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2030年代は宇宙開拓時代
宇宙での作業やスポーツに怪我はつきもの
さまざまな⼈が宇宙空間に⻑期で⾏くことで病気発症のリスク
癌、脳卒中などは⽣命に関わる

簡便・安全・⼩型の医療診断が重要



宇宙空間での健康モニタリング
X線CTやMRIは1 - 5トン、宇宙空間への輸送は困難

簡易な装置によるAI診断が理想



課題:  体内の光の散乱現象をモデル化することが困難
(空間)精度 ⾼い
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⽇常的な病気モニタリングで健康社会の実現へ

波⻑700-1100nmの散乱光 を
⽤いた医療診断。
ヘモグロビン、酸素飽和度、⽔に
敏感。⾮侵襲かつ被曝がなく、⼩
型装置が可能。

＊複雑なアルゴリズム
＊膨⼤な計算量
＊適切な公開コードが無い

近⾚外線による医療診断

光輸送⽅程式
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②領域分割によるMPI並列

TRINITY (Time-dependent Radiative transfer In Near-Infrared TomographY)
Yajima, Abe, Umemura, Takamizu, Hoshi, 2022, JQSRT, 277, 107948

③スパコンによる⼤規模並列計算

世界初の医学⽤３次元
⼤規模並列輻射輸送計算コード

①宇宙物理で開発した
     オリジナルスキーム

Yajima+(2009, MNRAS)
Yajima +(2011, MNRAS)
Yajima +(2012, ApJ)
Yajima +(2015, ApJ)

技術活⽤

近⾚外線イメージング

銀河の光輸送計算



散乱透視技術

スパコンによる
光輸送計算技術

AI技術

Yajima et al. (2022)

Takamizu, Umemura, Yajima et al. (2022)

光の散乱過程をモデル化し、
AIで逆問題解析を⾏うことで
透視する
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8チャンネル時間分解計測システム(TRS-80)による

ファントム計測

TRS-80
光ファイバ
照射: Φ＝200 µm, NA = 0.25
受光: Φ = 3 mm,  NA = 0.26

全ての計測で、１点照射－８点受光：１照射
（S)に対して８受光ファイバ(D)で光を検出

i.e., S1-D1, S1-D2,,,,,,,,,,,,,,,S8-D8の64 時間分
解波形を計測
（SD の組み合わせは次ページの図を参照）

３波長（760, 800, 830 nm)
解析は800 nm

2018/07/20
数値シミュレーション結果

光⼦エネルギー分布

空間グリッド数=1013

⾓度bin数=3072
空間分解能=0.04 cm
時間分解能=0.4 ピコ秒計算時間~20時間

Figure 8: Time-resolved light signal. Each panel shows the light signal taken from di↵erent

detectors as shown Figure 6. Black solid lines represent the injected pulse. Thick gray and

red curves show the experimental data and the simulation results.

3.2. Phantom test with an absorber

If there are abnormal parts like cancer or brain ischemia for instance, the

density of hemoglobin or the redox state of cytochrome c oxidase in mitochondria

can become di↵erent from that in normal tissue. Therefore, the absorption220

coe�cient changes locally, resulting in the di↵erent signals at the surface. Here,

we test the cases with embedded abnormal media of cylinder shape over z-

direction with radius 0.25 cm in the cross-section. The abnormal medium is

located at x = 1.6 cm and y = 2.0 cm. The basic setup is the same as the

simulation in Sec. 3.1. The absorption coe�cient in the abnormal medium is225

enlarged by a factor of 3 (a), 10 (b), 30 (c), or 100 (d) from the background

tissue.

Figure 9 shows the distributions of the photon energy density at t = 1.4 ns.

As the absorption coe�cient increases, the energy densities in the abnormal

areas decrease. In the case (d), the optical depth of the abnormal medium230

is ⌧ = 22.4, and most of photons are absorbed at the depth of ⇠ 1/µa =

17

計測データ

数値計算
⼊射光

0.8ns

1.8ns

⽣体模擬物質を⽤いた⽐較実験

時間
シ

グ
ナ

ル

ポリウレタン製ファントムへの光パルス照射
星教授（浜松医科⼤）より提供

実験結果を⾒事に再現!



