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ABSTRACT 

 

Title of Thesis   Candlestick Chart Pattern Recognition 

Author    Mr. Touchpakorn Dhammathanapatchara 

Degree  Master of Science (Computer Science and Information 

Systems) 

Year     2015 

 

 

The technical analysis of stocks and trends has been used by traders for 

decades to predict a particular market movement. The candlestick chart pattern 

analysis is a widely-used technical analysis technique. With a large number of 

patterns, manually identifying patterns from a price chart has been found to be 

difficult; thus an automatic means is needed to aid investors. In this research the 

candlestick chart pattern recognition technique is discussed, which can effectively 

identify candlestick chart patterns and their evaluation. 
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CHAPTER  1 

INTRODUCTION 

1.1  Problem Overview and Motivation 

 

 A candlestick chart, a popular technical analysis tool, is classified as a price 

chart. The candlestick analysis is a method of technical analysis that originated in 

Japan 200 years ago. Japan has been using this technical analysis for the direction of 

grain prices. Candlestick patterns are very popular because they do not require long-

term data and the patterns can be used to describe stock market trends. However, the 

interpretation of a candlestick chart pattern varies, depending on the person’s 

experience and expertise. The candlestick patterns have many styles; each style 

signals the state of the market over a period of time. A novice investor can find it 

difficult to identify the patterns correctly. Therefore, this research proposes an 

automated technique to recognize the candlestick patterns, which aims to serve as a 

tool for traders that monitor the stock market. Moreover, the study can also help to 

create an opportunity for investors to make profits from the stock market. 

 Researchers are interested in examining the candlestick pattern recognition 

approach by measuring the Similarity using Cosine Similarity and Euclidian Distance 

with candlestick pattern image data and to extract needed features. Candlestick charts 

are not only a tool used for technical analysis. Rather, with its faster and accurate 

analysis, candlestick charts help investors monitor the stock market effectively and 

create opportunities to make profits from it. 
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1.2  Objectives 

 

This research aims to introduce the concept of candlestick pattern recognition 

using the chart pattern’s features such as colors, lengths, and positions. The main aim 

of this research is recognize candlestick chart patterns. 

 

1.3  Scope of the Work 

 

This research focuses on the candlestick pattern recognition and the scope of 

the study is as follows: 

1) Two types of candlestick patterns are studied: uptrend or bullish candlestick 

patterns and downtrend or bearish candlestick patterns. 

2) Three colors of candlesticks are considered. A candlestick with a white bar 

represents uptrend, meaning that the closing price is higher than the opening 

price. A black bar represents a downtrend, which shows that the closing price 

is lower than the opening price. For colorless chart or Doji, the opening price 

and the closing price are the same price; in other words, the opening price and 

closing price are similar. 

3) The candlestick pattern recognition algorithm can be used to classify 

candlestick patterns correctly and quickly. 



 

CHAPTER  2 

LITERATURE REVIEW 

2.1  Securities Analysis 

  

In the capital markets, investors have many securities to consider for 

investment. Investors need to analyze securities before they make decisions to invest 

in them. The popular analyses can be classified as fundamental or technical analysis. 

 

2.1.1  Fundamental Analysis 

 Fundamental analysis is intended to measure the intrinsic value of a security. 

In fact, it attempts to determine whether the market price of a share is close to the true 

value of the security or not. However, the stock price is dependent on several 

economic factors, both at the macro and micro levels. These factors are taken into 

account in order to assess the value derived from investing in such securities. If the 

market price is lower or higher than the true value, it is buying or selling to the level 

of the price movement into real value at this price, is not much moving. 

The fundamental analysis considers many factors in order to obtain the intrinsic value 

of securities. Such factors include economic conditions, the industry, and the 

company’s financial statements.  Whether investors will or will not invest in that 

stock depends on the comparison between the stock’s intrinsic value and the market 

value at that time. 

 

2.1.2  Technical Analysis 

Stock prices are determined by the market mechanism, and buying and selling 

demands; thus, it is unnecessary for investors to consider economic factors in order to 

assess the true value of securities. Changes or price movements in the past can 

indicate the trend of the price of a stock in the future. Therefore, a technical analyst 
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attempts to predict future stock prices by forecasting changes in the demand and 

supply of securities of the investment in the overall market. Instead, this will affect 

the price of those securities instead, which measure the true value of securities. 

 Although technical analysis performs quickly and does not require a person 

with knowledge of the complex, it contains some limitations: forecasting market 

prices in the future of how technical it is necessary to use market mechanisms. 

However, no one can deny that they can control the market mechanism. The dynamic 

behavior of stock prices may not be similar to the past. The currently-available 

information about the supply and demand market will be able to make changes in the 

model at any time in the past. Technically speaking, it cannot predict the future price 

of a stock accurately at all times. 

 Several tools are available for technical analysis. Some methods can be 

applied for analysis at 2 levels, i.e. the stock level and industry or company securities 

level. However, some are only available for stock analysis and some are available for 

company or industry analysis. 

