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Abstract: To determine the optimal color space from eight types of color spaces for distinguishing small retinal
hemorrhages from dust artifacts in cases of early diabetic retinopathy. We constructed an experimental device, which
comprised an illumination optical system and a photographic optical system separated by a mirror having a hole. This
device included a canon EOS 50D camera, an EF 50 mm {/1.8-2 camera lens, a Speedlite 270EX flash, an object lens, four
double-convex lenses, three aperture stops, and six artificial eyes. The hemispherical eye ground was made of polythene
terephthalate, which was painted with six matt color sprays: red, coffee, ocher, yellow, ivory, and orange. Five fragments of
house dust on the object lens and the two lenses were photographed under each artificial eye. The RGB color space,
measured by Paint Shop Pro from pictures, was changed into seven types of color spaces: XYZ, CMY, HSL, HSV, HSI,
L*a*b*, and L*u*v*. The L*u*v* color space was the optimal one as it demonstrated the highest sensitivity and the best
reproducibility. This result demonstrated that this color space could distinguish small hemorrhages from dust artifacts. Next,
we analyzed the L*u*v* color space and compared the following three types of house dust positions: “on an object lens,”
“on a photographic optical system,” and “on an illumination optical system.” The house dust position “on an object lens”
had the highest sensitivity and the best reproducibility. However, the positions “on a photographic optical system” and “on
an illumination optical system” had high sensitivity and good reproducibility only under certain conditions. In addition, no
differences were found among the six types of fundus colors.
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1. Introduction
Hemorrhage
In 1999, researchers in the United States estimated that

the number of American patients with diabetes would range
from 16 to 30 million over the next 30 years [1]. In
comparison, the number of Japanese patients with diabetes,
including potential patients, reached 16.2 million in 2005
[2]. Many patients with diabetic retinopathy require regular
ophthalmological examinations to prevent loss of eyesight
[3- 6]. For this reason, early diagnosis is very important;

Figure 1. The area of small retinal hemorrhage in the fundus image of

however, many retinal hemorrhages are minuscule [7 - 9].
Detection of small retinal hemorrhages in patients with
cloudy ocular media, such as in a cataract, is especially
challenging. Moreover, as shown in Fig. 1, magnified
images taken with a fundus camera can be unclear.

patient with diabetic retinopathy

White spots may appear in a photograph because of
house dust particles that are present in the air of the room,
in which the photograph has been taken [10 - 11]. Black
spots may appear in a photograph, if dust particles are
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attached to the lens of the camera. These white and black
spots are called dust artifacts [12 - 14].

The components of a fundus camera include the camera,
strobe, object lens, other lenses, and mirror with a hole,
another mirror, some aperture stops, and more parts [15 -
16]. If dust particles adhere to any of these optical
components, dust artifacts will be visible on the fundus
images. Previously, the following two methods of image
clarification were explored: (1) deleting dust artifacts from
images and (2) removing house dust particles from parts of
the device.

However, these researches did not explore the use of the
fundus camera in medical diagnoses [17 — 21]. Methods of
image processing and deleting image artifacts other than
dust artifacts have been explored. Moreover, image artifacts
have been extracted from the existing images [22 - 25]. We
conducted experiments to determine whether small retinal
hemorrhages due to diabetic retinopathy could be
distinguished from dust artifacts by using the concept of
color space [26].

The most important element for the concept of color
space is lightness. House dust is complicated in form and
uneven in density. The quantity of light is irregular because
of diffused reflection. Dust artifacts create a spotty pattern.
In diabetic retinopathy, the fundus is reddish-brown or
yellow in color. Therefore, in this study, red, coffee, ocher,
yellow, orange, and ivory colors were investigated.

