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Abstract — This research explores low-cost, Al-based
business intelligence (AI-BI) platforms customized for
Small Scale Enterprises around Kolkata, bridging
infrastructure, budget, and digital preparedness
constraints. With open-source machine learning
software, an AI-BI dashboard prototype using Python
libraries (Scikit-learn, XGBoost, FastAPI) was created
and tested with synthetic data mimicking retail and
manufacturing activities. Central functionalities were
demand forecasting, churn prediction, and customer
segmentation. Simulation evaluation revealed improved
mean forecast accuracy by 35% and clearer
segmentability of customers. Although the use of real
business data for the models was not possible due to
anonymity concerns considering the open-source nature
of the research, the project contributes a reproducible,
open-source platform design and evaluation framework.
Results prove AI-BI adoption at scale as technically
feasible in under-resourced contexts of SMEs and
provide foundations for future field verifications.
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1. INTRODUCTION

1.1 Context of the Research

In India, Small Scale Enterprises make up about
roughly 30% of the GDP [ and employ over 120
million people 1. In the state of West Bengal, there is
a large number of Small-Scale Enterprises in textile,
leather, retail, and service sectors. However, according
to data figures, only about 15% of Indian SMEs have
integrated Digital or Al-based tools into their
operations 1. This can be attributed to cost-sensitivity
of existing technologies, limited awareness about use-
case, complicated implementation methods, and
unsure Return on Investment ®l. The demand for cost-
effective and easy-to-implement digital-solutions is
rising among these enterprises, but implementation
still remains a problem due to above mentioned
reasons.
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1.2 The Problem

Despite the potential of Artificial Intelligence to
streamline business processes, small scale enterprises
in Kolkata struggle to access and implement low-cost,
easy-to-implement Al tools to automate tasks. The
tools and frameworks that currently exist (like TOE
framework ! or TAM framework [©1) are often
unaffordable, overly complex, or require other
technologies available together to give accurate results
. These frameworks lack adequate local feasibility
study especially in cost-sensitive and low-experience
enterprises . This leads to reliance on instinct-based
or manual decision-making.

1.3 Background and Related Studies

The existing work researching Al adoption among
enterprises has investigated several conceptual
frameworks. Common Artificial Intelligence Maturity
Model (AIMM Py  proposes a five-staged
framework— Awareness, Experimentation,
Operational, Optimization, Transformation —to frame
Al adoption as a continuum [, Combining structural
preparedness factors (Technology—Organization—
Environment 1), behavioral intention models
(Technology Acceptance Model [91), and operational
stage (AIMM [l) would encapsulate adoption
dynamics in a more complete framework.

Various researchers urge caution in excessive reliance
on imported models, emphasizing localized solution
approaches so that they align with local conditions,
such as infrastructure limitations, educational level,
and industry-specific workflow. A recent study by
Serena Proietti and Roberto Magnani in 2025 [1]
explicitly states that “SMEs face considerable
obstacles, largely due to the smaller amounts of data
they handle and the generally lower quality of the data
they have available” which is a huge problem when it
comes to globalized frameworks. Another study in
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2024 2 provides a comparative analysis of regional
barriers (financial, skill, regulatory) across continents
and highlights how high-cost, low-experience” barrier
is a common, yet under-studied, problem in emerging
economies like India.

Measuring Al's impact has also been erratic, as metrics
used differ substantially between studies. Most
sophisticated analyses use quantitative KPIs '], such
as:

_r Typical
KPI Description ypica
Improvement
Mean Absolute +30-40%
Forecast -
Accurac Percentage Error predictive
Y below 20% value
Reduction in
. unplanned
Downtime
. t Up to 409
Reduction system of pto40%
process
downtime
Customer Improved NPS
. . and customer 10-20% uplift
Satisfaction . .
retention metrics
Gains through
Reveflue Al-led target.ing 5-10% growth
Uplift and dynamic
pricing

Despite stated advances, there is a lack of study for a
localized approach for an AI-BI framework for small-
scale enterprises.

