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Classification of Tablets Using a Handheld NIR/Visible-Light Spectrometer
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It is important to prescribe and take medicines that are appropriate for symptoms, since medicines are closely related to human health
and life. Moreover, it becomes more important to accurately classify genuine medicines with counterfeit, since the number of counterfeit
increases worldwide. However, the number of high-quality experts who have enough experience to properly classify them is limited
and there exists a need for the automatic technique to classify medicine tablets. In this paper, we propose a method to classify the
tablets by using a handheld spectrometer which provides both Near Infra-Red (NIR) and visible light spectrums. We adopted Support
Vector Machine(SVM) as a machine learning algorithm for tablet classification. As a result of the simulation, we could obtain the classi-
fication accuracy of 99.9 % on average by using both NIR and visible light spectrums. Also, we proposed a two-step SVM approach
to discriminate the counterfeit tablets from the genuine ones. This method could improve both the accuracy and the processing time.

Key words: NIR(Near Infra-Rred), Spectrometer, SVM(Support Vector Machine), Machine Learning, Confusion Matrix
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Fig. 1. Block diagram of handheld spectrometer LinkSquare.
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Table 1. Specifications of handheld spectrometer.

Company Stration
Instrument name LinkSquare
[llumination(nm) 400 to 1,000

Sensor NIR spectroscopy
Measuring time(seconds) <2

Size(mm) 135.8x23.9x23.9
Weight(g) 57

E 2 490 A AF JorE 4u
Table 2. The list of sample tablets.

Symbol | Photo Official name
E101) ||| Nighttime sleep aid(CVS Health™)
H1(02) I8 P Zantac® 75 mg
Regular strength acid reducer
F203) .ﬁ . (CVS ;g-tlealthTM)
JI04) | Phillips'® laxative dietary supplement
VGRI1(05) | | & Viagra® 50 mg
VGR2(06) | | S Viagra® 100 mg(counterfeit)
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(b) Near Infrared (NIR) spectrum
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Fig. 2. Example spectrum data for sample tablets.



5 713 & 2% Y (hyper plane) A 3t= g d
getet SVMe] 71 S I° 3914 JeR It 19
A w2l e 8 e E A9 0
o] F 27 EAT W, SVME 7 719 TSR EA]
¥ 7t 229 o ¥ E(support vector)E 73, 1 Y
BE 7+ Ad(margin)g HHE Ve 2HAEE T3}
=gl o) 407 BHSH, Wa+b=0
RHEdhe Al o & Fohe Aol allgd
bzl

=
Bl
o
N
N
o
N
lo
o

o) o w, i %
sqvle] WAl T, Wi we) §22Tiet A, —b/| Wi
S frozvEs 44 ANE kg,

SVME S A7t 9ol g ofi Fe) o] &5

AEE A 339 36 2

SRER R
o] b5

SVMOI A= 551 sz HelEle] Aol s
Aol meb] A wEno s B} AE A9
Atk oG AEE M A RIH GAE 7

(hyperbolic tangent kernel), A A T8+ 71'd (cubic polyno-
mial kernel), WA} 7] i 34 71'J(RBF: Radial Basis Func-

tions Kernel) & Bis
o8 W _7;:%“5?% %3}715 e,
Il

J8 3. SVM9] 71 i
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Table 3. Training data and test data.

Symbol El | HI | H2 | J1 |VGRI|VGR2| Total
Training data| 2,000 | 2,000 | 2,000 | 2,000 | 2,000 | 2,000 {12,000

Test data | 400 | 400 | 400 | 400 | 400 | 400 | 2,400
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(a) Visible ray spectrum
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NN
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®) 2H94 29 =
(b) Near Infrared(NIR) spectrum

8 4. Savitzky-Golay A4 2] e ¥ Az
Fig. 4. The result of Savitzky-Golay filtering.

B 4. Savitzky-Golay BF # &l wg FE3A
Table 4. Standard deviation after Savitzky-Golay filtering.

