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Abstract: In this paper, we propose a pill identification model using engraved text feature and image feature such
as shape and color, and compare it with an identification model that does not use engraved text feature to verify the
possibility of improving identification performance by improving recognition rate of the engraved text. The data con-
sisted of 100 classes and used 10 images per class. The engraved text feature was acquired through Keras OCR based
on deep learning and 1D CNN, and the image feature was acquired through 2D CNN. According to the identification
results, the accuracy of the text recognition model was 90%. The accuracy of the comparative model and the proposed
model was 91.9% and 97.6%. The accuracy, precision, recall, and F1-score of the proposed model were better than
those of the comparative model in terms of statistical significance. As a result, we confirmed that the expansion of
the range of feature improved the performance of the identification model.
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Fig. 1. Circle figure of data proportions by color and shape
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Fig. 2. The process of merging the mask image and the raw image, (a) raw image, (b) brightness corrected image, (c) mask

image, (d) merged image
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Table 1. Result of each classification model based on deep learning

Accuracy Precision Recall Fl-score
(95% CI) (95% CI) (95% CI) (95% CI)
Proposed classifier 0.973 0.974 0.973 0.972
P (0.971-0.975) (0.972-0.976) (0.971-0.975) (0.970-0.974)
0.871 0.883 0.871 0.869

2D CNN classifier (0.868-0.874)

(0.880-0.886)

(0.868-0.874) (0.866-0.872)

Statistical significance

(p-value) <0.001

<0.001

<0.001 <0.001




Journal of Biomedical Engineering Research 43: 441-447 (2022)

characteristic) CurveZE QI3 ZAx %= mulo] AUC X7p 21 mofut MAato] Qs dlolg]7p ZA)ske] A1Ho)
(Area under the curve)= EAHCR §oi3k Aol7h ¢ olHNUW Aow ke 2] ok ojulx|et EFH I
Qe Bk, F 2do] Fote, JUE, AL, Flscore= 57 9F59] oln|R|= 717} Fig. 50 HlaL A|A|st3ict. ol=2)gt &
FARCE Fogt o7t e ERIEHITH p<0.001). A

_\:i

ad

rore] Qs W B4} WS BUMY 47, 29
5 Ao AHgEll ARl WelE Srhste] sol
v.3 & FRssiet. 2 delAlt ok olnlXuie Yo A7

FYYeks Aol EATER, 25 gzt 519 ofo

i

B R ook olulqol $2F 2Aet oulxe] FRE A PRE 2zt ASsA B Yuo| cstel LR 4
22t Bi5ste] Wl APgske B2 ACkstL, oluAe g sk A AAsIA Bt

WS SEsho] AWeks Buu 0 A% lustgth 1 2 AFe] A HAEA ol 122 3 dlojge]
A3}, Aokste BRo YshE, PUE, ABE, Flscore  TE7} 23, 2ok 8 247} 214 bk AL Sl ol
oulx] B A mdlo] ul3) BALOE GO SRS TI AR S AoF o|uAE A, HAE |

UERH QAT olE|9] Hl&Z Ffsto] H5S Btk T4 A7 24
24 Ao Mgt 10% 5 70| HF AEe) Asst sl E3E 2XE AT o oju]A|9] vir|E dE 2Adk=
A Hol, AJAE SX7F HesA] b 4% dllE olu|A]e] W dlolE Ik HALE BAsr| o EFsi). o]= o|w|X]|
APH AT = - dojx]= AR HokE Fig 4= 2 4249
Alo] A

| FAe pEee, 237

=
o
A3k g} 10070 3 HF AEgo] 50% vlwel 27 2 A 24

Prediction /\

failure data

o
&
N

o —

Jo
S~

R
=L

e

18
flo

iR
ro

445

)

Recognized text ‘XD’ ‘DS’ ‘O5R’ ‘ANT’

T8 4. Alotehiz mele] A Algj glole]
Fig. 4. The result of prediction failure data for the proposed model

Circular
tablet

Elliptical [§
tablet

T2 5. 247} 22 siok] 99 gokse] o oju]x), (a) Aol Asfat Hlole, (b) 2o, AV, 2 ArAL SARE Hlole]
Fig. 5. The front side of white round tablets with the same text feature, (a) Prediction failure data, (b) The other data with
similar shape, color, and text feature



