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Roll Film Mensuration

All measured distances greater than three inches fell within

two parts in 104 of the theoretical value.

:\nSTRACT: Tlte measllremellt of x-y-coordil/.ate distallces 01/. roll film is aile of
tIle importrlllt factors -ill tlte desigl/. of Itigh speed photogmpllic data redllctiol/.
l'iewers. lTi{!.1t measllri,ll!. IlcCllrl/cies are reqltired for measllrillg dislallces on tlte
film in both the x and y direction. Space limitations may reqllire tltal tlte mell­
sllremenl ill Ihe x-d-irection be performed wltile Imnsport-inl!. lite jilm from spool
to spool. A 11 x-y-measllri1lg system UJ1:th digital readoltt ill a .film drive IIssembly
willi constant tellsile force per film widtll is described alldllte measllring error
sOllrces pointed alit. Jiqllatiolls emillate mellsltrillg error colltriblltions dlle to
tel/sile force, mechaniCill illstability of film, measllrhlg rolter dill meter, I!.earing,
a lid shajl ellcoder accllracy.

I :\TI{OOITTIO:\

G L.\SS DI.\l'OSITI\·~'S are COllllllOI~h' useel t? obtain e1i.stancc mcasuremcnt e1al<~ f~r
photogrammctnc pu rposcs. ,. or photoll1terprctat IOn pu rposcs, ho\\'evcr, 1t IS

oftcn ncccssary to measure directly on film.
:\ [easurcment, \\·h iIc sign i(jcant for interpretation, is by no means thc most im­

portant function of high spceel photographic data reduction equipment. :\Imost
a!\\'ays rca I' projection is cm ploycd \\,i th high densi ties of visi blc energy passi ng
through large film gatcs in ordcr to obtain optimum brightncss at high magnifications.
Conscquently large amounts of encrg~' \\·ill bc absorbcd b,' thc fIlm rcsulting in film
dimcnsion changes, a fact not quite compatible \\'ith prccision mcasurement.

Distanccs to be measured on roll film, in a length\\'isc dircction, may be so long
that the X-l'-table concept is rcndercd impractical. r\ rathcr eruelc measuremcnt of
distance may be required over a full 1,000 foot film roll. Rclativcl~' accuratc measure­
nlents may be required over distanccs of more than
t\\'O fcct along thc fIlm roll. This calls for accurate
mcasurcnlcnt of film movelllcnt in order to obtain
distanccs in this dircction, most oftcn \\'ithout
timing or fiducial marks, sprocket holes or other
such distance indicators. The only criterion for the
magnitudc of the distancc between two points on
t.he film is the movemcnt of the film as thc t\\'O
poi n ts a re successively referenccd to the sa me vie\\'­
ing or projection point. Sincc the movcmcnt of the
film is translational through thc vie\\'ing area, it
can bc imagined that orthogonal scales are
clamped to the fi!Jll and distances rcad directh'
from thc scales. [Io\\'ever, becausc of the scale
Icngths required this form of mcasuremcn t is ruled
out as impractical.

• Prcscntcd at thc 1\nllual COI\\'clltiOIl or thc :-\lIlCriCall
Society of Photograllllllcrry, \\'ashillgIOIl, J). c., ;'I[arch, 1965.
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Assuming that thc film is contained on spools and l110untccl in a filnl driye mccha­
nism lI'hich allo\\'s projcction or direct viell'ing, it is fcasible and practical to translatc
the entire film drive mechanism to obtain the ]T-coordinatc l11easuremcnt. Thc maxi­
mum distancc to be mcasurcd in the V-direction docs not cxcccd thc lI'idth of thc
lI'idest film lI'hich in thc casc undcr invcstigation is tJ.S inchcs.

1\. display of the V-coord inate mcasuremcn t can bc casi Iy obtaincd b~' cou pi ing
a shaft encoder to the Y-dircction drive mcchanism through thc proper gcaring, and
transmitting thc electrical pulses from the shaft encodcr to an electronic counter lI'ith
digital readout.

The magnitude of the measurcment in the X-dircction can be much larger and
may amount to more than tll'O fect. If film foot~lge or fr;lnlc mcasurcment is included,
thc magnitude may equal thc total length of thc film, for instancc 1,COO feet. Dis­
placing the entire film drive nlcchanism over such long distances is obviously im­
practical,

The translational motion of the film in the X-direction l11ust be convcrtcd into a
form bcst suited for mcasurcment. Conversion into rotar~' nlotion lI'ith a revolution
counter or shaft encoder in conjunction lI·ith ~1I1 clectronic pulse counter and digital
readout on the control pancl seenlS to bc thc most logical solution. A mcasuring rollcr
around lI'hich the film is IITapped can serve as the converter from translational to
rotational motion. Such a schcme rcquircs not onl~' a sophistication of thc film drive
but also an intricate kno\r1edge of all the factors affecting the choice of thc roller
diametcr and of the errors affecting the accuracy of the measurement,

