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1.1 UEBEH

IRE K H 25 [ Ocean Optics Inc.S 723 ] [ A] WL-J 41 4k
FeEFE e (USB2000+) , itk H i R A [ o 339~
1024 nm, JGUEZFPEE N 1.3 nm, JGIEEEE SBCh 2048
Ao J6UEE R PHILIPS 35W12 V 5 2065, 6% At
LPURINBEE LR, SR AT I N %E 74-UV JL Ak H B
Bio IR S RDCLT & TREA R, IR IEET F I
30 min B b, fE RO B E S AT B A BROR IE .
B 4 3 AE ) MATLAB 2018b, %% 45 K420 5 4 5] 1
Fi7R

8
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1. Computer 2. Optical fiber 3. Power switch 4. Voltage stabilizer 5.Power
6. Black box 7. Illuminant 8. Support 9. Operation console 10. Spectrograph
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Fig.1 Spectral acquisition experiment platform
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Yy, WG ICR &R 57 77 XGRS FERI XS T H
Ji A3 HBhTE B, RS S I B PR A R R
TN A ARG SR S SRAE TT 4R I 08 1 2 H g ol
250 d ZiAi, RFFSLRRLE 14 do B HIG IS o s 5,
R IL 1 IR HR S I AT REAS, R TR B3
BRI AR JEARVE AR FEA I BORE H 391, SRR 1 2R
AAE 2 h N FE O Bl R A . O PRI JURFEA ) — 2
P, SRAR I HE A T TR A T B T
Wk ) EBR, REMFEARREICREE 2048 MGG AR
m SRAE 3G W3 IR BB e A s, LBRE

PRGN R S AR R 1732 AN .

A FEME AR Bt KRR E, 7555
I, SRR FEAR AT bR o S S LRIUE %8 1
FEEFEA 105 47, S B 110 1. S A A
=00 38K 22 35F 48 4. LR35 {H 30 f7
TRRLAE 32 4. FLrb, 20l 22 0945 T i 52 40 R K
Y, TaRbRERG S BEvE . M, i R ST R KRR
FRAE s 2ot C X006 U A2 DR g 5 25 R0 0 R Jk e 5 S0 T ot 2%
8o Sy VK7 NP 13 (ST 0 s o Aoy | Al T
EHE H IR AT Y e (s DRI XS (1 IATAE 2 ol s
R, WS RERN . Wi s SRl 39 BB /N i Bk L A8
S | I3 b R sg A AL HE AR AL, TR <
BHEORL S IS . 4 RIS AR W8] 2 o,
HAARMEWE 1 PR,
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b. ZLIM1 223G (E
b. Red-blooded feces

a. 1B A (H
a. Norbal feces
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c. LR

c. Green feces

B2 4XERHRAE
Fig.2 Four type of feces samples

d. Bkl SRR
d. Fodder feces

® 1 BREFMHKIILE

Table 1 Comparison of chicken feces traits
FEG i TEAR g
Samples Hardness Shape Color
EH ST ot bt b s RO BB, FER
Normal feces P T MEREHLACR ™ e 1 v 19 o e
211122 XS AT Ny S KAEAFA, AL,
Red-blooded feces MR IR B3 O W ST R
EEQENLIL \ R Al ok S LT . .
Green feces BAEE T HEREOH AR RO R R Ia A, SEak
e} S ety s SRR, SRS
Fodder feces  POPLB T PRBALACR 'y v vt s ik

SAORAEAE IE A 5 MR AR P REEA M AT B3 S 1, X
RE— RSN S, S BEALE s, B3 11
H e, R IE AR AE , BPRR IE 4R 162 MFEAR,
MR 53 AMFEA, HA IEAEFNNREAE 5 4 Ay
i ROIEARFEAH T AR, MR AR T
50 MR AR I o SEAEREA I BRI Sl 2 Fros.

