archives-ouvertes

A Survey on Farmland Crop Information Acquisition
Dangin Yi, Haiyan Ji

» To cite this version:

Dangin Yi, Haiyan Ji. A Survey on Farmland Crop Information Acquisition. Daoliang Li; Yingyi
Chen. Tth International Conference on Computer and Computing Technologies in Agriculture
(CCTA), Sep 2013, Beijing, China. Springer, IFIP Advances in Information and Communication
Technology, AICT-419 (Part I), pp.206-214, 2014, Computer and Computing Technologies in Agricul-
ture VII. <10.1007/978-3-642-54344-9 26>. <hal-01220916>

HAL Id: hal-01220916
https://hal.inria.fr /hal-01220916
Submitted on 27 Oct 2015

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution| 4.0 International License


https://hal.inria.fr/hal-01220916
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr

A Survey on Farmland Crop Information
Acquisition

Dangqin Yi'*, Haiyan Ji'®

! College of Information and Electrical Engineering, China Agricultural University, Beijing
100083, China
“zita_zone@]163.com, ® instru@cau.edu.cn

Abstract. The farmland crop information is the important foundation of
developing fine agricultural practice. Crop information acquisition technologies
have become the most effective means to increasing crop production and
improving crop quality. In this paper, on the basis of introducing the
characteristics of farmland crop data, different farmland crop information
acquisition methods are surveyed in detail, sections need to be improved of
these methods and related core technologies will be discussed. At last, this
paper gives a table about crop information acquisition technology and sensing
instrument systems applied in different levels (individual level, area level and
wide-area level).
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1 Introduction

All Food is the paramount necessity of human beings, and the essential material basis
for any country on the way of development. China is a great agricultural country with
large population, limited soil resources and traditional manual farming methods. With
all these challenges, precision agriculture (PA) technologies have been used to
improve field practices in crop production these years. PA provides a way to optimize
agricultural production inputs, such as irrigation, fertilizing and spraying, based on
farmland soil, environment and crop information at individual areas within a field,
rather than applying uniform inputs across the entire field. In this way people can
obtain not only the best economic benefits but also the ecological benefits.

The three main components involved in PA are information acquisition, data
interpretation, and variable-rate application. The PA is an information-based
technology. Only spatial information on field conditions as well as inputs and outputs
of the field are accurately collected, can PA be successful [1]. The technology of
farmland information acquisition directly affects the degree of agricultural
informatization and the accuracy of agricultural production’s decisions. How to get
field soil, environment and crop information conveniently and quickly is the critical
issue throughout the entire process of PA. Yet conventional acquisition method of
farmland information, which mainly including traditional information retrieval
methods and chemical diagnostic methods have many limitations. As to be known,



appearance analysis method has strong subjectivity and poor accuracy; chemical
diagnosis is based on laboratory analysis of crop organizations, generally requires
analyzing samples of crop, costs a lot of time, manpower and material resources [2].
The PA requires fast, real-time and positioning measurement. As the traditional crop
information acquisition methods cannot meet the requirement of variable fertilization,
we need to develop new methods, especially the technical method and sensing
equipment can be used for fast acquisition of farmland information must be developed
to meet the need of PA research and practice.

Farmland information can be divided into three parts: soil information,
environment information, and crop information [3]. Soil information, including soil
moisture, pH, organic matter content, conductivity, soil nutrients, and soil tillage
resistance and etc. is the one of the main object of studying farmland information.
Farmland environment information includes air temperature, humidity, light intensity,
crop pests, and etc. Crop information includes crop growth information (such as
canopy structure, leaf area index, plant height, etc.), crop nutrition information
(including chlorophyll content, crop water status, nitrogen, phosphorus, potassium
etc.) and some other information. Crop information is the most important index used
in regulating plant growth, diagnosing crop nutrient deficiency, and predicting crop
yields. All these information can make a contribution to agricultural land management
and decision-making. High production, high-efficiency and modernizing agriculture
can’t become true without the help of all kinds of information.

In this paper, on the basis of introducing the characteristics of farmland data,
different farmland crop information acquisition methods and related core technologies
will be surveyed and discussed.

