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WE:

BAEEHERNEGFNEMERNE, BARKE T AT R —H o, 7
DUREAEWHANEY, hEREGR. BAEZRENEEREGEYNZ—,
FEANOBRMEFRR, BLFENREBLRRARER L EWETZERZ —,
T A m i KR A = 2 B, RBARIEILTE I £ B AA— R 23,
ARG RE A AR BT B DA, R R R A N R S X2k LS B
B TR SRS E NN A A, R RANEFA AR R B
AEMTEASBE, R TGRS TR, ZZ X EBRTRFEA. A M,
X B KR4 b LRI AR B RSN E B

AREMAE KL BAEHFRNZ, UBEEKE, W EfolKEAHFBL
Wi AR . A & TR A KRB ARE R, BB LCR FLATM R H E
Bl e KERAWBESE, REEAZLENFRE KNS ARG E — & KEREH
HREERfMKE, 54, ARBNBEEFSH. kX, HREETHES,
TR A St B A A F AL 8 2 X M A AT BB R U R, AT A E R BB AR
B XRG4 A K F o R R AT R A TN . HLOR, ] B T AR A R S ok
ZEMARHTINA, ARKELIFL R EGBLEAREHRTHN. &5, £T
HESHAETNBLANEREENAR, o HEREGHKREZ FWHF XA
BERGRFSHEMEREZE AR, B ZIAE A0 K EpybkE R, 74,
ERRALBRFLANE AN ELNFENTAANEA: —RRAEIRFTE G~ AR
A, —RHFRMOGTHEE, ATEHETLIAWE S ZANHEATT REFRITHA
A R H R E A,

FF LCR MLALMBRAL . HIOKI-9140 3% Filllik sk B, # H M IE F A,
WETRERMET (1 MHz-8 MHz) 1R & AKEREAM 13 B ¥ 54 (HAHAH
frfe. AR, SHOFHEE. W4, . FEE. B4 B4 25 B
2. NEEH. AEfiER Q B WL, BAWEFESBEESRMET X
HEARRNAT N, FEREEEERANEKEZ B FE—ERHERE, ERE
B, BAEMRKGESHMEN L MHz 3 wE| 8 MHz, BAMNEF S L ET L,
HoA, FELAH AR AL A A 3R R A AT A B e 2 K B RN, S AR B e L AR T
HEME WK, B, FEE. 9. e/ EREREE pE B A, N



H B AR e g K, WA B EME R e, A AR
LSBT EIER A ST R A1, £ 1MHz f1 6 MHz T, B4
W R G4 KE 2z 8 AR e <M (R?=0.998 1 0.994), T 8 MHz T,
MAWBHERAK S AFE2Z b AaREMExE (R=0992)., HE¥HES
B A KR8 B R EF R G R DR, R 8 e 5 2 S ORI B K
NRBBWEKERTAN BEIRRARME TRANEFHME S S KEZHMH
KF, HFFREFENE T ERBMNBL A AERMET A HAIKE,

ETRANEZSHERHEGKEMBLNEKEL N ENEIHE XL, £
HRANREEHME IMHz TIIE T RBA A KL KN 9%-24%4 6 8% 55 (/-
HE, NMESE, ALK, FEEX AFMER), FHEHEZLNSE A
TREAE, ATMHERBEFSE, GAEMEREZ X RNEFHER, &
Jil 5 F g fn RMSE X 22 57 r A% A 9R AT 4 5 M A B s e it A, AT 4Rt B 2 10
BEEANATRNGLNEAKEERE, EREH, EEAEREFESHHN
GHA T, 6NEFSHAME LKW NTRE. &AEE 6 MEFESHN
FeE RBONKEVNG B N BB B> B i > B A A > B A AR R S
b, GAESHEEH, FREMEENNEHER L E ZHAEL 096, KT
RBEFSHFEKERAMETREEREZANAR, 2 ETT LR EHA
(BAFE-BRFEAEZE - R EHEA) WAL EEA(BFSH P EkFE
SRR ANF AR X RER, A AKFERMHBENAEA £, HAKNKE R
# 4 0944, RMSE % 3.05%. B340 AR A e kXL mERAD, EEK
R 13.34%0F, HikE R E| R A A 69.31%. 1547 FL ¥ S B0 R R B4
BAR, TUKI 6 NEFESHEHR NS R ZRBEAKRE ISR N : &
E>NBFEHSRESEI>TARY>NBfE. +, TULINFEEEHEE
ML R &, RERHEN 0929, K1, FEFSHPEKEENMNER
IREEEHARTHRMNERE, KA LEFSH NN BEFE K. 5o Ffod 0
BAWRERAKAFT 0980, BFZH(N-BEFHEE)E 2 KR a9 A £
Afaa R R RE T RENE BRI RMSE,

AT RS EA R EHE, AFREA 100 AL 255 8E, &
MR RA B A BFESHMAN . KR NEIE T 80%XI 4 A% E, AT



MBFSAEA, 20%F TIIEEA WEHAE. WAER T OIMANLEFIEE, o
Bl A % ZRAHL (MLP), %4 (XGBoost), X#rmEHL (SVM) 1 AL 7 Ak
(Random Forest), A& FUFMIE/FE K, EFNELEAEMERETE, £
BERAH (MLP) HE {f T % (XGBoost)., X #FHEAH (SVM) Fufif #l 7
# (Random Forest) 14 &, H & Fil #5 44 A E 0y s E TN A £ Z R 4oL (MLP)
A R*=0.934, RMSE=1.66%, TiIAEA& A & 0y & AR £ 2 & Al
(MLP) # A # R?=0.741, RMSE=7.92%.
ETHHERFROBAYEIATHETER, (BA) /mERTT HAE
To BITHEREKEEANRBL ST, REREERRBLWAFE, FIA
B )3 B ke G R AT kA, HAER N y=9.33+1.76x-0.01x%,
H P % ALH) R?=0.869, RMSE=2.96%. 4 iHi#E % % 20% - 60%Ff, [ & 4k F i
B, HOKE RGBT Y AR A 60% - T0%HT, B4R H KX
#aF ARG o AT R E A R SL RS 2 S BTN A A S A R R B ] )T AT K
BAMEFIEE, B E G H KRR B a3 X R B ERE ¥ 5
HAEZEW XA, KT UZABANEREHHRERN, &2, XFHR
BRI RBENEFSEEEAE, BRERUKREZHWAR, FL T UK
HA ARG A A AR, R EFERER TR HE RN T
HBAEERERE ZANEFWEERER, AFRBEETTHELAFE
TR, SRR (—FHERAFSERELN) f1 (M KEBANE LN
MEAYHHEXRE), £, —HIBAFEEHELNANE EnEBELRE
AR D, R oM —snEEr S, TSN SREErEHE, Tk
ERENRIAMNEHRERE, TANAN AR TR RERE S X, FAEE
XEW R IRE AR, TREMN R EA E AR, TR AT
REHAAFEER, FrdKFEERGRAMZEFRERRER T, Frdfxd
oW —sREAAREHD, MRS THB O — SR REARNAELTES &,
Brid e R4 m x 8 & TR R B A AT B AR, Frid K-F B ERM—mik BER
PR, ATt EME KRN —smik B A B 2 0EAR, TR E @R — iR ERA B K
TR, Bt RIEAR LM% BA THE MM, fridh KSR THREAR REES
FranAhEezMEERRKENE, AR KER &N —MRERE < HK,



