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Medical 
Imaging

• Account for 90% of 
Medical Data

• X-rays

• CT (Computed 
Tomography) scan

• MRI (Magnetic Resonance 
Imaging)

• Ultrasound

• Nuclear medicine imaging
− positron-emission 

tomography (PET)
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Ex: Brain Imaging

• X-Ray: shows bone/skull only. 
• CT: a quick test. Shows brain but 

detail not great. 
• MRI: a long test. Shows brain and 

detail is great. 
• MRA: shows the flow of blood in 

the brain.

• PET scan: shows activities of 
different parts of the brain. The 
more sugar used, the brighter the 
area. Cancer cells light up the 
most.

3
https://sdbif.org/index/whats-the-difference-between-all-the-different-head-scans/ 

https://sdbif.org/index/whats-the-difference-between-all-the-different-head-scans/


CT Scan, MRI, Ultrasound, 
and X-Ray
Ohio State Medical Center

https://www.youtube.com/playlist?list=PLDQi4ZgipBq-4lpaWbIxJiK_XYu0_cE6H 
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https://www.youtube.com/playlist?list=PLDQi4ZgipBq-4lpaWbIxJiK_XYu0_cE6H


Computed 
Tomography (CT)

• Combinations of many X-
ray measurements taken from 
different angles to produce 
cross-sectional (tomographic) 
images (virtual "slices")
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https://en.wikipedia.org/wiki/CT_scan

https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Tomography
https://en.wikipedia.org/wiki/CT_scan


CT of Head

•主要用來診斷腦部血管病變以及顱
內出血
−但是可以排除出血的可能性，判斷可
否用凝血劑

•診斷有外傷的顱骨及顏面骨的骨折

•植牙重建的評估

•診斷腫瘤的應用上效果較核磁共振
影像（MRI）差
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CT of Neck
評估甲狀腺癌
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CT of Lungs

•對於急性或是慢性的肺病病變
都有很高的診斷價值

•在觀察肺部病變空氣的變化，
例如肺炎或是腫瘤，有很好的
效果

•胸腔斷層血管攝影（CTPA）是
需要用精確快速的時間來作對
比劑注射再加上高速的螺旋式
描掃器
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https://commons.wikimedia.org/wiki/Scrollable_high-
resolution_computed_tomography_images_of_a_normal_thorax

https://commons.wikimedia.org/wiki/Scrollable_high-resolution_computed_tomography_images_of_a_normal_thorax
https://commons.wikimedia.org/wiki/Scrollable_high-resolution_computed_tomography_images_of_a_normal_thorax


電腦斷層血管攝影術 (CT Angiography)

•引入造影劑使血液對X射線的通透性降低，使血管顯示為高密度
影像
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CT of Cardiac
•心臟的多斷層切面檢查（Multi-slice Computed tomography, MSCT）有
相當性的潛在危險，因為它的劑量相當於500張的胸腔x光
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CT of Abdominal and Pelvic

• 對於腹部的疾病，X射線電腦斷層掃描的診斷價值極高

• 常用來定位腫瘤期數也用來做後續的追蹤，對急性腹痛的檢查也很有
用。泌尿結石，闌尾炎，胰臟炎，憩室，腹部動脈瘤還有腸阻塞等
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Scan Dose

檢查
對全身的有效劑量

(毫西弗)
對器官的吸收劑量

(毫戈雷)

全年背景輻射值 2.4[7] 2.4[7]

胸部X射線 0.02[8] 0.01–0.15[9]

頭部CT 1–2[10] 56[11]

有隔離的乳腺X射線檢查 0.4[12] 3[13][9]

腹部CT 8[8] 14[11]

胸部CT 5–7[10] 13[11]

CT結腸鏡檢查 6–11[10]

胸,腹和骨盆CT 9.9[11] 12[11]

心血管CT 9–12[10] 40–100[9]

鋇劑灌腸攝影 15[13] 15[9]

