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Abstract: In this paper, we propose a Vehicle Recommendation System leveraging the power of
Artificial Intelligence (Al) and Random Forest methodology. Our system is designed to recommend
vehicles to users based on their specific preferences and requirements. Using a dataset of 1265
entries and 27 features, the Al model identifies the most suitable vehicle for customers by analyzing
their responses to a series of pre-determined questions. This project demonstrates the application of
Random Forest for classification and recommendation tasks, showcasing its effectiveness in
decision-making processes.

Index Terms - Component, Vehicle recommendation, Al, Random Forest, Dataset, Machine
Learning.

|. INTRODUCTION

The advent of artificial intelligence has revolutionized decision-making in various domains,
including the automotive industry. In the era of rapid technological advancements, artificial
intelligence (Al) has revolutionized multiple industries by streamlining complex processes,
enhancing decision-making, and delivering tailored user experiences. Among these industries, the
automotive sector has witnessed significant transformations, with Al enabling smarter
manufacturing, autonomous driving, and personalized customer support. One such application of
Al is in the development of recommendation systems, which assist users in making informed
decisions by analyzing their preferences and requirements.

This project introduces a VVehicle Recommendation System, a novel Al-driven solution designed
to simplify the often- overwhelming task of vehicle selection. Choosing a vehicle involves
navigating through a multitude of factors, such as budget constraints, fuel efficiency, safety ratings,
and specific feature preferences. Manually evaluating these parameters can be daunting, especially
given the extensive range of options available in the market. To address this challenge, our system
employs a machine learning model based on the Random Forest algorithm, a powerful classification
technique known for its robustness and accuracy. The system operates on a carefully curated dataset
comprising 1265 entries and 27 features, representing various attributes of vehicles, such as type
(e.g., SUV, sedan, hatchback), price range, mileage, safety ratings, and customer reviews. The
dataset serves as the foundation for training the Al model to predict and recommend vehicles that best
match a user's stated preferences. Users interact with the system through a simple interface, where
they answer a set of predefined questions about their requirements. Based on their inputs, the system
processes the data and provides a ranked list of recommendations, highlighting the most suitable vehicles.
The Random Forest algorithm, a key component of this project, is an ensemble learning technique that
constructs multiple decision trees during training and aggregates their outputs through majority voting.
This methodology not only enhances prediction accuracy but also mitigates the risk of overfitting,
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making it an ideal choice for handling complex and multidimensional datasets like the one used in
this project. The model’s ability to discern patterns and relationships within the data enables it to

dellver reliable and transparent recommendations.

rlmar)( 9oa of this grOJect is to improve the customer experience by offering a data-driven and
user ce tric solution for vehicl

selection. Unlike traditional methods, which may rely on generic filters or limited comparisons,
this system provides personalized recommendations tailored to each user's unique needs.
Additionally, the project emphasizes transparency by explaining the factors influencing each
recommendation, fostering user trust and satisfaction.

While the current implementation is based on a static dataset, the system lays the groundwork
for future enhancements, such as integrating real-time data from automotive APIs, incorporating
advanced algorithms like Gradient Boosting, and expanding the range of recommendation criteria.
These improvements will further refine the system’s accuracy and applicability, making it a
comprehensive tool for assisting customers in the decision-making process..

I1. DATASET DESCRIPTION

The foundation of the Vehicle Recommendation System lies in its dataset, which is meticulously
curated to ensure accurate and reliable predictions. For this project, the dataset was sourced from
Kaggle, a well-known platform for diverse and high-quality datasets. Initially, the dataset comprised
a significantly larger number of entries and features, representing an extensive range of vehicle
attributes and customer feedback. However, to enhance the quality and relevance of the data for
our specific use case, we performed extensive data cleaning and preprocessing, reducing the dataset
to 1265 entries and 27 features.

The original dataset contained over 3000 entries and more than 50 features, including redundant,
inconsistent, or incomplete records. Many entries had missing or ambiguous values, which could
lead to inaccuracies during the model training phase. Moreover, certain features were irrelevant or
contributed minimal variance to the predictive model. For instance, attributes such as manufacturing
plant location or unique serial numbers were not directly related to customer preferences and were
subsequently removed. By refining the dataset to this manageable yet comprehensive form, we
ensured that the Random Forest model would have access to high-quality data, enabling it to deliver
accurate and meaningful recommendations. This structured dataset is at the core of our project,
empowering the system to analyze user inputs and match them with the most suitable vehicle
options.

111.RANDOM FOREST METHODOLOGY

The Random Forest, a cornerstone of this project, is an ensemble learning method that excels in classification
and regression tasks. Developed by Leo Bierman, it operates by constructing a collection of decision trees
during the training process and combines their outputs to produce more accurate and robust predictions. The
core idea behind Random Forest is to aggregate the results of multiple trees, reducing the risk of overfitting
and improving generalizability when applied to unseen data. This methodology makes it an ideal choice for
handling the complex and diverse dataset used in our Vehicle Recommendation System. In this project, the
Random Forest algorithm was applied to classify vehicles based on user preferences. By training on a dataset
of 1265 entries and 27 features, the algorithm learned to identify patterns and relationships within the data.
When a user provides their preferences, such as budget, fuel efficiency, and vehicle type, the model processes
the inputs and predicts the most suitable vehicles. The use of majority voting ensures that the
recommendations are not biased by any single tree, resulting in accurate and reliable outputs.

