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Abstract

With the progress of agricultural science and technology and the increasing importance of soil
management, the accurate determination and prediction of soil physical and chemical properties
become more and more important. Traditional soil analysis methods usually consume a lot of time
and manpower, and are affected by human factors. In recent years, convolutional neural network
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(CNN), as a powerful machine learning method, has achieved great success in image processing
and pattern recognition. This paper aims to review the research progress of convolutional neural
network in the determination of soil physical and chemical properties, and discuss its application
prospects in the field of soil science.
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HAT A% TR ERR I RE ). BB 2 2 BRI AGERE, AT LS (¥ 1358 BME i pE Hh = 3 2
(RSO AE, AT S BT I A R PR T . AHLUAL STV, BRMA NGB LR Bk,
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JIVEHIIRE S RN SLIOHRAE, $2m T IE RCRAMEMPE . IR, BRIP4 LE LR A0 o)
IR FHES T — L E B Tk . i, BFFTN DR AR AN I 2 sl D T 7 L4 st . A AL 5 =
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Figure 1. Convolutional neural network structure
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2. FI B RN E T RRLEREX

SRR AL PSR AR ARV BRI AL 2 7 T R A S . B IR aG T SR AE BURIA 2 v S A
Jit e LK IR BE MRS U, A5k, FLRREE, W, K ARESE. RaEAsAvE S pH M,
FogE, AREE, LEMEEE, BEeE SRS, KPR 2B LR T RS . HR
Rz — e A st 3% pH B RPRIL[2] o pH A D 70 47 005 SR e 05 P52 ) B B AR 2 — WP ARELARR A A KR
FEAT GO, RAEEHE I pH JEl, %A A R 2 LR IERE AR A F[8]. +
BoR R — AN EEFIAEIR T, RS KRB AL, X - AR AT R AT
BNV AFHR 7 A N, B 3K 0 U Rk, FHE RIS B A O R 4],
RE MR TN — BRI RS, FUEAEMAERKEREER 22—, MEYR. 2= AR
Loz AR I B IR E R 2. RUIE O 2 T s/ A s H IR /(5] BRANAT AL - i
ZLAN(vis-NIR) I ZLANMIR) i BoR B2 N T A HLBR (SOC) € B AL 5L [6]. AL M 24 7]
PG 2T AN e 18] e P -3 Rl oy 5 A% e B S = 0 A ik A L, BAT AT AR AR A, T
S ST AER R I AR Y 2 O L[ 7]

PGt i SRR BTN 52 U7 08 R R R RS = U TS, Fe s A 3R,
U 22 R 2 0] LU B 32 SI ARSI U5 20, AR (R rh R T A PR, SEELARRE A
I 5E , RO 1 8% HER I 3 B0 A PR B T SRS AE RV R T R R R oG 2. R
BRIPLE P2 AT IRPACPE BN 5E , 7T DUNAOI A PSR (RS HE 0 LA PR 5, S B R 3R 0
IRSAEHRERZ, AR B, AR GMIERIER, PR A SRR, SEIAK
NAEIESS > 98

3. ERMEMLEN E T IRIBUM RAER

AP AR 22 PR 25 0 5 - IR BN 57 A 24 BT L3R AU — AU R . BRI 4 1 E G
BUZ AL . Bod RO R R AL R[8] o A — FhIRBE IR, I 7 > R IR AN 3G, mT A
S H] T s UG O A A0 L3 M B T . EEAENE 3% pH fE, ROk, HIREEE, HIEAIRE
B, RIS R HA AN

3.1. FIRERMEM LN ELTR pH &

TIHE pH AR, MR BER. R ASKIEZ KRR S 2 R A R R, S R A E A
P2 —[9] [10]. HET, W5Et35 pH (ER W TTEE pH THIE, pH ARl &, o sl &,
FRTREEFR 7], % pH B A S .

SRR M2 E L35 pH AR RS A 75 2 TRME, AIRIERD PR, T
FIE K I pH ME R, HERITIEN SR T2 B R R AL B, AEAE R I
B s, BN, S5 BUEA AR M ZNE 3 pH B A2 AR AR, % 7+
SERE I B VE R SRANAL B, sl e, i KR HIRE G HE, AENs RS e 3% pH 73
WER, e, Wi, RGN ) 477 AT DLESE & Hofh A% B as B Al L Rp 5 8
S v 8 pH T A A Bk AN S P Y

