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Abstract

Due to the increasing usage of the imaging devices in medical applications, color management is becoming important. The goal is to achieve accurate colour
reproduction. A workflow of colour management was proposed in 2006 and each element was introduced. It includes two path ways: device dependent input image
such as RGB signals from an input device, and reflectance from a multispectral imaging system. The workflow includes gamut mapping, elements of forward and
inverse of device characterization and colour appearance modelling. Nowadays, the workflow has been fulfilled by the International Color Consortium (ICC) system.
An introduction of the system will be given including ICC profile, profile connection space, and most recent version, iccMAX, which is an extended version of ICC
version 4 including spectral images, BRDF, medical images. For the latter, there are functionalities to perform colour management for two kinds of medical images:

false- and true- colour images. Methods are given to explain how to process these images.

Introduction

In 2006, a paper entitled ‘A color management framework for
medicalimagingapplications’ was published [1]. It reviewed the available
technologies of colour imaging for various medical applications. It
addressed that robust diagnosis relies upon satisfactory cross-media
colour reproduction between physical specimens and digital images
displayed on different displays and observed under disparate viewing
conditions. A colour management framework as shown in Figure
1 was proposed. It includes 2 pathways according to different input
data, one for the device-dependent signals of imaging devices such as
digital camera, scanner, display, printer, and the other for the spectra
from multispectral imaging systems. The major components include
the forward and reverse device characterisation models to transform
the devices” signals from/to the CIE colorimetric specification [2], and
the forward and revise colour appearance model to transform CIE
specifications from/to colour appearance terms (the most recent model
is now CAM16 [3] to supersede the earlier CIECAMO02).

The ICC system

Nowadays, the colour management specification of International
Color Consortium (ICC), has been most widely used. It provides
ICC profiles to connect different input and output devices and ensure
controlled colour reproduction, within the available gamut of the output
systems. Device-dependent image data in a source colour encoding are
transformed first into a reference intermediate colour space (known as
the Profile Connection Space, or PCS), and subsequently into device-
dependent image data for the destination colour encoding [4]. By
mapping via the ICC PCS, based on well-defined CIE colorimetry, it is
possible to preserve the appearance of the image and to systematically
account for differences in viewing conditions and colour gamut. The
ICC profile encodes the transform between device-dependent colour
data encoding and the PCS, so that each device requires a single
ICC profile to be used inter-operably with other devices in a colour
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managed workflow. The profile is generated by the process of device
characterisation, as described above, and incorporates adjustments for
different colour appearance viewing conditions and media gamut if
required.

The ICC colour management architecture was originally designed
for the graphic arts industries. Medical imaging has some additional
requirements, and the best way to satisfy these is actively discussed in
the ICC Medical Imaging Working Group [5]. An optional extension to
the current version 4 of the profile format, known as iccMAX [6], has
been developed so that these and other requirements can be addressed.

The DICOM specification defines a Gray Scale Display Function
(GSDF) [7] in terms of the relative luminance’s that should be produced
from the digital drive level under different conditions of display peak
luminance and ambient viewing. For a single set of conditions an ICC
v4 profile can be used, but if it is desired for an application to input
the conditions at run-time using a single profile, an iccMAX profile
is needed. Examples of such profiles can be found in the iccMAX
Reference Implementation [8].

Medical images are divided into two categories, false-colour and
true-colour. The former images are mainly from the grey scale and the
information from colour palettes is added for feature discrimination.
The latter images come from imaging devices or multi-spectral imaging
system. The intention is to achieve accurate colour reproduction via
colour management framework.
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For false-colour images, several different palettes exist [9], and the
effect of viewing on uncharacterized displays have been analysed [10].
Defining a palette in terms of RGB drive levels is a common procedure,
but unless the display is calibrated to an appropriate standard the
resulting display will be device-dependent. An alternative approach is
to use an ICC Named Color profile to map palette colours into the ICC
PCS, and then use a profile appropriate to the display to match the PCS
colours.

For true-colour images, the ICC colour management framework
can be used to match the colours of the original object or scene. More
often, the image is rendered during the acquisition process in such a way
that its colorimetry represents that of a reference display, such as the
one defined in the sRGB specification [11]. This is known as an output-
referred image state. To view the image correctly, either the display is
calibrated so that it matches the reference display, or a display profile is
used to convert from reference display to the actual user display.

It should be noted that in ICC colour management the default
assumption is media-relative colorimetry, i.e. the white point of
the source medium is matched to the white point of the destination
medium. This is particularly appropriate for displays, since the user
is largely adapted to the display white point. For reflective media
it is possible to match the actual media white point luminance and
chromaticity (within the range available in the destination gamut) using
the ICC-Absolute Colorimetric rendering intent in a v4 profile, but in
the rare case that absolute luminance matching is required for a display,
luminance rescaling can be performed using an iccMAX profile.

Conclusion

After all these years, the colour management framework for medical
applications (Figure 1) has been widely used. This article updates the
application of CIE colorimetry defined by the ICC specification. It is in
widespread use in many application areas and is actively being updated
to ensure that the needs of the medical imaging community are met.
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Figure 1. A colour management framework for medical imaging
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