The Random Forest methodology has proven to be an effective and efficient solution for building the Vehicle
Recommendation System, delivering high accuracy and robustness in addressing the complex requirements
of vehicle selection.

IV.STEPS IN MODEL DEVELOPMENT

1. Data Collection: The dataset was collected from various automotive platforms and curated for accuracy.
2. Data Preprocessing: Missing values were imputed, and categorical variables were encoded.

3. Model Training: The Random Forest algorithm was applied to train the model, using an 80-20 train-test
split.

4. Validation: The model’s performance was validated using metrics such as accuracy, precision, and recall.
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V. USER INTERACTION

The key component of the Vehicle Recommendation System is its user interaction design, which
bridges the gap between the machine learning model and end users. The interaction is crafted to be user-
friendly, intuitive, and responsive, ensuring that customers can seamlessly access personalized vehicle
recommendations. This section outlines the design and implementation of the user interaction process,
including the use of modern tools like Firebase for the front end and communication with the backend model.
The user interface (Ul) was developed with a focus on simplicity and functionality, ensuring a smooth
experience for users. The front end of the system was built using modern web development frameworks, and
Firebase was employed for its real-time database and hosting capabilities. Firebase enabled quick data
synchronization and user interaction logging, making the system responsive and efficient. Frontend
Development: The front end was developed using popular frameworks like React.js or Angular.js for web
applications, and Flutter or Kotlin for mobile applications. These frameworks ensured a responsive and
engaging user experience. Backend Communication: Firebase was utilized for real-time data handling and
seamless interaction between the user interface and the backend model. Model Integration: The trained
Random Forest model was hosted on a backend server, with APIs enabling interaction between the front end
and the machine learning model. Python’s Flask or Fast API framework was used for this integration.

VI.RESEARCH METHODOLOGY

The research methodology for the Vehicle Recommendation System was carefully designed to ensure
a systematic approach to problem-solving, enabling the development of a robust and accurate
recommendation model. The methodology integrates data science, machine learning, and user interaction
design, creating a seamless framework for personalized vehicle recommendations. The project’s methodology
is divided into several phases, each focusing on key aspects such as data acquisition, preprocessing, model
development, and evaluation.
Data Collection and Acquisition
The foundation of this research lies in the dataset, which was sourced from Kaggle, a well-known platform
for high-quality datasets. The original dataset consisted of over 3000 entries and more than 50 features that
represented various attributes of vehicles, such as type, price, mileage, fuel type, safety ratings, and user
reviews. This dataset was chosen due to its richness and diversity, providing a comprehensive basis for model
training and testing.
To ensure the dataset’s relevance and reliability, additional secondary data was collected from trusted
automotive sources, including vehicle specification databases and review platforms. These supplemental
sources helped fill gaps and validated the primary dataset's consistency.
Data preprocessing is a critical step in any machine learning project, and this system was no exception. The
preprocessing stage aimed to prepare the dataset for optimal model performance.
Handling Missing Values: Missing or null values in critical fields, such as price or mileage, were imputed
using statistical techniques like mean or median imputation. Entries with excessive missing data were
removed to maintain the dataset's integrity.
Outlier Detection: Outliers were identified using statistical methods and visualization tools. For instance,
vehicles with abnormally high prices or mileage beyond the range of normal operating vehicles were
examined and either corrected or excluded.
Standardization and Normalization: Continuous features, such as mileage and price, were normalized to bring
them into a consistent range, ensuring the model treats all features equally during training.
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VII.DATA AND SOURCES OF DATA

For The success of the Vehicle Recommendation System hinges on the quality, diversity, and
relevance of the data used to train the machine learning model. The data for this project was sourced from
Kaggle, a platform renowned for its wide range of publicly available datasets. The original dataset contained
over 3000 entries and 50 features, representing various aspects of vehicles and their specifications.
Additionally, secondary data sources were utilized to enhance the dataset’s comprehensiveness and ensure
that it catered to the project’s objectives.
The primary dataset was obtained from Kaggle, which provided a rich repository of vehicle-related
information. This dataset included a broad spectrum of attributes, such as:
Vehicle Specifications: Features like vehicle type (SUV, Sedan, Hatchback), fuel type (Petrol, Diesel,
Electric), engine capacity, and mileage.
Pricing Information: Comprehensive data on vehicle price ranges, categorized into low, medium, and high
tiers.
Safety Features: Details on safety equipment, crash test ratings, and advanced safety technologies.
Customer Feedback: Reviews and ratings provided by customers, reflecting their experiences and
satisfaction levels.
The dataset from Kaggle was selected for its relevance and its structured nature, which made it ideal for
training a machine learning model focused on vehicle classification and recommendation.

