出國報告（出國類別：國際競賽）

日本名古屋參加醫學影像大型國際競賽- MICCAI 2013 Grand Challenge: Mitosis Detection
服務機關：國立台灣科技大學
姓名職稱：王靖維 助理教授
派赴國家：日本
出國期間：102/9/21-102/9/24
報告日期：102/11/7
1. 目的
現今醫學數位影像已廣泛應用在醫療中，要如何透過這些醫學數位影像來偵測病人在身體細胞上，是否有異常現象為目前挑戰的方向。這次前往日本名古屋，參加醫學影像大型國際競賽- MICCAI 2013 Grand Challenge: Mitosis Detection，主要針對Mitosis進行偵測，透過偵測技術來判別Mitosis是否有任何病變並提供醫師判斷，這種方式不僅節省醫師判斷速度，也可以讓可能異常的區域先行標示。目前mitosis的自動判斷技術成功率不高，所以有很多可以發展的空間，並也透過此競賽中，來讓成功率有所提升，了解世界各隊目前研究現況。倘若未來醫學影像上的辨識技術能具備高精準辨識技術，對於病人身體狀況和醫生診斷上，皆是有重大的突破。
2. 過程

· 8月15號下載比賽訓練資料
· 8月15號到8月27號建置與修改現有機器學習訓練系統
· 8月27號到9月6號進行testing data的預測分析結果產出。
· 9月7號上傳預測分析結果、技術閥值、方法技術摘要於比賽網站資料庫；請見圖一為上傳壓縮檔案之內容、圖二為比賽網頁上傳系統，請見2.1方法技術摘要原文
· 9月21號前往日本準備
· 9月22號進行現場發表與比賽結果公布，請見圖三主辦人簡報發表現場情況與2.2 現場發表簡報。
· 競賽活動從早上九點直到十二點，過程中總共有七隊上台報告自行開發的偵測技術。首先第一組由日本Dr. Satoshi Kondo團隊介紹他們提出的技術，使用Multi-Channel特徵來進行自動偵測，第二組為我們台灣台科大團隊，第三組為哥倫比亞大學的團隊，他們結合兩種CNN 和 Hand-crafted 特徵來進行偵測，偵測效果比較沒有特別突出。第四組是英國團隊Dr. Bogdan Matuszewski，他們的方法跟第一組類似皆搭配Random Forests方式來處理。
第五組為IDSIA瑞士團隊，他們使用多欄的類神經網路來進行偵測，偵測方面有顯著效果。第六組為丹麥的團隊Dr. H. Martin Kjer，他們所提出的方式是透過空間域上的處理，搭配直方圖方法來進行偵測，在偵測結果雖沒有第五組的結果好，但也有不錯的效果。最後一組報告的是來自英國團隊的Dr. Violet Snell，他們所提出的偵測技術方面比較一般，效果看似表現平平。這次比賽有14組參賽，到場報告的總共6組，從聆聽過程中，對於IDSIA瑞士團隊的技術感到非常有興趣，不少人也發問詢問他們的技術，果不其然，大會最後公布偵測結果，IDSIA瑞士團隊以高精準判斷結果拿下這次的第一名。雖說本次比賽，未能拿下較佳的名次，但透過會後的討論與各團隊交流認識，讓本研究團隊收穫不少。 
· 9月23號參加MICCAI研討會

· 因這次競賽是屬於MICCAI研討會的一部分，故比賽結束後，也聆聽目前醫學影像上不同領域的研究議題，這天主要分成四部分，一場keynote lecture、兩場oral session和一場poster session。Keynote lecture邀請到一位日本醫學影像專家 Dr. Atsushi Miyawaki來演講，演講內容Cruising inside X比較跟目前研究沒有直接關係，但領域上的結合是後續可以另外研究思考的方向。
在oral session部分，參加會議過程中，其中有一篇文章 Global Registration of Ultrasound to MRI Using the LC2 Metric for Enabling Neurosurgical Guidance，令我感到興趣，因目前指導的學生有在做MRI的影像註冊，後續部分可以深入研究探討，對於未來研究上有許多幫助。
· 9月24號回台灣
· 後續半年，與比賽主辦單位進行聯合SCI期刊文章撰寫。
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圖一: 上傳壓縮檔案之內容
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Submission
N The challenge is currently
You can submit results by creating a results page. Result pages can be created by the challenge closed for new submissions, It
i participants and can only be viewed by the creators of the page and the administrators (challenge will be reopened after the
organizers). Other participants and anonymous (unregistered) users do not have access to the pages. challenge workshop at the end
of this month.
i The title of the created results pages should be in the format: "Results by teamUsername submission #".
Example: "Results by isi_utrecht 1". Any notes or remarks regarding the submission should be specified
in the body of the results page. The submitted results and the abstract describing the proposed method Submitted results
| should be added as file attachments to the results page. Their formats must follow the description given
on the Evaluation page. Results by cweiwang 1

[Example] Results by test 1
Any previous submissions can be viewed in the right sidebar of this page.

The results of the evaluation will be added as attachments to the results page by the organizers. You will
be notified by email when the results of the evaluation are uploaded. Please allow us up to 3
working days to perform the evaluation.

Example results

In the table below you can see example results from a filter-bank based detector with prior apperance
normalization.





