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Abstract: It is crucial to address the harmful effects of two-wheeler emissions on the environment 
as well as the related difficulties in the two-wheeler sector given the current context of expanding 
environmental concerns and the rising need for efficient vehicular fuel systems. Traditional 
approaches frequently fall short of offering an integrated strategy to understand and address the 
complex issues related to vehicle emissions and their effects on fuel efficiency, engine longevity, 
and production costs. To close this gap, this research provides a unique approach for two-wheeler 
fuel blend prediction analysis employing a multidomain analysis of vehicle emissions. Initial 
measurements of two-wheeler emissions of CO2, methane, CO, NOx, particulate matter, 
hydrocarbons, and volatile organic compounds (VOCs) are taken for analysis. These levels are 
then converted into multidomain features using complex techniques like Frequency, Wavelet, 
Cosine, Z, and S transforms. These features are then divided into different emission classes by an 
ensemble learning model that makes use of the skills of Naive Bayes, Support Vector Machine, 
Logistic Regression, and Multilayer Perceptron processes. An advanced VARMAx model further 
processes the outputs after they have been identified during the classification process. This model 
not only forecasts the ideal fuel blend ratio between gasoline and ethanol but also takes into 
consideration external factors like weather and road conditions. Surprisingly, this proposed model 
shows a significant reduction in emissions of 8.5%, an improvement in vehicle efficiency of 
12.4%, a reduction in fuel costs of 9.5%, an extension of engine life of 12.4%, and a reduction in 
production costs of 8.3% under real-world scenarios. This represents a revolutionary step in 
addressing both industrial and environmental scenarios. 
Keywords: Two-wheeler Emissions, Multidomain Analysis, Ensemble Learning Model, Fuel 
Blend Prediction, VARMAx Model, Process 
 
 



China Petroleum Processing and Petrochemical Technology 
 

Catalyst Research    Volume 23, Issue 2, August 2023   Pp. 240-268 

 
241 

Introduction 
The global quest for sustainable transportation solutions has intensified in recent years, primarily 
driven by two intertwined concerns: the alarming rise in environmental pollution and the spiraling 
demands of a growing population. Two-wheelers, a ubiquitous mode of transportation in many 
parts of the world, particularly in developing economies, contribute significantly to urban mobility. 
While they offer a solution to issues such as traffic congestion and provide cost-effective mobility, 
they simultaneously emerge as notable contributors to urban air pollution. The emissions from 
two-wheelers, comprising CO2, Methane, CO, NOx, Particulate matter, Hydrocarbons, and 
Volatile organic compounds (VOCs), have been consistently linked with various environmental 
and public health challenges. [1, 2, 3] 
Existing studies predominantly revolve around direct emission analysis and basic prediction 
models, often sidelining the intricacies associated with multidomain features and the subtleties of 
fuel blends. Furthermore, a holistic approach that encapsulates not only the environmental but also 
the economic and mechanical implications of these emissions remains elusive in the current 
literature. The traditional models, while providing insights into certain aspects of the emissions, 
often do not present an integrated framework that allows for both analysis and actionable 
predictive insights. Such a limitation not only hinders effective mitigation strategies but also 
inhibits the full potential of technological advancements in enhancing vehicle performance, fuel 
efficiency, and overall lifecycle management process [4, 5, 6]. This can be done via use of Mass 
Spectroscopy assisted Gas Chromatography (MSGC) process. 
This paper stems from the urgency to bridge these existing gaps, proposing a holistic and integrated 
approach process. By delving deep into the multidomain analysis of vehicular emissions and 
connecting it with fuel blend predictions, we aim to pave the way for not only environmentally 
friendly but also economically viable and mechanically efficient two-wheeler solutions. Through 
this research, we also aspire to contribute substantively to the two-wheeler industry's endeavours 
to align with global sustainability goals while catering to the ever-evolving demands of the modern 
consumers. 
Motivation & Objectives 
The urgent problems that metropolitan areas around the world are dealing with are also changing. 
Given the huge population they serve, especially in expanding metropolitan centers, vehicle 
pollution, particularly from two-wheelers, stands out among the many. Beyond only affecting 
localized air quality, two-wheeler emissions have significant negative effects on the environment. 
They are crucial in accelerating climate change, deteriorating public health, and taxing the 
healthcare system. The two-wheeler business must also balance the need for accessible, effective 
mobility with the obligation to create cars that are environmentally friendly. With its significant 
contribution to the economy and creation of jobs, this sector cannot be ignored in the larger debate 
on sustainable urban transport. Thus, there is a clear incentive to understand, anticipate, and 
optimize two-wheeler emissions, which will have a positive ripple effect on the environment, 
public health, and the industry's economic health levels. 
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Objectives 
Given the outlined motivation, the primary objectives of this research can be delineated as: 
 Multidomain Analysis of Emissions: To comprehensively analyze the emission levels of 
CO2, Methane, CO, NOx, Particulate matter, Hydrocarbons, and VOCs from two-wheelers, 
transforming these into multidomain features. Utilizing advanced techniques like Frequency, Z 
Transform, S Transform, Wavelet, and Cosine Transforms, the aim is to unveil nuanced insights 
that traditional methods might overlook. 
 Predictive Ensemble Learning Model: To develop a state-of-the-art ensemble learning 
model, integrating the strengths of Naive Bayes, Support Vector Machine, Logistic Regression, 
and Multilayer Perceptron. This model seeks to classify multidomain features into distinct 
emission classes, serving as the foundation for subsequent predictive analyses. 
 Fuel Blend Predictions with VARMAx: Leveraging the classified emission data, the 
study aims to deploy an efficient VARMAx model that can predict the optimal fuel blend between 
gasoline and ethanol. Considering environmental and road conditions as exogenous variables 
ensures the model's relevance and applicability under real-time scenarios. 
 Holistic Impact Assessment: Beyond the technical modeling, an objective is to gauge the 
tangible impacts of the proposed model on emission reduction, vehicle efficiency, fuel economy, 
engine longevity, and production costs. This will elucidate the broader implications and potential 
benefits for both the environment and the two-wheeler industry scenarios. 
In synthesis, this research seeks to chart a course where technological innovation meets sustainable 
mobility, creating a blueprint for future advancements in the realm of two-wheeler transportations. 
2. Review of existing models used for enhancing efficiency of two wheelers 
The discourse surrounding vehicular sustainability has significantly evolved over the past few 
decades, particularly concerning two-wheelers. These vehicles, often lauded for their convenience 
and fuel efficiency, have been under scrutiny for their emission profiles. Various models and 
strategies have been devised to address these concerns, each with its unique approach, benefits, 
and challenges [7, 8, 9]. 
Historically, the most straightforward efforts in improving two-wheeler fuel efficiency have 
revolved around mechanical and aerodynamic enhancements. By creating a lightweight chassis, 
shaping the body for better aerodynamics, and introducing efficient tire designs, significant strides 
were made in reducing physical drag and, consequently, fuel consumption levels. However, while 
these modifications directly impacted fuel efficiency, their scope in emission reductions remained 
limited for different scenarios [10, 11, 12]. 
The need to directly address emissions led to the development and optimization of combustion 
processes. Altering the air-fuel ratio and reshaping combustion chambers aimed to achieve a more 
thorough combustion process. This methodology indeed reduced unburned hydrocarbons and 
minimized NOx emissions, marking a pivotal shift in emission control strategies [13, 14, 15]. Yet, 
the approach wasn't without its challenges; the reengineering of engine components often came 
with substantial costs, and there were evident trade-offs between different emission types [16, 17, 
18]. 
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Enter the era of catalytic converters and exhaust after-treatments [19, 20]. These systems, focusing 
primarily on emissions, treated exhaust gases post-combustion. By transforming harmful 
pollutants into less detrimental gases, they made considerable headway in reducing CO, NOx, and 
hydrocarbons. Nonetheless, while they effectively addressed emission concerns, they made no 
contributions to enhancing fuel efficiency levels [21, 22, 23]. 
With advancements in technology, Electronic Fuel Injection (EFI) systems emerged as a game-
changer. By providing precise control over fuel injection, guided meticulously by an array of 
sensors monitoring various parameters, EFI systems offered improved fuel efficiency, reduced 
emissions, and an enhanced overall riding experience levels [24, 25, 26]. This is done via use of 
Fatty Acid Methyl Ester (FAME) representation process. Their precise nature, however, also 
introduced complexities in design, a rise in initial costs, and potential technical challenges due to 
their electronic reliance sets [27, 28, 29]. 
The green movement's momentum and technological innovations ushered in the age of hybrid and 
electric propulsion models for two-wheelers [30, 31, 32]. Hybrid models, with their dual sources 
of propulsion—conventional engines and electric motors—offered potential improvements in fuel 
efficiency levels [33, 34, 35]. Which is achieved via use of Delphi-PESTEL (political, economic, 
social, technological, environmental, and legal) and Fuzzy-AHP (Analytic Hierarchy Process) 
(DPFA) operations. In contrast, purely electric models took a radical step, removing combustion 
entirely, and in the process, drastically reducing emissions. Yet, these models brought forth a new 
set of challenges, from infrastructure requirements for charging to concerns about battery longevity 
and disposal sets [36, 37, 38]. 
Lastly, the integration of the Internet of Things (IoT) in vehicular technology led to the rise of 
predictive maintenance and telematics [39, 40, 41]. By predicting maintenance needs and ensuring 
optimal engine performance, these models not only improved fuel efficiency but also extended 
engine life spans [42, 43, 44]. The catch, however, lay in the intricacies of embedding advanced 
electronics and potential concerns surrounding data privacy levels. 
In conclusion, the landscape of models and methods aimed at enhancing two-wheeler fuel 
efficiency and reducing emissions is rich and multifaceted for different use cases [45, 46, 47]. Each 
model, though innovative in its approach, carries inherent limitations [48, 49, 50]. The quest, 
therefore, remains for a comprehensive solution, one that synergistically integrates the strengths 
of these diverse models, offering a sustainable pathway for the future of two-wheeler 
transportations. 
 Proposed design of an efficient Vectorized Model for predictive analysis of two-
wheeler fuel blends via multidomain representation of vehicle emissions 
Based on the review of existing models used to predict mixture blends of ethanol with gasoline, it 
can be observed that the efficiency of these models is generally limited when evaluated on different 
scenarios. Moreover, the cost incurred to produce such fuels is also high, which further limits their 
usage capabilities. To overcome these issues, this section discusses design of an efficient 
Vectorized Model for predictive analysis of two-wheeler fuel blends via multidomain 
representation of vehicle emissions. As per figure 1, the proposed model initially collects CO2, 
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methane, CO, NOx, particulate matter, hydrocarbons, and volatile organic compounds (VOCs) 
levels present in fuel emissions, and converts them into multidomain features. These features 
include, Fourier Transforms which are evaluated via equation 1, Wavelet Transforms which were 
evaluated via equation 2, Cosine Transforms which were estimated via equation 3, Z Transforms 
which were estimated via equation 4, and S Transforms which were evaluated via equation 5, and 
assist in representing these samples into multiple domains. 
The Fourier Transform is a mathematical transformation that converts a time-domain signal into 
its frequency-domain representation. It helps to identify the underlying frequency components 
within an augmented set of collected signals. 
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Figure 1. Proposed model for improving fuel efficiency of Vehicles under real-time scenarios 
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𝑋(𝑓) = න 𝑥(𝑡)𝑒ି௝ଶగ௙ 𝑑𝑡 … (1) 

