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Abstract. Computer-assisted treatment has emerged as a viable appli-
cation of medical imaging, owing to the efficacy of deep learning models.
Real-time inference speed remains a key requirement for such applica-
tions to help medical personnel. Even though there generally exists a
trade-off between performance and model size, impressive efforts have
been made to retain near-original performance by compromising model
size. Neural network pruning has emerged as an exciting area that aims
to eliminate redundant parameters to make the inference faster. In this
study, we show an application of neural network pruning in polyp seg-
mentation. We compute the importance score of convolutional filters and
remove the filters having the least scores, which to some value of prun-
ing does not degrade the performance. For computing the importance
score we use the Taylor First Order (TaylorFO) approximation of the
change in network output for the removal of certain filters. Specifically,
we employ a gradient-normalized backpropagation for the computation
of the importance score. Through experiments in the polyp datasets, we
validate that our approach can significantly reduce the parameter count
and FLOPs retaining similar performance.

Keywords: Polyp Segmentation - Real-time Colonoscopy - Neural Net-
work Pruning

1 Introduction

Polyp segmentation [7J6)37] is a crucial research problem in the medical do-
main involving dense classification. The primary aim of segmenting polyps in
the colonoscopy and endoscopy is to identify pathological abnormalities in body
parts such as the colon, rectum, etc. Such abnormalities can potentially lead to
adverse effects causing colorectal cancer, thus inviting fatal damage to health.
Statistics show that between 17% and 28% of colon polyps are overlooked during
normal colonoscopy screening procedures, with 39% of individuals having at least
one polyp missed, according to several recent studies [27J22]. However, timely
diagnosis of a polyp can lead to timely treatment. It has been calculated that
a 1% improvement of polyp detection rate reduces colorectal cancer by 3% [3].
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Realizing the tremendous upside of early polyp diagnosis, medical Al practition-
ers have been trying to utilize segmentation models to assist clinical personnel.
However, the latency of the large segmentation model has been the prime bot-
tleneck for successful deployment. Utilizing smaller segmentation models is an
option, but doing so compromises the performance of the model. In the case
of bigger models, there is a good chance model learns significant redundancies
thereby leaving room for improvement in performance. In such a scenario, we
can prune the parameters of the model to reduce its size for the inference stage.
Neural Network Pruning has established itself as an exciting area to reduce the
inference time of larger models.

Neural Network Pruning [26/T4/T0/2] is one of the methods to reduce the pa-
rameters, compute, and memory requirements. This method differs significantly
from knowledge distillation [I6/12] where a small model is trained to produce
the output of a larger model. Neural Network Pruning is performed at multi-
ple levels; (i) weight pruning [35/T4/T3] removes per parameter basis while (ii)
neuron/channel [43l24] pruning removes per neuron or channel basis and (iii)
block/group [11I25] pruning removes per a block of networks such as residual
block or sub-network.

Weight pruning generally achieves a very high pruning ratio getting similar
performance only with a few percentages of the parameters. This allows a high
network compression and accelerates the network on specialized hardware and
CPUs. However, weight pruning in a defined format such as N:M block-sparse
helps in improving the performance on GPUs [29]. Pruning network at the level
of neurons or channels helps reduce the parameters with similar performance,
however, the pruning ratio is not that high. All these methods can be applied to
the same model as well.

In this work, we are particularly interested in neuron-level pruning. Apart
from the benefit of reduced parameter, memory, and computation time (or
FLOPs), neuron or channel level pruning, the number of neurons in a neu-
ral network is small compared to the number of connections and can easily be
pruned by measuring the global importance [26/I5/3428/44]. We focus on the
global importance as it removes the need to inject bias about the number of
neurons to prune in each layer. This can simplify our problem to remove less
significant neurons globally, allowing us to extend it to differently organized net-
works such as VGG, ResNet, UNet or any other Architecture. However, in this
work, we focus only on the layer-wise, block-wise and hierarchical architecture
of UNet [38].

