




































































































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 StO2 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 StO2 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 StO2. 
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 HbO2 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 StO2 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 StO2 were 
observed by the proposed method. 
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Background

2

Need to assess oxygen saturation of patient in emergency transportation

 Pulse oximeter

 Evaluate arterial oxygen saturation
 Need detection of pulsation

⇒Does not work for critical 
patients with low-pulsation

https://www.konicaminolta.jp/healt
hcare/products/pulseoximeters

A compact device to measure tissue oxygen saturation (StO2) 
without dependence on pulsation is needed.

 Near-infrared spectroscopy

https://quickassist.medtr
onic.com/products/invos
-5100c-cerebral-somatic-
oximeter

 Evaluate tissue oxygen saturation 
(StO2)

 Too bulky in ambulance

Our approach
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human webbing

 Transmission type measurement
⇒Optical path is limited and 
measured data are more adequately 
modeled by a modified Beer-Lambert 
law

 Measure a human webbing
⇒ Thin part of hand and suitable for 
transmission measurement

 Spectral measurement
⇒ can estimate concentration of 
several components

After building a method, the device will be  miniaturized 
with LED and photodetector (under study).
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Measurement setup

5

PC

Spectroscope

3-5mm

Halogen light

Light guide
Light guide

Overview

S
pring

Trial product of probe

Halogen light
MHF-G150LR (MORITEX)

Spectroscope
Flame-S (Ocean Optics)

Clipping a webbing
webbing
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First approach of estimation

7

: Incident light
: Transmitted light

 Use spectral absorbance

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

 oxygenated hemoglobin：HbO2
 de-oxygenated hemoglobin：Hb
 melanin
 water
 fat

Organ materials

 :C concentration x optical length
    : molar extinction coefficient

 :G attenuation by scattering
We estimate Cx of each component from measured spectral absorbance 

 out in( ) log ( ) ( )A I λ I λ   in ( )I λ

out ( )I λ

2 2HbO HbO Hb Hb

melanin melanin water water fat fat

( )

      

A A C C

C C C G

  

  

  

  

 

   



HbO2

Hb
melanin

fat
water

Wavelength (nm)

Known
Unknown

Unknown

Estimation of StO2
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 Organ absorbance model:

 Matrix representation

 Solve Cx by a least squares method

 Calculate StO2
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A and Cx are 
functions of time t

Concentrations
To be solved

Preliminary experiment: Vascular occlusion test (VOT)
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cuff

St
O

2
(%

)

>220 mm Hg

time  (min)

Occlusion Release

Give a pressure at 
the arm using cuff 
for 3 minutes

Result of VOT: temporal change of Cx and StO2
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StO2

HbO2

Hb

(THb=Hb+HbO2)

melanin

water

fat

attenuation by scattering

%
a.

u.
a.

u.
a.

u.
a.

u.

Components which should be time-invariant are affected

a.
u.

a.
u.

a.
u.

time  (min)

Occlusion Release
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Approach to reasonable estimation
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Preparation 
step

1. Perturb the blood volume at measurement point 
by giving a pressure to the upstream region

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

Estimation step

Concentration of melanin, fat and 
water should be constant. 

3. Subtract the time-invariant absorbance from the measured 
absorbance.
Then, 
4. Estimate concentration of Hb and HbO2 to calculate StO2.

e.g. Cuff 
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Formula of the proposed method
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Preparation step

Estimation step

blood volume

time

Cuff on Cuff off

t=0

CuffCuff

Sampling points

Perturb the blood volume and 
estimate time-invariant components

Estimation of time-variant components

Solve

Then, calculate
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Details of calculation (1)
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Formula in the first approach

Separation into time-variant and time-invariant components

Simplification of notation

e.g. for t=1

Details of calculation (2)
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 Spectral Absorbance at K different times

 Calculate time-invariant components independent from blood flow

 Solve all Cx simultaneously by a least squares method
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Details of calculation (3)
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 Time-variant components dependent on blood flow

