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Development of the Auto Scan Spectrophotometer FD-9
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Abstract

In color management, the use of colorimetric data is now
widespread, and measuring color charts when evaluating
color reproduction is essential to those who deal with such
processes as color printer adjustment and quality evaluation.
Unfortunately, conventional approaches to measuring color
charts are especially time-consuming and labor intensive.

To support color management work efficiency, we devel-
oped the Auto Scan Spectrophotometer FD-9. With the
FD-9, measuring color charts is no longer time-consuming,
yet color measurements are made with fine accuracy. In ad-
dition, an optional sheet feeder further facilitates workflow.

In achieving all this, it was essential that the measurement
point on each patch of the color chart be located automati-
cally, swiftly, and accurately, and the FD-9 does exactly that.
More, this precision capability applies to virtually any color
chart. Thanks to Konica Minolta’s history of expertise in im-
age processing technology, the FD-9 requires no special
charts or manual locating of measuring points.

The FD-9 provides the world’s fastest measurement of any
auto-scanning spectrophotometer”. In the FD-9’s measure-
ment control technology, the sensor’s measuring diameter,
the light exposure time, and the sequence of sensor travel
are optimally combined. Further, the auto sheet feeder tech-
nology long cultivated in Konica Minolta’s MFPs makes it
possible to batch load multiple color charts dramatically sav-
ing work hours.

To the professionals for whom evaluating color reproduc-
tion is critical, great improvements in work flow efficiency are
now available, thanks to the technologies behind the Auto
Scan Spectrophotometer FD-9.
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Table 1 Types of spectrophotometer and their practical considerations.

Manual scan

+ Low equipment cost
spectrophotometer 2

+ Labor intensive
+ Measurement error from human error

Stage type auto scan + Three marks on each chart have to be read

spectrophotometer manually using the system.
+ Chart beds must be larger than the charts
0 to be measured.
Paper feed type auto + The special chart including the marker for

scan spectrophotometer  chart position detection is necessary.

Txlx, Thooff@zkl, A7 —27 70—
B3 hT7—<2Y X FDEESRDKIER R L2 E
By zoic, 1) EARFy—FTHFMRSHETE
%, 2) HE»OEMICHIETE %, 3) BHEDOF v — T
ZHBTHETE 2, HIIAF v vl FD-9 %
BAFE L7 (Fig. 1,2), AfciX, fEEREN EoEE))
Lo T BT OEMIZOWTHRNT 5,

1) HiRIEE 2 H o 720 A7 H B B
2) EEDOEREE 2 2 X v vl R
3) HEA A BNIE W RE 2 FEIGHES X 7 A

Fig. 1 The Auto Scan Spectrophotometer FD-9.

Fig. 2 The FD-9 with an optional auto sheet feeder.
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Contact image sensor Spectrophotometer

Sensor scanning motor

Color chart

Sheet feeding motor

Fig. 3 The FD-9's major components.
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image sensor
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Output the result

Fig. 4 The FD-9 measurement process.
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Fig. 5 Examples of the variety of color chart forms. The FD-9's free-for-
mat function accommodates virtually any color chart.

(A) (B)

Fig. 6 On the left, the measurement point of each of the 12 patches is
indicated by a “+" sign. On the right, the boundary lines of each
patch are drawn with solid lines, and the centerlines of each patch
are indicated by dashed lines.
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’ Get grayscale image of color chart ‘

Locating measurement points

’ Adjustment of image rotation ‘

l

’ Extraction of measurement area ‘

Vertical line detection Horizontal line detection

Differential processing

Vertical line image creation ‘ ’ Horizontal line image creation ‘

’ Binarization ‘ ’ Binarization ‘
Eroding etc. \L
’ Vertical denoising ‘ ’ Horizontal denoising ‘
’ Vertical thinning ‘ ’ Horizontal thinning ‘
Line detection \L \L

Hough transformation ‘ ’ Hough transformation ‘
’ Vertical centerline detection ‘ ’Horizontal centerline detection‘

’ Measurement points located ‘

’ Verification of measurement reliability ‘

’ Extraction of measurement points ‘

v

’ Chart measurement ‘

Fig. 7 Automatic location of measurement points.

(A) o ©)

Fig. 8 The original image of a color chart patch (A) undergoes binariza-
tion with a horizontal differential filter (B) and then contraction
and thinning to result in vertical line images (C).
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Fig. 9 The automatic location of measurement points. Red points indi-
cate the located centers of the patches.
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Invalid measurement position
(A) Continuous travel measurement

Valid measurement position
(B) Intermittent travel measurement \

Fig. 10 Continuous travel and intermittent travel methods of position-
ing the measurement head. With continuous travel measure-
ment (A), the solid green ovals each occupy a single, valid mea-
suring location, while the red dashed ovals fail by overlapping
two separate measuring locations. With intermittent travel mea-
surement (B), the measuring unit completely stops at the center
of each patch, measures color, and then moves on. Unlike the
smaller areas of the ovals, the circular measurement areas here
are enlargeable to the size of the patch, so the measuring sensor
receives maximum light, which greatly shortens measuring time.
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Chart path switching  FD-9
mechanism

Chart feeding
unit

Chart ejection
mechanism

Fig. 11 Color chart travel using optional sheet feeder FD-A09. From a
stack of charts, a chart is 1) fed into the FD-9, 2) and then re-
versed and past a sensor in the FD -9 for chart information scan-
ning and momentarily held at the bottom of the FD-A09, and
then 3) carried through the FD -9 for color measurement.
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Table 2 Advantages of the FD-9 over existing auto scan spectrophotometers.

Chart patch marking No manual chart patch marking is needed.

The FD-9 can measure virtually any chart.

Measurement time The FD-9 can measure 1,500 patches in four
minutes, twice the speed of existing

spectrophotometers.

Batch processing The FD-9 can batch process multiple
color charts while unattended, for

example, overnight.
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