TITE FIUI DRI\'I;;

\\'hen film is required to drivc a highl~' polishcd nlcasuring rollcr, lI'ith g'cars and a
shaft encoder coupled to it, no slippagc can be alloll'cd to occur betll'cen roller and
film, Thc film is in contact lI'ith the roller over a ccrtain anglc. Thc torque IIhich can
be imparted to the roller is not only a function of thc con(;J;'[ anglc and the friction
coefficient (film-steel) but is directly proportional to the rilill tcnsilc forcc. A. film drivc
(see Figurc 1) should thcreforc not only transport (-ilnl frOlll one spool to thc othcr
but provide a certain constant amount of film tcnsion indepcndent of the filnl speed
or fdm spool diameter.

TII'o systems are combined, a balanced film tcnsion S\'stem consisting of tll'O con­
trolled torque motors coupled to the film spools providing constant film tension, and
it drivc system consisting of a variablc speed motor driving a roller lI'hich is in contact
\\'ith thc film. This combination was found to assure succcssful measuring system
performance,

X-COORDJN.\TE j\ r1e.\Sl' R I':~II':NT

The nominal diamctcr of thc measuring rollcr is calculatcd by dividing thc dcsircd
fdm distancc/roller revolution factor b,' 7r. This diamctcr, hOllcvcr, assumcs that thc
film has zero thickness and is not under tension, The rollcr radius has to be madc
smallcr by an amount corresponding to the distance of thc filnl's ncutral planc frolll
the roller surface. This distancc is a function of thc typc of filnl uscd, the environ­
mental conditions, and thc amount of film tension.

The neutral planc of thc film is that plane in the intcrior of thc film in lI'hich
neither elongation nor contraction due to bending or t hc application of tensilc forcc
occurs.

X-COORDIl\.\TE :\r".\Sl·RI:XG ":Rl{()[{

The X-coordinate measuring crror can be subdividcd into threc components:

1. Dimensional error componcnt incurred along the Ienglh of lhe film duc to film paramctcr
changes: D.s/s.
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FIG, I, Schem;ttic ,'iell' of the film dri,'c,
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(1)

2, COI1\'ersion crrol component associated \\'ith the elTecti,'c mcasuring roller radius: ~r r,
3, Encoding crror component inhcrcnt in thc gcaring. encodcr and rcadout: ~f

Concentrating on the first t\\'O crror COlllponcnts it is sho\\'n that according to
Figure 2 thc relationship bet\\ecn translation,d and rotational Illotion is

8 = s/r
s = length of fi 1111 c]elllen t on roller ci rcum ference
1'=elTectivc roller radius
e=angle subtended by s.

DifTcrcntiating Equation 1 alld dividing by Equation 1 rcsults in the expression relat­
ing thc crror components

!::J.s !::J.1'!::J.8

8 s l'
(2)

in \\'hich tie, tis, til' are small ch;1nges of the abovc parameters. Thc amount of error is
always cxpressed in parts per l()1 because all measuring errors arc related quantities
having this order of magnitudc.

DI\II·::\SION.\L [In<OR CC)\II'O;\I·:\,T

Th rce factors cntcr into t hc d iIllcnsional error co III poncn t : clongations (can trac­
tions) causcd by changes in the fillll tension, the temperature and thc relative humid­
ity:

s
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FIG. 2. Conver,;ion into I{olational i\lotion.

FtG. 3. Film strip uncler ten,;ion P and snbject
to changes in temperature and relative humidity.
P=tensile force; w=film \\'idth; t=thickne,;,;;
E=mocluln,; of elasticity; a=lemperature co­
efficient of expan,;ion; 13 = humidity coefficient of
expansion. Snb,;nipts n, G, E=ba,;e, gel backing,
emulsion.

Film consists of three layers: the base, the gel backing, and the emulsion (the gel
backing may be absent in some films). It must be regarded as a laminated structure
for which the laws of Strength of :\1aterials apply (Figure 3). The elongations (rela­
tive length changes) due to tensile force, temperature, and relative humidity changes
thus become

p

W(II!I~n + IG/~G + IEJ-;E)

lu/~BO'Il + IGEGO'G + I F;/~f;O'E
~1' = ---------- - - - tJ.T

InEIl + IGEG + I ffE

I"J~lIf3u + Ic;liG(3G + I F;/~'F;(3B
~RIT = - J.RH.

luI';" + IGI~G + IEEE

(3)

(5)

The evaluation of these equations requires a kno\\'ledge of the numerical values
of the film parameters \\'hich have been published (see A.ppendix and References
1, 2, 3, 4, 5). Differentiating Equations 3, 4 and 5 and dividing by the equations
results in the related errors as functions of film parameter changes. From this \\'eight­
ing functions of the form

are developed. These indicate the accuracy to \\hich a parameter has to be kno\\'n and
hence the amount of confidence that can be put in an equation. Equation 5 was found
to be very unreliable because of its heavy dependence on the moduli of elasticity of
the gel backing and em uIsion \\. h ich are both not clear! y defl ned. The amou n t of elon­
gation must therefore be taken directly from film measurements (see Reference 2).

