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Abstract. In this article, the authors propose a novel method of video
magnification based on separation of the chromophore component.
A video magnification method, Eulerian video magnification, was
originally proposed by Wu et al. The method is effective in amplifying
slight changes of facial color and can visualize the blood flow in
the human face effectively. However, the conventional method was
evaluated under stable conditions of illumination. It is necessary
to enhance its robustness against environmental change for
practical use. The proposed method amplifies the variation of the
chromophore component which is separated from the shading
component. The authors confirm that the proposed method can
visualize the blood flow in the human face without artifacts caused
by shading change. They also apply the video magnification
framework to a tongue movie as preliminary work for medical
application and confirm its effectiveness in visualizing the blood
pulse and avoiding any clear artifacts. © 2017 Society for Imaging
Science and Technology.

[DOI: 10.2352/J.ImagingSci.Technol.2017.61.4.040406]

INTRODUCTION

There are many imperceptible, subtle changes that can be
observed. The skin color changes slightly due to blood flow
and the heartbeat component on the skin surface can be
detected remotely by analyzing dynamic images.*> Clothes
also move slightly while sleeping. It is possible to analyze
the status of respiration by video analysis.> These remote
observations of physiological status hold great potential
for healthcare applications, medical diagnosis, and affective
computing. For example, heart rate variability spectrograms
(HRVSs) are useful for remote monitoring of cognitive
stress® and driver awareness,® since the HRVS is related to
the status of the autonomic nervous system, which controls
involuntary body functions such as breathing, blood pressure
and heartbeat.

Wu et al. showed that Eulerian video magnification
(EVM) can amplify slight changes of facial color and can
visualize the blood flow in human faces.” Visualization
of the blood flow is beneficial to many healthcare and
medical applications. Variation of facial blood flow can
yield a clue to estimate affective status.®~!0 Detection of
the difference in blood flow between the left foot and the
right foot can provide useful information for the diagnosis
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of arteriosclerosis.!! In surgical procedures, the detection of
blood vessels is useful in order to reduce patient damage by
preventing bleeding. The blood vessels under the surface are
sometimes invisible. In this case, surgeons often estimate the
position by referring to anatomical a priori knowledge or by
relying on sense of touch.

The conventional EVM method shows effectiveness
under a stable photographic environment. The subject is
required to remain stable in order to avoid illumination
changes caused by motion. The conditions of illumination
are also required to remain constant during the capture time.
This is a limitation for practical use.

In this article, we propose new approach of EVM based
on separation of the chromophore component in order
to enhance the robustness against illumination changes.
Tsumura et al.!? proposed a method to separate hemoglobin,
melanin, and shading components from a skin image
captured with a standard RGB camera. The method can
extract the hemoglobin component, which varies according
to the heartbeat, and the method can eliminate the shading
component, which is sensitive to illumination change.
Therefore, we apply the separation method to EVM since the
method can be expected to enhance the robustness against
illumination change.

The rest of this article is organized as follows. In the
second section, we describe the proposed EVM based on
separation of the chromophore component. In the third
section, we show the results of EVM for visualizing blood
flow in the human face. In the fourth section, we describe
modification of the chromophore component separation for
medical application and show the results of EVM using a
tongue movie as preliminary work for medical application.
In the fifth section, we present our conclusions.

VIDEO MAGNIFICATION USING SEPARATION OF
THE CHROMOPHORE COMPONENT

In this section, we describe the video magnification method
based on separation of the hemoglobin component.

Eulerian Video Magnification

The original video magnification method, Eulerian video
magnification (EVM),” has two kinds of method to amplify
subtle changes in video, enhancement of small motion and
enhancement of small color change. We aim at enhancement
of small color changes in videos. Figure 1 shows an overview
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Figure 1. Overview of conventional Eulerian video magnification.
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Figure 2. The framework of video magnification for biomedical dynamic
images.

of the conventional Eulerian video magnification procedure
to amplify subtle color changes. First, the method processes
the spatially blurred video frames from the input video
frames to reduce locally random noise. Next, a temporal
band-pass filter is applied to the blurred video in order to
extract the component of temporal color change. Then, the
band-passed video frames are synthesized with the original
input video frames to multiply the gain factor.

We apply a similar framework to enhance small color
changes. Figure 2 shows the framework of the proposed
method. We apply a component separation process to extract
the hemoglobin component and synthesize it with the
original input video frames by multiplying the gain factor.
The fluctuation of the hemoglobin component indicates
heartbeat behavior and it is free from side effects caused by
shading change, which will be described in the next section.