頭部内の光伝播の様⼦

光の分布
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No hematoma

r=0.5cm

r=1.0cm
r>1.5cm

1cm以下のサイズの血腫でも近赤外線で検出可能

(Yajima+ in prep.)

⾎腫

頭蓋⾻

パルス光

5.0cm

https://www.bbc.com/news/health-45522794



機械学習を⽤いた診断システム
Appl. Sci. 2022, 12, 12511 9 of 14

Figure 7. Example results for two absorbers. Orange and green circles are absorbers, and predicted
positions are indicated by blue squares.

These results imply that a linear combination of each absorption profile is a good
approximation for most cases of two absorbers. When the distance between two absorbers
is large, the linearity is expected to hold good. However, the upper middle panel in Figure 6
shows that linearity is a good approximation even for adjacent absorbers, if they are located
parallel to the incident beam direction. On the other hand, as seen in the lower right panel,
the adjacent absorbers are located perpendicular to the incident beam direction. In this
case, the nonlinear effects seem to be significant.

As shown here, the data subtraction method is capable of accurately predicting the
correct position or nearest positions. In order to evaluate the probability of a correct
detection, it is useful to introduce a scoring scheme. As shown in the left panel of Figure 8,
the score for a correct position is 2, while the score for correctly predicting adjacent positions
is 1. The right panel of Figure 8 shows an example of a total score of 3. In this case,
the detection probability of the two absorbers is 3

4 = 75% because the score of correct
prediction for both absorbers is 4. Based on such scoring rule, we tested 60 examples for
two absorbers and found the average of the detection probability to be 72%.

4.2. Bigger Absorbers
Here, we consider an absorber with double size in each direction of a domain. The

temporal profiles of A(t) for this absorber are obtained through radiative transfer calcu-
lations. Then, the data subtraction method is applied for the data. Figure 9 shows the
results of predictions for a big absorber. The left panel of Figure 9 shows the classification
based on the subtraction method for four domains. Two domains adjacent to the absorbers
are predicted with this method. The right panel of Figure 9 shows the classification using
eight refined domains. The prediction probabilities are 72% for domain #34, 16% for #33,
and 10% for #32. Such probability distributions are informative for a big absorber. We also
tested the case of a 1.5 times bigger absorber, and the resultant probabilities are 75% for #34,
13% for #33, and 8% for #32. Compared to the two times bigger absorber, probabilities at #32
and #33 are slightly lower. Thus, the probability distributions reflect the size of absorber.

90%以上の精度で異常部位の判定に成功
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Takamizu, Umemura, Yajima, Abe, Hoshi (2022, Appl. Sci. 12(24), 12511)
Yajima, et al. (to be submitted)

輻射輸送シミュレーション結果を教師データにして機械学習を⾏った



散乱光AIサロゲートの開発
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X Y

Z

⼤きさ
形状

濃度

パラメータ空間が広くすべてを
シミュレーションするのは不可能
(1 run => ~ 1 day with 128 CPU cores)

教師データ

(Horie, Yajima+submitted to Scientific Reports)

エミュレーション

位置
⼤
き
さ

MCMCなど

エラーを含め
正解パラメータを
判定可能



(Horie, Yajima+submitted)

散乱光AIサロゲートの開発

AIモデル

時間
シ
グ
ナ
ル

与えていないパラメータの波形
シグナルも⾒事に再現！



まとめ

計測データ

ビックデータ
x

AI 機械学習
モデル

アラート

学習⽤
計算データ スパコンを⽤いた

光シミュレーション
解析技術

（TRINITY）

アーカイブティップス（株）HPより
https://archivetips.com/artinis/nirs-knowhow

宇宙で健康で快適な⽣活を！

スパコンを使った光輸送計算 X AIで新しい病気診断システムの研究を⾏っています!


