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The CM-M6: A Portable Multi-Angle Spectrophotometer for Automotive Vehicle Body Color Management

WA BEx

Wataru YAMAGUCHI Yoshitaka TERAOKA

3=
BEIENEICZFEhNTWE XY )y oBE )8—

VEEE, BRAEICEDAZSPENELT B0,

EHAETOEEENKRO SN TWS, i, AEER
ISEHBENE <EMLELTED, EROBIESSTIEHA
EUEWEMASHIE TERNWT —ANEZITETWS,

CDOLSIRFERBRT DI, BHAEDAEN
AIEET, HTHERODULTHETEBVILF 7 V7LD
BEE TCM-M6s ZRHE Uz,

CM-M6 Tld, BIEREMZEERT Zchic, BIESR
NEMEWTHEREUVCAEBZR/D I ENTED, T
BEMOY TIIRAKERZRE U, £e, AERE
(FRE) MNDIHIC, KEROAEREEZMIETSIA
A NYRERMICED, BEERLANILUTOREZE
RU T,

BICHAKMOEETISTA ML A ERW L
feodlc, B -BET/N\YRYYIEORWAERS%ED
veZhEULTI—HTEYTFTr—DAELERS

F M B Ex

R BH B —x F H & Lx*
Shinichi IIDA

Hidefumi YOSHIDA

Abstract

Automotive vehicle bodies are often painted with metallic
and pearlescent paints. Since the brightness and color of
those bodies depend on the angle of observation, color must
be controlled on the basis of multi-angle observation. Further,
automotive vehicle body shapes are complicated with free-
form surfaces, and conventional measuring instruments have
difficulty measuring such free-form surfaces. Responding to
these problems, we developed the CM-M6, a multi-angle
spectrophotometer that makes multi-angle color measure-
ment not only possible, but simple to accomplish.

The CM-M6 technologies include a double-path optical
system that provides stable measurement even when the
CM-M6 is not perpendicular to the surface measured. The
CM-M6 also employs geometry compensation to compen-
sate for angular error of the optical system, and thus the
CM-M6 achieves high inter-instrument agreement. Further,
the CM-M6 is so small and lightweight that it can be used in
manufacturing plants, large and small, around the world.
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Fig. 1 The CM-M6 Portable Multi-Angle Spectrophotometer.
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Fig. 2 Metallic and pearlescent paint layers.
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Fig. 3 Components of light reflected by a metallic coating.
Because the ratio between the two components of reflected light
depends on the angle of observation, the appearance of the color
does also.
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(i) Three-angle geometry

(i) Six-angle geometry

Fig. 4 Multi-angle spectrophotometer geometries.
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Fig. 5 Dependence of metallic and pearlescent paint reflectance on
angle of observation.
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Fig. 6 Double-path optical systems.
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Fig. 7 Slope error correction in a double-path optical system.
Reflectance is measured from equal but opposite angles. Since
the angles offset each other, the resultant measurement is
accurate.
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Fig. 8 Measurement errors at different viewing angles.
Double-path optics reduce error to far below the maximum accept-
able level. Conventional apparatus without correction results in
unacceptable error.
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Fig. 9 Geometry calibration and correction.
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Fig. 10 Improved inter-instrument agreement through geometry cor-
rection (as25) of the color differences of 9 metallic and 12
pearlescent paints.
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Table 1 Two types of configurations.

Single spectrometer Eleven spectrometers
with optical path switching without optical path switching

Number of spectrometers 1 11
Time needed to measure Good Excellent
Cost Good Poor
Size Fair — Good Poor
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Fig. 11 Thermal expansion of two spectrometer light inlets.
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Fig. 12 Displacement due to change in temperature.
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Fig. 13 Angular variation of optical fibers due to change in temperature.
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Fig. 14 CM-M6 structure.
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Fig. 16 The CM-M6 in actual use.
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Fig. 17 Screenshots: CM-M6 (A-D) and SpectraMagic DX (E) color man-
agement software.

4 FXEO

Aficlk, ABHEAEOOEHICEL e LF TS
ATEHIEEEE TCM-M6y @ 2 PHAic 2 TREA L 72,
6 DRI, 77N S 2RI X B L A
b, A XM VHIEIC X 28R #ERK T 5 L LD,
AN BTNV B Y Y THEOROWET 4 R, R
TOUIDEHICL ) 2—FEY 74—\ LEE X7,

BEMORA RMiHy — v 2 /EL, BEROMEE
EDT % 7 DI TR BERE - MEREABR L 72 246 DI
DAL, AT T3 7 4 v H TRERE SR
B, 20174EE 7y P74 v EEZRZET 22 E, MK
MRS & b R 2 3Z 1 T 5,

SIE, BAWTLOIABE X —h — DB OR %
WE, Whsai—HEY) 71 —mEICY ALY, F
72, HENL - A v 7V Y 2w Muk ELiED, HEHEE
PEBUGOEFICEHR L 72 VW EFZTW 5,

@SE XK

1) HABHOIEE - WEHEB = — XIS L 740G E i
i 2 B 2 FE o0
<https://www.konicaminolta.jp/about/release/2016/

0928 _01_01.html>

2) ASTM E2194-14: 2017. Standard Test Method for Multiangle
Color Measurement of Metal Flake Pigmented Materials

3) e BB, B va g, ILEFHTER, <L 7 v 7OVl RiEF
#5737390%5, 2014. (US9001329, CN103492845)

4) Kenji Imura & Yoshitaka Teraoka (2016). Model-Based
Corrections of Geometric Errors in Multiangle Measurements
of Gonio-Apparent Coatings. COLOR Research and
Application, 41, 372-383

94 KONICA MINOLTA TECHNOLOGY REPORT VOL.15 (2018)





