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di Sy W G, Pemelines 14 L sy Tabbect o by @pld o
aI \s“uzlsg'? of corrpl ejﬁ%m%"wﬂfeﬁ'rﬁ%ﬂgﬂ A9 8Pt set to zero). The o%oggr |ﬁs-_-¥

whi ch the alignnent corrections ar e prototype nesh is .
determ ged by the type 50 of oper%‘g%f@q&ﬁég The three different
operati on typas duéh indBds o, v dordHaRGHAGH AR cudled rlRer BB 11 neca 'td¥dcate the
(mul tipli cakibiy6othe iR addy! 'ﬁt@tact&‘épﬁifyﬁ&‘ h@Ring &M'a&bﬁ@ﬂymﬂhﬁ chiEfRiiRdrdOk. To locate
operati on QrebribiRmlisk{R inkgérBpdch)ene'sRs, shlig@hndHbrizbritl andvbrdhl dHBsls 4rihe mesH st Koknown.

cor r ect i onsthis thrbe@blainéd foiheasMicturd In Whidhafe cdhireBlgesCTNG BarRRslers Biliflerdst Sre B&HnEd
| iqear uBpM Fig 5shépPelowlWO0 types of corrections are nmade to a nmesh control

surface. First there are gain and offset type correc- 55 tions. Second,
there are Resr ectiresolaionsfimatimuneiopagersged. r esanpl i ng” the nmesh surface.
Resanpl i ng HMif er docalionioffisst yisible borizonidleird new nesh val ues are obtained by- -
i nt er pol at |Wbet'%@ﬂ°f'H%V@P’P§?fﬁmh' Pesbh val ues which are at integer
coor di n& esMinThe "I’FE%L?FWWP’Q ne{krticl P8t ai n al | of the information
required fd’tMafhe'??é%‘HWE'ﬁtP"é’E'F "l‘}r{‘éa'fm%!rp@e'hade by 4 EP 0 274 447 Bl

posi ti oni ngX he SmbAr gf pi 'stb t he ali nrrent mask and rmmfon ng
the |ight i td'H t’e’ nglap é!"%chﬁ"ﬁ'z‘?ﬂP‘F $i918hage

coor di nate tH §£;P:§w §T5‘ace of the control
sur f aces. reI cﬂcﬁﬁ e?;'é? mé??)"‘ﬂo ::Eh @E’é’i’éa‘r@&ﬁmg@}: tn;dgﬁdand t he

| mage coor W@fé‘t e§lu
resanpl i ng oca |ons o e tar 00 on the alignnment nmask

are shown in Fiyg mesh an"ép Qta&"eﬂt?uléf C\/%P € blloébi heh B Fn@n‘i{s 5%he ﬂﬁgtgﬁrvh%te line

correct pong NSt st of the X ues requi red to posi ti
at the corner

J = LStr/Box



of the target. The positioning algorithmconducts a search forthe COI‘IEI’
Athe opaque square 100 in each target. This search can first be carried .0
on ‘a nonfocussed beamto get.a " CocBRSE274p47BT i on of the target The Jaea__
then focussed and the search performed again so as to obtain an accifat e”

position of tﬁﬁefeﬁéﬁ@&fme]ﬁ%twsrbleptfe\s’b@l'tﬁ‘é@eﬁﬂ%ﬁ‘dé?ﬁé&refapcus i s done by exam ni ﬂg
the horizontal 192 and vertical profiles 194 of the spot intensity, shown ° °

in Fig. 4, as the spot is brought aupdir«oreaiBaxd an opaque edge. The =
respective derivatives 193, 195 of the intensity profile 192,194 and-the
product 6197 afiotd tha thesd reay3ake fractienal valaés, dicatidgiat tha Startingpils dond fatbexactly Anthé iesh
search i s doadinatesdhe tdnter ofghecpstire imagospace ivatiResi@Res/2. The nehter bidhd' sl ts'at Spot .
This will be defined as the spot whose horizontal and vertical profile
derivatives, when multiplied togfiFRéRes2yiWintt k3Baaxi num product. A.
selectively 15 variable focus srgnal is then applied to the CRT 82 to
control 19t he CRTfocus and adj ubwsdResiz— bt RSt HPEeBex |t |s al so possible
to find the focus val ue b m)nrtorrn the | i intensity of the spot as-
the focus vol Hgglienments Fé‘iF“P'Bﬁ‘da gi“?‘?@“‘(%’t“&?ﬁ“@)““&"ﬁﬂi‘m‘t‘ﬂ%‘“ﬂ"“
bestfocus occurs at the m ni mum of the "hﬂ‘ghh out put response.. After the
beam has been focussed and positi one tqnsrty nunber shouI d be . . -0
obtainef. This is the am plitude of g@ odet ector when vjewing the K . . . .
spot for a fixed tine period. This ne SRR will bé used for 20
establishing the vignette nesh. Fory, '?Js et on the alignnent mask,
then, it is possible to obtain the quadrup e of nunbers [err]. and [err]
These nynbers are integers which represent the DAC values at the target
\g‘%' Nt (.exceptndwlthatkdekh SdinGicksSardithodhXine \6BiveBioh @B doRRitRd Al VdekiRatOs ) - 7
ile they may be stored as integers, for the alignnent operatrons that are =
~described below, they will be treate<psW-aglyresi th the range. - | to + I _
25 The notation for the normalized nmeasurenents wil use an uppercase T .
t o\indimat e an alignment nask targev=2BoxtapsPRet i ndi cating the specific
measurement, and a coordinate pair to specify the target |ocation. Exanples
of this not atnmamésapmhoqofmlommnmwvls e gegafiveduricipnpbeoivindenin qiderttdiingert
t ar get . 30 the[agis difectionfiyie rorppliced framp eorditatenense (inereasing aumbarstaward thefaR). cor ner .
for 35 nm s| i e rettpes-argas arejngicenpidereq tohe patieidhedmegingisurface dhie requifes thekiprboundares - -
. Sonet i n¥s PHbe image he Igaaigd ndie meshy, The@psh elgments jygt Wﬁﬁ?fﬁ@d‘l’t’?\'t"ﬁ"ﬂ‘"‘ﬁ@ﬁpl ex: T
"nunber. This will be indicated as: 5 a‘ 35 The mesh indices formthe u, v
coordi nate system discussed furthepd N StrfBex); S necessary tb Iooate the'

corigin of the mesh array. The actua xi ng of thei:array i's biy
‘row and.,‘J colum ‘i'ntegers j. k. Tog(f k.gg@%ﬁ%; ﬁ i ndex” (i.n ntegerspacé);
~the size, sﬁgg | offsets of the nesh nust: be .
" &h%ﬂe@?al neg’mrom ?'HM%% rait;

known. This can be o a structure in which the nmesh- RRS
“resides. The paranmeters of int.ef Ma,quwpegsﬁétp., Fig. and bel ow Res..__.-'?-'g:.,'
resol uti on of maxi mum i mage ar ea. | ocation of first visible =~ o -
tkjr zonjal pixel. Hvax | ocati on of I ast visible horizontal pixel. 45

MM n I ocation of first mﬂ.h{e@d(m&-(uﬂrntﬂmln-wmh)rys&(}vax - | ocation of
last visible line (vertical pixel). Box nunber of pixels between nesh
‘elements. Phise are therhoartiedes of thaimeg revtibs efthelnients 1A hitiada withis oftanihedetockilons e subpbt’ y

engi ne synthmapping @etvesamplinggnal . HOf f set nunber of pixels fromthe pixel o
speci fi«d by msswmmcﬁsmhmblmla&npeu&mhhmmbmm&mgteshwr _
row in theb#iesh = Box [err] LStr nunber of lines (vertical pixels) from
“first nmesh el'@ﬂfefh%m@f?fﬂteﬁmvhwwedmhwmmmandTp{Q-ﬂbﬁreatsﬂ\elcvmcpréwnuﬂ*
colum in P?fe mesh = Box [err]+ 1). If the nmesh array.starts wWith elenent-

M row, col] M 0, 0], then the el enents of the frrst (top) visible Ilne 55
“are at:®[err] C=T40,0)+iT,{0,0)

Seoond the deflection gains and beam radi are obtained. Use T(1 0), T, 2!3). and T(O 213) for3smm
film fo:mat examples, to compute values for K,, K, Z, and Z,. COrrect each of the measurements for the frame

56 -
2 Tulab) = T,q(a,b) -C

Find the values for the X and Y deflection gains.
]




EP 0 274 447 Bl The el enents of the first vrsrble pi ers on the Ieft
‘edge are at: k =(PStr + HOfset)/Box 5 - Note that these may t'ake 3
fractional val ues, I|ndicating that gprleersasrgti ng pi xel s do not,ifall- exactl
on the mesh coordr nat es. The center of the entr re | mage- space |s at’ Res/ 2"
Res/ 2. The center of the nesh is at: [err] = (Res/2 - VMn +;LStr)/Box 10
[err] = (Res/2 - HM n H‘Pﬁ(rlﬁzm))fseril%k Mis alignnment procedure usess=a.

standard 35 n¥xf f ane.-t-o#ng—,-s?_s-eﬂse_gi_uae_a-ba i xed: -
Hrin = 0 15 Tx (IOTx (L,273) + (1e¢2/ S-l HOf f set. =

