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Space Missions and System Engineering

Space segment Design Payload
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Design Process: strongly multidisciplinary & interconnected
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Space Mission Design: any design process is made of the following bricks:

Goal analysisrequirements identification and definition (functional, 
operation, technical, etc)

Alternatives identification, drivers\criteria definition and 
comparison

Baseline motivated selection

Requirements refinement\revision and critical aspects identification to
assess the mission feasibility and address next project phases to 

build & to launch

Mission Design how

Analysis & Design

Analysis & Design
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• Power Generation, distribution & Control systems
• Propulsion systems
•Dynamics control

 Trajectory\attitude Guidance Navigation & Control
 Rendez-vous & docking
 Landing

• On board software
• Avionics
• Robotics
• Materials\thermal-structural components
• Communications
•.Environmental protection

 Rad-hard (manned\unmanned)
 Sample curation: biological protection\sterilization
 Impacts
 Ionization

• Sensors\detectors
• Environmental control & Life Cycle systems
• Inhabited modules\surface infrastructures

Mission Design  building blocks: the technologies

Technology development
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Mission design: building blocks - technologies

Power
•Solar Cells

•Nuclear Systems

•Fuel Cells

•High efficiency batteries
•Nuclear plants

Technology areas (examples)

Entry
•Aerobraking/aerocapture/
aerogravity assist

•Inflatable

•Thermal shields

Robotics
•Grasping mechanisms

•manipulators

• Instrumentation: sample 
collection (mole, drill 
etc), in –situ soil analysis, 
storage systems

•Mobility\locomotion

GNC
•Deep Space Nav

•EDL Navigation

•Precision Landing

•Autonomous 
navigation/scheduling/FDIR

•Proximity maneuvering

Sw Engineering
•Distributed systems

•Learning units

•AI techniques

Materials
•High temperature

•Environmental 
aggressions

•Low density High 
performance

Human Factor
•Body\Radiation 
protection

•EVA support

•Ergonomy

Propulsion
•Electric

•Solar thermal

•Sails

•Air-breathing

infrastructures
•In situ chemical 

plants

•Habitats 

•greenhouse

Descent/Ascent
•Ascending/Launchers

•Descending Mechanism

•Soft Landing 
(airbags,crashable legs 
skycrane)

•Parachutes

Comms\data 
handling

•Wireless data 
exchange

•Laser\optical comms
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Technologies Assessment: Tech Readiness Levels  ‐ TRL
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Guidelines for the use of TRLs in ESA programmes (2013)

Technology Readiness Levels Handbook for Space Applications

System Engineering notes: Tech Readiness Levels  - TRL

Tailored ECSS Engineering Standards for In‐Orbit Demonstration 
CubeSat Projects 
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Mission Analysis
MA

• Orbit selection
• v or propellant budget
• Launcher selection
• Eclipse, visibility and coverage
• Station keeping needs

Design process flow: I/O

• Mission objectives
• Requirements
• P/L
• TMTC-ADCS-TCS-EPS
• Operations-GS

• Propulsion system selection
• Propellant budget
• Propellant feeding definition 

& sizing
• Tank sizing

Propulsion
• MA
• ADCS
• Environment
• Configuration

Area Task\goalInput\IF
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• Antenna selection
• Ground segment definition
• Tx and Rx component 

definition
• Link budget

Telecom
TT&C

• Sensors set definition
• Actuators set definition
• Control definition
• pointing budget

Attitude Determination 
&Control

ADCS

• Thermal analysis
• Thermal control definition
• Material selection
• Thermal budget

Thermal Control
TCS

Area Task\goalInput\IF

•P/L
•operations
•MA
•environment
•ADCS-EPS-OBDH

•P/L- MA
•TCS
•TMTC
•Configuration
•EPS

•All s\s
•configuration
•Environment
•P/L-MA

Design process flow: I/O
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• Architecture definition 
• Bus design 
• Computer budget
• Data management
• Component list
• Interface definition