 The tools used in technical analysis have different purposes of use and 

capabilities. They can be classified as follows: 

1) Trend Line analysis 

2) Price chart 

3) Point and figure chart 

4) Technical Indicators 

 

2.2  The History of Candlestick Charts 

 The candlesticks chart, one of the technical analysis tools, is classified as a 

price chart. Candlestick analysis originated in Japan 200 years ago. Japan had been 

using technical analysis for the direction of grain prices. The data for performing an 

analysis included information about the rice farmers, weather reports, and patterns of 

the past price movements in order to further study the psychology of the buyers and 

sellers of grains. Since 1982, the West has begun to focus on the performance of 

candlesticks in order to analyze stock exchange, options exchange, and foreign 

exchange. Later, a book entitled Candlestick Charting, written by Steve Nison, was 

published in the April 1990.  This allowed Westerners to know about this tool even 
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more. As time went by, these tools were also adopted in Thailand for securities 

analysis since the candlestick analysis is one of a few technical analysis tools that can 

predict the reversal of stock prices. Candlesticks can also be used with other analysis 

tools such as the gap (window). 

 Technical analysis, with a candlestick chart, demonstrates the significance of 

the relationship between the high, low, opening and closing prices for a security each 

day. The opening price and the closing price are viewed from different perspectives 

on the buyer’s side or seller’s side. 

 

  

 

Figure 2.1  Characteristics of Candlesticks 

 

Figure 2.1 shows two examples of candlesticks with relative positions of the 

opening, high, low, and closing prices. The opening and closing prices can be seen as 

different perspectives of the buyers and sellers. The opening price is information that 

traders have anticipated in the night to the morning. The information plays a very 

important role; that is, it tells traders to buy or sell a stock. The purchase price is 

subject to be high on good news and low on bad news. Closing prices are as important 

as opening prices, as closing prices can show some signs that appear on the chart 

which previously had not been expressed clearly. Although a stock market 

randomizes the opening and closing price of a share, it does not make the overall 

Upper shadow

Lower Shadow

Real Body

Opening

Closing

High High

Low Low

Closing

Opening

Bullish Bearish
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pattern change so much. A candlestick's shadows show the day's high and low, and 

how they compare to the opening and closing prices. The Real Body is placed 

between the opening and closing prices. The colors of candles depend on the 

following conditions. If the opening price is lower than the closing price, the 

candlestick is white and is called a Bullish Candlestick. If the price closes below the 

opening price, the candlestick becomes black and is called a Bearish Candlestick 

(colors may vary). The upper shadow is the highest price and the lower shadow is the 

lowest price. If the opening price and the closing price of the candle are nearly the 

same, there is no part of the Real Body of the candlestick. This situation is called 

Doji. 

 

2.3  Candlestick chart pattern trading analysis 

 

For an analysis of the candlestick patterns, the characteristics such as color, 

size or length of the candlestick are considered. When the 3 parts come together, it 

can indicate the conditions of buying and selling pressure at a period of time. The 

basic model can be applied to each of these patterns and can be also used to signal. 

Some patterns using the trend of the market (Prior Trend) for consideration can 

predict market trend more accurately. 

  

2.3.1  Candlestick patterns 

 There are more than 100 candlestick patterns. In this research, 60 different 

patterns are studied. Examples of the patterns are as follows. 
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2.3.1.1  Bullish Doji Star  

 

 

 

Figure 2.2  Bullish Doji Star pattern 

 

Figure 2.2 shows a bullish doji star pattern where the doji jumps down 

from the closing price of black candle with Gap. 

Recognition Criteria: 

1) Price trend leading to the pattern is downward. 

2) There is a long black candle on the first day followed by a doji. 

3) Gaps are between candles. 

4) There is a short upper and lower shadow. 

Brief Explanation: 

Usually, a star after a long black candle during the downward 

represents a change in the direction of the market. Thus, the doji star indicates strong 

sales and that volumes are equally good. 
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2.3.1.2  Bearish Doji 

 

 

 

Figure 2.3  Bearish Doji pattern 

 

 Figure 2.3 shows a bearish doji star pattern where the doji jumps up 

from the closing price of the white candle with a gap. 

Recognition Criteria: 

1) The price trend leading to the pattern is upward. 

2) There is a long white candle on the first day followed by a doji. 

3) Gaps are between candles. 

4) There is a short upper and lower shadow. 

Brief Explanation: 

Usually, a star after a long white candle during the upward represents a 

change in the direction of the market. Thus, the doji star indicates strong sales (bear) 

and that volumes (bull) are large. 
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2.3.1.3  Bullish Engulfing 

 

 

 

Figure 2.4  Bullish Engulfing pattern 

  

Figure 2.4 shows a bullish engulfing pattern. The second candle is 

white and the body is longer than the first one, which meaning of engulfing the 

ingestion or overlap. The white candle encompasses and embraces the black candle 

and the black candle in the real body of the white candle. Only the body of the two 

bars are considered; the shadow is excluded. 

Recognition Criteria: 

1) The market is in a downtrend. 

2) We see a small black body on the first day. 

3) The following day shows the white body that completely engulfs 

the black body of the previous day. 

Brief Explanation: 

The market is bearish, meaning that a strong selling since opening and 

closing prices below the opening price is taking place. On the next day it has 

accumulated strong sales since the market opening. On Day 2, the opening price is 

lower than the closing price on the Day 1 and the closing price is higher than the 

opening price of the black candle on Day 1. This is a characteristic of the closing 

prices of the white candle to the downside breakout resistance. 
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2.3.1.4  Bearish Engulfing 

 

 

 

Figure 2.5  Bearish Engulfing pattern 

 

   Figure 2.5 shows a bearish engulfing, a large black body which engulfs 

a small white body in an uptrend. 

Recognition Criteria: 

1) The market is in an uptrend. 

2) Day 1 has a white candle. 

3) Day 2 has a black candle that completely engulfs Day 1’s white 

body. 

