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Abstract: The foreign exchange market's high complexity and risk demand advanced 

trading systems. This paper aims to explore the establishment and optimization of a foreign 

exchange automated trading system to enhance efficiency and risk management. Firstly, the 

paper introduces the characteristics of the foreign exchange market and existing trading 

methods. Then, it analyzes the advantages and challenges of automated trading systems. 

Next, it proposes a framework based on technical analysis and machine learning for the 

automated trading system, discussing its key components and functionalities. Finally, 

through backtesting with historical data and live trading validation, the system's 

performance and viability are evaluated. 

1. Introduction  

The foreign exchange market is one of the largest and most liquid financial markets globally, 

trading trillions of dollars daily. Its complexity and risk make manual trading challenging, prone to 

emotions and subjective judgments, leading to uncertain outcomes. To address these issues, 

automated trading systems have emerged, executing trades automatically based on pre-set rules and 

algorithms. This approach reduces human interference, enhances trading consistency and discipline, 

and increases the probability of successful trades and risk management. However, establishing a 

stable and reliable foreign exchange automated trading system is not easy. The system needs to 

acquire, process, and analyze vast amounts of real-time data promptly. Data quality is crucial for 

accuracy, and overfitting and over-optimization must be avoided in system design and algorithm 

selection. 

This research aims to explore the establishment and optimization analysis of a foreign exchange 

automated trading system to improve trading efficiency and risk management. By analyzing the 

market's characteristics and existing trading methods, as well as the advantages and challenges of 

automated trading systems, a framework based on technical analysis and machine learning will be 

proposed, detailing the key components and functionalities of the system. Subsequently, the system 

will be optimized and analyzed, evaluating its performance and viability through backtesting with 

historical data and validation with live trading. This will provide a scientific and effective method 

for establishing and optimizing trading systems in the foreign exchange market, offering better 

decision support for investors to cope with its challenges [1]. 
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2. Forex automated trading system 

2.1. Definition and characteristics of automated trading systems 

Automated trading systems are computer programs executing trading decisions, orders, and 

trades automatically based on pre-set rules and algorithms. They have the following characteristics: 

(1) Efficiency: Automated trading systems monitor market conditions in real time, process large 

amounts of data, and execute trades at millisecond speeds, avoiding time delays and execution 

biases associated with manual trading. (2) Discipline: Automated trading systems execute trades 

based on pre-set rules and algorithms, free from emotions and subjective judgments, improving 

trading consistency and accuracy [2]. (3) Systematic approach: Automated trading systems have a 

complete architecture with data acquisition, trading signal generation, execution, and risk 

management. They consider multiple factors in the market when making systematic decisions, 

enhancing trading performance and risk control. (4) Iterative nature: Automated trading systems are 

flexible and adjustable for optimization and improvement through backtesting and validation, 

enhancing adaptability to different market conditions. (5) High customization: Automated trading 

systems can be tailored to individual investors' needs and risk preferences, catering to personalized 

trading requirements. It is important to note that despite the advantages of an automated trading 

system being efficient, rigorous and systematic, it still faces challenges in terms of market changes, 

data quality and system design. Establishing and optimizing a stable and reliable automated trading 

system requires thorough research and practice, taking into account market characteristics and 

individual investment needs [3]. 

2.2. Problems with existing foreign exchange trading methods 

Traditional forex trading methods face several challenges, including: (1) Emotional interference: 

Manual trading is influenced by emotions and subjective judgments. Investors' mentality and 

emotional fluctuations can lead to irrational and unstable decision-making. People are often driven 

by emotions such as greed, fear, and anxiety, leading to trading decisions of excessive buying or 

selling, resulting in uncertain trading outcomes. (2) High time and energy costs: Manual trading 

requires significant time and effort monitoring market trends, analyzing market data, and making 

trading decisions. This is time-consuming and labor-intensive for individual investors, restricting 

the diversity and executability of their trading strategies. (3) Trade execution delays and 

discrepancies: Manual trading involves delays and discrepancies due to the rapidly changing market. 

Manual traders require a certain reaction time after receiving market information before executing 

trade operations, resulting in trade execution delays. Furthermore, different traders may achieve 

varying execution results for the same trading operation due to differences in their personal 

judgment and execution abilities. (4) Lack of trade consistency and discipline: Manual trading is 

susceptible to interference from emotions and other external factors, making it difficult to maintain 

trade consistency and discipline. When market conditions change, traders may hesitate or alter their 

original trading plans due to personal emotions or subjective judgments, leading to unstable trading 

decisions and affecting trading outcomes and effectiveness. (5) Difficulties in fully exploiting 

market opportunities: Due to the constraints of manual trading, traders face difficulties in promptly 

accessing all market information and opportunities. Market conditions change rapidly, and traders 

find it challenging to simultaneously focus on multiple markets and various trading instruments, 

often resulting in missed trading opportunities. Given the aforementioned issues, the establishment 

and optimization of automated trading systems become particularly crucial. Automated trading 

systems utilize computer programs to execute trading decisions and operations, thereby mitigating 

the impact of emotions and subjective factors. They enhance trading efficiency and execution 
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consistency, enabling better adaptation to market changes and utilization of trading opportunities. 

