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Identification of bruised kiwifruits during storage by near infrared spectroscopy and extreme learning
machine

GUO Wen-chuan*, WANG Ming-hai, GU Jing-si, ZHU Xin-hua
College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China

Abstract: To detect bruised samples from intact kiwifruits and to reduce the loss caused by decay fruits and cross-
infection, the near infrared diffused reflectance spectroscopy and an Extreme Learning Machine (ELM) were coupled to
establish a model to discriminate collided, pressed and intact kiwifruits during 10-day storage at 2 ‘C. The effect of the
discriminant models using the feature variables based on Uninformative Variable Elimination (UVE) and the
characteristic wavelength by Successive Projection Algorithm (SPA) combined with UVE on simplifying model and
improving prediction performance was compared. The results show that the collided samples can be distinguished
easier than pressed ones from intact kiwifruits. Bruised kiwifruits can be recognized easier with the expansion of
storage period. UVE-SPA-ELM model has optimal discriminant performance with a discriminant rate of 92.49% for total
prediction set samples. This detection technique has a high measurement precision and applicability, and can be used
to identify bruised kiwifruits nondestructively and rapidly.

Keywords: Near Infrared Spectroscopy(NIRS) Image recognition Kkiwifruit storage period extreme learning

machine
W e H 31 2013-04-09 15 [H H #] 2013-05-16 %% i & A H ] 2012-10-19
FETH -

BRI MR RN 45 B IR T I 5k

AR HsO

{38 1 0 Js0)11(1969-), &, BRVGIRE A, -1, #3%, LA, 20044 FUdbARMBHE R R AHE L2247, FEZAFAR ™ WA
it ST TG BRI 5 AR 7 T AR
{£ # Email: guowenchuan69@126.com

EEBN

[LH e, sRakit. HUBRI 6Bl gL s A 25 R i S i s m 0], R R i3, 2012, 12(4): 140-145. TANG Y, ZHANG J S.
Influence of damages on kiwifruits of physiological index and membrane lipid peroxidation[J]. Journal of Chinese
Institute of Food Science and Technology, 2012, 12(4):140-145. (in Chinese) [2]7Mill, #RHE%, N SGR. EL MG HrHA
TEAR S S S TR R TCARAS I b B T ST ], i 5% 4T, 2009, 29(1): 122-126. SUN T, XU HR, YING Y B.
Progress in application of near infrared spectroscopy to nondestructive on-line detection of products/food quality [J].
Spectroscopy and Spectral Analysis, 2009, 29(1):122-126. (in Chinese) [3JMCGLONE V A, CLARK C J, JORDAN R B.
Comparing density and VNIR methods for predicting quality parameters of yellow-fleshed kiwifruit (Actinidia chinensis)
[J]. Postharvest Biology and Technology, 2007, 46(1):1-9. [4]MOGHIMI A, AGHKHANI M H, SAZGARNIA A, et al.. Vis/NIR
spectroscopy and chemometrics for the prediction of soluble solids content and acidity (pH) of kiwifruit [J]. Biosystems
Engineering, 2010, 106(3):295-302. [5]XI7f, #3011, k. BRGAME LU LLAME R G BB [I]. AAEHUER, 2011, 42
(3): 145-149. LIU H, GUO W CH, YUE R. Non-destructive detection of kiwifruit firmness based on near-infrared diffused
spectroscopy [J]. Transactions of the Chinese Society for Agricultural Machinery, 2011, 42(3):145-149. (in Chinese) [6]
MR, AW BRERERE R 8 AR e 40 AN B [9]. vEdbARk 244, 2011, 20(7): 143-148. CHEN X W, YANG G M.
Using FT-NIR spectra in non-destructive measurement of kiwifruit sugar content [J]. Acta Agriculturae Boreali-
Occidentalis Sinica, 2011, 20(7):143-148. (in Chinese) [7]1%{d%, WA, Bk, 5. I T-siPLSHIBRBEHRNE T 4 4h Gt R [].
iRk, 2009, 30(4): 250-253. CAlIJR, TANG M J, LV Q, et al.. Near infrared determination of sugar content in
kiwifruits based on siPLS [J]. Food Science, 2009, 30(4):250-253. (in Chinese) [8]LV Q, TANG M J, CAlI J R, et al.. Vis/NIR
hyperspectral imaging for detection of hidden bruises on Kkiwifruits [J]. Czech Journal of Food Sciences, 2011,29(6):595-
602. [915B3C)1, EHhE, WOk, LT ILLLANE SIS OB R[], AUk 4k, 2013, 44(2): 165-170. GUO W CH,
WANG M H, YUE R. Early recognition of bruised kiwifruit based on near infrared diffuse reflectance spectroscopy [J].