B R R Eon X EANERE, IRAANAMIRERESR B R, ik
DREHEMEERE TR BXEpe. HEXRE. BTR. 2TF. BRE
BrEftep RkEe, RABETIFEEF, BRIRAROZRTEE, K
PR FHOR R R E . A, — A KRR A BB A AL AT
WERXEAEHMNL, AR T E =2 RA T E, Ffrid TR 0 e sh =
WET B, el aMifiEil, fErdEgta®, ok L2xkalk
B, RORELFHEFEN, A HNO TREETHININE —SFHRME =
FEMR, ERMGE N LR T A EER B EEW E, BTk B 51355 o
HAREERRTEZANRRATH. REBHEETNFLRL Y, TR
Bt EZRANBR T RELEER, REFR B A A NG T X EHATH TAE,
AZRFATUBLZENEMN, a5, RkABEMHFHZEANESER, RE
MAWSHHTTRE ., 2K, ERKEFAINAHNZLNATRHTAE,; &
NE—FERAEZFERFHE A SRR, ZROITRE|SHANEAR, # %
BEIZME L, BRE— F_FAROBAL IR aatERE LE, 4%
A E, BT TR E AT T



1. HREER

BAARENEERC N2 —, EREERR AT AFKRK AT 7TE A
FEEZN . MEANURKAZFLR, BEAFENRERKAARERLL &
MEZERZ —. REEBXRSIT AR FHELT, 2022 FAFREEZIE ™+
Yo, 2ERERFEIL L3731, b LS8 7412/, K 05%, REFE
B 58 ERAAE LI FAT UL Fit H4E B, 2022 F 4 E R & #H A E AR 17.75
2%, o EF#m 10519 @, HK 0.6%; 2ERAEHE>™ 386.8 A /T/H,
FErELLEERD 02 A, THE 01%. 2022 4, 4 EHERMER"E5H 5
J 2948.1 17, T #1 562.5 12 /T, th F 43w 28.9 12 T 0 2.1 12 7o FE T Attt A AL
A4 =B, ARG E 5% % B AA— R PR, G RWaEA 1~
. RIgetEE o, SfgEAHTRE, REFMREBAHE. LEL
LRFAEEFENNLE, XRRWEFA FRRE T 20 R £HEXTEA
AL, WMRAGERE TS TR, ZHRXEBEEREEM. RE (FERL”
& B A 2023) Bon, %) 2035 F, FHHRERBAIK. HR. T ETT
BARENBBL LEIN G A, A -AFRFLEED 40%, TEKR=AE
AR KA 1100 12)7, Y TREBREE AT THFT50. WIRFF T E
AR B PR+ E R B R AL+ B R F+3E B RR 159 2T, BRI
R R BT+ R B LR S R T R+ R R AR R AR R 446 12T,
p T 3R ] 3l i <A B 2 A i T+3E A TR 260 12T, v 3R 3N R Gt o
Fr 8 B A AT A+ 52 1 B ARTR TR AR AR AR 213 12 )T, EIMR AR TR &
K 1078 10/ HEIREERKAR T, BFLERBRNEFIZTELTTH L
HEHRREFEN 14%. IMRAERLANEL A, MY T8> 2700 £ 7
WEARR, 4% 7000 7 A —F. REFEFRARE, RAREFERARE
BRBATE, #E&. HEMKEATHEFRAEN 1139%, HF, ZHER
Tty GRAE. E KA/ 2D Bk F 2 85k 2 4 4.09%, H & ARk & 3.55%.
INEK G 4.41%, FKFK S 2.58%, K RATHEIHK D H#EY Ror, Wk
RER BB —AB 2 2, AL TR HK 650 75, #% 400 2 T/FIARE
TH, THRIEL 1600 7 A, X ERE RS A AP A e T8 R 3%
RRERELANEERR, RELIRENIETREL BN A NER, BHT
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EREFHEG R (—) HEAETE: MALETHRITE & AR WEH
FEAAERRWE, BARAENEFABE AR, TURKRELALE. AR
AN, NTIEEHENTRAFE, (Z) BERRRSKL: 2BEZREL
BARETUARBIREB L, THH SRR SEBEELL I, TEH
BAERNTRFHES R A m R TR, BIEFANEL AN A6, oL
WARERBORES KL, RBEFRE. (Z) REREMNTIES H: B4
WaaPmmaes TNERZRF. BXRAEFRRAS KR, TURREL
o FFAERER, RETZATEMES 7. (H) f#EKREAFRLY X
B: MARRENEREORZ —, MAEFEERRIARREIAMRL 2 &,

BFE. REREESMAMRES R, U RRE I, RIERL

BAWBFIFTN EES R EAKE, HEERHKEEHF, SAEIHRE
BATHEN EGENLE, SEEBLLARER, 2P HABHENEF K.
Kot gW X baPmEsnhERmbxE, B, hWREAWEfETE
BRI ] A KB AR B L PR R AL 5 R B A K B HEAT I, 12 kA R IR &
EREME L. RARMKA R ERER S, EZERT (GB/T 19878-2005)
o B TR E R A K A E TR B Y 9-20%, AT 20% Kk 4 A B AR A A E
MR E A B, PR — R B S BRI E AL (B AKE>20%) 14
o I HT Tk RSN EE,

2. RAKYE

o U A E A e B 7 R A B K L ROk £ R RO B
ZARKE, RAEwT:

(1) BRA M. 2023 F, EFR&y 7 k& 7 E 7T & B R i it i
HTEL2N, RERETEEFATRE”, LRREREHLTUFIRRZ LR
AW REEE, BXEWERR, WRYKFAAEMCAEFEOERXEE L,
Ea kRN, REZFREME2REKXNA. FETFELRMRZEF
RS . BN T EAANE, EARRATEEEREAN . BHUFER
RiE, BUHEEHE, ERRRE. LETIRRE Y% &R E T 2023



FTHELWNEY, AR —FEL, TMF7. U TR M &S A B =+ AR
AEL, EHE2EANTEXEIRLRE; UERAKERE TR HIF, R
FRBUN YA Z2ERRE; UEBRARERCEERAANTF, AFRR
Zemidk; UNBREEES LA AT, R ULE K& 08 = % MR
THEEHEN URREARA 20 TR AT, T 5 F AL LA L E;
DB L RAMF, EENETHHEIF A

(2) R EFFR. BEZLREZNRRENZ—, PEEBLETA
B, JFFREEeNBEAE R TR TRSRIEEARE, ANTIREHELHE
W .

(3) HAERIHE. BENNEE R ERTEAT, R B
R A R, RESBEBENEEFR. NRREET RS RE, AL
B G R, WA T EE, GXKE, DRMANEES, TURKRAERS
HNESH . BEEEASFHET, BTS20 M, N BEEHm)e
FRETFENBER 2R ET N EEE A A 4T3 BB A R AHER,
FHBANNEFERLERE. BN, S EANEREL2%E R, Flw
BHPMBE R, KHZE, ZEXH%F. BRNEBEEEG KL &5 THEN
HEH, FEINESEE R EH R, 7 LI &AL B & 5
A, XA FEAAERANE, RE. TEHEERTFN L, EATRHELN
8 A AR & T4z o

3. FRELHMEFI

ERXEWSMAE, MEAR A SEREAREFAARE, BT 3ANHBH
ZX . WA RFE T REARE, HRTE FERKRAERT HEESH. TE
VA, R, HIEaT. BKELE . PHILR. RREEEES, N 2023
F6A1HE2023 411 A 10 Hey TAETF R A F I wE 1 Fror. & 5%, 7 2023
#£6F1HZ20234F8F1H, MELARAGET FHNILHFTZE, FWET
TR R IR E; e, TEARRNET AR KENT AL BLE
ERREAT (BAE, BREFEXRE) , #TUFHERT BALBLEESHK
W RAS AR E AL, Hok, f£2023 48 A 1 HZE| 2023410 A 1 H, FH



ARAETE —NBRWEZREE, FARTT ARAALEGT, BAHEE S
FHEBNENAE, AR T BALRE 523 B TANE, B LR TR HK
BT AR SRABLEFSHNBESE; #T B LT RESNBEL &I K
EHRFEAHESL, &G, ©£20234 10 A 1 H% 2023 411 A 10 H, ¥ T
RN BHATTERAEE, BRTBAPBEERE S REH IR, HA
R % ZRA4A (MLP) | #%E A (XGBoost) . X#HEEHN (SVM) Fu i Hl 5k #k
(Random Forest) I f# 41, # & ] 4% & % & A 4 A8 A 0 e JL2E AT T . 5 0k 3] B
REZAMENAR, TEHARABERARBFALX ((TRAKERBLEFY
BERMMERAR) I (ETEFZHWBA G AT BB EFNER) D,
ARz (fd k) fr (A& T AH) #Fl. Bat, JE AR RARE LR
B BB, A EANNEE. Rt o EEA, BERE LA
FREH ((—HEZRFAFEZEZLN) Fo (—F 4 KRB N Z ANt
EHHHERE) ) .

