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< Statement of Digital Biocolor Society: Second Stage>

Digital Biocolor Society is established in 1999, and the purpose of this Society is to
promote the study of digitization, record and reproduction of the colors pertaining to
living systems, to exchange related knowledge among its members and to recommit its
profits to the public. The society provides the planning and negotiation of international
and interdisciplinary collaboration for research, investigation and development from the
two approaches: elemental technology and medical needs. In particular, the society play
an important rule for research presentations and researchers communications for
accurate color digitalization and record and reproduction for skin and facial images,
endoscopic images for large intestine and liver, and microscopic image for tissue
specimen. Specially, since multispectral imaging is blooming in those years, the
researches in engineering field and medical field deeply discussed about the contribution
of multispectral imaging into medical and biomedical fields. After these experiences,
each researcher in digital biocolor society works actively in his own society.

Recently, the field of digital biocolor is expected to perform a great contribution on
healthcare and medical applications because of the grow of computational resources and
innovation of high-level signal processing method. For example, it can be introduced
that non-contact vital sensing for heart rate, respiration rate and oxygen saturation are
measured from color video camera. This techniques is the application of hemoglobin
component extraction from skin color image into skin color video, which was presented
in the community of digital biocolor society. The pulse wave which is key information to
detect the vital information measured from the slight change of hemoglobin component
in the video. Since this is the non-contact measurement, vital information can be
measured very easily and the measured big data by large scale cohort experiment can be
analyzed by artificial intelligence. This is expected to lead the innovation in the field of
healthcare and medical applications. As other examples, it is expected to be strongly
developed that facial color and appearance reproduction and their diagnosis support
techniques which are becoming important with development of legal system for tele-
medicine, endoscopic image processing using the special lights, digital dyeing for tissue
specimen. However, since each researcher in these developing fields’ works only in his
own society, it is not achieved that enough communications in digital biocolor society and
sharing results of researches for the common good.

Therefore, as the second stage of digital biocolor society, the 5th Symposium of the

'Color' of Digital Imaging in Biomedicine will be organized.
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Modulator: Norimichi Tsumura, Chiba University

9:00 ~9:20 Opening remarks:
“The load to second stage of Digital Biocolor Society”

Masahiro Nishibori, International University of Health and Welfare

9:20 ~10:00 Invited talk #1
“Biomedical imaging based on time-resolving CMOS
image sensors and compact compound-eye cameras”

Keiichiro Kagawa, Shizuoka University

10:00 ~10:40 Invited talk #2

“Non-Contact Video Based Estimation of



Biomedical Information”

Munenori Fukunishi, Chiba University

Break ( 5 mins )

10:45 ~11:25 Invited talk #3
“Noncontact measurement of vascular compliance”

Kazuya Nakano, Chiba University

11:25 ~12:05 Invited talk #4
“Contactless finger vein authentication system using moving images”

Hiroyuki Suzuki, Tokyo Institute of Technology

Lunch

13:00 ~14:00 Keynote Lecture
“Bio Big Data and Precision Medicine”

Hiroshi Tanaka, Tokyo Medical and Dental University

14:00 ~14:40 Invited talk #5
“Measurement of tissue oxygen saturation of webbing of fingers”
Hideaki Haneishi, Chiba University

Break ( 5 mins )

14:45 ~15:25  Invited talk #6
“Feature measurement and color standardization
in digital pathology imaging”
Masahiro Yamaguchi, Tokyo Institute of Technology

15:25 ~16:05 Invited talk #7
“Non-Contact Biomedical Information and
Japanese Traditional(Kampo) Medicine”

Keiko Ogawa, Kanazawa University Hospital

16:10~ General presentations (Poster) and Reception (at the same time)
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Keynote Lecture

Proceedings of the 5th Symposium of the 'Color' of Digital Imaging in Biomedicine
“Renovation of Bio-imaging and its practical and clinical applications”
2.15.2018
http://biocolor.umin.ac.jp/
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Bio Big Data and Precision Medicine

HH
Hiroshi Tanaka
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Tohoku Medical Megabank Organization, Tohoku University
Tokyo Medical and Dental University

Abstract:
Recent studies of biomedical big data, such as omics data
including genome, metagenome and environment data, have



revealed that most diseases that have been grouped under the
same disease name, such as carcinomas and diabetes, actually
consist of multiple intrinsic subtypes, and at the same time, that
different diseases, such as myocardial infarction and Duchenne
type dystrophy, have very close gene expression patterns.
Precision medicine requires bio big data, including the biocolor
data, to be analyzed with deep learning which does not rely on
supervised data of obsolete medicine and would discover the true
etiologies of every diseases.
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“Renovation of Bio-imaging and its practical and clinical applications”
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Biomedical imaging based on time-resolving CMOS

1mage sensors and compact compound-eye cameras

FIE—ES 1)

Keiichiro Kagawa 1)

1) WK T LR

1) Research Institute of Electronics, Shizuoka University,

SHIZUOKA, JAPAN

Abstract:
Time-resolved imaging provides rich information in biomedical
imaging, where laser pulses with a few to tens of pico-second



width excite tissues repeatedly and their temporal responses are
measured. Conventionally, time-correlated single photon
counting[1], gated CCD with scanning the delay of excitation light,
and streak camera to observe a linear region are utilized. On the
other hand, recent progress in time-resolving CMOS image
sensors for time-of-flight depth acquisition and fluorescence
lifetime 1maging enables to realize scanningless wide-field
time-resolved biomedical imaging cameras.

There are two types of time-resolving CMOS image sensors
based on single photon avalanche diode[2] and charge modulation
pixels[3, 4]. Lateral electric field charge modulator (LEFM)[5, 6]
has opened the pico-second regime ultra-high-speed
computational imaging in a range of a few nano seconds or shorter,
whose charge handling speed is close to the limitation of charge
transfer speed in silicon. The charge modulation pixels are free
from the drawbacks of TCSPC such as quite a few digital
elements for creating histograms and pile-up causing higher cost
and limited photon rate (namely, longer measurement time),
respectively. Furthermore, they are compatible with emerging
efficient computational methods with coded shutters[7]. In this
presentation, measurement of photon migration in tissues with
our time-resolving CMOS image sensors is discussed.

The second topic i1s the biomedical imaging technique based on
sinusoidal or rectangular pattern projection, which provide a
function to control the observation depth, have been
developed[8,9]. For accurate estimation of biochromophore
concentrations with a multi-layer model and observation of
dynamics of metabolism, real-time multi-spectral imaging is
necessary[10]. In this report, we propose a compact multi-spectral
compoud-eye camera with a fixed structured light projector for
pre-clinical applications. A compact compound-eye camera
TOMBO, or thin observation module by bound optics, is the
smallest multi-camera system, which is composed of a single
image sensor, a cross-talk barrier, and a lens array[10]. Each lens
can be equipped with a variety of optical filters such as band-pass
filters, polarizers, and so on to implement a small functional
camera. A multi-spectral camera based on TOMBO has been
reported[11]. A prototype of a small tissue imaging camera based
on TOMBO and a fixed pattern projector is being developed.
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Time-resolved CMOS image sensor

Parameter Value

LR N S e s Lo

Process technology

0.11 pm 1P4M CIS process

Total area 7.0(H)ymm X 9.3 (V) mm
Number of effective pixels 256 (H) X 512 (V) Effective
Pixel size 11.2 (H) pm X 5.6 (V) pm H |8 zsgti_;?lxa;r-‘azy;w
Converstion gain 85 pVie- |7
Full well capacity (@ SD) 3.24 ke~
Full scale of ADC (AVger) 03V
Temporal random noise 1.7 e5ys (@ median value, 289K)
@374 nm 180ps (.88 GHz
Intrinsic S4B 185ps  0.86 GHz buffers (LVD
Tosponen 2 :;z :: z: : g;i g:z L A A A A A RO
@851nm 3s0ps  0.45GHz| Cut-off frequencv

Time resolution (Ex. 374nm)

10.8 ps (@ median value)

Frame rate (Max.) 12 fps
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Abstract:

In this talk, I introduce an accurate remote observation of the
heart rate (HR) and heart rate variability spectrogram (HRVS)
using hemoglobin information which 1s extracted from RGB
image. Non-contact HR and HRVS measurement are getting
active research area since these have great potential for
health-care applications, medical diagnosis, and affective



computing. Many remote measurements for HR and HRVS have
been proposed recently. However, these techniques are not
sufficiently robust to be incorporated in practical use. Regarding
the situation, therefore, I propose a remote measurement of HR
and HRVS using extracted hemoglobin information from RGB
1images based on a skin optics model. I performed experiments to
measure subjects at rest and under cognitive stress with the
proposed method to evaluate the principal of the framework
under stable environment. From the results of the experiments,
the proposed method showed high correlation with the
electrocardiograph (ECG) which is assumed as the ground truth.
We also evaluated the proposed method in simulation changing
the condition of illumination during the HR observation. The
proposed method eliminates the shading component through the
process of the extraction of hemoglobin component. Therefore, I
confirmed that the proposed method can obtain accurate
measurements of HR and HRVS comparing with extisting other
prior arts robustly against illumination change.

I also propose two potential medical applications using the
framework which utilize hemoglobin information.

As first application, I evaluated remote detection of pulse
transit time (PTT). It is known that PTT has inverse proportional
relation with blood pressure. I estimated PTT by using temporal
fluctuation of hemoglobin information and confirmed that the
PTT has high correlation with the blood pressure measurement
with sphygmomanometer cuff, whose R, correlation coefficient,
was between -0.5792 to -0.7801.

