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In the Nineties, the Diputació de Girona felt the need to put an emphasis on preserving 
the photographic and audiovisual historical memory of the Girona region and decided to 
create its own archive. INSPAI, Image Center of the Diputació de Girona, is still today one 
of the few specialized facilities of its type in Spain dedicated to the gathering, processing, 
preservation, dissemination and promotion of images.

 The guide you have here is one step further in the center’s vocation to serve, which regu-
larly organizes training and technical assistance events and activities, not only in the province 
of Girona, but also throughout Catalonia and even abroad. It specifies the most appropriate 
guidelines in the processes for digitizing photographic materials, with the goal of making 
the task easier for archives, museums, cultural centers and facilities dedicated to managing 
photographic documentation.

 Every image is a small piece of our history, a part of our heritage that gives us infor-
mation about the past and helps us interpret current times. This is why establishing best 
practices is essential for having quality photographic fonds, that foster the creation of new 
knowledge and contents among citizens. There are still shortcomings and a lack of consen-
sus among the professionals in this field, and in this sense, the goal of this document is to 
attempt to standardize the processes so that everyone takes strides in the same direction.

 All of this contributes to the work to ensure the survival and spread of photographic 
heritage, which also means the preservation of our cultural heritage.

Albert Piñeira i Brosel
Vice President of the Diputació de Girona
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This guide details all the aspects relating to best practices in the processes for digitiz-
ing photographic materials. The processes are primarily focused on digitization using a 
camera, although it also provides some topics to keep in mind when using a scanner. The 
goal is to establish the guidelines needed to ensure the image quality is high enough to 
be able to correctly reproduce the originals, including negatives in any format, in color 
or black and white, slides, copies on paper or other opaque media, autochromes, and any 
photographic original consisting of a fixed image on a flat surface.

 The tools and processes detailed in this guide make it possible to obtain reproductions 
that may be conserved. However, depending on the materials to be digitized, in some cas-
es a more detailed analysis of image quality will be needed in order to design processes 
that ensure a copy can be made for preservation, using objective measures.

 
Thus, this digitization guide includes:
 ∙ The description of the image quality attributes and instructions for making visual 

evaluations, which will ensure that minimum quality requirements are met.
 ∙ The equipment features necessary, according to the materials to be digitized, as well 

as the aspects that must be taken into account in setting up the digitization station.
 ∙ The technical aspects to keep in mind when establishing the illumination, capture 

and image processing settings and adjustments.
 ∙ The technical characteristics of the master files and some principles for preserving them.

Conversely, this document does not address:
 ∙ Definition of the digitization project objectives.
 ∙ Selection and preparation of the materials to be digitized.
 ∙ Legal matters.
 ∙ Digitization of moving images.
 ∙ Objective systems for measuring image quality that require skills and specific tools 

for more technical and specific assessments.

1. INTRODUCTION
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2.1. Image quality attributes

In the digitization process, image quality is measured based on the level of similarity 
between the original being reproduced and the digital image obtained. Thus, it is possible 
(and very convenient) to assess the quality of reproductions based on objective parame-
ters and to avoid subjective assessments.

Taking into account these considerations, there are a number of attributes of the images 
that, in one way or another, affect how quality is evaluated. These attributes can be objective-
ly measured and evaluated, and they are easily recognizable in a subjective visual evaluation:

 ∙ Tone: macroscopic contrast or reproduction of the intensity (brightness).
 ∙ Resolution: ability to reproduce fine details.
 ∙ Sharpness: microscopic contrast or the contrast in reproducing edges.
 ∙ Noise and artifacts: presence of errors (not present in the original).
 ∙ Color: reproduction of brightness, hue and saturation.

2. DIGITIZATION AND 
IMAGE QUALITY

2.1.1. Tone

The tone refers to the correct reproduction of the different brightness levels in the scene 
or in the original material in the case of digitization. There are two main aspects related to 
the tone that affect image quality:

 ∙ The luminance transition: the relationship between the luminance of the original and 
the luminance of the resulting image. It can be evaluated by analyzing the histogram, 
and in a more rigorous way, it can be measured using the opto-electronic conversion 
function (OECF).

 ∙ The dynamic range: refers to the range of luminance that the capture system is able 
to reproduce in a single shot. It is obtained from the OECF and it is important to 
calculate it in order to find out whether it will be possible to reproduce the full range 
of luminance in the original with the capture equipment available.

Figure 1. 
Images of the same scene reproduced 
with different tones and the respective 
histograms. At the top left, the image 
with the correct reproduction of tone; 
the top right, an overexposed image; 
the bottom right, an underexposed 
image; the bottom left, an image with 
dynamic range problems, where it 
was not possible to reproduce the full 
range of luminance in the scene.

index
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2.1.2. Resolution 

Resolution is the system’s ability to reproduce small details. The size of the image sen-
sor can affect how these details are reproduced, but the optical limitation of the lens can 
also limit the final resolution of the capture system. Therefore, it is important to consider 
the limiting resolution of the sensor and the resolving power of the lens.

· Limiting resolution of the sensor
The limiting resolution of the sensor is determined by the sensor’s size (pitch) and is 
measured in frequency units (cycles/pixel). This limiting resolution is also referred to as 
the Nyquist frequency; this frequency is always 0.5 cycles/pixel. A cycle is the same as a 
pair of lines. If we consider that two lines every two pixels (one line pair per two pixels) 
is the lowest that a sensor can resolve, that is the same as saying 0.5 line pairs per pixel.

· Resolving power of the lens
The resolving power of the lens is measured in line pairs per millimeter (lp/mm) and 
is limited by the diffraction phenomenon and optical aberrations.

· Light diffraction
Diffraction is due to the presence of an aperture with physical limits (the diaphragm 
in the case of optical image capture systems) and therefore, is always present and 
depends on the level of aperture of the diaphragm. The more closed the diaphragm, 
the less resolution power the system will have.

· Optical aberrations
Most aberrations depend on the aperture of the diaphragm; the more open the dia-
phragm, the more obvious the aberrations are, and the more they affect the image. 
To avoid aberrations, it is recommended to close the diaphragm, but if the dia-
phragm is closed too much, the effects of diffraction are noticed. It is also important 
to keep in mind that the quality of the lens directly affects the presence of aberra-
tions, as does whether it is a fixed focal length lens or a zoom lens (more likely to 
cause aberrations).

Figure 2. 
Diagram explaining the limiting resolu-
tion of the sensor. In (a) the frequency 
is lower than the limiting resolution of 
the sensor and it can be reproduced 
correctly; in (b) the frequency of the 
lines to be reproduced coincides with 
the Nyquist frequency; in (c) the fre-
quency of the lines to be reproduced 
is too high to be done so correctly.

index
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2.1.3. Sharpness 

Two systems can provide the same resolution but different sharpness. As the frequency 
of the represented object increases (i.e., the level of detail), the image provided by the optical 
system loses contrast. Therefore, two optical systems that provide the same resolution but 
with a different contrast provide different levels of sharpness (Figure 3). Therefore, sharp-
ness is the relationship between resolution and contrast, and is measured by obtaining the 
modulation transfer function (MTF) of the system.

2.1.4. Noise and artifacts 

The presence of false information in an image is what is known as the presence of artifacts. 
When the artifacts appear as very high random frequency signals, it is referred to as noise. 
Noise is usually caused by the sensor, either because the image has been captured at a very 
high ISO or at a very long exposure time. In either case, the main cause is a lack of light.

Other types of artifacts are those produced by excessive JPEG compression, and appear 
as blocks of 8 x 8 pixels and as spots of false information along border areas; or as halos, 
which appear on the contrasting edges when an excessive focus mask is applied during pro-
cessing. The aliasing phenomenon is also considered a type of artifact and is caused by 
problems with distinguishing high frequencies, close to the Nyquist frequency. Aliasing 
usually appears as a moiré pattern (Figure 4).

Figure 3. 
Two images of line patterns reprodu-
ced with the same resolution (the limit 
is indicated by the red arrow) but with 
different sharpness.

Figure 4. 
Different examples of the appearan-
ce of the moiré pattern, due to the 
aliasing phenomenon that occurs in 
reproducing frequencies close to the 
Nyquist frequency.

index
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2.1.5. Color

In terms of digitization, incorrect color reproduction can lead to the perception of a 
significant loss of quality. Color differences are measured using the ΔE value, which is 
calculated from the Lab color values of the original and its digital reproduction.

The image quality attributes can be modified or altered by the different elements in-
volved in the process of image capture and processing: light source, lens, sensor, and the 
processing and optimization tools used. Table 1 shows the relationships between the at-
tributes and the elements they depend on.

