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Noise-Robust Porcine Respiratory Diseases Classification
Using Texture Analysis and CNN
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ABSTRACT

Automatic detection of pig wasting diseases is an important issue in the management of group-housed pigs. In particular, porcine
respiratory diseases are one of the main causes of mortality among pigs and loss of productivity in intensive pig farming. In this paper,
we propose a noise-robust system for the early detection and recognition of pig wasting diseases using sound data. In this method, first
we convert one-dimensional sound signals to two-dimensional gray-level images by normalization, and extract texture images by means
of dominant neighborhood structure technique. Lastly, the texture features are then used as inputs of convolutional neural networks as an
early anomaly detector and a respiratory disease classifier. Our experimental results show that this new method can be used to detect
pig wasting diseases both economically (low-cost sound sensor) and accurately (over 96% accuracy) even under noise-environmental
conditions, either as a standalone solution or to complement known methods to obtain a more accurate solution.

Keywords : Porcine Respiratory Diseases, Noise Robustness, Sound Analysis, Dominant Neighborhood Structure, Convolutional
Neural Network

2 o
Aeom ARHE WA $PolA HA A4 AT AF GAE WS Fa Aotk 53, BHH BAIA AgHE 945 5F
7| Age 2 ohel Hule AA £92 opleks EA AWE F shiolth ¥ wrolA: del AE A Sustel W] 557
ABe 7] WA L AEele FeolE AT AxFE APk Ak Asge, WA 1499 &9 A5E 2499 ux gow
WEE 5 DNS/IMOE A7 54 AnE 2e ouAE AYUth vhitom, ol ONN degend ged= 498 B4 557 4
WA 0 A A FEsaA g AR S EAIA A5E A4 B olgstel A Azt Hve AgHes 4%
g, AR A2RE AN WGk 22 AN AsY AREG60% FIR)E DI FE BRIAE A 557 AYEL @
A% ge APHom ST, AND AxDe 54 Fe AE PuEe nedoz Agd & o)
IS HX £E7| BY, B YN, 23] £4, DNS, CNN
LM 2 A FAY 2 HAe) 557 AW B3 2 Add wa
A, 2 A3k waA ke g Aoke P2 2]
Fo FlA el ol fAESS B AgSE a3 HEREAINN AF FEF A 5571 AW AdE =

AVeE A3l EALE F 47%01A4] PRRS(Porcine Reproductive

OB o= 015U E AR(ISR)0 AQos At A9e and Respiratory Syndrome)”} 2H 3L, 21.1%014 PMWS
. %o}li;g% ,?IHEEWijiglzRigfﬁ(f}QgSI)' (Postweaning Multisystemic Wasting Syndrome)”7} 4 3}
S oAl ern ATES ST ATS
A 8 g melgstal PR ARty 2Yus Fgoun, o]z 93F = HALEo] 114%°) o]Erta W s}
4 3] 9 wegsh AFEdu st s .
PR E5190 e st A RE Rl aQuH2] = FE FUre At whE Edde A7
Manuscript Received : December 8, 2017 40009 9oz FAEW HWIHo] ke o] FAEEAA

Accepted : January 24, 2018 # = =
* Corresponding Author : Daihee Park(dhpark@korea.ac.kr) 71w AAE 2AE] wel olfrAbEs el A



R JEMEISD=2Al/AZER0 H HOIH &% M7H M3=(2018. 3)