As the second application, I also proposed a video magnification
method based on separation of the chromophore component as
another novel medical application. I confirmed that the proposed
method can amplify subtle color fluctuation and it is helpful to
visualize distribution of blood flow.

Through the above experiments, I confirmed that the detail
skin model is effective for the pulse detection. The framework has
much potential for medical applications.
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Abstract:

Recently, vascular compliance has been attracted as an
evaluation index for disease prevention regarding circulatory
conditions. In addition, there are both venous and arterial
compliance. Firstly, venous compliance (VC) is the ability of a
blood vessel to stretch, which relates to various factors, such as
blood vessel disease. In general, VC is associated with venous
thromboembolism. Moreover, it also depends on physical activity,
age, and gender. Next, in arterial compliance, pulse wave velocity
(PWV) has been used in clinical diagnosis for an evaluation of
arteriosclerosis. Pulse waves propagate from the heart to
peripheral tissues and their speed is higher in a hardened artery



than in a healthy one. PWV can be determined by dividing length
of the arterial by the pulse transit time (PTT) that can be obtained
from the time difference between two consecutive pulse waves.
However, these compliances have been measured using contact
sensors. As the conventional method for measuring VC, strain
gauge plethysmography (SPG) has been used. In SPG, the
volumetric change in a limb that caused by cuff pressure is
measured by a mercury-filled rubber strain gauge attached to the
limb. On the other hand, PWV is measured using two sensors,
such as electrocardiogram (ECG), photoplethysmography (PPG),
and a pressure cuff. These abovementioned measurement require
sensors to be attached to the body. In contrast, digital color
camera-based measurement of vascular compliance has been
proposed. In this talk, I will mainly introduce the contactless
setup and the estimation method of vascular compliance from
RGB values
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*1 J.R. Halliwill, C.T. Minton, M.J. Joyner, Measurement of limb venous compliance in humans: technical
considerations and physiological findings. J. Appl. Physiol. 87(1999), 1555 (1985)
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*2 Nakano, K; Satoh, R.; Hoshi, A.; Matsuda, R.; Suzuki, H.; Nishidate, I. “Non-contact imaging of venous compliance in
humans using an RGB camera,” Opt. Rev. 2015, 22(2), 335-341.

*3 Nakano, K.; Yuta A; Satoh, R.; Suzuki, H.; Nishidate, I. “Visualization of venous compliance of superficial veins using non-
contact plethysmography based on digital red-green-blue images,” SENSORS. 2016, 16(12).
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r : Vessel radius

O Blood density

Relation between PTT
and SBP

P =aInT,+a,

a, and a,
: constants specific to the

Empirical equation between SBP and E blood vessel

E=E expaPl,
: Elastic modulus of the arterial wall

when the SBP is zero
: Coefficient depending on the blood vessel

P Systolic blood pressure (SBP)
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8. Moens, A. L., [Over de voortplantingssnelheid van den pols], Ph.D thesis, Leiden, The Netherlands: S. C. Van Doesburgh (1877). 9.
Moens, A. |, [Die Pulskurve], Leiden, The Netherlands: E. J. Brill (1878). 10. Korteweg, D. J., “Uber die Fortpflanzungsgeschwindigkeit
des Schalles in Elastischen Rohren,” Annalen der Physik 241(12), 525-542 (1878). 11. Milnor, W., R., [Hemodynarmics], Williams &
Wilkins, Baltimore (1982)

KRAIGPWVEHRIEE

SphygmoCor EXCEL
PWA & PWV
(AtCor Medicaltt)

18/02/07

MERKRERE
BP-203RPEII
(FoFa—I A RH)

)

A
PO
R/ ARt

AtCor Medica, Inc.(USA) http://atcormedical.com/

® RARHLH ERTIZ & HCPWVELE
o il E & RIATAE

98 3—)oREH http//
www.fukuda.co. i

® HJ(Z&BHbaPWVETA
® ABI(E g LB L) EHRI

ic/128.html

SphygmoCor EXCEL

Quaity Contol: o/

Pulse Wave Velocity: 6.3 m/s

Heert Rate: s1bpm

Healthy Population European General Population

], 2
B "
s s
L] [
% ® w s P
Ao e A e

Recorded Carotid Pulse Waveform AtCor Medica, Inc. http://atcormedical.com/

kAR TR
 LI-BEHROERE

Recorded Femoral Pulse Waveform

AN ASARAMAAIANNN —

HITERLI-KER
EHARD EARR

PWV(PTT)JE#fREHEIS AT L

Trigger

White light source (LED) .

RGB camera!
polarizer

Ring-shaped

— ﬁ—\ /

fil

.
Camera 2 §

Image size : 800 x 600 pixel (ROI: 100 x 100 pixels )
Frame rate : 50 fps

Subjects : five male subjects (age: 26.4 + 5.4 years
old) with no history or evidence of vascular diseases

" time1s)”
Time change in blood volume
Band-pass filter
(0.7-3.0 Hz)

u

5w s
Time [s]
Pulse wave

20,006
3
g
£
FFT  Som
E
z
g
z’ﬂﬂﬂ?
E
e
& il ”,
00 05 10 15 20 25 30 35 40 45 50

)

Normalized amplitud

Frequency [Hz]

Face
o —— Hand
08
0s
04
02
00
s 0 7 s 9 10
Time [s]




[ T—
PWV®DatRIHER

s EHRIC L BPWV D EER£2.58 — 15.0 [m/s]&7Y,
ba-PWVD#E (5 — 15 [m/s]) [T

18/02/07

=70l

o NIRRTy TEFFTER TOPTTEIMELME DB REAE

® GOFEDL AN EICAFICKYEINIRT ) TEED

o NIRRTy T AREIOI0WEEATE T RIOI0MEIZTPTTE
UR i A o £ % 5438

Comparison of before and after grasping for (a) SBP and (b) PTT.
*p<0.05n=5.

Rest Stress
SBP [mmHg] 113+ 6.67 125+ 6.11

PTT [s] 0.0175+0.008 0.0462 = 0.021

Measuring results of ffPWV
Subjects (age) Length [m] PTT [s] PWYV [m/s]
Subject 1 (35) 0.48 0.032 15.0
Subject 2 (24) 0.45 0.17 2.58 k i
Subject 3 (23) 0.47 0.14 3.29 " 4
Subject 4 (23) 0.50 0.11 4.72 Rest Handgrip stress R
Subject 5 (22) 0.44 0.042 102 f T T T T ”Time
Subject 6 (25) 0.51 0.10 5.04 Start s0¢ > 60 so¢ >z, [s]
) - . . Measurement Measurement
Subject 7 (23) 0.55 0.089 6.20 of PTT and SBP of PTT and SBP
~ YR [ 70 ﬁ -‘J_lﬁ < e
NURT) T RRFRRTEZEDOPTTOZEL PTTEURMEHAMLIE S DR %R
15 s
140 * 010 * *
(a) (b) i I P =aInT, +a,
= 130 008 = =
S T e ]E: 125 R2=0.48 T R2=0.59
5 120 ‘ - ‘E' " |_E|
Bl E o I 3o . 2
n 7] 2] -
1 0.02 —a
| I ‘
0.00
% P Stross oot Stress "'S00s 0008 0010 G012 0014 0016 0018 0020 0022 0024 0006 0008 0010 GOIZ GO GOTE OTB 0020 0022 00zA
PTT [s] PTT [s]

Relation between the SBP and PTT obtained from the measurements
of one subject during 14 trials of grasping and non-grasping

IEHMELPTTOROET Y OIEEERE R=-0.72 (p < 0.05)

FEDH

O 2B DHASEEAL AT LIZEBPWV (PTT) iHillE1RE

o FHAILE=PWVD &R (Zba-PWVIZEWHD ElEoT=

© JEREALTEHRAILIZPTTE NG ME DB FRERL

O HEER LML ADE Y —EiEMAIZT HILLBRET
(BERFEtE, Rw—DO+8)

Camera
(Face)

PPG sensor Camera
(Wrist) (Face)
ACKNOWLEDGMENTS
This work was supported by JSPS KAKENHI, Grant-in-Aid for Young Scientists (B) (Grant No.

Contact sensor(Finger)

16K18117)




Invited Talk #4

Proceedings of the 5th Symposium of the 'Color' of Digital Imaging in Biomedicine
“Renovation of Bio-imaging and its practical and clinical applications”
2.15.2018
http://biocolor.umin.ac.jp/

FHSET A NEREREGRD ) R Y D A
AR A A= 2 7 DR & 2 DOZEM - FRIRIEH]

FEREMEN BRI K D BIREREES R T A
Contactless finger vein authentication system using

moving images
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1) Laboratory for Future Interdisciplinary Research of Science
and Technology, Tokyo Institute of Technology, YOKOHAMA,
JAPAN

Abstract:

It 1s well known that biometric information can provide convenient
and reliable user authentication. Recently, the application field of
biometric authentication is expanding from small-scale service to
wide-scale one such as big event venue, theme park, and so on. In
these situations, high-speed calculation and smooth operation are
required because of a large number of users. In order to apply
finger vein authentication to above services, walkthrough finger



vein authentication system has been studied. In our study, we
propose a hand waving finger vein authentication system, in
which a hand-waving movie is captured with a camera, and a
biometric feature is obtained by processing some finger vein
patterns extracted from the movie.