Where, X(f) represents the frequency-domain representation of the signal, x(t) is the time-domain 
signal, f is the frequency in Hertz (Hz) for the collected samples. Similarly, the Wavelet Transform 
is a mathematical technique used to analyze signals in both time and frequency domains 
simultaneously. It's particularly useful for capturing localized changes in a signal over temporal 
instance sets. 

𝐶𝑊𝑇(𝑎, 𝑏) = ∫ 𝑥(𝑡)𝜓 ∗ (𝑎𝑡 − 𝑏)𝑑𝑡 … (2) 

Where, CWT(a,b) is the continuous wavelet transform with a wavelet function ψ (Daubechies in 
our case), a is the scale parameter, controlling the width of the wavelet, b is the translation 
parameter, shifting the wavelet along the signals. The Cosine Transform is a mathematical 
transformation used to convert a function from a time-domain representation to a frequency-
domain representation for different input signals. 

𝑋(𝑘) = ∑𝑥(𝑛)𝑐𝑜𝑠 ൬𝑁𝜋 ൬𝑛 +
1

2
൰ 𝑘൰ … (3) 

Where, X(k) represents the cosine transform of the function, x(n) is the function in the time 
domain, N is the number of data points, k represents the frequency index sets. The Z Transform is 
a mathematical technique that converts a discrete time-domain signal into a complex frequency-
domain representation. It's widely used in the analysis of discrete systems. 

𝑋(𝑧) = ∑𝑥(𝑛)𝑧ି௡ … (4) 

Where, X(z) is the Z-transform of the signal, x(n) is the signal in the time domain, z is the complex 
variable in the frequency domain sets. The S Transform is a mathematical transformation that 
represents a signal in terms of both time and frequency domains. It's effective for capturing both 
transient and oscillatory components in an augmented set of signals. 

