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Prediction Method of Tractor Ploughing Resistance Based on
Multi-source Heterogeneous Sensor Data

SUN Xiaoxu SONG Yue ZHANG Kai WANG Zheng LU Zhixiong
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; In order to realize the precise control of ploughing resistance and improve the traction
efficiency of tractor in ploughing operation, a prediction method of ploughing resistance was proposed.
A plowing resistance perception model based on the upper pull rod force was proposed, and the
experimental verification was carried out. In view of the problem that the measurement results were
unstable by only sensing the ploughing resistance through the upper pull rod force in the actual field
operation, a ploughing operation parameter test platform was built, and the multi-source heterogeneous
sensor data based on tillage depth, upper pull rod force, vehicle speed and wheel speed were obtained
and the prediction samples were constructed. The wavelet threshold denoising ( WTD) and sparrow
search algorithm (SSA) were introduced into the least squares support vector machine (LSSVM), and
the combined prediction model of ploughing resistance based on WTD — SSA — LSSVM was established
and the model performance was verified. The results showed that the model prediction method had higher
accuracy than that of the upper pull rod force. In addition, different prediction methods were compared.
The R*, MAE, RMSE and MAPE of the test set obtained by the combined prediction model method were
0.97, 118. 1 N, 151.4 N and 2. 2% , respectively. Compared with prediction models of LSSVM and SSA —
LSSVM, R® was increased by 8.9% and 5.4% , respectively. MAE was decreased by 49.7% and
42.2% , respectively. RMSE was decreased by 46. 7% and 39. 1% , respectively. MAPE was decreased
by 56. 8% and 48. 8% , respectively. Therefore, the method proposed had better prediction performance
and was more suitable for the prediction of tractor plough resistance.
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Fig.4 Ploughing resistance field test platform
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Fig.5 Establishment flowchart of combined prediction model of ploughing resistance

(2) X A B S () 2 A5 5 647 0 —fh b 3, T
BRAN R S H B S 49 ) 52

(3) XI5 —f Ak B 5 B £ 55 BE AL HE 7, I 4%
70% W ZREEFN 309% XA AT EC G 53, T2 s 72l
YILREA AR A

(4) AT R 46 19 R Bk R BE W0 i Ak,
LSSVM MIFEST A F ¢ FIA% % S50 o BSR4
AN

(5) FIH SSA B XIS F ¢ P 2S5k
o HATACEAIF RS R

(6) FIFAIR (5) i th 9 Z B0 ST LSSVM AL
RH 7 TR S A

(7) KEYEIENFE bR LSSVM 455 750 15 K 2 |
I A LB, 16 D452 b A AN e )
REEE(S)

(8) Z kMG, i th el ¢ Moo, I MRAE 45
LSSVM #A47ALHFBH 7 50l
3.5 HWERNTMIEHR

Sy 4 T VT-Aidy 45 78 S0 1 R, SR R 4 O MR AR 22
(RMSE) SFI4aXiR2E (MAE) SFI48%0 F )y ik
2% (MAPE) Rl e 250 (R ) 1E TN T8 45

4 HZREHH

4.1 TNER

VIO SR AE A B A R 20 B 42, 43 ok P A
RUFFN 7k AGE 1 b B AT 7007 2 gk A7 % L
gERE 6 s, milE 6 nl g, HE AR ER A E
PIFT 130545 B BLBERE 1 5 52 BRALHERH g (B A A
B2, FE T HEEAL R AR AL 4 5
BB G E EHEAT R BT i B DL A A



F12H

PINGENEL 45 ;. BET 22 U5 5 A0 SR s A ) -1 LA AR BEL 00 5 ¥

137

o WL
e BT
—— 3T RO

AUBFBE /KN
[ %AL# U\vO\V\l ® O

1 1 1 I
300 400 500 600
AT

Ko HAITISS
Fig.6  Model prediction results

B R PRI TR FHASE R FO A5 8 A A
25¢ 25
20 ° 20 o
15¢ 15¢
10r
5,
0,
-5k
—-10+
15+

Il 1
0 100 200

FAXTIR /%
FAXTIR /%

HEBH 7 5 SEBRALBERE 7 1) 22 P A/ o HERAR 3]
R F8 N 7 9% B9 RMSE A 153.8 N, MAPE
2.67% ;1M K H b Hi kT 77 4 55153 2 () RMSE Wy
884.2 N,MAPE 5 31. 02% , 45 H-3K0] % 214K
A B A AR T gk A R
4.2 1RBIFNERERT EE

SR IEAS SCHE A AL A BB AL e 2 R
JH LSSVM , SSA — LSSVM #1 WTD — SSA — LSSVM
3 FhOTIEIEAT X LG IE , N [R] Oy vk TS 5 B S A
FEXF R 2ZE W 7 Fis

23

200 300 400 3500 0 100
HEFS
(a) LSSVM

0 100

&7

200

HEFS
(b) SSA-LSSVM

AN TR T 5 AR R R 22 20 A

. 20+
15+
® °
@ 10F o o
ﬁg o  oP %%0d %
= 5r
™
E of
50
?e ¢° Qoa °° °
~10} °
300 400 500 0 100 200 300 400 500

HARFS
(¢) WID-SSA-LSSVM

Fig.7 Relative error analysis of different prediction methods
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Tab.5 Statistical analysis of prediction results

of different methods

Jrik R>  MAE/N RMSE/N MAPE/%
LSSVM 0.89  234.8 284.3 5.1
SSA — LSSVM 0.92  204.5 248.8 4.3
WTD - SSA—LSSVM  0.97  118.1 151. 4 2.2
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Tab.6 Statistical analysis of prediction results

of different prediction parameters

SHAE R? MAE/N  RMSE/N MAPE/%
h 0.629  415.8 506. 5 8.9
F_up 0.789  318.1 382.1 6.9
F up+h 0.926 169.9 226.3 3.9
F up+h+v 0. 962 120. 1 154. 1 2.3
F up+h+v+w 0.970 116.5 148. 4 2.2
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