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Abstract
Colorectal cancer is one of the leading cause of cancer related deaths with increasing prevalence. One key factor in the likelihood of adenomatous cell differentiation is polyp diameter.
There exist a significant cut-off value of 10 mm which clinicians use in diagnosis management. We propose a novel method to classify polyp size into above or below 10 mm classes
based on a Siamese network. In a first step, a Siamese networks is trained to build a high
dimensional feature embedding extracted for each polyp size. In as second step, we use a
k-NN approach to classify polyp sizes based on the distance between the feature embedding of the input image, and the whole embedding space learned by the Siamese network.
This method allows for better binary classification of the sub- and sup- 10 mm polyp size
classes. Our data consist of around 55,000 images from 129 movies classified into various
polyp sizes ranging from 1-15 mm. We trained our model on 10,746 images, and tested
on 2,688 images equally split into each binary category. We obtained 79.2% in feature
classification and 95.7% in polyp size classification.
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1. Introduction
Colorectal polyp size is a critical biomarker in colorectal cancer diagnosis and supervision,
with larger polyp diameter having greater likelihood of adenocarcinomatous cell differentiation (Martı́nez et al., 2015; Klein et al., 2016; Summers, 2010). There are two significant
thresholds in the clinical decision making process, which occur at 5 mm and 10 mm. There
exists a high intra- and inter clinician variability in polyp size estimation (Elwir et al., 2017),
and thus there is a need for an automatic classification system that can aid clinicians in
their estimations. In this work we propose a binary classification model based on Siamese
networks. By training a neural network to learn high dimensional descriptive features for
each polyp category, that is, under or over 10 mm, we can classify new unseen instances of
polyp images into the most relevant class. In a first step, we train a Siamese network to
learn this embedding, and in a second step we use k-Nearest Neighbours (k-NN) to compute
the closest class cluster to the query image. To the best of our knowledge, we present one
of the first use of Siamese networks to classify polyp sizes. Furthermore, our method allows
to build a high dimensional understanding of polyp features that ultimately can be used
not only for binary classification.
Much research has been achieved on polyp classification. Most of them focus on polyp
detection (Wang et al., 2018; Urban et al., 2018; Masashi et al., 2018; Zhang et al., 2017),
although some works also focus on polyp characterization, such as histopathology (Korbar
et al., 2017; Zhang et al., 2017). However, we have found few works that focus on polyp
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size classification (Martı́nez et al., 2015; Itoh et al., 2019), which achieve the classification
using depth estimation. As in-vivo colorectal ground truth depth data is difficult to obtain,
the work in (Martı́nez et al., 2015) estimates depth using a technique know as defocus
strategy, which requires blurring coefficients, trained using phantom data. The work in (Itoh
et al., 2019) use pretrained monocular depth estimation neural networks, which they train
using an unsupervised approach. However, the pretrained model was trained on computer
vision based features and is therefore not adept at classifying medical imaging features. We
propose a novel methodology using image information based on Siamese neural networks.
Siamese neural networks were first used in (Bromley et al., 1993) to classify signatures.
They consist of having two parallel neural networks which share weights between them. By
optimizing over a similarity measure between the inputs, powerful discriminative features
can be learned. This allows the network to generalize well to new, unseen data coming
from unknown distributions, and as such have in recent years become popular in the field of
computer vision for facial recognition tasks (Taigman et al., 2014; Koch et al., 2015; Varior
et al., 2016), although they have been used in a few other applications (Baraldi et al., 2015;
Bertinetto et al., 2016).

2. Methods
2.1. Data
Our data consist of 129 colonoscopic movies of different patients, each roughly lasting around
15 minutes. Experts annotated segments for each individual movie with the relevant polyp
size and acquisition condition, such as white light, near blue infrared, and chromo. For each
segment, the relevant movie frames where extracted into the appropriate polyp size class and
saved as images. The data was then separated into above or below classes making up 4, 478
and 51, 845 images respectively. In order to have a balanced data set, we randomly selected
4, 478 images belonging to the below category. We split our data into training/testing
datasets using a 80/20% split. In order to train the Siamese network, we generated pairs
of images classified into the same or different class. As such, our training data consisted of
10, 746 pairs of images of class: same above, same below, and different. Our testing data
consisted of 2, 688 image pairs corresponding to the same classes.
2.2. Framework
We propose a Siamese based approach to obtain high dimensional feature embeddings such
that images belonging to the same class have similar embeddings. The framework for our
classification method is shown in Fig. 1. In a first step the Siamese network is trained by
having pairs of images as inputs to a twin network that share weights. The network is
based on the VGG16 architecture (Simonyan and Zisserman, 2014). The images are each
embeded into a 4, 096 feature vector which are then fed as the input to an energy function.
This function computes a metric that maps the distance between these high-level feature
representations to be small if they are similar, and large if they are different. We use the
contrastive loss function defined as:
1
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L(W, Y, X1 , X2 ) = (1 − Y ) (Dw (X1 , X2 ))2 + (Y ) {max(0, m − Dw (X1 , X2 ))}2 ,
2
2
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Figure 1: Left: Polyp classification framework. The Siamese network is shown at the the
top left. Networks 1 and 2 represent twin networks with shared weights, based on
the VGG16 architecture. New query images can be passed through the trained
network and a kNN distance function is used to compute the output embedding to
the rest of the feature embeddings. A T-SNE 2D representation of the embedding
space can be seen at the top right. Right: Example of classification results.