VIII. RESULTS AND DISCUSSIONS

The implementation of the Vehicle Recommendation System using the Random Forest
algorithm yielded promising results, demonstrating the effectiveness of machine learning in solving
complex classification and recommendation problems. The system was evaluated on its ability to
recommend vehicles based on user preferences and perform consistently across diverse scenarios.
This section elaborates on the outcomes, the analysis of results, and the key insights drawn from
the project.
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<class ‘pandas.core.frame.DataFrame">
RangeIndex: 1267 entries, @ to 1266
Data columns (total 22 columns):
Column Non-Null Count Dtype
1267 non-null
1267 non-null
1267 non-null
1267 non-null
on 1267 non-null
Ex-Showroom_Price(Rs) 7 non-null
Drivetrain 7 non-null
Height (mm) non-null
Length(mm) non-null
wWidth (mm) non-null
Body_Type non-null
Ground_Clearance (mm) non-null
City_Mileage(km/1) non-null
ARAT_Certified Mileage(km/1) non-null
Kerb_Meight(kg) non-null
Power(PS) non-null
Torque(NM) non-null
Seating Capacity non-null
Boot_Space(litre) non-null
Battery(khh) non-null
Electric_Range (km) non-null
Number_of_Airbags 1267 non-null
dtypes: float64(18), int6a(s), object(7
memory usage: 217.9+ KB

(names, values):

u values})
(df, names-* , color

generate_chart (df[
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pickle
pandas as pd

sklearn.preprocessing import LabelEncoder, StandardScaler

df = pd.read csv("clea et I csv™)
categorical_columns = df.se t_dt (include=[
encoders

~ col in categorical_columns:
le = LabelEncoder()
df[col le.fit_t sform(df[col])
encoders[col] = le

numerical_columns = df.select dtypes(include
scaler = StandardScaler()

df[numerical_columns ] scaler.fit t form(df[numerical_columns])

open( T G ) as
pickle.dump(encoders, f)

open( s pkl®, 'wb
pickle. (scaler, f)

sample_data
sample_data.
print(”S
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train_t

sklearn.preprocessd
X - df_drop{column:
¥ - of

labelencoder - LabelEncoder()
categorical_columns - X_

eategorical_colunns:

labelencader.

X_traim, X_test, y_traim, y_t in_; 1x( -2, random_state-s:)

are, confusion matrix

RandomForestclassifier(randon_state-2)

param_grid

Brid_search - GridSearchOV(estimator.rf, paras_grid-parss_grid, cv-s,
Brid_search. fit(x_train, y_train)

. grid_search.

{x_te:

print( . accuracy_scx _pred))
print( classification report(y_test, y_pred))

Fitting 5 folds for each of 216 candidates, totalling 1886 Fi
Wsers\srikrishna j\anacondad)AMACONDA\Lib\site-packagesisklearnimodel_selection)_split.py:78@: Useriiarning: The least populated class in y has cnly
1 members, which is less than n_splits-S.
warnings.warn(
{"criterion’: "entropy’, ‘max_depth': 18, 'min_samples_leaf': 1, ‘min _split”

MO M E R

pal)
Xuw388

24 Roadster
ot

[

accurac
macro
welighted

yperparameters
on': ‘entropy’, ‘max_depth’': 10, 'min_samples leaf': 1, 'min_samples_split': "n_estimator

Recall Scor Support

Ln 44, Col 85 1,054,676 characters
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best_rf = RandomForestClassifier(n_estimators=100)
best_rf.fit(X, y)

joblib
joblib. dump(best
print(

Model, encoders, and scaler saved successfully.

joblib
pickle
pandas as pd
rf_model = joblib.1
th open(
encoders = pickle.
open( ' scaler.pkl
scaler = pickle.

—— Class 233 (AUC = 1.00)
ROC Curve (Multiclass) —— (lass 234 (AUC = 1.00)

—— Class 235 {AUC = nan) 1
104 Class 236 (AUC = 1.00)
—— Class 237 (AUC = 1.00}
Class 238 (AUC = 1.00)
Class 239 (AUC = nan)
—— Class 240 (AUC = 1.00)
08 Class 241 {AUC = 0.50)
—— Class 242 {AUC = 1.00)
—— Class 243 {AUC = nan)
Class 244 (AUC = 1.00)
= (Class 245 (AUC = nan)
Class 246 (AUC = nan)
£ 06 —— Class 247 {AUC = 1.00}
% Class 248 (AUC = 0.50)
Z —— Class 249 (AUC = 1.00}
B —— Class 250 {AUC = 1.00)
@ Class 251 (AUC = 1.00)
E 0.4 Class 252 {AUC = 1.00)
—— Class 253 (AUC = 1.00)
—— Class 254 (AUC = 1.00)
—— Class 255 {AUC = 1.00)
Class 256 (AUC = 1.00)
az 4 —— class 257 (AUC = 1.00)
Class 258 (AUC = 1.00)
Class 259 (AUC = 1.00)
Class 260 (AUC = 0.30)
Class 261 {AUC = 1.00)
—— Class 262 (AUC = 1,00}

001 === Micre-Average (AUC = 0.88)
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False Positive Rate
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sklearn. nedghbars NearestHeighbars

LabelEncoder, StandardScaler

scaler_path: str, data path: str):

(self, model_path: str, encoders_path: str,
self. Joblib.1oad(model_path)
open(encoders_path, ) as £
self. pickle. load(
open(scaler_path, 'rb') as f:
self. pickle. ]
self. pd. (data_path)

feature_df - pd.

feature_df

cat_features
feat in cat_festures:
feat in self.df.

feature_df[feat] - self. (self.of [feat])

feature_df)

StandardScaler().
» len(self.df)), metric

Mearestheighbors{n_neighbors min(
{self.
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(=elf, user_ing = dm . dnclude similar: boo -3 List[Tuple[str, Float, bDict]]:
features - zelf.
probabilities - self.

