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1. Introduction



Introduction
When an archive starts a digitization project, it usually 
publishes a call for tenders in which it specifies some 
of the characteristics that must be fulfilled:

- size of originals (dimensions, thickness)
- resolution (“200 dpi”, “300 dpi”“600 ppi”);
- color mode (b/w, grey scales, color, etc.)
- color depth (24 bit, 36 bit, 48 bit, etc.)
- file format(s): tif, jpg; pdf;

For example:

- dimensions: DIN A4
- resolution: 300 dpi
- color mode: color
- color depth: 24 bits RGB
- file format: TIFF 



Introduction
These specifications can be met either by using a very high quality and extremely 
expensive planetary scanner or by using a simple and inexpensive smartphone



Introduction
Unfortunately, this is exactly what happened in Italy.
Some year ago, one of the 101 State Archives launched a tender for 
the digitization of historical archives.
In the tender they specified as requirements only dimension, 
resolution, color mode, color depth, file format
The company that won the tender digitized the archival records using 
some smartphones.
The final quality was not so good.
Unfortunately, complaints of the State Archive had no result. In fact, 
the company proved that they complied exactly with the 
requirements of the tender.

This leaves the door open to free interpretation of the
image quality. We need measurable criteria for image 
quality.



2. Quality issues in 
digitization projects



Quality issues in digitization
Both images show a resolution of 300 dpi in the technical metadata, although the (actual) 
optical resolution is different.

300 dpi image resolution
72 dpi scan resolution

300 dpi image resolution
300 dpi scan resolution



Quality issues in digitization

Both images are color 24 bit RGB
But color reproduction of the original is quite different!



Quality issues in digitization
Archives risk obtaining poor results if the image 
quality is not clearly defined.

Maybe this is fine to limit costs, but shouldn't the 
goal of important digitization work be to produce 
images of the highest quality?

How much will it cost to re-scan the entire project 
because the image quality is not good enough?

Tenders for digitization projects should specify 
more than just records’ size, resolution, color 
mode and color depth.

We need to describe image quality very clearly, 
and with “measureable” criteria



3. Measurable quality criteria 
in digitization projects



Measurable quality criteria
Archives must describe the quality of the acquisition very clearly and above all by means of 
'measurable' criteria.

Quality criteria

1. effective resolution 3. color channel
coverage

2. geometry and 
distortion 4. image noise

5. linearity 6. dynamic range 7. true color 
reproduction

8. homogeneity
lighting



1. Effective resolution
It is possible to optically verify the actual resolution using test charts

Test chart T-10 Test chart T-20

With the T10 test chart you can verify how many
line pairs per mm are resolved.

If you don‘t want to trust your eyes, the 
Modulated Transfer Function (MTF) can be 
measured with the «Slanted Edge» test target 
(QA62) and software.



2. Geometry and distortion

Make sure the square image remains
a square and will not be distorted in 
any way!



3. Color channel coverage
Color channel sensors must be tuned very finely for good image quality.

Software exists that 
measures the deviation
of color channels



4. Image noise
In an image, noise is represented by pixels with the wrong color; the image is visibly 
deteriorated.

Typically, noise is measured on the 
grey bar. Noise is the deviation
from the central value measured.



5. Sensor linearity
In order to have good quality scans, the linearity of the CCD sensor is a strict requirement. 
CCD sensors must be linear to perform image analyses such as arithmetic ratios, shading 
correction, field flats, linear transformations, etc.



6. Dynamic range
Dynamic range describes how well a system can reproduce brightness levels.
The following image shows a substantial difference that is visible even to the naked eye but 
can be measured with special software tools



7. True color reproduction
If you are digitizing in color, color reproduction should be as accurate as possible.

The quality of color reproduction can be 
measured by the parameter ΔE, which 
represents ‘color deviation’.
The smaller this ΔE deviation, the better 
the ability to reproduce the color exactly



8. Homogeneous lighting
Homogeneous lighting of the scan area can be checked on white background, or with the 
UTT chart. The values sampled inside the white should be very close together (around 235 
± 8, also in the different color channels).



