

  buildings-15-01496




buildings-15-01496







Buildings 2025, 15(9), 1496; doi:10.3390/buildings15091496




Article



A Method for Studying Building Color Harmony in Coastal Historic and Cultural Districts: A Case Study of Mojiko, Japan



Mei Lyu 1, Ge Qu 2, Jiaxuan Shi 3, Dong Sun 2,* and Yi Tian 1,4





1



School of Art and Design, Shenyang Jianzhu University, Shenyang 110168, China






2



School of Architecture and Urban Planning, Shenyang Jianzhu University, Shenyang 110168, China






3



Faculty of Environmental Engineering, The University of Kitakyushu, Kitakyushu 808-0135, Japan






4



College of Management, Maharishi International University, Fairfield, IA 52557, USA









*



Correspondence: sundong@sjzu.edu.cn; Tel.: +86-186-0402-1676







Citation: Lyu, M.; Qu, G.; Shi, J.; Sun, D.; Tian, Y. A Method for Studying Building Color Harmony in Coastal Historic and Cultural Districts: A Case Study of Mojiko, Japan. Buildings 2025, 15, 1496. https://doi.org/10.3390/buildings15091496



Academic Editor: Adrian Pitts



Received: 24 March 2025 / Revised: 9 April 2025 / Accepted: 13 April 2025 / Published: 28 April 2025



Abstract


Coastal historic and cultural districts are distinctive urban public spaces which reflect the urban cultural and historical narratives. As an important symbol, coastal historic and cultural districts’ building colors play a crucial role in enhancing the historic and cultural districts’ visual quality and shaping the urban coastal landscape. Japan was one of the earliest countries to research urban color and building color regulation. This study selected Mojiko in Japan as the study site using street-view images, semantic segmentation technology, and ColorImpact4 software to collect information about the street building color. Based on the Moon–Spencer (M–S) color coordination theory and applied psychology methods, this study evaluated the building color quality and street color harmony from objective and subjective perspectives. It explored the impact of the building color on the coastal historic and cultural districts’ landscape quality. The results indicated that the building color of Mojiko generally presented a harmonious and unified characteristic. Most street buildings were soft, warm color tones, with higher color harmony and continuity. However, there were some problems, such as colors disrupting the overall street color environment, or color combinations were overly uniform. This study proposed a comprehensive method for building color analysis and evaluation, which is a reference value for guiding the color planning and construction for coastal historic and cultural districts’ landscape control.
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1. Introduction


Color is the most direct factor that stimulates visual perception and affects psychological feelings in the urban environment [1,2]. As the first perceptual element of the environment, color is often the first to be noticed by people [3]. Urban coastal historic and cultural districts are not only special urban waterfront public spaces but also have unique environmental colors [4]. These districts reflect the historical context and spirit, which represent a successful combination of artificial and natural landscapes. Buildings are the major component of urban public spaces [5]. The building color shows the urban style and features, which promotes the dissemination of cultural values. With the growing demand for urban regeneration, especially the preservation of historic districts, more and more urban color research is beginning to focus on the distinctive urban style and features and building color combinations of waterfront historic cultural districts. Correspondingly [6], the study of coastal historic cultural districts building color is essential for planning and preserving of the coastal historic and cultural district [7,8,9].



The study of urban building color is based on color science and chromatics, with theoretical studies involving disciplines such as psychology, physiology, and aesthetics. Vision’s ability to perceive color changes is predicated on the three dimensions of hue, saturation, and lightness, which were established by Grassmann in 1853. For the first time, this theory explained human’s three-dimensional perception of color in mathematical language, which laid a foundation for modern colorimetry [10]. Colorimetry is an important technical tool for urban color planning, which proposes color spaces and standard systems and enables color expressions and color measurement systems to be used. The Munsell Color System, which was created by Albert Munsell in 1905, built the first standardized color 3D model using hue rings, lightness axes, and chrominance radii and is widely used today [11]. To meet multiple needs, various color space mixing models have emerged [12] (See Table 1). Practical research is based on the concept of color geography (introduced by French color scientist Lenclos) [13,14], which has developed a series of color planning ideas and methods. Color geography emphasizes exploring and guiding urban, buildings, and landscape colors by integrating regional and contextual color theories [15] (See Table 2).



Traditional methods for collecting and studying urban building color mainly rely on field surveys and manual measurements using colorimetric cards or spectrophotometers. These methods are not enough to meet the needs of urban fine management and cannot adapt to the data updates in rapidly developing areas [18]. For example, some scholars [19,20] have used field surveys and manual measurements, Problems such as a limited scope of research, efficiency, and labor intensity were present.



With the advancement of science and technology, particularly objective measurement and digital technologies, urban color studies have turned from qualitative descriptions to quantitative analysis [21]. Through new technologies and devices, colors can be calculated as binary digits and recognized by computers for encoding, calculation, and analysis now [22,23]. The accuracy of urban block-building color data collection has improved [24].



Street-view images (SVI) provide data from a human perspective to describe large-scale street spaces. Semantic segmentation based on Convolutional Neural Networks (CNN), such as SegNet [25], PSPNet [26], and DeepLabV3 [27], has been widely used to automatically extract various elements from street-view images. These algorithms can achieve pixel-level semantic parsing of streetscape images, automatically identify and segment different semantic elements (such as roads, buildings, vegetation, vehicles, etc.) in the image, and transform the original image into a structured semantic label map, thus providing structured data for urban spatial analysis. A large number of color information identification in images is possible [24]. With the help of SVI and deep learning, the feasibility of quantifying building color has been realized [28]. Some methods, such as k-means clustering, have been used to extract the buildings dominant color features from SVIs and analyze urban color characteristics [29,30], Most of the current color studies are objective studies for the body of the building color spatial distribution or color harmony evaluation and perception [31,32,33]. However, fewer studies have combined buildings body color and color harmony [34,35].