• On board activities planning 
design

• Mission phases & modes 
definition

• Mission autonomy level 
definition

• FDIR logic definition

On-Board Data 
Handling OBDH

Operations

• P/L
• all s/s

• P/L
• MA
• TMTC

Area Task\goalInput\IF

Design process flow: I/O
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Area Task\goalInput\IF

• Mass budget
• Geometry
• Components allocation

Configuration
• MA 
• Launcher
• all s/s

Power 
EPS

• Power budget
• Array surface (or primary power 

unit  sizing)
• Bus definition
• Battery selection and sizing (or 

storage unit sizing)
• Power control definition

• All s/s
• MA
• environment

• Structural analysis
• Structural mass budget
• Mechanisms sizing\selectionStructures\mechs

• MA 
• Launcher
• all s/s
• configuration

Design process flow: I/O
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• Cost analysis
• Cost budget

• Risk analysis
• Mitigation actions 

definition

• Programmatic analysis
• Test plan definition

• Launcher
• Ground\space segments
• Operations\AIV-AIT

Costs

Risks

AIV/AIT

• Launcher
• All s/s
• Operations
• AIV
• programmatics

• Mission objectives
• Modes
• all s/s
• Cost & programmatics

Area Task\goalInput\IF

Design process flow: I/O
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Let’s practice
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System Engineering notes - Mass allocation

1. Determine the rough mass for the imposed\selected payload

2. Determine the mission class and, accordingly, the on‐orbit dry mass from
statistical data

3. Determine the total allowable on‐orbit mass from current launchers

4. Deduct launch vehicle adapter mass from the launch mass

5. Determine the propellants and pressurants required for the mission

6. Verify the on‐orbit needed mass and launchable mass consistency

7. Distribute the consistent gross mass (m0) among the on‐board subsystem to
impose preliminary constraints to start sizing

8. Start looping the design refinement
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Step 1-2 Mass versus p/l
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Step 3-4 Launcher’s performance

3. Determine the maximum launch mass for the mission: directly derived from the launcher
capabilities
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Step 3-4 launcher’s interface

4. Deduct launch vehicle adapter mass from the launch mass:

VESPA 
double p\l 

VEGA

SILDA double 
p\l ARIANE V
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Step 5-6  size the wet mass

5. Determine the propellant required for the mission: preliminary propellant mass 
computation (chemical propulsion) with the rocket equation: 

V=Ispg0ln(m0/mdry)

or assuming mprop=60‐70%mo

6. Verify the total allowable on‐orbit dry mass:

Dry mass+Margin+p/l+propellant < = LM‐LVA

LVA=launch vehicle adapter

If the left member is greater than the rightmember either a different launcher shall be 
selected or a decrease of any of the left terms shall be imposed but the margin)
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Technology Readiness Level and Margin philosophy
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Mass margins philosophy

6. Evaluate the mass margin to be set aside
1=new s/c
2=next generation s/c
3=existing design s/c
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Mass preliminary breakdown

7. Allocate mass percentage for each s/s: preliminary mass percentage distribution ( as % of dry
mass)

GFE=government furnished equipment)

Start sizing and iterate
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Power preliminary allocation

Total power versus p/l power and mission category first estimate



M.Lavagna Aerospace Science & Tech Dept.

Power margins philospophy

Evaluate the power margin to be set aside
1=new s/c
2=next generation s/c
3=existing design s/c
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Power preliminary breakdown 

Allocate power percentage for each s/s: preliminary mass percentage distribution
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Other margins

Computer resources

Jet Propulsion Lab suggests:
• At computer selection 400%
• At start of phase C/D 60%
• At launch 20%

Thermal sizing

e.g. environment [ 0; 50]°C

 accepted for [‐10; 60]°C

 Qualified for [‐20; 70]°C

 designed for [‐35; 85]°C

Processing time and data bus usage

The computer processing requirement should
not exceed the 50% of computer capacity at
the computer selection
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• 10% mass margin at subsystem level must be considered if the related technology is well

known and already space proven

• 20% mass margin at subsystem level must be considered if the related technology is not

well known and already space proven

• 20% mass margin at system level is strongly recommended in general and is compulsory

if a new technology is necessary. 10% must be considered the minimum for a reused

system.

