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Development of Paddy Field Rotary-leveling Machine
Based on GNSS

ZHOU Jun XU Jiankang WANG Yaoxi LIANG Youbin
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract; The hard bottom layer of the paddy field is not flat, so the rotary tiller will tilt and vibrate
when it is working in the field, which will seriously affect the quality and efficiency of the rotary tillage
operation and damage the paddy field leveling. In order to solve these problems, a GNSS-controlled
intelligent paddy field rotary-leveling machine was developed. The two GNSS satellite antennas were
symmetrically fixed at the two ends of the rotary-leveling machine hood, which was used to receive
elevation data of the main antenna and pitch angle data between the two antennas. The received elevation
positioning data was the elevation of the rotary-leveling machine, and the pitch angle data was the
inclination of the rotary-leveling machine. The fuzzy-PID control algorithm was used to output driving
voltage signal to the electro-hydraulic proportional reversing valve, thereby controlling the expansion and
contraction of the cylinder, so that the rotary-leveling machine rotated around the intermediate rotating
shaft or moved up and down along the chute to realize the horizontal and height adjustment of the
implement. In order to solve the problem of continuous heating of the hydraulic pump, a hydraulic system
was designed. In this hydraulic system, the accumulator and the hydraulic pump worked together to
reduce the burden on the hydraulic pump. A datum calculation method was proposed, which
automatically calculated the datum plane by the least squares method to get the control reference plane
conveniently and quickly. In order to verify the working performance of the intelligent paddy field rotary-
leveling machine, the paddy field leveling test was carried out under different crop types such as rice,
wheat and different soil types such as sandy soil, clay soil and loam. The test results showed that under
different test conditions, the flatness of the paddy field was greatly improved, and the average can reach
about 3 cm. The system had good stability and adaptability. After leveling, the paddy field can meet the
agronomic requirements of rice planting.
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Wk H 1. 2019 —08 —28  {&[nl HY. 2019 —09 —22
BEE£WMA . 1LHAAEORG I SITR (IR L) W H (SZ - LYG2017009)
EEE: AR (1974—) 55 202, A 20, F 2N FE GefbfOll 24 BH5E , E-mail : zhoujun@ njau. edu. cn



JiR 4. 3T GNSS (W5 fig/K H FERE- T HitLAa 52 39

- 1 K A T RO RS Ak FURS 201k 4 4
PEo TR TR 2 AN, BEBHAILAE T )AL i
PR A BURHS PR Bl 330K ™ E S MR R AR Ml B S Rk
BRI K AP S K TE | vt I B oK A 1Y
G2 N

WOL V- HALAR] PO Rl H AR — R )
PP 2R G5, REA RO = FEHE JS T A TR DL 20
th4d 80 A4, E AMEEH 9 L) He — Ne #0648 A0
PERYBOC VTR S, 2 A HEOE - HoR 247 H
P RE O R M, Bl SE R PUBESF S E 5
AR 1 DL AR LLAMEO R A AR AT WO GO LR
OB RO RGN BN AR K
SO0 TR AR KA T R T T T T S
HWOGFHIPL, SR, 5 OGP M H AR LR A GE
HAHEAEK RS S T TR KR
FEL TR -4 B 205K AR R R T S RIL)S &
AV LY 1PT A K OG- b, Ja s 0 51
TR MR ALE BB K AT L, (HI
G- HMLBAE KT O 1o 22 A5 A i =5 g in i £ 4%
By, KBRS B L, B2 W%  RHSERSH
T, AT HE

