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ABSTRACT

In this paper, we propose a low-complexity, low-cost, low-data-rate and low-power-consumption design principles
and food data gathering approach, aiming to realize an intelligent food data gathering system based on a ZigBee
and RFID technology. Further, we propose several key issues that affect the practical deployment of gathering
techniquesin intelligent food data gathering system.
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INTRODUCTION

Today's agricultural information is very dynamicdaturbulent. Traditional agricultural informatioystéems have
mostly been implemented upon hierarchical architest which are inflexible to adapt changes andedainties
promptly. As more and more people are using thetsdevices, more and more consumers can checkdatdtus
information by smart device, next-generation adtiral information systems must be agile and addetdo

accommodate changes without significant time deldyis essential for an agricultural informatioystem to obtain
real-time status from the distributed and dynangdcaltural environment for decision making. ZigBé#ireless
sensor network (WSN), and radio-frequency idergtfan (RFID) technology provide an excellent infrasture for

data acquisition, distribution, and processing.

The goal of the ZigBee is to provide the consumith witimate flexibility, mobility, and ease of ud®y wireless
intelligence and capabilities into everyday devifgs Therefore, ZigBee is suitable for food datghgering system.
The IEEE 802.15.4/ZigBee standard is a popularneiclgy in the area of low data rate, low cost, Ipawer

consumption, and security-oriented WSNs. Although ZigBee standard is well designed, many featugiased to
the WSNs are still challenging, especially for tdugree topologies where it is possible to achsami-deterministic
behavior.

The RFID system consists of a reader and a tagttendJHF. RFID is classified into passive and actiypes
according to the method used to obtain the eneayyce of the electric wave. The passive type obtdime
transmission energy from the electric wave recefveah the reader. The active type obtains the tréssion energy
from the battery. The passive tag has a semi-perntdifie, no battery, is inexpensive, and is su@dbr short range
communication. On the other hand, the active taglEaused for long range communication becausédttery is
built into the tag. The active RFID can providedorange data transmission because it uses difféidds. The
requirement for food history management systemgrisving due to the increasing importance of foofetya
problems. The freshness of vegetable, meat, oy daiduct is very important. An active RFID tacattached to the
product that requires refrigeration and the termpee#process of distribution is monitored so thatdpict spoilage
can be prevented.

Wireless Sensor Networks (WSNs) are modern netwosks! in many industrial and agricultural applicatareas.

WSN refers to a wireless network that consists lafrge number of sensor nodes which is deployatidrdetection
region. The wireless sensor network is a self degahdistributed network, and composed of a langalver of tiny
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sensor nodes with wireless communication capacidycmputing power. It can monitor, track, perceind cluster
the various environment or the information paramset the detection objects, and it also has thétieb of
automatic control, remote monitoring, and data cataion. Sensor node is equipped with integratedms, data
processing capabilities, data gathering capatsilided short range radio communications. Sensorsnace spread
randomly over the deployment region. Sensor netsvaile being deployed for a wide variety of appiaret
including sensing, tracking, monitoring. The colégt data of the member nodes are processed inetie ¢luster
before being send to the base station and aftlarctiolg the data and in the steady state phaseisttape of a packet
are send to the base station in a direct way [1].

HARDWARE DESIGN OF FOOD DATA GATHERING SYSTEM
As a hardware basic unit, wireless network nodesists of the following components: the master rmymhodule,
wireless transceiver module, camera module, keyraband indicate module, displays module, peripherterface,
ZigBee module and power module. In practical agpiins, the master equipment consists of all aatept display
module; a wireless route not includes cameras asuplag interface. User terminal not include cameraxdule.
Hardware Design of wireless sensor networks basedZigBee in this paper consists of a sensor modale,
transmission module, a microprocessor module atigpday module (shown in Figure 1).

| ZigBee module I

Key control and display ¢ ,l a B I
| Wireless Network protocol I Reripheralinei

| Display module I1—> I microprocessor module I <—PITransmission Module I

| Power module I

Figure 1. Hardware Structure of ZigBee

ZigBeeModule

ZigBee's general characteristics include use of @tk (2.4 GHz and 868/915 MHz) with Data rate260 Kbits/s
(@ 2.4 GHz), 40 Kbits/s (@ 915 MHz) and 20 Kbitg® 868 MHz). The protocol is optimized for low dudycle

applications (<0.1%) [3]. CSMA-CA channel accesslds high throughput and low latency for low dutcle

devices like sensors and controls. It also providesin optional guaranteed time slot for applmadi requiring low
latency as well as for low power usage with battéeyranging from multi-month to years.

