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Master of Engineering - Space Systems Engineering

• Stevens Institute of Technology (SIT) is a private, coeducational research university 
located in Hoboken, New Jersey, United States.  

• It is one of the oldest technological universities in the United States, and was the 
first college in America solely dedicated to mechanical engineering. 

• Founded from an 1868 bequest from Inventor and Innovator Edwin Augustus 
Stevens 

• Enrollment at Stevens includes more than 5,000 undergraduate and graduate 
students representing 47 states and 60 countries throughout Asia, Europe and Latin 
America.  

• The university is home to three national Centers of Excellence as designated by the 
U.S. Departments of Defense and Homeland Security including the Systems 
Engineering Research Center, a DoD UARC.

• As part of their Masters program, 
students have to do a 1-semester 
independent research project - 
SYS800, research summarized 
here was done with these students
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Characterize Trade Space

Define Use 
Cases

• Current Operational Environment: Launch of Satellite to GEO

• “To Be” Operational Environment: Launch of Satellite to GEO

• Other Use Cases:
– Between LEO and GEO: moving assets; extending satellite lifecycles
– Other Cislunar: moving assets; lunar missions; Earth Moon Lagrange
– Deep Space: Asteroid; Earth Sun Lagrange; Mars
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 AGILE INNOSLATE 

Class 
INNOSLATE 
Relationship 

Feature	Request Statement  
User	Story Action Traced From  Statement (Feature Request) 

Acceptance	Criteria Action Decomposes Parents (User Stories) 
Backlog N/A N/A 
Sprint Action Decomposed By Action (User Stories) 
Release	 Asset Performs Action (Sprints) 

 

“Graphical ground 
control software which 
facilitates the learning 
of satellite subsystems 
using the ES3 
nanosatellite”

Background

Mapping

Case	Study

Result



• RESULT:		
–Process	for	implementing	 AGILE	in	a	MBSE	
Tool.
–Example	using	 the	process
–A	software	product	developed	 in	a	
traceable	way	with	reporting	 hooks	that	
support	program	management.
–A	software	product	developed	with	a	
method	which	encouraged	scope	change,	
ultimately	giving	 the	customer	the	most	a	
desirable	solution.
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New Design Review Process Model 
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TSTI is a leading provider of space systems 
engineering training and development for 

NASA, DoD, ESA, Industry

www.tsti.net

http://www.tsti.net


NanoMet: An End-to-End Cubesat SE Case Study



Con-Ops (To-be)

The proposed operational concept would deploy some number of NanoMet spacecraft into LEO on an on-demand, 
launch-available basis. They would operate from orbits of opportunity in an uncontrolled constellation that would provide 
supplemental coverage to existing anchor systems. NanoMet will interface to existing NOAA tracking a facilities at 
Wallops and Fairbanks. Mission operations will be conducted from NOAA's existing facility in Suitland, MD. Their 
operation will be added to the current workload. 
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Operational Scenarios

Scenario Description

Launch During launch, each NanoMet satellite will be inert inside of the P-POD dispenser

Deploy/Boot Up Upon commanded release from the P-POD, the deployment switch will open 
allowing the system to power on and boot up

Acquisition
During acquisition, the spacecraft will tumble based on initial tip off torque and 
await for command from the ground station to turn on its transmitter.

Commissioning Once data is being reliably received by the ground station, the operations team 
will begin check out of the bus subsystems, begin 3-axis control of the platform

Maintenance During maintenance mode, the spacecraft will suspend imaging activities while 
operators update software, perform momentum dumping or other activities. 

Safe-Mode During safe-mode the system will point solar arrays at the sun and await contact 
from the ground.

Imaging Campaign During imaging campaigns (normal operations) each NanoMet will collect 
imagery as commanded by the operations team in consultation with users.
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Functional Architecture - IDEF0
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Functional Architecture - System Capabilities
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System Requirements - Top-Level Hierarchy
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System Requirements - System Characteristics
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System Requirements - System Capabilities
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System Requirements - Interface Requirements
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System Requirements - CubeSAT Standard
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System Requirements - ES3 Interface
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Physical Architecture - Top Level
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NanoMET Spacecraft Asset Diagram
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NanoMET Internal Block Diagram
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Strategic Verification Planning
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Tactical Planning - Subsystems

Verification Events (a.k.a.)Test Cases 
(TC) are composed of Test Actions (TA) 

TA’s Call Test Procedures as needed
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Successful Verification Events “Satisfy” Requirements
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Example Requirement: “Day in the Verification Life…”

3.1.3.6 All NanoMet flight and GSE items 
shall be designed to avoid open voltage 

sources.

