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WS A B AT AR UE NY/T1066-20061", %% 2 (1) e
ARER . Sk, BOAE, XSS DR s
FEM AR 22 4. PRI, 0 T 48 S i B g b AT Pk
JCFAS I AT 5

T B AR A T SR AT A O R, [
I A SRAT R A I BB AE e 1R P 22 B DG 1A R
R B AR WA 7 BRI E Y O R 4R . e
A RIBL T 22 YA R R B A A 3T (0 3 it ek 2 2K o N A
TR INR AR 6 R BOL T 0.9364; Eifgas LR H @ik
FRAEH AN, 6 FRagA M Rkt KRR AR,
a5 RFEAR s BEIRBIRFEIRSEED IR
IEE] 100%; w2 T 240 A il BA fil A i ]
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FRAY ARSI £ 444 S 1k 5 B % (total volatile base nitrogen,
TVB-N) ; Btk 25 PR AT L0/ il A LA A0 o
TR SR ARSI ;. MR SE RIS 4 SRR IS
DGV N A AR AL PR AR AIE Rl R A A S U
ORI s FE s SR e i RS BR S Al
VA VR TR VR AR AT SO DR R o B 45 A B R
SUIARFAERS 3 2R AU R YU A 2 100%.

AV IR WL T =i AR BACKR A
() Ak B 795 AN (] AR S 3k 5 T VR RS AN A 7 1 AT R
) A S s Al AR A I e 1), e S OV e
1K) ' Tl A SRR U 5 % 28 e o 22 TR A o0 e 2 R
LY LU R I 86.96% . 1A 31X 2 ANHEhR iR
S| AN e (1) ) 5, 98 SR G A R RS B [ I
r W BE AT 5 72 S ) N AN B 22 e s, SRR
BT moe G AL SR LS R A T > B
AL SR~ 2IHL (extreme learning machine, ELM)
S5 1T
1 #MREAZE
11 iRIEaR

WK PTH SR A B 15, M Tldba sl
WA= it A i . JLEIS R EREAR 367 1,
H R R ZFREA 111 A SR REA 90 AL FBALFEA 46
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1.2 SHhitHiERE

W TSGR 2 mE 1 Pir, %A%
9 % OG54 (SPECIM, VI10E, Finland) . %4 %
EWEA . MU RS AR T-6 R & SR 1.
FAZR S ETEAL P BB 390~1 040 nm, JEiEAC R
A 2.8 nmo RGOETESUBCE T AR RAERE A IE 7, i
BV RGN e R A s b
HIBLIKZ), LB RATHE A 300 mm. 56V & A 57
BB N 2 mm/s, HATEEH 200 mm, & GG
AR S BRI T A 0.1 s, R4 i B i 4 o
BRERTEME L.

FIHIE 1 Pis RGERE DR (R . B
G FEARN RS e B, T A e s b i
SEREMLIBCE 1, PR AR R 46 T A B B e AR £
Pty AR ROK: T SRR X AL, 1 R
42 3 MOARIFBCE T 17 CIEXSARBLS MU ARML XL
PR A, 3 PR & 173, DU T gl A A
U6 BEATLCE 1) 58 A A @ Nt . AR HERE
PO R TR IE 5, T SRR TG 1 1 A W ity
FRONI 2, DA HUAE 1 LU 1) 450~990 nm 1
BB IAT IS 82 ab

LSl 2 50 e s 3OIRARGE: 4 800 55U REER 4 «
6. RRTEREA TG

1. Computer; 2.Data line; 3. Lighting system; 4. Imaging spectroradiometer;
5. Data acquisition box; 6. Potato samples; 7. The electric moving stage

B/1 Stidsfis

Fig.1 Hyperspectral image acquisition system

1.3 HURAIETE

KK ESLA RS (gray-level co-occurrence matrix,
GLCM) #REUEG S B KBEILAHE' (GLCMD
SE IR BUR SUHAT BB —Fhss B 5 v — 1R A R R T
PR 4 ASANTRNTT 1) A RESC AR B, B 4 AN T 1) 43 )
0. 45°, 90°. 135°, ASCEFEREAT7 0 T HIRERE. 6.
[ TOPE . ST LEBE S AH DGR . RN e 22 K ik AR 8L
AR R

