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1. Dermatology

2. Goals
Create a digital imaging system tailored for use in dermatology that is
capable of:
- high-quality color image acquisition, i.e.
high resolution, no artefacts and geometrical distortions and low
noise
- precise, i.e. reproducible, acquisition
- accurate acquisition compared to a standard colorimetric device,
e.g. a spectrophotometer

Dermatology is the field of medicine preoccupied
with the skin. In dermatology, color and shape
often convey important diagnostic information, but:
- It is not easy nor practical to measure this
using traditional photography
- It is difficult to perform quantitative
measurements of such properties due to the
low reproducibility and accuracy of current
imaging systems, traditional or digital

3. Imaging system components
4. Imaging system color spaces
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The imaging system is made up of image acquisition, processing,
and reproduction subsystems, usually containing both hard- and
software components
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The main hardware components are:
- a 3-chip CCD camera controlled by serial link and equipped with a
zoom lens
- a halogen light source connected by optical fiber to an annular
light diffuser fitted around the camera lens
- a PC with frame grabber (PAL RGB, 760 by 570 pixels)
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5. Imaging system calibration

RGB out

Imaging
system

R*G*B*

sRGB

RGB
Transform

Linear equation
solver

Spectrophotometer

CIE
D65 XYZ

sRGB

Zoom lens

Cylinder prevents stray
light from entering

Serial link
Continuous
annular light
diffuser

Trigger connection

Pistol grip and trigger

6. Results

Medium term precision
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Reproducibility:
- short-term (20 consecutive
measurements of the white patch):
0.04 dE avg., 0.1 dE max.
- medium-term (10 measurements of
24 patches under the same
profile): 0.34 dE avg., 1.2 dE max.
- long-term (9 measurements of 24
patches under different profiles):
0.30 dE avg. , 1.2 dE max.
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Two distinct goals:
- obtaining a constant response with optimal dynamic range from
the imaging system (ensures reproducibility).
- mapping the unknown device-dependent acquisition system
source RGB color space to the standardized sRGB space with
polynomial transforms with 3, 6, 8, 9 and 11 terms, based on
patches with known colorimetric properties (ensures accuracy).
Two methods to compute the polynomial transform:
- by solving a linear set of equations. Only optimal in mathematical
sense, i.e. unrelated to human perception of the mapping error
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- using non-linear optimization in the perceptually uniform
CIE L*a*b* color space
Non-linear minimization iteration block
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Accuracy:
- the linearly computed 3 term transform performs best, due to the
small number of calibration patches
- its accuracy vs. a spectrophotometer is 6.21 dE avg.,13.31 dE max.
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Accuracy of the linear transform on a set
of 15 paper and 12 in vivo skin test objects

Accuracy of the polynomial transforms
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The settings resulting from a calibration procedure are called a
'profile', and remain valid for tens of hours of operation. Subsequent
image acquisition involves a simple check and minor adjustments
using a white test patch in the lens cap
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