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Agenda

1:00 pm Introductions and agenda
1:10 pm Background and scope
1:30 pm Roadmap process overview
1:45 pm Miro activity:

- Prepare landscape perspectives
- Discussion

2:45 pm Next steps
3:00 pm Close
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ISAM Roadmapping
Funded by- Manufacturing USA Technology Roadmap (MfgTech) 
Grant Program, NIST, Department of Commerce

• “to develop technology roadmaps for promising 
advanced manufacturing clusters

• establish new or strengthen existing industry-driven 
consortia that address high-priority research 
challenges 

• grow advanced manufacturing in the United States. 
• Emphasize … technology roadmapping in areas of 

critical interest to the nation, including technology 
areas appropriate for potential future 
Manufacturing USA institutes.”

Image courtesy of NASA from BIG Idea Challenge
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Webinar for roadmapping (11/30/2022):

In-Space Infrastructure for In-Space Enterprise
ISAM: In-space Servicing, Assembly, and Manufacturing for 
Space 2.0- Commerce, Habitation, Security, and Exploration

Ajay P. Malshe, Purdue University
Acknowledgment: FACTORIES-IN-SPACE, Harsha and Ajay Malshe, 2018 NSF Manufacturing Blue 
Sky Competition 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.sme.org/globalassets/sme.org/about/awards/2018-dornfeld-abstracts/malshe-2018-abstract.pdf


”The greatest gain from space travel consists in the 
extension of our knowledge. In a hundred years this 
newly won knowledge will pay huge and unexpected 
dividends.”

― Professor Wernher von Braun (1912-77)



Trend and Driver:

Space, “the final frontier,” is entering a new age beyond exploration 
(Space 1.0). Space commerce and inhabitation are now Space 2.0. The 
establishment of sustainable and safe infrastructure are critical for 
Space 2.0; manufacturing, assembly, and service play mission-critical 
roles for competitiveness.



Drivers for Urgency

Survival

Exploration

Democratization



Driver 1: Survival
• The world is expected to add another billion people within the next 15 years, bringing 

the total global population from 7.3 billion in mid-2015 to 8.5 billion in 2030, 9.7 billion 
in 2050, and 11.2 billion by 2100
(Ref: https://esa.un.org/unpd/wpp/Publications/Files/Key_Findings_WPP_2015.pdf)

“There is enough on Earth for everybody's need, but not enough for everybody's greed” – Gandhi

“Mankind must colonize space or die out” – Stephen Hawking

https://esa.un.org/unpd/wpp/Publications/Files/Key_Findings_WPP_2015.pdf


Theoretical 
carrying capacity



Driver 2: Exploration

• Transition from a consumer to an exploration driven 
economy for continued human progress

• Transition from risk-averse to risk-seeking society

• Making space habitable through exploration driven 
by curiosity and discovery

• Calling back to the great explorers



Driver 3: Democratization

1. Space exploration is funded by sovereign 
nations (powerful countries)

2. Space is commercialized by independent 
actors (ultra-wealthy)

3. In the future, Space must be accessible to 
large democracy and not in the hands of few

“Competition is not only the basis of protection 
to the consumer but is the incentive to progress.” 
Herbert Hoover



“Freedom lies in being bold.”

― Robert Frost



Vision
…for EXTREME: Extra Terrestrial Resource 
and Manufacturing Engineering

Manufacturing science and 

engineering research, 

education, and translation for 

ISAM and an intramodal 

extraterrestrial supply chain for 

sustainable commerce, security, 

habitation, and exploration.



Examples of Inquiries: ISAM 101
A long-term vision of success for building “Factories-in-Space” 
mandates that we start asking fundamental questions today:
 What type of products and services should be manufactured?

 What type of factories will be required to produce such products?

 What kind of energy and material extraction systems need to be developed?

 What type of processes will be required to produce these products?

 What fundamental advancements in our understanding of manufacturing science and 
engineering are required to scale these processes economically?

 What autonomous systems need to be developed, like robonauts and AGVs, that can 
maneuver to assemble components in these extraterrestrial factories?

Space-based solar arrays could generate 
40x more energy than similar earth-

based systems. (Business Insider)

Source: NASA



Locations

• Earth orbit

• Surface of the moon

• Asteroids and comets

• Surface of planetary bodies

• Interplanetary space



Industry Coverage
•Energy
•Communications
•Mining
•Transportation
•Medicine
•Housing
• Infrastructure
•Food and air
•And more…



Operations

• Servicing
• Storage & Distribution
• Assembly
• Fabrication
• Repair & Maintenance
• Means maximize ISRU



Common Concerns

• Safety & Well-being of human operators

• Protection from extreme environments

• Security of physical, data and earth-links

• On-site, on-demand, and custom 
maintenance and back-up systems

• Human-machine robotic interfaces

• High-density and high-speed computing

• Sustainable energy utilization



Launch:

On October 7, National 
Manufacturing Day, Purdue 
University (the Cradle of 
Astronauts) joins with leaders 
in industry and government to 
launch the world’s first 
national and international 
webinar series for this new age 
of equitable space. The 
objective is to engage, interact 
and act to enable a national 
network.