In the proposed system, a finger is placed in the air in front of a
camera without touching anywhere and a hand-waving movie of
transparent finger is captured using an infrared LED. A finger
vein region is automatically extracted from each frame of the
hand-waving movie and some kinds of image processing including
emphasis of finger vein, binarization etc. are employed, and then
biometric feature for user authentication is obtained. For user
authentication, a similarity between enroll and verification finger
vein patterns is calculated based on Normalized Cross Correlation
(NCC) and Scale-Invariant Feature Transform (SIFT). With
experiments, we showed that the proposed system could obtain a
good biometric feature for finger vein verification. Compared with
two matching methods, SIFT had a good performance with higher
verification accuracy and higher speed computation.
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Abstract:

In emergency transportation using ambulance, monitoring of
vital signs of the patient is mandatory. Oxygen saturation is one
of such signs and the pulse oximeter is commonly used for this
purpose. The pulse oximeter measures arterial blood oxygen
saturation using pulsation, but it does not work for patients with
low-pulse. In such a case, tissue oxygen saturation (StO2) may



become an alternative. Although a few devices to monitor StO2 are
commercially available, they are too bulky to use in a narrow
ambulance.

So we develop a small device for StO: measurement.
Measurement principle of the device is a transmitted type
continuous-wave  near-infrared  spectroscopy. For  this
measurement we select a webbing of the hand as a target. This
part is thin, simple in structure and thus suitable to measure
spectral transmittance.

The calculation of StO: is based on the modified Beer-Lambert
law. We assume that the measured spectral absorbance is
represented by a linear combination of extinction coefficient
spectra of five absorbing materials and attenuation by scattering.
In this linear combination, the weight of each term of absorbing
materials is proportional to the concentration of the material. We
suppose that the possible absorbing materials are oxygenated
hemoglobin (HbO2), de-oxygenated hemoglobin (Hb), melanin,
water and fat. Among them, the concentrations of HbO2 and Hb
are used to calculate StOs.

In order to calculate the concentrations of HbO2 and Hb, we
propose a two-step signal processing technique. In the first step,
we give a pressure to the upstream region of the measurement
point to perturb the concentration of HbOz2 and Hb as remaining
the other components and measure the spectral signals. From the
measured data, spectral absorbance due to the components other
than hemoglobin is calculated. In the second step, spectral
measurement is performed at arbitrary time instance and the
spectral absorbance obtained in the step 1 is subtracted from the
measured absorbance. Then StOs is calculated from the remained
data.

Although our final goal is to realize a compact device, as a
preliminary study, we use a spectral measurement setup, that is
not necessarily compact, to confirm the effectiveness of the
proposed device. The method was evaluated on an arterial
occlusion test and a venous occlusion test. In the evaluation
experiment, reasonable values and those transition of StOs were
observed by the proposed method.



2018/2/4

55 5 EF SHNAERERBIRON ]S VRSU A

e REIIR DB ELFR AN B 5 R

Tissue Oxygen Saturation Measurement
of Human Webbing
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Background

Need to assess oxygen saturation of patient in emergency transportation

B Near-infrared spectroscopy
o}
o
"'Ilw
Nz

» Evaluate tissue oxygen saturation
(St0,)
» Too bulky in ambulance

B Pulse oximeter

https://quickassist medtr

onic.com/products/invos
. -5100c-cerebral-somatic-
J oximeter

https://www.konicaminolta.jp/healt
hcare/products/pulseoximeters
» Evaluate arterial oxygen saturation
> Need detection of pulsation
=Does not work for critical
patients with low-pulsation

A compact device to measure tissue oxygen saturation (StO,)
without dependence on pulsation is needed.

FERZF THREEHATHR 2
201828158 p
Our approach Contents
B Transmission type measurement
=Optical path is limited and m Background

measured data are more adequately
modeled by a modified Beer-Lambert
law

B Measure a human webbing
= Thin part of hand and suitable for

®» mMeasurement setup
B Estimation algorithm - First approach -
B Estimation algorithm - Modification -
W Vascular occlusion experiments

transmission measurement B Summary
human webbing
B Spectral measurement
= can estimate concentration of
several components
After building a method, the device will be miniaturized
with LED and photodetector (under study). A A
Measurement setup Contents
“etame
Spectroscope [« (&= | BaCkgrOUI’Id

Spectroscope
Flame-S (Ocean Optics)

“apIn6 1B

webbing
Cllppmg a webbing
.
Q
=
Q
s - |
3 nan =
° L
i J o J
Trial product of probe Halogen ight b « #)
Overview Halogen light

MHF-G150LR (MORITEX)

A

B Measurement setup
®» mEstimation algorithm - First approach -
B Estimation algorithm - Modification -
W Vascular occlusion experiments
B Summary
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First approach of estimation
B Use spectral absorbance

A(2) ==log {1, (A)/ 1, (1)}

B Build an organ absorbance model based on modified Beer-Lambert law

1,,(2) : Incident light
I, (2): Transmitted light

Organ materials "
® oxygenated hemoglobin : HbO,
® de-oxygenated hemoglobin : Hb

—__melanin

® melanin
® water )
® fat ) fat
A gh_ A A Wavelength (nm;
A(2) = A" = 0, Crivo, + ECiy oth (m)

v v A
+ Emelanin Cmelanin + ‘gmlercwaler + Etat Cfal +G

£(2): molar extinction coefficient Known
C: concentration x optical length Unknown
G : attenuation by scattering Unknown
We estimate C, of each component from measured spectral absorbance

Estimation of StO,
B Organ absorbance model:
. . . Aand Cx are
A(A,0) = A (1) = &0, Ciano, () + €4, Ca (1) functions of time ¢
“+ Zpetnin Cetnin (1) + Euer Cuer (1) + &7 G (1) + G (0)

‘water ~ water

B Matrix representation

[ Couo, )

A4 sa |1 Con (1)
A= (1) £ | 1| Cprn (¢) | & Concentrations
: )} To be solved
A (1) s | 1| Cu(
Measured G(t)

absorbance
B Solve Cx by a least squares method

Civo, (1): Coap (0] Crrgtanin @)1 Coer (1), C (1), G(2)
B Calculate StO, \

C»—nao2 () «
Cipo, () +Cpyp (1)

St0, () = 100

W W w W
Wavelength (nm) ‘

Preliminary experiment: Vascular occlusion test (VOT)

Give a pressure at
the arm using cuff
for 3 minutes

>220 mm Hg

Occlusion
h L " L n L
0 1 2 3 4 5 & 7 ] 9

time (min) A

Result of VOT: temporal change of Cx and StO,
90 Occlusion Release
P~ 5t02 |
S 60 — : - L ‘ ‘ j
0.1 : ]
ovsf HbO2 -
008 —_— R —
Eo.osr__i/______.-L Hb
;0 —— —_—— —
“ USL ot (THb=Hb+HbO2) |
5 0 —
© melanin
g — — i — ,__Melanin |
3 0.5’» Components which should be time-invariant are affected water |
_of —— Z e
3 08[» i ‘ \ i , . attenuation }oy scat?enng ]
o 1 2 3 4 5 6 1 8 9 10

time (min) A

Contents

W Background

B Measurement setup

B Estimation algorithm - First approach -
® mEstimation algorithm - Modification -

W Vascular occlusion experiments

B Summary

Approach to reasonable estimation
prepa [=\ifoJall .- Perturb the blood volume at measurement point
step by giving a pressure to the upstream region

2. Solve concentration of each
component under the condition
that three components are constant.

e.g. Cuff

Concentration of melanin, fat and
water should be constant.

Estimation step

3. Subtract the time-invariant absorbance from the measured
absorbance.

Then,

4. Estimate concentration of Hb and HbO, to calculate StO,.

A




2018/2/4

Formula of the proposed method

" Cuff on  Cuff off
Preparation step Q@C) :
o ;

Perturb the blood volume and &2 ?
blood volume

estimate time-invariant components
fat t:‘o

C, C, C,

melanin '~ water *

" time
Sampling points

A (t) zl“::cbOzCHboz (6) + 4,Crp () + G() l Time-variant
C

A A . . .
melanin T gwa&ercwaler + gfalcﬁt Time-invariant

A
+gmelanin

Details of calculation (1)

Formula in the first approach Cno, (1)
ah Cin0)

£t Coapan (1)

Clumer (1)
&l Cr ()
G@)

Estimation step a4 s 1]
Estimation of time-variant components o Crvo, (=1 Coretanin
A=A (r)-4* " Cult=1 |+ Couser
7 7 . G(t=1 C,
=| o, Cio, (1) + € Ciay (1) + G (1) | el 1|~ =9 -
= il ariant time-invariant
Solve  Ciyo, (1), Gy (1), G(1) Co ) Simplification of notation [ Cus,, [Cotonin
HbO,
| |Th T St0, (1) = Cino )+ Cy () *100 A :‘}:Hno2 Enp 1] Cins +[£melanm Eater Sm] Coater
en, calculate 2 G, Co d
Details of calculation (2) Details of calculation (3)
Chivo,1 B Time-variant components dependent on blood flow
B Spectral Absorbance at K different times :Ii::i:m Cis t=1 AH ()= A" ()=4"
_ G Obtained in the preparation step
A €m0,  Emp 1 0 0 0 ' £ Ewaer e ||| +4A A A
Al 0 o0 0 1. e A (1) = o, Chano, () + £,Crp (1) + G(2)
A=| 2|2 Eupo, Emp Emetanin Ewater  Erat ||| Chap t=2 )
: : Do : Lo : : : G, : B The measured values of L band at the time t
. * A &
AdJ Lo 00 0 0 0 fopn Fuw Sl =K A0 G, ()
o 2 2
. . C metnin A% | &k C,,, (1)
Long column vector including . c T Hb
K measured absorbance time- vater /l' G
invariant| Cyy A™ (1) 5:/::
| Solve all Cx simultaneously by a least squares method B Solve Cx by a least squares method
Cuouss Crosr Gir Cao,zr Conar Go*o[Cosan: Coser | Civo, (). C(0), GO)
. . . . u
B Calculate time-invariant components independent from blood flow Calculate StO,
— i 2 2 Cio, (1)
A" = 000 Coorin + 0o Coer + 66:C StO,(1) = mxmo