446

o
i
o
H
it
)
oo
=0
ol
i)
ol
N

Jus
1o
2
18
>
e
12
f!
ic)
N
e
4
o
>
g,

ZF 229 Q1A Eo] mi¢- HWrke e skl ZRigE
=4S iAlske &2 24 IAE iAol At =
7} A= dopuith S2He] WA, Zlo] Fol gk 24| <l
AlEo] Hapbdolch, AAIRE Aik= AR dloE ol el
EZ AAES HAou, 3218 S4o) AdEgle] dvd 4
5= Hol7] fleiMeE thfRt A=t dasith O dEE,
Keras OCRY] 1z HEHS A|=d 4= ). Keras OCR
24 9o A5 SUSH= CRAFTSH 24 Q1418 el
CRNNE Z3het Aoz dolol, sjetule) o] wo] 7}
Stk 2 HYgo| e AsS HrIRith 224 24
2| Aabe wd 7o) 7 Aotk

dutd oz ofmx] A RES SH Hlojofet &5
ojojE HHE HijASkL, Ao Hofdes w2 5= 2
I}, AlRbeh= Ald ®Ele om|x] HRE F55h= 4178Wo]
A AL, o= 2F A At WA s Aler B
T 325 HAE HolE 9 Hlgoly dofe] 5 5
e e AF AT dAZE 2 Zo|H

BEe 30 4uE AN o 2ot shto) el
ZEstal, To] AAE s 2l JYste] FEE g5
Skeltt. ol 24 g0l FEH oA E YT AjyYA
ol val A2 S5o| o Selefek Aol o). Tl 24
QAREE S, QAR 2R Anet 1 o) ARE v
i AN =E59 AfATe) g, & =2 9ok A
sof] Zuiek AolA] 24 gre] w9 ol Ui Auke
242t A 9 wlmskslct. ol Qop Aol Slolq 2 2l
A5 Ao mE ans A5kt 297t Sl

ARt vkE BEdiz 24 Q1AFt o Ao ekt W
e AEslal, I Ay 7P At mdg stk d)
FEEe Il 2e dofe] Aol 7hssith. &% AFE
ol B g TR dofolA ARt A Ay gelsia,
Al mdlo] Ag¥ ook T ofEFgAloldE AT A
Ak AREARS] HE Aol wold Zloth ¥ yolrt A
wdlo] S-8% dof Ef7le 24 eRfE WAste ofStAt
L0 Y TREAE ml ol WA 4 Qlat, o]Edt =75l
oo Abs A mEo] AJgItE £ Aew 7ttt

Reference

[1] Oh DE, Lee MS, Lee YD, Ye KN, and Kim JT. The reduction
of unreturned medication by improving the various medica-
tion return activities. Journal of Korean Society of Health-
system Pharmacists. 2011;28(4):364-371.

[2] Eoum GH, Lee JY, Cho YH, Cho YS, Hahn HJ, and Son 1J.
The Effect for Pharmacy Intervention on the Decrease of
Returned Medications from the Ward. Journal of Korean Soci-
ety of Health-system Pharmacists. 2006;23(3):1-9.

[3] Yi GY, Kim YJ, Kim ST, Kim HE, and Kim KG. Compari-
son and Verification of Deep Learning Models for Automatic

Recognition of Pills. Journal of Korea Multimedia Society.
2019;22(3):349-356.

[4] Wang Y, Ribera J, Liu C, Yarlagadda S, Zhu F. Pill Recogni-
tion Using Minimal Labeled Data. 2017 IEEE Third Interna-
tional Conference on Multimedia Big Data (BigMM). 2017;
346-53.

[5] Larios Delgado N, Usuyama N, Hall AK, Hazen RJ, Ma M,
Sahu S, et al. Fast and accurate medication identification.
NPJ digital medicine. 2019;2(1):1-9.

[6] Ou YY, Tsai AC, Zhou XP, Wang JF. Automatic drug pills
detection based on enhanced feature pyramid network and
convolution neural networks. IET Computer Vision. 2020;
14(1):9-17.

[7] Suntronsuk S, Ratanotayanon S, editors. Automatic text imprint
analysis from pill images. 2017 9th International Conference
on Knowledge and Smart Technology (KST). 2017; 288-293.

[8] Kim DW. Shape and Text Imprint Recognition of Pill Image
Taken with a Smartphone. Master’s Thesis of Seoul National
University. 2017.

[9] Ko DG. Optical Character Recognition Performance Com-

parison of CNNs and Tesseract. Master’s Thesis of Sungkyunk-

wan University, 2016. [Online]. Available: http://www.riss.kt/
link?id=T14177015

Kim YJ and Kim KG. Development of an Optimized Deep
Learning Model for Medical Imaging. Journal of the Korean
Society of Radiology. 2020;81(6):1274-1289.