*2 BRAEEBEAREST

Table 2  Statistics of chicken feces samples

5 Bl RIE4E M 537
Sequence Categories Calibration set Test set Total
1 EH 79 26 105

2 A 83 27 110
A7t Total 162 53 215
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1.3 BURIERSE
H 4 b BT S AT RE A (1) Y 1% 5040 23 ) K FH o Ak 2R
% JUHUH # IE (multivariate scattering correction, MSC) «
SG HHIFIE (Savitzky-Golay convolution smoothing) F1
PRUEZERRUEML (Z-score) 4 BTk AT HE AL BE .
I /N 3 ) 5] 4> B (partial least squares discriminant
analysis, PLS-DA) J7 72200 245 Wi B () 4 WL 2 2] ik
S R R T ) B < P 2 1 B 2 5/ S S NS
A Tk 7 AR A AR HS s R P i S i T Sl S S R B, R
WEARFNFEARZE S, EHTRAKED, BEH2 A
o Pk, KA PLS-DA J7iE g oy FRHDN AL, A
TR PR A I B 25 R B S i i & I AR BE 7 V. Pl
BE5E R ) E S 43 )8 i 32 4y 43 #1 (principal component
analysis, PCA) . 3& 4+ [ 1&E N T INBCRAE (competitive
adapative reweighted sampling, CARS) F1 23t f7k & iek Bk
3% (improved shuffled frog leaping algorithm, ISFLA) 3
PR B3 7 VR AT B B A, DA R AT A
o esiadt, R AR T PEAN 8 B Al 2 2% 28 200 S0 S5 O 1) el
e 7k, B LT PLS-DA O H 30 7 2 A
L iRy it
1.4 REGFM
JIT 38 ST ) 4 28 A il AR B SR 2 A A R AE

(receiver operating characteristic, ROC) i £ P 45 4 %
R 22 1) T T 2R G VP Horh ROC e vPAN T,
IR =R TN o 7R 52 @ AN & o N 5 AT T A

(area under curve, AUC) i BUBCHEARR A - A 7 1)
TESEBIREA & BT AT I SEBIAEAS IR L], R S AR B IE
TF TR0 1) 70 SR A o BT A7 S S I REAS R Ll . AUC B
FRFAERE R 3 2R VERE (IR . XTI fabrkud, H
EII o ATAE 0 F 1 2 08), HAEBGET T 1, ACRBIALM
73 RS o

2 RS0

2.1 FBRIE(E R GHHITHHIE

Kl 3 ol 3 Bl R XS FE 400~900 nm % B 1 R
SeREhek, 2ot SO0 o L0 22 260 . 4
AR R 2SO 2k . ANE 3 W40, NS S o ok
F REE R Gom  m TILAl 2 PR i TORAR
il b, FEACH IR R AR, T DA o B 1) 22 5
& FHREA PR 22 S 3 B WOAS BB S S B A O [X 23
BRI 3 P2 24 1) il it 26 3B AR
PP I B AR — 2, TR E AT R 4
DR, 75 B G A AT 10— P i Ak
[ — 411 22 35§ Red-blooded feces

LR 358 Green feces
b s TR 258 Fodder feces,

w3 X
S O O O

IS
o

S 4158 F Reflection intensity
—_ N W
[=R =i -]

560 660 760 860 960

K Wavelength/nm

B3 3 Fh KA ERRAT i 25

Fig.3 Three types of stool reflectance spectrum curve
2.2 SEIEHBUETALIE

XERAERI 215 4308 HEEREA, 73R o AR 2
SG & BT« MSC. SG 4 L1 -MSC-Z-Score Fi #E
14 4 Fh 7 R AT B0 TRAL FE . AR BT 20 B 5T R
NeRREETEN VIV eliPINoE I TR E S AP
B, (HAPE RS 8 RN NP ROR A R,
G ANEA R ROR, TR N T AR .
LR B IBBOUPERE M, SG FIE th £ B 18l 5 B
3, P I SERERCE Y S KT 4 FIOR R S0
257 PLS-DA BERSEAT M 34T, G5 2 IR b PEAR 4
BRI DS, S5 Rk 3 PR
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Table 3 Discriminant results of models by different preprocessing methods

KIESE RS

FfE S AL B TV Calibration set Test set
Categories Spectral preprocessing methods U S HERf % U R S VETES

Sensitivity ~ Specificity AUC Accuracy/% Sensitivity ~ Specificity AUC Accuracy/%

