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Abstract:  

Existing research on the colours of clothing in picture books largely relies on manual 
observation and qualitative descriptions, lacking systematic quantitative analysis of 
colour structures.To address this issue, this paper proposes a research framework 
combining digital image processing and colour clustering analysis to conduct a 
systematic quantitative study of the colour schemes of characters’ clothing in Sun 
Wen’s Dream of the Red Chamber illustrations. Firstly, human regions were extracted 
from the picture book images using the YOLOv8 person detection model and 
Segment Anything Model (SAM) segmentation technology, yielding a total of 3,709 
individual ROI images.To eliminate variations in lighting and scanning between 
different images, a paper colour anchoring strategy was employed in conjunction with 
the Von Kries colour adaptation model to achieve colour correction without the need 
for colour charts; Subsequently, the images were converted to the CIE Lab colour 
space, and K-means clustering was employed to extract the five dominant colours of 
the characters’ costumes and their corresponding weights, thereby constructing a 
palette dataset for human apparel. Building upon this, the UMAP dimension reduction 
method was utilised to construct a distribution map of costume colour styles, and 
hierarchical clustering was applied to identify the structural typology of colour 
schemes. The results indicate that the colour schemes of the characters’ attire in Sun 
Wen’s illustrations exhibit distinct clustering characteristics, which can be categorised 
into six colour patterns, forming four primary core colour groups.Furthermore, 
through secondary cluster analysis, the typical colour composition ratios for different 
colour schemes were obtained. This study establishes a reproducible method for the 
quantitative analysis of colour structures in picture book costumes, providing a new 
technical pathway for the digital study of costume colour systems in traditional 
painting, as well as offering a methodological reference for image colour analysis in 
the field of digital heritage. 
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Introduction 

As a representative work of classical Chinese novels, Dream of the Red Chamber 

provides important materials for research in literature, art historical, and costume 
studies through its rich characters and detailed depictions of daily life.The illustrated 
edition of Dream of the Red Chamber produced by the Qing dynasty painter Sun Wen, 
characterized by meticulous gongbi character depictions, complex scene compositions 
and exquisite rendering of costumes, is regarded as a vital visual document for the 
study of Qing dynasty character imagery and the visual culture of costume. Compared 
to textual narratives, the illustrations in the book can present the costume shape 
features, colour relationships and decorative systems of characters’ costumes more 
intuitively, providing key evidence for the analysis of costume visual elements. Sun 
Wen’s illustrated edition features a large number of characters and a rich variety of 
costume types, with distinct differences in colour selection and matching among the 
various figures.A systematic analysis of the colours of their costumes is of great 
significance for understanding the mechanisms of visual construction of character 
imagery and the expression of costume in painting. 

In recent years, research on the illustrated editions of Dream of the Red Chamber 

has focused on aspects such as artistic style, character imagery and narrative structure. 

On the one hand, some scholars have examined the position of Sun Wen’s illustrated 

edition within the visual tradition of Dream of the Red Chamber from an art-historical 

perspective, analysing character modeling, compositional techniques and narrative 

features of the scenes; On the other hand, certain studies have combined the novel’s 

text to explore how the illustrated edition reconstructs plotlines and character 

relationships through visual means.In the field of costume studies, scholars have 

largely analysed the relationship between costume shapes and decorative elements 

and the Qing dynasty’s costume regulations, thereby revealing the socio-cultural 

implications of the characters’ portrayals. Although these studies have yielded fruitful 

results, existing research on costume colours still relies primarily on visual 

observation and empirical judgement, often remaining at the descriptive or case-based 

studies, such as analyses of the colour tones or combinations in the attire of specific 

characters [1-3].Whilst such methods aid in the in-depth interpretation of individual 

images, they struggle to yield statistically significant, holistic insights when 

confronted with large-scale illustrated manuscript datasets.Particularly within visual 

systems featuring a vast number of figures and complex colour schemes, relying 

solely on manual observation makes it difficult to comprehensively grasp the 

distribution patterns and underlying structures of costume colours.Consequently, how 

to conduct quantitative analysis of the costume colours of figures in illustrated 

manuscripts from a holistic perspective has become an urgent issue requiring 

resolution. 

With the development of digital humanities and cultural heritage research, digital 

image processing methods have gradually been introduced into art history and visual 

culture studies. By employing computer vision and image processing technologies to 

conduct automated analysis of large-scale image datasets, visual patterns and 



structural features can be identified at a macro level. For instance, in cultural heritage 

research, colour analysis techniques are frequently used to study the colouration of 

murals, paintings and decorative surfaces on artifacts;Meanwhile, image clustering 

and dimensionality reduction methods can reveal stylistic relationships between 

different works[4-7].This offers a new research pathway for art history, which has 

traditionally relied primarily on qualitative analysis. By conducting computational 

analyses of image colour distributions, pattern structures or visual elements, it is 

possible to identify structural relationships between images at a holistic level.For 

instance, colour clustering methods can extract representative colour combinations 

from images, whilst dimensionality reduction algorithms can map complex 

high-dimensional colour data onto intuitive two-dimensional structural diagrams, 

thereby revealing underlying visual patterns [8-10]. 