Brief Explanation: 

  While the market is bullish, a surge is seen in buying from the market 

opening and a closing price higher than the opening price. The next day is 

accumulated sales since the market opening. On Day 2, the opening price is higher 

than the closing price on Day 1 and the price closes at a lower price than the opening 

price of the white candle on Day 1, which characterizes the price of the black candle 

close to break through the support. 
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2.3.1.5  Bullish Hammer 

 

 

 

Figure 2.6  Bullish Hammer pattern 

   

Figure 2.6 shows a bullish hammer pattern, a major reversal pattern. It 

is called the hammer when the price reaches a low and the price at which the hammer 

smashes through the wall itself.  

Recognition Criteria: 

1) The market is in a downtrend. 

2) We see a small body at the Upper. 

3) It is preferred that the lower shadow be at least twice as long as the 

body. 

4) There is no upper shadow or almost no upper shadow.  

Brief Explanation: 

         The Bullish Hammer pattern is a significant stick that is seen at the 

bottom of a trend (or during a downtrend). It is called a hammer since it is hammering 

out a bottom. This pattern is similar to the bullish dragonfly doji pattern. The opening 

and closing prices are the same while the Bullish Hammer pattern has a small body at 

the upper end of the trading range. 
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2.3.1.6  Hanging Man 

 

 

 

Figure 2.7  Bearish Hanging Man pattern 

 

        Figure 2.7 shows a bearish hanging man pattern. It is a major reversal 

pattern that has been often seen and is called hanging because when the price reaches 

a high and the price at which the hanging is the point of being hanged.  

Recognition Criteria: 

1) The market is on an uptrend. 

2) It has a lower shadow, which is at least twice the height of the 

body. 

3) There is no upper shadow or the upper shadow is very short. 

Brief Explanation:  

  While the market is in an uptrend from buying pressure, the opening 

price jumps up with a gap. The high price jumps, causing the profit effect of the price 

to decline during the day. In contrast, at the end of buying pressure has pushed prices 

back to close from a close price to the opening price. 
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2.3.1.7  Bullish Piercing pattern 

 

 

Figure 2.8  Bullish Piercing pattern 

 

       Figure 2.8 shows the piercing pattern. It is a bullish reversal pattern. A 

long black candlestick is followed by a gap down during the next day while the 

market is in a downtrend. The day ends up as a strong white candlestick, which closes 

more than halfway into the prior black candlestick’s real body. 

Recognition Criteria: 

1) The market is on a downtrend. 

2) We see a long black candle. 

3) The second day’s closing is within the first day body and it is also 

above the midpoint of the first day’s body. 

4) The second day, however, fails to close above the body of the first 

day. 

Brief Explanation: 

         The market moves down in a downtrend. The first black real body 

reinforces this view. During the next day the market opens lower through a gap. 

Everything now goes, as bears want it. However, the market suddenly surges toward 

the closing, leading the prices to close sharply above the previous day’s closing. Now 

the bears are losing their confidence and reevaluating their short positions. The 

potential buyers start thinking that a new low may not hold and perhaps it is time to 

take long positions. 
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2.3.1.8  Dark Cloud Cover 

 

 

 

Figure 2.9  Bearish Dark Cloud Cover pattern 

 

Figure 2.9 shows a bearish dark cloud pattern, which is a major 

reversal candlestick chart patterns. They contain the first two bars by a long white 

candlestick which represents the buying pressure more than the selling pressure, 

thereby resulting in an increase in the share prices throughout the day. In addition, the 

closing price is close to the highest price of the day and will accumulate for the next 

day. Due to the accumulation, the opening price of the second day jumps from the 

previous day’s closing price. However, the share price at this level is very high and 

the opening price jump causes the selling pressure, so the share price becomes lower 

from the opening price all day, as indicated by the long black candle. 

Recognition Criteria: 

1) The market is on an uptrend. 

2) There is a long white stick on Day 1. 

3) On Day 2, there is a black stick which opened at a price above Day 

1’s high 

4) The closing price of the long black candle is below the middle of 

the body of the long white candle. 

Brief Explanation: 

   The market goes up. Then there is a strong white stick followed by a 

gap. This implies that the bulls retain control. However, the rally does not continue. 

Moreover, the market closes near the low of the day. In a way, the longs are shaken 
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and the short sellers will now have a benchmark for where to place a stop, which is at 

the new high of Day 2. 

   2.3.3.9  Bullish Harami 

 

 

 

Figure 2.10  Bullish Harami pattern 

 

Figure 2.10 shows a bullish harami pattern. "Harami" is a Japanese 

word for “pregnant.” Bullish Harami pattern is composed of a long black candle and a 

small white candle. The white candle is placed in the body of the long black candle. 

 Recognition Criteria: 

1) The market is on a downtrend. 

2) There is a long black candle on Day 1. 

3) During the next day, a white is found candle with a short body and 

in the shadow of a white candle, not necessarily in any black bars. 

Brief Explanation: 

           The Bullish Harami pattern is a strong signal of disparity concerning 

the market’s health. During a downtrend, there is heavy selling. This is followed by a 

Doji on the next day. This indicates that the market is starting to reverse the current 

downtrend course of the market. 
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2.3.1.10  Bearish Harami 

 

 

 

Figure 2.11  Bearish Harami Pattern 

           

Figure 2.11 shows a bearish harami pattern, comprising a long white 

candle and a small black candle. The body of the black candle is placed in the body of 

the long white candle. 

Recognition Criteria: 

1) The market is on an uptrend. 

2) Day 1 has a long white stick. 

3) Day 2 has a black stick whose body is completely engulfed by the 

body of Day 1. 

