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Simultaneous Detection of External and Internal Quality Parameters
of Apples Using Hyperspectral Technology

Shan Jiajia Peng Yankun Wang Wei Li Yongyu Wu Jianhu Zhang Leilei
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract

The hyperspectral imaging technology was used to detect the bruises and solid soluble content ( SSC)
of apples simultaneously. The image at 794 nm from the first principle component was subtracted, the
series of de-noising and threshold processing were performed and the bruises on apples were predicted
with the accuracy of 92. 6% . In the hyperspectral imaging, region of interest ( ROI) was determined and
spectrum reference curve was calculated. The original reflectance spectrum curve was processed by
multiplicative scatter correction ( MSC), a first derivative and Savitzky — Golay (SG) smoothing, and
PLSR model was developed to predict SSC with R, of 0. 93, SEC of 0. 47°Brix, and R, of 0. 92, SEV of
0. 67° Brix. The research showed that it was feasible to detect the SSC and bruises on apples
simultaneously with hyperspectral imaging technology.

Key words Apples, Solid soluble content, Bruises, Hyperspectral, Nondestructive detection

a| Ra b TGRS I 7 T A AR K A R T

il

P i DI 3 AR X K R A S i S A A [ P

FOCIE R AR R GG ARFOE ARSI HBRZHOII T BTk T %

PLES 5T B — TR B A fﬁﬁ?iﬁfﬁuﬁ'z#‘iwﬂlﬂ B KEIEEOR S R d Sr K R R B R B RY  KCR A
WF A BEBE RS E R ERGE EE BRI R T S ML S B AR B AR K
SNRTLAAG I A 7= iy S0 AT L £ b J5 (ﬂnbﬁé SRV SIS o3 R S G I D= P !
YraF) , 6 T A B AT UK I A 7 b e YRR ah B OB RIS R A AR R 4, e o A R AR BT ik
Oy BEREESE) o PUE, W eI MR BORAE LB i RBCER R T, 4 R R, mOETE R B XS

ek H . 2010-05-06 & H . 2010 —07 — 26

w07 E R R S TR B B H (2006BADTTA12 — 1) [ F AP 4 8 266 45 TR BRI 5 O JF R A8 5% B 55 H
EH B S, B E, 2N  TCHAS I 5%, E-mail; jia. jia. 1986@ 163. com

BIREE: ZER, 88 84 200, 2S5 Bl 2 4 FAR 7= i B S K AF 5T, E-mail : ypeng@ cau. edu. cn



330

FREAE A T ROG IR EOR A3 R A AN 5[] A 141

SR I R A3 Y R N A TR B 88. 57 %, {H X 46 B
FEALFR T X 7K 2L S s P 3 J5 4 BIF 5, X5 A A
Joi¢ ) P A 00 14 49F 52 30 R L AR G

AR ORI e 6 BB B AR 1 25 ) RO S
454 TR B AL BRI 1% 23 BT 1 Bl S B 07 15 R T 2
YR V45 R D' i A 458 T B 30 SR 3 T R 0 RO 2
T AT [ A

1 SRbh S

1.1 SLH#

AT 37 36 W /N B R EEA — 2, TEALBE A /Y
M5 215 S0 2R 108 Ao T [l i 3 1 % B AR
BB T 3T I A AF o 52 56 R 37 SR DA 7T BR
B O 7R SR IR R E 12 h i Ok B IR 5 X R
R NTHES . NLEREG S FNT 2R
BCEAE 1 m @ BG4 B bR vE =, A
SEARALEE A — b o 108 ASEIRFEA, # A 30 4>, 58
R T8 A, EAE S RTEEIRCE 3 h A
BRI AR AL G, TT IR R AR Hm G IE 15
1.2 S qY=8