Against the backdrop of the aforementioned research, this paper proposes a 

research framework that integrates image segmentation, colour correction and colour 

clustering analysis to conduct a systematic analysis of the colour schemes of the 

characters’ costumes in Sun Wen’s illustrated edition of Dream of the Red 

Chamber.Specifically, character regions within the illustrated book are first extracted 

using character detection and image segmentation techniques to construct the costume 

image dataset for analysis.Subsequently, a color chart–free correction method is 

employed to eliminate colour bias differences between images through paper colour 

anchoring and the Von Kries colour adaptation model.On this basis, the images are 

converted to the CIE Lab colour space, and K-means clustering is utilised to extract 

the primary colour combinations of the characters’ costumes, thereby constructing a 

character colour palette dataset. Furthermore, using UMAP dimensionality reduction 

and hierarchical clustering methods, we perform holistic modelling and classification 

analysis of the colour scheme structures of the characters’ clothing, identifying 

different types of colour scheme patterns and revealing the compositional 

characteristics of each colour scheme structure through proportional statistics. 

Data and Methodology 

Data Sources and Pre-processing 

The image data used in this paper is derived from digitised illustrations of Sun 

Wen’s illustrated edition of Dream of the Red Chamber, available in public digital 

repositories. Following collation, a total of 203 illustrations were collected; The 

original image dimensions vary, with the longest side generally ranging from 2,000 to 

4,000 pixels. To ensure data consistency, all images underwent the following 

pre-processing steps: firstly, the images were uniformly converted to the RGB colour 

space to ensure consistency in colour representation;secondly, the image files were 

uniformly converted to lossless PNG format to facilitate subsequent processing; 

Thirdly, the image dimensions were standardised whilst maintaining the aspect ratio, 

with bilinear interpolation used for resampling to improve computational stability 

during subsequent image segmentation and colour statistical analysis. 



ROI Extraction for Character Clothing 

To avoid the background, architecture, rocks and other non-target elements from 

interfering with the analysis of clothing colours, it is necessary to extract the human 

regions from the illustrated images.The most ideal approach would be to perform 

direct clothing segmentation; However, due to the complex boundaries of clothing in 

traditional paintings and the current lack of high-quality annotated data for ancient 

painting scenes, direct clothing-level segmentation is highly challenging. Taking the 

image from Chapter 1 of Volume 004, ‘Shi Yin Holding a Child and Encountering 

Monks and Taoists on the Road; Jia Yucun’s Birth at the Gourd Temple’—as an 

example ( Figure 1), the u2net-human-seg model, having been trained on real-world 

human images, does not perform well in recognising ancient paintings. Therefore, this 

study employs a combined approach of YOLO and the Segment Anything Model 

(SAM) to extract the human regions [11-13]. 

 

Fig. 1 Comparison of two methods for ROI segmentation in character clothing 

During the object detection stage, the YOLO model is used to detect human 

targets in the input image. Let the input image be I∈RH×W×3, where H and W 
represent the height and width of the image, respectively. The output of YOLO can be 

represented as a set of person bounding boxes: 

 
1 2{ , , , }

N
B b b b   (1) 

Here, N represents the number of detected objects, and each bounding box is 

defined as: 

  ( ) ( ) ( ) ( )
min min max max, , ,i i i i

i
b x y x y  

(2) 

In the equation,  ( ) ( )
min min,i i

x y and  ( ) ( )
max max,i ix y denote the coordinates of the 

top-left and bottom-right corners of the i-th detection box, respectively. 

During the image segmentation stage, i
b each bounding box detected by YOLO 

is fed into the SAM model as a prompt to generate the corresponding pixel-level 

binary mask for the person: 
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(3) 

Here, {0,1}H W

iM
 represents the segmentation mask corresponding to the 

i-th target; it takes the value 1 if the pixel belongs to the human region, and 0 

otherwise. 

To obtain the complete human region in the image, all individual masks are 

combined using a logical union operation to produce the overall person region mask: 

 
total

1

N

i

i

M M


  

(4) 

By performing a union operation on the segmentation results for all figures to 

obtain the complete human regions within the image. The overall mask totalM is 

converted into an Alpha channel and composite it with the RGB channels of the 

original image to generate an RGBA image that retains only the figures in the 

foreground:  

 

 

out

total

( , )

( , )
( , )

( , )

255 ( , )

R x y

G x y
I x y

B x y

M x y

 
 
 
 
  

 

 

 

 

(5) 

The first three components represent the RGB colour information of the original 

image, whilst the fourth component is the Alpha channel, which is used to indicate 

pixel transparency. When a pixel belongs to the human region, the Alpha value is 255; 

otherwise, it is 0. Following this processing, the resulting RGBA image retains only 

the human region and can serve as input data for subsequent clothing colour 

extraction and palette structure analysis. 

 Colour Correction for Colorless Cards 

As the images in Sun Wen’s illustrated edition of Dream of the Red Chamber 

originate from different scanning or photography environments, there are overall 

colour discrepancies between the images, such as yellowing of the paper, inconsistent 

brightness, or variations in local lighting. 

 



 

 
 Fig. 2 Chapter 1 of Volume 005: Jia Yucun, Amidst the Hustle and Bustle, Longs for 

His Beloved 

These factors may affect the stability and comparability of subsequent colour 

statistical results; therefore, it is necessary to perform colour normalisation on the 

images before conducting the analysis of costume colours. 