Vmn = Res/6 VMax = 5 * R /Q %’ ge gesh or|g|n,|nd|ces are

known, the cogyepsion to th<,y n v sbfd nates 1s: u =2Box (k -

[err])/Res 25 % Y?(o 2/3)1}, (1, 2/3) (12+2732-02=27B0y [err[ Note that . :

u is a function of coltm |'ndex only, and v is a negative function of row_
ex In order to invert the axis direction to the nornalizediframe '

coo di n#t e Thanseke 0§k easi ng nunbers toward the top). The retrace areas are-

not considered to be part of the imaging surface. This requires that the )

boundaries 30 of the imge be |ocated inzhe mesh. The nesh el ements. just "%

outside of the upperg] efts corner are: [err] Trunc(lLPeriBex) [err] =

Trunc(P tr+HO‘fset/Box) 35 Thekgestg et @) s outside of the |ower right

corner Sre: [err] Trunc(l + (VMax- VM n + Lgtr + 1)/Box) 40 [err] =

Trunc(1l + (Hvax- HM n + PStr + HOffset #@2/ BOXx) These are_j he boundaries

of the inmage portror'r"gc)f2 tﬁe-ﬂe-sh—,zﬂ-l-thdr-ee;t-es—w‘ fn~of’3f these -
| octions are subject to nappi n&ff ofyYre %m’rfﬁ ng. 45 The steps necessary o
to obtajn the alignment factors which will operate on the prototype nesh Lo

are shown belraselsofrinbers dréfourndfdik 8st fopdach Guadrbiitaftie inspe e Sats cafl be dvBtafed iorfidi S t

[%fr] and fuedblajn. a singleabif éduivalend difledtion gaiistand beamradiiipethe ddfiestivr gafeand ihehm tallibcan s
def | ect i on cgekctis gometly 9terch quddrant independentvi ned. Use [err] and [err] for 35 mm -
filmformat cShinhiiednsiination of therhrizenta) aia ie detdnyined. Erapsfory the Tdy m]ias&sm@e#(ea@h of -
t he\reaZur Rl fntigagedpme prordinaigprlse i fwortransiogm steps : R
[err] Find the values for the X and Y def I ec(t)r on gains. -6 EP0274447B1 ~ =~ T

[err] 10 Then solve for [err] vy = Ty~ |
%0 C | 4 1/2;

v, (2x % + 2y 2tanlKyTy) tanZKyTy ..

x "~ :

L - 'l - (_t:anzxy.'rr) tansz-r.x | 1 ‘r

) . _ o . 1,2. R - S i
- I : _ '(zy 2. Zx .ztanzxz-r:, tanzxrfry o
’ - sz . 3 ¥

-+

1

(tat;ZRzT;) tanzxyr? -

Novrr comphte the rotation angle and a comrecting complex muitiplier, R

| Ay =aian{(T(1.0) = Ty~ LOMT21,0) ~ Tox (= 1.0)).
45 . R=oos( Oy +isin{ ~ 69 :
| Fourth, the orthogonality comrection angle from the top and bottom edge targets T(0, 213) and T(o -23)

is calculated. These are then transformed to the rotation corrected image frame coordinates. Flrst. Tz,q of these
: ta:get measurements is computed as above, and then corrected for rotation ; 5-

* Tany = R(— Ope) ¢ Ty _ _
. The orthogonality correction angle and the gradient correction as a function of vertical mesh index v are ._ o __ 

&5




12 [err] 20 Foursets of nunmbers are found, one set for each quadrant of the-

i mage. The sets can be averaged In order to obtain a single set of

equi val ent defl ection gains and beakP02M44781 t he defl ection gain and beam e

radii can correct the geonetry of each quadrant independently. Third, the
inclination of the horizontal axis is deternmned. Transformthe [err]

measurements at (-1,0) gl 0) to Image franme coordinates. Use the two =~

transform st%@stmﬁ’eﬂﬂ“w}'wxé mp&(é)'tm%tza'@wﬁ'f @‘Fez%"@,&%r'é’dﬁ?hb
conpl ex rrultrplre%é [errJ wth t he orthogonalrty correction angle
fromthestop and ttlmn edgetta‘rgetho[err] and [err] is calculated. These
are then transforned to the rotation corrected i mage frane coordi nates.
First, [err] of these target neasurenents is conputed as above, and then :
corrected for Fiithitiaqomplex constanis ysed ithe ’%WH%Q@‘B‘H%H '1‘ ng-fean} ‘B%T‘F‘lﬂ‘r’”&ﬁ@ & the Gomer o
gradi ent coPREEET{oh23kang TH, n ) g conputed: Usip sf"i’f?%@? ined fepshese
2747447 "B1 'PEPIF] TheR e prihopaqeliv eoppttian s EEPH%“&‘& é%&e'ﬁ? A2 19 Ot fam
di stortion mapping fromthe rreasure W corner targets T( - 1, 2/3)
and T(1, - 2/3) are conputed. Usi ng e &3 P‘ansforms above, [err] is
obtained for these 10 targets. Then theg q+hogonality correction is
applied to the x conponents of themto offt ai*h [err] 15
[err] Thet ired are: A= ([err](- 1, 2/3) [err] (1, - 2/3)
(2 -4/3 i) %gee%&&ﬁ%ué%}g [err]( - 1,2/3)](-1/3 + 2/9) i) C=(1 - 23)
[err](- 1,213) -(- 1 + 2/3 1) herﬁd((-%mﬁm) 283 (2-413fpl xth, the focus
| evel s are rreasured Seventh, the Vvignette flactors are rreasured Havi ng
conput edot he required alignnent paraneters, the prototype nesh is ready
gTo/r alignment. The stages ari=[Tl,(1,Re3g)rIlg-t1has)pesws £ 29)ienove resi dual
stortion and rotation. 30 2. Make a linear correction to each
el enent to correct for ort&Ge{ordd)Nilw(-pi2adhil 623 i)TJesler2Bg, focus and
vignette. In the first stage, the remapping of the nmesh coordinates is
f oked f2f om aSixthnthe feausileyels gre megaurgdesi dual dis- tortion correction and the
rotation corr§é‘tei‘@rfhe"|’9ﬂ§“%f@@?f§a'ﬁ giuredd t o conpute the new coordi nate
| ocati ons ar eHadacsomputad H’S\KP‘I“‘B‘S' a“g“"‘e'“m?é‘“}e@?aﬁ‘ﬂIWQM&'&!EW&&JPMW‘%HF
for each |nﬂ%9£sd?ﬂff$he rre@sﬁrlrhda a new | ndex COOLdI nate be corn- puted, a
surface inter %ﬁ va ue, deposi t in the
mesh at t*he (ogj ‘%e cRFaGion fg(fpchaﬁlqmepttowlf ogﬂ:a p@g:s ion, cenefeﬂng_.?ocus and
in the ﬁrst stage, the remapping of the mesh coordinates is formed from a combination of the residual dis-
tortion correction and the rotation correction. The steps required to compute the new coordinate locations are
described now.
35 The resampling process requires that for each index of the mesh array, a new index coordinate be com-
puted, a surface interpolation performed, and the new mesh value deposited in the mesh at the (original) index.
For all §, k within : .

Jus]<he
kysk<k
do
45 4= 2Box (K~ kgl/ReS
v = 2BoX (j - Jo)Res
w=u+lv

Aw

Z= RB+Cw

where A, B, C and R are the complex numbers obtained above. Now convert z back to mesh indices to find
55 the interpolation boundaries :

z=X+ly




[err]- where A, B, C and R are the conpl ex nunbers obtai ned above. Now "~
convert z back to nesh indices to find 55 the Interpol ation boundaries;
[err] 8 EP O 274 447 Bl [err] 5 eplo¥ygisrdate between the boundi ng :
i nteger values around [err] in the prototype mesh to obtain the new nesh - - -
el ements [err] and [err]. For the ] ;(@ f t he range above, copy the-..g
prototype values: 10 [err] 15 In th "secon stag wi th the begi nnings of. ...
t he new nesh obtai ned by resanpli ngmt._heﬂggﬂ&gwp%h a linear scaling will -~
produce the final desired nmesh; For all do 20 [err] 35 At this point
the geonst I Mntéthdidis bERdbn thsboﬁﬁumt:ﬁgadalu&ewsd j e B8 frotoppe rEdRol0btai the névirfiesh
mesh cont r olelefwiité MEEK add MR abol a 120 of Fig. 8. The minima of the :
par abol a muFbr thes, Isaritsida bf thdvangé@bove aopydtd pratotypecvalies: t he center of the image: - -
This is an offset operation. The rate of curvature for the surface nust. be
determi ned by one other point. Once thei<edflf ocus for that point Is
obt &hed# the surface 122 Is scal ed (kee ing the mnima fixed) to . ... .. .
i ntersect the point. As an exanpl e of it keng, assune, that, for some
reason, the center 134 of the filminma rg,%e did [err] respond to the mnim -
132 of the focus surface, Fig. 9. Thi ‘g'lew& bur if the optical axis of = ' .
the canera (align- 45 nent fixture) I sane as the beam axis of -
the CRT. ™o correct for this error, I%i’s’nﬁ'@@bg ary to resanple t he focus.

surface such th
poi nt on the Hd?f s&&ﬁﬁ% i meq’tf:t:%%ér’hﬁgl n%Woc Ct{ﬁ:}a e dgﬁhéaﬁﬁtﬁe@ res&Wp haqlnear -
shoul d be p@ﬁ e portlon of t he mesh surface which con- tai ns the.- T
VISIb|e brage. + e Vi gnette correction is done in the sane way as the focus -: -
rrection in thatan of fset and a s 2Beg@QNG)Re®0 ation are perforned,
h S tinme using the vignette neasurenents to determ ne.the nagnitude of the
adJ ustnent. The basic corrections tovaBoxgy-tjiesmesh surfaces can be
acconpl i shed using these nethods and variations of them It is felt that -7 :*
t he \aunb®r of paraneters required will MeEwhil |, and that the neasurerrents
to obtain themfew and easy to obtain. Additional details of the nesh e i
correction process foll Centering, which provides the correction. for.the
55 X and Y rreshes %) 2stm:» mfKroddi ng t he apbrb?ﬂ%&tmnoconstant to al l '

el enents inthe -—o—n—e;-de-#—j—e—ﬁ-«-ng—t—he »-g-b-a—e[—t-hgﬁnﬁ"sh( [0, o)
to-the cBnter of the i TRgE et = centeri ng r e¥E4 4%x e code reqw red in

the mesh to position the,‘('”[zor); am at the center of the i mage: The '
prototype mesh asgungd that thregl}t/lﬁ? iRQ“‘and defl g t M was™ T
perfect and used Y EP v @2 A&?)Bl theggum)er .0 for t hi s cent ering val ue

