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One	of	 the	diseases	 that	attack	 the	 lungs	 is	pneumonia.	This	disease	can	
attack	someone	with	a	weak	immune	system.	Pneumonia	is	inflammation	
of	the	lungs	that	can	be	caused	by	pathogens,	such	as	bacteria,	viruses,	and	
fungi.	The	purpose	of	this	study	was	to	classify	fungal	pneumonia,	bacterial	
pneumonia,	and	lipoid	pneumonia	based	on	texture	characteristics	and	the	
MLP	method	using	machine	learning	WEKA.	The	method	in	this	study	has	
three	 stages	 including	 pre-processing,	 extraction	 of	 texture	 features	
consisting	of	Histogram	and	GLCM,	and	classification	using	the	MLP	(Multi	
Layer	 Perceptron)	method.	 The	 results	 of	 the	 texture	 feature	 extraction	
showed	 that	 the	 three	 types	of	pneumonia	were:	 lipoid	pneumonia	with	
brightness,	 sharp	 contrast	 &	 random	 distribution	 on	 correlation	
characteristics,	bacterial	pneumonia	with	high	brightness,	high	contrast	&	
random	distribution	on	energy	characteristics,	and	fungal	pneumonia	with	
brightness,	 sharp	 contrast,	 &	 random	 distribution	 of	 homogeneity	
attributes.	 The	 third	 similarity	 of	 pneumonia	 is	 in	 the	 gray	 level	 that	
collects	each	other	in	the	middle.	The	method	used	in	this	study	resulted	in	
the	 same	 accuracy,	 sensitivity,	 and	 specificity,	 namely	 100%.	The	 image	
classification	in	this	study	shows	the	success	of	the	texture	features	and	the	
MLP	method	in	classifying	pneumonia	images	accurately	so	that	they	can	
be	used	as	additional	tools	that	make	it	easier	for	medical	experts.	
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1. Introduction		
The	 lungs	 are	 organs	 in	 human	 anatomy	

that	have	a	function	as	a	respiratory	system,	as	a	
place	for	exchanging	oxygen	with	carbon	dioxide	
in	 the	 blood.	 Air	 pollution	 can	 cause	 lung	
problems.	 Inhaled	 polluted	 air	 contains	 many	
germs	(Rahmadewi	et	al.	2013).	Medical	images	
have	an	 important	role	 in	classifying	a	disease.	
X-rays	 (X-Rays)	 can	 be	 used	 to	 identify	 lung	
problems	(Maysanjaya	2020).	

One	of	the	diseases	that	attack	the	lungs	is	
pneumonia.	 This	 disease	 can	 attack	 a	 person	
with	 a	 weak	 immune	 system	 (Chouhan	 et	 al.	
2020).	 Pneumonia	 causes	 inflammation	 of	 the	
lungs,	especially	the	air	sacs	filled	with	fluid	or	
pus	 (Sharma	 et	 al.	 2020).	 Pneumonia	 is	
inflammation	of	the	lungs	that	can	be	caused	by	
pathogens,	 such	 as	 bacteria,	 viruses,	 and	 fungi	
(Gilani	et	al.	2012).	Pneumonia	is	a	lung	disease	
in	which	there	is	an	infection	that	occurs	in	the	
air	 sacs	 in	 the	 lungs	 caused	 by	 various	
microorganisms	 including	 fungal	 bacteria,	
mycobacteria	and	viral	pneumonia	classified	as	
community-controlled	 pneumonia,	 hospital-
acquired	 pneumonia	 (nosocomial),	 pneumonia	
in	 the	 host.	 immunocompromised,	 and	
aspiration	pneumonia	(FAP	Scholastica,	2018).	

