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Load Pressure Prediction Model for Sugarcane Harvester Base-cutting System

MA Fanglan LUO Yiming LI Jiacheng MIAO Jinze YE Fengzi CHEN Bin
(College of Mechanical Engineering, Guangxi University, Nanning 530004, China)

Abstract; Aiming to enhance the applicability and accuracy of the cutting depth control system for
sugarcane harvesters, a load pressure prediction model was established to address the problem that the
current reference pressure setting could not be automatically adjusted according to soil parameters and
locomotive parameters. The relationship between the load pressure and the cutting depth into the soil, the
feeding volume, the soil moisture content and the soil firmness was collected by orthogonal test methods,
and the test data were used as the training samples and test samples of the load pressure prediction
model. Based on the training samples, load pressure prediction models using extreme learning machine
(ELM) and ELM based on sparrow search algorithm optimization ( SSA — ELM ) were established.
Performance of the prediction model was evaluated by the test samples, and the results showed that
compared with the ELM model, the mean absolute error, mean relative error and root-mean-square error
of the SSA — ELM prediction model were reduced by 50. 00% , 44. 14% and 44.44% under the yellow
soil condition, and reduced by 58.33% , 56.98% and 57. 14% under red soil conditions. To verify the
applicability of the load pressure prediction model in actual harvesting processes, various working
conditions encountered in the cane field were simulated on the test platform, and the prediction model
was applied to the existing control system for testing. The results showed that the prediction model met the
setting requirements of the reference pressure when the cutting depth into the soil was 20 mm, the
operating speed was 0.34 m/s, and the rotational speed of the cutter disc was 700 r/min, and the
maximum error between the cutting depth and the target depth was no more than 5 mm, which met the
actual requirements of sugarcane harvesting production.

Key words: sugarcane harvester; under-the-ground base-cutting; load pressure; extreme learning

machine; sparrow search algorithm; predictive model
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Tab.1 Training experiment factors level

T AR

At — — —
. AR/ i R T3 1%
K- B/ . o N o
(f-s~hy  FHk  BIEREE/ Hk RIE/
mm
/% (kgrem %) H/% (kg-em™?)

1 0 1 10 2.3 10 3.5
2 20 3 14 3.8 18 7.0
3 40 5 18 6.4 26 10.5

Gk ARTF] . Pt, R A Lo (3*) IEACIR 40 #3047
I, MHAREA IS h P 2K 2 B o
F2 WKEEREREKTE

Tab.2 Test experiment factors level

A A
At — — — —
K VI MRAH/ + 1 s i3 R
(R-s™h)  fok WSE/ fk RIUE/
/% (kg-em™?) F/% (kgrem™?)
1 10 3 8 7 8 7
2 20 4 12 8 12 8
3 30 5 16 9 16 9
1.2.3  FELALPERE DA

S PEA ST 0 57 AR s ) TS Y 1 R B P
Bga xR e (MAE) CFEIAHXS 1R 25 (MRE ) R 77 AR
222 (RMSE) VE N 25 R P d br . Horpor 2y
ot X0 1R 22 V-S4 RE DO R 22 B O AR R 22 B 3 0, 13
A PN A 5 T 8RB
L3 REHERESSH
1.3.1 BPRIAE:
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11 IR A R UNER 3 s, 22 W A U1 RS2 pr i
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BT W3R,
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Tab.3 Single factor test result of soil penetration depth

AL HE L - i

w1, RE, RIS JRE/
m MPa MPa MPa MPa
0 6. 05 0 6. 05 0
10 6.55 0.50 6.49 0.44
20 6. 96 0.91 6.92 0.87
30 7.39 1.34 7.48 1.43
40 7.71 1. 66 7.94 1.89
(2) A=

MR BRI BB TE AN A DT 2R R AT
WIRER IR 4 fros. i3 4 nl R, RACERN 7135

e 3 S 2E 0, DR D U i D) 2 H RS DR BE
AR T 60 28 T T 80
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Tab.4 Single factor test result of feeding volume

WA/ (FR-s™1) 145 % J1/MPa J¥24/MPa
0 6.05 0
1 6.14 0. 09
2 6.26 0.21
3 6.39 0.34
4 6.52 0.47
5 6.63 0.58