TehbE 0.81 1.00 0.92 88.79 0.54 0.71 0.84 75.93
TE el SG BHUFHY 0.85 0.89 0.94 86.79 0.84 0.65 0.84 74.07
Normal feces MSC 0.85 0.78 0.91 81.13 0.75 0.74 0.85 74.07
SG-MSC-Z-scores 0.88 0.89 0.95 88.68 0.85 0.84 0.90 84.57
PR o 0.50 0.87 0.88 97.56 0.44 0.97 0.90 85.18
ANIIR-%:20d SG BT 0.50 0.98 0.87 86.79 0.39 0.95 0.90 82.72
Red-blooded feces MSC 0.83 0.95 0.96 92.45 0.81 0.95 0.98 91.98
SG-MSC-Z-scores 0.50 0.93 0.88 83.02 0.50 0.93 0.88 83.02
oAb 0.43 1.00 0.92 92.45 0.26 0.97 0.74 87.04
LA SG BHUFHY 0.14 1.00 0.86 88.68 0.13 0.99 0.78 86.42
Green feces MSC 0.86 0.98 1.00 98.23 0.91 0.99 1.00 96.15
SG-MSC-Z-scores 0.29 0.98 0.92 88.68 0.30 0.99 0.90 88.89
Johb 0.13 1.00 0.79 86.79 0.29 1.00 0.73 89.51
(R RS SG BT 0.25 1.00 0.94 88.68 0.38 0.99 0.81 88.12
Fodder feces MSC 1.00 1.00 1.00 100.00 1.00 1.00 1.00 100.00
SG-MSC-Z-scores 0.38 1.00 0.89 90.57 0.29 1.00 0.85 89.51

T AUC K32 TARRHE 2 N iR MSC, ZItHURiE. FR.

Note: AUC is the area under receiver operating characteristic (ROC) curve; MSC, multirariate scattering correction. Same below.
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HHE 3 AT, XFIEW NS, & SG GHIFH
HI SG-MSC-Z-scores Ak B 5 52 14 {1t I 38 £E B0k M AH A
Vv HAh 2 RPOr v, AR, SG B BEHE A MSC 1Y
AUC 12, KT SG-MSC-Z-scores; i 47 5 P FlvfE
% )71, SG-MSC-Z-scores ¥Jut it & 1 Hoft 3 Fh oy ik,
I, SG-MSC-Z-scores TilAL B 15 21| 1) S 1% 5 45 132 37 1)
PTG R e A o KT AT 22 2600, £ MSC A3,
R IR O BIURCE . AUC (E ARG R Xy v T 304t 3 Fb
Jiid, JUHRURMERER e s R s HURE SR A 0.95
BAG T EARELT) 0.97, HMEAK, MLiH%IE, MSC
R TRAL BTk . ek (SRR (E, 28 MSC 4t
S, BRI BURYE. Frmth. AUC fEFIHER =%
By Tl 3 MosivEk, HBURIERIHE R SRR E, W
MSC M AEALE 7. 25 b, IEW 3R F SG-MSC-
Z-scores VE R TUALEE J5 vk S #8648, A MSC #4706
TS 1 FROAL B
2.3 HERML

FPh D TOAR DA, SRR EPERE, AR CRIE A
HER R I RTHE T, $REIUH T X 2 FE 00 8 B AR IE B K
WD RFIE K H R, SEURI AR AR A . 8 Tl T A B 1)
RO AHRE ARG 43 75 KT PCA. CARS F1E3E(¥) ISFLA J
VERAT BHE B A Ab 31, AT BRAS ) 1732 MRS K AR
KRk D, 8% e R B4t I (19 504 2 57 PLS-DA 4 250
SRS, SZEURR R A . e, AR ISFLA 5032,
SOEE Y ISFLA S32u0% FH T AC R IE 25 & PLS AR )
M5, HE T R R L8 L, BB BN %
KT ARG R 5 A4l ok 3241, BRKE—
AE MR, LRI, 7 PLS-DA H| A1
oA R, VPRI, B IR R 2
AN, BRI LR O A R R R AR
P SR AR 20 B0 AR i, o5k DA R A8 SCAGIE (1938 75 iR
RN B, IEHIME. AMLIE. S0
FEMEL AR ISR 0 1B AR Rt R SR 1) 1000 43 03 B R
500. 240. 300 F130.