新生兒腹部CT 20[13] 20[9]
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https://zh.wikipedia.org/wiki/%E6%9C%89%E6%95%88%E5%8A%91%E9%87%8F
https://zh.wikipedia.org/wiki/%E8%A5%BF%E5%BC%97
https://zh.wikipedia.org/wiki/%E5%90%B8%E6%94%B6%E5%8A%91%E9%87%8F
https://zh.wikipedia.org/wiki/%E6%88%88%E7%91%9E
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-background-7
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-background-7
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-FDADose-8
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/%E4%B9%B3%E6%88%BF%E6%94%9D%E5%BD%B1%E8%A1%93
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Risk2011-12
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-FDADose-8
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-nrpb2005-11
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Furlow2010-10
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/%E5%A4%A7%E8%85%B8%E9%8B%87%E5%8A%91%E7%81%8C%E8%85%B8%E9%80%A0%E5%BD%B1
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-Brenner2007-13
https://zh.wikipedia.org/wiki/X%E5%B0%84%E7%BA%BF%E8%AE%A1%E7%AE%97%E6%9C%BA%E6%96%AD%E5%B1%82%E6%88%90%E5%83%8F#cite_note-crfdr-9


Magnetic Resonance 
Imaging (MRI)

• MRI does not involve X-rays or the use 
of ionizing radiation

• MRI is an application of nuclear 
magnetic resonance (NMR)
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https://en.wikipedia.org/wiki/X-rays
https://en.wikipedia.org/wiki/Ionizing_radiation
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance
https://en.wikipedia.org/wiki/Nuclear_magnetic_resonance


CT vs MRI

• Some people can’t do MRI (e.g., certain types of metal implants)

• MRI scans take a relatively long time and noisy

• Particular measurements that CT can’t provide (e.g., looking at bone 
structure)
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CT vs MRI
Magnetic Resonance Imaging (MRI) Computed Tomography (CT)

原理
原理是將人體置於高磁場環境下，利用無線電
波激發體內的氫原子，使其產生共振訊號，經
電腦軟體運算得到影像。

利用X光射線穿透人體，取得影像訊號，經電
腦運算處理得到立體影像，經由軟體後處理
可組成各種切面的影像資訊。

檢查時間 約30分鐘/1部位 約5分鐘/1部位

檢查過程 隧道式/噪音大/平躺 環狀式/噪音小/平躺

輻射線 無 有

優勢
MRI對腫瘤、血管、軟組織及骨骼、肌肉、韌
帶有很好的分辨率，除了解剖學影像外，在不
注射對比劑的情況下也能得到功能性的影像。

CT檢查的時間快速，對早期的肺癌篩檢及心
臟血管鈣化有很好的檢查效果。

禁忌
1.不能久躺的人

2.裝有心律調節器患者

3.幽閉恐懼症患者

1.懷孕或可能懷孕的婦女

2.尚在發育的小孩

15http://www.knh.org.tw/sub/health/49/290 

http://www.knh.org.tw/sub/health/49/290


MRI Advantages

•對軟組織有極好的分辨力。對膀胱、直腸、子宮、陰道、骨、關
節、肌肉等部位的檢查比CT優良

•多個成像參數能提供豐富的診斷資訊。例如肝炎和肝硬化的T1值
變大，而肝癌的T1值更大，作T1加權圖像，可區別肝部良性腫瘤
與惡性腫瘤

•通過調節磁場可自由選擇所需剖面。能得到其它成像技術所不能
接近或難以接近部位的圖像。對於椎間盤和脊髓，可作矢狀面、
冠狀面、橫斷面成像，可以看到神經根、脊髓和神經節等。相對
CT只能獲取與人體長軸垂直的橫斷面

•對人體沒有游離輻射損傷
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MRI意外: 吸入氧氣瓶
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[2011 TVBS] 死亡檢查！核磁共振機器吸來氧氣瓶
韓老翁遭活活夾斃