2Bk Tt T2 R 48 (Global navigation satellite
system, GNSS) ¥ fill °F- Hh £ A J& B i [ 4 4h e S i
) L F R BOR . A T AL H B R | GNSS 4%
il RS T & MY BAAZ DG KT
MR A5 SR DR 2 M A DI i A 5 [ 45 2 3K [
KOLAFIRH, 41 Trimble 23 7] 19 Field Level 1T
ARG EERTY GCS900 5511271 [N P pH A ik
T RIIBURZE GNSS (R HEF- i R S8, (H A5 XF
W RGBT, R K8 r 4k o 18], 42 )
R BEAN T, ELAR Al DR T 58 350 22 TR R FA Y [R) 3L
LR R R A AR AR IR 3
TR T GNSS YA P8 R 48, JF 0 HORG S5 4
W RCRIATILAL , AT T HAF Y PR OR (H
(]2t T AR 0N, T A P — | H B X K Y
PRGRS . H AT, ¥ GNSS B R H T 7K H -3 1
WFFEHRD B Z A 7 o BEXF R R, AR SR
TH—FP AT GNSS (8 E/K I BERET- Hu AL, %
P RGEATIAL BT, IFIEAT AN [ 38 J5 st 7 7K
FE P~ FH (]300, DASRIE S

1 Ragigit

1.1 RGHAMRSITIERE
B HE/K H e HpL 3 2 B AR e

MUK B RSGE  H el RS0 4 a4, wE 1
Jin B E T = e B SR LR, R
TR | e - o ATUAS) 380 Ao e b X Y A 2 sl sl N
R TR T O WAL AT L o B T iesE
MR AR X AR SR G S 2 A, b
EERE T i S R A LA e, PR IR T A i s
AU HERET- H LA AR ) B EE AR A sk - i B,
TR AT M AL 23285 W B L IR e 22 4 T
BHEIR bl A B4 R G SO T T Y
PR AR5 2 AR B RL RTK
GNSS ZR45 e A A A7 il 5 50 R0 28 28 1 s 42 il
L, AWREZE RTK GNSS R 40 F AL 305 ML 5
B, B sh LB A B sl 32 R T A R liOR
LMBEFTRE AR E R R IT S E8 N
T T 28 i 22 2% T4 AL 3= P A A AR D
Lo AT Tz, LA TSk E s
Pra& s, v 22 A P AL ER 55 0l SR

14 13

8 9
1 AL i A
Fig.1 Schematic of whole machine structure
LB TRECRE 2. Jedipl 3. bl 4. ML E2e
5.7 R 6. U EEREE 7. WAIhED 8 rSvET 9. %

itk 10, LSRR 11, Eshih 12, B
14, RS R L 15, e

B REAK H BER-T- s ALK A G R LA 30 77
KoK T HERFF- 3 WL Fir e s S IR ALAY Je B e
TR AR |38 5 7 1] 5 TRl 4 46 7 AL
Bl A 25 /K HEREF- AL, /K e B AL )
Ty NBh L) 3l 738 i v e el A A 15 AR A AL
B E T, 5 BT Y e e 3z B, SE O K Y e
B AR A REul hCE T [ R TT R | 76 sl el
PLE THENALE B N, 220055 R AR L
PLIGTER , % sl = | & 1L OR e i ol ) i e %of
iR B 7 JE AR F- 2t ML 4 i ) ML BRI | 2R B S A
4 m AR AREEE N 0. 1°, 7€ ALKE FZ Al Ik JHOKR 2%, T
PRI AR, B8 SIS ML S I SORE T s AL AR 1 £
RS EY WP G P €I liDE EPS EREN i TR e
PR ) 2 280 4 ) 28 o, b 2 28 7 o % S 52 I
R R AT A BE P i A5 5, i A U
ol o B CAR I 1Y F A (RS 2 1l 155 A2 D g i
F A DU R Y A5 i ] ) 48 ) O R R R

13. FHEAR



40 PN A1 R S S ¢

5%, Kk EW R W R G0, ¥ w98 57 0 &L s
2 LSTR85 9 T 43 ) e N
i, (R V- s AL B Tie 5 i i 20, PR HLELKOF
2 AL T R A V0] 9l R ) B e ok
i, (R V- s AT LA TR T A A T T B8 3l I 2
PREFHLRAE ST b Horh 422380 B 5 i 2o 5
GNSS WAL HEHI L LAY 12 V B R IR 4
e, RGNS RN 2 s

