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A test plan is of’ered for comparing the optlcal systeﬂs

,of the Kodak and Mann-Data microden51tometers. Thls plan s mtended

3

- as ée@r the pz‘eparation of a comprehenan‘e t.est. met.hod. After
) S /. e
' negotiation between participants and prelmmary test.ing, a fmal pro- .-

3

cedure can be wntten. - '/,_‘,,‘

The general guide lines are glven m the t,ext for tests

' -,' , ‘ measurlng the following characteristlcs. S .

. ,

a. Resolving Power | |
o v o S b, 'Modu}a}tion Transfex} }\antbi'on ' oL
. - N\ . N . .

N, P .

c. Spread Fung ion. o T

‘d.  Power Spect
. _ _ {3.’ : Stray Light o

R : e vy prehminary test procedure is élven in Appendlx 1 foi'

-use as a starting pomt in writ.mg i,he final detalled test. nrocedure.



‘be noticed in the suggested optical tests.~

IA.; Introductlon\gj;.V;

~~‘Fxl.v TWO types of microdensitcmeters are currently in use 1n de-;:~~””':'

B

termining the 1mag8 quallty of m1551ons by means of edge tra01ng. It_-

—_—

seems essential to c’/rare, in SOme obJect1ve manner, the performance
of the Hann-Data instrument with that of the‘Kodak Model 5. Testing of |
photographlc microden51tometers is discusSed by Altman,(l) Kleinsinger,(z)

Charman,(3) and Snider.(h) (See 1ndicated references at the end of this

15
< . .-

write—up.) No attempt w111 be made here, therefore, to desctfbe exhaustive .

testing for all,characteristice pertlnent-to this 1nstrument's usage‘inv-
e
photographic research. For example, the ability to read the absolute

den31ty of microareas to séme - degree of precision is- the fundamental ap-

’ .

ollcatlon of a mlcroden31tometer, and yet this characteri tic: is of 11tt1e

1nterest 1n this testing since the current methods of edve tr301ng utilize . }:,~';
w . ’.'.
refative den 1ty rather than absolute density. The abllity to hold cali- -

bration for several hour% and the ab*lity to follow rapid changes in den51ty
Y

become more important than - attaining a high absolute'accuracy.

] "_2,f A microdensitometer is composed of mechanical electrical and

'optical systems. While a testing of the performance of all subassemblles . CoL X

=

is desirable, this test plan w111 concentrate on measurement of the optical

'sysﬁem on the assumption thatx i .
' a. The mechanical and electrical systems are worklng reliably.

¥

‘be* These systems are of Secondary 1nteresta

I

i-c; ) Some forms of mechanical or electrical malfunctlon would




K

C3e The optical testlng WIll ivclude dlscu551cns of and where e

)

‘avallable, procedures for meaSurlng the resolutlon, modulatlon transferu R .“j

-fuqctlon, spread funculon,'power;spgepra, and'stray laght contro1 in a ~: ”:"v B

i
»

microdensitometer, - . S .

e

- B, fTest Plan Discussion . - T - I . ¢ -

1.1 Resélﬁing Pﬁwér ,
| a, Of'historic interest if perhaps of no Ionger fundamental ., N
importance in edge tracing, is the resolution cf the optlcal System. ’ )"L t" g  
Huwever, the’abillty to qu1ckly and rellably bring the mi;rodens1tom§ter * "‘:
" to focns‘is néceséary A tesi object for,mé;sureﬁent 6f‘resolution pdg;d :
: be any high quallty, Dhotographic long .bar target. Also, some fbfm of
spe01al diffraction’ grating could be made 1n which a llmlted number of
L lmes are ruled in bands, with the ‘bands arranged in a froquency semes.j
>.A test ob*ect olmilar to. the 1atter form is the Grayson .S Rullngs, ‘ \;
»(Beck London——no longer avallable), which has been used by mlcroscéolsts

for resolutlon testlng.( ) Lacklng a test obJect resolution can be - v

inferred by the MTF/edge trace measurements given in the section on
Fodu’atlor Transfer Functlon. ‘ _ ‘

| b. In comparing the resolution of the Mann 1nstrument WIth,)
Athat of the Kodak Model 5, 1t is recommended that one or more spe01al »  :\'A;f.
ohotographlc test Objects be scanned on the two mlcroden51tometers. ,The  |
‘ specifrc test obJect:pattern is not critical, prov1ded'1u he some. form‘

having long parallel bars arranged in a. frequency series, A maximnm fre-' e

* quency. equal to or greater than 500 iines/hilllmeter is desirable.' Sgans

. '
. L X P
- - - - - - - - - - - - . : . o e




\Made in ghe - two 1nstruments w1th equlvalent slits can be comnared on

,the b351s of ‘the. percentage of modulatipn retained at the hﬂgh freqnencies..~‘v