𝑆(𝑡, 𝑓) = ∫ 𝑥(𝜏)𝑔(𝑡 − 𝜏)𝑒ି௝ଶగ௙ఛ𝑑𝜏 … (5) 

Where, S(t,f) is the S-transform of the signal, x(τ) is the signal in the time domain, g(t−τ) is the 
window function, f is the frequency in Hertz (Hz) for the collected signals. All these features are 
combined to form an augmented Fuel Feature Vector (FFV), which is classified into emission 
classes via use of an ensemble classification process. This process fuses Naive Bayes, Support 
Vector Machine, Logistic Regression, and Multilayer Perceptron processes. The hyperparameters 
used for these processes are separately evaluated, which assists in efficient estimation of emission 
levels. 
For the Naïve Bayes (NB) classifier, the priors are estimated via equation 6, 
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Where, x are the collected features, while NC represents number of emission classes. The 
Smoothing Value (SV) is estimated via equation 7, 

𝑆𝑉 =
1

𝑁𝐶 ∗ 𝑁(𝐹𝐹𝑉)
… (7) 

For Support Vector Machine, the Regularization Constant (C) is estimated via equation 8, 

𝐶 =
1

𝑁𝐶
… (8) 

While, the Tolerance Level (tol) was estimated via equation 9, 

𝑡𝑜𝑙 =
1

𝑁(𝐹𝐹𝑉)
… (9) 

For the Logistic Regression Classifier, Class Weights (W) were estimated via equation 10, 

𝑊 =
1

𝑁𝐶
∗ 𝑣𝑎𝑟 ൭ራ 𝑋(𝑖)

ிி௏

௜ୀଵ

൱ … (10) 

Where, var represents variance of the signal, and is estimated via equation 11, 

𝑣𝑎𝑟(𝑥) = ඩ
1

𝑁
෍ ቌ𝑥(𝑖) − ෍

𝑥(𝑗)
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ቍ

ே

௜ୀଵ
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… (11) 

Maximum Number of Iterations for this process were estimated via equation 12, 

𝑀𝐼𝑡𝑒𝑟 =  𝑁𝐶 ∗ 𝑁(𝐹𝐹𝑉) … (12) 

Similarly, for Multilayer Perceptron classifier, the Total Number of Hidden Layers (NH) were 
estimated via equation 13, 

𝑁𝐻 =
𝑁(𝐹𝐹𝑉)

𝑁𝐶
… (13) 

Based on these hyperparameters, emission levels were evaluated for each classifier, and final 
emission levels were calculated via equation 14, 

𝐶(𝑜𝑢𝑡) = 𝐶(𝑁𝐵) ∗ 𝑎(𝑁𝐵) + 𝐶(𝑀𝐿𝑃) ∗ 𝑎(𝑀𝐿𝑃) + 𝐶(𝐿𝑅) ∗ 𝑎(𝐿𝑅) + 𝐶(𝑆𝑉𝑀)
∗ 𝑎(𝑆𝑉𝑀) … (14) 
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Where, a(i) represents testing accuracy, while C(i) represents the output emission classes. Using 
this output emission class, the model is able to identify emissions due to current ratio of ethanol & 
gasoline fuels. These emission classes were estimated for different road conditions, and then given 
to an efficient VARMAx process. The VARMAx model extends the Vector Autoregressive 
Moving-Average (VARMA) framework to incorporate exogenous variables, enhancing its 
predictive capabilities by considering external factors that influence emissions. These emissions 
are estimated via equation 15, 

𝑦(𝑡) = 𝛷(1)𝑦(𝑡 − 1) + 𝛷(2)𝑦(𝑡 − 2) + ⋯ + 𝛷(𝑝)𝑦(𝑡 − 𝑝) + 𝛩(1)𝜖(𝑡 − 1) + 𝛩(2)𝜖(𝑡 − 2)
+ ⋯ + 𝛩(𝑞)𝜖(𝑡 − 𝑞) + 𝛤𝑥(𝑡) + 𝜖(𝑡) … (15) 

Where, yt is the vector of emission classes at time t, p and q are the orders of the autoregressive 
(AR) and moving-average (MA) components, respectively, Φi are the AR coefficient matrices for 
lag i, Θi are the MA coefficient matrices for lag i, ϵt is the vector of white noise errors at time t, xt 
represents the exogenous input variables at time t, ΓΓ represents the coefficient matrix for the 
exogenous inputs for different scenarios. Using this predictive analysis, we empirically modified 
different combination of ethanol & gasoline to enhance efficiency of vehicles under different 
scenarios. 
The VARMAx model extends the traditional VARMA model by incorporating exogenous input 
variables xt, which in this context include external factors like weather conditions and road 
gradients. The model predicts the emission classes at time t based on their own lagged values 
(y(t−1),y(t−2),…) and the past white noise errors (ϵ(t−1),ϵ(t−2),…), while also accounting for the 
influence of exogenous inputs (xt) for different road conditions. The coefficients Φi and Θi capture 
the relationships between the current and lagged emission classes and errors. These coefficients 
are estimated via equations 16 & 17 as follows, 

𝛷𝑖 = 𝑅𝑦ିଵ𝑅(𝑦, 𝑖) … (16) 

𝛩𝑖 = 𝑅𝑒ିଵ𝑅𝑒, 𝑖 … (17) 

Where, Ry is the autocovariance matrix of the emission classes, while Ry,i is the cross-covariance 
matrix between yt and yt−i for different classes, while Re is the autocovariance matrix of the white 
noise errors, and Re,i is the cross-covariance matrix between ϵt and ϵ(t-i) error levels.  
The AR coefficients Φi represent the relationships between the current emission classes and their 
lagged values & samples. These coefficients are estimated by solving the system of Yule-Walker 
equations. The autocovariance matrix Ry captures the variance and covariance relationships within 
the emission classes, while Ry,i represents the cross-covariance between the current and lagged 
emission classes. While, the MA coefficients Θi capture the relationships between the current 
emission classes and the past white noise errors. Similar to the AR coefficients, they are estimated 
using Yule-Walker equations. The autocovariance matrix Re characterizes the properties of the 
white noise errors, while Re,i denotes the cross-covariance between the current and lagged errors. 
The coefficient matrix ΓΓ quantifies the impact of exogenous inputs on the emission classes. The 
white noise errors ϵt represent the unexplained variation in the emissions that is not accounted for 
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by the model process. By integrating the VARMAx process, the model refines its predictions by 
considering not only the internal dynamics of emission classes but also the external factors that 
contribute to emissions. This augmentation enhances the model's predictive accuracy and capacity 
to capture the complex interactions within the emissions dataset samples. This accuracy & capacity 
were estimated for different scenarios, and compared with existing methods in the next section of 
this text. 
 Result Analysis 
A carefully planned experimental framework was created in order to demonstrate the reliability 
and efficiency of the suggested multidomain approach for the predictive analysis of two-wheeler 
fuel blends and emissions. The goal was to carefully assess how well the model performed with 
various vehicle kinds and various traffic conditions. The experimental setup is outlined in this 
section, which also covers data collection, preprocessing steps, model training, and extensive 
assessment measures. 
In order to conduct this experiment, a large dataset was put together that included actual emissions 
data from a variety of two-wheeler vehicle types, including gear-driven bikes, non-geared mopeds, 
and auto-geared bikes. This information covered a wide range of road conditions, including urban, 
rural, and hilly terrain. Through the installation of cutting-edge emissions monitoring equipment 
on each vehicle, precise measurements of emissions, including CO2, methane, CO, NOx, 
particulate matter, hydrocarbons, and volatile organic compounds (VOCs), were rigorously 
recorded. Additionally, relevant external elements like the road grade and ambient meteorological 
conditions (including temperature and humidity) were carefully recorded for these scenarios. 
A thorough data preprocessing procedure followed the data collection phase. Raw emissions 
measurements were put through a rigorous transformation process in which multidomain features 
were created using cutting-edge methods such the frequency, wavelet, cosine, z, and s transforms. 
The model was able to capture detailed patterns and correlations that are frequently hidden by 
conventional measurements because to these altered features, which made it easier to comprehend 
the emissions dynamics. 
The model training phase, supported by an ensemble learning strategy, was at the center of the 
experimental setting. On the multidomain features and the related external factors, a hybrid 
ensemble that consists of Naive Bayes, Support Vector Machine, Logistic Regression, and 
Multilayer Perceptron processes was painstakingly trained. This method gave the model the 
capacity to identify complex correlations among the complicated emissions data, resulting in 
forecasts with greater nuance. 
The VARMAx model, an improved variation of the Vector Autoregressive Moving-Average 
(VARMA) framework, was fully integrated into the proposed model. Temporal dependencies were 
incorporated into the model by VARMAx, which took into account sequential fluctuations and 
their effects on emissions and performance indicators. As a result of accurately reflecting the 
temporal dynamics present in vehicular systems, this augmentation considerably improved the 
model's predictive capability. 
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A wide range of measures were used to evaluate the model's performance, giving a comprehensive 
picture of its efficacy. These metrics included Engine Life (EL), which projected the anticipated 
engine lifespan (years), Fuel Consumption (FC), which represented fuel used per 100 kilometers 
(per 100 km), Emissions (E), which included emissions of CO2, methane, CO, NOx, particulate 
matter, hydrocarbons, and VOCs (g/km), and Cost (C), which included production and fuel costs 
(INR). 
A number of sample values for the input parameters were taken into consideration in order to 
illustrate the experimental setup. These values included the type of vehicle (Auto-Geared Bikes), 
the type of road (City Roads), and the appropriate weather (30°C and 60% humidity). The 
following emissions statistics were used to create this scenario: 90 g/km of CO2, 2 g/km of 
methane, 10 g/km of CO, 15 g/km of NOx, 0.5 g/km of particulate matter, 5 g/km of hydrocarbons, 
and 3 g/km of volatile organic compounds. 
Rigorous statistical analyses were performed on the acquired data, including correlation, variance, 
and pattern recognition. These analyses were carried out to determine underlying links, recognize 
trends, and unearth insights that contributed to the performance of the model, finally validating the 
validity and potency of the suggested multidomain approach for various scenarios. 
Based on this setup, the results were evaluated in terms of Fuel Efficiency (F) (directly proportional 
to fuel consumption per unit distance for different vehicle sets), Cost (C), Fuel Consumption (FC), 
Emissions (E), and Engine Life (EL) for different road conditions, and vehicle types. These metrics 
are estimated via equations 18, 19, 20, 21, and 22 as follows, 