The CIE and Munsell color systems can be used to
define colors in a color space [25]. The CIE color system is
characterized by a number of color spaces, including red,
green, and blue (RGB); cyan, magenta, and yellow (CMY);
XYZ; L*a*b*; and L*u*v* [25]. In the XYZ color space, Y
expresses lightness, Z expresses degree of blueness, and X
expresses other elements. In the L*a*b* color space, “L*”
expresses lightness while both “a*” and “b*” represent
complementary colors. “a*” represents the color between
red, magenta and green, while “b*” represents the color
between yellow and blue. In the L*u*v* color space, “L*”
expresses lightness while both “u*” and “v*” are
chromaticity coordinates. The Munsell color system
specifies colors on the basis of hue, saturation, and
lightness (HSL); hue, saturation, and value (HSV); and hue,
saturation, and intensity (HSI) [27 - 29].

Purpose

1. In order to distinguish small diabetic retinal
hemorrhages from dust artifacts, we built an experimental
device with an optical system that was similar to that of a
fundus camera. The device was designed to photograph the
fundus of artificial eyes, for which six of the following
fundus colors were used: red, coffee, ocher, yellow, orange,
and ivory.

2. The experimental device photographed the dust
artifacts of the six artificial eyes, and fundus images of five
patients with diabetic retinopathy were taken.

3. Paint Shop Pro measured the RGB color spaces of
both the small hemorrhages and dust artifacts.

The RGB color space was transformed into the following
seven kinds of color spaces: XYZ, CMY, HSL, HSV, HSI,
L*a*b*, and L*u*v*. We analyzed eight types of color
spaces and determined the highly sensitive color space.

2. Methods

2.1. Distinguishing Small Retinal Hemorrhages from Dust
Artifacts Using Eight Types of Color spaces

Fig. 2: (left) demonstrates the division of the fundus
image into hemorrhagic area and perihemorrhagic area.
Paint Shop Pro v. 8.0 was used to visualize RGB color
spaces of both these areas.

Equations:

(1) demonstrates the average RGB color space of the
hemorrhagic area, (aveRGBhm)

(2) demonstrates the average RGB color space of the
perihemorrhagic area (aveRGBph).

AveR _hm
aveRGBhm =| AveG _hm
AveB _hm

M

AveR _ ph
2

aveRGBph =| AveG _ ph
AveB _ ph

Fig. 2 (right): demonstrates an image of the dust artifact
and the periartifact area. Paint Shop Pro v. 8.0 was used to
visualize RGB color spaces of both these arecas. RGB
values are calculated as a minimum of 0 and a maximum of
255. These RGB values were transformed into a minimum
of 0 and a maximum of 1 by dividing them by 255.

Average color space of

Average color space of
it E the dust artifact

the hemorrhagic area

Average color space of
the periartifact area

Average color space of
the perihemorrhagic area

Figure 2. The average color space of both the hemorrhagic and
perihemorrhagic area (left), and the average color space of the dust
artifact and the periartifact area (vight).

Equations:
(3) demonstrates the average RGB color space of the
dust artifact (aveRGBda)
(4) demonstrates the average RGB color space of the
periartifact area (aveRGBpa).
AveR da
aveRGBda =| AveG _da 3
AveB _da



Determination of the Optimal Color Space from Eight Types of Color Spaces for

Distinguishing Small Retinal Hemorrhages from Dust Artifacts

12 Naoto Suzuki:
AveR pa
aveRGBpa =| AveG _ pa 4
AveB pa
Equations:

(5) demonstrates the average color space of the
hemorrhagic area (avehm)

(6) demonstrates the average color space of the
perihemorrhagic area (aveph)

(7) demonstrates the average color space of the dust
artifact (aveda), and

(8) demonstrates the average color space of the
periartifact area (avepa).

[ Avel hm]
avehm =| Ave2 hm 5)
Ave3_hm

[Avel ph']
aveph =| Ave2 ph (6)
| Ave3_ph |

Avel da
aveda =| Ave2 da 7

Ave3 da

Avel pa
avepa =| Ave2 pa ®)
Ave3 pa

Each ingredient (1, 2, 3) of the color spaces demonstrates
R, GB); (X, Y, 2); (C,M, Y); (H, S, L); (H, S, V); (H, S,
D); (L*, a*, b*); and (L*, u*, v*). The RGB color space was
transformed into seven types of color spaces: CMY, HSL,
HSV, HSI, L*a*b*, L*u*v* [30 - 31] and, XYZ [31].

