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General Motivation

In this chapter, all groups have used Residual Network (ResNet) (He et al. 2016) as
part of different architectures with the purpose of solving the GIANA challenge. In
some cases like RTC-ATC group ResNet-50 was used as a layer in Faster Convolu-
tional Neural Network (FCNN) in order to build an automated recognition system
to detect the presence of polyps in colonoscopy images.

The main reason to use this network is because ResNet models try to solve the
overload of the accuracy which comes from network depth. The accuracy saturation
is not due to overfitting or the quantity of layers is because of the named Vanishing
Gradient (Hochreiter 1998) this effect try to explain when the network is deep the
loss functions in gradients value are near to zero after several chain rule applications.
Then weights are not updated and consequently no learning is being performed. To
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solve this problem, Microsoft created a new deep learning concept based on residual
leaning which allows gradients to flow between layers.

Introduction to ResNet Architecture

In this section, the basic concepts of ResNet architecture is explained. As it was
introduced in the Sect.12.1 ResNet architecture makes it possible to implement
hundreds or even thousands of layers and still achieves compelling performance.
Residual Network works substracting features learned from input of that layer.

The main characteristic introduced by ResNet is the identity shortcut connection
defined as F(x) := H(x) — x shown in Fig. 1. This shortcut connections X are
identity mappings and their outputs are added to the following stacked layers. Then
ResNet apply simply stacked identity mappings and the residual of X in H(x) is
learned. It solves problems like training error increase when the depth increases too.

In the case of ResNet-12 contains five Residual Blocks as shows Fig. 2. For
each two-convolutional layer there is one identity shorcut connection.

Methodologies

RTC-ATC Group

In this section, RTC-ATC group shows an application of Faster R-CNNs (FRCNN)
in order to build an automated recognition system to detect the presence of polyps in
colonoscopy images presented in GIANA challenge 2019. To realize this goal, they
used an implementation of FRCNN with ResNet-50 as Fully Convolutional Network
(FCN) architecture. FRCNN builds on the idea of Region Proposals by sharing inter-
mediate features with the classification network. For example, the ResNet takes an
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Fig. 2 ResNet-12 architecture

input image and produces a series of transformations before arriving at the prediction.
The FRCNN will use the intermediate features of ResNet to aid in region proposal.

Brief Methodology Introduction

Faster R-CNNs have been used for different purposes: face detection (Jiang and
Learned-Miller 2017), driver’s cell-phone usage and hands on steering wheel detec-
tion (Hoang Ngan Le et al. 2016) are some application examples of this algorithm,
which has proven to show good results. As it was mentioned in the introduction, a
FRCNN was used in this work for the polyp detection task. This algorithm is divided
into two modules (Fig. 3):

1. Firstof all, a deep Fully Convolutional Network (FCN) (Ren et al. 2015) receives
the images from the dataset. Then, it extracts feature maps or descriptive charac-
teristics and analyzes them to propose regions of interest. The novel step that this
architecture introduced is the way to determine the regions of interest. Region
Proposal Network (RPN) is computed base on the output feature map of the pre-
vious step. Then, RPN is connected to a convolutional layer with 3 x 3 filters,
1 padding, 512 output channels. The output is connected to two 1 x 1 convo-
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lutional layer for classification and box-regression (Note that the classification
here is to determine if the box is an object or not).

2. Next, as shows Fig. 4 ROI pooling layer is used for these proposed regions in
order to ensure the standard and pre-defined output size. These valid outputs
are passed to a fully connected layer as inputs. In our case, by using a neural
network that takes advantage of the mathematical operations made in the
convolutional layers. In our architecture we have used the ResNet-50 model
(He et al. 2016) as FCN. ResNet models try to solve the saturation of the
accuracy caused by increasing the network depth (Fig. 5).