• 20% at system level shall be considered for launcher capabilities: the overall mass shall be

at least 20% less than the launcher capability.

System margins
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Mass Budget example

Example: mass budget
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Mission Design
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Mission sizing: MA architecture for constellations
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Constellations design Parameters
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Sizing a constellation: # Sats for Earth global converage
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CRITERIA to trade a EO constellation design
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CRITERIA to trade a EO constellation design
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CRITERIA to trade a EO constellation design



M.Lavagna Aerospace Science & Tech Dept.

CRITERIA to trade a EO constellation design
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Constellation maneuvers sizing
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Formation Flying - Design
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Formation Flying - Design
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Formation Flying - Design
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Formation Flying maneuver sizing
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Constellation\FF launch configurations

Launcher’s IF
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Propulsion s\s
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Propulsion system types: Chemical

Cold gas:
• the simplest the cheapest (O(2*103) €)

• Propellants are compressed inertial gases (N2) - at high storage pressure - or high vapour 
pressure hydrocarbons (Propane  C3H8)

• No heating, kinetic energy depends only on the storage pressure

• very low impulse (~40-60s) and very low thrust (O(10mN))

• Multiple starts

• Pulsing

• No throttling

• Applications:

• Attitude control

• Fine control

• Nano-platforms
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Propulsion system types: Chemical

Engine Manufacturer
Vacuum Thrust

[N]

Vacuum
Specific impulse

[s]

Cycle life

[Cycles]

Engine mass

[kg]

Inlet pressure

[bar]

Input power

[Watt]

Voltage 
range

[volt]

Envelope
4

[mm]

(LxD)

Bradford 55e‐3
3

77

VP‐03‐001 AMPAC‐ISP 0.001 >70 < 0.300 1 ‐20 to +150 87 x 16 x 91

58‐125 Moog 0.0045 65 0.00734 2.4

Marotta 0.05 0.07 6.9 <1

CGT1 DASA 0.02 67 0.120/ 7.0 64 (L)

Sterer 1
2

68 250,000 0.174 3.5 5‐6 24‐32 66 x 31

58‐102 Moog 1.11 10,000 0.015 8.8‐6.3 30 24‐32 24.7 x 14.5

58‐112 Moog 1.11 10,000 0.015 7.4‐4.9 30 24‐32 24.7 x 14.5

58‐115 Moog 2.89 0.013 30

58‐113 Moog 3.33 10,000 0.015 8.8‐6.3 30 24‐32 24.7 x 14.5

58‐103 Moog 5.55 10,000 0.015 8.8‐6.3 30 24‐32 24.7 x 14.5

50‐673 Moog 44.5 5,000 0.231 10.5‐4.9 6‐12 24‐32 87 x 80 x 64
1

50‐820 Moog 52 6‐12

58‐126 Moog 266 10,000 0.181 10.5‐4.9 30 24‐32 70 x 63(e)
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Monopropellant gas:

• moderately cheap (O(8*103) €)

• specific impulse (~200-300s) 

• Large thrust range: (O(102) N)

• Multiple starts

• Pulsing

• Throttling

• Moderated lifetime (>12y, limited by the catalyst bed lifetime)

• Fuel: hydrazine (N2H4), stored as liquid (melting point 2°C;boiling point 114°C) 
exhaust gases are corrosive

• Heating may increase the thruster effectiveness

Propulsion system types: Chemical monopropellant
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Propulsion system types: Chemical monopropellant

http://www.moog.com/
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Propulsion system types: Chemical monopropellant

Nano-sats VACCO propulsion

http://www.cubesat-propulsion.com/vacco-systems/
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TAXONOMY