ZigBee allows for multiple topologies including istpeer-to-peer and mesh, and is a full handshateqgol for
transfer reliability with a typical range of 50m-§80m based on environment). ZigBee uses spreadrspe
technologies to avoid multi-path fading and inceeasbustness. This approach allows for improvedaignmunity
in the presence of radio interference.

The IEEE 802.15.4 standard defines two PHYs reptegpthree license-free frequency bands that delsixteen
channels at 2.4 GHz, ten channels at 902 to 928,MHhit one channel at 868 to 870 MHz. The maximuta ddes
for each band are 250 Kbits/s, 40 Kbits/s and 2@sk) respectively. For the 2.4 GHz PHY, the staddspecifies
how the data coding, spreading and modulation fegterformed. Starting from the raw baseband t#ast, bits
are examined by groups of four bits. Each fourskijuence is mapped to one symbol out of 16 possjiidols.
Each symbol is in turn mapped to a 32-chip sequehbese sequences are pseudo-random and they anhg ne
orthogonal. For commercial applications, ZigBeeHHE=802.15.4) in particular has great potentialtia area of
wireless sensor networks, and ZigBee networks neorporate a variety of topologies including WissleSensor
Network (shown in Figure 2).

Sensor Network

Figure 2. Incorporating ZigBee, RFID and Sensor Technologies
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Sensor M odule

The farmland information acquisition and transnaiessystem collects the humidity, temperature agit lintensity
data information of the farmland. Due to the maomitbarea in the farmland and the conditions aively poor,
there are many uncontrollable factors. Therefdrés needed to consider the various factors whégctsesuitable
sensor. The sensor should have excellent antifénéerce, and be waterproof and heat resistingsét should be
small in size and easy to integrate, and low potweextend the service life. In conclusion, aftealgsis and
comparison of various sensors, the SHT10 temperamnd humidity sensor and the TSL2561 light intgnsénsor
are selected to measure the temperature, humialityight intensity of the farmland environment restively [4].

Microprocessor Module

In this paper, MEGA128 as a microcontroller, it bagriety of enhanced power management modeaimilsy mode,
the current consumption is only 0.1 microampere, @m work normally from 2v to 5.5v. And MEGA128itsfor
battery-driven, have 2 Synchronous serial port supm SPI and 12C, 2 USART Asynchronous serialtpor
supporting LIN protocol and 64KB flash. Processtagacity can meet the system requirements of ttieggd he
diagram of gateway node with ATmegal28 is showrigure 3.

‘ Net statue display circuit ‘
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RAM ROM
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Figure 3. Gateway Node with ATmegal28

Transmission M odule

A possible way to save resources is the improverémtata transmission. In a wireless sensor netwdaka is
transmitted together with its meta information t8sg in relatively big messages; sometimes inaigdiedundant
information (e.g. data source). Those messagesmeegl resources, especially energy, for transmissitue to long
periods of full radio activity.

RF transceiver chip have amount of type and quardB3MHz, 868MHz and 2.4GHz are its operating bahd
2.4GHz is used by ZigBee [5]. Currently, Chipcomedscale and other companies are focused to dewebipp
working at 2.4GHz for ZigBee. Choose the ideal giss transceiver chip can reduce development effattshorten
the development cycle, reduce costs, bring prodiactearket faster considering the cost and othetofa. In this
paper, we choose the wireless transceiver chip M@3a3of Freescale company. MC13192 requires minimal
peripheral components, including the oscillator cklocircuitry, the RF input/output matching circuénd
microcontroller interface circuit. The chip locadillator signal is provided either by externalieetcrystal or by
internal circuitry. Oscillator signal of internateuitry need the external crystal oscillator ang ioad capacitors, the
capacitance depends on the crystal frequency anidplt capacitance and other parameters.

