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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This International Standard prepared by ISO TC 42, WG 5 provides information for measuring the image
stability and other relevant properties of medical dry hard copy films with greyscale images made with
photothermographic, thermographic, and microcapsule type materials or with inkjet printing. Medical
colour images and prints on reflective material for referral purposes are not covered.

Medical dry hard copy films are employed widely for digitally recording medical images in general
radiography and mammography, because of the systems’ simplicity, flexibility, ease of use, and attendant
env1ronmental advantages Flrst reallzatlons of medlcal dry hardcopy systems entered the market
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advantage of thermally processed dry hard copy images is their greater potential instability caused
e presence of unused chemicals after image formation; thése are not removed by liquidl processing
ions as with conventional silver halide films. Consequently, the potential for formation|of excessive
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kists throughout the life of the thermally processed diy hard copy film. Such degradat
ty has occasionally been observed in the course of prolonged exposure to ambient

prage under high temperature or, most frequently, due to unintended over-exposure
in a reader-printer (view box). Also, in case;of a fire in the storage area or near a v
emperature sometimes increase sufficiently high to cause image degradation, even
erature used for generating thermallyprocessed dry hard copy images range well al
e images are considerably stable undernormal user and storage conditions as well as or
g studies[Z][8](2]
D 18901 that apply to chemical.fixation.

tbased dry hard copy images may also be susceptible to temperature, humidity and ligh
e details of the technical details of the inkjet printing system, its type of ink (e.g. aque
1x based), the colorarits (dye or pigment) and the type of ink receiver layers (porous, swi
e hard copy film.

ral radiographs are normally viewed on light boxes at a luminance level of 2 000 to 4
easaccordingto American College of Radiology (ACR) recommended practices,[24][25]
linical gliality reviews are viewed at a luminance of at least 3 000 cd/m?2 or higher d
hodalityIn addition, all mammograms and mammogram test images are required tq

comyj

let€ly’ during diagnostic inspection, so that no light directly emitted by the light box

ion of image
[lumination
to light and
qult or safe,
though the
pove 100 °C.
accelerated

). Hence, thermallyprocessed dry hard copy films do not fall within the provisions

tdepending
ous, solvent
ellable, etc.)

000 cd/m?2,

mammograms

bpending on
be masked
surface can

reach the observer’s eyes. The recommended level of intensity of surrounding illumination in

rthatviewing

situation is below 10 cd/mZ. In practice, light box outputs and surrounding illumination conditions do
vary considerably and, therefore, this standard requires use of a light chamber which permits close
control of all illumination parameters, temperature, relative humidity and duration of exposure.

Everyone concerned with the preservation of records on radiographic film understands that specifying
the chemical and physical characteristics of the material does not, by itself, ensure that the records
will not deteriorate. It is also recognized that enclosure materials used to make radiographic envelopes
effects the preservation quality of records It is also essential to provide the correct storage temperature
and humidity, and protection from the hazards of fire, water, fungus, and certain atmospheric pollutants.
These aspects are considered in pertinent International Standards for storage of films, for example,
1SO 18902[16] and I1SO 18911.[17]
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INTERNATIONAL STANDARD

ISO 18939:2013(E)

Imaging materials — Digital hard copy for medical imaging
— Methods of measuring permanence

1 Scope

This International Standard establishes test methods for measuring the stability of photographic

film
in t
ther
base
salts
proc

ansmission mode that are based on thermally processed materials (photothg

ography, microcapsule) or created by inkjet printing. Thermally processed,‘mate
of safety polyester [poly (ethylene terephthalate)] and work predominantly-with sily
dispersed in non-gelatinous emulsions or dye-based microcapsule emulsions that af
bssed to produce a black-and-white image. In inkjet printing ink droplets @se’jetted ont

an ink-receiving layer to produce a greyscale image.
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International Standard does not cover wet-processed black-and<white films or blad

Ims for use
brmography,
rials have a
er behenate
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b a film with

k-and-white

r. [t is not applicable to medical colour images or colour prints. created by colour ij

sion thermal transfer (D2T2). Neither does it cover medical greyscale images printed]i

rials for referral purposes or filmless systems such as\picture archiving and co
ms (PACS) in medical imaging.

International Standard requires the arbitrary choice of “illustrative end points” foy
Ir and perceived contrast to depict quantifiableCchanges due to physical ageing. Ex

nkjet or dye
n reflective
munication

changes in
frapolations

d on ‘illustrative end points’ do not have any proven diagnostic or clinical relevance due to the lack

F'responding statistically significant scoringy radiologists.

Normative references

following documents, in whole 'or in part, are normatively referenced in this docunj
pensable for its applicationt\For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

-2, Photography and graphic technology — Density measurements — Part 2: Geometric c|
mittance density

-3, Photographyand graphic technology — Density measurements — Part 3: Spectral co
8907, Imaging materials — Photographic films and papers — Wedge test for brittleness

8924y Imaging materials — Test method for Arrhenius-type predictions

ent and are
For undated
es.

pnditions for

nditions

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.

31

adherography
imaging technology utilizing a high intensity laser beam to form a positive carbon image through
differential thermal adhesion

Note 1 to entry: This process involves fusion of a laser sensitive, carbon-containing layer with the final imaging
layer in exposed areas, followed by controlled peeling, which removes the unexposed portion. The positive image
is then made durable and permanent by the application of a transfer coat.
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3.2

microcapsule

imaging technology in which heat-responsive microcapsules containing dye precursors are thermally
rendered to develop a dye image

Note 1 to entry: Heat-responsive microcapsules containing dye precursors are dispersed together with a
development emulsion on a polyester support. Application of computer-modulated heat that matches the density
pattern of a digital image renders the walls of the microcapsules differently permeable. The varying amounts
of developer, which penetrate the capsule walls, produce corresponding differences in dye image density. The
capsule walls revert to their impermeable state on cooling and provide protection against dye formation and dye
degradation under normal storage conditions.

3.3

phase chanjge solid inkjet

imaging technology based on modulated deposition of micro-droplets of non-aqueous, wagy inks
microcellulgr surface of a layer coated on a polyester support

on a

Note 1 to enfry: Four shades of neutral ink are used to obtain the wide grey scale densit{}/pange requirgd for
medical images. The melting point of the ink is considerably above ambient temperature, ensuring image stapility
under normal storage conditions.

3.4

photothermography

imaging teclnology based on thermal development of a light-induced latentimage in dispersed silver|salts
Note 1 to enfry: The process involves a polymeric layer containing light sensitive silver halide crystals, light
insensitive silver behenate crystallites, silver soaps and a reducing agent coated on a polyester support. A latent
image formed by light exposure of the silver halide crystals catalysé$ an oxidation-reduction reaction betjween
the silver behenate and the reducing agent upon heating above 420 °C. This yields a metallic silver image by
physical devdlopment.

3.5

thermography

imaging technology based on image-wise thermal'modulation and development of dispersed silver|salts
Note 1 to entry: The process utilizes a polymeric layer containing a light-insensitive organic silver salt, a reducing
agent and a dtabilizer, coated on a polyester'support. Reduction of the organic silver salt by the reducing pgent
accelerated bly heat (100 °C-200 °C) yields aimetallic silver image whose densities are controlled by the adjugtable
temperatureof print head elements. The.integrity of the silver image under normal storage conditions is se¢ured
by stabilizatipn of the unused silver{salt.