Brief Explanation:      

The Bearish Harami pattern is a two-candlestick chart pattern 

composed of a small black body contained within a long white body of the previous 

day. It is a sign of disparity concerning the market’s health. The bull market is 

confirmed by the long white body’s vitality. However, there is a small black body 

which depicts uncertainty. This indicates that the upward trend of the bulls has 

weakened. Now, a trend reversal is possible. 
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2.3.1.11  Bearish Shooting Star 

 

 

 

Figure 2.12  Bearish Shooting Star pattern 

 

          Figure 2.12 shows a shooting star pattern, where the body is short but 

there is a long upper shadow and the lower shadow is very short or there is no lower 

shadow. 

Recognition Criteria: 

1) The market is on an uptrend. 

2) The color of the body is not important. 

3) On Day 2, prices open with a gap, creating a small real body at the 

lower end of the trading range. 

4) The upper shadow on Day 2 is usually twice as long as the real 

body. 

5) Day 2 has no lower shadow or close to none. 

Brief Explanation:      

         The bearish shooting star pattern proposes that prices may be 

approaching the peak, thus the name “shooting star.” The shooting star is a small body 

distinguished by a long upper shadow which gaps away from the previous real body. 

This pattern simply tells us that the market opened near its low. The prices then 

moved down to close near the opening price. The day’s rally was not sustained. 
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2.3.1.12  Bullish Inverted Hammer 

 

 

 

Figure 2.13  Bullish Inverted Hammer pattern 

 

 Figure 2.12 shows a bullish inverted hammer pattern. The body is 

short but there is a long upper shadow while the lower shadow is very short or there is 

no lower shadow. 

Recognition Criteria: 

1) The market is on a downtrend. 

2) The color of the body should be black on Day 1. 

3) The color of Day 2’s body is not important. 

4) The upper shadow of Day 2’s body must be at least twice that of 

Day 1’s body. 

5) Day 2’s body does not have a lower shadow or very little lower 

shadow. 

Brief Explanation: 

         The bullish inverted hammer pattern is a stick distinguished by a long 

upper shadow and a small stick preceded by a long black body. Its shape is similar to 

the bearish shooting star. The star appears in a downtrend and thus becomes a 

potentially bullish inverted hammer. 
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2.3.1.13  Bullish Morning Star 

 

 

 

Figure 2.14  Bullish Morning star Pattern 

 

      Figure 2.14 shows a bullish morning star pattern. It comprises the three 

candlesticks, and the bottom of the pattern, which represents a change in direction, is 

an uptrend. The first candlestick is a long black candle and the second is a small body 

that is either white or black. The second bars are open jump down with a gap. 

The first and second candlesticks combined to the star and the third is a 

white candle opening price jumped from the body of the second bar, and the third bar 

will have closed up in the body of the first bar. 

Recognition Criteria: 

1) The market is on a downtrend. 

2) Day 1 has a long black stick. 

3) On Day 2, we see a small body gapping in the direction of the 

previous downtrend. 

4) Day 3 has a white candlestick. 

Brief Explanation: 

In this pattern, the black body is seen in a falling market. This suggests 

that the bears are in command. Then a small body appears, which implies that the 

sellers cannot drive the market lower. Day 3’s strong white body proves that the bulls 

have taken over. 
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2.3.1.14  Bearish Evening Doji Star 

 

 

 

Figure 2.15  Bearish Evening Doji Star Pattern 

 

  Figure 2.14 the Bearish Evening Doji Star pattern consists of a white 

candlestick, a star candlestick, and a black candlestick. 

 Recognition Criteria: 

1) The market is on an uptrend. 

2) There is a white candlestick on the first day. 

3) A Doji that gaps in the direction of the previous uptrend appears on 

Day 2. 

4) There is a black stick on Day 3. 

Brief Explanation: 

   The white stick on Day 1 shows the continuing bullish nature of the 

market. A Doji appears on Day 2, showing the diminishing power of the longs. On 

Day 3, the bears take over, as shown by the black stick. Ideally, the Bearish Evening 

Doji Star pattern has a gap before and after the middle real body. 

 



 

CHAPTER 3 

METHODOLOGY 

This chapter discusses the proposed method for recognizing a given 

candlestick chart pattern. The process overview is shown below.   

 

 

 

Figure 3.1  Candlestick Pattern Recognition Process. 

 

 According to figure 3.1, features such as prior trend, length, and color of 

pattern are, first of all, extracted using image preprocessing techniques. Then, a 

similarity or a distance measure is applied to compare the pattern in a price chart and 

the candlestick pattern templates (known patterns). The top-ranked template is 

returned as the recognition result. 

 

3.1  Data Sets 

 

Candlestick pattern images are collected from 5 sources, which are books, 

reliable websites, and real-world data (advised by an expert). Detailed descriptions of 
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the candlestick patterns used in this study are shown in Table 3.1. The Model Set 

below is a list of the 60 candlestick patterns of interest that were recognized. Test Set 

1, 2 and 3 are lists of the test sets for the experiments that were used to evaluate the 

effectiveness of the proposed technique. 

 

Table 3.1  A List of Candlestick Patterns are Studied in this Thesis. 

