-1 - 2217006 A Portabl e Spectrophotoneter This
inventi.ongrel ates to a spectrophotoneter particularly, but not exclusively -
useful to analyse the color ef such arficles of manufacture as the

bodywor ks of passenger cars and generic notor vehicles, in order to enable
reproduction thereof. It is a known fact that repair work on the bﬁg;?ﬂﬁZT)(]G
not or vehi cl es, such as passenger cars, trudks, and the like, invol deét
ability to reproduce as faithfully as possible the color of a notor vehicle
inviewof its re-painting on conpletion of the repairs to its bodywork.

The paint that protects the bodywor f.a myor vehicle undergoes, in fact,
various hue alterations as a resmq&gﬁ%%mm ought about,

as is well recognized, .act | 0 | or i hg., or of
washi ng and the frqug}l%§n§){}'q§§§hﬂe\%agﬁﬁ %%%%%%%&%F%%Q{et%g%%?%%Qrggl’or S

bound to under gobutn nbt nexcil deiviel plisefeihabontalybe the agotofli dff kGeH briixllesr esee
and make it different fromthat originally inparted to the vehicle. It

fol l ows that theosdapufacdure@sgthitabosyaichks SfppAssenaasy.carfe 208 aeppRic

manuf acturer is }j I sui t [QVi ' plica of the
col or actually erh |°?;i {’%@%Egé't ﬁg ‘lwr?gf\%odgréglgr%%?nggﬁhﬁsw,h%%‘g%r ovi de a

solution to the problfems bhaicanhtace tratnreéRiel viRdort Rhé ddagd ofore or |ess
conpl ex instruments capable of outputting an "as is" paint recipe whichis
t hen prepared bymiosnehifdesoFuchcrs BIRSENGRN SRBS.a8 ryehs ., bancaths |Likee

C o 1Y ot g o P8 S feorbd L GRLRH Y S ghigiy e article
W, the color of a motor vehicle in view of its re-painting
on completion .of the repairs to its bcdywork. '

The paint that protects the bodywork of a motor vehicle
undergoes, in fact, various hge alterations as a result of
ageing processes as brought about, as is well recogrnized, by
the actions of sunlight and/or weathering, or of washing and
the frequency of such washing. Accordingly, the paint color
is bound to undergo in time inevitable changes which are
difficult to foresee anc mzke it different from that originally
imparted fo the vehicle. _

It follows that the so-called original paint supplied
by the vehicle manufacturer.is'in all cases unsuited to
provide a faithful rép[ica of the color actually exhibited
by the }ndividual article.

Thus, to provide a solution to the problem, there have
been developed in the art more or less complex instruments
capable of outputting an "as 55" paint recipe which is then
prepared by blending together such peints as may be available
commercially at the time.

To that end, the reflected lLight from the article surface,

or in other terms its color , is usually analysed on a



-2- spectrophotoneter, i.e. split into its spectral conponents for -_

subsequent qualitative and quantitative neasurement on so-called'ggggh

spegtrophotoneters. The latter instruments, -while-providing a very-dccurate ,

measur enent of the spectral conmponents of the col or being anal ysed, are

hi ghly conplex and Large in size,, quite expensive, and high in energy
.‘consunption. Bench spectrophotoné&ers tend, therefore, to be configured as

typical |aboratory instruments, indeed quite accurate but far from

providi ng those features of flexibility in use, ease of transportation, and

| ow ¢ e | ong .been aht, by, car _bodywork repairers. The size of
such %Z.’né qpﬁg¥?m§r¥gﬁtg'§ésiﬁisg 119 %%sl ?’pﬁ%ﬁ%é te8PTE51 e for use outside of

a wor kplrogutaebiént hadaiat Pre/ andiduant | tatale tle@sirvmehy e not or vehicle. Thus,
the need arises for picking up, using sonetinmes destructive tecniques, a

sanpl éofcakhed Hrmghorsoectrinbotengigirai ed. To obvi ate the above drawbacks of

bench instyunents, there have been propqgsed in the pertinent art

spect rophofh(fggftetreg Wﬁ%é'ﬁmf:'h 'bghﬁ T sf%ﬁaéV%lfnﬁe?nacﬁgééei n the field.

| NSt r WeRBhfemeht td¥athd pect Al HeMboReh€RQHNEhNRBbCBRRCt ed by a flexible
cable to a data processing unit equipped with a variety of accessories,
such @sabysad,nerer hiighlyacpmilexecandeper iofsidee amdasur ed dat a. -

However , ngctr%EPgt neters of the |ast-nentioned type can only be noved
with SEREHIVEri 19 PI8HAR ¥ KT SHBPHE mde up of parts having a

z:aglnlaf | CardenRi SHakt MiPhoRomdt@rs Ordna, | tHePeFOU]CES &1 P_A(n_f"a‘E@Fle%-Of: a |inking
as typical laboratory instruments, indeed quite accurate but g,)
far from providing those features of flexibility in use, ease
of transportation, and low cosf as have long been.sought:by
car bodywork repairers.

The size of such bench instruments results in their being
unsuitable for use outside of a workshop and/or Laboratory,
directly on the involved motor vehicle. Thus, the need arises
for-picking up, using sometimes destructive tecniques, a sample
from a bodywork to be re-painted.