K EARY 57 (successive projections algorithm,
SPA) ¥ BB L B B AT R IR AR ke £ . 1B H
IR (SPA) JE— Rl IR AR AR ik, T AR
EITURAE R, eIl 4R 1k P A I 2 P g vk
BN BN, RS0k SPA LGN B EMR SoE s
RIRIEF R, RANZSF IR 84 AN EUE SHRFiE

AT R IR

KRG 2 S FER e e (s BT R4, B
X IAFEA SEARUE AN i 4R B o K S AR e p
R Y Y (diffusion maps, DM) . Jajif 2k P dik
A (locally linear embedding, LLE) FliEAR TR Pk A
(hessian locally linear embedding, HLLE) 3 i /2 2% 3] %
Y SN v YT G T A B AT B AR AL B
1.4 EERZE

Eb#E 7 SR MMl (support vector machine, SVM)
LR 225 HL (extreme learning machine, ELM) %11
B 2 THRAR IS R SRR R L0 SR AR
RN AN, HEAEANE. S
LR AR S . SR — X — (one-versus-one) ¥2:44Jif nJ
W R 2 ARAR I 2 40 R CHF M AL, RIFEARAT P 2R
FEARI BT —A SVM, BIMFER A2 SR FRL Al
BIEFEA SRR AT U, MRSk, SIS 6
NS L

MeBR2% > M1 (extreme learning machine, ELM) J&1F
FALRRE 2 H A 48 M 4% (single-hidden layer feedforward
neural network, SLEFN)JFEA F 48 H i —Flogr 517422,
BG4 (neural network, NND AHLL, IR
I R B AT I ZRak BE e . iZ A RE I S e A
FA M BR 2% S HLAT i AR AT YN 2RI, AT o B 2 J = o
oo, R, MBREEME R 80 1,
PG BB sig, ELM EERRCR A AR

X G B A IS RS 4R AF AL IS 1 EHR 4R
SIATRAEZRE 43 S SVM A1 ELM BT
e EZL TR

2 HR59H

2.1 FIBUE4FEREN
Bl L2 G B AR B A A Ry ISR X 35 (region
of interest, ROD) , “F¥yait th&kn® 2 Fion.
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Fig.2 Average spectra curves of potatoes
FEARSER 23 T7 0L A BERLE, RO AR FIR AR A
B BIRZIN 2 0 1. R 1 nfal, RESRPACE. 2%

Ry BRI B EREAREIL 250 N, IRREEH R 2F .
SRR BIDRIARG I E EREAROE 117 4.

X E B R A IR ' 1 A A0 P AT TUAR R, 18 ST BT
Lba% T krdEAL Cautoscale) « AR IE S4B A4S (standard
normalized variate, SNV) . FEiE#HA e (detrend) FIH
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Laft. (mean center, MC) 57750} R ARG i A BRI 24
I R 2 P, 783X 5 M Ak #7324, 25T Detrend
HEAL ) SVM BRG] Hy 48 SR A IR AR IR e, A
95.73%. AL 2 e AL i (detrend) A ELIGIE T
MEER T

x1 BREEHLAUE

Table 1 Sample number of data set
27 Types Il 4k4E Train set MR EE Test set ST Total
% Sprouting 74 37 111
%% % Green rind 59 31 90
PELL Blackheart 28 18 46
& 4% Normal 89 31 120
Bt Total 250 117 367

*2 ETAEMAES AR SVM BHEER
Table 2 Recognizing results of SVM based on different
pretreatment

TiALHE Pretreatment I VU Accuracy/% E*‘ﬁﬁ‘f Itﬂ
Y254 Train set MALE Test set  Modeling time/s
e AL B None 98.80 93.16 91.66
FRUEIE S H AR SNV 98.80 93.16 92.18
FrufEAL Autoscale 98.80 93.16 89.92
LA e Detrend 99.20 95.73 90.80
100K Mean center 98.80 93.16 88.12

KAYHW (DM o ek N (LLE) Al
ARJTBLPEIR A (HLLE) 3 B o ({35 1 27 =) 7 i 1
Ab B I B G B AT B 4 . 20 2 OB A B
Sy, Wi LLE A HLLE [ S¥04 0 HbR4ERL d=20,
AT REL k=20 DM INZHCh: Hbr4EE d=20, &bk
7772 0=10,3 FhJ7 00 431 4t 5 bG 6 i As B 4 5] 20 4.
DM. LLE. HLLE3 Mt JB 4% > B 4E 71050 M 456 SCRF )
S S EREA IR A IR AR 97.44%94.87%-
91.45%, oo TR R AR A U R d v IR 3 T L
Wbt (DM (1) SVM AL, PR I g 28 ff o 4 UG (DMD
AR IR il B Ak SV
2.2 BEREIFMEIREL

