Available online www.jocpr.com

Journal of Chemical and Phar maceutical Research, 2014, 6(7):2304-2310

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

The application of internet of thingsin agricultural means of
production supply chain management

Xiaohui Wang and Nannan Liu

School of Management Science and Engineering, Shandong University of Finance and Economics, Jinan, China

ABSTRACT

The aim of this article is to introduce the related technologies of internet of things and tries to build a model of
Agricultural Means of Production Supply Chain based on it. Then it analyzes the function and utility of the internet
of things applying on the agricultural means of production supply chain. Finally, the article describes the trends
and prospects that the technology of internet of things in Agricultural Means of Production Supply Chain. How to
improve the agricultural supply chain operation efficiency and competitiveness is the key to the problem of solving.
Application of Internet of things in the agricultural supply chain helps to improve the agricultural supply chain
information technology level, so that the operating efficiency of the supply chain of agricultural products is
improved by enhancing the whole supply chain integration. This paper analyzes the application of IOT in product
supply chain business processes, and the driving factor in the adoption of agricultural products supply chain effect
in the Internet of things technology are analyzed, to provide a reference for the node enterprises of agricultural
products supply chain in the implementation of the Internet of things..
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INTRODUCTION

Agriculture is the foundation of national econonoyly the agricultural development is good, the rentiational
economy can steadily forward. The economic devetyrmf our country's history suggests that, onliegia great
development of agriculture and rural economy, thel& national economy can go to prosperity. Atsame time,
only agricultural production can provide the secamd third industry with raw materials and finahcisources,
laying the foundation for the modernization of sbgi

Our country is an agricultural country of produatiand consumption Since the reform and opening up, China's
agriculture has solved the problem of food andhitmf for 1300000000 people, gained great succdsacting
worldwide attention. Although made such great addieents, the development of agriculture in our tguhas
been the weak link in China's economy [1]. The tigu@ent and regulatory of agricultural means ofduetion are
directly related with the production of food, faniseincome and the order of market [2]. It playsital role in
ensuring the quality and quantity of agriculturabgucts. But in recent years, the business syste@hma has
investigated tens of thousands of cases of fakeraliimaterials including many kilograms of subsfam seeds and
many kilograms of substandard fertilizer. These=fagricultural products will bring enormous losghe farmers.
In China, one of the important reasons why we carmtioninate the problem of fake and shoddy agricalt
products is that China has not established a redg®rsound agricultural supply chain [3]. Existiagricultural
supply chain has disadvantages in decentralizechgeganent and lacks of convergence. So a safe,egfficsmooth
and perfect operation of the network system ofcaftiral products cannot be established. It istdodnology of
internet of things that solves the above problenpioyiding a feasible and efficient solution [4-8). our current
environment, the internet of things, with its réale, accurate and shared characteristics, witihgreat changes to
the agricultural supply chain and provide a critieghnology for establishing a smooth flow of agttural logistics
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and supply chain information.

This paper presents the agricultural products suppain management technology of Internet of thingsed on
three layer framework. In the agricultural inforioat processing and application infrastructure, iagibn of
facility agriculture 10Tis mainly embodied in the realization of intelligeagricultural production, management,
decision-making, therefore on the agricultural prcd@bn of the key link, need to focus on the amilans of the
Internet of things technology in crop growth datagessing facilities, production of digital managem data
sharing, user interface and service intelligentvoek, intelligent decision-making.

2. RELATED BASIC THEORY

2.1 The concept of internet of things

Now the internet of things is generally definedaasetwork, which connects everything with the inégrby radio
frequency identification (RFID), sensors, globakjpioning systems, laser scanners and other infilomaensing
devices in accordance with the agreed protocol erchange information in order to achieve intelligen
identification, location tracking, monitoring ancamagement [6].

The network can realize the automatic identificatiof objects and location, track, monitor and tegdhe
corresponding event [7]. It makes use of RFID tethgy for scanning and reading EPC tags on thestand
achieves automatic identification of goods andrimiation sharing.

At present, the architecture of the Internet ofigisi is divided into three layers: the sensing lagetwork layer and
application layer. System structure was shown gufé 1 of the Internet of things.

Application Intelligent Intelligent Intelligent Intelligent Intelligent Intelligent Intelligent Intelligent
layer Home Medical City Transportation Green Justice Agriculture Logistics

Cloud Computing Platform

Network
layer Mobile Satellite Cable Information Center
Internet Communication Communications Television
Network Network Network Network Management
Center
RFID Sensor Access
Reader Nnetwork Network
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layer -
RFID S Intelligent
Label Terminal

Figure 1. System structure of the threelayers

The sensing layer consists of data acquisitionr|agdf-organizing sensor networks and middleware.

