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Nowadays, colour measurement is integral to paint or
plastic analysis in industrial laboratories. One measurement
geometry is sufficient for absorbent colours and pigments,
either illuminated directly at 45° and measured at 0° in
the normal or measured with diffuse illumination using
a sphere. The situation is different for effect pigments,
especially interference pigments. The colour, brilliance and
brightness can change with different viewing angles. For this
reason, special challenges are placed on the corresponding
measuring devices.

A look at the current multi-angle measuring devices
from BYK, X-Rite and Konica-Minolta shows that they work
with geometries that have been used for almost 30 years
and were the standard at the time. A new geometry has
been added on the side of the gloss angle opposite the
illumination side. | have repeatedly presented this geometry
(-15° aspecular) in publications and lectures since 1992
based on many experiments with a laboratory instrument in
which the angle of the illumination and the measurement
could be set independently in 5° increments. This geometry
and a second illumination were included in the ASTM
(American Society for Testing and Materials) standard E2539.
The second illumination at 15° from the normal was only
realised in the X-Rite MA98 and later in the MA-T12.

When visually inspecting a painted panel, the panel is
tilted up and down by hand. This is done at the window or
in a suitable light booth. During this process, the angle of
the lighting and the angle of observation (measurement) are
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constantly changed. This means that in no case is one of the
geometries of the measuring instruments adopted. There is
therefore a discrepancy between the instrumental and visual
assessment. There is also a discrepancy between a small
measuring point of the measuring instrument and the area of
a panel. With a panel the size of a postcard, there is an angle
of 15 to 20° when you move your view from the top edge to
the bottom edge. This angle is greater than the two near-
gloss angles at 15° and 25° of the specular. This is significant
for interference pigments with a strong colour shift.

Interference pigments — this should be inserted
here —have a carrier material that is coated with one or
more highly refractive layers. A common material of this
kind is natural or artificial mica, which is coated with highly
refractive titanium dioxide, for example. The incident light
is partially reflected on the surface. Under refraction, the
remaining part passes through the titanium dioxide layer
and is again partially reflected at the boundary layer to
the mica. This part leaves the pigment parallel to the first
reflected part. Both interfere with each other, i.e. if the crest
of the light wave meets the trough, the resulting light wave
becomes larger; if the crest meets the trough, the colour is
ideally cancelled out. The resulting colour depends on the
layer thickness of the titanium dioxide: as the layer thickness
increases, the maximum moves to the longer wavelength
spectral range. The layer thickness is determined by the
production process and cannot be changed by the user.

The resulting colour also depends on the angle of
illumination. From steep to flat illumination, the maximum
of the colour shifts to the shorter wavelength range of
the spectrum. An interference pigment can therefore be

E1:GonioViewer 01AFSLRUE R HRMHNLARRK - SHMNHLABARETRTHOHTSEENERKEE -
Figure 1: The GonioViewer 01 has the same geometries as the current measuring instruments. Additional
geometries show the colour gradient of new interference pigments.
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Figure 2: lllustration of the colour gradient of the new interference pigments: The red line reflects the
measurement results of the current measuring instruments. The colour gradient shows a rainbow that can be
observed with the GonioViewer 01 (black line with green measuring points).
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Figure 3: These painted panels clearly show that the
rainbow only begins at 25° from the gloss angle in
the centre.
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characterised and described by changing the angle of
illumination. The angle can be changed by the user.

We have developed four GonioViewer boxes to reduce
the discrepancy between the size of the observation field
in visual and instrumental observation and to fulfil the
properties of the interference pigments using appropriate
measurement geometries. They were produced using a 3D
printing process and are 23 cm wide and 16 cm high. Holes
in the corresponding geometries are arranged on the semi-
circular arc. There is an opening under the boxes that lies
above the panel, allowing it to be observed at different
angles and geometries.

The measurement results are visualised either in the
a*b*-chart or as reflection curves. The geometries are shown
as a combination of the angle of illumination and the angle
of difference from the gloss: 45°/as25° = 45° illumination/25°
aspecular= 25° angle of difference from the gloss).

GonioViewer Experimental 01

In addition to the interference pigments described above, there
are also pigments whose wave-like structures cause refraction.
The incident light is also split here, causing interference.

These interferences occur from 25° of the specular at
an illumination of 45°. Between 25° and the specular angle,
these pigments are grey or colourless. From 25° they initially
appear red, then blue, green and finally yellow as the angle
of difference from the specular increases. This rainbow
appears between 25° and 75° from the gloss.
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GonioViewer 3E4 02
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Commonly used measuring instruments lack the
corresponding geometries between 25° and 75° from the
gloss angle (Figure 1). Only at 45° is one of the rainbow
colours detected. If the measuring points of 25°, 45° and 75°
are combined (Figure 2), the behaviour is confused. Only the
addition of the measurement results of further measurement
geometries at 35° 55° and 65° shows the exact colour gradient
(Figure 3).