é}

[ 2023.6.01-2023.6.15 ]
(1) BB,

(2) WEMHRE;

(3) BLHEMEFELE
##;

(4) EiE R,

[ 2023.7.01-2023.7.15 ]
(1) B FwEEIT
HIEEH, FEEkS
REA100fT;

(2) HEFAEKE
HaER, MEass
WNHREE,

[ 2023.8.01-2023.8.15 ]
(1) BEFREKE
BaER, UcEEs
RS

(2) EREKkSEE
BkESHEEE. BF
BHZEXER.

[ 2023.9.01-2023.9.15 ]
(1) FEEEFTIEE (3
B, ZEEHN MLP),
REWXGBoost), XIFE
2 svM) # B8 1 7 A
(Random Forest) #1885 >]
{=ECHN

[ 2023.10.01-2023.10.31 ]
(1) BSHRTEXREN,
FHRREERHAT
(2) BIEEIBHHFEMERR
I, FmEKSEE 100
Fr. #HTIEBHELE;
(3) FREEEMEKREXER,

[ | | | [
DD Dyirr e

[ 2023.9.16-2023.9.30 ]

[ 2023.8.16-2023.8.31 ]

[ 2023.6.16-2023.6.30 ]
(1) FEMBI0AFES;
(2) BERWEET (5,
BESY) .

[ 2023.7.16-2023.7.31 ]
(1) FREAIBEEEK
E5HEE, RSz
[ERER;

(2) BfHIAEERMERE
o, FE K S EE 100
.

(1) IBFRKSBEERESY
R &K EMLRET MR
ne;

(2) BERIEAIR, B AE
AR EBEMIESIRE.

(1) BB, #HiTR
Bilg;

(2) H{FmE LR
PPT, HITHEHREICIR.

[ 2023.11.01-2023.11.10 ]
(1) IRSHETRES;
(2) HIELSTSCHRPPT,
HEEICIR.

Bl 1 AIUE TAETT R4 1F LA,

4. FFRRBER

BUH A R RREIE TR A BAGA RRFT, e BRG R I T it
BRI ERAE, WAES RAEL T, MW EEM T LR, LETRRFTX S
PREREA, mAHKRT BBEAMEFERATE, AFEAFLLE 2 Frox. A
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EXZ T ARBRARERCMETRE = EWHER T E 3 Fra, M 2012 4
2] 2022 4, REREMHETHRELAE 115 AT AL, TIREFEM 2012 4
iy 5.88 17,7k 1 fn 21| 2022 4F#Y 6.87 1275, #5Aw T 0.99 1276 . %t b 4 From iy 2016
352022 FHERBGHHOHE T, AEFHREHOHRETTATHOHK

o FM, KMEELEF AT H, BERETLAN K #HM, EFEEHFK
THRE” . ExEME& KA. EANHFRERN. BT T EEANG . EH
¥R AR E

TWH AR R E 2023 4 7 A EA B R BT AT A ZEA, 4K
IRABANMEERETEWE 5 R, 2012 FAFEREFMEMR 3810.27
T, EFEABAEMAN 2924.07 Tw, HH 76.7%, 2013 FAFRBEMNE
1376143 Fw, HFMEAEMEHR N 3139.25, &t 83%, 2014 4 24K A%
frE R 3760.52 7w, HFEBAHEMEMNY 3117.22, i 82.9%, 2015 F44F
mEHEMEAR 3758.76 T w, HTEAEMEMA N 2830.95, & 75.3%, 2016
FAFERBBEMEAMN 3764 77w, L FBAEM TN Y 28329, &t 75.26%, 2017
FAFRBFMEAN 3750.08 7w, HPHAEMEMRA 283194, &I 75.5%,
2018 FaS R R EMEMN 322656 #w, HTELHMAEMNA 2681.09, &t
83.1%, 2019 4 & A & @A 324097 &, EFRBAFEMH @AY 2690.51,
it 83.01%, 2020 A4 FREFEMEM 330703 T w, HFBLAEMERY
2751.65, &t 83.2%, 2021 44 F MM E AR 331955 T w, HFHEAEME
A 274113, L 82.6%, 2022 4 FRAEMEN 334543 1w, HFRHA
BHAPEAN N 2753.84, L 823%. mUFUIAFH, TEF AEBANHAEE
AR EWERAREN, HbEEREWILGIRA, SHEBWAEAE. N~ REBAEH
REEIUEY, A+TEBAWTFHZEE 1090 FriAt. BITEN K4
FEWRAFRZ —, ERBAFEEL £/ T —ERFEHABENAFE, #
TIHREAMEERNN 1302 Terk, &FERENTI5 v, B%, BILW
MBAEEMEERE. RISET, TEMX b THIERARERELE, M

FHRARGEMNEERE—SRE LW T BANFE. MEARRKERE
LI F BRI G R ENR, £ R4 L gL T A 4 K Rk 3% 15 8 Ak oA
4100 /T, 7 2023 £ 7 A T4 10 A L4 4 A 2L 7 4 M 1 An B0 7 24T &
A, RETEE ST REIE, B4 TILH4 2017 F£3| 2022 SR AT

9



MR =g, HARBAMHMEERL~E, BAEwE 6 fir. 2017 £, 44K
RMEER 11222 7740, b EFRD 81 A, e, FAHEER 3018
T B 0.2 B, AR R E 61791 70, H B 166 v, A
7 03%., H¥, P~ & 3174 71vh, BT 3.2%. A F4H & 56455 7,

o E 4R 0.1%., H o, B4 & 20856 7 h, 7 0.7%. 2018 4, & FAR A
FrAEE AR 11704 77 A BT, B ESFR D 95 7 A BT, H B, REAMEEAR 3019 7
B, 98 2> 56 7 /Bl . 2 45 fi & F5 & 65789 7 7, b b 4R 8 > 371 v, i 0.6%.

Hep, BRGFE 2859 F v, B 4.3%., 4 FAH P E 61019 7k, bR
0.8%. H o, B4 7= & 21213 77wk, 3~ 0.3%. 2019 4F, 4 4 # & F8 @ 4 11606
T, W EERED 9T A, A, RBAMEEAR 2969 7 ABL, WD 50 7
ABL. AFRAFE 66384 vk, th EFH A 504 ek, ¥ 0.9%. HF, F
TG 8 2627 7%, W 8.1%, & F &M ® 61368 vh, M EFH 0.6%.