Brand_models - zelf. -zt (user_inpars

abilities):
¥ () [ddx

(test_input, inc

milar)}

E twentytwo.txt . recommendations.txt

File  Edit View

| Type Model Confidence  Brand Price Fuel Body Transmission
Recommended Nexon 4.0% Tata 5-10L Petrol Suv Manual
Recommended  Altroz 1.0% Tata 5-16L Petrol Hatchback Manual
Recommended Nexon Ev 1.0% Tata 1@-15L Electric Sy Automatic
Recommended  Winger 1.0% Tata 18-15L  Diesel MUV Manual
Recommended Nano Genx 0.0% Tata  <5L  Petrol Hatchback Manual
Similar  Xuv3ee 100.0% Mahindra 5-10L Petrol SV Manual
Similar Ecosport 100.0% Ford 5-10L Petrol sV Manual
Similar Ecosport 1600. 0% Ford 5-1AL Petrol Suv Manual
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Fuel
Power Torque a0 Fuel Mileage Tank Length Width Height Wheelbase Braking Seati
(PS)  (Nm) =z Type  (kmpl) = Capacity  (mm) (mm) (mm)  System Capac
(1]

Engine
Brand Model Type Capacity
(]

Mahindra 00 SUN 85 20 ° 600 4695

Mahindra

Mahindra

6-Speed MT

Mahindra

Mahindra Su ) 260 5-Speed MT 195 1817 2680 Disc/Drum

df. unt ()

Brand

Model

Type

Engine Ccapacity (cc)
Power (PS)

Torque (MNm)
Transmission

Fuel Type

Mileage (kmpl)

Top Speed (kmph)
Electric Range (km)
Price (INR Lakhs)
Battery cCcapacity (kwh)
Year

Fuel Tank Capacity (L)
Length (mm)

Width (mm)

Height (mm)
Wheelbase (mm)
Braking sSystem
Seating Capacity
Boot Space (L)
safety Features
Drive Train

dtype: intea
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(value):
isinstance(value, str)
value.split("/")[
value

seating_capacity)
)

)
product
(row, fields):

options - [row[field 1 isinstance(row[field], str) [row[field] field fields]
combinations - list(product(*options))
expanded_rows
combo combinations:
new_row = row.copy()
i, field in enumerate(fields):
new_row[field] 1
expanded_row:
expanded_rows

fields_to_expand

panded_data
_, row in df.

expanded_data. extend(expand_combinations(row, fields_to_expand))

expanded_data)

filtered data - df[df[
print(filtered_data)

Brand Model Type Engine Capacity (cc) Power (PS) Torgue {(Nm) \
Mahindra Scorpio N SUV 2198.9 175 408
Mahindra Scorpio N SUV 2198.8 175 408
Mahindra Scorpio N SUV 2198.8 175 408
Mahindra Scorpio N SUV 2198.8 408

Transmission Fuel Type Mileage (kmpl) Top Speed (kmph)
6-5Speed MT 15.4 180
6-5peed MT 15.4 180

AT 15.4 188
AT 15.4 130

Fuel Tank Capacity (L) Length (mm) Width (mm) Height (mm} \
57.8 4662 1917 1857
57.8 1917 1857
7.8 1917 1857
7.8 1917 1857
Wheelbase (mm) Braking System Seating Capacity Boot Space (L) \
2758 All Disc -2
2758 All Disc -8
2758 All Disc
2758 All Disc

]
2

Safety Features Drive Train

Airbags ABS RWD

Airbags ABS 44D

Airbags ABS RWD

Airbags ABS 44D
rows x 23 columns]

(value):

isinstance(value, str) MT" value:

sinstance(value, str) any(term in value

value

(update_transmission}
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0

Unnamed: 0 Valves Per Cylinder Seating_Capacity Wheels Size Number_of Airbags

count  1267.000000 1165.000000 1261.000000 00 1136.000000
mean  633.000000 3977682 5.256146 NaN
std : 0336978 1139571 NaN

min 1000000 2,000000 NaN 1.000000

25%  316.500000 4000000 5.000000 NaN 000000

50% 633000000 4,000000 5.000000 NaN 2000000

75%  949.500000 4000000 5.000000 NaN 6.000000

max 1266000000 16000000 16.000000 14.000000

U""""'“'du Make Model Variant

Displacement Valves Per Cylinder Drivetrain Emission Norm Fuel Tank Capacity ... Tyre Pressure Monitor

Ex-
Showroom _Price

False False False  False False False False False False False
False  False False. False False False False False False
False  False False False False False False False False
False  False  False False Fals False False False False

False  False  Fale False False False False False

Falze
False
False
1265 False

1266 False  False

1267 rows x 75 columns

[14]: | print(df. )