RN E T pH M ZEE, K EREGIE vmASEE, KEEFhHGERAN, SMER
FOREGHH— A, BEPEEE. CNNEE — RIEHZ ARG P RRHE. BREMH—4A
A2 3] RS AS (R OB AL BRAFAE A I %) 72 B & B3, TSR B G AR . IXRE T A 2
PG R 1) = BRFALE 1 AN SCHE S UG AR S - R BRZE )5, T 2 B — N AELERGE R £, W0 RelLU
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(Rectified Linear Unit), LLSI AARLAEARHL, HEMBALRIRILRE 1. O 1 AR B O RS R SR BBCE b
FIPFFAL, CNN I H 268 AL Z o A0 30t =) 8 DX AT BER R 44T, Bl inde A BT 2tk
MR REAE B 4E S, R B R B B R IEAS B . TER I Z M GRUZEFIMALZ TS, CNN 22 ¥ RHE B 3%
B —YEm R, JREd AR E TR EIH . EEEE AT SR — ER A A IHE, E
1o 2 SR A i B ACKE R AL WS B R 28 OB o ot 2 AR B S I 7 R AT ik, XT3 pH [
T, AT LAAE S B A SN2 ST R e R I8 PG 2 AU R 8 (n i PR R 80 R AR L 1 il
DAE o 4535 PR BT S TN 5 S pH {EZ IR Z2 57, 5 L R 2K R B 88 U 1R 22 (MSE) AP P 4850 1%
Z(MAE)% o 8L [ A& R SR ML SR (A BEHLER B2 N &)X CNN IS Badt AT Ik, (R RE NG 2T
TR AR E, AR MEBUR R AL IR e, BEALE I A WA AR S HORSR = T A e R % -
TEAS I GRoe A, T LAREBI i 35 B N2 CNIN AT TR0 o B BRG] MR REA T R AE SR IR 7R 2%
21, JFHa LT -3 pH {H

JERA, BN R LA 45 & B AR 2 I 2R X 3010 pH EREATH, LUCAS 3EREA
VERWE IS B, ST RES RN 3% pH (EK CNN BERL, A5 R W], A BRI R4 XTI LA
BEAT AR AT SEBLGS -3 pH {8 A e RO A U [11] o

BRI P 25 I 5 L35 pH w] A B ROFN 1 3588 P S o 1 LIRS, IR RAE AR K
AR, REREY T RATUR, B0 RHR S MBS G, g4 L R AR S R G RIRRE

3.2. FIMERMEMENESKE

38 AR R AR AN B O S S T R KT B AR AR [12], SKE R KR
B, LERIRIEIS, NS, IG5l AR B . AL G SR B TR TR
HED, AR, BE, AR,

Fegiter i 3 5 /K B TR IR FEROR, BOREROR, AIE R TSEm M, 2 RS T
M FH 2 R e 2 R 8 0 39 5 K R I s AR ARSI R 00, A B A G2 5V 7 N 3 AT TR A B
BRI 2 F] DL I xof 438 R BEAT 0 A R Al 3 B KR, TR S 10 AR R RO RBOR, ORAF T
TR RS S I TRE F7, BRI 28T DLAR PRSI BRI, PRI AT DA (3t SR g 398 55 /K R
T/ Z L TR OK AN, U A BB B AR BRI B, AR R A M. R TI,
BARPPLZ P2 A 38R 2 SR R BE 0, W] DA RS EMR S B & HORRAIE, IR 7 L8 K&
HEBRFAEZ ARS8 5 A A I ZR8a MR 22 2 5%, CNIN BERS SR AL R R B2 1) 3 5 /K i
T o ARSEARVEN R, B EAR R L R BEAT 3 S K R R T TR LR A A A, R R
PG BITT o SRR 0 7 ik S N7 (EAREE , D 1R A I AR RN SR AR I R A . WT 9 1k,
B L R4 T DA AN R R R ) AT A g, A — 5 (R P A B o T 24 i) B gk
IR RS, BT DL Xof A (7] b DXOR - 398 28 Y 347 7 ) 1) L 3 5 K Bl

BRI B IR SRR T E R, SRR RIREA, IR A% R s VA I
HERHE KBNS RN SRR G, T DA AL TR R i Jekas 55 v 6 it
TRdEREE . X HREGESR AT A, OIEERRRAE . REREGEMIER T, Uit s g4t
BRHERATE o R SR R S AR S K R AT R AR, BRI UMM . BETH CNN B
Mgity, BERE. W SERRENMLES. FEBRIIREMTEE, LA G #EE e om
NI T 3 PR R FT RE A7 A ST PRIV I, mT DU Y B 0 5 SRR Y eI kg . Bt
BRI ERAE IR B AETR P RS RIS S SERRAE, DU RGE S AL IO ZRREA . R ZREE R 23
VIEREREA, FFREHTBENLER L T B (SGD) A LA AN BB BEAT I 25 . FEVIZRIL AR, M4 B AR IR
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£ ERvERe, DL It A JR IR B A o A A IR AR XS IR ) CNIN RS AL EAT VAL, TH B Tl &5
SRS E/KEZARRE . WRIEPPAEEE R, BT IR AT SdE, Wi B A 24 . S HOR A I
Wb 5 o

FE, sUME, 20, ERN, FEMHERMEMsH RO/ g s KR, =_ilT
AR CNN DS EcE mE @7k, RIS 1B [13].