R, RAE 20961 K, BT 1.2%. 2020 £, AFER AR E AR 11677
WL, B EFE A 70 T, B, A APAE AR 3008 7 BT, 7 38 7
B, 24K &8 66949 J77, th L4 1m 565 /77, #7/™ 0.9%. H+, £
FEE 2729 7o, 7 3.9%. aF 48 61674 e, b EFHE 05%, H
H, A FEE 21186 F o, 1.1%, 2021 £, A FREMEE A 11763 5 /A
B, bt B3 m 86 7 . B, A M E AN 2992 77 AL, D 15 7 b,

AFRE -8 68285 vk, th k4 Am 1336 vk, P 2.0%. H¥, BRESE
2802 vk, HEFE2.7%; 2 FAHFE 63276 7 oh, th EAEHE 26%. HF,
A& 21284 Tk, BT 0.5%. 2022 4, AFREMEEMN 11833 AN,
FAEBWT0 FAN. Ho, BAMEEMR 2945 A, B AT HAR. A F
B =& 68653 77k, b b4 A 368 vk, #F- 0.5%. H PR~ E 2812 77
wh, W 0.4%. &AM E 63324 o, t EFHEF 01%. Hd, BAFE
20849 777, WE 2.0%. REGERHEEEELREL, ZERGITARKE,
2023 F o4 FREK -8 6845 7wk, B EERE 73 7, K 1.1%; FREE~
FEAES A, RATHE. THELTINT 4 ELHTEENATZMR B
i, THAK AURETE SR FERIAGAFA BN, ELHEEFEMN TR GR
R AL REA 100 JT, ELEA LT RIGRCK S &AL E4 100 T, (B4
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B A# T LT, w7 BoR, M 2012 3] 2022 4, FETRAMEER
ERRBNEHANES, FEEAEUNE B, BREINFEHLE.
Bl 8 EoRHYAZ M 2015 4 2| 2020 £ 2 E K L AR REL, NE T, L
TALRBEFREZHE . TUE AR URETE LR FEMIGEAERL, &
T A TR E LETE AKX A RERE AL RS 100 1.

SivFEer, EARRELHE. FEM. google # A . ScienceDirect f1
Webof Science % &% F Uik 7 okH, 4 E I X TREAWH IR, HELE
TEEHERBLEAEEMR, &M, FEEREA.
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MIFRAHLFE, L, WERBARMA, THRIL, HEM. A, %A,
ZHM. KRN, R AT AR £ 9.4 77 0 A AR ERE ()
REBIw., TEAEMT. IHL LRTA LETHAR XA RE A ZHK
# 157 0; MEEEHR 1.6 7 t; WK/ T % 1.0 5. LERHARKE (2
BoHXibx, 2 BEZAHBERN) kit 25 A 5 EATEMARAR. BH
RFPMFH 5%, £iH4.07 70 KEE112007 T.

6. ARALK
6.1 HLAKL

AIE MU B AR TEE AR ER, URBAEAE, MR H KR HFFE
o e AT, AIA LCR FLATMR PN KM TR AW e ¥ 54, w9 iR, &
R FEZ, EMNER, AFMNERZHERZHAETRFED Lh, RE
FraZENsmes 54 (B3, NBdH. a2mel% 540, #£45 LCR [E
FARANBLAANK A G EFREELER, BEATNE. RREALBE (8K
E>20%) 2k EHRFSHBZEAWMEAXR. BLMNE S METIEEKE
AW EF S, REATNE AL BEEKENRENAAREFSE,
BIGANBEEKEMEERFSRAEMMENEES FEL )2 EREHR
BAEKE, HREEXFEXXEABFSHNELXR, 2TEFSH 58 KL
A AR R . BB, B TR L& K0 G4 B 5500 & R 38 4r 8 3
EE, RABESTER . £ EZRAH (MLP) | ®%EH (XGBoost) . X #
EHL (SVM) FufE HL A # (Random Forest) 4% & 2 <1 T A5 4 & R e A AL
H A I A R B R KRR B AR BT 7 i, B R R
B 10 fin. AR ARE AN GRS BENYES LA ZET BFSHH
B K A Uk T T B BT R R R EEE BRI
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B 10 AT E # oA 4.
6.2 MBFIHEA

AT REERBEN AN, AFRELEEFER S 13 P EFESH
fRit i 6 NEFSH (A, BE, Bk, SEE HEAHFN BT
BORTHIBLEF SR E KRR BB EZ BB FRR ARINRE 4K
ERRAMABESHZ B NRIE, AARE RS04 (PCA) HA LI L
PR AR, BoAEH L ERMHI (MLP) | #EHR (XGBoost) . X #
[\ & AL (SVM) FufE HL4 A (Random Forest) 52345 A4 7K & fu ik = By T .
WAE R ETNEA LR FEFER NG AER R B = A

R, EwnAE 11 fow,

% ERAAL (MLP) BvHUNEAE: 1, AR HERNEFSH (Hit
HEGLA . R, BR. FRE. SIRREMNEHE) EHRNFE. 2. #
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BHE: WE—NZ ENMENSE, HF G/ LTS —MR¥ S8, &
TERERNGWERN L, EEFIRFSH TR EREZFH AL EL
MXF. 3. l: WHEWNHETH N TEARRmdER, EUARLHERE
A 2 ok S/ NC T B B 5 SE PR E 2 9 1R £

HFEA (XGBoost) yFMIAE: 1. W ARFAE: EIHEHNEFSKE
N, 2. A : MBE— RI|INRFR, FIRARELFSREATIH,
AT R — A . XGBoost i I 4% F $2 T+ 89 77 A & It SRR B M AL
3. Wi BEAREAEE Y ERAREWCERE, REFIEAREREER
H TR o

XFEEN (SVM) BTNEAE: 1. AR Bea¥SHEN SVM B
MM, 2, EAMZE: SVMAEKE —MEFE, URAMTEERANZ 6
Bl fg. BT NZEH, SYM T LIALEFLEX A, JNHELEF, SVM EEHK
HESHBAETES AN TR, EREBEFENTERS 2. 3. W
SVM Byl B X & AR fntH i R K4 R, 7T Uk — S oy R FE B LS fE

FEALF& M (Random Forest) myFUMLAZ: 1. M A\RAE: EAERBEF 54
EhtaN,. 2. BAEMGRE.: HMILAKSE S MERERER, EMRBEET RN
BETEMRETEMRY, BARFEICFE, MAKAREST A 2T
MR, 3. M. BEARAMB R A AR fn A B 48 6T

WA A AT TN B R AR A AR R S AR R, £ BRI (MLP)
KT AAARBAE T A B 2B KR A E HBOR BT, € DL 1 N 5] S Y
RAEFR T RAM (XGBoost) & k¥ #RIHE, X THRAL TEF KM
MBRMK, CRHRPABFELIUEXRRTHRRAAE. XFEAENL (SVM) EATEE
A fu B R BAE LM, T /MEARRERIRA, i B 4 &M e AT
NEEH TR E ML, BEALAAM (Random Forest) B A &@EEH M, T
AABBEEGERFERERINLE, I THRABRENAER N ER, Btk
WA B R T AR T BOR st B B vk DL T B B AR A e R
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O BEmALE @ INGIER Q MRIH
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L (RZ)
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|54
X% | &
i & g
BT | onm
gk, 20% , 1
ES T éﬁ B
g’)ﬂ (RMSE)

Bl 11 WAr AL g T HA,

7. IR TENEERNEMER

7.1 TEFTAE

FI A LCR FELFLMIK L. HIOKI-9140 M3 Fillik = B, # ZHIE FRHE A,
WETRERMET (1 MHz-8 MHz) 1R & AKEREAR 13 M EF¥ 545 (HAHAH
frfe. AR, SR, HH, B, FEE. B4 B4 25 &
B NEER. NEFERQEHE) MEMN, X B AEFEHEMEKE, Ak
Wl 12 frr. BRQNME AL BEESRMETHESKE LA KEZ B X
%, BHRNEZGABEEAEZHRENRAAERRERF S

ET bRz, FIA LCR AN XK IAGL 1 6 MR EEFSH(NEE
¥, Nmfig, fEAK. X BaBAaR). WRIWEEATHRAY
S, AAERBREE BXEZEWHEIXER, AAZ BRI, RERK. X
FrEEN. BALGRM A E TR SR E TR BB MBS & AE, Wi
AR ENHFER, I BGI GBS S AR R A K i R A
W, HEALFRE., B, R TREZREERELKE.
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Bl 12 RF R FT o R F 5B Z A E X R A
B Z RFMET, RARKFIOFREME, CREEE; B REEY; X KEEM; XK

NEFH; tanSREMBAL, oREFHEE, Y KEFH, CREET, e RENBHMAE,
d KEEESEE, A RKEKEESERER, L KR EARRERLWIFERKE; EX: G
EHESET ROVES, WHeAafL A (0) K& & 8 & s i fo o E 2 B B9 AR L A .