– Electrothermal (T/W < 1E-3)
– Type: resistojet, arcjet
– Principle: thermal\mechanical energy exchange

– Electrostatic (T/W < 1E-4)
– Type: Gridded EP, Field Emission EP
– Principle: electric\mechanical energy exchange

– Electromagnetic (T/W < 1E-4-1E-6)
– Type: Hall (magneto static), pulsed plasma (PPT)
– Principle: magnetic\mechanical energy exchange

Electric Propulsion
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Electric Propulsion
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European electric Propulsion: fields of application



M.Lavagna Aerospace Science & Tech Dept.

Propellant: Hydrazine, Nitrogen, Ammonia (low mass; High specific heat preferred)

Arcjet

Electric Propulsion: electrothermal

Resistojet
heat propellant by passing it on an
electrically heated surface(=65-85%)

• low thrust level 0.2-0.3 N
• low specific impulse 100-400s
• good for attitude control system

heat propellant using an electric arc
generated between the anode and the
cathode (<50%)

•low thrust level 0.1-0.3 N
• High specific impulse 500-1500s
• good for SK
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Electric Propulsion:  Gridded Ion Thrusters

Radiofrequency Ionised Thruster RIT (ASL)
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• Thrust is produced by exhausting a beam of mainly singly-ionized cesium atoms, produced by
field evaporation.

• thrust level very low 1-100N, good for fine attitude control
• thrust to power ratio 16mN/W
• High impulses: 6000-10000s; efficiency 98%

Electric Propulsion: Field Emission Electric Propulsion - FEEP thrusters

• Ve;Va 5keV
• TL= aperture length
• Propellant: liquid Cs
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Electric Propulsion: Field Emission Electric Propulsion - FEEP thrusters
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Pulsed Plasma Thrusters: PPT

Features: high specific impulse and low power and fuel requirements; pulsing
Application: SK maneuvers .

Principle:
Energy is stored in a capacitor; an ignitor shoot electrons between anode and cathode to
discharge the capacitor and create and arc; the arc evaporates and ionizes the solid fuel which
accelerates out the thruster by Lorentz forces provoked by the induced electromagnetic field.

The capacitor is then charged up again from a power supply and the pulse cycle repeated.
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Pulsed Plasma Thrusters: PPT

Features

• Non toxic propellant

• Low power demand (50-70W)

• High specific Impulse 650-1350s

• Very small bits 90-860 N-s

• Single capacitormultiple thrusters

• Mass 5-6 kg

•
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Pulsed Plasma Thrusters: PPT
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Propulsion solution comparison
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Attitude Determination and Control



M.Lavagna Aerospace Science & Tech Dept.

How other S\S influence the ADCS reqs
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Attitude control Architectures

Method Notes

3 axis stabilized
The s\c axes are kept aligned with a reference either inertial
or nadir reference, thanks to gyros periodically updated by 
star scanning.

Gravity Gradient

Passive method. 
Effective below 1000 km orbits ( for Earth)
Roll and pitch axes can be controlled
yaw axis is stabilized by means of a momentum wheel 
Ipitch>Iroll>Iyaw always stable; Iroll>Iyaw>Ipitch sometime 
stable

Momentum bias
A momentum wheel spins at nearly constant high speed
• It provides inertial stiffness in two axes
• control of wheel speed provides control in the third axis.
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Attitude control Architectures

Method Notes

Spin stabilized

The s\c is stabilized along an axis by keeping an angular 
velocity around it. 
With no disturbance the angular momentum keeps constant. 
Perpendicular disturbances make the rotational axis to precess
.
Parallel disturbances change the angular momentum modulus. 
Translational manoeuvres may occur only along the 
spinning axis. 

Dual spin stabilized

A compromise between the three-axis and the spin stabilized
solution.
The major mass is spun while a platform with p/l or
antenna is de-spun. 
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Attitude control architectures versus reqs



M.Lavagna Aerospace Science & Tech Dept.

