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Abstract 

In this study, the classification efficiencies of K-means and Hierarchical clustering 

methods for candlestick component length on the world gold price candlestick chart were 

compared with the objective to reduce the ambiguity in the identification of candlestick size. 

The data used in this study consisted of the opening price, closing price, highest trading price 

and lowest trading price from the daily gold price in the world market of the United States 

during January 2, 2012 to April 30, 2021 for a total of 2386 days. The data was divided into  
2 groups: training data and testing data. The experiment consisted of the calculation of length, 

ratio, mean and standard deviation and standardization. The data was then classified using  
K-means and hierarchical clustering methods which it was found that K-means clustering 

method resulted in 5 clusters, while hierarchical clustering method resulted in 3 clusters.  
The classification efficiencies for each component of candlestick chart based on CCI values in 

both training data and testing data were all higher than 7 0  for both clustering methods. This 

indicated that the classification was quite effective. However, K-means clustering method was 

more effective compared to hierarchical clustering method for gold price data in the world 

market. 
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1. Introduction 

In the investment analysis in the gold market, in addition to considering economic 

fundamentals, trading timing is also important in investment. The role that gold plays in the 

economy and financial system is significant. Due to the way that gold prices fluctuate in the 

opposite direction from economic indices, it is a useful asset for successful diversification.  
It demonstrates that gold can maintain qualities that are unrelated to periods of market 

turbulence Anytime there is political unrest Gold is a secure investment to diversify your 

portfolio in times of financial uncertainty or high inflation because it is less volatile than other 

assets, especially those with low volatility. It can also boost investors' returns while lowering 

the total risk of the investment portfolio.  
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Candlestick chart is another popular method for technical analysis as it can provide more 

details on the price data compared to the line charts. Candlestick chart reflects the trading 

behavior of the investors at a certain point of time for predicting the future price trends, whether 

short-term, medium-term or long-term trends. In considering the pattern of candlestick chart, 

the skilled investors will be able to immediately identify the pattern of the chart and then decide 

to buy or sell. But for unskilled investors, they may not be able to identify the patterns as good 

as it should be. (Farley, 2015) 

Theory of Candlestick Analysis It was created by Honma Munehisa, also known as Sokyu 

Homma, a Japanese rice dealer who has been compiling daily rice price information for many 

years. People in the market study psychology Candlestick charts are currently frequently used 

to examine investor behavior when trading equities on the market. Technical analysis benefits 

It is merely a statistical data analysis. used to predict trade volume and prices. Popularity of 

candlestick charts is high. Because it can clearly and thoroughly convey information while also 

being simple to understand when viewed as a symbol, it is useful for analysis in determining 

market trends and directions. (Chen S, 2016) 

Each candlestick consists of 4 components: opening price, closing price, highest trading 

price and lowest trading price in the specified period. 

 

Figure 1 Candlestick Pattern  

It can be observed that the candlestick chart components which consist of sizes of upper 

shadow, body and lower shadow, are all important for the analysis of candlestick chart pattern. 

In this study, the classification efficiencies of K-means and Hierarchical clustering 

methods for candlestick component length on the world gold price candlestick chart were 

compared with the objective to reduce the ambiguity in the identification of sizes on the 

candlestick chart. The results of the classification can be used in determination of candlestick 

chart pattern for the analysis of future gold price trends. To compare the classification 

efficiencies of K-means and hierarchical clustering methods for candlestick component length 

on the world gold price candlestick chart.  

 

2. Methodology 

In this study, the classification efficiencies of K-means and hierarchical clustering 

methods for candlestick component length on the world gold price candlestick chart were 

compared. The details of the classification methods used in this study are as follows: 

2.1 Classification 

2.1.1 K-Means clustering 
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K-means algorithm is one of the partitioning-based clustering algorithms. The general 

objective is to obtain the fixed number of partitions/clusters that minimize the sum of squared 

Euclidean distances between objects and cluster centroids. (Sudhir Singh, Dr. Nasib Singh., 

2013) K-Means clustering is a popular technique for data classification. In this technique, the 

data is classified into K clusters as defined by user by determining the distance between each 

data point and the centroid of each cluster. The centroid of each cluster is an average of each 

attribute of the data in that cluster. The data classification procedure by K-Means clustering 

technique is as follows:  

Step 1. Determine the centroid of each cluster by randomly assigning the cluster as the 

specified number. 