LR ERB LA F AR ME 3 B, Kl 3a & 3
M B ARSI SR ERE ARG, WNAERLKICN A%
R G RRO D EREA . 8] 3b SR X G T Y
i JE . 2B XA AL S 5 B 1 A R R
Bl 3c. dv e KUCR DR (0 B 1) R KPR G K
FEEIFT B AKREIE o 3R ES 88 2K s R I SO AR
TP 3 A (R KK G KEEL B KEED ,
XFIX 3 MR AP PR o0 SR 4 AT 1) (R A B AL A R, D)
12 AKBEILAHRE, FXIE 12 ANKEILAEHFE )
PEHL 7 PRERAESAL (AR, . RURPE. XFERRE. AR
PE. BRI 22D, MILEREH T 84 M R

K SPA B0 IX 84 A KGO BT R AR i
ik, BEE SPA WHRIEPEMVEEY 1~20, PRkt
K4 s, 478 EACRE R 10 I, Al MG 7 i
7= (root mean square error, RMSE), it RMSE=0.78732,
I &N 84 NAR B AR 10 N BAE K G SOHERAE
X 10 DNLCHEEE R R KJEEF 45°GLCM [ [R5

PE, R KFEE R 90°GLCM [ RE &, R KE K 90°GLCM
HIASEME, R KBEE N 135°GLCM IRTELREE: G K
T 0°GLCM A, G KJEEIN 0°GLCM (114 Lh
G KJEEF 90°GLCM A B KK 45°GLCM
M A TR YE, B AKFE KN 90°GLCM (KA AT B K JE KT
135°GLCM %] F B o ML I IR VBRI T 2, BTG
TEAG i B PR IR AE AR (GLCMD HIRTEGEE . AH
Kk [ FIGE S s IWEBSERHIEE Ry G B K
FEBII AT KA s NI BRI PR T A S AU A
4, 3. 3, EXRUFIEZEIMT Ry G, B3 MK .

Green rind Blackheart

Normal Sprouting
a. % BMP K&
a. Potato image

nm Y ix

G K £33 N
Normal Sprouting Green rind Blackheart

b. LR ERBEG
b. Masks of potato image

GL R 2354 i
Normal Sprouting Green rind Blackheart

c. BEE R KILK

c. R gray image of potatoes

exin R 534 L
Normal Sprouting Green rind Blackheart
d. R G KEK
d. G gray image of potatoes

s e 2354 L
Normal Sprouting Green rind Blackheart

e. B B KIZK
e. B gray image of potatoes
B3 LAZFRGRYSFLE
Fig.3 Morphological processing of potato images
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Fig.4 Processing of selecting texture features by SPA
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2.3 NIEHHS T EIG MRS EE
A A S A — R AL R B 1 £ i
PR, vl A A5 B T B M R AE e 2 P S il B (AR
P15 A5 B AT LT s R E T 4 S AN R B A R AE , 50k
Tl 2 A I R PSR A R AE Rl 7T B8 G MRS ) S S S P Ak
ESTNEINEATTE =y 7

i o7 R EIE E RS R 2 Rl e o
e, ASCR A2 o K 20 SIS HERFIERT 10
NG YERFERE G, N SVM R ELM B e, 735
AT R A 2 oy R, IR R 3 P
Ne ME3TEH, H1 SVM AL 3 MM h, R4
WG (diffusion maps, DM) f SVM #iAY R 45 5
o, RBERDGT R B FEr b T A R, R
BIAE] 100%; K SRERRAECH 24, —_ 0%
k5] 94.59%; LA 1A, s —Eh
94.44% ., ZBIRINTAA . SRR REE. BB 4 KRERE
TRE R IEE] 97.44%. 1 ELM #0711 3 M rp, S
TP Em (DM [#) ELM BB E i, 3t 4 4
FEA A, HIRGRMZIAE] 96.58%, JLrhxlk2EHl
O RS RA 1A, YU hlik F] 97.30%.