2  Characteristic of farmland crop information

It is extremely important to instruct the agricultural production by knowing the crop it
self’s information. The farmland system is a very complicated ecology system,
involves different kinds of factors. Even the crop itself is a complicated system. The
collecting of crop data usually incurs the substantial costs and technologies [4]. To
understand the characteristic of crop information fully is very necessary. There are the
characteristic of farmland crop information. A) Spatiality. The production of crop is
associated with spatial factors. Every farmland has its own geographic location and
boundaries. Spatial data is usually used in generating different maps as coordinates. B)
Complexity. Any agricultural system has huge factors include not only directly
related factors but also indirectly related factors. Each factor contains its sub-factors.
Farmland crop data can be collected from multiple sources such as onboard sensors,
handheld devices, remote sensing, satellite, history material, etc. ~Categories of data
are diverse, including text, number, image, sound, video, etc. C) Dynamics. All the
information is changing all the time according to the time and space [5]. In-time
acquisition of data is vital for PA. After all, all these factors increase the difficulty of
getting agricultural crop data. People need to master high-tech and stable
measurements or means to shield interference and obtain accurate data.



3 Crop information acquisition methods

Crop information includes crop growth information, crop nutrition information, and
some other information.

3.1 Crop growth information

Ground observation, remote sensing monitoring and model simulation are the main
methods of monitor crop growth and development information. The leaf area index
(LAI), canopy characterization, canopy structure, plant height and other growth
factors are the main target be measured to monitor crop-growing status [6].

Remote sensing is becoming more and more popular for its unique advantages. M.
Susan Moran et al. [7] successfully used aerial and satellite remote sensing data to
inverse normalized difference vegetation index (NDVI) values, which can be used
for diagnosis, estimation and production forecasting of large area crops [8]. Huang
Jingfeng et al. [9] established Rice-SRS model to estimate the yield of rice with
spectral normalized vegetation index obtained by NOAA/AVHRR satellite. Peng
Xiao et al. [10] used the TM remote sensing image to obtain NDVI and inverse the
LAI of rice. On the basis of domestic airborne imaging spectrum data and the spectral
response of the synchronous sampling data, Yang Minhua et al [11] established wheat
canopy physical and chemical parameters estimation model and realized the inversion
of wheat canopy physical and chemical parameters through aerial hyper spectral
remote sensing.

Infrared beam, ultrasonic, microelectrode constant current source technology and
some other technologies can be used to monitor and analyze growing crops directly.
Shimizu H et al. [12] used machine vision technology to non-contact measure three-
dimensional growth information of crops. Zhao Chunjiang et al. [13] developed an
instrument to inverse LAI, vegetation cover degree, biomass index to assess crop
condition. This instrument uses the near-infrared and red characteristic bands, and
detects the incident light and the reflected light of vegetation to get the NDVI
(normalized difference vegetation index) values. Aziz S A et al. [14] studied
ultrasonic sensing technology. They used it as one approach for corn plant canopy
characterization. Lan Yubin et al. [15] developed a ground-based Multi-sensor fusion
integration system, including a crop height sensor, a crop canopy analyzer for LAI, a
NDVI sensor, a multispectral camera, and a hyper spectroradiometer to measure real-
time crop conditions involve NDVI, biomass, crop canopy structure, and crop height.
Qu Yonghua et al. [16] developed an automatic system designed on the basis of
wireless sensors network (WSN) to collect crop structure parameters, like LAI and
average leaf angle (ALA).

