Journal of Biomedical Engineering Research 44: 346-353 (2023)
http://dx.doi.org/10.9718/JBER.2023.44.5.346

A\
S a=gF

A5 Ao} Bag F 7 A
7

He9d 7l

MY oA - 4T - A
‘AN Et ofFshar, AN Eta ojabest A ojsta), FAISA) Hesl

Prerequisite Research for the Development of an End-to-End System
for Automatic Tooth Segmentation: A Deep Learning-Based
Reference Point Setting Algorithm

Kyungdeok Seo', Sena Lee’, Yongkyu Jin® and Sejung Yang>*

!Department of Biomedical Engineering, Yonsei University, Korea
’Department of Precision Medicine, Yonsei University Wonju College of Medicine, Korea
3diorco
(Manuscript received 4 October 2023 ; revised 25 October 2023 ; accepted 26 October 2023)

346 Abstract: In this paper, we propose an innovative approach that leverages deep learning to find optimal reference
points for achieving precise tooth segmentation in three-dimensional tooth point cloud data. A dataset consisting of
350 aligned maxillary and mandibular cloud data was used as input, and both end coordinates of individual teeth were
used as correct answers. A two-dimensional image was created by projecting the rendered point cloud data along
the Z-axis, where an image of individual teeth was created using an object detection algorithm. The proposed algo-
rithm is designed by adding various modules to the Unet model that allow effective learning of a narrow range, and
detects both end points of the tooth using the generated tooth image. In the evaluation using DSC, Euclid distance,
and MAE as indicators, we achieved superior performance compared to other Unet-based models. In future research,
we will develop an algorithm to find the reference point of the point cloud by back-projecting the reference point
detected in the image in three dimensions, and based on this, we will develop an algorithm to divide the teeth indi-
vidually in the point cloud through image processing techniques.

Key words: Deep learning, Tooth point cloud, Coordinate extraction, Object detection, Tooth segmentation
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Table 1. Data information by type according to tooth composition
Abnormal
Normal — - - Total
Missing tooth Wisdom tooth Chipped tooth
Maxilla 299 26 18 1 344
Mandible 278 33 24 3 338
Total 577 59 42 4 682
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Table 2. Evaluation results based on the presence of modules

Metrics
DSC(%) ED MAE
Baseline (Unet) 21.57 3.086 3.274
+ Coordinate Layers 20.67 2.692 3.176
+ Attention Module 22.20 2.801 3.325
Proposed Network (+ Residual shortcut) 22.60 2.453 3.072

The highest-performing result is indicated in bold below the table for clarity.

3. 59 # 23
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Table 3. Comparison of model results

Metrics \V/ _Tl_"é" l;ltl 7E=|§
DSC (%) ED MAE
Unet 2164 3086  3.274 B A 339 Aot doleE Baw ¥, A dE U
Unet++ 23.56 2.683 3.397 TFEL o] Lste] 2319 FAFS AT V|2 E A o
Unet3+ 22.23 2.876 3.362 1E|2o] A FA U Z|oto] = 7E2dS AAs=
Proposed Network 22.60 2.453 3.072 M2 H YA Aokt JEA =3} Attention 2E,
The highest-performing result is indicated in bold below the = Residual ShortcutS £7}o 24 A2A AA = dHY
table for clarity.
(b)
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Fig. 6. Visualization of results with or without modules, (a) Results of Baseline (Unet), (b) (a) + Results of Coordinate

Layers, (c) (b) + Results of Attention Module, (d) Results of the proposed model(Red arrows: where the difference is
particularly large)
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