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Design and Experiment of Portable Device for Testing Main
Quality in Corn
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Abstract; The corn production is high in China, the high efficiency, portable and low cost corn
component detection technology and its devices are very important for the detection of corn quality.
A portable corn quality detection device was designed based on visible/near infrared spectroscopy
technology. In order to explore the feasibility of the designed solution, a visible/near infrared spectrum
acquisition system was built, and the spectra of 72 corn samples of different varieties were collected. The
partial least squares prediction model of protein, fat and starch contents in corn grains and the CARS —
PLS prediction model combined with competitive adaptive reweighted sampling were established
respectively. The results showed that CARS method could effectively screen out the correlation variables
of each component and improve the model effect. The root mean square error of prediction set (RMSEP)
was decreased, and the RMSEP of protein was from 0.486 6% to 0.406 8% . The RMSEP of fat was
decreased from 0. 154 9% to 0.098 9% ; and the RMSEP of starch was decreased from 0.471 4% to
0.467 5% . The correlation coefficient R, of prediction set was improved. The R, of protein was increased
from 0. 9309 to 0.960 3. The R, of fat was increased from 0.949 7 to 0.977 0. The R, of starch was

increased from 0.952 0 to 0. 960 5. According to the characteristic variables of each component screened

WA H . 2022 -04 - 13 &I H Y. 2022 -06 — 17
E&WAB . HKE LB LIRS H (2017YFD0701205 —02)
EERB N ZE2R(1960—) T Hz , [ S I, EENERE ) M LB MR 5E L V5E, E-mail: ypeng@ cau. edu. cn



59 1)

PEZR A TR ER BE S SR T E T 5 A

383

by CARS method, a suitable near infrared spectroscopy sensor was selected. On this basis, the spectral
acquisition unit, control unit, display unit, power supply unit and heat dissipation unit of the detection
device were designed. Based on NodeMCU development board and Arduino IDE development tool, the
device control program was developed with Arduino language to achieve “one-click” rapid detection. The
detection accuracy and stability of the device were verified by experiments. The results showed that the
correlation coefficients of protein, fat and starch contents were 0.843 1, 0.824 3 and 0. 815 4,
respectively, and the root mean square error of prediction were 0.357 6% , 0.231 8% and 0.233 3% ,
respectively, and the relative analysis errors were 1. 8577, 1. 776 1 and 1. 573 5, respectively. When the

same sample was repeatedly predicted, the coefficient of variation of each component was 0.235% ,

0.241% and 0.028% , respectively.
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Tab.1 Statistical results of each quality index
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Tab.2 Modeling results of corn protein, fat and starch

contents with full wavelength PLS
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Fig.2 Variable screening process based on CARS algorithm
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Tab.3 Comparison of PLS modeling results based on

full wavelength and characteristic wavelength

KEIE4E RIES
5 . A EIE 4R SRIES
B R ¥rm R, B
W2/ % W%/ %
K 1 PLS 977 0.9637 0.2947 0.9309 0.4866

H
Ji 480 CARS—PLS 47 0.9613 0.3209 0.9603 0.4068
Hg Wi o i PLS 977 0.9705 0.1025 0.9497 0.1549
R CARS—-PLS 37 0.9802 0.0843 0.9770 0.0989
TE Bk PLS
I CARS—PLS 28 0.9640 0.3593 0.9605 0.4675

977 0.9528 0.4104 0.9520 0.4714

2 W EEGRT

2.1 FiLERIB[EE

R T R K i ST T A A S % 5 4 5K AR
BAS V£ W F & 75 5K L 78 LR X B OK 3R (A5 IS i LA
S UE Ay A A 3 R AR S 1 A3 B 0 A b 2 T e
FOKEE BT e D R E R A AL A RRAE AR R
Senorics BT L1 AR GGG A , BT T B oK MR
fEE AR S AL A A 18 NI, i e
V{2 400 ~ 1 000 nm, %A 58 18 YR BT — A
R A RO R A R AR SR T N R
UE T T 5 HCA A7 2 A ) R BE Ty T A A AR
PE BN E 1Y 2 14 58 (FWHM) 2 20 nm

i bR CARS 5512 i 46 ¢ fiF 72 &5 119 45 SR v 0,
#£ 500 ~ 600 nm 600 ~ 700 nm 700 ~ 800 nm 800 ~
900 nm 900 ~ 1 000 nm %5 Br ¥ 95 &% 5| 8 11 i g
I 0 1 R AE AR e, L% A% SRR 1Y 4% 08 T
VI as 7 LRSI B G615 R A 18 I K R T
i 8 )RR AR AR B 1 — 20 3 B, DIAG B AR Tl R
s ZE AT P 4% 2 0 42 58 1Y) 50% (BI 10 nm) 4b B
B0 H BT BUR RS B (K ) A 2501
502 515 .516.535.538 .539 540 545 570 .672 704 .