Result of VOT: temporal change of Cx and StO,
Qcclusion _Release
= EHL : 502 |
3000%# ! ‘ . HbOZIJ
.0 —T— : ' :
5 0'5 ¢ "s¥hpling points L (THb=Hb+HbO2) |
3 ° melanin
0 : : L : : : ‘
g 0'5[ H water |
382} ‘ , — ' ‘ Tt
i G%IZ ‘ : . attenuation by scattering :
% 2 3 4 5 6 71 8 9 10

time (min) a

Comparison of two approaches

Occlusion Release

StO, (%)

80 3 4 5 6 7 8
time (min)
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Contents Data acquisition
B Measure spectral absorbance of a healthy volunteer
Cuff on release
| BaCkg rOUnd Base-line Occlusion
B Measurement setup for 1! for 3 minutes for 4 minutes
. . . . minute
B Estimation algorithm - First approach - o 1 I 8
. . . “pe . ime(min,
W Estimation algorlthm - Modification - B Cuff pressure The same measurement
. . N . . was done three times.
» W Vascular occlusion experlments > Arterial occlusion test (AOT)
lSummary —> 220 mmHg
» Venous occlusion test (VOT)
— 60 mmHg
B Data sampling rate
— 333 Hz
(The data were smoothed every 3 seconds to eliminate
the influence of pulsation.)

Result of arterial occlusion test (AOT) Result of venous occlusion test (VOT)
———— The first time The first time The first time
e The second time The second time =+ The second time
The first time The first time The first time 005 = The third time 015 The third time
The second time - The second time The second time : . o
The third time ======== The third time The third time
90 0.04
= 01
S 003 [ return]| £
E Ve
o o
H %, T o0 £ o005
E Cr
- LN 0.01
8 - &G ‘venous €nous
4 0 ocelusion ofclusion
“"15“?1 0 2 4 6 8 2 4 6 8
00 oc;umn“ r Time (minutes) Time (minutes) Time (minutes)
Time (minutes) Time (minutes) Time (minutes) @ Stoz ® Hb @ Hboz
b] - A
@ Stoz © Hb @ HboZ (a) (b): Transition of these data are similar | Because of After that, the blood
to the results shown in the previous slide. expansion vessel could not be
i of the blood || expanded and turned
These changes during the AOT seem to be all reasonable. vessels to decrease.
A These phenomena during VOT are reasonable. A

Conclusion

B Proposed a StO, estimation method using a transmission type
continuous-wave near-infrared spectroscopy

B The method was evaluated on an arterial occlusion test (AOT) and
a venous occlusion test (VOT).

B Estimated StO,, Hb, HbO, values, the observed phenomena of
those values were all reasonable.

Future work

B Collect more data from other subjects and
confirm that the proposed method works generally.
W Develop a more compact and simple system using
LED light source and photo detector for ambulance use.
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pathology imaging
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Abstract:

Digital pathology is recently emerging thanks to the advancement of whole
slide imaging (WSI) technology, and it enables not only monitor-based
diagnosis but also the application of image analysis which will provide more
information useful for diagnosis and clinical decision making. The latter is
called computational pathology, but currently it is based on the classification
established by conventional microscopic observation. Instead, it is expected
to explore new diagnostic classification by computational image analysis.
For this purpose, the feature quantification is very important, such as cell
morphology, tissue structure and textural features. The morphological or
textural feature quantification, however, depends on the image quality
obtained by WSI scanners, and it is a serious limitation in the application of



computerized image analysis. One of the most important factor is the color
variation. This paper introduces our attempts to overcome this limitation, the
color calibration by scanning a color chart slide for device characterization,
and/or by color unmixing for correcting the stain variation.

W, WEZECHOWONAEARR T A NEEfBEDOT U2 Vil E LT
AJ19 % Whole Slide Imaging (WSO HE IR R L, 7 ¥ 2 VA E FLRE =~
— EToRZWr, BN O R ET VAR RTINS 0B NER S
TW5, G S FE R e (b L<ITWbwpd Al HIl) 7562 &
T, ZWrOTBR G OWRER E2 BT 5 2 E MRS, £D X 9 28l [5F
FURERS | ORFFERRRNERIITON TV 5D, IEEFEOIGH b EZ L mat&h
TWDN, HRD D OBAMEBIBLIES T TS S 70 C & 7| W e & 72 13 Jiik I
Lo THZONDHEET —XIZHES LD TH D, 5%, ftHEIRBESERHT- 22
WL « R E BRI L T < 2 EMEBEND N, T DOTZOITITRE O L I
RIRIECT 1278 EOMNT AT O Z EDNETH Y | RN LELN DRI E
TRECBIE 70 & @ra%'e&%f BWNIRNTT D Z EMAROMEE S 2D,

FIRD X 9 72 BRIO T2 DI, Eif ) 55 5 32 MiE-CH R O R T, mig A
TEZRL Y 7 v =T %&wﬂ%m&%@f&#hiﬁgﬁw E AN,
BURTIL WSI 2% v I Lo THREBLE SR PEE N EL X T 5720, HU
BEARZRIRDAX ¥ TT VX NVEBRI L TRHEEOEIZ1TH &, BRR5HE
ERBoNTLE Y SRR T — X 2B L THITZ1T ) 72D12iE, 731

HRAT L 722 ESE Y 72 R R O RN A HENL T 2 BN B D,

ARFGETIL Z AV E TSR I O A ERN & = OBBENT 27 LA~Dk
FIZEA L TRRET L T & 72[1-3], JWEEG O AT AT vt R & 2% v F DKk
ICE W BEZT D, DR BEMIET D IEE LT, X RGB ZZHIZHB W
TEMIELTT O FIELZRE L, EVG R X DML O E & 2]0NTHEM > HE
Yeto iR 2 - B sl - Mo A7 AMANTIGR[S LTz, £72, A% ¥
FTOEERZECBE L TIE, ERA T A RE AW GmIE[1,6] - a6 B L T
MEEDTND,

BRI OV T, KU RT X D1, B2 5 A% v CTHUE L7z WSI
T — X FlE— OEGRIENT Y 7 M A U, Milakkimss - BFHE - N/C oK T
J AT v —FEESR EEABR M LIER, AT RN R X v o
FEEEIC L D KRELSHEBEZT DL ZEBHLNICR-T2[7], BAMELEEZITH Z
ETIEL DX 2B TE 5, FMEOFEIC X » CITAMIEZ T TIEIAR+45
AL H Y SBRITZEMEREEFHE (MTF) OffiiER SO0 THMF 2175
VERDH D,
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[1]Y. Murakami, et. al., "Color Correction in Whole Slide Digital Pathology," Proc. 20th
Color and Imaging Conference, pp. 253-258, (2012).
[2] Y. Murakami, et. al., "Color correction for automatic fibrosis quantification in liver
biopsy specimens," Journal of Pathology Informatics, 4:36, (2013).
[3] Y. Murakami, et. al., "Color processing in pathology image analysis system for liver
biopsy," Proc. 22nd Color and Imaging Conference 2014, pp. 184-188, (2014).
[4] Y. Yamashita, et. al., "Development of a prototype for hepatocellular carcinoma
classification based on morphological features automatically measured in whole slide
images," 2nd Intern. Congress of IADP, Anal. Cell. Path., Vol. 2014, 817192, (2014)
[5] 1A, "R —# G 2R Lo B OBE RO BEHEIREA T A4 F A%
¥ BT B O EREl~? )i H-", Optics & Photonics Japan 2017, 2aD3, (2017).
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K16 [ HART O LRy b O — R4, (2017).
[71 M. A. Aziz, et. al., "Effectiveness of color correction on quantitative analysis of histopathological

images acquired by different whole slide scanners," 5th Symposium of the 'Color' of Digital Imaging

in Biomedicine “Renovation of Bioimaging and its practical and clinical applications” (2018)
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Abstract:

Kampo medicine, or Japanese traditional medicine, is the most
frequently used alternative and complementary medicine in Japan.
Though its origin was in ancient China, Kampo Medicine has been
developed under the influence of Japanese nature and culture, and
nowadays 1s working as an independent medical system
significantly different from Traditional Chinese Medicine (TCM).

Kampo therapy is unique because its focus is patient’s condition
not their disease. Patients are diagnosed from viewpoints of
Kampo medicine, and they are treated on the basis of Kampo
diagnosis. To make Kampo diagnosis, Kampo examination 1is
usually made, and the first step of the examination is to watch



appearance of individuals called Boshin (¥27). In this way,
appearance 1s important in Kampo diagnosis.

Kampo diagnosis contains a number of traditional concepts which
are useful for preventive medicine. For example, the Oketsu status
1s a pathological concept in Kampo medicine, primarily denoting
blood stasis / stagnation.