Obtained in the preparation step 

 The measured values of L band at the time t

 Calculate StO2
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 Solve Cx by a least squares method
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Result of VOT: temporal change of Cx and StO2
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Comparison of two approaches
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Data acquisition
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 Measure spectral absorbance of a healthy volunteer

Time(min)
0 1 4 8

for 1 
minute

for 3 minutes

Base-line Occlusion
release

for 4 minutes

Cuff on

 Cuff pressure

 Arterial occlusion test (AOT) 

220 mmHg

 Venous occlusion test (VOT) 

60 mmHg
 Data sampling rate

3.33 Hz
(The data were smoothed every 3 seconds to eliminate 
the influence of pulsation.)

The same measurement 
was done three times.

Result of arterial occlusion test (AOT)

21

return return return

StO2 Hb HbO2

These changes during the AOT seem to be all reasonable.

Result of venous occlusion test (VOT) 

22

return

return
return

StO2 Hb HbO2

(a) (b): Transition of these data are similar 
to the results shown in the previous slide. 

After that, the blood 
vessel could not be 
expanded and turned 
to decrease. 

Because of 
expansion 
of the blood 
vessels 

These phenomena during VOT are reasonable.

Conclusion

23

 Proposed a StO2 estimation method using a transmission type 
continuous-wave near-infrared spectroscopy

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

 Develop a more compact and simple system using 
LED light source and photo detector for ambulance use.

 Collect more data from other subjects and 
confirm that the proposed method works generally.

Future work

 Estimated StO2, Hb, HbO2 values, the observed phenomena of 
those values were all reasonable.
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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. 
 

 近年、病理診断に用いられる標本スライドを高解像度のデジタル画像として

入力する Whole Slide Imaging (WSI)の技術が進展し、デジタル画像管理やモニタ

ー上での診断、画像解析の適用などデジタル病理学と呼ばれる分野が注目され

ている。画像解析と機械学習などを融合（もしくはいわゆる AI 技術）すること

で、診断や治療方針の決定などを支援することが期待され、そのような技術「計

算病理学」の研究開発が活発に行われている。深層学習の応用も数多く検討され

ているが、旧来からの顕微鏡観察下で確立されてきた判断基準または分類法に

よって与えられる教師データに基づくものである。今後、計算病理学が新たな診

断基準・分類法を開拓してゆくことが望まれるが、そのためには病変の特徴と臨

床経過や予後などの解析を行うことが必要であり、画像から得られる特徴と分

子発現や遺伝子などの情報を総合的に解析することが今後の課題と言える。 

 上述のような目的のためには、画像から得られる細胞や組織の特徴は、画像入

力機器やソフトウェアによらない汎用的なものでなければならない。ところが、

現状では WSI スキャナによって鮮鋭度や色など画質が影響を受けるため、同じ

標本を異なるスキャナでデジタル画像化して特徴量の算出を行うと、異なる結

果が得られてしまう。今後膨大なデータを集積して解析を行うためには、デバイ

スに依存しない普遍的な特徴量の計測技術を確立する必要がある。 

 本研究ではこれまでに病理画像の色補正技術とその画像解析システムへの応

用に関して検討してきた[1-3]。病理画像の色は染色プロセスとスキャナの特性

により影響を受ける。染色の影響を補正する方法として、対数 RGB 空間におい

て色補正を行う手法を提案し、EVG 染色による線維化の定量[2]や肝組織の HE

染色標本を用いた肝細胞癌計測・検出システム[4]に応用[5]した。また、スキャ

ナの個体差に関しては、色票スライドを用いた色補正[1,6]・色評価[6]に関して検

討を進めている。 

 画像特徴量計測については、図に示すように、異なるスキャナで取得した WSI

データを同一の画像解析ソフトに入力し、細胞核面積・周囲長・N/C 比や各種テ

クスチャー特徴量などを算出した結果、色補正処理には処理結果がスキャナの

種類により大きく影響を受けることが明らかになった[7]。色補正処理を行うこ

とでばらつきを低減できるが、特徴量の種類によっては色補正だけでは不十分

な場合もあり、今後は空間周波数特性（MTF）の補正などについても検討を行う

必要がある。 

  



