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1,000
Defect Records Analyzed

2
Input Modes Supported

3
Prompt Versions Tested

100%
Priority Accuracy

4
Structured Output Fields

3
Defect Categories

INTRODUCTION

Manufacturing industries face quality defects - structural, cosmetic, and functional causing:

• Production downtime

• Increased repair costs

• Product reliability failures

Traditional analysis is manual, slow, and inconsistent. This project uses Generative AI to generate 

structured, practical engineering improvement recommendations through a Hybrid AI + Rule-Based 

system.

PROJECT OBJECTIVES

Develop - A Generative AI decision-support tool for manufacturing defect analysis.

Analyze - Defect type, location, severity, and inspection method.

Generate - Structured engineering improvement recommendations automatically.

Support - CSV batch processing and manual natural language input.

Validate - AI priorities with a deterministic rule-based engine.

DATASET

Source: Kaggle - Manufacturing Defects Dataset
Size: 1,000 records
Attributes:
• Defect Type
• Defect Location
• Severity (Critical / Moderate / Minor)
• Inspection Method
• Repair Cost

Used to simulate real-world defect scenarios and validate batch processing.

ETHICAL CONSIDERATIONS

Bias:

Structured prompts reduce generic outputs. Bias may still exist due to limited manufacturing-specific 

training data coverage.

Data Privacy:

No personally identifiable information used. Defect data is not stored permanently. Real-world use requires 

encryption and access controls.

Environmental Impact:

Only necessary API calls are made. Batch processing consolidates requests, minimizing LLM energy 

consumption.

SYSTEM ARCHITECTURE

1. INPUT

CSV or Manual

Defect Description

2. DATA 

FORMATTING

Python + Pandas

Clean & 

Standardize

3. PROMPT

ENGINEERING

Embed defect info 

into

structured prompt

4. LLM ANALYSIS

Llama-3 via Groq

API Generates 

recommendations

5. RULE 

VALIDATION

Deterministic 

engine

corrects priorities

6. STRUCTURED 

OUTPUT

Issue Category 

· Solutions Priority 

· Impact

Technologies:  Python  ·  Pandas  ·  Regex  ·  Groq API  ·  Llama-3 LLM  ·  Streamlit

CSV Input Mode:

Manual Input Mode:

PROTOTYPE - STREAMLIT UI

CSV Batch Output:

Manual Description Output:

EXAMPLE OUTPUT

EVALUATION & RESULTS

Test Case Format Relevance Priority

Surface crack in casting ✔ High ✔

Dimensional deviation ✔ High ✔

Welding defect ✔ Medium ✔

Structured prompt ensured consistent format. Rule engine correctly assigned priority in 100% of cases.

✔ 100% Priority Accuracy  ✔ 100% Format Consistency

CONCLUSIONS & FUTURE WORK

Conclusions:

✔ Demonstrates Generative AI for manufacturing quality analysis.

✔ Hybrid AI + rule-based approach improves output reliability.

✔ Structured prompts ensure consistent, machine-readable outputs.

Future Work:
→  MES real-time integration

→  Fine-tuned manufacturing model

→  Engineer feedback loop

→  Predictive defect analytics

→  Multi-modal (image) inputs
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PROMPT ENGINEERING EVOLUTION

V1 - Initial Prompt

"Provide engineering solutions for this defect."

→ Output was unstructured & inconsistent. Hard to extract insights.

V2 - Structured Prompt

"Follow this format: Issue Category / Solutions / Priority"

→ Output became formatted. Easier to read but model role still undefined.

V3 - Final Prompt  ✔

"You are a manufacturing engineering assistant. No root cause analysis. Follow strict 4-section format."

→ Consistent, reliable, machine-readable output. Suitable for automated validation.

KEY FEATURES

📂 CSV Batch Processing

Analyze multiple defect records simultaneously from uploaded CSV files.

✍️ Manual Input Mode

Type defect descriptions in natural language — no structured data needed.

🔍 Automatic Field Extraction

LLM extracts defect type, location, severity, and inspection method automatically.

⚖️ Priority Validation Engine

Critical→High  |  Moderate→Medium  |  Minor→Low. Prevents incorrect AI priority assignments.

TRY THE TOOL - SCAN TO ACCESS

Scan QR Code to try the live tool!