Existing research on urban building color from the perspective of colorimetry has mainly focused on the measurement and analysis of monochromatic relationships [36]. Color is a spatially defined element, and building color typically exists in the form of combinations of two or more colors [37,38]. Harmonious color design not only plays a crucial role in shaping the visual identity but is also significant for the renewal and preservation of historic buildings [39,40,41]. Studies have indicated that color harmony directly affects people’s preferences for an object and visual psychological feelings [42,43,44]. Ref. [45] explored the relationship between color harmony and diversity. Refs. [46,47] explored the impact of primary color and color contrast on the harmony of building facades, and the color combination of a primary color and one complementary color was used. Refs. [48,49,50] quantified color harmony using the similarity of color histograms. Most existing studies on building color harmony and evaluation have focused primarily on measuring similarity [51,52,53]. Compared to other color harmony theories, the –S theory is more suitable for research and analysis on color quantification at the micro-scale [54].



This study selected Moji, Japan, as the research site. As the data source, street-view images were used to extract the building color information from the Moji Port streets. A method based on the M–S theory and psychophysics was proposed to evaluate the color harmony of the building facades in Mojiko. It aimed to provide valuable insights and color control experiences for the preservation and development of coastal historic and cultural districts.




2. Materials and Methods


2.1. Study Site


The Mojiko of Kitakyushu, Japan was selected as the study site. Mojiko is located at the junction of the Kanmon Strait and the Bungo Channel. It used to be an important international trade port in Japan. There are many historic sites preserved. Mojiko is no longer used for port trade but is characterized by historic buildings and has become a popular tourist destination. The study area was centered on the port, to the north of Dong Mojiko Line 12, and to the south of Dairen Street. The west was the coast, and to the east was the West Coast Line 1, with a total area of about 57.9 hectares. Based on the current situation of the streets in the area, we numbered the streets street A, street B, and so on (Table 3).



According to the building orientation and the street number, the buildings in Mojiko were numbered A1, A2, and so on (Figure 1).




2.2. Data Acquisition and Processing


The basic road network data of Mojiko, Kitakyushu, Japan, was obtained by OpenStreetMap. We manually screened and labeled major streets that were worth researching. Street-view sample points were generated at 20 m intervals using the ArcGIS platform. We ensured that the main building color near each sampling point could be captured. After obtaining each point’s latitude and longitude coordinates, street-view images were collected from the Open-Source Street-View Data for each sample point. Each image was 640 × 640 pixels, with specific sample angles of 0°, 90°, 180°, and 270° (Figure 2). In total, 163 sample points were used, resulting in 197 streetview images of individual building facades after filtering (Figure 3). After obtaining the street-view images, the MIT ADE20K dataset combined with a semantic segmentation model was applied in Python3.9 to perform semantic segmentation on the images, extracting the building elements. Additionally, to reduce color interference caused by different lighting conditions, an automatic white balance (AWB) algorithm was used to process the images, ensuring the accuracy of the color data in the collected samples, Since the Mensel color system and closer to the human perception of color, the relevant data information acquired will undergo hue, saturation, value (HSV)) spatial color conversion to quantify the color seen by the human eye [55].




2.3. Subjective Evaluation Method of Building Color Harmony Degree


In the research area, a 100 m boundary was used to group buildings on the street facades within the range into pairs. The 10 street segments had 157 sample data groups. The building color quality was then evaluated using a Likert scale. For the evaluation, 50 urban color and related professionals were invited. A brief explanation of the evaluation content and scoring standard was provided to the evaluators before the assessment, along with a preview of the building group facade photos to assist in determining the evaluation standards. Scoring was limited to 10 s per image to ensure the consistency and accuracy of the score [56]. Experts independently judged and scored in the Likert scale, using the 7-point system principle: 1 represents the lowest color harmony, and 7 represents the highest color harmony. A total of 48 valid questionnaires were collected. To minimize the impact of aesthetic differences among individuals on the evaluation results, the scores were standardized. Finally, we used the following formula to calculate the building color harmony degree (BCHD) subjective evaluation results.
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2.4. Building Façades Primary Color Extraction


Based on the Python platform, we integrated semantic segmentation and image mask technology to eliminate non-building landscape elements in the photos to eliminate the interference on the extraction of build building color features in batches [57,58]. Then Colorlmpact4 software was used to extract the building facade colors of 197 sample photos.



As shown in Figure 4, ColorImpact4 software could accurately extract and quantitatively analyze the color of the image. The tool provides a color clustering function, which can automatically identify the main color, auxiliary color, and their proportion, and is suitable for the statistical analysis of building color.




2.5. Objective BCHD Calculation Method


Color harmony refers to a visual perception where color combinations are unified [59], coordinated, and enjoyable. It is a normal form of aesthetic appreciation. The color geometric formalization in the M–S theory provides a quantitative description of hue, saturation, and brightness [60]. The calculation of the BCHD in Mojiko used the aesthetic formula proposed by the American mathematician George David Birkhoff [61].
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where M represents the aesthetic harmony, O represents the order factor, and C represents the complex factor.



Ot = the hue harmony value between adjacent buildings façades color;



Ov = the brightness harmony value between adjacent buildings façades color;



Og = the saturation harmony value between adjacent buildings façades color.



Cm = the total number of colors in the color combination;



Ct = the number of color pairs with hue differences;



Cv = the number of color pairs with brightness differences;



Cg = the number of color pairs with saturation differences [62].





3. Results


3.1. BCHD Subjective Evaluation


3.1.1. Comparison of BCHD Subjective Evaluation Between High Sample and Low Sample


According to the above color quality evaluation method, we obtained the color harmony degree subjective evaluation results of 157 adjacent buildings using Likert scales evaluation. The evaluation results were classified using the natural breakpoint method. The core objective of the natural breakpoint method is to automatically determine classification breakpoints or interval boundaries based on the distribution characteristics of the data. The application of this method not only enhances the rationality of data classification but also improves the realism and clarity of the map visualization. Ultimately, the color harmony evaluation results were divided into ‘higher color harmony value’, ‘normal color harmony value’, and ‘lower color harmony value’ (Table A1).



