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Abstract; For the real-time compositional endophenotype detection of individual wheat kernel, a
quantitative and non-destructive device based on near infrared diffuse reflectance was designed and
developed. The hardware consisted of a novel stereoscopic light source unit, spectrum acquisition unit
and control unit, also the corresponding detection software were presented. NIR miniature LED lamps
were placed in six rows multiple eight columns along an aluminum cylindrical tube to provide a constant
centripetal light and the 48 lamps were connected in parallel by 16 copper conductor to inform a
physically stereoscopic light structure. A pair of infrared radiation sensor was adopted on the top of the
cylindrical tube to trigger the NIR spectrometer for spectra collection as a seed fell through the borosilicate
glass tubing inside the light source. The spectrometer of Ocean Optics was connected to a PC with its
standard interface and pin definitions, which was used to collect spectrum from the top and bottom of the
light source in real-time through a bifurcate structure fiber. All the soft functions were designed in C + +
language of Visual Studio platform. The real-time diffuse reflectance spectrum of each seed was

transferred to absorbance via PC and predicted its real protein content according to a model embedded in
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the program. In order to set up a reliable prediction model, totally 300 individual wheat samples were
collected to acquire absorbance spectra in the range of 900 ~ 1 700 nm, and pretreated with standard
normal variate correction ( SNV ) algorithm. Two calibration models were established based on full spectra
(FS) and feature wavelengths optimized by successive projections algorithm ( SPA) respectively. Data
showed that the calibration model based on SPA had a relatively lower determination coefficient (R*) of
0. 844 6 in contrast to the R” value of 0. 960 4 based on FS, but the validation model based on SPA had
relatively equal prediction accuracy with the model based on FS. For the nine feature wavelengths
selected by SPA eliminated the collinearity relationship in spectral data but preserved characteristic of
protein on spectrum band with a concise model equation, it was chosen as a superior model and
developed in software to predict individual seed protein content online. To verify system design and
performance, a series of experiment was conducted for wavelength repeatability, absorbance repeatability
and protein predictive repeatability. The results indicated that the compositional detection device based
on stereoscopic light source was able to realize fast, nondestructive and real-time detection of protein

content for individual seed, also had certain applications potential on other compositional endophenotype

2018 4

detection for wheat and other crop seeds.

Key words: wheat seed; quality detection; stereoscopic light source; spectral analysis

0 35

AR R BB A R AT TR i AR
R T Fad AR AL 78 5, b 5T 5% U0 A 58 5 2 BT
e PR A S A TR~ B
B AR b, 0BT A A E A PR A TR
R Y, IR AT LU I AP 5 7 O 415 2 26 4 5k
AR ]I, B A b H AR IR A KRB RE L T
5T Z WA YA R e AT B B0 B LA H AR PR
e, 75 by it e A A% 1 O ARG, H Bst 4~
O R AR

T (Phenotype ) &2 1§ J& — £ W) 19 4 A8 M R RE
A 28 WA L S 5 BN A 26 R0 4% G5 B S 4 T B AY
SMAE R, I B 6 B 2SR B A A SR B
( Exophenotype) "*' | [§ 32 7 ( Endophenotype ) Tl J& $§
FAXS ST A4 B R E 381G S L B Sl SIOWL R A TE 1Y
FRAE , 7T LA o A= A Ik 2 MO0 8¢ IR N TE 3R
BB S R KAL A Y R R IR 26 K
SEE IR B R BUR WK L R A A AR
T LLAM G (NIRS ) F A P H A7 A6 I o Afy bR 33 1 TS
PAE DL, Tz T A W SR LG o3 A, U E
FRUL 5 1 P9 3 A 45 7 1. DELWICHE 48° A
MAGHIRANG %7 43 SIS W] 7 1 JH] 2 /N 22 bR
(10 ~ 100 %) 19 3T £LA1F- 15016 i d ~7 A R, Fi ) B
R/ ) B BT A B AR AR AR T AT . A A
WFFE 5 F NIRS gy 7R E S E RN Ul
S22 g ROk R4 4 TUIMAR TR R T A R A
BRI B Ay AT iR AT R AR
HEAT T /INZ2 FK R B0 Al 3R 1) 3% 7 K, ki B
A PG B NTR O 35 A3CHE 47 B0k K e o BT Y 45 3
JE R K 40, S R 4 B A L NIR S 3%

(LA TS ) XA 21 50 v D6 3% iR R 48 T
Ri/NZE 3 S TN AR R SRR 408 Ot
TR TR f R R AR R R 2 3 HLURL IR R A T
R R A I 2% 1 A B, DRI T o R A
7 BRIBUREA S AT L

BUAR/NZE 7 R BOR BR OB T 5 DR B Ok 1 %
MR T v AR 14 2 BN 23 A, 38 AL A R A O
I, FE AR LSRR 1 O B BE AT fEUR B NIRS
I ZLANETE AR ) 4390 50 Bir A A8 A 0 i, 28 /0 75 22
250 g LL_EAKFFRLEE Ah, AN BE T OB RS 00, o HL
R LTSGR T A 2 P M i & DL, B 2 A
LT IREE Wk BB IRAR) PN P E |
UTLLAN P Be EAERE 3 I AN B, DR T AS REAE 1
e

B XF BEUORE AT W) ik SRS I ) 5K, AR SCsEI R
AEIRBLKG , 55 58 (0 BRI 0 AT A 45 & i
ST U /N B R E R PR B LA S B
PR AT 49y PR A TR L TG AR L SN

1 #R57F*E

X A Wy BAORE R A S i S TR A U o 5K AR
il A e < Y B AT 2L AN i B A 4 ) Bl 2 A '
IR BT T — B T S I T £1 AP O 3% AR UK B
IR S 1 MR AN 2 B AR IR B AP 1 s .

R B AO R — oy TRNE
21 A B 45 R Ol YRS R R Ol R ARG I A B 4
A YRR AOCIR I, B S 2 B R I AR
7 Sl AR R O SR B ML i E il — 2y L BDE
21 57 Z0 IV U A AR R A T O TR L GE A Y T8 O
W, BT LA T A B B
1.1 =8 EEHRRIRIT

T LL AN G 5 A S I E vk B TS E i



£ 10 39

S 5 A DRSO FRLNE B R O R R LB 365

(SIEEALY/ES RIS AN \B iy Rl B R

Fig.1 Single kernel near-infrared spectra detection

systematical block diagram
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