3.6

aqueous inkjet

imaging technology invelving image formation with an aqueous ink by a modulated deposition of niicro-
droplets on the surface of an ink absorbing layer coated on a polyester support

Note 1 to enty: Black-and-white and colour images can be produced by suitable selection of inks.

3.7

just noticeable difference levels

jnd-levels

measure of the non-linear response of the visual system to luminance stimuli defined as a table of
ascending photometric luminance levels (between 1 and 10 000 cd/m2), which are perceived as
equidistant with the smallest perceivable difference (“just noticeable difference”) between them[20]

3.8

jnd-contrast

Ajnd

numerical difference between the jnd-levels of two neutral patches on a radiographic film for a given
viewing situation (intensity of light box and ambient light intensity), which is used as measure of
perceived contrast between the two patches

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=22dc0b1f30aa746c0b9266e563416dec

39

ISO 18939:2013(E)

change in jnd-contrast
(Ajnd (t)/Ajnd(0)) - 1

measure of relative change in perceived contrast between two neutral patches — for example in the
course of a stability test: Ajnd(t) / Ajnd(0) - 1, i.e. [(jnd-contrast after treatment)/(jnd-contrast before

treat

3.10

ment)] - 1

colour changes
Aa*, Ab*
differences in the CIE colour coordinates a* and b* e.g. in the course of incubation of dry hardcopy film
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Note
or cli

extrapolations a set of-didgnostic end points would be necessary.

3.14
film
plast

3.15

ff numerical values defining those changes in colour (Aa*, Ab*) and jnd-contrast{(Ajn
for given reference visual density (Dyis) at which time to failure is evaltigted in the course of
thergnal-stability and light-stability tests in order to produce Arrhenius extrapolation pl

oints

rrhenius test method described in ISO 18924

nostic endpoint
f endpoints, for which changes in colour (Aa*, Ab*) and jnd-centrast [(Ajnd(t) /Ajnd(0))

stically validated psychophysical scoring by radiologists

1 to entry: At the time of writing this standard document insufficient data was available to spec
oints that could be judged as “relevant or prohibitive” frém the standpoint of medical diagnosti
oints need a correlation with judgments or scores“by radiologists, for which a statistically
ychometric data for a given medical applicationser modality is needed. Diagnostic end poin
iety of factors, amongst which are — nonexclusively — type of modality, pathology under
pd of image processing, printer settings and-density range of the medical image.

krative endpoints
f arbitrarily defined endpoints for changes in colour (Aa* Ab*), and jnd-contrast Ajnd(t}
given reference visual density Dyis, at which time to failure is evaluated in the cours

1 to entry: Arrhenius'extrapolations based on illustrative end points do not have any prov
hical relevance due‘to-the lack of corresponding psycho-visual data. For diagnostically relevd

base
ic support for the emulsion and backing layers

(t)/Ajnd(0))

ts following

1] for given

1l density (Dyis), have been correlated with loss of the raterials’ diagnostic functign based on

fy diagnostic
rs. Diagnostic
relevant set
ts depend on
nvestigation,

/Ajnd(0) - 1

b of thermal

bn diagnostic
nt Arrhenius

emu

sion layer

image or image-forming layer of photographic films, papers and plates

3.16

safety poly (ethylene terephthalate) base
polyester film base composed mainly of a polymer of ethylene glycol and terephthalic acid

3.17
proc

essed dry hard copy film

dry hard copy film on which a (test) image has been written by its corresponding printer (in analogy to
the wet processing of conventional AgX based film)
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4 Physical test methods

4.1 Gene

ral

This section describes tests for layer adhesion (4.2), binder stability (4.3) as well as blocking and image
interaction (4.4).

4.2 Layer adhesion

4.2.1 Gen

Layer adheg
cycling (4.2

4.2.2 Tap

4.2.2.1 Gd

The results
between thd
reason, a m
applying thd
test. The tay
peel back fo
asastrain g
0,9 N per mi

4.2.2.2 Specimen preparation

Although th
150 mm to 4
and four spd

4.2.2.3 Cog

All specime
can be accot
shall be sup
velocity sha

4.2.2.4 Pr

The film spd

eral

ion failure is tested under two conditions, namely for tape-stripping (4.2.2) and hun
3).

p-stripping adhesion test

neral

of the tape-stripping test may depend upon the adhesive tapéused if the bonding
e adhesive tape and the particular film surface under test ig not sufficiently high. Foj
nimum bonding force is specified for this test. This bonding force shall be determing
e adhesive tape to the film surface in the same manner‘as described in the tape-strij
e shall be rapidly peeled back from the film surface,atian angle of approximately 1809
rce required to separate the tape from the film shall be measured by a suitable device
uge or spring scale capable of reading the maximum force used. A bonding force of at
[limetre of tape width is required.

e dimensions of the processed film specimen are not critical, one dimension shall be at
llow proper handling during thestest. Four specimens shall be used for the emulsion su
cimens for the backing layer, if present.

nditioning

s shall be conditigned’at 23 + 2 °C and at 50 * 5 % relative humidity for at least 15 h.
nplished by meansof an air-conditioned room or an air-conditioned cabinet. The speci
borted in suchaway as to permit free circulation of the air around the film and the line
1 be at leastd50 mm/s.

ocedure

idity

force

this
ed by
ping
. The
such
least

least
rface

This
mens
hr air

cimens shall not be removed from the conditioning atmosphere for testing. Apply a st1

"ip of

pressure-se

. o] 1 P | 11 : - h] —arcn 1 —l £ £41 R
ISILIVE, PIASUIC=UASTC dAUIICSIVE LdPT dDOUUL 10U T 1UITE LU LT SUT'ldlc UL ULIIC pProcess5cU

film.

Press the tape down with thumb pressure to ensure adequate contact, leaving enough tape at one end to
grasp. No portion of the tape shall extend to the edges of the film specimens or extend to film notches.
In order to facilitate physical ageing, the adhesive-taped film specimens shall be kept for 16 h prior to
stripping. Hold the specimen firmly on a flat surface and remove the tape rapidly from the film surface.
This shall be accomplished by peeling the tape back on itself and pulling the end so that it is removed
from the film at an angle of approximately 180°.

4.2.2.5 Reporting of results

The processed film shall be examined for any evidence of removal of the emulsion layer or backing
layer, when tested.
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4.2.3 Humidity-cycling adhesion test

4.2.3.1 General

This test evaluates the sticking, blocking and delaminating of emulsion or backing layers or transference

of pa

per material to the film surface.

4.2.3.2 Specimen preparation

Two specimens of processed film shall be selected from an area of high density. The preferred specimen

size

s 50 mm x 50 mm, or 50 mm x film width where the size of the film permits. However

dimensions

are n

4.2.3

The
by uf
hum

NOTH
be ca
confy

cycling should be noted so that their presence does notlead to a falseinterpretation of adhesion we

4.2.3

Mouj
spec
circy
Aftel
contj

The
cons

NOTH
Each
thes

or cr
in th

4.2.3

Two

ot critical, provided all specimens are of uniform size and proper handling is possible,

.3 Procedure

procedures can be followed either with two separate humidity-temperature controll
ing two glass desiccators as described below. The physical test conditions’of temperat]
dity and duration of the test shall remain the same in both procedures.