Disturbance Torques 
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ADCS Sizing: actuators

Actuators must have sufficient torque authority to counteract disturbances.
Control Autority: Control Torque-disturbance torque

ex. CT=2DT 100% C.A. margin
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ADCS Sizing: Reaction Wheels
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ADCS Sizing: sensors
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ADCS architectures & HW
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Telemetry\tracking & Telecommands
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Ground Segment: architecture
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Ground Station networks: Estrack



M.Lavagna Aerospace Science & Tech Dept.

b tx l tx s a rx

0 s

E P L G L L G  
N kT R



GOAL = energy per bit Eb versus noise density N0 (Rx)ratio  containment
Tx Power Pt. Minimization

Link budget equation

The Link budget

Pe = emitted power/area
L = Losses
R = data rate
G = gain of the transmitting/receiving antenna
k= Boltzmann’s constant
Ts= Noise temperature

G      antenna diam and frequency selection
L       architecture optimization 

Eb/N0error containment

Design variables Parameters

R      payload/orbit
Ts environment/sys design

Digital transmission

[Ws] 
R
PE rx

b 
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EM Spectrum

Intersatellite links
Space operations
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Antennas characteristics

• Horn antennas: small aperture for Earth coverage with 4GHz (C band)

• Helical antennas: Earth coverage for frequencies below 4GHz (S band - MGA; Navstar)

• Reflectors: narrow beam requirement (HGA)

• Patch antenna: flat metallic surface, low gain (3-7 dB, =65°)
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Thermal Control
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Radiation

Depending on the wavelengths the following terminology is applied:
ABSORBIVITY    heat transfer in the 1) frequency band
EMISSIVITY –  - heat transfer in the 2) frequency band

Nb. Attention if wide temperature ranges exist in the scenario 
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Heat Sources & thermal design - preliminar

Environmental inputs

• Sun radiation

• Planetary sources:

• Albedo

• IR emission

• Internal sources

In general we can assume (unless internal heat source is particularly high in shadow):

Hot Case Qi+QIR+Qa+Qs-Qd=0

Cold Case Qi+QIR-Qd=0
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The main Thermal Control solutions are:
• PASSIVE THERMAL CONTROL (PTC) simple, reliable, low mass, power,costs
• ACTIVE  THERMAL CONTROL (ATC) allowable ranges tight and precise, large 

power to be evacuated, variable environment, cryogenic application,…

Thermal Control Components
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Thermal Control Components: Coatings



M.Lavagna Aerospace Science & Tech Dept.

Thermal Control Components: Insulators - MLI
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Electric power subsystem
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Electric Power Subsystem

Electric
Power

Power Source

Energy Storage

Power Distribution

Power Regulation 
& Control

It converts any energy source into electric energy

It stores the primary source energy excess to
provide electric power supply whenever
the primary source is unavailable or for
power peaks

Set of components (harness) devoted to the
loads\sources interfaces

Set of components devoted to the power control
in terms of V and I to provide to the loads.
Regulation is needed because of:
• Loads requirements
• Mission profile variability
• Power source degradation
• Batteries charge\discharge control
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Electric Power Sources

Primary Power Sources

• Primary Batteries
• Solar array
• RTGs (Radio Isotope Generators)

• Fuel Cells

• Solar Dynamics

• Nuclear Reactor

Power Storage and Secondary Power Sources
• Secondary Batteries (accumulators)
• Regenerative Fuel Cells
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Electric Power Sources: alternatives and taxonomy

Power density wrt mission lifetime
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Steps: 
•Operational profile assessment: 

• # and frequency of eclipse cycles

Secondary batteries sizing
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where
• Pe is the average eclipse load in Watt
• Te is the correspondent maximum eclipse time in hours
• DOD is the limit on battery’s Depth-Of-Discharge
• N the number of batteries
• h transmission efficiency between batteries and load=f(T, C/rate)
• Ed energy density per unit mass

[Wh]  
N)DOD(

TP
C ee

r 


The battery is sized computing its capacity as a function of the required power in eclipse and its 
characteristic DOD. 