https://tw.news.yahoo.com/%E6%AD%BB%E4%BA%A1%E6%AA%A2%E6%9F%A5-%E6%A0%B8%E7%A3%81%E5%85%B1%E6%8C%AF%E6%A9%9F%E5%99%A8%E5%90%B8%E4%BE%86%E6%B0%A7%E6%B0%A3%E7%93%B6-%E9%9F%93%E8%80%81%E7%BF%81%E9%81%AD%E6%B4%BB%E6%B4%BB%E5%A4%BE%E6%96%83-052525737.html
https://tw.news.yahoo.com/%E6%AD%BB%E4%BA%A1%E6%AA%A2%E6%9F%A5-%E6%A0%B8%E7%A3%81%E5%85%B1%E6%8C%AF%E6%A9%9F%E5%99%A8%E5%90%B8%E4%BE%86%E6%B0%A7%E6%B0%A3%E7%93%B6-%E9%9F%93%E8%80%81%E7%BF%81%E9%81%AD%E6%B4%BB%E6%B4%BB%E5%A4%BE%E6%96%83-052525737.html
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MRI Scan of 
Unborn Babies
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Nuclear Medicine and Molecular Imaging
• 核醫學操作項目採用的是事先經過放射性核素標記的藥物，即放射性藥物。首先
將放射性物質施用於病人，繼而則是對放射性物質所發出的電離輻射加以檢測。

20https://www.youtube.com/watch?v=BGNZMr34uf0

https://www.youtube.com/watch?v=BGNZMr34uf0


Pros and Cons of Medical Imaging Techniques
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Type What It Reveals Advantages Disadvantages Main Uses

Radiography
Bone and soft 
tissue anatomy

• Low radiation dose. 
• Inexpensive 
• Quick & No preparation

• Provides basic anatomic 
information for only a few 
tissue densities

• Skeleton, chest 
investigate, intra-
abdominal disease

Computed 
tomography 

(CT)

Most organ 
systems in the 
body

• Multiplanar and 3D
• Fast exam time 
• With IV contrast can examine 

organ and blood vessels 

• Higher radiation dose than 
radiography 

• May require oral IV 
contrast

• Infection and abdominal
• chest trauma 

Magnetic 
resonance 

(MR) Imaging

High-contrast 
resolution 
pictures of 
organs

• No radiation exposure
• Multiplanar and 3D
• Does not require IV contrast
• Superior depiction of soft 

tissue and organ contrast

• Long examine time, often 
requires sedation in 
children < 7 years

• Expensive Scanner

• Central nervous system 
• Musculoskeletal
• Cancer

Nuclear 
Medicine

Shape, structure, 
and function of 
organs, soft 
tissues, and 
bones

• Lower radiation dose than 
fluoroscopy or CT 

• Adverse reactions rare

• May take a long time and 
require sedation 

• Offers little anatomic 
information

• Regional perfusion, 
skeletal pathology, 
gastroesophageal, 
vesicoureteric reflux, 
gastric emptying, tumor

https://www.contemporarypediatrics.com/view/pros-and-cons-imaging-options

https://www.contemporarypediatrics.com/view/pros-and-cons-imaging-options


Deep Learning 
in Medical 
Imaging
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Characteristics of Medical Imaging

23
zhou et al., "A review of deep learning in medical imaging: Imaging traits, technology trends, case studies with progress highlights, and future promises," 2021

https://ieeexplore.ieee.org/abstract/document/9363915/?casa_token=plFF_v3hid8AAAAA:g7In5ETbP5lSm7jvsvDquoUu1loUhGohVSU4ag_qDOIbY9N5FBNYUyXySa8QQcYI2McLqdW18Q


U-Net: CNN for Biomedical Image Segmentation

• Ronneberger et al. 2015

• One of the best models for image segmentation

24https://lmb.informatik.uni-freiburg.de/people/ronneber/u-net/ 

https://lmb.informatik.uni-freiburg.de/people/ronneber/u-net/


U-Net Architecture
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Digital Imaging and Communications 
in Medicine (DICOM)

26https://www.dicomlibrary.com/

https://www.dicomlibrary.com/


Open Datasets

• Brainweb: Simulated normal and MS brains with tissue/lesion 
segmentations (MINC)

• Kirby 21: Set of 21 healthy patients scanned twice (NIfTI)

• IXI dataset: Set of 600 healthy subject scans (NIfTI)

• Qure.ai CT head scan data: Set of 491 head CT scans with pathology 
[no segmentation, but radiology report] (DICOM)

• BraTS 2018 Brain Tumor data: Large set of patients with brain tumors 
along with the tumor segmentation (mha)