(no offsgt) . AR

At this point the geometry alignment is completed. Focus and vignette remain, o
“The focus mesh control surface is a parabola 120 of Fig. 8. The minima of the parabola must be set atthe
40 comectvalue for the center of the image. This is an offset aperation. The rate of curvature for the surface must -
be determined by one other point. Once the bestfocus for that point is obtained, the surface 122 is scaled (keep- '
ing the minima fixed) to intersect the point. :
As an example of resampling, assume, that, for some reason, the center 134 of the film image did net sor
respond to the minima 132 of the focus surface, Fig. 9. This might occur if the opﬁcal axis of the camera (align-
4  mentfixture) was not the same as the beam axis of the CRT. To correct for this ervor, Itis necessary toresample
the focus surface such that the mesh origin at u’, v* = [0,0] corresponds to the point on the surface where the o
film origin occurred. The mesh resampling should be performed on the portion of the mesh surfaee which con- : <
tains the visible image. R
The vignette comrection is done in the same way as the focus comrection In that an offset and a scaling oper- .
s0  ation are performed, this time using the vignette measurements to determine the magnitude of the adjustment. -
' " The basic corrections to all of the mesh surfaces can be accomplished using these methods and variations = =
of them, it is felt that the number of parameters required will be small, and that the measuremenls to obtain . -
them few and easy to obtain. R
Additional details of the mesh correction process follow. Centering, which provides the correction forthe ‘
s5 Xand Y meshes, consists of adding the appropriate constant to all elemems inthe mesh in order to brlng the e
arigin of the mesh (u,v = [0,0]) to the center of the image. '
Static centering refers to the code required in the mesh to position the (non-movlng) beam at the center
of the image. The prototype mesh assumed that the tube, yoke and deflection system was perfect and used -




It I
i

‘Dynanic centering refers to the effects of the mesh filters. ft can be

-considered to bé the tine delay between when a value is fetched by the :-:

geonetry engine and when its .effect EP@AM4MEBIhe beam The prototype uses”

the delay of the nonminal filter. Any variance fromthis filter nodel .may:

cause a shithd numbedd¥s: tastenlingdl@iudihodfiddyl Nt roduce 5 centering error. Note o

that this is pylaficicEfdingleletts BiEifebibNhe misHTlés. it B4 b Bonbidéiéd to bethetinidelaytiivgen | S

wel | beyondstishe vaheds faghed Gy Bk fenieBy énlging dd whéd ils @ffect rddtResaibchelin.dihe prbtofype uses the |

appropri at efetapofstieantninai Giten| Any vagibnee Gon ths filteemodeinzy bauss 4 shiftdrcthe aetibl dblay arainfroduce

dynam c &endeateing@rot Nae that thik & atedautaisifest bly binte the witingl rate ofehdnge isiwell beydadthe

using a t arayeeginxefietteofdid fiferBetaddiicnlef aitapprapiaterconpiant to il valves MittenX wesbrvdl comect s,

t he beam i JonPoyiynpmin cetaniog eregas of hori zontal and vertical search nethods’

to the cent er TheTpresuemenioffhaptafic genfer inglides Msipgrripfoekion fisalianmentanagioatdbp grigig ofthe . - -

saved. The ¥psparfinates debesm ﬁg°ﬁﬂ°@ﬁ5’é’¥ ge SWHRSQWQ"WGM srrchmethodido hagontaniT™e o -

| otat e the ’f?“&ﬁé’eﬁfé’ﬁﬂ"é?“mh‘f‘?'%”&% aﬂ he at the normal i m Co
o og lllﬂ%geﬁm glfeﬁ n-

rate. This |ls ‘feﬁ "’El?

el R a? et t°5§ o <N

no: oonnect adlus! et

g;j,a 32?;5?19(:1%? E%égj%%? 'ﬁfgg%e b QM ’&% i vt “@S
¥ GE”&% a“f? AN

test point %hédlﬂ i’tﬁ suﬁ porisd 8 ﬁUﬁoPG%ﬁ'r '
supply and st%:hQ ystglﬂ ma §mo re@q'clv!ilﬁli df‘éltaﬂéfd‘m delay which
function v %M@Se dofhbated tB the Athih4 GdidyOThe Bifiérorte fsBfan cdilbrted tﬂ the @&ditiva EdhstaR A the imBkh,
the resu ti ngscua g pltushith toneEtioP Bré pRVIES RUGBwR ThftotidGiesiREVHEES Ediplted for
system t hahsnsinaIyolipobitivhiah the ERT.ThIEMdhied G2@f thel Bedin radusk, &, Whidhlisdheteffedive distings
he tine deletvpenths CRT famiplat doethe ousdpuine of tHedefiobtbn. Tasdompitatide hiso/inclullaea ibivirhbalea C e
I S then corfordise anguléraiefdationagelid) K, iwhish spenifdsaivt sehsitivityt dfithe defiettion 2fYle to the nteskhunmtfc - -
and pi ncushvelges:correcti on are provided as follows. The prototype nesh has
beeQ/contput ed for the nom nal yoke position on the CRT. This i:nvolves use
of the "beamradius", Z, which Is the Sing&d-Me di stance between the '
CRTface plate and the focal 0| nt of the deflectlon The corrput atlon aI so

fi t! a e .
specifi es g‘g@rﬁ ] ‘gng #%ﬂtlﬂjﬂgz M#mslﬂgmm

% YI:" °§°“F 7y meaguring the
Yﬁl B?th | (5: Es ‘}z E’ r’gave | ffer wgé ues for éf&n%u‘K The 1. |2
al so |ikely be artfBre,1o bepte '°F8?QEK"C§?F"F#W %3 giveg dpfieetion 9%‘?'["?"85

directions. By neasuring the true valugg fhop.Z and K, it is p053|ble to -
correct ;4 he nesh values for the new geomg ry. As shown In Fig.: t he

def | ect i on 13ikedpine deRbdiibn con@Stt Whéiind ERPERM s 2 i difareRiGlomafd .tomaﬂadu.ézma

det er m ned pB¥ anghiX145, Fig. 10) must be computed :
[err] To keep the deflection constant when the CRT beam radius [err] l's

different fromthe nom nal radius [ekgf)=a&®&spnal e (145, Fig.. 10) must be.
co\rtfput edki [err] 40 This correction nust be done dl ong both hori zont al and
verti cal axbls corieaionaiest becicnecanpy bath horizontd] arvdivirtidehaxeq Ghe decisdanglestdpsly ar e not
the quantities available at each nmesh coordinate. The original- angles are = .
known, so. .however,. through the deflection gain. So the desired x and y, R
can be obtained: 55 10 ER 0"2§¢C¢Ah(sl~f£19rr} %@ﬁf]) [err]

45

o, = arctan(y/l(x + ZCRT))

The positions x and y are not the quantities available at each mesh coordinate. The onglna! angles are known.
50  however, thmugh the defiection gain. So the desired x and y, can be obtained : '
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10 The new angl es are ther efore obt ai ned fromthe pr ot otype- <
[err]” This can be si nplified if [err] 26 30 [err] This is an- easy
conputation. Al that is needed arepeafamspiior [err]. and [err] - and' -[.-'e-r~’r
are known (they 40 are paraneters used in generati ng the prot:otype nesh
To obtain the actual beamradius and deflection gains three masurements
are required. As shown in Fhgmx 3 Sk 9, "tﬂ}gtbo(gatl on of the tube center .
134, and two distinct deflections st be measwed. The center poi nt
neasur ement was di scussed Sbeme.”™ T\t h todiog¢t | ocations on the S
al i gnmespt mask can be used to provide the knovvn defl ection distances [err]. . .:
and [err] (known in filmi e rgi i ng search techni ques. for
posi- 45 tioning the statiC CRT Spot, req Soomegh val ues to position: .. ::
t he spot over each target are obt |nech Fr omthe defl ecti on nmeasurenents,. ;
el ong with the center val u¥ fe‘fﬂ ahFden™ ] arﬁi‘“&newgh ng to the geor‘retry __

he Brobl em Oo - [err] To solve: e
'th| s for the deflection K, first wite: EP 0 274 447B1 To sol ve:="*
anal yti cal TRe “°H°§Q'WF°@‘95%?FEP?‘%‘§F“F@M8@W%”B@'@W Wyed. Let: [err] 10

Finding the value of K to nake f(K) equal to zero, according to Newton's = ‘.
met hod, the derivative of f{¢g2 ikszgggui rah(x[,,ghr] Hpiéed aphni que converges. .. ;.

very rapl dl yenéwck ga@nwmww%gw] is a . o
good 20 choice), only a few iterations of(#hé &Cgodithmare required. Once: :ii

[err] is conputed, [err] is [ e tethat t he .di st ances.
and consequegtl Jee*r A n( 144 'I{gJ Z?BT g'l(i ?oPag PF?%‘P@' coordi nates. -’
Since [grr] af [ re use N rat’ oS yqae 4 gEﬁ.)(MG Fig.. I0) .and
Lojr] t he actual di mensmns used are arbitrary, so long as they are
consi stent The beamradi us and the deflection gain characterize the o
pi ncushi onThdoean be simplified bdgar rdd : t O produce a rec- tilinear image. By maki ng o
the neasurenents at the filmplane in the alignnent nodule, correctionof "
the_car®ra 30 |ens pincushion, distortion occurs at the same tine. The tvvo
sources of distortion (CRT éﬁt‘:bda } cofddme at the film as {an
"effective"” single distortion which can be corrected by an ui val ent beam-"g
radi us and def| €8#¥ h ‘gai n. qute B ki ng the
rreasuremrrents and conput ations” descrited abo This correction assunes that
the magnification of the prototype mesh and the pincushion corrected.nmesh
are the sane. This entered V6td « Wfﬁoﬁdrreﬁﬁmﬁ)n equati on by keepl ng the ne
‘deflection d, 142, the sane (Fig. 10). If the 35 tol erance fi the. canerd
position’ and/ or Mpewsy fHcal M 1T e &F?P%ax.t. n,
‘the defsgction di stance must ange RT ord 0. mai ntai’ n ‘a const ant. . Lmage
size. Thi's requires a correction which resanpl-es the control surface N o
orderto preserve the pi ncushi on correction and at the-same tine create th
desired image. size. Since it is expected that the rragnlftcatlon errors
will be sn’ﬁﬁdusanedssmmggmwathaaedeﬁerybduwmﬁﬁtaedszMmdmamlmgustﬂtem
CQr I ect#p-onare Ffematess ysdd inlgeatratiopthe profatypeiteash)l fal |l within the acceptance T
tolerances f &po W@ﬁ%@dmmddeﬂemwwmﬂmﬂ? reqyisqd. AgRbown in Ggs.

nonor t hogo?ﬂ!dlgt e [geatign.ef thedyba contes; 134, gnd tyg diglinct dpflegtions pust be Bﬁ?ggﬁé’h? gapterpoint -
- ent was discussed above. Two other target locations on the alignment mask can be used to provide

: :he known deflection distances d, and d. (knawn in film image coordinates). Using search techniques for posi- '
45  Honing the static CRT spot, the required mesh values to position the spot over each target are obtained, From
the deflection measurements, along with the center value My, M,, and M, and aceordlng to the geomehy of

the problem : . _

Zery = dztanKM,=d1|anKM2 .