3. Finally, the proposed regions that are the input of the second module, called Fast
R-CNN detector, composed of two fully connected layers, a regression layer
and a classification layer (Ren et al. 2015).
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Fig. 6 Processing applied to the original images. First, black edges are removed in a pre-
processing step. Then data augmentation is applied, generating three different new images

Architecture and Parameters Tuning

Basic architecture was modified to achieve the better results, aiming to observe the
benefit of using different datasets by training the network with background examples
and augmented dataset. Firstly, with the aim of reducing the number of false positives,
a technique called hard-negative mining was used (Felzenszwalb et al. 2009). It
consists of adding negative samples, which means, including examples of images
that do not contain polyps in the training step, labeling them as background. The
dataset was augmented using a series of transformations so that the model would
never train twice the exact same image. For each original preprocessed image, an
horizontal flip, a vertical flip, and a blur filter have been applied. Thus, we obtain
three new images from each original sample. After this data augmentation step, we
obtain a dataset that consists of 47.816 images in total (Fig. 6).



Our model contains several parameters to be defined in order to improve the results
training with some invariant parameters as learning rate 107>, 1000 iterations per
epoch, 32 number of Regional Object Interest (ROIs) and the increased image dataset
with rotations and flips. Tests were performed every 50 epochs, selecting different
confidence thresholds in order to obtain the best results.

Neuromation

In this section, the Neuromation team discusses their model architecture and seg-
mentation uncertainty estimation based on Bayesian approximation.

Network Architecture. The model architecture stems from the Hourglass and U-Net
design principles (Ronneberger et al. 2015; Liu et al. 2017). The contracting branch
of the model is based on the Resnet-34 encoder where we introduce useful modifica-
tions: ELU activations instead of ReLU, reversed order of batch normalization and
activation layers (Mishkin et al. 2017), and He normal weight initialization (He et al.
2015). One major difference from the classical U-Net architecture is meant to deal
with the limited dataset size characteristic for the GIANA challenge and for medical
imaging problems in general. We use two approaches to alleviate the problem of
overfitting to limited training data: (1) extreme data augmentation and (2) Spatial
2D Dropout (Tompson et al. 2015) incorporated into the upsampling branch. The
upsampling branch is implemented as a Feature Pyramid Network (FPN) (Lin et al.
2016), reconstructing high-level semantic feature maps at 4 scales simultaneously.
We implement a Feature Pyramid block as a convolutional layer with 64 activation
maps followed by upsampling to the original resolution with upsampling rate of 8§,
4, 2, or 1 depending on the feature map depth (see Fig. 7). We concatenate
upsampled maps into a single layer of 64 x 4 = 256 maps and finalize it with the
Spatial 2D Dropout layer. Spatial 2D Dropout acts like a regularizer and prevents
co-adaptation of the network weights, but unlike conventional dropout it drops out
not individual neurons but entire activation maps. In all experiments, we use
dropout rate 0.5, i.e., drop 128 out of 256 activation maps.

Finally, the output of the model is a sigmoid layer that assigns to every pixel a
continuous probability from 0 to 1 of being a polyp region.

Loss functions. It is known that the categorical cross entropy (CCE), while conve-
nient for training, does not directly translate into the metric of interest, Jaccard index
(Rakhlin et al. 2018; Iglovikov et al. 2017; Rakhlin et al. 2019). Hence, as the loss
function we use
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Fig. 7 Neuromation architecture

where ), is the binary label for pixel p, §, is the predicted probability for p, and P
is the number of pixels in the image.

Segmentation uncertainty estimation. In the domain of medical imaging, it is
particularly important to tell whether a model is confident about its estimate or not.
One distinctive feature of our approach is an innovative application of dropout as
a Bayesian approximation, as recently proposed by Gal and Ghahramani (2016),
http://mlg.eng.cam.ac.uk/yarin/blog_3d801aa532clce.html.

Classical deep learning tools do not capture model uncertainty, returning only a
point estimate at the output. Using softmax to get probabilities is actually insufficient
to obtain model uncertainty (http://mlg.eng.cam.ac.uk/yarin/blog_3d801aa532clce.
html). Bayesian models, on the other hand, offer a framework suitable to reason
about model uncertainty, but usually do it with a prohibitive computational cost.
Gal et al. show that dropout neural networks are identical—under certain, not too
restrictive, assumptions—to variational inference in Gaussian processes. In particu-
lar, they demonstrate “that averaging forward passes through the dropout network is
equivalent to Monte Carlo integration over a Gaussian process posterior approxima-
tion” (http://mlg.eng.cam.ac.uk/yarin/blog_3d801aa532c1ce.html).