Our experiment on Kvasir Segmentation Dataset using UNet model shows
that we can successfully prune ~ 1K Neurons removing ~14% of parameters and
reducing FLOPs requirement to ~ 0.5x the original model with approximately
the same performance of the original (from 0.59 IoU to 0.58 IoU). That is half
the computational requirement of previous model with negligible performance
loss.
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2 Related works

2.1 Real-time Polyp Segmentation

Convolution-based approaches [3846/30] have mostly dominated the literature
while recently attention-based models [6I23] have also been gaining traction in
polyp segmentation. A number of works have been done in the area of real-time
settings too. One of the earliest works [39], evidencing the ability of deep learning
models for real-time polyp, has shown to achieve 96% accuracy in screening
colonoscopy. Another work [41] utilizing a multi-threaded system in a real-time
setting, has shown the deep learning models’ ability to process at 25 fps with
76.80 £+ 5.60 ms latency. Specialized architectures for polyp segmentation have
also been studied in the medical imaging literature accounting for real-time
performance. MSNet [45] introduced a subtraction unit, performing inference
on 352x352 at 70 fps, instead of the usual addition as used in many works such
as UNet [38], UNet++ [46], etc. Moreover, NanoNet [21I] introduced a novel
architecture tailor-made for real-time polyp segmentation primarily relying on
a lightweight model hence compromising the learning capacity. SANet [42] has
been shown to achieve strong performance with an inference speed of about 72
FPS. It showed samples collected under different conditions show inconsistent
colors, causing the feature distribution gap and overfitting issue. Another work
[36] used 2D gaussian instead of binary maps to better detect flat and small
polyps which have unclear boundaries.

2.2 Neural Network Pruning

Works in pruning have somewhat lagged behind in medical imaging as com-
pared to other domains. A recent work [I] has focused its study on reducing
the computational cost of model retraining after post-pruning. DNNDeepening-
Pruning [8] proposed the two-stage model development algorithm to build the
small model. In the first stage, the residual layers are added until the overfit-
ting starts and in the latter stage, pruning of the model is done with some user
instructions. Furthermore, [9] has demonstrated evolution strategy-based prun-
ing in generative adversarial networks (GAN) framework for medical imaging
diagnostics purposes. In biomedical image segmentation, [19] applied a pruning
strategy in U-Net architecture achieving 2x speedup trading off a mere 2% loss
in mIOU(mean Intersection Over Union) on PhC-U373 and DIC-HeLa dataset.
STAMP [4] tackles the low data regime through online simultaneous training and
pruning achieving better performance with a UNet model of smaller size as com-
pared to the unpruned one. In histological images, the superiority of layer-wise
pruning and network-wide magnitude pruning has been shown for smaller and
larger compression ratios respectively [32]. For medical image localization tasks,
pruning has also been used to automatically and adaptively identify hard-to-
learn examples [18]. In our study, we make use of pruning to reduce the model’s
parameters.
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Fig. 1. Left: Unpruned UNet Model. Right: Model After Purning convolution filters
with low importance score. The exact number of pruned filters is 956, extracted from
experiment shown in Fig[d (top).

Previous works showed that global importance estimation can be computed
using one or all of forward(activation) [I7], parameter(weight) [14] or back-
ward(gradient) [40U3115] signals. Some of the previous techniques use Feature Im-
portance propagation [44] or Gradient propagation [28] to find the neuron impor-
tance. Others use both activation and gradient information for pruning [34/33].
Although there are methods using such signals for pruning at initialization [40],
we limit our experiment to the pruning of trained models for a given number of
neurons.

In this work, we use importance metric similar to Taylor First Order (Taylor-
FO) approximations [34U33] but from heuristics combining both forward and
backward signals. The forward signal, namely the activation of the neuron, and
the backward signal, the gradient. We use a normalized gradient signal to make
the contribution of each example similar for computing the importance score.

3 Methodology

In this section, we discuss the pruning method in detail, and the application
of the pruning method for polyp segmentation tasks, specifically focusing on
the UNet architecture. However, it can be applied to other architecture as well.
Instead of pruning all layers, we specifically target the convolutional layers for
pruning. It is important to note that the term 'neurons’ refers to the channels in
the context of pruning convolutional layers. Furthermore, we present a method
to select the pruned model that is best suited for the task at hand.