“The fact that we live at the bottom of a deep gravity 
well, on the surface of a gas covered planet going 
around a nuclear fireball 90 million miles away and 
think this to be normal is obviously some indication of 
how skewed our perspective tends to be.” 

― Douglas Adams



Perspectives - preparation for the Strategic Landscaping Workshop 
(Purdue University, January 17-18, 2023)

The Roadmap Canvas is the entry point to the road mapping process which will be 
presented and explained in more detail on Day 1 of the workshop.

In order that we engage your thinking ahead of the workshop, we wish you to complete a 
short assignment:

• We have included a link to the digital version of the Roadmap Canvas to be used 
on Day 1 with instructions on what we wish you to accomplish. These instructions 
are summarized on Slides 11-13. 

• Complete these steps by close of business on Thursday, December 8th. We do not 
expect you to take more than 1 hour to complete this assignment.

There will be opportunity on Day 1 to summarize and share your Perspectives in plenary and 
add to these initial thoughts.

http://www.purdue.edu/


ISAM Roadmap Objectives & Deliverables
Our goal is to enable in-space servicing, assembly, and manufacturing (ISAM) and catalyze development for equitable and sustainable space 
commerce.
The objectives of the Advanced Space Manufacturing roadmap project are to:

1) Identify the technical barriers and knowledge gaps towards the realization and deployment of ISAM
2) Identify the fundamental (TRL 1-3) and applied (TRL 4-7) research and commercialization opportunities for industries, academics,

national labs, and government agencies
3) Prioritize the development and deployment opportunities for ISAM technologies over a 10-year time horizon
4) Embrace the opportunities available through incorporating diversity, equity, and inclusion in ISAM development activities

The scope will include:
• Design, Materials, and Processes (digital twin, composite materials, robotics/automation, additive manufacturing, etc.) 
• Products, Services (replacement components, infrastructure, environment-health-safety considerations, etc.)
• Security (cybersecurity)
• Sustainability (in situ resource utilization, minimization/elimination of space junk, etc.)
• Workforce development and knowledge-skills-abilities (K-12, college level (associates degree through postdoc), professional training, 

etc.)
• Supply chains to facilitate, establish, and operate ISAM
• Earth to low-earth orbit (LEO), LEO to moon (cislunar), and lunar surface. (In-space and on-surface will be considered separately.)

This roadmapping effort only includes in-space servicing, assembly, and manufacturing for space and for earth

The deliverables will include:
• A strategic ISAM landscape roadmap that includes a prioritized set of key trends and drivers, value streams, and key process indicators
• A series of topical roadmaps providing high-level workflows, capabilities, and resources needed to achieve ISAM objectives
• A summary of taxonomy (and corresponding definitions), standards, protocols, and additional insights generated through 

the roadmapping process



Agenda

1:00 pm Introductions and agenda
1:10 pm Background and scope
1:30 pm Roadmap process overview
1:45 pm Miro activity:

- Prepare landscape perspectives
- Discussion

2:45 pm Next steps
3:00 pm Close
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What is Roadmapping?

• Roadmaps are structured visual 
representations that support 
strategic alignment within and 
between organizations

• Roadmapping processes enable 
strategic dialogue, communication, 
decision making and coordination

 Copyright Institute for Manufacturing



Past Short-term Medium-term Long-term Vision

Time

Market

Business

Product

Service

System

Technology

Science
Resources

Functional perspectives
(Roadmap

architecture)

Route(s) forward

Knowledge
types

When?

What?

How?

Push

Pull

Information 
types

Drivers
Strategy

Needs

Form
Function

Performance

Solutions
Capabilities
Resources

Why?

Roadmap framework
(Supports integrated and aligned 
strategic and innovation planning)

Key questions: Where are 
we now?

How can we 
get there?

Where do we 
want to go?

Typical 
viewpoints

commercial & 
strategic 

perspectives

Design, 
development 
& production 
perspectives

Technology & 
research 

perspectives

Roadmap framework

 Copyright Institute for Manufacturing



Landscaping (Workshop #1)

Linkage grids

Topic Roadmapping (Workshop #2)

Portfolio selection

Roadmap process description

Roadmap preparation involves a series 
of design and workshop activities. 