The results showed that the subjective evaluation of the overall color harmony of the region was at a high and medium-high level, and only a small number of samples had low subjective evaluation results. There were 52 samples with high color harmony, accounting for 33.12% of the total samples. The proportion of medium color harmony samples was the highest, with 63 samples, accounting for 40.13% of the total samples. Low color harmony samples accounted for the lowest proportion, a total of 42, accounting for 26.75% of the total number of samples.



The high-harmony value range was 0.204–0.911, the mean value was 0.421, and the standard deviation was 0.183. The range of moderate-harmony degree was −0.259~0.204, the mean value was −0.008, and the standard deviation was 0.128. The range of low-harmony degree was −1.198~−0.260, the mean was −0.509, and the standard deviation was 0.210.



Figure 5 shows the spatial distribution of BCHD subjective evaluation. The figure shows that the samples with high color harmony were mainly distributed in the areas far from the sea, such as streets G, J, C, and F, and the samples with medium- and low-harmony levels were mainly distributed in the coastal areas, such as streets A, H and E.



By comparing the high- and the low-harmony degree samples, we analyzed the Mojiko BCHD from the perspective of the public. In the high color harmony degree samples, the dominant color of building combination was mostly off-white, beige, earthy yellow, and light brown. Most of them were medium-high brightness and low saturation. In the top 10 high-harmony samples, the brightness and saturation values of the adjacent building dominant color were similar. For example, E-G13 and E-G14, as well as W-J1 and W-J2, were high brightness and low-saturation color matching. Although there were some differences in some samples, these differences were usually in a relatively small range, for example, in N-F13 and N-F14 and W-G2 and W-G3.



In the low-harmony degree samples, the hue distribution was irregular. The color combinations were mostly the colorless, high-brightness, and low-saturation gray and black, as well as high-brightness and high-saturation blue, bright yellow, and green combination collocations, such as W-I6 and W-I7, W-I7 and W-I8, N-F16 and N-F17 and S-B14 and S-B15. This strong contrast led to inconsistent colors, resulting in visual incongruity (Figure 6).




3.1.2. Street BCHD Subjective Evaluation Analysis


The color of a single building will affect the color environment of the whole street. To obtain the overall color information of the street, we calculated the average BCHD subjective evaluation of each street (Figure 7). The results showed that the average value of BCHD subjective evaluation was sorted as follows: street G > street J > street C > street F > street D >street A > street H > street I > street B > street E.



In street G, with the highest average value of BCHD subjective evaluation, the building color was prominent, mainly beige, reddish brown, and khaki, which belonged to the same color contrast. In street J, the dominant colors of buildings were khaki, brick red, and rice white. The colors were similar in tone and hue and also showed a high color harmony. In street E, the average value of BCHD subjective evaluation was the lowest. Although there were individual high-score samples, the hues of most adjacent buildings were not coordinated. There was a strong contrast between the cold and warm colors of the building, resulting in poor overall harmony. For example, for S-E1 and S-E2 and S-E3 and S-E4, the color matching between the cold blue and warm orange formed a strong conflict, giving a visual sense of discomfort. In the penultimate street B of the ranking, the building color was chaotic, and the color saturation changed greatly. Moreover, there was more glass on the surfaces of the buildings, reflecting blue and cold gray, which was in contrast to the warm color of the building, resulting in a disharmonious visual feeling.



From the perspective of the degree of dispersion of data, the Interquartile Range (IQR) values of streets C, F, H, and J were moderate; it showed that the distribution of BCHD subjective evaluation results was relatively concentrated. The IQR value of streets A, G, and I was larger, which indicated that the value range of BCHD subjective evaluation was wide, and the difference in color harmony perception was significant. The IQR value of street B was medium, indicating that the data dispersion was moderate, but it was mainly concentrated near the lower value. The IQR value of street E was the largest, and the data dispersion was extremely high, which highlights the instability of color harmony evaluation. The IQR value of street D was the smallest, the dataset was highly concentrated, and the degree of dispersion was low, indicating that most of the evaluation results were close to the same.




3.1.3. Positively Skewed Distribution


By comparing the average, median, and mode values in 10 streets, it indicated that the fluctuation of the BCHD subjective evaluation in Mojiko mainly presented the characteristics of positive skewness distribution and negative skewness distribution (Figure 8). In statistics, if the tail of the data extends to the right, that is, most data points are concentrated in the low-value area, and a few high values lengthen the tail, the data are positively skewed. This distribution usually makes the mean greater than the median. If the tail of the data extends to the left, that is, most of the data points are concentrated in the high-value area, and a few low values lengthen the tail, the data are negative skewed, and the average value is usually less than the median.



In the 10 streets, the average value of BCHD subjective evaluation of B, D, E, F, and G streets exceeded the median. The result showed a positively skewed distribution, which indicated that there was a statistical maximum value in these streets. It had a positive impact on the overall street environment color. The BCHD subjective evaluation value of the street B was lower in the overall ranking, but there were high-score samples S-B11 and S-B12, S-B4 and S-B5, S-B10 and S-B11. S-B11 and S-B12 was the highest score sample of street B, and the dominant color of building was a combination of gray and pale pink with low saturation. The color saturation of the two buildings in S-B4 and S-B5 was low, and the gray combination with different brightness. In the overall street, the ranking of the street D was at a medium level, and N-D10 and N-D11, N-D1 and N-D2, N-D2 and N-D3, S-D2 and S-D3 were the high-score samples. N-D10 and N-D11 was a color combination of rice white and low-saturation orange yellow; in the N-D1 and N-D2 color combination, the dominant color of N-D1 was prominent and beige, the N-D2 dominant color was dark grey, and beige was used as a supporting color, which had harmony and continuity with the color of N-D1. The average score of street E was the lowest, but there were two high-harmony samples of E-E1 and E-E2 and S-E10 and S-E11. The dominant color of building, supporting color, and accent color of E-E1 and E-E2 buildings were consistent. S-E10 and S-E11 buildings were off-white and beige, which were similar in brightness and different in saturation. Street F was ranked fourth, which contained the high-score building combination samples N-F12 and N-F13 and N-F13 and N-F14. They were mainly beige, with light brown as the supporting color. The color matching was coordinated and unified. Street G ranked second, and E-G13 and E-G14 was a high-score sample. It was the highest value in the overall samples, which was composed of low saturation gray and off-white.




