RIATEHGESTARID

Agricultural Al and Unmanned Farms

S1a3L

Luo Xiwen

RIS
Soeuth China Agricultural University
xwluo@scau.edu.cn



#® A

Outline

b E3 =

1 'EE:§‘¥
Background and significance

2.RIA TEEERA

Agricultural Al technology
3. X ARIBIIRZES LR

Exploration and Practice of Unmanned Farms




EE TR L

South China Agricultural University

01

E# \
E Eu.n

Background and significance




E - === (%
1' E%_ 'Ex
Background and significance

ATEREN—RHEEG~IEEFNERRNNDE, MREERHFT—AAGER
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——3iEELEHic2018F10A31HERHEPARBGRBNAEFFES ERIHIE

Al is an important driving force of the new round of scientific and technological
revolution and industrial change, and accelerating the development of the new
generation of human intelligence is a strategic issue concerning whether China
can seize the opportunity of the new round of scientific and technological

revolution and industrial change.

--Speech by General Secretary Xi Jinping at the Ninth Collective Study Session of the Political
Bureau of the CPC Central Committee, October 31, 2018



1. BREEX
Background and significance

SERIERARINALZRELH

Smart agricultural is the development direction of modern agriculture

AT BERHERINEEZIERA

Al is an important technological support for smart agriculture

ZARIZELMESRINERRE

Unmanned farms are an important path to achieve smart agriculture
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Background and significance

KARIATEHEERIEFER:

Smart agriculture is the development direction of modern agriculture

¢ IRRGMEFERE, MYWBHMAIER, (RiETIMCHIREAALRE

Improve labor productivity, address labor shortages, and promote

industrialization and urbanization development

¢ RELI~ELER, TSR~ FERRREE

Improve land productivity, increase unit crop yields, and ensure food security

¢ ERRIVEFFIAR, FPESHR, (RERIVEASEETSRE

Improve the utilization rate of agricultural resources, protect the ecological

environment, and promote sustainable ecological development of agriculture




1. BRE5EX
Background and significance

1.1 RSB ENEFZR-)KHHE
Improve labor productivity - paddy field ploughing

get20mit

18T ASIERERHHN 1/
One person and one cow can only plow a One unmanned rotary tiller can plough 20 mu
maximum of 2 mu (=1,333.33 m2) of land per day (=13,333.33 m2) of land in one hour
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Background and significance

1.1 iR E =2 - KiEHME

Improve labor productivity - Rice Planting

ATHRRANKRERS H6eHR1 @it 18X A EIHHIRIN1 ) BIseiR5 mit
Rice seedlings planting by human can only reach One unmanned rice transplanter can plant 5
up to 1 mu (2666.66m2) of land per person per day mu (=3333.33m2) of land in 1 hour
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Background and significance

1. HERSEMEFE-/KHE
Improve labor productmty -Management of paddy fields

ATLIRE 1A19€E§§ QgENE3 it ZAIEE 1) BIEERE200 81
Manual spray can only be applied to 3 mu UAV spray can finish 200 mu (=133,333.33m2)
(=2000m2) of land per person per day of land in one hour
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Background and significance

1. 1IREFGENEFZR-/KEIGR

Improve labor productivity - Rice harvest

AIHSI%1A19EE§§F'\§EIISI¥EEM 18T ASHIBRN ) BIBEURS -6 Fith
One person can only harvest up to 1/2 mu One unmanned harvester can harvest 5-6 mu

(=333.33m2) of land per day (=3333.33-4000 m2) of land in one hour
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1.2 IER i ise

Improve land productivity

TN
0%/ 18 18 [}

v iy i

HFRAEFIHAEESIEA, BETERIRENF2.5cm, GERETEFIAZ 0.5—1.0%
Due to the use of precise navigation technology based on Beidou, the lateral error of straight-
line driving is less than 2.5cm, which can improve land use efficiency by 0.5-1.0%

7%
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1. 3RS E FFIAZE

Improve utilization rate of agricultural resources

PAREEEEEZAG: REGEEFERRE

Taking precise leveling of farmland as an example:
precise leveling of farmland can

SRR

® 17K 20~30%,

® Save water by 20-30%,

® 17K 20~30%,

® Save fertilizer by 5-10%,

® I8/~ 5~10%,

® Increase production by 5-10%,

o [LIEFRFIMGE

= 30%

® Improve efficiency by 30% compared to that uses
traditional leveling methods.
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Agricultural Al technology




2. RIATErEREAR
Agricultural Al technology

2.1 RiGERRMNIGHEER

€ Perception and precise control of agricultural information

2.2 RIKERERZFS
€ Agricultural big data and cloud platform

2.3 RIHIE Ee( Ak

€ Intelligent operation of agricultural machinery



2.1 RiGERRANSHEER

Perception and precise control of agricultural information

(1) FREREERIRERNSIRA]

