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1. Hydraulic motor 2. Rocking shaft structure on rear axle 3. Gas engine

4. Duplex fluid pump 5. Stepping motor/hydraulic steering gear 6. Electro-
hydraulic proportional valve 7. Vertical structure 8. Hydraulic cylinder

B1 wEfEERER S ZRER
Fig.1 Main composition of information
collection platform in field
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Fig.2 Structure diagram of control system
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Note: A4 is the starting point for the target navigation line; B is the destination of
the target navigation line; C and D are real-time measuring two points by
electronic compass on the line of heading; C'and D'are two points of a parallel
line to the CD line; E is the Beidou positioning synthesis point of the current
position of collection platform; E'is the intersection point of the resultant point £
as the vertical line and the 4B line; Lateral offset d is the distance from the
current point of the acquisition platform to the target line,m; Course deviation ¢
is the angle between the current course of the collection platform and the target
navigation line, (°).
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Fig.4 Diagram of lateral offset and course deviation
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Note: The map draws several typical diagram of lateral offset d and course
deviation # composing when the lateral offset is positive (on the right side of the
target line). It is symmetrical with the digram of lateral offset and course
deviation composing when the lateral offset is negative. There is no need to be
drawn in this figure.
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Fig.5 Typical types of lateral offset and
course deviation composing



12

TS ALSh AL RS RS G ia sl i 83 Bl 5 s 181

1 ARMHEHI RN
Table 1  Fuzzy control rules

AL B 1w Lateral offset d

Course deviation N NM NS 7E PS PM PB
NB PB PB PB [PM  PS IPS ZE
NM PB PB PM i PS PS i ZE NS
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ZE PM  PM PS [{ZE NS NM ..M
PS PM  PS  ZE (NS NS INM NB|
PM PS ZE NS i NS NM§ i NM NB i
PB ZE NS NS 3 NM NB i i NB NB 3
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NI 7 MG E AR, 2H8IER (NB), IEH (NMD. IE/4 (NS,
diE (ZE). fivh (PS)L firf (PMD. fik (PBD.

Note: Clockwise rotation of the front wheel is positive, and anti-clockwise
rotation is negative. When the lateral offset is positive, the control rules in the
red dashed box is for large offset, large deviation; blue dashed box for large
offset, small deviation; green dashed box for small offset, large deviation and
black dashed box for small offset, small deviation. When the lateral offset is
negative, the control rules is central symmetrical with the previous rules. So,it is
no longer marked with dashed box in the table. The 7 characters in the table are 7
language variables of input and output, which are positive large (NB), positive
middle (NM), positive small (NS), median (ZE), negative small (PS), negative
middle (PM) and negative large (PB).
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Note: X is the abscissa of the latitude and longitude coordinates converted to the
plane diagonal coordinates, m; Y is the ordinate after the latitude and longitude
coordinates are converted into plane cartesian coordinates, m.
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Fig.6 Comparison chart of positioning point locus
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Table 2 Comparative experimental results of positioning
precision of Beidou
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Serial number Single Composite Single Composite
point/m point/m point/m point/m
1 2.15 1.56 2.06 1.52
2 2.08 1.42 1.90 1.40
3 1.96 1.49 2.11 1.58
AR 2.06 1.49 2.02 1.50
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FIPE AN o BN s 4 RS B 183 AB Sizk, H—R
KA 2R M 7E s I F7 B UE AB S BAE N HbrE 2%
BF 5 ERE A miE: 3) KBRET S EEERE Y]
G BE AT IR0 Z2 07 B AL, WIaA W EE B G RS, BIiG
AL IR) i 22 FH 22 B A0 R AR 1 & vP il air o (1) FRL 7 25 455
) JAERET S, SENEE R EE A L 0.4 m/s
(P 2 M WIUR O 7 B BRI AR L2k, RTS8 1
o, ibSKIERATERNE, fRRERE RS N RE
P, FECRRE 8 AR 0.1 m JUASHUE S H AR E 2k
MIBE RS, 1o MR REE ARG 5D SR RIsa i B
MEBEZRETE 1) ~4),

4.2.2 RILER I M

I LS LU 9 Fiow.

) R R IR 5 R W, AR BRSO 0.4 m/s B,
AMiE . KA Z R S EREFETE 9 s A fmib i/
Flo4m N, 11s /GHREREWTE 0.3 m WFRE IERE: B bR
Bk K. MeZRGHREFE 11 s WIRESEL
HFREZE, 15 s JaRefaEH7E 0.29 m W ERIEE H bR ELZ;
KmE . KIS SoREFETE 12 s B fmib b
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HR/NE] 0.5 m N, 14 s 5 RE G BT /NG i
{E S HEIR BLRE A A1 H Ax ELLRFHT, 25 s [ Refa e M EREE B
PrEZk, HERESFSEAE 031 m LA,
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B9 AREHEAERIZRE
Fig.9 Test of lateral path tracking
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Table 3 Response time and precision of line tracking

