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Vision through the windows of an
automobile is a matter of safety.

Strict rules laid down by
international authorities and car
manufacturers specify the limits

for acceptable optical defects.
Windshields, in particular, but

also side and rear windows, are
subject to tests designed to

detect defects and to measure
them. ABB has developed an

advanced optical distortion measurement system suitable for both
laboratory and in-line analysis of automotive glazing.

CRITICAL ISSUE
Detecting optical distortion in auto-

motive glazing is of vital importance
since such defects cause the driver of

the car to have a distorted vision of the sur-
rounding area: besides safety problems due to
an imperfect view, a long period of vision
through glass of poor optical quality may cause
visual disorders and fatigue.

Distortion is caused by several factors,
many of which are randomly present in pro-
duction, while others are more systematic or

process-related. The curvature of the glass
surface itself - so-called ‘design distortion’ -
is a cause of distortion to a certain extent.

OPTICAL TESTING
By the glassmaker
Various tests are carried out by the glass

manufacturer at different stages of production.
At a prototype or pre-series stage, a thorough

investigation of the distortion caused by a win-
dow is useful in order to evaluate the design and
also systematic distortion caused by processing.

The ABB measurement system
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The export and storage of data for further pro-
cessing is of help at this stage: production
improvements or even window redesign can
result from such analysis.

Analysis involves the laboratory use of equip-
ment able to scan the window at different con-
figurations, such as installation inclination and
view angle.

During normal production, a rapid test is
required on 100 per cent of the automotive
glazing produced, able to give a simple pass-fail
response and display the main features of the dis-
tortion pattern.

In-line machines may be equipped with their
own scanning devices or can make use of exist-
ing inspection conveyors. The key features of
these machines are the scanning and response
times, as well as the capability of being integrated
in inspection lines.

Characteristics common to both types of
machine (laboratory and in-line) must be fully
automatic operation, repeatability and lineari-
ty of measurements for any direction, and the
comparability of results to official standards. 

By the carmaker
Automobile manufacturers are also inter-

ested in carrying out tests on glass windows pri-
or to their installation on the car body.

Samples are normally tested on a statistical basis
or in the event of disputable quality: laboratory
models of measuring apparatus are preferred.

The same tests carried out at the glass man-
ufacturing plant can be repeated and results
compared with the specified quality levels.

THE ABB MEASUREMENT TECHNIQUE
ABB measurement equipment, both for lab-

oratory and in-line use, makes use of a simple
and effective technique based on the ECE ONU
43 standard. This standard prescribes that the
distorting effects produced by a window are eval-
uated by the distortion of a reference regular pat-
tern of circles.

While in the manual execution of the ECE
analysis, the reference pattern is projected
through the window onto a white screen, in the
automated process using the ABB apparatus,
the reference pattern is printed on the screen
and a CCD camera views it through the window.

Glass windows are scanned while moving
past the measuring apparatus either on motorised
shuttles (laboratory testing) or on inspection
conveyors (in-line testing). The image captured
by the camera can be examined by software in
detail and the distortion computed at every ref-
erence circle.

High-resolution and high-speed linear cam-
eras are used for greater accuracy and faster
operation: in-line systems can match the
requirements of production rates of up to 360
windshields an hour.

Graphic 
display of
optical
distortion: data
visualization
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Both laboratory and in-line equipment are able
to measure distortion caused by the glass win-
dow in any direction, not only vertical or hor-
izontal. Display of results includes the maximum
distorting power of the defect and its orientation,
as well as its horizontal and vertical components.

The method is not sensitive to things like pow-
der or dirt on the glass surface or the printed lines
of the rear window defrosting circuit or anten-
nas, and neither ambient light nor glass colour
affect the measurements.

The results are directly measured and expressed
as distortion in minutes of arc, as specified by
ECE ONU 43, or in terms of the equivalent
dioptric power of the defect.

The input of A, B and C zones, as provided
for by the ECE ONU standard and other customer
specifications for windshields and other glaz-
ing, is automatically performed by the soft-
ware, making use of the mathematical defini-
tion of the window and its control zones (NURBS
surfaces and curves in IGES format) normally
supplied by the automobile manufacturers.

Besides those required by official standards,
various other tests can be performed, such as the
Zebra test or VW incremental evaluation.
Results are displayed both in numerical and
graphical form, with colours representing the dis-
tortion levels. Zooming, storing and export of
data are standard features.

ADVANCED TECHNOLOGY
ABB produces and markets both laboratory

and in-line equipment.

Laboratory systems
Laboratory models are composed of an

image-grabbing unit, a shuttle with adjustable
glass support, a reference screen, and a control
and processing unit.

The layout of the apparatus reproduces that
of the ECE ONU manual test, with the camera
eight metres from the screen and the shuttle car-
rying the window half way between.

The image-grabbing unit is an optical bench
equipped with a CCD camera fitted with lens
and filter.

The scanning unit is a motorized shuttle
which supports the glass window with 
the specified orientations and moves it past the
camera at a controlled, pre-set speed: the glass
support adjustments are motorized by brush-

less motors so that the configuration for each
model can be stored in a recipe and repro-
duced automatically.

Windshields, rear windows and side win-
dows can be accommodated: even bulletproof
windows weighing up to 200 kilograms can
be manipulated and scanned.

The reference screen is a compact rotating
screen carrying the reference pattern. Screens
with different patterns can be installed for
special tests.

The scanning and processing of a windshield
takes 30 to 45 seconds.

In-line systems
In-line models are monolithic pieces of

machinery incorporating both the image-grab-
bing unit and the reference screen: the use of
reflecting mirrors reduces the machine size at
the same optical path.

The conveying of glass windows is by means

of inspection conveyors: ABB can advise on the
best design or can supply them on request.

Cycle time depends only on the conveyor
speed: scanning and processing can take place
in less than 10 seconds.■
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