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Abstract

[ Objective] The cotton region in Xinjiang has a great span, and the fiber quality has the characteristics
of regional and ecological diversity. Only by combining excellent varieties with suitable climatic conditions
can the best fiber quality be obtained. How to scientifically predict the changing trend and regional
distribution of fiber quality through meteorological changes is of great significance to the sustainable
development of cotton industry. Therefore, the research of Xinjiang cotton fiber quality prediction model
based on machine learning algorithm is carried out, and the optimal prediction model suitable for each index
of fiber quality is sought, which will provide basis for cotton regional breeding and cultivation.

[ Method] This study used the data of raw cotton quality notarization inspection in Xinjiang over the
years to analyze the relative contribution of meteorological factors to fiber quality and their relationship
through big data. Machine learning algorithms such as Random Forest, Support Vactor Regression and Long
Short-Term Memory were used to build the prediction model of meteorological factors and fiber quality, and
the machine learning algorithm with the best prediction effect is screened out.

[Result] There is multicollinearity between meteorological characteristic variables in cotton growth
period and raw cotton fiber quality, so random forest algorithm should be preferred in randomly selecting the
optimal sample training set and the multicollinearity interference of independent variables. The optimal
number of characteristic variables in the mathematical model can be determined by the variance interpretation
rate of raw cotton quality indexes in different combinations of meteorological characteristic variables. The
variance explanation rate of fiber length by different combinations of meteorological characteristic variables
is 10.43% to 15.45%, and the variance explanation rate of fiber quality index by the combination of maximum
temperature Tmax and minimum temperature Tmin iS the highest, reaching 15.45%. The combination of
Sunshine hours Sun and Precipitation Prec has the highest explanation rate of variance of micronaire value,
which is 10.64%; When the input variables are the combination of Tmax, Tmin, Sun, Prec and effective
accumulated temperature GDDs>12°C, the maximum variance explanation rate of fracture specific strength
is 22.34%, and the variance explanation rate of all combined characteristic variables is 20.06% to 22.34%.
When the average temperatures Tave, Tmax, Tmin, GDDs>10°C, GDDs>12°C, GDDs>15°C and GDDs>20°C are
used as input variables, the maximum variance explanation rate of the uniformity index is 12.92%.

The combination of meteorological characteristic variables with high variance explanation rate is
selected as the input variables of the model, and the corresponding fiber quality index prediction results are

obtained. Compared with the support vector machine model, the random forest model has a better effect in



predicting the length, specific breaking strength, micronaire value and evenness index of raw cotton fiber,
with the accuracy above 88.59% and the root mean square error RMSE ranging from 0.0826 to 0.3192. The
average absolute percentage error of fiber quality predicted by long-term and short-term memory network
model is 0.5% to 2.6%, RMSE is 0.021 to 0.514, and determinant coefficient R? is 0.020 to 0.130. The results
show that the prediction errors of fiber length, micronaire value, specific strength at break and uniformity
index by long-term and short-term memory network model are all small, and the MAPE values are all less
than 10%. Therefore, the prediction performance of the long-term and short-term memory network model
for each index is generally in line with expectations, but compared with the prediction of fiber length, specific
breaking strength and uniformity index, the prediction value of the long-term and short-term memory
network is the best relative to the actual value, with the lowest RMSE value of 0.021 and the highest R? of
0.130. Compared with the random forest model, the RMSE of the long-term and short-term memory network
model for predicting the micronaire value is also lower, so the long-term and short-term memory network
model can be preferred for predicting the micronaire value.

[ Conclusion] The random forest algorithm can better randomly select the optimal sample training
set, and has great advantages in solving the multicollinearity of independent variables. The feature selection
of independent variables through the random forest algorithm will obviously improve the accuracy of the
model. The random forest model has better relative performance in predicting the length, specific breaking
strength, and evenness index of raw cotton fiber, while the long-term and short-term memory network model
has the best prediction effect on the micronaire value.