This paper employs a colorless cards correction method based on paper colour 

anchoring, and combines it with the Von Kries colour adaptation model to perform 

comprehensive colour bias correction on images [14-18].First, an image with relatively 

uniform lighting conditions and stable colour representation is selected from the 

dataset, as shown in Figure 2, and the colour of the background sky is extracted as the 

global anchor: 

 

 
anchor ( , , )a a aC R G B  

(6) 

In particular, anchorC  represents the standard background colour used as a 

common reference for all image corrections. Next, the Alpha channel generated from 

the previous step’s human segmentation is used to remove the human region, 

retaining only the background pixels; the median value of the RGB channels is then 

calculated to serve as the actual background colour for that image: 

  backgroundMedian Pixels
bg

C   
(7) 

bgC represents the estimated background colour of the current image. This paper 

uses the median rather than the mean in order to reduce the interference caused by 

anomalous pixels—such as stamps, text and stains—on the background colour 



estimation. Subsequently, colour scaling factors are calculated separately for the three 

RGB channels based on the Von Kries model: 

 anchor

bg

C

C
S




  

 

(8) 

Here, ( , , )
R G B

S s s s  represents the scaling factors corresponding to the three 

colour channels, and ε =10−5 is a small constant introduced to prevent division-by-zero 

errors. The scaling factors reflect the degree of offset of the current image’s 

background colour relative to the global reference colour: when the image 

background is darker, the scaling factor for the corresponding channel is typically 

greater than 1; when a certain channel exhibits a strong colour cast, the scaling factor 

for that channel will compensate for it accordingly. 

Finally, the scaling factors are applied channel-wise to the original pixel colors 

of the human region to achieve pixel-level color correction. 

   corrected rawmin max ,0 ,255C C S   
(9) 

Here, rawC
 
represents the RGB colour values of the original pixels,   

denotes a channel-by-channel multiplication operation, and correctedC
 
represents 

the corrected pixel colour. A clipping operation is applied to ensure that the result 

always falls within the valid colour range [0,255] . 

A quantitative evaluation of colour consistency before and after correction was 

performed, using the background colour of the images as the target. The background 

pixels of each image were randomly divided into two parts: 70% were used to 

estimate the background RGB median and calculate the per-channel correction 

coefficients, whilst the remaining 30% served as an independent validation set to 

evaluate the proximity between the corrected background colour and the global 

anchor colour. The global anchor colour is set to RGB [180,151,131] and converted to 

the CIELAB colour space to serve as a comprehensive colour difference comparison 

benchmark. 

This paper selected eight sets of image samples(see Table 1); the average total 

colour difference ΔE between the background colour and the anchor colour was 18.24 
prior to correction, falling to 0.63 after correction; the median ΔE decreased from 

18.50 to 0.64, and the standard deviation fell from 3.68 to 0.26. At the same time, the 



standard deviation of the background paper colour in the L∗、a∗、b
∗dimensions 

decreased significantly, falling from 3.15, 3.31 and 3.86 to 0.10, 0.18 and 0.50 

respectively. These results indicate that the corrected background paper color 

converges markedly toward a unified reference paper color, and the overall colour 

deviation between images was effectively reduced. 

Tab. 1: Evaluation results of background paper colour consistency before and 

after colour correction 

target Before Correction After correction 

Average ΔE 18.24 0.63 

MedianΔE 18.50 0.64 

ΔE standard deviation 3.68 0.26 

L∗standard deviation 3.15 0.10 

a∗standard deviation 3.31 0.18 

b
∗standard deviation 3.86 0.50 

Figure 3 illustrates the distribution difference of ΔE before and after correction; 
Figure 4 shows the clustering of background paper colours in the a∗−b

∗ plane of the 

Lab colour space; and Figure 5 compares the changes in mean values and dispersion 

across the three dimensions of L∗、a∗、b
∗. Judging from the graphical results, the 

distribution of samples in the composite colour space was relatively dispersed prior to 

correction, whereas after correction, it contracted as a whole towards the anchor 

colour. Therefore, the colour-matching method without a colour chart adopted in this 

paper is capable of effectively suppressing overall colour bias within the current 

sample range and improving the reliability of colour comparisons between different 

images. 

   

Fig. 3 Box-and-whisker 

plot showing the total 

colour difference (ΔE) 

Fig. 4 Comparison of the 

distribution of the 

background paper colour 

Fig. 5 Comparison of the 

mean and standard deviation 

of the background paper 



 

 

 Dominant Color Extraction (Palette Extraction) 

This paper extracts dominant colours from the clothing regions of individuals to 

construct colour features that can be used for subsequent comparison and clustering 

analysis. Since the Euclidean distance between colours in the RGB colour space does 

not fully correspond to human visual perception, this paper converts the pixel colours 

of the human regions from the RGB colour space to the CIELAB colour space[4-6].Let 

the set of pixels within the human region be denoted by rgbP , whose representation in 

the Lab space can be written as: 

 
RGB LAB ( )

lab rgb
P f P  

(10) 

The CIELAB colour space offers good perceptual uniformity; the calculation of 

colour distance more closely approximates the human eye’s actual perception of 

colour differences, making it more suitable for colour clustering and the extraction of 

dominant colours. After completing the color space conversion, the K-means 

clustering algorithm is employed to cluster the pixel colours within the clothing 

regions of the subjects, in order to extract several representative dominant colours.  