a9 geE A5Hot. 2y #eel F o 2,000%2) EH 2, A 9T
AL #Este Tl EAF A A HE Rl EAF e B
oY AIES AAEE AL EVbsaital AT B Ul HAY PSS VNe R 557
g4 SF7] AWE Furete AR F, FEFe] Fa A AWS gt H2o A 23S Avnd tey 2o
3 R vlolelaA 3571 Aol AQ1AE MH (Mycoplasma Guarino 5[9]& 2 F34 oA FH 7]%%4 A=
Hyopneumoru ), PCV2(Porcine Circo Virus 2) 2 sl A] AJ2]7] Wz 5o 7|¥S AHesle] E4 WEHE QXS T DTW
3571 SF(PRRS) HlolH 27t ¥ WA oy, o]f & (Dynamic Time Warping) 718 < o]-&3to] H A9 357
AR ARASEI(PMWS)S Fste, ole 53] od AW S AHste A5 FIsiglon, Chung 5101 =
HAANAA TFef g FAA A ek @A 571 AW A 5g7) Ao w Qg 71 & A%¥-E MFCC 48 &5
of w2 gk &S W s fJeliA e dHe] B3] A A Are dd Fga ®x7]9 SVDD(Support Vector
of el AYE Adstal ol #Ye] e 2y Data Description)& ©ol-&38te] =57] dWS @A F,
4 71&d, AAAQ Aoz <l HA 1E/]) AYS SRC (Sparse Representation Classifier)& ¢]-&ste 3
3k 27] WA A|AES wje AFHoln wela o] & 9l 717el A FFE AdstE olF Tx2E Atk Lee
AAA £ 9 Z7ka Q= o] @A)t} Slile HAe) 257 29& aaHor gA87] {5
ol2] g 24 rhe] EA A e AN = stz IT o, ARt G} Foka G v aF S4= T AA
Z1&3 FE54d7e §8 714 (Computer and Electronics 571 A% HAA wad SAste dY % 2dsE
in Agreiture)el 1 ARE AT B} 4 AFE T4 el 4@ AT dAE dHANUD. AW pel ARE
ow FualA ATE I 9uHl 4-11]. o= EW. HAS9) o] g&sto] HA TF7] AW AV AHA O THIE
NE AR S 2% ol Zo 54 #ale o8 |8 st ad mgEo]l 44 T2 AT 2AE BE
= . o = o =
Aol RUHYL A z}oi Tt Q=S nr A=How j?\f’—‘/}, %Zﬂ %‘j}jé@]j ‘?a}/‘ii}z Xui%ﬂ :? C}:a,\i]f
T":_L}il]f)‘]'7] —OAE_?]—O:] oé}g_ a] }\-ﬂ}\ia %%O}L E}Ok?:s__ Z\_ﬁj] T’:O] J—lt—:q—‘;‘,\\:]'ﬂt = I H/\]q'- QIE"! iEE}_H }\]V—U'é‘
_ AA EAL B AFH R &3] YA e 4 F
Efo A5 #A 1Y Folt}. oY AFE T, B A o - -
5 5 A B g ZedlM e Alxge Algte] Bt
7o Fo A AFESl & Al el o HA 557 ]
B} Holokrt gheh, Al EAtl A= A E0] EAkel A A o]
Av gRo #g AFEO-11]%E HT oA BaH s . _
= 2, {4 A4S Al e BolFe oo 34 &4
Aot AA EAF BA A FASE Feo] JFHE FE ’ N
N S ! W e A5 Al 2 RO d T3 22 A4
3 nejgvtae & §ivk 3, Als A A A= o Zo] ZA4sit
Feol AAF FmeFe) AT Fo ATFA F sz
A, A omA] ARE A3t JRE Rgksto] on] x| o] 5ol
#ek EAME s Azt sk DNS(Dominant Neighborhood 3. a0 Za HX =57] 28 AY A2

Structure) 71H[12]¢e] wj$- &n] &t}

B Ao A= 9o o ;4% aA9 AT AR=s #Fz 2 ol A Aljkehs ol dRle sS4 357 AR A
ate], thekal 8o wAlElE AA =AF BANAE e Al =912 Fig. 13 7] AA EE(preprocessing module),
2 AR kel A 557 A A 9@ AW A Ao A7} 3% R E(texture extraction module), 24 & RE
AOraTh Aobats A 2B S S oo Fokst TzA of (disease detection module)® 4 ¥t}

. =

BE e 20 e BARE AR AR olAE o

Agem 48 wAS AT DNS TS £ ABA AE ) v 1899 ae 458 234 44 o
] Q F] 2~ }‘\_]_‘:‘% A7} A % 7]—_E_ Z ;j_.{sl_ —»‘—_ i ‘__; o
A A o eI ]iz o wEgt WA, A% WME(inear transformation)S
F, l€ oA AA % EFel4 2 A5l olFl 43 ® 42l Ase] af FEE& FAsHEAM, A5 Zol5 4
2] g3 2El CNN(Convolutional Neural Network) Fob s B9e aant oE Ay a; go = o
T o= R4 . R AES
)| Sk Lo 5 ]]:ﬂ }+ ]
o dEgresA, gEele AAd WA 257 A BA R 00 g8 9 2 52 004 255 Ao ¢ %kg #E 2
o —1ey - .
A A TRt @ 4219 A Ao WY mapping)shol Fig. 29 & 4
=] AL ve 2o 28 A 257 A A2+ 9] 23491 B Az o|n A2 A A s
WA Alz"d g H2o] A AHEES s
28k, 3 A E B AT Adsts ot e 34 30 Azt =% g5
oMol A S&7] AW BA 2 EF A"l o A A7 2% REo A= Khellah[12]7} Alrst DNS <31
3] 7]&3t). 4o e B =Rl Aetsle AlaHEe] A =5 o] 43 5] A 2 A A A7 ARS =Z3)
= ol&sto]l Mz omA|oA FEIY
At g A BAE, AR oR 5FAE & A7 A8 DNS WH& goo] &3 ojux| Ha] Hofo| A 7913
SR €S ded ol o] AEE WHE13low, ¥ Ao 2 4