3. Framework design for automated forex trading systems 

3.1. Integrated application of technical analysis and machine learning 

The integrated application of technical analysis and machine learning is a pivotal component in 

the framework design of an automated forex trading system. Technical analysis examines historical 

market data to identify patterns and rules of price trends, patterns, and other technical indicators to 

predict future market movements. On the other hand, machine learning employs algorithms and 

models to automatically learn patterns and rules from market data, training models based on 

historical data, and utilizing them for future market predictions and decisions [4]. 

Here are several key aspects of the integrated application of technical analysis and machine 

learning in forex automated trading systems: (1) Data Collection and Preprocessing: The system 

must acquire and gather pertinent data from the forex market, encompassing historical price data, 

trading volume data, financial news, and other relevant information. During the data preprocessing 

stage, it is imperative to cleanse, validate, and normalize the data to ensure its quality and 

consistency. (2) Feature Extraction and Selection: After acquiring the market data, it is necessary to 

perform feature extraction and selection to convert the data into feature vectors suitable for machine 

learning algorithms. Typical methods for feature extraction may involve computing statistical 

measures such as mean, variance, and moving averages, among others, which are common technical 

indicators. (3) Model Training and Optimization: Machine learning algorithms are employed to 

train models using historical data, encompassing supervised learning, unsupervised learning, and 

reinforcement learning methods. Throughout the training process, model tuning and optimization 

become essential, as they involve selecting appropriate algorithms and parameters to enhance the 

model's ability to adapt effectively to market characteristics and fluctuations. (4) Trade Signal 

Generation and Execution: Based on the predictions from technical analysis and machine learning 

models, the system can generate corresponding trade signals. These signals can be buying, selling, 

or holding signals, depending on market trends and model predictions. Once trade signals are 

generated, the system can automatically execute trade operations, including placing orders, opening 

positions, and closing positions. (5) Risk Management and Capital Control: Risk management and 

capital control are pivotal elements in the trading process. The system is capable of evaluating risk 

and allocating funds for trades based on predefined risk rules and capital management strategies, 

thereby ensuring risk control and prudent capital allocation in trading. The integrated application of 

technical analysis and machine learning methods permits the utilization of market data 

characteristics and patterns, facilitating decision-making and predicting future market trends [5]. 

3.2. System architecture and key components 

The architecture of a forex automated trading system may consist of the following essential 

components: (1) Data Acquisition and Processing Module: This module is tasked with obtaining 

market data from external data sources and conducting preprocessing and cleansing procedures. The 

data may encompass historical price data, real-time quotes, financial news, and other relevant 

information. Within this module, data transformation and normalization processes can also be 

executed to ensure data quality and consistency. (2) Technical Analysis and Signal Generation 

Module: This module conducts a comprehensive analysis and processing of market data utilizing 

technical analysis methods to derive trading signals. These signals are generated based on diverse 

technical indicators and rules, including but not limited to moving averages, trendlines, oscillators, 

and other pertinent factors [6]. Subsequently, the system can make well-informed decisions 
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concerning position management, encompassing options to buy, sell, or hold positions. (3) Trade 

Execution Module: This module executes actual trading operations based on the generated trade 

signals. It connects with the API interface of forex brokers to send trading instructions, including 

placing orders, opening positions, closing positions, etc. The trade execution module needs to 

ensure the accuracy and timeliness of trading instructions while conducting risk management and 

capital control. (4) Risk Management and Capital Control Module: This module operates in close 

coordination with the trade execution module and is responsible for evaluating risk and allocating 

funds for trades in accordance with predefined risk rules and capital management strategies. It is 

capable of real-time monitoring of trade profitability, implementing risk control measures, and 

making fund adjustments to ensure trading stability and effective risk management. (5) Data 

Analysis and Model Optimization Module: This module bears the responsibility of conducting an 

in-depth analysis and backtesting of historical data to assess the performance and efficacy of trading 

strategies. Additionally, it serves the purpose of model training and optimization, employing 

machine learning algorithms to model market data, thus enhancing the precision and predictive 

capabilities of trading decisions. (6) Monitoring and Reporting Module: This module monitors the 

operation status and trading activities of the entire system and generates trade reports and statistical 

data. Trade reports can include information such as trade profitability, accuracy and efficiency of 

trade execution, etc., to facilitate the evaluation and improvement of the system.  

The above is the architecture and key components of a typical forex automated trading system. 

