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~ B8 B B FOREWORD

Why a «New Technology» session?

Large (natural) interest in new technologies with a clear,
direct and immediate impact on astronomical research.

But:

« What about «innovations» with a not so predictable
future and/or potential impact?

« What about all the innovative technological activities
which are diluted in large programs and projects?

- Are we always able to identify an “innovation™?

Tl be happy to give you innovative thinking. What are the guidelines?”

What is a «New Technology»?

« New ideas and tech. developments with high (expected?) impact on A&A research

« New technologies with an important impact on a specific INAF research area

- New ideas/technology for which the real, expected impact on INAF and/or A&A research is not clear
« New methods and techniques applied to data analysis, technology development, etc.

Secondo Forum Ricerca Sperimentale e Tecnologica in



l‘ | | PLEASE DEFINE INNOVATION

How can we identify an innovation?

TLR BASED CLASSIFICATION? POTENTIAL FUTURE IMPACT ON
+ Newideas:1<TRL<3 ASTROPHYSICS?
* Low, medium or high potential impact on the
* New developments: 4 < TRL < 6/7 whole astronomy/astrophysics research
« New implementations (e.g. of technologies « Low, medium or high potential impact on a

validated in other research fields): 4 < TRL < 6/7 research area

* Low, medium or high potential impact on a
specific research activity or development

OPEN QUESTIONS (just a few of them..)
« Is TRL definition applicable to HW, SW and data analysis projects? Are we able to classify SW and
data analysis innovation by means of the TRL scale?

« How can we predict (now) the impact of a new technology on INAF or A&A future? Does an objective
“forecast” method exist?
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. ISTITUTO NAZIONALE

4

Research : Development ,(r_l Deployment

- | TRL 5 TRL 6 TRL 7 TRL 8 TRL 9

Basic - “.Technology 'Experjme'ntal Technology Technology Technology System System . Actual system
[ﬁ)l’iﬂCiDl_()S ' concept proof of validated in validated in - -demonstrated prototype complete and proven in
observed formulated concept lab research/ relevant in relevant demonstrated qualified .operational

. ' local environment environment in operational ' environment

environment > environment

Is TRL definition applicable to both HW and SW/data analysis projects?
Are we able to classify SW and data analysis innovation by means of the TRL scale?
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TRL AND HW/SW

INAF

ISTITUTO NAZIONALE

DI ASTROFISICA

TRL Definition Hardware Description Software/Data Analysls Description Definition Hardware Description Software/Data Analysls Description

Research 1 Basic Sclentific knowledge generated Sclentific knowledge generated Development Technology A low fidelity system/component Key, functonally critical, software
principles underpinning hardware technology ~ underpinning basic properties of validated in lab  breadboard assembly Is bullt and components are Integrated, and
observed software architecture and mathematical research/local  operated to demonstrate basic functionally valldated, to establish

concepts/applications.

formulation

2 Technology
concept
formulated

Invention begins, practical application
Is Identfied but Is speculative, no
experimental proof or detalled
analysis Is avallable to support the
conjecture. A tallored solutlon Is
defined based on definition of user
requirements, speclfic application,

and operating conditions.

Practical application Is Identified but Is
speculative, no experimental proof or
detalled analysis Is avallable to support
the conjecture. Basic propertles of
algorithms, representations and
concepts defined. Baslc principles
coded. Experiments performed with

synthetic or sample data

environment

functionality In critical test
environments. Assoclated
performance predictions are defined
relative to the final operating

environment.

Interoperabllity and begin architecture
development. Relevant Environments
defined and performance In this
environment predicted.

3 Experimental
proof of
concept

Analyucal studies place the
technology solution In an appropriate
context and laboratory
demonstrations, controlled field tests,
maodelling and simulation valldate

analytical predictions and limitations.

source: https://frontiersi.com.au/trl/

Development of limited functionality 1o
validate critical propertles and
predictions using non-integrated

software components.

Technology
validated in
relevant
environment

A medium fidelity system/compaonent
brassboard assembly Is bullt and
operated 1o demonstrate overall
performance In a simulated
operational environment with realistic
support elements that valldates
performance of core components.
Performance predictions are made

for subsequent development phases.

End-to-end software elements
Implemented and Interfaced with
existing systems conforming to target
environment. End-to-end software
system, tested In relevant environment,
meeting predicted performance.
Operational environment performance
predicted. Prototype Implementations

developed.

Technology
demonstrated
in relevant
environment

A high-fidelity system/compaonent
prototype assembly that adequately
addresses all core features and key
performance metrics Is bullt and
operated In relevant environments 1o
demonstrate operation under

relevant environmental conditions.

