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Abstract

The modern automobile industry is constantly evolving, and consumer preferences are significantly influenced by
design aspects. This paper aims to analyze the impact of car design on sales using Convolutional Neural Network
(CNN). For the study, images of the top 100 cars with the highest sales in 2022 were collected to extract powerful
visual features. The trained CNN model identifies the correlation between specific elements of car design and sales,
and constructs a predictive model. Additionally, the model is utilized to collect and analyze price and fuel efficiency
data of the top 100 cars. This provides objective numerical data for comparing designs and evaluating the predictive
results of the model reliably. The experimental results highlight the importance of design elements and are expected
to offer insights into marketing strategies and product development in the automobile industry. Moreover, to verify
the model's generalization capability, the predictive performance is evaluated using arbitrary car data, not from the
top 100 cars with high sales in 2022. This is crucial for confirming the model's ability to categorize cars and predict
sales within those categories.
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1. Introduction

People consider various factors when buying a car, including price, design, weight, safety, and fuel efficiency. Among
these, the impact of design on car purchase decisions is a curious subject, prompting this study Price is no longer the
sole crucial factor, as customers now demand more features in their vehicles. Customer preferences have evolved,
with factors like image and practicality taking precedence over traditional considerations like environmentalism.

The purpose of this study is to analyze the impact of car design on sales and to predict the ideal car model that people
are most likely to buy. This study aims to provide insights into the key features that influence consumer purchasing
decisions in the passenger car market.

2. Background

Convolutional Neural Networks (CNN5s) are a class of deep learning algorithms specifically designed for processing
structured grid data such as images. The architecture of a CNN is inspired by the organization of the animal visual
cortex, where individual neurons respond to stimuli only in a restricted region of the visual field, known as the
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receptive field. This allows CNNs to effectively capture spatial hierarchies in images through a series of convolutional
layers, each designed to detect different features such as edges, textures, and shapes.

A CNN typically consists of several key layers: the convolutional layer, the pooling layer, and the fully connected
layer. The convolutional layer applies a set of filters (or kernels) to the input image, performing convolution operations
to produce a set of feature maps. Each filter is designed to detect specific features in the image, such as edges or
textures. The pooling layer then reduces the spatial dimensions of the feature maps, typically using operations like
max pooling or average pooling, which helps to reduce the computational load and makes the detection of features
invariant to minor translations and distortions. Finally, the fully connected layer takes the high-level feature maps
produced by the convolutional and pooling layers and flattens them into a one-dimensional vector. This vector is then
passed through one or more fully connected layers to perform the final classification or regression tasks. The final
layer often uses a softmax activation function to output probabilities for each class in a classification problem.

To train a CNN, backpropagation and gradient descent are employed. During training, the CNN adjusts the weights
of its filters to minimize the difference between its predictions and the actual labels in the training data. This is done
by calculating the gradient of the loss function with respect to each weight and updating the weights in the opposite
direction of the gradient. Advanced optimization techniques such as Adam, RMSprop, and momentum are often used
to improve the efficiency and effectiveness of this learning process. Through this iterative training process, the CNN
learns to recognize increasingly complex patterns and features in the input data, making it a powerful tool for image
recognition and other tasks involving structured grid data.

3. Data analysis

For this analysis, we selected the top 100 cars with the highest sales rates in 2022. We created graphs to visualize the
relationships between sales volume and price, as well as sales volume and fuel efficiency, using Python to generate
scatter plots (Figure 1).
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Figure 1. The left graph shows the relationship between sales volume and price.
The right graph shows the relationship between sales volume and fuel efficiency.

To facilitate comparison, and a scatter plot with a linear regression line was used for the sales volume vs. fuel
efficiency graph (Figure 2).
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Figure 2. Scatter plot showing the relationship between sales volume and fuel efficiency.

4. Results

The results of our study on the impact of car design on sales provide valuable insights into the predictive capabilities
of our model. While the model accurately predicted the sales volume for certain vehicles, such as the Jeep Grand
Cherokee which had a sales volume of 264,444 units, it overestimated the sales volume for others, like the Honda
Pilot which had a sales volume of 143,062 units.

This finding aligns with recent research which has demonstrated the efficacy of data-driven models in predicting new
product demand in the automobile industry. The ability to accurately forecast sales is crucial for car manufacturers
and dealerships, as it allows them to better align production, inventory, and marketing strategies to meet customer
demand.

However, it is important to consider the limitations and challenges associated with using predictive models for car
sales. As highlighted in the literature, the quality and accuracy of the training data is critical to the performance of
these models. Additionally, there are potential ethical implications to consider, such as the risk of discriminatory
practices if demographic data is used to inform the predictions.

Ultimately, the results of our study underscore the need for a nuanced and multifaceted approach to predicting car

sales that takes into account not only design features, but also broader market trends, customer preferences, and ethical
considerations (Figure 3 and Figure 4).

Output

Figure 3. The model accurately predicted the sales volume of the Jeep Grand Cherokee,
which had a sales volume of 264,444 units.
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Output

Figure 4. The model overestimated the sales volume for the Honda Pilot,
which had a sales volume of 143,062 units.

6. Conclusion

This study analyzed the car sales data from 2022 using various data visualization and machine learning techniques.
By visualizing the relationships between sales volume, price, and fuel efficiency, we identified key trends and insights.
The use of CNNs allowed us to examine the impact of car design on sales performance, providing valuable predictions
despite some limitations.

Our findings indicate that while price and fuel efficiency are significant factors influencing sales, the visual appeal of
a car also plays a crucial role. The machine learning model demonstrated the potential for accurate sales predictions
based on car design, although further refinement is needed to improve accuracy.

Overall, this research underscores the importance of integrating data visualization and advanced analytics in
understanding market dynamics and making informed business decisions. Future work should focus on enhancing
model accuracy and exploring additional features that impact car sales.
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