Extraction of the Hemoglobin Component
The technique to extract the hemoglobin chromophore
from a single skin color image!? is briefly reviewed in this
subsection.

Figure 3 shows the skin model for the extraction of
the hemoglobin component. We use a two-layered skin
model composed of epidermis and dermis. We should note
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Figure 3. The skin model of the hemoglobin extraction.

that the chromophores of melanin and hemoglobin are
predominantly found in the epidermal and dermal layers,
respectively. This model was derived from previous research
on skin optics.!3~!> The reflected light from the skin surface
consists of surface reflection and internal reflection. The
internal reflection can be described as follows using the
modified Lambert-Beer law,'® which uses the mean path
length of photons in the medium as the depth of the medium:

L(x,y, )) = e*pm(xs)’)am()\)le()\)*Ph(X’y)Uh(A)ld(}")E(x’ Y, 4),

(1)
where E(x,y,A) denotes the spectral irradiance of the
incident light at point (x, y); pm(x, ¥), pr(x, y) denote the
concentration, and oy, (1), o (1) denote the absorption area
of melanin and hemoglobin, respectively; (1), I5(A) denote
the average light path in the epidermis and dermis layer,
respectively. By putting polarization filters in front of the
illumination and the camera, we can ignore the surface
reflection. The camera signal v;(x, y), i = R, G, B, can be
modeled as

vitx,y) =k / Lix, y, 2)si(3) dA
Zk/e—Pm(x’;V)Gm()»)le()»)—l)h(x,}')(fh()»)ld()L)

E(x,y, M)si(2) dA, 2

where s;(X) denotes the spectral sensitivity of the camera
and k denotes the coefficient of camera gain. The spectral
reflection of skin is smooth and it is approximately correlated
with the camera sensitivity. We assume that s;(1)=38(A—2,;).

We assume that the spectral irradiance of the incident
light E(%) is uniform over the observation area, and the
shading coefficient p(x, y) accounts for the concavity and
convexity of the surface. We derive

E(x,y, %) =p(x, y)EQ). (3)
The camera signal v;(x, y) can be simply rewritten as
vi(x, y) = ke*ﬂm(xa}’)(fm()“i)le()ti)*Ph(xv)’)“h(}‘i)ld(}"i)p(x’ VEO).
(4)
By taking the logarithm of both sides of Eq. (4), we derive

VI (x, y)=—0,,(x, V)0 m—pp(x, Y)o h P8 (x, y) 148,
(5)
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Figure 4. Model of the separation of skin components.

where

v (x, y) = [log vr(x, y) logvg(x,y) logvp(x, 1",
0 m = [om(ARI(AR) om(A)le(he) om(hp)l(rp)]”,
on=[0hORI(R) oh(G)a(hg) or(ip)la(rp)],
1=01 1 11%,

P8 (x, y) = log(p(x, )) +log(k),
€2 (x, y) = [log Er(Ar) log EG(rg) log Eg(rp)l”.  (6)

Here, vr(x, y), va(x, y), va(x, y) are the R, G, B signals
at the position (x, ¥); 0m(AR), m(Ag), om(Ap) and op(AR),
on(rg), on(rp) are the absorption areas of melanin and
hemoglobin for RGB wavelength, respectively; [, (Ar), e (AG),
le(Ap) and I3 (AR), l1(Ag), la(Ap) are the average light paths
in the epidermis and dermis layers for RGB wavelength,
respectively; p(x, y) indicates the shading coefficient; k
denotes the coefficient of camera gain; Er(Ar), Eg(Ac),
Ep(Xp) are the components of spectral irradiance of incident
light for RGB wavelength, respectively.

Figure 4 shows the relation between the input RGB
signal and each component. The logarithm of the captured
RGB signals v'°2 can be represented by the weighted linear
combination of four vectors, the melanin vector o,,, the
hemoglobin vector o, the shading vector 1, and the bias
vector el°2,

We predefine a skin color plane using a training data
set. Figure 5 shows the mixing and separation process of
the melanin and hemoglobin signals for definition of the
skin color plane. Let us denote by A = [a1, a2] the constant
3 x 2 mixing matrix and by s(x, y) = [s1(x, y), sz(x,y)]T
the quantity vector on the image coordinates (x, y). Now,
v1°2(x, y), the logarithm of the observational RGB signals,
can be written as follows:

viog(x, y) =As(x, y). (7)