Lipoid	 pneumonia	 is	 an	 unusual	 entity	
without	 special	 imaging	 such	 as	 CT	 X-ray	
(Roberts	et	al.	2020).	A	chest	X-ray	image	can	be	
used	to	see	 the	condition	of	 the	patient's	chest	
area.	 The	 results	 of	 the	 chest	 x-ray	 show	 the	
overall	condition	of	the	respiratory	tract	such	as	
the	 chest,	 lungs,	 heart,	 and	 trachea.	 In	 image	
processing,	 examination	 using	 X-rays	 can	
describe	 the	 condition	of	 the	 lungs	 affected	by	
pneumonia	 (Wati,	 Irsyad,	 and	 Rivan	 2020).	 A	
patient's	 chest	 X-ray	 is	 often	 used	 as	 an	 early	
indicator	of	pneumonia	(Noor	et	al.	2010).	

The	 classification	 method	 is	 the	 most	
commonly	 used	 technique	 in	 medical	 imaging	
(G.	 Litjens	 et	 al.	 2017).	 Previous	 research	
conducted	 by	 Ramdhan	 (2016)	 discussed	 the	
classification	 of	 lung	 X-rays	 using	 histogram	
feature	extraction	and	the	Naive	Bayes	method	
to	distinguish	normal	lungs,	effusions,	and	lung	
cancer	with	an	accuracy	of	70%.	Therefore,	we	

used	 texture	 characteristics	 to	 differentiate	
fungal	 pneumonia,	 bacterial	 pneumonia,	 and	
lipoid	 pneumonia	 using	 the	 MLP	 (Multi	 Layer	
Perceptron)	method.	This	 research	 is	 expected	
to	 be	 a	 second	 opinion	 for	 medical	 experts	 in	
classifying	cases	of	pneumonia	using	chest	X-ray	
images.	

2. Experiments	Procedure	
The	images	used	in	this	study	are	9	images,	

namely:	3	images	of	fungal	pneumonia,	3	images	
of	bacterial	pneumonia,	 and	3	 images	of	 lipoid	
pneumonia.	The	pneumonia	image	database	was	
taken	 from	 the	 ghitub	 site	 which	 was	 then	
processed	 by	 image	 processing.	 The	 method	
used	is	the	texture	feature	method.	Texture	is	an	
intrinsic	feature	of	an	image	related	to	the	level	
of	 roughness,	 granularity	 and	 regularity	 of	 the	
structural	 arrangement	 of	 pixels	 which	 is	
inherent	in	objects	that	are	visible	from	the	face	
and	 contains	 information	 about	 surface	
structure	(Alfiani.dkk,	2011).	

Pneumonia	 image	 processing	 aims	 to	
improve	 the	 quality	 contained	 in	 the	 image	 so	
that	 it	 can	 facilitate	 the	 processing	 of	
information	(Ramdhan	2016).	In	this	study	there	
are	 three	 stages	 of	 pre-processing,	 namely	
cropping,	 texture	 feature	 extraction,	 and	
classification.	 At	 the	 cropping	 stage,	 unused	
images	 will	 be	 discarded	 so	 as	 to	 obtain	 the	
image	 information	needed	 in	 the	next	 process.	
This	process	was	carried	out	in	Matlab	R2016a.	
Furthermore,	the	resizing	stage	was	carried	out	
which	 aims	 to	 equalize	 the	 images	 of	 fungal	
pneumonia,	 bacterial	 pneumonia,	 and	 lipoid	
pneumonia	with	a	resizing	result	of	100	×	1100	
pixels	 (Wati,	 Irsyad,	 and	 Rivan	 2020).	 Image	
processing	is	done	by	converting	an	RGB	image	
into	 a	 grayscale	 image	 (Ramdhan	 2016).	 RBG	
image	is	a	type	of	image	that	represents	color	in	
components	 R	 (Red),	 G	 (Green),	 and	 B	 (Blue)	
(Nugroho,	2015).	While	the	grayscale	image	has	
a	single	value	for	each	pixel,	making	it	easier	for	
further	image	analysis	(Wahyuni	2015).	