In actual application, the system architecture may be adjusted and expanded according to specific 

needs and functions. At the same time, the interface with external data sources and trading brokers 

is also an important factor to consider in the implementation of the system [7]. 

3.3. Data acquisition and processing 

Data acquisition and processing are crucial stages in the framework design of an automated forex 

trading system. Properly obtaining and processing relevant market data is essential for the system's 

smooth operation and accurate decision-making. Here is a general design process for the data 

acquisition and processing module: (1) Data Source Selection: The system needs to choose suitable 

data sources to obtain forex market data. Common sources include API interfaces provided by forex 

brokers, financial news websites, financial data providers, etc. The selection of the data source 

depends on the system's requirements and data quality standards. (2) Data Retrieval: By connecting 

to the data sources, the system can retrieve both real-time market data and historical market data. 

Real-time market data includes instantaneous quotes, trading volumes, and other information used 

for quick reaction to market changes. Historical market data includes price and trading volume 

records from a specific period, providing a basis for analysis and modeling. (3) Data Preprocessing: 

The retrieved data needs to undergo preprocessing and cleansing to ensure data quality and 

consistency. (4) Data Storage: The cleansed and processed data can be stored in databases or file 

systems for use by other modules. Data storage can utilize relational databases, time-series 

databases, or other suitable storage methods. (5) Data Updating and Maintenance: Data in the 

foreign exchange market changes in real-time, and the system needs to update the data regularly or 

in real-time to maintain data accuracy and timeliness. Data updates can be achieved through timed 

tasks or push mechanisms to ensure that the data used by the system is always up-to-date. 

In the data acquisition and processing module, additional functionalities such as data 

compression, encryption, and backup can be implemented to enhance system stability and security. 

It is important to note that data privacy and confidentiality also need to be considered during data 

acquisition and processing. To comply with legal requirements, the system must ensure that the 

user's sensitive information and the privacy of trading data are not leaked or abused. Through 

66



effective data acquisition and processing, forex automated trading systems can analyze and make 

decisions based on accurate and timely data, thereby improving trading accuracy and efficiency [8]. 

3.4. Trading signal generation and execution 

Generating and executing trading signals are critical steps in forex automated trading systems. 

This process involves converting the outcomes of technical analysis and machine learning into 

specific trading decisions and executing them in the market. Here is a general workflow for 

generating and executing trading signals: (1) Application of Technical Indicators and Models: The 

system utilizes technical analysis methods and machine learning models to analyze market data and 

generate buy, sell, or hold signals. Technical indicators can include various tools such as moving 

averages, relative strength index (RSI), Bollinger Bands, and others. Machine learning models can 

employ supervised, unsupervised, or reinforcement learning methods, trained on historical data to 

generate trading signals. (2) Definition of Trading Rules: Based on the results from technical 

indicators and models, the system establishes a set of trading rules to determine when to execute 

buy, sell, or hold decisions. These trading rules can include trigger conditions, entry conditions, 

stop-loss conditions, take-profit conditions, etc. The rules can range from simple threshold-based 

conditions to complex algorithmic and model-based conditions. (3) Generation of Trading Signals: 

Using the defined trading rules, the system evaluates whether the current market conditions meet 

the criteria for buying, selling, or holding. If the conditions are met, the system generates the 

corresponding trading signals. Trading signals typically include the trading direction (buy/sell), 

trading instruments, trading volume, etc. (4) Risk Management and Capital Control: During the 

trading signal generation phase, the system also incorporates risk management and capital control. 

The system can establish a set of risk rules and money management strategies, such as setting 

maximum risk tolerance, determining the size of trading positions, setting stop-loss and take-profit 

levels, etc. These rules ensure controlled risk and proper allocation of funds in trading. (5) Trade 

Execution: Based on the generated trading signals and risk management strategies, the system sends 

the trade instructions to the API interface of the trading broker to execute the corresponding trading 

operations. This includes placing orders, opening positions, closing positions, etc. The trade 

execution module needs to ensure the accuracy and timeliness of trade instructions and interact 

effectively with the broker's system. (6) Monitoring and recording of trades: Once a trade has been 

executed, the system needs to monitor the operation and results of the trade [9]. This includes 

monitoring the profit and loss of the current position, tracking the effect of trade execution, etc. At 

the same time, the system should also record the details of the transaction, including transaction 

time, price, volume, commission, etc., for subsequent analysis and backtesting10]. 

4. Optimization analysis of automated foreign exchange trading systems 

4.1. Historical data backtesting and results analysis 

Historical data backtesting and result analysis are critical steps in optimizing forex automated 

trading systems, aiding in evaluating, validating, and improving the performance of trading 

strategies. Here are the key steps for historical data backtesting and result analysis: (1) Data 

Preparation: Begin by preparing a historical market dataset for backtesting, including time-series 

forex price, volume, and other relevant indicators such as economic indicators and event data. 

