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A Study on the Liver and Tumor Segmentation and Hologram
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ABSTRACT

In this paper, we proposed a system that visualizes a hologram device in 3D by utilizing the CT im—
age segmentation function based on artificial intelligence deep learning. The input axial CT medical im—
age is converted into Sagittal and Coronal, and the input image and the converted image are divided
into 3D volumes using ResUNet, a deep learning model. In addition, the volume is created by segment—
ing the tumor region in the segmented liver image. Each result is integrated into one 3D volume, dis-
played in a medical image viewer, and converted into a video. When the converted video is transmitted
to the hologram device and output from the device, a 3D image with a sense of space can be checked.
As for the performance of the deep learning model, in Axial, the basic input image, DSC showed 95.0%
performance in liver region segmentation and 67.5% in liver tumor region segmentation. If the system
is applied to a real-world care environment, additional physical contact is not required, making it safer
for patients to explain changes before and after surgery more easily. In addition, it will provide medical
staff with information on liver and liver tumors necessary for treatment or surgery in a three-dimen-
sional manner, and help patients manage them after surgery by comparing and observing the liver be—
fore and after liver resection.

Key words: Deep Learning, Liver Segmentation, Artificial Intelligence, Hologram
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Fig. 1. The order of operation of the system that 3D visualizes the segmentation results of liver and liver cancer,
Yellow area is liver and red circle is tumor,
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(b)

Fig. 2. (a) Axial image, (b) Liver mask in axial, (c) Tumor mask in axial, (d) Sagittal image, (e) Liver mask in sagittal,
(f) Tumor mask in sagittal, (g) Coronal image, (h) Liver mask in coronal, and (i) Tumor mask in coronal,

Table 1. Liver Image set for deep learning by each cross section,

Dataset Augmentation Total Training Validation Test

Axial 2250 6,750 9,000 7,200 900 900

Sagittal 17,025 - 17,025 13,620 1702 1703

Coronal 20,292 - 20,292 16,233 2,029 2,030

Table 2, Tumor image set for deep learning by each cross section,

Dataset Augmentation Total Training Validation Test

Axial 394 5910 6,304 5,043 630 631

Sagittal 3,408 3,418 6,826 5,452 682 682

Coronal 3,413 3,403 6,816 5,460 683 683
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Table 3. Specifications of the system used for training.

CPU Intel(R) Xeon(R) CPU E5-1620 v4 @
3.50GHz * 8
RAM 256GB
. NVIDIA Corporation GP102 [TITAN Xp
GPU .
12GB] *
0S 18.04.1-Ubuntu
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Fig. 3. The architecture of the deep ResUNet,
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Fig. 4. Reconfiguring 3D volumes from liver masks, (a) Result of liver segmentation for each section, (b) Result
of liver reconstruction for each section, and (c) Average of three cross—sectional volumes,
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Table 4, Deep learning result of liver segmentation,

Plane Window Accuracy DSC

Axial 150, W180 0.997 0.950 (£0.01)
Sagittal | L50, W180 0.997 0.898 (+0.02)
Coronal | L50, W180 0.996 0.944 (+0.01)

Table 5, Deep learning result of tumor segmentation,

Plane Window Accuracy DSC

Axial | L100, W250 0.983 0.675 (+0.05)
Sagittal | L100, W250 0.969 0.476 (+0.07)
Coronal | 1100, W250 0.981 0.505 (£0.07)
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(f)
Fig. 6. Images for each plane, ground truth, prediction result, and overlaid image. (a) Result of axial, (b) Result

of sagittal, (c) Result of coronal, (d)~(f) The 3D reconstructing the ground truth and prediction result, (d)
Reconstruction of axial, (e) Reconstruction of sagittal, and (f) Reconstruction of coronal,
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Fig. 7. Liver region image segmented by deep learning for each plane, ground truth, prediction result, and overlaid
image, (a) Result of axial, (b) Result of sagittal, (c) Result of coronal, (d) Reconstruction of axial, (e)
Reconstruction of sagittal, and (f) Reconstruction of coronal.
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