1.4 Identified Research Gap

In the recent studies in this field, there is a lack of
specific focus on Al adoption in Eastern India.
Additionally, studies regarding feasibility of existing
frameworks for cost-sensitive small-scale enterprises
are inadequate. Also, a comprehensive study on
localized Al tools in local small businesses is mostly
unexplored.

1.5 Objectives of the Research

To identify practical, cost-effective Al strategies that
address common pain points in workflows of these
small-scale enterprises.

To design and prototype an open-source Al business
intelligence dashboard that is tailored specifically to
the needs of these and similar enterprises.
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To evaluate business performance improvements in
quickly-measurable areas like sales forecast accuracy,
customer-segmentation to prioritize the customers
bringing in the highest revenue, and customer
satisfaction.

1.6 Scope and Limitations

While comprehensive, this research data was limited

to small-scale enterprises with fewer than 250

employees and only five sectors were selected:

manufacturing, retail, healthcare, logistics, and
finance. All the enterprises were in the greater Kolkata
region which might affect the accuracy of the data
presented for other regions. Another limitation of this
study is the synthetic data used for the results.

However, the data was created after careful analysis of

120+ small-scale enterprises in the greater Kolkata

region and thus tries its best to mimic real business
data. The use of synthetic data is due to a number of
factors including:

1. The businesses contacted asked to keep the
anonymity of their business data and transactions
since the data used in this study would be open-
source and uploaded to GitHub.

2. Since multiple businesses in the same sector were
contacted to analyze data from, the business
owners did not want their business data to leak to
their competitors due to the open-source nature of
this study.

2. METHODOLOGY

2.1 The Approach

This study follows a prototype-oriented design using

simulated data and user interactions to model the

functionality of an Al-driven business intelligence
platform for small scale enterprises. The approach used
was:

1. A dashboard was designed using React]JS and
Typescript via Vite to showcase business
intelligence data (sales forecast, customer
segmentation, and churn analysis).

2. Mock datasets were created to feed into machine
learning models.

3. machine learning models were created using python
libraries.

4. The models were deployed via a Fast API backend.
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2.2 Al Model Development

Python Libraries Used: The scikit-learn library was
utilized due to its extensive set of stable, thoroughly
tested machine learning utilities, suited perfectly for
quick prototyping of classification and -clustering
models during research. Sales forecasting utilized the
XGBoost library due to its successful performance in
processing tabular business data, resistance to missing
information, as well as non-linear relationships better
than standard regression models. The Pandas library was
used for its efficiency in handling structured business
datasets, enabling fast filtering, aggregation, and
transformation of operational data into model-ready
formats. NumPy library was utilized for its high-
performance array manipulation and generation of
random numbers, which were important for generating
synthetic data with simulated noise for the purpose of
simulation. The Matplotlib library was used due to its
ability to create publication-quality, fully interactive
plots ideal for academic papers.

Model 1: Sales Forecasting: A XGBoost Regressor
Algorithm was used to forecast sales by taking date,
product category, and historical sales volume as input.
The output gives the predicted daily sales vs the actual
sales data as a line graph.

Model 2: Customer Segmentation: A Kmeans Cluster
Algorithm was used to segment customers by taking
purchase frequency, average order value and recency as
input. The output gives 4 scatter plots of Average Cart
Value vs Total Money Spent highlighting customer
behaviour across the various segments as and a table to
understand the same.