Equations:

(9) demonstrates the change in the color space of the
hemorrhagic area (CngHm)

(10) demonstrates the color space change in the dust
artifact (CngDa).

Each ingredient of CngHm is characterized by the ratio
of change in the hemorrhagic area to that in the
perihemorrhagic area. Each ingredient of CngDa is
characterized by the ratio of change in the dust artifact to
that in the periartifact area.

Cngl _hm
CngHm =| Cng2 _hm
Cng3 _hm
1
/4ve]_ph 0 0
= 0 %4\)32]11 0 X‘avehm —aveph‘ )
0 0

%4\163  ph

Cngl_da
CngDa =| Cng2_da
Cng3_da
1
/‘1\)81 _pa 0 0
= 1 _
0 /4ve 2 pa 0 x|aveda —avepa| 10)
0 0

%4 ve3_pa

In general, hue is expressed using a 360° color circle
[29], [32 - 33]. Therefore, in the case of hue, equations (11)
and (12) are used.

1 -
/‘1\/81 _ph =1 (1)
1 -
/‘1\/81 _pa =1 (12)
Equations:
(13) demonstrates AveCngHm, which is the average of
CngHm.

(14) demonstrates the color space for evaluating Ev,
which is the ratio of change of CngDa to AveCngHm.

AveCngl _hm
AveCngHm =| AveCng2 _hm 13)
AveCng3_hm
Evi
Ev=|Ev2
Ev3
1
/4 veCngl _hm 0 0
= 1
0 /4veCng27hm 0 *CngDa (4)
0 0

1
/4veCng37hm

2.2. Fundus Photographs of Diabetic Retinopathy

Fundus photographs were taken in five patients using the
fundus camera Topcon TRC-50EX mydriatic retinal camera
with a Nikon digital camera D1x. The image sensor was a
23.7 x 15.6-mm, 12-bit RGB CCD [34]. The file format is
JPEG baseline-compliant. The number of recorded pixels is
2000 x 1312. Paint Shop Pro v. 8.0 was used to visualize
the average RGB color spaces in two locations on the
photograph: the hemorrhagic area and the perihemorrhagic
area.

2.3. Experimental Device

The experimental device, shown in Fig. 3, was equipped
with an illumination optical system and a photographic
optical system separated by a mirror with a hole 4 mm in
diameter. The device consists of a canon EOS 50D camera
with an EF 50-mm f/1.8-2 camera lens, a Speedlite 270EX
flash, an object lens with 50-mm focal length and a center
thickness of 16 mm, four double-convex lenses with focal
lengths of 100 mm and center thicknesses of 10 mm, three
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aperture stops, a mirror with a hole 4 mm in diameter,
another mirror and six artificial eyes.

Pl

Figure 3. The experimental device

The object lens, four double-convex lenses and two
mirrors are all 50 mm in diameter. An MgF2 coating was
applied to the surface of all lenses. The image sensor used
was a 22.3 x 14.9-mm CMOS sensor [35]. The file format

was JPEG, RAW (14-bit Canon original). The number of
recorded pixels was 4752 x 3168. Fig. 3 shows the aperture
stop equipped with a 13-mm-diameter hole on the right side
of the device. The hole in the middle aperture stop was 45
mm in diameter. The aperture stop on the left side of the
device was equipped with a 39-mm-diameter hole. Three
wires hang a black plate 15 mm in diameter in the center of
the hole.

2.4. Optical System Diagram of the Experimental Device

The optical system of the experimental device was
designed using optical design software (OpTaliX-LT 7.11).

4| Fig. 4 shows an illumination optical system and a
y photographic optical

system, including the distance
between lenses and the distance between a lens and a
mirror per mm. The axial distance from eyeground to the
image surface was 797.3 mm and that from eyeground to
the strobe surface was 858.9 mm.