Sound Sensor

l

Preprocessing Module

Sound data
l Normalization

2-D Gray Scaled Image

[

Texture Extraction Module

2-D Gray Scaled Image

DNS

Texture Information Image

!

Disease Detection Module

Convolutional Neural Network

Detection and Classification

{ {

Normal Disease

Fig. 1. Overall Structure of the Proposed System

FSEY NSNS ISP S— .

Fig. 2. Conversion of Sound Signal to 2-D Image

5o ol2 AE7) AEFo2A, DNSE $4 4L s
A @t Fig. 3¢ DNS A% 44 #4¢ agoz Aga,

DNS A% AL fairs= A A% $(searching window) <}
o]-% 9% $-(neighborhood window)E A &Jsfjoksl=d], 94
o] dole] HAF A E VIELE nxn A7 HA A
55 491, g4 95 U e 4 94 FH2 2
17 m>xmQl o]% 9=9-5 2o ¥y V. & Adrt =

Center Pixel

Neighborhood Window -. [ ]

Ao #HE Ay £aF oz A gE gz o9 2
< A4S A A= el Sle 2E AAE5S AYE o
7HA] wkEsto 24 2 F 22l DNS A=E A4 toi{14].

A FA Eaox
sto] om| A 7

A 99l CNN[15)E &
&%t CNN2&

e ael %2109 A ARG A

dud o2 Convolution Layer, Pooling

Layer, Fully connected Layer?] 37}4 9] Al&Eo =2 G4 ¥t}

Convolution layert= ZE XS st Aoz
Faste] A4 EAHES FEHTE
3]

AgS sty e a7], 2EZo| =(stride),

Aol g Ak

Output Layer

I

Fully connected Layer 2

!

Fully connected Layer 1

Multiclass Classification

1000 Nodes

2000 Nodes

I

Pooling Layer 5

f

Convolutional Layer 5

i

Pooling Layer 4

f

Convolutional Layer 4

I

Pooling Layer 3

f

Convolutional Layer 3

I

Pooling Layer 2

f

Convolutional Layer 2

I

Pooling Layer 1

f

Convolutional Layer 1

1

Input Layer

Resize(2 x 2 x 152> 1 x60)

2 x 2 subsampling

15Kernels/ (7x7)

2 x 2 subsampling

15Kernels/ (7x7)

2 x 2 subsampling

15Kernels/ (11x11)

2 x 2 subsampling

15Kernels/ (13x 13)

2 % 2 subsampling

10Kernels/ (15x 15)

Texture Images (64 x64)

Fig. 4. CNN Structure for Porcine Respiratory Disease Detection



9 HEMeIGR=2X/AZER0 & H0IH 33 M7z X3=(2018. 3)

o s ElE g gtel whet
A3t 4= 9lth Pooling layers= convolution layerE &3]
574 wW(feature map)e] 7|5 Foli HHO R Gt

23 AZHS dEete 98-S FIYsrh vpA e R fully
connected layerv= oJ2] 79 wHOR FAHH tF

AEXE

A3}= convolution layers

mEl flo <1 ot

A
(multi-layer perceptron) .=, Wl (softmax) 5
o]-g-3sto] 279 :LEH’\OH &% G535 A4tsta
vz S~ E EFsHA . Fig
A AR E’i%ﬂ DNS AEE 9F
T-9] EAof gtA AAE CNN T