 

Data type Pattern types No. Candlestick patterns 

Model Set Bearish Patterns 1 Abandoned baby 

 
  2 Advance block 

 
  3 Below stomach 

 
  4 Collapse doji star 

 
  5 Dark cloud cover 

 
  6 Deliberation 

 
  7 Doji star 

 
  8 Down gap three methods 

 
  9 Down tasuki gap 

 
  10 Engulfing 

 
  11 Evening doji star 

 
  12 Evening star 

 
  13 Fall window 

 
  14 Harami 

 
  15 Harami cross 

 
  16 Identical3crows 

 
  17 In neck 

 
  18 Kicking 

 
  19 Last engulf top 

 
  20 Meet lines 

 
  21 On neck 

 
  22 Separate lines 

 
  23 Shooting star 
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Table 3.1  (Continued) 

 

Data type Pattern types No. Candlestick patterns 

 
  24 Side by side white 

 
  25 Three black crows 

 
  26 Three inside down 

 
  27 Three outside down 

 
  28 Thrusting 

 
  29 Tri star 

 
  30 Top 

 
  31 Two crows 

 
  32 Upside gap two crows 

Model Set Bullish Patterns 33 Abandoned baby 

 
  34 Doji star 

 
  35 Engulfing 

 
  36 Harami 

 
  37 Harami cross 

 
  38 Homing pigeon 

 
  39 Inverted hammer 

 
  40 Kicking 

 
  41 Last engulf bottom 

 
  42 Match low 

 
  43 Meet lines 

 
  44 Morn doji star 

 
  45 Morning star 

 
  46 Piercing 

 
  47 Rise window 

 
  48 Separate lines 

 
  49 Side by side white 

 
  50 Stick sandwich 

 
  51 Three inside up 
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Table 3.1  (Continued) 

    

Data type Pattern types No. Candlestick patterns 

 
  52 Three outside up 

 
  53 Three stars south 

 
  54 Three white soldiers 

 
  55 Tri star 

 
  56 Tweezer bottom 

 
  57 Two black gap 

 
  58 Unique three-river bottom 

 
  59 Upside gap three methods 

 
  60 Upside tasuki gap 

Test Set 1 Bearish Patterns 1 Abandoned baby 

 
  2 Advance block 

 
  3 Dark cloud cover 

 
  4 Deliberation 

 
  5 Doji star 

 
  6 Downside gap three methods 

 
  7 Downside tasuki gap 

 
  8 Engulfing 

 
  9 Evening doji star 

 
  10 Evening star 

 
  11 Harami 

 
  12 Harami cross 

 
  13 Identical three crows 

 
  14 In neck 

 
  15 Kicking  

 
  16 Meeting lines 

 
  17 On neck 

 
  18 Separating lines 
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Table 3.1  (Continued) 

    

Data type Pattern types No. Candlestick patterns 

 
  19 Shooting star 

 
  20 Side by side white lines 

 
  21 Three black crows 

 
  22 Three inside down 

 
  23 Three outside down 

 
  24 Thrusting 

 
  25 Tri star 

 
  26 Tweezer top 

 
  27 Two crows 

 
  28 Upside gap two crows 

Test Set 1 Bullish Patterns 29 Abandoned baby 

 
  30 Doji star 

 
  31 Engulfing 

 
  32 Harami 

 
  33 Harami cross 

 
  34 Homing pigeon 

 
  35 Inverted hammer 

 
  36 Kicking 

 
  37 Matching low 

 
  38 Meeting lines 

 
  39 Morning doji star 

 
  40 Morning star 

 
  41 Piercing 

 
  42 Separating lines 

 
  43 Side-by-side white lines 

 
  44 Stick sandwich  

 
  45 Three inside up 

 
  46 Three outside up 
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Table 3.1  (Continued) 

    

Data type Pattern types No. Candlestick patterns 

 
  47 Three star in the south 

 
  48 Three white soldiers 

 
  49 Tri star 

 
  50 Tweezer bottom 

 
  51 Unique three river bottom 

 
  52 Upside gap three methods 

 
  53 Upside tasuki gap 

Test Set 2 Bearish Patterns 1 Abandoned baby 

 
  2 Advance block 

 
  3 Dark cloud cover 

 
  4 Deliberation block 

 
  5 Doji star 

 
  6 Engulfing 

 
  7 Evening doji star 

 
  8 Evening star 

 
  9 Harami 

 
  10 Harami cross 

 
  11 Kicking 

 
  12 Meeting line 

 
  13 Shooting star 

 
  14 Three black crows 

 
  15 Three inside down 

 
  16 Three outside down 

 
  17 Tri star 

 
  18 Two crows 

 
  19 Upside gap two crows  

Test Set 2 Bullish Patterns 20 Abandoned baby 

 
  21 Doji star 
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Table 3.1  (Continued) 

    

Data type Pattern types No. Candlestick patterns 

 
  22 Engulfing 

 
  23 Harami 

 
  24 Harami cross 

 
  25 Pigeon 

 
  26 Inverted hammer 

 
  27 Kicking 

 
  28 Matching low 

 
  29 Meeting line 

 
  30 Morning doji star 

 
  31 Morning star 

 
  32 Piercing line 

 
  33 Stick sandwich 

 
  34 Three inside up 

 
  35 Three stars in the south 

 
  36 Three white soldiers 

 
  37 Tri star 

 
  38 Unique three river bottom 

Test Set 3 Bearish Patterns 1 Advance block 

 
  2 Dark cloud 

 
  3 Deliberation 

 
  4 Down tasuki gap 

 
  5 Engulfing 

 
  6 Evening star 

 
  7 Harami 

 
  8 Identical three crows 

 
  9 In neck 

 
  10 Kicking 

 
  11 Meet lines 



28 

Table 3.1  (Continued) 

    