This paper conducts a comparative evaluation of the number of candidate 

dominant colours k in the dominant colour extraction stage and the number of 

candidate categories c in the colour palette classification stage. In Figure 6(a), the 

horizontal axis represents the number of candidate primary colours k, whilst the 

vertical axis represents the clustering evaluation metrics for different values of kkk; In 

Figure 6(b), the horizontal axis represents the number of candidate categories C, 

whilst the vertical axis represents the clustering evaluation metrics for different 

numbers of categories. Taking into account inter-class separation, intra-class 

compactness and interpretability of results, this paper ultimately selects k=5 for the 

primary colour extraction stage and C=6 for the colour palette classification stage. 

 5k   
(11) 

 

between the background 

paper colour before and 

after correction and the 

global anchor colour 

in the Lab space a∗−b
∗ 

plane before and after 

correction 

colour in all dimensions of 

the Lab space before and 

after correction 



 

Fig. 6 Schematic diagram of the parameter selection logic 

That is, five representative colours are extracted from each person's attire. The 

optimization objective of K-means is to minimize the sum of squared distances 

between all pixels and their corresponding cluster centers, which can be expressed as: 

 2
{1, , }

C
1

arg min min
N

j k i j

i

p c 


 ‖ ‖  

(12) 

Here, pi denotes the colour vector of the ith pixel in Lab colour space, jc  

represents the jth cluster centre, and 1 2{ , , , }kC c c c   denotes the set of all 

cluster centres. Upon completion of the clustering process, each cluster centre j
c

corresponds to a primary colour of the garment. 

To characterise the relative importance of different dominant colours in the 

characters’ clothing, this paper counts the number of pixels in each cluster and 

calculates the corresponding area weight. Let the number of pixels contained in the jth 

colour cluster be jN , and its weight is defined as: 
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(13) 



Here, j
w  represents the relative area proportion of the jth dominant colour 

within the character’s clothing region. By combining the colour centres with the area 

weights, we can obtain a representation of each character’s colour scheme, that is: 

 
1 1 2 2Palette {( , ), ( , ), , ( , )}

k k
c w c w c w   

(14) 

ci denotes the cluster centre of the ith dominant colour, whilst wi denotes its 

corresponding area proportion. After processing preserves both the main colour 

information of the garments and the structural relationships between different colours 

within the overall colour scheme, thereby providing foundational features for 

subsequent colour scheme style mapping and cluster analysis. 

 Colour Scheme Style Mapping 

In order to further reveal the overall distribution structure and latent type 

relationships among clothing color schemes,this paper performs style mapping and 

typological classification of colour scheme features based on the extraction of 

individual character palettes[19-20].Since each character’s colour scheme is composed 

of five dominant colours and their corresponding weights, it can be represented as a 

20-dimensional feature vector, where each colour 
* * *, ,L a b

 comprises three colour 

attributes and one area weight attribute, ultimately forming: 
20

iF   , where iF
 

denotes the high-dimensional colour scheme features of the ith character. 

Direct comparison and clustering within this high-dimensional space are prone to 

issues such as high-dimensional distance failure and the difficulty of observing local 

structures. Therefore, this paper adopts a strategy of ‘dimension reduction 

mapping—hierarchical clustering—intra-cluster secondary pooling’ to analyse the 

palette styles of character costumes. 

First, in the style mapping stage, UMAP（Uniform Manifold Approximation and 

Projection）  is used to perform non-linear dimensionality reduction on the 

high-dimensional palette features. Let the colouring features of all characters 

constitute a feature set 1 2{ , , , }
M

F F F F ; the two-dimensional embedding 

results can be represented as: 

 2
UMAP ( ), M

E f E
  F  

(15) 

Here, 𝑀 represents the total number of character samples, and E denotes the 

corresponding two-dimensional manifold embedding results. UMAP is capable of 



preserving the local topological relationships of high-dimensional data as much as 

possible during the dimension reduction process, ensuring that character samples 

which were originally similar in terms of palette structures remain closely distributed 

on the two-dimensional plane. Consequently, the UMAP embedding results can be 

regarded as a “colour style map” that intuitively illustrates the continuous distribution 

of character clothing palettes and their underlying clustering structure. 

Secondly, in the two-dimensional embedding space, Agglomerative Clustering is 

employed to classify the colour schemes of the characters. Ward linkage is selected as 

the merging criterion, ensuring that the increase in intra-cluster variance is minimised 

during each merging step. For any two clusters ܣ and ܤ to be merged, the merging 

cost is defined as: 

 2| || |
( , )

| | | |
A B

A B
A B

A B
   


‖ ‖  

(16) 

Let |A|
 and |B|

 denote the number of samples in clusters A and B, 

respectively, A


 
and B

  denote the centroid vectors of the corresponding clusters. 