Films occasionally exhibit what appear to be small pinholes in the‘image after processi
lised by dirt or dust particles on the emulsion surface at the time the\raw film is exposed and
sed with holes or cracks in the emulsion layer. The existence of suelclear spots in the image prid

.3.1 Humidity-temperature controlled oven method

1t the test specimens in a specimen rack and place the rack inside the oven in such a
mens are freely exposed to the required conditioning atmosphere. Place the rack in
lating humidity and temperature controlledoven for 8 hat 50 + 2 °Cand 80 £ 5 % relati

8 h, place the specimens and specimeén rack for 16 h in a second humidity and {
‘olled oven maintained at 50 = 2 °C and 11 * 5 % relative humidity.

ed ovens or
ure, relative

hg. These can
should not be
r to humidity
hkness.

wvay that the
a forced-air
ve humidity.
emperature

sequence of time periods of 8 h(athigh relative humidity and 16 h at low relative humidity shall

Fitute one cycle.

film specimen shallbe subjected to 12 humidity cycles. After this, remove the film spe
pecimen rack and.examine the emulsion and any backing layer for any evidence of pee
Acking produged as a result of the humidity-cycling treatment (see 4.2.3). During an

e cycling procedure, the film specimens shall be keptat 50 + 2 °Cand 11 + 5 % relative

.3.2 UGlass desiccator method

This can be easily aceomplished by placing the specimens in the high relative humidity chamber in the
mornfing and in the low humidity’/chamber in the evening.

fimens from
ing, flaking,
nterruption
humidity.

ontrolled at

lass desiccators with saturated agueous salt solutions are plqr‘pd inan oven thatis g

50 * 2 °C: In one dessicator a saturated solution of ammonium sulfate (NH4)2S04 in water is provided at
the bottom of the jar and in another dessicator a saturated solution of lithium chloride in water.

Ensure that the saturated solutions contain an excess of undissolved crystals at 50 °C. The undissolved
crystals shall be completely covered by a layer of saturated salt solution and the surface area of the
solution should be as large as practical. The jars with salt solution shall be kept in the oven at 50 + 2 °C
for atleast 20 h prior to use to ensure attainment of equilibrium. At 50°C, the atmosphere in the jar with
ammonium sulfate (NH4)2S04 will reach 80 % rV, representing the high relative humidity condition,
whereas the atmosphere in the jar with lithium chloride will reach 11 % rH, representing the low relative
humidity condition[10]{11]

NOTE1 The relative humidity in the desiccator method is based on the normal vapour pressure of the salt
solution, but the relative humidity tolerance cannot be specified.
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Mount the test specimens in a specimen rack and place the rack in the first desiccator jar with the
saturated ammonium sulfate solution in such a way that the specimens are freely exposed to the
required conditioning atmosphere. After 8 h, place the specimens and specimen rack for 16 h in the
second desiccator jar with the saturated lithium chloride solution. Maintain both jars in the forced-air
circulating oven at 50 * 2 °C.

The sequence of time periods of 8 h at high relative humidity and 16 h at low relative humidity shall

constitute one cycle.

NOTE 2
morning and

in the low humidity jar in the evening.

This can be easily accomplished by placing the specimens in the high relative humidity jar in the

Each film spj
the specime
or cracking

the cycling
humidity (s4

4.2.4 Rep

The film sh
intended us
for layer seq
relating to ¢
introduced 1

4.3 Bindy{

4.3.1 Gen

Binder stab
cause differ
can lead to
measureme
sample heat|
preferably ¢
critical, one
comply with
as describeq

4.3.2 Acce

Processed fi
stability. Th

ecimen shall be subjected to 12 humidity cycles. After this, remove the film specimens
n rack and examine the emulsion and any backing layer for any evidence of peeling, fla
produced as a result of the humidity-cycling treatment (see 4.2.3). During an intetrupti
rocedure, the film specimens shall be kept at 50 + 2 °C in the desiccator withthe low rel
iturated Lithium Chloride solution).

prting of results

b1l be examined under the magnification and lighting conditions that are normal fo
e of the product. The emulsion layer or backing layer of the processed film shall be exan;

hanges in colour, visual density or surface characteristics;such as gloss, smudge, and dé
ipon humidity cycling shall not be reported.

b1 stability test

eral

lity is tested by the wedge brittleness test as outlined in ISO 18907. Physical aging
ences in the brittleness behaviour(or flexibility) of both emulsion and backing layer;
brittle failure during handling\of large-sized radiographic films. The wedge brittlg
ts shall be made on five unheated and five heated specimens of processed film, wit
ing procedure representing an accelerated simulation of binder ageing. Each specimen
ontain a low-density aréa;Although the dimensions of the processed film specimen ar

the brittleness test1SO 18907. Five film specimens shall be subjected to accelerated a
| in 4.3.2.

tlerated ageing conditions for “heated film specimens”

Im shall be subjected to accelerated ageing conditions to meet the requirements for b
e te'st specimens shall be conditioned at 23 £ 2 °C and 50 £ 5 % relative humidity for at

15 h. After @

t‘(rom
ing,

on in
ative

I the

ined

aration, edge peeling and delaminating that can impair its.intended use. Other phenoimena

fects

r can

and
bness
h the
shall
e not

dimension shall preferably be at least 350 mm, but at least 150 mm in length in order to

reing

nder
least

onditioning, place the specimens in a moisture-proof envelope and heat-seal the envel

ppe.

NOTE 1

for heat sealing.

A suitable moisture-proof envelope is a metal foil bag that is coated on the inside with polyethylene

To prevent sticking between adjacent specimens, it may be necessary to interleave them with aluminium
foil. Ensure a high ratio of film to air volume by squeezing out excess air prior to heat-sealing. Use a
separate envelope for each film sample. Heat the envelopes in an oven for two weeks at (60 £ 2 °C).

NOTE 2

that may be produced during incubation. Such products may catalyse further degradation of the film base.

Incubation is accomplished in a closed environment to prevent escape of any decomposition products

NOTE 3 In the subsequent text, samples subjected to these accelerated ageing conditions are designated
“heated film”. Comparison samples kept under room conditions are designated “unheated film”.
6 © IS0 2013 - All rights reserved
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In case of thermally processed radiographic films, significant differences in appearance due to

increase in image density will be noticed between unheated film and heated film specimens. This physical change
in appearance is not relevant for the measurement of brittleness failure.

An alternative method of incubating the specimens in a closed environment is by placing them in 25 mm
borosilicate glass tubes. Each tube shall have two flanged sections separated by a gasket to provide a
moisture seal and shall be held together by a metal clamp. A suitable inert gasket may e.g. be made from
polytetrafluoroethylene. Sufficient film specimens shall be used to provide a high ratio of film-to-air volume.