60
" To solve this for the defiection gaInK,tirst write :
da tan KMy
&5 = 1

d; tan LoV

"




f'or by ‘the.nesh. The recommended nethod for acconplishing this Is to. .. ..
manual Iy align the horizontal deflection when.the yoke~is assenbl-ed onta -
the tube. This Is an operation-which FRogrsadrded by accurate nmanufacturing:--
of the yoke. Any remaining errors will be renpved ata | ater stage, di sussed:-:.
bel ow. As shd®meive aRalgfically2y sitiienumetical fethcitan BV enifoydEastUr €d and its R
orthogonality toX conputed. The "shear" 162 of theY axis can be renoved 45 -
by adding the correct constant 168 to each row'in the X mesh, Fig. "13. The
nunber will be different for each row A Iﬁi’near correction Is easily =

acconpl i shed whi ch adds zero p{x)t he prigi 2@ty ¥dual |y increases in hag-

e

nitude for rows closer to the top or bottW.- Using targets . .7
(100, Fig. 3) atthe center rightedge, and 1op Bade2164 of the alignment - .0
frame, nmake position measurenents [err] Compute angles [err] and [err] 55
12 \EP 9 2 ( Bl 5 [err] The orthogonality error angle 166 is the

di f f erence b,?ﬁhm zhﬁe Yaiug\?f Lf)ﬁ’ E‘L%ﬁ{gpé‘l%ﬁ FEfeatcpriag {oHVewton's snefhod, iendbiicatbesf i is
the X axis: [err] 15 The gradient of the Y axis error is represented by:+- - - ::
this angle. The absolute anplitude I's obtained fromsone additional-
geonetry, shown in Egg. {dehiaNf, sHc24R0C t the £ilmplane can be g
_conput ed 7§ r om £ @&r=] go Jhi s;i slﬁegﬁgxﬁﬁr‘ﬁgﬁo’h"i&%mw shift to be nade. It
occurs at the top roflaof the nesh, and al x@n¥u e DOTTOMTTow—thetgh— - = .
opposite in direction. The mesh constant, [err] that nust be added Is'the .
angle required to produce H This will be: [err] where Kis the deflection ...
gain and Z is THirdedhoinma dorebidéS vérprapiRly Snd bineich Sabhdbe ecause the '
error anéf e chaice} m!yhfewtilaatiras0ttﬁé‘uggmﬁnmfabbﬂ€&tm9d."a.];’&b§ iﬂéﬁsﬁaggyﬂwg{oggrﬁ n{%2 good
akgunent ; arftce Kirnle conputed Aakriefoindog: Wi | | be a |inear function of Y (and -
hence of the mesh coordinate V), the required constants to add to each row ' #%
of the X nesh: [err] Now that the Y a&&,&qﬁanmpwhnage is orthogonal to the ° *
X a{?l/s ‘jest S g}eqcesgiary to align the J axis of the mesh 45 (row dir_e(_:tion) T
wi t it he®hoprs Rt he } %80 songeauently Zsr (144, FIBL10), aechiiae fidthe Souidindié. Sinde neaig-
n ol

oper ati on. £e ‘:; T’t;sﬁétgﬁmcﬁéﬁ-&!ﬂnww Kiaasthe iotual dirhembionh, usét e drbBifary, 35
surface 172 F QR bRl 55 e eplew array index |ocations 174 shown i'n Fi-g. .
14. First, ghesrmigLs mﬁf“ B defpctign gainaracterize the pincushionadreciineeqiinédto produce arec- .-
det & i 19t Bhspidbahion Kbl ?ﬁ“:;fﬁﬁ"ﬁ {aeffi plans inshe aigament agilezendrectimokthé Cir@RL - -
al

‘com. 50 - pUsRTIRSIs Ridt ks a %ﬁ%@? b e ) e
-pef f or m t hecore@ianTaYs gﬁ e W@&EF’S%’ cAMatatipns despribadiababe.liniss €
gf'e "obtain &im%&h[s%ﬁftﬁ%iﬁt& comrection e:uat{on i; :(oeotx;pe tln: o a:;:ﬂﬂle o oo mesh oo the
are ¢ eping the net deflection d, 142, the same (Fig. 10). Ifthe
_ 3  tolerance on the camera position and/or lens focal lengths res ' ' atior g i N
. Its in a change in magnification, the d
- distance must change in order to maintain a constant ima, . . o i S
ge size. This requires a comrection which resa
the control surface in order to preserve the pincushion comrectio Srikndt
; n and at the same time create the d o
:‘izel;lﬁir:: ::’ f :ox::ctt_ed ﬂ'}?rt the ?;agr'l:icaﬁon errors will be small, itis suggested that they?be oor::ci:rtee: l'\:vnltahgl: B
T >orrection. The residual distortion should fall within the accepta; sfor pincusi -
o “ . The yoke will have some amount of nonorthogonality between the x a:d yn::i!t:l eTr:i:c::f:r o .
o fo; by the mesh. The recommended method for ) .
. when the yoke is assembled onto the tube. This is an o '
: ) : X peration which Is provided by accurate i i
. ;f a:?i: ::ll:e. Ang remamll::d errors will be removed at a later stage, diccugead '-ﬂlm-'yh- kaf:l:.a::ifaf E’ r::g el
now be measured and its orthogonality to X computed. The "shear” 18§¢;fth Yaxiscanberemoved |
- _ . eY axisca
45 by adding the correct constant 168 to each row in the X mesh, Fig. 13. The number wili be'diﬁe':::tz::;::

row. A linear correction is easily accomplished which adds .
nitude for fows closer to the top ar bottom of the frame Zero at the origin and gradual!y increases in mag- |

Using targets (100, Fig. 3) atthe center, i |
Y , Fig. »right edge, and top edge 164 of the alj '
- Mmeasurements Mg, M,, M, Compute angles 6,, and9,: Pecs * all_gqmentfr:gme, make posilon
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EP .0 274 447 Bl fromthe old locations by the transformation: [err]:In
general , the new |locations will be different fromthe old coordinates.. Ta .-
conmpute the new nmesh val ue an inter ppb2udisenspf the nesh surface is’ done %sé
an exanple of this linear interpolation on a surface, say thati[err] fall§
bet ween ol d nesh coordinates [err] and [err] wn in Fig.r 15, and‘that
[err] lies between [err] and [grrl g, Firsg congﬁte t he mesh’ val ues mhere
V,,, intersects the vertical I|ihes at |erf] ad.le r] . They occur . at [err]
Then interpol ate between these two nunbers to obtarn the value at [err]
[err] The conputation of [err] and its new mesh val ue nust be done for
every element in the viewable por- tion of tihw meye. To reduce the visual

ef fects of any residual nonllnéprs rder effects ';..:.ﬁ
distortions, a conformal 25 mapping nethod i*& pr&¢i ded. The bilinear . i - i.
transforn1 in conplex nunber theory, offers the opportunity to;map three
p0| s i one &%Estorted) coordi nate systemto three corre: gondln poi nt’s-.
in the desi Feamageratly srernole 69 s thegfferensis hetwagn e Y, prisagalp andithedine wiich/z ?f‘b‘]“?ﬁg
t echni que seHeXaot he rotation correctionjust described. It | nvol ves the. . .. .
conmput ati on of new u, v nunbers usr ggn e, licated fornmula than the
rotatlon correction homever The thr@@ B?n oints will be the upper

left, the Gﬁﬂ ﬁrd - a:&ate Y2Ris bR vegrds @il mriéan%é THd SbdoltR ol gy I obtahfbd froin B6ife

this line s ity id. 3. P ¥fRkan toind pléhe GartleUoinpu il o< €CLTON * - -
will be fair y unlfor y distributed over the frame. In additiobn, the - = "z

transformation will. guarantee that thesemspahgts fall exactly on the deS| red - -
| oca- tisns in the final inage. The procedure starts by obtaining ' S
g?sur enent s his s he masREh Rugizqnei shiftSo bis friatd) It bairg &ftiR taptov of the friesly) Ariialzb attiicbisttom

t hese weasaugeoodi® in directivy. Themebh fcanstaht, MLQE),dliat gustbe bdded isitiecinple nsjuiced tb s e
t he pi ncushproducenly Thigefii bbe 35 undone" In order to convert these nunbers to - .
i mge frane coordinates. This can be acconplished in stages using
i nf'acmat®on al ready obt ai ned. Thé%@d@erﬂf’éﬂ'\('ﬂj "%ZRt, renpve the centeri ng
correction. The centering correction to the tot e nmesh consisted of- :
addi ng the center rreasurerrent [éﬁoﬂﬂ)ﬂﬂ"&mﬁ! WH£fDto obtain: a prot otype
mesh val ue fhr or]iﬁ e:m;r e cepter G@Tfe‘})ea ubstrat ed 40 Second
undo th%ap"'!' 3 sEE %5 ) u cﬁ&gda rti'ﬁand stnoe- :
pr ot ot ype dﬁF&Y
fiame coor dgq;g,gh ,m]ﬁgghse oper tron |s err] ere e syster'ﬁs
measur ed angul ar deflection gain, and r(x, y) is the di stance fromt he- beam:
f.ocal -point to the screen: 50 [err] Zis the systenis measur ed: beam r adi us:
Third, remove the orthogonality correction. gWhereas {err]vwas . added t o eac

prot ot ype mesh 55 valMgarhaf (¥ anm_%n_mhmtl onz. I L. qust now be A
subtracted: [err] 14 EP 0 274 447 WiviEour Zh) r 6243k t he neasurenents ;
back to their unaligned positions: [err] 5 [err] is the rotation ;"

transformation (in vector notation) v P& mg on the neasurenment v'ect or M.~
The i -ndi®i dual . .

