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Abstract: Quality evaluation of koi (Cyprinus rubrofuscus) is essential to the koi industry. However,
the community has a lack of knowledge about the quality evaluation of koi and about features of
koi which are valuable. During the “All Japan Nishikigoi Show” competition, a quality evaluation
of koi was conducted by authoritative experts. In the present study, photos of participants of this
competition were used for analysis to discover features affecting the quality of the Kohaku variety of
koi. The HSVA color model was used to define and extract from image red and pale red coverage
rates in Kohaku body coloration. Body aspect ratio, body proportions, red coverage rate, and pale
red coverage rate were extracted using tools written in Python programming language. Analyses of
the extracted data revealed the significant impact body aspect ratio (p < 0.001) and pale red coverage
rate (p < 0.001) on Kohaku quality. A low body aspect ratio has a positive impact on Kohaku quality,
while a high pale red coverage rate has a very strong negative impact on Kohaku quality. This study
and its results can be an important foundation for further research about koi quality.

Keywords: Kohaku; koi; quality evaluation; image analysis; HSVA

1. Introduction

Nishikigoi hereinafter referred to as koi (Cyprinus rubrofuscus) is a world-famous
ornamental variety of domesticated carp [1,2]. Koi originated in Japan in Niigata Prefecture
as an ornamental fish after many generations of selective breeding [3]. The main feature
of koi is its striking coloration patterns [4]. Scale colors and color distribution patterns
can vary greatly between koi varieties, and the patterns are almost unique and almost
impossible to repeat between two individuals. The average lifespan of koi is 50 years [5].
Due to the nature of breeding, the number of varieties of koi is difficult to determine
because the sources suggest different numbers [6,7].

Currently, the ZNA (Zen Nippon Airinkai; worldwide koi organization) defines
16 basic varieties of koi [8]. Koi began their journey to world fame after the first exhibition
in Tokyo in 1914, where farmers from Yamakoshi village, Niigata Prefecture, introduced
their best koi in the garden of the Imperial Palace [9]. The popularity of the Koi eventually
spread throughout the world. Now, there are koi clubs and associations in Japan and
many other countries [10]. Koi exhibitions are held, such as the “All Japan Nishikgoi Show”,
organized by All Japan Nishikigoi Promotion Association, where koi experts evaluate the
carps, choosing the best ones in each variety [11,12]. Winners of these shows become very
valuable in price, and connoisseurs are willing to pay hundreds of thousands of dollars for
such individuals [13]. Despite the popularity and distribution of koi around the world, the
koi evaluation criteria remain little formalized. Known criteria include body conformation
(symmetrical and plumper bodies are preferred), purity of color, brightness, durability,
and pleasing distribution. Highly valued characteristics can increase the value of a koi.
Swimming style is also important [6]. Judges use a 100-point system, where body shape
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and color account for 50% and 20%, respectively, whereas color pattern, gracefulness, and
dignity account for 10% each [14,15]. However, the exact method of koi scoring is unknown
to the community. This lack of knowledge indicates that research on the koi evaluation
process can help koi breeders with selecting and crossbreeding to produce high-quality koi.
Formalization of methods for koi evaluation can provide interesting and useful information
for koi enthusiasts and can lead to koi popularization and industry growth.

Between 1818 and 1843, the first white-colored carp with red markings (Kohaku) was
crossbred in Japan [16,17]. Currently, Kohaku is one of the most popular varieties of koi in
the world [18]. Kohaku carps have a white body with red markings all over the body. They
represent one of the bestselling koi on the market.

Image analysis is used to solve different problems, such as counting the number of fish
in a pool, defining fish age, or classifying fish [19–21]. By using image analysis to process
photos containing useful data, complex problems can be solved. Kohaku coloration is an
important factor influencing fish quality, and image analysis is an appropriate method to
obtain results that could explain the effect of features on Kohaku quality.

The present research aimed to analyze certain features of kohaku koi on the basis of
photos collected during the annual “All Japan Nishikgoi Show” competition, which may be
useful in evaluating the quality of Kohaku koi. Statistically significant features of Kohaku
were identified, and their possible effects on Kohaku quality were determined.

