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3 СЕКЦІЯ «КОМПЬЮТЕРНІ НАУКИ, ПРОГРАМНА ІНЖЕНЕРІЯ, 
СИСТЕМНИЙ АНАЛІЗ ТА УПРАВЛІННЯ» 

UDC 004.93 
Khabarlak K.1 

SEMANTIC SEGMENTATION WITH POST-TRAIN ADAPTIVE 
NEURAL NETWORK 

The task of semantic image segmentation is the most efficiently solved by 
convolutional neural networks. Overall, solving the problem is very 
computationally intensive. This is especially noticeable on mobile devices. Such 
devices have limited computational resources, and are typically running on 
battery. In [1] several detection algorithms have been implemented to be run on 
mobile devices. These algorithms include both statistical and neural-network-
based. In Table 1 of paper [1] the results of an experiment are shown, where 
performance of 2 high-end devices was compared. One of the devices was 
released in 2013, and the other one in 2018. As it turns out, the older devices can 
be from 2.13 to 5.64 times slower than the newer ones. Actual relative difference 
depends on the algorithm considered. 

This huge performance difference is problematic, especially given the fact 
that neural network architecture (and, consequently, inference time) cannot be 
changed dynamically without re-training the neural network. Still, enterprise 
applications might want to target both of these device categories. 

We have noticed several recent works that are proposing modifications to 
the neural network training procedure, so that the resulting network becomes 
more adaptive [2, 3]. In particular in [2], post-train adaptive (PTA) approach has 
been first proposed. It allows to implement a dynamic neural network. The newly 
proposed network has been applied to the face anti-spoofing problem. According 
to the authors, the PTA approach has resulted in several benefits:  

1. Neural network inference time can be instantly adjusted after the 
network training is complete. Based on configuration, inference time is from 
80% to 107% of the non-dynamic neural network inference time. 

2. Overall training time has decreased by 14%. 
3. Prediction accuracy has risen from 96.74% for the non-PTA approach 
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to 97.85% with the PTA approach. 
However, the proposed approach has not been applied to the semantic 

segmentation task. In this work we build U-Net+PTA neural network that is able 
to solve the image segmentation problem, and its configuration can be changed 
dynamically after the neural network training is complete. 

Our approach is based on a widely used U-Net model, that has shown 
good results in an image segmentation task. Similarly to [2], we replace 2 pairs 
of Inverted Residual Blocks with the PTA blocks. Each PTA block has Light and 
Heavy branches that have a different number of operations to compute. Light 
branch is 2 times faster than the Heavy branch. Switching between the branches 
allows to change inference time of the whole network. In order for both branches 
to give meaningful predictions, we apply PTA sampling training strategy, where 
different branch configurations are sampled during the training procedure. 

Applying the PTA approach to the segmentation task has given us 
improvements in both inference quality and inference time. The resulting 
network inference time can be adaptively changed depending on used needs from 
96.86% to 102.98% of the original U-Net. The resulting network prediction 
quality has risen from 85.82% for the original U-Net model to 86.70% for the 
newly proposed U-Net+PTA model. Both improvements have been achieved 
without increasing total training time. 

Conclusions. In contrast to existing convolutional neural networks, PTA 
approaches allow to dynamically change neural network inference speed and 
architecture. Training a neural network model takes a lot of time. By adding 
neural network adaptivity after the training is complete it is possible to further 
adjust the neural network without spending more time on training. Additionally, 
PTA-based models can efficiently target devices with different performance 
characteristics from slow devices to more powerful ones, all with a single model. 
In this work we have applied the PTA approach to the semantic segmentation 
task. Our approach is based on the U-Net architecture, which we modify with 
PTA blocks and PTA training strategy. Our experimental results show, that in 
addition to dynamic architecture adjustment the newly proposed network is also 
better in quality than the original U-Net. 
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