1) Acquisition sub layer integrated bar code, ses)seatellite positioning, RFID and multimedia infation
acquisition technology for data acquisition, acaesa variety of data information of all kinds ddige, video and
other multimedia data, to mark the physical world.

2) Self-organizing sensor network includes digiitak coding, modulation, and demodulation technglbgsed on
data transmission, networking, traffic managemsmiting technology based on self interaction, oizmtion and
coordination among the nodes.

3) Middleware includes embedded middleware, senstwork middleware, application in the sensing tagesolve
the problem of equipment management and data mamage configuration, calibration, fault detectiondadata
conversion, such as loading. When the data callectis completed, in order to effectively reduce fithata
redundancy and improve the quality of data, daséofy compression, clustering, recognition and oifi@rmation
processing technology are also needed.

2.2 Thekey technology of the internet of things

The internet of things involves a lot of new teclogies, whose core technologies include RFID, setesdhnology,
network communication technology and cloud compuf8j.
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The Radio Frequency Identification (RFID) is a rmmtact automatic identification technology and adint
relevant data by automatically identifying the laftag) on the objects [9]. It is one of the mostical technologies
in the technologies of internet of things.

Sensor technology is mainly responsible for therimiation collection of internet of things. It isetlbasis service
and application to achieve the perception of readldv It is the sensor that exchanges changesimeal world into
guantitative data and sends these data to spetifiation through certain techniques.

The technologies of network communication includegariety of wired and wireless transmission tedbgies,
switching technology, network technology and gatewachnology, which is the basis of perceiving and
communicating information between objects[10]. T@lwud Computing is a product that combines tradilo
computer technology with network technology inchgligrid computing, parallel computing, and disttédu
computing, utility computing, virtualization, netwo storage, load balancing and other traditionaingoter
technology, network technology and so on. Sensar detection device which can feel the measureatnmtion
and transform the measured information into eleatignal or other required information in the fopfroutput.

The RFID system generally consists of three p#ats: reader and antenna. The label by coupling coewts and
chips, each label is the only electronic coding riezognition of objects; reader for reading theelahformation;
main antenna for emitting radio frequency signalgrder to guarantee the communication qualitpéusion of the
tag and reader.

2.3Thearchitecture and application system of the internet of things

There is a popular view that the internet of thisgeuld be a three-tier system including the |lafgrerception, the
layer of network and the layer of application. Tager of perception includes RFID tags, readeraras, sensors,
sensor network and so on, which mainly solutespiteblems of perceiving, recognizing objects andeoting
information. The layer of network is a mature pafrthe internet of things. It is the infrastructdoe the internet of
things to realize universal service. It will dirdowards the combination of the layer of perceptod the layer of
application in the future. The layer of applicatisra layer that combines the internet of thingthwlie technology
of specific industry. It is the layer of applicatidhat realizes the deep integration between tblentdogy of the
internet of things and the technology of the industxpertise. The internet of things almost applieall areas of
industry, including precision agriculture, induatricontrol, building control, vehicle schedulingaveiconmental
testing, remote diagnostics, and smart home andnunbanagement. Among them, agriculture is one ®mntlost
extensive areas.

2.4 Organizational level of information technology adoption behavior theory (T-O-E model)

Tornatzky & Fleischer put forward the critical tligf classical diffusion of innovation. They sugg¢hat factors
influencing the diffusion of information technolegi not only contain the characteristic elementheftechnology
itself (T), also contain the organization charaster elements (O), environmental factor (E). TH@H framework is
proposed, because of its wide applicability. Mankiadars at home and abroad studied TOE framewodkthe
factors contained in this framework. The technicddaracteristics of technology itself include tedani
compatibility, complexity. The organizational fartoinclude the size of the organization, high-lesapport,
organizational culture and the environmental facfoclude external competition pressure, the gawent policy
support and so on.
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Figure 2. The ar chitectur e system of the inter net of thingsfor agricultural supply chain
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3. ANALYSISOF AGRICULTURAL SUPPLY CHAIN BASED ON THE INTERNET OF THINGS

3.1 Thearchitecture system of theinternet of thingsfor agricultural supply chain

This paper argues that the system architecturbeofriternet of Things for agricultural supply chaian also be
divided into three layers including the layer ofgeption, the layer of network and the layer of leggpion. It is
shown in Figure 2.