GonioViewer 01 illuminates at 45°, at -15°, 15°, 25°, 35°,
45°,55° 65° 75° and 105° from the gloss angle the colour
gradient can be observed (Figure 4).

GonioViewer Experimental 02

During visual assessment at the window or in a light booth,

70° 65° 60° 55° 50° 45° 40° 35° 30° 25° 20° 15° 10° 5°

0°

setaasss S Conssanian

5° 10° 15°20° 25° 30° 35° 40° 45° 50° 55° 60° 65° 70°

E4: 0ok FEABMUMAE TEEARTTM2 HERI70°AZENSE SEANEBEHEREE -
Figure 4: The schematic representation of the colours on both sides of the gloss angle at 0° shows the colour
gradient from blue at 25° via green, yellow and orange to red at 70° from the gloss.
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Figure 5: GonioViewer 02 offers the geometries that are taken when the panel is tilled at the window or in a
light booth. Due to the law of light inversion, the geometries when tilting downwards correspond to those when

filting upwards.
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B6: HEITEEFAGonioViewer 02
Figure 6: The GonioViewer 02 with adapter for a lamp.
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Figure 7: The measuring instruments have an
illumination angle at 45° and observation angles
at -60°, -30°, -20°, 0°, 30° and 65°. The GonioViewer
03 reproduces these geometries so that precise
judgements can be made under them.
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a panel is tilted towards or away from the observer and
viewed. The angles of illumination and observation change
continuously. With the measuring instruments, the angle of
illumination is fixed and the observation angles only refer to
this illumination. In this respect, there is no correspondence
between the visual and instrumental assessment (Figure 5).

If the observer holds the panel at an illumination angle
of 15°, he looks at the gloss angle at -15°. If he now tilts the
sheet towards him at 10°, the illumination angle increases to
25°. As the angle between the illumination and the observer
remains the same — in this case 30° — the difference
angle increases from 0° to 20°. As the observer continues
to tilt forward, the angle of illumination and the angle of
difference increase.

If the observer tilts the panel away from him from
the starting position, the normal, which is perpendicular
to the panel, moves away from him in the direction of
the illumination and the illumination angle increases. The
illumination then moves to the same side of the normal as
the observation.

With the GonioViewer 02, the illumination angle can be
set differently, for example with a difference angle of 30° or 50°
between illumination and observation. Observation then takes
place at 30° or 50° from the corresponding specular angle.

Due to the law of light reversal, the geometries for
tilting up are the same as for tilting down (Figure 6).

GonioViewer Experimental 03

The GonioViewer 03 has the same geometries as the
measuring instrument offered: lllumination is at 45° and
observation is at -15°, 15°, 25°, 45°, 75° and 110° from the
specular angle (= aspecular line). In contrast to visual
observation at a window or in a light booth, the field of view
is about as small as the measuring field of a device (Figure 7).
With the GonioViewer 03, a panel can be assessed
under the same optical geometries as with instrumental
observation. In this respect, a direct comparison of the
measured values with the visual impression is possible.

GonioViewer Experimental 04

The colour of an interference pigment is based on the one
hand on the layer thickness of, for example, the highly
refractive titanium dioxide. This layer thickness is determined
by the production process as described above. On the other
hand, it is determined by the angle of the incident light.
Due to the law of interference, the colour changes to the
short wavelength when the pigment or pigmented coating
is illuminated at a flatter angle. The flatter the lighting,
the higher the reflection compared to the reflection with
steep lighting.

For visual inspection, hold the panel horizontally with
an outstretched arm and illuminate it flat. Then move the
panel parallel downwards and observe the colour change
close to the gloss. This changes the lighting from a flat to a
steep angle.

The GonioViewer 04 is used to track this movement
and display it at an exact angle. It allows the illumination to
be changed from 15° to 65° in 10° increments. Observations
are then made at a difference angle of 15°. This corresponds
to the observation angles from 0° to -50°.
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Figure 8: Interference pigments show a colour shift when moving from steep to flat illumination at the same

difference angle from specular.
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The resulting colour gradient is referred to as the
interference line. Ideally, it is described by the measurement
results for the steep, classic and flat geometry: 15°/as0°, 45°/
as15° and 65°/as15°. The current measuring devices can only
describe this line to a limited extent. The X-Rite MA98 and
the MA-T12 have a second illumination, whereby the two
geometries 15°/as15° and 45°/as15° of the interference line

50 40 30
5E&RS Blends with blue
B BRARE Pearlwhite aspectular
P ¥k IE#I5 Pearlblue aspectular
YBRATY Pearlwhite interference
BIKETH Pearlblue interference
REBRIGT Silver aspectular
RERIET Silver aspectular