Atributs de la 
qualitat d’imatge

Font de 
llum Objectiu Sensor Eines de 

processament
Format de 

l’arxiu
To x x x
Color x x x x
Resolució x x x
Nitidesa x x x x
Artefactes x x x x

Taula 1. Relacions entre els atributs de la qualitat d’imatge i els elements que interve-
nen en el procés de captació i processament.

Image quality 
attributes

Tone

Color

Resolution

Sharpness

Artifacts

 Light source Lens Sensor Processing 
tools

Archive
format

Table 1. 
Relationship between the image 
quality attributes and the elements 
involved in the process of image 
capture and processing.

2.2. Purposes for digitization

Digitization is a process whereby non-digital original materials are reproduced using a 
digital image capture so that it can be preserved, analyzed and/or disseminated.

The processes for digitizing photographic materials can be done using a scanner or camera. 
In both cases, it is important to control all the parameters in the process so that the digital 
file obtained is as similar as possible to the original. These parameters include the lighting, 
the image capture equipment features, the settings and calibration, as well as the post-pro-
cessing done on the images once they have been captured.

Whatever the purpose of the digitization project may be, it is worth focusing efforts on 
obtaining reproductions that are as similar as possible to the originals. In this way, the dig-
ital images obtained may be saved for other future uses. This means setting up a system to 
capture and process images that causes the least amount of losses and/or modifications to 
the content of the original object. Therefore, it is important to be mindful of the following 
aspects:

 ∙ Reproduce the smallest detail in the original material: it is important to know the char-
acteristics of the object being digitized and the resolution-limits of the image capture 
system. It must be able to reproduce the smallest detail clearly enough that it can be 
seen in the digital image. 

 ∙ Reproduce the tones correctly: achieve the same contrast and not any detail to bright 
lights or shadows. 

 ∙ Achieve the most accurate reproduction of color. 
 ∙ Artifacts: do not add information or elements to the image that are not present in the 

original object.

The directions and recommendations listed below are geared towards ensuring the prin-
ciples stated above are met.

index
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When it comes to planning a digitization project, the selection of the equipment and 
the process to use will depend on the level of image quality that is needed. This level of 
quality could vary depending on the purpose of digitization, but considering the amount 
of time and resources involved in these projects, overall, the approach should always be 
focused on creating a reproduction that is as similar as possible to the original. In other 
words, treated, whenever possible, as a copy for preservation. In this context, the image 
quality only depends on the characteristics of the object being digitized.

 The level of detail in the originals, as well as their brightness range, can vary according 
to the type of photographic material that needs to be reproduced. Therefore, the equip-
ment specifications and the image capture and post-processing settings, in terms of the 
resolution and dynamic range, should be determined by the characteristics of the object 
being digitized. In this sense, we can establish different types of originals for which some 
of the minimum characteristics necessary of some parts of the collection equipment must 
be determined (section 4.2). These types are classified based on resolution and dynamic 
range, separately. Table 2 shows the different types according to their resolution require-
ments, which depend on the maximum resolution of the material itself and its format. Table 
3 shows the different types according to their dynamic range, that is, according to lumi-
nance range, or maximum contrast, that each one of the materials can give off.

3. CLASSIFICATION OF ORIGINALS   
ACCORDING TO DIGITIZATION 
REQUIREMENTS

Type of photographic material

Type of photographic material

Film after 1970:

Slides

· Large format (4 x 5 in) ++++

++++

· Medium format (6 x 6 cm)

Negative in b/w and color after 1940

+++

+++

++

+

· 35 mm format

Transparent negatives and positives prior to 1940

++

++

+Print on paper

Transparent negatives and positives prior to 1970

Print on paper

Resolution 
requirement

Dynamic range 
requirement

Table 2. 
Type of photographic material accord-
ing to resolution, from higher (++++) 
to lower (+).

Table 3.
Type of photographic material accord-
ing to the dynamic range, from higher 
(++++) to lower (+).

index
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4.1. Light source 

In the digitization processes using a camera, the light sources used and the way they 
are placed in relation to the original, have a direct impact on the attributes of the final 
image, especially when it comes to reproducing the tone (brightness and contrast), color 
and textures. 

The two most recommended types of light sources at the moment are flash lighting 
and LED light panels or lights. When using flash, different types of are needed, depend-
ing on whether opaque or translucent materials need to be illuminated; light stands with 
a diffuser panel (or similar) for reflecting light, and a flash head connected to a diffuser 
box (flash box) for transmitting light. In this second case, it may also be possible to build 
a custom-made diffuser box to allow manual flash to be used as a light source. Figure 5 
shows an example of the lamps mentioned.

 When using LED as a light source, one of the most recommended options is to use 
panels with a light-diffusing surface, that can be used both for reflecting light (opaque ma-
terials) as well as for transmitting light (translucent materials). Figure 6 shows an example 
of this type of panel.

Both for flash bulbs and LEDs, as well as other possible lighting systems that may ap-
pear in the future, the technical specifications that must be met are those specified below.

4. DIGITIZATION EQUIPMENT 
DIGITIZATION EQUIPMENT

Figure 6.
Example of LED panel, that can be 
adapted for reflecting light (in vertical 
position) or for transmitting light (in 
horizontal position).

Figure 5.
Types of lamps that use flash as a 
light source, depending on the materi-
al to be reproduced: a light stand with 
a diffuser panel for opaque materials 
(a), and a rigid light box, for translu-
cent materials (b), that connects to a 
flash head.

a) b)

index
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4.1.1. Intensity range

The intensity of light emitted by the source must be sufficient for capture with inter-
mediate diaphragm apertures (between f/5.6 and f/11) and shutter speeds no longer than 
1/30 s. It is not convenient to work with high-intensity lights either, which require the use 
of neutral density filters or apertures that are too closed. Indicatively, the following ranges 
can be set:

4.1.2. Spectral distribution curve

The light source must have a spectral distribution curve similar to that of standard 
D65 lighting, and must be constant over time (thus florescent light sources must be avoi-
ded). If the technical specifications do no not include the spectral distribution curve, it 
is necessary to verify that the color reproduction index (CRI) is higher than 90, and that 
the color temperature is close to 6,500 K.

 Light sources with high UV and IR emissivity should also be avoided, as this radia-
tion can damage the original material; UV, due to its high frequency, and IR, due to the 
fact that it generates a lot of heat. Taking this into consideration, both flash and the LED 
lights are a good choice.

4.1.3. Light quality

 ∙ Transmitted light: It is recommended that the light emitting surface be as diffused 
as possible. This reduces the contrast of the original and therefore avoids dynamic 
range problems during image capture. In addition, it reduces the appearance of dust 
spots, marks and scratches. 

 ∙ Reflected light: in general, for opaque materials without texture (or when the tex-
ture does not need to be reproduced), the illumination can consist of two sources 
of light with a diffuser panel. For textured and non-specular materials (non-glossy)
more direct light sources can be chosen, consisting of a lamp without diffusers.

Type of source
light

LED 2,000 - 4,000 lux (measured at 1 m) 1,000 - 2,000 lux (measured at 1 m)

Flash Min. 500 WS 400 - 1.000 WS

TranslucentOpaque
Table 4.
Recommended light intensity ranges 
for LED light sources (in units of illumi-
nance or lux) and for flash (in units of 
power or WS).

It is highly recommended to use a light source in which the intensity can be modulated 
because it can be regulated according to the characteristics of the material and the capture 
conditions.

For continuous light sources (LEDs or similar), the emission intensity must be constant 
over time, and it is recommended to determine how long it takes for the emission to become 
stable after the light is first turned on.

index
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4.2. Sensor features

In digitization processes using a camera, the specifications of the sensor are a key fac-
tor in achieving the required resolution and dynamic range levels. 

4.2.1. Resolution

The resolution depends on the lens (Section 4.3) and the sensor, from which it is neces-
sary to establish the maximum size of the photo receptors (pitch) and the minimum format 
necessary for resolving the smallest details in the original materials. It is necessary to take 
into account, therefore, the resolution of the photographic material to be reproduced, as well 
as its format. As a guide, Table 5 lists the different types of photographic materials (ac-
cording to resolution and format) along with the minimum format and pitch requirements 
of the sensor. In the case of large format film after 1970, digitization with a high-resolution 
scanner is recommended, since currently, no sensors exist that have a high enough reso-
lution to correctly reproduce the smallest details. If a scanner is not available, each image 
would have to be divided into smaller sections to be reproduced separately, and then put 
back together using stitching techniques to form the final image.

index

Requires the use of a high-resolution 
scanner

12 EV

++++

++++

++

0,005

0,005

0,008

53 x 40 mm

10 EV

9 EV

8 EV

36 x 24 mm

36 x 24 mm

+++

+++

++

+

++

+

Max. pitch
(mm/pixel)

Min. sensor
size

Dynamic range
of the sensor

Resolution
requirement

Dynamic range 
requirement

Type of photographic material

Type of photographic material

Table 5.
Technical requirements for the sensor 
(size and pitch), according to the type 
of photographic material, classified by 
the resolution requirements.