Key words: Fiber quality; Prediction model; Weather; Temperature; Feature selection
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1.2 fiRHE

1.2.1 IMEERZEITRA%HE SRR

WRAEALIT 5 7= ] R MR AR AR B A E AP TAE = I T E bR, 274 b 0 TR RS2 b st
FEREE . RERAESHEZE, BT EHERSE 2R RN EGEm, BARRIHEE O
CHEEE, 2008; Raperetal., 2019), VH#SEF4E T FAEERMELE S & 2 AR K 32 AR
F, ELAERA TIN5 58 A5 A IR PR X B 7R K (Mohammied et al., 2022). R E 54
SHEFHXRRCHRKERT, FHEMTERZ ZFFRRHZL, FE—MRR 0 5]
HE BRI SEE (B, 2006; Cheneral., 2019). WiZdEbom Ao 5 (E)
SUBMEZR L, SEEERAR TN, BT FERR T SRR FN, IR R (G
2, 2002),

FRTEACE IR B R AR BB IR 3, ELHEER2 AR RS (1 K & PRI RH 7= 5 03 () T B
(McClendon et al., 1981). H.4& B FIZT4E 5t Jii 5 5 1088 BRIR B2 25 VIAE O, B A AR
(IR, 4% EE RN 2T 4 it o S B R PRI 34 (RESRARAE, 2014). B[R X 4R 4R 152
KT HIW, WETm 4K AR, AR CNIERE & s 4F 4K B TR
(Reddy et al., 1999; H{EZE, 2000; Pettigrew, 2008). A HA>15°CHMBIR. HYY
TR AR IR 55 2T 24 EU i 5 RN 5 v e 2 W i IE A SR 56 2R, S350 T8 N P K B A R T Tk 24
FLsREERIIN (D E 4%, 2005; Conaty ef al., 2015). 4K E S FFg L PRI IR
REM R REZHRIE (Reddy etal., 1993; Raperetal., 2019), kS FEIAEE &4 [A
REAE S P E 2 1 X R 5 K U8 2.0~3.0mm (Qinetal., 2011). {RIEAMY PR T 44
ik, WRHAG T IRAERER B MA 4RI ATAIARE, YHZENT 21.1°Cr, W
ZLLE IR B PR IR RO, AR A A R U T 2 35 520 s /N T 15°C Y H 353 M 41 44 % & 2 FH
GRS, 2010; F =45, 2009; Conatyeral., 2015). RIS 13~19d B &6
i ERAECEREI SR TR, TR REe IR E S RE ) B E b, FEA4
KREEARHT . Som BEAE B A& Ya L (BT, 20135 SEMESE, 20155 Conaty ef al.,
2015; Xuetal., 2017).

FERE AR RS AR A 2 45 50T 1) 0 — A OB R, JEFEAS 2 Rmm T R S A = I R
WD T REKAL G IR ARES B, BRAR T RRAF4E S (ERAMEE, 2005). YRRt i 2
i) 2T 4 2% 25 BT FE MR 2T 45 5 5 (Kasperbauer, 2000) . 22 300 700 A 3862 1 IneF 4k K B
XA RS R AL AL AT B-1,3-T61 SR ME DA BB ¢ (Lv et al., 2013; Pettigrew et al,
2001 ) o 1A 5T K I 55 )6 158 41 2 K i A0 Jo mlo oot 48 4 K 8 A SR B2 a2 /s (T RA 4%,
2005; Zhao et al., 2000). fERHUEBSLM T, T4 RR BPUERFEC, #H] 1204k
FIARE R, LR GE LR . RO BN ) e BB AE LW B A% 38 s 26 DA K
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2 Y0 BEAE IR A N I PR 26 PR AG, PRI LG 550 5 B2 4 o P RN 1 S P B PR ARG, X2
2 B i SR B ST () 5 0 5 55 06 N 0 B RR 2RI (A 45 58 (Lv et al., 20135 Zhao et al.,
2000; FKHTHTEE, 2015), LFAEKEE. LR Dog A 510G H IR 2 2 52 a2
FIEAHR KRR (HEESE, 1999). MA-4ifiK ik g M ZREAR (PTP) WLt
HEHFRIZN, PTP S5HALF KRR . Lo R P RN RS s 3 i SRR A0E 1 DA S B 2%
KR, R ENR S B M GO EE, 2011)