To obviate the above drawbacks of bench instruments, there
have been proposed in the pertinent art spectrophotbmeters_
which can be carried around and used in the field.

Instruments of that type include a reading head connected
by a fléxible cable to a data processing unit equipped with a
variety of accessories, such as a printer for a printed output
of the measured data.

‘However, spectrophotometers of the last-mentigned type
can only be moved with some difficulty due to the‘? seing made -
up of parts having a significant weight which are to be
inferconnected-by means of a Llinking cable.

The latter requirement restricts their usability in the



T%e latter requirenent restricts their usability in the -3- field on
account gﬂ;the readi ng head and processing unit, which are unseparabl e,
“bei ng i nconveni ent and | aborious to caryry. A further drawback of such prior
instruments is their cost; this being even higher than that of bench
spectrophotoneters, is generally beyond. tbe3 reach of .an average user. The
t echni cal problemunderlying this ihvention is to provide a

'spectrophot onmeter which is portabfe and has such constructional and
operational features as to permt of "as-is" reproduction of an anal ysed

O T L1 @ OV 18 810 DBt bPCksd! ARG el 6! bHEeLDEPLARY, art. Thi s
problemis solved according to the inventTon by a porta

spect r ophot onet ewhighoared afsepalrbb e ,hbé hgn §in comwen faait NghdC basardbes itved i n t hat
it conprises, all located inside said case: a |light source connected, via a

control circuit, @ &Yan output of a mnicroprocessor having data (RAM and

program (ROM stor agﬁsfurﬁlrufrp@%&a%lf@#’%b}.lﬁ ﬁ?oﬁ‘ﬁ?t“ﬁ%n#é‘@s”% el | UX

exiting said case nore uniforn] a spectroscope for spectrumw se scattering

the reflected |igk; € BefignPlén hidher tRdredhdty of bethch OspetErdphotometers,
photonetric .device connected to the input end of said mcroprocessor via an
anal og-t o- di gi t als eeneralirrbeyand dpei eeachges, @peavespae (Usafi nati ng sai d

photonetric device djﬂgee(t\tetlzﬁlnifcra?nsr%gléjm luingmly‘?r?gurt%% invention is to
provide a spectrophotometer which is portable and has such

: W | constructional and operational features as to permit of "as is”
reproduction of an analysed color, while overcoming the cite#
drawbacks affecting the prior art.

This problem is solved according to the invention by a
portable spectrophotometer provided with a_holding case being
characterized in that it comprises, all located inside said
case: _

a lfght source connected, via a control circuit, to an
output of a microprocessor having data (RAM) and program (ROM) -
storages;

a sphere effective to make the Lluminous flux exiting said

-/ : case more uniform; .

a spectfoscope for spectrum-wise scattering the_reflected
light from a sample illuminated by said source to a photometric
device connected to the input end of said microprocessor yia
an analog-to-digital converter;

an optical device for illuminating said photometric device
directly from said Light source;

a power supply to the light source, photometric dev%qe,
control circuit, anaLog—to-digital converter, and microprocessor;

and



a power supply to the light source, photonetric device, contr

anal og-
connec

ting the mcroprocessor to the out'si de: of sald case. Further*features

ol circuit;
to-digital converter, and m croprocessor;. and, a connector\fbr

and the advantages of a spectrophotoneter according to this invention wll
be nore clearly understood fromthe follow ng detailed description of an

ment thereof, to be taken-by way of iltustration and not of
limtation in in conjunction with the accorfpanyi ng draw ngs,
1 shows in perspective a portable spect rophot onet er according to the
ion; Figure 2 is a longitudinal section view taken through the

enbodi

i nvent

spect ropholaoﬁ%‘tﬂéﬁt‘éﬁ for eanpeqt Wgokie Mieronneeessarn toitheri gure 3; Figure 3 is
|t&g|nal %ecélon vi ew taken through the spectrophotoneter of Figure 1

a long
al ong
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ne rf P€In Figure 2; Figure 4 is a plan view, partly

wher e:

Fi gure

sect oned aLPOErt h@atlulrae dnd- 06 iaByETitagEe o aOfpdcheoptpechenphot onet er of
Figure 1; and Figure 5 is a block diagramof an el ectronic control

-i ncor p@q:czctrddnq aot hie195peuntophoudrlrebeamoo¢ Fliegntye undengtopdr ef erence to the

