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2.1

Architecture of field unmanned farm system
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RE P IRAIAL, Ao Hb F A [ 1 4 B2 RUBHAR R E 1 5 2 42
=, B B3RS Dhae B BERHILA S 28 TH 1) f oK e 22
FOFFR A ] B KR 2250 508 1.9 ecm AT 1.8 cm, 1 76 H 3))
WP ShAEI ERERL 22 58 9.8 cm AT 9.7 em™. i £ &
FE] A% RS e 3R L SR, TANG 2614952 S o A
SHESSEEL TP RENLE SRR AR, W R T R
BOCEUCRE, A EEAE10 mm 25 B3 mm; RSN
e TP ENLE SRS ARG IR TS, SRR
FEHRZE <17 mm A1 0.24°, SZHL T FHEN] ERS UEME
MpdEd], SRR LR B <430 mmDPY; EIH DY £k A
T E TR FE R PR AR HME B ), BT TR AR A
THAALZAG TR R SR E R, RZE<11 mm;
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KHETLAMAEN R B S PP EICEE R/ FERTLNE
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PRMLBN TR B 38 B A TS AR 5 A 2 W A% 0
HARZ —, WREEEL, E 32 5l 245 i A5 i 4%
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AR A

A5 4L 77 IR

B . SR AR K 2R AT S HE R LS 2 B T HE b
MR TEANAEN R G, JFR T /KH/ R HFIAE S T B
RO NE R, SCBLT SRS B iR, A
Wk FHBEAN PTO &S Thfel", FEETXFAS [ Hr HLAN
AFEAENE, BT R B AR R AR . SR 42
iz 4 R4,

(2) ML

IKFEFE AL 7K EL IR ATLAN /K FH 1 1 Bt w4+ 15 5471
FLA A8 SR e R ) 77 50, D SEBIX SRoK B AR ML
NN, HEFG RN K ZETF R T AR i 26 4%
RE, Wit TisshfEdlas. sy, ERWEI B
FIREHPAT HUR S50, B T 35 A A 7 B2 SR K e AL
FKENUAENL RS, I T BN BREAL G B E ]
UbAh, ESEEL T HEHANIE A B RS R L ST
R 25 SIS I AN b o7 B M 471

(3) BRAUERMLE

A O AL 3 B4 5 B i sUR AR U 28, BOGRHLE
Wit FE L AR WL 2%, BFSIT S A, B, #
G B, Bk A AR AER S A, EER
WA A2, RS . g RO K 2= A KT ISGRAL I #3%
e, W TEIGTHRE . BRI & R ETIR B A 2 T e L
BRG, S50 REERET T AR A AE
W RS, LT KRG NE. TRMEAESEMR LA
WRAEES . Ak, I FET 2 RBAR LI T 2 Gk
SRS AR ZE W A

(4> RHATAML

T I E AR TE AL B30 B A JBR 25 T S SRR
VEY A KA B 5 10 o AR RO, R A 3
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JRBEFIE K S P W TE R S Rl 0 [ i X
PV E 218 1= KW B W ;w2 i == 13 i SN | RS
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Fig.2 Agricultural UAV and applications



8 Flk T2 (http://www.tcsae.org)

2024 4

3.2 EHERWZHIHEEL

KHETENRIA 7= b A I 75 G R ALEEAT P [FIAE
b, GBGRPLAE AR . JEFPAL (BURAENL) SFPAEEN
BAESE, W T EORFRRE R R0 E G R LRIEAE AT 5%
e A AT B L G R HLE P R LR 1 b 2k
R, R MR REAEFER, G2 G RITE
A — e PR B 2 & RHLIEA R B R R, R A
3 5 RAUAE VAT 55 LA K B[R] 35 AR L R) 5 AT 45 (8] 11 3
BWRR.

(D E LML FAE

N SEELBGRALAIZ R 42 L R B AL (B AENL) 5
Tl RN 5 22 Bl RIAE LB, SR P 2 CR 5 B 16 67 B 6 R
PL5E GBI AR BANA VL, e ARV K22 R T 5 & AR L
SrE O R AN ERBE P 0. P & R ML SRR P [ AR X
R MER YL (FEHD TERA RN CAPL EAREEN
SR, FHUAT RGOS NS5 E A AL, MHLARHE
WA A S 5 BN R P R LA B Ok R
NEIBGRALAZ IRV R, 257 T ORMLAIZ AR 42 1
[FIRS Y, SR FH TS i A2 ol — 4 4% 1) ) 238 8 D 19 2L
— e, WL BTN IR RGN [ RGN ) )2
RS sh AR, T HHR AN R SR Bh R G A% i bR Sk
TO ) B, WU IR R G AT S SO
SO AR oy PR MOt 4l R 7 VR R B 1 4R R i R
GuiRZ. KA LR OTERIHEEX SRR RS, 9
A FEAS /N T 02 m, BRI SEARS /N T 0.1 mB*H, ik
FREAE Sy 0.35 hm*/h*,

