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operation system composition
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Table 1 Technical parameters of combine harvester

ZHUE

Parameter value

Hi ARFEH5 Technical specifications

#1115 /mm Cutting width 2560
At /(kg/s) Feeding volume 7

il Az 7= 3R /(hm®/h) Operational productivity 0.6~1.2
FRaE D3 /KW Calibrated power 110/150
AR5 757 Speed change mode 3 1R BN AE
HHLF it /kg Whole machine quality 5 200~6 070

AME RS/ (mm X mm X mm) Dimension 6 800X 2 9603 440
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Fig.2 Overall structure of the control system
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Fig.3 Navigational path planning map for set operations
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Fig.4 Navigation controller system structure diagram
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Fig.5 Structure diagram of steering control system
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Table 2 Training sample data sheet for

anthropomorphic driving model

% AZE Input set i 4 Output set
d/m Af/rad V/(m/s) o/()

0.083 6 1.241 0.61 —3.758 8
—0.078 1 0.817 0.67 14.598 8
—0.0580 —1.165 0.55 —2.3481

0.026 7 0.635 0.81 4.4224
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x1_xoffset = x1_stepl. xoffset; b1_1.txt
xl_gain = x1_stepl. gain; IW1.txt
bl_1=bl; LW2.txt
Tl=1N1_1; x1_gain.txt
LW2=LW2_1; = -

| x1_xoffset.txt

save (' x1_gain. txt’,’ x1_gain’, -ascii’);
save (' x1_xoffset. tx )
save ('bl_1. txt’, bl_1"

save (' IWL. txt’, IWI_1’
save (' LW2. txt’, LW2_1", -ascii’);

3.9024706e+00 -5.7303607e-01 -5.4924407€-01 9.5749553e-02 2.4082343e+00 -3.8497803e-01
1.0310612¢+00 1.0170726e-01 -1.2182740¢+00 4.8064961e-02

-5.6477462e-01 3.1309159e+00 -4.2467171e-01
-1.7311113e+00 7.7213154e-01 1.6913186e+00
1.8489546e+00 -2.3035940e+00 -2.6673520e-01
8.0081816e-02 -4.1575565e+00 8.1423355e-01
3.2972861e-01 7.4266532¢-01 -1.9169279¢+00
1.0755406e+00 -1.7806247e+00 -3.9440987e-01
1.0700817e+00 6.9283036e-01 -1.9375936e+00
1.2802472e-01 -4.9714077e-01 4.5484251e+00
1.9647846e+00 1.9066996e+00 -1.0567921e+00
-1.5491482e+00 -1.6078233e+00 -1.9991284e+00

3.0000000e-01
-7.8795000e +00
-1.6023000e +00

-3.1080716e+00
2.6617507e+00
-2/6257594e+00
-4.6591388e-01
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Fig.7 Manual driving data collection site
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Fig.9 Pre-sighted pure tracking motion model
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Table 3 Road test data at different speeds

wE R fom TSRS em
EN i s
(m/s) Amount of overshoot — Average absolute
. Test number . o
Velocity after steering deviation
1 3.82 2.13
2 3.67 1.89
0.62 3 3.55 2.42
YA 3.68 2.14
Average
1 3.57 2.15
2 3.81 2.07
0.82 3 3.74 1.99
7 i—/}
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Average
1 3.93 2.36
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1.02 3 3.84 2.61
YA 3.84 2.34
Average
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Table 4 Experimental effect of anthropomorphic driving

model navigation controller
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Average
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Design and test of navigation controller for combine harvester
based on humanoid driving model

HU Zigian, WANG Denghui, HU Rui, DONG Wanjing, DING Youchun

College of Engineering , Huazhong Agricultural University/Key Laboratory of Agricultural Equipment in
Mid-Lower Yangtze River,Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract A humanoid driving model was established by collecting the harvester position information
and driver operation information from skilled drivers. A navigation controller based on the humanoid driving
model was designed by using neural networks to solve the problems of tedious operation, low operation
quality and low efficiency of wheeled combine harvester in rice harvesting operation. According to the re-
quirements of harvesting operation, a control method of field set row operation was designed , which can bet-
ter complete the harvesting operation while ensuring the turning accuracy. Compared with the conventional
PID and conventional pure tracking model, the humanoid driving model control converges 0.42 s faster and
the overshoot is reduced 4.0 cm, which has the characteristics of fast convergence and small overshoot. The
results of road right-angle route steering test showed that when the driving speed was 0.62 m/s, 0.82 m/s
and 1.02 m/s, the overshoot after the turn was no more than 3.93 c¢m, and it still had high robustness under
different driving speeds. The results of field test showed that the right-angle steering navigation tracking
post-turn overshoot was no more than 8.1 cm, 8.9 cm, 9.6 cm. The average absolute deviation of the linear
tracking part was no more than 3.1 cm, 3.0 cm, 3.3 ¢cm in the rice field at the forward speed of 0.6,0.8,1.0
m/s. Tt is indicated that the designed navigation controller based on the humanoid driving model established
can better complete the automatic navigation of rice harvesting operation, and provide technical support for
unmanned harvesting of rice production.

Keywords combine harvester; Beidou; fully automatic navigation operation ; neural network ; human-

oid driving model ; navigation controller ; pure pursuit
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