Rapid acquisition and identification of crop pest and disease information

< MES R G RES

< Ground multispectral monitoring sensor

NERE2 é

niRFHE

475G

ERim
: T : : BEZARERIKIFFRALEIIE FER4S
Simultaneously obtaining various agricultural Long term in-situ monitoring sensor network for canopy

information such as crop growth, pests and multispectral information
diseases



(1) EIRERERERSRERINSIRS! £y UNGEONOW 2024

A

Rapid acquisition and identification of crop pest and disease informatioy < BEBRSEMER

Nonal
pal )

+ BFREFINEIREERRISEE

< Deep learning-based algorithm for identifying crop pests and diseases

SUEERE T EE

Field detection and counting A EZE S 205 BT EEREFR DR 5
algorithm for brown planthopper Classification and identification Classification and
hazards of weeds in vegetable fields recognition of cotton wilt

disease grades



(1) {FIRBREERIRIERINTIHA

Rapid acquisition and identification of crop pest and disease informatig

+ BFREFINEIREREERRSEE

< Deep learning-based algorithm for identifying crop pests and diseases
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PAKEEAG): iRBIeKERE23M,. BE19H, HalNER=S 51 %E93.41%, BHFEI0.25%
Taking rice as an example: 23 types of rice diseases and 19 types of pests were identified, with accuracy rates of
93.41% for diseases and 90.25% for pests, respectively



2.1 RiGERRANSHEER

Perception and precise control of agricultural information

(2) EIKBIEREBMSESHHICRE

Sensing growth information of crops and making decision in variable fertilization

< (REERS R NSRS

%+ Low-altitude remote sensing multispectral monitoring sensor
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(c) (d)

RERSRNEIKBERESERE

Accurate and efficient low altitude remote sensing monitoring of crop growth information



(2) FIKRBERBRMSEEMIERER

Sensing growth information of crops and making decision in variable fg

o0

< FUMETANKBRARERS IR SEEEERA

Remote sensing information acquisition of nitrogen in rice and fertilization management technology

*.0

.0

by using micro UAVs
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Field test resulted reduction of 28% in nitrogen fertilizer and 22.5% in nitrogen fertilizer



2.2 RIVKEREREES

Agricultural big data and cloud platform Tl

Y UNGEONOW 2024 @
BEEKSBE HEFER

RIKEEINE. KERERELRE. NH=Fae,. REEFRENXKERA

Four key technologies: agricultural big data standards, big data mining algorithm models, software cloud
platforms, and safety production supervision

WA AR LRI

RUABIEEFEHE
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2.2 RIWKERER=FEE
Agricultural big data and cloud platform

1T RUIKREIR=KHEFRS

Constructed three major supporting platforms for agricultural big data
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2.2 RIWKERER=FEE
Agricultural big data and cloud platform

SEMENRYS BEFENAYS

Smart Planting Application Platform Smart Breeding Application Platform
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2.2 RIVKERERZFES
Agricultural big data and cloud platform

IRz E KRS S RIVAEEES
Zengcheng Simiao Rice Industry Park Smart Agrlcultural Big Data Platform

EIIZ u:)lk %_EPWW@ ;l'ﬁ"éWffél

21 AM

BB X LE KR <iBE *H LLERAKWRIR

, BHENZS, BHIHRER! e

9 s IR o ——T———e
= R 180801-01 2018-08-01L

[l 1 T VLS

#_‘\i,muqn 82% ) RKER QIREN R

° W (&
TRt s

E4?§F nZEEFRERR

Established a safety production regulatory system for agricultural product
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Smart operation of agricultural machinery

RAFREA

Agricultural robots

KiEt=g BHNEEA FREMREA

Harvesting robot Grafting robot Weeding robot
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Exploration and Practice
of Unmanned Farms




3. TARIZRIRES L

Exploration and Practice of Unmanned Farms

¢ TARBAIEEE

€ The concept of unmanned farms

¢ TARIBRIXERA

€ Key technologies for unmanned farms

& ERRIKFIKEBETXALKIS
4 Unmanned Rice Farm in SCAU



3.1 TARIBAIEE:

The concept of unmanned farms

ZARGEESERIPY—HME~R, BEMEIRIN—MERE. TARBEAN

IJBE: Unmanned farms are one of the production method of smart agriculture and an

important way to realize the concept of smart agriculture. Unmanned farm featuring the
following 5 functions:

(MFHMHEFUEFIRTBLER,; All the production links, including tillage, planting,
management and harvesting are unmanned;

Q)INEAEBEEEZEWN2£BE5); The unmanned machines can automatically transfer between
garage and field;

G)BiEERREEREZL; The machines can automatically avoid obstacles and have
emergency stop triggers;

(AEYErF=ZiEEERt 2z, The whole production process is monitored in real time;

5)BeeRFBHEHEENLELTA. Decision-making and precision operations are all
intelligence-based and unmanned.