-

}A more comnlicated analy51s could be based on measurements of the profile
(i.e.: wave shape) of the two sets of traces.» This approazh would be
recommended onIy if satlsfactory answers cannot be arrived at W1th 51mpler e'

methods in the areas of 1nterest. B S = , 'c

2.1' Modulatlon Transfer Funetion L »"'» R ,': ' Iy/%

e.' The modulatlon transfer function of the mlcroden31tometer

an be estwmated but not measured’ dlrectly, by tra01ng a sharp photo»

graphlc edge.(z)! (3) Thg characteristlcs of . the edge, such as sharpness,
varlability along the length of the edge{/grain, and denslty range 1nfluences,

the, reSults of the measurement. An obvious’ problem here, as in all suggested

e

microden51tometer tests, is ‘that of. obtalning a Eood test obgect.» o j s

be - The proqedure for MTF testing - at thls facillty is:

1.

(1) An X-ray . exoosed edge on Kodak ngh R%%§lutlon Glass | , _A:;
Vlate ‘or High Resolutlon Fllm (avallable from N B.S. by spec1al arrangement)
is used as a test object. The maximum. den31ty should be less than 2 0 the
edge should be several 1nches long, and cnly the best portlons should be used
(2) Make recordlngs of the edge using the particular maln L) jl sr

Py

slit conflguration of interest (e.g.. l microb by 80-m1crans). The pre-sllt

3

should be as small as possible and edge/naln sllt alignment should be care-f‘rq"/'

fﬁ}ly adgueted. Carry all dlgital data to’at‘lezst three 51gni£icant dlzlts,

(3) Data sampling shoﬁld bedn>ssac1ngs, such as 0.10 L

°

,:'\

to 0.25 mlcron to %ﬂgid high frequency information..
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mination of the power soectrﬂm (spectral density function). Standardlzedl'

'(h) bﬁake any analog recordiné at almo%t‘maximum.;:,

scale expan51on.

R (5) Trace across several places along the edge. 'Turn 'f’ﬂ«f'3}'f

thg photographlc edge 180° and trace smllarly in the oppos:.te dlrectlon.' o

(6) . Take at 1east 100 data points per trace sp* that areas

adJacent to the edge are represented.»

(7) The, digital data is transformed 1nto 1nstrument MTF by

i . - -

means of Fourier\methods in the comouter.(z) (L) The resultant data reore~f
sents the best estlmate of the frequency response of the mlcrodensltometer.;

Ce . The errors inherent 1n thls method have not been measured.

: The straightforward technlque for measuring the MTF of a microdensztcmeter ‘,.‘

by tracing callbrated sinusoidal test obJects is suggested by Snlder,(h)

_but he does not 1nd1cate ‘whether such test obJects are available.

3. Spread Function' A valuable measurement needlng development is,

" that of direct measurement of the soread functlon of the mlcroden51tom°ter.:
) A test object. for this characterlstlc would probably'con51st of an extremely

“narrow clear line on a dark surround Such a test ‘object is- not known to

_exist. Spread functlon can be derived from edge traoe measurements, but

N I

"ill.inclUde - err:;7/associated with edgewtraclng, C T o

L. Power Spec

a.‘ A microdensitometer performance test which appears to- have a

'promise is in an early stage of development. This test 1nvolves the deter- - [f"

. L3
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C test methods have not been established at thls time but\a typlcal ex—

-4

fperlment w111 be descrlbed below. The methods for 1nterpret1ng the resultslljf.,
of the measureméqt aleo are not uell established.»~The princ1p1e rs that 1f
a scan 1s made of a white nolse test obJect, the pcwer snectrnm produced is

that of the slit/optlc!s functlon of ‘the mcrodenmtometer. (5} 1r the test

obJect is not whlte n01se,_the scan will produee a spectrum whlch haS"y j’i’,

>

comnonents of bath the test object and the - m1croden31tometer.f’

(1) A test obgect currently in use 13 a flashed and

«

processed strln of Type BhOh £1lm hav1ng a <er1es of den51t1es. . ol

(2) The fllm str1p is scanned using the normai sllt

v - / « v"‘ ! ’ : ) ' » A- N ’ T ‘-
{3) - Den51ty samnles are collected at small .ncremenﬁs of C

;geometry (eege: 1 by 80 mlcrons). *

- distance (apnroxlmately O.h microns3, and the- data values are recorded to

o

- ‘three 31gn1f1cant dlglts each

(u) Max1mum sen31t1v1ty or "dens;ty" expane'on iﬁ employed.
Three thousand or more data points should be taken. ;
. 5) The density data are converted to transm1351on values’

N

and are reduced in the computer through autocorrelation tecnnlques to power

spectral de&srt,y (6) (7) (8) ‘The resultant plot of pg:er vs. frequency can,’
o P . S
in a comparatlve measurement show the relative séns£t1v1ties ("resolution") IR T

ty.
.

v 3 Do
- Ty

s PO . - [

of the 1nstrqments to the band of frequenc1es.