Hassanein A.S, Mohammad S, Sameer M, Ragab M.E. 4
survey on Hough transform, theory, techniques and applications.
International Journal of Computer Science Issues (IJCSI).
2015;12(1):139-156.

Xu Z, Baojie X, Guoxin W. Canny edge detection based on
Open CV. 2017 13th IEEE international conference on elec-
tronic measurement & instruments (ICEMI), 2017;53-56.
Firoz R, Ali M.S, Khan M.N.U, Hossain M K, Islam M.K,
Shahinuzzaman M. Medical image enhancement using mor-
phological transformation. Journal of Data Analysis and Infor-
mation Processing. 2016;4(1):1-12.

Erkan U, Gokrem L, Enginoglu S. Different applied median
filter in salt and pepper noise. Computers & Electrical Engi-
neering, 2018;70:789-798.

Sahu S, Singh A.K, Ghrera S, Elhoseny M. 4n approach for
de-noising and contrast enhancement of retinal fundus image
using CLAHE. Optics & Laser Technology, 2019;110:87-98.

Baek Y, Lee B, Han D, Yun S, Lee H. Character region aware-

ness for text detection. Proceedings of the IEEE/CVF Con-

ference on Computer Vision and Pattern Recognition. 2019;

9365-9374.

Lei Z, Zhao S, Song H, Shen J. Scene text recognition using

residual convolutional recurrent neural network. Machine

Vision and Applications. 2018;29(5):861-871.

Chotivatunyu P, Hnoohom N. Medicine Identification System

on Mobile Devices for the Elderly. 2020 15th International

Joint Symposium on Artificial Intelligence and Natural Lan-

guage Processing (iSAI-NLP). 2020;1-6.

Maitrichit N, Hnoohom N. Infelligent Medicine Identifica-

tion System Using a Combination of Image Recognition and

Optical Character Recognition. 2020 15th International Joint
Symposium on Artificial Intelligence and Natural Language
Processing (iSAI-NLP). 2020;1-5.

[20] Manaswi NK. Understanding and working with Keras. Deep

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]



Journal of Biomedical Engineering Research 43: 441-447 (2022)

Learning with Applications Using Python. Berkeley, CA:
Apress: 2018;31-43.

Chicho BT, Sallow AB. 4 Comprehensive Survey of Deep
Learning Models Based on Keras Framework. Journal of
Soft Computing and Data Mining. 2021;2(2):49-62.

Chollet F, Deep learning with Python. New York: Simon and
Schuster: 2021;62-64.

Gulli A, Kapoor A, Pal S. Deep learning with TensorFlow 2
and Keras. regression, ConvNets, GANs, RNNs, NLP, and more
with TensorFlow 2 and the Keras API. Birmingham, UK:
Packt Publishing Ltd: 2019;63-66.

Albawi S, Mohammed TA, Al-Zawi S. Understanding of a
convolutional neural network. 2017 international conference
on engineering and technology (ICET). 2017;1-6.

Sun M, Song Z, Jiang X, Pan J, Pang Y. Learning pooling for
convolutional neural network. Neurocomputing. 2017;224:96-
104.

Vijayarani S, Janani R. Text mining: open source tokenization
tools-an analysis. Advanced Computational Intelligence: An

[27]

[28]

[29]

[30]

1]

International Journal (ACII), 2016;3(1):37-47.

Kudo T, Richardson J. Sentencepiece: A simple and language
independent subword tokenizer and detokenizer for neural text
processing. Proceedings of the 2018 Conference on Empiri-
cal Methods in Natural Language Processing, 2018;66-71.
Dwarampudi M, Reddy N. Effects of padding on LSTMs and
CNNs. arXiv preprint arXiv:1903.07288, 2019.

Du C, Wang Y, Wang C, Shi C, Xiao B. Selective feature
connection mechanism: Concatenating multi-layer CNN fea-
tures with a feature selector. Pattern Recognition Letters.
2020;129:108-14.

Ertam F, Aydin G Data classification with deep learning using
Tensorflow. 2017 international conference on computer sci-
ence and engineering (UBMK), 2017;755-758.

Yacouby R, Axman D. Probabilistic extension of precision,
recall, and F1 score for more thorough evaluation of classi-
fication models. Proceedings of the first workshop on evalu-
ation and comparison of NLP systems. 2020;79-91.

447



