
MineGuard 360
🛡 MineGuard 360: Complete AI + IoT 
Intelligence Platform for Modern Mining
Revolutionizing Zambian Mining Through Real-Time Intelligence

🌐 Visit our website for more information: tanshidigitalsolutions.site 

Built by Tanshi Digital Solutions  Because safety and efficiency drive profitability

📌 Executive Summary
MineGuard 360 is a comprehensive, AI-powered safety and productivity 
ecosystem designed specifically for Zambia's mining industry. Our integrated 
platform combines real-time computer vision, IoT sensor networks, and edge 
computing to create an intelligent mining environment that:

Prevents accidents through predictive safety monitoring

Optimizes operations via automated systems control

Maximizes profitability through enhanced productivity and compliance

Ensures quality with automated mineral sorting and detection

🎯 Mission: Transform Zambian mines into smart, safe, and 
highly profitable operations using cutting-edge technology.

🙋🏽♂️ About the Team

Core Team - Tanshi Digital Solutions
Joshua Katebe, CEO & Lead Developer

3rd Year Computer Science Engineer, DMI St. Eugene University

ID 23211055004
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Backend & AI Developer

System architecture and AI model development

Bwalya Musunka Lampi, COO & Frontend Lead

3rd Year Computer Science Engineer, DMI St. Eugene University

ID 23211055011

Frontend & Mobile App Developer

Dashboard design and user experience

Steward Changala, CTO & Hardware Specialist

3rd Year Computer Science Engineer, DMI St. Eugene University

ID 24213055038

IoT & Embedded Systems Developer

Sensor networks and hardware integration

Student Edge: Why This Matters
As university students from DMI St. Eugene, we bring:

⚙ Fresh energy & adaptability: rapid solutions, iterative improvements

🧠 Cutting‑edge learning: applying YOLOv8, IoT, MicroPython on edge 
devices

🇿🇲 Local insight: understanding underground mine realities in Zambia, 
especially Copperbelt operations

🤝 Collaborative spirit: ready to partner with universities, local mines, & 
regulators

📉 Problem Analysis

⚠ Zambia Mining Safety in 2024
98 reported mining accidents, including 31 fatalities, up from 43 accidents 
and 19 deaths in 2023
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That's an additional 55 accidents and 12 more deaths—an alarming 128% 
rise in fatalities year-over-year

Notable tragedies include:

8 killed in an informal mine collapse at Chingola Oct 2024

10 killed in Mumbwa Oct 2024; 9 in Lusaka Aug 2024

Current State: Reactive, Manual, and Dangerous

Key Challenges in Zambian Mining

🚨 Safety Issues 💰 Economic Impact ZMW 🔧 Operational Inefficiencies

PPE non-compliance 40%
violation rate)

Fatal accident cost:
K21,880

Manual ventilation wastes
30% energy

Gas leak detection delays
5 minutes)

Major accident: K8,122 Security breaches cause
significant losses

Worker fatigue/inactivity
undetected

Minor accident: K3,976 Manual sorting allows 12%
impurities
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Emergency response delays
Regulatory fines:
K500,000 per incident

Maintenance issues cause
20% downtime

💸 Economic Impact (in ZMW)
Corporate-level losses (average estimates):

Incident cost K500,000 per major accident

Insurance premium rise of 15% due to frequent incidents

Regulatory penalties around K500,000 per incident

A mid-sized mine experiencing 10 accidents per year could realistically lose up to 
K5 million annually — not counting long-term reputational and compliance costs.