Table 6.
Dynamic range requirements for the 
sensor, according to the type of pho-
tographic material (classified by the 
dynamic range requirements).

Film after 1970:

Slides

Transparent negatives and positives prior to 1970

Print on paper

· Large format (4 x 5 in)

· Medium format (6 x 6 cm)

Negative in b/w and color after 1940

Transparent negatives and positives prior to 1940

Print on paper

· 35 mm format

4.2.2. Dynamic range

Table 6 indicates the minimum dynamic range the capture system (sensor) must have, 
according to the contrast values of each of the different photographic materials. The dy-
namic range is expressed in exposure values (EV), taking into account that 1 EV is equiv-
alent to 0.3 units of optical density in analog photographic materials.
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4.3. Features of the optical system

The lens is another key element needed in achieving the image quality necessary in a 
digitization project. Different aspects need to be taken into account when picking out the 
lens, and it’s also important to characterize their optimal performance.

4.3.1. Lens specifications

In regards to its features, it is recommended to use:

 ∙ Fixed focal length lenses: they tend to perform better than variable focal length (zoom) 
lenses, since it is easier to correct optical aberrations when the lens structure is fixed 
and symmetrical.

 ∙ Quality lenses, properly corrected for optical aberrations.
 ∙ Focal lengths between 50 and 100 mm. Lenses with a focal lengths less than 50 mm. 

tend to cause more image distortions and involve very short distances between the 
camera and the object, making it difficult to properly illuminate them. On the other 
hand, those with longer focal lengths would have to be used on copy stands with very 
high columns in order to reproduce larger originals.

To select the best focus, the largest format that will be digitized and the length of the 
copy stand column need to be taken into account. From this point, the increases needed to 
work with the largest formats and the distance between the original and the camera’s sensor 
can be determined. Table 7 shows the correlation between sensor size, column height, focal 
length, and the maximum format able to be reproduced for the sensor sizes listed in section 
4.2, along with the most common column heights.

index

10036 x 24 (FF)

36 x 24 (FF)

100

50

50

100

50

50

100

100

100

120

120

100

120

100

120

36 x 24 (FF)

36 x 24 (FF)

53 x 40

53 x 40

53 x 40

53 x 40

Focal length
(mm)

Column height
(cm)

Sensor size
(mm)

Max. format 
original (cm)

51,4 x 34,3

32,7 x 21,8

75,7 x 57,1

100 x 75,5

37,9 x 28,6

48,2 x 36,4

25,7 x 17,1

68 x 45,4

Table 7.
Table of relationships between sensor 
size (full frame and 53 x 40 mm), col-
umn height (the two most common), 
focal length (50 and 100 mm) and the 
maximum format of the original that 
can be reproduced.
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4.3.2. Optical aberrations

Once the lens has been acquired, the presence of aberrations in open diaphragms must 
be checked by taking a test photograph similar to the one shown in Figure 7. They normal 
appear for apertures greater than f/5.6, although this depends on the quality of the lens. The 
optical aberrations that can be visually detected fairly easily are:

 ∙ Chromatic aberration: usually occurring in areas of the image further away from 
the center, appearing in the shape of a colored halos along the highly-contrasted edg-
es. Figure 8 shows an example of a lateral chromatic aberration, in an image from the 
aberrations test in Figure 7.

 ∙ Residual aberrations: resulting from the combination of several aberrations that af-
fect, primarily, areas further from the center of the image. Its presence causes sharpness 
losses in areas further from the center of the image (Figure 9).

index

Figure 7.
Example of the test type for evaluating 
optical aberrations.

Figure 9.
Extended crop area of the middle 
section (a) and the corner of an image 
(b) from the aberrations test, captured 
with a lens displaying residual 
aberrations. You can see how the 
middle part of the image is shaper 
than the edge area, where aberrations 
are more evident.

Figure 8.
Extended crop area of the edge 
of an image from the aberrations 
test, captured with a lens displaying 
chromatic aberration.

a) b)
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4.3.3. Macro lenses

The reproduction of relatively small originals requires the use of a macro lens to take ad-
vantage of the entire sensor area in order to achieve the highest resolution possible.

There are two main differences that set macro lenses apart from other types of lenses:
 ∙ Helicoid with a longer focus, making it possible to capture images within close prox-

imity of the lens. That is, clearly reproducing small objects.
 ∙ Correction of aberrations at magnification levels greater than m = 0.1. Therefore, 

better performance, in terms of image quality, when capturing small objects.

Thus, depending on the format of the material to be digitized, the use of a macro lens 
may be necessary, recommended, or optional, as shown in Table 8, whereas with a non-mac-
ro lens, there are formats that it is not able to reproduce, if they are to be framed in the entire 
field of view that the sensor covers.

It is also necessary to take into account the possibility of using extension rings to be 
able to achieve higher magnification (for capturing small formats). However, it is not 
recommended to use them for non-macro purposes, as the loss of quality in these cases 
is usually very evident.

Range of formats of the original

Between 36 x 24 mm and 13 x 18 cm Necessary

Between 13 x 18 cm and 18 x 24 cm

Greater than 18 x 24 cm

Recommended

Optional

Macro lens
Table 8.
Requirement of lens used macro de-
pending on the format of the original.

index
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4.4. Software for processing RAW file 

One of the biggest advantages of digitization with a camera is the ability to capture im-
ages in RAW format, which allows greater control over the image processing parameters. 
Processing RAW file requires specific software, which is able to decode the RAW infor-
mation stored by the camera model that was used to capture the images. Currently, the 
two programs that are used the most are Adobe Camera RAW (a Photoshop plugin) and 
Capture One, from the company Phase One. Both are able to process images captured 
by any camera and provide the adjustment tools that are needed to do digitization work.

 Additionally, there are other programs that can be used to process RAW files that are 
equally useful, although not as well-known. Some of these are specific programs for pro-
cessing RAW images offered by some manufactures for use with their models. But, in-
creasingly more common, there are also free versions that can provide beneficial results.

 
In any case, to properly process the RAW file in digitization projects, the program used 

must incorporate the following tools:

 ∙ Possibility to adjust the white balance using two possible options: the manual intro-
duction of color temperature and the automatic calculation from a click on an area 
of the image.

 ∙ Selection and/or editing of the luminance transition curve, with an option to select 
or set a linear curve.

 ∙ Histogram or curve adjustments.
 ∙ Ability to manage image enhancement tools like focus mask or noise reduction.
 ∙ Color management tools with the ability to import and apply ICC profiles that were 

created specifically and converted to standard color spaces.
 ∙ Export options: TIFF format, bit depth selection (between 8 and 16),output color space 

selection, batch export, etc.
 ∙ Possibility to apply user-defined settings.

It is highly recommended that images can be captured directly from the program it-
self, connected to the camera. This makes it possible to set optimal exposure parameters 
along with the processing settings that are already applied. This makes the process much 
more efficient.

4.5. Other accessories

The control of lighting and correct capture of the images requires some additional 
accessories in the digitization station:

 ∙ Opaque, black mask, around the original as a frame. In digitization of translucent mate-
rials, the mask must cover the entire light-emitting surface not occupied by the material 
to be digitized. In this way, the presence of flare around the image is avoided.

 ∙ Glass to cover and flatten originals that are not very sturdy, both opaque and translucent. 
Must have an antireflection treatment and be as transparent and neutral as possible.

 ∙ Photo shooting system (shutter activation) external to the camera. It can be activated using 
the same RAW file capture and processing program or via an external system (trigger).

 ∙ Screen calibrator for a correct display of tones and colors.

index
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4.6. Requirements for digitization using a scanner

Digitization using a scanner has less benefits than using a camera, particularly in re-
gards to lighting control, capturing RAW files, and image optimization options during 
processing. Nonetheless, for some materials and workflows, using a scanner may also be 
a valid option. 

Aside from being adaptable to the formats of originals that need to be reproduced, 
there are other technical requirements that must be taken into account when choosing the 
equipment.

4.6.1. Resolution

Table 9 shows the minimum optical resolution requirements for the different types of 
photographic materials, based on their resolution characteristics. It should be mentioned 
that, in this case, it is the small formats that usually require higher optical resolutions, sin-
ce, unlike camera digitization, the magnification is always the same (1:1 ratio with respect 
to the original). 