Energy Storage: Batteries sizing

Batteries need to be re-conditionedcompletely discharged to re-gain the global capacity 

  
E

tP
M

d

ee

The capacity of a battery is computed as:
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Secondary batteries: performance comparison

Supplier: http://www.saftbatteries.com/



M.Lavagna Aerospace Science & Tech Dept.

Supplier: http://www.saftbatteries.com/

Energy storage: performance comparison

Cells packaging efficiency degradation
(20%)
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Solar Arrays

EPS-Solar Arrays standards ECSS-E-20-08
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Solar Array Sizing Process

d

d

dd

e

ee

sa T
X

TP
X

TP

P




First Step: identify worst case

• Maximum time in eclipse Te and correspondent time in daylight Td

• Maximum total power requirements in eclipse Pe and in daylight Pd

• Compute the total power required Psa considering an efficiency factor in

eclipse Xe and in daylight Xd : to this end a Power Budget table for different

modes must be filled

• Consider the required voltage from the loads to size the bus (string\cell

number for SA and battery)

• DET (Direct Energy Transfer: Xe=0,65; Xd=0,85
• PPT (Peak Power Tracking): Xe=0,6;  Xd=0,8
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Second Step: identify power source characteristics
• For solar arrays compute the power generated at Beginning Of Life (BOL) PBOL

• Id is the inherent degradation factor (0.49-0.88) and P0 is in W/m2 is the specific 
power at 1AU for the selected solar cells

• Estimate solar array degradation factor Ld

• Compute the power produced at End Of Life (EOL) PEOL

• Compute the total area required

• and the correspondent mass

 cosIPP d0BOL

lifetime
d )d1(L 

dBOLEOL LPP 

EOL

sa
sa P

PA 

Solar Array Sizing Process
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Power Sources: different junction performances

Deep Space1
 2J GaAs+Scarlet Concentrators 2.6kW
Juno
 Si GaAs cells (Spectrolab) 420W  
(5,2AU) - 20x2,7 m

Array Technologies  

Cell Type  BOL  
Efficiency  

Specific  
Power  

(%)  (W/kg)  

Si  10  25  

GaAs  19  40  

GaInP/GaAs 
(2J)  23  60  

GaInP/GaAs/Ge 
(3J)  26  80  

InGaAlP/GaAs/I
nGaAs/Ge (4J)  35  100  

Amorphous Si  10  100  

CuInGaSe2(CIG
S)  15  200  

Suppliers
http://www.azurspace.com
http://www.spectrolab.com

http://www.cesi.com 
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Photovoltaic source performance
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Photovoltaic source performance

Degradation



M.Lavagna Aerospace Science & Tech Dept.

Power Control and Distribution & Conditioning 
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Power Regulation & Control

BUS REGULATION
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On board Data Handling
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GENERAL ARCHITECTURE

On‐board Data Systems encompass a vast range of functional blocks that include:
• Telecommand and Telemetry Modules
• On‐Board computers
• Data Storage and Mass memories
• Remote Terminal Units
• Communication protocols and Busses
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GENERAL ARCHITECTURE
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Building blocks - Microprocessor instruction\power
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Building blocks - Microprocessor
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System Engineering Notes ‐ Costs

ATTENTION!!
The software weights nothing but costs a lot and takes time to be 
developed and tested, often more than what required for hardware

High level Cost Breakdown (highly mission dependent)

• 50% of mission cost is due to the ground segment
• 50% of mission cost is due to the space segment

•50% is due to the payload
•50% is due to launch +satellite

Note: for Europe, as far as scientific missions are considered, the 
payload s paid by national agencies, the platform by ESA
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System Engineering
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System Engineering notes: System Design process
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107