Index(['Unnamed: @', "Make', 'Model®, 'Variant', 'Ex-Showroom Price',
‘Displacement®, ‘Valves_Per_Cylinder’, 'Drivetrain’, °Emission_Norm',
‘Fuel_Tank_Capacity', "Fuel_Type', *Height®, 'Length', 'Width',
‘Body_Type', °City_Mileage®, "Highway_Mileage
*ARAI Certified Mileage', 'ARAL Certified Mileage for CNG',

rb_Weight', 'Ground Clearance', "Front_Brakes', 'Rear_Brakes',
‘Rear_Suspension®, 'Power_Steering®, 'Power', 'Torque'
‘Seating Capacity', *Type', ‘Wheels : Warranty®
*Bluetooth®, "Boot_Space', "Central Locking', 'Child Safety Locks®
*Cup_Holders', ‘'Distance_to_Empty’ wtended_Marranty’,
‘Fuel-lid_Opener', 'Handbrake®, 'Instrument_Console’,
*Minimum_Turning Radius®, *Multifunction D
*Auto-Dimming Rear-View Mirror®, W c
‘High_Speed Alert System', "ABS_(Anti-lock Braking System)
‘Headlight_Reminder', "Gross_Vehicle_Weight', "Airbags’,
‘Door_Ajar_Warning®, "EBD_(Electronic_Brake-force_Distribution}',
‘Fasten_Seat_Belt Warning', "Gear_Shift Reminder’, 'Number of Airbags’,
‘Other_Specs’, ‘Parking Assistance®, 'Key OFf_Reminder’,
‘USB_Compatibility', "Android_Auto®, ‘Apple_CarPlay’,
*Infotainment_Screen®, 'Multifunction_Steering_Wheel’,
*EBA_(Electronic_Brake_Assist)', *Mavigation_System',
*Tyre_Pressure_Monitoring System', "ESP_(Electronic Stability Program)®
*TSOFTX_(Child-Seat_Mount)®, "Rain_Sensing Wipers
*Automatic_Headlamps®, ‘Engine_Type', 'ASR_/_Traction_Control’,
*Cruise_Control®, ‘Battery®, 'Electric_Range'],
dtype="object')

Index(['Unnamed: @', "Make', "Model®, 'Variant®, "Ex-Showroom Price’,
‘Displacement®, 'Valves_Per_Cylinder', 'Drivetrain’, 'Emission_Norm®,
apacity’, 'Fuel_Type', "Height®, 'Length’, 'Width
‘City Mileage®, "Highway Mileage',

. Mileage', 'ARAI Certified Mileage for CNG',
‘Kerb_Weight', 'Ground_Clearance’, | ‘Rear_Brakes®,
‘Rear_Suspension’, 'Power_Steering®, 'Power', 'Torque',
*Seating_Capacit *Type', "Wheels_Size', ‘Basic_Warranty
*Bluetooth’, "Boot Space', "Central Locking', 'Child Safety Locks
*Cup_Holders', ‘Distance_to_Empty®, 'Extended_MWarranty’,
*Fuel-lid_Opener’, 'Handbrake®, 'Instrument_Console’,
‘Minimum_Turning_Radius', *Multifunction_Di
*Auto-Dimming_Rear-View Mirror', 'Hill Assist’,
‘High_Speed Alert System', "ABS_(Anti-lock Braking System
‘Headlight_Reminder', 'Gross_Vehicle Weight', 'Airbags',
‘Door_Ajar_Warning', "EBD_(Electronic_Brake-force Distribution}',
‘Fasten_Seat_Belt_Warning', 'Gear_Shift_Reminder', ‘Number_of Airbags',
‘Other_Specs', ‘Parking Assistance®, ‘'Key Off_Reminder',
'USB_Compatibility’, "Android_Auto®, 'Apple_CarPlay’,
*Infotainment_Screen®, 'Multifunction_Steering Wheel’,
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Unnamed: - inders Valves Per Cylinder ~ Doors Front_Tyre_ & Rim Rear_Tyre & Rim Seating Capacity Wheels Size Number_of Airbags USB_Ports

count 1267.000000 1201.000000 1165.000000 1263.00000 00 | 1261.000000 00 1136.000000  25.000000
mean 633000000 4382182 3977682 454711 NaN 5.256146 NaN 3777289 1.920000
std 365895705 1667728 0.836978 0.74951 NaN 1139571 NaN 2523660  0.759386
0.000000 2000000 1.000000 2.00000 NaN 2.000000 Nal 1.000000  1.000000
316500000 4000000 4.000000 4.00000 NaN 5.000000 NaN 2000000  1.000000
633.000000 4000000 4.000000 5.00000 NaN 5.000000 NaN 2000000  2.000000
949.500000 4.000000 4.000000 5.00000 NaN 5.000000 NaN 6.000000  2.000000

1266.000000  16.000000 16.000000 5.00000 NaN 16.000000 NaN 14.000000  3.000000

Unnamed: @

Make

Model

Variant
Ex-Showroom_Price

UsB_Ports 1242
Heads-Up_Display 1216
Welcome_Lights 1198
Battery 1254
Electric_Range 1250
Length: 141, dtype: int64