KI(v4 « 22) . -

" " Now that the Y axis of the image is orthoganal to the X axis, it Is necessary to align the U axis of themesh -
45 (row direction) with the horizontal (x) axis on the film. This cannot be done by a linear operation. instead, the
mesh coordinates must be rotated, and the control surface 172 resampled at the new an’ay index Iocatlons 174
shown in Fig. 14.
First, the amount of rotation required is measured. The data to determine this has already been obtained .
. by previous alignment mask target measurements M, and M,. In fact, the rotation angle has already been com-
50 puted as part of the orthogonalily correction : o _ .

o Yr - Ye
..etot = Oy .= .a!:al‘_l

. & _' ' | - Xr - X¢

In onder to perform the resampling a new setof mesh indexlocations must be mputed'l'hese are obtained
) 13 . ! ) : _- T ’ t. .l' --..i--: kD e




‘equations were described previously. [err] represents the neasurenent in =
- mage frane, coordinates. If there were no distortion remaining after the
mesh corrections described, the neagppefhaegqd nates woul d match the
desired i mage coordi nates' In general, 10 only [err] vvi Il be exactly
correct (it b ro) -The technically "proper” thing to do
with the me%oé"ﬁhego? ?"s \‘7\5‘ ﬂad'so at%o performthe bilinear transformon the
desired | mage frarre coordi nates a =lpr§(;1| stq,rt ghem Thi s m sshapened set
of coordinates are then used as the startr'h*g por fS in the nesh generation
pro- cedure and a new prototype nesrg SR8 STy e, | s followed by all of
the alignnment corrections previ ousfwy cT ter- mned and the best nmesh
produci bl e byintdaheralthd fedocalint @it & Sikrbnt frdiR the old cosiifdt&R. TERMPGE the GevdmBshWalue
pr ot ot ype n@Silerpdidlion bffRGResh Sifach iH@dn@.Asiad edanipiivgthidYindanidteolation bl a suttaty) Say\teat
task this iige,lls bawdeh ald irieStedoordinates u, @ u,l, ) shovadh Fig. 15, and thatbg, lies batweed v, Aatv,i he
di Stort iton CRistenbitohsmeshealsaymhere Viddiaterbéussithetvprtipa! linglé atuoant LG TheyDCOR 8L, Vnew)-
coor di nat esThamigterpelatabptiweengheskh bvomembersia obtaio éhe velve atppé Oxi mati on to the true
solution will result. The transformation to the nesh coordinates is
specified by the [err] nea hSy for the corners and
center of the nesh to map %b"‘t"}ﬁ&m{-‘m&fi‘Y"b?aqﬁélv'%)?gﬂgfvé\srr ng to the u, v
coordi ndfes of the 20 prot otype mesh as w, and the x, y coordinates of the
resanpl ed mesh as z, they n !
[err] Since [err], the tr rmm‘le nﬁkﬂ,,,\ quif |“§§"'vc')"»+?yg 'elr")r] The way this
formula is used is to substrtute t he corner val ues of the mesh indices: k
to .40 [err] and the val f r.E-bE_«n@@R 3
([}pér] THe fornula is in tqﬁg corr{ﬂ“ec("nnunﬁgr o-crr'g(rbnnﬁ“éndMﬁgpr esents a vector
ration. It _can be witten as: [err] 55 where A, B, and C are conpl ex
number.s obt gir E’PRPWP‘{WP" of oy ]va& gnd its “EF'“@” yajue mustbepdgnefor °"e"y 9'9"‘9'“ in the viewable por-
[err] The pie ventian al so

predi st get ed T"f‘ﬁ%“c fhétﬁl?“?l P RAY; ‘ ?' ?ﬂ?'&?ébse da‘eﬁdﬂ 5’ ﬁ’&?‘y
whi ch corrpl §b 'EF'

sors e °;§am mf’% ﬁ g.r:pg
and nost t g % fdn%i'atﬂ

require the 5 «3%1 ﬁL‘ e%rt %eé%ﬁdtnuaw rgrrd ysl]
and so b0 §| el i E‘ nk ﬂdﬁhatﬁrgg mﬂrﬁ lﬁﬁl gtfa ) b%éh‘fbﬂte@re
al

al so al t er efedndirid lﬁ'QddﬁtrQn.Ttﬂ&%arYﬁJnh&Hﬁ g ¥ Bxalty ﬁ:eld loddd®
pr esent mvgan;.hq,aﬂadﬁn%@trca | y acconmodat es a varr ety of f| I'mfornmats in a
common  encl 0SWikepratidflry\Etirtsiby iobtainiig piekireinGntt BrthdMédping PoiMS udingl tirodtO6riMA SlignRett h
as 16 nmm 3heskICail tdsedifeddiietmerts ™, M,ldad MRThY alghferdt Balrettivhe it yadhoning must be
mechani ¢l “sndopeintabdeniotchrivart thhse nembéro®image Afifle cdoidinated. Ghis bimbe waomplishetdiestidee
film15 apemshgmhenmton seady®Btaed. Mecsedencd ismage 204 si ze and position on the. -
film 206, t heFiphrdnozethecenferiigromertion Thegeméring eureBiDR fa-tid pratatype nmgdhyconsisiaihf gridipaal
t he mesh adhessniengeasiremens Mo Jbis sepnsifat topobiell] aiprototypeoméshngjee foosd measwed valiesthe e
pa\er) amgj eregniergnistie sgR¥a8P: The aperture plates 202 (202 B-D, Fig. 16 B-D)
ar& encoded with recesses 210,212 which are read by switches 214, 216 and
linkage pins 218, 220, respectively. THaEM<¥y one of four apertures, two
O per o A S b USSRl ot Bo bk Sl
orma

filmaperture
P - must now be reverse to frame coordinates. The reverse operationis:

2 = I'(X.Y) Siﬂ(K M1)

where K is the system’s measured angular deflection gain, and r{x, y) is the distance from the beam focal point
fo the screen :

f(x, y) = V0@ +y2 + 22)
Z Is the system’s measured beam radius,

Third, remove the orthogonality correction. Whereas Mo o(8oho, V) Was. added to each profotype mesh

55 yalue (after pincushion comection), it must now be subtracted :

M3 = Mz — Morto(Qarther V)

14



20 - -mcroprocessor 77, which provides the cdrresponding CRT Inage . = =
adj ustment. -Qther aperture encodi ng nethods, such as electrical or-opticat, =
are al so envisioned, and the encodgg 448/ gy be adjusted to accom ™ " T
nodate a | arger variety of aperture plates or other interchangeable P
encl osure 200 conponents. Another feature of the present invention, called = :
Pi xel Replication, is_ designed to elinnate the problemencountered by fim™ "~
recorders V\hﬁg(ﬂ‘f%k[?@%?‘?mﬁ?fﬁ'@"‘?%‘ﬁ%‘ﬂ@'%&’h?"ﬂé?ﬁwgw i mge. Wien changing .
froma 25 higher resolutionto alo ;R'Lf_s%bwion CRT | nmage, one
encounters the problemof trying to kéep™th | m expos- ure constant so
that the figd nkfleRbibe/iraAftoimattin Gh vdeidk fRftish) Yherdiing TR Measidbsmenivietor Kk ﬁ*medeug |
recorders ¢ veldViesthibddpfevibtifyl €aSi Ng the exposure tinme per pixel at.the... ..
| ower 1 esol Uty qeprédentdie inBdstument Miindge Rartd ThortiRALE. IEkére REre no diSriTonPémdiniiR%fler the
t echni ques ekl doREbHEIR de¥cited IhdrRBsUrfiRodrdifates WbdlARdtEhUReshodimagsdobramates. Mgeneral,
t heTef Ok loRgMj. Wl b6 Bxekfy@omdct (R B glidrihted0 18 66}l The Rchnidaly®fropediing 1biad wilhehemkeasig e d
for each r esients wauld bekb perfasdiths billnesr trastoln O the ddsbed Hnage|nbe edsvidinads ahd Ppretistoren '
sol ves t hi shepx Tid reinshbgened set offchardivates arethenaised asitherstarting poifie inltheghesh geresatibrdro-on. . .
When a r edgedurs anda uaw rgtelype miesh qrpated This isiqYomaddy ditef the alighment eorrectinagl previopsly deter-
quart er of minedand thekestmesh pratiygible by this mefhad wouldseswit- | nventi on automati- cally . -
draws e¥ch piSiRep 9onsRting s new;protabep mpsh from image oordinates joya longthyand campite iatensye task,” .
quadr upl es 8jenghp pratical golyjign. instegd, “X“'A’HGSWBH‘P%H‘FF’B?‘TZ“P"PHP%“???' landitgthyy.. .
HIERCP: 7 RREPX
=]

g B gReifates gndssampiing e : ety o o
ﬁQS&Z? oh %}@%@%ﬁﬁﬂ@%ﬁ%@ 72 e i
\%jl eeo hgi’ﬁt‘ﬁ?r scor cztg‘g mﬁmﬁ% I'm %x é%u'irgg y cgggro m‘é‘%‘i‘t or [_he

duration of each pixel (tinme nodulatipn),, ;Miuhe bri ght ness of each pi xel
‘(intensity nodul ation), the present invention uses a conbi- nation-of both.
Dependi ng on the horizontal sweep spegg,zea@m)) pi xel is divided into between

