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A prototype RGB imaging device for the mapping and monitoring of hemoglobin distribution in skin was
designed and tested. The device was examined for monitoring hemoglobin concentration changes during spe-
cific provocations: arterial/venous occlusions and heat test. Besides, hemoglobin distribution maps of rosacea

on a cheek were obtained.
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1. Introduction

The distribution of skin chromophore, e. g. oxy-/
deoxy-hemoglobin and melanin, can be non-in-
vasively assessed by use of multi-spectral imaging
[1, 2]. However, commercial multi-spectral imag-
ing cameras are bulky and expensive, thus limiting
their clinical implementation.

A colour digital camera can be regarded as an
alternative. It acquires three spectral (red (R), green
(G) and blue (B)) images simultaneously, therefore
can be regarded as a simple and fast multi-spec-
tral imaging device. In combination with specific
narrow-band spectral light sources, RGB imaging
could become competitive for some specific appli-
cations, including assessment of hemoglobin con-
centration [3-5].

A prototype RGB imaging device for the map-
ping and monitoring of hemoglobin distribution
in skin was designed and tested in this work. The
principle that was used in our previous study [2]
for the assessment of chromophore concentration
by use of multi-spectral imaging was adapted for
RGB imaging.

2. Experiment

The designed device consists of a commercial RGB
CMOS sensor (USB uEye LE Imaging from IDS De-
velopment Systems GmbH [6]), RGB LED ring-light
illuminator, and orthogonally orientated polarisers
for reducing specular reflectance [7]. The system
was adapted for the working distance of 3-10 cm.
The camera was operated in two modes: “photo” for
a single image acquisition, and “video” for dynamic
process observation.

The RGB camera works as a simple multi-spec-
tral imaging device acquiring three spectral images
at a time where R channel can be roughly attrib-

uted to the 600-700 nm spectral range, G to 500-
-600 nm, and B to 400-500 nm (Fig. 1(a)). The
RGB imaging device spectral sensitivity ([Fig. 1(b))

was calculated as a product of spectral sensitivity
of the camera and spectral intensity of light source
(Fig. 1(a).

The acquired reflectance images I, I, I, were
transformed into optical density OD images that
represent absorption changes compared to the ref-
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Fig. 1. (a) Normalised RGB LEDs spectrum (full line) and R, G, and B channel spectral sensitivity (dotted line).

(b) Normalised RGB imaging device spectral sensitivity.

AOD :—log(ij, (1)
Iref

where I are the reference values taken from a nor-

mal skin area before provocation.

Optical density OD spectrum is a superposition
of chromophore’s spectra, so OD changes in skin
can be expressed as

AOD= (g ;- Ac  + e, Acy, +e,,Ac,,)d (2)
where €, €., €,, are molar extinction coef-
ficients and Ac_,, Ac, ., Ac,,, are concentration
changes of typical skin chromophores: oxy-hemo-
globin (OH), deoxy-hemoglobin (DOH) and mel-
anin (Mel), d is optical path length proportional
to the light penetration depth in skin. If specific
chromophore concentration changes are not ex-
pected (e. g. melanin in the present study), this
chromophore can be ignored in Eq. (2).

AOD is obtained from measurements for each
colour, thus three equations can be used to cal-
culate chromophore concentration changes. The
above-determined system of simultaneous linear
equations can be expressed in a matrix form:

[AQINR) | (& dRIaR) £ RYd(R)] .
\OING) =Lt JCHG) 5 JGHG) [ ™ }(3)
| AOD(B) | |5, dBrd(B) s, (Br(B) | =

The light penetration depth corrected absorp-
tion coefficients ¢ d for R, G and B channels were

calculated from tabular spectral data of molar ex-
tinction coeflicients [8] and optical path length
[9] as weighted values of the RGB imaging system
spectral sensitivity (Fig. 1(b)). For the current
RGB imaging device, Eq. (3) can be expressed as

AODR)] [ 898 2149] .
C

AOD(G) |=|46.83 49.48 x{ o } (4)

AOD(B)| |32.49 2678 L~ Pou

where AOD are values acquired from measure-
ments, but concentration can be obtained by fit-
ting Ac to experimental data. The total hemoglobin
(TH) concentration change is a sum of OH and
DOH concentration changes:

Ac,, = Ac + Ac, (5)

For monitoring hemoglobin dynamic changes
during provocation, the region of interest (Rol) is
determined and the parameter is calculated as a
mean value over the whole region.

The device was examined for monitoring he-
moglobin concentration changes during specific
provocations: arterial/venous occlusions and heat
test. Besides, hemoglobin distribution maps of
rosacea on a cheek were obtained.

3. Results and discussion

Occlusion tests are often used to study system re-
sponse to changes of OH and DOH in time [3].
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In this work, a cuff was applied to the upper arm
(170-180 mmHg for arterial and 90-100 mmHg
for venous occlusion), but measurements were
taken from the dorsal side of the hand: 20 s for
reference acquisition of unprovoked skin, 1 min
during occlusion, and 70 s for post-occlusive re-
action observation. Parameters were calculated as
mean values over the Rol.

As expected, OH concentration decreased,
but DOH concentration increased due to oxygen
starvation during arterial occlusion (Fig. 2(a)).
The opposite reaction was observed after cuff
release (OH rapid increase and DOH decrease)
resulting also in TH overshoot. The TH in-
crease during occlusion appeared due to a slow

1] &l 100 180
Time, =

pressure increase in the cuff. The results corre-
sponded well with the results obtained in other
studies [H].

