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Technologioa'l oepa'bi~lit'ies". i

'.What are the technologlcal oapabllltles of
'CubeSat7 R

Nowadays technology offers nearly
_incredible opportunltles But

‘The effective use of these opportunltles £, Cun f
often depends on-the de5|gn capabllltles of
the deS|gn team||| .
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' Players 'in the m'arket ..

"There are several categorle
‘the market |

° Amateurs (students or nof of gg

. Students of courses in ae < sp
. Autonomous student tear S
“« Teacher-driven student te
. Appllcatlon mdustrles or
. Space mdustrles

'\S
2S

. l
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' Student-LeVel- CUbeSat' Ca'pab iIit-ies

'.No prewous experlence in S/C deS|gnI
L|ttIe interdisciplinarity . |
Students make a huge number of errors -

" Knowing the typlcal errors beforehands may
“help teachers to improve their teachlng A

Must [earn from Previous lessons. Often (e g.
| flrst CubeSat) none or very little.. |

;Need to share experlences'” s
Slmpllfy > open CubeSats to hlgh schools
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. .-"What:.d_o stu,'den.ts,
© usually miss?
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What do stUdentS usua‘lly~rn'iS'S?- '

'Software 9 radratlon sensrtrvrty

How to take a class level prece of SW and.
make it rad -tolerant? -

'Steps once SW IS developed
Measure its sensrtrvrty . .

Identrfy spots WhICh must be hardened
. Harden selectively. |

‘Use user- transparent hardenrng C++ :
classes ' -

§ky OSpl R electronics ~ 6/19




What do students usually miss?
‘Hardware = incorrect spes

How to verify that specifications of a
CubeSat module are complete and correct?
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A Few Specification Errors

‘Students 'prepared the foIIOWihg tequiremehts'
Requirement #1: the system shall count upwards
the events on dlgltal input C LK

| Requwement #2 the system shall be capable of |
- counting up to 100 events

Requwement #3:the system shaII operate Wlth
upply voltage .
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Lesson Learned

Dreparrng correct specrfrcatron |s a qurte :
L 1ard task | |

* It requires a lot of experrence usually more
‘than student-level | | -

. Teacher shall teach’ procedures to Iay
down correct specs

Such procedures are qurte srmrlar for HW
SW, mechanrcal etc | -
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‘Procedural Ieyir\g'down of Sp'eCSf'

Procedure #1: No srngle numerrc value shall ¥
be unique, except boundarres Examples:

— Supply voltage fror (value +/- tolerance)
'~ Power consumption less than A (boundary)
-+ — Clock frequency less than A (boundary)
~ — Algorithm parametef Ato E (rni,h/max'
_allowed values) I Cei o n
= RAM'usage shall be less than A (boundary)
- — Supported vector eizes om At (range)
" _ As usual, exceptrons exrst (e g. some drgrtal

values)
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Procedural Iaying"dOWn O_f'SpéCS

'Procedure #2. Any vanable shaII have at Ieast
‘min, max, default and-" reset values:

— Counter shall count 0 B. At power on, it shall
. when reset it shall . i

- Output of DAC to drive a motor. shaII range

. At power on, |t shalll i cturlng emergency |t'
- shall -. .
e Output of a SW r'tg tal tr'*e' shaII range

At power on, |it shall | vn“r‘ rn'se‘t tshall ©
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What do students usua'lly~m'is'e?- '

Hardware = incorrect spes -

How to verify that specifications of a
CubeSat module are complete and correct’)
'Steps once you have specs, | e
Verify against aset of formal proceduree' ¢
Identlfy specs WhIC_h must be |mproved )

‘Fill a check Ilst table and proceed onIy £,
When fuIIy compllant S
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What do stUdéhtS usually~"miSS? '

,CompleXIty 9 who has got enough |
experience to- manage HEe2 2 o o
Surely no student ! | |

A CubeSat IS too much for a. smgle person :
‘A CubeSat shall be designed hierarchically !

Hlerarchy increases the number of |hd|V|duaI |
-modules and interfaces but makes each.
‘module feasible by individual students! .- ..