Data type Pattern types No. Candlestick patterns 

 
  12 On neck 

 
  13 Side by side white 

 
  14 Three black crows 

 
  15 Three inside down 

 
  16 Thrusting 

 
  17 Tri star 

 
  18 Two 

 
  19 Upside gap two crows 

Test Set 3 Bullish Patterns 20 Engulfing 

 
  21 Harami 

 
  22 Homing pigeon 

 
  23 Inverted hammer 

 
  24 Kicking 

 
  25 Match low 

 
  26 Meet lines 

 
  27 Morning star 

 
  28 Piercing 

 
  29 Separate lines 

 
  30 Side by side white 

 
  31 Stick sandwich 

 
  32 Three inside up 

 
  33 Three stars south 

 
  34 Three white soldiers 

 
  35 Tri star 

 
  36 Unique three river bottom 

 
  37 Upside gap three methods 

 
  38 Upside tasuki gap 
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3.2  Feature Extraction 

 

A candlestick pattern recognition method must be able to differentiate patterns 

with high accuracy using as few as possible numbers of features. Feature extraction is 

a vital part of most pattern recognition tasks. In order to obtain candlestick patterns 

from pattern images, image processing techniques are deployed to enhance the quality 

of the candlestick pattern data image and to extract the needed features. Each 

candlestick pattern is thus represented as a vector.   

 

3.2.1  Prior trend feature 

The direction of the trend can be determined using trend lines. Bullish 

reversals require a preceding downtrend and bearish reversals require a prior uptrend. 

A downtrend might exist as long as the security is trading below its down trend line, 

below its previous reaction high or below a specific moving average. The length and 

duration will depend on individual preferences. However, because candlesticks are 

short-term in nature, it is usually best to consider the last 1-4 weeks of price action. 

We extracted a feature is prior trend from the candlestick chart pattern for 

recognition. 

 

3.2.2  Color features 

The color of each candlestick depends on the price action of the security. 

Bearish is a black filled-in candlestick indicating a bearish performance by the 

security because the close is much lower than the opening price. Bullish is a hollow 

(white) candlestick indicating a bullish performance, meaning that the opening is 

lower than the close.  

We extracted three features of candlestick color as follows: 1) the color of the 

1st candlestick, 2) the color of the 2nd candlestick, and 3) the color of the 3rd 

candlestick. 

 

3.2.3  Length features 

Candlesticks have different pattern, depending on the length of the 

candlestick’s real body and the length of the shadows on either end of the body. The 
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typical candlestick has a real body and a shadow above and below the opening price 

and closing price, which indicates that the high and the low of the time-frame in 

which the candlestick was formed was higher and lower than the opening price and 

the closing price. 

Twelve features were extracted as follows: 1) Length of the 1st candlestick 

normalized by the length of the largest candlestick, 2) Length of the 2nd candlestick 

normalized by the length of the largest candlestick, 3) Length of the 3rd candlestick 

normalized by the length of the largest candlestick, 4) The ratio between the lengths 

of the 2nd and 1st candlestick, 5) The ratio between the lengths of the 3rd and 1st 

candlestick, 6) The ratio between the lengths of the 3rd and 2nd candlestick,  7) The 

real body length of the 1st candlestick normalized by the largest real body length, 8) 

The real body length of the 2nd candlestick normalized by the largest real body length, 

9) The real body length of the 3rd candlestick normalized by the largest real body 

length, 10) The real body length of the 1st candlestick normalized by its total length, 

11) The real body length of the 2nd candlestick normalized by its total length, 12) The 

real body length of the 3rd candlestick normalized by its total length. 

 

3.2.4  Gaps feature 

Gaps are very common in financial markets, and occur on charts when no 

overlap exists between consecutive period highs and lows. For instance, if ABC 

stock’s high is 51 and its low is 50 on a given day, and then the next day it opens 

higher than 51, let us say at 53, and trades in a range between 52 and 54, a gap with 

no trading exists between 51 and 52. That stock gapped higher and never closed the 

gap. If the stock had opened much lower, at 46 or 47, for example, and never reached 

the previous day’s low, it would have gapped lower.  

Six features were extracted from the pattern: 1) the gap between the 1st and 2nd 

candlestick, 2) the gap between the 1st and 3rd candlestick, 3) the gap between the 2nd 

and 3rd candlestick from the pattern, 4) the real body gap between the 1st and 2nd 

candlestick, 5) the real body gap between the 1st and 3rd candlestick, and 6) the real 

body gap between the 2nd and 3rd candlestick. 
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3.2.5  Special Candlestick features 

We can divide special candlesticks into 3 types: first are the Hammer and 

Hanging Man, which look exactly alike but have different implications based on the 

preceding price action. Both have small real bodies (black or white), long lower 

shadows, and short or non-existent upper shadows. Second, matching candlestick 

occurs when two candlesticks appear with equal open in an uptrend or closes in a 

downtrend. For recognize that the candle is unique or not, such as the opening price 

and Doji are important candlesticks that provide information on their own and as 

components of in a number of important patterns. Doji form when a security's open 

and close are virtually equal. The length of the upper and lower shadows can vary and 

the resulting candlestick looks like a cross, inverted cross, or plus sign. Alone, doji are 

neutral patterns. Any bullish or bearish bias is based on the preceding price action and 

future confirmation. 

We extracted special candlestick features from the pattern and they are: 1) 

hammer and hanging candlestick, 2) Doji candlestick, and 3) Matching candlestick. 

 

3.2.6  Position feature 

A candlestick pattern can have different positions for each candlestick, 

depending on the opening and closing price.   