During venous occlusion () blood con-
gestion as DOH and TH increased during provoca-
tion was expected and also observed.

The heat test was performed to cause local va-
sodilatation of blood vessels. A middle finger was
immersed in warm water (40-50 °C) for 0.5 min
and reaction was observed for 2 min (). Two
Rols were taken for calculation of OH, DOH and
TH concentration changes: one from a provoked
area and the other from a non-provoked finger.
The TH and OH concentration increase was ob-
served in the provoked area, but no significant
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Fig. 2. Changes of oxy-haemoglobin (OH), deoxy-haemoglobin (DOH) and total haemoglobin (TH) concentrations

during (a) arterial and (b) venous occlusion.
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Fig. 3. (left) Changes of oxy-haemoglobin (OH), deoxy-haemoglobin (DOH) and total haemoglobin (TH) concen-
trations during heat provocation. (right) Reference signal from non-provoked area.
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changes were found in the non-provoked side. The
heat test measurement showed that the “video”
mode can be used for monitoring parameter dy-
namic changes at several Rols.

The colour images of rosacea on a cheek and
its OH, DOH, and TH concentration maps are
shown in Fig. 4. Rosacea is a vascular malforma-
tion, so an increased hemoglobin level compared
to the normal surrounding tissue was expected
and observed there. The best contrast between
rosacea and the rest of the skin appeared at OH
maps with increased OH level. The opposite na-
ture was observed at DOH maps - DOH concent-
ration decreased. The “photo” mode is suitable for
mapping skin chromophores providing spatial in-
formation.

4. Conclusions

The RGB imaging device for the mapping and
monitoring of hemoglobin changes in skin was

(a) Color Image

designed and tested. The device can distinguish
between both types of hemoglobin (oxy- and de-
oxy-hemoglobin) and can be used for the obser-
vation of dynamic processes like occlusions and
vasodilatation, as well as for the chromophore
concentration mapping of vascular malforma-
tions, thus confirming its potential for skin diag-
nostics. The simplicity of parameter computing
allows real-time measurement implementation.
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Fig. 4. (a) Colour image of rosacea on a cheek, and relative concentration maps of (b) total haemoglobin, (c) oxy-

haemoglobin and (d) deoxy-haemoglobin distribution.



54 D. Jakovels and ]. Spigulis / Lith. J. Phys. 52, 5054 (2012)

References

[1] S.L. Jacques, R. Samatham, and N. Choudhury,
Rapid spectral analysis for spectral imaging,
Biomed. Opt. Express 1, 157-164 (2010).

[2] D. Jakovels and J. Spigulis, 2-D mapping of skin
chromophores in the spectral range 500-700 nm,
J. Biophoton. 3(3), 125-129 (2010).

[3] I. Nishidate, K. Sasaoka, and T. Yuasa, Visualizing
of skin chromophore concentrations by use of
RGB images, Opt. Lett. 33, 2263-2265 (2008).

[4] J. O'Doherty, P. McNamara, and N.T. Clancy,
Comparison of instruments for investigation of
microcirculatory blood flow and red blood cell
concentration, J. Biomed. Opt. 14, 034025 (2009).

[5] D. Jakovels, J. Spigulis, and L. Rogule, RGB map-
ping of hemoglobin distribution in skin, Proc.
SPIE 8087, 80872B (2011).

[6] IDS Imaging Development Systems GmbH, USB
2 UI-1221LE-C specification, IDS Web Page,
1 March 2012: http://www.ids-imaging.com/fron-
tend/products.php?cam_id=12.

[7] S.G. Demos and R.R. Alfano, Optical polarization
imaging, Appl. Opt. 36(1), 150-155 (1997).

[8] S. Prahl, Tabulated Molar Extinction Coefficient
for Hemoglobin in Water, Oregon Medical Laser
Center Web Page, 1 March 2012: http://omlc.ogi.
edu/spectra/hemoglobin/summary.html.

[9] A.N. Bashkatov, E.A. Genina, V.I. Kochubey and
V.V. Tuchin, Optical properties of human skin, sub-
cutaneous and mucous tissues in the wavelength
range from 400 to 2000 nm, J. Phys. D: Appl. Phys.
38(15), 2543 (2005).

TRISPALVIO (RGB) VAIZDINIMO JRENGINYS, SKIRTAS NUSTATYTI IR STEBETI
HEMOGLOBINO PASISKIRSTYMA ODOJE

D. Jakovels, J. Spigulis

Latvijos universiteto Atominés fizikos ir spektroskopijos institutas, Ryga, Latvija

Santrauka

Sukurtas ir i$bandytas prototipinis trispalvio
(angl. red-green-blue, RGB) vaizdinimo jrenginys,
skirtas nustatyti ir stebéti hemoglobino pasiskirstyma
odoje. Istirta, kaip prietaisu galima stebéti hemoglobi-

no koncentracijos poky¢ius, kai yra konkrecios juos su-
keliancios priezastys — uzsikim$e arterijos ar venos bei
kraujagysles prapleciantis $iluminis testas. Be to, gauti
hemoglobino pasiskirstymo atvaizdai skruosto rozaceé-
jos atveju.