3.2 TARIBRIKERA

Key technologies for unmanned farms

R LAR T
Digital Perception

SRELRR

Intelligent Decision-making

R EL

Precision Operation

8 EE

Intelligent Management



3.2 TARIBRIKERA

Key technologies for unmanned farms

(1) E=ERA—LMEMEFAE

Digital Perception - Taking Plant Production as an Example

< ENF(LRFIRIAB Content of Digital Perception

@LIE(FE Soil information
- TIEHERR /] Soil tillage resistance
T1EFH 4 Soil nutrient
L 15E/K % Soil moisture
OIE¥H<IBISE Crop growth information
O{E¥NmEREZE(SE Information on diseases, pests, and weeds of crop




-

3.2 TARIBRIKERA

Key technologies for unmanned farms

(1) &= ERA—LMEMEFAb

Digital Perception - Taking Plant Production as an Example

< I RREIAIAB Content of Digital Perception

"8 R EERESTRIFKBHNREEER

"Satellite": Analyzes crop growth and assesses pest and weed

infestations using satellite imagery.

M RIE SIS T AR RSt RIEIKBHREEER!

"Aerial": Evaluates crop growth, along with pest, disease, and weed

conditions based on imagery captured by aircraft or drones.

“ith” : M E R EESRIRIEIKBHIREEER!

"Ground-based": Directly collects data on crop growth and monitors

pest, disease, and weed status using ground-based instruments.




3.2 TARIBRIKERA

Key technologies for unmanned farms

(1) #FCRA—LMETE~RG

Digital Perception - Taking Plant Production as an Example

< ENF(LRFEIRIAE Content of Digital Perception

-

finK. I ERk: Aerospace

Satellite and Aerial Remote Sensing:
DEER: £EkKRE B AFIEMRE  Timeliness Challenges
Satellite Remote Sensing: Global Scale - - Aviation B SRERER  Weather Dependency Issues

iEihERk: Near-Earth Remote Sensing:
B E{TRAAE Low Operating Costs
B REHES High Flexibility
m RS Enhanced Timeliness
n HiREES High Data Accuracy
i Field DB AHIERL: Remote Sensing
lﬁh_ Using Micro-UAVs (MUAVs):
B RIZHY, S
n EREREGRESERA T Em

» Excellent Maneuverability and High Mobility
» Coverage Area of a Single Remote Sensing Image

Exceeds That of Ground Machinery

niERk: KIGRE

Aerial Remote Sensing: Regional Scale

HIEES: ARRE

Elevated Platform Remote Sensing: Field Scale

ERENE: FERE

Laboratory Spectroscopy: Sample Plot Scale



3.2 TARIBRIKERA

Key technologies for unmanned farms

-

(2) = {LRFIEARIntelligent Decision-making

¢ HERRIMERFRE, SRR . NHHEMEIERES.

Intelligent decision-making for land improvement programs, including considerations for plot size, access paths for machinery, and irrigation and
drainage channels.

¢ HEERRHERE, SEEHH, B8, IEHRENNEES

Intelligent decision-making for cultivation strategies, including practices such as plowing, harrowing, rotary tilling, and laser leveling.

¢ SRERERMELNR, 81 —RAGINZAE. MEmSE

Intelligent decision-making for planting programs, including determining single or multiple cropping systems and selecting appropriate plant varieties.

¢ BRERTEIEMS R, SEEMEE . 133 . 7R IEFHERS,

Intelligent decision-making for seeding plans, including optimization of seeding times, row spacing, plant spacing, and seeding quantities.

¢ SEERRHEEESZE, SEERE, B, 5%,

Intelligent decision-making for field management strategies, including the management of irrigation and drainage, fertilization, and pesticide application.

& HEERR[WERHE R, SEIGREIIEIGRIE .

Intelligent decision-making for harvesting strategies, including decisions related to the timing and methods of harvesting.