 

 

 
図 異なるスキャナで同一のスライドを入力し、画像解析で得られる特徴量計測結果が一

致するか検証する実験システム構成。スキャナによりフォーマット・画素間隔が異なるので

事前に変換を行ってから画像解析ソフトに入力する。 
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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: 
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 

quantitative 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 0.335μm, 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 

Figure1 below are the examples of RGB and 

phase image of the samples. The yellow line 

shows the nuclei region. 

 

 

 

 

 

 

 

 

 

(a) Normal nuclei      (b) G1 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. 

 

 

 

 

 

 

 

 

(a) Angular Second Moment (ASM)  

 

 

 

 

 

 

 

 

 

(c) Homogeneity 

 

 

 

 

 

 

 

 

 

 

 

(c) Contrast 

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 is 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.

１．はじめに 

近年カメラを使った非接触による生体情報の検出に関する研究が報告されている[1]．Zeng らは，防犯カ

メラなどに用いられる 1 バンドの近赤外画像を用いて解析を行うことで，暗所においても心拍数を推定す

る手法を提案した[2]．この研究は，夜間における乳幼児のモニタリングやドライバーの眠気を検知するド

ライバーズモニタリングといった技術に応用できる可能性が挙げられる．

しかし，この手法は照明環境が変化することにより心拍数の推定精度が低下するという問題点が存在す

る．そこで，本研究では先行研究の 1 バンド近赤外画像に対して，2 バンド近赤外画像を用いることで照

明環境の変動を受けにくい，暗所でも利用可能な生体情報の検出を目的とした． 

２．実験方法 

 本研究では，2 バンド近赤外動画像測定システムを用い

て，動画像の測定を行った．測定システムに入射した光はビ

ームスプリッターにより分光され，2 つのモノクロカメラに

記録される．それぞれのモノクロカメラの前方に，中心波長

が 780nm(バンド幅±10nm)のバンドパスフィルタと，

900nm(バンド幅±10nm)のバンドパスフィルタを取り付け

ることで Fig1 のような２バンド近赤外動画像を取得した．

Fig2 に測定環境を示す．実験は暗室下で行われ，被験者は２

バンドカメラから 0.5m，人工太陽灯から 0.3m 離れた位置に

なるべく安静状態で座るよう指示した．測定した画像は 640

×480 ピクセルとし，30[fps]で 2 分間顔画像の撮影を行っ

た．また，撮影された画像は 8bit ビットマップ画像として

出力し，カメラでの撮影と同時に心電図で正解値を測定し

た．本研究では，点灯直後の人工太陽灯の照明状態が不安定

であり，ちらつきが発生することから，このちらつきを照明

環境の変動であると仮定して撮影を行った．この照明環境

の変動が含まれた入力動画像を用いて，照明環境の変動に

ロバストな脈波信号の計測を目指す．

(a) 780nm band (b) 900nm band

Fig1 Two-band infrared videos 

Fig2 Experimental setup 
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 Fig3 に提案手法の概要を示す．設定した関心領域の各画