Vi e nes a i.ndi.cat ed, at, 1 rt ab ectrophotoneter
?'F&TF etfl?qgml'm?eﬂ%/ﬁadrlled1%5‘:5])%89?0%?18{‘0 °g|"mel" gg °s8s a
subst agg il Wke?:aBﬁ'Ja%' EPINRUs£rdqbAlidng RS 2L Ai&bORINNgn OPt 0- mechani cal
s 60 and an el ectronic control device 63, both to be expl ai ned

her ei nén teonjudtdon asidh2t fies apcmadnmgmrwmgearwmrag handl e 3 at the top,

drawi n
accord

devi ce

Figure 1 shows. in perspective a portable spectrophotometer
according to the invention;
Figure 2 is a longitudinal section view taken through'the
spectrophotometer of Figure 1 alohg the line II-1I in Figure 3;
Figure 3 is a ldngitudinal section view taken through the
spectrophotometer of Figure 1 along the line III-III in Figure 2;
Figure 4 is a plan view, partly sectioned along the Line
Iv-1V in Figure 2, of the spectrophotometer of Figure 1; and
Figure 5 is a block diagram of an electronic control
device incofpofated to the spectrophotometer of Figure 1.
' Wwith reference to the drawing views, generally indicated
at 1 is a portable spectrophotometer according to this
invention. |
The.spectrdphotometér 1 comprises a substantially
paraLleLepipedié hold{ng case 2 enclosing opto-mechanical
devices 60 and an electronic tohtrbl device 63, both to be
explained hereinafter. _
The case 2 is provided with a carrying handle 3 at the top,
and with a bottom 18 having plural rest feet 4.
The case 2 further comprises a reading head 5, substantially
paraLleLepipedit in shape, provided on the front with a baSiéally

frusto-pyramidal holder 6 for a circular cross-section reading

devi ce

i
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and with a bottom 18 having plural rest feet 4. The case 2 further
conpriseg;g readi ng head 5, substantially parallel epipedic in shape,
provided on the front with a basically frusto-pyramdal holder 6 for a
circul ar cross-section reading -.5- eye 8 which is protected on the
front by a plate-like cover 7 (see.Figure.% . The reading eye 8 conprises a
circul ar cross-section,7aperture 11 formed in a hollow sphere 12 effective
to make the density nore uniformof the lumnous flux exiting the reading
head 5 through the _reading eye 8, as explained hereinafter. The latter is

provided periphesal Bywhiichhis prbfit tgBIEERE frBneH)2RCR by Adhesi@n of the
reading head 5 on a nmetal surface to be analysed. Wth reference to Figure

2, it shoul d be hdisee Rigute e spectrophot omet er opt o- mechani cal devi ces
are carried inside tgﬁ cas‘f. 2 on g | ate 13 hayi r&? a substantially
rectangul ar contour and B8FWE 4 5188 HRUF HTGULHT ATOSHEREELIOM 4™ st andi ng

integral Iy proudagebtdfe 190idray 1B 9TndiiBy S3here 12! &M&@ﬂe %Qa@{]estké 'S
f not shown u

fastened by neans of conventional screw fasteners, n. s, there
i s defined, betwieasitaindreluntitordGofinthet humilmous ofibuk 8exift ibf et heaseadiag

substantial |y parallglepi pedic chanper 19 intended to acconmpbdate a power
supply 20 corrpria"éeaﬁgfaﬁ’ﬁﬁ‘fﬁ"eme Tradingoers fur a8 exphptned) heredpaftaranber 19 is

accessibl e from the p thllrVid ol kA pafiohbl AA0°G: e TOVAR Yodiel e bOttom
y neans of conventiona crew fasteners, “not” shown.
_ to enhance the adhesion of the reading head 5 on a metal surface
W, = ' to be analysed.

With reference to Figure 2, -it should be noted that the
‘spectrophotometer opto-mechanical devices are carried inside
the case 2 on a plate 13 having a substantially rectangular
contour and being laid onto a plurality of spacers 14
standing integrally proud of the bottom-18 of the case 2, to
which spacers it i; fastened by means of conventional screw
fasteners, not shown.

Thus, there is defined, between said plate 13 and the bottom

. 18 of the case, a substantially parallelepipedic chamber 19 .
intended to accommodate a power supply 20_comprising a battery
o/ 21 (see Figures 2 and 4).
' Said chamber 19 is accessible from the outside via a cover
56 attached removably to the bottom 18 of the case 2 by means
of conventional screw fasteners, not shown.

With reference to Figure 2, note should be taken of that
the case 2 is provided, inside the reading head 5 and in the
proximity of the sphere 12, with a pair of posts Sé which
stiffen its structure making the construction of tﬁe
spectrophotometer stronger.

The plate 13 is provided at one end with a yoke portion 16
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Wth reference to Figure 2, note should be taken of that the case 2 is
provi ded, inside the reading head 5 and in the proximty of the sphéﬂg 12,
wi'th a pair of posts 59 which stiffen it's structure nmaking the construction
of “t he spectrophotoneter stronger. The plate 13 is provided at one end with
a.yoke portion 16 -6- hol ding ghg sphere 12, conventi-onally fastened
thereto by neans of screws 17. To inprove its stability, the sphere 12 is
caused to bear on a seat 58 mating in profile with the outer surface of the
sphere. The sphere 12 (Figures 2 and 3) conprises two em spheri cal

