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Differontlating among works

The hyperspectral datacubes of three
paintings, seemingly klentical excep for
frame and dimensions, were captured
(one large original in a frame, one large
unframed copy, and one small unframed
copyl. The subjects were placed at ap-
proximately a 1-m working distasce from
the hyperspecinal imaging system. The
Imager was mounded on a standard cam-
efa tripod for siability. The objective lens
presemtd a 192 (ield of view 10 a CMOS
semsar that captured images al up to
2.3-MP spatial resolution with demi-
saicking. A quanz mungsten halogen lamp
soairce and diffuser was poshioned 1o
provide uniform Hlumisation over the
area af indenest.

Quarnt tengsten halogen sources
cover @ broad speciral range from the
visibile through the near-infrared (25010
2500 nm) with a relatively (lat speciral
mesponse, and they complement the
respomse range of the imaging sysiem
(4040 ko 1000 nne). Depending on the
mature and sensitlvity of the plgments
wsed in the artwaork, alternse |:g||l
sources such as high-brightness white
LEDs that akso provide broad amd rela-
thvely flat speciml profiles may be pre-
ferred. These LED-based light sources
are by pically compasite systems involving
a combination of elements (e.g., RGE, Y,
Wi{Figure 1),

The pakmings were created using dif-
ferera pains, bue significam effon was
e 1o make them resemble one anather
as much as possible in terms of reproduc-
tion style and technigque, Figure 2 shows
the artwork In qoestion, with two ran-
domly sebecred landmarks indicated.

To confirm that the instruments werne
capturing repeatable measurements of the
samples, multiple measuremens of the
landmarks were made for each version,
Scaled registration of the different size
images was applied o ensure that spectna
Hroams the same relative [ocations were
lentified (Figure 3).

A comparison of the spectra at various
landmarks an the images of the three
sampibes reveals that there are elesr and
distinct differences between the framed
ariginal and the copes (Figure 4).

To efficiently assess the asthemsciny
of awork in #s emirety, classification
algarithms can be applied 1o the datocubes.
LUising the spectra from the authentic piece

as the reference lbrary for the classifbca-
thon, a spectral anghe mapping algorithm
was applied 1o the three works, A threshold
i¢ == the speciral angle o which a
phed was considered close ermagh oo the
reference of the paxel was rejected — was
adljusted and aptimized by trial and eeroe.
Thus, the process compared spectra pixel
by pixel, and il the speciral angle was
larger than the threshold, the pixel was
identtfied as bad, This meant the plece
was labeled a coumerfeir. The bad ratko
was defined as the mumber af bad pisels
divided by the wtal number of pixels, The
bad pixels were indicated by a false color
map of the arvwork Image (Figure 5.

Merte that some of the areas associated
with the two landmarks were [lagged as
bad (the eye) or geod (the apple) on most
of the images, even though the spectral
poines sample demonstrates a difference.
This can be attributed 1o vasiances thar
strachdle the tolerance of the speciral
anghe threshald. However, the algarithm
pasitively and relizbly distinguishes
berween the authentle plece and the copy
in terms of the entirety of the image. The
results are intuitively interpretable, This
approach thas provides a means by which
nonexperts can use the instrument in the
process of amhentlcating ar.

By identifying distinctions in images
that are ot only invisible 1o the eyve bue
also to coder (RGB) cameras and even
maltispeciral imagers, hyperspeciral im-
aging cameras can provide rapld assess-
meent of the amhenticiey of anwork. In
the rx.l.n:||:-'lr'su1]i'\.|::|smd. an advanced
hyperspeciral imaging svsiem was able
o quickly provide an intultive means by
which 1o differentiate berween the origl-
nal and the reproductions. This example
serves io demonstrale the impariance of a
temkey ool for use in art authentication,
This salution can be used 1o augment cur-
rem methods or it can powentially be used
a5 a primary tool.

The unigue combination of ponability
andl the ability 1o dyramically change
spectral range and bandpass capability
mseans that the same hyperspeceral insure-
ment can be configured for a wide variely
of parameters and podmis of inferest in
the Tighd, This beth optimizes accumcy
andl reduces the thme to caplure the
image. The semicomductor manufacoer-
ing processes involved in the fabrication
of the Fabry-Pérot interleromeier means

Wi

thas the rechnodogy ks not oaly minda-
wre, yeelding a lghiwelght and compacr
device, bl also sealable aml much neone
economical than competing hyperapecinal
technalogies, such as pushbroam systems,
which are manually assembbed in a time-
consuming manser. Extension farther into
the infrared range of the spectrom would
enabde the plagform 1o detect and analyze
hidden layers of paim, possibly unearth-
Ing even more valuable culiusal ireasures
such as earlier iteratbons of the versions of
& paiming.