To further generalise the macro-representative colours of each palette style category, 

this paper employs a method combining intra-cluster macro-colour secondary pooling 

with weighted K-means clustering. Specifically, for any style cluster ܿ, we first 

aggregate the five dominant colours of all characters within the cluster to form a 

cluster-level colour pool: 

 
1,1 1,2 ,5{LAB ,LAB , ,LAB }

cc n
P    

(17) 

cn denotes the number of characters in the ith cluster, and ,LABi j  
denotes the 

colour vector in Lab space of the jth dominant colour of the ith character. Aggregate 

the area weights corresponding to these dominant colours into a weight set Wc. Within 

this cluster-level colour pool, perform a weighted K-means clustering to extract the 

macro-representative colour centre CC for that style cluster. The optimisation 

objective can be expressed as: 

 2
{1, , } ,arg min ( ) min

c

c

C c j k c j

x P

W x x C 


  ‖ ‖  
(18) 

x denotes any dominant colour sample in the cluster-level colour pool; Wc(x) 

denotes the area weight corresponding to that colour; and Cc,j denotes the centre of 

the jth macro-representative colour center in the cth style cluster. In this paper, k=5. 



Through the above operation, the problem that small-area accent colors and large-area 

dominant colors are treated equally can be avoided, thereby providing a more accurate 

summary of the palette structure within each cluster. 

palette Clustering 

Having obtained the results of the two-dimensional palette embedding, 

this paper further employs Agglomerative Clustering to classify the palettes of 

characters’ attire, with the aim of identifying different types of palette styles [21-22]. 

Unlike methods that assign predefined cluster centres, hierarchical clustering 

progressively merges similar samples in a bottom-up manner, making it more suitable 

for exploring hierarchical relationships among character costume palettes. This study 

employs Ward linkage as the merging criterion, with the objective of minimising the 

increase in intra-cluster variance at each merging step. For any two clusters ܣ and ܤ to 

be merged, the merging cost is defined as: 
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Here, nA and nB denote the number of samples in the two clusters, whilst A


 

and B


 
represent the centres of the corresponding clusters. Through this method, the 

palettes of the characters’ attire were classified into several distinct clusters, and the 

classification results were visualised using scatter plots and dendrograms. The 

clustering results indicate that the palettes of the characters’ attire in Sun Wen’s 

illustrated edition of Dream of the Red Chamber are not entirely discretely distributed, 

but rather exhibit several relatively stable clustering structures, reflecting the 

existence of identifiable palette styles. To enhance the transparency and 

reproducibility of the research methodology, Table 2 summarises the key parameter 

settings used in this study for human detection, edge segmentation, colour correction 

without a colour chart, dominant colour extraction, UMAP dimensionality reduction, 

and hierarchical clustering analysis. 

Tab. 2 Main Parameter Settings 

Module Parameter Set Value Description 

YOLO Person 

Detection 

Model YOLOv8x Person object detection 

YOLO Person 

Detection 

Detection category 0 Person class 

YOLO Person 

Detection 

Confidence Threshold 0.05 Controls detection boxes 

for retaining the threshold 

YOLO Person IoU Threshold 0.50 Controls the suppression of 



Detection overlapping boxes 

SAM Edge 

Segmentation 

Model SAM Fine-grained segmentation 

of person boundaries 

SAM Edge 

Segmentation 
Prompt mode 

Bounding box 

prompt 

Uses YOLO detection 

boxes as prompt input 

ROI Output Output Format RGBA 
Alpha channel used for 

background removal 

Colour Correction Method 

Paper colour 

anchoring + Von 

Kries 

transformation 

Comprehensive colour bias 

correction without a colour 

chart 

Colour Correction Global Anchor Colour [180,151,131] Reference image 

background colour 

Colour Correction 
Background Colour 

Estimation 
Median 

Take the median value of 

the background pixel RGB 

Colour Correction Stabilisation Term 10−5 Prevent division by zero 

Dominant Colour 

Extraction 

Colour Space CIELAB Perceptually uniform 

colour representation 

Dominant Colour 

Extraction 

Clustering Algorithm K-means Extract dominant colours 

of the subject’s clothing 

Dominant Colour 

Extraction 

Number of Dominant 

Colours 
5 

Extract 5 dominant colours 

per character 

Dominant Colour 

Extraction 
Weight Calculation 

Pixel Proportion 

Normalisation 

Calculate the area 

proportion of each 

dominant colour 

Style Mapping Dimension Reduction 

Algorithm 

UMAP Map the high-dimensional 

palette to two dimensions 

Style Mapping Output Dimensions 2 Construct a colour style 

map 

palette 

Classification 
Clustering Algorithm 

Agglomerative 

Clustering 

Classify the 

two-dimensional 

embedding results 

palette 

Classification 

 Linkage Method Ward Minimise the increment in 

intra-cluster variance 

palette 

Classification 
Number of Clusters 6 

Set at the current analysis 

scale 

Cluster-Level 

palette Induction 

 Clustering Algorithm Weighted K-means  Re-induct dominant 

colours within each cluster 

Cluster-Level 

palette Induction  

Number of 

Macro-Representative 

Colours  

5 Induct each cluster into 5 

representative colours 



Results 

 Results of Character ROI Extraction 

This paper performs human segmentation on images from Sun Wen’s illustrated 

edition of Dream of the Red Chamber and generated RGBA images retaining only the 

characters in the foreground. The results indicate that the combined YOLO and SAM 

approach is capable of reliably extracting human regions from the illustrated images， 

whilst effectively mitigating the interference of non-target elements—such as the 

background, architecture, rocks, artefacts and inscriptions—on subsequent colour 

analysis. As shown in Figure 7, following segmentation, the main body of the 

characters is preserved relatively intact, the background areas are rendered transparent, 

and the colour information of the clothing is presented with greater clarity. 