Step 2. Calculate the distance between each data point and centroid of each cluster 

obtained from the previous step and reassign the data to be in the cluster near the centroid of 

each new cluster. In this study, Euclidean Distance formula was used and the data was classified 

to compatible with the nearest centroid as the following equation: 

                                            
2

1

( )
p

i j ik jk
k

D X X
=

= −                            (1) 

Step 3. Recalculate the centroid of each new cluster. 

Step 4. Repeat Step 2-3 until all data points are in its original clusters or repeat for the 

specified cycles. 

2.1.2 Hierarchical clustering 

Hierarchical cluster analysis (HCA), also known as hierarchical clustering, is a popular 

method for cluster analysis in big data research and data mining aiming to establish a hierarchy 

of clusters. (Muntaner C, Chung H, Benach J, 2012) Hierarchical clustering is a method of 

cluster analysis with the following steps: 

Step 1. Divide the data into n clusters of only 1 member. 

Step 2. Merge 2 clusters to form a single cluster by considering the distance and using 

the specified criteria. 

Step 3. Consider whether the 3rd cluster should be merged with the first 2 clusters or 

merged with the new cluster by considering the distance and using the specified criteria. 

Step 4. Consider whether the 3rd cluster should be merged with the first 2 clusters or 

merged with another new cluster by considering the distance and using the specified criteria as 

Step 2. 

Step 5. Repeat Step 3 until only a single cluster remains. 

Step 6. Plot a Dendrogram and define the distance and then draw the line through the 

dendrogram to divide the data. (R.A. Johnson and D.W Wichern, 2018) 

 

2.2 Data 

The data used in this study was the Primary data is daily gold price data in the world 

market of the United States during January 2, 2012 to April 30, 2021 for a total of 2387 days1. 

The data was divided into 2 groups: training data and testing data with the following steps: 

2.2.1 The classification of the length of each component on the candlestick chart is  

as follows: 

Step 1. Calculate the distance of each component of the candlestick by dividing it into 

3 parts: upper shadow (L_US) , body (L_B)  and lower shadow (L_LS) which calculated from 
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the opening price, closing price, highest trading price and lowest trading price with the 

following formula: 

  i i i iL_US  = HIGH  - Max (OPEN , CLOSE ) ,                     (2) 

  i i iL_B  = CLOSE HIGH− ,                                    (3) 

  i i i iL_LS  =  Min (OPEN , CLOSE ) - LOW              (4) 

 where, HIGH is the highest daily gold price 

   OPEN is the daily opening gold price  

   CLOSE is the daily closing gold price 

   LOW is the lowest daily gold price 

Step 2. Calculate the ratio of each component length of the candlestick using the 

following formulas: 

                                          i
i

i

L_US
r_US =

L_C
,                                        (5)                    

                                          i
i

i

L_B
r_B =

L_C
,                                            (6) 

                                           i
i

i

L_LS
r_LS =

L_C
                                   (7)  

where, L_Ci = L_USi + L_Bi + L_LSi. 

Step 3. Since the data must be standardized, it is therefore important to calculate mean 

and standard deviation of each component of the candlestick in the separation by using the 

following formulas: 
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where, x  is the daily price of gold 

  x  is the average price of gold 

   n is the days of gold price   

Step 4. Calculate the adjusted value of each component using the standardization 

method so that the data is normally distributed by using the following formula: 
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2.2.2 Classify each component of the candlestick using K-means and hierarchical 

clustering methods. 