SCON

H 15 JWEE Lateral offset/m

FRER

it AT RE2EO s
SR e wiE R . bz
Fe5 R . . B

; Tracking ~ Maximum Standard
Serial Travel lateral Average absolute deviation/m
number speed/(m-s')  TESPOnSe lateral offset/m

time/s offset/m

1 0.4 11 0.30 0.24 0.035

2 0.4 15 0.29 0.21 0.049

3 0.4 25 0.31 0.26 0.043

I 9 AN 3 WAL, I AR [ 2 (i AR 2 1 45 g
ERE BRET & FHARGIE . F25E 1B B2 31 22 1) %

2, BOKBEIRRERZE 0.31 m LA, il 2% FH ) FH S I
AEYIE B R 2

5 & ip

1) 7 H E &I HEEME B REFE LD STM32F4
B HUATERIR L, SR ZAMME RS ERE =4 T
. RS FEfY) SM1612-MTBD db=fsefrfiidh ., Jied gy
R AL RS M T I IR R G, U T A
2 (A i A AN A SE T PID b ge . $RH TR 3
AMEHE A6 2} 5 AR 34T B8 A 3R 15 T AR
e e SR BE R

2) HHENRIGSE R BT 38 42 il 2% e 8 S B
HH {5 BRI RIS 12 | sh e AT . AEwE
HE 0.4 m/s B, AEERESRENT 7%, 1EIME
B AT/ NT 3 s, ANE RIWIUA I 22 261 R RE S P |
R I ER B I BB (0 R AR, Faue BRI S e KR m) i BE 7
0.31 m LAY, J8BEF R B 5 AR PR EORG B 350 A2 Al
H )5 B R BRI T 2.

N BE(E BRE T SR H B A5 T s
RAEN IR T HAR S %, SR AR se e Rl
S AR BRI — R T AT I
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Design and experiment of motion controller for information collection
platform in field with Beidou positioning

Ding Youchun, Zhan Peng, Zhou Yawen, Yang Jungiang, Zhang Wenyu, Zhu Kai
(College of Engineering, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: With the development of precision agriculture technology, agricultural robots which improve efficiency and save
labors for agriculture are used for information collection in field, instead of the traditional manual recording and observation.
At home and abroad, most of navigation researches of walking platform meet the requirement of tracking precision. However,
they mainly use RTK-DGPS (real time kinematics - differential GPS) positioning system, and it is so expensive that it restricts
the large-scale promotion of automatic navigation of walking platform to some extent. Consequently, aiming at uniform speed
and line tracking problem in complex field environment for information collection platform, a motion controller with
transverse correction and longitudinal constant speed control was designed. This paper constructed motion control hardware
system using information collection platform as the carrier, STM32F4 32-bit microcontroller was as the control center and
multiple sensors were used for obtaining the vehicle status information, including 3D (three-dimensional) electronic compass,
low precision Beidou module, rotary encoder and angle sensor. The working principle of the controller could be described as
follows: Firstly, 2 points were chosen to determine tracking path. Then, the current position information and the heading angle
of the platform in the field were obtained by Beidou module and electronic compass. They were used to calculate the lateral
offset and course deviation, which were 2 inputs of fuzzy controller, and the output of fuzzy controller was got through
designing control algorithm to control steering angle of front wheel. It ensured information collection platform to always track
the goal line. Meanwhile, speed information of the platform was measured by the rotary encoder, which was the input of PID
(proportion, integral, derivative) controller. It realized constant speed walking through speed feedback regulation. On the other
hand, in order to improve the positioning precision of Beidou module, a method was presented, which was that 3 Beidou
modules of low precision were placed in the way of an equilateral triangle, and average positioning data of 3 Beidou modules
were obtained at the same time. Then, they were used as the final location data of the center point of the equilateral triangle,
which took advantage of compensatory principle of random error to reduce the random error and improve the positioning
precision of the Beidou module. By this way, the average positioning precision of the Beidou receiving module was increased
from 2.06 to 1.50 m, and the dynamic positioning precision was improved to within 0.78 m. The speed tracking experiment
was carried out in the field of Modern Agricultural Science and Technology Experiment Site of Huazhong Agricultural
University. The result showed that the control system could work steadily when the vehicle ran at the speed of 0.4 m/s;
Proportion coefficient was 100, the differential coefficient was 40 and the integral coefficient was 50. The adjustment time was
less than 3 s and the maximum error of speed was less than 7%. When running at the same speed, the initial lateral offset was
set to 1.4, 2.0 and 2.5 m, the time required for stable tracking was 11, 15 and 25 s, respectively, and the maximum linear
deviation after stabilization was all less than 0.31 m. The research of motion controller on information collection platform not
only promotes acquisition ability of field information but also provides technical support for the efficient and intelligent
operation of information collection platform in field. At the same time, it offers the possibility of greatly reducing cost in linear
tracking, which is of benefit to the promotion of precision agriculture.

Keywords:. agricultural machinery; control systems; navigation; information collection platform in field; motion controller;
positioning precision; line tracking