XA PN S HOEAT G, AR WA 4 TR,
FHEE 4 AT, B4 o R AR K IR i bl 1 732 ST

B 3 (LI 2 SRR IS 2 PCA FedE), mmth
H A8 A CIEH FMHFZ CARS BR4E) , ROKBRAK T4 1E D
KIU4x, Wb THERIAR R, Jhah, WHEW W, sz
Mg 36, ST St (9 ISFLA J7 384T B b 4 )i 4
SLI¥) PLS-DA AR AE 2 5 TH R FE Ax LT #00 T-2K FH 3o Ath
JPE TR N e bR R 1E 265 AR 1) BB ISFLA
J7 N 091, ERAL T CARS J5 3% 0.92) . Hd, IF
T FE{T ISFLA J7 15 MR EE M EAf % 9 92.27%, L PCA
FI CARS J7 £ 245 3 it 16.80 Fl1 7.36 AN 43 A s
21 1ML 22 3548 ISFLA J7 iR AR 0 HERf R 0 92.59%, Lk
PCA 1 CARS J5 VEHER 2 70 sl imy H 3.70 AT 1111 AN F 43
R ZREIEE ISFLA JiEDRREMHER 20 100%, L
PCA Fl CARS Jj V2 #E A 2 43 5l &t 11.11 F1 3.70 A~ 7
g3 mie WL, ISFLA J7VEAeusst . R PER AUC {133
o T A VAR R A, A R i T 2 A 2 AR AL
I 3ANE S A S ISFLA Jy (A e 4 i e KB A 2
SR AR, RAZ T VR B 3 R 2 1 R AR
WA TR T 98.27% 99.19% F199.19%. Kit, %4
KF, B ISFLA J5 b SR 4 T 10 o X k) 384
M5, AFEFEYE A3 R0 5 AR ROC 2 VPN F
FR¥Ih 1, HERRZEI R 100%, R AS G o X Lo 48 b5 7
WERIRL, [HE PCA B&4E 5 MR AEBE KA 1732 b %)
3, PRF It 2 PR, CEFXDRLEE, PCA J5ikNG
o XL 3 %R v A, ARG AR R AE % K AR 1
DRI, 25 T B Fe A 447 4 iRy s S A T R T
Horp, BEXTIERISME. LML (E . SAIE, s
()R 280 A8 TF 4 IO ME R R AT LE Ak v, 2 Bl T 7.70,
0.61 1 3.85 AN F 43 i, MRS Y & Il Fe A3 H 4k
AR o B KA. 28 b, IEF RS, 2010 22 F6 {3 sk
10 245 11 e A ) ) 45 54 3y ISFLA-PLS-DA, 1 b B} 2 i
() B3 ) A S PCA-PLS-DA. T+l R) 28 5 - A 75
(1) 22 BIAAE T B 4 I AR AR 3 KA ], Hoaz AR i K
5 S /IMELZE BN, SRR TSR B s AN K, WA
HJ L FE ISFLA-PLS-DA R 73 KR IR . DAk, hde
R, AT ISFLA-PLS-DA 48 H 36 {5 4)
A Il B AR AR

F4 TREBIRMEYE 75 AN PLS-DA #EEIFIFILE R
Table 4 Discriminant results of PLS-DA models established by different data dimensionality reduction methods

RS MARAE
FA ot Iy v Calibration set Test set
Categories Dimensionality reduction methods ! s R Sk HER % TR Sk HERf %
Sensitivity ~ Specificity AUC Accuracy/%  Sensitivity ~ Specificity AUC Accuracy/%
[—_ PCA 1 3 0.81 0.70 0.90 7547 0.81 0.70 0.90 7547
28 CARS 48 6 0.94 0.82 0.93 87.65 0.92 0.78 0.92 84.91
Normal feces ISFLA 30 14 1 096 099 9811 0.91 086 097 9227
o PCA 31 1 0.83 0.97 90.36 0.75 1 0.98 38.89
2111 22 3 CARS 36 6 1 0.81 0.97 89.16 0.67 0.93 0.97 81.48
Red-blooded feces ISFLA 14 6 1 1 1 100.00 0.83 1 1 92.59
- PCA 31 0.57 1 0.98 87.95 0.57 1 1 38.89
CARS 32 5 0.91 0.98 0.99 96.39 0.86 1 0.99 96.30
Green feces ISFLA 14 6 0.96 0.98 1 97.59 1 1 1 100.00
PCA 301 1 1 1 100.00 1 1 1 100.00
GRS CARS 5 3 1 1 1 100.00 1 1 1 100.00
Fodder feces ISFLA 7 6 1 1 1 100.00 1 1 1 100.00

e NORHEBKE R, 1O ERTEL PCA, FEMMIHT: CARS, SE4Ph AIEN EINBCREE: ISFLA, SRS REBRENE .