3.1 Pruning Method

Previous works on global importance-based post-training pruning of neurons
focus on using forward and backward signals. Since most of these methods are
based on Taylor approximation of the change in loss after removing a neuron or
group of parameters, these methods require input and target value for computing
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the importance. Instead, we tackle the problem of pruning from the perspective
of overall function output without considering the loss.

Forward Signal: The forward signal is generally given by the pre-activation
(z;). If a pre-activation is zero, then it has no impact on the output of the func-
tion, i.e. the output deviation with respect to the removal of the neuron is zero.
If the incoming connection of a neuron is zero-weights, then the neuron can be
removed, i.e. it has no significance. If the incoming connection is non-zero then
the neuron has significance. Forward signal takes into consideration how data
affects a particular neuron.

Backward Signal: The backward signal is generally given by back-propagating
the loss. If the outgoing connection of the neuron is zeros, then the neuron has no
significance to the function, even if it has positive activation. The gradient(dx;)
provides us with information on how the function or loss will change if the neu-
ron is removed.

Importance Metric: Combining the forward and backward signal we can get
the influence of the neuron on the loss or the function for given data. Hence,
the importance metric (I;) of each neuron (n;) for dataset of size M is given
by I; = ﬁ ny:l x;.0x;, where x; is the pre-activation and dz; is its gradient.
It fulfills the criterion that importance should be low if incoming or outgoing
connections are zeros and higher otherwise.

Problem 1: This importance metric (I;) is similar to Taylor-FO [34]. However,
the metric gives low importance when the gradient is negative, which to our
application, is a problem as the function will be changed significantly, even if it
lowers the loss. Hence, we calculate the square of importance metric to make it
positive. The squared importance metric (I7) is computed as below:

M
n=1
Problem 2: During the computation of the gradients, some input examples pro-
duce a higher magnitude of gradient, and some input examples produce a lower
magnitude of the gradient. Since the magnitude is crucial for computing the im-
portance, different inputs contribute differently to the overall importance score.
To this end, we normalize the gradient to the same magnitude of 1. Doing so
makes the contribution of each data point equal for computing the importance.
Pruning Procedure: Consider that pruning is performed using dataset D €
[x0,X1,...Xx] of size N. We have a Convolutional Neural Network (CNN) whose
output is given by: y, = fonn(X,). We first compute the gradient w.r.t y,, for
all x,, for given target t,, as:

A =
Yn 5y
We then normalize the gradient Ay, as:

G, = Ay,
" Ay
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This gradient Ay, is then backpropagated through the fonny network to com-
pute the squared Importance score (I7) of each convolution filter.

3.2 Pruning UNet for Polyp-Segmentation

UNet [38] is generally used for Image Segmentation Tasks. It consists of only
Convolutional Layers including Upsampling and Downsampling layers organized
in a hierarchical structure as shown in Figure

We compute the Importance Score for each Convolutional layer and prune
the least important ones. Removing a single convolution filter removes a channel
of the incoming convolution layer and the outgoing convolution channel. When
used with many channels, we can get a highly pruned UNet with only a slight
change in performance.

This method can be used to drastically reduce the computation and memory
requirements without degrading the performance even without fine-tuning the
pruned model. A single computation of Importance Score allows us to prune
multiple numbers of neurons and select sparsity with the best FLOPs (or Time-
taken) and IoU trade-off.

3.3 Measuring Pruning Performance

Performance metrics are crucial for measuring the effectiveness of different prun-
ing algorithms. Some of them are listed below.

FLOPs: FLOP stands for floating point operation. Floating point operation
refers to the mathematical operations performed on floating point numbers.
FLOP measures model complexity, with a higher value indicating a computa-
tionally expensive model and a lower value indicating a computationally cheaper
model with faster inference time. We evaluate an algorithm’s efficiency by how
many FLOPs it reduces.

Parameters: Parameters represent learnable weights and biases typically rep-
resented by floating point numbers. Models with many parameters need a lot
of memory, while models with fewer parameters need less memory. The effec-
tiveness of the pruning algorithm is measured by the reduction in the model’s
parameters.

