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Prediction Model of Wheat Straw Moisture Content Based on SPA — SSA — BP
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Abstract; In order to improve the detection accuracy of the wheat straw moisture content prediction model
based on capacitance method, expand the detection range of moisture content and improve the
adaptability of the model, taking wheat straw as the research object and using LCR digital bridge, the
capacitance data of straw with 10. 43% ~25.89% moisture content were measured in the frequency range
of 0. 05 ~ 100 kHz, volume density range of 90. 03 ~179. 42 kg/m’ and temperature range of 25 ~40°C.
The original data were preprocessed by using the successive projections algorithm ( SPA) and principal
component analysis (PCA) to extract characteristic frequencies, BP neural network was used to establish
quantitative analysis models of straw moisture content, volume density, temperature and capacitance at
full frequency and two characteristic frequencies respectively, and sparrow search algorithm ( SSA) was
introduced to optimize the BP neural network model. The experimental results showed that the prediction
effect of the model based on full frequency was slightly better than that of the model based on SPA
algorithm. Considering the model complexity and prediction performance, the BP neural network model
(SPA — SSA — BP) optimized based on SPA algorithm and SSA algorithm was selected as the prediction
model of wheat straw moisture content. The Ri, RMSEP and RPDP of prediction sets were 0.983 2,
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0. 005 50 and 7. 715, respectively. The model was used to predict 13 straw samples with water content

ranging from 10. 62% to 25.59% , and the relative error of water content prediction results was within
-5.27% 105.52% , 96. 8% of which was within +5% . This showed that the model had high accuracy

and good robustness, and the method can provide an idea and theoretical reference for other crop straw

water content prediction.

Key words: wheat; straw; moisture content; prediction model; capacitance; sparrow search algorithm
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calibration and prediction sets
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Tab.2 Characteristic frequency selected by successive projections algorithm and principal component analysis

BRI SR B /kHz
0.050,0.054,0.058,0.063,0.068,0.073,0.079,0.086,0.092,0.100,0.108,0.116,0.126,0. 136
0.146,0.158,0.171,0.184,0.199,0.215,0.232,0.251,0.271,0.292,0.316,0.341,0.368,0.397,
0.429,0.463,0.500,0.540,0.583,0.630,0.680,0.735,0.793,0.856,0.925,0.999,1.078,1.164,

peres 100 1.257,1.358,1.466,1.583,1.709,1.846,1.993,2.152,2.324,2.509,2.709,2.925,3.159,3.411,
3.683.3.977.4.294 . 4.637,5.007,5.407,5.838,6.304,6.807,7.350,7.937,8.570,9.254,9.993,
10.790 ,11. 651, 12. 581, 13. 585, 14.669 , 15. 840, 17. 104 | 18.469 , 19.943 | 21. 534 [ 23.253 , 25. 108 |
27.112.,29.275,31. 611, 34. 134 36. 858 . 39.799 , 42. 975 | 46. 405, 50. 108 | 54. 107 | 58.424 | 63. 087 ,
68.121.73.557.79. 427 85. 766 .92. 610 ,100. 000

SPA 5 0.058.0.215.,0. 583 ,12. 581 ,100. 000

PCA 4 0.058.0.100.0. 199 ,0. 856

2.3 EEHLERSN

N T B R AR AL, LA 400 R SPA I PCA
7 590 1 BCAR) R A AT 0 g 2 B T B TR 2 5 A
R B B AL B AT AR AR SRR O N AR
BEH] BP 2 250k 2 Bl 5 IR 3 R R AL B 1
SRR LR AN 3 PR .

R3 ETARHMEHEFENTEN BP ZEER
Tab.3 BP modeling results based on different

characteristic frequency selection methods
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SPA — SSA — BP model

(DRI T AT T KR AR BUEE RBERE
WR R RS AT AL A B AR AR LA, R KR 10.43% ~

750
50

2.5

AAR IR 2%
(=
T

-5.0 *77777777777777777777777%777‘7 77777777777777

025 50 75 100 125 150 175
[ NERE
B 10 AR A X AN [6] 13 K S AT %) 100000 AH X 5% 22

Fig. 10 Model prediction relative error of different moisture

contents of straw

25.89% L IH A, HL 25 BH AR AR B oK R 3G K 3
K TEM# 0.05 ~ 100 kHz {5 [ P, HL 25 Bl 40 %2
8 185 T B /0N L Y K T 1 kHz B B/ i O
B IEA T 90. 03 ~179. 42 kg/m’ {5 Bl P, L
75 Bifi 25 BR 4 B 10 15 ORI 3 K5 AE IR B 25 ~40°CHiE
Bl PN, % FF P25 B S 5 0 B8 1) T o 8 R . 4
FW K 2BV RN A B IR X E 2 A R i
ETEN

