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[ @ 1. Background

> E|20304%F, £TKAOFRKB01Z, Ik EBABREBEEKIER.
By 2023, the earth will be inhabited by more than eight billion (that’s 8,000,000,000) humans.
Every single one of them needs fresh water and food every day.

> NRHLEHEANTRERR, BEEAREFMARULEARTERTIE, HERENEREKEZROR.
Human society has entered the era of intelligence, but natural disasters still make many people
trapped in hunger. Food security is still a big problem in the world.

> EEKHMERAR, EeEREE~EN (BF7E) 2RRANRERENERIE,
The land suitable for cultivation in the world is limited, the only way we can feed the entire human
race is by continually making our farming processes more efficient.
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World population by region projected to 2100
Projected population to 2100 is based on the UN's medium population scenario.
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[ @ 1. Background
ANEHEEARIRER, ATEESEXRESE (F=) , RUKZHTATHE:

In the history of mankind, in order to improve efficient of farming processes, agricultural development
Is divided into four stages:

> fmgLol (Rlk1.0) , BEAMEENTH, BEMAENIERIES—ENKE~E;
Traditional agriculture (agriculture V1.0), which is dominated by the power of human and livestock;

> EYERIl (R2.0) , BEXEXBIMRAGNERFRESKRESE;
Biochemical agriculture stage (agriculture V2.0) in which a large number of chemical fertilizers and
pesticides are used to improve the level of agricultural production;

> R (£l3.0) , BERWIHMAEANDES, KUFHURKNEERH;
Mechanical agriculture stage(agriculture V3.0) with agricultural machinery as the production tool.

> BERI (Kkilk4.0) , BEEREREAKR, FHIRN, EXMERE, £ FERULLREZK;
Smart agriculture stage (agriculture V4.0) represented by information technology.

@ SIAUFHAFHAE
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[ @ 1. Background

> BERGE S ATEERARNMEE (BRIFHTERDMESIEET) , 2RIAEZH—IFH
RARE MG, ERRERENERREMRE—,
Smart agriculture(SA) is a new technological revolution with the continuous application of
artificial intelligence(Al) and the increasing demand for global food security.

> BERIFEARgEILANE=ENES . FE S~ Sk, &3, SIRE =g, T
B ENE, SMESUIMREFRF, SMEENFEESRI,
Smart agriculture helps farmers manage agricultural production activities with simple, precision,
efficiency, high quality and high yield, standardization, water and fertilizer saving, and
ecological and environmental protection.
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[ @ 1. Background

> SRS EREERUAIEEESENRARER. TERIISEAMIEL. ¥, &, . # 8
P RUHURE = HEdTE, ILRUE ML, L, BB
Smart Machinery is a very important technology component in smart agriculture. Smart
agriculture will comprehensively coordinate the agricultural machinery processes of farming,
plant protection, harvesting, food grading, and food processing, so that agricultural production
can be fully unmanned, accurate, efficient, and cost-effective.
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> R\ AE =d, KFMEZIMEMERKNERSES . SaekIEERREZERAIXK, BREITHE AV
Z, REREFEMRE, ROUEFER, RSRWEENR, TLKERBEIREFE.
Water and fertilizer are important two parameters for crop growth. Precise regulation of water
and fertilizer is of great significance to improve the yield and quality of farmland, reduce
chemical fertilizer pollution, improve agricultural management efficiency, and save water and
energy consumption.




[ @ 2.Fertigation

> IKE— AR R F R R IE(EYIXIK BRI B SE 8RR K, BRI T — I, SEIMXTK.
ERtEEcHl. BidKABERE, SKIMEMARE FERKIEEEEXK, REKEFABE.
Fertigation (Integrated management of water and fertilizer) aims to control irrigation water and
nutrient application comprehensively according to crop requirements. It can be realized by one
key sequential control programming in the microcontroller. It can meet the needs of water and
fertilizer management in different crop growth stages, and improve water and fertilizer utilization
efficiency.

@ 53 BB P AF
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[ @ 2.Fertigation

> IR FEKBIESRI RS, AISKINK, FEopREEEES], AISCIRTIK, THAELAK
RERETE, BOLRBEE,
Through the precision irrigation control system, the targeted control of water and
fertilizer field is realized, so as to save water and the use of fertilizer and improve grain

vield, reduce fertilizer pollution.

Water and fertilizer saving Large-amount of water
and fertilizer
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The key knowledge links of Smart Agriculture
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>%%E%Mﬂ BEENRFUREERI P EEIN—ITUT, a5 RRAMZ /KRB
R EHREFRAN
Intelligent information perception (sensor) is the weakest link in intelligent irrigation
equipment and even smart agriculture. Intelligent information perception is the bottleneck
problem in the field of fertigation equipment.

