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Gastrointestinal (GI) tract diseases 
 Many types of diseases can potentially affect the human GI tract  

 
 
 
 
 
 
− about 2.8 millions new luminal GI cancers (esophagus, stomach, colorectal) are detected yearly  
− the mortality is about 65% 

 
 

 Screening of the GI tract using different types of endoscopy… 
− is costly (colonoscopy according to NY Times: $1100/patient, $10 billion dollars) 
− consumes valuable medical personnel time (1-2 hours) 
− does not scale to large populations 
− is intrusive to the patient 
− …  

 



WHO: Colorectal Cancer Mortality 2015  

Women 

Men 

Colorectal cancer is the third most common cause of cancer  
mortality for both women and men, and it is a condition  
where early detection is important for survival, 
 i.e., a 5-year survival probability of  
going from a low 10-30% if detected in later stages  
to a high 90% survival probability in early stages.  

Related to the cancer example, on average  
20% of polyps (possible predecessors of cancer) are missed  
or incompletely removed. The risk of getting cancer largely  
depend on the endoscopists ability to detect and remove polyps. 
 
A 1% increase in detection can decrease  
the risk of cancer with 3%. 



 A polyp is an abnormal growth of tissue attached  
to the underlying mucosa 
 

 Detection accuracy depends on experience and skills 
− average miss rates of approx. 20%  
− large inter- and intra-variations 
− should reach a high (>85%) accuracy threshold to be acceptable 

 
 
 
 

 Current technology may potentially enable  
automated algorithmic assisted examinations 

 Introduce a digital “third eye”  
(with high accuracy and real-time processing) 
 

Standard endoscopy: Live Polyp Detection 



Polyps detection: challenges 

Colors shift Blur / motion blur Lens contamination Aux. data / nav. box 

Flat / same color Too close (too big) Partly hidden 



State-of-The-Art: Some Example Detection Systems 

Good, but can we do better? 
We have earlier tried solutions based using Global features (GF) and Convolutional neural network (CNN)  



Previous Study: EIR on ASU Mayo Polyp Dataset 
 Mayo dataset (18781 images) 

 
 Handcrafted global features:  

− recall 98.50%, precision 93.88%, fps ~300 
 

 Deep-learning features using CNN:  
− Modified Inception v3: recall 95.86%, precision 80.78%, fps: ~30 
− Inception v3 + WEKA: recall: 88.87%, precision: 89.16%, fps: ~30 

 

 Similar numbers on other datasets! 
  
 Very good numbers, but generalizable? 
 Will it work in a real clinical setting 
 (different doctors, different equipment, …)?  



 Combination of multiple different datasets 
 

 Datasets from traditional colonoscopy – differently skewed 
− GIANA 2017 challenge (CVC):  

• 12,922 frames (10,993 positive samples + 1,929 negative samples) 
− Kvasir + Nerthus:  

• 7,350 frames (1,000 positive samples + 6,350 negative, non-polyp samples) 

 
 

Mixing Datasets 

meaning non-polyp frames,  
but not normal mucosa – other findings  



Hand-crafted Global Features 
 Features extraction using open-source LIRE (Lucene Image Retrieval)  
 LIRE image feature descriptors JCD and Tamura are the best choice 
 Search-based classification using the Logistic Model Tree (LMT) classifier 
 Combination of features using early fusion 

 

Original polyp 

Color feature Edge and color 

Texture Edge 



Deep Learning (CNN) Features 
 Transfer learning (TensorFlow) 

− using Xception, VGG19 and ResNet50 
− trained on Imagenet 
− freeze and train base layers 
− tune entire network (Bayesian optimization) 

 
 

 Region of interest detection (YOLO) 
− detect objects within a frame 
− trained from scratch using ground truth masks in CVC-968 



Generative adversarial network (GAN) 
 Generator and Discriminator networks and a threshold activation detector 
 Provide a pixel-perfect detection map – do not miss small spots 
 Data augmentation (flip + rotation giving 35 new images per image) 

Generator 
network 

Discriminator 
network 

Detector Detection 

Feedback 
converter Feedback 



Detection performance 

 Most of the approaches have a too low detection rate – average doctor (80%) and accuracy goal (85%)  
(but still better than the random baseline) 

 Several approaches reach the accuracy goal 
 

 GANs are in general most “accurate”: 91% and 85%, respectively (but tooooo slooooooow) 
 

approx. 1.5 fps 

approx. 100 fps 

approx. 30 fps 



GAN (per-pixel) localization performance 



Summary 
 Polyp is an anomaly that is hard to detect,  

but many good studies exist 
 

 Overfitting is a challenge in existing studies  
 we have mixed datasets 
 

 Many approaches are better than the average medical expert, some even reach the goal 
(and different methods may rank different for different diseases) 
 

 A GAN has  
− a superior detection rate 
− slow as for now, but might be ok for an offline examination (like video capsules) 
− can be improved for real-time examination support 

 
 Ongoing and future work include 

− other diseases 
− speed improvements (GPU acceleration) 
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