BN ﬂz
g
=

M

=

=N
nx
%

% #3

Hr

4.1 '?.4 ool &

Age] AHEE dolHe SR 9Ag 4709 HAE
ﬁ'oﬂﬁ H Aoz 25~30kge & 367t A (Yorkshirex
LandracexDuroc)& HIF o2 &7 AWo R oiy= H
2ol FAg ANHSF ¥ virus w19} serological analysisZ
PMWS, PRRS, 12]3 MHel #g€ 7HA22vte]) 9 44

o AglA &2 HAE ATt

35 2 AN 54 L 4 MAZEEH Ime A
A gAE" AMAH(JVC GR-DVL520A, Japan)Z =3}3F %
tHAL =€ 48 4RE Ays 47 97 L8E5S 013~
266%, MZe2 44100Hz, mono E}FPFolt. B =A}o
A dAskE AR FE A s A, g &g, &
o= Aok Al WA FE(SNR HlSE: 18, 15, 12, 9, 6,
3, 0dB)o.2 gAE HeolHE F/teath AA #5E 5
HA e wRm Ae 1~2nkErt FAY we] &F(weak
footprint) 2} o1& v}z 7} =2 we] 22(strong footprint)
2 oA FHskaL, @AY s faE SolFe

e lj/](raldlo :LEI E*} g
o

o

moﬂ' ro i

Z]—OS—; =

Ly
= 28(door)E FH

5 A 717}
3% *FJQ} i%ﬂ] Ag Aele FHY 4l
= Fig. 59} #om, A4
= aE)o =57 AW &9l
Y MH 2ge 28 Aad A4z

o] oEEs & o vk

e i ”.1,.'} ‘M Al Wl

(A) Normal(grunt) (B) PMWS

I‘W ‘1“" W IU“W \m“\‘ w ﬂ

(C) PRRS

(D) MH
Fig. 5. Sample Waveform of Pig Sounds

4l 28 Ats @ 428 NS 158x168 A7)

274 ﬂ% ol A2 W2sl DNS 7S o]-&a}o]

A% ARE %%6%%} DNS AgdA, A 5% A

= -9 Ar)e RE nAsG e, 1 A¥

6464 271¢] é‘ﬁ olu| A& Ak DNS 54 HHE
2~ Q

i
<

|

A=Y A8 Hit AIZFE 0.0979%0]H, 4 21359
Zolo wal 0.0905~0.1349% 2] =3 A7te] AF oy FF
HAzE 0.00630]t). Fig. 62 HA9] B4 Aget o257 2
3 279 FRE s FHE J olvARE W A9
AFHEM Fg. 5oA= F23t7] € HA 557 A7 &
g By Eo| Fig. 6Ae A7 g 47 AuE 2
Aoz ATt Fig. 6AE ovAe FA HEE VT
2 MEE AA we A3 5485 7HAH, Fig. 6B 732
2 FFsHA wMdE %= 23 B4, Fig. 6Ce =4 #3x
= JlFow 3o A7 AW g3 Fig. 6D 74419
I3 5 ARE HAE

O}uro grunt Aol WA Ao}
DNSE #&3d 43 43s A=

Table 1. Basic Statistics of Environmental Noise Data
= e
SNR(dB) 9.1172 87971 7.4681 4682
Mean Intensity 2.8860x10"° -95293x10"° ~1.1332x10"* -3.7309x10°
Max Intensity 0.4594 0.3682 0.9198 0.8978
Min Intensity -0.5862 -0.3615 -0.9794 -0.8593
Standard Deviation 0.0811 0.0706 0.1328 0.0761
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Fig. 6. Sample Texture Images of Sound Data using DNS
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Table 2. Classification Results of Porcine Respiratory Diseases
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t
Precision= L 100 (1) o . . )
tp+ fp Table 3. Classification Results of Porcine Respiratory Diseases
in Noise Condition
Recall = tp x 100 (2)
tp+ fn Noise Condition Precision Recall F-measure
F—measure = 223 Precision X recall 3) SNR 18 99.65% 99.14% 99.39%
precision+ recall
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Table 4. Performance Comparison with Existing Methods

Guarino et al.[9] Chung et al.[10] Lee et al.[11] Proposed method
Feature extraction Fﬂ;izlninr;eggg (iioa;d MFCC Tlnslsuirédfi:tf:;ncy DNS
Detector and classifier DTW SVDD and SRC SVM CNN
Consideration of noise No No No Yes
Number of normal data 433 200 449 350
PMWS: 150 PMWS: 146 PMWS: 150
Number of abnormal data Cough: 159 PRRS: 120 PRRS: 126 MRRS: 140
MH: 30 MH: 31 MH: 70
Disease detection rate 85.50% 94.00% 97.70% 97.88%
Precision 82.16% 90.80% N/A 97.72%
Recall 86.07% 92.00% N/A 94.88%
F-measure 84.07% 91.40% N/A 96.29%
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