897,907,908 . 909 , 940 . 941 942 943 944 nm, 5
CARS B3k i 1 tH B8 He 000 44. 68 % ; T 78 55 19 s
195 J5T 8 3 KRR IR A% i A - 646,648 689,690,691 |
705 731 736 907 .908 .909 910 nm, 5§ CARS % 3
i e SR B 32. 43 % ; i A Y E A BT = 40
B AF A8 A 2 519,554,578 579,678,680 , 683 .
723,759 764,908,909 . 910,941,943 948 nm, 5
CARS B3k 0 e R AR BB 57.14% . 25 Lk,
AL AR AW I T T R OKREE AR IR DL vE #
PN GO SETT  e  a Q L E PR L E S e VA i =
J5T G 7 DA B v oy Btk BRI A A O T AT
2.2 EELEWRIEIT

BT AR Pk s AL g e i 1A 4 R ke
BRI R FRIT FEHIHROT | WOR BT
VR EATT DL SR A TT e N AN BT 4 T R AR
SRR B IE, e KM E 18 em, AME it K H 12
11 em, 25 900 g, A /NG 5y #al  BRAF 1] 5 55
A ST T RO A T S R

(b) %% B LA

P4 o 488 ARG T 2 5 A I

(a) HEEIR

Fig.4 Structure drawings of portable testing device

LRAR 206 REIT 3 R 4 HUA RS 5. HUR
BIFE 6.USBH:H 7. 0 8. WAL 9. 4h5E
10. BoRGt 11 K440

2.2.1 JeiERERITHIT

SR B R BT R EALFE YRR DBk
KT OIS AL AR E 4,6 A R WL 2W —
12516CP B i 22 X7 52 S0 JE 35 5] 43 40 16 6 1% A% 84 U
JEI I 181 5 2R IR IR Sk 1, A AR ARS8 51 I R B G IR
AL TR AR 1] 72 T 6 PR AR Sk v ) T B 0O S
B i E BREHRITEMME 5 s,
2.2.2 S R AoC BT

F Tl BTG 7E 12206 ' v T A O T AL IR A 8 A
BE R A IR RO AT A B S T S A s
UG ST R R A R bR T A5 R, AR E R
NodeMCU FF & M /E M 4% 0o 45 il BTG, % & W B A
SRR S EThRe e A BT B IRTIAE
#2811 (UART 1IC .GPIO ,ADC .HSPI %) | 5k
R R B AR A M., BRIt T



59 1)

ZER % ER TR M BEESE R BRI S E 387

5
5 JLifkfE B oR A BITE R 3 1A
Fig.5 Schematic of spectral information acquisition unit

LWPRRR 20 FOoKRFRL 30T, 4 0BIEERREE 5. )BT

2.0 geof TFT W & 7 o JLOK 3 s 7 2
ILI19225 , 43 #3028 176 23R x 220 (3 5, o X B R
31. 68 mm x 39. 60 mm, PUk SPT £z 11, 0] IR 5 5
NodeMCU JF % Hi i ik SPT 3 15 Pp 80 i 47 2040 1% i o
2.2.3 WIFEHRITRIT

P T D FE R SRR DL SRR R
AN BEITHERER 12 VBET RN 1.2 W, #
POXES BEFH 4 em x4 em /N XU RS, B5E LR R
12V, 8E LR 2.4 W, i NodeMCU FF % # .
SR B AL TR S ) R R X AN A 2 sk
12 'V 8 400 mA - h K% 5t A 70 i 81 Ll %6 & oA [
HotZ ] TAEHREZ R AT (12 V/5 V) | il 22
AR ALYk G UE L R AR E . IRl 6 TR,
T HL A P I, — B H R A e TR 48 i
5V R B ITHE L, Iy — B AR R L R R
B XU SR RS E Y 12V LR, 2, 4 %
AT A 9 SR R g il s 6 h LU B AT DL
S PR g IR K o

ek
. - ’ (550
= 5V [NodeMCU 3.3V
% A v
R FEAS B i
iR

[ |25 saorx]

