Unlocking Societal Trends in Aadhaar
Enrolment and Updates

1. PROBLEM STATE STATEMENT AND APPROACH

Problem Statement :

This project addresses the challenge of analyzing massive Aadhaar enrolment and update
datasets to identify underlying societal patterns, operational bottlenecks, and demographic
trends. The goal is to transform raw event logs into actionable intelligence for policy
optimization.

Objectives :
* Analyse Aadhaar enrolment and update trends till 31st December
* Compare recent state-wise behaviour for Tamil Nadu, Kerala, and Karnataka

* Identify anomalies and demographic patterns

* Present insights using visual analytics

Proposed Approach :

Our approach integrates data engineering, statistical analysis, and modern web visualization:

Data Ingestion & Cleaning: Automated pipelines to handle missing values and normalize
dates.

* Statistical Profiling: Using IQR (Interquartile Range) to differnetiate between data errors and

meaningful anomalies (e.g., enrolment drives).

* Visual Analytics: Developing a full-stack MERN dashboard for interactive exploration of
trends.

2. DATASETS USED

The analysis utilizes authoratative datasets provided by UIDALI:

Dataset Name Key Columns Used Description
Enrolment Data Age Group (0-5, 5-17, 18+), | Daily record of new Aadhaar
Date, State generations.
Update Data (Biometric) Update Type, State, Date Records of fingerprint/iris
updates.




Update Data (Demographic) | Field (Address, DOB), State | Records of non-biometric
corrections.

State-wise Snapshots District, Pincode, Count January data for TN, Kerala,
Karnataka.

Data Sources :
* The analysis uses two primary datasets provided for the hackathon:

* Historical Aadhaar dataset (consolidated data up to Dec 31st)

* State-wise latest datasets (January snapshot for TN, Kerala, Karnataka)

Data Preprocessing & Quality Handling :

To ensure accurate analysis, the raw data underwent rigorous preprocessing steps:

* Missing Value Handling: Rows with critical missing identifiers were removed, while non-
critical fields were filled with "Unknown".

*  OQutlier Treatment: Using the IQR (Interquartile Range) method, we identified statistical
outliers. However, extreme spikes caused by confirmed bulk processing days were identified
and retained as meaningful anomalies rather than removed.

* Date Normalization: All date formats were standardized to YYYY-MM-DD to facilitate time-
series analysis.

* Aggregation: Data was aggregated monthly for trend analysis and by state for regional
comparisons

3. METHODOLOGY

A systematic four-stage methodology was adopted:

Stage 1: Preprocessing

Data cleaning involved standardized column naming conventions (snake case) and converting all
date fields to ISO format. Missing geographical identifiers passed through a fallback imputation
logic "Unknown" to preserve row counts.

Stage 2: Anomaly Detection

We applied specific logic to distinguish valid spikes from errors. Negative values were discarded,
while high-volume spikes (e.g., >3 deviations from median) were flagged as "Operational Surges"
rather than noise.

Stage 3: Aggregation
Data was aggregated on two dimensions: Temporal (Monthly/Daily) for trend analysis and Spatial
(State-level) for regional comparison.



Stage 4: Visualization
Insights were synthesized into static charts (Matplotlib) for this report and a dynamic React.js
dashboard for real-time interaction.

4. Data Analysis and Visualisation
This section presents a comprehensive visual analysis of the Aadhaar dataset, covering historical
trends, normalized comparisons, and regional breakdowns.

Historical Enrolment Trends :
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Figure 1: Historical Enrolment rates till Dec 31 2025

OBSERVATION :

Enrolment rates have stabilized significantly over the entries dataset, reflecting saturation. Early
massive spikes correspond to the initial nationwide enrolment drives.



Historical Biometric Trends :
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Figure 2: Historical Biometric trends till Dec 31 2025

OBSERVATION :

Biometric updates show a consistent, linear increase year-over-year. This steady demand is
primarily driven by mandatory biometric updates for children attaining 5 and 15 years of age.