Prototype Implementations of the
software demonstrated on full-scale
realistic problems. Partially Integrate with
existing hardware/software systems.
Limited documentation avallable.
Engineering feasibllity fully

demonstrated.
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B B8 PLEASE DEFINE INNOVATION

Tentative classification of «<New Technology» used for data aggregation

 New ideas (TRL<3) with high (foreseeable?) impact on astronomical and astrophysical research

- New technological developments (4<TLR<6) with high (expected) impact on astronomical and
astrophysical research

« New methods and techniques (TLR<6) applied to data analysis

« New methods and techniques (TLR<6) applied to technology development

« New methods and techniques applied to technology deployment (TLR>=6)

* Newly introduced ideas, technologies and methods (1<TLR<6) borrowed from other fields

DISCALIMER: Due to the complexity and inhomogeneity of analyzed data, and due to the inevitable
subjectivity in the analysis process (see Slide #3), the following data analysis is only intended as a
discussion starting point. So... no decision should be taken based on this analysis!
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DI ASTROFISICA

AVAILABLE INPUT DATA - SCHEDE @ m_

INFRASTRUTTUR  INFRASTRUTTUR
A
A INAF
T N "% INTERNAZIONALE

59, LABORATORIO
INFRAS'II'ERUTTUR 8% ° 11% MISSIONE

3% SPAZIALE

R&D

RSN2
19%

RSN5
25%

PROGRAMMA PROGETTO

[+)
RSN4 o

13%
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~ BB B B8 AVAILABLE INPUT DATA - ALL

Thanks to the contribution of RSNS Researchers and Technologists, other
inputs are available for the survey:

SCHEDE INAF RSN5

» Posters: “Nuove Tecnologie” - 18 214
» Posters: “Proposte Nuova Strumentazione” - 7
» Posters: “Grants Ricerca Fondamentale” - 35

POSTER SESSIONE
"GRANTS"
35
POSTER SESSIONE
"NUOVA STRUMENTAZIONE"
H H POSTER SESSIONE
Same info often present in both. schede and 7 R
posters. But, strangely enough, this not always 18

happens...
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B B8 DATA AGGREGATION - SCHEDE

IDEE INNOVATIVE/NUOVE
TECNOLOGIE
24% (51)

Total of 49%, distributed in:

New ideas/technologies (24%)

New implementations (11%)

ALTRO

51% (110) INNOVAZIONI

revooece * New  development and  analysis

T e methods (14%)
11% (24)

NUOVE METODOLOGIE
14% (29)
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N | DATA AGGREGATION - POSTERS ~ @'n_

NEW TECHNOLOGIES (18
POSTERS)

64%

NUOVE
METODOLOGIE
21%
INNOVAZIONI
TECNOLOGICHE
MUTUATE DA ALTRI
SETTORI

14%

*

DI ASTROFISIC,

ALL POSTERS
(18+7+35) INNOVAZIONI
TECNOLOGICHE
MUTUATE DA ALTRI
SETTORI
INNOVATIVE/NUOVE

TECNOLOGIE
23%

NUOVE
METODOLOGIE
32%

ALTRO/NC
30%
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INNOVATION SECTORS: POSTERS

@ Silicon Drift Detectors

UV photon counting detectors

Gamma-ray detection system
® | TES X-ray detectors Giant IFU
¥/Gamma-ray spectrometers |

: V!
@

Rivelatori
SDD Front-End electronics '

Detectors for X-ray polarimetry

Additive manufacturing ®

LPC per comunicazioni satellitari

Massive spectrograph production
Signal generation using PLC
Strumentazione Avanzata

Gratings for Wide-field Spectrographs

O
Space mirrors modeling

Ir"‘\
Tecnologie di Produzione i

ML for parameté_rs eslﬂmal:_.l
O Visual analyltics systems
Telescope data log analysis,

ML for asterism selection

|Data analysis software dev,

o
Algoritmi di controllo per AO  Algoritmi & Software
AR ML for spectroscopy

Algorithms for spectral extraction [

. | ML for radio datasets
Algorithm for GRB detecﬁiﬁn

Algoriltrni per sistemi di equazioni
Xfgamma-ray calibration p‘line

DL based signal filtering

o Forum Ricerca Sperim

Modellazione e Simulazione O
Innovazioni INAF

Gravity effe-zt on mirrors

Active Optics for Wide-field Telescopes
O
Ingot WFS
Adjustable Gamma-ray optics | 9
_ ®
.’ Curved detectors
o Tecnologie Ottiche
Telescopi con ottiche multiple fo\
II .
l Grazing incidence telescope
Protective mirror coating’s |
® Ottiche omnidirezionali panoramiche

Volume Phase Holographic Gra'tinqa

X-ray mirror shells design

tale e Tecnologica in

INAF

ISTITUTO NAZIONALE
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INNOVATION SECTORS: SCHEDE @ nor

DI ASTROFISICA

® o
Energeﬁc&ulra e dereitiog Garimetry .
- SDD Froni“End electronics
X-ray Large Area Detector /
@ ™ rivelatori di atomi neutri