["Cylinders",

columns_to_drop
df = df.drop(columns-columns_to_drop, errors-"ig

[ TOUET ] IUC TOUO I GXTS
[53]: | df2.co H

[53]: Index(['SLNO', 'SLMO.1', "Variant', "Ex-Showrcom_Price', 'Displacement’,
"Valves_Per Cylinder', 'Drivetrain', 'Emission_Norm',
'Fuel_Tank_Capacity', 'Fuel_Type', 'Height', 'Length', 'Width',
'Body_Type', 'City Mileage', "ARAI Certified Mileage', 'Kerb_Weight',
'Ground_Clearance', 'Front_Brakes', 'Rear_Brakes', 'Rear_Suspension',
'Power_Steering', "Power', 'Torque', 'Seating_Capacity', 'Type',
'Basic_MWarranty', "Bluetooth®, 'Boot_Space', 'Central Locking',
'Child_Safety Locks', 'Cup_Holders', 'Distance_to_Empty",
'Fuel-lid_Opener’, 'Handbrake’, 'Instrument_Console’,
"Minimum_Turning_Radius', 'Multifunction_Display',
*Auto-Dimming_Rear-View_Mirror', 'ABS_(Anti-lock_Braking_System)',
'Headlight_Reminder', 'Gross_Vehicle Weight®', 'Airbags',
'Door_Ajar_Warning', 'EBD_(Electronic_Brake-force_Distribution)',
'Fasten_Seat_Belt_Warning', "Gear_Shift_Reminder', 'Number_of Airbags®,
"Parking_Assistance', 'Key_Off_Reminder', 'USB_Compatibility',
"Infotainment_Screen', 'Multifunction Steering Wheel',
'Navigation_System'],

dtype="object")

Model Variant S P Displacement Valves_Per_Cylinder Drivetrain Emission Norm Fuel_Tank_Capacity .. Door_Ajar Warning

RWD
(Rear
Wheel
Drive)

Rs. 292,667 24 litres ..

RWD
(Rear
Wheel
Drive)

Re. 236,447 Alitres .

RWD
(Rear
Wheel
Drive)

Rs. 2,06,661 15 itres .

RWD
(Rear
Wheel
Drive)

Rs. 334768 Alitres .

RWD
(Rear
Wheel
Drive)

Re. 272223 Wlitres .

5 fows 47 columns
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: Index(['SLNO', ‘Make', 'Model®
*Valves_Per_Cylinder®,
*Fuel_Tank
*Body_Type', 'City Mileage'
*Ground_Clearance’, 'Front_Brakes
*Seating Capacity’, 'Transmission
*Boot_Space’, ’Central_Locking®

‘variant®, *
Drivetrain’,

*Rea

Showroom_Price’,
*Emission_Norm®
Capacity’, 'Fuel_Type', 'Height', ‘Length’
*ARAI_Certified Mileage',
Brakes'

*Basic_Warranty’,
"Child_Safety_Locks®

© 2025 IJCRT | Volume 13, Issue 1 January 2025 | ISSN: 2320-2882

*Displacement’,

‘width®,
*Kerb_Weight ",
*Power*, ‘Torque®,
*Bluetooth’,
*Handbrake ' ,

*Instrument_Console’, ‘Minimum_Turning_Radius', ‘Multifunction_Display’,

*ABS_(Anti-lock Braking System)',

*Door_Ajar_Warning’,

*Fasten_Seat_Belt_Warning

*Parking_Assistance’, ‘Infotainment_:

‘Battery', 'Electric_Range'l,
object*)

conditions
df .loc[

af['F
conditions,

print(df[’
[nan, nan, nan, nan, nan

an, nan, nan, nan, nan,
n, nan, nan, nan,

nan,
nan, nan,
nan, nan,

nan,
na

nan, nan,

nan, nan,
nan, nan, nan, na
nan, nan

n, nan,

nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan,
nai

nan, nan,
nan
nan, nan, nan, nan, nan, nan,
n, nan, nan, nan, nan, nan, nan,

nan,

r nan, nan,
nan, nan,

nan
nan, nan
n, nan,

nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
n, nan, nan, nan, nan, nan, nan, nan, nan, nan
*, '213 km/full charge’, nan, nan, nan, nan,
an, nan, nan, man, nan, nan, nan, nan, nan, nan,
n, nan, nan, '11@ km/full charge’,
n, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
an nan nai
nan

n, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan,
n, ‘110 km/full charge', nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
m/full charge', '11@ km/full charge®, nan, nan,
nan, nan, '110 km/full charge’, nan, nan, nan,
km/full charge', nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
n, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
n, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan,

nan, nan,

nan, nan, nan,

nan,

print{df[
print{df["

LELEH
inte4

Ex-Showroom_Price, dtype: int64

print(df]

object
columns_to_clean
col

df[col]
df[col]

columns_to_clean:
df[col]
pd.t

. ce(™
ic{df[coll)

print(df[" )]

1652.8
1652.8
1652.0
1652.8
1652.8
Name: Height, dtype: floate4

print (df[

object

columns_to_clean
col

dff[col]
df[col]

columns_to_clean:
dfcol]
pd

[17]:  print{df[columns_to_clean].’

print({df[columns_to_clean].