Finally, the cost advamtages of this
iechmalogy relative to other hyperspeciral
imaging sehuions alse vastly improve ac-
cess for all such petential uses, making i
awailable 1o both world-renowned institu-
ticms gncd smaller maseums,
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Springfield Technical Commu-
nity College (STCC) offers a one-year
Optics and Phatonkcs Technslogy cendfi-
cate aind a two-year Optics and Photonics
Technology Associate of Science degree,
Thee programs gi\'r engineering techni-
clans knowledge of kasers and optics, and
provide the ebectrontes skills peeded 10
chesign, test, and maintain complex optical
and phatonic systems. Graduates work
side by side with engineers and scientisis
imvalved with cutting-edge applications
i a wide variety of highly technical
applications. Applications inelude |aer
materials processing, liber aptic comn-
nications, [n'c{isir;n optical manufaciuring
and metealagy, serospace amd defense,
homseland security, medical device fabsl-
eation, nanatechnology, and integrated
phatanic devices.

As the only program of its kind in New
England, STCCs Optics and Photonics
Technology program graduaces are highly
sought after by indusery and have enjoyed
excelbent job placement amd salaries since
1976, Companies that hire STCC graduo-
ates include MIT Lincoln Lab, Northrop
Grumman, Coberent, Lumemtum,
TRUMPE, OFS, PG Phatonics, Conver-
gem Photanics, Viavi Sclhutiens, T1-V]
Inc.., L3Harris, and Zygo,

LASER-TEC

college profile

A Springhald Technical Communidty Cofege studend meases lass! boam characterstios.

Programs
One-year Optics and Photenles

Technology certificate
Two-year Optics and Photonics

Associate of Science degres

These one- and two-year pragrams
with sarang Interdisciplinary core curriou-
lum provide extensive hands-on rraining
in state-of-the-art optics amd photonics
labs, The coe-year ceriificate program,
which serves as the first year of the
assoCbabe degree program, provides
apisdents with extensive theoretical and
hands-on training in lasers and Laser
svstems, fiber optics, peometric optics,
elecironics, and SolidWorks, along with
other manafaciuring essentkals, The
associate degres program builds on the
certificate program by providing sldi-
tiomal agdvanced cowrsewark in industrial
laser applications, wave optics, advanced

topics, and a yearlong senlor capsione
project. The curriculum is heavily project-
aeul problem-based, amd the majority

of students have paid intemship oppario-
nithes with local laser andd optics compa-
Tles.

Graduates of the asseclate degrea
program will have the skills to:

= Align, clean, baikd, and test complex
ogitical systems.

= Strip, cleave, chean, and align
muzltimoude, single-mode, and
dual-clad fiber,

» Calculate and measure fiber optic
poswer loss in decibels and power in
decibels per milliwate,

# Determine modal dispersion,
chromatic dispersion, and system
bandwideh.

PHOTONICS ) e

Decomber 3021 Photonlcs Specira BB



LASER-TEC

M“BrobpucTs

Termimnate and st fiber aptée cables for compector and Use a Laser beam prodiler to measure the spatial ouput
Ensertion loss. characteristics of a laser.

Oprrate optical time-dom, reflectometers, fusion splicers, » Uise an optical spectrum analyzer 1o measure (he tempo]
opical spectrum aralyzers, fiber inspection microscopes, output characteristics of a laser,

and fiber opéc boss test sets. i
T T e e lest, matntain, and woubleshoo basic laser companems.

¢ fiber lows mechanisms and create fiber optic

How to recruit from this college

Align, operate, and characierize LEDs, laser diodes, and Come to our college 1o present your company and employment
- 4 ! o . » aval \ i

phatedetectors. opporiunitbes 1o our stadents. We will make avallable, free of

charge, a private room (o interview imenested students. Please

Ciperate, wsl, and troubleshoot echinm-doped [iber » pegsan below 1o make arva

ifiers, wavelength-dividion m

erments for a recruit
vigit, Interns and graduaies ane availabde every summer,

iplexers,
addidrop multiplexers, circulsors, chin<film filiees, and
fiber Bragp gratings.

Contact information
Design, build, and tesy ebecrronic circuits and devices, Nicholas Massa

Use pacilloscopes, multimeters, signal geserators,
spoctrum analyzers, and Baboratory poswer supplics,

1 Armory Squane
Apply elecirical and laser safety standards and practices Springfield, MA 01102

Ciperate, test, and akn yrierbaim- and ecbinm-doped
fiber lasers. Program websites

wwwsicceduiexplone amsleot, a5

= Operate, test, and maintain CO,, argen-Krypbon, amd
HeNe pas lasers. e i

ma/leat oo

expdo

o s a Laser power amd energy meber [0 nseasune the ourpun
power aml energy of a laser.

EXICOR® MUELLER
POLARIMETER
Glnbal FGWERPLAY 'En Complete Polarization Property Measurem Brofofypang ond

CABNE, Mate

4 Autonomous Laser Scanning
BLR AR, free Lolen Geeiystoms AQ, i
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