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5r 2% RABBANIHA 250V i F )™ 3L 2086 B V24
T Kostiakov-Lewis 77 #2 11 & £, (HH 5 Gillies % &
Walker % —F¢ i - R F /K EHIE, A& TR &
R H

i b, RZBHOTEH BRI M ENESH, B
b ERER TR, NESHONEE R 2 8] 5 58 A BAE
22 PR AR L 2 B At T2, o — ey SR A RS R
IR 300 55 I R KRB, ORI R IR SR FE BN I
M HABIY o b Ah an{ar 78 it 552 B R R WA DS 2 5 40
WEIEF L At — A EE ) 8

5 /N 3 S HRF W] &ML (least squares support vector
machines, LSSVM) #& SUYKENS %% 7£ 37 5 i) & #1

(support vector machine, SVM) [2:Al EHEHIfY, @it

PRUFRS € SEBIR PN I T ' A EIVE 5 P S
R, HCSEZMNATARER. HEAURA R S 7 .
Rl, ASCHE T T LSSVM fl GA H4E & NE S
KOS5 AR (LSSVM-GA) . %, :T WinSRFR
(7 AR5 L, g gk KRR 7K I T8 F) LSSVML [e] 5
B SREFIH GA KRS RIS S HONRS 216 I AL 4H
A, B SV EEEAE S E LSSVM-GA it N2 S 4
AURE R BRI FENE, DU SR 15 58 vl 0 E WL ¥ Tt = 20
P RERE R e L 2%

1 #R5EZE

L1 AERENE

RIS T 2022 45 7 H 22 H7EBR TG 44 RUBH 7 X8
M E K BT, I TE AL 3 200 m?*, & Wl
B 0~30 cm B MIPFUE L (Fiki: 5.12%, Bk
72.16%, WhFL: 22.72%), FHTREEN 131 gem’,
FEE K BT I 15 13 pHAE N 8.3, AT LE S KEN
17.4% CBREHO o« T30 WIS P 2 R 2
PR A R B 72 BRI IITT i, 4% 2 4L K
JR8 st P HE 7KV U THSE X908 0.57 m), R4 K %X
B2 ARIG N, BE KA AR S R e Ak PR AL
R 1, BANTTRYER 3K, HA&REREHE O

x 1 REXEKDEASHY
Table 1 Basic parameters of furrow irrigation in the
experimental area

e N N N VE KN 8
WS Wk Vil Adgifg KB
e pg Irrigation
Furrow Furrow Furrow o Inflow
No length/m spacing/m Slope/% rate/(Ls ™) cutoff
) time/min
Fl 200 0.66 0.67 2.0 77.4
F2 200 0.60 0.50 2.5 62.7
F3 110 0.57 0.25 2.6 37.9
F4 110 0.57 0.25 3.0 23.9

IR, Je v P E I ECE = A
g, PASLIEHINVA R, TR AT, B 10 m i
B 1AM E IR AEBUKIT R JE R R, W
PRI 20 2 D0 A R 18], R = A P AR RE K SI 5
FEIK BIE VA RSN A5 s deJa AR HE /K 452 L Ja WL v 3 AR
K IR I E] CRAIN gty A 80 % JRy K it i 1R

SERNE) .
1.2 SERIEIERERL

FH 1 26 [ A\ 38 BT % 1 WinSRER ¢ 8 i A 400 90
KIS . WinSRFR ¥ #{ SRFR. BORDER. BASIN
DhREm T —1k, BANMSHRER LThE S, LS
LK T Z AU, AT LUK 3G 07 SBR[ F R) K 2%
i, MU RS E, B BK IR HERE AR
i £k AR NI D

FEASA 4 41 R vty B A M E R S FE I, R E A
WinSRFR A [ R EAE R, HI&7E 58 8K sl 71 2 p Al
(P b, I 2 3% 4 g g R 2 Hp 2l o R 1 15 M T
AU TR 3 1

OA dq L

E+8x+5_0 (1
Oh
a:SO_Sf (2)