K2 RS
Fig.2 System compositions and principle
LG 2. FHRRER %0 3. 20 F5RE 4. B
WeHL 5. BRSERIRER 6. B huh REWCRE 7. EdFT it
Bl 8. ¥k

1.2 BERSIEIT

B AR T ERE T M AL 0 W 3R 48 22 f B 1)
(IR 1% A S e A L BT R A B
W) R GLAEAL AL, W RS E A 3 FoR , H
AR IR 2R AR A YR ek TR R R ML A T
TR 30 Y PR Sk R S TR R G R
Gy VTR VRO SR P 1 v A T A U A IR 2
R [ ] — i, P o) R 1) 53— g 5 i U 1R 5
AHIE B BOR o , A RGeS R 5 3 )
it k) P ] ) 2 S S0 47 Vi 3k A, 2 TR SR F B
s il A ) AT 55 0 2825 38 FH BRLSIEJR 1) NXQ B < X
e VE MR R G AT B 3h 18 5 W2 B In]
AR, b0 PR 2K R 2 T A R B 3 ey 3K
AT BAE I ; 76 o7 T U I 5 75 RE A% 2 [ I TR
13, T RGO R W5 5 A R G0 W0 I3t FH B 46 40
) MA — DKZOR — TEB 7 = {3 Ui i ¥ LE f51) 8 i)
6, rh i O AU 5 i i A SR B i B ot &
UK B 47 5 45 R 1 I BT A AR 46 4 SR I ET 430
At i E B AL W sy, OB 2R [0 794 %
TG R s B

W 288 TAERIIG , 5 13 077N T ¥ 1t 1R
I F 77 s, Y0 F 25 388 e B [ 18] ] 980 J 113 s S
il L P VA SN B R WA NG R R A W = DA WA LN
WAL HIET , RGEH ) B RE AR OR . P2 19 il
T XGT 7 ) VR L =457 D)3 P YA L A7) 46 1) 18 52 280 % 107
ARG S v, v, w6V, v, YR IE(R S5
AT F I, WO 2H = {57 DU 38 AL YR b 18] 46 1) 1] 1% ] 457 1)

HERL ML I IR
B3 R ARG
Fig.3 Schematic of hydraulic system

LA 2 iiER 3WUER AWM SRR 6. WUE
i 7. BRERY 8. RIRIFX 9 K E 1011, =i
TR R 12 ~ 15, TR

FIFE, AL 5 I T [ B R sl (e b AL
TR A BT B s v, vy A —1E—
A5 B, WL = {57 Y 3 H Y B £ 98 ) i 18 AN ) 407
W FTF, R 2E 80 75 T AT o i) fefr 4 i 4 e A e
AL S e i sl v, vV, BRI A = A
VU 3 F U L f97] 488 1) 1) 12 A2k T o 7 1 B R A7 L PR
2L Y T B A IR A B BERE T s AL A £
PREFARAE
1.3 EHRSFIET

BRI RGCR A L AL, L EZETRE

FLAE AR IR 5 R A7 o0 e R S T S
R KIS PGS ik g T AL AL
/& STM32F407 ZbFEER >k H RS232 3 H 3 tH 4%
W EAIALFE A B S - 10 ~ 10 VR RLR (S
T ERIWOE RS T R R L e i, B4 R
R L L E

B4 Gk R
Fig.4 Vehicle display control terminal

RGP RGNS BA RIER  ATPE R RE A, H
FIPID 256l 18 N RE J7 22 , AR M 18 1) 2 AR 42 o (1) 22
SR T REDR P A S T 0t G R B AR Y 4 5313
TARLAE IS R R RERE 0 RS gs A
RO SIS 5 PID 45 65 AR SR A PID #21
D7 SERT IR PID 448 il 2 80 1S 2 9K Bl R
V, Vy, RVE T H I EL 546 1) 18] 8 T B JE R 52 A