The layer of perception in the internet of things &gricultural supply chain contains the tag ER®bile reader
RFID, sensor network and other sensing devicethisnayer, we should focus on solving the probtemperceiving
and recognizing objects and collecting informati®he main technology in this layer involves thehtemogy of
RFID, sensing, control and short-rang wireless camigation. The information on tag EPC of agricudysroducts
will be collected by RFID. Then it will be sentttee next layer, the layer of network.

In the layer of network, the local server sorts fittdrs code EPC that can be identified by red®EID in order to
send them to the local ONS. The local ONS calculgteries automatically and sends the collated EP@e
specified domain root ONS servers to obtain thelired advice. The Second DNS root server sendsoomeore
EPC domain names corresponding to the IP addra3Mbfserver back to the local ONS calculator. Thenlocal
ONS calculator sends the IP address back to tte $mever. At last the local server contacts wlth ¢torrect PML
server according to the correct IP address to olia required EPC of agricultural products.

The layer of network will use the processed datanfthe internet of things to get information abagticultural
products, and ultimately achieve real-time monitgriprocess control, information sharing and disicgy and so on.

3.2 Analysis of theinternet of thingsfor agricultural supply chain

In the traditional agricultural product supply amahe data about the information of agricultunadducts is mainly
collected by means of manual and bar code. Thiseeasily result in delays, errors and lack of infation for
agricultural supply chain. And it will make logisti and information flow distorted in the transnmossprocess. The
application of the internet of things on agricutusupply chain can build a system that can corgnal trace the
quality of agricultural products by combining agdiciral supply chain with farmers’ purchase.

The technology of RFID and cloud computing integrtte information of production, distribution arafety of
quality in the agricultural supply chain effectiyelt will ultimately combine the farmers with tteternet of things
and make transparency of the entire agriculturapsuchain process. It is useful to establish desyshat monitors
and traces the quality of agricultural materialee Tagricultural supply chain management based erinternet of
things can process the logistics information of revaspect including the production, procurementragie,
transportation and sale. The system can sent examber and right quality of agricultural produciscls as
pesticides, fertilizers and seeds to appropricteqd for meeting the needs of farmers in rightepaicthe right time.

3.3 Analysis of the processin agricultural supply chain based on the internet of things

3.3.1 Production stage

Agricultural products are sent to the farmers mathirough production, transportation, storage, saed other
stages. In the production process of agriculturatipcts, the entire items in product line includiagv materials,
products, semi-finished products and finished petglshould be identified and tracked to achievalarized and
steady production. Each agricultural product iselab with RFID tag encoded with the EPC. The EP@eco
contains the information of product such as prodhache, manufacturer, grade (classification), amdeplbof origin,
net weight, batch number, production date, andfdlieland so on. Storage management business ggosas
shown in Figure 3.

When the processing plant products are shipped stiteage, RFID/EPC tag information in fixed loca RFID
can be read into the wagon inside the product tyaeied quantity information. People can order thfsrmation,
once found error, return the working personnel pratessing factory communication; if shipment isrect, then
classify products. Each batch of agricultural piduvill be stacked together and it is conveniemtstoring and
linking goods.

3.3.2 Transportation stage

In the transportation stage of agricultural produastalling GPS positioning system on the vebkidaables the
managers to know the location and state of thecleshithat transport the agricultural products adidist driving
direction timely in an emergency. At the same tiietalling wireless data acquisition system onwbhbicles can
not only learn the basic information and quantityhe goods, but also detect and prevent the ludtséolen goods
during the transportation.
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Agricultural management business process diagrams in the internet of things
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Figure 3. Storage management business process

The network structure of agricultural product sypghain management system of the Internet of thimgs shown
in Figure 4. The system mainly consists of fourwmgk center including farms, processing plantstritlistion
centers, distributors and the supply chain manageimérmation center. The node network layoutBoéeding
base, processing plants, distribution centers atallers are roughly the same, mainly include ti¢CREPC tag,
RFID reader with a temperature sensor, PDA, ONSeseiEPCIS server, database, workstation, the intde
communication equipment through the internal LANFIBVEPC tags and temperature sensor informatiamttes
within the database through a wireless netwdBkipply chain management information center incutiee
workstations, switches, the central processor, &&er, ONS server, database server and other cans) its
interior communication is also through the LANe processing plant, distribution center, retadied supply chain
management information center are connected ta ag@'s through the high speed Ethernet connection
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Figure 4. The network structure of agricultural product supply chain management system
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3.3.3 The system function design

Database about agricultural products should bebksitted and set product code as its key informatiowill not
only help the enterprises improve storage utila@gtireduce inventory and save costs, but also thelgnterprises
well aware of the business inventory and make ensific and accurate decisions during ordering pratiuction.
Agricultural production management system infragtite (Figure 5) consisted environmental monitoring
subsystem, greenhouse facilities and digital mamagée subsystem and so on.