P AR HLER BE P A R AR R AL CENLD 7R B4
PEMEE, ZLRECA RN (AL 5 = HLLRSRAH [F) 3 0
AL E, PSR I b R AR B AN o AR FE
G AL LA R AR A B AR, ke 5 Wit T A
BB A AT B H 77k, 45 A HR IR ik,
ST P B AL A R RV 1) A BRS vERE . HH ARG
SEIRRB, PR AR 23S B LR A ) A SCSR AL HE R T
TR HLE B AR DR, PIHLIR] IO 1) R 22 d5 K 1
BT 0.25 m, R T4 2 HFEE 0.08 m LA, F&
BIAMZEAET 0.26 m, FSTERZEARL 0.09 m*,

(2) Z &R FE

Z G RHI FEATE 2 G RHLLE R —Hhb bRl
M2 & RHIEA R R 2 Bl 5.

NS Z 60N B BRSGR LA IZ AR 2 V) RV Mk
B, L2 AR SKBBGRIL 1 G4 N,
AR Bl 7)1 b 428 1) e S 20 SR 2% A, 3 ik S 7 P R USSR A
b A R AR A I A A it R R ) B R B} e AR,
WD AEVE VIS (R A0 AR, 38 AR R S0 A R — B
() P A 2 USCSRATL IR SRR BT 8], B0 A5 B8 B B &5 WOGR AL &0
FRGE 7 AR R) o P (RO 25 SRR B . SR A AT ik fO 8 e
RMLZ WL FE R 32 6 7 iRl T 2 G /K REIGRPLAT 1
GIEREWF A BN, N T CERHLI SRV ML E
Pm TR R RE g SR, T A
A n SRR AR SR AL 1 FBCERAL 2 R4 B ] 43 1) sk 2>

T 71.25% F42%, WORBCERESER T 6.65% 1 5.22%; A
[F) M B W [ VR ML 37 5, A 6 3 7 e S R A =i 3k
L1 AU SR ML 2 dE AF Sk B 18] 43 530 9k 2> T 77.64% F
37.09%, WORBCRIER T 12.07% F1 5.78%.

R EF— R 2 G FZR L FRE L R, wEAR
TETFEERZ 6 RIRYTLSE 2R S R A
BRI RMPE VL, FE GE¥ [84] B EAL) #H4T
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Fig.3 Control platform for unmanned farm
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BT HARA . R . R AN 2R
WEH YRR AR, DLFLRThAE N HARP!, & 2023 4F
11 H, HEERIKEEEN 1S AMEET 30 MEAR
W, WROKRE. N2 FORREAE SR .

4.1 BEBEEARS

FAERENALST 2023 7515 2 B0 T 1L 4 8U5 3)
W, AT T RBECSCERRYUER®, BE T HEIR
TNBYRY, TETHEREAR ZEE TG, %
BT S ZERERD A OR T A B A R WA EAAE N, 4

TNFESE TN
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F AL AN

B4 KELARGELIRT 55 LR
Fig.4 Operation links and intelligent agricultural machinery of unmanned farm
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WoRgd b, b T RARAEXERE, PR T A R
BEINE IR

P i 2R FH JE N 2 Tt S HTLISE 2 7K FE BB AL AT 7K
HUAF AR, To N2 B R LR A AR R AL EN95S4
BATENBRSGE, FEHILIETE 2.2 m, (R SEIl 7 A
U H 5 ) B 58 BRFE BT S A b5 R [T AL

JERHT G, FEHAL K P LT RS T, i
A 2 Ui Y E T T AR B R . AR RS VR TR
G PRECT U SC AR BOF N R RIE 5 B
& RGN PAT T, SR B R S [
I, 93 i SN SR R, IF S AR
BRA%, SR ORI,