RN

94.44%; X4k B A 2 A, T 93.55%:;
Xk AR R R, R RRRIEE] 100%. B
§F (DM) & —Fh A i AELe B 4E ik, LR iR N
(LLE) FUEAR Rk btk N (HLLE) X Sh8 EREA 1
Jei s B R E R SR, A R A, LR
SVM HAIE & ELM B8, sy (DM g R R
PR NI RIRCH| B <8 B = /e B AT € a1 ) 7 e 2 AR
S L (DMD o 3R 4 53T 6 Pl i i i
A, 456038 3 A 4 T 40, B SVM @7 3 gl i,
X FE A TR A VR ) 26 g v TR 2 3 B S 45 6 S 1) ==L
(DM-SVM) iR, ZA AR AR 3 4, AL
£ 97.44%, FEWF 21.53 s; 1 ELM #072[1) 3 FifiAl,
X AR VR A VR ) 26 B v PR 2 9 RO 45 A A PR 27 ST L
(DM-ELM) #R), ZARRHECHh 4 4, REHHIE
L5 96.58%, FEIF 0.11 so SVM F LI a) 45 1K A2 Bk
BRI T 2590, kel %1, DM-ELM
PRI VE A5 R0 3R BLAR RS T DM-SVM A58, {H ] i sz
/N DM-SVM B, [R] A e B e B &85 5 A PR 2%
WL (DM-ELM) A I 5 4% 2 22 T 45 b 1 AL il &
HEAY

F3 TRMESHEEIAFNGER

Table 3 Recognizing results based on different fusion models

i S ) JRFBLAEIRAN AR R B A
ATk P DM LLE HLLE
Modeling methods ~ Types AR e A e AR e
Misjudgement Accuracy/% Misjudgement Accuracy/% Misjudgement Accuracy/%
K *f Sprouting 2 94.59 0 100 2 94.59
%k} Green rind 0 100 0 100 2 93.55
SVM 4.0 Blackheart 1 94.44 3 83.33 3 83.33
4k Normal 0 100 3 90.32 3 90.32
i E Total 3 97.44 6 94.87 10 91.45
K3 Sprouting 1 97.30 1 97.30 5 86.49
%k} Green rind 2 93.55 3 90.32 3 90.32
ELM M0 Blackheart 1 94.44 3 83.33 4 77.78
4% Normal 0 100 3 90.32 6 80.65
B4 Total 4 96.58 10 91.45 18 84.62
R4 TRERMESREZREE LR
Table 4 Spending time of different fusion models
57 Models DM-SVM LLE-SVM HLLE-SVM DM-ELM LLE-ELM HLLE-ELM
[ [A] Time/s 21.53 21.39 10.98 0.110 0.104 0.104
3 & B A G5 A SZFF M E AL Chessian locally linear embedding

BT BEATLTCE 15 2% B 10 22 45 Fn A LA [R] IS £ 1)
B, R R IE AE(E ER G 4R B TR R A,
Pt — PP T DS R RS BRI RS 5 ) 5 R
273l Cextreme learning machine, ELM) HJ&E, %77
VAT (RIS R 0 1 % 8 P A i 4 (1) 22 T4

1) X5 20 ) LB T 4 Bl S 45 & SCFF ) &AL
(diffusion maps with support vector machine, DM-SVM) .
JRBEPE RS G S FF I &L (locally linear embedding
with support vector machine, LLE-SVM) . #§#k Jaif et

with support vector machine, HLLE-SVM) . ¥ HULif} &5
G M PR 2% 2J WL (diffusion maps with extreme learning
machine, DM-ELM) . Jaifli 2% ik A\ 45 & 1 B 272 2T Bl
(locally linear embedding with extreme learning machine,
LLE-ELM) FIERR SR B PR IR A 45 G R “% 2T L (hessian
locally linear embedding with extreme learning machine,
HLLE-ELM) 6 FBRL UM SR, #iEd iy (DMD
A1 B e S

2) SRR ILAFEFE (gray level co-occurrence
matrix, GLCM) &I T B8 EREAR 84 MRS
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Ko FIHIESHEY 5L (successive projections algorithm,
SPA) M 84 A EUGR L B iz 1 10 AR SOHRFAE

