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Introduction:  Outer space contains a vast amount of 

resources that offer virtually unlimited wealth to the 

humans that can access and use them for commercial 

purposes.  One of the key technologies for harvesting 

these resources is robotic mining of regolith, minerals, 

ices and metals.  The harsh environment and vast dis-

tances create challenges that are handled best by robot-

ic machines working in collaboration with human ex-

plorers.  Humans will benefit from the resources that 

will be mined by robots.  They will visit outposts and 

mining camps as required for exploration, commerce 

and scientific research, but a continuous presence is 

most likely to be provided by robotic mining machines 

that are remotely controlled by humans. These robots 

often have the same functions that are required for con-

struction tasks. Excavation, hauling and dumping are 

all examples of common capabilities required. 

There have been a variety of extra-terrestrial robot-

ic mining concepts proposed over the last 40 years and 

this talk will summarize and review concepts in the 

public domain (government, industry and academia) to 

serve as an informational resource for future mining 

robot developers and operators.  The challenges asso-

ciated with these concepts will be discussed and feasi-

bility will be assessed.  Future needs associated with 

commercial efforts will also be investigated. 

In-Situ Resource Utilization:  When considering all 

aspects of ISRU, there are 5 main areas that are rele-

vant to human lunar and Mars exploration: 

 

1. Resource characterization and mapping for 

planning and science  

2. In-situ production of mission critical consum-

ables and propellants for crew, power, and 

transportation  

3. Civil engineering and construction for hard-

ware and crew protection and infrastructure 

growth  

4. In-situ energy production and storage  

5. In-situ manufacturing, repair, and reuse  

 

Other destinations, such as Mars, Asteroids, and the 

moons of outer Jovian planets all have their own fla-

vors of ISRU with various related needs and technolo-

gies. This paper will focus on acquiring lunar resources 

through ISRU mining of regolith, minerals, ices and 

metals which is one of the first necessary steps and will 

benefit all aspects of ISRU.  

Robotic Mining & Construction: With automation 

technology robustness and capabilities progressing 

rapidly, terrestrial mining is trending towards more 

automation which results in removing humans from 

dangerous areas as well as increasing production. This 

will result in: 

 Increased safety and improved working condi-

tions for personnel  

 Improved utilization by allowing continuous 

operation during shift changes  

 Improved productivity through real-time mon-

itoring and control of production loading and 

hauling processes 

 Improved draw control through accurate exe-

cution of the production plan and collection of 

production data  

 Lower maintenance costs through smooth op-

eration of equipment and reduced damage  

 Remote tele-operation of equipment in ex-

treme environments 

 Deeper mining operations with automated 

equipment  

 Lower operation costs through reduced oper-

ating labor  

 Reduced transportation and logistics costs for 

personnel at remote locations 

 Control of multiple machines by one tele-

operator human supervisor or fully autono-

mous operations. 

 

With the rapid acceleration of information technology 

and micro-processor capability, the technologies driv-

ing  robotic control of mining equipment in terrestrial 

markets will be available for a “spin-in” to the space 

industry at relatively low cost.  The terrestrial robotic 

mining technologies will have to be customized and 

adapted for use in space environments, but many parts, 

algorithms and sub-systems can be used for leveraging 

an extra-terrestrial mining industry.  Examples include 

vision processing systems, LIDAR, sensors, harmonic 

drives, long life bearings, advanced mobility, micro-

processors, end-effectors, human-machine interfaces 

and methodologies for operations. 
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