innovative car where it is evident the
Renault design cooperation.

Fig. 8a & 8b - The hydrogen
hybrid fuel cell Toyota Fine S
is trying to approach the
good visibility through glazing
even for its advanced
technology for
environmentally friendly car
and commercial vehicles. The
visibility seems to be safety
only forwards.

Fig. 7a & 7b - Even the traditional
Subaru HM-01 car shows a great
increase of transparent area
although if assisted electronics are
also present (see Fig. 14).
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Even the sports car like Ferrari is now
approaching the use of large glass in front
(Fig. 10a) and in the back to show the
engine (Fig. 10b).

Finally, the SUV of classical car maker Vol-
vo, among several others like Mitsubishi,
Toyota and Range Rover, are now approach-
ing the use of wide transparent surface, as seen
in Fig. 11a & 11b.

4. Reduction of blind spots
All the concepts described above, with the

FIG. 9A

FIG. 11A

FIG. 11B

FIG. 10A

FIG. 10B

FIG. 9B

Fig. 9a & 9b - The GM HY-Wire which
can be considered advanced technology
for which the car has to be reinvented
and for visibility seems a continuous
trend of large use of transparent
surface including the trunk.

Fig. 11a & 11b - Volvo SUV
showing again an extraordinary
all around visibility by a wide
windscreen wrapping the roof up
to a back-light.

Fig. 10a - A prototype of Ferrari is now
approaching the large size of windscreen
well integrated with lateral side.

Fig. 10b - Use of transparent back-light to
show the engine from outside.



strong increase of glazing area, have left
some blind spots concerning the visibility. A
concept car by Volvo, the SCC (Safety Concept
Car), has been conceived with absolute “vis-
ibility” including some transparency even on
the front pillars (Fig. 12a & 12b).

5. The contradictions of such a strong trend to
increase the transparent area in nearly the all

segments of vehicles, shown above
in four families of different glazing,

can be pointed out at least in two verified
considerations:

a. The first is confined to the fact that often the
trend of concept cars, relative to the strong
increase of transparent area, is not transferred
to the real car. Many examples can be shown
confirming this contradiction as Renault
Megane, derived from Avantime, the Audi 2 with
no real transparent roof and as a very eclatant
example, the Saab 9X shown in Fig. 1a & 1b
now exposed as a Saab 911GT3 shown in
Fig. 13, for which it can be noted that it has
really not been conceived with the promised,
wonderfully designed, all around visibility.

b. The second contradiction relates to the use of
electronics assisted visibility, like the small
car, already shown in Fig. 7a & 7b, the Sub-
aru hybrid HM-01, where, even if the trans-
parent area is quite large is nevertheless
equipped with a complex assisted visibility
including the front and rear vision [12] com-
pletely controlled on the special monitor
(Fig. 14) on the dashboard.

FIG. 12A

Fig. 12a & 12b - The maximum
visibility has been achieved by SCC
Volvo car even with the front pillars
conceived with some transparency.

Fig. 13 - The Saab
911GT3, compared with
its prototype Saab 9X
(see Fig. 1a &1b) with
the extraordinary large
transparent area, does
not follow the promised
safety visibility of the
prototype wonderfully
designed.

Fig. 14 - The Subaru
hybrid small car shows
a still complex assisted
visibility by electronics
even if its transparent
front and roof area has
been strongly
increased (Fig.7a &7b).

FIG. 12B

FIG. 13

FIG. 14
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This contradiction, espe-
cially for Japanese cars [11],
will be investigated in the next
chapter, which can predict the
limit of the increased transpar-
ent area for the aim of direct
safety visibility due to the elec-
tronically assisted visibility.

THE ASSISTED ELECTRONICS
AS A TREND TO REDUCE THE

TRANSPARENT AREA
The contradiction, mentioned above, is

not only limited to some cars, but after author’s
investigation, especially treated in the report of
Tokyo Motor Show 2001 [11], can consider a result
that the assisted visibility, by electronic devices,
might offer a real alternative to the direct visi-
bility and as a consequence a real prevision to
reduce the transparent surface area. The main exam-
ples exhibited in Tokyo Motor Show 2001 are Toy-
ota’s concept ES3, Mini Daibatsu, Honda cars, Mit-
subishi Nails, the Nissan Ideo, just to mention
some of them of which a typical examples can
be as following:

- The DMT by Toyota (Fig.
15a & 15b): transparent
area relative small, con-
sidered with poor safety as
the direct visibility is con-
cerned; on the contrary the
dashboard seems an elec-
tronic table with a lot of
displays difficult to take
constantly under control of driving.