素値に対して対数をとることで，撮影した動画像は濃度空

間へと変換される．このとき，照明成分は空間的に変化しな

いため，濃度空間上では(1,1)ベクトルに固定される．ヘモグ

ロビンベクトルの推定に関しては，基底ベクトルを 1 度ず

つ回転させ，その都度心拍数を推定することにより，推定し

た心拍数が正解値に最も近い基底ベクトルを本手法のヘモ

グロビンベクトルとして決定した．従って，入力動画像は基

底変換行列により Fig4 に示すような陰影成分とヘモグロビ

ン成分に分離される． 

 分離された動画像の内，本研究ではヘモグロビン動画像

に着目し，以後の解析を行う．ヘモグロビン動画像の額部分

に関心領域を設定し，横軸を時間，縦軸を関心領域内の平均

画素値として解析を行うことで，Fig5 に示すような脈波信

号の原信号が得られる．この原信号は脈波信号以外のノイ

ズも多く乗っているため，いくつかの信号処理が必要であ

る．ここでは，最小二乗法を用いた信号の傾き除去と狭帯域

でのバンドパスフィルタを用いた．得られた原信号に対し

てパワースペクトル密度推定を行うことで，取得した原信

号の周波数分布を取得した．一般的な成人の心拍数は

45[bpm]~180[bpm]であり，これに対応した周波数，即ち

0.75[Hz]~3.0[Hz]の区間でバンド幅を決定した．本研究では，

0.75[Hz]~3.0[Hz]の区間の中で最もパワースペクトルが大き

い周波数 f maxを算出しその近傍 0.2[Hz]，即ち，[ f max －0.2, 

f max +0.2 ]をバンド幅としてバンドパスフィルタを適用し

た．これらの信号処理により，Fig6 のような脈波信号を取得

した．最後に，ピーク検出を行い赤点で示されるピーク点を

検出した後，隣り合ったピーク同士の差を取ることで，脈波

間隔と呼ばれる特徴量を取得した．その後，脈波間隔を用い

た以下の式により心拍数を推定した． 

 

 

ここで，RRintervalは取得した脈波間隔を示す．以上により，

撮影した顔画像から心拍数を推定し，同時に測定した心電

図から同様の手順で算出した心拍数との比較を行った． 

３．実験結果 

 照明変動がある環境下で，従来手法である 1 バンド近赤

外カメラと，提案手法である 2 バンド近赤外カメラの 2 通

りの方法で心拍数を推定した．それぞれの推定結果を心電

図から取得した心拍数との絶対誤差率で比較した結果を

Fig7 に示す．Fig7 より，従来手法に比べ提案手法の方がよ

り高い精度で心拍数を推定していることを確認した． 

４．まとめ 

 本研究では，2 バンド近赤外動画像を用いて，照明環境の

変動にロバストな脈波信号の検出を行った．その結果，従来

法と比較して，高い精度で心拍数を検出したが，ヘモグロビ

ンベクトルの推定手法の改善や，信号処理部のアルゴリズ

ムの改善により，さらなる推定精度の向上が期待できる． 
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Fig3 The concept of our proposed method 

  

(a) Hemoglobin  

component 

(b) Shading 

component 

Fig4 Separation videos 

 

 

Fig5 Raw trace of the pulse wave 

 

Fig6 Pulse wave through detrend, bandpass 

filter, and peak detection 

 

Table1 Absolute error rate of estimated pulse 

rate 
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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 is 
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. 
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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. はじめに 