Dust sensing and ch;fé‘mdg;;ﬁqn 7
O weltoreSerson] O

UV photon counting detepto/ré X-ray detectors

o
UV polarimelety; n brift Detectors
A cqmsmon soﬂ‘ﬂebased gnél f'""g,.
h\ Teiemetrﬂ!/égﬂéﬁwﬁﬁﬂﬂn!!
Data analisys software dev\
® [ N
X-ray Telescopes .
Tomrtupoer nmcmmyeae. @viustable Gamma-ray opticé\l algorithms for Ce@ alyis
Voice call furPsFryramld (?&: Metl%lographm Gratings gamma-ray tém::ope y Quantum computing-
bEéHRspectr aph \ —
Telescopi CDE‘E rmrmr mgs ] @ o
| ML for spectros@bpy o e T
"Egﬂelﬂ'ﬂpiﬁs Gy @i method
on- sl”aqe opi m{ers\ N @ methods

Algorithms for PSFrr
- 3
Supeyﬁf:l ,ulflche di@ecisione Telescope data |
//I(earJR’spectmgraph for ELT

Optical and NIR sp‘eetrom er

~
for radio datasets
Wt g

\ N

\ DLA I}xlgms software
Algorithm for GRB d edlﬂn \

real-time analysis

vefmnl sensor

Il n‘. I
— ¢ ML for nﬁlsensmy ﬁ';sh hy banéIigng
voice coil active mirrors ) Algoritmi per sistehiL éﬁg@l‘mﬁ%ﬂ fed WFS
S . . Innovazioni INAF Data dmﬁﬂrﬁﬂ?%e%&v AO

Active Optics fg_Wld&_ﬁele—ﬁre

Imager and Spectroggph fcrA«O' ,// /

/

wncentrajuri’oﬂp/ // y e previsione della turbolenza ottica
W\ spaptcnrd / and oplice ier Modelazions o smuladone
SnFl)a g pac't Qﬂtlts ich nmnldlrezmnall panoramiche o
Craténas for Widede Wﬂh risoluzione space mirrors modeling O
Zing i (:|den ele: . .
Circular Slit Spectr emgb ioni termo-ottiche gravity effect on mirrors
metrologia ORIQRIEECESIES!
o
X/gamma-ray calibi 'oﬁ%@&ﬁ@em” calibration
stacking
o O o ® . e
progetia@phdHh x . X-ray spectral iming
3 -ray optics 8
Multilaye@eamsplitter poléﬂ?éii've Sp production 0]
Space Debris Lasei anging \ ¢ ontaminati {nd Oulgassing Sensor (©] X-ray w‘mr shells design
S ™ \ - X-ra) g
N —__ '/ __— Y POllifE® Y ay detection system
wn imaging erial ageing analysis X/Gamma-ray spectrometers

progettazione optot

mﬂa Solar puwer
LPC per oomunlcazldnl saftellitari

nagemeni in space

@
P ——_ ’ mmmn using PLC
Low fre ncy radio c%pe
MWI bone healln@fmmﬁﬂgd

Secondo Forum Ricerca Sperimentale e Tecnologica in



B B B8 OVERALL CONSIDERATIONS

We know this analysis is incomplete
Schede INAF
* not conceived with the aim of providing this kind of information
» large/complex projects descriptions do not (always) emphasize the detail of implemented
technologies and/or technological challenges
» Sometimes the same technological development trend appears in several schede, thus
introducing a bias.

Posters
« Contributed posters give an incomplete view of INAF innovative techs, although the overall
picture is impressive

What’s missing

A lot of things... E.g. quantum computing, generative A.l., IOD and COTS applicability, etc... (let’s fill-up
this list all together)
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B B CONCLUDING REMARKS

RSNS5 activities show a large number of innovations

* New technologies: copious, and in almost all thematic areas

* New implementation or optimization of cutting-edge techs: again copious, and in almost all
RSNS activities

» Totally new ideas (TRL1/2): not so much...

* An endangered species?
* Only presented after the proof of concept (>TRL2/3)?

It is worth noticing that the optimization or adaptation of already validated technologies has equal dignity
to the development of new technologies, being clearly indispensable for the development of state-of-the-

art instrumentation.
But! it also presents an additional criticality: the need to acquire know-how and new skills on

technologies that are new for INAF, thus hiring experts in high-tech sectors in competition with the
industry
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B B CONCLUDING REMARKS

* New technologies represent a . =X N l'\
large and dynamic part of INAF T S .. ol I ANSN
" agw A, —
activities. /al ﬁ 0 ‘sﬂ
. g \' s.l. % {
« Promotion and support of new 4{»?’%% @;ﬂ-}m.ftw ; \.\
. N S R ) ,{"MJ‘_
ideas, developments and "‘é’z ;%-;‘g;w,;% <IN ;
. - gA) YO U R S T i
implementations seem necessary VY, ¥ Tt B G 7T
AT, T s &M(‘v M €3 p Nty ﬂ'l
IR A BNAT BV T2 @,?./'5.[{4 i\

for growth and competitiveness |
“I had phenomenal luck with my garden this year. Not a

thing came up.”

How to promote&support these activities?
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