B 5 A HBRIF R B PR E S, PR
BIRHCPFREME 1 Fr, R LR R, K
BEARIWRIRE, 5 M REZSEN 3.69 cm,
PUP B BT RT3 R T 56.31%

*1 BRAFEAIEHNTEERR

Table 1 Paddy levelness comparison of before and after levelling

PREE HiHe 75 Plot No.
Levelness 1 2 3 4 5
S B BT
+n%.ﬁu 63.13 76.17 75.42 114.63 110.82
Before levelling$ s/mm
FHIR

48.72 22.92 24.25 31.76 56.90
After levelling$ ;/mm

IK RGP R JE N 2 oK Rk =X BB ML S RG K
¥ 2ZGQ-60D #fi B Ml Sk 347 Jo N 25 B i R AL &
2BDXZ-10 #5 &N EHENL, (ENLEMBEGF A7 5 BN E
WoKFERE R /CE BN 3 MALEBEN B bR 7Rk m e,
SE AR FIE ML IS E 3 B ZIHLE .

FAERE L YOG R IR B AE R IOGR LSS S TE N
EIHAFRIGRYL, BERHUEHTE 350 mm, #UEE 1250 mm,
EiE 2.8 m, WOEMNE 1.5m’. KRFAITH 250 mm, H
Bk 300 m,  AE B T8 N 25 3 0SSR AL 7 10 B A % R R
VATIKFG, AR S % AT — RERR, 4R LT &
PR AEN BN KIS E T A EE T RS,
To N 2 B A FEUSCRATL B 2l AL JE N HH [R] 42 10 1 2% 4%
HEATWOGRAE Y, DAL 2 28 2647 b B EURR ATEAR, kb T
LHEER, 259001, TNBHHEARBGRLE L 75
IKRBATIRIE RN 18%, HiLHRER A 31%.

2023 FHATEILNLS LZ= T " 788.2 kg,
PR 411 kg, MIZFEE ™ 1199.2 kg Horpild
FrE AR CEPAR 8 6127 SkFEW T 830.7 kg, FHAEFH
;*459.4 kg, WZEE 1290.1 kg.

4.2 TREFAKIF

TAETNARIG T 2021 S5 R =K JE B, SRl
TIABFE AT ANAE . PSR R E IR
TX1204 ¥aH7 AL & 18 55 2 m BEREHLIEAT TE N e #HE L .
FEFPIRAT R H — G FHIK TX1204 HiFiHLEC % 3 22 6 17
AR BB AT R ZRER . H I F R T ABLG25 .
RNEBACA TEAAWGRIE L, LR ZE 4HBL-2 A H & X
TAEBABGRYLNT &, S5 %t 7 B CAN 1)

HERE RSB T 8 — i R %, KM PD
(proportional derivative) 4% il 572 Fl1 Bang Bang 45 ffl] 572
SEHLTAEAAZ Y A RN R SRR R ST
PEile afe e N 2 BE S AE A R H AR b g A2
PREFRGIE, 5L 1 s 3 A A A b R 40 17
FRBOCR, R 7T P ERER 19X PID BEAT ER ER 2
W75k, ST N B BAE A WGERAE AT E 38 R
iz 4. HIEAEALERY . NS EWGRHLE YD
PL 0.6 m/s AR, FRGE H AR B 4% R 20N
223 em, KMWZEN 4.14 emPVe 2021 FEAE A S &
3 164.10 kg/hm?®, & T )7 R4 1646 FHE 17 3 7 & 2
400 kg/hm?.

5 & B

22023 4R, EEARNKFEEEN 1S MERBT
30 NEANRIGIER, WRAKRE. M. BRMTEES%
ANEEYD, KHA R AN g, B AN R E
LIRS, EEAAZHLEAFEE AR, SEBL T FORThRE,
BFEMMERAE AT 2E S, PEBRERELSE
31, H RS FOUE R A, AR A P R ST 4
R R R MEAE L TN 72 4 AN 7S 7 HEE
B — RN R RIS B AR, 2
TRENED. HSMAERKG, Frl2IE T 200K
FEEridsg, U T AT HA e, R AE 4
AR T ARRA S AAT s PR T AL
Iy RV RO B R R, T I A8 B - DY o )
400 N EARY), Bt RIgR 10 TEKBELEARY,
JTRATTRITE RIS X % 10 M ERIGES,

