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Beginnings of the Space Age *

* Reference:  From page 2 of a presentation by JPLer Brian Muirhead entitled “Take Risk Don’t Fail - Challenges and Power of 
Exploration from Space” on March 18, 2023.





Facts about 
Mars*

• Reference:  From page 4 of a presentation by JPLer Brian Muirhead entitled “Take Risk Don’t Fail
       - Challenges and Power of Exploration from Space” on March 18, 2023.



Mars is hard !
• Engineering interplanetary 

journeys is complicated, and the 
exploration of Mars has 
experienced a high failure rate, 
especially the early attempts.
• Roughly sixty percent of all 

spacecraft destined for Mars 
failed before completing their 
missions and some failed before 
their observations could begin.

Mars Climate Orbiter



Mars Climate Orbiter Failure Lessons Learned -1
• Driving Event:  The Mars Climate Orbiter (MCO) Mission objective was to 

orbit Mars as the first interplanetary weather satellite and provide a 
communications relay for the Mars Polar Lander (MPL) which was due to 
reach Mars in December 1999. The MCO was launched on December 11, 
1998, and was lost sometime following the spacecraft's entry into Mars 
occultation during the Mars Orbit Insertion (MOI) maneuver. The 
spacecraft's carrier signal was last seen at approximately 09:04:52 UTC 
on Thursday, September 23, 1999.
• Lessons Learned:  The MCO Mishap Investigation board (MIB) has 

determined that the root cause for the loss of the MCO spacecraft was 
the failure to use metric units in the coding of a ground software file, 
"Small Forces," used in trajectory models. Specifically, thruster 
performance data in English (British Imperial) units instead of metric units 
was used in the software application code titled SM_FORCES (small 
forces). A file called Angular Momentum Desaturation (AMD) contained 
the output data from the SM_FORCES software. The data in the AMD file 
was required to be in metric units per existing software interface 
documentation, and the trajectory modelers assumed the data was 
provided in metric units per the requirements.



Mars Climate Orbiter Failure Lessons Learned - 2

•The root cause of the Mars Climate Orbiter (MCO) 
mission failure was identified as cumulative navigation 
errors. 
•These errors resulted, in part, from operational 

procedures and software that were inadequately 
reviewed, evaluated, and implemented. 
•A high degree of formality, anomaly follow-up and close 

out, selection of reviewers and penetration of technical 
issues is essential in the review process, including the 
design, operational, and peer reviews.



Overview of NASA’s Project Management Process 

• NASAs project management approach is based on life cycles, Key Decision Points (KDPs), and evolving 
programmatic products during each life-cycle phase in NASA's process for managing projects, which is:

• Formulation—following approval to begin formulation by the Decision Authority (NASA AA or MDAA) 
depending on the complexity of the project) at KDP-A projects then begin:
• Phase A:  Concept & Technology Development Phase.  At the completion of KDP-B the project then begins:
• Phase B:  Preliminary Design & Technology Completion Phase

• Approval (for Implementation)—acknowledgment by the Decision Authority (NASA AA or MDAA 
depending on the complexity of the project) that the project has met Formulation requirements at KDP-
C and is ready to proceed to Implementation. By approving a project, the Decision Authority commits to 
the time-phased cost plan based on technical scope and schedule necessary to continue into 
Implementation. 

• Implementation—execution of approved plans for the development and operation of the project and 
use of control systems to ensure performance to approved plans and requirements and continued 
alignment with the Agency's strategic goals. During implementation the project begin:
• Phase C:  Final Design & Fabrication.  At completion of KDP-D the project then begins:
• Phase D:  System Assembly, Integration & Test, Launch & Checkout.  Following KDP-E during this effort, 
• Phase E begins for a project with operations & sustainment.  Following KDP-F the project begins: 
• Phase F or Closeout.

• Evaluation—continual self and independent assessment of the performance of a program or project and 
incorporation of the assessment findings to ensure adequacy of planning and execution according to 
approved plans and requirements. 



Formulation Key Tasks Prior to Approval 
(for implementation)

• Identifying how the program or project supports the Agency's strategic goals
• Assessing feasibility, technology, and concepts
• Performing trade studies; assessing and possibly mitigating risks
• Maturing technologies
• Building teams
• Establishing high-level requirements
• Requirements flow down, and success criteria
• Developing system-level preliminary designs
• Developing operations concepts and acquisition strategies
• Assessing the relevant industrial base/supply chain to ensure program or project success
• Preparing plans, cost estimates, budget submissions, and schedules essential to the 

success of a program or project; and 
• Establishing control systems to ensure performance of those plans and alignment with 

current Agency strategies.