Ao 4 KW AE A, m?; ¢ ANVETE, ms; Z
R S TR K EINB &, Lim;s t A ANBEE,
min; h AVEFKIREE, m; x NIRRT AEEE E T
FEES, m; S, AEIRBE, m/m: SONBHIHEE, m/m,
Al — RN N
Sp= Lni
°  A’R:
A n NEEE, R KSR, m.
Kostiakov NS 2T K255 2 125 A X,
PR FL 2Rk Ty 5 a7 B HLA () S 20 R0 A ORI AT T 43
BN, HBo R i 5 N N 4 GRS,
1E Kostiakov A &AM, A EEN BT RICAEE, M
Mt R R K E RN E, HRELHR
Z=Fs-z=Fg-k-t* (4)
b Fs AR, m; z ARG RATHR RIRANBE,
mm; kK ANEZRE, mm/min® o RS
13 SN RZEFEEEH
N T HGE SVM 7F R AR O K R (LA R EE
STREARE), #H—SIREIE R, SUYKENS &
Pe 7 LSSVM, HEBAEHUR KA R T &/ oLk
MRS, HINZGEL RSN T —DELTT AR,
Pt T RER ER T, LSSVM AMEARE T SVM K
M ARG EZ R B AR A, B RIEH A B A AR et ok
2, B mEINZARE S, T HAHHAE 1) SVM 3K fif
FEOATE R, SIGE R R
LSSVM [1] Y455 24 ] DUASE FH <[ 26 14 B o5 R B0 Ax) 2o
IR

(3>

F)=wTpx)+b (5)
A fx) NI x A HFR R B R R w2
#H, o) MR x S, b RREmE.
AR &5 ) R e /NHE L], LSSVM B4k o) J A LA
NN
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Ty Ze (6)  fH, BRI AR 306 2 50\ Bl WinSRER w15 B

st.ye=wigx)+b+e;

NPy NIENESEG e NI AT &
LSSVM & & % FH 1Y & 1% 1) 2 #% R #0 (radial basis
function , RBF), HEKRIERIEAXUT:

1
K(X,-,Xj)=exp(—ﬁ“X,~—Xj”2) o

Ko WL R E S

LSSVM [ EZHGR T 2 P S B s, RIIE
Mk 2%y 5 RBF ik 5z 450° . ey £
B TR E e, DR RN A B
PLEFIMERFEA F 1z R 1 RS o T 5
FUIGREA MR AE LR O R, B WS 300 v 4 2 8] 1 o0 A
R
1.4 NESHSREEN LSSVM-GA 8 5%
141 A¥pEHEERNES

VARERE KR 2 ANE SRR KRS KREIE,
AR LE A REIX 2 Mk RE, DAt — B i mt T
KRS EHEE . P Kostiakov NiB AR NHI, P
TIENBBH k. o FIRER n RS, 5K
BFIED SR B T PR RSO 5 S R 2 ey, H b R B
Fak A F:

1
mmnhmmzw\zﬁnfﬂgwﬂmﬁ+

i=1

1
M\Eﬁnfﬂhmmmf (8)

i=1

Yk, a,n) g3 I TE] 55 98 3R B 8] B A 40 E 5 S i{E
)5 M AR ZE R IAURT s Toa s SR HE R 7K V) 1 4 33 280 00
AU SEIE, ming Tk, o,n) R HEBR K BV 1 4 3 2
U s 7 AR TR AAE , min; Tr, 9EEME/KFE NI &5 7 7O
VH BB TR SEE, min;  Tri(k,,n) A REE 7K 7E WL A i
(9 IR B (R R FUME, ming oo, VA HE K R HHE 2R ) 1] 35 5
MR ZE AL EAL s 0, NVEREKIRTH IR I [R] 35 7 f i 22 1
WEME, H oto,=1.

PSR BoR, KR HEEILFE N T NIB B H ks
o BONBBURE, T KRV AR I R DU RS 2 n O UK,
R ASCAERE IR, 4 0,=0,=0.5, BIEFEHEE
X2 ANIERE, DA TR LS BT RE A A ROR .