It is also important to note that in this section, when we talk about optical resolution, 
we are referring to the nominal resolution of the scanner, and thus, the one that provides 
better a better image quality in terms of sharpness.

index
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Minimum 
resolution optics 
(PPI)

Resolution
requirements

Type of photographic material

Film after 1970:

Transparent negatives and positives prior to 1970

Print on paper

· Large format (4 x 5 in)

· Medium format (6 x 6 cm)

· 35 mm format

Table 9.
Optical resolution requirements of the 
scanner (in PPI), according to the type 
of photographic material (classified ac-
cording to the resolution requirements).

4.6.2. Dynamic range

Table 10 shows the minimum dynamic range requirements for the different types of 
materials, according to their brightness range. In the case of scanners, the dynamic range 
is expressed as the maximum optical density that can be reproduced.

Type of photographic material

Slides ++++ 4

Negative in b/w and color after 1940 +++ 3,5

+ 2,5

Transparent negatives and positives prior to 1940 ++ 3

Print on paper

Dynamic range 
requirement

Dynamic range
(Dmax )

Table 10.
Dynamic range requirements of the 
scanner (as maximum optical density
 o Dmax), according to the type of pho-
tographic material (classified according 
to the dynamic range requirements).
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4.6.3. Specifications of the scanning software

The software used to manage scan settings and image optimization processing should 
include the following:

 ∙ Ideally, the ability to capture images in RAW format.
 ∙ The indication of the nominal optical resolution of the scanner.
 ∙ Application of the linear luminance transition curve.
 ∙ Deactivation of automatic sharpness-enhancement tools.
 ∙ Use of custom sharpness-enhancement adjustment tools.
 ∙ Color management tools, with the ability to import and apply ICC profiles.
 ∙ Export options: TIFF format, bit depth selection (between 8 and 16), output color 

space selection, batch export, etc.
 ∙ Possibility to apply user-defined settings.

index
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5.1. Placement of the light sources and checking 
uniformity: reflected light and transmitted light

In order to ensure the materials to be digitized are properly illuminated, the light sourc-
es must be arranged as described below:

 ∙ Transmitted light: the original to be digitized is placed just above the light-emitting 
surface (diffused light source) in contact with it. If neutral-density filters need to be 
used to reduce brightness (only when necessary), they should be placed between the 
light source and the original. Special care must be taken to avoid the getting any de-
bris on these surfaces.
To prevent unwanted reflections, it is important to avoid having any metallic and/or 
shiny objects in the areas near the digitization station. It is advisable to paint with black 
paint or cover the metal parts of the reproduction stand and the reflective areas that 
may be on the ceiling and nearby walls.

 ∙ Reflected light: in general, for opaque materials without texture (or for those whose 
texture does not need to be reproduced), the lighting may consist of two light sources 
placed on each side of the digitization table at about 45°. Both must be at the same 
distance and adjusted to the same intensity.
In the event that the originals are specular (with a glossy surface or made of materials 
with glass support), the lamps must be placed outside the group of reflection angles 
that determine the relationship between the dimensions of the object and the relative 
position of the capture lens. In the event that, even so, undesired reflections occur, it 
is recommended to place a polarizing filter in front of the lens.

5. SET-UP AND PLACEMENT OF THE 
DIGITIZATION EQUIPMENT 

Figure 10.
Example of LED panel placement 
in a scanning station with a lighting 
configuration for opaque materials.

index
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The placement of the light sources (in the case of reflected lighting) or the light-emit-
ting surface (in the case of light transmission) must ensure a uniform level of light in-
tensity that does not vary by more than 10 RGB units throughout the entire area corre-
sponding to the format of the material to be digitized. In order to check this, the following 
procedure can be followed:

 ∙ Transmitted light: photograph the surface of the light source, exposing for a grey 
value between 230 and 245 and framing the entire area corresponding to the format 
of the original. Measure the average RGB values at different points in the obtained 
image or apply, using image processing tools, a threshold of 10 RGB values.

 ∙ Reflected light: photograph a white surface, exposing for a gray value between 230 
and 245 and framing the entire area corresponding to the format of the original. Meas-
ure the average of RGB values at different points in the obtained image or apply a thresh-
old of 10 RGB values.

In all cases, the presence of other light sources, other than the digitization station, which 
may interfere with the correct lighting of the originals must be avoided.

5.2. Camera placement

The use of a copy stand facilitates the positioning of the camera and allows it to be oriented 
so that the sensor is parallel to the flat surface of the original to be digitized. This parallelism 
is necessary to avoid distortions in the shape of the original and its content, as well as to ensure 
uniform sharpness throughout the image.

 Once the camera has been placed on the support of the stand, the level of parallelism can 
be assessed in different ways:

 ∙ By utilizing two levels (integrated with or external from the copy stand), placed on 
both the surface where the original lies, and on the back part of the camera (ensuring 
that it rests on a flat surface parallel to the sensor).

 ∙ Having a flat surface with a grid drawn in the area where the original will be placed. 
The position of the camera is obtained by observing through the viewfinder or by 
capturing an image, so that the lines of the grid are parallel to each other and with 
respect to the four sides of the image.

Section 10 of this guide shows how to detect a bad camera position.

index
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5.3. Placement of the material to be digitized

The original being digitized must be placed on the support surface so it can be reprodu-
ced as similarly as possible, avoiding the appearance of any distortions, parasitic light and 
artifacts. That is why the following indications must be taken into account:

 ∙ Place the original as flat as possible on the support surface. If it is not completely flat(be-
cause of flaws in the material), a piece of glass will have to be placed on top of it to flatten 
it out (Figure 11), as long as this does not create a risk of it breaking or cause the defor-
mation to increase.

 ∙ Place an opaque, black mask around the original as a frame. In reproducing translucent 
originals, the mask must fill the entire light-emitting surface (Figure 12).

 ∙  Verify that the original is well-positioned with in relation to the size of sensor, with the 
horizontal axis at an angle of 0° with respect to the horizontal axis of the sensor. Sub-
sequent position corrections using processing tools should be avoided, as the rotation 
of a digital image involves the application of interpolation algorithms, which can alter 
the content of the image.

index

Figure 11.
The placement of the light sources 
and of the opaque original covered 
with glass, in a digitization station with 
a camera and reflected lighting.

Figure 12.
Placement of a transparent original on 
the light source, with an opaque black 
mask covering the rest of the light-
emitting surface.
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6.1. Framing

Once the original has been placed on the reproduction table, the height of the camera 
must be adjusted to fit the entire format of the original within the field of view. It is recom-
mended that the original takes up almost the entire area captured by the camera, but leaving 
a few pixels of a margin as a frame for possible cropping operations during the processing.

6.2. Focus

Focusing the image is one of the most important operations in the digitization process 
and it must be done with care. It is advisable to adjust it with the first image and fix it so 
as to not have to focus for each capture. However, tests must be performed from time to 
time, depending on the robustness of the lens and the stability of the helical lens to focus 
when the camera is in an upright position. To set the correct focus, it is recommended that 
you follow these steps:

 ∙ Set an image on the reproduction table that contains enough information(textures, de-
tails, edges, etc.) to correctly assess the level of focus.

 ∙ Adjust the intensity of the light so that the camera’s autofocus system can function pro-
perly. In the case of working with flash, it is necessary to have a system of continuous 
light to carry out this operation. The strobe light that comes with many flash lamps will 
suffice if it is intense enough.

 ∙ Find the correct focus in order to obtain the maximum sharpness possible with the op-
tical system used. If it has already been verified that the camera’s autofocus system is 
working properly, it is recommended that you use this option. If not, it can also be done 
entirely manually (if the camera operator is sufficiently trained and has enough visual 
acuity), or with manual focus and the use of the focus wizard that comes with the camera.

The focus must be reviewed/modified in the following situations:

 ∙ At the beginning of each session.
 ∙ When, due to a movement or a small bump to one of the parts of the scanning station, 

the position of the lens, the helical focus, or the surface where the original is placed 
was changed.

 ∙ When the materials to be digitized have different thicknesses.
 ∙ When incorporating the use of glass to cover the original.
 ∙ When neutral density filters are installed or removed from below the material being 

digitalized.
 ∙ When a loss of sharpness is observed in the obtained images.

6. CAPTURE ADJUSTMENTS 
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6.3. Criteria for determining the correct exposure

The exposure settings must be adjusted to ensure that the brightness of the original is 
correctly reproduced. The approach that has to be applied to digitization processes is to 
expose the area of maximum brightness, and the way to apply it is as follows:

 ∙ For opaque materials, the same exposure can always be adjusted, as long as the same 
light intensity is maintained on the original. In this case, it is recommended to use an 
opaque color chart (like ColorChecker or IT8.7/2) and find the exposure settings so 
that, in the image obtained, the white patch has a grey value of around 230.

 ∙ For translucent materials, the optimal exposure parameters depend on the type of sup-
port and emulsion, as they determine the transmittance of the set. In these cases, the 
most transparent part (oldest part of the base) should have a gray value around 250.