554 3]

JiR 4. 3T GNSS (W5 fig/K H FERE- T HitLAa 52 41

WL IR, R R GAEE A S P, El
r(0) A4 E R F R S A FARE e (1) 2% se, (1)
I ZEAEAA K, Sy LB R G K, AR R
FHGK, WO R Ry (o) 9 BERE-F- HIpL L PR
e S A

A

| T —Y
..... v || weer
o g%*mﬁx* HHLH

GNSSHEITHL
Bls i RGAER]

Fig.5 Structure diagram of control system

2 RESERSW

2.1 igeths

Sk B UE A RE 7K e BT M AL (%) T S 1 RN S
£, T 2019 4£3 6.7 A WlfEiLn A E s s
SLETE A VLI RS LR TR AR ik
17 TR RS, IS HLE IR SE 4. 5 m B9 XAT
B XK HBERF V- 1L, 4251 2 J1 8 8 R KT 66 kW
1) DU IR SR 5 1 B 2 A GO AL i A
AL RNAE I BRI AR AT P3 — DT ks B 7 )
mEALEE . 6 NP URBH TR B B, 45
B 7K A A SEBR BV E TR , VR i, X T B BOK 2
.48 h ARV K HBERFATHAE ML W3k . 565 1 i fig
BHTRAEA RS, A S48 R G TAE, XK 117
— WHERHFT 2, [RI AR T GNSS 15845 X b 345 18k
FPR4E P ITH B HK H 3EFT, 26 2 B BERFT
KA B, 4TI A ¥ R 40, & AR 48 >4 A1 5
RS B, S5 T R K HEAT — R OF
R,

(a) BLREBHTI), (b) B2BEHETH AR,
E6 JERHTREL M
Fig.6  Rotary tillage operation site

2.2 HAEmMERFZE

PRV IEE TR, AR SR /N R A X E SR
1 WHEH TR AEM T GNSS & RERNN SRS E
MBI T A A B S 2,
RN z=ax + by + ¢, W FREN—FRIH («,,
y;,z) , /N ik A= nT 15

azx? +bzxm +02x; = szzz
azxiyﬂrbZYerczyi: Zyizi (D

ain + bei +cn = ZZi

X n——AE%

(1) 78 AL A 3Kk18 a b cfH,z =
ax + by + BN PTG By ME T 7R
2.3 EMNERR

P R AR AR HH 3R T AR R T R A 1 Mo
ROR B HEFE bR o 80 A IS B B 0 S T
IR R A bR E2E S, SRBAE | ARl 225800, Ui
RSN TR N VA NP EE e - 8
2.4 ZHRHW

e s Sl N W B BSIE &% W e e e et v
AIBLARPERE . H s i) 2R Ge ik il R A 21 A 10 A
AR IEAT AT, AU BB Bk - b e ) S
TP,
2.4.1 Fhesk HiE#-Fabdl B shiE e

4558 BEERET- HUATLAE T R] ) SEBRVE ML A 1L
TR 4 Fh AN [ AE Y 3B, 78 [/l — e iy, 23 i 7E
400 m 782 N ULEEHE T Mo ML A A2 A0 55 0, 36 iF
HTAEMERE, ASFIVE L BT BERE T Hu b Bl s
(AR B an & 7 B

VIR AILETEE 7 W AR J7 , BEE BEdE-F- Hi bl
Lo AT AR AR FE S SR, 8 7 AR AR bR R R
], SRAET ] () B R 0. 2 s, PhAR b g B 7 o AL
A7 B (R, HEREE H LA 52 A2 A7 Mo A S IR
i - Hh 42 o R e s il 0 R M A AR Ak, HL
FEAMRIFAEBEE 1Y AR BEE B Y (- 0.76° ~0.76°) ,
PIr MR 2273 5 h 0. 63° 0. 51° 0. 54° 0. 63°, 4%
R TEARRIENEEE TS | B sh¥#E il R 554 B
gt
2.4.2 +HHFEECR