1.2.2 ¥z F I EEMMEY =5 SRR TN

VEVI= 8 55005 ] 2 IR B R 3R 18] ¢ S0 2 JEZRYERY) (Jeong et al., 20165 Lietal.,
2019), HETHLEEZEINED 2N B AR EZ, WA THEMZ (Chlingaryan et
al., 2018). B/ AE AIEREF FFIH (Cao et al., 2020). X EHL (Liakos et
al., 2018) FIBENLAHM (Norouzi et al., 2010; Peng et al., 2020., ¥, 2022) %%,
K BEALARAEBL R T &N SEPRIE . SR BN RS 'NRR, WE T2
AR B 2H A B S P B AT R T, 45 G AR AP s B B 5 R AR T R AN
B IRE K TS ARRE (RIRIFLE, 2019; Gaso et al., 2019). FHZFEmEL.
BEATLAR AR B [0 1 222 X 28 K Sl R S B Al SRR R I, R G AR B N DG e 4 5 7
BAHRVERT (EFFREE, 2023), WDk EES KO8 1AHK RIS 0.72, 5
AN Bl e fie ok adt o s s A R OF 7REE, 2023). KEBRSGHIE GM
(1, 1) A S a] F7 51 2 20 A SRE AL e i FLARE I T &5 PR FOK = AR
i (FEFEE, 2018), JEM . FEHLARI. FEEZERE RN N THEMNE ., FESH
B E Bhmit as AR Z W28 A A 012 55 2 FIHLAS 5 o) 5 ik m] UTRIK ARG . Bk
KERF=&E, HIZFRFRENLN SR E ViR (Sungha et al., 2021). Dilli & T
— PRI TALES 2% 21 1 2 23 (W) XS A E = s T 7 325, B REHEL TN 1 9 AN S 6 Fh
eV Eifa% (Dilli et al., 2021).

X 3k 2 i (P AL 8 2 S A A B B AR — 3 A iR 22 (NRMSED FHAN E 1% - 7]
VAR TR RV A8 27 ) A B AR U b P IO 2 B = A 5, (H 2 T I ARV E M 28 1) 4 F
WS HAFAEIR K2 (Feng et al., 2019); {EWEIZEMEZ AT T, ALAS 2% ST AL 1 9l
MR, HUGE PR AL T FE B8 (Leng ef al., 20200, MWZEMRERE,
BLER 2 S BRSOV E )= B PR RE AL T [Pl A A R R T FE A Y, X = A8 S e 1
fRREIE N 93%, [al AR AN Tl B AL AN 42%~51%(Leng e al., 2020); 5 LASSO
[T EEAR L, T 118 2 o) SRR B (VR B PN 22 B0 A5 A AR (Cai et al., 2019
MIXIBRERT, SR WIZE . it R 0] U3 A A 31012 9 285 B B 0 ) Fon) 2L 2% 4
INETRE, 1BE] T MGHRIF RS SE B (Wang et al., 2020; Hanetal, 2020). F|fBE
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HUARAR AT HATCAZ X 28 FR S ph 22 I 25 5 5 Z IR A AR B T 7 BN mtiea s,
TS RS R = (Cao et al., 2021). FETF RSN HIBEHLARAAE R Sk 72 N
(Rehfeldtetal., 2012; Singhetal., 2017; Zhaoetal, 2019), JH7E= &M J7 A K
1R (Han et al., 2020; Maya Gopal and Bhargavi., 2019),

1.2.3 FUMAR B AU IE IR FHFHE LR Y

mYEBE AT B RO m Bk, 1 O A AR S AR Y B 2 08 FH AR R I BRI
TEFEHL . FRAESR IR R ABRFAE SR HP R O BT RF AR, IR B BT RAAIE 1T 8 5 R AR AE 25
SRR, H 2 8 8 1D B RHE R R N B RHE AT & K A5 B FREE 2 AR 1R
REIE T B A HE A 5 1 7 T 338 oG R AT AU RFAIE,  DABR s R SRR AN 3, ik
RHIE 5 AR REAE & L — 3 FHEIEFE R — R T I EE . IRANIEFE3EE (Venkatesh
etal., 2019; Augustoetal., 2018; Zhouetal., 2019), & T i 84S AF 1 £ 1 BILAF AL H
f#H 7 HAZ BAHAE (Maldonado etal., 2014), XAMYBEME LR/ 2510 /8, L EER] T [al A 9]
AR B (EAR R4, 20200, HAS BAHMEGEEE LM Pearson REH 1 TURFFE
et FE, B T BONRSHER R BAHIEIRIE RS CRLDT, 20210, B4, SRAJRATEM.
FAEHAT R IR B i 7 T RS B, 5 2 on Ve Bl AN SRR [ EALAREE, BT IRAT 8
A BRI N AR 7 > SRR AL S 1 TOU A R B R i, LR A SRR L P B SE e 5
TRIE e E REURE T 12.2%~20.0% (Besalatpour ef al., 2014). fx KEFEEBENL
PRI EER, B BEYLARAR RN AL, AT 10 AN 32 i R R T &
B AT s LR R AR E IR RA 5 A, FFREAN R AF g 45452 b Pt 0 8 R 552
PRAEEEATELER, BAYE) RN 0.89, MRAGACRIHRIES G EGSE, 2024; Genuer ef
al., 2010 ; B5AE AL i BE L AR PR S VE SR B = R 45 B RO Bt , A =ik 88.2%
(EZESE, 20200 JEE ISP AFEE R FIES A IE LR, fet R Misd
KA HT 42T LSTM A1 PSO-BPNN BEAY (1 g 504G B, (HX) RF BB oy i AR &
(FREE, 2024). BALAFRRIANRHEE & T RERA/NE LA RIEB 2 R IR H
& B RHIE B 4 R4 A LA 2 S A RR e PR M B IR A /N AR LAT YRR B AR e 1
(A Beld S, 2023) (EEBUH FERHEFR PR SENE DL, B/ N2 JE SR 3 & 2 A5
BEAY, SVR T GE 1A T 2 Ju &k A AE [F1H - (BHIIHSE, 2022),