System Engineering notes: space projects lifecycle

• Pre‐Phase A—Advanced Studies ("find a suitable project")
• Phase A— Preliminary Analysis ("make sure the project is worthwhile")
• Phase B— Definition ("define the project and establish a preliminary design")
• Phase C— Design ("complete the system design")
• Phase D —Development ("build, integrate, and verify the system, and prepare for 

operations")
• Phase E— Operations ("operate the system and dispose of it properly")
• Phase F — Disposal
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System Engineering notes: System Design process
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System Engineering notes: System Design process

• To use 
European 
launchers

• …

•Structure;PS;
ADCS;MA…

• To land with a final v 
of 1m/s (TBC)

• To keep the sample 
temperature at TBC °C

• To wait from ground to 
activate sampling 
operations

• To avoid single point 
failure

• …

• Launch-transfer-
orbit

• Sample-distribute-
analysecomm

• …..

• Single orbiter
• Orbiter +lander
• Transfer +land
• Transfer 

+capture+land
• LANDER: 

landing s/s; 
sampling s/s; 
distribution 
s/s;analysing
s/s etc

• ORBITER: 
…..

• Re-ENTRY
module

• ….

To sample Europa

To collect and 
analyse (TBC) of 

ice 50g

To collect and 
analyse 50g of ice 

Analysis 

Baseline 

Trade-off space
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This is one of the Systems Engineer'smost important tasks.

An elegant solution to the wrong problem is less than worthless.

The word optimal should not appear in the statement of the problem, because there is

no single optimal solution to complex systems problems.

Most system designs have several performance and cost criteria.

Typical performance and cost criteria in space system designmay be the “budgets”:

• Mass budget
• Power budget
• v budget
• Pointing budget

System Engineering notes: measure of Effectiveness

• Link budget
• Cost budget
• Risk assessment
• Mission specific budgets (e.g. DOP, coverage,

revisit time, etc)
• …
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System Engineering notes: Operations Architecture
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Define Conceptual Operations (ConOps) - Moon service example (LOP-DSG)

System Engineering notes
Define mission timeline ‐ phases
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Define Conceptual Operations (ConOps)
Mars Sample Return Example

On surface activities\elements

Overall mission

System Engineering notes
Define mission timeline ‐ phases
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System Engineering notes: Conceptual Operations  ‐ ConOps
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The key points to remember about requirements are the followings:

define “what” has to be done

define “how” it has to be done

define “how well” the requirement should be satisfied

define “how” the requirement should be verified 

FUNCTIONAL

OPERATIONAL

VERIFICATION

A requirement transforms the broad mission objectivesquantifiable design 
parameters in terms of specific requirements and constraints

PERFORMANCE

System Engineering notes: the requirements

Requirements Engineering ECSS‐E‐ST‐10‐06C
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System Engineering notes: typical reqs
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Interfaces between subsystems and interfaces between the main system and

the external world (launcher\payloads etc) must be designed.

• Subsystems should be defined to minimize the amount of information to be

exchanged between the subsystems.

• Well-designed subsystems send finished products to other subsystems.

• Interfaces shall be clear, unambiguous, limited.

System Engineering notes ‐ INTERFACES
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System Engineering
INTERFACES notes

Existing interfaces
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System Engineering notes: tools – INTERFACES ‐ N2 diagram

The N2 diagram helps visualizing, highlighting and identifying interfaces among subsystems
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Exploring alternative desing concepts – trade-offs

Alternative designs shall be investigated and ranked according to multiple\ multidisciplinary 

CRITERIA

For the design of complex systems, alternative designs reduce project risk. 

System Engineering notes – TRADING OFF



M.Lavagna Aerospace Science & Tech Dept.

System Engineering notes
Explore Alternatives – TRADE OFF
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System Engineering notes– trade process example
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System Engineering notes– trade process options
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System Engineering notes– trade process options
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System Engineering notes: ingredients
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System implementationmeans the realization (buy or build) of the system elements.