Plant height is an important parameter to be considered for management decision
making. Plant height is a sensitive indicator to show plant health status and calculate
yield potential in optimizing field inputs. Sui Ruixiu et al. [17] used ultrasonic sensors
to develop a microcomputer-based measurement system to allow in-situ, non-
destructive measurement for the morphological characteristics of bush-type plants.
Searcy S W et al. [18] developed and field-tested an infrared beam sensor mounted on
a mechanical arm, using a “light curtain” for the cotton plant real-time height



measurement. Tumbo S D et al. [19] successfully used ultrasonic sensors in the
measurement of citrus tree volume. Ehsani M R et al. [20] investigated a laser-based
sensor which can realize real-time estimate of plant volume. The sensor also
performed well in measuring the biomass and LAI of a plant after being calibrated.
Jones C L et al. [21] used ultrasonic distance sensing to realize plant height data
collection, and estimated plant biomass using the product of top-view surface area of
the plant. Sui Ruixiu et al. [22] used an ultrasonic sensor installed on a field vehicle
such as a sprayer to scan the plant canopy and determine plant height in real time in
situ. A plant height map was generated with the collected data by the sensor.

3.2 Crop nutrition information

For crop chlorophyll content nondestructive testing, MINOLTA company in Japan
has produced a kind of Chlorophyll meter, which emit red light (about 650nm) and
near infrared light (about 940nm) by the light emitting diode to the receiver through
the leaf samples. The receiver receives the signals and transfers them into digital
signals that will be used by the microprocessor to calculate the SPAD value. Yao
Jiansong et al. [23] used visible-near infrared spectroscopy techniques to non-
destructive test rape leaf chlorophyll content information. Liu Fei et al. [24] used
visible/near infrared spectrum technology, quickly and accurately detected cucumber
leaf SPAD value, which is helpful to the development of testing equipment.

Nitrogen is one of the most important factors that have a high impact on the
production of crops. The main methods of monitoring nitrogen are remote sensing
imaging, machine vision technology, spectrum analysis technology, Multi-spectral
and hyperspectral imaging technology [25]. The remote sensing based crop nitrogen
nutrition diagnosis, most people use remote sensing to inverse nitrogen concentration,
nitrogen accumulation and other parameters which can determine crop nitrogen
nutritional status [26]. He Yong et al. [2] developed a portable plant nutrients lossless
tester to determine plant chlorophyll, water, nitrogen content quickly, non-destructive,
and simultaneously. This instrument has a GPS and a wireless data transmission
function. Combined with GIS software management system, large-scale crop nutrient
content distribution map can be developed. Feng lei et al. [27] put the rape as the
research object, used computer multi-spectral imaging technology for rapidly,
accurately and non-destructive nitrogen diagnosis.

Crop water information collection is the basis of precision irrigation decision-
making. It is a key for continuously, quickly, and precisely information collecting.
Crop water information is helpful to develop advanced and reliable monitoring
equipment. Crop water status information collection technologies of crop individual
include infrared temperature method, leaf water potential, spectral method, etc.
Regional crop water status information is mainly obtained through remote sensing
methods, including thermal infrared remote sensing and microwave remote sensing
methods [28]. Ji Haiyan et al. [29] used near-infrared spectroscopy, developed a
living plant leaves water testing instrument which adopts ultra-low-power
microprocessor MSP430 and new type of optical frequency conversion chip TSL230,
enabled field site fast non-destructive testing of crop leaf water content. Li



Dongsheng et al. [30] developed the leaf temperature-measuring instrument, using
infrared thermometry to measure leaf temperature to estimate leaf moisture state.

Canopy temperature relative to ambient air temperature is often used to assess
plant stress caused by moisture deficit or high temperature [31] [32]. Continuous
measurement of plant canopy temperature is useful in both research and agricultural
production. James R. Mahana et al. [33] studied a low-cost infrared sensor based
wireless temperature monitoring system, assessed the system’s reliability and stability,
and verified the feasibility of low-cost infrared temperature measurement system.
O'Shaughnessy et al. [34] developed a wireless sensor system comprised mainly of
infrared thermometer thermocouples located on a center pivot lateral and in the field
below to monitor crop canopy temperatures. Daniel K. Fisher et al. [35] developed
and constructed a low-cost microcontroller based system to monitor the temperature
and the water status of crop. The system can realize automatic measurement of
canopy temperature, soil temperature, air temperature, and soil moisture status in field.
It includes a digital infrared temperature sensor, choose MLX90614 (Melexis.
Concord. NH) infrared temperature module to get the plant canopy (leaf) temperature.
The precision of the system is 0.3 degrees Celsius by experiments.