POr L1 ORSLa{BRC LhELS 12, 1ol BE 152 ANLE 00 B0 Wi oh are fast ened

renmovably t I'n a conventi onal “nanner, suc y a plurality of
screwsme@anhs b®rsdriebgmmati ng the surface of an article to be anal ysed, the
spectrophotoneter 1 is provided with a light source 23 conventionally
nmount ed t o Tohimareme s stabdtibal thosphene 12bisotavsrd §phere 12 close to the

area of the joint to the.front portion 1 (see Fiquyre 3). The light source
23 incFﬁ%lresmaafﬁe§§h£boﬂ'Fg"?51?i‘Fte?1rll f"ﬁﬂé%ﬁgs%'g(?fﬁ}%qﬂf‘fsnatic cont ai ner 26
whi ch gpeyhe spierelhe sphere 12 at a passageway 24 of rectangul ar

cross-sectional shape extending into the sphere 12 symmetrically about a
hori zont al Theasaberel12pKhiguras & aheéPotofprisesityaremizpherticalf | ash bul b 25

o et ray AR iR TP S b oRE B, M o T ahes
are fastened removably together in a conventional manner, such
as by a plurality of screws 22. ' o Ss)
For illuminating thé'surface'of an article to be analysed,
the spectrophotometer 1 is prbVided with-a Llight source 23
conventionally mounted to the rear emispherical portion 12b
of the sphere 12 close to the area of the joint to the front
portion 12a (see Figure 3). The Llight source'23_ihctudes a
flash bulb 25 fitting in a respective prismatic container 26
which opens into the sphere 12 at a passageway 24 of rectangular :
cross~sectional shape extending into the sphere 12 symmetrically-
about a horizontal diametral plane A-A thereof (see Figure 2).
The flash bulb 25 enables the surface being analysed t6
be illuminated with Light flashes having a color temperature
of about 6000 K.
' Acadrding to one aspect of this invention, and as shown
diagramatically in Figure 5, the light source 23 is connected by
a cable 29a to the output of a conventional control circuit 27,
in turn connected to an output of a microprocessor 28; also to
a conventional design, by means of a bus conductor 62. |
Thus, the Light source 23 is linked operatively to the
microprocessor 28 via said control circuit 27.

The light source 23 itaelf is powered, via another pair



Accor di ng to one aspect of this invention, and as shown diagramatically in
Fi gure.5.__vt he |light source 23 is connected by a cable 29a to the output of:
@ conventional control circuit 27, in turn connected to an output of a
m croprocessor 28, also-to a conventional design, by neans of a bus

conductor 62. Thus, the light source 23 #s?l-nked operatively to.the Ea
m groprocessor 28 via said control circuit 27. The |ight source 23 itself
i s powered, via another pair -7- of cables 29b, 29c encl osed, along with

the cable™29a, in a sheath 30, fromthe power supply 20 located in the
chanber 19 defi nédcdbdesc2Ph,t2Re bmxdldsed) plarigowith ahe tdbdebefRa,omm &8 sbéatthhe

case 2. The fI_agg bul b 6}5‘? is turned Oﬂt and the ensuil_g%I an Igysifz, operation
for color carri 'J_Jf"," qePwesy BeaPh ¥l <& dREatsd _b@/t(ffép? beh af’?< N'€B1 whi ch
straddies the cabiudeROllARElding AR 13 1Ra 'BRbAG R oF A che 2.
conventionally connected to thé mcroprocessor 28 in a nmanner not shown.
The opto-nmechani cal THevflaes milbt25 isprohed ngt anditde énsalisy anatysisse (see

Figures 2 and 3) a spectroscope 31 for spectrumw se scattering the
reflected |ight opefdhiemd of e9lor ccasied Nty (UNGRT Rxt@ENa)y coMEoli Bht sour ce
23. The spectro : 0 i sap, C | 0 . | agtion grating
33. The col li m?gg&%ﬁ‘?’i}%%p%i%gﬁn\?mht%rzlghas’rg%s g?éc%gﬁ\eg'nrt%i gé{glglgnses, ‘not '
shown, the optiabdveaxhé reatiinheesdDS and a8 sepivent ivhatbnicehneatited i aperture

11 in the sphere 12, as shown in Figure 3. The grating 33 is accommodat ed
within a box-typte fisrernoceesafotdiingd Menney ROt athawak | y paral | el pi pedic in
shape, and laid

I

/

The opto-mechanical devices of the spectrophotometer 1
also comprise (see Figures 2 and 3) a spectroscope 31 for |
spectrum-wise scattering the reflected light from the article
surface illuminated by the Light source 23.
The spectroscope 31 comprises a collimator 32 and a
“diffraction grating 33. The collimator 32 is provided uifh a.
set of conventional lenses, not shown, the optical axis t-t
whereof intersects the center of the aperture 11 in the sphere
12, as shown in Figure 3.
The grating 33 is accommodated within a box~type protective
housing 34, substantially parallelpipedic in shape, and Laid
- . in continuation of the optical axis t-t of the collimator 32 to
form an angle of about 45° therewith.
The box-type housing 34 is conventionally supported on
the plate 13 (e.g. welded thereto), and is formed, at a minor
base thereof, with an aperture 35 which is shut off by a
photometric device 36 attached to the holding plate 13 in just
as conventional a manner, not illusjrated. .
In order to enhance the optical resolution of the spectral
components of the Light diffracted by the grating 33, a focusing

objective 37 is interposed to said grating and the photometric



in continuation of the optical axis t-t of the collimator 32 to forman
angl e of about [err] therewith. The box-type housing 34 is conventhgally
supported on the plate 13 (e.g. wel ded thereto) and is forned, at a mnor g
base thereof, with an aperture 35 which is shut off by a photonetrlc devi ce
36 attached to the hol ding plate_13_.in just as conventional a manner, not
illustrated. In grder to enhance the optical resolution of the spectral
conponents of tHe light diffracted by the grating 33, a focusing objective

37 is interposed to sai-d grating and the photonetric device 36 (Figure

3). TheyeRBkecid \(?3& |§) Supported, as shown in Figures 2 and 3, on the
box-type housing 34 and the plate 13 via a respective sheet-like hol der 38.