Time-taken: It is the actual wall-clock inference time of model. We measure
time taken before and after pruning the network. Time-taken is practical but
not the most reliable metric for efficiency gain as it might vary with device and
with different ML frameworks.

4 Experiments

We conduct the experiment for Polyp-Segmentation model pruning using the
Kvasir Dataset [20]. We use the pretrained UNet Model for segmentation and
prune the Convolutional Filters of the Network to reduce the computational cost
as shown in Figure [2|
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Fig. 2. (Top) row is the Number of Neurons Pruned vs IoU and Parameters plot.
(Bot) row is the Number of Neurons Pruned vs Time-taken and Giga-FLOPs plot.
Here, Time-taken is measured in seconds for the inference of 100 samples with 10 batch
size. (Left) column shows pruning performance using 39 data samples for importance
estimation. A sample pruning of 956 neurons reduces the FLOPs to 0.477x and pa-
rameters to 0.864x while retaining performance to 0.99x the original performance
(~0.5795 IoU). The time taken is reduced by ~30%. (Right) column shows pruning
performance using 235 data samples for importance estimation. A sample pruning of
736 neurons reduces the FLOPs to 0.54x and parameters to 0.922x while retaining
the same performance (/0.5879 IoU). Here, we manage to reduce time taken by ~26%.

Procedure: First, we compute the importance score for each neuron/channel
on a given dataset. Secondly, we prune the P least important neurons of total
N by importance metric (I*) given by our method. We measure the resulting
accuracy and plot the Number of neurons pruned as shown in Figure [2] The
pruning is performed using one split of the test dataset and the IoU is measured
on another split of the test dataset.

Although the pruned models could be finetuned to see an increase in perfor-
mance, we do not finetune pruned model in our case. We analyse the change in
performance (IoU), the efficiency achieved (FLOPs) and the compression (the
number of parameters) for different values of the number-of-neurons-pruned in
the UNet Model.

Observation: The experiments show that model generally consists of redun-
dant and less important convolutional channels, which can be pruned with little
to no effect on the output of the model. We see in Figure (2 left) that about
50% (==1500 out of 2944) of the neurons can be pruned before the IoU starts to
decrease drastically. Furthermore, this result is observed for a varying numbers
of data points, which suggests that pruning under different settings creates dif-
ferent pruned architectures, while still following the same pattern of performance
retention after pruning of an increasing number of neurons (up to some point).
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Fig. 3. Qualitative comparison of Polyp Segmentation before and after pruning of the
UNet model. The pruned model samples are generated from experiment in Fig (2 left
with 956 neurons pruned).

The qualitative evaluation (see Figure |3) of the Pruned UNet Model on the
Polyp-Segmentation Dataset shows that the pruned model makes slight changes
in the output of the unpruned model while preserving most of the important
characteristics. We find that these slight changes can be improvements or degra-
dation to the original model outputs but without significantly distorting the
model output.

5 Conclusion

In this work, we propose to use Neuron Level Pruning in the application of the
polyp segmentation task for the first time. The benefit of proposed channels or
filter pruning can be realized immediately with parallel hardware like GPUs to
significantly reduce the computation cost to less than 50% without degrading
the performance. Such a reduction in computational cost automatically leads to
the potential application in a real-time setting. Computer-assisted treatment of
patients, especially during medical tasks like colonoscopy, requires low latency
with satisfactory performance such that the pace of treatment is not hindered.
Since the polyp’s nature can exhibit significant variability during colonoscopy,
real-time polyp segmentation models can indeed provide medical personnel use-
ful insights into locating the abnormal growths in the colon thereby assisting
in early diagnosis. Moreover, the advanced visualizations aided through real-
time diagnosis can indeed lead to determining appropriate treatment approaches.
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Moreover, it also allows safe, methodical, and consistent diagnosis of patients.
Our work paves the path for off-the-shelf models to be significantly accelerated
through neural network pruning in tasks requiring fast inference such as medical
imaging, reducing the inference and storage cost. To sum up, in this work, we
explore a promising research direction of neural network pruning demonstrating
its efficacy in polyp segmentation. We validate our approach of neural network
pruning with various experiments by almost retaining the original performance.
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