S MAEETIES, DA Kostiakov AT kv a fln =
AR SRAR & (1) HUE G BB 9 20 R 4%

kmingkgkmax
St Uoin SO Ay 9)
<<

Ninin XN ~xNpax
I A e B Ko 73509 k0 By T RRAE s @max A Qi 73 731
Kool by FHRAE: M Aimin 2588 1 b N ERAE;
142 st 5 RAT R 49 LSSVM =) 342 A
MEPRREEN (8) WTLLEH, fEME NS SR

MRSIME, SR 5 55 LA BEAT X LR AIE, 4 ™ 1 B A
SHAGERRE, B ERESR (X (D, K
(2)) WTUER, HARZIEE T, &H %R,
B KRIEEE RS NIBSH. BRI KRS,
A7 2R M ALK P OC R AFTEZ AL RE e I I . TR L
AT WInSRFR (477 B 45 S LSSVM R 47/ 9E
LR VR TRINE R, R T HERERS (AL VB AR 1) LSSVM
RS, DL AR E WInSRFR 45 Hi 6] 8 2 50404 R 1
et SR B R AEAME, (TSN EANESE L o
FRE R n AR P SO0 SRR T SR AR G A

N LA 3 A, UL T LSSVM #4) 2t 4 ik i ]
OB Ta) [RIEED [l Y= A AR ) B A g

Stepl: #J% LSSVM FE A% . DL Kostiakov A& A
KON, BB R E RS R R R ANB S
kv a FURER n 3ARED, ¥ ERKREMERN LSSVM
FEA A NI X, DAYA S K HE Sk B 1) O AR B [
R Y, A LSSVM AL (X, V). LAl 3 4,
BIRIB S itk Uy (9% CHEFEA 7 %, J83d WinSRFR
BAFRH G — P S B A T BT B, R ATAR
HEHERF ) IR R IR R4 A, L ArR48 998
ANFEA, 15 BEHLE B LA ) 20% 1R MRS IRREAS, 4
I RINGREAR, CAER R ZR H ) LSSVM #E8Y %f F ok
HIREA TR Az A, Bk a4, N LSSVM
I H MR BN X (B ks av n) FTHARERE Y (RIK
T T SR I (] Z AT E R R

Step2: LSSVM IS B . A0S Bk 47
PR 5 R A A 2 S, RGBT FE SR,
WEyIBUETEE N (0, 107, o MEMETEREN 0, 107,
WIEA 2 P S BB = B ), AT AS I i %, IF
THE TGS R RMSE {8, FUBGE £ 51 8 4 Rl i i AE
ANl R R KM, SEgNE RS ASK, &
TN SRR SG, B JERE A X4 RIRBUR IS4

TEA i H AR R BT, RFEMANBSE LR
B, I FIRE AT LSSVM [a] U= A5 7Y B A 1 50 AH 3
IKEAE T LA 8] 5y AR B[R] OB AOLE, 3k — 2B iR
HANBSHGRERIR .
1.43 AR K7

GA VAR 1038 B RN MR AR R,
PR, AW HRREE (8 F, DITRIRZE
SN B bR, DRI SIS BB RN

1

Fit(minY(k,a,n)) = m (10

M 100 FTELE H, FETHSARE b AN A R 3 8 B
B, SN E L) LSSVM RS AY, S vk BAH B &
o Al n N B HEIR KN TR SDMEDR A4 H AR i 2, 28 JA 7
WRAEX (100 T BALFIE P MERIE RN . A%
SR S SR BEAE T T 08 1 2 bR O SE B LSSVML 5
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GA2 M HE BB mAMEE, ET~ELE 1,
LSSVM-GA I BARTT V1T

Stepl: KFHEH I —NAE (B —HANBSH k.
o FIEZ ) AENBAREA, KRB CHELF T LSSVM
[ AR, RN by o A1 n R &0 A 32EE 7K i A
UEPLIE

Step2: B2 145 A (1) 3E IR K B TR B FUE, AR
X (10, FHAERNAMRRIE R B . f Ry, BT
THEAS BB PP MR IE R

Step3: ARIEHE L IHEME , 4% HEIE B RN MR EEAT
HHT: ARG N RS, WAL, DR B St
AN T —REBEERE: R2, MORE, (RE &
AN T — I A% B2 R

Step4: AL ERIE . H: T S0H g 15 1) 7 5k S gt AL 45 )
ZHIBEE, ASCRANHZH “Sef” &85k,
PLAMA 55 b B AR 10385 N EUABLAE I 264, 15 A
W N — RIS L AR R R 4R
HARAE . (MEFRHEL 0.075) FIFEXAIAE SR CEREL 0.006)

| VALK, o, n) |

!

| B (41K, g, ) | | |mnm| SRR
BEL LI ?é%ﬁé):( le—| SRERFEIIAS
A B BRI IR, T LSSVM | | S0iEH0SE | | [k, o néil
R A 3 1 (E IFU LR »e ﬁ?ﬁﬁ&iﬁ

AR 7]

ST AR AR S A

| S R, X, AR |
!