Photographic optical system

50 180
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;
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Figure 4. Optical system diagram of the experimental device
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Figure 5. Artificial eyes

2.5. Artificial Eyes

The artificial eye consists of a plane-convex lens, a black
spacer with a hole 18 mm in diameter and a hemispherical
cup. The plane-convex lens was 20 mm in diameter, with a
4.6-mm center thickness and a 17.4-mm back focal length.
The hemispherical cup was 20 mm in diameter with a
thickness of 0.5 mm. The distance from the surface of the
plane-convex lens to the eyeground was 22 mm. MgF2
coating was applied to the surface of the plane-convex lens.
The hemispherical cup was made of polyethylene
terephthalate and painted using four matt color sprays
(Asahipen Corp., Osaka, Japan): red, coffee, ocher, and

yellow (Fig. 5). “Ruby red” was used as red, “Mexican
sand” was used as coffee, “gold amber” was used as ocher,
“canary yellow” was used as yellow, “light khaki” was used
as ivory, and “sun flower” was used as orange.

2.6. Specimens

We prepared five types of fragments of house dust
measuring about 5 x 5 x 5 mm’. Each fragment was set at
points P1-P6 on a lens. Then fragments at each point were
photographed one by one, as shown in Fig. 6. Paint Shop
Pro v. 8.0 was used to visualize the RGB color space of
four areas, as shown in Fig. 2.
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Table 1. CngHm in the eight color spaces

Object RGB XYZ CMY HSL
Cngl_hm 0.044+0.027  0.047+0.032  0.044+0.020 1.2°4£0.9°
Cng2 hm 0.067+0.045 0.056+0.038  0.027+0.016 0.013+£0.014
Cng3_hm 0.840+1.186  0.065+0.042  0.003+0.003  0.040+0.025

Object HSV HSI L*a*b* L*u*v*
Cngl_hm 1.2°+0.9° 1.3°£1.0° 0.024+0.017  0.024+0.017
Cng2 hm 0.007+0.008 0.013+0.013  1.662+3.284  0.043+0.045
Cng3_hm 0.044+0.027 0.047+0.033  0.037+0.025 0.035+0.026

Figure 6. Fragments of house dust were set on the lens at points P1-P6

2.7. Calculation of Evaluation Space for House Dust
Using Eight Kinds of Color Spaces

Equation (14) shows the color space for evaluation (Ev),
which is the ratio of change of CngDa to AveCngHm.
CngDa is the color space change in the dust artifact and
AveCngHm is the average of the color space change in the
hemorrhagic area. The greater the absolute values of Evl,
Ev2, and Ev3, the greater the extent to which the color
space can be used to distinguish small hemorrhages from
dust artifacts. These absolute values must be > 1.0.

3. Results
3.1. Transformed Color Spaces of the Hemorrhagic Area

Fig. 7: Ten images of small retinal hemorrhagic areas
from five fundus images. Paint Shop Pro v. 8.0 was used to
visualize both aveRGBhm and aveRGBph in the images.
The transformed color space of the hemorrhagic areas is
CngHm. CngHm was calculated by substituting
aveRGBhm and aveRGBph in equations (5), (6), (9), and
(11). Table 1 shows the averages and standard deviations of
CngHm in the eight types of color spaces.

Figure 7. Ten images of the small hemorrhagic area of patients with
diabetic retinopathy

3.2. Transformed Color Spaces of the Dust Artifact Area

Six different colored artificial eyes were photographed
five times with a fragment of house dust set on the lens at
points P1-P6. We obtained and analyzed a total of 180
images.

Ocher

Yellow

Ivory

Figure 8. Thirty-six images of the dust artifact clipped from the 180
artificial eye photographs

3.3. Comparison of the Evaluation of Spaces for House
Dust in the Eight Types of Color Spaces

The color space for an evaluation is Ev. Ev was
calculated by substituting aveRGBda and aveRGBpa from
equations (7) to (13). Fig. 9 demonstrates the averages and
standard deviations of Ev in the eight types of color spaces.
In this graph, the bars represent average values, and the
lines represent standard deviations. Larger the average of
Ev, higher the sensitivity of the color space. Moreover,
smaller the standard deviation of Ev in comparison with the
average of Ev, better the reproducibility of the color space.