To recap…
In tenders for the outsourcing of 
digitization services, these measurable 
requirements are almost never 
mentioned.

There have been cases in which the 
successful bidder performed 
digitization using smartphones: from a 
legal point of view, it fulfilled the 'few' 
requirements of the tender, but... 

… the resulting quality was very poor 
and the whole job had to be re-
tendered.



4. Standards for measuring 
quality in digitization 

projects



Standards for measuring quality
There are two guidelines (FADGI and METAMORFOZE) and a standard (ISO 19264-1), which 
illustrate how to assess the quality of a digitization system.

ISO/TS 19264-1:2017 Photography — Archiving systems — Image 
quality analysis — Part 1: Reflective originals
https://www.iso.org/standard/64221.html

Metamorfoze Preservation Imaging Guidelines
https://www.metamorfoze.nl/english

Federal Agencies Digital Guidelines Initiative (FADGI) Guidelines
http://www.digitizationguidelines.gov/

All these describe the 
image quality needed
throughout a process, not
only the characteristics of 
a machine



FADGI guidelines
The FADGI guidelines use an acquisition quality rating system based on four levels, from 1 
to 4 stars.

*

**

***

****
Four stars define the best imaging practical today. Images created to 
a four star level represent the state of the art in image capture and 
are suitable for almost any use.

One star imaging should only be considered informational, in that
images are not of a sufficient quality to be useful for optical 
character recognition or other information processing techniques. 

Two star imaging is appropriate where there is no reasonable
expectation of having the capability of achieving three or four star 
performance. These images will have informational value only, and 
may or may not be suitable for OCR.

Three star imaging defines a very good professional image capable
of serving almost all use cases. This includes being suitable for OCR 
as well as for reprint on the best commercially available printers.

Q
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TY



Metamorfoze guidelines
The Metamorfoze guidelines distinguish between 3 quality levels:

Metamorfoze
(Full)

Metamorfoze
Light

Metamorfoze
Extra Light

In the second quality level of the guidelines, the color 
accuracy tolerance described is less strict. The second 
digitization quality level is intended for digitalizing
originals, whereby color accuracy is slightly less significant. 
Examples include books, newspapers, magazines and 
handwritten material.

In the first quality level of the guidelines, the color 
accuracy tolerance has been described very strictly. This
high digitization quality level is intended for digitalizing
originals that are considered works of art, such as letters
with drawings by Vincent van Gogh or maps, photo 
collections and paintings.

The third quality level is intended exclusively for 
digitizing books, newspapers, and magazines. For 
digitization projects needing only this quality level, 
digital cameras are used in most cases

Conceptually, the four-star FADGI system aligns with the three-level Metamorfoze
system, with a fourth level (1 star) at the lower end of the performance scale
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FADGI and Metamorfoze guidelines
Although the FADGI and Metamorfoze guidelines are conceptually the same, they cannot 
be used interchangeably.
• there are differences in the algorithms and criteria, in the way the objectives are 

designed, and the targets and tolerances specified.
• in addition, there are differences in the terminology used in the two guidelines. 
These differences have caused confusion among users and manufacturers of acquisition 
quality analysis systems. Furthermore, this has slowed down the implementation of 
objective acquisition quality analysis in digitization tasks. 
It was in this context that ISO formed a working group in 2012 to harmonize the different 
approaches and develop a standard for imaging quality.