Zit 4 EZ NS T, B, BB LR K
TE AV AR S AR R A A 3 D R OB R AR T B R R
B —2 “Ra” RFER. BB AR T ARG
ISR, AEAIAFEIR 2 ORI S5 IR, g
IR W B0, B YR pH R B . SEiF . LR
SERSIARIS BRI, B AT, 3 B R A R s
B =M 1 5. VRPN e e 18 DA 2 — A
FEAR,  H AT 3 R TR A R RS I v
SR TG ANMLHE 2R ' 0 R0 22 6 1 A I (1) B R 28 A AT ik
P BIRE B . FSHELTEL 2 TE N RS % i o8, (=
WAFLE— 2 R &7, WA e 2k, T
7K 38 AR AR AN I 2 AN Pl R WL . R A
A P R T 5 10 A ) S A . UK T B
IR “R A7, ARG IR AL R

TN ETARER RN N TS P
KEARFRARGE BHEHAT R RS TR, ZESi
BRI A4 N e 75 AR DA il 1) KRR EH
B, SO AR S AR R TN R IR M,
KAOILFS AN A VER, JeSk MM H KA K&
EEL, HAEAVIRE] 95 AN A Wi T LR
(I A et B AR IR . 2) AR
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Key technologies and practice of unmanned farm in China

LUO Xiwen, HU Lian, HE Jie, ZHANG Zhigang, ZHOU Zhiyan, ZHANG Wenyu,
LIAO Juan, HUANG Peikui

(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China; 2. Laboratory of Lingnan Modern
Agriculture, Guangzhou 510642, China; 3. Key Laboratory of Key Technology on Agricultural machine and Equipment, Ministry of
Education, South China Agricultural University, Guangzhou 510642, China)

Abstract: "Who will farm" and "how to farm" would be one of the common problems in agriculture all over the world in the
future. Modern agriculture is the development direction for agriculture, and it is an effective way to solve the problem of "who
will farm" and "how to farm". Smart agriculture has been the promising development direction in modern agriculture. Among
them, the unmanned farm is one of the most important ways to realize smart agriculture. South China Agricultural University
first constructed the unmanned rice farm in Zengcheng, Guangzhou, Guangdong Province of China in 2020. This unmanned
rice farm has broken through four key technologies, including (1) Digital perception for the accurate perception of the operating
environment, working objects, and machinery information of unmanned farms; (2) Intelligent decision-making for land
reclamation, tillage, planting, sowing, field management, and harvest programs; (3) Precision operation for the automatic
navigation and precision of agricultural machinery; (4) Intelligent management for crop growth, agricultural machinery
operation, and farm management. Five functions were achieved, including (1) Full coverage production links of tillage,
planting, field management, and harvesting; (2) Automatically transferring from the garage to the field; (3) Automatic obstacle
avoidance and parking for safety; (4) Real-time monitoring of crop production, and (5) Intelligent operation with the decision-
making precision. Remarkable economic, social, and ecological benefits were also achieved in this unmanned rice farm. The
yield of the Simiao rice variety was 9934.35 kg/hm” in the unmanned rice farm in Zengcheng, Guangdong Province of China in
2021, 32% more than the local average yield of the same rice variety. The yield of ratoon rice was 18625.5 kg/hm?® in an
unmanned farm in Qianshanhong Town of Yiyang, Hunan Province of China in two seasons of 2023. Therefore, the crops were
planted well in the unmanned farm. 30 unmanned farms were constructed in 14 provinces in China by the end of 2022,
including rice, wheat, corn, and peanuts unmanned form. The unmanned farm can provide the great potential to solve the "who
will farm" and "how to farm" in the future. In order to further promote the development of unmanned farms, the following
recommendation were proposed: (1) Enlarge the agricultural farmland scale and agricultural management scale, strongly
support the agricultural cooperative, agricultural leading enterprises and large farm landowners to enlarge their farmland scale
to suited the construction of the unmanned farm. (2) In light of the basic requirements of unmanned farm for lager farmland,
flat field, continuous planting, and convenient farm track path and irrigation and drainage channel, land improvement and
develop high-standard farmland should be strengthen . (3) Explore suitable unmanned farm models for different area, different
agrotype, different crops, different cropping systems, and different production models. It is necessary to promote the
construction of unmanned farms according to the local modern agricultural industrial parks. (4) Explore various talent training
for unmanned farm. For example, it would be a good propose to train technicist and manager working for unmanned farm in
vocational school. (5) It is necessary to speed up the formulation of relevant policies to promote the construction of unmanned
farms, especially the financing of construction funds. To mobilize the enthusiasm of the government, enterprises and society to
invest in the construction of unmanned farms, and appropriately increase the purchase subsidy amount of intelligent agricultural
machinery should also be considered as soon as possible.

Keywords: smart agriculture; unmanned farm; rice; intelligent agricultural machinery; modern agriculture
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