4.3.3 Conditioning

Both
cond

4.3.4

The
britt
in IS

4.3.5

Any increase in the wedge brittleness value of the set of heated;specimens from that of the set

spec
4.4

4.4.1

This
stord
the s
diffe
hom
inter]

4.4.2

The |
spec
of th
have
proc

cting the wedge brittleness test (4.3.4).

Procedure

film specimens shall not be removed from the conditioning atmosphere for testiy
eness. The wedge brittleness of the unheated and heated specimens shall be measured
D 18907.

Reporting of results

mens shall be noted and reported accordingly.
Blocking test and image interaction test

General

method is intended to simulate imageinteractions of dry hardcopy film under conf
ge conditions, namely imaged dry hardcopy film interacting with imaged dry hard

2.2.3 before

1g of wedge
as specified

of unheated

ined, mixed
copy film of

ame kind, with dry hard copy prints from other manufacturer’s or wet processed filnps as well as

Fent enclosure materials. Stacks of such material combinations are incubated with a1
pbgenous pressure in orderto simulate confined storage and to check for blocking
ction failure.

Specimen preparation and conditioning

breferred specimen size is 50 mm square even though the dimensions are not critical,
mens are ofiuniform size. The size of the specimens shall be smaller than the physical
e load to ergate a uniform pressure of 4 kPa [or 0,6 psi] across the sample area. Each sp

ad exerting
and image

provided all
dimensions
bcimen shall

half ofitsvarea imaged to a diffuse optical density, D = 2,0 (referred to as Dy ax) and the other half

pssed\to' Dyin density as shown in Figure 1.
50 mm

Dmin

Figure 1 — Blocking specimen

The number of specimens required for this test depends on the number of combinations of materials that
shall be tested as a pair for blocking and image interaction. The test of a given film material with itself
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requires four samples. The number of specimens required for the test of one kind of film with another
type of film is two per pair of film. The specimens of imaged film shall be conditioned at 40 + 2 °C and
60 + 5 % RH using a humidity controlled oven. The specimens shall be placed in the humidity oven, so
that they are freely exposed to the required conditioning atmosphere for at least 15 h in order to attain
moisture equilibration.

4.4.3 Film stacking and test procedure

After moisture equilibration is attained, and without removing from the humidity ovens, the film
specimens shall be stacked with 90° turns with respect to Dpax and Dpin pattern. The stack shall
contain two sheets of the hard copy (HC) film under test and two sheets of the same or a different type
of HC film, 4 wet processed AgX film or an enclosure material. Blocking propensity is evaluatedydpe to
the interactjon of emulsion (E) to back (B) side of film 1 and film 2, respectively, i.e. E1 to E3, E1'to B2, B1
to Ez and B{ to By for all combinations of Dyyax to Dyin as given by the stacking scheme. Two €xamples
of stacking ¢rder are shown in Figure 2, keeping in mind that the Dyax to Diyin pattern is@arned by 90°
from layer tp layer.

The stack shall be placed under a uniform pressure of 4 kPa (or 0,6 psi). The weighted'stack shall remain
in the same|humidity controlled oven for 3 days at 40 = 2 °C and 60 = 5 % rH-After 3 days thqg film
stack shall He removed from the oven and allowed to cool. The film specimens shall then be individually
removed frdm the stack and examined for evidence of film blocking (sticking/delaminating), changes in
density and|evaluated for ferrotyping, gloss/haze differences and any_possible image transfer between
adjacent spgcimens.

HC against HC

HC

o
HC 4
HC v

:

HC

HC against AgX

AgX

-
HE 4
e v

o

AgX

Figure 2 — Stacking diagram — Hard copy HC and AgX film with emulsion side up (T) and
emulsion side down ({)

A control experiment of similar combinations of the digital film without the AgX film shall be performed
if the blocking is due to interaction with AgX film. Additional permutation and combinations between
hard copy films and enclosure materials shall be carried out as needed. Interactions between AgX films
are not relevant in this test.
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4.4.4 Reporting of results

The processed film shall be examined for evidence of blocking (sticking), delaminating or surface
damage, changes in haze and gloss, and for any evidence of image interaction or image transfer (density
transfer) to adjacent films or enclosure.

5 Test methods for image stability

5.1

General

Test
spre

Inter
that
film
cont;
Engi
in M
meth
imag
(CTF
spec

5.2

5.2.1

The
Long
out

accelerated testing of thermal stability is based on stressing material at elevated temps

sevel
an il
mod
poin
testi

If on
degr
Inca
recip
line.
resu

methods Tor 1mage stability cover thermal ageing test [5.Z), ight chamber test [5.3
hd test (5.4).

has spectral conformance to ISO 5-3, and geometric conformance to ISO 5-2>Samples
for use in the dark stability (thermal-ageing) tests and light stability (light chamber
hin a processed step-wedge with atleast 11 steps, such as the Society of Motion Picture ar
heers (SMPTE) target. The analysis applies the methods of Digital Imaging and Com
edicine (DICOM) on perceived contrast (just noticeable differences-in perceived contr
ods of CIE on colour difference measurements as outlined in Anitexes C, D, and E resp
e spread due to thermal aging shall be evaluated by analysis of the Contrast Trans

at one high image frequency, which is discussed in 5.4~The image spread test targe
fic periodic square wave bar pattern.

Thermal-ageing test (dark stability)

Introduction

thermal ageing test is based on the accelerated test method ISO 18924 (Arrhenius tq
-term dark stability of dry hard copy films is evaluated by a series of incubation t
t several elevated temperatures'at-a particular relative humidity. This standard pr

ral specimens are incubated.ata number of elevated temperatures T and the time tend |
ustrative end point (e.g. Certain change in jnd contrast or colour) is determined. The
] for the thermal degradation process is applied to allow extrapolation of the time to r
at lower temperatures which are relevant for the use case or storage conditions, for wl
ng would take far too'long.

hdation progess can be described by the Arrhenius equation (see Arrhenius Test Practicg
ke of ideal Arrhenius behaviour, the data points in a plot of logarithm of time to reach en
rocal-femperature, i.e. log (tend point) Vs. 1/T, wherein T is expressed in K, will fall g
Thén,'a linear regression of the data is applied to fit a straight line to this logarithmic

and image

national Standard (ISO) visual diffuse transmission density shall be measuredwith a densitometer

f processed
) tests shall
d Television
munications
ast) and the
bctively. The
fer Function
t requires a

st method).
ests carried
ocedure for
bratures, i.e.
oint to reach
n, a specific
bach the end
hich real-life

ly one single thermally activated degradation process is predominant in the mpaterial, the

[SO 18924).
d point over
n a straight
plot and the
e ISO 18924

ting model can be used as extrapolation to lower temperatures. Arrhenius Test Practid

summarizes the requirements and prerequisites of a meaningful evaluation: at least four data points
should fall on the straight line for a statistically significant evaluation and no phase transition (e.g. glass
transition) should be present in the temperature range under investigation.

Two incubation techniques, known as the “sealed-bag” and the “free-hanging” methods, are available for
the accelerated dark stability testing. These protocols simulate two different kinds of storage conditions
and tend to produce somewhat different results as volatile and sublimable components that are released
during accelerated thermal [6][ZI[8][9] tests due to the presence of unused chemicals left with the dry
hard copy film after image formation (refer Annex B).