—| LRI, o, n B & |

e koo, n FHIINB R NBIRERREE: 5, O RN ENL S,
Note: k, o, n are infiltration coefficient, infiltration index and roughness
coefficient, respectively. y, ¢° are the regularization parameter and kernel
function parameter, respectively.

A1 R oR O EN-EME IR NSRS
RERAZR
Fig.1 Flow chart of least squares support vector machines-genetic
algorithm (LSSVM-GA) inversion infiltration parameters and
roughness

1.5 THNIERR

K YRR Z (root mean square error, RMSE)
MY 5E ZH (coefficient of determination, R*) 2 Fhighx
KV LSSVM-GA Al N B SRR R ke . H
i RMSE #%IT 0, R 1T 1, BRI LA RO R kT

N
> (=T,
RMSE = IT an

a2

2 Tuim To)

A N ARG S EG T N5 § AN REE 55 I 1 JR]
min; T, 8% i AL A PIAAET [A], ming 7, Rl &
[B]fF~F351H, min;

2 RS54

2.1 ETF LSSVM my#Eidt 5iH1R A (8] U

I FH DX 48 2R BV 4 6 A8 SCIRAIE, 43 A A T ik
I IE] ) LSSVM [m] AR AY CIE 4L $0h 60, RBF #% %
FEy 35) AR I A i) LSSVM [a] IR/ CIE 4k %
N 70, RBF & %N 200, 4 HIiHSE T LSSVM [a] 945
R AL 5 IR AE A (BRI WinSRER BIUE ) 2 8] i34
JIRRRZE, K 2 Hr el DU, AN 8 TR A
A B TR B B A AT L B, RMSE A T
0.85~3.62 min, R* ¥ KT 0.95, HIMKEEHR R, RUXK
FI LSSVM 158 2 A [7] 2 B2 4 5 RS2 R HE 38 A0 3 38 i) 1]
PREREL S P AT o DR B TE 5 S5 ) 30k A B2 SR A H v o
Brf, RABEMANBSHU R, BIn] B
LSSVM [u =5 A1 45 B AH I 1) 4 328 sf [ -5 945 18 B 18] Fr B4
i, E—PREGHESHENEE.
2.2 LSSVM-GA B TIENSS MR

RIUEAR SR B S HARE S LSSVM-GA {5
PR R S B AR, B 22 e A2t (1AM (multiple
nonlinear regression, MNR) A WinSRFR H ¥ £ 8% 43 4t
PEAN AL EL ) Merriam-Keller post-irrigation volume balance
analysis'™) (MK-PIVB) #E475%F o #r. FA MNR %3
BRI KA R R, DA — W00 B ) g P
(RSSO A S AR 1) 25 (8T O R N 5 S 5008 1) B AR iR
$; MK-PIVB {EAG SNBSS EL k0 75 B o Al n, T
Ji T2 VA R L BB 2R 5 Sl A (R B A A
BETT RIS ks o A n (OME . 76 AH [ B0 BERR L RE 61 T,
¥ 3 PR INSSERRERAS, AU WinSRFR
BAE AR 4 AV R EER A RE, TS S S E AT L
B (E3).