3.1.4. Negative Skewed Distribution


The average value of BCHD subjective evaluation for street A, C, H, and I was less than the median, which showed a negative skewness characteristic and represented the minimum value with statistical significance. Affected by it, the top of the distribution map curve was most offset to the right side.



Street A ranked in the middle. S-A5 and S-A6 and S-A6 and S-A7 were the lowest values. The building color was combined with gray, yellow, and white. Yellow jumped brightly in the color combination, and the color harmony was poor; the BCHD subjective evaluation value of street C ranked third, but there were low-score samples such as W-C12 and W-C13 and W-C9 and W-C10. In the W-C12 and W-C13 building combination, the color matching was blue-gray and khaki, which formed a complementary color contrast. The color matching of W-C9 and W-C10 was a combination of colorless high-brightness white and low-brightness low-saturation orange-red, which formed a colorless and colored contrast, and the contrast effect is strong. In street H, N-H11 and N-H12, N-H3 and N-H4 were the low-score samples. Especially, N-H11 and N-H12 was also the second lowest score in all samples. The building color combination was light blue-gray and medium yellow.



The BCHD subjective evaluation value of the street I ranked third from the bottom and was low. W-I7 and W-I8 was the lowest on this street. It was also the lowest score in all samples. The W-I7 dominant color was dreary and heavy black; the W-I8 dominant color was light orange-yellow. The contrast between them was strong.





3.2. Analysis of Building Color Measurement


3.2.1. Building Color Hue, Brightness, and Saturation Analysis


ColorImpact4 software was used to extract the HSB values of the single building samples in the Mojiko. The hue distribution, brightness, and saturation of all samples were further performed by statistics (Table 4).



The result showed that the building color predominantly warm hues were observed, and this was a concentrated trend in the Mojiko district. Among them, orange buildings accounted for the largest proportion of 48.7%; white and gray colorless buildings accounted for more than 18.4%; red buildings accounted for 16.8%; blue and purple buildings accounted for a relatively small proportion, accounting for 12.6%.



In the statistics, the proportion of low-brightness samples was 29.4%, the proportion of high-brightness samples was 19.3%, and the number of medium-brightness samples was the largest, which was 101, accounting for 51.3%, more than half. It showed that the brightness distribution of the samples was relatively balanced, and the proportion of medium-brightness samples was the highest.



In the statistics of building color saturation, the number of samples with low saturation was the largest, accounting for up to 72.6%. The number of samples with medium saturation and high saturation was small, with the high-saturation samples only accounting for 4.6%, and the medium saturation samples accounting for 22.8%.



Figure 9 showed the hue–saturation (a) and hue–brightness (b) distribution of all building samples. The result indicated that the aggregation degree of the building color samples in the warm tone range was higher than in the cold tone range. The distribution sector was small and mainly concentrated between R~10 YR. The low-saturation samples were mainly concentrated in the range from 5 YR to 10. High-saturation samples were mainly distributed on the 10R color axis. The number of cold-tone samples was relatively small, and the fan width distributed on the hue axis was also small, mainly concentrated in the range from 10 GB to 10 B, and dominated by the 5 B hue axis. Low-saturation color samples showed high intensity, including 104 warm-tone and 39 cold-tone samples. Meanwhile, in the middle- and high-saturation region, the number of warm-tone samples was 44, and cold-tone samples was 1. There were seven warm colors and two cold colors in the high-saturation area.



The building color of Mojiko was mainly medium and high brightness. There were 21 warm colors and 7 cold colors in the high-brightness area. There are 84 warm tones and 17 cold tones in the brightness area. It showed that the overall tone of building color in the historic and cultural district of Mojiko tended to be warm yellow with a low saturation of warm gray.




3.2.2. Analysis of Color Warmth and Coldness of Street Buildings


The hue value of dominant color was normalized and mapped to a specific interval on the color wheel. We calculated the warmth and coldness table of the dominant color. In the table, colors with hue values ranging from 0 to 0.5 were regarded as cold colors, while colors with hue values ranging from 0.5 to 1 were regarded as warm colors. The closer the value was to 0, the more obvious the cold color characteristics of the buildings were. On the contrary, when the value was close to 1, the buildings showed stronger warm color characteristics.



By calculating the building warmth and coldness degree average value, the warmth and coldness degree values of each street were obtained. These data clearly showed the trend of warmth and coldness degree of different blocks. Figure 10 shows the average building color warmth and coldness degree in Mojiko was 0.69, and the overall color was warm. The average building color warmth and coldness degree in the street was higher than 0.5. It was consistent with the result of dominant color hue distribution map.



From the perspective of the degree of aggregation of data, the IQR values of streets A, C, and I were larger, indicating that the data were more discrete, the building color was not uniform, and the difference between cold and warm was obvious. The IQR values of streets B, E, G, and J were small, and the data were concentrated near the median; the degree of data dispersion was small. Although the color distribution of these streets was relatively concentrated, there were still some significant abnormal values, which represented extreme cold-tone buildings and deviated from most building color. These abnormal values did not significantly affect the overall color trend; especially in street E, there were some cold-toned buildings, but the amount was small, and the overall street color was still dominated by warm colors. The IQR value of street G was the smallest, the data were concentrated, and the degree of dispersion was small, indicating that the color style of street architecture was similar, mainly in warm colors. The data dispersion of streets D, H, and F was moderate, indicating that the building styles in the streets were diverse, and there were mixed buildings with different cold and warm colors, but the differences in cold and warm degrees were not extreme.