In one storage condition, the dry hard copy film is stored in a sealed container with very little air. Any
substance released by dry hard copy film is trapped inside the container and can interact with the
image or support. This situation is best simulated by the “sealed-bag” method, in which preconditioned
specimens are sealed in a moisture-proof bag from which most of the air has been expelled. This
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method also eliminates any potential contamination with other materials in the oven, and prevents
any unintentional light-induced reactions after controlled light exposure of the specimens during the
sample conditioning as outlined in 5.2.5. An appropriate number of such bags are placed into ovens

maintained

at different test temperatures to permit specimen evaluation at periodic intervals.

The second storage condition simulated by the “free-hanging” method is performed inside a constant
temperature-relative humidity controlled chamber. The specimens are suspended in this relatively
large test chamber at a sufficient distance from each other to ensure free access of the circulating air to

all surfaces.

The user of the ”free hanglng protocol should note that any of the volatlles potentlally released by

the dry har
thus introdt
within the s

The user of
specimens v
With the “sqg
independen
temperaturg
With the “fy
decrease so

ce add1t10na1 degradatlon processes in other f11m materlals belng incubated ° free han
ame test chamber (potential for cross contamination)..

this International Standard should be aware that the moisture content (by,weight) d
ould differ somewhat with the two test methods, especially at the higher oventemperat
aled-bag” method, the moisture content of the specimens will remain éssentially cong
Fof oven temperature (the relative humidity, however, generally will iricyease with incre
e, which will lower the effective glass transition temperature of several polymer bing
ee hanging” method, however, the actual moisture content of thie specimens will gene
mewhat as the temperature of the chamber is increased. Thé influence of these differg

in specimen moisture content, any extraneous light-induced reactiohs, and the glass transg

temperatury
film, the ran

Ifitis suspe
or fogging b
or both met

The choice of
and the exp
keptin parti

5.2.2 Test

A processed
The applicat
it provides 4

e of the binder on predictions of ageing behaviour may vary depending on the dry hard
ge of oven temperatures employed, and the selected relative humidity value(s).

rted that differences in specimen moisture contenty'could have a significant impact on {3
ehaviour for a particular dry hard copy film, ittwould be useful to conduct tests with ¢
hods at several relative humidity conditionst

testmethod should be based onthe knowfipropertiesofthe dryhard copy films being eval
ally opened envelopes during storage-The choice of test method used shall be reported.
target

step tablet with at least 11 steps between 0 % and 100 % pixel intensity levels is reqy

 more equidistant'spacing of the perceived density levels across the step tablet, How

the actual printer calibratio drops out of the analysis, and calibration serves only to provid

approximat
a step tablef
as a tiff file.

bly uniform egverage of the relevant density range of the dry hard copy film. An examj
is the standard SMPTE target as illustrated in Figure 3 that can be conveniently obtg

NOTE

e SMPTE target tiff file can be obtained from The Society of Motion Picture and Television Engi

and
bing”

f the
ures.
tant,
hsing
lers).
rally
nces
ition
copy

1ding
ither

ated
pcted storage conditions of these matérials. The processed dry hard copy films are norTnally

ired.

ion of a Kanamori o DICOM calibration is recommended before printing the specimens, as

ever,
e an
ble of
1ined

neers

T
(SMPTE) in [Tos Angeles, CA, USA, or SMPTE, 3 Barker Avenue, White Plains, NY 10601.
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Specimen conditioning and initial measurements

st two specimens of drg?d copy film with the 11-step tablet as test target shall be p
each|i
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be prepared as fi aterials for each intended time and temperature condition ir
sealed bag met

i

=

Figure 3 — SMPTE targe&(ﬁ%produeed with kind permission of SMPTE)

"

1824 ; 1@“4

lH T

and temperature condition. In addition five additional Dp;

en with step tablets shall receive a light exposure of eight hours on a

el 0of 3000 cd/m?2 and a surface temperature of 40 + 2 °C. The lighted view

and 50 £ 5 % relative humidity. Alternatively, the 8 h exposure episode caf
hamber described in 5.3.

rocessed for
h specimens
case of the

ighted view
box shall be
1 be realized

* *

e measured

for all patches of the step tablet. The density readings are converted into DICOM JND levels as explained
in Annex D.

Ranges for suggested visual density Dyis analysis are indicated below:

Low density range: Dyis < 1,0

Mid density range:1,0 < Dyjs < 2,0

High density range: Dyis = 2,0

Density readings of the D in specimens for use as fillers material in the heat-sealed bag incubation are
not required.
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5.2.4 Incubation conditions

5.2.4.1 General

At least two film specimen, either “free-hanging” or in “heat-sealed bag”, shall be incubated at each
temperature of the Arrhenius test scheme. Each temperature set point shall be controlled to + 2 °C.

A typical temperature-and-times scheme is suggested for example in Table 1. The covered temperature
range shall be at least 20 K, preferably wider, and temperature intervals shall be approximately equal.
However, the lower the test temperature, the more precise the Arrhenius prediction is. Therefore, if the
highest test temperature is < 45°C, the required temperature range that has to be covered by the test
scheme can pe reduced to 15 K: For example, the range of 30°C to 45 °Cis acceptable, while the rarge of
40°Cto 55°( is not. The reduced temperature range may be practical to avoid distortion of the Arrh¢nius
analysis dug to the presence of a phase transition of the binder at elevated temperature (e.g45°C)

A descriptign of how these incubation conditions were chosen and the time-temperatte relationship
for dark agejing are discussed in the literature.[ZI[8][2][12][13]

Taple 1 — Suggested time-temperature relationship for Arrhenius-incubations

Temperature | 53 32 38 50 60 65
Time ¢1 28d 14d 7d 1d 6h 2h
Time t 56 d 28d 14.d 2.d 12h 6h
Time t3 1124 56 d 28d 3.d 1d 12h
Time t4 224d | 112d 56 d 7d 3d 1d
Time ts 448d | 224d | 1124 14d 7d 2d
Time t6 960d | 448d | _224d | 28d 14.d 3d
d days

h  hours

5.2.4.2 Cdnstant relative humidity-testing (free-hanging)

For each temperature condition (seeexample Table 1) samples of all materials shall be hung by clips or
other means, such that they ané-freely exposed to the atmosphere within a temperature and humjidity
controlled dhamber. Relative’humidity shall be controlled to 50 * 5 %. Other humidity set point$ can
be investigdted as option.Weight may be attached by clips to the lower end of the samples, to pr¢vent
excessive cyrl of specimens due to humidity effects or to prevent excess movement of the samples due to
the air circylation in(the chamber. One temperature/humidity controlled chamber is required forfeach
temperatur¢ condition. However, if there is a problem with gas phase cross-contamination of sanjples,
some samples miay have to be segregated in their own chamber to prevent any potential contaminpation
with other gaimples in the chamber.

A single set of targets, two per material, can be run using this method. Then, samples are removed for
density and colour reading and replaced after readings have been made.