The capture adjustments that need to be made to determine the correct exposure can 
be varied and are subject to a number of restrictions that allow you to control other aspects 
related to image quality, such as sharpness or the presence of noise. Thus, the parameters 
to be modified are those shown in Table 11.

index

The intensity of the light source must be adjusted according to the need, which is con-
ditioned by the restrictions of the other exposure parameters:

 ∙ Shutter speed. When working with flash, it must be set to the synchronization speed. 
With continuous light, on the other hand, it can be adjusted as needed, eliminating 
times that are too long (greater than 1/30 s), to avoid the loss of sharpness due to mo-
vement or trembling.

 ∙ Aperture. On the one hand, it is necessary to avoid apertures that are opened too much, 
associated with the appearance of optical aberrations, and furthermore, characterized 
by the shallow depth of field and the difficulty to find the optimal focus point. On the 
other hand, apertures that are closed too much are associated with the appearance of the 
diffraction phenomenon, which causes significant losses of sharpness throughout the 
image. Therefore, it is necessary to know the optimal aperture (usually around f/8) and 
work with this aperture and those immediately next to it in the range of one aperture 
step –EV– above and below. 

 ∙ ISO. It is recommended to work with the nominal ISO of the camera (100 or 200, de-
pending on the model) and not to increase the sensitivity above these values, in order 
to avoid the appearance of noise in the images.

Parameters for
exposure control

Intensity of the light source As needed, minimizing
the use of ND filters

As needed

Shutter speed Set to synchronization speed No longer than 1/30 s

100-200 100-200

Aperture Optimum aperture ± 1EV Optimum aperture ± 1EV

ISO

Lighting with flash Lighting with
continuous light

Table 11.
Recommended settings for the 
different parameters for exposure 
control.



26

Processing the RAW file to optimize images must be done according to objective crite-
ria, based on the characteristics of the original material and the capture equipment. There-
fore, preset processing parameters can be established for each type of material and for the 
different configurations of the digitization station. This will help avoid, to a large extent, 
having to process each image individually and under subjective criteria.

7.1. Features of the initial RAW file

Images obtained with the camera must be captured as RAW image files to be able to 
control the basic parameters for interpolating and processing the information captured.

 Depending on the camera model used, you can choose from different RAW file op-
tions, usually based on the size of the image that the camera generates. In general, it is 
recommended to capture the RAW file in the resolution (or image size) that corresponds 
to the pixel size of the sensor.

7.2. Luminance transition curve

The luminance transition curve is what the RAW processing program applies to configure 
the contrast in the image. This curve establishes the correlation between the luminosities cap-
tured by the camera and those the image will eventually have. Normally, its purpose is to achieve 
an image as a final result that is more contrasted and attractive than the one captured by the 
sensor. This is why the curves that the RAW processing programs usually apply by default 
result in images with a different tone reproduction than the original.

 In the digitization processes, the capture and optimization of the images must not be based 
on aesthetic criteria, but on obtaining a reproduction of the original that resembles it as much 
as possible. This is why, in order to guarantee the correct reproduction of luminosities and 
contrast, the applied luminance transition curve must be as linear as possible so that the results 
are optimal in terms of:

 ∙ A correct correlation between the tones in the image and the luminosities of the original.
 ∙ The dynamic range, which tends to be wider when a linear curve is applied.
 ∙ Color reproduction, since the correct reproduction of the luminosities is directly relat-

ed to the correct reproduction of color.

index7. PROCESSING OF 
CAMERA RAW FILE

Even though the most RAW processing programs include the option to apply a linear 
curve, it is advisable to analyze the effects of the different possible curves using objective 
measures.

 In any case, it will be during later processing phases when, in a controlled way and 
under objective and uniform criteria, it will be possible to adjust the contrast in the images 
by expanding the histogram.
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index13 a.
Image processed with linear curve, 
using the RAW file opening program.

13 b.
Image processed with a contrast 
curve (in this case, the one predefined 
as standard film, using the RAW file 
opening program).

Figura 13.
Differences between an image 
processed with a linear curve (13 a) 
and a nonlinear curve (13 b).
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7.3. White balance

White balance needs to be adjusted to avoid the presence of dominant colors that af-
fect the correct reproduction of color. The most accurate way to do this is by applying the 
white balance tool from the RAW file processing program on the image of a neutral gray 
object. It is recommended that this object be a color chart (like ColorChecker or IT8.7) 
and that the white balance be made on the most neutral gray patch, which can be deter-
mined from the Lab values provided along with the color chart.

Therefore, the procedure is as follows:

 ∙ Photograph a color chart under the light conditions that will illuminate the originals 
to be reproduced.

 ∙ Determine the gray patch on which the white balance is to be made. Using the colori-
metric data that go along with the chart color, find the patch with colorimetric values 
a and b (Lab system) closest to zero.

 ∙ Click on the selected patch selected with the white balance tool from the RAW file 
processing program.

It should be noted that the white balance depends on several factors, and therefore, 
should be readjusted when any of the following changes in capture conditions are made:

 ∙ Reflected light or transmitted light.
 ∙ Type of light source.
 ∙ Intensity of the light source.
 ∙ Color temperature of the light source.
 ∙ Use of glass to cover the original. Although it does not have an apparent dominant 

color, only make changes to the color of the light when coming from the original.

7.4. Color management

To achieve a good level of accuracy in color reproduction, it is necessary to properly 
manage color. In the digitization processes, this involves the creation of an ICC profile 
for specific capture conditions. Therefore, it is necessary to create a specific ICC profile 
for the different conditions related to the following aspects:

 ∙ Reflected light or transmitted light.
 ∙ Type of light source.
 ∙ Applied luminance transition curve (recommended to always be linear).
 ∙ Use of glass to cover the original. Although it does not have an apparent dominant 

color, it usually makes changes to the color of the light that reaches the original being 
digitized.

In the process of opening and optimizing the images, two ICC profiles are applied:

 ∙ Camera ICC profile, created specifically for capture conditions. The image is assigned 
at the time of capturing or when opening it with the RAW file processing program.

 ∙ Standard color space (standard ICC profile), which converts from the input ICC pro-
file, when exporting or processing the images to the master file format. It is generally 
recommended that this standard color space be AdobeRGB.

The camera ICC profile is created using a color chart (such as ColorChecker or IT8.7) 
and an ICC profiling program. The accuracy of the ICC profile created is evaluated by 

index
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applying it to an image of the color chart and calculating the color difference (ΔE) with 
respect to the colorimetric values of the original color chart.

The process that should be followed is the following:

 ∙ Capture the color chart under the same lighting conditions that apply to the originals.
 ∙ Adjustment of the white balance on the image obtained from the color chart.
 ∙ Export the image of the color chart, with the image processing settings (luminance 

transition curve, white balance, etc.) applied during the digitization process. In this 
case, the exported image should not be converted to any standard color space.

 ∙ Create the ICC profile, using the image of the color chart and a reliable program for 
creating ICC profiles.

 ∙ Import the ICC profile created in the RAW file processing program.
 ∙ Check the result with the image on the color chart, measuring the Lab values to cal-

culate the color difference (ΔE).
 ∙ Application of the ICC profile created to all images that are captured and processed 

under the same lighting conditions and processing settings.

When working with the Adobe Camera RAW processing program, the profile type 
applied is not the ICC standard, but is a specific Adobe profile format, which can only be 
read by Adobe Camera RAW and Lightroom. This has some implications to keep in mind:

 ∙ Currently there is only one program available to create color profiles for Adobe Came-
ra RAW. It is the DNG Profile Editor.

 ∙ It is only possible to create color profiles with the ColorChecker 24color chart patc-
hes. This means that it is only possible to create profiles for opaque materials (the 
ColorChecker is not available in translucent material) and that the level of accuracy 
in color reproduction cannot be the same as with a color chart with more patches.

 ∙ It is important to convert the image to a standard color space (from the same Adobe 
Camera RAW), so that it can be interpreted correctly by any other image editing or 
viewing program.

Finally, as a general rule, color reproduction is considered correct when the average 
color difference between the patches of the original color chart and those of its image 
(with ICC profile applied) is less than ΔE = 4.

The ΔE is calculated by the formula:  ∆E = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2

index
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7.5. Tools to improve sharpness

Images captured digitally always require the use of processing tools to improve shar-
pness. The most widely used tool, in most RAW file processing programs, is the focus 
mask, although other tools can be used to get the same result.