72 TEMRER

7.2.1 SABRFFENHLEESEE HANEH
7211 BAWHEFWAHLARBEREK
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FEL 475 B A oz A 45 B B o oA R L TR 2 18] AR L A, AR R Bk (A AR O R
RO R—ANAXFHRETHREELRA RN IRTHEERENSH, i
RE AR A Z B FAEET X F . wE 13 TR, # 1 MHz-8 MHz £ 75
E W, MERERRE A, TR A KRR A AR AR £ A Fo A R 034 2 I8 A
JER/NEAE S, 71 MHz-6 MHz SE Bl 7, BEESME B im, TR & KERBAH
FEL 475 e A for A 457 4R R BB HE A, 78 6 MHZ-8 MHz 5 [l 1, [ & A7 e 38 A,
B & A R A A AP B AR A A Fo 3R R R RN A S S A — A b
R 3 W B9 7 5 347 % 6 MHz, A [7] 4 7Kk 52 18 40 19 FEL A0 9 A0 i 8 A 35042 2 BT 0 2 1Y
BT —H, £ 1 MHz-8 MHZ S E L E W, 44 KE I\ 23.14% % /N2
17.11% 2 &, R HECAFFER K EAZHEROLS, MBLEAE
M 183.14%B/NE| 7.28% AR o, FLATRIAR L A A R R B HAL R BRI K,
[ RE 2 B AR BAR B, (KA A8 A LA B A8 L A A 35 R B % B Ak
FERFET MR A, FEIEHEHEE,

a—23.14%]
(@) 0r e 20.17%]
—a—17.58% (b) 0161
v 17.11%)
B o 14.00%] 014 -
821 — 13.14%|
— TH > 10.48%) 012 -
o . —e—9.87%
& - - R ) = 010}
a I v A|le-728% %
£ + ¥ . i oo
86 ¥ X
S ¥ 00

3
e g
~Hew
»—a—wq > >
IR |
H*"‘\‘ ® 4k
o
S5

b v vy 0.00 L
0 1 2 3 4 5 6 7 8 9 0 1

S IMHZ

Bl 13 1 [F] & Kk F A48 4 o FEL 470 B9 A8 o A A 45 48 R B AT R A A
£ () ZRMEUHAELA, (b ZRHERE.

7212 BANEEFN BEEK

WA R B . B F R R F AR Maxwell-Wager %% Rz 2 /- &,
NP EE . NERERNRNER B, FEARERNEEARS, W
W, BE. RN ASEERAERASE.

B2 KNG A R B B L R B 2 A AR R T AR DR L R 2B Y
FEEAK, EPNEEHT T MR AN s . wE 14a). (b)FTr,
HASNEERENEENTAANE, L 6MHz A7 5, £ 1 MHz-6 MHz /i £
6 B A, ] Ak R RE A A B B e R T B A T R, AR S
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RUFTRREEAABAEN R RETERT, ARE2 R AERNIALK, HEM
RWEA, BRBNHETRREGH R, YHEHAR —ERER, BRTF
BB AL IF L, B SRR A TR AT RN, (E7E 6 MHZ-8 MHz 7t
KRB W, TEAKERBENN B K i e A FAEWE g A, WIARL
ARRER. EREIMET, MEBEEKENRA, ENEFHE A, LEHEE

MAEBMF KGR E G ETE, ERATEE[EFHNARKERRELS &K ()
HER A 32) , BMAEBENEE TEARE, FEEALHENEE LB,

Mg & AKEEA, MAHEMRANERE, AT TZEE, LFEHKNEEN
ML, Ko TRABERT, E e EL B, SEEALBAN B FHL
BAR.

0
(a)wao Ca—231200]  (b)22x10% - e 23.14%]
2l e 20.17% e 20.17%)
110 |- 4 17.58%] 2 ox10% - B s 1758%)
LN By 17.11%) —v—17.11%
ox10°t . / |-e14.00%) \ # |+ 14.00%
c Y il S 13.14%)| o 18x10% — / 13.14%
T gegott e S / /- |- 10.48%| = Y g / | L4
< 8x10 - ¥ /% 9.87% & ~. /Je—9.87%
H 3 e oY/ IaEay B 16x10 . 4 /3 7500
i f b —*—7.52% o . Py !
i - . = ~ —e ) )k e—128%
2710 T — 7.28% 5 I~ ey i
< $ . SN  14x10 s, A/}
—s & 2 F— 7
ool v . : e )
s S e +
5x10°! —— f f—,i =
1.0x10% -
4x10" M M M M e
o 1 2 3 4 5 6 17 8 9 0o 1 2 3 4 5 6 7 8 9
Hi#IMHz) S (MHz)

Bl 14 TESKE[ENN BT BB TEMELMN. EF () TTNRERK,
(b) FRHEA,

7213 EEAERZET

AT ELFRNTLE S, FIENRERREHRE R TELE, RIE RN
LR, TEAKEGAWERMAEL A, FHEH. A B E B AR E
TUHERE, HHLL6 MHz A48 AME, H, £RTHMETHEF 5K
BUE TR A7, R, MEH: 1MHz, 6 MHz f1 8 MHz; B¥5 3% [
BARGL A . BAEAK. MR KR FAZTEETER S, EIT 1 MHz,
6 MHz 1 8 MHz TS A, FHERH. NMEERPEEESBLEAEZ
FH X AR, k1 PR, Hd, 1 MHz #16 MHz THA Mk Z £ % (R
AN A AN R >R RS> A G A; 8 MHZ TR Bk
ERH (R ANEFY: BREAKSNEEK>EE>HERNAAMCA; HALE
1MHz 71 6 MHz TRRA M B 56 kR EARFHA X, £ 8MHz TREAH
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VAR EE & KR AR I K

K1 BEFET, BAGKESESKIE XL

pES B EPEEE R2

1 MHz FEATAIARAL A (T y=0.008x2+0.149x-90.360 0.957
BA(F) y=2.256>10"12x2-2.069>10-14x+1.1810"2  0.998
WFER L y=2.593>10-4x2-2.098<10-4x+0.009 0.968
e E E(F/m) y=1.129x1013x2-1.038x10-12x+5.905 %1011 0.997
FEATAYARAL A (T y=0.008x2+0.092x-88.004 0.961
B2 (F) y=2.225510"15x2-2.906 10" 14x+1.117x10"2  0.994

oAz MFEFREL y=2.58010"x2-0.001x+0.052 0.976
T E E(F/m) y=1.106x10"13x2-1.43810"12x+5.57510"  0.993
PRETESTRAL () y=0.012x2+0.094x-86.931 0.985
B2 (F) y=2.348x1015x2-3.223x104x+1.583x102  0.990

8 iz MFER L y=3.280x10"x2-0.005x+0.070 0.992

1 E E(F/m) y=1.168>1013x2-1.595x10-12x+7.906 <101 0.991

E X AWBZKE (%), y AFPESEEE.

