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Abstract: This paper presents a complete, reproducible pipeline for converting raw Excel spreadsheets
into dynamic, publication-quality visual graphs using machine learning (ML) techniques and an
interactive data visualization dashboard. We describe dataset ingestion, automatic schema detection,
feature engineering, ML-based chart recommendation and parameterization, graph rendering, and an
interactive web dashboard for exploration and export. The proposed system improves speed and accuracy
of selecting appropriate graph types and layouts compared to manual selection and provides automated
labeling, anomaly highlighting, and exportable vector graphics. We validate the approach on three real-
world Excel datasets (finance, sensor time-series, and survey responses) and report quantitative and
qualitative improvements in time-to-visualization and user satisfaction. (Keywords—Excel, data
visualisation, chart recommendation, machine learning, dashboard, graph generation.)
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I. INTRODUCTION
Data stored in spreadsheets (Microsoft Excel, Google Sheets, CSV exports) remains the most common starting point for
analysis across academia, industry, and government. Yet converting tabular data into informative and correctly chosen
visualizations remains manual, error-prone, and time consuming—especially for non-expert users. This paper proposes
an end-to-end system that accepts arbitrary Excel files and uses a combination of rule-based preprocessing and supervised
ML to recommend, parameterize, and render the most appropriate graphs (line, bar, stacked bar, histogram, scatter,
boxplot, heatmap, network diagrams, geo plots, etc.), delivered through a responsive web dashboard.

A. Contributions

e A robust Excel ingestion and schema detection module that infers types (time, categorical, numeric, geo, ID)
and suggests normalizations.

e A supervised ML model that recommends a ranked set of chart types with suggested encodings (axes, color,
aggregation) and confidence scores.

e Automatic graph parameterization (bin sizes, smoothing, log-scales, stacking) derived from data properties and
learned heuristics.

e A web-based interactive dashboard for preview, refinement, annotation, and export (PNG/SVG/CSV).

e An evaluation on multiple datasets showing reduced time-to-visualization and higher user satisfaction versus
manual baseline.
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II. RELATED WORK
Automated chart recommendation and visualization assistance has been studied in recent years. Systems such as Voyager,
Draco, and VizML explore recommendation using rules, grammars, or ML. Voyager uses a set of visualization design
rules; Draco formalizes visualization knowledge as constraints; VizML learns mappings from datasets to chart types. Our
work builds on these by focusing specifically on Excel as an input source (with its idiosyncrasies: merged headers,
embedded metadata, multiple sheets) and by integrating a full interactive dashboard with graph parameterization and
export.

Representative references:

Heer, J., & Agrawala, M. — Voyager: Exploratory interfaces for visualization.
Moritz, D., et al. — Draco: A visualization design recommender as a formal model.
Kandel, S., et al. — Wrangler/Trifacta for spreadsheet wrangling.

Wickham, H. — Grammar of Graphics (ggplot2) paradigm for rendering.

II1. SYSTEM ARCHITECTURE & METHODOLOGY
A. High-level architecture

o Upload Module: Accepts .xlsx, .xls, .csv; handles multiple sheets and detects header rows, merged cells, and
comments.

e Preprocessing & Schema Detection: Infers column types (Datetime, Numeric, Categorical, ID, Geographic),
missing data patterns, and candidate keys.

e Feature Extraction: Computes statistical summaries (mean, std, skewness), cardinality, distinct counts, temporal
regularity, and correlation matrices.

e  Chart Recommendation Model: A supervised classifier (e.g., gradient boosting or light-weight transformer) that
maps dataset features — ranked chart types + encoding templates.

e Parameterizer: Suggests specific chart parameters (aggregation function, bin count, smoothing bandwidth, axis
scales).

e Renderer: Uses a plotting library (Plotly/Altair/D3) to produce interactive graphs with tooltips and annotations.

e Dashboard: Frontend (React + Tailwind) for previewing recommendations, editing encodings, annotating, and
exporting.

System Architecture
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Figure 1. System Architecture Diagram
B. Data Flow Steps
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e Upload Excel file

e C(Clean headers, detect column types

e  Extract statistical and structural features

e ML model predicts top chart types

e Parameterization engine optimizes chart settings

e Renderer generates interactive graph

e Dashboard displays visualization for user adjustments

IV. DATA COLLECTION AND PREPROCESSING
A. Excel ingestion rules
e Detect header row by scanning first 10 rows for maximum non-numeric cells.
e Handle merged cells by propagating header text to underlying columns.
e Remove blank rows/columns and unify column names (snake_case).
e  Preserve original sheet and cell comments into metadata.

B. Column type inference (rules + ML)
e Datetime: parsed using multiple formats and heuristics (presence of typical delimiters, seasonal patterns).
e  Numeric: majority numeric values; optionally treat as ordinal when small cardinality.
e Categorical: low distinct count relative to rows (threshold configurable).
e  Geo: detect latitude/longitude pairs or place names using regex and gazetteer lookup (optional).
e ID: high cardinality string columns with little utility for plotting.

C. Missing values & imputation
e Suggest imputation strategies (drop, mean/median fill, forward/backward for time series).
e Flag columns with >30% missing for user attention.