 Both the focus mask and the similar tools add sharpness enhancements to the image 
if used correctly. They may cause artifacts to appear, in the form of white or black halos 
around the contrasting edges, if they are applied with too much intensity. This is why it 
is necessary to determine which sharpness enhancement values should be applied to opti-
mize the result without causing unwanted artifacts. These values depend on some factors 
related to the capture conditions:

 ∙ Pitch of the sensor used 
 ∙ Lens used
 ∙ Aperture used in the image captured
 ∙ Magnification (ratio of sizes between the original and the sensor)

7.6. Correcting distortion and other aberrations

Although working with lenses and apertures that do not cause distortion and optical 
aberrations is recommended, in some cases where they appear less intensely, correction 
tools can be applied during image processing.

 Some of the RAW processing programs currently in use already incorporate aberra-
tion and distortion correction tools automatically, and correct them when they can detect 
the target used in the capture, based on EXIF metadata of the images. However, it is wise 
to check how these corrections are being applied and, if the program is not doing so, to 
evaluate the possibility of making the correction adjustments manually.

 Nonetheless, not all aberrations can be fixed with processing tools. The aberrations 
likely to be corrected, when they appear mild, are:

 ∙ Distortions (from barrel or bearings)
 ∙ Transverse chromatic aberration
 ∙ Vignetting

7.7. Disabling predefined settings

For other tools and settings built into the RAW file processing program, it is recom-
mended that you disable those that are being applied automatically and that do not refer 
to the processing parameters mentioned in the previous sections. Some require a specific 
processing program be used, but in general, it’s recommended to check for the presence of 
automatic actions related to the following:

 ∙ Noise reduction
 ∙ Reduction of moiré
 ∙ Redundant sharpness improvement tools
 ∙ Brightness and contrast adjustments
 ∙ Etc.

index
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In general, the concepts for image capture and processing that apply to digitization 
with a scanner are the same, or very similar, to those used in capturing images with a 
camera. However, since scanners have limitations in regards to the control of some para-
meters, below are some specific issues that should be taken into account.

8.1. Selecting the optimal resolution

To achieve optimal image sharpness, it is recommended to work with scan resolutions that 
coincide with the scanner’s nominal resolutions, which are related to its optical resolution.

It is also recommended to avoid adjusting zoom or similar tools, which involve the ap-
plication of interpolation algorithms.

8.2. Control for the luminance transition curve

In general, the same criteria should be applied as in camera digitization with respect 
to the luminance transition curve.

 In the case of scanners, it should also be checked that no other adjustments that in-
terfere with the reproduction of brightness and contrast are being applied. It is necessary, 
therefore, to verify that the parameters related to contrast, brightness, high and low lights, 
etc., are deactivated or adjusted to values that do not involve modifications to the repro-
duction of tones.

8.3. Color management

In order to reproduce the color correctly, a specific ICC profile must be created to 
apply using the scanner management program. In the event that the images are not cap-
tured in ICC profile created can be assigned at the time of capture.

 Different ICC profiles are required depending on whether opaque or translucent ma-
terials are scanned. In theory, and given that the light source is always the same, there are 
no more aspects related to image capture that can affect color reproduction.  

Afterwards, when the master file is created, the images are converted to a standard 
color space, preferably AdobeRGB.

 The scanner’s specific ICC profile is created using a color chart, type IT8.7, and an 
ICC profiling program. The accuracy of the ICC profile created is evaluated by applying 
it to an image of the color chart and calculating the difference in color (ΔE), with respect 
to the colorimetric values of the original color chart. The process that 31 should be fo-
llowed is this:

 ∙ Take a capture of the color chart using the same capture parameters and settings  that 
were used for the originals.

 ∙ Export the image of the color chart, with the processing settings that are applied during 

índex8.  CAPTURE AND PROCESSING 
USING A SCANNER
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the digitization process. In this case, the exported image does not have to convert to any 
standard color space.

 ∙ Create the ICC profile, using the image of the color chart and a reliable program for 
creating ICC profiles.

 ∙ Import the ICC profile created into the scanner management program.
 ∙ Check the result with the image of the color chart, measuring the Lab values to calcu-

late the color difference (ΔE).
 ∙ Application of the ICC profile created to all images that are captured and processed 

under the same lighting conditions and processing settings.

Color reproduction is considered correct when the average color difference between 
the samples from the original color chart and those in your image (with the ICC profile 
applied) is less than ΔE = 4.

The ΔE is calculated by the formula: ∆E = [(ΔL*)2 + (Δa*)2 + (Δb*)2]1/2

8.4. Tools to improve sharpness

Images captured with digital media always require the use of processing  tools to im-
prove sharpness. These tools can be diverse, and in the programs used to capture images 
by scanner, it is common for there to be several different ones that become redundant.

 They all are able to enhance sharpness in the image if used correctly. But they may 
cause artifacts to appear, in the form of white or black halos around the contrasting 
borders, if they are applied too intensely. That is why it is important to determine which 
sharpness-improvement values should be applied to optimize the result without creating 
undesired artifacts.

8.5. Deactivation and/or control  
of predefined settings

As far as other adjustments and tools incorporated into the capture program, it is sug-
gested to disable the ones that are applied automatically and do not satisfy the processing 
parameters mentioned in the previous sections. Some of them require a specific processing 
program be used, but in general, it’s recommended to check if there are any automatic ac-
tions in place regarding:

 ∙ Preset filters
 ∙ Redundant sharpness improvement tools
 ∙ Brightness and contrast adjustments
 ∙ Etc.
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The master file is the file obtained by processing and exporting the original RAW file. 
It is archived as a final processed image and is valid to be optimized, in later stages, based 
on the output. 

The characteristics of this file are specified below.

9.1. Bit depth

When generating the master file from a RAW file, you can choose a bit depth of 8 or 
16 bits. In this case, the decision will depend on any future needs the file may be used for.

 In general, for images that do not have to be processed in later phases, you can choose 
to adjust the depth to 8 bits, since it is the one used by the vast majority of output chan-
nels (screen, print, web, etc.).

If there are any future processing steps planned for the images, it is recommended 
they be saved at 16 bits.

9.2. File format

Preferably, the file format should be TIFF. In exceptional cases, the file can be pre-
viewed in JPEG format, as long as it is at the highest quality level (minimum compression).

9.3. Color space

The color space of the master file should preferably be AdobeRGB. It is also possible 
to use color spaces similar to AdobeRGB, such as ECIRGBv2. However, it should be 
noted that AdobeRGB is currently the most standardized.

9. CHARACTERISTICS OF 
THE MASTER FILE 
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10.000 x 7.500

9.000 x 6.800

6.000 x 4.000

4.500 x 3.000

Minimum image size (pixels)Type of photographic material

Film after 1970:

Transparent negatives and positives prior to 1970

Print on paper

· Large format (4 x 5 in)

· Medium format (6 x 6 cm)

· 35 mm format

Table 12.
Minimum image size recommended 
for the different types of photographic 
materials, according to resolution 
requirements.

9.4. Image size

The image size, in pixels, must not be changed from what they were originally at cap-
ture. It will be in subsequent optimization operations (for example, adaptation for web 
output) where the image size can be adjusted according to the requirements of the output.

 As long as the number of pixels in the image is not changed, the assigned resolution is 
irrelevant, so long as the image does not need to be reproduced on physical media.

 For guidance, Table 12 indicates the minimum recommended image sizes, based on 
the resolution requirements for each type of photographic material.
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A quality control check of the image obtained during the digitization processes must 
be performed, using objective image-quality measures. For this type of measurement, the 
images resulting from the capture reference tests are used, and they are helpful for deter-
mining the optimal capture conditions, before beginning a digitization project.

 However, once the equipment and capture and processing parameters have been ad-
justed, a series of visual checks can be done in order to assess whether they meet mini-
mum quality requirements. These assessments can be performed on the images obtained 
from the digitization of the same originals, and it is advisable to repeat them periodically, 
to check that the capture conditions are correct over time.

 It is important to note that images must be displayed on a properly calibrated monitor 
and must be enlarged to 100% on the screen (pixel-by-pixel playback, without interpola-
tion by adapting to monitor size).

 The following describes the visual checks needed to validate the digitization processes used.

10.1. Checking the sharpness level

Sharpness can be affected by several factors, most of which can be controlled during 
the capture process.

 Sharpness checks need to be done on parts of the image that are known to be sharp in 
the original. This means that it is not recommended to do visual sharpness checks on ot-
her areas that are part of the same original image, since this will not always be well-focu-
sed. Therefore, these evaluations need to be done on items such as scratches and defects 
on the same material, text or existing inscriptions in the non-exposed areas of the film 
(in the case of slides and negatives on plastic), frames or pieces attached to the original 
support, etc.

When the sharpness level is observed in different parts of the image obtained, diffe-
rent situations may apply:

 ∙ Overall blur in the image (uniform across the whole surface),which may be due to:
 ∙ Incorrect focus when the image was captured. This will require checking how 

the focus point was determined (section 6.2) or if it was changed due to the lens 
moving, the original changing height, or other modifications in the process.