6 and 256 tine slices. In each pixel, the present invention can set any

nunber of the tine slices to a full iwieas*My setting, and 40 one slice .

may be set to any of 4096 settings. This process gives a finer control of -~ =
fi1m expos ginee weltza= Pitke transformelion sipmlifies toechni ques, and representiative values - -
of time and Intensity are shown in Table 1, below The table vari- ables = .
are def¥ned as follows: Count - nunber of time units (62.5 nSec each)
of full anplitude video sidfglmign dwpicxelwygh wParti al - Expressed as.a
value from 0%t s | j i fractionoffull
anpl i tude video si $MaE~Yert ronzvacti(Hachaltwdfioi My the count full., .
anplituge time units. Slices - Number of time units I'n each pixel.
Slices [err] count + 1 after drawing count * 1 tine units,-the remnaini-ng:
pOr i 0N OF 15 ualy 4 e 88 R itk Il fH VMR e il ntlp) | UCle. Cont rast

- Avoltage | evel selected to produce a bright I'te. as determned by filim. -

sensitivity; other par- 50 wd.:[a.q?i,?rs then adjusted for gray.
sc¢ale. on the followng tables, slices 16 5 EP 0 274 447 Bl Light = .
out put Count - Partial Wei,r-a39)- S. 09 - Contrast=3.35 0 .-
0 16 2 3 _ 0 192 '
20 : and the values fas2helrfleasured comed2 4 0 .- 560 :
56 : 32 6 0 1776 : . -186 ..
103 154 7 0 . M4 & My - 278 S
154 8 0 3376 384 o © 2158
1/ 2 3712 430 Mir= My, - 24120 . 9. R
o - 4208 502 279 9 12
4576 The formula is in the;eqmplex number domain and represpnts g vector operation. Itgan be written as : 5104
o8 350 o B

S : A *w

& =
B+C-.w
. &5

where A, B, and C are complex numbers obtained from :

A=MMy (W~ W)
15 F




25 10 1/ 2 5488 680

.380 11 . 0 6016 760 426
11 1/ 2 6416 EP0274447B1 820 459 30
12 0 6992 912 511 12
1/ 2 7456 980 550 13 0
6048 1082 B 20N, -3R) S 1/ 2 8608
1166 656 14 om 0 9280 1276
720- 14 1/ 2 9952 6 = w, My — Wy, 1386 . 782
40 s 14 3/ 4 10368 1452
821 15 The présent invention also prav@F6@m images which are predisidité® The predistortion is provide@ &3
15 - - definiriy/ad image boundatyMhi:h complements and corrects fo ¢ gistortion and adjusting the megph gecord-
1/ 2 ingly. oy 81§18nce, a Keystone distortion wouiirequire adjusting and mest to fpp an inverted Keystone ; proz
12480 jection on a spheyg@aiid require the mesh to beuigsted to provide severe pincushion predistortion, apgsn; 4
1982 10 forth. 130: 4096 50 55 Qt her enbodi nents and
nodi fi cat i ons Thsfimegepamsmelats,fuch a5ireage sigraAnd posiiqe a’§ ise plieppd F?P"'[dl‘f& mél,:e[van% f?ﬁ"‘%%
al i gnment  gfthafimgtoge “sei’ 59‘?%?”?‘?5‘&?{'“%{‘ auiemalically agco 'H
scope of t H’@"' ?s’é’ﬂ l "‘m"t“ﬂ'a" g‘f:‘atﬁ' “ smce
dai ns whi ¢ He interc a@g tf mec am < | pa f%n " plates

phot oor b1k a*a i rtw%ge;%a; kel {

ar-
gr aphic fil epe's:am b 2( % g
i ght fr Omi QJVIQ:RQE%Z fng l(i %5’ Qﬁ@pﬂg&m e|y fﬂu@ lf(fi‘gﬁ‘e aperﬁﬁs,
al i gnnment i@rYé pARid@ sdad ﬂg anhnlq fitth BAuRE td the MéMR mh&a
pat h befzwe%crw&eséaﬁsﬁ v ﬁ&%e Bfkspdnging hﬂtrqqagaraajusmtml OBy aaRurd 8fcoding
Means to ONRdRIE shdh@s EElrichibRoptiat &8 BiSS dilisibAbdAdnd e BfidodédtRndl naRbelRfubied o atom-
Signal  and riduate RlUEY Viridty 5 £Britke plgiQr BHG InGinangeBREEBIo&RA00 RoBohérnIed O
recei ve the tanget fehifRPE ths pledatt invenlion, tdilédIPiken Rbmichtiby, is desighadTo éltihatelthle problerand
produci ng aentdnget bgfigiradordelsavhizh EWppdrt mbra tiaa bae legchdion ORT inape. When Eliddgiagsfrom a
scanned 2 o lighkaresolutiinge 4 lhveer eelsoigonBRT images sneanchuntera the pablem pitglag id éeep to fimedxprs-
i ng dat a f ose calptarsse thet the filh dersty and eolgrfbalgrce wvilidahdirebe saywe. Othenfiink reggorderssdo thiis by
i ntensi ty iterincrepsingrtbesgrpesure time perpixeltal the lowersesphwdion or by incredsing dhve GRIpsem cument,
partial |y tBethofthesedechojaues ipfrodupy %§|W?“Sqtmm9mgé‘°ﬂww F!’Qihe'ef?fefeat‘ife@ﬁ','“'

or t hogonal ifieyvia ggmpensatian talen thet muptbe chianges for gach egel &esant on

of the ERT. '""25"0" solves this om'em fﬁe@caéwad%wma%mw P&WPFMWH'@P% pplttipn

al i gnment rRictyge | qudéatpg@&?r@ altqr ),th pre utomati- e
recor der a(,"C‘ "dd? ‘é&ﬂ; it sg\ﬁdj?s E %‘E’&%ﬂ at

the phot ogr 3
wher ei nsg hq.rﬁ pea"" m’i’;‘: e .g‘n d%msr?e R i n“%ta g%m %f\

nodul e and '{ ﬁmg Moo}

pegirpagteng Jawwmﬁ% Eﬁﬁm&k&mle

wher ei n t hogheare s st i o o b
It er changaap] Eotbll oot g d&@ﬁﬂéﬁ @sg’ﬁ.e el % ) D256 time

wher ei n t heyddd Qh &4tk BRY) the drdsehPirventiGh ol ket afh %m@ﬁanédum:amﬁmmaeuﬁe%& he
al.i gnmend rgas kiick Biay bd st BaRParisbdbisBEings! nrrﬁslmcaés@ﬁes Sfinef QRdl bi i e4pbduRGhan the tra-
d]*tl st ment deigndi REnnRBEN ) SndrédfesarititivéaluBof timdand intensify areARovinIFEIEBle A 2RIGW VR table vari-
accordi ng tsplea sy deimed &ffollore: pr ecedi ng cl ai mrs wherein the opt | cal pat h
includes a mrror (97).

Count ~ number of tzme units (62 5 nsec each) of fuﬂ amplilude video signal in a pixel.
4  Partial ~ Expressed as a value from 0 to 1 (non inclusive). It represents the fraction of full amplitude
video signal used for 1 time unit following the count full amplitude time units.
Slices —~ Number of fime units in each-pixel. Slices = count + 1 after drawing count + 1 time units,
the remaining portion of a pixel (Slices-Count ~ 1) is drawn at zero amplitude.
Contrast ~ Avoltage level selected to produce a bright white as determined by film sensitivity ; other par-
50 amelers then adjusted for gray scale. In the following tables, slices = 16

56
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7. An inmage recorder according to any one of the preceding 'cI_'ai ms wherein
the alignment mask (90) has one of an opaque, a transparent and a
reflective target image thereon. 8. Eggzi,wg.,recorder according to any. on
of the preceding clains further including focus adjustnent 30 neans.” - -
responsive to said target signal to provide a focused inmage on-said - _
phot ographic film 9. The imge recorder according to claim8 wherein said" -+
focus adjustnent neans conprises neans for adjusting the focus of said CRT: - ==
image. 1 0. The inmage recorder according to claim9 rei he alignment -
mask (90) conprises a clear plwm§@M§$§§%r get thereon. . - -
and sai d"’CRTd'“@.ge CPIRE{NES FTohPMst=SAId t Fwgetasteluial colpebiashdd.dly 35
the Intensity of the CRT inmage ; and_said neans for adjusting thg focus of: ..
said CRT provides a mnifum target §|°gnal. 11. An image recorder according " o
to claim 10 whejein saidgalignment ygask (90) inclurdes a pluralith of sajid
opadu€ tgygets distributed over the CRT Inmage pl aﬁ’% (84); 40 s said - -7
means for adjus4ing provPdes the cot¥®ections at tHé targets ; an(f further . -y s
I ncl udes I nterpolation ngans for psowm ding said cowmrections adj akent to

said targets. 12. An inmage recorde ording to ayps one of the ‘pg£cedi ng

cl ai ns wherein #he alignfrent mask E‘% com prises a clear plate with at

| east ongs opaque target fhereon andskni d neans fo#?8adj usting i nt¥ides:

means for detecting an edge of the aque tar get; ;@nd 45 nggfs for-
determining the®positi on%f said I mage according to the det'ected edge . .
of said target. g13. An lyrage recordex2 accordi ng t#%ny one of t & preceding. . .
clains wherein said neans for selectively illum ng“t ng the aliggggnt nask

