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 Abstract---:  This review paper discusses the methods and techniques used to predict the prices of used cars using machine learning. The paper also examines the factors influencing car prices and the importance of data preprocessing. It highlights the importance of these techniques in helping buyers and sellers make informed decisions. The paper discusses different algorithms, the factors that influence car prices, and the significance of data preparation. The findings suggest that machine learning can significantly improve the accuracy of car price predictions.
I.  INTRODUCTION
Predicting vehicle prices accurately is important but challenging. The price of used cars is influenced by many factors such as age, mileage, brand, and condition. As the demand for used cars increases, accurately predicting their prices becomes essential for buyers and sellers. This paper aims to review the various machine learning techniques used in predicting car prices and to understand how these models can help in making informed decisions.
The demand for private cars is increasing globally, which is boosting the second-hand car market and creating business opportunities for both buyers and sellers. In many countries, buying a used car is a smart choice because they are usually more affordable. After using a car for a few years, owners can often sell it for a profit. However, several factors affect the price of a used car, such as its age and condition. Since used car prices vary, a model is needed to help evaluate their worth.
In this paper, we compared three methods—multiple linear regression, random forest regression, and gradient boosted regression trees—to create a price prediction model for used cars. We used data collected from e-commerce websites for our analysis. The main goal of this study is to find the best model for predicting used car prices.

II.  LITERATURE REVIEW 
Several studies have explored the use of machine learning for car price prediction. Many studies have looked into how machine learning can be used for car price prediction. Some researchers have found that methods like linear regression and decision trees can provide good results.The Decision Tree method creates a model that predicts the price based on decision rules derived from the data. It is easy to interpret and can handle non-linear relationships effectively.
The research paper highlights several studies that focus on predicting used car prices using various machine learning techniques. Many researchers have recognized the growing demand in the second-hand car market and the need for reliable price predictions. One notable study compared different machine learning models, revealing that gradient boosted regression trees achieved the highest accuracy, while traditional methods like linear regression had lower performance. This indicates that more advanced techniques can provide better insights into car pricing.


III. Methodology
1. Dataset:
· Utilize a dataset containing sale prices of various makes and models.
· Include features such as car age, make and model, mileage, horsepower, and fuel economy.
2. Machine Learning Algorithms:
· Regression Techniques: Focus on algorithms that provide continuous output values.
· Linear Regression: A basic approach to model the relationship between features and price.
· Ridge Regression: A variant of linear regression that includes regularization to prevent overfitting.
· Decision Tree Regressor: A non-linear model that captures complex relationships between features and target prices.
3. Performance Evaluation:
· Compare the performance of different algorithms using metrics such as Mean Absolute Error (MAE), Mean Squared Error (MSE), and R-squared values.
· Assess which algorithm provides the best predictions based on the dataset.
· Key Factors Influencing Price
· Core Features:
· Age of the car
· Make and model
· Mileage
· Horsepower
· Fuel economy

· Additional Factors:
· Type of fuel used
· Interior style and safety features
· Physical condition and ownership history
· Market trends (e.g., fuel prices, consumer preferences)

· User Interface
· Develop a user-friendly interface that:
· Accepts user input for car features.
· Displays predicted pricing based on the selected features.

· Challenges
· Data Availability: Difficulty in obtaining comprehensive data on all influencing factors.
· Complexity of Price Determination: Many variables affect the resale value, making predictions challenging.

A) DATA AND METHOD
The methodology employed in this study for predicting car prices involves a multi-faceted approach, as illustrated in the conceptual framework (see Fig.1)
Figure 1. Conceptual Framework for the Car		    Price Prediction Process
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	The attributes collected for each vehicle included a wide array of features deemed relevant for price prediction:
•Brand, Model, Car Condition, Fuel Type
•Year of Manufacturing, Power (in kilowatts), Transmission Type
• Mileage, Color, City, State, Number of Doors
• Boolean attributes indicating the presence or absence of specific features such as Four Wheel 
Drive, Navigation, Leather Seats, Alarm System, Aluminum Rims, Digital Air Conditioning, 
Parking Sensors, Xenon Lights, Remote Unlock, Electric Rear Mirrors, Heated Seats, Panorama 
Roof, Cruise Control, ABS, ESP, ASR
• Price, expressed in TL (Turkish liras) for the dataset.
A) Dataset Collection
This section explains how the data for the used cars was gathered. The dataset was obtained from a website called Kaggle and is stored in a CSV format, which is a common way to organize data in tables. The dataset includes 14 different pieces of information, such as a serial number, car name, location, mileage, fuel type, engine size, transmission type, kilometers driven, power, new price, year, number of seats, owner type, and the price of the car.