 ∙ The appearance of diffraction from the aperture being closed too much. This will 
require verifying whether an aperture larger than f/11 was used, and if this is the 
case, re-capture the image with an aperture that doesn’t exceed this value.

 ∙ The presence of a spherical aberration on the lens. It will be necessary to check if 
the lens shape is spherical or if the image was captures with an aperture that was 
opened too much.

10. VISUAL VALIDATION OF THE MINIMUM 
QUALITY PARAMETERS 

index
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them better.
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14 a.
Sharp reproduction.

14 b.
Defocused reproduction.

14 c.
100% screen magnification of a 
fragment of image 14 a (sharp 
reproduction).

14 d.
100% screen magnification of a 
fragment of image 14 b (defocused 
reproduction).

Figure 14.
A series of images in which two re-
productions of the same original are 
compared, one well-focused (14 a and 
14 c) and one slightly defocused (14 b 
and 14 d). When the image is enlarged 
to 100%, an area with scratches, 
stains, added text, etc. is observed. 
(14 c and 14 d), which show a different 
sharpness level in the two images.

b)

index
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 ∙ Defocused areas further away from the center of the image, with a radial  distribution 
(Figure 15). In this case, it is caused by the presence of optical aberrations on the lens 
and another capture will need to be taken with the aperture closed more (not to exceed 
f/16). If not, a higher quality lens will need to be used.

15 a.
Reproduction with defocused
areas away from the center due
to the presence of optical aberrations.

15 b. 
100% screen magnification of a
fragment of the center of image 15 a.
An acceptable sharpness level is
observed, as this area has not been
affected by any optical aberrations.
 

15 c. 
100% screen magnification of a
fragment of the lower right corner
of the first image (15 a). A higher level 
of defocus is observed than in the 
center of the image (15 b), due to the 
presence of optical aberrations.

index
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15 d. 
100% screen magnification of a 
fragment of the lower right corner of 
a reproduction in which there is no 
presence of optical aberrations. A 
higher sharpness level is observed 
than in the image affected by aberra-
tions (15 c).

Figure 15. 
Series of images in which the shar-
pness of the central area (15 b) and 
an outer area (15 c) of a reproduction 
affected by the presence of optical 
aberrations are analyzed.

index
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 ∙ One side of the image more defocused than its opposite side (Figure 16). This pheno-
menon is due to the sensor not being parallel to the surface of the original. Therefore, 
the level of the camera needs to be checked.

16 a. 
Reproduction made with the camera 
sensor plane not parallel to the plane 
of the original (camera tilted with res-
pect to the plane being played).

16 b.
100% screen magnification of a frag-
ment on the right side of the image 
15 a. An acceptable sharpness level 
is observed.
 

16 c.
100% screen magnification of a frag-
ment on the left side of image 15 a. 
A much lower level of sharpness is 
observed than on the right side of the 
image, with a very obvious defocus 
(16 b).

Figure 16. 
Series of images used to analyze the 
sharpness of two opposite sides (16 b 
and 16 c), and a reproduction made 
with the plane of the camera sensor 
tilted at an incline towards the original 
document.

index
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10.2. Check that the tone is reproduced correctly

It is difficult to visually check whether the tone has been reproduced correctly, espe-
cially if a careful assessment is to be made. However, using the tools to measuring the grey 
value (available in the image processing programs), minimal checks can be made to ensure 
that the capture process does not present any significant problems in this regard.

 
By means of the visual valuation, the analysis of the histogram and the measurement 

of the grey value at the darkest and brightest zones of the image, the following situations 
can be detected:

 ∙ In visual assessment, areas far from the center are perceived as darker. 
The causes may be the following:

 ∙ Appearance of a vignette caused by the lens (Figure 17). Another capture should 
be made, with the aperture more closed, or adjusting the vignette-correction tool 
in the RAW file processing program.

 ∙ Uneven lighting. The uniformity of the light source must be checked, as described 
in section 5.1.

 ∙ The brightest areas of the image have a gray value of 255, or the histogram is set to 
the right and reaches the value 255. The cause is an overexposure of the image. The 
exposure parameters must be adjusted as described in section 6.3.

Figure 17. 
Image in which there is a darkening 
of the areas furthest from the center, 
due to the presence of a very obvi-
ous vignette.

Figure 18. 
Overexposed image. The histogram 
shows pixels that reach a gray value 
of 255 (graph on the right), and there-
fore, do not contain the actual infor-
mation about the original.
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 ∙ The darkest parts of the image have a grey value under 10, or the histogram is set 
to the left and reaches the value 0. In some cases, the image can also be considered 
underexposed when the histogram is positioned very far to the left and leaves a lot of 
space on the right side (Figure 19). The cause is an underexposure of the image. The 
exposure settings need to be adjusted, as describe in section 6.3.

Figure 19. 
Underexposed image. The histogram 
is noticeably shifted to the left and, 
although it does not reach the values 
close to zero, there is a lot of margin
between the right side of the histogram 
and the upper limit of luminosities. 
Given  that it is an image with high 
luminosity, it could be considered that 
the reproduction is underexposed.

Figure 20.
Image with a dynamic range problem. 
The histogram occupies the full range 
of gray values and information is lost
in both high and low lights. This 
situation can occur when reproducing 
high-contrast slides.

 ∙ The brightest parts have a grey value of 255 and the darkest areas, lower than 10, or 
the histogram occupies the full width of the graph and fits within the two limits (0 and 
255). The cause is a dynamic range problem, which can be caused by:

 ∙ The camera sensor not having enough dynamic range to capture the entire range 
of light in the image. It is necessary to use equipment with better features when it 
comes to dynamic range or an HDR process.

 ∙ Applying a nonlinear processing curve that increases the contrast of the image 
and reduces the ability to reproduce the full range of luminosities. It is necessary 
to check which luminance transition curve is being applied during the processing 
of the RAW file.

index
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10.3. Detection of artifacts

In most cases, the presence of artifacts can be checked by visual assessment. Artifacts 
(or false information) are usually presented in different ways, depending on the cause:

 ∙ Noise (Figure 21): granular effect (random variation of gray values), which is usually 
visible in areas of uniform color or hue, making it more evident in dark areas. The 
cause may be the use of too high of an ISO sensitivity during capture, or the use of too 
long exposure times. It can also appear when trying to increase the brightness of an 
underexposed image, in processing.

Figure 21. 
Image with a very obvious noise level, 
shown in the form of highly-visible 
colored granules.
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 ∙ Moiré effect: can be presented in areas of the image that contain textures or structures 
formed by the periodic repetition of very small or fine elements (for example: thin 
stripes). It appears due to the presence, in the original material, of structures with 
frequencies similar to the sensor capture frequency (if the moiré pattern is observed 
when the image is viewed at 100% screen magnification). To avoid moiré it is recom-
mended working with closed apertures (higher than f/11 or f/16, depending on the 
camera), or modifying the distance between the camera and the object.

Figure 22. 
Two reproductions of one original 
that contains periodic lines with two 
different frequencies are presented. 
In the first image (a) the content of 
the original has been reproduced 
well; in the second (b) a moiré pattern 
can be observed in the left quadrant, 
which appears in the form of colored, 
periodic lines, with irregular paths. 
To avoid this, the aperture must be 
closed, as in the first image (a).

a)

b)

index
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 ∙ Halos caused by applying edge-enhancements with too high intensity index (Figure 
23). To avoid them adjust the focus mask settings to levels in which an improvement 
in sharpness is observed, without the appearance of white or black halos on the con-
trasting edges of the image.

Figure 23. 
Excessive edge enhancement (focus 
mask) has been applied in the image 
above. The two cropped images 
correspond to the 100% enlargement 
of an area at the top of the image in 
which the appearance of artifacts in 
the form of light halos is observed 
along the contrasting edges (a) and the 
100% magnification of the same area 
having applied a well-adjusted sharp-
ness (focus mask) to prevent the ap-
pearance of halo-shaped artifacts (b).

b)

a)

index
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 ∙ Artifacts due to file compression algorithms (Figure 24): usually appearing  in the 
form of checkered structures throughout the image or in the form of spots or granules 
in areas close to contrasting edges. The cause is usually due to the application of too 
high of a level of JPEG compression. 

a)

b)

Figura 24. Retall al 100 % en pantalla d’una imatge desada en format TIFF (a) i retall al 100 % 
en pantalla d’una imatge desada en format JPEG, aplicant una compressió molt elevada (b). Si 
s’observa atentament la segona imatge (b), es poden detectar artefactes en forma d’estructures 
quadrades en la zona del cel, taques de color (tant en el cel com en la vela del vaixell) i distorsió 
de vores en el vaixell i en les onades del mar.  

