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medical CT scanner

patient

projections



micro-CT scanner

reconstruction of femur

osteoporosis



diamond mine

raw diamond 

micro-CT scanner

virtual model

cut diamond





Synchrotron facility

Diffraction Contrast Tomography



chemical composition

electron microscope

bamboo-like carbon nanotube

silver particle

silver atoms

catalyst particle
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𝐼0(𝐸)

𝐼 ξ + Δ𝜉, 𝐸 = 𝐼 𝜉 − 𝜇 𝜉, 𝐸 𝐼 𝜉, 𝐸 Δ𝜉

𝐼 𝐸 = 𝐼0 𝐸 𝑒−∫ 𝜇 𝜉,𝐸 𝑑𝜉

X



𝐼 = 𝐼0𝑒
−∫ 𝜇 𝜉 𝑑𝜉

𝐷0

𝐼0

𝐴 = −𝑙𝑛 𝐼−𝐷
𝐼0−𝐷
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•

•





𝑅𝑓 𝐿 = න
𝐿

𝑓 𝑥 𝑑𝑥

𝑓 𝑅𝑓(𝐿)

𝐿

𝑝 = 𝑊𝑣

𝑝𝑖

𝑣𝑗

𝑤𝑖𝑗



ℛ𝑓(𝜃, 𝑡) = න
𝐿(𝜃,𝑡)

𝑓 𝑥, 𝑦 𝑑𝑠

𝐿 𝜃, 𝑡 = { 𝑥, 𝑦 ∈ ℝ × ℝ: 𝑥 cos 𝜃 + 𝑦 sin 𝜃 = 𝑡}

𝑥

𝑦

𝑓(𝑥, 𝑦)

𝑑𝑒𝑡𝑒𝑐𝑡𝑜𝑟
𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛

𝑡

𝜃

𝐿(𝜃, 𝑡)

𝑝𝜃(𝑡)

𝑝𝜃(𝑡)



ℛ𝑓(𝜃, 𝑡) = න
𝐿(𝜃,𝑡)

𝑓 𝑥, 𝑦 𝑑𝑠

𝑥

𝑦

𝑓(𝑥, 𝑦)

𝜃

𝑡



ℛ𝑓(𝜃, 𝑡) = න
𝐿(𝜃,𝑡)

𝑓 𝑥, 𝑦 𝑑𝑠

𝑥

𝑦

𝜃

𝑡



𝜂

𝜁

𝑥

𝑦

𝑓(𝑥, 𝑦)

𝜃

𝐹(𝜂, 𝜁)

𝜃
𝑝𝜃(𝑡)



𝑥

𝑦

𝑓(𝑥, 𝑦)

𝜂

𝜁

𝐹(𝜂, 𝜁)



𝑝𝜃 𝑡 = ℛ𝑓(𝜃, 𝑡) = න
𝐿(𝜃,𝑡)

𝑓 𝑥, 𝑦 𝑑𝑠

Ϝ 𝜁, 𝜂 = න
−∞

∞

න
−∞

∞

𝑓 𝑥, 𝑦 𝑒−𝑖2𝜋(𝜂𝑥+𝜁𝑦)𝑑𝑥𝑑𝑦

𝑓 𝑥, 𝑦

𝑝𝜃 𝑡

𝑃𝜃(𝜔) = න
−∞

∞

𝑝𝜃 𝑡 𝑒−𝑖2𝜋𝜔𝑡𝑑𝑡𝑃𝜃(𝜔) = න
−∞

∞

න
−∞

∞

𝑓(𝑥, 𝑦)𝑒−𝑖2𝜋𝜔(𝑥 cos 𝜃+𝑦 sin 𝜃) 𝑑𝑥𝑑𝑦

𝑃𝜃(𝜔) = Ϝ 𝜔 cos 𝜃 , 𝜔 sin 𝜃

𝜂 = 𝜔 cos 𝜃 𝜁 = 𝜔 sin 𝜃

𝐿 𝜃, 𝑡 = { 𝑥, 𝑦 ∈ ℝ × ℝ: 𝑥 cos 𝜃 + 𝑦 sin 𝜃 = 𝑡}





𝑥

𝑦

𝑝𝜃(𝑡)

𝑓𝑏𝑝 𝑥, 𝑦 = න𝑝𝜃(𝑥 cos 𝜃 + 𝑦 sin 𝜃) 𝑑𝜃







𝑝𝜃(𝑡)

𝑡

𝑃𝜃(𝜔)

𝜔

𝑞𝜃(𝑡)

𝑡

𝑄𝜃(𝜔)