Model 3: Churn Prediction: A DecisionTree Classifier
Algorithm was used to predict the churn rate by taking
last purchase, number of support tickets, and negative
reviews as input. The output gives a line graph of Actual
vs Predicted Churn according as a relation with
customer satisfaction.
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Flow of Data

Backend

CSV File containing Business Data Pandas Library is used to pre-process

the CSV file

|

The Respective Algorithm is used

stored in backendfmodels/

Matplotlib library vidualises the

. . o » necessary librarics for eac
outputin the form of graphs [+ by calling necessary libraries for cach

model to get the needed output

Frontend
v

The Graphical Hllustrations and Segmentation Table are served by the FastAPT

and revieved on the dashboard using React]S

l

‘ The data is shown visually on the dashboard in a way that the user can

understand with explanations

2.3 Ethical and Procedural Notes

All data used for the machine learning models were
synthetically generated as discussed in the previous
section. The results are framed accordingly, keeping in
mind the synthetic nature of the output.

3. RESULTS AND DISCUSSIONS (PROTOTYPE
SIMULATION)

3.1 Evaluation Metrics

The business intelligence data received from the

machine learning models are evaluated on the following

criterias:

1. The Mean Absolute Percentage Error (MAPE) [14]
of the sales forecast to check the accuracy of the
forecasting model in the simulated environment.

2. The Silhouette Score [15] of the customer
segmentation model to ensure proper usability of
the segmented information.

3. The Accuracy Score of the churn model to check
the accuracy of the churn in the simulated
environment.

3.2 Model Performance Summary
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Customer KMeans (4 Silhouette 0.52
’ (moderate
Segmentation clusters) Score .
separation)
Churn DecisionTreeC N
Prediction lassifier Accuracy 84.3%

3.3 Visual Outputs
Sales Forecast Line Graph:

Weekly Ava: Actual s Predicted Sales (Simulated)
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The visualization of sales predictions reveals how the
model is capable of estimating underlying sales trends
within weeks with relative steadiness. Despite existing
slight deviations apparent from inherent noise, the
forecasted curve does remarkably well echoing peaks
and lows, showing the model's capability in estimating
trends amidst inherent fluctuations in sales data.

Customer Segmentation Scatter Plot:

Customer Segments: Avg Cart Value vs Total Spent
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Segmen |G S Cart Vaglue Vi Last Sgorey [Engagement %

Visit

0 5127.07 | 344.30 15 43 6.55 26.73

1 3354.39 | 277.99 12 61 8.02 42.75

2 2605.76 | 317.44 8 39 7.43 23.03

3 3092.54 | 268.67 12 30 4.93 28.28

The visualization of segmentation plots demonstrates
behavioral clustering with KMeans (k=4). Segment 0
(top-left) identifies high spenders with high cart values

IJIRT 185126

as premium or bulk buyers. Segment 1 (top-right)
indicates moderate spenders with equally distributed
cart sizes. Segment 2 and Segment 3 (bottom) indicate
low-spending customers with differently occurring
visit frequencies. The distinction between plots
confirm successful segmentation, offering targetable
marketing strategies and tailored engagement
according to spend behavior.

Churn Line Graph:

g, Actual vs Predicted Chum Probability by Satisfaction Score

This visualization represents the interaction between
customer satisfaction and churn probability. With
increasing satisfaction levels, predicted churn (red
line) goes down, simulating natural churn dynamics.
Realized churn (blue line) varies sporadically, typical
of inherent noise. Despite variables, the overall
decreasing trend is as expected. This plot shows how
predictive modeling can abstractly generalize patterns
in churn even in simulated environments.

4. CONCLUSIONS

The research effectively built and tested a lightweight,
module-based Al dashboard with synthetic business
data, including forecasting, segmenting, and
predicting churn modules that yielded usable outputs.
The prototype illustrates low-cost Al applicability
among small scale enterprises, even without large
datasets, and acts as a model for wider
implementation.

Success seen from the testing of these models shows
the need for government- or incubator-sponsored
deployment of similar structures in resource-limited
areas.

Integration with accounting software like Tally or POS
systems would add further versatility. From a research
standpoint, future research must study Al
preparedness matrices among small scale enterprises
in Tier-II cities, monitor long-term behavioral changes
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after adoption, and transfer the prototype into mobile-
based dashboards for real-time information delivery.
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