722 BETHZSHNW/AAKE, HERTH KRR
WA FiR sy, e MRIAE N L MHz, MRS H N F S B A,

7221 BASGAREHBEZ FHXR

75

SR (%)

2}
f=]
T

'S
o

ll2 1l5 1l8 2l1 2l4
FIKE (%)
Kl 15 BoaakESHEREZ R KEZ,

HAEERRBRBA T &R EERR, AT IENEANERESE. R#
BEAMEAERL. BREXGHBAEX T INEXESE, 2ASRES. B
15 kT akESHEEZ (HAR, BINGFBEAEEHREZ (B
FHA N f(x)=35.62+4.86x-0.18x2, ¥ LLE R MEA & A E G HRE E R AR E Z

o k
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# 4 0944, RMSE % 3.05%, w7 EA W ERHLERE. Ma e KR,
AN HEELET RENT . Y& KEMRT 13.34%0, &KEMRRK, BH
WA N, KRS, SSHARTERE, ENMEBTANTIRFRREES
ZR AR AT M EREE, & KRAE 13.34%0, BAMHEEKXT &K
ALK 69.31%., % & A F N 13.34%4% & £ B 17 24%FT, 54 09 R 4 T
Ko KAWHE I LERBATRARIN, BEBLNEE., EEAZLNTHE
BHEATHTAER, BEEEGFENWRG. B o, £ LR Tk T3
BT, NEEHRBANASEGENEEN, UROIHH AL, SHB TR+
R

7222 WAEFSHEHREZ FHXR

AT RREF SRR ENRFRER, AHAD AR T HEH L.
A MR AR H16 T T BARFSREHERZ AN XA,
PR RO AT RN 0808, BAS HEENUGKERK
4 0805, 5 Lida ARG HERZ FHlaRERHK 0944 L, BFEHKSE
BN RRFAERL, BT REE AN REZINEHERRS, £—W
HEFAFEFA TR T 2V BRI T R R A S
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k2 MARFSHRGHEENIER AT

\

BEE TE RIS RS EVES

X f(x) a b c R? RMSE (%)
NEEH 85.45 -2.26x10%  -40.36 0.808 5.05

BE 85.41 -1.13x1018  -40.21 0.805 5.08

7223 BARFSH., EAREHERI MM XER

AT RS E A TN A B R, AR R o A A SR (N E B
A e KEEATAN, EXRAXERFEHA TN EER, @k 3T
FE, MREEMEES A SEAKRENERENER KT ZHKAFT 0.980,
HRTR2FESH (BFSH NEEHEEEE) TUNRA bR ER R
FRARAHARMSE, 5% (BFSHEMEGAE) BHNYUSHERARS, HiR
ZRER L, WHARFSHEM G AEFAN L EL R TR TN EEEEHIEI.

k3 WAWFSEK SARMEERNNER S

BEE T8 EIUSH MERR
. y) - RMSE
X X, 1 2 3 4 5
y y P P P P P %)
8
. BKE 41.00 3.02x10  2.67 1.72x10%  -3.97x10° 0.980  0.90
B BIKE 40.97 153x10% 2.65 4.19x10%* -1.97x102 0980  0.90

7.2.2.4 HLB%F X RTINS AR HRRE R

KT MANE F T H e R, RFARFEH 100 AREL B FSHHE
(%K 1 MHz-8 MHz; ®¥ 58 AMANAEMLA. B, 2%, FEE, i
RABFNEEEH , BNMIERER B MEFESHM . B HTHMEEE + 80%
R A%%E, ATIENESER, 20%8 TRIEEA B gt . )% E A
TN EFIER, 2748 % ZRAHN (MLP) | #EH (XGBoost) , I #
mEH (SVM) FulE4l#& M (Random Forest)
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R?=0.934 RMSE=1.66%
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EEILE TR

Bl 18 &% = ok xf hke Ry T AL,

Bl 17 R EA LS ¥ S W a-a KRR GEHEE. NETUFNETE XK,
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BRAH (MLP) A Fk %M (XGBoost) . X #HEEH (SVM) Fuff #l 4
# (Random Forest) # A, H & HFEFNMEA £ Z &AL (MLP) # R*=0.934,
RMSE=1.66%, Its, 18 2 WAL &E ¥ A W E KRB NEIE. F#ELE
% ERAH (MLP) #A Ht, H R*=0.741, RMSE=7.92%.

7225 BAMBEE H AR KR

B 19 RAEAMEREEH KRR Z Bl e xRk, FixSdREs
TZREENA, EEREA: y=933+176x - 0.01x%°, H+#A i R?*=0.869,
RMSE=2.96%. R#EM & & my R W% LA, Lk EAE 20% - 60%FT,
A R R A, R R A B TR R Y AR 60% - T0%FT,
MAKHEKESTRE, B, £TH7ERERKga Iy g EnE R,

(FEA) ATEIHAT T FABAT. BAT A ZK R EE A B E FHAF, ZETE
RERBAREAMA AR AR, B A EEIER N EF I ERZTT
%

MARFSHE. sAEMEEERZANAR, RABLEGAENBEESHE ()R-
HHA ) TN E A ERERFUNEKR, UedrRZERHHN 0980, A

ETRFSHBRGTNFLNEREERR, AGHBEEREHREZ
B FRRERRBRF SR AR R Z (AKX R, XA BT DI AE A B B K
B R A

70 -

40

1 1 1 1 1 1
20 30 40 50 60 70

R ()
B 19 A dkE R 5 d KR 2 FBHLE KX R,
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8. IRMEWXRELE
8.1 FAEAAEWARFNEETMIALEHR
FREAEBLEFMEETMNEFHR

WE NRREALSBLEAEREEEZYEEZHANAR, REEFNEEE
BKGRBA G A EREAN T B TATHE, UEASBAE (AE 23.14%) A
Bt g, A LCR HLATIHA NN Z E5ME (1 MHz-8 MHz) T 1 [ 4 A%
RBAW I3 NEEyEE, EREH, HRAHELA. HERE. NEFiig
BEEMAEKEEARFHME A, £ 1 MHz-8 MHz SRt B W, BAHET
HIAR L A A AR R B A A MR m 2 R A BN 3, - BR B
HHEERFEWE ML A, £ 1 MHZ AE TREANERG 4K EEH EHFH
XM (R=0.998), BRI E&AKEBLNEFYEEHRATHART, HFTL—
P AR B 22 TR AT A & A B PR I A N B AR B R 0 e

REH BASBE; akE; X, wmEyEE; EFTER S

N

Study on the Change Law of Electrical Physical Quantity of Rice with Different
Moisture Content
Abstract: In order to explore the relationship between moisture content of high
moisture rice and electrical physical quantity, the feasibility of electrical physical
quantity in rapid detection of moisture content of high moisture rice was explored.
The high moisture rice (23.14% moisture content) was taken as the research object.
The LCR impedance tester was used to measure 13 electrical physical quantities of
rice with different moisture content at signal frequency (1 MHz-8 MHz). The results
showed that the phase Angle, loss coefficient, dielectric constant and equivalent
parallel capacitance of impedance had good correlation with the water content of rice.
In the frequency range of 1 MHz to 8 MHz, the phase Angle and loss coefficient of
the impedance of rice increased first and then decreased with the increase of

frequency, and the dielectric constant and equivalent parallel capacitance increased

27



with the increase of frequency. At the frequency of 1 MHz, the equivalent parallel
capacitance of rice had a better correlation with its water content (R?=0.998). By
studying the electrical physical quantity of rice with different moisture content, it
provides a theoretical basis for developing a rapid detection technology using
electrical physical quantity to predict the moisture content of rice.