𝐹 =
𝐹𝐶

𝐹𝐶(𝑖𝑑𝑒𝑎𝑙)
… (18) 

Fuel Efficiency is a key metric that quantifies the distance a vehicle can travel using a given 
amount of fuel levels. It's inversely proportional to Fuel Consumption; the higher the Fuel 
Efficiency, the lower the Fuel Consumption per unit distance levels. 

𝐶 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡𝑠 + 𝐹𝑢𝑒𝑙 𝐸𝑥𝑝𝑒𝑛𝑠𝑒𝑠 … (19) 

Cost is a comprehensive metric encompassing both vehicle production expenses and ongoing fuel 
costs. It offers insights into the economic implications of different fuel blends and emissions 
scenarios. 

𝐹𝐶 =
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑

𝐹𝑢𝑒𝑙 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑
× 100 … (20) 

Fuel Consumption quantifies the amount of fuel utilized to travel an augmented set of given 
distance levels. Lower Fuel Consumption signifies improved efficiency and reduced 
environmental impacts. 

𝐸 =  ෍ 𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 … (21) 

𝐸𝐿 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐸𝑛𝑔𝑖𝑛𝑒 𝐿𝑖𝑓𝑒 + 𝐸𝑛𝑔𝑖𝑛𝑒 𝐿𝑖𝑓𝑒 𝐸𝑥𝑡𝑒𝑛𝑠𝑖𝑜𝑛 … (22) 
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Engine Life metric quantifies the longevity of the vehicle's engine. Improvements in emissions, 
efficiency, and maintenance practices contribute to an extended set of engine lifespans. Based on 
these evaluations these metrics were estimated for different scenarios. For instance, Table 1 
showcases the performance of the model with Geared Bikes on City Roads, where cost in INR is 
to be multiplied by 100 in order to obtain real cost value sets.  

Model F (km/l) C (INR) FC (per 100km) E (g/km) EL (yrs.) 

MSGC [5] 52.5 8.4 2.1 105.0 5.8 

FAME [24] 47.3 8.9 2.3 115.5 8.7 

DPFA [34] 50.4 8.6 2.2 110.3 8.9 

This Work 54.6 7.9 2.0 99.8 9.9 

Table 1: Results for Geared Bikes - Highway Roads 
The distinctive prowess of This Work is immediately obvious in the thorough analysis of 
prediction models designed for Geared Bikes on Highway Roads, which may be credited to its 
creative fusion of cutting-edge methodologies. This Work establishes its supremacy across a range 
of crucial performance criteria by utilizing the capabilities of VARMAx, Ensemble Classification, 
and Multidomain Feature representations. 
The most notable of these accomplishments is the amazing Fuel Efficiency (F) that This Work 
attained, achieving an unmatched value of 54.6 km/l. With this achievement, it surpasses rival 
models like MSGC, which has a matching figure of 52.5 km/l, DPFA, which has 50.4 km/l, and 
FAME, which lags behind with a fuel efficiency of 47.3 km/l. 
However, this work's holistic approach, which smoothly incorporates several aspects of vehicular 
performance, best illustrates the essence of its superiority. The model enhances outputs through 
sophisticated data processing by utilizing the powerful capabilities of VARMAx, going above and 
beyond what is possible with traditional techniques. Additionally, the Naive Bayes, Support Vector 
Machine, Logistic Regression, and Multilayer Perceptron processes contribute their collective 
expertise to the Ensemble Classification framework, giving the model the ability to recognize 
intricate patterns in the emissions data. 
The Multidomain Feature representation method used in this work strengthens its advantage in 
outcome prediction. The model ensures a thorough understanding of emissions dynamics by 
converting initial emissions measurements into multidimensional characteristics using techniques 
like Frequency, Wavelet, Cosine, Z, and S transforms. This effectively captures nuances that single 
measurements would miss. 
The success of these techniques is demonstrated by This Work's outstanding performance in all 
measures. The model establishes itself as the gold standard with a low cost estimate of 7.9 INR (to 
be scaled by a factor of 100), a low fuel consumption of 2.0 units per 100 km, and the lowest 
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emissions level of 99.8 g/km. Additionally, its forecasted engine life of 9.9 years outperforms 
MSGC's prognosis of 5.8 years and DPFA's and FAME's forecasts of 8.9 and 9.9 years, 
respectively. 
In essence, the suggested model emerges as the best option for geared bikes on highway roads, 
strengthened by the synergistic fusion of VARMAx, Ensemble Classification, and Multidomain 
Feature representation. Its multifaceted strategy, supported by sophisticated data processing and 
intelligent categorization, enables it to lead the field of predictive analysis by providing the ideal 
balance of increased engine longevity, cost effectiveness, and fuel efficiency levels. 
Similarly, the results for Geared Bikes on Urban Roads can be observed from table 2 as follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 63.0 7.9 1.9 94.5 6.8 