ISO/TC 42/JWG 26 - Digitizing 
Cultural Heritage Materials



ISO 19264-1 standard
ISO/TS 19264-1:2017 “Photography —
Archiving systems — Image quality 
analysis — Part 1: Reflective originals” 
describes a methodology for analyzing the 
quality of reflective original acquisition 
systems.
Now: ISO 19264-1:2021
The standard specifies which 
characteristics are to be measured, which 
instruments to use, how to measure them 
and how to present the results of the 
analysis. ISO JW26 is currently working on ISO 

19264-2 “Photography -- Archiving 
systems -- Image quality analysis -- Part 
2: Transparent originals”



ISO 19264-1 standard
ISO 19264-1 standard (first release in 2017 and second release in 2021) defines 3 quality 
levels for image acquisition:

Level A

Level B

Level C
Level C imaging is appropriate where there is no 
reasonable expectation of having the ability to achieve 
level B or A performance. These images will have 
informational value only and may or may not be suitable 
for OCR.

Level B imaging defines a very good professional 
image capable of serving almost all use cases. This 
includes being suitable for OCR as well as for reprint on 
the best commercially available printers.

Level A defines the best imaging practical today. 
Images created to level A represent the state of the art 
in image capture and are suitable for almost any use.

(good)

(very good)

(excellent)
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Comparison
Higher levels refer to very high acquisition quality, but require higher technical 
performance from both the operator and the acquisition system

source: Image Access, Quality Controlled Scanning: Frequently Asked Questions
https://support.imageaccess.de/downloads/product_manuals/FAQ/FAQ-Quality-Controlled-Scanning.pdf

Often called
Metamorfoze Full
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https://support.imageaccess.de/downloads/product_manuals/FAQ/FAQ-Quality-Controlled-Scanning.pdf


The ISO 19262 and ISO 192633-1 standards

ISO/TR 19263-1:2017 “Photography — Archiving systems —
Part 1: Best practices for digital image capture of cultural 
heritage material” specifies the methodologies for 
performing quality analysis of acquisition systems (flatbed
scanners, planetary scanners or digital cameras) used for the 
digitization of reflective originals (books, textual documents, 
drawings, prints, photographs, paintings, etc.)

ISO 19262:2015 “Photography — Archiving 
Systems — Vocabulary” defines terms used in 
the area of imaging system capability 
qualification for archival recording and 
approval.



Examples
Only a few excellent scanners, when used and 
calibrated correctly, comply to:
- ISO 19264-1 level A 
- FADGI level ****
- Metamorfoze full level

Most professional scanners meet the 
requirements of:
- ISO 19264-1 level B
- FADGI level ***
- Metamorfoze light level

i2S CopiBook OS Zeutschel Serie Q



5. Conclusions



Cost considerations
Although it is always technically optimal to have the best possible quality, this too has a 
price. The following is a cost breakdown of a project to digitize 10.000 pages of a historical 
newspaper that are bound into 20 books of 500 pages each.

As a general rule, the total cost triples with each additional level.

source: Image Access, Quality Controlled Scanning: Frequently Asked Questions
https://support.imageaccess.de/downloads/product_manuals/FAQ/FAQ-Quality-Controlled-Scanning.pdf

Most projects can be successfully completed using digitization 
systems conforming to the intermediate levels (FADGI 'two-
star' or 'three-star'. Metamorfoze Light, ISO 19264-1 Level B).

https://support.imageaccess.de/downloads/product_manuals/FAQ/FAQ-Quality-Controlled-Scanning.pdf


Conclusions
FADGI, Metamorfoze and ISO 19264 are guidelines/standards for the quality of the 
entire digitization system and not for individual components (be it scanner, lighting, 
operator or other). 

To be compliant, the complete digitization workflow must be quality controlled, which 
includes not only the capture device but also the document carriers, lighting 
conditions, calibration procedures, control sheet tests, operators’ procedures, etc.

In a tender for the outsourcing of a digitization service 
don’t forget to specify the quality of the scanning not only
by the 'usual' requirements (such as acquisition resolution, 
colour depth and colour mode) but also by measurable
quality criteria referring to FADGI, Metamorfoze
guidelines and above all the ISO 19264 standard.



Thank you for your 
attention!

Stefano Allegrezza
University of Bologna (Italy)