Figure 24. 
Cropped image at 100% screen saved 
in TIFF format (a) and cropped image 
at 100% screen saved in JPEG format, 
applying a very high compression (b). 
If the second image (b) is carefully ob-
served, artifacts in the form of square 
structures in the sky area, spots of 
color (both in the sky and in the sail of 
the ship) and distortion of edges of the 
ship and in the waves of the sea.

b)

a)

index
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10.4. Checking color

In order to make a careful assessment of the correct color reproduction, it is necessary 
to make color measurements on the image and compare them with the colorimetric values 
of a test with known colors.

The visual assessment of the quality attribute regarding color is very complex and easi-
ly misleading, as it depends on both the perception of color by the observer and the display 
conditions. Nonetheless, if you need to make a visual comparison between the color of the 
original and the color of your image, the following aspects must be taken into account:

 ∙ The image contrast and saturation levels are not perceived the same when comparing 
an image reproduced on the screen with an image displayed on your paper. This is 
due to the fact that light does not act in the same way in both cases: light emitted in 
opposition to reflected light.

 ∙ The spectral distribution curve of the light source under which the images are dis-
played should be equal to or similar to that of standard D65 illumination (daylight).

 ∙ The space in which the visual assessment is performed should not contain surfaces or 
colored elements. A neutral gray environment is recommended.

In the event that color has not been reproduced well, the causes may be the following:

 ∙ If the image has a contrast than the original: a linear luminance distribution curve has 
not been applied or the ICC profile has not been created and applied correctly.

 ∙ If the image has a dominant color different from the original: a correct white balance 
has been applied or the ICC profile has not been created correctly (Figure 25).

 ∙ If some colors in the image do not resemble the original: the ICC profile has not been 
created and applied correctly, or the capture system used does not have a color space 
large enough to correctly reproduce the colors (in the event this affects saturated colors).

b)

a) Figure 25. 
Two reproductions of the same origi-
nal with different dominant colors. In 
this case, the correct version will be 
one in which a white balance estab-
lished from a neutral gray surface has 
been applied. It is difficult to assess 
the dominant straight-line from a visual 
comparison between the original and 
the digital reproduction reproduced on 
the screen.
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11. STORAGE OF 
MASTER FILES 

index

The master file is the one that retains, in an optimal way, the maximum characteristics 
of the image, once captured and processed, according to the processes established in the 
previous sections. This is a file that must be as robust and stable as possible over time, 
having lost as little quality as possible since the image was captured. It must also allow 
optimization for any type of output.

11.1. Formats

The most widely used and recommended format for master files is the TIFF format, 
which can apply a lossless compression system and is readable by a large number of pro-
grams and image display and editing applications. From this format, images can be con-
verted to more compressed formats (such as JPEG or PNG), in order to obtain copies for 
websites, printing, etc.

 As for the original RAW file, it is highly recommended to save it for possible improved 
versions in the future. If the raw file processing program allows it, the optimal RAW for-
mat is DNG, as it allows you to save the processing metadata without the need to have an 
XMP attachment.

 

11.2. Metadata

Regarding the conditions of capture and processing, the metadata that must be incor-
porated into the file are the following:

 ∙ Make and model of the camera
 ∙ Make and model of the lens
 ∙ Focal length
 ∙ Exposure settings: ISO, shutter speed and aperture
 ∙ Light source used
 ∙ RAW file processing parameters: white balance, luminance transition curve, ICC pro-

file, focus mask and other adjustments that are different from those that the program 
applies by default

As far as descriptive data, it is necessary to include:
 ∙ File name
 ∙ Title
 ∙ Date of the original
 ∙ Volume and format of original
 ∙ Author
 ∙ Description
 ∙ Geographic data: place, municipality, county, state
 ∙ Digitization manager
 ∙ Digitization date



48

index11.3. Repositories, migrations, preservation

Regarding digital preservation, although it is not one of the main objects of this guide, 
some aspects are presented that need to be taken into account in regards to repositories, 
migrations and formats.

The main types of repositories that exist at the time of writing this document were 
servers, hard drives, and the cloud. It is best to use several external hard drives and a 
server, ideally your own. Currently, the cloud option is the least-secure considering the 
future access to the files, even in the medium term, as they belong to companies that do 
not guarantee the possibility to keep the files for any foreseeable length of time.

It is also important to back up and periodically check if the hard disks are working 
properly, as well as to have some foresight into the obsolescence of the digital media used, 
to plan migrations to other media in time.

On the other hand, with regards to archive formats, although the prospect of survival 
is longer than that of storage media, it is also necessary to look ahead and plan for the 
possible migration to updated formats, in the mid- and long-term.
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5.1

5.1

5.1

5.1

5.1

5.1

5.1

5.2

5.2

5.2

5.2

5.3

5.3

5.3

See section

See section

For opaque objects

For translucent objects

Place the two light sources in a symmetrical position with respect to the original.

Place the light source on the support of the copy stand.

Verify the uniformity of light intensity over the area occupied by the format of the material 
to digitize.

Attach the camera to the copy stand and set the height necessary for it to reach, within the 
field of view, an entire area slightly larger than the format to be digitized.

Attach the camera to the copy stand and set the height necessary for it to reach, within 
the field of view, an entire area slightly larger than the format to be digitized.

Properly adjust the camera level to ensure it is parallel to the sensor 
and the surface of the material to be digitized.

Properly adjust the camera level to ensure it is parallel to the sensor and the surface of 
the material to be digitized.

Place the guides or reference markers to ensure the correct placement of the originals     
with respect to the sensor.

Place the guides or reference markers to ensure the correct placement of the originals with 
respect to the sensor.

Position and affix the black opaque mask as appropriate for the format of the originals to be scanned.

Check that the intensity and color temperature of the two light sources are the same.

Verify that the intensity and color temperature of the light source are those desired.

Verify that the light sources are outside the camera’s angular field of view: 
check that no specular reflections occur on the original when viewed from from 
the camera’s point of view.

Verify the uniformity of light intensity over the area occupied by the format
of the material to be digitized.

index

Annex A1
Checklist for preparing the set
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6.1

6.1

6.2

6.2

6.3

6.3

7.1

7.1

See section

See section

For opaque objects

For opaque objects

Place the original in the correct position on the copy stand support.

Place the original in the correct position on the light source.

Check the camera setting for RAW file format capture.

Check the camera setting for RAW file format capture.

Adjust the focus to get the maximum sharpness the system provides.

Adjust the focus to get the maximum sharpness the system provides. Use, if necessary, an 
opaque, flat material with sufficiently contrasting text or graphic elements.

Adjust exposure settings:
 ∙ ISO 100 o 200.
 ∙ Shutter speed:

 ∙ Synchronization speed in the case of flash capture.
 ∙ Pre-set shutter speed according to the target of the color test.

 ∙ Optimal aperture of system.

Adjust exposure settings:
 ∙ ISO 100 o 200.
 ∙ Optimal aperture of system.
 ∙ Shutter speed:

 ∙ Synchronization speed in the case of flash capture.
 ∙ Set shutter speed to obtain a gray value immediately under 255 in the most transpa-

rent part of the material.
 ∙ Intensity of the light source (in case of digitizing with flash) adjusted to obtain gray value 

immediately under 255 in the most transparent part of the material.

Annex A2
Parameters checklist 
and capture settings

index
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Annex A3
Parameters checklist 
for processing

7.1

7.7

9.4

7.2

7.4

7.3

7.5

7.6

See sectionFor opaque objects

Set the capture format as RAW.

Disable other processing settings.

Set the ICC profile of the camera.

Setting white balance.

Adjust focus mask parameters according to previously set value for the format of the material 
and the conditions of capture.

Check for aberration and distortion corrections (turn them on or off, depending on needs).

Adjust the image size to the nominal resolution of the sensor.

Set the linear luminance transition curve.

index



Source of the images:
Figure 1: Bea Martínez 
Figure 5: Leinox, Hensel 
Figure 6: Velvet 
Figure 10: Bea Martínez 
Figure 11: Diego Fontalba 
Figure 12: Diego Fontalba 
Figure 13 a, 13 b, 14 a, 14 b, 14 c, 14 d, 15 a, 15 b, 
15 c, 15 d, 16 a, 16 b, 16 c, 19, 21, 23: Girona, 1920. 
Fons i col·lecció Emili Massanas i Burcet. INSPAI, 
Image Center. 
Figure 17, 18, 24, 25: Torroella de Montgrí,  
1911- 1931. Fons i col·lecció Emili Massanas  
i Burcet. INSPAI, Image Center.  
Figure 20: Matadepera, 1996. Fons Ernest Costa. 
INSPAI, Image Center.
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