Transactions of the Chinese Society for Agricultural Machinery, 2013, 44(2):165-170. (in Chinese) [10]Z=%, T4#&, M&
UK, A5 SO K/SEER T LLAM IR R4 6 58 m R ST [J]. D2 50k Hr, 2011, 31(2): 362-365. LI H, WANG J X, XING ZH
N, et al.. Influence of improved Kennard/Stone algorithm on the calibration transfer in near-infrared spectroscopy [J].
Spectroscopy and Spectral Analysis, 2011, 31(2):362-365. (in Chinese) [11]WU D, NIE P C, HE Y, et al.. Determination
of calcium content in powdered milk using near and mid-infrared spectroscopy with variable selection and
chemometrics [J]. Food and Bioprocess Technology, 2012, 5(4):1402-1410. [12]GALVAO R K H, ARAUJO M C U, SILVA E
C, et al.. Cross-validation for the selection of spectral variables using the successive projections algorithm [J]. Journal
of the Brazilian Chemical Society, 2007, 18(8):1580-1584. [13]WANG Y G, CAO F L, YUAN Y B. A study on effectiveness
of extreme learning machine[J]. Neurocomputing, 2011, 74(16):2483-2490. [14]14/K « IRv0 2, W7 « SUIK. T4 AMGI T
SUHIERM]. dbnt: Tk iRA:, 2009: 226-232. WORKMAN JR J, WEYER L. Practical Guide to Interpretive Near-Infrared
Spectroscopy[M]. Beijing: Chemical Industry Press, 2009:226-232.

ES LB PSS

Lot SR MY TR N DGR IE A A AR TR L AN QAR A o BT R MR AR D). DR % TR, 2013,21(8): 1974-1980

Flor S0Eh WA BRI T M ELMER G i SR ER [9]. Db TR, 2013,21(3): 751-758

TRYRAL, 4508, IZHE, EHUA. X-band S EE T FERFIL K SN S AIEILI]. ekt LR, 2012,(8): 1846-1853

FTAMS, R, 32508, & NIRRT L ANE AV AR i I R 3], JeR5 % T2, 2012,20(4): 873-879

SRR RN S, R A AFAE B X I35 16 20T 2T 4/ S s R 2% v 2 U I 2 b I S 2 [ D65k % Tf%, 2009,17(8): 1839-1844
XK, K75, A, AR KR BER B HT[I]. 2R % TR, 2009,17(3): 525-530

LA, AR, SKRHEM . LR I R G P (KBS RN [J]. Dbtk TR, 2009,17(3): 589-595

TR R LM 7 0 AR A S5 R R DA G U ST [3]. D6 kG 3 TR, 2008,16(6): 986-992

B R R AL LT 20 ARG 1S TG B MR PR A RS DUVR BERF 5[] D6k % TR, 2008,16(5): 784-789

R, AL, BT, A RO G AT AR L I AR A A I A BE AR SRR [I]. DAk W R, 2008,16(3): 375-380

. EEHR, AR B B B -G GTTER R S R LA M O], Jeie ki # TR, 2008,16(11): 2051-2054

12. HERLL. 2 EARHES DG aULSE AL bR IR P RSO GBE R R[], Y6 K% TR, 2007,15(4): 587-591

13, WEE R PR B N LO AN FOK AR (U T A BT Dk BOk IR [I]. JeiERE# TR, 2007,15(12): 1952-1958

14, TS ARG AM R R B I HUTE AN AT AL A K I ARIE [D]. DR R TR, 2007,15(12): 1946-1951

15. MRtEAL.2, 5 L WRE B2 L SETAR LR NS 2R 2 B LR RITLAMGRER I B9[], Je2 AR # LA, 2006,14
(1): 58-62

© 0 N o 00 M W N

[
[N

Copyright by Jt4H§% Tf