5.2.4.3 Constant moisture content testing (sealed-bag)

Duplicate dry hard copy film specimens shall be sandwiched in between five sheets of the same film
after equilibration at 23 + 2 °C and 50 + 5 % relative humidity for at least 15 h. This specimen sandwich
shall be wrapped with aluminium foil and placed inside a laminated (aluminium foil-polyethylene
lining) heat-sealable envelope to prevent escape of moisture during high temperature incubation. These
envelopes are then heat sealed after excess air has been squeezed out. Use of two bags is recommended
to reduce any effect of pinholes.
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The film samples shall be incubated as suggested in Table 1 and shall be periodically withdrawn for
density, and colour measurements.

5.2.5 Measurements before and after incubation

A densitometer and a colorimeter (or spectrophotometer) are used to monitor the changes in visual
density and CIE a* and b* respectively, of the specimens before and after thermal incubation as a function
of time. Changes in visual density and colour (a* and b*) may affect retrieval of diagnostic information
of the dry hard copy film on view box. Visual density readings shall be collected with a densitometer
having spectral conformance to ISO 5-3, and geometric conformance to ISO 5-2. The DICOM JND levels
according corresponding to the visual density readings are calculated according to the DICOM standard

displl
level
reprs
2 deg

NOTH
halo
repla

5.2.6

For ¢
chan|
chos
by 4
prep

for the set of illustrative end points.

The

ay function (SDF) as outlined in Annex D, taking the light intensity of the view box and
into account. The CIE parameters a* and b* shall be evaluated based on a fluorescén
esenting “cold daylight” with a colour temperature in the range of 6 000-6 500 K'and th
rree observer as outlined in Annex E.

“Normal” spectrum fluorescent lamps of the CIE type F5 (“cool daylight” with colour codsg
phosphors, that are no longer available from ca. 2010 on (environmental reasons). Industry
cement type is “cool daylight” with colour code 865, which is based on three band phosphors (CIE ty

Reporting of results

ach temperature, the incubation time is determined, at which a certain change in JND

ge in colour (a* b*) is reached. Due to the lack of diagnestic end point, illustrative end p
bn arbitrarily, such as a change in JND-contrast [(Ajnd(t)/Ajnd(0)) - 1] of 20 % or a chai
Aa* or Ab* units (see Annexes D and E). Based on thiese time-to-end points the Arrhen
hred as outlined in 5.2 and test procedure 1SO, 18924 and the extrapolated lifetimes g

set of illustrative end points and the incubation protocol (“sealed-bag” and /or “fre
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t illuminant
e CIE (1931)
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ontrastora
oints can be
ge in colour
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e-hanging”)

shalllbe reported.

5.3 | Light chamber test

5.3.1 General

ode of hard
emperature
adiography,
pscent bulbs

The light chamber test is(designed as a simulation of an unintentional light exposure epis
copy|film on a lighted«iew box (medical film illuminator). The light output and surface {
of view boxes for miedical radiographs depends on their diagnostic use (e.g. general R
Mammography), their construction (screen materials, in-built ventilation, number of fluor
or LHD lamp units-etc.) and the microenvironment (thermal insulation, ambient temperatureland relative
etc.) pnd varies/considerably. For better comparison, a light chamber with fluorescent lamps is used for
this failsafetest, which enables the user to independently control light exposure and temperature /
relative’humidity during the light stability test of the medical hard copy film.

5.3.2 Schematics of a light chamber apparatus

The schematics of the light chamber apparatus used in this test are shown Figure 4. The compartment
with the fluorescent lamps is separated by a Polymethylmethacrylate (PMMA) screen from the chamber
such that the temperature and humidity of the chamber space can be controlled independently of the
heat emission of the fluorescent lamps. Typically, the compartment with the fluorescent lamps requires
a heat sink on its own to limit the thermal load of the test chamber space, which otherwise would
jeopardize the stability of the test chamber climate.

The PMMA screen shall be made out of a clear (i.e. not opaque) and non UV absorbing grade of
Polymethylmethacrylate with a thickness of 3-4 mm, such that the emission lines of the fluorescent
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lamps in the UV range of 300-400 nm can pass. The fluorescent lamps shall represent “cool daylight”
with a colour temperature of 6000 °K to 6500 °K, when measured through the PMMA filter.

NOTE1 The “normal” spectrum fluorescent lamps of the CIE type F5 (“cool daylight” with colour code 765),
that were historically used in view boxes for medical hardcopy film, are no longer available from ca. 2010 on
because of environmental issues with halo phosphor. Industry recommended replacement type is “cool daylight”
with colour code 865, which is based on three band phosphor (comparable to CIE type F10-F12). In addition,
new illuminators come with a variety of new illumination technologies, such as OLED or LED, which represent a
complete different spectral power distribution and which also lack emission of UV lines.

It is recommended to change one half of the fluorescent lamps in the light chamber after 2000 h of
operation to maintain a constant flux and spectral power distribution: Beyond 2 000 h of operation,
occasional dreation of pinholes have been observed in the lamps phosphor coatings, that may intrgduce
an increasedl emission of the spectral lines in the UV range.

Key
1  fluorescgnt lamps
2 clear PMMA

3 sample gdlane with film specimen

Figure 4 — Light chamber apparatus

5 3 3 Sa nle tarcat and initinl maacuramantc
o pretargttan Gt edSurements

The test target of 5.2.2 is used, i.e. a step wedge with at least 11 steps, such as the SMPTE test target.
One specimen shall be required per film type and per incubation time. Separate sets of specimens shall
be used for each sampling interval.

No explicit preconditioning shall be necessary, butthe printed film shall notbe exposed to humidity greater
than 65 % RH or temperatures above 25 °C. Also, the printed film shall not be exposed to cumulative light
exposure greater than 200 1x h before the test, quantifying the obvious rule that the amount of ambient
light that the samples receive prior to such light stability testing shall generally be minimized.

Initial visual density readings and the CIE a* and b* parameter shall be measured for all patches of the
step tablet. The density readings are converted into DICOM JND levels as explained in Annex D.
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5.3.4 Mounting specimens in the light chamber

The specimens shall be placed in free-hanging mode in the chamber and mounted such that the emulsion
side of the specimen shall face the fluorescent lamp.

The light chamber shall be set to the following conditions, which resemble the conditions at the surface
of an average viewing box for general radiography.

a) [luminance on sample shall be 9400 + 860 1x (560 + 50 fc), which is equivalent to a uniform flux of
3000 + 275 cd/m2 (nits) corresponding to the diffuse exposure conditions of a standard view box

(see Annex A).

OTE1 The measurement of illuminance is performed with a lux-meter, i.e. a calibrated radiometer with
hotopic response and a diffuse probe. The surface of the sensor probe is mounted in the sampl¢ plane facing
in direction of the light source. Illuminance readings are collected over sufficient positianswithiin the sample
lane in order to identify the sample mounting area that is conform to the required illiminancefhomogeneity
ondition: it depends on the construction of the light chamber (e.g. carousel vs. flatbed type, light reflection
ff the inner walls), how illuminance drops towards the edges of the sample area-

[«

b) Air temperature at sample position is controlled at 40 + 2 °C;

ure probe(s),
ture readings
g to chamber
obes shall be
easurement.