. . . N <
v ) o

-

b. Spurlous noise comlng from the 1nstrument should be notlceable ﬂ

provided the test obJect grain densxty distribution is reasonably un1fonn...~"‘

’

c.,v The reliability, errors R method and interpretatmn of

e‘results of power spectrum meaSUrements orf mlcroden51tometers are currently

under stUdy. >Good comparlson data is expected from thls approach, hcwever,? -

despite current lack of experience w1th the method.
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;,may be necessary to operate in subdued light.

~ runs wmth larger pre-slits.

’ s
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A An 1mage degradlnd effect present ln,all potlcal 1nstruments ;
is stray lmght or veillng glare. 'It is notlceable in m1crodens1tometers as
an error in the density recorded for f1ne black 11nes on.a large, low den51ty
: (clear) surround. Straj llght is also a detr:unental *“actor in edge tracmg. o

_uontrol is achieved through good des1gn (e.g. baffllng, blackenlng,
'~g1ass surface coatlng) and good ma;ntenance (1.e.. clean optics). When

using instruments where hoodlng of the optical parts is not exten81ve, 1t

-

' be A qualitative test for stray llght 1n a mlcrodeﬂsftumeter '

is the follow1ng. , - a“ ';"u I . L "hf‘
. (l) A speclal test obgect with a series of parallel black

s
“.lines om-a clear surround is requlredc‘ The llne.w1dth should vary 1n a

»

series from approximately 100 microns to 1ess than 5 mlcrons. Ihe test
-

objeCt exposure (v1a I- rays) 1s constant and brush developlng ;s employed'

so that the densltles of all the 1ines are equal,

3

(2) The test obgect is scanned w1th a narrow slit (e.gets
5"1'1 x 80 mlcrons) The pre-slit should be only sllghtly larger than the

"main slit following regular practlce. Tt is also 1nformative to,make-~'

.

(3) In 1nterpreting theﬂresultSVOf the‘scans vthe’emount"

of stray llght and its 1nf1uence on flne detall can be inferred from any

. progr9531ve fall off in recorded density as the sample llne width is decreased.

I3
P

8
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‘l SURCEA Appendlx l.@ ‘ Proposed Microgen ometer Test Procedure'_‘-

PE v R ‘
EE ‘ ’-Mg 9; A.‘ :
1. General :T‘; = . ‘Qoijiit.' ;§>f' .
l _ o “Ae Record name and serei:al number‘oi' 1nstrument¢ 'i T - _ o
| | - b Describe in detqilw‘{)ﬁwal gﬁnponents used in test R mC.lud:Lng .
focal 1ength and numeﬁiCal apertures of all ob,)ectives2 W B
. magnlf%/ailon of eyséieces if used, and magniflcation of '
) illumination .and. yickup systehF ig ‘ 1'f IR i." .7€j : :' s
) ~ ry ' Record type of llgh§ source and operating condltlons..-. :
h d.n ecord type of pﬁoto;ultiplier.‘
2. Resolving Porwer . _ ’/."”t '—
- @, ‘.Purpose: tﬁ 1ndlcate the resolving power of the mlcrodens1tometer
_Vi; ‘ch_e. scanning mode and in the ~viewing mode_._-» - ’ )
b.  Procedure: o | | o _
. o (l); Test Object: Photograpnic,_U.S.A.F. 1962vmaohine peadable,

frequency range 200 to 1000 lines per millimeter, clear

bars on a blac’k‘ surround , highv‘-contras't. T

v ' (2) _Mlcrodensitometer operat,:mg conditions: :
 (a) Slit' 0.5 mlcrons by 80 microns. _ .
> (b) Stage rate‘ 0.025 milllmeters per ‘minute.
e

(c) Photomet.er amphfier controls- normal_ densi'ty Aset;tings.

.




.(b) ‘Zeros Dmin ori low part of chart.