2. Materials and Methods
2.1. Materials

In the present study, photos of koi variety Kohaku collected over several years of
the “All Japan Nishikgoi Show” were used as data for analysis. The photos were taken by
professional photographers using a professional camera mostly from the same angle, with
the same lighting and same background. The koi shown in the photos were predominantly
in a straight body position. Along with each photo, information about the placing of each
Kohaku in the competition was used as additional data. There are four possible places in
the competition (first to fourth). Because there were not many photos, they were divided
into two groups: winners and losers. The Kohaku that occupied first place in the competition
were included in the winners group. The Kohaku that occupied places other than first
were included in the losers group. As a result, the winners group included 73 photos,
while the losers group included 308 photos. All photos were in Portable Network Graphics
(PNG) format. The PNG format represents pixels using the RGBA color model, where the
additional alpha channel represents transparency [22]. The photos were grouped into two
classes: good-quality Kohaku and bad-quality Kohaku. Thus, useful information about
the quality of Kohaku produced by experts was used to extract and analyze the features
affecting the quality of Kohaku. No other authoritative data sources were found that could
be useful in analyzing the quality of Kohaku.

2.2. Material Preparation
2.2.1. Photo Selection

Certain photos of kohaku in the losers group were found to be not suitable for analysis.
Two reasons were used for declaring the photo inappropriate: non-straight posture of
the body and poor image quality. The reasons for poor image quality were water glare,
insufficient lighting, strong background reflection, and incorrect camera angle at the time
of the picture. Some photo flaws could be corrected, whereas some could not, potentially
negatively affecting the results of the study by creating some level of inaccuracy. Therefore,
photos were carefully screened, and unsuitable photos were removed from the dataset to
avoid the negative effects of photos for which flaws could not be corrected. After filtration
the losers group contained 145 images and the winners group remained unchanged.
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2.2.2. Photos Cropping

It is difficult to take a perfect photo of koi for the examination of body posture. In
the present study, the perfect posture was defined where the koi’s body and caudal fin in
the picture were in a straight position, and the pectoral fins were spread and symmetrical.
Capturing koi in the perfect body posture is not difficult, but this is not the case for the
fins. Koi’s fins are constantly in motion; thus, photographing them in the perfect posture is
quite difficult. Among the photos, many photographed Kohaku had their pectoral fins in
an asymmetrical posture.

In addition to the problem of asymmetry in the posture of the pectoral fins, the caudal
fins are generally also in motion. Many photos had unwanted features such as bent or
partially rotated caudal fins, which could not be accurately measured or used for the
general color analysis. Fins in such a posture may increase the total body area of the koi
and adversely affect the analysis results.

The number of images containing these problems was overwhelming. Due to the
difficulty in the analysis of fins, their presence in the photograph could lead to uneven
measurements, which would most likely lead to errors during analysis. Therefore, all
images were cropped to remove all unnecessary parts of the photos, including pectoral
and caudal fins. The caudal fin cutting line was located at the narrowest part of the tail
where the fin grows. Lateral pectoral fin cutting lines were drawn to not affect the rest of
the koi’s body.

2.2.3. Background Removal

The next step in photo preparation was to remove the background of the photos and
the remainder of the fins. The background of the photo and possible remaining parts of the
pectoral fins, as well as the fins themselves, were removed for image analysis, so as to not
affect the analysis accuracy. An example of cropping and background removal is shown in
Figure 1.
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Figure 1. Example of cropping and background removal. The blue hue in the image is the reflection
of the background on the fish scales.

All available photos selected for analysis were processed in this way. Adobe Photoshop
was used in material preparation [23].

2.3. HSVA Color Model

In the present study, the HSVA (hue, saturation, value, alpha) color model was used.
The following equations define the conversion from the RGBA (red, green, blue, alpha)
color model to the HSVA color model [21,24–26]:
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Max = max(R, G, B)
Min = min(R, G, B)
∆ = Max−Min

H = 60



2, i f ∆ = 0
G− B

∆
mod 6, i f Max = R

B− R
∆

+ 2, i f Max = G

R− G
∆

+ 4, i f Max = B

V = Max

S =


∆

Max
, i f Max 6= 0

0, i f Max = 0

A = A,

(1)

where the RGBA color model components are in the range [0, 1], and the HSVA color model
components are defined in a partially normalized manner, where the H component is in
the range [0, 360] and the S, V, A components are in the range [0, 1]. To avoid undefined
values of the H component when ∆ is equal to 0, it is necessary to assign some value to H.
In the present study, the H component was assigned as 120 when ∆ was equal to 0 because
this value represents a pure green color which was typically not present in images, thus
providing better analysis accuracy [26].