3.3. Analysis of Objective BCHD


The hue difference, saturation difference, and lightness difference of the adjacent buildings were calculated. Then, the harmony beauty formula M = O/C was used to calculate the color harmony index (M) of adjacent buildings in Mojiko. Finally, the calculation results were normalized to obtain the objective BCHD (Mz). The evaluation results were divided into three grades according to the natural breakpoint method: ‘high color harmony’, ‘medium color harmony’, and ‘low color harmony’ (Table A2).



It could be seen from Table A2 that the overall objective BCHD of the region was at a high and medium-high level, and only a small number of buildings had a low harmony degree. The range of high harmony value was 0.770~1.000, and the highest proportion of samples was 70, accounting for 44.59% of the total number of samples. The range of moderate harmony degree was 0.4790~0.770, with a total of 58 samples, accounting for 36.94% of the total number of samples. The range of low harmony degree was 0.000~0.490, and the proportion of samples was the lowest, a total of 30, accounting for 19.11% of the total number of samples. It showed that overall color harmony in Mojiko was high. The objective calculation and subjective evaluation were consistent with the results, which verified that the BCHD of Mojiko was mainly high and medium-high, and the proportion of low harmony degree was relatively small.



Based on ArcGIS10.6, the spatial distribution of BCHD was obtained by quantitative statistics (Figure 11). The high, middle, and low values alternated in space. There were some high values in the coastal part, and most of the high values appeared in the coastal zone. The samples with low harmony were concentrated in the port area.



In terms of BCHD continuity, the S-C2–W-C7 sections of street C and the E-J8–W-J11 sections of street J showed better continuity characteristics. The building color in street C was mostly khaki and beige with low saturation and high brightness. In street J, the dominant color of building was usually orange-yellow and reddish brown, with medium saturation and low brightness, and warm gray with low saturation and medium brightness. The building color of the two streets was unified, and the difference between the saturation and brightness changes was weak. The building color continuity was high; the color continuity of N-E1~S-E9 in street E was poor.



Figure 12 shows the box diagram of BCHD in each street, which is helpful to describe and compare the color harmony state of each street. It can be seen that the average value of the overall building color harmony in Mojiko was 0.71, and the overall harmony was good. The average value of the BCHD in street (from high to low) was street J, street F, street C, street G, street A, street H, street D, street B, street E, street I.



The J median of the street was the highest, which showed that the middle level of the adjacent BCHD in the street was the best among all the streets. The IQR value was small, which indicated that the data were concentrated; the dispersion degree was small, and the color harmony degree of most buildings was very good and relatively close. Regarding the overall color harmony, the median of F street was higher, which indicated that more than half of the adjacent buildings in the street had a good color harmony degree. Three more were outliers, which indicated that most of the BCHD were in the normal range, but there were some special cases. They were quite different from other building color, resulting in extreme color harmony, and overall color harmony was not affected by these samples. The medians of A, B, D, and G streets were all in the middle position. The overall color harmony degree was medium, and the IQR value was also in the middle level. There was no abnormal value, which indicated that the degree of data aggregation was moderate, and the color matching of buildings was relatively uniform and stable. The median level of H street was low, and the IQR value was the smallest, which indicated that the data concentration degree of adjacent BCHD in H street was very high, the degree of dispersion was very small, and the color harmony degree evaluation between buildings was very close. However, there were some special buildings with large differences in color from other buildings, and the color contrast was strong. However, these special situations did not change the characteristics of the overall data. The median level of street E was the lowest, and the IQR value was large, which reflected that the BCHD of the street was not only low as a whole but also had significant internal differences. The IQR value of street I was the largest, which highlighted the high discreteness of data. The color harmony degree between buildings was very different, and there was a very low value, which made it difficult to form a harmonious visual experience.



In general, the BCHD in Mojiko was better, which revealed that any two colors attributes or three attributes between the two adjacent building color were in the harmony area. However, there were individual building color, which influenced environmental color harmony.



Figure 13 shows the comprehensive performance of each street under multiple indicators (Ot, Ov, Og, Mz). The score of each indicator was between 0 (worst) and 1 (best). It could be seen from the figure that with the change of the test group, the numerical distribution of each performance index showed regularity and difference.



Specifically, in street A: the value of the Ot index fluctuated little, and the values of S-A4 and S-A5, S-A5 and S-A6, and S-A7 and S-A8 were the largest, at close to 1, which indicated that the dominant color of three pairs buildings was more harmonious. The high and low values of the Ov index fluctuated violently, with a very small score in S-A6 and S-A7 and a very large score in S-A7 and S-A8, which indicated that the brightness difference between S-A6 buildings and adjacent buildings was large. In most parts, the Og index showed a small continuous change in the high value, which indicated that the overall saturation and harmony value of the street were better. The Mz index reached the maximum value in S-A7 at S-A8, and other indicators reached the maximum value, which indicated that the part is best in the street.



In street B: The index Ot was stable at high values in the S-B1~S-B8 region, and the fluctuation was small. In the S-B9~S-B15 region, the high and low values changed continuously, and the fluctuation was large. The value of Og fluctuated continuously and was the lowest value in S-B14 and S-B15. The index Ov in S-B13 and S-B14 and S-B14 and S-B15 was opposite to other indicators, which showed that the brightness harmony value in the part was significantly better than other indicators. The index Mz showed the same change trend as Ot and Og, which indicated that hue and saturation jointly affected the BCHD of the street.