1.3.2  YIgprEARmEds

(1) g Hd R AR

WU Ly, (37) IESSIR S0 F0 52 0 V) 31 3R 4 1 24
F 3 IR Z AT I GRRE AR I, Y G A IR 45
WS fron, Horh ELM R BR == > #1, SSA — ELM
NEETRRAEF LA IR~ T HL.
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Tab.5 Training sample experimental results MPa

e B AES) LR )
el ELM  SSA-ELM Gl ELM  SSA-ELM
5 e mowE M BN B

1 6.48 6.53 6.48 6. 38 6.41 6. 37
2 6.38 6.28 6. 38 6. 36 6. 44 6. 35
3 6. 37 6. 44 6. 35 6.35 6. 36 6. 35
4 6.60 6.64 6.61 6.42 6.41 6.38
5 6.53 6. 56 6.55 6.54 6.61 6.57
6 6.50 6.55 6.49 6.60 6.59 6.59
7 6. 60 6.61 6.59 6. 62 6. 66 6.62
8 6.57 6. 64 6.57 6.61 6.58 6. 61
9 6. 65 6. 59 6. 66 6.70 6.73 6.71
10 6.96 6.91 6. 96 6.92 6.96 6.96
11 6.96 6.97 6.99 7. 40 7.35 7.39
12 7.04 7.02 7.03 7.17 7.21 7.18
13 7.03 6.95 7.02 7.18 7.19 7.17
14 6. 67 6. 69 6.70 6.92 6.92 6.96
15 7.11 7.01 7.13 7.20 7.11 7.18
16 6.90 6.90 6.90 7.09 7.15 7.08
17 7.09 7.11 7.06 7.48 7.33 7.44
18 7.34 7.33 7.33 7.75 7.77 7.77
19 7.06 7.12 7.05 7.30 7.28 7.29
20 7.06 7.10 7.06 7.11 7.03 7.09
21 7.18 7.23 7.19 7.50 7.53 7.50
22 7.08 7.02 7.07 7.05 7.01 7.06
23 7.21 7.23 7.20 7.41 7.53 7.41
24 7.31 7.34 7. 30 8. 11 8.07 8. 11
25 7.19 7.19 7.20 7.27 7.25 7.28
26 7.24 7.25 7.26 7. 89 7.86 7.88
27 7.42  7.41 7.42 7.92 8. 00 7.91
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Tab.6 Variance analysis of load pressure in yellow soil

FE  M2FHM Al ¥i75 F p
2.189 2 1.095  329.820  <0.001
0. 130 2 0. 065 19. 555 0. 002
C 0. 094 2 0.047  14.177 0. 005
D 0.035 2 0.018 5.278 0. 048
AB 0. 029 4 0. 007 2.184 0. 188
AC 0.081 4 0. 020 6.118 0. 026
AD 0.063 4 0.016 4.722 0. 046
R 0. 020 6 0.003
Bt 2.641 26

RT AEGBENFEN

Tab.7 Variance analysis of load pressure in red soil

= MForm AmE B F p

A 4.788 2 2.394  528.552  <0.001
0. 465 2 0.233 51. 346 <0.001

C 0.524 2 0.262 57.814 <0.001

D 0. 331 2 0. 166 36.576 <0.001

AB 0.079 4 0. 020 4.336 0. 055

AC 0.248 4 0. 062 13. 693 0. 004

AD 0.202 4 0. 051 11.172 0. 006

R 0. 027 6 0. 005

Bt 6. 665 26
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Tab.8 Test sample experimental results MPa

- HHR I TGRS
B S ELM SSA-ELM &2iilfl  ELM SSA —ELM
T mE OBOUE (1 BV mOuE

1 6. 85 6.77 6.78 6.77 6. 86 6.72

2 6.92 6.94 6. 88 7.00 6. 84 6.92

3 7.01 6. 86 6.98 7.06 6.98 6.98

4 6.98 7.13 7.02 6.99 7.15 7.07

5 7.00 7.05 7.07 7.17 7.13 7.19

6 6.99 6.93 7.04 7.19 7.03 7.25

7 7.19 7.06 7.19 7.27 7.34 7.23

8 7.12 7.11 7.18 7.23 6.93 7.17

9 7.25 7.20 7.22 7.42 7.38 7.42
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Fig.1 Normal plots of standardized residuals for regression
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Tab.9 Comparison of predictive performance of

different models for yellow soil load pressure

TR A5 Y MAE/MPa MRE/ % RMSE/MPa
ELM 0.08 1. 11 0.09
SSA — ELM 0. 04 0. 62 0.05

9 ANIELS IR, 78 BUAR1F B B9 SR T
TR, SSA — ELM Fi AR A0 15 2 g 2l 5 /N, £t
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Tab.10 Comparison of predictive performance of

different models for red soil load pressure

TR ASE Y MAE/MPa MRE/% RMSE/MPa
ELM 0.12 1.72 0.14
SSA — ELM 0.05 0.74 0.06
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Fig.6 Prediction results of load pressure on red soil
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Fig.9 Indoor test
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Tab.11 Test conditions of red soil