3.2 TARIBRIKERA

Key technologies for unmanned farms

-

(3) #EEAEIL Precise Operation
Eﬂje’ﬁn,Automatlc Navigation

%
A
2
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Simultaneous Operation of Three
Machines in the Same Field
x
ZA )\
Zih S
= fn
BRI HiE
Ei H

Autonomous Upland Sprayer Master-Slave Navigation System for Rotary Tilling



(3) HBEEMAEI Precise Operation

< ¥eEE{ENL Precise Operation

@ #HEE Tilling

@ ™E Planting

@ HIEEE Field Management
@ UY3K Harvesting

® & Drying



(3) FEEIEN Precise Operation
< ¥5/HEAEAL Precise Operation

@ #HE-E¥/BEFMTilling- Leveling farmland by using laser/satellite technologies
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Satellite signal water field grader Unmanned satellite signal paddy field grader



(3) #EEAEIL Precise Operation
< ¥5/HEAEAV Precise Operation

QFME -IKFFFE=2IEF Planting - Precision sowing of seeds

v
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(3) #EEAEIL Precise Operation
< ¥5/HEAEAV Precise Operation

QFE - At HIFh R E Ry E &l Planting Hybrid Rice Seedling Transplanter with
Synchronized Hole Seeding




(3) FEHEALIENL Precise Operation
< ¥5/HEAEAL Precise Operation

O HIEEIE-IRE Field Management - Spraying

United States

; |:|:|_|§|

- China




(3) FEHEALIENL Precise Operation
< ¥5/HEAEAL Precise Operation

OHBIEE-TTABHH BFZAciEEIFhehBNE pField Management - Unmanned helicopter

assists pollination in hybrid rice seed




(3) #EEAEIL Precise Operation
< ¥5/HEAEAV Precise Operation

GHIEIEIE-jEhEField Management - Fertilization




(3) #EEAEIL Precise Operation
< ¥5/HEAEAV Precise Operation

N

EEEEI]*E*;‘\’,UnIoadmg while FoIIowmg the Vehicle



(3) #EEAEIL Precise Operation
< ¥5/HEAEAV Precise Operation




(3) FEHEALIENL Precise Operation
< ¥5/HEAEAL Precise Operation

® FiEDrying

o TRAEKZM28.4%MFF13.6%RIAY/ AT

IEE14.1340%//)\d

® The moisture content of rice decreases
from 28.4% to 13.6%, the hourly
processing capacity is 14.134 tons/hour

o WIEHIRLA15.167c/IE (FE{fr: 6007T/IE,

B{f: 0.85c/[E)
® The total processing cost is 15.16 RMB/ton

(coal price: 600 RMB/ton, electricity price:
0.8 RMB/kWh)




3.2 TARIBRIKERA

Key technologies for unmanned farms

-

(4) BHEEIE Intelligent Management

OQRIEYEISETE Crop growth management

@RINER Agricultural machinery management

IR IS RUEN(IE. HE. [RE Remote monitoring of agricultural machinery operations, including location,

progress, and quality assessments

HIISFREFIESHEZ Early warning systems for equipment malfunctions, coupled with guidance for maintenance

and repairs

RMN=IERE Remote scheduling of agricultural machinery

GNRIHEE Farm management

J&'E“%E F”'ﬁﬁs FZFIJ*HFZEQE%E Comprehensive agricultural management: Overseeing all stages of production,

from pre-production planning and mid-production activities to post-production processes
REEIE Management of agricultural inputs

{2EET Operational management



(4) BE4EE Intelligent Management

< EREEERINEINRFHTHETRENE SHE

<+ Remote monitoring of agricultural machinery operation status, and conducting fault
warning and maintenance guidance
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(4) BHEMAEH Intelligent Management

< IEEEE R EILK R F R TSR S S4EHE2
< Remote monitoring of agricultural machinery operation status, and conducting fault
warning and maintenance guidance

o R : BRALRMIEE,. BEMmEIEE, #RASIEE. BYRE. GPSHUE. (FILEE.

SasE. XiFREE. RDNSH ... Harvesters

o fEfitll: &ZzNiNSEL. PTO, {TIHEE. GPS{uE. HARESEH ...... Tractors
o {EML: BHIEENRT. BHE. BWRE ...... Seeders

o jEACHL: HEREE. HEREHEE. HET|IE...... Fertilizer spreader

o [E5EH: BHRRME. END. BREERERRE...... Sprayers



3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

BEFHRotary tillage
.
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3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU




3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

hEBEPesticide distribution




Pesticide distribution
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3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

WBR—FFEIFRIRTV

Harvesting — waiting to unload mode




3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

2B L SEREDRIER

Two harvesters and one grain transporter operating together
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3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

2021FF g, fNRLEAKI9F, 662292 H

In 2021, the unmanned farm yield for early season Fragrant Rice 19Xiang in
Zengcheng District of Guangdong Province was 662.29 kg/mu.

TE——




3.3 £RARIKFKIBLAR

Unmanned Farm in SCAU

2023FmbHFUISTIEBEREA KRG, RERSE~IEL1290.12F

In 2023, the highest yield (two season) of ratoon rice unmanned farm in Qianshanhong
Town, Yiyang City was 1290.1 kg/mu.
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FEWRIH The Future Farming
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