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Introduction:  In the coming years there will be a 

paradigm shift in space exploration from government 

to commercial missions, which will include commer-

cial in-situ resource utilization (ISRU) missions. Pri-

vate companies will launch, land and deliver payloads 

to the lunar surface primarily for anchor government 

customers through programs such as NASA’s Com-

mercial Lunar Payload Services (CLPS), Lunar Surface 

Instrument and Technology Payloads (LSITP) and 

ESA’s Lunar Exploration Campaign Science and Pay-

load.  

While early commercial flights will see small, sin-

gle-use tele-operated rovers with limited autonomy 

used to deliver payloads and provide data to Principal 

Investigators (PIs), the resulting 2-week missions will 

be time- and operator-intensive and, ultimately, expen-

sive to operate.  

Although these rovers will be able to accomplish 

basic technical objectives, more autonomous behavior 

– such as terrain perception, path planning, control or 

data analytics – would reduce operator workload, ena-

ble more distributed ground operations, enable multi-

rover collaborative prospecting missions, and increase 

the safety, yield and efficiency of ISRU rover or lander 

mission(s) [1,2,3,4]. Further, private companies will 

have economic incentives not only to make missions 

more efficient and productive, but to reuse software 

across multiple payloads and missions.   

We foresee a growing and near-term demand for an 

easily accessible, on-demand mission control software 

that would provide geographically distributed opera-

tions for commercial space companies, mission and 

payload operators, and researchers.  

Mission Control Software (MCS): Mission Con-

trol Space Services Inc. (Mission Control) is develop-

ing the Mission Control Software (MCS) to address 

emerging operations and autonomy needs in upcoming 

privately-led lunar ISRU (and other) missions. MCS is 

a cloud-based solution that enables operation of lunar 

spacecraft (e.g. payloads, rovers), while securely dis-

tributing data access and command responsibilities to 

any number of users involved in a mission. MCS would 

also allow operators to offboard certain guidance, nav-

igation and control algorithms to the ground segment, 

enabling more autonomous behavior for computation-

ally limited platforms [5], such as microrovers–where 

direct teleoperation is widely considered a baseline 

concept of operations [6].  

Through this technology, Mission Control brings 

the Software-as-a-Service (SaaS) paradigm to space 

exploration and extends it by offering Mission-as-a-

Service and Data-as-a-Service layers to the emerging 

market of service-based commercial lunar missions.  

How MCS Supports ISRU Missions: MCS would 

have direct applications to ISRU characterization, pro-

specting, and extraction missions, which would make 

use of instruments to measure and verify the extent of 

potential resource deposits, determine the composition 

of/form these resources are in, and conduct resource 

extraction. Landed missions of this nature would likely 

involve rovers in different locations, which would in 

some cases need to converge on/travel to areas of max-

imum resource concentration. MCS would directly 

benefit these missions by providing improved guid-

ance, navigation, and control capabilities, storage of 

pertinent data collected by science instruments and 

transmission to ground operators and science teams, 

and allow for data sharing across multiple rovers or 

landers, which could facilitate greater autonomous ca-

pability.  

Examples of algorithms that will be deployed in 

MCS include the Autonomous Soil Assessment System 

(ASAS) that uses data in real-time to learn terrame-

chanics models for non-geometric hazard prediction; 

the Skid Steer Optimizer (SSO) that can plan energy-

optimizing maneuvers for skid steer vehicles; and the 

Intelligent Planner that uses predictive capabilities by 

ASAS and SSO to plan multi-objective path profiles 

that minimize hazards and energy consumption. 

Commercial Involvement in ISRU Missions: In 

addition to directly benefiting ISRU missions, MCS is 

an example of commercial involvement in ISRU mis-

sions, and highlights one area of commercial interest 

around ISRU. This is an example of a commercial 

product/industry that can grow out of ISRU, and also 

support NASA’s plans for Gateway and human lunar 

landings in the latter half of the 2020s. Data stor-

age/transmission and communication aspects of MCS 

could be just as relevant to human missions as robotic 

missions. 
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