• ISBI 2015 Multiple Sclerosis Challenge data: Set of 20 patients with 
multiple sclerosis (MS) [only 5 have lesion segmentations] (NIfTI)
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http://brainweb.bic.mni.mcgill.ca/brainweb/
https://www.nitrc.org/projects/multimodal/
https://brain-development.org/ixi-dataset/
http://headctstudy.qure.ai/dataset
http://braintumorsegmentation.org/
https://smart-stats-tools.org/lesion-challenge


CheXpert

• Stanford ML Group 
(Andrew Ng)

28https://stanfordmlgroup.github.io/competitions/chexpert/

https://stanfordmlgroup.github.io/competitions/chexpert/
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10 Promising AI Applications in Health Care
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Deep learning for Medical Imaging (Lily Peng, Google)

31https://www.youtube.com/watch?v=AoWe1khMKzs

https://www.youtube.com/watch?v=AoWe1khMKzs
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AI in Radiology (RSNA) 

• RSNA: Radiological Society of North America

• https://www.youtube.com/playlist?list=PLEUiLXWVNND1TGgjsnjZybcOkGhotFy2U 

33

https://www.rsna.org/
https://www.youtube.com/playlist?list=PLEUiLXWVNND1TGgjsnjZybcOkGhotFy2U


Future of Radiology and AI, Nina Kottler

34https://www.youtube.com/watch?v=mgDSJtnWcG0

https://www.youtube.com/watch?v=mgDSJtnWcG0


Medical Imaging Datasets on Kaggle
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COVID-19 CT Scans Dataset

36https://www.kaggle.com/andrewmvd/covid19-ct-scans 

https://www.kaggle.com/andrewmvd/covid19-ct-scans


AlphaFold

DeepMind, Google

37



AlphaFold: Predict Protein 3D Structure

• https://alphafold.ebi.ac.uk/ 

38https://www.nature.com/articles/s41586-021-03819-2 

https://alphafold.ebi.ac.uk/
https://www.nature.com/articles/s41586-021-03819-2
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What is 
AlphaFold? 

https://www.youtube.com/watch?v=7q8Uw3rmXyE
https://www.youtube.com/watch?v=7q8Uw3rmXyE


Nobel Prize in 
Chemistry 2024

40



AlphaFold2 Colab Notebook
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https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/AlphaFold2.ipynb


台灣醫療AI技術發展
42



5大AI智慧醫療應用

協助醫療決策 發展醫院的數位決策管控中心，整理資料分析，有助於加速醫院處理急
症的效率

增進醫病關係 導入數位科技與人工智慧（AI），協助改善流程，並增進患者體驗與醫病
關係

簡化行政流程 透過流程機器人（PRA）和人工智慧等技術，讓照護者專注在照護工作，
而非將時間耗費在行政工作

優化服務流程 分析醫院服務瓶頸，透過醫院服務流程設計優化，提升服務品質

提升營運效率 導入數位供應鏈、自動化及機器人等技術，提升營運管理和後台效率

43
https://www.bnext.com.tw/article/68429/itri040603

https://www.bnext.com.tw/article/68429/itri040603


44

https://www.ey.gov.tw/Page/448DE008087A1
971/4bcdf605-a37f-4110-95df-ced05f0551e8 

https://www.ey.gov.tw/Page/448DE008087A1971/4bcdf605-a37f-4110-95df-ced05f0551e8
https://www.ey.gov.tw/Page/448DE008087A1971/4bcdf605-a37f-4110-95df-ced05f0551e8


台灣醫療影像資料庫 (lions.nchc.org.tw/medImagedb.jsp) 

45

http://lions.nchc.org.tw/medImagedb.jsp


Taiwan’s AI Company Map 2023

46

知勢: 
2023 上
半年台灣
AI生態系
地圖發布：
生成式AI、
大型語言
模型的下
一步？ 

https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
https://edge.aif.tw/2023first-ai-map/
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Preteeth AI 德睿生醫
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Deep01 愛因斯坦人工智慧

• https://www.deep01.com/ 
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JelloX 捷絡生物科技

• https://jellox.com/ 
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Heroic Faith 聿信醫療科技

• https://heroic-faith.com/ 
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AHEAD Intelligence 先勁智能

• https://www.aheadmedicine.com/ 
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