FARTREE, WA/ hiEsok HIIRSCR/ s

=}

T mm (H-s™") R/ % (kg-em™2) mm
1 20 5 10 9 0
2 20 4 12 7 40
20 3 14 5 -40
12 EEAREH
Tab.12 Test conditions of yellow soil
o HARREE/ WAR/  THEfok RIS/ myEs
mm (H-s™) /% (kgrem ™) mm
1 20 5 8 7 0
2 20 4 10 5 40
3 20 3 12 3 -40

4.3 KEER

SSA —ELM 11 8% ) Tl s Al e 45 SR an & 13
TR o 503 TN AR AR 4 o) 2R 4 10 W) R
RIGLE AN 14 PR IR N LPRYIFEIRE S B Ax
UREE 250, 45 SR M s XA, 58 2 W H R LR IR R 56
LR H TRV RIGR B 5 B 22 i 25 M.

H1¢ 13 W] %0, SSA — ELM 1 2 1 ) 00 A5 78
ST RN B (Y B KR X 1R 22 43 51 Ry 0. 85%
L 14% o @aTHEREPEA AT 0, T5000 AR 7 75 21 4% 5%
% F # MAE, MRE, RMSE 4 5l %3 0.045 MPa,
0.64% .0.046 MPa; 7t 21 £ 4 F & MAE, MRE,
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Tab.13 Test results of load pressure prediction model

S T 55 1 BEHTRE 55 2 FEHTRE
Sery 5 TmE/ il AR S ARAS
Y MPa JEJU/MPa i9%/% JESI/MPa iR%2/%
1 7.25 7.19 0.83 7.28 0.41
I 2 7.03 7.07 0.57 7.09 0.85
3 6. 84 6.87 0.44 6.79 0.73
1 7.01 7.09 1. 14 7.07 0. 86
W 2 6.95 6. 96 0.14 6.91 0.58
3 6. 88 6.93 0.73 6. 82 0.87
xR 14 PIERERGER
Tab.14 Test results of cutting depth mm
LR AR — 55 1R : 5 2 R
xm B o Wi O - whn  LIE -
xR 5 R - - =
W W W R
1 20 0 22 2 22 25 5
i 2 20 0 21 1 -19 22 2
3 20 0 21 1 61 19 1
1 20 0 24 4 24 24 4
w2 20 0 22 2 -18 19 1
3 20 0 23 3 63 16 4

RMSE 43324 0. 05 MPa 0. 72% .0. 054 MPa, il-Hf
SSA — ELM Tl A5 5 e f% v F00 A [7) - S 2 AU A
SRS IR T, W RS R BUE 20K
1% 14 Al 00, e ST R A0 6 R G/ T
DIEIGR 24T A L O1EL, 2 HAR VIR FE 2 20 mm
I 2L N R 1 e KR 2Z 0 S mm, -3
RN 2 mm; BOHEARAE T RG] A RO IR 2
4 mm PR Ky 3 mm, PIFRE S H AR
KIRZEAKRT S mm, HH B A LYIE], 562 B

FE R /N T 30 mm AYZOKR

AR 6 45 2R R R I ST 14 0 28 g I A
RS R G A R ek F & LT IEw , feh
AR LLHE AN A Z AU T 00 4253 R SR 3
SSA — ELM il A5¢ 7 i) 7 48 s g 00 45 2R, B ]
P R GRS 1, DTS2 B0 BESCRBL L
FIDRBE R A shiz i, HBA B i n] 58k LR B
P, BERZ I I RT3 TH MU S A 2K

5 #ig

(D) XY RIRE R G R EES T R TR
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(RSN 38 T S5 1 )3 1A HERA M RS M, A
7 SE BRI EI R 1 A s

(2) MR 4k 1 38 330 56 R 46 19 Y1l 25 B AR 55040 ST
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MAE . MRE , RMSE 7E % 1 £ {4 F K& 4% 50.00% .
44. 14% 44, 44% ; ¥ 4T 336 55 11F F A% 58.33% .
56.98% 57.14% . W SSA fEfE e ELM ({7
FE RS

(3) FEBRAT 2 o) 22 G BLmh b, 5 T 00 A% 750 47
T RGEE G I DI ERAR - & TR 5
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0.34 m/s  J] #5438 700 x/min B, T 0 A5 R G 6%
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e KR 2550 5 mm, I 2 HRE ISR 2B 7= A 52 B
2R,
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