Note: N is the number of characteristic wavelength and / is the number of primary factor. PCA, principal component analysis; CARS, competitive adapative reweighted

sampling; ISFLA, improved shuffled frog leaping algorithm.
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AWFFEEET W] W-ITLLAMGIE BRI i T — &5 X 4
8 i 7Y X8 LU A ) O B /) — 3 3 43 #r (partial least
squares discriminant analysis, PLS-DA) A 74, %45 7Y %}
TAFER AL SEIL T RAFH AR . R LR
wrr:

1 EERTANFEZRAL XS LA, RSB, £ e
UK IE (multivariate scattering correction, MSC) « SG %
3 (Savitzky-Golay convolution smoothing)  Fil by #E
ZERRUMEAL (Z-scores) 4 TPl AL #7775, PLS-DA 1
FHAFR LI 1FH SERE AR 20l SG &P -
MSC-Z-Scores J5EAL 5 £ 1) PLS-DA BRI AL,
3 2R ST R A Bt W) 2 3l ik MSC Uy v Ab BE A ST
PLS-DA BB R EAE

2) R ek B A Bk % (improved shuffled
frog leaping algorithm, ISFLA) 1EAT £ 4 B 4 b B #4) 82
[¥) ISFLA-PLS-DA 57 AE 1) 3] 4 S i 7R 005 HUSE AL A I
B RIFRI. MIMNKSEHER 2 1) A B F, ISFLA-PLS-
DA 7E A B IEH #8022 2600, SR @rE AR 1Y
A RAFRIL, AR ST A 2 ML 3 AN s
1170 3 GRS, iz AR A e S A 3 B g A

(principal component analysis, PCA) it % PCA-PLS-
DA HHUERZE R

3) SIS AN FIVER AR AT RELE, A ORI RAE
B TAL,  [RIINHRTH R SR ST A AR AR R HEAf 22
IETEEE. Ui 22 36, SR ISR IE AR O VERA 2 AH L
BT 23 B8 8 T 7.70, 0.61, 3.85 D4 Ao
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Classification and discrimination of chicken feces using visible-near
infrared spectroscopy

ZHOU Min, CUI Zhihang, SHAN Lei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Chicken disease identification with manual monitoring cannot fully meet the large-scale production in livestock and
poultry breeding industry, due to slow speed and chickens prone to cross-infection. The characteristics of chicken feces can be
one of the important indicators to reflect the health status of chickens. The different colors and traits of feces are associated
with different chicken diseases. In this study, a classification and discrimination model was proposed for the chicken feces
using visible-near-infrared spectroscopy. A research foundation was laid for the final realization of early warning of chicken
diseases. Four types of typical chicken feces sample were selected, including the normal, red blood streak, green and fodder
feces. The spectral data of samples was scanned in the 400-900 nm band. Each type of chicken feces samples was divided into
the correction sets (162 samples) and test sets (53 samples) at 3:1, according to the principle of randomness. Multivariate
scattering correction, Savitzky-Golay convolution smoothing, and Z-scores normalization were used to preprocess the data. A
PLS-DA (partial least squares discriminant analysis) model was then established to select the optimal pretreatment, according
to the evaluation index. An improved shuffled frog leaping algorithm was proposed to further optimize the existing partial least
squares discriminant analysis model. The calculation rate of the model was effectively improved to obtain a more accurate
number of principal factors. The number of iterations was determined to minimize the root mean square error of cross-
validation. The PCA (principal component analysis), CARS (competitive adaptive reweighted sampling), and ISFLA (improved
shuffled frog leaping algorithm) were used to reduce the data dimensionality of the processed samples using the preferred
pretreatment. Finally, a categorical discriminant model was established after optimization. The results showed that the PLS-DA
model established by the SG convolution smoothing-MSC-Z-Scores shared the better performance of normal stool sample data,
and for the three types of abnormal samples, the PLS-DA model established by MSC performed better. The accuracies of the
test sets were achieved at 74.07%, 91.98%, 96.15%, and 100%, respectively, for four types of feces samples. The optimal data
preprocessing was determined using model evaluation. The ISFLA-PLS-DA was used to distinguish between the normal, red-
blooded feces and green feces, where the accuracies of the test set were 92.27%, 92.59% and 100%, respectively. More
importantly, the PCA-PLS-DA should be used for the discrimination in the fodder feces, where the accuracy of the test set was
100%. The dimensionality of the data was reduced by feature extraction to construct the lightweight PLS-DA model. The
accuracy of the correction set was significantly improved in each typical stool sample. Specifically, the accuracies of the
correction set were significantly improved before optimization, which increased by 7.70, 0.61, and 3.85 percentage point,
respectively, of normal, red-blooded feces and green feces. Therefore, rapid, accurate and non-contact detection was achieved
in the different types of typical chicken feces using visible-near-infrared spectroscopy detection combined with the
characteristic wavelength selection and PLS-DA discrimination. The finding can also provide the strong reference for the
intelligent detection technology of chicken disease.

Keywords: spectroscopy; discriminant analysis; chicken feces; partial least squares-discriminant analysis; characteristic
wavelength selection; classification discrimination; visible-near infrared spectroscopy
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