Kerb_Meight Gross_Vehicle MWeight

‘Gross_Vehicle Weight'
*EBD_(Electronic_Brake-force_Distribution)’,
*Gear_Shift_Reminder'

nan,
nan,
nan,
nan,
nan,
nan,
nan,
nan,
nan,
*110 km/full charge’,

nan,

nan,

nan,
nan, nan,
nan, nan,

nan,

nan,

*Airbags®

er_of_Airbags
*Navigation_System’,

nan, nan, nan
nan, nan,

nan, nan,

nan, nan, nan, nan,
nan, nan, nan,
nan, nan, nan,

nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,

nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan,

nan,
nan, nan,
nan, nan,

nan,
nan, na
nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, na

nan, nan, nan, nan, nan, nan,

, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan,

, nan, nan, nan, na
nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, man, nan, nan, Nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, Nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, ‘110 km/full charge', ‘118 km/full charge®, '213 km/full charge’, ‘213 km/full charg
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, n
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
110 km/full charge’, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, man, nan, nan, Nan, nan, nan, nan, nan, nan, nan, nan, nan,
*340 km/full charge', '348 km/full charge', nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, na

*110 km/full charge’, nan, nan, nan, nan, nan, nan, nan, *118 km/full charge

nan, nan, nan, nan, nan, '11@ km/full charge', nam, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, ‘116 k
nan, nan, nan, nan, nan, nan, nan, nan, man, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, man, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, ‘118
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nam, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, man, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, Nan, nan, nan, nam, nan, nan, nan, nan, nan, na
nan, nan, nan, nan, nan, nan, nan, nan, man, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan,
nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, nan, Nan, nan, nan, nam, nan, nan, nan, nan, nan, na

nan, nan,
nan, nan, nan, nan,

nan, nan,
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print(df['BE
object
df
df
columns_to_clean
col columns_to_clean:

df[col]
df[col] [ t t(r

(df[col], errors

Battery Electric_Range
NaN NaN
NaN NaN
NaN LEL
NaN NaN
NaN

[324 rows x 2 columns]
Battery floated
Electric_| float64

Dataset saved as "newFourbheelerd.csw

BHEEE BN RN

u
UnnhNHE
WNYIIYIN Y

B2t i
Remander
¥ rm——

ie Brake forcs_Dfstribesisn)

ssosbsosocosossnnnnse
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B[ 'Bat
[ "Elect Rang =
print(df. () -sum())

SLND

Brand

Hodel

Wariant

Ex-Showrcom Price(Rs)

b =placement
Walwes Per Cylimder
Drivetrain

Emizsion Norm

Fuel Tank Capacity(litre)
Fusl_Type

Hedght {mm)

Length{mn)

i dth {mm)

Body_Type

City Mileage(im/1)
ARAT_Certified Mileage(kn/1)
Eerb_Wedght{kg)

Ground Clearance(m)
Front_Brakes

Rear_Brakes

Power(PS)

Torgue{ M)

Seating Capacity
Transmdssion

Bazic Warramty

Elwetooth
Boot_Space{litre)
Central_Locking

Child Safety_Locks
Handbrake

Instrument Consale
Minimm_Turning Radius
Multifunction Display
ABS (Anti-lock Braking System)
Gross_Vehicle Weight
Adrbags
Door_Ajar_Warning

EBD (Electronic Brake-force Dstribution)
Fasten_Seat_Belt_Marning
Gear_Shift_Resdnder
Nusbher of Adrbags
Parking_Assiztamce
Infotainment Screen
Nawvigation System
Battery(kidh)
Electric_Ramge{kom)

dtype: intes

B0 000000 EE DD DD DD P DD D PR DD DD DD P DD DD D DD

['Petrol' "CNG* 'Diesel' '(NG + Petrol® 'Electric' 'Hybrid"]

unique_values = df['Seating_Capacity'].unique()
print{unigue_values)

[457 98 6 216]

unique_values - of["Brand’]. 9]
print{unique_values)

['Tata' 'Datsun’ 'Renault’ 'Maruti Suzuki' 'Hyundai' *Premier' 'Toyota'
'Nissan' "Volkswagen' 'Ford' 'Mahindra’ 'Fiat' 'Honda' 'Force® 'Skoda'
"Jeep' 'Mg' 'Kia' 'Mitsubishi' 'Volvo' 'Mini' 'Bmw’' "Audi’

"Land Rover Rover' 'Lexus' 'Jaguar' 'Porsche’ 'Land Rover' 'Maserati'
'Lamborghini' 'Bentley' 'Ferrari' 'Aston Martin' 'Bugatti' 'Bajaj' 'Icml®
'Isuzu® 'Maruti Suzuki R* 'Dc']

df['Brar [ laruti Suzuki R', i uki')
print{df[ 'Brz unique(}}

['Tata' 'Datsun' 'Renault’ 'Maruti Suzuki' 'Hyundai' *Premier' 'Toyota'
'Missan' "Volkswagen' 'Ford' 'Mahindra' 'Fiat' 'Honda' 'Force' 'Skoda'
"Jeep' 'Mg' 'Kia' 'Mitsubishi' 'Volvo' 'Mini' 'Bmw’' "Audi’

"Land Rover Rover' 'Lexus' 'laguar' 'Porsche' 'Land Rover' 'Maserati'
'Lamborghini' 'Bentley' 'Ferrari' 'Aston Martin' 'Bugatti' 'Bajaj' 'Icml"
'Tsuzu' 'Dc']

df['Brar [ laruti Suzuki', 'Suzuki')
print{df[ ‘Brz unique()}

['Tata' 'Datsun' 'Renault’ 'Suzuki' 'Hyundai' 'Premier' 'Toyota®' 'Nissan’
"Volkswagen' "Ford' 'Mahindra' 'Fiat' 'Honda' 'Force" 'Skoda' 'Jeep' 'Mg
'Kia' 'Mitsubishi' 'Volvo' 'Mini' 'Bmw’ 'Audi’ 'Land Rover Rover' 'Lexus
"Jaguar' 'Porsche' 'Land Rover' 'Maserati' 'Lamborghini' 'Bentley'
'Ferrari' 'Aston Martin' 'Bugatti® 'Bajaj' 'Icml' 'Isuzu’ 'Dc']

print{df[ 'Body_ 9]