💡 Our Solution: MineGuard 360 Ecosystem

Comprehensive AI + IoT Platform
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🔧 Core System Modules

🛡 Module 1: Advanced Safety Intelligence
Features:

Real-time PPE Detection YOLOv8-powered helmet, vest, and safety gear 
monitoring

Multi-gas Detection CO, CO₂, CH₄, H₂S monitoring with predictive alerts

Worker Vitals Monitoring Heart rate, body temperature, and activity tracking

Fatigue Detection Computer vision analysis of worker behavior patterns

Emergency Evacuation Routing Dynamic path optimization during 
emergencies

Hardware Stack:

ESP32CAM modules with night vision capability

MQ-series gas sensors MQ2, MQ7, MQ135

Wearable IoT devices with biometric sensors

Emergency beacon transmitters

AI Models:

Custom YOLOv8 trained on 10,000 mining safety images

Behavioral analysis using pose estimation

Anomaly detection for unusual movement patterns

🌬 Module 2: Smart Ventilation Control System
Intelligent Airflow Management:

Traditional System MineGuard 360 Smart System

Fixed fan speeds Dynamic adjustment based on occupancy

Manual controls AI-driven optimization
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30% energy waste 45% energy savings

Poor air quality zones Uniform air distribution

Key Features:

Personnel Detection Computer vision counts workers in each zone

Equipment Activity Monitoring Vibration sensors detect active machinery

Air Quality Optimization CO₂, dust, and humidity sensors trigger ventilation

Energy Efficiency Machine learning optimizes fan speeds for minimum 
energy use

Predictive Maintenance Vibration analysis predicts fan bearing failures

🔒 Module 3: Intelligent Security & Access Control
AIPowered Perimeter Protection:

Threat Detection Capabilities:

Unauthorized Personnel Facial recognition against employee database

Vehicle Intrusion License plate recognition and unauthorized vehicle 
detection

Suspicious Behavior Loitering, climbing fences, carrying prohibited items

Wildlife Detection Animal intrusion alerts to prevent equipment damage

Environmental Threats Fire, flood, or structural damage detection

Security Response Matrix:
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Hardware Components:

IP cameras with infrared and thermal imaging

Motion sensors with adjustable sensitivity

RFID/NFC access control systems

Emergency communication towers

💎 Module 4: Automated Mineral Quality Control
Computer Vision-Based Sorting & Analysis:

Mineral Detection Capabilities:

Copper Ore Identification Spectral analysis and color classification

Cobalt Detection Advanced ML models for cobalt-bearing minerals

Impurity Detection Foreign materials, rocks, and contaminated samples

Grade Estimation Visual assessment of ore quality and concentration

Automated Sorting Pneumatic rejection system for substandard materials

Quality Control Process:

 Image Capture High-resolution cameras scan conveyor belts
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 AI Analysis Custom-trained models identify mineral types and quality

 Decision Making Real-time classification and sorting decisions

 Physical Sorting Pneumatic jets separate materials automatically

 Quality Reporting Continuous quality metrics and batch tracking

Expected Quality Improvements:

Reduce impurities from 12% to 3%

Increase copper concentrate grade by 15%

Eliminate human error in manual sorting

Provide real-time quality analytics

🧠 Module 5: Central Intelligence Hub
Edge Computing Architecture:

Component Specification Purpose

Main Processing Unit NVIDIA Jetson Nano/Xavier AI model inference

Local Storage 1TB SSD  256GB SD Data logging and model storage

Communication Hub 4G/5G  LoRaWAN Sensor network coordination

Backup Power 24V Battery Bank Uninterrupted operation

Environmental Protection IP67 Rated Enclosure Dust and water resistance

Data Flow Architecture:
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🧾 Adjusted Impact Table (ZMW)

Metric Before MineGuard
360

With System
Target)

Annual Savings

PPE compliance 60% 95% -

Accident costs per
incident

K500,000 K100,000 80%
reduction)

K400,000 per
incident

Annual incident cost
10/year)

K5,000,000 K1,000,000 K4,000,000

Hospital/compensation
per fatal

K21,880 Prevented K21,880 per
prevention

Regulatory fines per
incident

K500,000 Prevented K500,000 per
prevention

🧬 Summary: Financial Case
Investing in MineGuard 360 could save a mid-sized mine over K4 million 
annually, while dramatically reducing legal liabilities, insurance costs, and life-
threatening hazards.