Ensure the completeness, quality, and appropriate time span of the data. (2) Backtesting Setup: 

Determine the time range for backtesting, capital allocation, and risk management rules. Choose 

suitable time windows and frequencies, along with money management strategies like position 

sizing, stop-loss, and take-profit levels, based on specific requirements. (3) Strategy Implementation: 
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Code or configure the strategy required for backtesting, translating the trading strategy into 

executable rules, algorithms, or models. Ensure the accuracy and reliability of the strategy's logic 

and rules in the backtesting environment, including trading logic driven by technical indicators and 

trading signals. (4) Backtesting Execution: Execute the backtesting using historical data and the 

implemented trading strategy. At each historical time point, simulate the execution of trading 

instructions based on current market conditions and strategy signals, including opening positions, 

closing positions, stop-loss, and take-profit operations. Track the profitability and position changes 

of the trades. (5) Performance Evaluation: Evaluate the performance of the backtest results, 

including profit and loss statistics, risk indicators, and equity curves. Common performance 

evaluation metrics include annualized return, Sharpe ratio, maximum drawdown, win rate, 

risk-reward ratio, etc. Use these metrics to assess the stability, profitability, and risk profile of the 

strategy. (6) Result Analysis: Analyze the backtest results to identify the strengths and weaknesses 

of the strategy. Observe the performance of the strategy under different market conditions and 

analyze any abnormal or unexpected results. Conduct sensitivity analysis to test the strategy's 

sensitivity to changes in key parameters, aiming to improve stability and adaptability. (7) Parameter 

Optimization: Based on the findings from result analysis, optimize the parameters and settings of 

the strategy. Seek the optimal configuration of the strategy through parameter optimization, 

parameter combinations, and sensitivity testing to enhance performance and adaptability. Utilize 

technical analysis tools, optimization algorithms, and machine learning methods to assist in 

parameter selection and optimization [11]. 

Repeat the above steps, conducting multiple backtests and result analyses to validate the stability 

and robustness of the strategy and find the best configuration. It is essential to note that historical 

data backtesting is based on past market conditions and circumstances, and cannot guarantee future 

performance. Therefore, in real trading, it is necessary to update and adjust strategies promptly, 

keep them in sync with real-time market data, and exercise caution in live trading. Historical data 

backtesting and result analysis serve as tools for strategy improvement and optimization, requiring 

comprehensive evaluation and decision-making in conjunction with real-world situations [12]. 

4.2. Live trading validation and performance evaluation 

Live trading validation and performance evaluation represent the final validation and assessment 

of a forex automated trading system. During live trading, we apply optimized trading strategies to 

the real market environment and closely monitor the execution and outcomes of trades. By tracking 

real-time information such as profit/loss, position changes, and trade execution costs, we gain 

accurate insights into the performance of our strategies. Additionally, by evaluating key metrics 

such as return, maximum retracement, win rate, etc., and comparing them with the results from 

historical backtesting, we can draw conclusions about the strengths and limitations of the strategy in 

a live trading environment[13]. 

Live trading validation and performance evaluation serve several purposes. They help us validate 

the feasibility of our trading strategies, optimize risk management and capital control techniques, 

and continuously improve and adjust trading rules and logic to achieve better trading results in the 

real market [14]. 

4.3. Optimization strategies and parameter tuning 

In order to enhance the performance of automated forex trading systems, strategy optimization 

and parameter tuning are essential. By analyzing the outcomes of historical data backtesting and 

live trading, we can identify weaknesses and areas for improvement in our strategies. Based on 

these findings, we can make parameter adjustments to optimize the configuration and rules of the 
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trading strategy, allowing it to adapt to various market conditions and enhance trading stability. 

Through an iterative process of optimization and adjustment, we can improve the performance of 

our strategies and continually enhance the efficiency and accuracy of our trading systems. With 

persistent efforts, we can make the automated trading system more intelligent and flexible, enabling 

it to adapt to the ever-changing forex market and achieve superior trading results [15]. 

5. Conclusion 

Through historical data backtesting and analysis of results, as well as live trading validation and 

performance evaluation, we are able to fully optimize and adjust our automated forex trading 

systems. This process necessitates continuous improvement and optimization of trading strategies to 

adapt to dynamic market changes. By implementing proper risk management and capital control, 

we can mitigate trading risks and enhance the stability and profitability of the trading system. 

However, it is essential to acknowledge that risk and uncertainty are inherent in the forex market, 

making continuous learning and maintaining a humble attitude vital for successful trading. By 

consistently optimizing our strategies, adapting to market changes, and amalgamating our own 

experiences and insights, we can continually refine our trading skills and attain superior trading 

results. 
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