> BEREMSTHAASEESE R E =B FEHREZEAM.
Credible and multiple parameters are the important basic parameters of agricultural
production and scientific research for the smart agriculture.
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|__.‘ 3.Intelligent perception

> EEIEFREMRARSIRRAR, SERNEREEINARFERLHRBZOZRARZ—,
In 2020, USA, the National Academy of Sciences, the Academy of engineering and the
school of Medicine jointly released a research report entitled Science Breakthroughs to
Advance Food and Agricultural Research by 2030.

1.

Holistic thinking and systematic cognitive analysis T o
technology are the primary premise for realizing the
breakthrough of agricultural science and technology.

CONSENSUS STUDY REPORT

Th ti ; technol i) Science Breakthroughs to
€ new generation of sensor tecnnology wi Advance Food and Agricultural

become the bottom driving technology to Research by 2030
promote the progress of agriculture.

Data science and information technology are
strategic key technologies in the field of agriculture.

Breakthrough genomics and precision breeding
techniques should be encouraged and adopted.

Microbiome technology is very important to
recognize and understand the operation of
agricultural systems.
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|__.‘ 3.Intelligent perception

> RREEBEMREIFEXE, ULEKoERSEAG, MEIREL%, FEHM (19128H)
SEH191797Zm3K, AIBLIZ A (RHFIEAOH) EEEERHKLE,
The accuracy of agricultural information perception is very important. Take the soil moisture
sensor as an example. If the error of China cultivated land soil moisture is 1%, 1278.6 billion
square meters land will lost 1917.9 billion cubic meters water which can support the
domestic water of people in Nigeria(190million people) for 1 years.
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|__.‘ 3.Intelligent perception

> ZQEH/E,}E ﬁ‘é#?:%u%z%ﬁ%?" S ((FRER) RS AVEAL L IEMR/KABIEHIRR, 0K,
B S A HL A L BE. REEERERAFAZSEEEMRFNZOEAR,
The correct control decision of irrigation intelligent control system is based on multi parameter
(sensor) fusion. The parameters involved include water, fertilizer, gas, thermal characteristics,
salinity, pesticide, daylighting, electrical signal, etc. Farmland information perception technology is
the core technology of intelligent irrigation equipment.
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I__.l 4.Dielectric spectrum
> THEFEEENEME QEER) NEFRYIESH, EFW T BEKRIIEBRE.

Dielectric or permittivity is one of the fundamental material parameters, which affects the
propagation of Electric Fields.

> MRINTBEFUESEST (BF) ARUKSEIEEREXR, BETHRNZEUSSENBEIENE
EE7F. BEREMEZSGHITHRNBIERNE, FTLURBMRHARKR T FAEER.
The dielectric properties of materials are related to the lattice or composition of molecules or
atoms of materials. The change of lattice, composition of molecules or atoms will cause the

change of the dielectric properties.
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I__.l 4.Dielectric spectrum @ BARUREAS

> TERELFMGHENEmNER,. HRNEE. EE. BEFEX. MENTBRIEERALUK
’ff‘?(&%’ﬁ& E T HBIEITERIEY, TM%L?SZ‘ZLMMEWE%E.W
The dielectric value is affected by frequency, temperature, humidity, density,
composition and so on. The dielectric spectra can feeback those parameters too.
Dielectric fingerprint can express a lot of information about agricultural products .

~ Ingredients (water, gas, heavy metals)

(" Moisture content Texture (sand grain, powder grain, sticky grain)
Microbial content Particle characteristics (size, shape)
Density Soil structure (grain, block, prism, column,

_ Bacterial content Soil Dielectric | gheet)
Porous media /' ppit ripeness Permittivity < Soil porosity (swelling, shrinking, compaction
FHINR Sugar content LE and cracking)

Tumor Identification Soil salinity (conductivity)
Mutual chemical interactions Soil temperature

\_between substances \ Organic matter content (colloidal adsorption)
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I__.l 4.Dielectric spectrum

> TEIERART ZNRAERIAERRS ., ERMRYHESECS, ATATIE,. f8m. o)
. R (BEE) WEHNE. g ELRERSIMNELRAKST . FoEIE.
Dielectric spectrum have been widely used in agriculture applications and could play an
Important role in quality determination of soil and other porous media including food
products.
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I__.l 4.Dielectric spectrum

1. Soil moisture sensor

> BETIENBIENES 2, 75MHz2 LIRERSFINRETIEME. R TR S8BT
PR AR e PN
Through the measurement and analysis of soil dielectric spectrum, 75MHz is the best working
frequency of soil sensor. The differences of electromagnetic field caused by different probe
structures are studied, which will have different effects on the accuracy of the sensor.
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I__.l 4.Dielectric spectrum