Keywords: High moisture rice; Moisture content; Frequency; Electrical physical

quantity; Regression model analysis

REFAXYF - NERWAERRLR, AFBLERENEER I —,
FrE G A E R A K BN 50%F 35%, EH RS —ml, BAWERT A
KIAFEME FFEPE. o, META, /., £E. AfF. 85K 6#
EHEFERFZ WA, FEEANABTERERA, EFARHATAA. #RF
F %, TR B AR A A R Tk 30008, T AT A i A B A KR E 149% UL T,
Fl, GXEREEBLE RN —ANEEZEE, b THRGABLRE . TR
&, REERAL)EERE, BAZTLEY, R4 EEPWELNHT. v
THRBERY, G—HEFTILHENBEE AR —EER, TELERNR

BoRMBAER, SERBLAFK, AR, & AEIRLP AR
BERAGR, DRTH. eAEdE, BEFGTRE, ZREEMEY, ER”
EWK. EEHEKERBTEK 7 A, R, RETREZ MR &
Expall, gAGEARR LI, KEWFSEFAERE. T, &R0
TRPHERLEA, BRTENEFH KL,

TE A KA I 77 % £ B4 48 A & Fo A M &, LA % £ Bl T
B SHR A KERANBFYEE, B e KT hE 2B BN XK, #iT
WERBAEAEL, Hul, ¥ANRE A, RERNEAEEGCFERE. N5
W, BIE. A MR, BEERE. PTR. ZERRERMY &
0012 EAr 4 (GB/T 19878-2005) & B[ % Ml £ BB A I K 04 B L B 4
9-20%, it 20%AK %A EWREE KL TER. o HNEAET BER
xR A A ERATIE, ERETR, E—RONREHT, MNB & HHEGA K
A BT A, H 2K X (R?=0.9334) B, Nelson & AF|H # % .

\

[[u] u

/‘-_-\‘:
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KREF A B R BB R, # T XA Rk B8 LR E A
HEESACHARRMULABEGLECKEGNERUEN AR LN, i é
KEGAEHEMER RIFHALELS, TARRN L ETR G AEREHEAN
FHEET AL, EXBEEAERNEET, X TRALSEEBEEL RN
RESHMETHEANBFWEENTUAENARE D Hilt, KFZFIA LCR
FELAL AL . HIOKI-9140 Wom 5k A, W HWEFERE, WZ T KM%
T (1 MHz-8 MHz) TR & KERBAM 13N NEFyEE (HFWHELA. FHfE
Re. EROBEE, HK, Bp. FEE. B4 B, B8R BE. NEE
. NEfES Q HE) WMEN, BIpNTE AL BAEFRMETHESHK
EHEKRZEWMXA, B NE G KB A KE R ENAAE R R EBF
W%,

1 MBEFE
1.1 MBPERE

1.1.1 AR

WOTREA, A KE N 23.14%, 2023 £ 7 A I3 HWET S AEEILE, XA
EEBEHET 4ChEFRE,
2 RBRE

LCR P L C H A B & ALK X 44 ); BS224S 44T A F (42 [E Sartorius
v8]); DHG-9245 s R T4 (LEEANEFEFRAED.
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8.2 XTHFLEKWMHA S AR ERFTNHER

ETRFSKN/A S AR Y REFTPHE

WE: WG ARG A ke 5 T & A By Pk 40 1A B T A8 4 a9 b i A o 8
B, N EDH., ERAm T LR PHFE, RFREA LCR FFMHR N
7 IMHz JE TR A K E A 9.94%-23.51% 1 R4 H) 6 N 58 (/) % 3K
NEfiAE, FERHK. FaF, B8R R), K5, AZLNGBERTRHE
NGB ERE, BREANE AR, B¥F 550 h R PR BF A
AMEURT=ZHZHWH R, FREH, EEAXE5HRENULERF, 6
NEFESHAMEE G AKENHE T E M. L+, &AESEFESHONEEHF
HA)NIE MR R, EekEE5HBEWHAEA+, BLEREEEE S
KENGWER LR #EE ., EEKEN 13.34%0, HAEFAFRAENY
69.31%., FH X5 Ry AWk T RH N 0929, RMSE 4 3.08%. %
TREEANI AR, WEFSH(NEE R ER) e KEEARALEN
WABA DA F ARG T REMRE R 800 5/ MY RMSE. & A L& % 3 #
Bet, KI5 ERMHN (MLP) EFMMBEAEAER BEFEHRRAES, A
THREBMNBLWE R XHEE. SRATENBLELRALHRNRET — &
HELSH,

R4 BA, BREE, GKE, B¥5¥, HFHER

Prediction model for paddy moisture content and
husked rice yield based on electrical parameters

Abstract: The rapid on-site testing of husked rice yield and moisture content
contributes to the swift acquisition and grading management of paddy, thereby
reducing losses during transportation, storage, and processing. In this study, an LCR
meter was used to test six electrical parameters (dielectric constant, dielectric loss,
dielectric loss tangent, conductivity, electrical conductivity, and capacitance) of paddy

samples with moisture content ranging from 9.94% to 23.51% at a frequency of 1
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MHz. Subsequently, a rice huller was used to dehusk the paddy samples to determine
the husked rice yield. Mathematical models were employed to fit the data of paddy
moisture content, electrical parameters, and husked rice yield to establish their
relationships. The results indicate that, in the fitting models established for moisture
content and electrical parameters, all six electrical parameters increased with rising
moisture content. Among these parameters, moisture content exhibited the best fit
with electrical parameters (dielectric constant and capacitance). In the model relating
moisture content to husked rice yield, husked rice yield initially increased and then
declined as moisture content increased, reaching its maximum of 69.31% at a
moisture content of 13.34%. The fitted model for the relationship between electrical
conductivity and husked rice yield had a determination coefficient of 0.929 and an
RMSE of 3.08%. To enhance the fitting performance of model, a model predicting
rice husked yield based on electrical parameters (dielectric constant and capacitance)
and moisture content as input variables achieved the best determination coefficient
and the smallest RMSE. When using the machine learning model, it is found that the
multi-layer perceptron (MLP) is more effective in predicting the moisture content and
husked rice yield, and can be used to quickly detect the quality of rice. This
convenient and efficient approach provides valuable theoretical insights for
non-destructive quality assessment of paddy.

Key words: paddy; husked rice yield; moisture content; electrical parameters;

mathematical model
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Fig.1 Schematic of LCR testing for paddy
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Fig.2 Flowchart for husked rice yield testing
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Fig.3 Logic Diagram of Multi-layer Perceptron Model (MLP)
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Fig.4 Logical diagram of decision tree (XGBoost)
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Fig.5 Logic Diagram of support Vector Machine (SVM)
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®1 BWAeeKkRSEFSHENUER 5T
Table 1 Analysis of fitting models for paddy moisture content and electrical

parameters

ETXE FLE A S WA R
X f(x) a b c R2 RMSE
A E 4 9.81x101  -6.09x107? 3.10x10° 0.967 3.64x1071?
A 2.10x101 -3.03x107? 1.58x10° 0.897 3.50x1071?
4okom %ﬁ%%%%?ﬁc 0.02 2.36x10°  4.00x10* 0.855 2.89x1072
S EE  646x10* -4.31x10° 2.17x10° 0.962 2.69x10°
HL 3 2.62x10° -3.79x107 1.99x10® 0.895 4.44x107
B 1.96x10% -1.21x10%8 6.22x10% 0.967 7.20x107

7 \AeeAKkE5EF5HNNUE LR

Fig.7 Relationship between paddy moisture content and electrical parameters fitting
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Fig.8 Relationship between paddy moisture content and husked rice yield
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M BT RN A Z B E R R SRR, SKEE 13.34%0, 7
A E R R IR B R K E A 69.31%., LA AKCE A 13.34%4% & B B 1T 24%E, G4
By e R T HTE K. A0 B 2 B A B R g, BRBEANER.
EEREANABAETHTAER, BAEELSFENRBG. dXEE
HEIAL T AL & FHF LN EREREK. @I 4, £ZIRE T m THE
T, MEFRBENAKS,EENTEA, RS EEHAL REHTLE F1EK
HY 5178 o