Wth refereﬂmaobd)ed%garl? 'Zs suppeinrd, dasishow e nnbigaates aanhe axes of the
aperture 11, collinmator and grgnectlve 37 all lie in the same horizont al

pl ane A-AOPhEMeBPX .tareemyﬁém Sesang e AltAte S K13 G BeIRSCtEY, i ty. The

- phot o -O8%! f nprises a plurality of conventional photocells,
orﬁttren(}[hferbgm e %r%\?\n%gs for qualitatively and quantitatively picking up

the spectraliighorptyrente tof Fidurer 2f liecstehlli gifso be morédahatticle surface. To
this end, this sane light is resolved by_the.grating.33_into a diffraction
beam wHdSe ¥ IOh thecaReriuses! lonceHdmakRS 824 andveRiesgive BAnd from 400 to 700

oo vt L5160 RSB A o SRR Lot
ranges hisBdwrl iif tHel FRgUreabor tc LR tyM
The phbtometric device 36 comprises a pluralitylof W,
conventional photocells, omitted from the drawings, for qualitatively
and quantitatively'pickfhg up the spectral components of fhé
reflected Light from the article surface. To this end, this same
Light is resolved by the grating 33 into a diffraction beam
whose width encompasses on the whole a wavelength band from
400 to 700 nm.
The diffraction beam thus obtained can be'édvantageousty
sampled by the photometric device 36 in a recordable manner,
according to wavelength ranges which lie between about 10 nm
and about 20 nm, to be selected from the outside via the
microprocessor 28.
With reference to Figure 3;:it may be seen that the light
source 23 is connected optically to the input end of the
photometric device 36 by means of an optical device 39 comprising
a Light-responsive element 40 and a flexible cable 41 having a
pair of fiber optics 42.
Thus, the photometric device 36 is supplied a second,
reference Light beam intended for comparison, as explained
herein below, to the Light 5eam reflected from the sample and

scattered into its spectral components by the spectroscope 31.
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and about 20 nm to be selected fromthe outside via the mcroprocessor 28.
Wth refgrence to Figure 3, it may be seen that the light source 23 is
connected optically to the i-nput end of the photonetric device 36 by neans
of an optical device 39:-conprising a light-responsive elenent 40 and a

fl exible cable 41 - having a pair of fiber.optics 42. Thus, the photonetric
device 36 is supplied a second, reference Lrght beam i nt ended for

conpari son, as explained herein below, tothe Iight beamreflected fromthe
sanpl e and scattered into its spectral conponents by the spectroscope 31.
-9- The Light-responsive elenment 40 constitutes, therefore, as a reference
internal to the spectrophotoneter; for this purpose, it is arranged to face
the inside of the spherldohb-respensispeslenent 49 tanstitutelserdienefeneptel y from
the |ight sourcg, 23 ich w il illumnate the |ight-responsive el enent 40
si mul t aneousl y gv'?t ’rfﬁ%egﬁ?fﬁ'ég"bafl Ny tﬁ?t?%ﬁcér?f’éﬁ"g&meatﬁér y§° d%h |

photometric devpemposh, it §ONHIPEHRD. t&alBHHe PhsiRkUsflthe! ShkFé q2caP! es 44,
to the input end of the electronic control device 63 as shown

di agramat i cal | yan @pErtunec4d formeditheteiint rendtle lndapesthe highsxpéuricaed her ei n
m Wth refere

3 it shoul d betineBrvbdt A toRER Bt Lishsar eshon i ELEens i Che o
spect r ophot onet emul tameoudi P Gl42R el SurflGe (¥ 8AUMIcLd BEiA8nEG sFRYI NY
parts, by reason of the internal reference (light-responsive el enent 40)
and the surface to bke dhatgmeddibaemice Bbuis mabmtted, dyeme¢anseof plural
\_) - electric cables 44, to the input end of_the electronic control
device 63 as shown diagramatically in Figure 5, to which it
‘will address, as explained herein béLow, the measurement data
in analog form. -
With reference to Figures 2 and 3, it should be observed
that the opto-mechanical devices 60 of the spectrophotometer
1, as discussed in the foregoing, include no moving parts, by'_
reason of the internal reference (light-responsive element
40) and the surface to be analysed being illuminated at one time
by the light source 23. |
Thus, the need is avoided for illuminating in timed sequence
\/ ' the article and internal reference, as is the case with
prior spectrophotometers. |
With reference to Figure 5, the electronic control device
63'incorporated to the spectrophotometer 1 of this invention
will be described next.
~ Said device is mounted in a conventional manner on two.
electronic boards, not shown, which are carried in a
substantially parallelepipedic box 47, in turn supported inside

the case 2 above the collimator 32 and the box-type housing

34 by a plurality of cylindrical posts 48 (see Figure 2).