where W represents the network weights, X1 and X2 represent the feature embeddings of
the image pairs, with Y = 1 if they are similar, and Y = 0 if they are dissimilar. Dw
represents the l2 norm, such that Dw (X1 , X2 ) = kX1 − X2 k2 , and m is the margin. By
training the network, a high dimensional feature embedding space can be obtained, as show
in Fig. 1.
In a second step we use the trained network to compute the feature vector of a new
query image and use the k−NN algorithm to compute the distance to the nearest class
cluster.

3. Results and conclusion
We evaluated the Siamese network on 2, 688 image pairs belonging to the three classes mentioned in section. 2.1. This evaluated the discriminative power of the high-level embeding
space learned by our network. Our network was able to classify whether pairs of images were
similar or dissimilar with 70.2% accuracy. We then used the 1792 test images belonging to
the above and below class to classify them using a k-NN approach. We were able to classify
them with a 95.7% accuracy, using k = 100. In our experiments, each frame was randomly
separated into training and testing data. Although there is clear separation between the
training and testing data with regards to each frame, we need to consider different frames
obtained from same video clip. As the test images also belong to the 129 movies, we believe
that some classification bias could have occurred. We aim to obtain more movies to perform
a more appropriate validation.
We presented a preliminary approach to polyp size classification based on Siamese network. While this work classifies the polyps into binary classes, our methodology can easily
be adapted to work for the multi-class version of this problem.

3

withheld

Acknowledgments
Acknowledgments withheld.

References
Lorenzo Baraldi, Costantino Grana, and Rita Cucchiara. A deep siamese network for scene
detection in broadcast videos. In ACM Multimedia, 2015.
Luca Bertinetto, Jack Valmadre, João F. Henriques, Andrea Vedaldi, and Philip H. S.
Torr. Fully-convolutional siamese networks for object tracking. In European conference
on computer vision, 2016.
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Fabio Martı́nez, Josué Ruano, Martı́n Gómez, and Eduardo Romero. Estimating the size
of polyps during actual endoscopy procedures using a spatio-temporal characterization.
Computerized Medical Imaging and Graphics, 43:130–136, 2015.
Misawa Masashi, Kudo Shin-ei, Mori Yuichi, Cho Tomonari, Kataoka Shinichi, Yamauchi
Akihiro, Ogawa Yushi, Maeda Yasuharu, Takeda Kenichi, Ichimasa Katsuro, Nakamura
Hiroki, Yagawa Yusuke, Toyoshima Naoya, Ogata Noriyuki, Kudo Toyoki, Hisayuki
Tomokazu, Hayashi Takemasa, Wakamura Kunihiko, Baba Toshiyuki, Ishida Fumio, Itoh
Hayato, Roth Holger, Oda Masahiro, and Mori Kensaku. Artificial intelligence-assisted
polyp detection for colonoscopy: Initial experience. Gastroenterology, 154:2027 – 2029,
2018.
4

PSNet

K. Simonyan and A. Zisserman. Very deep convolutional networks for large-scale image
recognition. CoRR, abs/1409.1556, 2014.
RM Summers. Polyp size measurement at ct colonography: What do we know and what
do we need to know? Radiology, 255:707–720, 2010.
Yaniv Taigman, Ming Yang, Marc’Aurelio Ranzato, and Lior Wolf. Deepface: Closing
the gap to human-level performance in face verification. In The IEEE Conference on
Computer Vision and Pattern Recognition (CVPR), June 2014.
Gregor Urban, Priyam Tripathi, Talal Alkayali, Mohit Mittal, Farid Jalali, William Karnes,
and Pierre Baldi. Deep learning localizes and identifies polyps in real time with 96%
accuracy in screening colonoscopy. Gastroenterology, 155(4):1069 – 1078, 2018.
Rahul Rama Varior, Mrinal Haloi, and Gang Wang. Gated siamese convolutional neural
network architecture for human re-identification. In European conference on computer
vision, 2016.
Pu Wang, Glissen Brown Jeremy R. Xiao, Xiao, Tyler M. Berzin, Mengtian Tu, Fei Xiong,
Xiao Hu, Peixi Liu, Yan Song, Di Zhang, Xue Yang, Liangping Li, Jiong He, Xin Yi,
Jingjia Liu, and Xiaogang Liu. Development and validation of a deep-learning algorithm
for the detection of polyps during colonoscopy. Nature Biomedical Engineering, 2:741–748,
2018.
R. Zhang, Y. Zheng, T. W. C. Mak, R. Yu, S. H. Wong, J. Y. W. Lau, and C. C. Y. Poon.
Automatic detection and classification of colorectal polyps by transferring low-level cnn
features from nonmedical domain. IEEE Journal of Biomedical and Health Informatics,
21(1):41–47, 2017.

5