A, B, Az, BRA, EEE, FERERETHERMZEME AMSR2 Tl i) 1%
K G SOE A TG B SRR P 4, 2 BEN LMK IRAEASGUE R W], SO T BB ) 10 km
[ 2% 137K 43 (R = 0.8685 F1 RMSE = 1.1178%) [14].

5 FH A R R 22 I 2 0 B 33 Bk BT e O AR PP AR . AR SRR DB RO, o IR
BRI AT RS, HESh RO REAL .

33 FIAERMEMENELRSAE

Mg SR REIMEG T IRA LR RIRIGE, IURIRIGE, KSR, MERNEZE. M
P GURHIN T A B AP 22 P 28 I 5 3835 S B ARBER I . DRGSR . A S IESRE e e AN T3
REFIFEM KL, Ty MR A A B AL T — R EHT T %

BRI MAENE TIRES R E R, BCERARE N HIEAA, FHR A ik B R
K& REAF AR EAE . RIS IR R A, o DAL, TR B Bl o 55 e 46 AT 2K
ERE . X HRE GBI AT LR, AR LR . B RGN T H5E, UG e e Se AL B
HERATE o ¥ -3 U S A B & U AT ORBRbR i, A IRt . ISR AE . BiT CNN BEAL ) 25
t, BREERR. WZE . EERE MM E5E. BB AR M TERL, LA & I eR SOR e )
W5 BT SRR AR T B A AR B A PRI (R0 A, AT DA P il 3 SR BOR R Fe I 2R . Hod 4 o
TR B AR PRSI PR SRR AT, DU CE AR RO ZRFEAS . R ZRER 3 7 e
HEEFEAR, FFE R BELES L T F(SGD) F L A A B R BEAT I 5o A FH IR X I 2R 7 ) CNIN B 7R
TR, TFREBIAE RS KL SRR AARZE . RIS R, BT ANt , i B AR R
ghp . ESHEORMRAENL S v DS F (Y CNN BEH 132 ) RS KNS S 4, AR g2
PERE

AR A, R G B 8 W AR AR 0T - 3 ) LI £ A 1 R RS AL SR, T ST A
BIPRS00 ARTR A RIEAR IR T R AR A 1 EAH[3].

T S R T DR B T B09R 2y, (e R R R AT BN . BRAh, RERIE R E
A EY) > T HIH IR, YR E SR EM R AR, Ei, SEEHRERE, i
YRS e B IR PNL, XA A (BRI AT AT S VE R 2. WA 1o

Table 1. Application of typical convolutional neural network models in predicting soil physical and chemical properties
7 1. MBEIEFME M EARE 7 HER UM RN R B R A

MRE s TR
T B RE R AR I B LR, SR SR L, X B AR T ORI A A
FEKA[11] +3 pH {8 (400~2500 nm)#kAT —F S H A Savitzky-Golay “FIg4bHE, K] ReLU #i%

BRI H . Adam LAk &5 B LAY L AR RE T R I AR

Fe PR E FDOG S HR A oy — e i BERE, DUEM CNN BURUARRR 1
EH[13] FIEE R RIESA 2G50, JFORFF IR AIE O RS AEAS SR R SCIBE o T JR) A
BUEIEZ (R 2% S5 e B 124 $RTHBEA 2 AL e
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£
TR P 2 31 R 28 W 2% 5 ik N T 8 Bl s - 33K o3 B B 1) it o R
EEA[14] B TS AMSR2 5 A0 A T )25 U 5008 BE AL 3 e 2R A K die 7, A
B RN X A5 AS DU 3 Bolcipl AR S A i A, o 3t 3R 3K 3 AT S
A i oR 5 A0 2 T BUR AR I G 2 HEAT TAL 1 PR IE LIRS L
BT, A Sy AR I, A e A
R3] s MRS T, Fg— 4R SR B 4R R, i DR )

PR, SR TERE, WG RR S AR 7 ) A At I 4k

A1 dropout AR .

3.4. ERMEMEHITRAEIMER S

BN — ) P AN e 3 AT B AR SR TN A T B 0 T T I e AR A B ™ i
JRET5 . E M O Y I R AR A O A g S8, S KA AR SR HE W7 N T ik B M
Az .

B R W R T Dok A eh, Hrp SRt S ) AR AR B e i AR S AR S LI R . R B
TEFA, T LR AT 10 R s 2t A D s s, Sl e v, A G i A A A, ORI st v 2 1 ik
BRI E AR R . B AT LSRN i AR A F S S UM T, AT B # 4 N SR BEAT S R 42 AL
.

