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While color and density have been synonymous with print quality for a long time, the importance
of other print quality attributes such as sharpness and details, and printing artifacts such as bleed,
edge acuity, banding, and gloss non-uniformity can hardly be overemphasized. The growing
recognition of the importance of such “non-color and density” attributes has been partly driven by
the introduction of many digital printing processes that exacerbate such print quality (PQ)
problems. To advance digital printing technology and to solve PQ problems, a necessary first step
is to objectively quantify the critical print quality attributes beyond density and color, hence
creating a demand for new tools other than the familiar densitometer or spectrophotometer.
Responding to this need, image analyzers have been developed in parallel with the development of
the digital printing industry over the last two decades. The early image analyzers were typically
large tabletop units that were often installed in a central laboratory and required the support of a
specialist. Bringing the technology of PQ analysis to a much broader community of users, a
handheld image analyzer called the Personal IAS was introduced by QEA in 2001. This battery-
powered, portable instrument makes it possible for the first time to make objective print quality
measurements anywhere, including in the field and on the production line. This paper describes the

design of the instrument and demonstrates its capabilities by means of a series of practical

applications in digital printing.

1. Introduction

Many people approach the assessment of print quality
with the attitude “I know good quality when I see it.” While
such a subjective approach may be reasonable from the
perspective of an end-user, it is neither helpful nor accept-
able in the engineering and manufacturing environment.
Instead, to make progress and to facilitate effective commu-
nication, quantitative measurements must be used in order to
specify or qualify a printing system objectively and unam-
biguously. Often, this is done by breaking print quality (PQ)
down into a number of relevant and quantifiable PQ attrib-
utes and their corresponding PQ metrics.

The choice of PQ attributes and metrics varies from one
author to the next, but generally there is a lot of similarity.
For example, a recent paper? categorizes print quality into
the following list of attributes

1) Color Rendition
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2) Process Color Gamut
3) Effective Tone Levels
4)  Gloss Uniformity
5) Effective Resolution
6) Line Quality
7)  Text Quality
8) Micro Uniformity
9) Macro Uniformity
10) Adjacency
Top on the above list are color, tone (or density) and
gloss. Indeed, the first generation of PQ instrumentation
included densitometers for density, spectrophotometers for
As these

instruments matured and were gradually adopted by the

color, and glossmeters for gloss measurements.

printing industry, international standards such as ISO 5-3 for
density measurements?, CIE L*a*b* for color measure-
ments® and ISO-2813 for gloss measurements? also came
into existence. The availability of both instruments and
measurement standards together has contributed substantial-
ly to the improvement of the commercial printing industry

based on traditional printing processes such as offset, gra-
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vure, flexography and screen printing.

As digital printing technology evolved over the last two
decades, most people in this industry learn quickly that PQ
goes beyond density, color and gloss. The reality is that as
the technology develops, many critical PQ issues such as
sharpness, details (e.g. effective resolution, line quality and
text quality in the above list) and printing artifacts (such as
micro and macro uniformity, and adjacency in the same list)
are often exacerbated and therefore must be improved.
Unquestionably, a necessary first step in PQ improvement is
to measure the PQ attributes objectively rather than subjec-
tively. Such recognition created the demand for a new class
of instrument beyond densitometers, spectrophotometers, or
glossmeters. Responding to such a need, printing system
developers as well as instrumentation manufacturers devel-
oped a class of instrumentation called image analysis systems
or image analyzers. In such systems, an image is acquired,
either through a camera or a scanner, and analyzed to
quantify attributes such as dot gain, line and text quality,
and color non-uniformity such as graininess and mottle.
Similar to the history of densitometer and spectro-
photometer development, such image analysis systems are
now supported by standards such as the ISO-13660 print
quality standard® and the ISO-19751 appearance-based print
quality standard® currently under development. Once again,
instrumentation (image analyzers) and standards (PQ stan-
dards) work together to provide the tools essential for PQ
improvement, particularly for the rapidly growing digital
printing industry.

2. Image Analyzers

Instrumentation for measuring print quality invariably
uses a light source and some form of photodetector in a
defined geometric arrangement. Fig.1l shows typical
arrangements for densitometers and spectrophotometers and
Fig. 2 for glossmeters.

Image analyzers work similarly to densitometers and
spectrophotometers, but a CCD or CMOS sensor replaces the
photodetector. As shown in the schematic in Fig. 3, the
geometry of an image analyzer is typically 45°/0° similar to

the densitometer or spectrophotometer.
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Fig.1 Architecture of a Typical Densitometer or Spectro-
photometer
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Over the last 20 years, many papers have been written” %
about image analyzers, their calibration methods, and their
applications to a wide range of PQ analysis problems. Prior
to the introduction of portable units, image analyzers have
come in two main styles, 1) camera based units, and 2)
flatbed scanner based units.

2.1 Camera-Based System

Camera-based systems include a properly configured light
source, optics, and an image sensor with a resolution some-
times as fine as 1 pm/pixel resolution, although 5 to 10 pm/
pixel is more typical in order to achieve a wider field of view.

In the operation of camera-based systems, the sample is
typically placed on a vacuum platen that can be moved on an
X-Y stage so that any portion of the print-under-test can be
examined. The entire analysis is under software control,
which instructs the system on the type and location of
measurements to be made on the sample. Within a single
print sample, it is not uncommon to program the system to
make automated measurements at a hundred or more
different locations within the sheet in a single sequence.

To supplement the camera measurements and boost pro-
ductivity, additional features such as precision optical en-
coders, glossmeter, spectrophotometer, and automated docu-
ment feeder (ADF) are frequently installed onto such sys-
tems. Such additions to the basic camera system combine
geometric measurements using the camera, density and color
using the spectrophotometer, gloss using the glossmeter, and
automated testing of a large number of samples without
user-intervention by means of the automated document
feeder (ADF).

Camera based image analyzers are well developed, and

offer the best range of analysis capability. However, they
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Fig.2 Architecture of a Typical Glossmeter

Fig.3 Architecture of an Image Analyzer