" by the light source 23. Thus, the need is avoided for illumnating in tined
sequence the article and internal reference, as is the case with pri{Qr.
spectrophotoneters. Wth reference to Figure.5, the electronic contf%ﬁ
device 63 incorporated to the spectrophotoneter 1 of this invention will be -
descri bed next. Said device is noypted in a conventional manner on two

el ectronic boards, not shown, which are carried in a substantially
paral | el epi pedic box 47, in turn supported inside the case 2 above the
collimtor 32 and-the box-type housing 34 by a plurality of cylindrical
posts 48 (ste higtupeodssor 28 i$0conntdCed]) @EOgH@ESS Frigdde | S connected, as
shown in Figure 5 which depicts in diagramatic formthe entire electronic
cont rol® 4B depicts; n tdiaaramaticefrrmothe £8t prRedAELIONEC devi ce 36 t hrough an
| nput TdaherdRGey Pk 65D RALRE GHGAE erdPhf D! BdRRE AL bsv AR |

anal og-to-digital conferter operatrve to convert into gital form

neasur e phralahaan Gapiy adtérfateabdg Thopantiieorar,heathahosrrate c devi ce 36" and

to supply the data so converted to the mcroprocessor 28 over a bus line

65. | n &cisratanoelagrtordinitalpsenvertternds opavativeote ceneenti cr opr ocessor 28
referred to as, RA ma Access Menory)

\?\f}l:r Zi Li'nﬁ:ﬁégi&é?g‘ég%%%sﬁgﬁ%ﬁ ﬁgt%rg%b\f,e&égsa&aLg%l\ﬂoﬁﬁg{rdl tal formfromthe
anal 0g-the- phdtioh@tr icoBuAicess 4ndat & subp DE thb0dd. sd @nlkre@pr ocessor 28 al so
i ncludes a second, read-only nenory 50, specifically one of the ROM (Read
Only Mt@othg microprocessor 28 over a bus line 65. S
In accordance with an aspect of this inven;ion, the

microprocessor 28 has a first read/write memory 49 referred to

as RAM (Randoma Access Memory) wherein the data supplied to

the microproceséor 28 in digital form from the analog-to-digital

converter 45 are to be stored.

The microprocessor 28 also includes a second, read-only.

memory 50, specifically one of the ROM (Read Only Memory)

type, holding the programs that are to make the microprocessor .

28 operative.

The above-noted memories, 49 and SO,.are conventionally
connected to the microprocessor 28 via a set of bus lines 51a
and 51b. : : : ' - &;)
In accordance with another aspect of this invention,

the pover required to operate the electronic control device 63,

flash bulb 25, and photometric device 36 is supplied from the

power source 20 incorporated to the spectrophotometer, inside

the chamber 19.. |

The microprocessor 28 and power source 20 are further
and independently connected, input-wise and in a conventional . -

manner not shown, to a connector 52 carried remotely from the

reading head 5 on a side wall 53 of the case 2.



sype, Hol di ng the prograns that are to nake the m croprocessor 28
operatiysa The above-noted nenories, 49 and 50, are conventionally

gonnected to the mcroprocessor 28 via a set of bus Lines 5l1a and 51b. In ,
accordance with another-aspect of this invention, the power required to
operate the electronic control device 63 1filash bul b 25, and photonetric
device 36 is supplied fromthe power source 20 incorporated to the /’
spect rophotoneter, inside the chanber 19. The m croprocessor 28 and power
source 20 are further and independently connected, input-wise and in a
conventi onal manner Thodugh hthen codreceorc Gi2petieopowst eaurdec?ll rianpeeiargbd om t he
reading head 5 on a side wall 53 of the case 2. Through t he connector

52, the power s¥ift tBe RpapuremephHagacstonadtive the Xl manony Paeestored in the

RAM Ieor y 49 ot e 80Ake £ Snaiao 0 Uh h b ob G LS 9L PROT 28, Co an

ext ernal conputeér (not shown) arr her proce8s and use themin

‘the paint reci pexteithpUicohpigte?t efbt SHEWONaraPged® 2DUFGIERBE gridkesy) andS given
by the m croprocessor 28, and the power source 20 charging, can be
nmoni t or ed ext er¥d them rdasthec pping yewipenpurputsing: steRpht i ndi cator 54 and a

S oo i NPt B L e,

spect r ophot onet er, o6n op e igur

operation of thgs,spAétthepbsie?BItte 12(ACROFSINGY dad béGmohitgredi on, will be
now described with reference to Figure 2, which shows its opto-nechanical

devi ces 60. Vhetrtemeaklyl,oresopctivedy thymeang ofemiiigbt Undicqtoncht aod .