BAESHMHE LRETHERNE 2. 4REH,
b T 3 FE AL, MK-PIVB ¥ M1 LSSVM-GA VAl
S S BRI AR i R B o BRI, 3 RMSE 23T
1.30~2.94 1 1.06~2.12 min, R* ¥ KT 0.97, i MNR ¥
FHERI & R INBE 2, FER2XT T F1, 3 RMSE 4 5.52 min.
HE— b4 & IR L2 4 BT, LSSVM-GA 74 ) RMSE Fil
R* 7y HAF 2.28~3.11 min A1 0.86~0.89 Z [&], &
B MNR AN 51 SO 7 1B T FE R A A, 441
Y1) RMSE /T 4.77~6.00 min, R* ¥/ T 0.60; MK-
PIVB V24l B S B R AE B, F2 (gt ANV IR i PR R
BUBATAh, o4 3 4L B i F2 /9 RMSE 4 51l A 4.75.
4.13. 4.18 min, R*4r%H4 049, 0.79. 0.54. i#Eif Fik
X ASEADUEL RN SSINAEL T L4 B v] i, A LSSVM-GA ¥4k
HIMNBSHEGREE, Xt 4 70 FE 1R R /K FE AR 40,
BOREAR T MK-PIVB 741 MNR 2.
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g . g . g . g
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= 20 = = =
= = = =
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4P {E Simulated values/min HE4ULE Simulated values/min #54PL{E Simulated values/min #5401 {E Simulated values/min
a. FUEREI 7] b. F2 4 E [H] c. F3#fEEI [H] d. FaHEE I i)
a. F1 advance time b. F2 advance time c. F3 advance time d. F4 advance time
200 ¢ . 240 N 200 .
= RMSE—2.91 min = RMSE=3.62 min g 200 MSE=3.29 min = RMSE=2.41 min
Ele0| R0 s £ R=0.97 2 2ol m-0os ) 2 g0l R=098
E (4 2180 o E] E
Z10} o ks . <120} < 120
Q ° s o ° L & 2 s
5 o Fe L%k 5120 3 1126 g o s 5 IHES
S 80 F s =] 2 T = L Y 112k 2 80 ERH
23 A 1:1 line 23 8 1:1 line Z 80 s 2 1:1 line
&~ £ E . E < 1:1 line E:Ei
i L =
=~ wf = = o) z
0 1 1 1 1 J 0 1 1 1 J O 1 1 1 1 J 1 1 1 1 J
0 40 80 120 160 200 0 60 120 180 240 0 40 80 120 160 200 40 80 120 160 200

AL {E Simulated values/min
e. FIVHIRIN 1]
e. FI advance time

HE4ULE Simulated values/min

£ F2IH RN ]
f. F2 advance time

41L& Simulated values/min
g. F37H RN [H]
g. F3 advance time

S {E Measured values/min

h. FAYH IR I 1]
h. F4 recession time

B2 XA AN LSSVM FUl{E 5 WinSRFR #2448 24 bt
Fig.2 Comparison between the LSSVM predicted values and the WinSRFR simulated values for the test sample
o S2{H Measured values LSSVM-GA MNR  ------- MK-PIVB
120 120 120 80
g g L = L g L
£ 90 % 90 . £ 90 _ E 60 P
E 60 £ 60} 2 ’ g o -~ E. Py
= E #2 £ o0r = F40r .
= = E E > o 2
£ 30 = 30f = 30 220§ &
04 . . . , 0 . . . , 0 —
0 40 80 120 160 200 0 40 80 120 160 200 0 20 40 60 80 100 120 0 20 40 60 80 100 120
JIH % Distance/m {IH % Distance/m {IH % Distance/m 1 % Distance/m
a.Fl b.F2 c.F3 d. F4

¥: LSSVM-GA Af/M e EpL-B L ik MNR 2GR EA; MK-PIVB 4 Merriam-Keller post-irrigation volume balance analysis, T [].
Note: LSSVM-GA s a least squares support vector machine-genetic algorithm; MNR is multiple nonlinear regression; MK-PIVB is Merriam-Keller post-irrigation
volume balance analysis, same as below.
B3 KA R ALIME b K AUEA
Fig.3 Comparison of the simulated and measured values of the water recession and recession process
R2 TEFEGEEONESHEREBERIREST

Table 2 Combination of infiltration parameters and roughness inverted by different methods and error analysis
JHIE I ] Recession time

NAR= 'fﬁﬁﬁ/z )\Wi}%%ﬁ Infiltration parameters H R Marming roughness Tﬁfl&ﬁﬂ‘ [i] Advance time
Furrow No.  Inversion approach  f /(mm-min %) a n RMSE R? RMSE R?