If the mixing matrix A is known, we can obtain an
estimation of the source signal s'(x, y) using the separation
matrix H as follows:

s'(x,y)= Hv'"8(x, ), (8)

where H = A~!. However, A is usually unknown. Hence,
we create a whitened signal o(x, y) = [01(x, ), oz(x,y)]T
whose elements o1 (x, y) and 02(x, y) are mutually uncorre-
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Figure 5. Mixiure and separation of independent signals.
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Figure 6. Separation result of melanin, hemoglobin, and shading
components.

lated by applying a whitening process to the source quantity
vector s(x, y) = [s1(x, y), sz(x,y)]T, and we obtain an esti-
mation of the source signal §'(x, y) = [s] (x, y), s'2(x, 1T
using independent component analysis (ICA). This process
can be rewritten as follows:

s'(x, y) = HV'8(x, y) = BMv'%¢ (x, y), ©)

where the whitening matrix is M and the separation matrix
by ICA is B.

In this case, the number of observational signals is three,
RGB, whereas the number of original source signals is two,
melanin and hemoglobin. We reduce the dimension of the
observation using principal component analysis and define a
skin color plane that contains the first principal component
and the second principal component. This process is the
same as the whitening process.

We predefine a skin color plane using a training data
set. The logarithm of the captured RGB signals v'°¢ is
projected onto the skin color plane along with the shading
vector 1. From the position on the skin plane, we obtain the
hemoglobin vector. Figure 6 shows an example of the result
of melanin, hemoglobin, and shading components.

EVALUATION OF BLOOD FLOW IN THE HUMAN
FACE

In this section, we show the experimental results of video
magnification to visualize blood flow using the extracted
hemoglobin component in the human face.

The camera used to collect the video sequences for
analysis was a Point Grey Grasshopper3 (GS3-U3-23S6C-
C). The frame rate was 60 [fps], each video frame was
928 x 760 [pixels], 12 bit RAW format, no compression. The
lens was a Fujinon DF6HA-1B, F1.2, focus length 6 mm.
The distance of the subject from the camera was 1.0 m. The
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(a) Original Video (consecutive frames)

(c) Proposed Method: Video magnification Using Estimation of the Chromophore Component

Figure 7. Video magnification to visualize blood flow in the human face. (a) Four frames from the original video sequence (face). (b) The same four frames

with the subject’s pulse signal amplified using the conventional method.” [c) The same four frames with the subject's pulse amplified using the proposed

method.

illumination, an artificial solar light (SOLAX XC-100), was
used from a distance of 1.0 m.

Figure 7 shows the experimental results of video
magnification to visualize blood flow in the human face.
The conventional method,”(b), and the proposed method,
(c), used magnification with a gain of 50. The original
video sequence, (a), does not show a pulse signal between
the four frames. The conventional method, (b), amplifies
the pulse signal in the subject’s face. However, the frames
have a black line along the neck as an undesirable artifact.
The result shows that the conventional method mistakenly
amplifies the shading component since it simply amplifies
the pixel values of the blurred image. On the other hand,
the proposed method, (c), amplifies the pulse signal in the
subject’s face without having clear artifacts. The results show
that the proposed method can successfully eliminate the
shading component in the chromophore separation process
and effectively enhance the pulse signal by amplifying the
hemoglobin component.

PULSE DETECTION FOR MEDICAL APPLICATION

In this section, we describe the modification of chromophore
component separation for medical application and show
the results of video magnification using a tongue movie as
preliminary work for a medical application.
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For the pulse detection in the facial area, which is
described in the second section, we extract the hemoglobin
component by utilizing a two-layered skin model consisting
of melanin and hemoglobin. In this section, we also utilize
a similar approach for pulse detection from medical videos.
However, the surfaces of the epithelium do not have melanin
chromophores. We cannot utilize the skin color plane shown
in Fig. 4 in order to extract the hemoglobin component from
medical images. Figure 8 shows the temporal behavior of the
hemoglobin component in the facial region and the back of
tongue, which is extracted using the skin color plane in Fig. 4.

The temporal behavior of the back of the tongue does
not show a pulse when we use the skin color plane, whereas
the method works well in the facial area. This is because the
separation method described the second section is designed
for the separation of melanin, hemoglobin, and shading
components for skin.