In former studies, we focused on oxygen saturation of skin as an
objective index of skin properties, and studied correlation with the
Oketsu score. The oxygen saturation showed large correlation with
the blood flow and the Oketsu score at dorsal surface of hand. It
was suggested that the oxygen saturation of skin will reflect
systemic blood flow and Oketsu status, and it would help objective
diagnosis by measuring skin color spectrum.

The other study investigated the effect of contact needle therapy
(CNT) on cancer chemotherapy-induced peripheral neuropathy
(CIPN) with symptom scores and information obtained from skin
color spectrum. CNT 1is one of the traditional Japanese methods of
acupuncture. Four patients with CIPN were treated with CNT.
The severity of CIPN, oxygen saturation, hemoglobin
concentration at fingertip of the right toe were measured. There
were significantly better differences in post-CNT than in pre-CNT
when comparing in FACT/GOG Ntx and oxygen saturation of the
skin (p<0.05). The oxygen saturation showed large correlation (0.5
<|r|<1) with the score improvements. In conclusion, CNT might
be considered as one of the safe and effective alternative methods
for CIPN. And our method of evaluation using skin color spectrum
information, in a sense, integrates the inspection of Kampo
(Japanese traditional medicine) therapy and the scientific
information.

The third study is the estimation of Kampo diagnosis using
applications that change facial appearance. The human face gives
us important information in Kampo diagnosis, Boshin (¥£72). We
made data base of feature of facial appearance, and an evaluation
system based on SVR was created using 60 kinds of total feature
quantity and evaluation value by a Kampo specialist, and effective
feature quantity could be selected.

It would be possible to support Kampo diagnosis, to establish

remote Kampo diagnosis and treatment, and to evaluate the
efficacy of Kampo medicine by using biological non-contact
information.



FEIRARAERR Bk &
EHEF

ERAFHBRETESEFR
INIEF

mENE

CEAEFEE?

< EITZHRICDNT

¢ ART MSILA A= 2D DIGH
ERIRYECISATESN?

« EFREEEILETHED ?

cFED

CFEHTIN?

cHE AR, ABREE, S#RFERARRNE. J hMFATE, BR
E¥ EBEOEHREFN AL CICA>THIZILTWND USSLILSRTF
L) OEHLUT, BRE—ARILT (—mfb>RXFLA)

- BEEIOMEIRE (EH) 280 INTOUSERENS

- BRIEOMERE (2H) Z2EVINTONAERZRAFITD

- RERBRTH/\—ZNTLB

- RERBE (CDVLWT>ENENICELRFENR TSN TWNS
 CIREF(CATIBFHI DI ENTE., TNTNICEFE L. FFHETER
BIdTENTES

- EERICBALTIE, ESOFMEREFNENS D, EFECEL TEEHDE
PIREHIE S D

o FRGHE CEAR) (31 4 8 DITFRFI 200784 _EDETRNMRIRSHE
THLF5ETHE

FEREFE(E?

R (BH%)
1L

HROEMCIREF

| . S i« v I
M ~RAFPRNL—~
. 2 < UFLoYOL-
R o'z
757 1 s |
ar= Liemw

S e .

F-aRTz=F .. | .umT

[Er=xemmT |

ERET A ETHRSNC

- HROGHEY : IR, 1> Rk RER
- HREXGHES : 7LD -4, PEEY. 13-
BECHREENTVS
ITYE>S vVESES] &0

WHO Traditional Medicine Strategy
(2014-2023)

1) building the knowledge base and formulating national policies
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2) strengthening safety, quality and effectiveness through
regulation
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3) promoting universal health coverage by integrating

T&CM(Traditional and Complementary Medicine) services and
self-health care into national health systems.
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Table 1. Patient characteristics

Case 1 2 3 4
Age/sex 70/F 54/F 51/M 73/F
Performance
status 0 0 0 0
Primary lesion colon breast colon colon
3::;?'19“”“‘"; oxaliplatin ::z::::ll oxaliplatin oxaliplatin
regimen of DOC
N XELOX+Bev mFOLFOX+Bev XEROX+Bev

py PAC
Past operations Yes Yes Yes Yes
Tumor—baring Yes No Yes Yes

Table 2. Patient score and outcome

Caso 1 2 3 4
CTCAE before 2 1 1 1
after 2 1 1 [}
FACT/GOG-NTX  before " 6 4 9
after 5 2 4 4
breakthrough pain  before 4 ° 3 0
after [ [ 1 [}
Patients’ evaluation Improved Improved Improved Improved
Iast responsible
chemotherapy concurrent. congurrent congurrent.
(month ago) 12 26 1 1
Adverse effect
of GNT None None None None

breakthrough pain : 0(None)~4(Very severe)




Table3 Correlation among hemoglobin concentration (Hb),
oxygen saturation (02 sat), and FACT/COG Ntx score.

_ |FACT
Hb 0.154
0,Sat | -0.559

r: correlation coefficient
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Abstract:

When surgeons evaluate the condition of the organs and make
diagnosis, color difference is important information, but it is
possible too subtle to judge. Digestive surgical operation includes
transplant and anastomosis. In this situation, it is necessary to
judge whether the organ to be transplanted is healthy or not. To
obtain clearer view of blood circulation, we previously designed an
optimal white illuminant by combining with some kinds of LEDs
through computer simulation. However, the effect of the optimal
1lluminant in real surgical space was unknown. In this study, we
improved the method of optimal illuminant design by using color
appearance model, CIECAMO2 in order to take viewing condition
into account in calculating color difference. The optimal illuminant
was designed by weighting the intensities of LEDs properly and
combining them. We conducted an experiment with a rat’s cecum
in order to investigate the effect of the optimal illuminant with a
spectrally tunable light source. The optimal and a conventional
illuminant were irradiated and the color differences under each
1lluminant were calculated. The color difference under the optimal
1lluminant was greater than a conventional illuminant and the
effect of the optimal illuminant was confirmed.
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1 INTRODUCTION

Visual diagnosis has played an important role for the successful surgery when identifying conditions of
organs and recognizing target sites. However, visual diagnosis is difficult because color contrast is subtle
between noticed and peripheral regions. Recently, surgery assistance systems based on spectroscopic
analysis have been studied [1-3]. Optimizing the surgical illuminant is only means for improvement for
direct observation and the spectral design is a major task in the optimization. There are some works studying
the spectral design based on simulation, but evaluation experiment with a really fabricated light source is
insufficient in these works.

In this paper, we reproduced spectral characteristics of simulated illuminant with a spectrally tunable
light source and evaluated the effect of the illuminant. In this study, for the purpose of clarifying the blood
circulation, we designed an optimal white illuminant in consideration of metamerism of human vision. We
used light emitting diodes (LEDs) for designing the optimal illuminant. Then we conducted an in-vivo
experiment with a rat’s cecum in order to check the effect of the optimal illuminant. We compared color
differences under the optimal illuminant and a conventional illuminant by irradiating two illuminant
conditions.

2 Method

We defined the optimal illuminant E;,(4) by a combination of spectral radiations of commercially
available LEDs. The spectral distribution E;(4) is expressed by the following equation:

n

N
Eop(2)=D> W,E (1), 0<w, <1 n=1..,N 1)
n=1

Here N is the number of LEDs and E, (A1), n=1,..., N denotes the normalized spectral radiation of each
LED. w, denotes normalized weight for n-th LED, and its range is limited from O to 1. In the optimization,
the weight {w, } are the parameters to be optimized. We used color difference 4E’ based on color
appearance model, CIECAMO?2 as the evaluation index[4].

We defined the optimal illuminant as a white illuminant which can enhance color difference between
normal and ischemic blood circulation areas. Figure 1 shows the flow of the optimization. In this method,
we used two kinds of color differences, oc(EOp (1)) and ﬂ(Eop (2)). Color difference a(EOp (1))
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Normal, Ischemia Reference white
blood circulation reference reflectance
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color difference: a color difference: f#

Object function: f~a-f

W Yes Coefficient k, update

No

end

Figure 1 : Flow chart of illumination optimization

expresses color difference between normal and ischemic circulation color, and color difference ,B(E op (ﬂ))
for a white object under two illuminants is calculated using the spectral distribution E,,(1) and a
conventional illuminant distribution E_,(1). The optimal parameter C(Eop(ﬂ,)) is expressed as
follows:

C(Eop(1))= a(Egp (1))~ B(Eqp(4) )

3 Experiment and result

3.1 Optimal illumination design

We collected reflectance spectra of blood circulation to simulate the optimal illuminant. A rat’s cecum
was set as the target of the evaluation experiment. The target was fixed on the jig and a half of it modeled
the ischemic area by blocking the blood flow (Figure 2(a)). We captured reflectance spectra every one
minutes during 4 minutes. Spectral radiance meter SR-LEDW (Topcon Co.) was used to measure the spectra
of ischemic area. Figure 2(b) shows spectral reflectance of blood circulation. Time-dependent change was
remarkable in 600-720nm area.

