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& Over 70 %of global

trade by value are

carried by sea

& World merchandise
trade +2.3% yearly

I In 2015 +3.2% traffic
at Civitavecchia port




B port security

& Only few percent of containers is
X-ray scanned or physical
inspected

& Workers radiation safety issues

& It is needed an optimization of the
logistics process of controls in
ports, in line with the Smart

Specialization Regional Strategy
(S3)

& Synergy also with the strategies of
the European Commission in the
transport sector and their
integration in the ICT field
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& 1 muon per square
centimeter per minute

& About 10.000 m2/min

& Highly penetrating
particles cannot be
shielded by lead as X rays
for instance

& Already used since
several years for muon
radiography

Cosmic Muons

30000 m

20000 m s

10000 m
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Horizontal distance at crater centre (m)

¢ e om am & Similar to conventional X Ray
radiography but with natural
and parasitic source

360

o . & Already used in different
£ : scenarios for inspection as for
i instance
— Egyptian Pyramids
30 156 312 468 624 780 - VOICa nOS
Horizontal angle {(mrad) .
S — — Fukushima reactor
2 e & Major drawback is the long

. integrating time for
H.K.M. Tanaka et al., Earth and Planetary Science . .
Letters 265 (2007) 104 reasonable signal to noise
ratio
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Incident muon

mean square scattering per unitdepth of 3 GeV muons
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Scattered muon
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Mean Square Scattering (mrad?/cm)
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Tor Vergata

& Tomography allows trace reconstruction even with
multiple scattering in the trajectory
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C. L. Morris et al. “Tomographic Imaging with Cosmic Ray Muons”, Science and Global
Security, 16:37-53, 2008 9



Resistive Plate Chamber g::su
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Induced signal on pick-upy ‘ .
— strips (digital read out) |~ \ Low density foam 3 nm

- Iy
- @ Frame ===spacer=— ,Gas2mm

big pad ~

\\ Induced signal on the big 1
\ pad (analog read-out) Copper ground plane

A RPC is just a gas filled plane capacitor with high resistivity electrodes
External signal pick up electrodes can be easily tailored with any shape
Mixture of 94.7% C,H,F, + 5% C,H,, + 0.3% SF,

No flammable mixture

Time of flight (TOF)

& & & & €&
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7000 m?2 ATLAS
7000 m2 ARGO

6000 m? OPERA &
CMS

All these devices
have been
produced by NAST
people in
collaboration with
local industries
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& Freeport (Grand Bahama)
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Only one device is actually
running
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= Project Goal

& Specific objective of the project is to create an
integrated system prototype apparatus based
on muon technology (TECNOMUSE) to be

validated full-scale of a container.

& It responds to the needs expressed by the
Customs Agency and the Port Authority to the
regional government.
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—N Tecnomuse collaboration

& DsTech SRL (primer): Enterprise Leader -
Software development, design, engineering and

system integration. Testing and validation of the
system

& General Tecnica SRL: Company — Sensors
productions

& INUIT Foundation: Development and scientific

support for the control infrastructure, security,
faults and alarms

& NAST: Scientific support for the muon technique
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TECNOMUSE

Zero module ;_1301

Test Zero module " _1801 L .
Detector building | S01 ‘ (J e n e rEI I Te C n I Ca
Mechanical support s01 N a St

Electronics procurement _lSOZ

test components _nsoz

Assembly and testing —SOZ
N ~e
Test whole system I S02 dol

Algorithms development

Algorithms implementation

Rendering developing

03 | Nast

Integrated consclle

Parameter definition
)
Methologies for quality control software __‘304
developing central platform _.1304 T -
Integrated graphics consolle 0 | | |
Network architecture nSOS
Security policy definition _ISOS
Infrastructure realization : | l_ISOS
Test [ \ ' 505
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Expected results

Full scale working prototype

Scan of a real container in a couple of minutes
Scientific publications

Know-how acquisition

Impact of the research project

Triggering future industrial developments
Paving the way for selling the system to several customers
Increasing port security

Thank you for your attention
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Costs and funding gj’:f“s@
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Total Cost €1.736.731,96 Funded € 1.127.656,83 (65%)

HRI ERI

mSS M SS

Funding Distribution

University

22%
DS Tech s.r.l.
INUIT 46%

10%

General
Tecnica s.r.l.
22%
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= Objective and activities
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S01: Construction of the RPC detector and bracket, months 1-13 of the
project; partners involved in the activity: General Tecnica, NAST

S$02: Development of electronics for the RPC detector, months 1-12 of
the project, responsible for the partners: NAST

S03: Development of software for integrated console and reconstruction
capabilities and 3D imaging routines, months 1-14 of the project, partners
involved in the activity: Dstech, NAST

S04: Development of a central platform for the integration of various
elements: months 1-15 of the project, the partners involved in the activity:
DsTech

S05: Communication infrastructure, security, distributed control and
alarms, months: 1-18, Partner responsible for the activity: INUIT
foundation

S06: Final Test TECNOMUSE in the harbor, months 14-18 of the project,
the partners involved in the activity: DsTech, NAST, INUIT, General
Tecnica
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