R T S NAER A3 BT RERERET AL A+ -4
ROR  FEVLIAE T 2 s AT T K P . A
JEAS 50 FH Ay 38 A 7 AR L, 3SR Sy 0 o
+ , BTHAEY A KRS IR R 2558 0. 3 hm® 5 25364
Gy B g B B FEAE W) /N2 | RIS R
JF A 2R 2 hm® 5 AR 35 A G b B
RIHEAEY S /ANZE, e Ay 3 4 M e 2
3.3 hm’® B 3 RS 045 1.2 .3, R4 R A5
P 5 AR E B R b AR AR A 5y e
S E A AR 1S BB 8 T 1TSS K H 4
RN YN

P ETIT I 7K =2 b 315 5 1 A b i T
A0 — AR, A 1 K FSE22FE H 4. 65 cm




42 P 1 R A= 4 2020 4F

U

TP it

fiwisal (°)
fisal ()
<

uMl
_1 L
_2,
S0 100 200 300 400 500 600 “307 40 80 120 160 200 240 280 320 360
fist ] /s s i) /s
(a) 0.8 m/s (b) 1.2 m/s
3 3
2 2
~ 1 1
<, <,
E &
= =
= 1 T ‘ =
-2 -2
-3 -3
0 40 80 120 160 200 240 280 0 40 ) 120 160 200
i [5)/= s} ) /s
(c¢) 1.6 m/s (d) 2.0 m/s

P 7 NIRRT TR s ML 7 A8 A i 2%

Fig.7 Dip angle of rotary-leveling machine at different working speeds

5.67 5.67
5.65 5.65
5.63 5.63
5.61 5.61
5.59 559
557 557
555 555
5.53 553
551 551
(b) LRH PR
m m
3.64 3.64
3.62 3.62
3.60 3.60
3.58 3.58
356 £ 336
354 8 354
13 330
378 3828000 348
3828000 3.46 3827900 346
3827900 %fé 3827800 %41421
3827800 396 )7 3827700 396
Y 3827700 338 338
336 3.36
334 334
(¢) AR 2P i (d) L2V R
= 10.36
10.34
10.32
10.30
10.28
10.26
10.24
10.22
10.20
10.18
10.16
10.14
10.12
10.10

() AR H3FHEHT (1) R3PS
Pl 8 AR K =R R L
Fig.8 Three-dimensional topographic maps of paddy field before and after leveling
P H) 2.83 em, M 2 FAREFEH 4.26 em & F] HLEAKEHRIEEEJA T, 2L R K FRERE A
2.61 cm R H 3 FHEH 5. 13 em #5523 25 em, - H PRI EAL DI RE

FKITEARE TN e R [E T 2EVEY 5 A R 4 ()BT T —FPhEREAS R D A TAE
PR K - 4L B AR A B TR e, S E 3 RRG, R R A8 S Sy, bk fe il TR T
FEAISAE) 3 em 240 Y TR 3o v 17 1 SRR 2R AR

(3) R B PID 42 il 7 3%, 2 1 28 GEAR U
GNSS Z GG 915 A A R A UL, i 422 1 HL T
()it T —Fh A BEOK HUBERE-F- 3L, SE 8L T 5, SRSI FEL R L5138k 1) 47 R AP 4, S

3 g



554 3] JAR 5. FET GNSS IR fE

K HRERFF- s HLATE 5 43

PLEAY A 35,
(4) $2 i T 3 T a5/ 3R A S U A O
U5, 7 (PR GE BEA T K TR
(5) fE/NZE IRRA S AN R BT AE VR L R i Jo £

KTt S SR R B R T TR #EAT T K HAF
RORE , XA R AR BER-F LS FH R -
BRI AT IRB 3 em 2247, W 2 K R R AR 11
REEER GESHE

2 % x #t

[1] JANSSEN M, LENNARTZ B. Water losses through paddy bunds: methods, experimental data, and simulation studies[J].