We extracted four position features by slope which were: 1) the slope between 

the low price between 1st and 2nd candlestick, 2) the slope between the high price 

between 1st and 2nd candlestick, 3) the slope between the low price between 1st and 3rd 

candlestick, and 4) the slope between the high price between 1st and 3rd candlestick. 

 

List of 29 features used for the study 

1) Prior Trend 

2) Color of the 1st candlestick. 

3) Color of the 2nd candlestick. 

4) Color of the 3rd candlestick. 
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5) Length of the 1st candlestick normalized by the length of the largest 

candlestick 

6) Length of the 2nd candlestick normalized by the length of the 

largest candlestick. 

7) Length of the 3rd candlestick normalized by the length of the 

largest candlestick. 

8) The ratio between the lengths of the 2nd and 1st candlestick. 

9) The ratio between the lengths of the 3rd and 1st candlestick. 

10)  The ratio between the lengths of the 3rd and 2nd candlestick.  

11)  The real body length of the 1st candlestick normalized by the 

largest real body length. 

12)  The real body length of the 2nd candlestick normalized by the 

largest real body length. 

13)  The real body length of the 3rd candlestick normalized by the 

largest real body length. 

14)  The real body length of the 1st candlestick normalized by its total 

length. 

15)  The real body length of the 2nd candlestick normalized by its total 

length. 

16)  The real body length of the 3rd candlestick normalized by its total 

length. 

17)  Gap between the 1st and 2nd candlestick. 

18)  Gap between the 1st and 3rd candlestick. 

19)  Gap between the 2nd and 3rd candlestick. 

20)  Real body gap between the 1st and 2nd candlestick. 

21)  Real body gap between the 1st and 3rd candlestick. 

22)  Real body gap between the 2nd and 3rd candlestick. 

23)  Has a matching candlestick. 

24)  Has a doji candlestick. 

25)  Has a hammer candlestick. 

26)  Slope of the low price between 1st and 2nd candlestick. 

27)  Slope of the high price between 1st and 2nd candlestick. 
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28)  Slope of the low price between 1st and 3rd candlestick. 

29)  Slope of the high price between 1st and 3rd candlestick. 

 

 

 

 

3.3  Pattern Similarity 

 

Once the feature vector was created for each pattern, a similarity or distance 

measure between the input pattern and each of the pattern templates was determined. 

The measure quantifies the similarity between the two patterns by assigning a 

nonnegative real number to each pair of patterns. A similarity measure or similarity 

function quantifies the similarity between two objects. The concept of similarity is 

fundamentally important in almost every scientific field. For example, in 

mathematics, geometric methods for assessing similarity are used in studies of 

congruence and homothety as well as in related fields, such as trigonometry. 

Topological methods are applied in fields such as semantics. Graph theory is widely 

used for assessing cladistic similarities in taxonomy. Fuzzy set theory has also 

developed its own measures of similarity, whose applications can be found in areas 

such as management, medicine, and meteorology. An important problem in molecular 

biology is to measure the similarity between a pair of protein sequences. Similarity 

measures form the basis for many pattern matching algorithms. Besides that, similarly 

measures are often used in shape recognition tasks such as shape classification and 

content-based image retrieval. 

Given two vectors x and y. The basic function to measure the similarity 

between them is the inner product in Equation (1). If x is similar to y, then the inner 

product value will be high; otherwise the product value will be low. 

 

𝐼𝑛𝑛𝑒𝑟 (𝑥, 𝑦) =  ∑ 𝑥𝑖 𝑦𝑖

𝑖

= (𝑥, 𝑦) 
(1) 

 

The two similarity measures used in this research are the following. 
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3.3.1  Cosine Similarity 

 The measure of similarity between two feature vectors x and y of an inner 

product space measures the cosine of the angle between them. The cosine of 0° is 1, 

and it is less than 1 for any other angle. It is thus a judgment of orientation and not 

magnitude. Two vectors with the same orientation have a cosine of 1, two vectors at 

90° have a similarity of 0, and two vectors with opposite direction have a similarity of 

-1. The inner product of two vectors is unbounded. One way to make it bounded 

between -1 and 1 is to divide the inner product by the vectors’ L2 norms, yielding the 

cosine similarity, as in Equation (2).  

 

 

  (2)                

  

   Cosine similarity is particularly used in positive space, where the 

similarity values are bounded between [0, 1] and xi and yi are non-negative. Cosine 

similarity has an interpretation like the cosine of the angle between the two vectors. 

 

3.3.2  Euclidean distance 

Many measures of similarity and dissimilarity are basically Euclidean 

distance. The distance between two feature vectors x and y can be calculated 

according to Equation (3). 

 

 

(3) 



 

CHAPTER 4 

EXPERIMENTS AND RESULTS 

In this chapter, the experiments performed to evaluate the effectiveness of the 

proposed technique are described, and their results are presented and discussed. 

 

4.1  Examples of Candlestick Chart Pattern Similarity Computation 

 

Figure 4.1 shows examples of candlestick chart patterns (a)-(f). Pattern (a) is 

the bearish abandoned baby, while pattern (b) is a bullish abandoned baby, which is 

the reverse of (a). Pattern (c) is the bearish evening doji star, which is very similar to 

(a) but the doji leg is longer than that of (a). Pattern (d) is the bearish tri star, which 

has three doji. Pattern (e) is the bearish below stomach, which has two candlesticks, 

and pattern (f) is the bearish kicking pattern and requires no prior trend as patterns 

(a)-(e) do. 