(c) .SénSitiv:ty: expand recording to plaoe Dmax’ '

~ -on high part. g%’chart. L ;” - f" g‘_“ _ :VV{fksi

(k) Digitaﬁ data:f not applicablg. N o o
(5) Number of repetitions: Noné,” One reading only.
ce Report: Report maximum frequency recorded on cha%t;’, S

de SpeC1al comments- o ; . -!f._ A

(1) Note whether best nsual focal setting yields beﬁt

recorded reSOIV1n9 powen. . ) '  » o ‘,-*qvv'

g2) Note resolving power ‘of viewlng system.

o

3. Modulation’ Transfer Functlon o o o i :‘:A":

‘a;i- Purpose:‘ to estlmate the modulatlon transfer fuhction (optical

o frequéncy response) and spread function of the microdensitomett
b, - Prbcedﬁfeé’ o - :  ;;/;///;y/»- _' . N ; .
) (1) Test Object: sharp edge exposed bj i-rays’bn'Kodék_High, ’ R

Resolution Plate, Density range (AaD) of O 50 * 0 10.

 (2) Microdensitometer operatlngvcondlplons; . )
..+ - {a) Slit: 1.0 microns by 80 microns. - R SRR
) (b); Stage rafe;,20;0166>mmfﬁin. o 'i :‘ ‘-ﬂ :j' ff‘yl'”
s | (c) Photometér’ampiifier control§3 normal density setting. ,1-1 3
(3) Analog data recordlng (helpful for vex“fication, but not ;:{5'{  _
' - essential). | | : ff'aij f:
é-' . | (a) Chart rate:liﬂ iﬁcheS/hinute; o S f-ff 1?;
B o : dﬁ (b) Zero: ,,Dhin ;'eecrdmg on low part of chart w v
. . _ (c) Sensitivity- Dmax readlng near higﬂest part of chartf“
‘ i . N ‘ . & .‘
J Coon




_3- ‘ (b) Dig:.tal data collectionx -‘ A. , , e
A ;'__Lf'; (@) Sample rates + 80 samples (3 atgits e.ch) per wm-‘
. _ “ (b) Scale expanswn- _ adJust co‘n’crols such that both .
e ‘ - R ’ ‘clear and dark sides of the edge recbrd w:.th 3 dlglts
'. ' . and there is ’c/hei largest spread between mm:hnum and
i .- EE maximum 'values fq; mcreased preclsloi’l" .

(5) Nuber of repetrtions. ‘at least six runs ovér ﬂhe samg
. _ . ' edge are necessary to. permt averaging.. L S
L 'e:_ domput.atlon and Report-"' - | - o o e
: l Co - " (l) Convert d).gl’cal data to transmissmn data in computer. "
' ‘ | s (2) Detemme response by Fourlar methods a!t: frequency E _ | ‘
1ncrements of 10 to 20 lines per mllimeter to 100 hnes/m.l.
. (3) Plot response versus frequency. - ' s
( ._' o de £ Qpecn.al Coments.. | | )
. ‘ / (1) This met:hod ylelds the estimate of t.he MTF for the mcro-
‘ : PR f _ densitomet.er including the slit width i‘unction. o ' _
/p\//“\\ @ “the spread function can usually be obtained as p‘art of ‘the
' e /" . o "A__L_T B cmmﬁé}/da;: reduction.\\ jij _#__4*\:»4 N v
o ‘_,. : N o ( 3) Scannmg from clea.r to black and/black to clear shou;dk*‘\%&k
' ' o expose any non-‘ufuform behavior '(e.g.. fatlgue) in the ’
' - » W’ P photometer circuit.s. . |
e | ) (h) The stage mte and punch rate suggested may not e avallable
. o o o “.,’ on all inatrments. Other cmhmatmns are equally suitable

P provided the data pomt sampling ra'oe is less than 0.300 mcrom
Y 'Ib, S f’ between d’ata points. : The stage rate shbuid be slaw enongh that
R the response time of the recording equipnent does not ai‘fect

: _,-/,'

. the measnrenent. )
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- Spread Function

8e

: Purpose'

" Procedure°

prellmlnary test plaﬁ.v

To dlreetly measure the overall optical performance

of the m1crodensxtameter hy a method 51mp1er tban edge trace ‘5:.

@

-der1vatlon. _ -

e Currently there is not adeQuate 1nformabion for a 'Q'
However,,once a su1table test qb;ect . ;.';‘;w
is available, a procedure can be dev1sed. S 'uf g 1.,‘::;'3
Spec;al comments~‘ Whilegé;read function 15 derivable fram-l. \\

edge traclng in the precedlng HTF test a spec1a1 spread

'function test should inclnde less error.

a."