 

Fig. 7 Schematic diagram of human ROI extraction results 

A total of 3,709 human samples were extracted , forming the data foundation for 

subsequent colour analysis. This method performs well in scenes where human 

outlines are clear and the scale of the subjects is moderate; however, in scenes 

featuring overlapping individuals, blurred boundaries, or complex local structures, a 

small number of missed detections, false detections, and edge truncation still occur. 

This paper focuses on the overall colour structure of the subjects’ attire rather than the 

fine segmentation of localised clothing features; consequently, these errors have a 

limited impact on subsequent macro color statistics. Overall, the current ROI 

extraction results are sufficient to meet the requirements for subsequent colour 

correction, dominant colour extraction and palette clustering analysis. 



 Palette statistics 

Following the extraction of human regions and colour correction without colour 

charts, dominant colours were extracted from each subject’s clothing region, and 

corresponding palette results were generated. Each sample consists of five dominant 

colours and their area weights, which are used to characterise the comprehensive 

colour structure of the character’s attire. Figure 8 illustrates the palette extraction 

results for a typical character sample. It can be seen that this method is able to 

effectively distinguish between the dominant, secondary and accent colours in the 

character’s attire, and presents the relative proportions of each colour within the 

overall palette in a quantitative form. 

 

Fig. 8 Examples of character color palettes 

It can be seen that the palette structures of different character samples exhibit 

distinct differences. Some characters feature a single dominant composite colour, 

complemented by a small number of low-saturation transitional colours, resulting in a 

relatively concentrated overall colour palette; other samples exhibit more complex 

multi-color combinations, with richer proportional relationships between dominant 

and auxiliary colors.This indicates that palette representation is not only capable of 

extracting the primary colour information of the characters’ attire but also preserves 

the structural relationships between different colours; the results of the dominant 

colour extraction effectively reflect the composite colour composition of the 

characters’ attire in Sun Wen’s illustrated edition of Dream of the Red Chamber. 



 UMAP colour map 

The colour scheme results for each character are represented as a unified 

high-dimensional feature vector. Each individual is represented by the L∗,a∗,and b
∗ 

values of five dominant colours, together with their corresponding area weights, 

forming palette features for comparison between samples. As these features contain 

multiple colour attributes and proportional information, resulting in a high 

dimensionality that makes it difficult to directly observe their overall distribution 

patterns, this paper employs the UMAP method to map the high-dimensional colour 

palette features onto a two-dimensional space, thereby obtaining low-dimensional 

visualisations of the characters’ costume colour palettes. Then hierarchical clustering 

is applied to classify the two-dimensional embedding results, yielding the UMAP 

colour style map shown in Figure 9. 

 

Fig. 9 UMAP color style map 

From Fig. 9, the samples of different characters are not uniformly distributed in 

the two-dimensional space, but rather form several relatively concentrated clusters. 

This indicates that the colour palettes of the characters’ costumes in Sun Wen’s 

illustrated edition of Dream of the Red Chamber are not randomly distributed, but 

rather exhibit a relatively clear structural differentiation overall. The multiple 

clustered regions in the figure indicate that the colour palettes of the characters’ attire 

exhibit distinct typological differentiation; furthermore, this distribution displays a 



certain hierarchical structure, meaning that at a coarser granularity, they can be 

grouped into several major clusters, whilst at a finer granularity, they can be further 

subdivided into several sub-types. Overall, the UMAP colour style map reveals the 

spatial organisational patterns of the characters’ attire in Sun Wen’s Dream of the Red 

Chamber illustrated book in terms of dominant colour combinations, area proportions 

and overall colour tones. 

 Hierarchical Clustering Results 

After obtaining the UMAP two-dimensional embedding of garment color 

palettes, hierarchical clustering was performed on the samples using the Ward 

agglomeration method to examine the hierarchical relationships between different 

colour palette samples, and a dendrogram was plotted, as shown in Figure 10. 

 

Fig. 10 Hierarchical clustering dendrogram of colour palettes 

Fig. 10 shows the aggregation relationships of color palettes at a high level.The 

horizontal axis represents terminal clusters or cluster groups, whilst the vertical axis 

represents the merging distance between clusters. The higher the branch connection 

point, the greater the difference in colour palettes between the corresponding clusters; 

conversely, the lower the connection point, the closer they are in terms of dominant 

colour composition and proportional relationships. Within each major group, several 

secondary branches are further differentiated, indicating that the colour palettes of the 

characters’ attire exhibit not only macro-level typological differences but also 

fine-grained variations within each type. 

Overall, the dendrogram demonstrates that the colour palettes of the characters’ 

attire in Sun Wen’s illustrated edition of Dream of the Red Chamber possess distinct 

hierarchical organisational characteristics and recognisable typological differentiation. 



Colour composition analysis 

First, the five dominant colours and their corresponding area weights for all 

individuals within the same colour palette type were aggregated into a cluster-level 

colour set. These were then summarised into five macro-representative colours using 

weighted K-means clustering, and the normalised proportions of each representative 

colour within that type were calculated. Based on the clustering results, the dominant 

colours of the characters’ costumes within each type were summarised at the cluster 

level and their proportions statistically analysed, reflecting the comprehensive colour 

composition characteristics of the colour schemes at the cluster scale. The results are 

shown in Fig. 11. 