1.2.4 MRET4Em BN Y432

HSEARAERE X I AT 2, SN ZT R b )RR R o 18] 3 B A TR
FE o M T3 0T 1 BRI 25 AT AR AN AR AL (RIS, 2015), 3l K (ORI BE
SREVHN TRRAE XA fh P T 5T, 4B 1 AR AE S AR PR AU A R % (BRER
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L35, 20070 @ AR 4E T B MR AR A ST, 38 AR L83 H R A
I B AR BOSRAN H 2 BEK B 7 Bl R AR LT 4 e L LEasE . 5
SR I RBE R RN GRSCESE, 2008). HHT, &G Ha 4o g i /e = & Al 5 it
AR 2 AR DX 3. AR R SRATER LT iR AN R, SRS B A R = 5 (™,
2019; PRIDMBEE: 2021), S VBN & BRI I il SRS 2 AT A2 ik 75 Ad R () SR B i)
V|t o B U i Ay P2 VASE e = /1 P (2 R (e VDS R W DT e
H A B S B AU AT 7T . TR 31420 it o3 00 £ 532 A I T B0k
PRGN A TR . 22 TR ] YA RS R NI 28 IR £ AR Y 45, (R B8 75 AR AE ORI Ji PR
PE. GM (1, 1) BRI T B i 7 i, I8 I/ IMEAKEE S A T A A,
X TR TN A B e (RS 5, IS N B AN A5 2 B IR T CAE38E5E S 2012)
2 TR E (RN 2 R R T, A5 B8 T ) S oo A R A R 0 5 A P A R P R
B4 PR 2 L2 1) e oK S B R A KR 72 (M FE RS, 20200, P48 ] 2% A5 Y
) e Bt Wi B 2 1 IR )RR R e R e, HL i A RO P AR IR 5
20240, ML, Blass I FAAEARLVEN S L RABIANG RETT, (R GhLE7 I MEEPLAR
PREEVE AT DA KB s A S 4 b i 28t S 21 46 B ) SR B S8, SOfr TR BN LSRR AE AL
B R ERE N A AR SR K 2 ST BE T, A RN 28 AR (R R ST CAZ AR AR X T S0 e P Kt
5 A E A RCR -

1.3 RAE

AHIE TR 98 P A JEAR AF 4E i B A TR B AR, T R T AR 5 o) B R A
A6 LT A8 b Jon TS AL AT 7, G I R 23 B R R 30 40 4 it o B AR Dk S ok &R
K FHAL# 25 ) R S 5 R 52 iR A o o2 ) OO AR Y, 35RO L A 48 5 5 FR AR I
AR TR, DU B B AR AL DI B RS S ik 4E . BORBRZEIE 1-1 Fow.

(1) PR ACLRZE o o T s 2

1t 2015~2022 SFHT 8 - DX R AR 204 5 TR, 0 B R DR X AR A E 4R 4E i T
IR OB SRR PR AR 22, SRAIBENLARM (Random Forest). (A& [nlI
H3% (Support Vactor Regression) FIHK A IHICIZM %% (Long Short-Term Memory) 254/ 2%
5 OGR4 TR A, B A 4 T PN ASE A g ST R OB D IR I S H AL
%

(2) HRAELr 4 i oL Fa br TS B A 46

SR PR 1 20 BT 0 3R 22 0 B S5 0 6 R i 6k 25 She A B 28 ) P RO R A, {8
1S B RT S TR EEK s E AR e B 2R 0 S s8R, 7 328 HH 4 44 it o 5 P s ) I AR AL 2%
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Fig. 1-1 Structure of this research paper