(2) R 3% 22 4 5% 6 (SPA) 1 3 1843 0 B ¥
(PCA) X J5L 4R B304 32047 LA 38, B2 IBUREAE 450 % >R H
BP i 25 [0 44 2% 5 FRR R 000 23 0 o B vk i i R T A R
R R R AR AR AT S KR TR, 5 4
AR BT L, RR AR 3T R R AN B 2 R R
WG A I, S TR ) 00 M Rt A T R v . P R
SPA HEHU 5 A FFAF M 38 I A8 i 1% Ao 00 A4S 7Y e £, L
Hi 4 R: >4 0.980 5, RMSEP % 0.590% , RPDP
7.161,

(3) Bl AR R L AL BP i 28 B 25 B AL,
AR 3 2 M g a5 0 . B 45 R ik 3k
T SPA Fik 45 A SSA SIL AL ) BP b 25 [ 2% A5
R (SPA — SSA — BP) 1 Ay /IN 22 i FF 5 7K 258 14 A ) A
Y, FL P B R 4, WU 4E R, . RMSEP fI RPDP
4354 0. 983 2.0. 005 50 1 7. 715,

(4)XF 13 A~k K 10.62% ~25.59% (4 F5
FEREASEAT T , 25 S5 2 B, 455 780 900 00 235 SR XoF 18 2
K =5.27% ~5.52% ,H:rh 96. 8% ) T 1% 2% 4 vh
TE 5% 0 Bl Y, 455 0 L 5 e 1) 9 0 P AR A o 1)
B AR SRR MR I O 3k T i — D R /N RS AT K
2 DN ASE 7R ) A A BE |, O A S AR W s AT 3 K %
BIRUIUE 7R 5N I BN e =

& % x Wt

(1] Wil PR . FRERARS A SR A A 28 O e [ EPRAE e Bha, 2021(2) :19 -32.

XU Shanjing, YIN Xiaoqing. The effect evaluation of comprehensive utilization of straw resources in China[ J]. Chongqing Social



238

PSS A1 M | = O 14 20224

[2]

(3]

[4]

[5]