 近年，接客業にロボットが導入されつつある．接客業において，客の感情の推測は良質なサービスを提

供する上で重要であり，感情が認識できないとトラブルに繋がる可能性がある．接客ロボットの中には感

情認識機能をもつものがあるが，話者の声色の変化や表情を解析しているため，常に声色や表情にあまり

変化がない人の感情認識を誤る場合がある． 

一方で生体情報から情動を推定する研究も盛んである．ロボットではマイクやカメラを用いたセンシン

グが自然であるため，本研究では視覚的にとらえることができる鳥肌に注目した．鳥肌と情動に関する研

究として，Sumpf らはカメラを用いて鳥肌を検出し，音楽刺激や映像刺激に伴う鳥肌感と心電図特徴の関

連を調査した[1]．これにより鳥肌は強い生体反応を伴う強烈な感情の発露であることがわかったが，腕に

装置を固定するため被験者の刺激への集中を妨げ，情動喚起が阻害される． 

ここで，鳥肌に伴う変化として，皮膚の隆起に伴う肌のキメの変化がある．美容業界では肌のキメの特

徴量を取得し，状態を評価する研究が盛んである．しかし，主に老化や生活習慣による長期的な変化が対

象とされており，情動に伴うキメの変化はあまり研究されていない． 

そこで，本研究では高解像度カメラを用いて非接触に鳥肌生起に伴うキメの状態変化を明らかにする． 

2. 解析手法 

 Benedek らが提案した Goose Cam システム[2]で鳥肌を解析する．まず，前腕を撮影し正方形画像になる

よう切り出す．その後，グレイスケール変換し HPF をかける．さらに DFT を行い，角度平均して 1 次周

波数スペクトルを得る．そのスペクトルの 6～20 cycle / picture における最大振幅を鳥肌強度として得る．

本研究で得た画像は解像度が高いため，縦横方向にそれぞれ 1/4にダウンサンプリングしてから解析した． 

 また，肌のキメの特徴量を取得する．肌のグレイスケール画像に対して皮溝を鮮明化するため十字二値

化処理[3]を行う．十字二値化画像に対して，最小二乗法による直線近似[4]を用いてキメを表現し皮溝の平

均太さなどの特徴量を取得する．同様に，十字二値化画像に対して短直線マッチング[3]を用いてキメを表

現し短直線の本数などの特徴量を取得する．処理結果の例を図 1 に示す．図 1(a)の原画像とし，直線近似

後の画像を図 1(b)，短直線マッチング後の画像を図 1(c)に示す．  
 

   
(a) 原画像 (b) 十字二値化後 (c) 短直線マッチング後 

図 1 処理結果の一例 

 



 

3. 鳥肌に伴うキメの変化の観察と解析 

 暗室にて高解像度カメラを用いて鳥肌が生起した時から1秒間隔で6枚の前腕の画像を撮影した．実験環

境を図2に示す．また，Goose Camの手法で解析した結果を図3に示す．これより鳥肌が減衰したのが確認

できる．鳥肌と通常の肌を視覚的に比較すると鳥肌時は鮮明だった赤枠内の皮溝が通常時では不鮮明にな

った．また，鳥肌時は肌が赤みを帯びていた肌の部分が通常時では白みを帯びていた．取得画像の毛穴付

近をクロップした画像，手動トリミングした画像，トリミングした画像のL*成分の3種類を解析した．L*

成分を解析したのは色みの変化に依存しない輝度を取得するためである．皮溝の面積の変動を図4，皮溝の

方向のばらつきの変動を図5，皮溝の平均太さの変動を図6に示す．これらより鳥肌状態では皮溝が細く向

きがばらつく傾向にあることがわかった．よって，皮溝の方向のばらつきを計測することで鳥肌状態を定

量化できることがわかった．また，位置ずれや肌色の変化が特徴量に大きな影響を与えることがわかった． 

  
図2 実験環境 図3 Goose Camでの解析結果 

  

   

図4 皮溝の面積 図5 皮溝の方向のばらつき 図6 皮溝の太さ    
4. まとめと今後の課題 

 本研究では鳥肌減衰に伴うキメの変化の解析を行った．撮影画像を解析し特徴量を取得した．これより，

鳥肌時は皮溝が細く向きがばらつくことがわかった． 

位置ずれの影響が特徴量に対してノイズとして表れたため，厳密なトラッキングが今後の課題として挙

げられる．また，色みの変化を除去して解析したが，色みの変化は血液量の増加など情動に関わる情報の

可能性があるので肌色変化の原因を突き止めることも必要である．さらに，本研究では生理現象に伴う鳥

肌を解析したが，情動性の鳥肌の解析も課題となる． 
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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. 
 