In street C: For the Ot index, the change range was more intense; the value was extremely low at W-C11 and W-C12, at close to 0, and the value was extremely high at E-C3 and E-C4, at close to 1, which indicated that the dominant color of street building varied greatly. The value of index Ov was stable at a high level in most parts and fluctuated continuously and slightly in some parts, which indicated that the street building color was generally harmonious. The value of index Og fluctuated continuously, and the range of change was high and low. The index Mz and Ot had the same change trend, which indicated that hue was the main factor affecting the street buildings color harmony.



In street D: The number of low values in each index was more r, and the change range was larger, which indicated that the performance of each index in the street was poor and unstable. In N-D3 and N-D4, the indicators Ot, Ov, and Mz all reached the lowest value, which indicated that hue and brightness jointly affected the color harmony of the region.



In street E: The multi-point score of the indicator Ot was low, which indicated that the hue of the street building color was quite different, which affected the BCHD. The index Ov value was stable in a higher range, and the fluctuation range was small, which indicated that the street brightness value was more uniform. The Og value of the index fluctuates widely, and the value level was close to 0 in the S-E8 and S-E9 region, while the Mz value was the lowest, which indicated that the saturation affected the building color harmony in the region.



In street F: The values of Ot and Og changed continuously and fluctuated violently. The scores of Ot, Og, and Mz in samples N-F6 and N-F7 were the lowest, which indicated that the hue and saturation of N-F6 and adjacent buildings were quite different, which together affected the building color harmony. The value of index Ov was stable at a high value in some parts and fluctuated steadily between 0.6 and 0.8 in some parts, which indicated that the street brightness change control was better.



In street G: The index Ot, Og, and Mz values fluctuate continuously and changed greatly. In the W-G1~W-G3 area, the index Ot value was low, which indicated that the color contrast of dominant color in the part was strong, which affected the Mz score. The index Og was stable at a high level in some regions and fluctuated continuously between 0.6 and 1 in some regions, which indicated that the overall performance of the lightness and harmony level in this region was better.



In street H: The index Ot fluctuated slightly in the high value range in most areas but was significantly reduced in the N-H2 and N-H3 area. The index Ov value was generally stable at a high level but reached the lowest value in the N-H10 and N-H11 areas. The numerical fluctuation index Og and Mz scores were continuously fluctuating at a medium level, which indicated that the overall street building color harmony was moderate, and there were individual parts. The extremely low value of hue or brightness affected the street building color harmony and produced disharmonious visual feelings.



In street I: The change trend of each index was inconsistent, and different regions were affected by different indexes. For example, in W-I1 and W-I2, the values of Og and Mz were low, and the values of Ot and Ov were high, indicating that the building color saturation in the part was quite different, thus affecting the BCHD. In W-I6 and W-I7, the values of Ov and Mz were low, and the values of Og and Ot were high, which indicated that the difference in building color brightness in this part was large, thus affecting the building color harmony.



In street J: The index Ot and the index Ov were stable at a high level in most parts and fluctuated continuously in some parts. The index Og and the index Mz fluctuated continuously at a high level. The Ov index value was the lowest in the E-J3 and E-J4 regions, and the Og index was the lowest in the E-J6 and E-J7 regions. It showed that the indicators of the street were at a high level as a whole. Although there were abnormal changes in the brightness or saturation of individual regions, they did not affect the overall color harmony level.





4. Discussion


In the process of urban color aesthetic perception, building color will have an impact on the overall street color environment [63]. We found that BCHD in Mojiko had significant differences in different streets. Samples with high harmony were mainly warm color tones, which effectively enhanced visual comfort and created a warm and pleasant feeling.



This result is consistent with Rikard Küller, Byron Mikellides, and Jan Janssens [64], who pointed out that warm color tones in building design could enhance psychological comfort and promote positive emotional responses.



On the other hand, the low-harmony samples presented confusing color combinations, with low brightness and high-saturation colors. These were the main factors contributing to visual disharmony. This is consistent with J Itten F Birren, E Van Hagen [65], as well as Li et al. [66].



4.1. Street Color Harmony


The buildings in Mojito, particularly side by the sea, use natural materials in Japanese buildings, and control saturation. It makes the overall color environment harmonious. Most streets buildings have a soft warm color tone, with higher color harmony and continuity. These buildings maintain traditional Japanese building elements, with softer colors that are less saturated and brighter. They are usually natural wood tones and off-white shades. The high contrast of cold and warm in the color combination affects the BCHD and is the main reason for low scores [67]. Glass is widely used in modern buildings, but the result indicates that the building glass area is large, and the reflection of blue is greater. Correspondingly, if the adjacent building color are mostly soft and warm, it will form a strong contrasting relationship between warm and cold, creating a low warmth and coldness harmony degree than other streets [68].




4.2. BCHD in the Coastal Cultural District


Some buildings are also influenced by the marine environment, using colors like blue-gray, sea blue, and white to match the port atmosphere [69]. These colors not only harmonize with the surrounding natural environment but also strengthen the connection between the buildings and geographic location. These findings not only reflect the aesthetic tendencies in color choices of the region but also emphasize the influence of environmental and cultural factors on color. Li Kerun, Yang Yaqian, and Zheng Zhiqiang emphasized the importance of the natural environment and cultural background in the application of building color [66]. In high-harmony samples of coastal building color, when the color contrast between adjacent buildings was weak, the harmony was higher. The combination of high brightness and low saturation resulted in greater visual comfort. This is consistent with the research of Burchett [70].