2.4. Feature Analysis
2.4.1. Body Aspect Ratio

The actual sizes of the koi in the images were unknown. Consequently, it was decided
to use a relative value for analysis, which did not depend on the actual size of the koi’s body,
but could nevertheless reflect the feature of the body structure, e.g., slimness. The aspect
ratio of a body can be a relative value. Thanks to the preparation of the photos, especially
cropping, the borders of the images bound the Kohaku bodies exactly as we needed. In
the present study, all photos were rotated vertically, so that the tail of the koi pointed up
and the head pointed down. Accordingly, the body aspect ratio (AR) was defined by the
following equation:

AR =
image height
image width

, (2)

where the image height and image width are measured in pixels. Using tools written
Python programming language [27,28], the AR values were extracted from the images for
an analysis of the impact of aspect ratio on Kohaku quality.

2.4.2. Body Proportions

Body proportions of koi can vary widely; koi individuals can exhibit thickness in
different parts of the body: closer to the head, closer to the center of the body, and sometimes
even closer to the area of the center–tail transition [29]. It was necessary to analyze this
feature of the koi’s body and how it affects the quality of the koi. Due to the lack of
information about the actual sizes of the body, it was decided to analyze the relative values
which can describe body proportions. For this purpose, five relative values for each koi
image were used. Each image was divided into five equal rectangles (R1, R2, R3, R4, R5;
R1. . . 5) adjacent to each other along the body of the koi (Figure 2).
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Figure 2. Body division with rectangles (R1. . . 5). The five green rectangles represent the division of
the kohaku body into five equal parts along the body length.

The bounds of the rectangles were used to calculate the areas of the body contained
within the bounds. In our case, area was measured in number of pixels. Accordingly, the
five body areas formed by the rectangles (R1. . . 5) correspond to five values BA1. . . 5 according
to the following equation:

BAi = |{P|P present in Ri rectangle bounds ∧ PA〉0.5}|, (3)

where p is a pixel in RGBA color space, and PA is the alpha component of a pixel. The
obtained BA1. . . 5 values are equal to the number of pixels contained in the R1. . . 5 rectangles.
Because images had different resolutions, and the actual sizes of the body were unknown,
BA1. . . 5 values could not be used directly for the analysis. For this reason, relative values
(RBA1. . . 5) were used, defined by the following equations:

BA =
5
∑

i=1
BAi

RBAj =
BAj

BA
× 100,

(4)

where RBAj (%) is the relative body area bound by the Rj rectangle in the range [0, 100],
and j = 1. . . 5. In this way, relative values able to represent the body proportions of the koi
were obtained. The RBA1. . . 5 values were used for individual analysis.

2.4.3. Red Coverage Rate

Analysis of the kohaku coloration using the RGBA color model is difficult due to the
difficulty in interpreting RGBA component values. Because it is easy to represent all colors
of the rainbow using the H component and adjust saturation and brightness using the S and
V components, respectively, the HSVA color model was used. Kohaku koi have two colors
in their coloration: red and white. The red coverage rate in the coloration differs between
individuals. The red coverage rates were analyzed because they may affect the quality of
the Kohaku. Three groups of pixels were defined according to the following equations:

RP = { P | (0 ≤ PH ≤ 60 ∨ 300 ≤ PH ≤ 360) ∧ PS ≥ 0.5∧ PA ≥ 0.5 },
WP = { P | P /∈ RP ∧ PA > 0.5},

BP = { P | PA > 0.5 },
(5)

where p represents pixels in the HSVA color space, RP represents red pixels of body
coloration, WP represents white pixels of body coloration, and BP represents all pixels of
the body. Examples of color groups rendered separately shown in Figure 3.

Using the visualization shown as an example in Figure 3, the correctness of equations
defining RP, WP, and BP groups was validated. To calculate the red coverage rate (RCR)
the following equation was used:

RCR =
|RP|
|BP| × 100, (6)
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where RCR (%) is in the range [0, 100]. The RCR values were calculated for all images
using tools written in the Python programming language, we analyzed their effect on the
Kohaku quality.
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Figure 3. An example of color groups rendered separately. The BP group (A) represents all body
pixels, the RP group (B) represents red pixels in body coloration, and the WP group (C) represents
white pixels in body coloration.