As shown in Fig. 9, the color space with the highest
sensitivity and good reproducibility was L*v*u* because
all these averages were large and all standard deviations
were small in comparison with the averages. As the six
downward arrows demonstrate, HSV, HSL, HSI, RGB,
XYZ, and L*a*b* each contain an ingredient of low
sensitivity. Moreover, as the rectangle shows, CMY
contains an ingredient of inferior reproducibility.
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Figure 9. Comparison of eight types of color space

Since these averages were large and these standard
deviations were small for value, lightness, and intensity,
sensitivity and reproducibility were good. Because all
saturation averages were very large, saturation sensitivity
was very high. However, since all standard deviations of
saturation were not small, reproducibility of saturation was
poor. Since all standard deviations and all the averages of
hue were small, hue sensitivity was poor.

In “L*a*b*” because the averages of “L*” and “b*”
were large, and because the standard deviations of “L*”
and “b*” were small, sensitivity and reproducibility were
good. However, since the average of “a*” was very small,
the sensitivity of “a*” was poor.

In RGB, because the averages of R and G were large,
and standard deviations of R and G were small, sensitivity
and reproducibility were good. However, since the average
of B was small, the sensitivity of B was poor.

In XYZ, because the averages of X and Y were
marginally large, and standard deviations of X and Y were
small, sensitivity and reproducibility were good. However,
since the average of Z was small, the sensitivity of Z was
poor.

In CMY, because the averages were large, the sensitivity
of CMY was very high. However, because these standard
deviations were not small, the reproducibility of CMY was
poor.

3.4. Analysis of L*u*v* Color Space

Fig. 10: The averages and standard deviations of L*.

In these graphs, the bars represent average values, and
the lines represent standard deviations. The bars are colored
red, coffee, ocher, yellow, ivory, and orange from left to
right. Table 2 shows the averages and standard deviations
of L*. Points P1 and P2 are on an object lens. Points P3 and
P4 are on a photographic optical system. Points P5 and P6
are on an illumination optical system.

If the averages are > 1.0, the ingredient can distinguish
small hemorrhages from dust artifacts. Moreover, if
standard deviations are small in comparison with the
averages, reproducibility is good. As shown in Fig. 10, the
house dust position “on an object lens” had the highest
sensitivity and good reproducibility.

L*
200
150
10.0 T
ol L I
00 + i I il
P1 P2 P3 P4 PS PG

Figure 10. The averages and standard deviations of L*
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Table 2. The averages and standard deviations of L*

Red Coffee Ocher Yellow Ivory Orange
P1 7.92+3.83 6.52+1.82 6.86+1.01 10.24+3.72 10.54+2.25 12.51+0.96
P2 8.82+2.06 8.46+1.58 6.82+1.81 12.16+3.50 12.27+3.13 12.20+2.75
P3 4.85£1.19 5.07+£2.34 4.28+2.71 5.66+0.94 6.44+0.37 5.91+0.87
P4 4.62+0.90 3.12+£2.31 2.18+0.92 5.25+1.20 4.15+1.08 5.35+2.13
P5 3.92+0.48 3.58+0.69 1.68+1.07 4.12+0.88 0.35+0.16 3.80+1.18
P6 3.55+0.34 3.22+1.34 1.58+0.82 3.58+1.24 1.93+1.35 0.89+0.90

As shown in Table 2, the house dust position “on a
photographic optical system” had high sensitivity because
the average values were > 2.18. Moreover, because
standard deviations were small in comparison with the
averages, the house dust position “on a photographic
optical system” had good reproducibility, and because the
average values were > 1.58, the house dust position “on an
illumination optical system” had good sensitivity except for
the combinations of “P5 and ivory” and “P6 and orange.”