Image	 feature	 extraction	 is	 a	 step	 that	
extracts	the	characteristics	of	objects	contained	
in	the	pneumonia	x-ray	image.	In	this	research,	
extraction	 method	 based	 on	 Histogram	 and	
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GLCM	 (Gray-Level	 Co-occurrence	 Matrix).	
Histogram	parameters	consist	of	mean,	standard	
deviation,	 variance,	 entropy,	 skewness,	 and	
kurtosis	 (Agussationo,	 Soesanti,	 and	 Najib	
2018).	
1) Standard	 deviation	 shows	 the	 root	 of	 a	

variation	of	image	elements	
𝜎 = #∑ (𝑓! − 𝜇)"𝑝(𝑓!)!                   (1) 

2) Variant	shows	variations	in	image	elements.	
f_n	 is	 the	 gray	 intensity	 and	 p(f_n)	 is	 the	
histogram	value.	
𝜎" = ∑ (𝑓! − 𝜇)"𝑝(𝑓!)!               (2) 

3) Entropy	 is	 a	 quantity	 that	 shows	 the	
complexity	of	the	image.	
𝐻 = −∑ 𝑝(𝑖)𝑙𝑜𝑔"(𝑝(𝑖))#$%

&'(         (3) 

4) Slope	or	Sweknes	shows	the	level	of	relative	
slope/asymmetry	of	the	histogram	curve.	
𝛼) =

%
*!
∑ (𝑓! − 𝜇))𝑝(𝑓!)!            (4) 

5) Kurtosis	is	a	value	that	shows	the	sharpness	
of	the	histogram	curve.	
𝜎+ =

%
,"
∑ (𝑓! − 𝜋)+𝑝(𝑓!)!            (5) 

Extraction	 GLCM	 (Gray-Level	 Co-
occurrence	Matrix)	is	a	matrix	that	describes	the	
frequency	 of	 occurrence	 of	 pairs	 of	 two	 pixels	
with	 a	 certain	 intensity	 in	 the	 distance	 d	 and	
orientation	direction	with	a	certain	angle	in	the	
image.	 The	 GLCM	 feature	 extraction	 is	 carried	
out	 from	an	angle	of	0^°	and	d	=	1.	The	GLCM	
extraction	method	 shows	 the	 co-occurrence	 of	
image	data	which	is	then	used	to	determine	the	
characteristics	 of	 an	 image	 that	 functions	 as	 a	
matrix.	 This	 extraction	 consists	 of	 energy,	
contrast,	correlation,	and	homogeneity	(Adi	and	
Widodo	2016).	

1) Energy	is	a	measure	of	the	homogeneity	of	
the	image.	

𝐸𝑛𝑒𝑟𝑔𝑦 = ∑ ∑ 𝑝"(𝑖, 𝑗)-&           (6) 

2) Contrast	 is	 the	 degree	 of	 gray	 between	
regions	of	the	image.	
𝐶𝑜𝑛𝑡𝑟𝑎𝑠 = ∑ ∑ (𝑖 − 𝑗)"𝑝"(𝑖, 𝑗)-& 									(7)	

3) Correlation	 is	 a	 measure	 of	 the	 linear	
dependence	of	the	gray	degree	of	the	image.	

𝐶𝑜𝑟𝑟𝑒𝑙𝑎𝑠𝑡𝑖𝑜𝑛 = %
,#,$

∑ ∑ (𝑖 − 𝜇.)=𝑗 −-'%&'%

𝜇/>𝑝(𝑖, 𝑗)                      (8) 

4) Homogeneity	is	the	uniformity	of	variations	
in	the	gray	level	of	the	image.	
𝐻𝑜𝑚𝑜𝑔𝑒𝑛𝑖𝑡𝑦 = ∑ ∑ 0(&,-)

%4|&$-|-&    (9) 