System Engineering notes: MODELS

• Breadboard: A low fidelity unit that demonstrates function only.It often uses commercial and/or
ad hoc components

• Engineering Unit: A high fidelity unit that demonstrates critical aspects of the engineering
processes involved in the development of the operational unit. Engineering test units are intended
to closely resemble the final product (hardware/software) to the maximum extent possible and are
built and tested so as to establish confidence that the design will function in the expected
environments.

• Prototype Unit: The prototype unit demonstrates form, fit, and function at a scale deemed to be
representative of the final product operating in its operational environment.

• Qualification Unit: A unit that is the same as the flight unit (form, fit, function, components,
etc.) that will be exposed to the extremes of the environmental criteria (thermal, vibration, etc.).
The unit will typically not be flown due to these off‐nominal stresses.

• Protoflight Unit: In projects that will not develop a qualification unit, the flight unit may be
designated as a protoflight unit and a limited version of qualification test ranges will be applied.
This unit will be flown.

• Flight Unit: The end product that will be flown and will typically undergo acceptance level testing.



M.Lavagna Aerospace Science & Tech Dept.

SystemEngineering notes

Verification is a process of confirming that a requirement or system is compliant
Verification answers the question: 

Does the system meet its requirements?

Validation is a process confirming that a set of requirements, design or system 
meets the intent of the developer or customer.
Validation answers the question: 

Are the system requirements correctly defined and mean what intended?
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System Engineering notes: Models and Test plan
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SystemEngineering notes: Environmental TESTS

Test Purpose Equipment/Facilities 
Required

Process

Vibration & 
Shock Testing

Ensure product will survive 
launch

Comply with launch authority’s 
requirements

Validate structural models

Vibration table and fixture 
enabling 3-axis
testing, and/or

Acoustic chamber

• Do low-level vibration survey (a.k.a. modal 
survey) to determine vibration modes and 
establish baseline

• Do high-level random vibration following profile 
provided by launch vehicle to prescribed levels

• Repeat low-level survey to look for changes
• Compare results to model

Thermal & 
Vacuum 
Testing

Induce and measure outgassing 
to ensure compliance with 
mission requirements
Ensure product will perform in a 
vacuum under extreme flight 
temperatures
Validate thermal models

Thermal/vacuum chamber
Equipment to detect
outgassing (e.g. coldfinger or 
gas analyzer) as needed
Instrumentation to
measure temperatures at key 
points on product
(e.g. batteries)

• Operate and characterize performance at room 
temperature and pressure

• Operate in thermal and/or thermal vacuum
• chamber during hot and cold-soak conditions
• Oscillate between hot and cold conditions and 

monitor performance
• Compare results to model

Electromagne
tic 
Interference/ 
Compatibility 
(EMI/EMC)

Ensure product does not
generate EM energy that may 
interfere with other spacecraft 
components or with launch 
vehicle or range safety signals
Verify that the product is not 
susceptible to the range and/or 
launch EM environment

Radiated test: Sensitive
receiver, anechoic chamber, 
antenna with
known gain

Conduction susceptibility
matched “box”

Detect emitted signals, especially at the
harmonics of the clock frequencies

Check for normal operation while injecting
signals or power losses
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SystemEngineering notes: Environmental TESTS

Test facilities

Test types
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Equipment acceptance baseline

ECSS-E-10-03A
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ESA tests facilities
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System Engineering notes: 
European Cooperation for Space Standardisation (ECSS)

http://www.ecss.nl/
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ECSS 30A ESA

System Engineering notes
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System Engineering notes: V‐diagram

The simple life cycle can be re-organized as a V-diagram to emphasize:

• Verification between phases, checking what has been built against its reqs
• Validation as end-to-end verification ensuring that the complete system meets the

user needs
• Decomposition and definition of what is to be built
• Integrating and verifying what has been built
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Overruns are very likely if phases A and B 
are underfunded

System Engineering notes



System Engineering and Technology 

Michèle Lavagna

michelle.lavagna@polimi.it

Alpbach Summer School July  17-26,2018