(90) inclides ndans to plovide a nd¢%bie illunm - Aated focused spot and . = ;-
wheskin said megns for agjpusting fusvber | ncludessseans for det@P#ining the... .
intensity profile of said spot; and 50 nmeans Gggr adj usti ng.4lgge focus -

of said spot acd®ording td said inte"ﬁ'gfty profile. . An | mage recorder - ‘. .
according,to a one of {he precedigagecl ai ms wher @be sai d neans{3e@r .
adjusting Includes a prototype nmesh for providing 125(3' i monary’ cofeecti.on.
15. An inmage reWorder accdrding to € m 14 wherei'f said neans for - T
adjusting furthgy Includes a mesh cene rection praeessor (77) resfonsive to
sai d prototype nmesh and said sanpl ed target signal_, _and provi d.i-hgl a -cor-: 55
rected mesh sighlal. 16. A image re®%2der accordi r11d'zto cl.ai m15; " wherej'n- -
said nmeans for ng usting,fyrther |ng{ggdes a randomsaccess nenorys¥®4). -for. .
storing said corrected nesh signal. 17. An image recorder :ac'(;o'r'(;j_gw 10 any-
one of the prec#sling clai s Wwherei n8a44 d rreans--fo?'-“&dj usti-ng 1877 -Cu
M S incl udes | east qp? of : neapged or sanpl i ngidehe target sigoait ;. -
mul'tiplic#tion ans (71) tor providing scaling correction to at %g_.asf-t---*:one;
i mage characteristics incbuding i ma828%osition, rét4ion, orthogdfllity,
pi ncushi on, si zg and vi gneLte accorgdpgg to the sagpded target sige25. . ...
nal; and additi A neans £of provi di ng anof fset correction to at.,|l east one

i nage chapacteriigtic inclawding i magedpbsi - tion, -Aé%%ti on, orthodbhali ty;
pi ncushi on, size and vignette acco_rq’i_,gg to the sanggigd target -sigsal - 18, = . -
An. i mage recordd® accordifg to any 'one of the preceding clai ms wherein .said- il
means for adj ustjizng furthgw incl ude2a4geonetry ergbhe (52) provid®Png BER

control signals to the CRT (82) i nc{ ing at |easty,9pe of def- 1Qyq¢l ecti on
f ocus andesvi gnet¥®e signal¥? 19. An MM §e recorder according to any one of . f
the preceding clginms furtfqr includingea film hol d#ss(200) ~ 1061 .~
| | )5 - 4095 12944 o sz 30 oo
AL 50 , 4096
55 Other embo&lments aﬁd modiﬁéations of the present invention by one skilied in the art, such as'a_llgn:me'nt_ . ..

of a laser, rather than a CRT based image system, are within ﬁ\g scope of the presentlnveption,which is not
to be limited, except by the claims which follows : T U T
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conprising an aperture plate (202) having an aperture there| 1erein corresponding
to a selected:filmformat; neans (210, é 2: 214, 216) for

encoded si gnal correspondl ng to the seFRARIAM4T B mat ; %!w(rﬂ j’ﬁmt
are provided for adjusting the CRT inage size and/or p05|ta+

t he encoded siY#®®. 20. An image recorder according to claim 19 wherein the
nmeans for prOV|d|ng t he encoded signal conprises recesses (210, 212) in the
aperture plate 3: D @9 jmags Freordefipravidiag a phyiagraphia epy Ifiadirtimage at ardwegediang (8¢ pontdeephoto-
presence of t 19EPpic fiplane (88 opmprising o) 20 21. An i mage. recorder
“according o any'®%ieeaps (¢) %Zgr&wm ljght fomAheimagipisne. (4 to the Profgraphiefim pians (88
“pro- vided at ag 9 eI"'t'?‘; hayi ! :t H@aﬁgh?@&r‘f?'ﬁed&“ﬁ‘ﬁf’?t@?ﬁéﬁ Bhygen the image

S|
. . e
plurality of pi né{oop'y I§ %eﬁ; densi t and wherein

“means are pr ovi l%os %grgo rec.fsr %[ H%eé g?sc?eg;%%[; %ﬁpg&w BX)
the replicating ,gg;g[;%orga \{,},

i ntoa’pixgl arr xl% |g

mat chi ng on the hé thatthe sc&n%gtﬂom na?t Ord to Cl alm 21 V\/n ar stor-
pi xel array of |&Mar etk %gﬁ?"e%yg d@iﬁgﬁo T "s s'ﬁ Pofize ﬂmma
o oo (Rl gh ’?j:"?féé{&t'.a Vi e
an ot ogfsaphi @ |

of : Brow glsng(aap al |m§?m§ﬁ?&$nasﬁl%50)ca{1a'\r/qtﬁge a targe?tn&gng%ae) 'fl &%dtapﬁe ﬁﬁaﬁ?ﬁane

generating a defd. &kriagévetdrdet ScErtihg to Yiali 1RGN tha Qi nmentrrﬁﬁ%%t;?
al i gnment nashim(pRig (88).t h a poi nt ﬁ'cli i ght source frgomt he 'sq%ﬂ%#e%eph%mmpm
target inage pamtAsimage redvidetdcesrdifgto tlaim® whedein\tR phbtbdraphid fillnl iDddniae R a3 reDy-
| mage; detzct ablgmeédole ahdihgaliggasnemak i dorltainet WihibaSeeonti teitovable ratiid HereRi theXirst bitec-

aly gnment nastndrébgvabieinadutes trerseisaickiyiptercitngeablet i Ng the intensity profile of
the generated | Fadyelmags recardegaadertiing tholimedigriciim 4\hefeindhesihbtagtaghic AR dBpladed frbr the
poi nt |ight s@uplees B®eusttsafignmeotmasic(90)isselmtiteyin he plbdelotthe flifiduring adjuaiiént by the means
subsequent | y, forgsietingi ng t he CRT carying an image to be recorded in
accordanceé®wi t h st"}i'é'“%gafﬁﬁ%’?fé?@fdm@aﬂme?fw prepetiing laime wheoein theaptisathatidncludesingsram
23, further i®8tudi ng the steps of: calculating the position of the point

li ght source; 46-An magedemﬁlg?qcp@dqu{gaw@gmﬂame@mqms(me@m therpiignmentmeask (9g) ias
source to a 5?5'8 °@ﬂq d’stl' paﬁ"%ﬁ'iﬂla [rfierlvedarae) image bereeft si gnal therefrom and
adj usting said & "gf I°"%1?fé RIpGading qiaras; fughes inclsdingsfoeys Arjustipent
provi de cSf r et

?08?“'8 3 ta@ ts gfo" 209 o\ paid;phetensaphis i L
ccoordi nat e no&ygﬁ" '56955 'f oRl @:@ 7, "@g@'f‘ﬁ?lﬂ fegys aSHEf‘I'"S‘Pth"Wl"g'E‘UIf‘g‘PB?F"s for
vl\khg e

mg

25. A nethod a oec‘

expect ed posigj g& ﬁiﬂﬁ, hesf?"é St eﬁ'@?sg ﬁ% oo P'Bﬁ’ I:ngith
i 6. o Ig% al
szi/l Enoﬂg 3;21 &%ptype nmes vf%&i%‘r a?'mmﬁ SpLa ﬁ%’é‘r ﬁ'ﬂ'@?‘@?‘ﬁm“

correcting sai d110h9m§meor69%‘§éboﬁﬁgébcraﬁ.?wvtne.% the scanning; storing

corrected nesh g mgRieRt sk @0) includes LIRS dalibpstus Q@@&é dﬂﬂﬁ CRT image plane
correcting the @sgpl ay paraneters by said corrected nesh parane
Anspr Cche«b5 1. saill aknstoi fijusting pro@ieaad domdctichs BEthSthi@bts Shd %thné‘rrsncﬁ.eésog r af i schen
Kopi e des Bi | deistespolation méarstatprsidnguid efédons adjadenas selithiggene (84) auf el ne
Ebene (88) ei net2 Awimegaredorderdoaundidgth a1y one o hé rededng diimswiiereidiiedibriment ik (98).66M-
Urset zen von ptifek e cleanplatkowith Bt leabbdne opaqi@thigetthereot iamd dalienvans O ajustg includes :
f ot ogr af i s chen menns for detecting an edge of the opaque target; and

means for determining the pasition of sald CRT image according to the detected edge of said target.

13. An image recorder according to any one of the preceding claims wherein

said means for selectively illuminating the alignment mask (90) includes means to provide a movable illumi-

nated focused spot, and wherein said means for adjusting further includes

means for determining the intensity profile of said spot ; and

50 " means for adjusting the focus of said spot according to said intensity profile.
14. An image recorder according to any one of the preceding claims wherein said means for adjusting
includes a prototype mesh for providing preliminary comrection.
18. An image recorder according to claim 14 wherein said means for adjusting further includes a mesh cor-

rection processor (77) responsive to said prototype mesh and said sampled target signal, and providing a cor-

55  rected mesh signal.