	
Information	 Gain	 is	 information	 on	 the	

selection	of	feature	attribute	levels	that	are	often	
used	 in	 image	 analysis.	 Selection	 of	 feature	
attributes	is	useful	for	obtaining	attributes	that	
affect	 the	 classification	 process.	 The	 selection	
process	 is	 carried	 out	 using	Machine	 Learning	
WEKA	(Ermawati	2020).	WEKA,	officially	called	
the	 Waikato	 Environment	 for	 Knowledge	
Learning,	 is	 a	 computer	 program	developed	 at	
the	University	of	Waikato	in	New	Zealand	with	
the	aim	of	identifying	information	from	raw	data	
collected	 from	 the	 agricultural	 domain.	 WEKA	
support	may	 differ	 from	 standard	 data	mining	
tasks	such	as	data	preprocessing,	classification,	
clustering,	regression,	visualization	and	feature	
selection	 (Subbulakshmi,	 Deepa,	 and	 Malathi	
2012)	

The	classification	process	uses	the	MLP	
method.	 The	 MLP	 (Multi	 Layer	 Perceptron)	
method	is	a	method	that	uses	one	or	more	single	
screens	 (Rosita	 et	 al.	 n.d.).	 MLP	 is	 usually	
referred	 to	 as	Artificial	Neural	Network	 (ANN)	
because	 MLP	 works	 as	 a	 human	 organ	 micro	
system.	 The	 advantage	 of	 MLP	 is	 that	 the	
algorithm	 applied	 is	 quite	 easy	 and	 has	 good	
accuracy	(Ermawati	2020).	

The	confusion	matrix	analysis	 in	WEKA	
consists	 of	 True	 Positive	 (TP),	 False	 Positive	
(FP),	 False	 Negative	 (FN),	 and	 True	 Negative	
(TN)	(Ermawati	2020).	TP	is	positive	data	that	is	
classified	as	positive	in	the	system.	FP	is	positive	
data	that	is	classified	as	negative.	TN	is	negative	
data	classified	as	negative	in	the	system	and	FN	
is	 negative	 data	 classified	 as	 positive	 in	 the	
system.	 Based	 on	 the	 results	 of	 the	 confusion	



J.	Nat.	Scien.		&	Math.	Res.	Vol.	6	No.	2	(2020)	78-84,	81 

 

matrix,	 the	 measurement	 index	 can	 be	
calculated	using	the	following	formula	(Witten,	
et	al.,	2011;	Khusna,	2016):	

𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 67468
67497498468

× 100%          (10) 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑓𝑖𝑡𝑦 = 67
67498

× 100%                   (11) 

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 = 68
68497

× 100%                   (12) 

3. Result	and	Discussion	
X-rays	 are	 generally	 used	 to	 diagnose	

pneumonia	 early.	 Chest	 X-rays	 can	 be	 used	 to	
visualize	 and	 measure	 the	 structural	 and	
functional	 consequences	 of	 thoracic	 disease	
(Zhang	 et	 al.	 2021).	 The	 results	 of	 pre-
processing	 X-ray	 images	 of	 fungal	 pneumonia,	
bacterial	pneumonia,	and	lipoid	pneumonia	are	
shown	in	Figure	1.	The	pre-processing	that	has	
been	done	has	succeeded	in	removing	the	parts	
that	are	not	needed	in	the	process	of	increasing	
the	image	and	uniformity	of	pixel	size.	

	

													(a)																										(c)																												(e)	

				(b)																												(d)																										(f)	

Figure	1.		X-ray	images	of	pneumonia	in	patients	
(a)	Fungal	pneumonia	before	pre-processing,	(b)	
Fungal	 pneumonia	 after	 pre-processing,	 (c)	
Bacterial	pneumonia	before	pre-processing,	(d)	
Bacterial	 pneumonia	 after	 pre-processing,	 (e)	
Lipoid	 pneumonia	 before	 pre-processing,	 and	
(e)	Lipoid	pneumonia	after	pre-processing.	

