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[Abstract]

In this paper, we propose a method of extracting and recognizing related information for research from
images of the unstructured pulmonary function test papers using character detection and recognition techniques.
Also, we develop a post-processing method to reduce the character recognition error rate. The proposed
structuring method uses a character detection model for the pulmonary function test paper images to detect
all characters in the test paper and passes the detected character image through the character recognition model
to obtain a string. The obtained string is reviewed for validity using string matching and structuring is completed.
We confirm that our proposed structuring system is a more efficient and stable method than the structuring
method through manual work of professionals because our system’s error rate is within about 1% and the

processing speed per pulmonary function test paper is within 2 seconds.
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I. Introduction
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II. Preliminaries

1. Dataset
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1.3 Pulmonary Function Test Paper
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Fig. 1. Type of Pulmonary Function Test Papers

2. Text Detection
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3. Text Recognition

2} QAL ol0lA] & A AME 714 Al
W2 geige] WA W WE 4= WA, 24
OlAl 7]l=2 FA CTC based methods®} Attention
based methods & 7}x] g}Alog LEsIC}

3.1 CTC based methods

CTC 72 29] &3 AJHA HWEo| tisiA Eeo
22 3k & 4 A SiRE Aol
c}. ol2igh YA J1elu} 2o]E7o ARE]|= H]-go] A
A9t Attention based methodsof H|gf] ©ojX]= Aste
2 wolEr)

27 ol g o

3.2 Attention based methods
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Data Structuring
III. The Proposed Scheme
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1. Pre Processing

AR gujEe o 715 dARY 275
Al 271 278, 223 FAL A IoflA Y] o= 3 el
H AR QlRt QQIAS WAIsH] Yt ojulx] AR =
T2 FdE. 2 229 whE A2E=E 2lshA o]
OIR] 27| 2782 224x224 37]2 71e¥stgich

oju]x9] el BS HsliA obH HERS ARESHA o]
0R] RS Alegerct. d&d AR £kl 94, o

9%t oo

& X 37N 55 ARESH Abdlof] Aojeh Al e WSt
WA olu|RlE ABARIY A Al FERD (z4,y,),
(fcgayg), (-T‘;ayg)% %ﬁ _715}_-]?-_?_ (-T1/ay1/)‘ (fcg/,yg/),
(z3,y,") 2 Wighoh= FFA2 A1) 2ot

1910 010]rr [21]

0 0xyy101 b hn

292 0 010 fe|_ |22 M

0 0x29501 d Yo

T3y; 0 0 10| (€| |

10 0 239501] ! | ys'

A(1)S ol &3l AAIE d2AIR] Ak Fig 3u 2.

Fig. 3. Example of Image Alignment using Affine
Transformation



64  Journal of The Korea Society of Computer and Information

2. Type Classification
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4. Post processing
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(a) Wrong detection case
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(b) Correct detection case

Fig. 4. Example of two detection cases
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Table 1. Similarity between ‘L1ter5” and ‘Liters’
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Table 2. Similarity between ‘L1ter5” and ‘L/sec’
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IV. Experiment

1. Comparison of Type Classification Models
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FVC_Post

PBar | Height | Weight | FVC_Unit | FVC_Ref | FVC_Pre | FVC_Pre_%Ref FVC_Post_%Ref
T 747 149 60.0 liters 2.55 207 81 2.17 85
" 762 171 79.0 liters 472 397 84 3.90 83
" 744 150 60.0 liters 3.10 1.06 34 1.06 34
" 765 153 47.0 liters 3.28 2.31 70 2.27 69
" 756 171 70.0 liters 3.94 425 108 425 108

Fig. 5. Example of Structured Data
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Table 3. Results of Classification Model Test

Model Accuracy | Params(M) FPS
SqueezeNet1_1[13] 100.0 1.24 101.4
ShuffleNetV2_x0_5 100.0 1.37 104.3
DenseNet-121[14] 100.0 7.98 92.6

MobileNetV3-Small[15] 100.0 1.77 104.2
EfficientNet-B0[16] 100.0 53 96.6
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2. Comparison of Text Detection and Recognition
Models
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Table 4. Results of Text Detection Models Test

Table 5. Results of Text Recognition Models Test

Method Accuracy
CSTR 98.6
RCEED[18] 96.7
SATRNI[19] 96.3
Text Scanner[20] 95.8
Yet Another Text Recognizer 98.4
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Table 6. Experiment environment

0S Ubuntu 18.04
CPU Ryzen 5 5600X-6
GPU RTX 3060
RAM 32GB
Framework pytorch

3. System Architecture
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Table 7. The difference in accuracy before and after
applying the post-processing process.

Method R P F1 FPS Method Accuracy (TI::;JS/ZF:S
TextFuseNet[17] 97.1 99.2 98.1 1.1
CRAFT 972 | 989 | 980 | 24 CRAFT + CSTR 98.6 1.96
DB 94.4 973 95.8 18 CRAFT + CSTR + Separate 98.8 1.99
Mask TextSpotter 95.1 97.6 96.3 1.2 CRAFT + CSTR + Separate 992 205
SBD 96.6 98.9 97.7 1.1 + Edit distance ’ ’
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V. Conclusion
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