Building Teams – Key Roles for a Space 
Mission Project

• Project Manager is responsible for the formulation and implementation of 
the project. This includes responsibility and accountability for the project 
safety; technical integrity; technical, cost, and schedule performance; and 
mission success.
• Project Systems Engineer (PSE) is responsible for making sure that all of the 

Systems in a space mission work together so that the space mission meets 
its objectives. 
• Safety & Mission Assurance Manager provides independent oversight and 

support throughout for NASA to ensure the safety of our workforce and 
facility in the design, development, evaluation, and performance of 
hazardous operations.
• A System Manager on NASA space projects involves overseeing and 

coordinating the development, integration, and operation of a complex 
system within space missions. This role is critical to ensure that various 
components and subsystems of a spacecraft, ground, mission operations, 
etc. work together harmoniously to achieve the mission's objectives. 



Typical Space Mission Organization
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PSEs and 
Technology 
Readiness 
Level (TRL)



In 1915 Einstein’s Theory of General Relativity was not TRL 9!



Developing System-Level Preliminary Designs4

 

Figure 3-3 – Sequencing of the Common Technical Processes 

3.1.5.4 There are four system design processes applied to each product-based product layer from the top to
the bottom of the system structure: 

a. Stakeholder Expectation Definition. 

b. Technical Requirements Definition. 

c. Logical Decomposition. 

d. Design Solution Definition. (See Figure 3-1 and Figure 3-2.) 

3.1.5.5 During the application of these four processes to a product layer, it is expected that there will be a
need to apply activities from other processes yet to be completed and to repeat process activities already
performed to arrive at an acceptable set of requirements and solutions. There also will be a need to interact
with the technical management processes to aid in identifying and resolving issues and making decisions
between alternatives. For software products, the technical team ensures that the process executions comply
with the software design requirements NPR 7150.2. The technical team also ensures that human capabilities
and limitations are understood and how those human capabilities or limitations impact the hardware and
software of any given system in terms of design. Refer to NASA/SP-20210010952. 

3.1.5.6 There are five product realization processes. Four of the product realization processes are applied to
each end product of a product layer from the bottom to the top of the system structure: 

a. Either Product Implementation for the lowest level or Product Integration for subsequent levels. 

b. Product Verification. 

c. Product Validation. 

d. Product Transition. (See Figure 3-1 and Figure 3-2.) 

NPR 7123.1D -- Chapter3
This document does not bind the public, except as authorized by law or as

incorporated into a contract. This document is uncontrolled when printed. Check
the NASA Online Directives Information System (NODIS) Library to verify that

this is the correct version before use: https://nodis3.gsfc.nasa.gov. 
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Could this risk have been prevented?



NASA Project Life Cycle 



Work Led by the Project Throughout the Life Cycle



• 2001 Mars Odyssey Project 
Manager from 2013 to 2021
• First Detection of Frozen Water 

Beneath the Surface of Mars 
(May 28, 2002)*

Reference*  https://www.jpl.nasa.gov/timeline/

Duplexer

Background Space Missions in a Nutshell
Using the Schematic of Odyssey

https://www.jpl.nasa.gov/timeline/


What is going on at Mars? NASA is operating 3 orbiters and  2 rovers 
plus 1 helicopter.  ESA is operating 2 orbiters

Chart is from A. Yingst at the Mars Exploration Program Analysis Group (MEPAG) meeting of Feb. 27, 2023



Mars Curiosity Rover



Wheel of Mars Curiosity rover after 10 years of 
operations







NASA’s Perseverance Mars rover 
landed on Mars on February 18, 2021.  
It took this selfie over a rock 
nicknamed “Rochette,” on 
September10, 2021





Perseverance's Sol 200 Auto-Nav Drive on September 12, 2021













Caching Samples at Three Forks (10 samples)





What’s Next for Mars?



With Artemis missions, NASA will:

• Collaborate with international and 
commercial partners to establish the 
first long-term presence on the 
Moon, 

• Land the first woman and first person 
of color on the Moon, and 

• Use what we learn on and around 
the Moon to take the next giant leap: 
sending the first astronauts to Mars.



Artist's depiction of a female astronaut on the surface of Mars. (Image credit: janiecbros/Getty Images)

Should future Mars missions have all-female crews?



Thank You.