- Honda cars (Fig. 16), all with small transparent
area and a typical large and complex display
dashboard.

- The Nissan Ideo with also
small transparent area and
a large big display for assist-
ed visibility included the
back vision by microcamera
(Fig. 17a & 17b).
Although the three examples

are the most evident, many oth-
er examples can confirm that

the Japanese tendency to reduce the transparent
area by assisted visibility by electronics seems
affecting even cars by Mercedes (Japanese mod-
els), VW and BMW and of course many European
designers who are trying to use microcamera
in alternative to rear-view mirrors [12].

DIRECT AND ASSISTED VISIBILITY
The user of electronically assisted visibil-

ity has to face the difference in time related to
the real surrounding of the driving environment:
direct vision is faster than the assisted which
operates through a device that sends a
microwave, to make measurements, then comes
back to be electronically and optically elabo-
rated to give an image or a tune. 

I did not personally measure the real time
difference between assisted and direct visibility,
for instance, of person who suddenly crossed
the road in front of the car at given speed.

But artificial investigation on driving sim-
ulator seems to show that the time of direct vis-
ibility is 10-2 - 10-3 seconds in comparison
with the assisted which seems to be 10-1 - 1
second, depending on driver and electronic
devices. This data can be confirmed by acci-
dents happening in the foggy weather in
motorway even with radar and microcam-
era assisted visibility.

In addition, the time it takes to check 
the display on the dashboard takes away  time
which could be dedicated to for forward vision,
as already predicted by the investigation of HUD.

The pleasure of driving, the feeling 
of being in contact with the external environ-
ment, difficulty in being trained in electronics
control and the internal lighting of passenger

compartment are certainly 
other performances in favour
of the increased transparent
area, even if a multifunctional
glazing [5] should to be
applied.

Fig. 15a & 15b - A typical
Japanese vehicle with a low
size of transparent area and
a lot of displays to control
the driving included the back
camera.

Fig. 16 - Honda cars with relatively small
transparent area and a lot of assisted
visibility on the display of the dashboard.

FIG. 15A

FIG. 17A

FIG. 16

FIG. 15B

FIG. 17B
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CONCLUSION
The investigation with real examples of inno-

vative cars has, firstly, described the great trend
towards increased transparent area, achieved
by different families of designed glazing as:
- large windscreen and back-light wrapping

the roof and the lateral sides;
- the transparent roof, continuous or joining

the windshield and backlight in different
modes;

- the evident reduction of blind spots. 
The trend involves all segments of vehicles

including the small, the high end level sports cars
and SUV cars.

In contradiction to all around visibility trend
related to: safety in direct vision; aerodynami-
cal reduction of penetration coefficient; per-
sonalised performances of innovative cars, dis-
tinctly created for marketing competition among
carmakers. It has been noticed also a contrary trend
to reduce the transparent area by the use of elec-
tronically assisted visibility, which can be con-
sidered an alternative technology at least for
competitive distinctly personalization, but the direct
visibility is certainly safer than the assisted.

The strategic choices have been analysed and
the result is in favour of direct glazing which in
addition to better safety, reduces claustrophobia,
adds sensations to driving in symbiosis with
external environment and needs less attention by
the driver to be trained in electronics device
control. Undoubtedly the strategic trend to reduce
the transparent area is not confined in a small group
of designers but mainly by the car makers who
have to face the multifunctionality of glazing needs
on the wide transparent area able to offer: solar
control, acoustic and thermal barrier, strong
impact, high rigidity, water repellent, defog-
ging, de-icing and even switchable.

Very special multifunctional glazing is ready
for the market but their cost appears to be
their main limit; on the other hand the assist-
ed electronic visibility is quite unsafe and
equally expensive.
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