Journal of Hydrology, 2009, 369(1 -2) . 142 - 153.

[2] WALKER W R. Guidelines for designing and evaluating surface irrigation systems[ R]. ROME: FAO Tirigation and Drainage
Paper No. 45, 1992.

[3] LUO Xiwen, ZHAO Zuoxi, LI Qing. Study on leveling control for a paddy laser leveler[ C] /2007 ASABE Annual Meeting,
ASABE Paper 071078, 2007.

(4] WHRR, AW, FIA, 4. JET RTK - GNSS Al MEMS W90 45000 0 R [ 1], A6 A4t , 2019,
40(5) .34 -37.

ZHANG Zhigang, ZHU Qiming, HE Jie, et al. Vehicle heading angle measurement technology based on RTK — GNSS and
MEMS gyroscope[ J]. Journal of South China Agricultural University, 2019, 40(5) ; 34 —=37. (in Chinese)

(5] JR#k, T, JPG—2500 BUHOLF- AL TAEHLERGETE (1], R BHES3%, 2012(6) 36 -37.

(6] ®h%9. 1PJY —3.0 BUZRAHOCTHHLIBERI[T]. Ak TA#4, 2003, 19(3) ;116 - 119.

HAN Bao. Development of 1PJY —3.0 integrated laser grader[ J]. Transactions of the CSAE, 2003, 19(3): 116 —119. (in
Chinese)

[7] WEARAR, XIFEHE. JPD 360 B 2 HEOG T HIHL BRI 1], ARDLLRFSEE, 2017, 39(6) : 85 —95.

YAO Dongwei, LIU Cunxiang. Research and design of JPD — 360 dryland laser grader [ J]. Journal of Agricultural
Mechanization Research, 2017, 39(6) : 85 —95. (in Chinese)

(8] ZEEK, BHIC, TEAE, . R LR KOG HBLE 1], 4l TR, 2007, 23(4) ; 88 -93.

LI Qing, LUO Xiwen, WANG Machua, et al. Design of paddy field leveler using tilt sensor[ J]. Tran%a(tlons of the CSAE,
2007, 23(4) . 88 - 93 (in Chinese)

(9] WM, BHSC, MWL, FE 1P) 4.0 ALK HROCT AL SIAK [ 1/0L]. Al HLISAR, 2014, 45(4) 1146 - 151.
HU Lian, LUO Xiwen, LIN Chaoxing, et al. Development of 1PJ —4.0 laser leveler installed on a wheeled tractor for paddy
field[ J/OL] . Transactions of the Chinese Society for Agricultural Machinery,2014,45(4) :146 — 151. http. // www. j-csam. org/
jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 20140423 &journal _id = jesam. DOI; 10. 6041/]. issn. 1000-1298.
2014.04.023. (in Chinese)

[10]  JAs, 8, B C, 55, BOLESRDUK TR Bo 58 [ 1], Erfll K724k, 2019, 40(5) :

ZHOU Hao, HU Lian, LUO Xiwen, et al. Design and experiment of the beating-leveler controlled by laser for paddy fleld[,] 1.
Journdl of South Chlnd Agrlculturdl Uant‘I‘blty 2019, 40(5): 1 —=5. (in Chinese)

(1] Ei, BRER, AR5, 45, BOEECR A s A0 ML (1], #5405k, 2018, 48(6) :697 ~701.