EASCHRL LS TP A s G R R 4L, Z R G+
1 CCD HHL (Sensicam qe, USA ) & 56 1 X
(Imspector VIOE, Finland) #1%% SGIR B IEEB G
(AH — STA02, Jb 5t 2 FIOGHL 24 W) ) b Haz sl 45 ] 4%
(AH = SC3, bt Z ML A w]) S . BRIE i
A K JE Bl D 400 ~ 1100 nm, S 3% 73 B
2.8nm, Bk FEE N 12 mmo OG IR O B K AT
(Philips, 100 W) , 73 G T3 R B R SE1 7, &2
XEFRG A o

2 Z®FE

2.1 ERRESHE
RAEREA 1 B O R R, RGBT
CCD ML IR SEIT T 100 ms , 36 5 5k 5 450 5 4y
B 134 mm , H1Z) HLE 08 9 21 mm/min, £
MR SIFACRE  98. 6 mm. SR AR S AT, 3 1
i, RAEIE B R, T DL 4 S SRR B O 75 5 R 4
IR . R 52 B ISR L 04 3 SR 7E 20 BB 1
BT o A SR O AR R DU 4 8 R
S P4, 2 00 1 3 SR, R 4 003 T (405 98 13
1 F R AT 1)) R FC A 3 AT 09 0 e PR . A5
U P 190 7 AT S P R I e TR 2
R -R,
"R, -R,
SR ——REARJFUA 08 S i P 12
R,—— FBR 118 )2 5 P 1%

R, IEAESRES
R—# 1 5 1918 2 5 6% R
G R GCR B B S K R KA
AL FRAR O ~ 100 mm 5 [ ) 43 1] B 25, N A bR AR
72400 ~ 1 100 nm ()56 3% 8 [ o AHHLAHI 46 A7 & T
G NZE I A AR, B AT AR B — R BR
1EVC + + P & B 'S SO X Ry A
EAASFE T 13Tl R e 5 R S SRR 1Y
[SPIRRRLN I E/
fE ENVI 4.3 37 & EFTIF 6 B0 &6 % 57
PRBHE , 7T 7R 400 ~ 1100 nm & A3 KF B B
[ — 3 R[] 459 45 18 76 608 nm % KR 1 25 06 1 &
BB 1 R . B La 230 B 010 0 &6 B,
b 2 37 5 58 4 T 1) o5 D6 1S R o

Bl 1 608 nm 4k i ot % B4
Fig.1 Hyperspectral image at wavelength of 608 nm
(a) #famE  (b) SEhFim

2.2 #R5ERM

XoF S SR DU A 1 448 18l AT R A AR . AR
B3 AR B — FE S R AT RE 2 b S e T IOk AR
AR o JEUUG ST ' 1 il £ W i ) £ MR LU AR, 7
ENVI 4. 3 #4 v  3k B 480 ~ 1 016 nm (3¢ R K
PGAEAT T3 3BT L AT RT3 RS — T AR,
MRS T BRE R B R R T A E B o
2.2.1 SEREAR

SR AR B 5 R, 6 AE 3SR 2 T Y 18 B aiR
JEE A S BRAE G0 A1, ' 109 S S 5 8 DA H 8] 1) 31 25 32
ok 583, O A0 2 VLT T A5 v A 40 B A A 1R R K EE
FRE L G, R, S0P 54 180 £ 5 i AR ME A 5 5
PRI R o BARAF AR — P BET R 1R XA
BB b A ARAL 5 I BB AL A SRR 22 AR/ o
2 EMER 0 SO OGTE RT LR 98 4244 B 58 A S AR Y
i 23, 2 G AE S R S v R . T &
T 53 VA8 15 5 o T A0 AR D) 2 3k ok 9 B 39 2 3 T 7
O3 ROGANSER B AR o R T R 58 4 SR
55— o RS S B AR 3 K B E ) 25 (E AR



142 g ol Bl ¥

2011 4

AR RIS o3 Ao (HJE A SRR A A, W
I P A5 A5 3R DK B A 22 (B A R A5 AR AR B OR o
AH A4 R T AR A R, P e R 0 1 R T LA
PG $2 B Ok o
2.2.2 HEAEEMEG