🔬
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🔬 Technical Implementation Plan

Phase 1: Core Safety System (Month 1-2)
 

 

 

 Field testing in controlled environment

Phase 2: Smart Ventilation (Month 2-3)
 Personnel counting system integration

 Fan control automation

 Energy optimization algorithms

 Pilot installation at test site

Phase 3: Security & Quality Control (Month 3-4)
 Security camera network setup

 Mineral sorting system development

 Threat detection model training

 Integration testing

Phase 4: Full System Integration (Month 4-5)
 Central hub deployment

 Dashboard development

 Data analytics implementation

 Comprehensive system testing

Phase 5: Commercial Deployment (Month 5-6)
 Partner mine pilot program

 System optimization based on feedback

PPE detection model training YOLOv8

ESP32 sensor network prototyping

Basic alert system implementation
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 Scaling and production planning

 Regulatory compliance certification

🛠 Prototype Development Status

✅ Completed Components
AI Models:

YOLOv8 helmet detection: 94% accuracy

Gas leak classification: 89% accuracy

Personnel counting: 91% accuracy

Hardware Prototypes:

ESP32 sensor nodes: Functional

Camera integration: Working

Alert system: Operational

Software Development:

Real-time processing pipeline: Complete

Basic dashboard: Functional

Data logging system: Operational

🎯 Target Market Analysis

Primary Markets:

Market Segment Potential Clients Implementation Priority

Large Copper Mines Mopani, KCM, Lumwana High ⭐⭐⭐

Medium Mines Chambishi, Nkana High ⭐⭐⭐

Construction Companies Underground projects Medium ⭐⭐

Quarries & Aggregates Stone, sand extraction Medium ⭐⭐

International Markets DRC, Tanzania, Botswana Long-term ⭐
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Competitive Advantages:
 Local Development Understanding of Zambian mining conditions

 Integrated Solution Complete ecosystem vs. point solutions

 Cost-Effective Significantly less expensive than international alternatives

 Offline Capability Works without reliable internet connectivity

 Customizable Adaptable to specific mine requirements

 Local Support On-site technical support and training

🏆 Implementation Strategy

Go-to-Market Approach
Phase 1 Proof of Concept Q3 2025

Partner with DMI St. Eugene University for testing facility

Conduct demonstrations at mining conferences

Engage with ZCCM and Ministry of Mines

Phase 2 Pilot Programs Q4 2025

Deploy at 23 willing mining partners

Collect performance data and user feedback

Refine system based on real-world usage

Phase 3 Commercial Launch Q1 2026

Full product launch with marketing campaign

Establish dealer/installer network

Begin international market expansion

Phase 4 Scale & Expand 2026

Add new features based on market demand

Develop industry-specific variants
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Establish manufacturing partnerships

📈 Future Roadmap

Technology Evolution
Short-term 612 months):

Enhanced AI models with transfer learning

Mobile app for field supervisors

Integration with existing mine management systems

Automated reporting and compliance tools

Medium-term 12 years):

Drone integration for aerial monitoring

Predictive maintenance using ML

Advanced analytics and BI tools

Multi-language support Bemba, Nyanja, English)

Long-term 25 years):

Autonomous mining equipment integration

Blockchain-based supply chain tracking

Satellite connectivity for remote mines

Regional expansion across Africa

🌍 Social Impact Goals

Contributing to Zambia's Mining Vision 2030
Safety First Reduce mining fatalities by 80%

Productivity Boost Increase operational efficiency by 35%

Skills Development Train 500 local technicians
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Economic Growth Support Zambia's goal to triple copper production

Technology Transfer Establish Zambia as a mining tech hub for Africa

📞 Contact & Next Steps

Ready to Transform Your Mine?
Tanshi Digital Solutions

📧 Email: joshuakatebe15@gmail.com
📱 
Phone: 260 977 487 852
🏢 
Location 9 miles Lusaka, Zambia
🌐 
University DMI St. Eugene University

"Let's build the future of mining together – where technology saves lives"

MineGuard 360 Smart. Safe. 

🌐 Visit our website for more information: tanshidigitalsolutions.site 
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