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Abstract

TW3 (Tanner - Whitehouse 3) method using the left-hand X-ray image is performed by extracting 13 regions of
interests (ROIs) from the left hand and determining the grade of each ROI. However, the assessment time is
relatively long and the accuracy varies depending on the judge. To solve this problem, an automated system using
deep learning is being developed and the performance of the system is greatly constrained by the accuracy of ROI
extraction. However, in the left hand X-ray image, the success rate of accurate ROI extraction depends on the
brightness and contrast of the image. Therefore, in this paper, we propose a scheme to accurately extract ROI by
automatically adjusting the brightness and contrast of X-ray images by machine learning. Experiments show that the
proposed scheme increases ROI extraction success rate up to 29.5% without burdening the automated bone age

assessment system.
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Table 1. Experimental environments

Type Name
oS Ubuntu 1.604[10]
Language Python 2.711]
Deep learning library Tensorflow 1.5(12]
CUDA CUDA 9.0(13]
Cudnn Cudnn 7.1[14]
GPU GeForoce 1080Ti[15]

Py AAD AEsE 98 Gl Ay 1w
S+ Fully Connected NetworkE AH&3t5oH, mdS
e Ell*EOWl el AHEE g tlolE HE
& 10003013 A% Hole AFel A3 WA

N

17} BhobAl 71*91 AzEoA Ao & £5 9tk
1 d3EE tolEHE st Yy 10084 F
200302 A3t

37 AAY Al BAE ke 72 B
7] A3 a9} thHIE 2As7] Y3 B o)
b oF A% 2d MaE shsskal B
2 MBS WE 9E0] 71E I
Aol F7VetAth ol R} A48 AH
3} 2t} :Z:?i%l X}E T A 2BoA HA

=

>
olo

9‘L

_&

EE

N,

PN

iR

tlo

do

ot

o

tilo

e =2 o o AL

Hoof rpr dlo o g

2o
0

S
i
N
rlr
N
s
o
eBo i J



Journal of KIIT. Vol. 17, No. 11, pp. 115-120, Nov. 30, 2019. pISSN 1598-8619, e[SSN 2093-7571 119

& F9| BigROI 5 A&&= HA 3 30k &
oAl & & Qo] B =FoA At 9 A
8¢ 71E A" Hlske] 7

A X-Ray B9 A5 21% S7HIAo™ o4
2

AHE HRe N A% AeHon AuY

& AT

¥ 2 Motets g4 MAE| 7Y HE H/F 438

Table 2. Success rate before and after adapting the
proposed image preprocessing

Before After

. — Male 0.79 1.00

xact Big Female 062 .00
extration rate

Total 0.705 1.00
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Table 3. TRMSE and MAE according to before and after
adapting the proposed image preprocessing

Before After
RMSE | MAE | BMSE | MAE
doctor 1 0677 0.509 0.668 0.508
doctor 2 0.718 0.548 0.720 0.545
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Table 4. Average time per task (second)
Processing Before After

Image preprocessing - 0.239

Big ROI 0.235 0.224

ROI 8.722 8.957

Level estimation 1554 1555

Bone age calculation 0.132 0.129

Total 24.629 2509
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