(7]
(8]
[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Sciences, 2021(2) :19 —32. (in Chinese)
BT, mEW, FAE, % REREDFRFATERZ oA HIR SR T]. P ERI TS XA, 2019,40(9) :1 - 11.
BI Yuyun, GAO Chunyu, WANG Hongyan, et al. Research on the present situation and correspongding strategies of off-field
straw collection and comprehensive utiliazation in China[ J]. Chinses Journal of Agricultural Resources and Regional Planning,
2019,40(9) :1 = 11. (in Chinese)
BRI, wh A, BOURE, 5. SRR ARG FE A R g seaBisZmi [J]. Aol TA22=HR, 2011,27 (3% T)) :318 - 322.
LIAO Na, HAN Lujia, HUANG Guangqun, et al. Effects of moisture content and compression frequency on straw open
compression energy consumption[ J]. Transactions of the CSAE,2011,27(Supp. ) :318 —=322. (in Chinese)
BB 3 U, Wk B8 L 46 KRR RS FF R Bl R (BB R by At B FLRE R (R F A OGR4 AT [T ] ARl TR 24, 2014,30(24) -
200 -208.
CHEN Shuren, JIANG Chengchong, YAO Yong, et al. Establishment of predicted model of calorific value for rice straw
briquetting and analysis of correlation of its influencing factors[ J]. Transactions of the CSAE,2014,30(24) :200 -208. (in
Chinese)
GILL N, DOGRA R, DOGRA B. Influence of moisture content, particle size, and binder ratio on quality and economics of rice
straw briquettes[ J|. Bioenergy Research, 2018 ,11(1) :54 —68.
B R, X, 45 BT LOCAL 55 i AT /K 20 TV R G 20 AR G5 Dt o0 A [ D] 20Ah 5 2Kl %4l , 2009,
28(3).184 -187.
HUANG Caijin, HAN Lujia, LIU Xian, et al. Rapid measurement of moisture and calorific value of straw by near infrared
spectroscopy with local algorithm[ J]. Journal of Infrared and Millimeter Waves,2009 ,28(3) :184 —187. (in Chinese)
FALBO J. System and method for determing moisture content in a bale of hay; 112562652 P].2010 — 03 —24.
TIFE B, SRR A — R RO A RS AT K S RGN % 201020670716. X[ P]. 2011 ~08 —31.
IS, X080 B 2. AN EREFF S AR A B SR IR [T]. Rl AR, 2013,29(1) 133 -40.
GUO Wenchuan, LIU Chi, YANG Jun. Design and experiment on wheat straw moisture content meter[ J|. Transactions of the
CSAE,2013,29(1) :33 -40. (in Chinese)
FONSECA F G, FUNKE A, SAECHUA W, et al. Precision test for the spectral characteristic of FT —NIR for the measurement
of water content of wheat straw[ J]. IOP Conference Series; Earth and Environmental Science, 2019,301(1): 1 -6.
E&£R,BREVEL, %, BEWHRIBAERXTES SKRELEN &R 5K T]. RV #Hk,2021,52(3)
143 - 152.
WANG Jinwu, TANG Tianyong, TANG Han, et al. Design and experiment of on-line detection device for capacitive paddy rice
moisture content of combine harvester[ J|. Transactions of the Chinese Society for Agricultural Machinery,2021,52(3) :143 -
152. (in Chinese)
AN RN BT T BE . ARAE Y FEFF I A& 5 IFN BRI : NY/T 1701—2009[ S]. b5t « o = A5 H ik ,2009.
NAZARLOO A S, SHARABIANI V R, GILANDEH Y A, et al. Evaluation of different models for non-desthuctive detection of
tomato pesticide residues based on near-infrared spectroscopy[ J]. Sensors, 2021,21(9) :3032.
GUO W, SHANG L, ZHU X, et al. Nondestructive detection of soluble solids content of apples from dielectric spectra with
ANN and chemometric methods[ J]. Food and Bioprocess Technology, 2015,8(5) :1126 - 1138.
LIC, LIL, WU Y, et al. Apple variety identification using near-infrared spectroscopy [ J]. Journal of Spectroscopy, 2018
(8):1-7.
BEPHB SRR BRAG 5. JE T 2040 Rt ib R B AR 1 T 208 A S 50 [T, ik 2 5 06i% 40, 2017, 37(3) .
836 - 840.
FAN Yangyang, QIU Zhengjun, CHEN Jian, et al. Identification of varieties of dried red jujubes with near-infrared
hyperspectral imaging[ J]. Spectroscopy and Spectral Analysis, 2017, 37(3): 836 —840. (in Chinese)
ONIFAFE O F W, AKINYEMI D J. A review on the suitability of machine learning approaches to facial age estimation|[ J].
Modern Education and Computer Science, 2015, 12, 17 - 28.
E/N, s AREE 5. MATLAB MZe M 2% 43 ARG AT M. dbat: Jatiinss it K K% ek, 2013.
XN AR, XV, 4. 5L T BP A2 I 45 0 S A B ST AR B WM AR AL [ T . Rl MUBR 2% 41,2015 ,46 (10) :328 - 334.
LIU Xue, LI Yamei, LIU Jiao, et al. BP neural network based prediction model for fresh egg’s shelf life[ J |. Transactions of
the Chinese Society for Agricultural Machinery,2015,46(10) ;328 —334. (in Chinese)
X T 95, AR, EHEAL. S ERHIE AR & BP B 25 I 45 4 gt il PR F o S KCRAG SRR AL [ T ] Al T/ %2 4, 2020,
36(22) :308 -315.
LIU Xiuying, YU Junru, WANG Shihua. Estimation of moisture content in peony seed oil using spectral characteristic variables
and BP neural network[ J]. Transactions of the CSAE,2020,36(22) :308 —315. (in Chinese)
XUE J, SHEN B. A novel swarm intelligence optimization approach: sparrow search algorithm[J]. Systems Science & Control
Engineering, 2020,8(1) :22 -34.
L RRIRA K. TGRS REENZHERGSHT]. RE TRSH TR, 2021,43(2) ;318 -327.
LU Xin, MU Xiaodong, ZHANG Jun. Multi-threshold image segmentation based on improved sparrow search algorithm[ J7].
System Engineering and Electronics, 2021, 43(2): 318 —=327. (in Chinese)
(T35 245 T1)