LSSVM-GA 4.980 0.616 0.082 2.12 0.99 2.29 0.89

F1 MK-PIVB 6.350 0.559 0.067 2.86 0.99 4.75 0.49
MNR 3.950 0.679 0.059 5.52 0.95 5.85 0.26

LSSVM-GA 5.870 0.618 0.061 1.91 0.99 2.38 0.87

F2 MK-PIVB 5.220 0.654 0.053 2.94 0.97 3.63 0.70
MNR 8.320 0.523 0.081 4.04 0.95 5.19 0.38

LSSVM-GA 7.930 0.667 0.063 1.74 0.98 3.11 0.88

F3 MK-PIVB 9.740 0.603 0.062 1.49 0.98 4.13 0.79
MNR 7.060 0.676 0.069 2.42 0.95 6.00 0.55

LSSVM-GA 8.080 0.602 0.066 1.06 0.98 2.28 0.86

F4 MK-PIVB 10.060 0.520 0.054 1.30 0.97 4.18 0.54
MNR 10.570 0.541 0.060 1.63 0.96 4.77 0.39
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AW RS B EW, LSSVM-GA Al MK-PIVB v2: %t
AR HER AKE FE LA AR LT MNR %, XEE N
MNR EAH K R R AT 2 8 5. WALKER
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WA — R E S8 T HAAE R M w2, LSSVM-
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squares support vector machines, LSSVM) [a] T AL, 4k
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(multiple nonlinear regression, MNR) & WinSRFR
] Merriam-Keller balance
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Estimation and validation of furrow infiltration parameters and roughness
based on LSSVM-GA

ZHOU Wen' , BAI Dan*, LI Yibo! , MA Xin? , BAI Xueli!

(1. State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an 710048, China;
2. Water Resources Research Institute of Inner Mongolia, Hohhot 010051, China)

Abstract: Infiltration parameters and roughness are essential parameters in the design and management of furrow irrigation.
Accurate determination of these parameters is essential for achieving reliable irrigation techniques and improving furrow
irrigation performance. Therefore, this study proposed a method combining least squares support vector machines (LSSVM)
and genetic algorithm (GA) to invert infiltration parameters and roughness. During the parameters inversion, it is necessary to
know the simulated values of advance and recession time to construct the objective function, but the relationship between the
furrow irrigation advance, recession time and soil infiltration parameters and roughness is implicit in the zero-inertia model,
lacking a direct solution. Manually inputting parameters into WinSRFR for validation would severely hinder the efficiency of
parameter estimation. Therefore, this study utilized LSSVM to map the complex nonlinear relationship the furrow irrigation
advance, recession times and soil infiltration parameters and roughness. The advance time LSSVM regression model
(regularization constant 60, RBF kernel width 35) and recession time LSSVM regression model (regularization constant 70,
RBF kernel width 20) were constructed. Results showed that the root mean square error (RMSE) for advance and recession
time in training samples ranged from 0.84 to 1.75 min and 2.18 to 3.16 min, respectively. For testing samples, the RMSE
values ranged from 0.85 to 1.77 min and 2.41 to 3.62 min, demonstrating high prediction accuracy. This approach reduces the
computational burden of manual input in WinSRFR by using LSSVM regression models to simulate advance/recession time,
thus facilitating parameter estimation with GA. The key to implementing the LSSVM-GA method lies in the data transfer and
iteration between LSSVM and GA when calculating the fitness function. To further verify the reliability of the proposed
method, furrow irrigation experiments were conducted on closed-end furrows in cornfields in Shuangzhao Village, Xianyang,
Shaanxi Province, China. Two typical furrow lengths were selected, each with two test plots to observe the actual advance and
recession times. Each scheme was repeated three times, and the final experimental data were averaged. Multiple nonlinear
regression (MNR) and Merriam-Keller post-irrigation volume balance analysis (MK-PIVB) from WinSRFR were also used for
comparison. Results indicated that for the advance process simulation, the parameters estimated by MK-PIVB and LSSVM-GA
provided similar curves, with RMSE ranging from 1.30 to 2.94 min and coefficient of determination (R?) from 0.97 to 0.99. In
contrast, MNR performed slightly worse, particularly for F1, with an RMSE of 5.52 min. Further analysis of the recession
process showed that MNR's parameter estimates were not ideal, with RMSE ranging from 4.77 to 6.00 min and R? below 0.60.
MK-PIVB's estimates were satisfactory only for F2, but were inaccurate for the other three furrows with RMSE of 4.75, 4.13,
and 4.18 minutes and R? of 0.49, 0.70, and 0.54, respectively. The LSSVM-GA method provided improved parameter estimates
for both processes, with RMSEs ranging from 1.06 to 2.12 minutes for advance and 2.28 to 3.11 minutes for recession. The
LSSVM-GA method effectively combined nonlinear mapping and heuristic algorithms, overcoming the limitations of the other
two methods, such as the need for predefined regression functions, reliance on manual experience and judgment, and high
computational cost.

Keywords: irrigation; infiltration; genetic algorithm; parameters; roughness; least squares support vector machines regression
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