QA o]gate] A2 HlolE e} A e ThAlG
AL golg=z Zhzt A g5 th;}
PE 659 JoFe 3
ok

S~
=,

1o ofp
of
ol
_&
r

(E Mo rd
ofy
b}
Y,
ol)l

=2 i nlo &

o H
wh

ok
e
9,
ojo
oft
o
iR

fr U o
dJu do =

tlo rly ob ok
2ol
1o
S

M
=il
ol
e
s,
(m
ot
a=
[o

rir

o]&3te] A HlolE

&) & (confusion matrix)
HIHOZ 985 %]
gl shAE AE 3
GR1(05)3} VGR2(06) A Zol| A 2F7ke] &
3ol 2= 11;]. o] A= /\Hﬁoﬂ [’,HE’]—

pud

oN, 2
o
o

¢
l"lO{’ il

)3

f o
= o
—&Olﬂ
0_|_uo;|=

g]

=N
ofN

e lo
-N 12
e o

2

oy

¢ i
i

10 o
1=
<

e 12

o
T

ox MY fo Hir m fu
po)

do8 me N rlo $

5
|
i & o=
g R
)
flo > o
ﬂ
g
Ne)
LII
LII
X
3
o -

—lﬂ
rE
=)
2

c\

7P M*Ur :“494 2HEY
T o] gate] AL HolHE UES EReE AF 2
Fholt}, A tel| A Zpol & Kol E1(01)F-E J1(04)7H4] €]
oekFe et E 7 s> IS o) &
o} uLAFAIZ 100 %2] A2

3} VGR2(06)° &k #F A5

& o
N b

]'\__ OT
€ YERST, VGRI (05)
S5 996 %2 °F 4 % 7}k

T
=
i

B 5. ZF9gA /\iﬂEFHU]-O /\].3_5} A== )\q\—

o‘cl)" R ]
Table 5. Classification performance by using NIR spectrum.

Before filtering | After filtering Reduction

Symbol —— — =
Visible | NIR | Visible | NIR | Visible | NIR

El 3733 | 38.77 | 3697 | 3845 | 036 032

H1 3524 | 40.55 | 3492 | 40.17 | 031 0.38

Symbol | E1 | HIl | H2 | JI | VGRI | VGR2 | Accuracy(%)

El [400| O 0 0 0 0 100

H1 0 [400| O 0 0 0 100

H2 0 0 [400] O 0 0 100

n 0 0 0 | 400 0 0 100
VGRI | 0 0 0 377 23 943
VGR2 | 0 0 0 13 387 96.8

H2 25.07 | 3971 | 2484 | 3945 | 023 0.26

J1 2849 | 3196 | 2821 | 31.68 | 027 028

VGRI | 16.54 | 3320 | 1640 | 3290 | 0.14 0.30

VGR2 | 17.51 | 3471 | 1727 | 3427 | 025 0.44

L oekzo] 2EZ el W A2 on)sit)
Accuracy = X True Positive
Y7 T Total Amount ()
32 SW 2EMs

SEEEERPE
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Table 6. Cla551ﬁcation performance by using both NIR and
visible ray spectrum.

Symbol | EI | HI | H2 | JI | VGRI | VGR2 | Accuracy(%)
El (400 0 | 0 | 0| 0 0 100
HI | 0 [400[ 0 [ 0 | © 0 100
H2 | 0 | 0 [400[ 0 | 0 0 100
[0 0|0 [40] 0 0 100
VGRI | 0 | 0 0 | 397 | 3 99.3
VGR2 | 0 | 0 0| o | 400 100
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Table 7. Performance of the proposed 2-stage approach.

@ 124 27 456 2d2)
(a) Classification performance by first stage

Symbol | EI | HI | H2 | J1 | VGRI | Accuracy(%)
El |400| 0 | 0 | 0 0 100
HI 0 |40 ]| 0 | 0 0 100
H2 | 0 | 0 | 400 | 0 0 100
| 0| 0 | 0 [40]| o0 100
VGR | 0 | 0 | 0 | © 800 100

(b) 297 #5450 242)
(b) Classification performance by second stage

Symbol VGRI1 VGR2 Accuracy(%)
VGRI 399 1 99.8
VGR2 7 393 98.3
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