2. Soil Nutrient Sensor - Nitrogen

> AEREMERKNEEZER T —. AREARBHIMAENEKXR. BABETLIEENBEIE
HITT HIERFZMNEMR, FHEIKT680MHzATFY B SRR F R EUK.
Nitrogen fertilizer is one of the important nutrients of plants. The development of nitrogen
sensors is of great significance for plant. Dielectric measurement of nitrogen is one of the most
potential methods. In the low frequency range of 680MHz, the dielectric spectra are obviously
distinguished for the different nitrogen contents.
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I__.l 4.Dielectric spectrum

3. Irrigation Infiltration Line sensor

> ETEMX, TIERFURIEERFMNOBz—. KAFKEGR, BEKERNEVNEF
Bz, BEEFEENSERZIESE T KITHIR R BN E S .
Soil salinization is a difficult problem to deal with in arid areas of the world. Water is
scarce in arid areas, but irrigation and salt drainage need a lot of water. Therefore, how to

obtain the infiltration line of irrigation is the guarantee to realize precision irrigation.
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I__.l 4.Dielectric spectrum

3. Irrigation Infiltration Line sensor
> B\ & 7 —MIEZIE S WA RVFTBIRIEL R S AR R4 RRS-TDR, 5 AR RESFIEIZ 7 7ARTEL, 12
RREFMISKER, NEBES, ERMNEREXWAE, SLINUEKIFEILT,
Compared with the embedding of multiple sensors, a single S-TDR porbe is a new cheap
sensor to accurately obtain the position of the irrigation infiltration Line .
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I__.l 4.Dielectric spectrum

> ERENTBERSMELFTE, BANSHEFZIMIERMAREILT E&1FXER, BEHEEH
15, TETAT 4 SR B T IRIR RS
Through the work of soil dielectric research, we have established cooperative with
International famous university and company to make joint efforts for the research and
development of new sensors.

)

lowa State University Washington State University USDA, USA, Oklahoma State University
Robort Horton Sally Logsdon Paul Weckler
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I__.l 5. Other Technologies

HP(Heat pulse) Probe

> T-TORZ—HMRERIET . RSN E MRS WIS ThREFL RAES.
T-TDR sensor is very powerful and can measure multiple parameters at the same time and in
the same place.

Tektronix 1502B

( {ERLSEINEE (The function of sensor) :

CR1000

T3E &7k =(Soil water content) % e B2
1158 B (Temperature) 5
T iE#E S (Thermal conductivity)
T-TDR < +i## 7% 8 (Heat capacity)
TIEHIELZR (Thermal diffusivity)
438k 1B 8 (Water flux) [ |
1 1% 7% % (Evaporation)
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HP(Heat pulse) Probe

> BERENRE SR BRI, e THERKPERSE, EN=E/EH, REME
4%
The sensor is improved by thermal field analysis of the needle and high-precision component
selection. The circuit is optimized. The measurement accuracy and stability of the sensor
have been significantly improved.
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I__.l 5. Other Technologies

> HMRAZRIWEC, PH. IMERIEE . JLRRIEST. PM2.5. BHUIFERASFZHMAARIEREH
HIEEFRE, SMAHEENE SELFFEEN.
The others key parameters, such as EC, pH, temperature, humidity, light, PM2.5, soil organic are
monitored and managed in situ through different sensor research, It can realize the intelligence
and precision of farmland planting management.
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I__.l 5. Other Technologies

Plant electrical signal

> (EYI=wiEE A, MBRdEEEARSFEREN “EYHBRES" , EEEYR 987 o W55
RN ARGENEEIEIRTN, BEREZIEEZMES oMW, SIEIIMER LN
Plants cannot speak or act, so they need more intelligent sensors to read the plant’s words.
Weak current (UA/nA) measurement technology can express the physiological changes of
plants. Through deep learning and waveform analysis, plants can tell us their own stress

mechanism.

Normal growing state Serious water shortage Normal growing state Serious water shortage
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> FPASEI T KEEEEERM. MM, KEBERENZ TSRS KRG A SLIEYE
MARTIUTE . KBHESEARRS, ETHSEFINKRASKR (FR) 0N, 18
KTIER. KREBmARREFVNESH A

A cloud platform system based on farmland information perception, Internet of Things and
big data collection has been built. The system can realize crop irrigation decision-making
based on cloud computing, accurate control of water and fertilizer, and farmland weather
(rainfall) prediction based on machine learning.

BRERUSHRATTES
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> BRtERMAGSUMEEF RN FFEE LS EARRMA . BiEEERRRIMEE,
RAGER S RBFHEME R, REEMHE, EEEMNNE. RIEFURFE—DiES.

The digital twin platform of intelligent irrigation system and environmental control system is
being developed. Through the continuous application of intelligent technology, agricultural
irrigation equipment will be more intelligent, more convenient to operate, and more
scientific in management. Agricultural production efficiency will be further improved.
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