4.1.3.6 Shock hazard shall be 
verified by inspection. The 

inspection shall ensure that Battery 
Module connections to the PCB are 

insulated.
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Example Requirement: “Day in the Verification Life…”

4.1.3.6 Shock hazard shall be 
verified by inspection. The 

inspection shall ensure that Battery 
Module connections to the PCB are 

insulated.

VOLTAGE SOURCES 
❑ Inspect Battery module to ensure 
there are no open voltage source.
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Example Requirement: “Day in the Verification Life…”
(3.1.3.6) The inspection shall be considered 

successful if battery module terminals are properly 
insulated to protect against accidental shorting.
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Example Test Verification Matrix

Test Plan Auto-Generated by MBSE Tool (Innoslate)

Test Case

Verification Requirement

Number and Name Description Criteria

TC.110 SIS Verification Events

4.1.3 Verification of Design, Construction and Safety
System requirements shall be verified by inspection. The 
inspection shall look at the verification status of all 
subordinate requirements.

(3.1.3) The inspection shall be considered successful if all 
subordinate requirements have been successfully verified.

4.2.1 Verification of Structural and Integration Support (SIS)
SIS requirements shall be verified by inspection. The 
inspection shall formally review the verification status of 
all subordinate requirements.

(3.2.1)The inspection shall be considered successful if all 
subordinate requirements have been successfully verified.

TC.111 SIS Physical 
Configuration Audit Event

4.1.3.1 Verification of Parts Quality
System parts quality shall be verified by inspection. The 
inspection shall involve a review of manufacture-provided 
design documentation. 

(3.1.3.1) The inspection shall be considered successful if all parts are 
found to be Grade 3 or better.

4.1.3.2 Verification of PCB Markings PCB markings shall be verified by inspection. The 
inspection shall visually examine each PCB component.

(3.1.3.2) The inspection shall be considered successful if all PCBs 
are properly marked with hardware and firmware version numbers.

4.1.3.3 Verification of Hardware Markings
Hardware markings shall be verified by inspection. The 
inspection shall visually examine each mechanical 
component to verify they include model and/or axis 
markings a appropriate for the component.

(3.1.3.3) The inspection shall be considered successful if all 
hardware is properly marked with model (PCBs) and axes (structural 
components).

4.1.3.4 Verification of Sharp edges
Hardware markings shall be verified by inspection. The 
inspection shall visually examine each component using a 
sharp point tester (i.e. calibrated piece of cloth).

(3.1.3.4) The inspection shall be considered successful if no sharp 
edges are found.

4.1.3.5 Verification of Workmanship Hardware markings shall be verified by inspection. The 
inspection shall visually examine each component.

(3.1.3.5) The inspection shall be considered successful if all 
hardware is found to be assembled to flight-quality workmanship 
standard defined to be free of: loose parts, loose wires, loose 
connectors or loose solder joints.
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Example Test Case “Work Order”
Test Plan Auto-Generated by MBSE Tool (Innoslate)
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Example Test Case Procedures

NanoMet 37
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Hierarchy Chart
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SEPMAP Ground Rules & Constraints
• 20 hand-picked NASA/JSC Engineers in a 16 month system engineering and project management development program 
• 7 “just in time” leaning modules (SE, Space Mission Design, System V&V, Human Spaceflight, PM, etc.) 
• “Real world” NASA science project to design, build, test and operate a sample return payload as part of an Analogous-

Geological Assistant System (A-GAS) (It’s “a gas!”) on a UAV (provided) 
• Use of MBSE was mandated for all teams for the entirety of the project (used for all SE and PM deliverables with the 

exception of MS Project for schedule as well as CAD and other analysis tools) 
• Comply with tailored requirements from NPR 7123.1B and 7120.5

OV-1

FireSAT End-to-End Case Study 40
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Requirements Matrix
Number Name Description Rationale

R0.0 AGAS	Project	Guidance

R2.0 AGAS	Goals	and	Objectives AGAS	Mission	Goals	and	Objectives	are	as	follows: N/A

R2.1 NASA	Strategic	Planetary	
Science	Goal

Advance	scientific	knowledge	of	the	origin	and	history	of	the	solar	
system,	the	potential	for	life	elsewhere,	and	the	hazards	and	
resources	present	as	humans	explore	space.

This	is	a	fundamental	goal	of	NASA.