Facilities agricultural
production management
system
I
[ | |
Greenhouse environmental Fruits and vegetables Digital | |Fruit and vegetable pest diagnostic
monitoring subsystem Management Subsystem subsystem
] I
[ | [ [ [ |
Greenhouses Environm Atomation Environmental Planting Plantin Pest
Information ental data Vit'leo and .control " Task Data 9 Statistics data 'Expert.
Management monitoring surveillance enwrnotnme waming M:]I;?‘?e Analysis Summary upload diagnosis
Figureb5. Agricultural production management system infrastructure

3.3.4 Sale stage

The application of the internet of things in thaget of agricultural products’ sale can be refledtethe statistics,
security and validity monitoring forms. Farmers chtermine whether the agricultural product is eegbiaccording
to the production date EPC tags and then judggqugdity. When the accident occurred in agricultysedducts,
manufacturers, distributors, or farmers can fine fimal consumer by traceability system and find ptaces that
occurred problems. This will help form a chain &ifagent management and query.
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4. THE ROLE OF THE INTERNET OF THINGSIN THE AGRICULTURAL SUPPLY CHAIN
4.1 Purify agricultural material market
The agricultural supply chain based on the techmpolof the internet of things is a chain of settimgpduction,
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storage, distribution and retail in one to providetraceable RFID carrier to confirm the authenticiff the
agricultural products. Relevant information abogtticultural products can be found from tag RFIDisTWill face
the producers directly and eliminate the fake potellcompletely. It will strengthen quality contrahd purify
agricultural market by controlling the import andpert channels. The Internet of things technolodygmed model
of this study was shown in Figure 6. Factors shamvithe figure are classified according to the T-Ovigdel.
Diagram ‘+’ said positive influence factors on ttmernet of things technology adoption, -’ saidttfiars network
reverse influence technology adoption.

4.2 Reducethe burden on farmers

The agricultural supply chain based on the techgyolif the internet of things makes each step ofstiply chain
improve the transparency greatly. Tag RFID can raata@ally record the entire supply chain of agrordl

products in the flow - from production to final faers. It can not only greatly reduce the "bullwieffect",

inventory costs and labor costs in logistics cerbet also improve inventory utilization. And thénwill lower

agricultural products price to give benefits tariars and reduce their burdens.

4.3 Servetheagriculture, rural areasand far mersbetter

The agricultural supply chain based on the techmolaf the internet of things can guarantee the lgupfpcultural
materials and serve every link of agricultural protibn well. 1t will improve the efficiency of agniltural supplies
and meet the needs of agricultural products by @lp@dvanced management concepts, managementaools
distribution methods of agricultural products.

Business process analysis framework and networkigge a good way for enterprises based on netvaskhe
networking technology application in the agricutlursupply chain provides a reference guide; adapt®
agricultural enterprises of Internet of things teallogy. Analysis on driving factors of adoptionlofernet of things
technology, can make agricultural enterprises tdewstand what are the key factors affecting theptdio of
Internet of things technology, can focus on thesxoirs in the process of technology adoption, nihkegs better,
faster to implement in the agricultural productppy chain.

CONCLUSION

In the fierce global competition environment, oountry agriculture highlights the low level of irgtralization,
the low value chain level, low management levek level of information. In order to solve the abgqueblem, the
application of new technology is a feasible methbu.this paper, the applications of the Internettloihgs
technology to the agricultural products supply ohai order to improve the operation efficiencyttoé supply chain
of agricultural products, promote the developmenagriculture in our country. Of course, there arany factors
affecting the adoption of agricultural products glypchain of the Internet of things. There is sillong run for the
internet of things to enter into the practical stad agricultural supply chain. There are also maroplems for the
internet of things to solve, which include how tduce costs, carry on the R&D of core technologuetbp
industry standards, protect the privacy and soBan.the internet of things based on RFID technolbgg been
integrated into all aspects of supply chain managgrand it will has a significant impact on the elepment of
supply chain management.
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