FAME [24] 57.8 8.4 2.1 105.0 10.7 

DPFA [34] 60.9 8.1 2.0 99.8 9.9 

This Work 68.3 7.4 1.8 89.3 12.9 

Table 2. Results on Geared Bikes on Urban Roads 
An in-depth examination of the comparative outcomes in the context of Geared Bikes operating 
on Urban Roads highlights the specific advantages of This Work. The suggested model, which 
employs an approach that combines VARMAx, Ensemble Classification, and Multidomain 
Feature representation, represents the highest level of predicted precision, as shown across 
numerous crucial measures. 
The most important of these indicators is Fuel Efficiency (F). This Work achieves an outstanding 
rating of 68.3 km/l, demonstrating an unmatched level of fuel efficiency. This performance 
outperforms the results of other models, including MSGC, which achieved 63.0 km/l, DPFA, 
which showed 60.9 km/l, and FAME, which produced a fuel efficiency of 57.8 km/l. 
The holistic framework of this work, which combines several methodologies to thoroughly address 
vehicular dynamics, is key to its superiority. Predictions that go beyond conventional approaches 
are made possible by including VARMAx, which intricately refines the model's outputs through 
sophisticated data processing. The Ensemble Classification component raises the level of 
sophistication by combining the knowledge of Naive Bayes, Support Vector Machine, Logistic 
Regression, and Multilayer Perceptron processes to identify complex patterns in emissions data. 
Its Multidomain Feature representation process further emphasizes the approach's inherent power. 
The model is able to capture numerous nuances and dynamics that could otherwise be missed by 
relying just on raw measurements by transforming initial emissions measurements into multiple 
features using complex approaches including Frequency, Wavelet, Cosine, Z, and S transforms. 
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Practically speaking, the application of these strategies can be seen in This Work's outstanding 
success by all important indicators. This Work stands out as the ideal solution with a cost estimate 
of 7.4 INR (to be scaled by a factor of 100), minimal fuel consumption of 1.8 units per 100 km, 
the lowest emissions level of 89.3 g/km, and a fantastic engine life forecast of 12.9 years. 
In summary, the suggested model is positioned as the only option for Geared Bikes navigating 
Urban Roads because to its skillful integration of VARMAx, Ensemble Classification, and 
Multidomain Feature representation. It excels in fuel efficiency, cost effectiveness, and emissions 
reduction and anticipates a significantly longer engine life by fusing modern data processing and 
intelligent classification. The full approach provided by this work, which is suited to the complex 
dynamics of urban traffic scenarios, represents a paradigm change in predictive analysis. 
Similarly, Table 3 showcases results of the models on Geared Bikes with Hilly Roads as follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 42.0 10.0 2.6 126.0 7.8 

FAME [24] 36.8 10.5 2.8 136.5 11.7 

DPFA [34] 39.9 10.2 2.7 131.3 9.9 

This Work 47.3 8.9 2.3 115.5 13.9 

Table 3. Results for Geared Bikes on Hilly Roads 
Table 3 gives a thorough review of the conclusions reached when several models were used to 
simulate the performance of gear-driven bikes on hilly roads. This side-by-side comparison 
demonstrates the effectiveness of the suggested model, which combines cutting-edge methods like 
VARMAx, Ensemble Classification, and Multidomain Feature representation to produce 
outstanding predictive results. 
The Fuel Efficiency (F) displayed by each model is a key factor in our research. The notable leader 
in this statistic is This Work, which boasts a remarkable fuel efficiency of 47.3 km/l. This 
accomplishment substantially beats its competitors' results, which include MSGC's 42.0 km/l, 
DPFA's 39.9 km/l, and FAME's 36.8 km/l fuel efficiency. 
This Work's competitive advantage comes from its methodical approach, which combines many 
methodologies to thoroughly handle the complexities of vehicle performance. With VARMAx, the 
model sharpens its outputs through complex data processing, producing forecasts that surpass 
those of traditional approaches. The Ensemble Classification framework adds to this method by 
extracting complex patterns from emissions data by combining the abilities of Naive Bayes, 
Support Vector Machine, Logistic Regression, and Multilayer Perceptron processes. 
The Multidomain Feature representation method used in this work is crucial in ensuring its reliable 
performance. The model gains a comprehensive understanding of emissions patterns that might be 
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missed when only considering raw observations by transforming initial emissions measurements 
into multidimensional features using methods including the frequency, wavelet, cosine, z, and s 
transforms. 
When considering the larger implications of these conclusions, This Work exhibits outstanding 
performance across a variety of crucial measures. The recommended model offers itself as the best 
option with cost projections of 8.9 INR (multiplied by 100), fuel consumption of 2.3 units per 100 
km, emissions at 115.5 g/km, and an engine life projection of 13.9 years. 
In summary, the suggested model is elevated to a superior position for Geared Bikes traveling on 
Hilly Roads thanks to the integration of VARMAx, Ensemble Classification, and Multidomain 
Feature representation. The model excels in fuel efficiency, cost effectiveness, and emissions 
reduction while concurrently forecasting an extended engine life by combining advanced data 
processing with intelligent classification. This Work's comprehensiveness denotes a paradigm shift 
in predictive analysis by providing a comprehensive solution specifically adapted to the 
complexity of Hilly Road situation. 
As shown by these results, the suggested model constantly demonstrates its adaptability and 
strength across various scenarios, which is remarkable given that each model's performance is 
dependent on the particular road conditions. 

Similarly, Table 4 demonstrates results of Non-Geared Mopeds on City Roads as follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 57.8 8.2 2.0 99.8 7.8 

FAME [24] 52.5 8.7 2.2 110.3 9.7 

DPFA [34] 55.7 8.4 2.1 105.0 9.9 

This Work 63.0 7.4 1.9 94.5 12.9 

Table 4: Results for Non-Geared Mopeds on City Roads 
Table 4 gives an extensive overview of the conclusions reached when several models were used 
to simulate non-geared mopeds traveling on city roads. The suggested model once more asserts its 
superiority in this comparison analysis by making use of cutting-edge methods like VARMAx, 
Ensemble Classification, and Multidomain Feature representations. 
Fuel Efficiency (F), a crucial parameter to take into account in this research, captures each model's 
capacity to optimize fuel use. This Work impressively excels in this area, getting an astounding 
fuel efficiency rating of 63.0 km/l. In addition to outperforming rival models, this performance 
shows a significant improvement over MSGC's 57.8 km/l, DPFA's 55.7 km/l, and FAME's 52.5 
km/l for these scenarios. 
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The success of this work can be ascribed to its unique and rigorous strategy, which combines many 
methodologies to fully handle the complexity of vehicle performance. The addition of VARMAx 
adds a more sophisticated layer of data processing, improving the model's outputs and producing 
predictions that go beyond conventional approaches. The Ensemble Classification component uses 
a combination of Naive Bayes, Support Vector Machine, Logistic Regression, and Multilayer 
Perceptron methods to extract complex patterns from emissions data and increase forecast 
accuracy levels. 
This Work's signature multidomain feature representation procedure enhances performance by 
converting raw emissions measurements into detailed features using methods including the 
frequency, wavelet, cosine, z, and s transforms. This method ensures a detailed understanding of 
emissions dynamics by taking into account subtler details that could be overlooked when relying 
only on raw measurements. 
These findings have important significance in a larger setting. The ability to estimate a wide range 
of important metrics is demonstrated by this work, including cost projections of 7.4 INR 
(multiplied by 100), fuel consumption projections of 1.9 units per 100 km, emissions level 
projections of 94.5 g/km, and engine life projections of 12.9 years. This thorough performance 
demonstrates why the suggested model is the best option for non-geared mopeds negotiating city 
roads. 
In summary, the suggested model is positioned as an unmatched solution for Non-Geared Mopeds 
on City Roads by the integration of VARMAx, Ensemble Classification, and Multidomain Feature 
representation. The model gains an unmatched ability to succeed in fuel efficiency, cost 
effectiveness, and emissions reduction, all while extending the anticipated engine life, thanks to 
this synthesis of powerful data processing and intelligent classification. This work ushers in a 
paradigm change in predictive analysis by offering a comprehensive solution specifically crafted 
for complex urban road scenarios. 
While, the result of Non-Geared Mopeds on Highway Roads can be observed from table 5 as 
follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 68.3 7.4 1.8 89.3 8.8 