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Figure 4.1  Six Candlestick Patterns (a)-(f) 
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For each pattern, a square containing it was computed. After that, the patterns 

were scaled such that the square containing them had a diameter of 2. This caused the 

values of Cosine Similarity to lie between -1 and 1, unlike Euclidean distance. Then, 

the distances between each pair of the patterns in the sequence (a)-(f) were computed. 

This was done for both the Cosine Similarity and the Euclidean distance. Tables 4.1 

and 4.2 show the similarity and distance matrices for Cosine Similarity and Euclidean 

distance, respectively. 

 

Table 4.1  Similarity Matrix for Cosine Similarity (COS) and Patterns (A)-(F) 

 

 

Table 4.2  Distance Matrix for Euclidean Distance (EUD) and Patterns (A)-(F) 

 

EUD (a) (b) (c) (d) (e) (f) 

(a) 0 6.6755 2.2241 4.0827 7.0380 8.2325 

(b) 6.6755 0 5.7939 5.9659 5.0532 4.6532 

(c) 2.2241 5.7939 0 3.2037 5.6612 7.0084 

(d) 4.0827 5.9659 3.2037 0 5.3151 6.5582 

(e) 7.0380 5.0532 5.6612 5.3151 0 2.4418 

(f) 8.2325 4.6532 7.0084 6.5582 2.4418 0 

 

COS (a) (b) (c) (d) (e) (f) 

(a) 1.0000 0.3665 0.9414 0.7639 0.0991 -0.0854 

(b) 0.3664 1.0000 0.4233 0.3609 0.4540 0.5952 

(c) 0.9414 0.4233 1.0000 0.8099 0.2606 0.0349 

(d) 0.7639 0.3609 0.8099 1.0000 0.3049 0.1094 

(e) 0.0991 0.4540 0.2606 0.3049 1.0000 0.8613 

(f) -0.0854 0.5952 0.0349 0.1094 0.8613 1.0000 
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4.2 Results 

 

The overall experimental results for the four independent test sets, using the 

two similarity measures described in the preceding sections, and sixty different chart 

patterns as templates, the accuracies of the measures were determined on a number of 

synthetic and the results were compared. All of the features used in the method were 

found to be suitable. Removing or including additional features was found to degrade 

the performance. The percent of correct matches in Sets 1-4 by the 2 similarity 

measures are summarized in Tables 4.3 and 4.4. The cosine similarity measure 

seemed to perform slightly better; nonetheless, both measures yielded over a 90% 

recognition accuracy. 

 

Table 4.3 Accuracy Results of Patterns Recognition with Cosine Similarity. 

 

Data Set 
Number of 

patterns 
Correct Wrong Accuracy (%) 

Set 1 53 47 6 88.68 

Set 2 38 37 1 97.37 

Set 3 38 32 6 84.21 

Set 4 54 45 9 92.59 

 

Table 4.4 Accuracy Results of Patterns Recognition with Euclidean Distance. 

 

 

When considering both the best and the second best-matched templates, the 

accuracy results are shown in Table 4.5. It can be seen that the method was able to 

achieve an average recognition accuracy of 98.74%. We can see that considering the 

Data Set Number of patterns Correct Wrong Accuracy (%) 

Set 1 53 45 8 84.91 

Set 2 38 36 2 94.74 

Set 3 38 36 2 94.74 

Set 4 54 43 11 87.04 
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second best-matched result improves the effectiveness of the recognition since there 

was a large number of patterns, various authors, and many of them were very similar 

to one another. Therefore, the proposed technique was very effective. 

 

Table 4.5  Accuracy Results When the Best and the Second Best Matched Templates 

                  are Considered. 

 

Data 

Set 

Number 

of 

patterns 

Method 

Accuracy 

Best Match 

only 

Second Best 

Match only 

Best and the 

Second best 

matches 

considered 

Set 1 53 
COS 47 (88.68%) 4 (7.55%) 51 (96.23%) 

EUD 45 (84.91%) 6 (11.32%) 51 (96.23%) 

Set 2 38 
COS 37 (97.37%) 1 (2.63%) 38 (100%) 

EUD 36 (94.74%) 2 (5.26%) 38 (100%) 

Set 3 38 
COS 32 (84.21%) 6 (15.79%) 38 (100%) 

EUD 36 (94.74%) 2 (5.26%) 38 (100%) 

Set 4 54 
COS 45 (83.33%) 5 (9.26%) 50 (92.59%) 

EUD 43 (79.63%) 4 (7.41%) 47 (87.04%) 

 

 

 



 

CHAPTER  5 

CONCLUSION 

The candlestick chart patterns analysis is used to determine trading signals, 

and will help improve any technician's market analysis. The patterns can indicate 

trends: changing directions (reversal trend) and continuing trends. There are more 

than a hundred patterns, and an analyst must have experience and be able to recognize 

the large number of patterns. This research presents an automatic technique for the 

candlestick chart pattern recognition approach by measuring the similarity using 

Cosine Similarity and Euclidian Distance with candlestick pattern image data and 

extract needed features. A similarity or a distance measure was applied to compare the 

pattern in a price chart and all of the pattern templates in the database. The best-

matched template was returned as the recognition result. 

Experimental results show that the proposed technique is effective and 

applicable to real-world investments. 
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Example of Miss Best Matched Pattern 

 

Test pattern 
Template 

Rank 1 - Mismatch Rank 2 - Matched 

 

 

 

 

 

Set 1- Bearish In Neck Bearish Thrusting Bearish In Neck 

 

  

 

 

 

 

Set 2 - Bearish Two Crows Bearish Harami Cross Bearish Two Crows 
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