" 16. An image recorder according to claim 15, wherein said means for adjusting furthsr includes a random . ..

access memory (54) for storing said corrected mesh signal.
17. An image recorder according to any one of the preceding claims wherein sald means for adjusting
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EP 0 274 447 B1 ITYi [11J1 11111 1! Fitmes;—siTe

‘Ausri cht maske (90) nmit einem Zielbild darauf, die In demoptischen W

zwi schen der Bildebene (84) und deg %3 §8) des fjﬂMﬂ "ﬂma"l! ure
angeordnet ist; sine Einrichtung zum Be re en der K (82)
ent aprechend m ndestens el nemvon el nem 5 Abl enksi gnal und ehnem

| nt ensi t at gev'%%aq'easwﬁef Fot odet ekt ore| nri cht ung (94) di e angeordnet i st

fi m|
zur Auf nahme gﬁ(zg %lg Eﬁgor Pﬁ%%f u I’ h r e |esset oﬁ ké’-ﬁ %Eracteﬂsttlesr]ncluding

SL}EL}; :‘1|Zg|6§hz i age séroa. (0] t it CP onajt H\cus lﬁr elze %nd vig samale target sig-

Auari cht rmsk%d&ﬁbn%%lf&%ﬁwdm%noﬁse(éarrectron tU&%a%h&nﬁﬁMag&EHs Kt!iddl?@ |mag posi
vor gesehen i by Wiuew Sitiodsiality, pRcushib SzeZdhl VigheRS hRbriRe to iR SalbIBFERE t%%ﬁale nern
von dem Abl eRkSirdmade oP RIGbrliRg B35y brlek 18 lp@Beling RIMAIWRERA GBIE niabifs 16133 usting
Zi ei si gnal urthék MciGde W gédmelty e1dns {52y ProvidRg boneol SGndd toithe CRP (82) IRdILRIMG httlo’ﬁstonE'J
\d/pOSrbt i R&ion, BceandFigndRecighard Nkl i gkel t, Ki ssenver zel chnung und G oe bel
eI nem dar auf 18.Gngespaaescotied adtdodingtts agendﬁmewcedmtnlaﬂu&mdﬁaﬁthmﬁﬁdmzw) zZu
korri gl er asompilsingBl | dauf zei chnungsgerit nach Anspruch 1, bei demdie
Ausr i cht masken g@ayre plated202) Bivingiertapertire tBetdin eamgepondiriy to dsalastet filmformal3.
Bi | dauf zel chmearpdgidr 242 ; Atlc P16 nsnsevidinh an enchrder sideahvasreepopdingits thmselastold fompg0) i n
der Ebefie (88erdiagepnstam prepidad fosediistingthe %’fgmemgée BRi¥rE position accgrding to the encoded
Bi | daut zel chﬁl& sger dt nach Ans ruch 3, bei damder fotograffsche Filmin

Aeim 19w °é‘d coprprises
glmg'fe TreTErZLZ[: &wm@gha%@ ga%‘ﬂ't"ﬁ&ate‘“ Mﬁﬁ%ﬁg ey éeaf@“%\a pssge
ent f embgre q\n : Y e e e pro-
g,ﬁdaufze' Gl nﬁa& gﬁ%&&&gﬁﬂ g’%@g‘é %Lgﬁg ot emé‘ “‘fei;’e:

a xl

st el | ung, gl hﬁ‘m rﬁ‘«%& reﬁrbﬂééd?oﬁ’k‘ril&m GB- |b§é‘r fRet b
Fl 'l mebene §R&br fidh b topersitics UWomAaN der | rres
el ngeset zt Wwigp d\n ..ﬁageBéob mn@mwmsgﬁmsm tﬂél .ceﬁna%mq*ovmegm
Anspr f e, edaR bixsl Arthelfiel HRY bfSewBEpbidbdenslty MR thelfixel anly BherpRdemity.hi | t 7.
B- ddadf zei chrargsgridar aligamndnt ¢ binitiayciecordsphdviag § ERE [B2Rand phdtdraphic My, dispeled chodn
df e Ausr chélmipaek@8) @bpridnghestesisfchsi chti ges, el n durchsichtiges oder ein
ref | ekt i er endveovidifg &i digimentieask ($0) ravifigathrget imBe tBrepmlauf zei chnungsger At nach
el nem der vor laenertingmdpSectionns jptegeiti dignallas wel t er hin esne auf das Zbiesi- gnal
anspr ed®ende SFHRINGSSIdsignmpnt sask(90) Wihanejntieht snurce fromihe ERT &Bﬂj@mlheiawetsmage partially
f okusl ert en BPSerERIdselectye lymigationip generaty anfmage hen Fi |
Bi | dauf zel chfBA '@Fiﬂfa pra ?1 ?ﬁ?l?"“ﬂ’e'“ Paﬂﬂ'é?ﬁt |3E9"F6Rtli‘?é¥ﬁ@t ‘el | ei nrcht ung
sine Elrdcht § ‘f‘if‘? B8R st r ahl r ~hr nb|Id 3
auf wel s% 102 °B19G J?’z“ Rt §”§“dé’?'f‘?‘°‘?f WeRﬂE‘d? &g @ "9d%WFH$
Aust i cHf n’ask 5?%“@10'88 gfhg Bﬁ*?a%lg%an mﬂge{‘%b% re{pordeJ(]}\ ndelé%ﬂ%‘\%ith%he a%mtmentdata

undurchslcht

Kat odenst r ahbj Q! labdd, ZeI SI gnal der Intensitit
des Kat odensgg,&jyt%agdggf‘ m{%ﬁf’;ﬁ Eﬁfmun sﬂg&El nrichtung zum Ei nstel |l en
b

des; Folgpls dekonffifif\@hduaiah baRbRorEbor Hight BbdR:e/th 8lsheBibd hosBbir&id Bhovidih
Bf i dauf zel chlgmjﬁgeﬁdm{an@ach Ans?)rq{lf‘(?ﬁ 1'(% bel dar;bdl gﬂ,&oljsrl ch?na'sk%arzggg ah

Anzahl von OCadgistiff saidRipedR piamtion STyhil atkdrdingdd sad @RS isigidd o/ pkdVIde corRbtioR For htfeast one

undur ch- 40 of imagei pedifidngj@aghi rethtion,@Bdrlidtd ronditegbriaity, (phkishion distoién g stk dctortcr, - e

Korr el dur en R% Acethod perbrding loalaink24, whersdh saldlstep pfudjosting £edd expected position signal includes

| nt er pat at hesteredf genewating aygototypepBdtion.r ken der Korrekturen I n der Nachbarschaft
der Ziel e enghinethod accoing tp siaine3cdemprislgs Bemiapsich ei nender vor hi rnAhpndr p
Ap.cie. bei l’@ﬁﬁiﬂ@W?quéh‘(‘@e)’m@ww@PWH@M‘*Q&BM atte mt mndestens
el nem undur c RYTeE®p §ait,profolupe rmpsh as A regiifofiee scanningd di e Ef nstel l einrich- 45

t ung -ent hal tsmg\gﬁﬁ"ﬂeﬂwwm‘efum Erfassen ef ner Kante des

undur c&i cht ngﬁ‘“% display pargppters;

cting the display parameters by said corrected mesh parameters.

Anspriiche

1. Bildaufzeichnungsgerét zum Herstellen einer fotografischen Kopie des Bildes einer Katodenstrahlrshre
in einer Bildebene (84) auf sine Ebene (88) eines fotografischen Filmes, enthaltend :
ein Objektiv {86) zum Umsetzen von Licht von der Bildebene (84) auf die Ebene (88) des fotografischen
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sine Einrichtung zum Besti nmen der Lage des KatoDenstr renbi | de

‘ent sprechend der erfaSten Kante des Zials. 1. Bil dauf ﬁtl @ “ﬂﬂgll! mlach
si nem dervor her gehenden Anspri che. EFo02ransra di e

sel ektiven Erhellen der Ausrdchtnmaske (90) ein Einricht ung zum Er zeugen L
si nes bewegl i ¢iges.erhel lten fokussierten Punktes enthailt und bel damdie .. .-
Ei nst el | ei nr dcdie Wagichmhdie (J0] it shidinHidibiid davdul) Gie I deimioptiattieh Wed tWisthdvaiai Bildabaie (84)S

| nt enst i t spr ofund 8er&bane R HdsadatografischemFilies bigestridedisting zum Ei nstel | en des

Fokus des PunkdresEingiciigyp et BetretbetidenKhtndsastahitdhteyf2) edisprachehd mindestens einem von einem o
Bi | dauf t @i chnuAblpsksignal undeiesim latensisdtssipeal ; vor her gehenden AnsapCche, bel damédi e -~
Ei nst el ei nri clenerfrgtoddektogsinnictiving {94}, dietahgsordnetist Er zeugen el ner vorl Aul i gen
Korrektur ent ot Aufnalifie deBivamder Ketpdohstahigibgdd2a selakticdiheliins Pelbitdes und zury Eﬂzel!!amicﬁse

Ei nstel | ei nfi Gesigngsd@pPrerhin el nen Gtterkor- reidurprozessor (77) e
ent hAl t, der dadurehgskapnasichpeidah de Kﬁme"iﬁfa@mam glgelasteloird, u dinAuptsch Hl”‘ﬁﬁ%?fﬁ?"eht L
und-/al n ®orri um flqgrefrggun@qtqngygg ohen isEaumSpy nDaten 2zum Einstelien von mlndestens em
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dii ntenwi t e cmkenagsishmebduigd si gnal ci bl e, pourau nmi ns ainsi

partiell enentBGE?F'F'ge Hes Intpnsitaeprafiles des epreugten Bildes ;
Speichern von Daten zum Einstellen eines Anzeigeparameters der Punkdlichtquelle entsprechend dem

Intensitdtsprofil ; und |
" daraufhin Betreiben der ein aufzuzeichnendes Bild iiberiragenden Katodenstrahirhre entsprechend den
45 gespeicherten Einstelidaten.
24, Verfahren nach Anspruch 23, weiterhin enthaltend die Verfahrensschritte ;
Berechnen der Lage der Punkilichtquelle ; _
Vergleichen der berechneten Lage der Punkilichtquelie mit einer spezifizierten Lage und Elzeugen eines N
Fehlersignals daraus ; und .
50 Einstellen des erwarteten Lagesignals entsprechend dem Fehlersignal zum Bewirken der Korvektur fiirmin-
destens eines von Bildlage, Bilddrehung, Koordinatennichtrechtwinkligkeit, Kissenvelzerrung und GrGBen-
verzerung.
25, Verfahren nach Anspruch 24, bel dem der Schritt des Einstellens des erwarteten Lagesugnals den
Schritt des Erzeugens einer Musteriage enthéit. .
55 26. Verfahren nach Anspruch 23, enthaltend die Verfahrensschrifte :
Erzeugen eines Mustergitters mit voridufigen Anzeigeparametem darin ;
Korrigieren des Mustergitters als Ergebnis des Abtastens ;
Spelichemn korriglerter Gitterparameter ;
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