2.2.3 Compare the data in percentage from the classification of each component of the 

candlestick chart. 
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2.3 Efficiency comparison 

The classification efficiencies in this study were measured using the correctly clustered 

instances (CCI) between the clusters derived from the observed data and the clusters derived 

from K-means clustering and Hierarchical clustering methods. CCI can be calculated as 

follows: 

                                                1 100

k

i

i

m

CCI x
n

==


,                                  (11) 

where, mi is the number of data points clustered by the clustering technique that match 

with the original data used in that cluster. 

n is the total number of data points in the data set. 

 

3. Results 

The mean and standard deviation of candlestick components which was used in the 

standardization to adjust the ratio of each candlestick component size before the clustering is 

shown in Table 1 

  

Table 1 Mean and Standard deviation of candlestick components. 

LOWER BODY UPPER 

mean S. D mean S. D mean S. D 

0.28342 0.18529 0.43571 0.25162 0.28012 0.19634 

The classification of the candlestick components using K-means clustering method 

resulted in 5 clusters as follows: 

 

Table 2 Mean of the classification results of the candlestick components using K-means 

clustering method. 

Cluster Open Price High Price Low Price Close Price 

1 1542.996 1553.411 1532.229 1543.268 

2 1304.894 1313.203 1296.77 1304.977 

3 1896.497 1909.16 1881.297 1895.55 

4 1709.836 1720.999 1698.11 1710.442 

5 1186.152 1194.153 1178.236 1186.198 

 

 

Figure 2 Candlestick Pattern using K-means clustering method 
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The classification of the candlestick components using hierarchical clustering method 

resulted in 3 clusters as follows: 

 

Table 3 Mean of the classification results of the candlestick components using 

hierarchical clustering method. 

Cluster Open Price High Price Low Price Close Price 

1 1687.897 1699.045 1675.902 1688.148 

2 1257.852 1266.071 1249.769 1257.899 

 

 

Figure 3 Candlestick Pattern using Hierarchical clustering method 

The results of the calculation of classification efficiencies (CCI values) in both clustering 

methods for each candlestick component are as follows: 

 

Table 4 CCI values in K-means and Hierarchical clustering methods. 

method data US B LS 

K-means training 88.52 82.21 75.62 

testing 85.25 84.10 79.36 

Hierarchical training 71.35 73.34 72.37 

testing 73.25 72.65 78.29 

This table shows the classification efficiencies for each component of the candlestick 

chart in form of CCI values for both training data and testing data. It can be observed that all 

values obtained from both methods were higher than 70, which indicated that the calculated 

centroids could be used to effectively classify the candlestick components for both training data 

and testing data. However, K-means clustering method was more effective than the hierarchical 

clustering method for gold price data in the world market. 

 

4. Conclusion and Discussion 

In this study, the classification efficiencies of K-means and Hierarchical clustering 

methods for candlestick component length on the world gold price candlestick chart were 

compared with the objective to reduce the ambiguity in the identification of candlestick size. 

The data used in this study consisted of the opening price, closing price, highest trading price 

and lowest trading price from the daily gold price in the world market of the United States 

during January 2, 2012 to April 30, 2021 for a total of 2386 days. The data was divided into 2 

groups: training data and testing data. The experiment consisted of the calculation of length, 

ratio, mean and standard deviation and standardization. The data was then classified using  
K-means and hierarchical clustering methods which it was found that K-means clustering 
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method resulted in 5 clusters, while hierarchical clustering method resulted in 2 clusters. The 

classification efficiencies for each component of the candlestick using CCI in both training data 

and testing data were all higher than 7 0  for both clustering methods. This indicated that the 

classification was quite effective. However, K-means clustering was more effective compared 

to hierarchical clustering for gold price data in the world market. Therefore, the results of the 

classification may be used in the determination of candlestick chart pattern for the analysis of 

future gold price trends or other stock prices based on the analysis of candlestick chart patterns. 

This research has suggested that other clustering methods such as dynamic clustering or 2-step 

clustering should be also used for the better comparison of the classification efficiencies. And 

more factors such as economic and social factors should also be considered while using the 

gold price in the world market of the United State for more effective analysis. 
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