a galvanometer 55 which.are mounted to the reading head 5 of the

~ spectrophotometer, on opposed sides of the hand(e 3 (see Figure 4).
The operation of the spectrophotometer 1 according to the
invention, will be now described with reference to Figure 2,
which shows its opto-mechanical devices 60.
when'the color of an article of manufactured (such as
the bodywork of a car) is to be analysed for the purpose of
reconstructing or checking it, after turning on the
spectrophctometer, one should remove the protection cover 7
from the reading eye 8 and Lay the reading head S’against the
-surface of the article to be analysed.
U/ : In order to take a correct reading of the color, the
axis of the reading eye 8 is to.be_held as perpendicular to the
ahticle*surface as possible. This operation is made easier,
in the instance of ferrous surfaces, by the Eing magnet 9
affording proper adhesion of the-reading head 5 on the article.
The color analysis is then carried out by depressing the
key 61 which straddtés the handle 3.
In this way, the Light source 23 will be activated by
the microprocessor 28 thfough the control circuit 27. The Light

"source emits, through the flas bulb 25, a flash of Light which



the bodywork of a car) is to be analysed for the purpose of reconstructing
or checking it, after turning on the spectrophotaneter, one shoul d. rqgove

- the protection cover 7 fromthe reading eye 8 and l-ay the reading head 5
agai nst the surface of the article to. he analysed. In order to take a
correct reading of the color, thejzaxi s-of the reading eye 8 is to be held
as perpendicular to the artlcle surface as possible. This operation. s made

easier, in the instance of ferrous surfaces, by the ring magnet 9 affordlng'

proper adhesion of the reading head 5 on the article. The color analysis is

then céaiumihatesd thy TRFeesSonotienBolley Sdhenbi td ustinqiddleegy t he handle 3. In
this way, the light source 23 will be activated by the mcroprocessor 28
t hr ouglsupRkiegorR nE| by:ithe (pavep 7sourpe 30-gFhe sabenee 1€nmivthicht if ough the flas

bul b 25 i E‘Engeelrlet%‘ézj | qg%}g 1§ngﬂ‘ect1ve % .ma&e Blke d'g%{@hg? ghe interior of

the hol'l'OW sp ergy sup € power source 20.

The sphehendbds #HUxCExitSnyhtiheer&BIAE|dyRU8 indredénifosmfhgehi ve to make the
density of the | um nuous flux exiting the reading eye 8 nore uniform which

| um nodominaus fkud wiklephen |1&hummee|w a umifoon manaenahet he surface of the

col ored ag ticl f nu re be| n sed. .The_Li -responsi ve el enent
40 of tsl"fé %cp?t f’i ﬁq‘edga‘l 553 nIul ﬁ?ﬁl“‘ﬁﬁt ?:lmgb@"?}‘g'rsfﬁ‘é of its peculiar
| ocation onrhteheugﬂﬁheé@oﬁzwebmnkaﬁtfdnash 1S bk allr @0icee |ight source 25 at
the sane tinme as the article surface is illum nated. The Light reflected

back f 3@nviltiebe Hidduninageiindyedirduefefcdts pechbiar docatidnby the col | i mator 32

on the 09,' “:er %8 elr-oen19,r %tyl plge flash issuing from the Light source

25 at the same time as the article surface is illuminated.

The light reflected back from the thus illuminated surface
is then focused by the: collimator 32 on the-diffraétion'grating
33 which will scatter its spectral components across a band
between 400 and.700 nm, and reflect them, following further
focusing by the objective 37, onto the photocells of the
photometric device 36. It should be noted that the Latter is
also simultaneously illuminated by the flash genefated by the
bulb 25 thanks to the proﬁision of the optical device 39.

The Light emission from the bulb 25 reaches, in fact,

s/

the photometric device 36 directly through the fiber optics 42, -

arriving at two sets of photocells respectively illuminated
with spéctral components having wavelengths within the ranges
of 410 to 440 nm and 600 to 640 nm.

The photometric device 36 will then supply the
analog-to-digital converter 45 (over the cables 44) with data
in analog form relating to the measurement of the reflected
Light from the sample and the light emitted from the Llight
source 23. The analog-to-digital converter 45 will then convert -

 the input signals from the analog into the digital form, and



§3 vx/ni_éh W ll scatter its spectral conponents across a band between 400 and
700 nm -and reflect them follow ng further focusing by the objective 37,

~@nto the photocells of the photonetri¢ device 36. It should be noted that

the latter is also sinuttaneously illum nated by the flash generated by the
bul b 25 thanks to the provision of the optd tal device 39. The I|ight

em ssion fromthe bulb 25 reaches, in fact, the photonetric device 36
directly through the fiber optics 42, arriving at two sets of photocells
respectively illumnated with spectral conponents havi ng wavel engths w thin

the ranges of Ahoreaftanpass thea B@Ghﬁd“iﬁﬁepfrﬂ?ﬁsﬁqfezﬁrﬂﬂ%nﬂter PEs fvi ce 36
will then SUpp'TXFE)g {Wc@gféqugrg'tstég{'%sg%vﬁrst Rim Femd QY 85 tth*ledg I es 44)

with data in ana ormrelatin measur enent of the reflected |ight
fromthe sanpl eedacinghto Ithghdoubile teadidg @hud kakérn.ght source 23. The

anal og-to-digital converter 45 will then convert the input signals fromthe
anal og into the di diheae thereetosnef a diffegent pReiclgr pEmapubastfenist o t he

i .28 b  The J¥i | in it
RN narrory 49, TRoohSFaLTstR, Pt WRPL oE GRS 06 TR0 el RS 1D 1S