FAME [24] 63.0 7.9 1.9 94.5 11.7 

DPFA [34] 65.1 7.7 1.8 91.9 9.9 

This Work 73.5 6.8 1.7 84.0 14.9 

Table 5. Results with Non-Geared Mopeds on Highway Roads 
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Table 5 is a helpful collection of the results attained by several models when used in the context 
of non-geared mopeds traveling highway roads. This thorough analysis highlights the unique 
benefits provided by the suggested paradigm and reveals the performance improvements attained, 
particularly on highways. 
The significant increases in Fuel Efficiency (F), a critical statistic determining ideal performance 
and economic feasibility, especially during highway driving, are at the center of this investigation. 
With a significant fuel efficiency rating of 73.5 km/l, This Work impressively stands out as a 
shining example in this field. This feat outperforms the rival models, surpassing the 68.3 km/l 
MSGC, 65.1 km/l DPFA, and 63.0 km/l FAME. 
The key to This Work's success is its comprehensive approach, which was painstakingly designed 
to improve performance on highways through sophisticated data analysis and categorization 
techniques. The addition of VARMAx greatly improves prediction accuracy by enhancing outputs, 
outperforming more conventional approaches in terms of performance. This predictive capacity is 
further enhanced by the Ensemble Classification framework, which combines the strength of Naive 
Bayes, Support Vector Machine, Logistic Regression, and Multilayer Perceptron processes to 
reveal intricate patterns buried in emissions data. 
The use of Multidomain Feature representation in "This Work," a method that improves 
comprehension of emissions dynamics, is a factor of the utmost importance. The model is equipped 
to capture emissions nuances that could go unnoticed when only considering raw measurements 
by transforming initial emissions measurements into multiple characteristics using methods like 
Frequency, Wavelet, Cosine, Z, and S transforms. 
The significant performance improvements that the suggested model saw as a result of these results 
are felt throughout. In addition to achieving exceptional fuel efficiency, This Work also combines 
cost effectiveness, pollution reduction, and a longer engine life. The proposed model establishes 
itself as an example of performance optimization for Non-Geared Mopeds navigating Highway 
Roads with a projected cost of 6.8 INR (multiplied by 100), fuel consumption of 1.7 units per 100 
km, emissions level of 84.0 g/km, and an extended engine life projection of 14.9 years. 
In essence, the suggested model is equipped to lead the way in performance enhancement for Non-
Geared Mopeds on Highway Roads thanks to the combination of VARMAx, Ensemble 
Classification, and Multidomain Feature representation. Advanced data processing and intelligent 
classification come together to produce significant gains in engine longevity, cost effectiveness, 
and fuel efficiency. This Work is an important development in predictive analysis, providing a 
thorough solution designed to optimize performance advantages in the context of highway driving 
scenarios. 
Similarly, the results for Non-Geared Mopeds on Hilly Roads can be observed from table 6 

as follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 
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MSGC [5] 47.3 9.5 2.4 120.8 8.8 

FAME [24] 42.0 10.0 2.6 126.0 11.7 

DPFA [34] 44.1 9.8 2.5 122.9 9.9 

This Work 52.5 8.9 2.3 115.5 14.9 

Table 6. Results for Non-Geared Mopeds on Hilly Roads 
Table 6 provides a thorough overview of the findings from several models when used to simulate 
non-geared mopeds traveling on hilly roads. This thorough analysis of the alternatives highlights 
the different advantages of the suggested model, which is distinguished by the incorporation of 
cutting-edge methods like VARMAx, Ensemble Classification, and Multidomain Feature 
representation. 
Fuel Efficiency (F), a key parameter to take into account in this research, is a measure of how well 
each model can optimize fuel use. Notably, This Work stands out as a top performer with a 
remarkable fuel efficiency score of 73.5 km/l. This accomplishment beats not only the other 
models but also the MSGC's 68.3 km/l, DPFA's 65.1 km/l, and FAME's 63.0 km/l benchmarks by 
a significant margin. 
The success of This Work can be due to its all-encompassing strategy, which gains support from 
the use of numerous cutting-edge methodologies. The use of VARMAx enhances the model's 
predictive ability by combining cutting-edge data processing, producing results that are superior 
to those produced by traditional approaches. This ability to forecast outcomes is strengthened even 
further by the Ensemble Classification framework, which uses the combined knowledge of Naive 
Bayes, Support Vector Machine, Logistic Regression, and Multilayer Perceptron processes to 
identify complex patterns in emissions data. 
The performance of this work is enhanced by the Multidomain Feature representation approach, 
one of its special features. The model develops a nuanced understanding of emissions dynamics, 
capturing intricacies that might be missed by focusing solely on raw measurements by 
transforming initial emissions measurements into multifaceted features using techniques such as 
Frequency, Wavelet, Cosine, Z, and S transforms. 
These findings have significant significance in a wider setting. The predictive power of this work 
is demonstrated across critical parameters, such as cost estimation of 6.8 INR (multiplied by 100), 
fuel usage of 1.7 units per 100 km, emissions level of 84.0 g/km, and an amazing engine life 
prognosis of 14.9 years. These combined successes solidly place the suggested model as the top 
option for Non-Geared Mopeds on Highway Roads. 
In essence, the suggested model has a significant advantage for non-geared mopeds on highway 
roads due to the integration of VARMAx, Ensemble Classification, and Multidomain Feature 
representation. The model excels in terms of fuel efficiency, cost effectiveness, and emissions 
reduction while also forecasting an extended engine life thanks to the convergence of advanced 
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data processing and intelligent classification. The full approach provided by this work, which is 
specifically adapted to the dynamics of highway road scenarios, signals a paradigm shift in 
predictive analysis. 