Historical Demographic Updates
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Figure 3: Historical Demographic trends till Dec 31 2025

OBSERVATION :

Demographic updates (Address, Name, DOB) exhibit high volatility. Peaks often correlate with
administrative requirements or mass migration events necessitating address changes.



Normalized Enrolment Trends (0-1 Scale)
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Figure 4: Normalised enrolment trends

OBSERVATION :

Normalization reveals that relative to their peaks, enrolment activity is sporadic and event-based.
The recent low baseline confirms the shift from acquisition to maintenance phase.



Normalized Biometric Trends (0-1 Scale)
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Figure 5 : Normalised biometric trends

OBSERVATION :

Biometric activity maintains a higher relative baseline than enrolment. This indicates that system
maintenance (updates) has overtaken system expansion (new enrolments) as the primary activity.



Normalized Demographic Trends (0-1 Scale)
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Figure 6 : Normalised Demographic trends

OBSERVATION :

Demographic updates show the most irregular patterns among all metrics. This irregularity
suggests dependency on external factors like policy changes or deadlines for linking Aadhaar.



State-wise Enrolment (January Comparison)

50000

40000

7

| 30000
wn

age

20000

10000

Karnataka Kerala Tamil Nadu
state

Figure 7: Statewide Enrolment Comparison trends

OBSERVATION :

Tamil Nadu leads in new enrolments among the compared states for January. The activity is
heavily concentrated in the 0-5 age group, indicating birth-based registration.



State-wise Biometric Updates (January Comparison)
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Figure 8: Statewide Biometric Comparison trends

OBSERVATION :

Biometric updates are highest in Tamil Nadu, significantly outpacing Kerala and Karnataka. The
5-17 and 18+ age groups show comparable update volumes, reflecting mandatory child updates.



State-wise Demographic Updates (January Comparison)
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Figure 9: Statewide Demographic Comparison trends

OBSERVATION :

Demographic updates are the highest volume activity across all states. Tamil Nadu again shows
the highest absolute numbers, suggesting a larger active population engaging with the service.



Regional Analysis: State Comparison (January)

Comparative analysis of Tamil Nadu, Kerala, and Karnataka highlights distinct operational
footprints.

Key Insights & State Comparisons (January)

Enrolment by Age Group Biometric Updates by Age Group Demographic Updates by Age Group
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Summary of Analysis

« Enrolment: Significant enrolment activities observed in younger age groups.

» Biometric Updates: High volume of biometric updates, correlating with mandatory updates for children.

« Regional Trends: Distinct variations between states (TN, Kerala, Karnataka) indicating different phases of saturation or specific operational drives.
~ Operational Stability: Consistent daily processing with expected dips on weekends/holidays.

+ Anomaly Detected: Sharp spikes observed in early March indicate either backlog clearance or policy-driven enrolment surges.

Recommendations

« Increase enrolment capacity during financial year-end months.
« Plan child-biometric update drives regionally to manage high volume.

Figure 10: State-wise performance breakdown for January

UIDAI DATA ANALYSIS DASHBOARD

Total Enrolments: 5435702 Biometric Updates: 69763095 Demographic Updates: 49295187
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Figure 11: Enrolment and Biometric analysis of historical data (Till 31st Dec 2025).



Demographic Updates Trend
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Figure 12: Demographic analysis of historical data (Till 31st Dec 2025) and Comparison of all

4. KEY FINDINGS & INSIGHTS

1. Demographic Saturation: Enrolment is heavily skewed towards the 0-5 age group, indicating
near-universal coverage for adults.

2. Operational Load: Biometric updates constitute the bulk of daily processing, driven by
mandatory child updates (5/15 years).

3. Anomaly Detected: Sharp activity spikes in March correlate with financial year-end
clearance drives.

5. RECOMMENDATIONS

* Increase capacity during March to handle expected fiscal year-end surges.

* Target mobile enrolment units to districts with high birth rates but low 0-5 enrolment.
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