2.4.4. Pale Red Coverage Rate

During visual inspection of the images, it was found that, very often, Kohaku from
the losers group had pale red areas along the edges of the red spots or within some areas of
white areas. It was assumed that the presence of a large amount of pale red color in the
Kohaku coloration negatively affected the Kohaku quality. To analyze this assumption, the
pale red coverage rate was calculated according to the following equations:

PRP
= { P | (0 ≤ PH ≤ 60∨ 300 ≤ PH ≤ 360) ∧ (0.2 ≤ PS ≤ 0.6) ∧ (PA > 0.5) },

BP = { P | PA > 0.5 },
(7)

where p represents pixels in HSVA color space, PRP represents pale red pixels, and BP
represents all pixels of the body. An example of groups rendered separately is shown in
Figure 4.
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Using the visualization shown in Figure 4, the correctness of equations defining PRP
and BP groups was validated. To calculate the pale red coverage rate (PRCR), the following
equation was used:

PRCR =
|PRP|
|BP| × 100, (8)

where PRCR (%) is in the range [0, 100]. The PRCR values were calculated for all images
using tools written in the Python programming language, we analyzed their effect on the
Kohaku quality.

2.5. Statistical Analysis

AR, RBA1. . . 5, RCR, and PRCR values, calculated for all images, were individually
subjected to one-way analysis of variance (ANOVA) using the R statistical software [30,31]
to discover how the features they represent affected the Kohaku quality. Due to the lack of
other available data, in the context of the present study, Kohaku belonging to the winners
group were considered as high-quality Kohaku, and vice versa. The difference in means
was considered statistically significant at p < 0.05.

Multiple linear regression was carried out to investigate the relationship between
features affecting quality rate. The quality rate was an artificial value used for multiple
linear regression to describe the Kohaku quality score. Individuals of the winners group had
a quality rate value equal to 1, whereas individuals of the losers group had a value equal
to 0. In this way, values close to 1 indicated good-quality Kohaku, whereas values close
to 0 indicated poor-quality Kohaku. Multiple regression analysis was conducted using R
statistical software.

3. Results
3.1. Body Aspect Ratio

The average values of the body aspect ratio (AR) of winners and losers were 3.825 and
3.982, respectively. One-way analysis of variance (ANOVA) showed that the difference
in the average ratio values was statistically significant (p < 0.001). The distribution of
individuals within their groups is shown in Figure 5.
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A higher aspect ratio value corresponded to Kohaku with a slenderer body shape,
and vice versa. Therefore, the results showed that Kohaku with a massive body were
considered to be of higher quality.
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3.2. Body Proportions

The average values of RBA1. . . 5 of the winners group and the losers group are shown
in Table 1, where ∆ is the absolute difference between the RBAi of the winners group and
RBAi of the losers group.

Table 1. Averages of RBA1. . . 5 values and their absolute differences (∆) in percentage.

RBAi Winners (%) Losers (%) ∆ (%)

RBA1 9.6 9.6 0
RBA2 19 19 0
RBA3 26.2 26.2 0
RBA4 27.1 27.2 0.1
RBA5 18.1 18 0.1

The highest ∆ value was equal to 0.1%, which means that the highest difference
within averages did not exceed 0.1%. There was no significant difference between the
winners group and the losers group; the p-values of RBA1. . . 5 were following p = 0.61 > 0.05,
p = 0.85 > 0.05, p = 0.89 > 0.05, p = 0.11 > 0.05, and p = 0.52 > 0.05 when i = 1–5, respectively.
Therefore, no effect of body proportions on Kohaku quality was discovered.

3.3. Red Coverage Rate

The average values of the red coverage rate (RCR) of winners and losers were 60.4%
and 58.4%, respectively. There was no statistically significant difference between groups
(p = 0.062 > 0.05). Therefore, no effect of red coverage rate on Kohaku quality was discovered.

3.4. Pale Red Coverage Rate

The average values of the pale red coverage rate (PRCR) of winners and losers were
3.14% and 10.23% respectively. One-way analysis of variance (ANOVA) showed that
the difference in the average ratio values was statistically significant (p < 0.001). The
distribution of individuals within their groups is shown in Figure 6.
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Therefore, a high pale red coverage rate (PRCR) value corresponded to Kohaku of
lower quality.