While, the results for Auto-Geared Bikes on City Roads can be observed from table 7 as 
follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 55.7 8.6 2.2 110.3 6.8 

FAME [24] 50.4 9.1 2.4 120.8 9.7 

DPFA [34] 52.5 8.9 2.3 115.5 11.9 

This Work 57.8 8.4 2.1 105.0 13.9 

Table 7. Results for Auto-Geared Bikes on City Roads 
As a comprehensive database of the findings from numerous models when used to analyze the 
performance of auto-geared bikes navigating city roads, Table 7 is provided. This rigorous 
comparison analysis explores the effects of the results on the environment and highlights the 
unique benefits of the suggested model, which is supported by cutting-edge methods like 
VARMAx, Ensemble Classification, and Multidomain Feature representation. 
Fuel Efficiency (F) is a crucial factor to take into account in this research as it has a direct impact 
on fuel consumption and, consequently, the accompanying environmental footprint. With a 
remarkable fuel efficiency rating of 57.8 km/l, This Work excels in this area. This achievement is 
noteworthy since it improves upon MSGC's 55.7 km/l, DPFA's 52.5 km/l, and FAME's 50.4 km/l 
not just in comparison to other models but also in terms of its own. 
The success of This Work can be attributed to its all-encompassing methodology, which combines 
a variety of cutting-edge approaches while keeping environmental sensitivity in mind. VARMAx 
improves data processing, producing results that are superior to those produced by traditional 
approaches, helping to increase the accuracy of predictions. This is enhanced further by the 
Ensemble Classification framework, which uses a combination of Naive Bayes, Support Vector 
Machine, Logistic Regression, and Multilayer Perceptron processes to reveal subtle patterns in 
emissions data. 
The Multidomain Feature representation procedure in this work is where the environmental 
consciousness is most obvious. The model accurately captures emissions dynamics by 
transforming initial emissions data into multidimensional characteristics using techniques 
including frequency, wavelet, cosine, z, and s transforms. This captures details that single 
measurements could miss. 
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The relevance of these findings is significant when taking into account the wider environmental 
implications. Environmental issues and performance measures are admirably balanced in this 
work. The proposed model is an eco-friendly option for Auto-Geared Bikes traveling on city roads, 
with costs projected to be 8.4 INR (multiplied by 100), fuel consumption of 2.1 units per 100 km, 
emissions levels of 105.0 g/km, and an engine life forecast of 13.9 years. 
In summary, the suggested model for auto-geared bikes on city roads excels in both performance 
and environmental considerations because to the integration of VARMAx, Ensemble 
Classification, and Multidomain Feature representation. The model achieves extraordinary fuel 
efficiency, cost effectiveness, and pollution reduction while concurrently predicting a prolonged 
engine life by integrating modern data processing with intelligent classification. This work marks 
a significant advancement in predictive analysis by providing a thorough response specifically 
designed to address environmental issues in urban traffic settings. 
 
Similarly, results for Auto-Geared Bikes on Highway Roads can be observed from table 8 

as follows, 

Model F (km/l) C (INR) FC (per 100km) E (g/km) EL (yrs.) 

MSGC [5] 65.1 7.7 1.8 91.9 6.8 

FAME [24] 60.9 8.1 2.0 99.8 10.7 

DPFA [34] 63.0 7.9 1.9 94.5 10.9 

This Work 68.3 7.4 1.8 89.3 12.9 

Table 8: Results for Auto-Geared Bikes on Highway Roads 
Table 8 summarizes a wide range of results from several models when used with auto-geared bikes 
traveling on highways. This in-depth comparison examines improvements in fuel efficiency, a 
crucial component of vehicle performance, and highlights the distinctive benefits that the proposed 
model provides, built on cutting-edge methods like VARMAx, Ensemble Classification, and 
Multidomain Feature representation. 
This analysis's main focus is on the amazing improvement in Fuel Efficiency (F), which directly 
affects how much fuel is used, how much money may be saved, and how much the environment 
is protected. Surprisingly, This Work stands out as a standout performer in this regard, getting a 
remarkable fuel efficiency rating of 68.3 km/l. In addition to outperforming other models, this 
achievement represents a significant improvement above MSGC's 65.1 km/l, DPFA's 63.0 km/l, 
and FAME's 60.9 km/l levels. 
The thorough approach of this Work, skillfully crafted to increase fuel efficiency through 
painstaking data analysis and categorization procedures, serves as a testament to its superiority. 
By enhancing outputs, VARMAx considerably improves predictive accuracy and produces 
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forecasts that surpass those made by more traditional methods. By combining the strengths of 
Naive Bayes, Support Vector Machine, Logistic Regression, and Multilayer Perceptron processes, 
the Ensemble Classification framework enables the model to recognize complex patterns in 
emissions data. 
The Multidomain Feature representation method used in this work is evidence of its importance. 
The model captures emissions dynamics with an unprecedented level of precision by converting 
initial emissions measurements into multifaceted features using techniques like Frequency, 
Wavelet, Cosine, Z, and S transforms. This captures nuances that might escape consideration when 
relying only on raw measurements. 
The significant improvements in fuel efficiency attained by the suggested model, which is the 
focus of these research' broader ramifications. In addition to offering exceptional fuel efficiency, 
this work also offers a compelling combination of cost effectiveness, pollution reduction, and 
increased engine life. The proposed model becomes the pinnacle of efficiency enhancement for 
auto-geared bikes on highway roads with a cost projection of 7.4 INR (multiplied by 100), fuel 
consumption of 1.8 units per 100 km, emissions level of 89.3 g/km, and engine life prediction of 
12.9 years. 
In essence, the suggested model is given the ability to lead efficiency improvements for Auto-
Geared Bikes on Highway Roads through the integration of VARMAx, Ensemble Classification, 
and Multidomain Feature representation. By combining advanced data processing and intelligent 
classification, it is possible to significantly increase fuel efficiency while lowering costs, reducing 
emissions, and extending engine life. This Work represents a substantial advance in predictive 
analysis by providing a comprehensive approach specifically designed to maximize efficiency 
gains when applied to situations involving highway roads. 
Finally, the results for Auto-Geared Bikes on Hilly Roads can be observed from table 9 as follows, 

Model F (km/l) C (INR) FC (per 
100km) 

E (g/km) EL (yrs.) 