The	 histogram	 in	 Figure	 2	 shows	 the	
distribution	 of	 all	 gray	 levels	 unevenly	 and	
clustered	 in	 the	 middle.	 Of	 the	 three	 types	 of	
pneumonia	that	have	been	equalized,	 it	 is	seen	
that	all	three	have	blurry	contrasts.	In	addition,	
this	first-order	method	changes	the	value	of	the	
gray	 level	 of	 certain	 pixels	 regardless	 of	 the	
location	of	the	image	(Rahmadewi	et	al.	2013).	

	
	

													(a)																																										(b)	
	

																																					(c)	
Figure	 2.	 Histogram	 of	 X-ray	 images	 of	
pneumonia	 in	 (a)	 Fungal	 pneumonia,	 (b)	
Bacterial	pneumonia,	and	(c)	Lipoid	pneumonia.	

	
	
The	 next	 process	 is	 image	 selection	 and	

extraction.	Image	selection	is	done	to	determine	
the	attributes	that	affect	the	classification.	Based	
on	 the	 selection	 results,	 there	 are	 10	
characteristics.	 Texture	 feature	 values	 greater	
than	zero	are	feature	attributes	that	have	a	large	
effect.	 Table	 1	 shows	 the	 average	 gain	 ratio	
value,	 the	 average	 attribute	 value	 and	 the	
attribute	average	difference	after	extraction.	The	
GLCM	 parameters	 consist	 of	 energy,	 contrast,	
correlation,	 and	 homogeneity,	 while	 the	
histogram	 parameters	 include	 the	 mean,	
standard	deviation,	variance,	entropy,	skewness,	
and	kurtosis.	
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Table	1.	Average	Gain	Ratio,	attribute	average,	and	attribute	average	difference	

No	 Feature	
Atributte	

Gain	
Ratio	

Average	fungal	
pneumonia	

Average	bacteria	
pneumonia	

Average	lipoid	
pneumonia	

1	 Mean	 0	 124.8036±	3.53	 124.8036±	18.6789	 144.7722±14.1199	

2	 Contras	 0	 0.0939±0.0215	 0.0827±	0.009	 0.105±0.0103	
3	 Skewness	 0	 0.1106±0.2737	 -0.2212±0.1564	 -0.3594±	0.1034	
4	 Curtosis	 0	 2.052±0.2645	 2.088±0.4857	 2.052±0.1764	

5	
Standard	
Deviasi	 0	 44.8971±6.3494	 46.3937±9.4058	 51.6317±5.4987	

6	 Varian	 0	 8166303±11548896	 1082919.5±371195.6	 -479138.5±371195.6	

7	 Entropi	 0	 7.312±	0.1863	 7.3522±0.274	 7.4124±0.2255	
8	 Correlation	 0.766	 0.9847±0.0064	 0.9896±0.0023	 0.9896±0.0012	
9	 Energy	 0.807	 0.2458±0.0638	 0.2978±0.0116	 0.2884±0.0067	
10	 Homogenity	 0.807	 0.9633±0.0179	 0.9801±0.0018	 0.9749±0.0066	

The	 results	 of	 testing	 9	 x-ray	 images	 of	
pneumonia	in	table	1	show	the	most	influential	
feature	 attributes	 in	 the	 image	 processing	
classification	 process,	 namely	 correlation,	
energy,	 and	 homogeneity.	 Uniformity	 of	
correlation,	 uniformity	 of	 energy,	 and	
uniformity	 of	 homogeneity	 are	 used	 as	
classification	 references.	 Feature	 attribute	 ±	
standard	 deviation,	 where	 the	 standard	
deviation	 is	 the	 root	 of	 a	 variation	 of	 image	
elements	 (Agussationo,	 Soesanti,	 and	 Najib	
2018).	