Tur-: CON\'I·:RSIO:\ ERROR CO\IPONI':NT

Three factors enter into the conversion error COtllponent: the posltton of the
neutral plane of the film, the roller machining tolerance (including eccentricity),
and the thermal expansion of the roller cylinder.

M tJ.c tJ.R tJ.R·/,
-=-+-+-
r r r r

The positIOn of the :\eutral Plane is found \\·ith reference to Figure 4.
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FIG. .1,. Identification of the Xeutral Plane.

Again a lI'eighting function of the form

Li(LiC) LiEB LitB
--- = K 3 -- + K 4 - +

r En tn

can be derived sholl'ing the "1I'eight" of the individual parameters.
The roller machining tolerance can be readily held to \\'ithin 1.5 parts in 104

• The
nlaximum error caused by eccentricity will amount to twice the eccentricity value for
the worst case of half a measuring roller revolution. The error is, of course, not cumu­
lative.

'fhe thermal expansion is based on the thermal coefficient of linear expansion of
steel.

ENCODl)lG ERROR CO~IPO)lE'\T

lligh preCISIon gearing is used for the measuring application. The gear error
represen ted by the total composi te error and the backlash error can not be expressed
in a percen tage bu t must be referred to the resol u tion incremen t (least sign ifican t bi t)
of the shaft encoder coupled to the output gear (see Figure 5). Assuming such a resolu­
tion increment to be 0.0005 inch, the gear error may amount to 20(;0 to 40C;o of the
encoder resolution. The encoder itself has an uncertainty of ± 1 least count.

Nl'~[F:RICAL ERROR EV.\LU.\TlOl\'

The computation of error values for a typical polyester type thick base Topo-
graphic film results in

ETF 0.7 X 10-4 for P = 2 Ib; 'W = 9.5 in.

ET 0.15XlO-4 Xt:"T

El!/l 0.16 X 10-4 X t:"RH

t:"C
23.2 X 10-4

t:"R
1.5 X 10-4

t:"R T
- = 0.1 X 10-4•

r

The relatively high value related to the position of the neutral plane of the film
elr makes it imperative to allo\\' for it in the determination of the measuring roller
diameter. elr is a film type constant. All measurement readings therefore are refer­
enced to one particular fi 1m type, the most com man Iy used one. For measuremen ts
\\·ith a different film type and also at different values of temperature and relative
humidity scale factors are determined and the readings modified accordingly.
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FIG,S, Roller versus X-} '-table measurement.

Y-COORDINATE :\JE,\SLTRE~1E:'\T

It is assumed that the digi tal readou t of the V-coord inate measuremen t is also
derived from a shaft encoder coupled through gearing to a lead screw in a conventional
man ner (see Figure 5), Then the dimensional and encod ing error componen ts corre­
spond to those of the X-coord inate measuremen t. The con version error com ponen t is
replaced by the error component of the lead sere\\' \\'hich has a machining tolerance
of the same order as that of the measuring roller tolerance, Also the thermal coeffi­
cients of linear expansion of the roller and the lead scre,,' are the same.

The on Iy difference bet"'een measuremen ts based on the lead scre,,' and those
based on the roller is that the former does not require a scale factor for the film type
used if different from the reference film. Scale factors for different values of tempera­
lure and relative humidity have to be used in both cases for accurate measuremenls
unless the environment is controlled.

EXPERI~IENTr\L RESl'LTS

Crooves of 25 micron "'idth, ~ inch length ,,'ere ruled into the emulsion of film
every 3 inches over 18 inches of film. The ruling "'as performed on a high accuracy
ruling machine. The film ,,'as then loaded into the film drive assembly and the hair­
line in the eyepiece of a lOO-po,,'er microscope focused on the edge of a groove. The
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digital readoLlt "'as reset to zero and the film moved to the other lines and readings
taken.

All readings of distances over 3 inches fell "'ithin 2 parts in 104 of the theoretical
value. Eccen trici ty effects and the readou t resolu tion permit ted the 3-i nch read ings
to fall just outside the tolerance limit. The reproducibility stayed within the tolerance
limits independent of film speed and acceleration to speeds in a range of from 150
feet per minute down to 0.0003 inch per second. It is obvious therefore that no slip­
page had occurred.
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