 

Fig. 11 Macro-level colour palette structures for each colour scheme type 

As can be seen from Figure 11, the six colour palette types exhibit a relatively 

clear hierarchical structure, consisting of a dominant colour, an auxiliary colour and 

an accent colour; however, there are differences between the types in terms of the 

proportion of the dominant colour, the configuration of the auxiliary colour and the 

overall colour tone. Most types feature light pinkish-brown or light ochre as the 

dominant colour, accounting for approximately 44.6%–56.1%, indicating that 

low-saturation warm tones form the foundational colour layer of the character 



costume colour palettes in Sun Wen’s illustrated edition of Dream of the Red 

Chamber. Among these, Style Cluster 0 exhibits the highest concentration of the 

dominant colour, with the primary colour accounting for 56.1%; Style Cluster 3 and 

Style Cluster 4 have dominant colour proportions of 50.4% and 49.4% respectively, 

indicating that these types exhibit a strong unifying characteristic of the primary 

colour, with a relatively concentrated overall colour palette structure. 

To further present the proportional relationships between different colour palette 

types at the cluster level, this paper summarises the five macro-representative colours 

obtained through secondary clustering within each type, along with their normalised 

proportions, in Table 3. This table corresponds to Figure 11 and provides a more 

intuitive reflection of the differences in the composition of dominant, secondary and 

accent colours across the various colour scheme types. 

Tab. 3 Proportional statistics of each colour palette type 

Colour 

palette Type 

Sample 

number 

Representat-i

ve Colour 1 

Representati-

ve Colour 2 

Representati-

ve Colour 3 

Representat-

ive Colour 4 

Representati

-ve Colour 5 

Structural 

Characteristics 

Style Cluster 

0 
745 56.1% 19.4% 11.8% 9.6% 3.1% 

Highly 

concentrated 

single dominant 

colour type 

Style Cluster 

1 
894 30.9% 22.1% 21.8% 17.4% 7.8% 

Multicolor 

Equalization 

Configuration 

Type 

Style Cluster 

2 
736 45.4% 23.2% 18.8% 9.5% 3.1% 

Clear dominant 

colour with 

strong 

secondary 

colours 

Style Cluster 

3 
586 50.4% 18.4% 11.0% 10.9% 9.2% 

Dominated by 

warm light 

colours 

Style Cluster 

4 
465 49.4% 19.7% 12.0% 11.3% 7.6% 

Warm light 

colours 

dominant, 

relatively 

concentrated 

structure 

Style Cluster 

5 
283 44.6% 22.1% 19.5% 10.5% 3.3% 

Intermediate 

type, high 

involvement of 

secondary 



colours 

Style Cluster 1 exhibits a more balanced multi-colour configuration. Its dominant 

colour accounts for 30.9%, whilst the second, third and fourth dominant colours 

account for 22.1%, 21.8% and 17.4% respectively, indicating that this type does not 

rely on a single dominant colour, but rather forms a comprehensive colour scheme 

through the combined use of multiple colours. It is evident that the differences 

between various colour palettes are manifested not only in the categories of dominant 

colours but also in the proportions of colours and the organisation of visual focal 

points. 

The first dominant color proportions of Style Cluster 2 and Style Cluster 5 are 

45.4% and 44.6%, respectively, whilst the proportions of the second and third 

dominant colours are relatively similar,showing an intermediate structure with clear 

dominant color and strong participation of auxiliary colors. Style Cluster 3 and 4 are 

based on a high proportion of warm, light colours, but differ in the configuration of 

auxiliary colours such as grey, dark brown, blue and red. This indicates that, whilst 

their their overall tones are similar, they can still form distinguishable subtypes 

through auxiliary color proportions. 

It can thus be seen that Figure 5 demonstrates that the differences in the colour 

palettes of the characters’ costumes in Sun Wen’s illustrated edition of Dream of the 

Red Chamber are not primarily manifested as the substitution of individual colours, 

but rather as a reorganisation of the proportional relationships between different 

colours at the cluster level. 

Discussion 

 Colour Characteristics of Costumes in Sun Wen’s Illustrated 

Edition 

The results indicate that the costumes of the characters in Sun Wen’s illustrated 

edition of Dream of the Red Chamber generally exhibit a relatively consistent pattern 

of colour organisation. Firstly, in terms of the distribution of dominant colours, 

low-saturation warm tones predominate; light pinkish-brown, light ochre and their 

analogous hues form the base colour layer of most characters’ costumes. It is thus 

evident that the costumes in Sun Wen’s illustrated edition do not rely on high-purity 

colours to create strong visual contrasts, but are instead founded on a harmonious, 

coordinated palette with subtle tonal transitions. Secondly, in terms of the relationship 

between warm and cool colours, the warm colour dominates the overall colour palette, 

whilst cool colours predominantly appear as secondary or accent colours, serving to 

create visual balance and localised adjustments. This arrangement of warm and cool 

tones ensures that the colours of the costumes maintain overall unity whilst retaining a 

degree of variation. Furthermore, in terms of colour hierarchy, the characters’ 

costumes generally exhibit a structural pattern of ‘dominant colour—secondary 



colour—accent colour’, wherein one or two base colours covering a larger area 

control the overall tonal scheme, supplemented by several secondary colours in 

smaller proportions to enrich the details and create layers of depth. 