This engagement will include a series of 
‘S-Plan’ workshops as part of the overall 
process design

In-Space Manufacturing Roadmap: Process Overview
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Roadmap 
canvas for 
In-Space 

Manufacturing

We will focus on the 
Trends & Drivers layer
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Roadmap 
canvas:

Trends & 
Drivers 
Layer
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Trends & 
Drivers 
Layer:

Definitions



What is a Trend / Driver?

Trend & Driver: A fact or event that causes us to take an action

We can think of a driver in the following ways:
• An External opportunity that we should exploit
• An External threat that we must defend against

Format for a driver:
• An <Observation>, therefore a <Consequence>
• We see X, therefore we need to respond Y



Example #1: A well structured and precise driver

Observation:
Development of ISAM 
technologies is expensive.

Consequence:
Collaborations and consortia 
would reduce the costs for 
individual companies and 
government agencies.



Example #2

Observation:
[There is a] rise of nationalism 
around the globe.

Consequence:
Multinational collaboration in 
space is proving more difficult 
to achieve.



Agenda

1:00 pm Introductions and agenda
1:10 pm Background and scope
1:30 pm Roadmap process overview
1:45 pm Miro activity:

- Prepare landscape perspectives
- Discussion

2:45 pm Next steps
3:00 pm Close
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Perspectives - preparation for Workshop #1 (Strategic Landscaping)

The Roadmap Canvas is the entry point to the road mapping process which will be 
presented and explained in more detail during the Strategic Landscaping Workshop at 
Purdue University in early 2023.

In order that we engage your thinking ahead of the workshop, we wish you to complete a 
short assignment.

There will be opportunity for a few minutes during the workshop to summarize and share 
your Perspectives in plenary and there will be plenty of opportunity during the rest of the 
workshop to add to these thoughts.



Protocol for generating digital “sticky notes”

Step 1:
Click on this link to 

access the roadmap 
canvas on Miro:

https://miro.com/app/
board/uXjVPaFbXfA=/

https://miro.com/app/board/uXjVPaFbXfA=/


Protocol for generating digital “sticky notes”

Step 2A:
Select a blank sticky note 

and type a trend / driver 
using in brief 

Step 2B:
Include your name in 

parenthesis 
(so we can check for 

clarification or expansion)

Tips for using Miro:
Sticky notes – Miro Support

https://help.miro.com/hc/en-us/articles/360017572054


Step 3:
Move your digital sticky 

note to the landscape 
canvas. Align with a 

(horizontal) driver 
category and (vertical) 

time zone as 
appropriate

Note: Try to add a few 
sticky notes in each 

time zone 

Protocol for generating digital “sticky notes”
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Trends & 
Drivers 
Layer:

Taxonomy 
Definitions
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1:00 pm Introductions and agenda
1:10 pm Background and scope
1:30 pm Roadmap process overview
1:45 pm Miro activity:

- Prepare landscape perspectives
- Discussion

2:45 pm Next steps
3:00 pm Close
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Roadmap 
canvas for 
In-Space 

Manufacturing

Strategic Landscaping Workshop (WS1):
January 17-18, 2023

Purdue University

We will complete the top two layers and select 
priority areas for additional development at the 
Topic Roadmapping Workshop (WS2) in 2023



Perspectives - preparation for the Strategic Landscaping Workshop

In preparation for the (2-day) Strategic 
Landscaping Workshop, all perspectives 
added to the Miro board will be organized 
into groups for discussion on Day 1.

You will have time on Day 1 of the 
workshop to summarize and share your 
perspectives in plenary and there will be 
plenty of opportunity during the rest of 
the workshop to add to these thoughts.

Here is the registration link to attend: 
https://www.eventbrite.com/e/in-space-servicing-assembly-
and-manufacturing-isam-roadmapping-workshop-tickets-
467542561387?utm-campaign=social%2Cemail&utm-
content=attendeeshare&utm-medium=discovery&utm-
source=strongmail&utm-term=checkoutwidget

https://www.eventbrite.com/e/in-space-servicing-assembly-and-manufacturing-isam-roadmapping-workshop-tickets-467542561387?utm-campaign=social%2Cemail&utm-content=attendeeshare&utm-medium=discovery&utm-source=strongmail&utm-term=checkoutwidget


@ifmcambridge

@ifmcambridge

/institute-for-manufacturing

IfM Engage
Institute for Manufacturing 
Department of Engineering
17 Charles Babbage Road
Cambridge, CB3 0FS
United Kingdom

T: +44 (0) 1223 766141
E: ifm-enquiries@eng.cam.co.uk
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