WANG Hao, YAO Yue, WU Guiyong, et al. Study on the transmission mechanism of laser blinding weapon under rain and fog
conditions[]] . Laser & Infrared, 2018, 48(6) : 697 —701. (in Chinese)

[12] NEMENYI M, MESTERHAZI P A, PECZE Z, et al. The role of GIS and GPS in precision farming[J]. Computers and
Electronics in Agriculture, 2003, 40(1 -3) . 45 -55.

[13] LIM, IMOU K, WAKABAYASHI K, et al. Review of research on agricultural vehicle autonomous guidance[ J]. International
Journal of Agricultural and Biological Engineering, 2009, 2(3) . 1 -26.

[14] B, FETUR. BUKRZE GNSS KHEF- il REudme [ J]. P EAIFEE, 2019, 32(2) .55 -61.

LIANG Ranran, ZHUANG Weidong. Experiment of dual antenna GNSS precision flat ground control system [ J]. China
Agriculture Information, 2019, 32(2) : 55 -61. (in Chinese)

[15] FRER, Z°5E, HACHE, 4. JET GNSS M HIPEOT 3 2401511 5180 /0L ). falk L=k, 2016, 47(34T 1) .13 -20.
KANG Xi, LI Xiao, XIA Youxiang, et al. Design and experiment of farmland rapid leveling system based on GNSS[ J/OL ].
Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(Supp. 1) : 13 =20. http: // www. j-csam. org/jcsam/
ch/reader/view_abstract. aspx? flag = 1&file_no = 20165003 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2016. SO.
003. (in Chinese)

[16] EAHE, XINI, RS, %%, FLF GNSS MRk HP e ks B R 5188 [ J/OL]. Lol AaAdR, 2017, 48(3411)) .40 —44.
XIA Youxiang, LIU Gang, KANG Xi, et al. Optimization and experiment of farmland leveling accuracy based on GNSS[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (Supp. ) : 40 —44. http: // www. j-csam. org/
jesam/ ch/reader/view_abstract. aspx? flag = 1&file _no = 2017s007 &journal _id = jesam. DOI: 10. 6041/j. issn. 1000-1298.
2017.S0.007. (in Chinese)

(17] UMY, FEER, BEOACKE, 4. HET GNSS K IPFE R A )ik Siks 1/ OL]. AV IKREAR, 2018, 49(5) :27 -33.

LIU Gang, KANG Xi, XIA Youxiang, et al. Global path planning method and experiment based on GNSS farmland leveling[ J/
OL]. Transactions of the Chinese Society for Agricultural Machinery, 2018, 49(5) ; 27 —33. http: / www. j-csam. org/ jesam/
ch/reader/ view_abstract. aspx? flag = 1&file_no =20180503 &journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298. 2018. 05.
003. (in Chinese)

[18] DEMIDOVA G L, LUKICHEV D V, KUZIN A Y. A genetic approach for auto-tuning of adaptive fuzzy PID control of a
telescope’ s tracking system[ J]. Procedia Computer Science, 2019, 150 495 —502.

[19] ALSAFADIL A, CHULIN N A, MIRONOVA 1 V. Synthesis of fuzzy controller based on simple PID controller[ J]. Procedia
Computer Science, 2019, 150 28 —38.

[20] i, AR, BBEAK, 4% JET ) RS AL B L g AR HUAR B0 PID B & MR s (1], Ml
KA, 2016, 39(1) : 166 —174.

CHEN Hao, LU Wei, ZHAO Xianlin, et al. Research on fuzzy PID adaptive control method for shifting manipulator of tractor
driving robot based on force feedback[ J]. Journal of Nanjing Agricultural University, 2016, 39(1) : 166 —174. (in Chinese)

[21] EAR, ETAR, TEL ST ONSS BUR P R GEikgatfi s [ 1], RHLLHESE, 2016, 38(5) :199 -203.

WANG Shaonong, ZHUANG Weidong, WANG Xi. Experimental research on farmland flatland system based on GNSS[J].
Journal of Agricultural Mechanization Research, 2016, 38(5) : 199 —203. (in Chinese)