@

~ b.

|
l
|

s
[¢]
®

,5.' Power Spectrun . T o : o :: '\;' iv_f' f~1\
Purpose:. to determine the appr0x1mat° PO“eP Spectral dEUSitY "i.i ;: ;~,;,%
ﬁmction of ‘the instrumenf.. Note\,hat this method includes ., /g‘“ |
~any noise present in the test obJect.= N . ’ - |
Procedure' ‘ | “
(1) Test ObJect: a uniformly flashed and processed strlp of . ﬁ:

Kpdak 300k film, density 0.50..- 0.10. , ) |
(2)- Microdens1tomét§r~0perating Conditions: ,-., ‘ "-: E: : _xiﬁ.[jii;
(a) Slit: 1'micron by 80 mic:ns. \';\'_/""”v_‘ R

WS SENY / WENS WENS WO W

(b) Stage rate: 0.0166 miliinetefs pef mihﬁté; LT g;_}' .

(c) Photometer amplifier controls~ normal density settlng.
(3) Analog data recording'(not essential):

(a) Chart rate: 2 incHes per minute,




'C.

‘d.

- ¢ N \ .

' Lb) Zefo 6ontrollsetting: adJust control 50 that the

'loweqt recording 15 near ‘zero on the chart.

efc) _Qen31tiv1ty control settrng expand the den51ty
.recordlng tc maximum, - :
(h) Dlgltal data recordlng' ' - L x_ |
“ (a) Funch rate: 80 <amples (3 d1g;ts) per. mlnute.. ‘
,(b;V\chle‘ekpan51on~ use fullest practlcal (preserve
s 3-d1git readlngs) scale expansion to ald retentlon
~of s1gn1fieant digl@s 1n subsequentvcompqter'
' daﬁa reduction. : - o
(5) Number of daua p01nts' coliecg at leasteBQOO daea poinﬁs

- per ‘run. Seweral runs would be de81rab1e to help estimate -

et

* the prec1Q%22’9£\?h1s method.

Gomputation and Report:

(1) Convert theldlgltal data to densxty (or transm1831on‘ in
mecmWMEn S fv B {ﬁ,/  //

(2) Determine the autocorrelation function,

. (3) Take the Fourier transform of the ’éut’ecérrélatiene.fnggtiorg;

<

(L) Plot the poﬁer spectrum versus frequene}y< : s

Speclal Comments- As’ in the measurement of modulatlon tranafer

3

'funct.ione the stage rate and punch rate may be dlfferent than

that proposed above, provlded-that data sampllng 1s-taken'ax
rates slow enough to minimize probl;ms assaclated uith the time

f-','consténts of the resm'ding equipuent w}ﬁle stll,l maintaining

close datafpoint spacing on the sample. : ., e
L . f-lh_ | :

@

.

o
s .
. L
| ' .

s

N

. . RN . oy PR - . .
- El N N . P
v ; ; . . . » . . .




6, r=traly Light Heasurement o R i R

; 'a.' "Purpose- to determine the control of stray light (vemling

'glare.,) wittﬁlﬂ\the.\ud.crodensnmeter.

v -

)

be .Procedureregm\“ -

(1) Test Object: a series of black lines of equal density

on a clear surround havmg lme ‘widths - varying from -

.5 to 100 mcrons. ‘ ‘
(2') Microdensitometer Operating Condltion o . o | : -
© {a) Slit: 1micren by 80 microns. 7 - |

— _ T (b) Pr;e\,-slitz"»_g microns by 85 microns. .‘ R

(c)k -Stage rate: 0,050 millimeters per minute, o - Sy

(d) Photor'neter lcontiols:» normal for dqnsit,y operation.
- (3) Analog Dat.a Recording: e |
(a) Chart rate: . L inches per mmute.
o . (b) _Z‘ero:' normal for density callbration.
( c) ' Ser‘\s‘itlvity: normal for density calibration.

(W) D:Lgital Data Collection: not applicable,

S T (5) ‘Nggnber of'repetitions: Noneb. On'e'reading’ is adequate, .

Co .. Report:" The density of t.he lines recorded on ’ohe analog chart IR q

is plotted against the width of the lines. The fall-off of

l : _ o density in the narrow ]Jmes 16 a measure of the uncontrollq,d
stray light within the 1nstrument.._ L . _ ‘ o
)’ f g T  d. Special Coments: This test 1s relatwe in nature ’ being dependent
' on the lmifondity of the test object dansity. Also, the results

. area function »qif. the _copt_rast_of the dark ‘bar and vitsﬁf_ﬁmomd" |
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