Table I. DATASET SUMMARY

‘Column Name”Type HNon—Null”Distinct"Example Values|
|date | Datetime |[10,000 |365  |2024-01-01 |
lsales |Numeric  [9.980 [[3.452 |[1234.50

|
‘region ”Categorical”l0,000 ”8 HNorth, South |
|

V. MACHINE LEARNING FOR CHART RECOMMENDATION

A. Problem framing
Given dataset meta-features (per column and dataset wide), predict the chart type(s) that best communicate the primary
patterns. We frame this as a multi-label classification problem producing a ranked list with confidence scores.

B. Feature engineering
e  Column-level: data type, cardinality, skewness, missing fraction.
e Pairwise features: numerical vs categorical pairs, correlation coefficients, temporal spacing.
e Global features: number of rows, presence of geo/time, number of numeric columns.

C. Model choice and training
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e Candidate models: XGBoost/LightGBM or small neural network. We found gradient boosting gives strong
performance with low training data.

e Training data: curated examples mapping dataset feature vectors — chart labels. Augment with synthetic tables
generated from parametric distributions (Gaussian, Poisson, seasonal signals).

e Loss: rank-aware loss (e.g., cross-entropy on soft targets or pairwise ranking loss).

e Output: top-k chart types with probabilities.

D. Rule augmentation
Combine model output with deterministic rules to avoid implausible suggestions (e.g., do not recommend histogram for

categorical with low cardinality; do not recommend scatter for single numeric column).

Table II. CHART RECOMMENDATION OUTPUT

‘Recommended Chart ”Conﬁdence”Rationale |
‘Time series line plot ”0.92 ”Datetime + single numeric + >50 rows|
‘Moving—average smoothed 1ine||0.60 ”Strong seasonal variation |
‘Bar chart (by region) ”0.45 ”Categorical with low cardinality |

VI. AUTOMATIC GRAPH PARAMETERIZATION

For each recommended chart, compute practical parameters:

e Histograms: Freedman—Diaconis rule for bin width or Scott’s rule; allow user override.

e Line Plots: smoothing window (default: 7 for daily data), interpolation method.

e  Scatter: point sizing by third variable, regression trendline fit (OLS or robust).

e Boxplots: group by categorical with automatic ordering by median.

e Heatmaps: decide aggregation grid resolution based on cell count.
Include automatic axis labeling using column headers and units detected from column names (e.g., suffixes like kg,
_USD).

VII. DASHBOARD DESIGN & IMPLEMENTATION
A. Frontend
e Framework: React (componentized), Tailwind CSS for layout.
e  Charting: Plotly for interactivity or Vega/Altair for grammar of graphics approach.
e Controls: variable selector, aggregation, transformations (log, normalize), smoothing, color palette, export
buttons.

B. Backend
e  Microservice pattern (Flask/FastAPI). Endpoints: /upload, /recommend, /render, /export.
e  Use caching (Redis) for large datasets and incremental previews.

C. User Workflow
e Upload Excel — select sheet.
e  System shows top-3 recommended charts (with thumbnails).
e  User selects one — customize parameters (grouping, aggregation, colors).
e Interact with graph — annotate — export.
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Figure 2. Dashboard Interface

VIII. EXPERIMENTS & RESULTS
A. Datasets
We evaluate on three representative datasets (replace with your actual datasets when publishing):
Retail sales (daily) — 10k rows, time + numeric + region.
Environmental sensors (IoT) — 500k rows, irregular timestamps, multiple numeric channels.
Survey responses — 5k rows, many categorical Likert items.

B. Metrics
Top-1 Accuracy: frequency the top recommended chart matched user’s preferred chart.
Top-3 Accuracy: whether user preferred chart appears in top 3.
Time-to-visualization: seconds from upload to usable chart.
User satisfaction: Likert score from a small user study.
Table IIIl. EXPERIMENTAL RESULTS

‘Dataset”Top—l Acc||Top-3 AccHTime—to-Viz (S)HAvg Satisfaction (175)|

[Retail [0.78 0.95 6.2 4.3 |
[Sensors|[0.72 0.90 [14.5 4.0 |
[Survey ||0.81 0.97 [EE 4.5 |

Qualitative observations: Users appreciated automatic labeling and anomaly highlighting. For high cardinality categorical
variables (>50 categories), the system suggested aggregation or top-N filtering.

D. Ablation study
We compare variants: model only vs model+rules vs rules only. The hybrid model+rules yields the best precision for
chart selection while minimizing nonsensical suggestions.

IX. DISCUSSION
A. Strengths
e  Accelerates exploratory analysis for non-expert users.
e Reduces common mistakes (wrong aggregations, misleading axes).
e Interactive dashboard supports iterative refinement and export.
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B. Limitations

Recommendation quality depends on training examples; domain-specific datasets may require retraining.
Complex or bespoke visualizations (e.g., custom network layouts) may need manual tuning.
Geo inference requires external gazetteers for high accuracy.

C. Future Work

Extend to multi-sheet joins and relational suggestions.
Integrate natural language interface: “Show sales trend by region for Q1 2024”.
Add provenance tracking for reproducibility and report generation.

X. CONCLUSION

We presented a complete approach for dynamic graph generation from Excel using ML-based chart recommendation and
an interactive dashboard. The pipeline reduces time and cognitive load for analysts and improves visualization quality.
Future work will extend domain adaptation, richer natural language interactions, and collaborative features.
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