3.3 Others

Crop yield is the result of many factors, is the important data of the variable
assignment management [36]. Commercialized grain yield monitor systems are
mainly the AFS (advanced farming system) system (CASE IH Corporation, U.S.), the
FieldStar system (AGCO Corporation, British), the Greenstar system (JohnDeree
Corporation, USA), the PF (precision farming) system (AgLeader Corporation, USA),
the production monitoring system of RDS, etc. All these systems are equipped with
GPS positioning system, can automatically monitor crop production and make a crop
yield map. Cereal production yield monitor sensor is the core of these systems,
including the photoelectric volumetric flow sensor, the y-ray impulse flow sensor and
the impulse type flow sensor [3]. Some portable information collection and
transmission systems have combined with GPS, GPRS or Zigbee technology, were
built to obtain pictures, sounds, numbers, GPS information or any other data of field
crops [37-40].

4  Discussions and Conclusions

4.1 Crop information acquisition

There have been many associated reports about rapid detection methods and
instruments of the nitrogen content, chlorophyll content, and moisture content. And
there are also some reports about detection methods of phosphorus and potassium
content. But the report about crop trace information is less. This is mainly because the
main crop trace information is metal elements based, and their content is low. The



ordinary sensing technology still not meets the requirements, and the use of spectrum
and spectral imaging technologies doesn’t directly react to metal element information.

4.2 The core technologies

* GPS

Farmland location information, which including latitude, longitude, shape and size
of farmland, is mainly obtained through GPS (global positioning system). GPS
technology is currently widely used in agricultural crop information acquisition
systems, can be combined with crop information to make crop distribution map.
* Multi-sensor information fusion technology

Multi-sensor information fusion technology is a comprehensive automated
information processing technology [41]. The use of real-time multi-sensor
information fusion technology has become a new hot spot to simultaneously measure
multiple parameters [42].
* Wireless communication technology

Wireless communication can be classified as long-distance communication (GSM,
GPRS, etc.) and short-range communications (Bluetooth, Zigbee, RFID, etc.) [43].
GSM and GPRS, based on mobile communication network, can achieve remote
agricultural information acquisition and monitoring. Wireless sensor networks, which
has developed in recent years, integrate sensor technology, embedded technology,
modern networking and wireless communication technology. It can achieve real-time
data transmission via low-power short-range wireless communications technology
(such as Wifi, Bluetooth, Zigbee, RFID, etc.). Farmland information self-organizing
wireless sensor network system can be established.
* Multispectral / Hyperspectral imaging technology

As spectroscopic technique is easily affected by soil background, environment,
crop canopy structure, the obtained spectrum signal is not able to completely react
crops truthful information. Multispectral and hyperspectral imaging technology can
make up for these shortcomings [2]. The researches about multispectral and
hyperspectral imaging technology used in the crop phosphorus, potassium, and trace
information are less. But there are already reports about multi-spectral imaging
technology applied to detect the moisture content of crop leaves [44]. We had better
establish the quantitative relationship between the spectral characteristics and crop
growth/nutrition information and develop crop information equipment.

4.3 Conclusion

PA is an information-based technology. PA can use crop information in the farmland
to control the arrangement of production inputs, maximize crop profit, and minimize
environmental impact. Information acquisition and processing plays a very important
role in PA. As shown in table 1, after understanding crop information acquisition
methods, combined with the current situation and development trend, a structure
about crop information acquisition technology and sensing instrument system is listed.



Table 1. Crop information acquisition technology and sensing instrument system structure

Level Features of Object gpplied 'technology Applicati.on.
innovation characteristics
Individual -Individual information ‘Non-contact -Quick and non-
for crops measurement destructive detective
-Farmland -The embedded system -Portable
environmental factors ‘Handheld
interference
Area -Complicated -Spectroscopy ‘Vehicular
environment ‘Multi-spectral imaging
‘Need location technology
information ‘GPS
Wide-area -Spatiality ‘Remote sensing -Teletransmission
-Irregular shape of technology
farmland ‘Wireless sensor
network
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