Moreover, since the standard deviations were small in
comparison with the averages, the house dust position “on
an illumination optical system” had good reproducibility
except for the combinations of “P5 and ivory” and “P6 and
orange.”

Fig. 11 and Table 3 show the averages and standard
deviations of u*.

As shown in Fig. 11, the house dust position “on an
object lens” had good sensitivity and reproducibility.

u *
200
150
100
50 7 T
00 -+ o |
P1 P2 P3 Pa PS5 PG
Figure 11. The averages and standard deviations of u*
Table 3. The averages and standard deviations of u*
Red Coffee Ocher Yellow Ivory Orange
P1 7.90+2.93 7.08+1.14 4.08+2.31 2.70+1.74 5.9442.21 5.33+1.46
P2 5.80+1.66 12.00+2.83 8.61+0.90 7.60+0.55 7.50+2.62 7.53+1.90
P3 5.72+1.04 5.28+1.94 6.95+0.95 3.01£3.37 1.62+0.94 0.67+0.33
P4 3.24+1.81 7.85+0.90 4.82+0.89 3.57+£3.15 2.66+1.89 0.50+0.28
P5 3.46+0.99 1.20+0.78 3.20+2.40 6.37+1.82 6.81+0.46 0.41+0.30
P6 1.94+0.88 1.60+0.94 4.51+2.34 5.43+0.85 4.45+0.71 3.99+2.29

As shown in Table 3, the house dust position “on a
photographic optical system” had high sensitivity because
the average values were > 1.62 except for the combinations
of “P3 and orange” and “P4 and orange.” Moreover, since
the standard deviations were small in comparison with the
averages, the house dust position “on a photographic
optical system” had good reproducibility except for the

combinations of “P3 and yellow,” “P4 and yellow,” “P3 and
orange,” and “P4 and orange.” Because the average values
were > 1.20, the house dust position “on an illumination
optical system” had good sensitivity except for the
combination of ‘“P5 and orange.” Moreover, since the
standard deviations were small in comparison with the
averages, the house dust position “on an illumination
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optical system” had good reproducibility except for the
combination of “P5 and orange.”

Fig. 12 and Table 4 show the averages and standard
deviations of v*.

As shown in Fig. 12, the house dust position “on an
object lens” had wvery high sensitivity and good
reproducibility.

V*

100 T

50 -

0.0 -+
Pl P2 P3

i

Pa P5 PG

Figure 12. The averages and standard deviations of v*

Table 4. The averages and standard deviations of v*

Red Coffee Ocher Yellow Ivory Orange
P1 10.73+5.52 7.21+2.38 5.38+1.03 9.35+3.84 8.30+1.92 10.56+2.03
P2 12.9242.10 12.32+4.18 8.80+1.19 10.68+2.32 9.10+2.34 11.30+£1.69
P3 7.54+1.92 6.47+1.52 5.84+2.94 5.34+1.22 2.74+0.48 4.51+1.21
P4 6.47+2.06 8.14+2.86 3.79£1.37 5.56+0.25 4.45+4.01 4.07+1.37
P5 5.17+£2.43 2.1240.41 2.47+2.64 5.71£2.06 10.07+0.62 3.95+0.86
P6 6.72+2.23 4.04+1.08 3.41+£2.45 4.27+1.09 7.50+5.67 4.16+1.73

As shown in Table 4, the house dust position “on a
photographic optical system” had high sensitivity because
the average values were > 2.74. Moreover, since the
standard deviations were small in comparison with the
averages, the house dust position “on a photographic
optical system” had good reproducibility except for the
combination of “P4 and ivory.” Because the average values
were > 2.12, the house dust position “on an illumination
optical system” had good sensitivity. Moreover, since the
standard deviations were small in comparison with the
averages, the house dust position “on a illumination optical
system” had good reproducibility except for the
combinations of “P5 and ocher” and “P6 and ivory.”