In this paper, we used a programmable illuminator, Light Replicator (Telelumen Co.) for the evaluation
experiment which uses 16 kinds of LEDs. Figure 2(c) shows spectral distributions of the LEDs. We
designed optimal illuminant by using reflectance spectra of blood circulation and LED spectral
distributions. The spectral reflectance of normal circulation was defined by that at the beginning of
blocking the blood flow. The spectral reflectance of ischemic area was modeled by that at 4 minutes
after the blood vessel was blocked. Figure 2(d) shows the result of the optimal illuminant. The most
dominant spectrum was at around 650-720 nm where marked difference between normal and ischemic
reflectance existed.
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Figure 2 (a) Experimental environment, (b) Reflectance spectra of blood circulation,
(c) Spectral distribution of LEDs (d) Spectral distribution of the optimal illuminant

3.2 Evaluation experiment

We reproduced the optimal illuminant by the Light Replicator itself to evaluate its effect. A commercial
surgical lamp Skylux Crystal (Yamada Shadowless Lamp Co.) was set as a conventional illuminant. We
also reproduced the spectral distribution of the conventional illuminant by the Light Replicator. We defined
color difference a as tissue color variation between before and after blocking the blood flow and measure
it as an index of the effect of the optimal illuminant. The target was set in the same environment as data
acquisition step of the reflectance spectra. The optimal illuminant and the conventional illuminant irradiated
the target and color differences a were calculated from measured spectral radiance by a spectral radiance
meter (SR-LEDW, Topcpn Co.) every 2 minutes in 8 minutes.

Table 1 shows the color difference in 6 minutes after the block of the blood flow and simulated color
difference. This simulation result shows that the optimal illuminant enables to emphasize the blood circulate
condition. The color difference in the evaluation experiment with the Light Replicator shows the same
tendency as the simulation result.

Table 1: Color contrast between normal and ischemic area

Color difference 4E° Conventional illuminant Optimal illuminant
Simulation 75 10.4
Evaluation experiment 8.0 9.1

4 Conclusion

The reflectance spectra of intraoperative organs were collected from a rat’s cecum by using spectra
radiance meter. The optimal illuminant was designed combining LEDs. The evaluation experiment was



performed by using a programmable illuminator and the effect of the optimal illuminant was confirmed. In
the future, we will carry out subjective evaluation by surgeons.
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Abstract:
Geographical information of the collection point of plant genetic
resources and photographs of the plant and habitat have been



accumulated into the genetic resources database. Recently,
disclosure of weather data such as temperature and precipitation
1s progressing on the internet. There are some cases that
characteristics of shape and color of plants and seeds are closely
related to environment of the habitat. If the relationship between
plant image and habitat environment can be evaluated as a
feature quantity, knowledge to estimate the habitat of plant with
some morphological characteristics can be obtained. In this study,
estimation systems to classify species and weather environment
of the habitat are made by using a deep convolutional activation
feature derived from deep learning of seed images.
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Abstract:

The application of digital holography in cell imaging is gaining
attraction as it gives quantitative information related to optical
thickness without the need of staining. In contrast, the
relationship between color information and quantitative phase
inside histopathology specimen is not yet well understood. In this



study, we captured the RGB image and digital hologram of H&E
(Hematoxylin and Eosin) stained liver tissue. Then, we analyzed
the relationship between the RGB and quantitative phase for
nuclei region. In addition, we calculated the textural features
inside RGB and phase image for application in Hepatocellular
Carcinoma (HCC) grading. Upon experimental investigation, we
found that textural features in phase images are significantly
related to the color images, and varies between HCC grades
which bring the possibility to be utilized for HCC diagnosis or
classification without staining procedure.



Analysis of Quantitative Phase Obtained by Digital Holography
on H&E Stained Pathological Samples

Syukran Hakim Bin Norazman, Tomoya Nakamura, Fumikazu Kimura, Masahiro Yamaguchi

Background

Recently, digital imaging and computational
power has been widely utilized in histopathology
field where tissue samples are imaged and
diagnosis process is conducted with computer
aid[1]. Moreover, color and morphological
information are utilized to get more accurate
diagnosis. Meanwhile, application of digital
holography in cell imaging is gaining focus due to
the fact that it can provide contrast in form of
guantitative phase without the need of staining
process[2][3]. However, the relationship between
color and phase information inside histopathology
specimen is not yet well clarified. Our objective
of this study is to analyze the relationship
between both information by comparing the
textural features between these two images.
Finally, we want to apply the calculated features
for Hepatocellular Carcinoma (HCC) grading.

Method

We developed an optical system which combines
an off-axis digital holographic and a bright-field
microscopy. In holographic mode, the sample is
illuminated with a red laser (632 nm). In bright-
field mode, a white light-emitting diode (LED) is
used. The image is magnified using an 40X
NA=0.75 objective lens. The hologram and RGB
image of the sample are captured using a charged-
coupled device (CCD) camera. Tissue micro array
slide (Biomax LV723) containing HCC positive
liver tissues (grade 1-3 Edmondson and Steiner
Grading System) with adjacent normal liver
tissues were used. Samples were stained using
Hematoxylin and Eosin (H&E). A total of 12
samples were examined. The experimental

procedures are explained as follows; first, the
RGB image and hologram of liver tissue samples
were captured. Next, the phase image at the in-
focus plane was reconstructed from the hologram.
After that, nuclei segmentation was conducted on
the RGB image and the resulting contour was
later utilized as a mask. Then, both images are
converted to grayscale and the Haralick features
obtained by GLCM (Gray-Level Co-Occurrence
Matrix) algorithm [4] (ASM, homogeneity,
contrast) was used for the texture features
calculation. The features were calculated at
distance 0.335um, 4 directions (0,45,90,135°) and
the maximum value was used. Nearly 100
arbitrary nuclei were selected from each sample
and used for this calculation.

Results

Figurel below are the examples of RGB and
phase image of the samples. The yellow line
shows the nuclei region.

B

(b) G1 nuclei

(&) Normal nuclei



(b) G2 nuclei

(b) G3 nuclei
Fig.1. Normal and HCC nuclei images.

The texture features of nuclei phase image are
depicted in Figure2. The distinction between
normal and cancer nuclei can be observed in the
GLCM contrast and homogeneity features. The
difference between cancer grades is most apparent
in GLCM homogeneity feature.
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Fig.2. GLCM features from phase image

Conclusion

We measured the quantitative phase of normal
and HCC hepatocytes using digital holography.
Upon experimental investigation, we found that
the textural features inside RGB and phase image
are significantly related. Moreover, the feature
variation in phase image between the cancer
grades might bring the possibility to be exploited
for HCC diagnosis or classification without
staining procedure.
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Abstract:

In this paper, we propose a non-contact pulse wave monitoring
method which is robust to fluctuation of illumination by using
dual-band infrared videos. The corresponding two-band pixel
values in the videos can be separated into hemoglobin and
shading components by applying separation matrix in
logarithmic space for two pixel values. Since the shading
component i1s separated, the extracted hemoglobin will be robust
to the fluctuation of illumination. The pixel values of the region
of interest were spatially averaged all over the pixels for each
frame. The averaged values are used to form the raw trace
signal. Finally, the pulse wave and pulse rate were obtained from
raw trace signal through some signal processing such as detrend,
adaptive bandpass filter, and peak detection. We evaluated the
absolute error rate for pulse rate between the estimated value
and the ground truth obtained by the electrocardiogram. From
the experiment, we found that the performance of our method
was greatly improved in comparison with the conventional
method by means of one-band infrared video.
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In this paper, we propose a non-contact pulse wave monitoring method which is robust to fluctuation

of illumination by using two-band infrared videos. The corresponding two-band pixel values in the videos
can be separated into hemoglobin and shading components by applying separation matrix in logarithmic
space for two pixel values. From the experiment, we found that the performance of our method was greatly
improved in comparison with the conventional method by means of one-band infrared video.
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Abstract:

In this study, we find the effective feature values of skin textures
captured by non-contact camera to monitor piloerection on the
skin for emotion estimation. Recently, emotion estimation 1is
required for service robots to interact with human more naturally.
There are a lot of researches of estimating emotion and additional
methods are required to improve emotion estimation because
using only a few methods may not give enough information for
emotion estimation. In the previous study, it is necessary to fix a
device on the subject’s arm for detecting piloerection, but the
contact monitoring can be stress itself and distract the subject
from concentrating in the stimuli and evoking strong emotion. So,
we focused on the piloerection as the object obtained with non-
contact methods. The piloerection is observed as goose bumps on
the skin when the subject is emotionally moved, scared and so on.
This phenomenon is caused by contraction of arrector pili muscles
with the activation of sympathetic nervous system. This
piloerection changes skin texture. Skin texture is important in the
cosmetic industry to evaluate skin condition. Therefore, we
thought that it will be effective to evaluate the condition of skin
texture for emotion estimation. The evaluations were performed
by extracting the effective feature values from skin textures
captured with a high resolution camera. The effective feature
values should have high correlation with the degree of piloerection.
In this paper, we found that standard deviation of short-line
inclination angles in the texture is well correlated with the degree
of piloerection.



HAFITEEHRMERITH S NDF A DEEDEH
Image-Based Non-Contact Monitoring of Skin Texture
Changed by Piloerection for Emotion Estimation

OlmERY, FREFHIFKD, PIETY, HEANEEY
OMihiro Uchida?, Rina Akaho?, Keiko Ogawa-Ochiai®, and Norimichi Tsumura®

FEERFERFBERM G TNV, TERERZREMERFIER 2, SRKFR
BEFEFR Y, FHERFRFRE LFF5ERT Y

Graduate School of Science and Engineering, Chiba University?, Graduate School of
Advanced Integration Science, Chiba University?, Department of Japanese-Traditional
(Kampo) Medicine, Kanazawa University Hospital®, Graduate School of Engineering,
Chiba University®

E-mail: uchda@chiba-u.jp

The piloerection is observed as goose bumps on the skin when the subject is emotionally moved and so
on. This piloerection changes skin texture. Therefore, we thought that it will be effective to evaluate
the condition of skin texture for emotion estimation. The evaluations were performed by extracting the
feature values from skin textures captured with a high resolution camera. In this paper, we found that
parameters well correlated with the degree of piloerection.