Sky OSpl N electronics  13/19




The key step

Go down to subsystem or even
subsubsystem IeveIIII |

Mtch more manageable and reliable
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The key step

Manageablllty and rellablllty come from A |
simpler system > e

. Easy and complete specmcatlons

«- Full testing - more fault coverage -

+ .Complete and detailed documentation
» Model development v B ey
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" An AraModule .i'iS_.'ati'n' P&P subsystem |

. |Test Plan|

m‘:sg?’gr v
Pl S
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What do stUdentS usua'lly-tn'iS'S?- '

;Hardware 9 |nterface coherence

How to venfy that specmcatlons of two |
interacting CubeSat modules are coherent?

'Steps once you have specs already venfled
for completeness i -

Verify boundary of source with boundan(es)
~of destination(s) of signale

‘One boundary‘shall include’ the other one
‘(and often viceversa):- -

Identn‘y |ncoherent |nterfaces .
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Coherence among subsyst. parameters

‘When a system-is composed of interacting' N
~ subsystems, a major-source of errors is the |
incoherence among system parameters

This is partrcularly evident in the SW
subsystem, as SW variables cannot store
physical units and/or other ancrllary
mformatlon | -
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A Classical SW error

.A classrcal mrstake to turn on a fan when ',
| temperature overpasses, say 70°C

.int.tempiz ADCread()' \\'tead~ADC value
if |(temp >[70) \\ check 1f Lemp. > 7OOC

FanOn () ; AN turn on . fan
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Coherence among subsyst. péramet_ers |

T
K Q Y% #
MOTOR » TRANSDUCER »| CONDITIONING »| ADC
t
T[°C] K [Q/K] Kel[VIQ] KA[LSB/V] A
= v
W B=F(A)[#/#] | ALGORITHM
B
\Y Y, v #
ACTUATOR «— POWER |«—| CONDITIONING «— DAC |«
K [W/V] Ko[VIV] Keo[VIV] Kg[V/LSB]
Specs:

Real world: we need P ={(T) =
SW algo: B=F(A) = (Ky,*Kp*K,*Kg) T (T*K K *K,)
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Coherence ar'nohg'SS‘pa_rameters

= ALL coefficients (Ka,Kp,Kcz,Kg, Kt,Kc1,Ka) do.

~~ depend on pOSSIbly 5/10/20 mechanical,
electrical, physical, chemical, etc. . ~
components... (maybe 20/100 altogether!)

 -' ‘What if ANY of these components eitheris
- updated or modified or |mproved or specs i
are changed?

. it may happen AT ANY TII\/IE durlng
' 'deS|gn phase or for new systems releasesI

“». A quite strict viersion’trackin procedure s
required. - L
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Coherence ar'nohg'SS‘pa_ramete‘rs'

the simple in SW (verS|on|ng tools) but

» Quite complex among mdependent
mechanical, electrical, electronic, software
~-system engineers within geographmally
- distributed design teams -

. ANY change in any component must ‘warn’
ALL other components, elements,
| ~subsystems which may interact with |t

"« Who keeps track of all these relatlonshlps? i
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Coherence in uni\)ersit,y projects.

o Students usually come, go away, often very ¢
qwckly '

¢ Many students are very good and do '
~_excellent jobs; others are lazy or.not experts{
and their technical quality is low

* They are NOT prone to a reasonable |
£ documentatlon -) major error source

. Bavmme
solution
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What do stUdents usua‘llyrn'is's?- '

V'Testrng - how many parameters
can/do you reaIIy test ?2?27? .
50% in the best cases 0% |n the worst"' -
" Typically forgotten: : | A
‘Radiation hardness (even in S|mulat|on)
and total dose (need real testlng) '
~ADCs! - S . |
‘Do you have a real sun srmulator for soIar ceIIs’P -
| Therm_ovacuum. who has reasonabl.e eqmp t?
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Conclusion

| The achrevable technology Capabrlrtres in non-.._
' professional environments |

| strongly depends on the proper design |
technrques procedures and testrng used .
durrng desrgn '

You can therefore ‘decide” to approach
10/20/30/40/50/60/70/80/90/100%
of state of the art oapabrlrtres
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