圖二: 比賽網頁上傳系統
2.1 方法技術摘要原文
Diverse Cascade CW-BOOST Learning for Mitosis Detection

Ching-Wei Wang

Graduate Institute of Biomedical Engineering, National Taiwan University of Science and Technology

cweiwang@mail.ntust.edu.tw
Methods

The positive and negative training samples are obtained from the training data provided, and each sample is a 50 by 50 image patch. In conventional histopathological staining (H&E), hematoxylin induces the blue staining of nuclei, and eosin induces the red/pink staining of cytoplasm. Based on the author’s previous study [1] showing that applying histogram equalization in RGB color space performed better in separating the nuclei from the cytoplasm than in HSL color space. Hence, RGB color model is used here. In addition, we find that the eosinophilic structures are more useful for pattern recognition than the nuclei structures, which is also consistent to the findings in the recent work for medical image registration [2], and therefore the image features are extracted from the red color channel. For learning, a diverse cascade learning framework [3] with cwBoost learning algorithm [4] is used to build 10 layers of simple mitosis detectors, which evaluate various types of inputs in different models, and can quickly filter out negative areas. Furthermore, a confidence weight is generated by computing the number of detections in the same area, and regions with weight greater than 2 (w>2) are defined as possible mitosis regions.

Experiments

We first try training on the image features from the blue channels, but the resulting models produce a lot of false positive detections. Then, image features from the red channel are used, and the resulting models generate much less false positive cases.

As mentioned above, 10 layers of simple mitosis detectors is built using the provided training data. The training procedure is summarized below.

1. All positive samples and the negative samples from patient 9 are trained for layer 1 classifier (L1). As only images with positive samples are used to generate negative samples and thus there are less negative samples for patient 9, p9 is chosen to train the first layer.

2. All positive samples and the false positive samples by L1 from patient 8 are trained for layer 2 classifier (L2). 

3. All positive samples and the false positive samples by L1+L2 from patient 2 are trained for layer 3 classifier (L3). 

4. All positive samples and the false positive samples by L1+L2+L3 from patient 1 are trained for layer 4 classifier (L4). 

5. All positive samples and the false positive samples from patient 4 are trained for layer 5 classifier (L5). 

6. All positive samples and the false positive samples from the all false positive cases by L1+L2+L3+ L4+L5 from the patient 1,2,8,9 are trained for layer 6 classifier (L6). 

7. All positive samples and the false positive samples from the all false positive cases by L6 are trained for layer 7 classifier (L7). 

8. All positive samples and the false positive samples from patient 3,5,6,7 and 12 are trained for layer 8 classifier (L8). 

9. All positive samples and the false positive samples from all patient are trained for layer 9 classifier (L9). 

10. All positive samples and the false positive samples by L9 are trained for layer 10 classifier (L10). 

References:
1. Wang, C., Yu, C. (in press) Automated morphological classification of lung cancer subtypes using H&E tissue images. Machine Vision and Applications 

2. Wang C.-W., Chen H.-C. (2013) Improved Image Alignment Method in application to X-ray Images and Biological Images, Bioinformatics 29(15) 1879-1887

3. Wang C.-W., Hunter A. (2010) Robust Pose Recognition of Obscured Human Body, International Journal of Computer Vision, Volume 90, Number 3, 313-330

4. Wang C.-W., Hunter A. (2010) A low variance error boosting algorithm, Applied Intelligence, 33: 357-369
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atypical appearance;
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圖三: 主辦人簡報發表現場情況
2.2 現場發表簡報
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[image: image6.jpg]Cascaded Classifier (Viola & Jones)
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« A 1 feature classifier achieves 100% detection rate and
about 50% false positive rate.

« A 5 feature classifier achieves 100% detection rate and
40% false positive rate (20% cumulative)
— using data from previous stage.

« A 20 feature classifier achieve 100% detection rate with
10% false positive rate (2% cumulative)
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[image: image10.jpg]The training procedure

+ All positive samples and the negative samples
from patient 9 are trained for layer 1 classifier
(L1). As only images with positive samples are
used to generate negative samples and thus
there are less negative samples for patient 9, p9
is chosen to train the first layer.

+ All positive samples and the false positive
samples by L1 from patient 8 are trained for
layer 2 classifier (L2).
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[image: image11.jpg]+ All positive samples and the false positive
samples by L1+L2 from patient 2 are trained for
layer 3 classifier (L3).

+ All positive samples and the false positive
samples by L1+L2+L3 from patient 1 are trained
for layer 4 classifier (L4).

+ All positive samples and the false positive

samples from patient 4 are trained for layer 5

classifier (L5).

« All positive samples and the false positive
samples from the all false positive cases by
L1+L2+L3+ L4+L5 from the patient 1,2,8,9 are
trained for layer 6 classifier (L6).
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[image: image12.jpg]+ All positive samples and the false positive
samples from the all false positive cases by L6
are trained for layer 7 classifier (L7).

 All positive samples and the false positive
samples from patient 3,5,6,7 and 12 are trained
for layer 8 classifier (L8).

+ All positive samples and the false positive

samples from all patient are trained for layer 9
classifier (L9).
+ All positive samples and the false positive

samples by L9 are trained for layer 10 classifier
(L10).
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[image: image14.jpg]Future Possible Improvement

* Too many false positives for some patients:
— Add Texture Features
— Add Densitometric Features
— Bigger window to include surrounding structure
— Other color channel
— Add more layers of models
— Add training samples for these types of samples
— Replace base learner with SVM
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3. 心得及建議等要項
目前方法有高detection rate和高recall rate，但是false positive過多，改進方法可以從幾個地方著手，包括加入texture features、densitometric features、shape features，增大template window、加入data normalization function，使用其他color channel。此外，目前運算時間過久，導致第二版方法於截止日前來不及上傳到比賽系統，規畫可以用downscaling 16倍的方式進行加速。
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