R2.1.1
Objective	1:	Determine	the	
geological	history	of	the	field	
site

Outcome:	Identify	and	interpret	the	processes	that	have	formed	
and	modified	the	rocks	and	soils.		A	detailed	description	of	the	 
geological	history	of	the	field	site,	and	an	archived	suite	of	 
representative	samples	for	later	laboratory	analysis.

	

This	outcome	is	essential	to	answering	these	basic	scientific	questions:	 
What	are	the	various	planetary	processes	(including	the	role	of	wind	and	 
water)	involved	in	the	local	rock	and	soil	formations	observed?	What	is	the 
probable	chronological	history	of	the	rocks	and	soils	of	this	landing	site?	

R2.1.2
Objective	2:	Determine	the	 
astrobiological	potential	of	 
the	field	site

Outcome:	A	detailed	description	of	the		astrobiological	potential	 
of	the	field	site,	and	an	archived	suite	of	representative	samples	 
for	later	laboratory	analysis.	Prioritize	the	collection	of	samples	o 
astrobiological	interest,	e.g.	fossiliferous	or	potentially	 
fossiliferous	materials,	materials	with	a	carbonaceous	
constituent,	and/or	materials	such	as	sediments	and	evaporites	
 that	are	capable	of	preserving	biological	remains.

f	 This	outcome	is	essential	to	answering	questions	about	astobiologica 
potential.

l	

R3.0 AGAS	Technical	Requirements AGAS	Project	Requirements	are	decomposed	as	follows: N/A

R3.1 Functional	Requirements System	Functional	Requirements	are	decomposed	as	follows: N/A

R3.1.1 	Payload	Functional 
Requirements Payload	functional	requirements	are	decomposed	as	follows: N/A

R3.1.1.1 Aerial	Survey	Requirement Payload	shall	provide	a	single	frame	survey	of	the	entire	test	area 
from	a	height	of	TBD	m.

	 This	height	is	limited	by	flight	safety	requirements

R3.1.1.2 Remote	Sensing	Spatial	 
Resolution	Requirement

	Payload	shall	provide	a	spatial	resolution		of	less	than	or	equal	to 
0.10m	from	a	distance	of	TBD	m.

Airborne	passive	remote	sensing	with	this	spatial	resolution	is	necessary	to	 
observe	gross	geological	features,	identify	strata	and/or	other	features	 
indicative	of	past	or	present	biological	activity.		

R3.1.1.3 Sample	Collection	Size
Requirement

Payload	shall	collect	samples	with	a	minimum	of	5	grams	mass	
varying	in	size	from	1	cm	diameter	to	grain	size	(1	mm). 	

Acquisition	and	return	of	representative	samples	is	key	to	assessing	the	 
geological	morphology	of	the	site.	Sample	size	limit	assumes	no	sample 
material	will	exceed	the	1	cm	in	diameter.	

R3.1.1.4 Number	of	Samples	
Requirement

System	shall	collect	at	total		of		5	samples	(threshold),	10	samples	 
(objective).

Five	is	the	minimum	number	of	samples	needed	to	assay	the	site.	Ten	
samples	would	be	ideal	to	fully	assay	the	site.

R3.1.1.5 Planetary	Protection
Requirement

Sample	collection	containers	shall	be	cleaned	as	per	TBD	 
specification	prior	to	and	after	each	sample	collected.

	This	requirement	prevents	contamination	of	samples	collected	as	well	as 
prevent	cross-contamination	between	samples.	
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Requirements Matrix (cont’d)
Number Name Description Rationale

R3.1.2 	Platform	Functional 
Requirements

	Platform	functional	requirements	are	decomposed	as 
follows: N/A

R3.1.2.1 Tele	and	Auto	Ops
	System	shall	tele-robotically	and/or	autonomously	navigate 

the	defined	test	area	(e.g.	JSC	Mars	Yard)	to	perform	all	 
mission	operations.

This	is	an	operational	requirement	coming	from	AOD.	

R3.1.2.2 Feedback Operators	shall	deliver	real-time/near-real-time	(TBD)	 
feedback	to	evaluators	of	system	performance This	is	an	operational	requirement	needed	for	safe	flight	operations.

R3.1.2.3 POV	Imagery 	System	shall	provide	real-time	point	of	view	(POV)	
imagery to	operator This	is	an	operational	requirement	needed	for	safe	flight	operations.

R3.2 Operational	Requirements 	Project	Operational	Requirements	are	decomposed	as 
follows: N/A

R3.2.1 Start/End	Point
All	mission	operations	shall	begin	and	end	at	the	same	pre- 
defined	start	position	approximately	100	m	from	the	test	 
area.