1 研究背景・目的  

視覚，触覚，痛覚，温覚といった感覚刺激が心臓血
管系に影響を与えることは多くの研究者によって示さ
れている．特に，鍼治療は自律神経系に良い影響を与
えると言われている．交感神経と副交感神経からなる
自律神経の活動の評価は，心拍変動(Heart Rate Varia-

bility : HRV)を周波数解析することによって可能とな
る．心拍変動とは脈波間隔の周期的な変化を指し，こ
れは大きく二つの影響を受けている．一つは呼吸，も
う一つは，血管の収縮である．呼吸の周期はおよそ
0.15~0.4Hzでありこの周期の変動は呼吸変動と呼ばれ
る．血管の収縮は0.05~0.15Hzの間で行われ，こちらは
血圧変動と呼ばれている．これらの変動の様子から，
交感神経と副交感神経の活性の様子を判断できる．  

鍼治療の自律神経への影響については既にHakerら1)

によって示されている．彼らも同様に周波数解析を利
用している．したがって，彼らは心拍変動を取得する
ためにポリグラフを使用して心電図を得る必要があっ
た．ポリグラフに用いられる電極は，それ自体が被験
者にストレスを与える要因となっている可能性があっ
た．そこで我々は，非接触心拍変動計測システムを用
いてより外的要因の少ない状態で鍼治療の自律神経系
への影響の評価を行った．  

2 実験内容 

心拍変動の計測は，一人の人物に対して鍼治療の前
後で1回ずつ，計2回行った．脈波を取得するために，
我々はデジタルカメラを使用した．被験者は診察台上
に横になってリラックスしている状態で撮影は行われ
た．カメラは被験者から3m離れた状態で，顔の側面か
ら撮影された．カメラを正面から向けていないのは，
被験者のカメラに向ける意識を低減させるためである．
この実験は室内照明下で行われた．  

3 光電脈波の取得 

撮影で取得したカラー画像に対して色素成分分離 2)

を行い，ヘモグロビン成分，メラニン成分，陰影成分
の情報を持った画像を取得する．撮影画像と，色素成
分分離によって取得した各画像を Fig.１に示す．心臓
から送り出された血流が顔表面の毛細血管を通過する
際，顔画像のヘモグロビン濃度が増加する為，ヘモグ
ロビン成分の画像の特定領域の画素値の時間変化を取
得した．得られた信号を傾き除去し，0.75~3Hzのバン 

 

  
(a) original image (b) hemoglobin image 

  
(c) melanin image (d) shading image 

Fig.1 image samples 

 

 

(a) the signal obtained from hemoglobin images. 

(b) the signal obtained from melanin images. 

(c) the signal obtained from shading images. 

Fig. 2 the difference between each component. 

 

ドパスフィルタを適用してノイズを減らした．これら
の周波数は，それぞれ平時の一般的な心拍数が必ず含
まれる 45bpm から 180bpm の数値をもとに設定した．
得られた脈波波形を Fig.2 に示す．ヘモグロビン画像
に脈波を示す大きな信号が現れているのに対し，メラ
ニン，陰影はノイズを大きく含んでいる．これらの処
理によって得た脈波間隔をパワースペクトル解析する
ことによって，心拍変動スペクトログラムを取得する． 

RGBカメラによる心拍変動計測を用いた鍼治療の自律神経系への影響評価 

○清光薫 栗田幸樹 津村徳道（千葉大学大学院融合科学研究科） 

菅原麻衣（福岡教育大学教育学部） 

小笠原千絵 三島怜 小川恵子（金沢大学附属病院漢方医学科） 

 概要  多くの研究で感覚刺激が自律神経系に影響を与えることが示されており，特に漢方医学に基づ
いた鍼治療は良い影響を与えやすい．自律神経活動の評価には，一般的に心電図を用いた心拍変動解
析が用いられている．しかし，鍼治療の影響評価の際にも同様の手法が用いられたが，電極等の外的
要因は心理的負担となる可能性があった．そこで，我々はデジタルカメラを用いた非接触の心拍変動
計測を利用することによって，より自然な状態での鍼治療の自律神経系への影響評価を行った． 
 