15°/as15°

45°/as-15° = 60°/as15°

10 20 +a* 30

-10 -
-b*
-20 A

45°/as110°
-30

\

45°fas25°

15°/as15°

45°/as15°

-70 4

EHo : HRAMBRNERHAHSTRANARAHES YS5ENARTHERESHN  FHE (15°/as15°45°/as15°%45°/
as15°) fEAEEE (45°/as15°- 45°/as110°) HEM - SEEFFEEES  RRH—REBEXTHHTIL -

Figure 9: The same absorbing blue pigment with different effect pigments: When mixed with an aluminium and
a white interference pigment, the interference line (15°/as15°, 45°/as15°, 45°/as-15°) runs as an extension of the
aspecular line (45°/as15° - 45°/as110°). Mixing with a blue interference pigment shows an interference line that

bends away from the aspectral line.
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Figure 10: The different measurements and observations are shown using the example of a green interference

pigment. The corresponding GonioViewers are also shown:

the aspecular line with orange dots and GonioViewer

01 and 03 (corresponds to the geometries of the current instruments), the geometries when tilting up and down
with GonioViewer 02, the interference line (red dots) with GonioViewer 04.
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are realised. Due to the law of light inversion, the 45°/as-15°
geometry can also be used. 45°/as-15° corresponds to the
geometry 60°/as15°.

For measuring devices without a second illumination,
the 45°/as-15° geometry can also be used to characterise
interference pigments: For mixtures with aluminium
pigments or white interference pigments, the aspecular
line runs from 45°/as45°, 45°/as25° and 45°/as15° directly
on to the measurement result at 45°/as-15°. Coloured
interference pigments are characterised by a colour shift
when illuminated more flatly (Figure 8). As described above,
the 45°/as-15° geometry corresponds to the 60°/as15°
geometry due to the light reversal. The geometry illuminates
flatter than the 45°/as15° geometry (Figure 9). The course of
the aspecular line in the a*b* diagram then shows an anti-
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Table 1: Compilation of the geometries under which observation is possible.

Gonioviewer 23§ 01 Gonioviewer Experimental 01

4% llumination I Observation TR S Aspecular
45° -60° -15°

Gonioviewer 3238 04 Gonioviewer Experimental 04

41 llumination M Observation EHRER 5 Aspecular
15° 0° 15°

Gonioviewer 53§ 02 Gonioviewer Experimental 02

4% llumination FE Observation # 53 Difference TR § Aspecular

45° -30° 15° 25° 0° 15°
45° -20° 25° " " "
45° -10° 35° 35 20 15
25 o 25° 45° -30° 15°
45° 10° 55° 55° -40° 15°
45° 20° 65° 65° -50° 15°
45° 30° 75°
45° 60° 105°
45° -30° 15°
Remarks: red=new geometries
45° -20° 25°
Gonioviewer XL 03 Gonioviewer Experimental 03 25° 0° 15°
45° -60° -15° 45° 25° 75°
45° -30° 15° 25 350 80°
45° -20° 25° - - -
15 o a5 45 45 90
45° 30° 75° 45° 55° 100°
45° 60° 105° 45° 65° 1o0°

FFea I E Start position @45t lllumination/-15° I Observation

15° -15° 30° 0°

25° -5° 30° 20°

35° 5° 30° 40°

45° 15° 30° 60°

55° 25° 30° 80°

65° 35° 30° 100°

75° 45° 30° 120°
FFoafi & Start position 25° B4 lllumination/-25° M Observation

25° -25° 50° 0°

35° -15° 50° 20°

45° -5° 50° 40°

55° 5° 50° 60°

65° 15° 50° 80°

75° 25° 50° 100°

# 45°/as-15° FINIE4

ER -HETHHHNERRERTE

clockwise bend towards the 45°/as-15° geometry. This bend
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is typical for a coloured interference pigment (Figure 10).

Summary

With the GonioViewer Experimentals, visual assessment
can be carried out more accurately. They can be adapted to
different requirements: With the geometries of the measuring
instruments, visual assessment is carried out under the
same optical conditions. The geometries can be extended
to assess the colour gradient of new effect pigments. The
usual visual inspection at the window or in a light booth
can also be simulated with a GonioViewer. Corresponding
observation holes simulate the geometries at the window
or in the light booth. A GonioViewer Experimental can
also be used to precisely simulate the geometries for the
colour gradient of an interference pigment, which could be
achieved by moving a panel parallel to the window or light
booth without specifying an exact geometry (Table 1). All
in all, the various GonioViewer Experimentals are ideal for
visual assessment. With the geometries offered, they go far
beyond the possibilities of the measuring instruments.
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