['Hatchback' "MPY' "MUV' 'SUV' 'Sedan' 'Crossover' 'Crossover, SUV'
'SW, Crossover' 'Coupe’ 'Sedan, Crossover' 'Convertible' 'Sedan, Coupe'
'Sports' 'Sports, Hatchback' 'Sports, Convertible' 'Pick-up'

"Coupe, Convertible']

['Hatchback' "MUN' "SUV' 'Sedan' 'Crossover' 'Crossover, SUV'

"SIV, Crossover' 'Coupe' 'Sedan, Crossover' 'Convertible' 'Sedan, Coupe'
"Sports' “Sports, Hatchback' 'Sports, Convertible' 'Pick-up'

'Coupe, Convertible']
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recommendations.txt

E twentytwo.txt

File Edit  View

Price
5-18L
5-10L
10-15L

Brand
Tata
Tata
Tata

Model Confidence
Nexon 4.0%
Altroz 1.0%
Nexon Ev 1.0%

Fuel Body Transmission
Petrol Suv Manual
Petrol Hatchback Manual

Electric Suv Automatic

| Type
Recommended
Recommended
Recommended

Recommended
Recommended
Similar
Similar
Similar

Nano Genx

Winger 1.0% Tata Diesel

0.0% Tata
100.0% Mahindra
100.0% Ford

100.0% Ford

10-15L
<5L
5-16L
5-16L
5-10L

Petrol
Petrol
Petrol

Xuv3ee
Ecosport

MUV

Petrol Hatchback

Suv
Suv
SuvV

Manual
Manual
Manual
Manual
Manual

Ecosport

Top Tata Recommendations:
Nexon: 4.@% confidemce
Brand: Tata
Price: 5-160
Fuel: Petrol
Body: SUV
Transaission: Manusal

Altroz: 1.8% confidence
Brand: Tata
Price: 5-180
Fuel: Petrol
Bady: Hatchback
Transmission: Manusal

Nexon Ev: 1.8% confidence
Brand: Tata
Price: 18-15L
Fuel: Electric
Body: SUV
Transaission: Autcmatic

Winger: 1.6% confidence
Brand: Tata
Price: 18-15L
Fuel: Diesel
Bady: MV
Transaission: Manual

Nano Genx: 8.8% confidence
Brand: Tata
Price: <5L
Fuel: Petrol
Bady: Hatchback
Transaission: Manual

Similar: Xuw3B8: 188.8% confidence
Brand: Mahindra
Price: 5-16L
Fuel: Petrol
Body: SUV
Transaission: Manusal

Similar: Ecosport: 180.8X confidence
Brand: Ford
Price: 5-18L
Fuel: Petrol
Bady: SUV
Transaission: Manusal

(=elf, user_input: Dict, top n: dnt - 5, include sisdlar: bool ) -» List[Tuple[str, float,

features - self_ ut )
probabilities - self. (Features)

Brand_nadels
recomendations

self. (user_inpat

ddx, prob in enumerate(probabilities):
madel_name - self.. T () [ddx
model_name in brand models
model _data - self.df[self. 1 model_name] .
recommendations . ({madel_name, prob, model_data)}

idx < len(sslf.

sorted( key x: x

include_similar
=imilar_wehicles
Brand_recomendaticns

brand_reccmmendations:
16 (brand_recomendations 3

similar_vehicles

brand_recomendations

(rec_tuple: Tuple|str,
rec_tuple
is_similar

prabz

Float, bict], is_similar: bool
model, prob, data
prefix

(" {prefix) {model

(test_input, include similar
test_input )

4, rec in enumerate(recommendations}

is_similar - i

print(format_recomendation(rec, is_similar))

print()

Exception =5 e:
print( str(e) "}
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Liru_cache(m:

brand: zet{group
brand, group

{=elf, brand: str) -> Dict[str, Floa=t]:
1F.

Brand_data - self. Brand

(include
o cal

1f, user_input: D
Features (columns-sel -
defaulis S (user_input

Features[cal
WalusError:
features[cal

foatures .

=tr, n_similar: imc 3 -> Lizw[Tuple[str, Float, Dict]]:

distances

similar wehicles [ :n_zimilar

joblib
pickle
pandas
numgry
sklearn.preprocessing LabelEncoder, StandardScaler
typing bict, List, Tuple
functools lru_cache
sklearn.neighbors MearestHeighbors

{self, model path: str, encoders_path: str, scaler path: str, data_path: str):
self. Joblib. {model_path)

open{encoders_path, |} ¥

salf. pickle.

open(scaler path, b

self. pickle.
self. [

fexture df - pd.

feature df

cat_features
feat cat_features:
feat self.df.
feature_df| feat R . (self.df | feat

StandardScaler(}. (featwre_df)
Mearestheighbors{n_neighbors min{18, len{zelf.df}), metric
{=elf. 1
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