キーワード: 画像解析，鍼治療，心拍変動，非接触心拍変動計測 
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Fig.3 Relationship between the sympathetic nervous system and HRV spectrogram 

 

4 心拍変動スペクトログラム 

Fig.3の右側に，安静状態とストレス状態の心拍変
動スペクトログラムを示す．この図は心拍変動周波
数の時間軸の変化を可視化したものである．安静状
態では副交感神経が活性化し，呼吸変動と血圧変動
の影響を受ける．ストレス状態では，交感神経が活
性化し，呼吸変動の影響を受けにくくなり，血圧変
動のみの影響を受ける． 呼吸変動，血圧変動それぞ
れのスペクトルのバランスを見ることによって，安
静状態とストレス状態を判別することが可能となる． 

5 精度検証 

本実験を行う前に，この手法で正確な心拍変動を
取得できるかどうかを確かめるための精度検証を行
った．これは，先に述べた撮影手法と同様の環境で
顔画像群を撮影すると同時に，ポリグラフを用いて
心電図を取得することによって行った．心電図のピ
ークから得られる脈波間隔を用いて，心拍変動スペ
クトログラムを作成し，カメラから得られた結果と
比較した．得られた心拍変動スペクトログラムを
Fig.4に示す．カメラによって作成した図が，ポリグ
ラフから取得した結果を高い精度で再現しているこ
とが分かる． 

6 実験結果 

鍼治療前後で撮影した心拍変動スペクトログラム
の結果を Fig.5 に示す．これを見ると，どちらも呼
吸変動の 1.5Hz〜4Hz の間に大きなスペクトルが現
れており，0.05~0.15Hzの血圧変動にはスペクトルが
ほとんど現れていないため，安静状態だと判断する
ことができる．しかし，鍼治療前後の差を明確に得
ることができなかったため，周波数解析によるパワ
ースペクトルの絶対値を比較することにした．取得
した２分間の脈波間隔から取得したパワースペクト
ルを Fig.6 に示す．鍼治療後のスペクトルは，鍼治
療前に比べて呼吸変動により大きなスペクトルが現
れており，スペクトルの乱れが少なく安定した周期
で脈波間隔が変動していることが分かる．これによ
り，鍼治療によってリラックス効果を得られたこと
を，カメラを用いた非接触の心拍変動計測によって
示すことができた． 

 

 

 

 

  
(a) Camera (b) Polygraph 

Fig.4 Accuracy verification 

  
(a) Before acupuncture (b) After acupuncture 

Fig.5 The difference of Heart Rate Variability Spectrogram 

 

   

(a) HRV “before” (b) HRV “after” 

Fig.6 The difference of power spectral intensity  

7 今後の課題 

今回の実験では，健康な被験者に対して実験を行 

ったため，鍼治療前の時点でリラックスしている結果
が現れた．鍼治療の効果をより明確に示すため，スト
レス状態にある被験者なども含めて，対象を増やした
い．また，心電図の電極を貼っていることの影響につ
いて考慮するために，電極を貼っている状態と，貼っ
ていない状態での心拍変動の影響について検証したい． 
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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.    
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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.  

 

 

 

 

 

 

 

 

 

 

 

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 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 the 

 

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



postmortem, where blood is replaced with saline by perfusion. 

 

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 

is feasible.  
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Figure 3: Normalized measurement results for (a) 780 nm (b) 850 nm laser diode. 

(a)                            (b)       

   

          (a)                     (b)                       (c) 

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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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 1024×1024 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-A1, 

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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(a) Standard deviation of nuclei’s peripheral 

without color correction 

 

(b) Standard deviation of nuclei’s peripheral  

with color correction 

 

(c) Nuclei-cytoplasm ratio without color 

correction 

 

(d) Nuclei-cytoplasm ratio with color correction 

Fig. 1. Histogram of a nuclei and a trabecular 

feature measurements from the ROI images 

without and with color corrections.  
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