Traditionally, dropout is considered as model averaging, and it was originally
explained that scaling the weights at test time without dropout gives a reasonable
approximation to the “average” model (Srivastava et al. 2014). However, for convo-
lutional networks this approximation is not sufficient and can be improved consid-
erably (Gal and Ghahramani 2016).
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Figure 8 shows the basic structure of our network. We use U-Net (Ronneberger et
al. 2015) or Link Net (Chaurasia and Culurciello 2017) type deep neural networks
with different encoders from the original U-Net and Link Net. U-Net and Link Net
both have an encoder-decoder structure and intermediate feature maps in the encoder
are concatenated or summed to intermediate feature maps in the decoder, respectively.

Modification of Base Architecture

Polyp detection, localization and segmentation tasks Our encoder is based on 101
layer ResNeXt (Xie et al. 2017) with Squeeze-and-Excitation blocks (Hu et al. 2018).
The decoder is almost same as the original U-Net and Link Net networks except the
number of feature maps. We use Link Net type for the polyp detection task, and use
U-Net type network for the polyp localization and segmetation tasks.

WCE detection and localization tasks Figure 9 shows the whole structure of
our network for the WCE detection and localization tasks. We use Link Net type
for the WCE detection and localization tasks. Our encoder is based on 101 layer
ResNeXt (Xie et al. 2017) with Squeeze-and-Excitation blocks (Hu et al. 2018).
The decoder is almost same as the original U-Net and Link Net networks except
the number of feature maps. We add two fully connected layers on top of the last
residual block of the encoder (“Residual + SE Block #4” in Fig. 9) and obtain the
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classification results. We also obtain the lesion area (segmentation mask) as output
of the decoder. The network is trained on the tasks of classification and segmentation
simultaneously. The locations of the lesions are obtained by post-processing the
segmentation results as described later.

Parameter Tuning to Solve the Task

Polyp detection, localization and segmentation tasks The training procedure is as
follows. Aninputimage is resized to 320 x 320 pixels after the border area is cropped.
We use stochastic gradient descent for the optimization. The hyper-parameters in the
optimization are that the initial learning rate is 0.1 and the momentum is 0.9. We
decay the learning rate with a cosine annealing for each epoch. The mini-batch size is
32 and we run 200 epochs. The loss function is summation of softmax cross entropy
loss and dice loss (Milletari et al. 2016). The softmax cross entropy loss is weighted
depending on the distance from the contour of the polyp area (Anas et al. 2017). Data
augmentation is applied on the fly during the training. We augment using translation,
rotation, resizing, flipping, and contrast. We also use mixup (Zhang et al. 2017).



At inference, the final probability map is resized to the original size and thresh-
olded. When probabilities of any pixels are greater than the threshold, we decide
there are polyps. Otherwise, we decide there are no polyps.

In the polyp detection task, the threshold value is 0.2 which is decided by using
the validation dataset.

In the polyp localization task, the threshold value is 0.4 which is decided by using
the validation dataset. When we decide there are polyps, we find the largest area and
we use the center of gravity of the largest area as the location of the polyp.

In the polyp segmentation task, the threshold value is 0.3 which is decided by
using the validation dataset.

WCE detection and localization tasks The training procedure is as follows. An
input image is resized to 320 x 320 pixels after the border area is cropped. We
use stochastic gradient descent for the optimization. The hyper-parameters in the
optimization are that the initial learning rate is 0.1 and the momentum is 0.9. We
decay the learning rate with a cosine annealing for each epoch. The mini-batch size
is 64 and we run 400 epochs. The loss function is summation of the classification
loss and the segmentation loss. The classification loss is softmax cross entropy, and
the segmentation loss is the summation of pixel-wise softmax cross entropy loss
and dice loss (Milletari et al. 2016). Data augmentation is applied on the fly during
the training. We augment using translation, rotation, resizing, flipping, and contrast
adaptations.

At inference, the classification results are obtained from the output of the fully
connected layer on top of the encoder. When the classification result is vascular or
inflammatory, we identify the locations of the lesions by using the segmentation
result. The segmentation result is obtained from the output of the decoder as a prob-
ability map. The probability map is resized to the original image size. Candidates of
lesions are regions where the probability is greater than a threshold. If the region size
is greater than another threshold, we identify the region as a lesion. The centroids
of the detected lesion regions are used as localization results. The threshold values
for the probability map and the region size are 0.7 and 50, respectively, which are
chosen based on the results on the validation dataset.