P16 A I 2 H YRR Tk R R

Fig.6  Schematic of power supply unit of detection device

3 WNRERRFRIT

FF NodeMCU FF & #x #1 Arduino IDE FF & T
H R A Arduino iE 5 & T F oK E 2 5 R E # X
G0 24 A 1 AR A R R R LR LR R AR AL
I b 25 BRI s s DA B v YR R A, G
WEEIE 7 FroR . EEIRE,BFELSREL
T AL AR S8 N B 2 BB AL FI ) 16 Ak 7R B
SR AR ARG 2 1 B kR o 20 G DN 4 S A L 1
2 o A ) 28 G 45 ) D' 1 R A B T AR K AR 1 1

55 e K, SR Xk R Y K dle BE A7 AR L A AL
TR, R A AR TR 02 2 B v Y R OK A% B S R
BERY 5 A 2 R0 B BN (L, O 5 I R s A
0% i 11

| e mmotins |
TP TP v
| B |
| [y Al AR IIE- AT ] | ™ ;‘t»{&&% T
1 3k T4 R
GERNLRIE | = E{ﬂﬁg
Bf s 7S &
S AT
2

PR 7 2 A o AR T A AR

Fig.7 Flow chart of test device control program

4 FEEBIKLWWIE

2% B AR I 80 A B K AF AR 1 18 S 3 D't 1%
Wl R i fie /s — 307 vk o i 2 R R IR
JU7 R oy Tk A Y I K 2% 2 R R RS A
AR EEG R TR O T B P B4
R 00 3 G NG B RS A AT S 53 e B 30 R
Z: 5 B FORAFRLREAS , X BT 3 3 09 T OK S 25
e 5 ORI 2 B AT IR B0 Uk o R R RL AR AS I
AWPRL G i 3 B O R AR ST E AT R
R, I o 2 B PO R ROk B IR U A0 E B
AR E . RS S IR R M7 IR MG SE
L IR IS (A RS i e W e R A i RS
W8 oo il ke B B9 AR 2 P, X [l — A
ST 30 Yk, 3 BT LR U A U R B A I 4
S AR S R B0 R 0. 235% 0. 241% 11 0. 028%
I e I, R R T A E L AR 4 h, N
PR B BEARRS EAE 30°C BT, HAREE TARIRE AR
ARG . DL LR R g R R, RO B R
A 485 RS 00 2 TR R R RS o e 40 i A S92 G U

5 it

(1) 5T 0l W/ L0065 7 i 43 il i 1 &
KORFRLER (BT G W AUE By £ i PLS 90 AR A
XiF EG T AS TR) A By R R 2 SR R g, 4 R
FEH R UG U R E R T A 0TI 1 e I A
0 4b B 75 284> 3 R SG — Nor,SG — MSC , Nor, £
O A5 R 55 IE A OC &R B4 i Sk 0.930 9,
0.9497.0.952 0, ¥4 J7 FR 1% 22 4> 3}y 0. 486 6% .
0.1549% .0.4714% .



388 g BLoB ¥ R 2022 4
12,01 50 742 .
L]
sk . 481 . 740 P .‘
& 110l . . g 40 . ® s 738F
’ ® . o 441 m L o Mo o o
{_K' - :o o, {__’13427 L] - . {\, 73.6 .
] . . @ ’ o .o § T34 e °
10,0 Al 3401 . o L. . .
‘ . & 7135k
B ol o® oE 3.8 . ¢ iz o o .
LS R=0.8431 = sl * o R=08243 = 7301 R =0.8154
9.01 P RiRIE H0.3576% aal o BRI 2 H0.2318% . * P17 HR IR 2 990.2333%
* AR ST RN 1.8577 | . ABXT AT IR 2 H1.7761 AR AR E N 1.5735
| 1 1 1 1 1 ] 1 1 1 ] 1 /! |
85 9.0 95 100 105 110 115 120 32 35 45 50 26 73.0 735 74.0
SRS BT % SRS BT % S BT %
(a) EH T (b) BERI () TEXD

P8 T 45 A o K

Fig.8 Scatter diagrams of predicted results
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