TSP R B #5473 B8 AL A 45 0 T A6 4 3] B B 6
6 JE 4R X 15, ( range of interest, f&jFF ROIL) 3K H
SO . Dy 1 /NS R 3 T R AR R Uk
A3 T AL R AR A3 T A0 1) S 0 R DX e, R T
AN IR A TR AL 2 B R P N Y B R, An A 2
(“0O7 N ROT XI) B 7R o TH35 B A A i 45 405 &8
ARG TR R 6 1% il 2 i - S il 2, 2 05 # 14
) Y 7 2% b 2 RH DR, 22 6 8/ 1 i BHE 1 DG BT
Hh 3 A5 0 A0 A A 4 A S50 7 1) DX BB AN B A & A A
Il B 22 (B A ENVI A it WL %€ 18 BORE 151152

B2 SR R L A
Fig.2 Hyperspectral image of apple

S 2R TSR B Y B 5 K A v Y
T, AR A B R PR A B S DR RE T R
N, B BT A, T LR R R Y O iR AT I
B o AL XS LG, B 3 x 3 BB Uk B ab L, B S5 i
I 173 0 A9 75 o 405 ¥ 7 4 B A Ok o
2.3 HBoER

SR FH I i DX I8 IS S5 O 3% 1) 7 12 3t S vl
3 FR RN AR Ry S R R ] DX R 18 R g i
R AR MR L R o A M T 50 DA RS b i) 58 57 3 oz 328 X
50 x 50 Y DX B Sy B R X, dn & 3 (Y07
ROT X480 Fr7i o %6 T i e J8 v i DX gl AR/, B
1M AT 2280 32 DX A A S Rt B R R O T AR IR R
0 —SObE X T ER AR SR BRI LA HA 3 A
T A SO R DX SR 47 F- 48, 58 B 1 S RAT B I3 A
T P9 SRR R DX 2, SRIBCHC - 24 S SR 1% i 48

i £ J6 80 4 & 1IE  ( multiplicative scattering
correction, fajFF MSC) .— B 5%k (first derivative) Fl
SG (Savitzky — Golay ) V-1 55 J7 12 X [ 4 O 335l £
SE HUAL I, A5 T 6 /D — T 7 ( partial least
squares regression, (& Ff PLSR) Y J7 ¥ @ 37 3 bl
Fi8y 00 A5 Y
2.4 BHSRE

FHBE B 7 53t D00 6 3 R0 615 SR SR T B R

P3O BRI Y ok B
Fig.3 Range of interest

DX S PR L MR R 1 AN SRR b 3 o7 i A
(E -39 )5 153 B %S R0 1 2 R

3 BRSITR

3.1 ShaEBmR Bie i

HT T TR P S 1) 45 55, 005 90 0 0 AR R 43
137 25 (E /DN A L R LR, e I, ik 2 4
P hr S AR R ALY Z (H A ENVE 3 4 3 T
B L%, 2 4% 794 nm i 1 R A Dy S of 14
%

Bl 4a JES7E IR 480 ~ 1016 nm 7 B 35— E Aoy
B8, [ 4b & 794 nm PR B ER B0 AL A
HEEAR R A R

(b)
B4 SRR OLIE EE
Fig.4 Hyperspectral image of apple
(a) H—FWrEB (b)) 794 nm Kb # &6 K4

W PG ARG, X R HEAT 3 x 3 B4 {E g i 4k
HROK J5 3 5 PR (A O AR R 0 R A, BRI A
WEs frR

PR RS EEN -
S AN]SR 794 nm AL 1 GRS — 2 R4y
PG BAR R R BE AL AN [R) DT S5 B80S [) S 5 14 i 1]
PBAG T KA 22 (AR R] R, S TR R A ol ] 7
AN (R B 53 R A A BRY o 3 A X AR R 1 1R 14
SR BT, 2 1 58 4 1SR R MG R AE A A 85 A
1 F IR P (8 22 (A e — /N0 F1 P9 0l R 4 A



FREAE A T ROG IR EOR A3 R A AN 5[] A 143

F5 G AR

Fig.5 Image after processing
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Fig.6  Reflectance curves of original spectrum
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