3) RFBRYE S OGS B AL 5 1 R SO IRt

PRI R R, AL T S E 2 SR S U, O
bl A 2 A P 4 IS TR] 8 5 9 O B 5 5 B 2 ST ML

(DM-ELM) #5708 Sy 44 2 e (R A AS A 7Y

R

KRS SRR NSRS DR R B — U R 4 ik B
97.30%- 93.55%- 94.44%. 100%, HIR A THHIZILZ] 96.58%,
RS TEIA 0.11 s.
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Detection method of multi-target recognition of potato based on fusion of
hyperspectral imaging and spectral information

Jin Rui, Li Xiaoyu™, Yan Yiyun, Xu Mengling, Ku Jing, Xu Senmiao, Hu Xuexue
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: In order to conquer the difficulty of simultaneously recognizing the multiple defects of potatoes samples placed
randomly, this paper proposed a non-destructive detection method which combined manifold learning dimension reduction
algorithm based on hyperspectral information fusion and extreme learning machine (ELM) to simultaneously distinguish the
multiple defects of potatoes. In this paper, 367 potatoes were picked which were made up of 111 sprouting potatoes, 90 green
rind potatoes, 46 blackheart potatoes and 120 normal potatoes. The hyperspectral image acquisition system contained imaging
spectroradiometer (SPECIM, V10E, Finland), data acquisition box, lighting system, electric moving stage and objective table.
The reflection hyperspectral information of all those potatoes was acquired by using the hyperspectral image acquisition
system, whose spectral wavelength ranged from 390 to 1040 nm. The hyperspectral information included the spectral
information from 520 wave bands and the imaging information from 520 gray images. After the correction to hyperspectral
data with the standard black and white board, hyperspectral data in the range of 450-990 nm, which had high signal-to-noise
ratio (SNR), were selected as original spectrum for subsequent processing. To deal with the spectral information, the average
spectrum was abstracted from the region of interests (ROI) on every potato sample by using the environment for visualizing
images (ENVI). Comparing several data preprocessing methods, detrend was determined as the optimal spectral preprocessing
method. Diffusion maps (DM), locally linear embedding (LLE) and hessian locally linear embedding (HLLE) were
respectively utilized for the purpose of cutting down the dimension of spectrum data after the spectral preprocessing named
detrend. To deal with the hyperspectral imaging information, every pseudo-color image of potatoes was morphologically
processed before extracting 84 image texture characteristics based on gray level co-occurrence matrix (GLCM). By using
successive projections algorithm (SPA), 10 texture features were properly selected, which consisted of homogeneity of 45°
GLCM in R gray image, energy of 90° GLCM in R gray image, correlation of 90° GLCM in R gray image, contrast of 135°
GLCM in R gray image, correlation of 0° GLCM in G gray image, contrast of 0° GLCM in G gray image, correlation of 90°
GLCM in G gray image, homogeneity of 45° GLCM in B gray image, correlation of 90° GLCM in B gray image and contrast
of 135° GLCM in B gray image. After the fusion of the spectral characteristics and image features, the 367 potato samples
were divided into calibration set and test set. The calibration set had 250 potato samples including 74 sprouting potatoes, 59
green rind potatoes, 28 blackheart potatoes and 89 normal potatoes. The whole number of samples in test set was 117 which
contained 37 sprouting potatoes, 31 green rind potatoes, 18 blackheart potatoes and 31 normal potatoes. Six models were
respectively established based on support vector machine (SVM) and ELM, which were DM-SVM, LLE-SVM, HLLE-SVM,
DM-ELM, LLE-ELM and HLLE-ELM. Comparing and analyzing the results of the 6 models and the spending time, we
discovered that the DM was the best manifold learning dimension reduction algorithm to deduce the spectral information. We
also found that the DM-ELM model was the best model because of the better recognition rate for recognizing the multiple
defects of potatoes and spending less time. For the DM-ELM model, the single recognition rate of sprouting potatoes, green
rind potatoes, blackheart potatoes and normal potatoes respectively reached 97.30%, 93.55%, 94.44% and 100%, and the
mixed recognition rate reached 96.58%. It only cost 0.11 s to build the DM-ELM model. The results indicate that combining
hyperspectral information fusion with manifold learning dimension reduction algorithm can simultaneously distinguish the
multiple defects of potatoes.

Key words: information fusion; nondestructive examination; algorithms; hyperspectral imaging; manifold learning; extreme
learning machine; texture features; potato
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