INOTE 2  Chamber air temperature distribution is assessed by a (set<of) calibrated temperat
whichis placed “free hanging” at different positions in the sample planefor collection of tempera
yith the chamber in operation. A representative set of measurementpositions is chosen accordi
geometry. Suitable temperature probes are, for example, PT1@0 probes and thermocouples. Py
ghielded from direct exposure from the lamps in order to aveid distortion of the temperature n

Relative Humidity at sample position is controlled at,20 % + 5 % RH.

INOTE 3 Relative humidity distribution in theschamber is assessed by a (set of) calibrafed humidity
{trobe(s), which is placed “free hanging” at diffetént positions in the sample plane for collectipn of relative

umidity readings. A representative set of measurement positions is chosen according to chambper geometry.
Juitable humidity probes are e.g. psychrometers or capacitive sensor. Probes shall be shielde

N H from direct
g¢xposure from the lamps in order to avgid-distortion of the relative humidity measurement.

espect to the
environment

INOTE4  The specified relative humidity represents the constant dewpoint approach with 1
Use case: elevated temperature at the surface of the view box, which is suspended in a standard
yith 21°C and 50 %rH.

d)

Befo
temy

In a

temp

flux

ther]

APolymethylmethacrylate(PMMA) sheetseparatesthefluorescentlampsfromthe sample cc
The sheet shall be madeof a clear non-UV absorbing PMMA grade with a thickness of 3-4 1

‘e commencing-the test, the light chamber shall be turned on and allowed to wa
erature anddight levels have stably reached set point conditions.

dition to.the conditions referred to as “average radiography view box conditions” b
erature.and lightlevels may be tested to check the fail safe behaviour of film on view bo
eveéls (e.g. 5 000 cd/m?2) or higher surface temperature (e.g. 45 °C). In case of higher t

(¢

mpartment.
mnim

rm up until
efore, other

kes at higher
pmperature,

plative humidity shall be adjusted according to constant dew point.

5.3.5 Measurements after incubation

The individual set of specimens shall be removed from the light chamber periodically after exposures of
8h,24hand 72 hrespectively in order to simulate exposures of dry hard copy films left inadvertently on
a lighted view box for shorter durations during breaks, overnight and over the weekend. This simulates
the effects of simultaneous exposure of dry hard copy images to excessive light and heat. The changes in
visual density, a* and b* values shall be measured for each step as outlined in 5.2.5. The density readings
are converted into DICOM JND levels as explained in Annex D.
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5.3.6 Reporting of results

Plots of changes in colour CIE a* and b* and jnd-levels after exposure to the “average general radiography
view box conditions” shall be reported. Unlike the dark stability tests, which are performed at several
time-temperature combinations, the light stability exposure is conducted at one temperature and shall
provide only a relative comparison under real-life conditions for a particular hard copy film product as
function of exposure time, but without additional extrapolation based on any “illustrative” end points.

5.4 Image spread test
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d due to thermal aging shall be evaluated making use of changes in the contrast tra
F), which is derived at a given modulation frequency before and after the incubation.

ple target

bet is made of a periodic square wave bar pattern with alternating bars of the same y
nt modulation of their density levels. The test target contains said‘periodic test patte
levels, covering the low density range and the high density range. For each density r
pdulation of the square wave pattern is used. The modulatien 15 characterized by the
rge patches using the same digital printer control value as.in the square wave pattern
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values of the range of 7 + 2 cycles/mm.shall be reported. The square wave pattern sh:
vo orientations, namely horizontal and vertical or main and sub-direction of the printg

of schematics of a CTF test targetwith a square wave pattern (SWP) is shown in Figy
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whichare expressed in Ipi [lines per inch]. For a 508 Ipi printer, the 2 pixels on / 2

off pattern 1
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solid
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ired,
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ixels

epresents a square wave pattern with 5 cycles/mm. For a 300 Ipi and 320 dpi printer,

the 1

on/1 off pa

erm would represent 5,91 and 6,30 cycies/mm, Tespectively. T he user shalt be aware,

that

the conversion from printer resolution [lpi] to period of the bar pattern [cycles / mm] employs a factor 2.

Calculation:

cycles / mm = 0,039 37 [inch/mm] x (lpi [lines/inch] / periodswp)

wherein periodswp = 2n, for a bar pattern with n pixels on/n pixels off.
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Figure 5 — Schematics of CTF sample test target

5.4.3 Specimen conditioning and incubation conditions

The prepared specimens shall be preconditioned as described in 4.2.2.3. The preconditioned specimens
shall be incubated in 40 + 2 °C and 50 + 5 % RH for 2 weeks. Other incubation conditions, such as 50°C
/ 50 % RH for 1 week or 2 weeks, or tests at elevated humidity, such as 40 = 2 °C and 80 + 5 % RH for 2
weeks, can be also applied in order to check the extended heat resistance performance of the materials.

5.4.4 Measurement procedure and calculation of CTF parameter

The images shall be measured with microdensitometric scans before and after the incubation. Micro-
densitometric scans shall be performed with a flatbed scanner with optical resolution over 1600 dpi or
alternatively any microdensitometer. Care should be taken that the results are not influenced by flare or
adjacency effects, particularly when using flatbed scanners. In order to check that these effects are not
influencing the results, scans should be repeated after rotating the sample by 90 and 180 degrees and
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checking that the results remain the same. In addition, care should also be taken that the file format in
which the scan is saved does not cause unwanted image artefacts, e.g. by interpolation or scaling. More
details on the potential issues with these measurements can be found in the literature.[18]

Alignment of the bars with the scan direction should be carefully controlled (within 1 degree), because
misalignment is known to introduce blurring. The scanner should be operated as a linear detector in
colour-to-luminance mode, delivering 16 bit images representing greyscale values linear in intensity
in the range between minimum density of 0,15, to maximum density of 4,00. The scanner greyscale
values shall be calibrated by the visual diffuse density reading from a step tablet corresponding to the
calibrated printer/dry hard copy material combination.

The dimens
case of a loy
dimension, §

The maximy
of the lighte
Dmax(solid),
density of tH
bar shall be

The CTF val
CTF ={[

5.4.5 Rep
The CTF val

£l 4 £ £ L | ik aal +raloll b 10 L 100
UlIl Ul UIIT CllJCl LUIT IUL LT TITICT UTUCTISITUITITLLIU TTIICTASUT TIIITTIU S11dll UT 1IU Pl.lll Ll_y LUU PI.
V resolution printer where noise caused by pixel pattern is observed, the broader ape
uch as 20 pm to 40 pm by 100 pum, shall be used in order to reduce the noise.

Im visual density value of the darker bar, Dy x(bar), and the minimum visual-density Y
I bar, Din(bar) shall be measured. At the same time, the average density.efithe solid p
which is produced from the same digital image data of the darker bar’and the av{
e solid patch, Dpjn(solid), which is produced from the same digital ithage data of the li
measured.

Lie shall be calculated as follows:

max(bar) = Dmin(bar)} / {Dmax(solid) - Dmin(solid)}

prting of CTF results

ies before incubation, CTF(initial), and after ificubation, CTF(incubated), shall be calcu

for the eaclh sample. Deterioration of the image due’to thermal ageing is reported as the rat

CTF(incubat
the test targ

ed)/CTF(initial) x 100 (%). Reporting shall also contain printer resolution and pixel s
et (e.g. 1 pixel on/off or 2 pixels on/eff.)