 Colour Schemes  

In terms of colour schemes, Sun Wen’s picture book characters’ costumes 

feature several relatively consistent and typical colour combinations. Firstly, 

combinations of warm light colours with dark colours are quite common, such as pale 

ochre, pale pinkish-brown paired with dark brown or grey; such combinations 

enhance the sense of depth whilst maintaining an overall soft tone. Secondly, some 

types show warm–cool contrast configurations, whereby a certain proportion of blue, 

bluish-grey or green is added to a warm colour base, creating local variations within 

an otherwise unified overall tone. Furthermore, in a minority of types, more distinct 

composite colour schemes can be observed, such as red-green contrasts, blue-white 

combinations or yellow-brown pairings; These combinations are rarely represented in 

the illustrations as direct juxtapositions of high-saturation pure colours, but more 

often appear in low-saturation, transitional forms. To more clearly summarise the 

differences between various colour scheme types in terms of dominant colour 

tendencies, secondary colour arrangements, hierarchical relationships and overall 

colour tones. This paper has further summarised and organised the structural 

characteristics of each type; the results are shown in Table 4. 

Tab. 4 Summary of Colour Scheme Characteristics 

Colour 

Scheme 

Type 

Dominant Colour 

Tendencies 

Auxiliary Colour 

Characteristics 

Colour 

Hierarchy 

Overall Colour 

Tone 

Characteristics 

Style 

Cluster 0 

Warm light colours 

dominate 

Small amounts of 

dark and blue as 

accents 

Highly 

concentrated 

hierarchy 

Clear dominance 

of a single 

primary colour 

Style 

Cluster 1 

No single dominant  

colour 

Small amounts of 

dark and blue as 

accents 

Relatively 

balanced 

hierarchy 

Multi-colour 

composite type 

Style 

Cluster 2 

Dominated by 

warm light colours 

Strong accents of 

dark and grey-purple 

Clear 

distinction 

between 

primary and 

secondary 

colours 

Multi-colour 

composite type 

Style 

Cluster 3 

Dominated by 

warm light colours 

Gray, dark, and red 

participation 

Concentrated 

primary colour 

Distinct warm 

colour foundation 

Style 

Cluster 4 

Dominated by 

warm light colours 

Gray, dark, and blue 

accents 

Relatively 

concentrated 

Unified warm 

tones with 



structure localised cool 

colour 

adjustments 

Style 

Cluster 5 

Dominated by 

warm light colours 

Significant proportion 

of deep cool colours 

and grey 

Intermediate 

type 

Clear primary 

colour but 

enhanced role of 

secondary colours 

The clustering results show that these color patterns have certain repeatability 

and can be summarized,and can form relatively stable type structures at the cluster 

level. 

 Cultural and Artistic Significance 

From a cultural and artistic perspective, the typological differences in the colour 

schemes of the characters’ attire in Sun Wen’s illustrated edition hold a certain 

interpretative value. Although picture books constitute artistic representations rather 

than institutionalised costume atlases, the choice of colour schemes may still be 

influenced to some extent by Qing dynasty aesthetic standards, notions of colour 

hierarchy, and everyday dressing habits. Differences among characters in terms of 

dominant colour selection, overall tonal quality, and colour concentration may not 

merely represent formal variations, but may also be related to the distinction of 

character identities, the shaping of personalities, and the construction of narrative 

contexts. In illustrated books, costume colour schemes serve not only a decorative 

function but also play a role in visual identification and narrative reinforcement [1-3]. 

From the perspective of painting style, Sun Wen’s illustrated edition demonstrate 

a strong tendency towards overall control in the use of colour, namely maintaining the 

unity of the composition’s tone through low-saturation warm colours, whilst creating 

local variations and layers of depth through the use of secondary and accent colours. 

This approach not only aligns with the visual characteristics of gongbi figure 

painting—which emphasises order, delicacy and harmony—but also indicates that the 

colour schemes of the costumes in these illustrated books possess distinct stylised 

organisational features. 

Conclusion 

This paper takes the character costume colours in Sun Wen’s illustrated edition 

of Dream of the Red Chamber as its subject of study, and constructs a digital analysis 

workflow comprising character ROI extraction, colour correction without colour 

charts, dominant colour extraction, style mapping, and colour scheme clustering. 

Specifically, colour correction is based on von Kries’ colour adaptation theory; 

dominant colour extraction employs K-means clustering; colour palette style mapping 

utilises UMAP; and typological classification adopts Ward’s hierarchical clustering. 

This enables a continuous analysis from the original illustrated images to a 



cluster-level colour palette structure. Building on this, this paper extracted the 

dominant colour structure of the characters’ attire, finding that it is generally based on 

low-saturation warm tones and exhibits a hierarchical organisation comprising 

dominant, secondary and accent colours. Further clustering results indicate that the 

colour palettes of Sun Wen’s illustrated edition character garments are not randomly 

distributed, but rather comprise several relatively stable and generalisable colour 

palettes categories. This paper demonstrates that digital image analysis methods can 

provide a quantifiable, comparable and scalable research pathway for the study of 

colour in traditional painting. 
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