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Presentation Outline

• Objective and Overview 
• Approach
• Small-scale Mock Mine and Equipment
• Sensor
• Navigation Strategy
• Status and Next Steps
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Objective and Overview

• Objective
Develop autonomous navigation concepts capable of navigating a shuttle car
from the continuous miner change point to the continuous miner coal-
discharge conveyor under various situations representing realistic mining
conditions
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Mock Mine

• Simulate a small portion of coal mine face with (approximately) 20 ft.
wide entries/crosscuts and 50 ft. pillars

• Constructed a 1/6th scale mock mine
• 40 in. wide entries/crosscuts
• 96 in. square pillars
• One intersection
• Roof and floor
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Mock Mine

• Construction - plywood painted flat black
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Shuttle Car

• Borrowed from another project
• 1/6th scale (approximately 4.8 x 1.6 ft.)  
• Four-wheel drive
• Four-wheel opposite-direction steering
• Computer-controller speed and steering
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Continuous Miner

• 1/6th scale prototype
• Prototype emphasizes body and coal discharge conveyor
• Crawlers from 1/12th scale RC excavator
• Fabricated aluminum frame
• Create 3-D drawings of continuous miner
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Continuous Miner
• 3-D print body parts

• Gigabot 3+ and Makerbot Replicator Z-18 3D printers
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Continuous Miner

• Remote control functions
• Electric tram (brushed dc motors)
• Hydraulic control of discharge conveyor elevation
• Electric control of discharge conveyor swing (servomotor)
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Mine and Equipment
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Simulated Environment
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Navigation Process

The Physical 
Environment Collect Data

Sense 

Interpret Data
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Shuttle Car Sensor

• Intel RealSense D435i depth camera
• Stereoscopic depth technology
• Range: up to 10m, ideal range 0.3-3.0 m
• Frame rate up to 90 fps
• Depth field of view: 87° x 58°
• Depth resolution: up to 1280 x 720
• Includes IMU (inertial measurement unit)
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Depth Camera Location

• No single location is ideal

• Currently using midpoint on shuttle car
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Data Collection

• Collect Image and depth information
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Image Annotation

• “the task of annotating an image with labels, typically involving 
human-powered work and in some cases, computer-assisted help”

• Types of Image Annotation
• Whole image classification – id what objects are in the image
• Image object detection – determine the position of individual objects
• Image segmentation – recognize and understand what's in the image. Groups 

of pixels in an image are assigned to a class

Bird

Bird 1

Bird 2

Bird

Bird

Branch

Background
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Image Annotation

• LabelMe annotation tool
• Developed by MIT
• Open-source
• User-friendly
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Navigation Process

• Receive RGB and depth image from camera 
• Segment RGB image into various classes, 

identify the CM discharge conveyor 
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Navigation Process

• Orientation of CM in the 3-D space
• Generation of point cloud and occupancy map
• Path planning on the generated occupancy map from the SC’s current 

pose to the desired pose
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Navigation Process
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Status and Next Steps

At 1/6th scale
• All of the individual pieces are working
• Next – put all pieces together and begin testing
Full-scale
• Begin capturing images of full-scale equipment in realistic mine 

environment
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Questions?

Research reported in this presentation was supported by the National Institute for 
Occupational Safety and Health (NIOSH) under Contract Number 75D30120C08908. 
The content is solely the responsibility of the authors and does not necessarily 
represent the official views of NIOSH.
Industry support and help is greatly appreciated.
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