In	graph	3,	there	are	3	rank	attribute	traits	
that	 affect	 the	 classification	 process.	 Lines	 or	
linear	tradelines	on	the	chart	cluster	are	used	to	
see	 differences	 in	 the	 distribution	 of	 random	
texture	 feature	 data	 on	 fungal	 pneumonia,	
bacterial	pneumonia,	and	lipoid	pneumonia.	The	
first	 attribute,	 namely	 correlation,	 shows	 that	
the	 contrast	 measure	 in	 patients	 with	 lipoid	
pneumonia	is	more	contrasting	than	in	patients	
with	 fungal	 pneumonia	 and	 bacterial	
pneumonia.	 The	 second	 attribute,	 namely	
energy,	 shows	 that	 the	 contrast	 measure	 in	
bacterial	 pneumonia	 patients	 is	 more	
contrasting	 than	 fungal	 pneumonia	 and	 lipoid	
pneumonia	 patients.	 And	 the	 third	 attribute,	
namely	 homogeneity,	 shows	 that	 the	 contrast	
size	 of	 fungal	 pneumonia	 patients	 is	 more	
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contrasting	 than	 bacterial	 pneumonia	 patients	
and	lipoid	pneumonia	patients.	

The	 next	 process	 is	 image	 selection	 and	
extraction.	Image	selection	is	done	to	determine	
the	attributes	that	affect	the	classification.	Based	
on	 the	 selection	 results,	 there	 are	 10	
characteristics.	 Texture	 feature	 values	 greater	
than	zero	are	feature	attributes	that	have	a	large	
effect.	 Table	 1	 shows	 the	 average	 gain	 ratio	
value,	 the	 average	 attribute	 value	 and	 the	
attribute	average	difference	after	extraction.	The	
GLCM	 parameters	 consist	 of	 energy,	 contrast,	
correlation,	 and	 homogeneity,	 while	 the	
histogram	 parameters	 include	 the	 mean,	
standard	deviation,	variance,	entropy,	skewness,	
and	kurtosis.	

The	 results	 of	 the	 confused	 matrix	 are	
shown	 in	 table	 2.	 The	 results	 of	 the	 Confused	
matrix	 are	 TP	 (True	 Positive)	 of	 3,	 TN	 (True	
Negative)	of	3,	FP	(False	Negative)	of	0,	and	FN	
(False	Negative)	of	0.	TP	is	a	pneumonia	patient	
machine	 learning	 detected	 as	 pneumonia	
patients,	 TN	was	 pneumonia	 negative	 patients	
detected	 as	 pneumonia	 negative	 patients,	 FP	
was	 pneumonia	 patients	 detected	 pneumonia	
negative	 patients,	 and	 FN	 was	 pneumonia	
negative	patients	but	pneumonia	patients	were	
detected.	

Table	2.	Confused	Matrix	Results	

	
Image	classification	using	the	MLP	method	

provides	an	accuracy	of	100%.	When	compared	
with	previous	research	by	Ramdhan	(2016),	the	
Naive	Bayes	method	only	produces	an	accuracy	
of	 70%.	The	 advantages	 of	 the	MLP	 algorithm,	
which	is	easy	to	implement	and	good	accuracy,	
can	be	used	as	a	tool	for	medical	experts	in	the	
classification	process.	The	data	presented	in	this	
study	 only	 amounted	 to	 9	 images.	 For	 further	
research,	 it	will	 be	 improved	 again	 so	 that	 the	
grouping	of	 images	makes	 it	easier	to	compare	
the	results	of	image	extraction	with	one	another.	

4. Conclusion	
The	 classification	of	 chest	X-ray	 images	 in	

this	 study	 used	 9	 images	 including	 3	 fungal	
pneumonia	 images,	 3	 bacterial	 pneumonia	
images,	and	3	lipoid	pneumonia	images	based	on	
texture	characteristics	and	the	MLP	(Multi	Layer	
Percetron)	method.	The	MLP	method	produces	
100%	accuracy,	sensitivity,	and	specificity.	The	
results	of	the	classification	in	this	study	indicate	
the	 success	 of	 texture	 features	 in	 classifying	
pneumonia	 images	 accurately	 so	 that	 they	 can	
become	additional	 tools	 that	make	 it	easier	 for	
medical	experts.	
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