𝜔
𝜔



𝑓𝑓𝑏𝑝 𝑥, 𝑦 = න𝑞𝜃(𝑥 cos 𝜃 + 𝑦 sin 𝜃) 𝑑𝜃𝑓𝑏𝑝 𝑥, 𝑦 = න𝑝𝜃(𝑥 cos 𝜃 + 𝑦 sin 𝜃) 𝑑𝜃

𝑤𝑖𝑡ℎ 𝑞𝜃 𝑡 = න𝑃𝜃 𝜔 𝜔 𝑒𝑖2𝜋𝜔𝑡𝑑𝜔





𝑅𝑓 𝐿 = න
𝐿

𝑓 𝑥 𝑑𝑥

𝑓 𝑅𝑓(𝐿)

𝐿

𝑝 = 𝑊𝑣

𝑝𝑖

𝑣𝑗

𝑤𝑖𝑗



𝑾𝒗 = 𝒑

𝒗 ∈ ℝ𝑛

𝒑 ∈ ℝ𝑚

𝑾 ∈ ℝ𝑚×𝑛

𝑣𝑗

𝑝𝑖

𝑤𝑖𝑗 𝑣𝑗 𝑝𝑖



𝒒 ≔ 𝑾𝒗

𝑞𝑖 ≔ ෍

𝑗=0

𝑛−1

𝑤𝑖𝑗𝑣𝑗

≔𝒒 𝑾

𝒗



𝒖 ≔ 𝑾𝑻𝒑≔

𝒑

𝑾𝑻𝒖

𝑢𝑗 ≔ ෍

𝑖=0

𝑚−1

𝑤𝑖𝑗𝑝𝑖



෍

𝑗=1

𝑛

𝑤𝑖𝑗𝑣𝑗 = 𝑝𝑖

𝑝𝑖

𝑣𝑗 𝑣𝑗 𝑣𝑗

𝑝𝑖
𝑝𝑖



𝑾𝒗 = 𝒑 𝒗∗ = 𝑾−𝟏𝒑

𝒗∗ = 𝑎𝑟𝑔𝑚𝑖𝑛𝒗 𝒑 −𝑾𝒗



𝒗∗ = 𝑎𝑟𝑔𝑚𝑖𝑛𝒗 𝒑 −𝑾𝒗 𝑹

𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗(𝑘)
𝑟𝑖𝑖 = ൗ1 ෍

𝑗=0

𝑛−1

𝑤𝑖𝑗

𝑐𝑗𝑗 = ൗ1 ෍
𝑖=0

𝑚−1

𝑤𝑖𝑗

𝑹 ∈ ℝ𝑚×𝑚

𝑪 ∈ ℝ𝑛×𝑛

𝒙 𝑅 = 𝒙𝑇𝑹𝒙

𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗(𝑘)𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗(𝑘)𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗(𝑘)



𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )𝒗(1) = 𝒗(0) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 0 )



𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 𝑘 )



𝒑

𝑾
𝒗

𝑾

𝑾

𝒗 𝒗
𝒑 𝒑



𝒗(𝑘+1) = ℘ 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 𝑘 )𝒗(𝑘+1) = 𝒗(𝑘) + 𝑪𝑾𝑇𝑹(𝒑 −𝑾𝒗 𝑘 )

℘ 𝑥𝑖 = ቊ
𝑥𝑖 0 ≤ 𝑥𝑖
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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𝐼0(𝐸)

𝐼 ξ + Δ𝜉, 𝐸 = 𝐼 𝜉 − 𝜇 𝜉, 𝐸 𝐼 𝜉, 𝐸 Δ𝜉

𝐼 𝐸 = 𝐼0 𝐸 𝑒−∫ 𝜇 𝜉,𝐸 𝑑𝜉

X





𝐼𝑚 𝑢, 𝑣 = න
𝐸

𝐼0,𝐸𝑒
− ∫𝐿 𝜇𝐸 𝑥,𝑦,𝑧 𝑑𝐿𝑑𝐸𝐼𝑚 𝑢, 𝑣 = 𝐼0𝑒

− ∫𝐿 𝜇 𝑥,𝑦,𝑧 𝑑𝐿

𝑝𝑚 𝑢, 𝑣 = −𝑙𝑜𝑔
𝐼𝑚 𝑢, 𝑣

𝐼0









+= ?

𝐼𝑆,𝐷 𝑢, 𝑣 = 𝐼0𝑒
− ∫𝐿 𝜇 𝑥,𝑦,𝑧 𝑑𝐿𝐼𝑆,𝐷 𝑢, 𝑣 = 𝐼0𝑒
− ∫𝐿 𝜇 𝑥,𝑦,𝑧 𝑑𝐿 + 𝐼0𝑒

𝐿׭− 𝑠 𝑥,𝑦,𝑧 𝜇 𝑥,𝑦,𝑧 𝑑𝐿 𝑑𝑥𝑦𝑧



−𝑙𝑜𝑔
𝐼 − 𝑠 − 𝐷

𝐹 − 𝐷
−𝑙𝑜𝑔

𝐼 − 𝐷

𝐹 − 𝐷

𝑠 = 0.05max(𝐼0)