4.3. The Relationship Between the Color Combination of the Building and the Graph


The relationship between the color combination of the building and the graph; the study-identified color harmony was established within a certain range, as well as the harmonious combination of the adjacent building color. We considered the two-color combinations and the graph’s relationships between colors. Moreover, the result showed that color adjustments with a specific hue range did not reduce total harmony, which is the same as the findings of Munsell [67]. Colors with the same hue, saturation, and different brightness values tended to appear harmonious, which is consistent with previous research findings [70,71]. However, Yang Ruyi and Deng Xinyan suggested that the bigger the brightness difference is, the higher the harmony is of the building color [29], which is different from the result of this study. The difference is since studies on color harmony in two-color combinations are influenced by multiple factors, such as the proportion of color areas, spatial layout, and cultural background [72]. Specifically, the proportion of color areas and spatial layout may influence people’s perception of color harmony, while cultural background can affect individuals’ preferences and understanding of colors.





5. Limitation


This study has some limitations that can be solved in future research. This study used street-view images and semantic segmentation technology for color quantification, but these techniques may introduce some errors when dealing with complex environments. For example, factors such as the angle of street-view image capture, variations in lighting, and changes in background colors may affect the true look of color, thereby influencing human visual perception. The accuracy of semantic segmentation technology will be improved in future research by gradually expanding the dataset to achieve better precision. Although this study analyzed the harmony of adjacent building color, the factors influencing the complexity of color combinations are relatively complicated. This will be further explored in future research. In the research process of building color in historical and cultural districts, it is very important to further study the relationship between color and urban environment. The difference between different building materials with the same color and people’s visual experience is also very worthy of study. In the future research, the impact of this aspect will be considered. Additionally, due to the limitations of the field of view of the human eye, people perceive color stimuli in a fragmented way. In future studies, psychological and physiological research will be further integrated, and dynamic environments can be simulated to observe participants’ responses to color changes.




6. Conclusions


This study selected Mojiko as the study site and used street-view image analysis, semantic segmentation technology, and the M–S color coordination theory to quantitatively assess the building color features.



The study analyzed the public color preferences and the BCHD from both subjective and objective perspectives, proposing a new method for assessing BCHD. The results showed the feasibility and rationality of the method proposed in this study. In particular, the visual analysis tools used effectively presented the impact of different building color combinations on total color harmony, providing specific color strategies for urban renewal and building renovation.



This method can also be widely applied to other cities around the world to identify discordant building color in specific functional areas. The study provides a valuable tool for researchers and professionals, enabling them to quickly identify the building color problem and propose targeted color suggestions. It contributes to urban regeneration and cultural heritage activation.
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Table A1. Statistical table of BCHD subjective evaluation.






Table A1. Statistical table of BCHD subjective evaluation.





	Grade
	Building Number





	High BCHD

(0.204~0.911)
	



	Normal BCHD

(−0.259~0.204)
	



	Low BCHD

(−1.198~−0.260)
	S-B12 & S-B13, S-B5 & S-B6, W-C4 & W-C5, S-B3 & S-B4, N-F11 & N-F12, N-F10 & N-F11, N-H5 & N-H6, S-A10 & S-A11, N-H7 & N-H8, W-I6 & W-I7, S-B7 & S-B8, S-A9 & S-A10, S-C1 & S-C2, W-G4 & W-G5, N-H12 & N-H13, S-E8 & S-E9, S-B2 & S-B3, N-E1 & N-E2, N-F15 & N-F16, S-E5 & S-E6, W-C9 & W-C10, N-D9 & N-D10, S-E1 & S-E2, N-E2 & N-E3, E-J8 & E-J9, S-B13 & S-B14, N-E4 & N-E5, W-G1 & W-G2, W-C12 & W-C13, N-H9 & N-H10, W-J5 & W-J6, S-A6 & S-A7, S-B14 & S-B15, S-E9 & S-E10, E-G12 & E-G13, E-I4 & E-I5, N-E4 & N-E6, S-A5 & S-A6, N-H3 & N-H4, S-B9 & S-B10, N-F16 & N-F17, W-I7 & W-I8.










 





Table A2. Objective BCHD statistical table.






Table A2. Objective BCHD statistical table.





	Grade
	Building Number





	High BCHD

(0.770~1.000)
	



	Normal BCHD

(0.479~0.770)
	N-D2 & N-D3, N-F11 & N-F12, E-G1 & E-G2, E-G8 & E-G9, W-J5 & W-J6, N-C1 & N-C2, W-C12 & W-C13, N-F1 & N-F2, N-H15 & N-H16, E-G6 & E-G7, N-H17 & N-H18, S-A11 & S-A12, S-B12 & S-B13, E-J6 & E-J7, N-H4 & N-H5, S-A9 & S-A10, N-D9 & N-D10, S-E3 & S-E4, N-D5 & N-D6, E-C9 & E-C10, N-H7 & N-H8, E-J1 & E-J2, N-H11 & N-H12, E-C10 & E-C11, E-J12 & E-J13, E-G7 & E-G8, N-H16 & N-H17, W-I2 & W-I3, N-F16 & N-F17, N-C2 & N-C3, E-G4 & E-G5, W-C10 & W-C11, N-F17 & N-F18, S-B3 & S-B4, E-C6 & E-C7, E-J3 & E-J4, S-A12 & S-A13, N-H3 & N-H4, S-A3 & S-A4, E-C1 & E-C2, S-B5 & S-B6, W-C7 & W-C8, N-D4 & N-D5, N-H10 & N-H11, N-H1 & N-H2, N-F9 & N-F10, E-G11 & E-G12, W-G6 & W-G7, W-I7 & W-I8, N-H8 & N-H9, N-F4 & N-F5, E-G12 & E-G13, S-C1 & S-C2, E-I2 & E-I3, W-G5 & W-G6, N-D10 & N-D11, N-F18 & N-F19



