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Presentation Outline

• Introductory Comments
• Goals and Challenges of the Project
• The Approach
• Current Work and Results
• Future Work
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Mining Automation in the News
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It’s not all good news
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What are Our Goals?
• Reduce risk of injury to miners in the section
• Enhance and transform the role of the shuttle car operator

• Shuttle car operators become shuttle car supervisors

To achieve this…
• Develop an accurate and reliable underground shuttle car autonomous 

navigation methodology and system
• Design, develop, and demonstrate a functional autonomous shuttle car
• Account for human factors related to the automation of certain tasks, 

evaluate the impact of an autonomous SC on the miners and work domain, 
and regulate human-machine interactions that allow remote task allocation 
between personnel and machine
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Challenges
• Harsh environment
• GPS or similar localization technology not available
• Limitations in communications
• Environment is constantly changing
• Poor visibility (for people and sensors!)
• Difficult maneuvering



PEM, September 11, 2020

Approach
• Develop the framework for an accurate and reliable underground 

navigation system,
• Develop lab scale prototype for development and testing
• Develop and demonstrate a functional full-scale prototype of the 

autonomous shuttle car (non-production environment)
• Evaluate the impact of an autonomous shuttle on the miners and 

work domain, including changing work processes and 
organizational structures
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Step 1: Lab-Scale Shuttle Car and Mock Mine
• A 1:6 lab-scale SC has been constructed  
• 4-wheel drive and 4-wheel steering

Brushless DC Motors for Tramming Two-Channel Motor Controller
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Step 1: Lab-Scale Shuttle Car and Mock Mine
• A 1:6 lab-scale SC has been constructed  
• 4-wheel drive and 4-wheel steering

Frame and Axles Servo Motors for Steering
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Shuttle Car Body
• Body is based on Joy 10SC32B drawing provided by Komatsu Mining  Corp.
• Scaled parts printed on Gigabot 3+ and Makerbot Replicator Z-18 3D printers



PEM, September 11, 2020

Lab-Scale Shuttle Car

Discharge-End Load-End
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Lab-Scale Shuttle Car
• Length: 1448 mm
• Width: 500 mm
• Wheelbase: 480 mm
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Lab-Scale Shuttle Car
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• Lab-Scale Shuttle Car - Sensors

Vasilis Androulakis, Steven Schafrik, Joe Sottile, Zach Agioutantis (UK) 24 February, 2020

 2D LiDAR Scanners (4)
• Navigation
• Obstacle Detection
• Mapping

 Ultrasonic Sensors (8)
• Proximity Safety
• Obstacle Detection
• Back-up Navigation

 IMUs (4)
• Enhance Navigation

14/ 15
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Scaled workings



PEM, September 11, 2020

Allows for multiple layouts

Alternate Layouts
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Functionalily Testing
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Autonomous Operation-Preliminary Testing
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Autonomous Operation-Recent Testing
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Sensors - LiDAR Scanning Patterns
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Sensors - LiDAR Scanning Patterns
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User Interface
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• .NET Application – Additional Functions

Vasilis Androulakis, Steven Schafrik, Joe Sottile, Zach Agioutantis (UK) 24 February, 2020 23/ 15
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Navigation System - Data Management



PEM, September 11, 2020

Operator Tool Concept

2.0 m/s

2.0 m/s
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On-going Work
• Continue to refine the navigation system
• Refine the data management system
• Evaluate performance of prototypes in the scaled mock mine
• Retrofit a full-scale shuttle car 
• Demonstrate shuttle car operation at an underground mine
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This presentation and study was sponsored by the Alpha Foundation for the  
Improvement of Mine Safety and Health, Inc. (ALPHA  FOUNDATION). The 
views, opinions and recommendations  expressed herein are solely those of 
the authors and do not imply  any endorsement by the ALPHA FOUNDATION, 
its Directors  and staff.

Industry support and help is greatly appreciated.
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