4. Discussions

Fundus photographs were taken in five patients with
diabetic retinopathy. We constructed an experimental
device and six artificial eyes. The experimental device was
composed of an illumination optical system and a
photographic optical system similar to that of a fundus
camera. The fundi of the artificial eyes were painted in six
colors: red, coffee, ocher, yellow, ivory, and orange. House
dust particles on the object lens and the two other lenses

were photographed under each artificial eye. The RGB
color space was measured in the following four areas: the
hemorrhagic area, the perihemorrhagic area, the dust
artifact, and the periartifact area. The RGB color space was
transformed into seven types of color spaces: XYZ, CMY,
HSL, HSV, HSI, L*a*b*, and L*u*v*. We compared eight
types of color spaces using the evaluation space “Ev.”

The optimal color space was L*u*v* because it showed
the highest sensitivity and the best reproducibility. However,
HSV, HSL, HSI, RGB, XYZ, and L*a*b* each had an
ingredient of low sensitivity. The ingredients of low
sensitivity were the colors blue, “Z”, and hue. Moreover,
CMY consisted of cyan, which is a mixture of blue and
green, an ingredient of bad reproducibility. The ingredient
“Z” expresses the degree of blueness. The present
experiment demonstrated that the ingredients related to
blue had neither high sensitivity nor good reproducibility.
In addition, hue was of low sensitivity. The results from
this experiment demonstrated that dust artifacts did not
result in transformation of colors. In contrast, saturation
had high sensitivity and good reproducibility, and dust
artifacts create a spotty pattern. The concentration of color
is one of the important elements in the detection of dust
artifacts. The results from this experiments demonstrated



18 Naoto Suzuki:

Determination of the Optimal Color Space from Eight Types of Color Spaces for

Distinguishing Small Retinal Hemorrhages from Dust Artifacts

that saturation, the ingredient that shows the concentration
of color, can distinguish small hemorrhages from dust
artifacts. Furthermore, “L*,” value, lightness, and intensity
had high sensitivity and good reproducibility. Dust artifacts
are marginally dark because house dust particles interrupt
light. In order to distinguish small hemorrhages from dust
artifacts, this experimental result theoretically demonstrated
that the ingredients of “brightness” had high sensitivity and
good reproducibility.

Next, we analyzed the L*u*v* color space and compared
the following three types of house dust positions: “on an
object lens,” “on a photographic optical system,” and “on
an illumination optical system.” With regard to “L*,” the
position “on an object lens” had the highest sensitivity and
the best reproducibility. The position 'on a photographic
optical system' had good sensitivity and reproducibility.
However, the position “on an illumination optical system”
had good sensitivity and reproducibility only under certain
conditions. The house dust position “on an object lens” had
the highest sensitivity and the best reproducibility. With
regard to “u*,” the position “on an object lens” had the
highest sensitivity and the best reproducibility. However,
the positions “on a photographic optical system” and “on
an illumination optical system” had good sensitivity and
reproducibility only under certain conditions. With regard
to “v*)” the position “on an object lens” had the highest
sensitivity and the best reproducibility, whereas the position
“on a photographic optical system” had high sensitivity and
good reproducibility. However, the position “on an
illumination optical system” had high sensitivity and good
reproducibility only under certain conditions. Finally we
experimented with the artificial eyes having six types of
fundus colors. No differences were found among the six
types of colors.

5. Conclusions

1. The L*u*v* color space was the optimal one, which
demonstrated the highest sensitivity and the best
reproducibility. This result demonstrated that the “L*u*v*”
color space could distinguish small hemorrhages from dust
artifacts.

2. The house dust position “on an object lens” had the
highest sensitivity and the best reproducibility. However,
the positions “on a photographic optical system” and “on
an illumination optical system” had high sensitivity and
good reproducibility only under certain conditions.

3. Saturation had high sensitivity and good
reproducibility. The ingredients of “brightness,” which
included “L*,” wvalue, lightness, and intensity had high
sensitivity and good reproducibility. However, the
ingredients related to blue had neither high sensitivity nor
good reproducibility. Moreover, dust artifacts did not cause
change of hue.

4. No differences were found among the six types of
fundus colors.
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