23 WARFSEEHREZFRXR

k2 WEBRFSHSHREROUSEL SN
Table 2 Analysis of fitting models for paddy electrical parameters and husked rice

yield

ELt&® HLTE A S 3 WAEHE

X f(X) a b c R2 RMSE (%)
I~ B 2K 85.45 -2.26x10'  -40.36  0.808 5.05
/- LA R 71.43 -3.38x10"  -10.83  0.645 6.86
B R 2K . 63.59  92.72 -402.35 0.708 6.22
FHEE 51.24 8.63x10* -1.04x10® 0.929 3.08
HL 3 68.00 2.03x10° -1.16x10'? 0.826 481
F 85.41 -1.13x10%  -40.21  0.805 5.08
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Fig.9 Relationship between paddy electrical parameters and husked rice yield
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B AEA Bk R P RMSE, R A 85 5400 & KR )R A f e B R E I
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KIWABF LI, SRR D RE G AEE 47
Table 3  Analysis of fitting models for paddy electrical parameters, moisture content,
and husked rice yield

BEXE TE HEREISE WMERR
X y f(x, y) P P, Py Py Ps R2 RMSE (%)

NEEH K& 4100  3.02x101 2.67 1.72x10% -3.97x10%° 0.980 0.90
NEBHRFE BKE 61.88 1.19x10%2 0.54 1.33x10% -9.85x10%0 0.977 0.96
REFRK HKER s 53.64 123.60 1.45 333.90 -14.62 0.973 1.06
SBx BIKE ; 41.73 4.42x10* 2.66 4.79x107 -6283.00 0.980 0.91
BS BKE 61.93 9.47x105 0.54 8.32x10% -7.79x10° 0.978 0.96
BE BKE 40.97 1.53x10%3 2.65 4.19x10% -1.97x10%2 0.980 0.90
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Fig.10 The effect of machine learning model for predicting moisture content. (a)
represents multilayer perceptron model, (b) represents decision tree model, (c)
represents support vector machine model, and (d) represents random forest model.
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TR S WA A KRR BREIE. WA EFIEANA KR AN £ B
R4l (R?=0.934, RMSE=1.66%). 5% # (R?=0.905, RMSE=2.24%), X
&l (R*=0.909, RMSE=1.96%) F[&A4L7#&k# (R?=0.802, RMSE=2.89%). M\
AFFNAEATER, £ 2R (MLP) #A M T AR (XGBoost)., X
EAH (SVM) FelEHL#x #k (Random Forest) # A, H e {EFM#ER £ 2 &40
A (MLP), P8 Z 4 A 5 DUR T B s Tl & Ak 3
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RMSE=10.48%). A &TUF M 1575 &, £ ERAN (MLP) AT - HH
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55



©
(=)

90 —— SIOAY
—=— STIOMH —e— Random ForestTiiill
MLPT3

WW

[0}
(=)
T

-
(==}
-
(=)
T

HAER (%)
HER (%)

S
o
T

w
(=)

30 0 5 10 15 20

O 5 10 15 20 N N
FE i g 5
B G
(@) (b)
90 90
—— L —— S
80 e SV 80} —e— XGBoost il
S1r S w0}
60T 4 60
# ]
EH 50 F _:E[ 50 F
40F 40
1 1 1 1 1 30 1
30 0 5 10 15 20 0 5 10 ) 15 20
FE s B G 5
(c) (d)

A1l MEFITMEEEAEARR, @FT2ERANELR, (b)FRTHEEK
R, )R rXFHENER, ()R THEAFMER,
Fig.11 The model effect of machine learning to predict husked rice yield. (a)
represents multilayer perceptron model, (b) represents decision tree model, (c)
represents support vector machine model, and (d) represents random forest model.
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FHAFL, FRHABS I TRERLZRAT TRD 2, HFEET, AR TH
H 2Bk BT BAL 3, ATt el 3 A M RIEIL, FEEEEEIR 4, £
A4 L RERNFEED, RNFEES L TFHMEHG, TARHBHN 6 W THIXET
HMENIHE—FEARTRE_FHERS, F—FaAR7HE _FHK8 MW Tk
RERENERW 9, B4 O BAA/KE 15 B & T 24K AT,
RAEEBNEEH OWMBART B F 17T HANRTEE 18 HTHELAE, ALA
FAMUBRIRENEMN 3, FoR 4, RAKES FHW 6 Z B WEAEA,
REBEWINHATIR L. 2R, E/FKREE IR 2N\ 2 AL AT 7 AL E,
HAE—FER T E ZFER 8 FEZ A EMET, LRI RE R E
, MO ENZMR £, BRE—, F_FHURWBLHTRE BshELH 9
tE, A®mdteRt, #mMBALHTRE 18 #HTH AL E.
[0022] Efkey, FridfiM 6 EMEAAERLEM, HFH6MWEAERE T Uka
5 0 0 KB AT E KRG A TR B PR, Bk B R R 6 ] LA KA
5418 18 R AT TR AL EE
[0023] AfKey, Frd®—FEAAR 7 A = F MR 8 Kom I M 6 89 F/0 &
L HE-—BARTHKERE —_SHR8W =02, F—FHR7THWEAZ
FERAFHEORTHREATHE —_FHR8 L, F_SFHR8RETFRMEM, &
BRTHBAEEN T AL BNt 24 9 W7 |E R, #mERBA T ULHT %
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[0024] E ki, AR 12 ERAREEH, R 12 REFHEL, HHER
12 % FaFhEE% 9o, BR 120 EREY LBAsEEHTETMNEF
Ay 9 F M i K

[0025] A fkEy, FradfA 11 #RFFEIL, EM 10 FahEEaA 11 8
SEALA, BLEAAYERENHA 1L nEF 0 EEE—R, NTEREE
B9 BAT R AL

[0026] Efkey, FTihEAT 10 SHAE M 13 #8, WAEER 13 BEHA
Zovtho14 5RE 15 HEEE, HIMEFR 14 REZFER, HEAE -FH
W8 HEMMBANENEER 9 P EBEAK, HEMIUR 12 =% E Rk,
[0027] T EE#:

[0028] ARZAFEBHT —HAHKEBANELA NG AT HHEEELE, &
R, EENREREEEZLNNER L, Ao 3 B ERIRE

JEE T A3 WAt R, WAL R IEF RS 5 MRS, RIES
HENE I 6 IIRAEE, HH O THRETE—SFER 7T AE_SEKS; &
HEEEIMEREARRK 12, R 12 FsEEELEMF 10 b, EHF 10ELE
WALREERA 1L b, K 11 @ ERAR 13 frkom 4 14 B & TJREE 15 L
Bt 97— B LHAT 16 BT A — AN REL by HEEANEEH 9
FHREART R 1T HEARTEE 18 FHTHAAE; BRI EFHELNEH
ST HNB T EE 18 PR E, USBFIER T EE 18 EMNEW, FITZ
BB T, RIER AR &

[0029] MU EATAR B4 ALZAFANILKEAWEZEEG, FENRIAH
AEEAA R LB RS AR R ATIRB B A A 5 LU T e B A 52 3 2L iy R 22
HERT, EZEHER L EHTHRHE. RHFEE, MAERTAFAERK
AT AR EEN.

AL BT AR B B 52 s T X B EL A 52 P R A R AR S R T AL — B 4 B SE R R, O
FAMEEP RFARTBEEAARTUETRE REAFEGREZNERLT,
R EmEGIER E TR, REFRME, MBERTAFEZR T ZHRK
PN, T A AL M E A AR S R A R — A

74



16

17
/—/

18
/——

15

—_ ==
=H.

AN

Bl 1 ASE A A

000000
000000000
0000000000

00000000000

000000000000
00000000000

00000000000

000000000
000000

000000000
0000000

B2 AELAHFHEMEN, Fo1. KB NES8NEHTEA.,

10
13

12
11

14

15

TR A

KA

L5

B 3 A4

75