.In
ture

ralue
atch,
brage
rhter

lated
io of
ze of
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Annex A
(informative)

Light stability test conversion of units

The SI unit lux (1x) and the non-SI unit foot-candela (fc) are measures of illuminance, which is the light

level incident on the sample.

The $1 unit candela/m2 (cd/m2) and the non-SI unit foot-lambert (ft-1) are measures of lumitjance, which

is a measure of the light output for a light source. “Nits” is used as non-SI synonym for-¢d/m?2
factdrs for the illuminance units and the luminance units are given below.[19][26]

[lluminance conversion factor: 1 fc =10,76 Ix

LLuminance conversion factor: 1 ft-]1 = 3,426 nits

Conversion

A vigw box, which is a light source, have their light output rated in éd/m? (or nits), while light meters,
which measure the light level at a certain point in space, gives readings in Ix (or fc). The determination

of illuminance (fc) given the luminance of the light source (nits)} depends on the nature

of the light

sourfe. The view box can be approximated by a Lambertian light’source, whose radiance is jndependent
of viewing angle. The illuminance, E [lx], for a point on asurface of a Lambertian light source with

lumihance, L [cd/m?2], is given by I [cd / mZ] = * E [Ix].
Othefr illuminance to luminance conversions:

1 1x=0,318 nits

11x=0,093 ft-l

1 fc = 3,426 nits

1fc =1 ftl

© IS0 2013 - All rights reserved
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Effect of residual compounds on thermally processed

The therma
fog or chang
However, fo
inducing co
diffuse out

provided by
samples inc
The former

The process
is simulated
dry hard coj}
situationisd
laminated P
accelerate té
failure mech

radiographic images

be in colour (non-image silver and residual chemicals) during subsequent use and, §to
c formation requires thermal activation. Moreover, the degradation potential 0f, the
mpounds diminishes slowly under ambient storage conditions, because they sublimg
pf the image layer. Evidence of such diffusion and the influence of storage cenditions
the differences in the amount of fog-inducing activators detected by chemical analy
ibated in tightly packed, heat-sealed bags and those incubated in a free-hanging mo
rontained higher residual amounts of activator compounds than the(latter.

ed dry hard copy films are normally kept in partially opened envelopes during storage,
by the free-hanging incubation test method. This keeps eventelevant for practical files
py films that are stored in tight stacks leading to a reductien)of the exchange rate of aif
ifferent for storage of dry hard copy film in a sealed containér as given by moisture proof
F. bags. This test method simulates the most severe sjtuation and can be used to additio
st if results from free hanging are not available within reasonable time.[Z][8][2] Howeve|
anism in heat sealed bags might not be representdtive of the practical filing situation
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Annex C
(informative)

Simulated thermal ageing tests

The experimental method used to derive the predicted lifetimes of dry hard copy films at ambient
conditions of storage is based on the data that appear in.[Zl[8][9] In order to extrapolate the high

temperature incubation results to normal keeping conditions, the data was treated
chenpical Kkinetics as described in references.[11(2][6] It is recognized that the rate-contro

image degradation of photographic films may be much more complex than a first onder’apy

Nevertheless, Arrhenius plots provided a reasonable means of extrapolation t&predict
several kind of imaging media at room temperature conditions.[12][13][14][15]

In round-robin inter-laboratory tests conducted during the preparation of this test methd

the reproducibility and applicability of accelerated thermal testing on medical dry hard co
has been investigated. Arrhenius plots were prepared based on illustrative end points fo
visugl density, DICOM grey-levels (jnd-contrast) or colour (CIE a* and b*). In some cases

matdrial and particular sensitometric property), linear Arrheniti§ plots were reported, in
significant deviations from linear shape were found. In the latter cases, extrapolation erro|

unde
Arrh

r-estimations) of the order of at least 2 to 3 times cai.be expected by the assumpti
enius degradation behaviour.

An important prerequisite of the Arrhenius test procedure is the assumption that the g
hdation processes at elevated temperaturestand design-for-use temperatures arg
efore, no phase transitions shall occur in the' temperature range under test, which nj
pst available test temperature considerably, resulting into a limited acceleration of

degr
Ther]
high

ageing approach.

by classical
ling step in
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Greyscale evaluation based on just noticeable differences (JNDs)
defined DICOM standard display function (SDF)

D.1 Calcﬁlating jnd-values from diffuse visual print density[20]

[ the
[ just
dard

o DICOM, JND values (just noticeable differences) give a better representation o
brception than visual density. JND values express the perceived greyscale in-terms o
Histinguishable) luminance levels L. This correlation is described by theDICOM stan
tion (SDF).

According t
greyscale pq
noticeable (|
display fund

5sion
ance

For the purpose of this standard, we refer to a special application of the DICOM-SDF. The transmi

medical har
level Lo thd
In addition,
account. Thg

L:La+

where

d copy print with diffuse visual density D is displayed on a viewing box with lumin

print density can be regarded as optical filter modulating, the’ intensity of the light
the ambient luminance L,, which will be reflected off theprint surface, is also taken
e luminance L obtained from an optical density D of the print is thus calculated by:

0*10-D

Lo ist

Ly ist

thid

D

At density D
0), on the ot

this example.

For the me:
radiometer
good appro3
technically |
case, the rel

!

is the diffuse visual density (densitometer with photopic response, I/3).

e luminance of the light box with no film present (3 000 cd/m? in this example);[[24]](]

example;[[24]][[25]]

=0 (no film density) the.luminance is given by L, + Lo =3 010 cd/m2. At high densities (i

e luminance contribution due to ambient illuminance reflected off the film (10 cd/m?2|i

-box.
into

(D.1)

D> 2,

her hand, the lumidaice value asymptotically drops to the value of L,, which is 10 cd/m?2 in

h

isurement of/luminance, i.e. the emission of light from a light source per solid ang
s needed~Nevertheless, in the special situation within an ideal field of diffuse light (i
imatien:directly in front of a viewing box) luminance readings (cd/m2) can be replacg
more simple irradiance measurements (1x), which can be obtained with a lux-meter. Iy
htion'lx = * cd/m2 holds, i.e. the readings 1x/m can be used as input for cd/m?2 (see Anng

rle, a
.e.in
bd by
| this
X A).

The luminance Lg of the light box switched on and with no film present can thus be measured with a lux-
meter that faces towards the light box with the measurement portin contact with the diffusing screen of
the view box. The luminance L, of ambient light being reflected off the surface of the medical film on the
view box can approximately be measured as follows by placing a representative number of medical hard
copy prints on the view box. The view box shall be switched off and the ambient light switched on. Face
the lux-meter towards the view box and measure the irradiance (1x) from the typical viewing distance.
Care is exercised such that no shadow scene is present more than necessary with your own body and
that do direct reflections of lamps on the view box or medical hard copy film are present.

The jnd values of the DICOM SDF actually represent a table of ascending luminance levels, which an
average human observer can distinguish. The DICOM SDF is derived from Barten’s model of the contrast
sensitivity of the human visual system. The SDF represents luminance contrast sensitivity data for
periodic sinusoidal gratings with a frequency of 4 cycles / degree as function of viewing conditions.
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