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Abstract

A software tool for calculating the volume of a soft-tissue
eye orbit using the deep learning of neural network Mask
R-CNN has been developed and tested. The result of the
development will be in demand when evaluating the
results of surgical intervention for the reconstruction of
the thin bones of the orbit. It was established that the
inaccuracy in constructing the contour of a soft-tissue
orbit is 4—-8%.
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1 Introduction

One of the criteria for evaluating the results of surgery to
eliminate post-traumatic defects of the orbital bones is the
calculation of the volume of the orbit before and after surgery.
Currently, the estimation of the orbit volume is carried out
using software tools to visualize the results of X-ray computer
tomography in three projections and methods of layer-by-
layer calculation of the orbit volume based on the spots set by
the surgeon [1-3]. Along with the assessment of the orbit
volume, there is an assessment of the tendency for changes in
the volume of various types of tissue in the orbit [4].

At the same time, the analysis of the images obtained in
the MSCT [5-7] in the DICOM [8] format and the
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three-dimensional reconstruction of the skull allows the
surgeon to more reliably estimate the anatomical features of
the individual patient, localization, boundaries and preva-
lence of the pathological process, and plan the scope of the
surgery [9, 10].

The purpose of the project was the development of
software tool for calculating the orbit volumes by using
neural network machine learning technologies.

2 Experimental Technique

2.1 |Initial Data

The results of microspiral computer tomography of 70
patients with fractures of orbit bones of varying severity
were used as initial data for neural network learning. For
each patient, a set of images in the DICOM format, obtained
using the results of the Siemens Emotion 6 Microspiral
Computer Tomography Scanner (Germany), was analyzed.

The preparation of images for neural network learning
was carried out by layering these images. Before the mark-
ing process, DICOM images were converted to RGB ima-
ges. The VGG Image Annotato application was used as a
data marking tool. It is an application for manual annotation
of images with the ability to perform multiple marking. The
results of the marking are files in csv and json format, which
store the information about the coordinates of the points
bounding the polygon (the result of the marking of the orbit)
in relation to the file name. Figure 1 shows an example of
the marking of the initial files.

Initial data was divided into training and test in a per-
centage of 80 and 20%, respectively. Test initial data was
used to test the operation of the neural network after learn-
ing. In addition, the test initial data was used as a control
experiment to compare the results of the calculation of the
volume of the orbit marked by the neural network with the
volume of the orbit marked by hand.
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Fig. 1 The result of marking the initial data in one layer

2.2 Neural Network Learning

The task was solved by means of the Python programming
language using the Anaconda platform. Tensorflow and
Keras were used as the main frameworks for working with
neural networks. A ready-made neural network architecture
Mask R-CNN was used [5]. The neural network learning
was started using the initial COCO weights [6] to ensure a
faster learning process. The neural network learning had the
following parameters: learning epoch—100, learning rate—
0.001, regularization—0.0001, minimum probability at
detecting—0.95.

2.3 Software Algorithm

The developed software works in two modes: the learning
mode of the neural networks and the search mode for the
contours of the orbits and the calculation of their volumes.

The algorithm of the software tool in the search mode for
the contours of the orbits and calculation of their volumes
consists of the following three procedures: (1) recognition of
the contours of the orbit by the neural network by the input
images in the DICOM format; (2) checking the correctness
of the markings of the right and left orbits, correcting the
results of the marking; (3) calculation of the volumes of the
orbits and output of the results through the user interface.

The development of an additional procedure for unam-
biguous identification of the right and left orbits was
required due to the fact that as a result of the neural network
in some layers, the right orbit and left orbit were noted with
an error: left as right, and right as left. Figure 2 shows the
flowchart of the algorithm for correcting the recognition
results of the orbit contours by the neural network.

In order to calculate the volume of orbits the following
formula was used:

V%N xa?xh 31b
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Fig. 2 Flowchart of the algorithm for correcting the results of the
search for the orbit contours

where N is the number of pixels marked as part of the orbit;
a is the pixel side length, mm; h is the distance between the
layers, mm.

The pixel side length a and the distance between the
layers h depend on the technical characteristics and resolving
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power of the microspiral computer tomography apparatus. In
our case, the resolving power of the original DICOM files is
512 x 512 pixels and a = 0.455 mm, and the distance
between the layers h = 0.625 mm.

The procedures implemented by means of the Python
programming language were tested on 14 sets of DICOM
files in order to estimate the marking error by the neural
network of orbits.

3 Results and Discussion

As a result of neural network learning, a matrix of weights
was obtained for each layer of the neural network on the
basis of which the orbits were marked in the test data sets.

The typical Grid of ground truth objects and their pre-
dictions obtained as a result of the processing of the
biomedical image layer are shown in Fig. 3.

After processing the images of the test data sets using the
trained neural network and the procedure for correcting the
search results, separate data sets were obtained—files with
orbit contours. Figure 4 shows the result of the overlay of
the orbit contours constructed by the neural network on the
original image of the layer received by the software tool.

Further, based on the sets of files with the orbit contours,
the volume of the right and left orbits was calculated using
the formula (1).

Comparison of the orbits calculated by the results of the
neural network marking with the volumes of the orbits cal-
culated by the results of manual marking showed that the
difference is 4—-8%. This indicates the high accuracy of the
marking of the orbits by the neural network. The proposed
software tool is useful for automating the process of calcu-
lating the volume of orbits at the stage of preparation for the
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Fig. 3 Grid of ground truth objects and their predictions

Fig. 4 The result of the search of the orbit by the neural network after
learning

operation and in evaluating the results of the operation to
replace the thin bones of the orbit.

4 Conclusions

It has been established that the difference in calculations of
the volume of orbits based on biomedical images (computer
tomography results) using a neural network is 4—8%.

A software tool has been developed and tested to reduce
the time spent on preparing for surgery to replace the thin
bones of the orbit by 30—-40 min.
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