It is known that the combination of two illumination
wavelengths, 415 nm and 540 nm, is effective for endoscopes
to visualize blood vessels under the surface of the epithe-
lium.!7>!® Hence, we make a hypothesis that we can simply
represent the existence of blood vessels using the mixture
model of two substances. We collect images of the back
of the tongue on vessels and off vessels, respectively, and
define a tongue color plane that contains the first and second
principal components, as described in Figure 9. The basic
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Figure 10. Estimation result of components on the back of the tongue.

framework of the separation of chromophores is same as skin
component separation. Figure 10 shows an example of the
separation of tongue components.

Figure 11 describes the experimental results of the
video magnification using a tongue movie. The conventional
method,”(b), amplifies the blurred image with gain 50.
The proposed method, (c), amplifies the first independent
component on the tongue color plane with gain 50. The
original video sequence, (a), does not show a pulse signal
between the four frames. The conventional method, (b),
shows variation of an undesirable dark region in each frame.
The result indicates that the conventional method mistakenly
amplifies the shading component since it simply amplifies
the pixel values of the blurred image. On the other hand, the
proposed method, (c), shows the periodical color variation
on the surface of the vessel without any artifacts. This
indicates that the proposed method amplifies a specific
independent component which is correlated with blood flow
by eliminating the shading component.

Figure 12 shows the pulse distribution in the tongue
region. In the red region, the wave of the first independent
component on the tongue color plane shows periodical
variation which corresponds to the pulse signal, (c). There-
fore, there is a sharp peak around 1 Hz (60 bpm: beat per
minute) in frequency analysis by Fast Fourier Transform
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(FFT). On the other hand, in the green region, the wave of
the first independent component does not show periodical
variation, (d). Hence, the frequency peak around 1 Hz
(60 bpm) is lower than that of the red region. We utilize
this property to visualize the distribution of the pulse signal.
The heat map, (b), shows the distribution of the pulse signal,
which is calculated by taking the sum of the magnitude of
the frequency component from 1 Hz (60 bpm) to 1.4 Hz
(71 bpm). It is useful to observe the detailed distribution of
the pulse component more than the video magnification.

CONCLUSION AND DISCUSSION
In this article, we propose a novel method of video
magnification based on separation of the chromophore
components. Using the test video data, we confirm that
the proposed method can visualize blood flow in the
human face without artifacts caused by shading change. We
also apply the video magnification framework to a tongue
movie as preliminary work for medical application. We
define the tongue color plane by ICA and we use the first
component for video magnification after confirming that
the first component shows the periodical behavior caused
by blood pulses. We also confirm the effectiveness of video
magnification using the first component of ICA. It can
enhance blood flow, avoiding the artifacts caused by shading
change. Furthermore, we propose a heat map format to
show the detailed distribution of blood flow by analyzing the
magnitude of the frequency component of the pulse wave.
Finally, we mention the current limitations and future
work. First, we evaluated a small number of samples
to examine the effectiveness as preliminary work. An
evaluation with a large number of samples is necessary
for future work. Second, we also have to think about how
to assess the performance. In this article, we evaluate the
effectiveness of the enhancement of blood flow with eyes.
We have to think about a method to access the performance
quantitatively. Third, we have to study the scientific evidence
of the two mixture models for a medical application.
The effectiveness of the skin model has been evaluated
previously.!>!* However, the mixture model for medical
application is based on a hypothesis from the knowledge
of Refs. 17, 18. It is important to confirm and evaluate
the scientific evidence. This might lead to optimization of
the illumination spectra. Fourth, we also have to confirm
the effectiveness for detection of blood vessels on the
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(a) original video (consecutive frames)

(b) The results of previous method: Eulerian Video Magnification

(c) The results of proposed method: video magnification using pigment component separation

Figure 11. Video magnification fo visualize blood flow on the back of the tongue. (a) Four frames from the original video sequence [back of tongue). (b)
The same four frames with the pulse signal amplified using the conventional method.” [c) The same four frames with the pulse amplified using the proposed
method.
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Figure 12. The distribution of pulse infensity. (a) Original video frame. [b) Heat map of the pulse intensity. (c) First vector component and its frequency
analysis (red region). (d) First vector component and its frequency analysis (green region).

medical front. As a next step, we also have to study the time processing also remains for future work. Currently, the
usability of switching between the usual observation and the processing is carried out by Matlab code after taking a video
enhanced mode that we proposed at this time. Fifth, real sequence. Thinking about implementation as a product,
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hardware processing such as ASIC is necessary for real time
processing.
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