B) Data Preprocessing
This is an important step in preparing the data for machine learning. It involves several tasks:
i) Removing Non-numerical Parts from Numerical Features:
In this step, any non-numerical words from features like mileage, engine, and power are removed to make the data cleaner and easier to work with. The process involves converting the data into a list, splitting that list based on certain characters, and then saving the cleaned data back into a structured format.
ii) Converting Categorical Values into Numerical Values:
Categorical values, such as car name, location, fuel type, transmission type, and owner type, need to be changed into numbers because machine learning algorithms work better with numerical data. This conversion is done using a tool called Label Encoder, which is a Python package. The process includes selecting the categorical values and then changing them into numerical values.
iii) Separating the Target Variable:
In this step, we identify the specific value we want to predict, which in this case is the price of the car. The price is assigned to a variable called 'y', while all the other information (except for the price) is assigned to a variable called 'X'. This separation helps in organizing the data for the prediction model.

IV.  RESULTS
Various models have been tested, with linear regression and decision trees being the most commonly used. The results indicate that these models can reduce prediction errors significantly compared to traditional methods.
i) Evaluation Dataset:
We gathered our data from various shops in Bangladesh and from social media. After putting together our dataset, we tested the algorithms by dividing the data into two parts. We used 70% of the data for training the model and 30% for testing it. 

A summary of the dataset is shown in Table II.
	      Attributes
	Number of Count

	Total Data Collected
	            50

	Data Used for Training
	            35

	Data Used for Testing	
	            15


 
ii) Evaluation Measurement:
To check how well our predictions worked, we looked at several factors, including precision-recall, execution time, and the accuracy of the algorithms. These measures help us understand how effective our model is.
V.  DISCUSSION
The discussion highlights the challenges faced in car price prediction, such as data availability and the complexity of factors affecting prices. The Data Quality accuracy of predictions heavily relies on the quality of the data used. The other challenge is market dynamics in that the automotive market is influenced by various external factors such as economic conditions, consumer preferences. 
After running the Machine Learning Algorithm, the next step is to assess how well the model performs using different performance metrics. Different metrics are used depending on the type of Machine Learning algorithm. For classification tasks, we typically look at metrics like Accuracy, Cross Validation, Precision, Recall, and F1 Score.
In our case, since we are predicting something (like car popularity), we use metrics such as Root Mean Square Error (RMSE) and Mean Square Error (MSE). However, because we don't have the actual output data, we can't directly measure how well our Machine Learning algorithms performed.

VI.  CONCLUSION
In conclusion, machine learning techniques provide a promising approach to predicting used car prices. Despite the challenges, these models can help consumers make better purchasing decisions.  The review highlights the effectiveness of various algorithms, particularly ensemble methods and neural networks, in capturing the complexities of car pricing. Future research should focus on refining these models, enhancing data quality, and exploring real-time prediction capabilities to adapt to the ever-changing automotive market. 
		VII. Future Scope
In the coming years, Machine Learning will greatly improve how we predict automobile prices and will become much more efficient. Deep Machine Learning and Neural Networks, which are types of Machine Learning, can analyze complex data, including past sales, economic factors, and new technologies. These models are constantly improving and can find small patterns that regular methods might miss.
Using real data, like economic trends and customer opinions from social media, can enhance prediction accuracy. This flexibility helps Machine Learning-based car price prediction systems adapt to fast-changing market needs.
In the future, we plan to collect more features and expand our dataset. We will use better techniques to improve accuracy and try advanced methods like Fuzzy Logic, Decision Trees, Artificial Neural Networks, and Ordinary Least Squares Regression (OLSR). We can also enhance this work by selecting more features for classification.
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