Examples of Results (on the Training Sets)

RTC-ATC

Different experiments were carried out to determine if polyps were detected correctly
or not. Tests were performed every 50 epochs, selecting different confidence thresh-
olds in order to obtain the best results. Polyps detection performance is reported in
Table 1. The results show the robustness of the proposed Faster R-CNN archi-
tecture on detecting the polyp position in colonoscopy images with a precision of



Table1 Polypsdetection performance. TP: True Positive, FP: False Positive, TN: True Negative,
FN: False Negative

TP FP TN |FN Precision | Recall Accuracy | Specificity | F1 F2
3533 866 |1659 |1154 | 80.31 75.37 71.99 65.70 7176 | 76.30

Polyp 0.96

Polyp 0.85

Fig. 10 RTC-ATC Polyp detection results task. Left: polyps detected by Faster R-CNN. Con-
fidence values are represented in blue. Right: their corresponding ground truth. A and B show the
performance in case a polyp appears, while C shows the performance in case there is no polyp

80.31%, arecall of 75.37%, an accuracy of 71.99% and a specificity of 65.70%. The
minimal threshold was established at 0.80.

In Fig. 10 the results of our recognition system can be seen by showing the
precision when detecting polyps inside samples from the dataset, and their corre-
sponding mask images (as a ground truth) indicating where the polyps are located.



Neuromation

A direct application of Gal and Ghahramani (2016), http://mlg.eng.cam.ac.uk/yarin/
blog_3d801aa532clce.html theory gives us tools to model uncertainty out of deep
learning networks at almost zero additional cost. To this end, at test time we do
not scale the weights, as it would be in the case of classical dropout. Instead, the
model keeps dropping out random activation maps, producing multiple predictions
for the same input. This output distribution provides more accurate point estimate
and makes possible to assess the uncertainty of polyp segmentation.

Figure 11 shows sample segmentation results of our model on validation set
samples that we set aside from the training set. It shows, left to right, the original
image, ground truth segmentation mask, the model’s binary prediction, and, finally,
the level of uncertainty estimated by spatial 2D dropout. We see that not only the
model shows excellent segmentation results but also assigns reasonable uncertainty
values, usually being least certain near the boundaries of a polyp.

Konica Minolta

WCE detection and localization tasks We evaluated our proposed method by using
the training data set provided in WCE lesion detection and localization challenge in
gastrointestinal image analysis (GIANA). The training data set is composed of 600
images without lesion, i.e., normal, 600 images with a vascular lesion and 600 images
with an inflammatory lesion. The evaluation was conducted with cross-validation of
the training data set. We divided the training data set into six groups and used four
groups for training, one group for validation, and one group for testing. Thus, we
had six folds for cross-validation and the performance was evaluated with average
values and standard deviations of test data in six folds.

We used some evaluation metrics based on the definition in the WCE lesion
detection and localization challenge. For classification, we calculated the following
metrics; true positive rate (TPR), false positive rate (FPR), false negative rate (FNR),
true negative rate (TNR), and accuracy. With respect to localization, we calculated
precision, recall, F1 and F2 for two lesion types, i.e., vascular and inflammatory
lesions.

Tables 2 and 3 show the summary of classification and localization perfor-
mance, respectively. In those tables, the numbers mean “average + standard devi-
ation” and the units are percent. The average and standard deviation are calculated
for test data of all folds in all lesion types for classification and two lesion types
(vascular and inflammatory) for localization.
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Fig. 11 Neuromation results. Left to right: a original image, b ground truth, ¢ predicted mask, d

uncertainty of the prediction

Table 2 Results of classification task

TPR FPR FNR TNR Accuracy
98.67 £ 0.42 0.67 + 0.21 1.33 £ 0.42 99.33 £0.21 99.11 £0.28
Table 3 Results of localization task

Precision Recall F1 F2

88.76 + 1.59 76.26 £ 4.05 81.98 +2.28 78.44 + 3.37
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