the color of aogefdtaoRsitasatiéscriBedisombsrl ealingecdre 60 the edtakyseds it will
be sufficient to go through the same operations as described so far, taking
care on the oce®ashdrageremgnt techetd dhemeaginhBead Bhas mesaentjcHdd 5 as

per pendi cul ar a3 ;eea%%p% §ol Phd | ?ro#:%{ﬁﬁeihgfarttqglﬁrt icle. In accordance wth

an aspect of thrs irnivention, a operdtron steps.of the
spectrophot onet er lirasc@fraaRé&Awdth an aspect of this invention, all of
the operation steps of the spectrophotometer 1 as aforesaid
can be carried out with no connection to power sources external
of the instrument, and using no external control units.
‘The measurement data are, in fact, stored directly in the
‘RAM memory 49 of the microprocessor 28, and it is only at a
Later time that they are transferred serially, via the
connector 52, into a bench-mounted computer for further
processing.
| Owing to the simple and robust construction features, and
low energy consumption, provided the spectrophotometer of this
\UJ invention advantageously enables an analysis of colors to be
reproduced and/or checked directly in the field, in a fully
unattacked way and without any connections to external power
supply units. |
It is to be noted in thié respect that, thanks to the
presence of the RAM memory 49, the spectrophotometer 1 enables
reiterate measurement taking on the colors of one and the same
or several articles of manufacture. The measurement data would
be first stored in the memory 49 and only later transferred,

on return to the workshop or Laboratory,_into a computer



can be carried out with no connection to power sources external of the
instrunment, and using no external control .units. The nmeasurenent dat: ’ére,
in fact, stored directly in the RAM nenory 49.0of the m croprocessor 238, and
it 1sonly at a later time that they are transferred serially, via the
connector 52, into a bench-nounteq,conputer for further processing. Oa ng
to the sinple and robust construction features, and | ow energy consunpti on,
provi ded t he spectrophotoneter of this invention advantageously enabl es an
anal ysis of colors to be-reproduced and/ or checked directly in the field,
in a fuydeyaritdgh@chRdeNdr 20N LAIRUEs &Ry CONNections to external power
supply units. I't is to be noted in this respect that, thanks to the
presence of FurtbeRédviepethr gpd& roplost captert odptidtsoimatent idn,enabl es reiterate
measur enent taking on the colors of one and the same or several articles of

manuf act"@Pks tPhad FROSIRIeMERCTAPUTRSEI RALSE RS ¥P T FFed ePAi bhe nerory 49
and onl : I ansf , ' : : | r-laboratory, into a
comput eéroal' %aeléﬁ ?ﬁ%r gég‘%rqéngg(?;ﬁ#h?h%@gk?ﬁaﬁﬁéﬁ?g%{e)ssi ng. Furthernore,

t he speaaivantdyget ofrdiedhg oduithi low hiw eoist cand,t Barlast ) aviahdensi bl e use of

| ow-cost materials which are readily_ available on the market, affords the

addi t i dh8l reaRboPt %Piﬂﬂ\P&ﬁth’é‘ BPtesdiidly Usrte low in cost and, at |ast,

wi thin the ‘ a W i - i S . Accordingly, it |ends
itself adva‘n{‘%ggb s‘|’y ﬂoqﬁgé%g%\%%ﬁrarg\%rpgr%gﬂsr% ,anf)tar@ﬁger restricted to
but fewoctopdindirkering] no Longer re;tricted to but few sophisticated

specialized laboratories.
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speci ali zed | aboratories. - 15 - CLAIMS: 1. A porta
spect ophRt.onet er provided with a holding case, characterized nthat it .
tonprises, all located inside said case: a |light source connjtfﬂ " wmm"
control circuit to an output of a mcroprocessor having dat ""
storages; a sphere effective to make the {gninous flux exiting said cate s *
nore uni form a spectroscope for spectrun}mﬁse scattering the reflected

light froma sanple illumnated by said source to a photonetric device
connected to ¢chrIM®put end of said mcroprocessor via an anal og-to-digita
converter; an optical device for illuminating said photonetric device

directly fronlsaid source; a power supply to the |ight source, photonetric
devi ce, contrioi circuitd portagleospégtephotoneber eprownidedi ¢ibhracessor;

and a connecting: d g CORRES! ERMrdberl £ERPIACERSOT 1 8ComYELeS LPRLY 10 the
outside of sajd case. A spectrophotoneter according to Oaiml,

characteri ze&??ﬁ?%tlgﬁ%@epmﬁ’ S3PPFy conprises a storage battery.

a light source connected, via a control circuit, to an
output of a microprocessor having data and program storages;

a sphere effective to make the luminous flux exiting
said case more uniform;

a spectroscope for spectrum-wise scattering the
reflected light from a sample illuminated by said source to
‘a photometric device connected to the input end of'said
microprocessor via an analog-to-digital converter;

. an optical device for illhminating said photometric
device directly from'said'source;

a power supply to the light source, photometric device,
control circuit, analbg-to-digital converter, and
microprocessor; and

a connector for connecting the microprocessor and power
supply to the outside of said case.

2. A spectrophotbmeter according to Claim 1,
characterized in that said power supply comprises a storage
U/ battery.