This	requirement	provides	a	consistent	start	and	end	point	for	all	teams.	

R3.2.2 Test	Area Test	area	shall	be	contained	within	the	JSC	"Mars	Yard"	
covering	covering	at	least	2500	m2	(~50	m	square). For	flight	safety	reasons,	all	operations	are	constrained	to	the	Mars	Yard.

R3.2.6 Time	Limit 	A	single	mission	operation	test	campaign	shall	be	completed 
in	less	than	TBD	minutes A	time	limit	is	needed	to	bound	the	duration	of	operations.

R3.2.7 Geo	Field	Reporting 	Teams	shall	deliver	a	comprehensive	geo	field	report	in	no 
more	than	7	days	after	each	operational	sortie.

	This	is	a	minimum	time	needed	deliver	the	compiled	data	to	principle 
investigators.

R3.2.8 Bio	Assessment	Reporting
Teams	shall	deliver	a	comprehensive	biological	assessment	 
of	the	site	in	no	more	than	7	days	after	the	operational	 
sortie.

	This	is	a	minimum	time	needed	deliver	the	compiled	data	to	principle 
investigators.

R3.3 Interface	Requirements Interface	requirements	between	the	payload	and	platform	are	as	follows:

R3.3.1 Payload	Mass Payload	mass	not	to	exceed	3.6	kg	(TBR). Excess	payload	mass	will	severely	limit	actual	operational	flight	time	and	 
may	create	stability	and	handling	problems	for	the	platform.

R3.3.2 Payload	Mechanical	Interface	
Requirement

Mechanical	interface	between	payload	and	platform	shall	b 
TBD.

e	 TBD

R3.3.3 Payload	Electrical	
Requirement

Electrical	interface	between	payload	and	platform	shall	be	 
TBD. TBD

R3.3.4 Payload	Data	Interface Data	interface	between	payload	and	platform	shall	be	TBD. TBD

R3.4 Environmental	Requirements TBD TBD

R3.5 Reliability	Requirements TBD TBD

R3.6 Safety	Requirements TBD TBD
R3.7 Other	Requirements TBD TBD
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Traditional Document-based, Document—driven Design Review Process

SEPMAP MBSE-based, Criteria-driven Design Review Process

Time Spent During a 
Traditional Design Review

Time Spent During a Model-
based Design Review

Finding Stuff

Consistency 
Checking

Providing Useful 
Feedback

Finding Stuff

Providing Useful 
Feedback

Consistency Checking



Templates developed for each design review with tailored entrance/success criteria. Evidence hyperlinked to 
MBSE or other model artifacts. Reviewers use this as a “bread crumb” trail through the model.
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Quotes from Reviewers/Participants
• I like the way the MBSE approach gives a structured, systematic roadmap that covers the complete

content of the project.  It also helps the developer ensure they have captured all aspects of their
project and not have inadvertently left something out. - Reviewer

• I found the review to be much more intuitive and to be easier because of the linked products, as well
as the depth of content of each of the products. - Reviewer

• Model-based reviews risk being a trip through the trees without finding the forest. The team still needs
to provide reviewers a big picture for context along with a detailed roadmap so they can find the
details they are interested in.- Program Participant

• The model-based tool used by our teams helped keep reviewers focused and able to see all facets—
requirements, concept of operations, architecture—at the touch of a button.  All comments were
gathered, organized and available for easy inspection anytime during the process. - Reviewer

• The model-based tool literally forced the design team to apply logic and rigor as they designed the
system…consequently, our reviews became much more productive and useful. - Reviewer

• ...turned an arduous, time-consuming task into an enjoyable, efficient activity for the review team. -
Reviewer

• The model-based tool, by organizing the design information for reviewers, cut the time it took us to
perform a review by one third! - Reviewer

• The tool has definitely made it better to provide input in one place and ensure all relevant input is
captured. As a reviewer, it has been very easy to use the tool to check information and provide
feedback. The ability for those giving reviews to track changes and edits in the system is great as
well. - Reviewer

• The traditional way of having a presentation with lots of supporting paperwork is burdensome
because you get lost in all the paperwork and sometimes the same information is in multiple places.
The current process we have streamlines everything and is a time savings for all. - Reviewer
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Burn-down Status

Hierarchy Chart

✓ ✓ ✓ ✓ ✓ ✓ ✓

✓✓

✓

Activity Diagrams

✓

✓ ✓ ✓ ✓ ✓

✓ ✓

All models built using

Thank you for your attention!

Special Thanks to SPEC Innovations for their support of this research
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