3.5. Multiple Linear Regression

Multiple linear regression was carried out to investigate the relationships among body
aspect ratio, pale red coverage rate, and quality rate. There was a significant relationship
between body aspect ratio and quality rate (p < 0.05), as well as between pale red coverage
rate and quality rate (p < 0.001). In terms of the body aspect ratio, there was a −0.236
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(±0.105) decrease in the quality rate for each extra unit of aspect ratio. For the pale red
coverage rate, the quality rate decreased by −0.037 (±0.004) for each extra percentage of
coverage. According to these results, the pale red coverage rate was a more important
feature than the body aspect ratio.

4. Discussion

The results of this study showed that some structural and color characteristics of koi
positively or negatively affect the koi quality. For example, the body aspect ratio and the
pale red coverage rate were found to have a direct effect on the quality of the Kohaku.
Although there are many sources describing koi, there is no detailed information about
the process of koi evaluation and how features such as body shape and color affect the
quality of the koi. Thus, the results presented here provide a basis for future work on the
evaluation of koi quality. In this section, several hypotheses regarding the results of this
study are presented, and various directions for future research into koi body shape and
coloration, as well as their impact on quality, are discussed.

4.1. Noisy Data

In the present study, photos that had the disadvantages described in the material
preparation section were not used. Suitable photos were selected and processed to eliminate
all issues, including imperfect koi body posture, water reflections, image noise, effect
of color emission from surrounding objects on koi lighting, or human factors such as
differences in camera angle and lighting. Photos that had minor problems, such as bent or
twisted fins, were processed to address the imperfections. Photos that had more significant
flaws that could affect the course of the study were excluded and not used in the analysis.
Nevertheless, hidden shortcomings could have remained, which were difficult to detect
by a person but capable of lowering the accuracy of the analysis. In the long term, the use
of higher-quality photos as a material can improve the quality of the analysis. High color
accuracy, soft lighting, information about the actual size of the koi, and information about
the position and orientation of the camera at the time of shooting can all serve to improve
the quality of the analysis.

4.2. Kohaku Features

In the present study, only some of the features of the Kohaku body shape and coloration
were analyzed. Several of the analyzed features were found to have an impact on koi quality.
There are probably other features that can be discovered and analyzed using photos. Over
time, by discovering new features that can be analyzed and improving the available data
on the features found, it will be possible to use more than two features together, and their
impact can be used to fully evaluate the Kohaku quality and formalize the evaluation rules.

4.3. Image Restrictions

Photos are not able to fully convey information about the actual shape of the koi
body, but only convey a view restricted by camera perspective. Using such images, it
is problematic to analyze shape of koi body in three-dimensional space. Thus, there are
limitations in analysis of the koi’s body shape, i.e., only a limited number of features
in the two-dimensional space represented by images can be analyzed. New types of
materials for analysis of koi may provide additional data about body shape, allowing for
a more complex analysis and the possible discovery of new features with an impact on
koi quality. An example of an improved approach to material collection would be the use
of photogrammetry techniques to gain insight into the body structure of a koi in three-
dimensional space by creating 3D models. These 3D models may represent the 3D shape
of a koi body in detail compared with images [32–34]. This technique would allow for a
detailed analysis of the body shape and perhaps the discovery of new valuable features
affecting the quality of the koi. Further work is needed to explore these possibilities.
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4.4. Prospects

As described briefly in the introduction, there is a lack of knowledge about koi quality
evaluation in the community. It is not possible for a nonexpert to evaluate koi quality.
Since koi are ornamental fish, quality is an important characteristic. The present and future
studies will be useful for the community of koi enthusiasts around the world and for koi
breeders. Thus, this research and additional work exploring the features of the body shape
and coloration of koi can have a significant positive effect on the koi industry as a whole
and can contribute to its development.

5. Conclusions

In the present study, the body shape features and coloration features of Kohaku koi
were analyzed. We discovered and analyzed certain features to determine their importance
for the quality of Kohaku. Kohaku with a rather massive body were found to be higher-
quality individuals. The feature with the strongest influence on Kohaku quality was found
to be the pale red coverage rate, with a high rate decreasing the quality of the koi, and
vice versa. On the basis of this study, it is possible to perform similar analyses of the body
shape and coloration for other koi varieties. Thus, this study sets an important foundation
for further research on the features of the shape and coloration of koi. Additional work is
needed to improve the methodology for collecting materials for analysis, to discover new
features of the body shape and coloration of Kohaku, to improve analysis quality, and to
study other varieties of koi and their features.
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