1. [FC®HIC

W, #REICaRy MR EAINSOH L. BEEICBONT, FOEEORNILRE R — A %4
25 FTCEETHY, BENRETERWE R T TINVCENDAREMNND 5. HBEEa Ry hOHFITIHRK
TEREREEZ L O L OB DN, FEHEOFAOELREHEEMNT LT D0, FICHASLRBEICHED
BRI N NG LD EN D D,

— H CHEKRERNOCESEZHEET 2R LBATHD. Bl y PTIETA IR AT ERHW v
TMBERTHDHT-D, AR TIIRARINCIE S22 N TEL2EIIZER LZ. BILEEENCEE T 5 H0F
Ze& LC, Sumpf HIEH AT EZHWTEBIMARH L, ERRTE-CBERRRIC L 5 BALE & O ERIFHE OB
HARA LN 2 L0 BILUXSEWAERSS % £ 2 s8R EIE ORFETH DL Z Enbho 72, Bl
EE L EET D72 OWEBRE ORI ~OER Z151F, HFEaENEEIND.

ZIZT, BHUCHESIE(LE LT, RIBOEEICHEIINDOF A DENNRH D, ERERTIIAIOF A DOF
MEAZREL, WEREZFEMETIMEREATHS. LvL, RICEAETEEIEIC X 5 BHIM R b %t
RLEINTHBY, FINED FAOEIEHFE VI LTV,

T, AW TILEMBEE 1 A T & W CIEREAIC B IZEE S 5 A ORI A S NI 5.
2. BWFiE

Benedek 52324 L7= Goose Cam v A7 AATEILZ NI 5. 9, mikiziksy L EFEEBRIZ/RD
oW 9. 2%, LA Rr—LEHL HPF 2T 5. & 512 DFT 247\, AEFH LT 1 k/E
WA MVESD. TDART FLdD 6~20 cycle / picture (2351 5 e KRR 2 SR & L TH 5.
AWFFE T B AR E DS BN T2, HERE T NS Z NN UAICHE O BT ) 7 LT bRt Lz,

£, NOXFADOBEEZESTS. ILOZ LA R — VBRI L CRIEZ AT 5720 +7
{RALERBIA4T 5 . 5 b Icx LT, f/h TRIEIC X D EFRIPIAEZ AN TE 2 2 RBLEIEOF
BRI EOFRBEZ TGS 5. AR, +FEbEGICs LCEER~ v F o Z7BEHNWTE A &R
BUHEBEROARE: EORHEEZ ST 5. AHEEROFZX 11orT. X 1@QOFEERE L, BRI
#omig X 1(b), HEMHR~ v F o 7 HOMEEE X 1R~

(@) (S b) 15
| ILERGE R ]



3. BALCES T ADOTILOEE LBH
MG CTEfRMG T A T 2 W TEBILNAER L7ZE 5 1R T OB 0Eg 2 ik Li-. £k

BRAK2RT. E£72, Goose Cam®D FETHMNT L7ckER A KB RT. T &V BB L2 DM R
TE5. BILEEFOMNAZ RN T 25 & FULRFIIEE 72 5 7o 7RMN 00 B 23 18 7 I CUIEAEER I
ST Fiz, BIFHIMNRAZ HE O TWTZALOES @ TR CIXE A2 B OCW e, BUG BB OF
a7 vy 7 UciEif, FEILFY I UkEitg, Y7 UnBifgo LApksy O STEE A fffr L=, L*
oy % AT U Te DIZ B O ZAVITKAF LR WEREE 2 G T 5720 Th 2. PO O ZE) 4 X4, BED
HHDIT 5> DOEE X5, BIEOFHRIOEEZK6IIRT. T b X0 BILKIE TIZEHEDHM < 17
ERELOMNICH D Z EnbhroTe. KoT, KIEDH DXL ZEFHT 5 2 & TRALKELZ E
BETEDZ EBnbhote. 2, ﬂ%@‘ﬂ'@)ﬂé@'ﬁﬂﬂﬁlﬁﬁla j(% REBE 25 LRt

= 200m:
g .,
3% m—— E ] e—) 55
o 12 3 4 5 6
HE EBES
X2 FEERERERE X3 Goose Cam T DMFHT ik 5
SN BULEAN FHFEOHN m BN BULEA EEOM B BULEA EEOMN
L* & - - o ) vi=CP)
. N Y2y N
S . =,
. ) s B
& /%7/\ z. S N
- # //hqgfffﬂﬂﬁ
;3 L*
% e £ e——) 53 ® 5 %Hﬂ—sﬁﬁ ‘ P B m—) 55
1 2 3 a4 5 6 1 2 3
ESES ERES Y Ggss O °
X4 2o mfs X5 FEiEDFMOIE LD X6 FeifD K

4. FEHESROERE

AWFZE IR LB O % A OBACDINT 24T o 1o g Bifg 2 it LA E 2 BIG L2, 2k v,
SRR EIES M A Z N H S Z LB bhroT.

METNORENFEEIIH LT/ A AL LTENLTD, BERNT v X TRA%OBEE LT
FTonsd. ¥, BHOBEREL THRITLZA, AHOZITMLEEOHEMN EHENIEDL 2 1F RO
AREMEN D 5 D TIEZ(LDRER Z R E 1k 5 Z L bRETH L. S HIT, AR TIIEHIARIIHED B
WL FRAT U722y, IEEWED BALOMIT HIRE & 70 5.

BE R

[1] Maria Sumpf, Sebastian Jentschke, Stefan Koelsch, “Effects of Aesthetic Chills on a Cardiac Signature of
Emotionality”, PLoS ONE 10(6):e0130117, 2015

[2] Mathias Benedek, Barbara Wilfling, Reingard Lukas-Wolfbauer, Bjorn H. Katzur, Christian Kaernbach,
“Objective and continuous measurement of piloerection”, Psychophysiology 2010 Sep 47(5):989-993, 2010

[38] /IRZE, EACEL, [HIRFIGL, FIFEM, BRI L D0 F A O EEAREE & EAML” , A AR
PN SCHE(C )76 & 764 5+, 2010

[4] PrRiSHE, RS, NUETE,  “BUEREEE 2 AL AT A7 G A B o i SR
Vol.37 No.11 1097/1103, 2001



Poster #6

Proceedings of the 5th Symposium of the 'Color' of Digital Imaging in Biomedicine
“Renovation of Bio-imaging and its practical and clinical applications”
2.15.2018
http://biocolor.umin.ac.jp/

FHSET A NEREREGRD ) R Y D A
AR A A= 2 7 DR & 2 DOZEM - FRIRIEH]

EHEBIZ T % IR OFHIEH:E
Estimation of Evaluating Disease state

using Facial Image

TFECK 1), 1EXEHE 2), /NIET 3), EFEE 4)

Futa Matsushita 1), Kaoru Kiyomitsu 2),
Keiko Ogawa 3), Norimichi Tsumura 4)

D THERFEAH TN, 2) THERERFBRGE IR

3) BIRKFRZEMIBPBE ST EER, 4) THRFERF G L2t

1) Graduate School of Science Engineering, Chiba University,
CHIBA, JAPAN

2) Graduate School of Advanced Integration Science, Chiba
University, CHIBA, JAPAN

3) Department of Japanese-Traditional (Kampo) Medicine,
Kanazawa University Hospital, KANAZAWA, JAPAN

4) Graduate School of Engineering, Chiba University, CHIBA,

JAPAN



Abstract:

Facial diagnosis is an important diagnostic method in Japanese-
traditional (Kampo) medicine. Major disease states by facial
diagnosis are blood stagnation, blood deficiency, and yin
deficiency. These facial diagnoses are subjective and empirically
obtained. To solve these problems, we proposed to construct a
system to output the score (1 to 5) for evaluating pathophysiology
of the patient by using facial image obtained by RGB camera. We
evaluate this system by calculating mean squared error (MSE)
between the score given by medical doctor and estimated by the
system. Our method achieved to estimate the score accurately as
the MSE is less than 1.0. From the results of construction of the
system, we found the important regions of the face for diagnosing
disease states by medical doctor using the method of significant
feature selection.
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Abstract:

In this study, we propose to evaluate the edema of a leg by volume
measurement using Microsoft Kinect. The volume is calculated
from a measured point cloud by our improved voxelization
technique. Additionally, the depth camera of Microsoft Kinect is
feasible for use in home care systems due to its very low cost
compared with other depth cameras. In an experiment, we
measured the leg volumes of three healthy subjects in the morning
and evening for three days. For each subject, the mean volume
values were obtained from five measured values. The increase of
volume was confirmed in all experiments from morning to evening.
These experimental results meet the physiological expectation.
Because the change of leg volume is slight from morning to evening
compared to the change of volume in edema, we conclude that the
proposed system can appropriately evaluate leg edema.
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Abstract:

Many Researches show that sensory stimulation affects the
cardiovascular system. Especially, Acupuncture based on a form of
traditional medicine often gives good effects on autonomic nervous
system. We can use heart rate variability (HRV) to evaluate the
sympathetic and parasympathetic nervous activity following
acupuncture. These activities are respectively reflected in high
frequency and low frequency components of HRV. Therefore power
spectral analysis are used for obtaining these components. The
effect of acupuncture has already been indicated by Haker et al.
They also used power spectral analysis. For that reason, they had
to use the electrocardiogram to obtain heart rate variability with
electrodes might give the stress to participants. Therefore we
verified the effects of acupuncture using remote HRV
measurement system.
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(c) the signal obtained from shading images.
Fig. 2 the difference between each component.
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Abstract:

Near-infrared spectroscopy (NIRS) offers non-invasive clinical
applications in monitoring the blood oxygenation. NIRS can be
realized using several approaches, such as continuous-wave (CW),
spatially-resolved (SR), and time-resolved (TR) methods. TR NIRS
offers  better advantages where absolute values of
oxygenated/deoxygenated hemoglobin and absorption/scattering
coefficient, can be obtained. A prototype NIRS device has been
assembled using a four-tap lock-in pixel CMOS image sensor based
on lateral electric field charge modulator (LEFM). Preliminary
experiments using a rat has been conducted where the device is
held on top of the rat’s head to detect the light scattered to the
sensor. Three experiments with different conditions have been
performed using laser with 780nm and 850nm wavelengths. The
first condition supplies the rat with 5% of CO2 and 95% of O2 with
1.5% of Isoflurane (ISO) to induce anesthesia. The rat is then
supplied with 100% of O2 and 1.5% of ISO in the second condition.
The third condition is the measurement taken in post-mortem.
The slope of the response curve changes according to the changes
of absorption coefficient based on the three conditions.



A Time-Resolved Near-Infrared Spectroscopy using Custom CMOS Lock-
In Pixel Image Sensor

De Xing Lioe!", Zhonghui Liu!, Min-Woong Seo!, Masatsugu Niwayama', Masashi Hakamata',
Keita Yasutomi!, Keiichiro Kagawa', Yasuko Fukushi?, Seiji Yamamoto?, Shoji Kawahito!

Research Institute of Electronics, Shizuoka University, 3-5-1 Johoku, Nakaku, Hamamatsu, Shizuoka
432-8011, Japan
?Medical Photonics Research Center, Hamamatsu University School of Medicine, 1-20-1 Handayama,
Higashi-ku, Hamamatsu, Shizuoka 431-3192, Japan
Email: lioe@idl.rie.shizuoka.ac.jp

Introduction: Near-infrared spectroscopy (NIRS) offers non-invasive clinical applications in
monitoring the blood oxygenation. NIRS can be realized using several approaches, such as
continuous-wave (CW), spatially-resolved (SR), and time-resolved (TR) methods. TR-NIRS
offers better advantages where absolute values of absorption/scattering coefficient and
oxygenated/deoxygenated hemoglobin, can be obtained [1, 2]. Currently, the available TR-
NIRS utilizes time-correlated single photon counting (TCSPC) method with a photomultiplier
tube. Although CW-NIRS and SR-NIRS can be implemented as a wearable device, TR-NIRS
using TCSPC is bulky and thus not suitable for real-time monitoring while not affecting the
users’ activities. In order to realize a wearable TR-NIRS device, we present an approach using
CMOS image sensor utilizing high-speed charge modulator to achieve high time resolution.

CMOS Lock-in Pixel: The lock-in pixel utilized in the CMOS image sensor (CIS) is based on
the pinned photodiode lateral electric field charge modulator (LEFM) [3]. The strong electric
field created by LEFM leads to the realization of very high transfer rate. Figure 1 shows the
four-tap CMOS lock-in pixel [4], in which the aperture is at the center and charges are
transferred to the four surrounding storage diodes sequentially before being read out.

Figure 1: Four-tap CMOS lock-in pixel using LEFM

Experimental Method: Figure 2(a) shows the prototype of the NIRS device assembled using
the four-tap CMOS lock-in pixel. The prototype device is fixed on top of the rat’s head to
conduct the measurement, as shown in Figure 2(b). The image sensor detects the light scattered
from the rat to the sensor. The block diagram of the overall experimental setup is shown in
Figure 2(c). The PC controls the NIRS device and performs data transfer. The delay controller
applies a certain delay to the trigger signal from the device before transmitting the signal to the
laser diode. The light goes to the brain of the rat and scattered to the image sensor. The
measurement data is obtained through three different conditions of the rat, with the laser sources
of 780 nm and 850 nm. The first condition supplies the rat with 5% of CO> and 95% of O» with
1.5% of isoflurane (ISO) to induce anesthesia. The rat is then supplied with 100% of O, and
1.5% of ISO in the second condition. The third condition is the measurement taken in the



postmortem, where blood is replaced with saline by perfusion.
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Figure 2: (a) The prototype of the NIRS device (b) NIRS device placed on top of the head
of the rat (c) Block diagram of the experimental setup
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Figure 3: Normalized measurement results for (a) 780 nm (b) 850 nm laser diode.

Results and Discussion: The results are shown in Figure 3. Figure 3(a) shows the normalized
result of the measurement using a 780 nm laser diode, while Figure 3(b) is using an 850 nm
laser diode. Both the results show that the effect of absorption coefficient in different
wavelength affects the falling slope. The absolute value, however, needs to take in consideration
of the intrinsic response of the image sensor and to perform deconvolution.

Conclusions: The high time-resolution CMOS image sensor developed shows a promising
implementation in NIRS. The results suggest that a miniature wearable NIRS device using CIS
1s feasible.
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Abstract:

This work intends to observe the effectiveness of a color correction
method by applying the method on histopathology images
obtained by different whole slide scanners and analyzing the
quantified histopathological features. The results shows that
feature quantification on color corrected images are more reliable.



Background

The advancement of whole slide scanner (wss) had
lead into various works on digital pathology,
including monitor-based  diagnosis, feature
quantification, and computer-aided diagnosis [1,2].
The color variation due to staining process and
scanning device is a serious issue that should be
solved in whole slide imaging applications, and
methods for color correction have been studied
[3,4]. Nevertheless, the effectiveness of a color
correction method in quantitative analysis of
histopathological images acquired by different
whole slide scanners have not been confirmed. In
this work, several liver tissue samples were
scanned by different whole slide scanners and a
WSI-basis color correction method was applied on
the digitized tissue specimens. A set of histological
features were extracted from the histopathological
images, both without and with color correction, in
order to analyze the effectiveness of the color
correction method in feature quantification and
cancer identification.

Method

Whole slide images (WSIs) of 3 liver tissue slides
were obtained by using three different whole slide
scanners. Two sets of 13 region of interest (ROI)
were selected from the WSIs and required image
transformation processes were applied on the
selected regions in order to equalize the sampling
interval of the images, producing 1024x1024 pixel
ROI images. Stain-based color correction was then
performed on the ROI image sets. A set of 93 tissue
features (6 statistical distribution of 12 nuclei
features, 11 tissue changes features, and 10
trabecular features) extracted from each ROI
images by using the method in [5] were compared
in the cases with and without color correction.

Results

Table 1 shows the number of nuclei detected on
each ROI images, before and after color correction.
The algorithm for feature measurement [2] was
designed for the scanner wss-A after the color
correction. The number of detected nuclei are
increased in most of the color corrected images,
especially in the case of A, B, C and D. In fact, the
employment of color correction improves the
reliability of the feature measurement algorithm
since the statistical distribution of nuclei features
cannot be calculated if the number of detected
nuclei is less than 100, as shown in Figure 1(a) and
1(b). Both histograms show the standard deviation
of nuclei’s peripheral on each ROI images without
and with color correction respectively. The wsi-Al,

Table 1. Number of detected nuclei on each case

w/o color correction | with color correction
wss-A | wss-B | wss-C | wss-A | wss-B | wss-C
73 112 35 466 440 522
56 100 43 467 | 466 | 556
77 148 70 495 511 578
59 135 45 477 467 519
804 | 659 695 916 871 958
733 | 877 | 864 | 700 | 642 | 898
751 | 826 | 667 | 746 | 1049 | 972
908 | 1005 | 868 961 | 1069 | 1057
525 | 600 | 412 | 881 | 859 | 877
645 744 | 524 | 466 819 | 1016
804 | 956 737 | 1157 | 1142 | 1072
641 | 642 | 575 | 803 | 859 | 1012
347 | 486 | 349 | 393 | 608 | 780

Case

Sr|X|le|l—|T|o|m|m|lojo|wm|>

wsi-B1, and wsi-C1 labels refer to non-color
corrected ROI images captured by wss-A, wssB,
and wss-C respectively. Meanwhile, wsi-A2, wsi-
B2, and wsi-C2 labels are for color-corrected
version of the ROI images. The effectiveness of
color correction can also be observed on features
related to tissue changes and trabecular features.
Figure 1 (c) and 1(d) show the nuclei-cytoplasm
ratio, which is one of the trabecular features,
without and with color correction respectively.
Even so, variations on the quantified features can
still be observed on several cases, such as shown in
the case of G, H, J and K of the nuclei-cytoplasm
ratio.

Conclusion

Color correction on WSI is important to reduce the
color difference on tissue samples due to staining
process. This work shows that the stain-based color
correction method applied in the experiment works
well even on WSIs captured by different whole
slide scanners. Applying the color correction on
histopathological ~image analysis  software
improves the reliability on the quantification
process of the tissue features. Nevertheless,
variations of the quantified features are still exist,
especially on certain type of features. For this,
further investigations on the image quality, such as
on image sharpness and device-based color
different, are necessary.
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Fig. 1. Histogram of a nuclei and a trabecular
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