	Low BCHD

(0.000~0.490)
	N-D8 & N-D9, N-H12 & N-H13, E-G5 & E-G6, W-C8 & W-C9, W-C11 & W-C12, N-D6 & N-D7, S-B7 & S-B8, N-H5 & N-H6, S-B13 & S-B14, S-E1 & S-E2, N-E4 & N-E5, N-E2 & N-E3, N-E4 & N-E6, E-C7 & E-C8, N-D3 & N-D4, S-A5 & S-A6, N-E1 & N-E2, S-A6 & S-A7, S-E8 & S-E9, E-C8 & E-C9, W-I4 & W-I5, N-H2 & N-H3, W-G2 & W-G3, S-A8 & S-A9, W-G1 & W-G2, N-F6 & N-F7, S-B14 & S-B15, S-B9 & S-B10, W-I6 & W-I7, W-I1 & W-I2
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Figure 1. The sample points’ distribution of Mojiko. 
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Figure 2. Street-view photos. 
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Figure 3. Sample photos. 
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Figure 4. Flowchart of the color feature extraction for building façades. 
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Figure 5. Spatial distribution map of BCHD subjective evaluation. 
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Figure 6. High vs. low harmony. 
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Figure 7. Street BCHD subjective evaluation box diagram. 
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Figure 8. Street BCHD skew graph. 
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Figure 9. The distribution map of the hue–saturation and hue–brightness of the buildings. 
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Figure 10. Analysis of the warmth and coldness degree of dominant color in each street. 
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Figure 11. Spatial distribution map of the objective BCHD. 
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Figure 12. Analysis of BCHD in each street. 
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Figure 13. Objective BCHD radar chart. 
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Table 1. Chromatics research results.






Table 1. Chromatics research results.










	Years
	Institutions/Scholars
	Theory





	1800
	Thomas Young
	The three-color theory was proposed. The human eye can perceive three basic colors: red (R), green (G), and blue (B). This theory laid the foundation for later development.



	Before 1924
	CIE
	Study on the standard colorimetry system.



	1931
	W. DTright &

J. Guild
	The CIE1931 standard colorimetric observer spectral tristimulus values were specified, the CIE standard colorimetric system was constructed, and the CIE1931 chromaticity diagram was drawn.



	1950
	American National Standards Institute
	The Munsell Color System, the first international standard color system, was founded. It divides color into three dimensions: hue, brightness, and purity, and provides an important basis for color standardization and application [16].



	1964
	W.S.Stiles, J.M. Bruch & N. I. Speranskaya
	The CIE1964 supplementary colorimetric system and the corresponding chromaticity diagram were developed, which were widely used in the world for the calculation of chroma and color differences.



	1964
	CIE
	The concept of three-dimensional space of uniform color space was proposed [17].



	1976
	CIE
	CIE1976 was formulated, and a new color difference formula CIELAB was proposed. Publication of CIE standard light source.



	Late 20th century
	
	Color theories and models in digital image processing and computer graphics, such as RGB and CYK color models, provide an application platform for modern colorimetry.










 





Table 2. Research on color theory.
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Research Perspective

	
Scholars

	
Content

	
Country






	
Geography and Culturology

	
Jean-Philippe Lenclos

	
Different geographical environments affect the formation and development of race, nation, customs, culture, and so on. These factors lead to different color expressions.

	
France




	
Lois Swirnoff

	
The relationship between color selection and cultural characteristics.

	
United

States




	
Gareth Doherty

	
The relationship between color and geographical location, spatiality, and built urban environment.

	
United States




	
Salman Hasanvand

	
The influence of color on urban space and the concept of readability.

	
United States




	
Kazuki

Yoshida

	
Studied the relationship between landscape method and color. The relationship between color and spatial form, the importance of color background, color relevance, andcolor attractiveness level in planning; the role of color harmony theory in landscape planning and landscape diversion; and the phenomenon of color clustering and segmentation caused by color similarity and similarity were studied theoretically.

	
Japan




	
Kelvin John

Lancaster

	
From the landscape level, it was proposed to display the color characteristics under the context.

	
United States




	
Sociology

	
Krisztina Fehrvary

	
Color reflects the material culture associated with the political and economic system.

	
United States




	
Color and Environmental Science

	
Haroldting

	
The research involved building materials, historical buildings, and landscapes; light and environmental colors; color education; industrial colors; color formalism; environmental colors and light; color education; and research.

	
United States




	
Edtavere

	
The background of color formation of historical buildings, color protection, and meditation.

	
United Kingdom




	
Color Psychology

	
Shigetoshi Kobayashi

	
The coordinate system of color image provides an effective method for studying color psychology and providing a color scheme in line with color psychology.

	
Japan
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	Title 1
	Title 3





	Street A
	Dairen St



	Street B
	Nishikaigan St



	Street C
	Nat’l Rte 3



	Street D
	Nat’l Rte 198



	Street E
	Kyuosakashosen St, Gas to St, Retro Central St



	Street F
	Nat’l Rte 3



	Street G
	1 Hamamachi



	Street H
	Nat’l Rte 198



	Street I
	Oimatsu Park St



	Street J
	Hamamachi 2










 





Table 4. Statistics of hue, brightness, and saturation of dominant color.
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Hue Statistics






	
H

	
R

	
YR

	
Y

	
GY

	
G

	
BG

	
B

	
PB

	
P

	
PR

	
N




	
number of samples

	
33

	
96

	
4

	
3

	
0

	
0

	
18

	
3

	
2

	
2

	
36




	
Percentage

	
16.8

	
48.7

	
2.0

	
1.5

	
0

	
0

	
9.1

	
1.5

	
1.0

	
1.0

	
18.4




	
Brightness statistics




	
V

	
low brightness

0 < V ≤ 0.3

	
Medium brightness

0.3 < V ≤ 0.7

	
high brightness

0.7 < V ≤ 1




	
number of samples

	
58

	
101

	
38




	
Percentage

	
29.4

	
51.3

	
19.3




	
Saturation statistics




	
C

	
low saturation

0 < C ≤ 0.3

	
Medium saturation

0.3 < C ≤ 0.7

	
high saturation

0.7 < C ≤ 1




	
number of samples

	
143

	
45

	
9




	
Percentage

	
72.6

	
22.8

	
4.6
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