B ERARRE —MANMERN TR, BAESM0AM—Ea. JR07H, BO&E SR A S S
AN TE T BB B I AR AR B, SR AN PR S BRI ), AT B v A 7 SR N 7 S . e
BN R AR TAL GRS T7 2R A RAR, HRA RIFHTY R, 7T DU AN [R5 % i
ML R . B ReN Il A KB 75 2 A B IR R, $ i R SR G e AT 1

SR, B R BRI R — 2ok il H %G, BB R R AR B, 7R Bk AR R 2
ECFE . T AR ROR BT RE BN R ME . LR, B 2 PR v A 1 R AT 52 B N o =
sz, BLAEMRRE . SRR HES. WRBIRRERZE, TRES 3 BURIN SR 45 R M A AT 5E
BEAh, BRI AL RE A IR, o6F T R AR A BT A48 A1 2 A1 7T RE 7R 22 EE0RT I SR B . [R]I
MR ART I R F R B, ShZ W8 A SE IR RN IR AT RE 2 MR R A @ S AN HERA VR o BeAh, B
AT O IR YRS AR, DAOREFILAERA IR AT T Sk . S e, BRI RS RO PERE R AN E T,
H TR PR AU PR A N AN A, B R R T AR AE — B R E U ZE . Wk 2.

Table 2. Comparison between convolutional neural networks and physical and chemical methods

2. BRMEMESYIRLE AL

Tiik

BRME PSRN E

WEA 2 TT

W RE B Ta)

ZHRA

TR 1

E (303

CNN X 3 A 5T A0 5 7T LA IE 3L 73
N [ 338 PR B A AR S i Rt AT, IE
FRT N0 5 B T AR AL B DR

CNN T ZE AT Hm il . BRI A B 550
B, b B AR T RE AR A B MR R
Bl s, KUk, FEZDE AR TT TH T RERL -

B K EREIEAT IS, R B e R
B S AE AR X, R Ak v A D T T e L
A RUFHIR I

BRI BN, N R AT S A T A
FETL YN SRR L . E R SR R bRy 2 D IR AT
[FlAl - i | SIRTAG I B

AR BT SR ERE RAEEL, (LR
(O TE0 0, BRI AEN I ] 7T AR
Bk

BT I AV, T ELIE A AT
PERRALIER 0T, DRI AL A T A
FETF 4.

HOBT RS2 (BRI 38, YR PRI T4
Bk (PR AR IR B .

i BRI A SCIS R AE ST, B A it (R
B AR E . AR ROERAESE, HbrE A
HMEJEE 5 T AT BE B o

DOI: 10.12677/hjss.2024.121001 6

R


https://doi.org/10.12677/hjss.2024.121001

R 5%

4. BiE

ASLERIR T BRI 2 AE LSRR AN S5 € T AR FE Rt g o 3 X AR SR SCHR IR ER AN 2047, AT
KL CNN BARAE H 3R A U N IS 7 R it e, I ILH BRI 7T

e, CNN J5ikAe HIREALVE B o BAT AR 8 e e RN TII AE 77 38 I 36 - SR BB A 3t AT
AR, CNN BERSSR U R 3RFIE, JF 5 BRALIE B S OGRS . XA T IR T VA RE W il
P2 IR RO SE AN AL, AT SEBUXT SRR i (KA U E

K, CNN J7 i oA PR SRR E (Rr =, O 3 IS TR A R A T (M A T4 4
IS = T 773, CNN J7 iR BE RS ARG (8] P4 58 BOK B T3 I 52, SEDLSE I ME DA % (RIS
CNN J7 ik AN 26 T IRAE S AT B PR AR B, 38 S 1 AR S8 vE B S & AL 2 0T I R, KRS
T IRE RCR AR ELENE

SR, H AT O AL — LE B AT R 1. %, LB IR R SR ORI BR TS SR — AN S A% A il
A, BT ROCI IRSRARAE R M A S DRI FK, REAKE (0 2 PR PE AN B T CNIN LR
HINZRANZ AL RE ) BAT BN, 7 Bt — by KA AN ot Bt R B T ik

BRI W A - IEFRAAE I R b BAT T R 0 S P A5 o AR (R IE T AT LAEE— 2 Ak CNIN R [
SEMM LR S5 K, SEe L ER TE A B RN, AT AZS & AR A S AR A SR IR, T 2 oo fs B4R
G, SRR AL PSR Aty MERS 00O SCRE . IR AR Y AT R R AN R B B
SRt E B R AR AR AN RS R

HE&mHE
2023 EPUJI1E KA AL 2Rt LI H , 4%5 S202311116059.
SE ik
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