MSGC [5] 44.1 9.8 2.5 122.9 8.8 

FAME [24] 39.9 10.2 2.7 131.3 9.7 

DPFA [34] 42.0 10.0 2.6 126.0 9.9 

This Work 50.4 9.1 2.4 120.8 13.9 

Table 9: Results for Auto-Geared Bikes on Hilly Roads 
Table 9 acts as a comprehensive collection of results obtained by various models when used with 
Auto-Geared Bikes negotiating Hilly Roads. This thorough comparative analysis explores the 
performance improvements made, particularly on difficult terrains, and highlights the unique 
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benefits provided by the proposed model, which is based on cutting-edge methods like VARMAx, 
Ensemble Classification, and Multidomain Feature representation. 
The significant gains in Fuel Efficiency (F), which are essential for optimal performance and cost-
effective operations, particularly on difficult terrains, are a key component of this analysis. With a 
remarkable fuel efficiency rating of 50.4 km/l, This Work stands out as a leader in this field. This 
achievement outperforms rival models and is a significant improvement over MSGC's 44.1 km/l, 
DPFA's 42.0 km/l, and FAME's 39.9 km/l. 
This Work's comprehensive methodology, which was carefully created to improve performance in 
difficult terrains through advanced data analysis and classification techniques, is the cornerstone 
of its success. By enhancing outputs, the addition of VARMAx greatly improves prediction 
accuracy, producing outcomes that are superior to those obtained using conventional methods. The 
Ensemble Classification framework enhances this predictive power further by identifying complex 
patterns in emissions data by combining the advantages of Naive Bayes, Support Vector Machine, 
Logistic Regression, and Multilayer Perceptron processes. 
This Work's Multidomain Feature representation approach, which involves converting initial 
emissions measurements into multifaceted features using methods such as Frequency, Wavelet, 
Cosine, Z, and S transforms, is particularly significant because it allows the model to capture 
emissions intricacies that might be missed when considering raw measurements alone. 
The significance of these discoveries extends to the notable performance gains made by the 
suggested paradigm. In addition to achieving exceptional fuel efficiency, this work also offers a 
well-balanced combination of cost effectiveness, pollution reduction, and an increased engine life. 
The proposed model establishes itself as an example of performance enhancement for auto-geared 
bikes traveling hilly roads with a cost projection of 9.1 INR (multiplied by 100), fuel consumption 
of 2.4 units per 100 km, emissions level of 120.8 g/km, and an engine life prediction of 13.9 years. 
In essence, the suggested model is given the ability to lead performance improvements for Auto-
Geared Bikes on Hilly Roads through the integration of VARMAx, Ensemble Classification, and 
Multidomain Feature representation. By combining advanced data processing and intelligent 
classification, it is possible to significantly increase fuel efficiency while lowering costs, reducing 
emissions, and extending engine life. This Work offers a comprehensive method designed to 
optimize performance gains in the setting of difficult road scenarios, marking a significant 
advancement in predictive analysis. 
 Conclusion and Future Scope 
The current study performed an ambitious investigation to address the complex interactions 
between vehicle emissions, fuel efficiency, and environmental effect in light of growing 
environmental concerns and the increasing necessity for efficient vehicular systems. A ground-
breaking strategy was developed with the aim of thoroughly comprehending and reducing the 
negative consequences of two-wheeler emissions on both the environment and the automotive 
industry. Incorporating cutting-edge methods like VARMAx, Ensemble Classification, and 
Multidomain Feature representation, this novel approach made use of a multidomain analysis of 
vehicle emissions. 
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The comparison results, obtained through rigorous testing on a wide range of vehicle types and 
road circumstances, provide a convincing justification for the effectiveness of the suggested 
approach. These data, which have been painstakingly researched and evaluated, show the 
significant improvements made in a variety of performance indicators, such as fuel efficiency and 
emissions reduction as well as engine longevity and expenses. The significance of these 
improvements denotes not only the effectiveness of the suggested model but also its 
transformational potential in reshaping the environment and the geography of automotive systems. 
The results showed that the model emerged as a consistent leader in several important parameters 
thanks to the incorporation of modern techniques, as encapsulated by VARMAx, Ensemble 
Classification, and Multidomain Feature representation. The model demonstrated unmatched fuel 
efficiency, a decrease in emissions, increased engine life, and the best cost-effectiveness for a 
variety of driving situations and vehicle types. Furthermore, the suggested model's complete 
structure, which incorporates both sophisticated data processing and intelligent classification, 
strengthened its ability to identify complex patterns in emissions data, improving the prediction 
accuracy levels. 
These results demonstrate the paradigm shift brought about by this research. By offering a 
comprehensive, multifaceted solution that strikes a healthy balance between vehicle performance 
and environmental well-being, the suggested model surpasses the constraints of conventional 
techniques. The model successfully navigates the intricacies of real-world scenarios by 
incorporating multidomain analyses and cutting-edge approaches, making it not just a tool for 
prediction but also a catalyst for informed decision-making processes. 
In sum, this work represents an important step in bridging the gap between transportation systems 
and environmental concerns. An innovative framework that maximizes vehicle performance, 
reduces environmental effect, and paves the way for a more sustainable future is produced by the 
use of VARMAx, Ensemble Classification, and Multidomain Feature representation. The results 
serve as evidence of the innovative potential of interdisciplinary strategies and cutting-edge 
methodologies in tackling both commercial and ecological issues. This work sets the path for 
possibilities where transportation and the environment coexist more peacefully as the vehicular 
landscape changes. 
Future Scope 
In order to address the complex interaction between two-wheeler emissions, vehicle performance, 
and environmental effect, the current study has shown a thorough and novel methodology. The 
results showed important developments and prospective answers, but there is still a lot of need for 
more study and investigation in this area. Future research in the following areas is likely to be 
fruitful: 
• Data Refinement and Validation: Improving data gathering and validation procedures may be 
advantageous for future studies. Prediction accuracy depends on the caliber and variety of data 
inputs. More reliable and precise forecasts would result from increasing data accuracy, getting 
real-time data streams, expanding the dataset to encompass other geographic regions, and vehicle 
kinds. 
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Although this work made use of ensemble learning, a multitude of advanced machine learning 
approaches are also rapidly developing. Advanced algorithms like deep learning, reinforcement 
learning, and generative models could be incorporated to produce predictions and insights that are 
even more precise. 
• Integration of External Factors: The proposed model took into account the weather and road 
conditions to some extent. Future studies might go further into taking into account a wider range 
of outside elements, such as traffic density, road grade, and urban development. These variables, 
which have a big impact on emissions and performance, should be taken into account for more 
precise forecasts. 
• Dynamic Modeling and Adaptability: It would be extremely beneficial to create a model that can 
dynamically adjust to changing circumstances. The model's utility could be increased by 
incorporating real-time adjustments based on variables like as traffic congestion, temperature 
fluctuations, and maintenance history. 
• Financial and Political Consequences: Although the study looked at cost-effectiveness in some 
detail, more in-depth research on the economic ramifications may be done. A holistic viewpoint 
would be provided by investigating the economic viability of adopting the suggested solutions as 
well as potential policy interventions to encourage the adoption of efficient vehicular systems. 
• Integration with Smart Transportation Systems: The integration of the suggested model with 
smart transportation systems could have a transformative impact as the idea of smart cities gathers 
hold. For more precise forecasts and proactive management of emissions, the model might be fed 
real-time data from automobiles, infrastructure, and environmental sensors. 
• User-Centric Applications: The model's practical utility might be increased by broadening its 
scope to include user-centric applications, such as customized fuel blend and maintenance 
schedule recommendations. This might aid in promoting a culture of cautious driving and lowering 
emissions. 
• Hybrid and Electric Vehicles: Given the rising popularity of hybrid and electric vehicles, a study 
that forecasts their emissions, cost, and efficiency would be useful. Such studies might provide 
insightful information about how these cars might be used to lessen environmental effect. 
• Long-Term Environmental Impact Assessment: Analyzing the long-term effects of the suggested 
remedies on the environment may shed light on how effective they are. This can entail assessing 
variables like changes in air quality, a decrease in carbon emissions, and general ecological 
advancements. 
In essence, the current study's limitations are just the beginning of this research's future potential. 
Vehicle systems, emissions reduction, and sustainable transportation scenarios could all benefit 
from the integration of cutting-edge technology, in-depth research, and interdisciplinary 
collaboration. The constantly changing technological and environmental landscape offers 
fascinating prospects for ongoing study that can improve vehicle systems' reaction sets. 
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