Power Module and Others

The sensor nodes can be powered from energy stai@gees or by energy scavenging. The former tegleni
employs a variety of tiny batteries made up of tilims of vanadium oxide and molybdenum oxide. Hadtery
supplies power to the complete sensor node. lispdayital role in determining sensor node lifetimibe amount of
power drawn from a battery should be carefully rtemed. Sensor nodes are generally small, lightcieep, the size
of the battery is limited. AA batteries normallpt 2.2 to 2.5 Ah at 1.5 V.

From an energy perspective, the most relevant kifideemory are the on-chip memory of a microcofgrodnd
Flash memory—off-chip RAM is rarely, if ever, usédash memories are used due to their cost andgetarapacity
[6]. Memory requirements are very much applicati@pendent. Two categories of memory based on ttpogel of
storage are: user memory used for storing apphicatelated or personal data, and program memory fme
programming the device. Program memory also cosfdintification data of the device if present.
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The sensor node consumes power for sensing, coroating and data processing. More energy is reqdiedata
communication than any other process. The energy afotransmitting 1 Kb a distance of 100 meter30(8) is
approximately the same as that used for the executi 3 million instructions by a 100 million ingttions per
second/W processor. Power is stored either in diedteor capacitors. Batteries, both rechargeabld @on-
rechargeable, are the main source of power supmlysénsor nodes. They are also classified accortiing
electrochemical material used for the electrode$ sis NiCd (nickel-cadmium), NiZn (nickel-zinc), NiH (nickel-
metal hydride), and lithium-ion.

Current sensors are able to renew their energy folar sources, temperature differences, or vilmaffwo power
saving policies used are Dynamic Power ManagemBRtM) and Dynamic Voltage Scaling (DVS) [7]. DPM
conserves power by shutting down parts of the semste which are not currently used or active. ADDSEheme
varies the power levels within the sensor node wgipg on the non-deterministic workload. By varyihg voltage
along with the frequency, it is possible to obtgimdratic reduction in power consumption.

SOFTWARE DESIGN OF FOOD DATA GATHERING SYSTEM
Wireless sensor networks can be divided into ckrich and distributed system. In a centralized esysa single
element is responsible for gathering and procestit@ So, all components of the system are coetéatthis single
element. In a distributed control system the cotioes between nodes and the information processidgstributed
among the system components.

Sensor Nodes

A sensor node, also known as a mote is a nodewiredess sensor network that is capable of perfognmgome
processing, gathering sensory information and conirating with other connected nodes in the netwArkote is a
node but a node is not always a mote.

Sensor nodes can collect and filtration data algtivmit also can receive and execute the coordinastruction. The
sensor node was to have an x and a y coordinaidebeof using a structure. The structure membemsisted of the
node identification number (nodelD) as well asXheoordinate (x_co) and Y-coordinate (y_co).

To get an ID number and set of coordinates for edithe one hundred sensor nodes, the use ofladpmwas used.
Also each node and its information were storechiamay of the structure.

for (i=1 ; i<=no ; i++){

x_coordinate = Math.random() * x_co;

y_coordinate = Math.random() *y_co;

nodelD[i] = i;
X[i] = xco;
{[i] = yco;

In the "for" loop, "no" used as number of nodeghie network area. Also, the coordinates are codeskteed the
network area which is 10m x 10m. The results of tuding are displayed with two resources in sitradaresult.
The first is the output of the program showingibele ID as well as the random generated x and rdowes.

Softwar e Design

Software development for wireless sensor netwoelsiires novel programming paradigms and technado§ensor
node and network coordinator software is implengnitethe TinyOS environment. TinyOS is a lightwdigipen
source operating system for wireless embedded senkds designed to use minimal resources adanfiguration
is defined at compile time by combining compondnisn the TinyOS library and custom-developed congms.
Well-defined interfaces are used to connect anithéld¢he data flow between components. A TinyOSieggon is
implemented as a set of component modules writtemesC. The nesC language extends the C langutty@ew
support for task synchronization and task managemeéhis approach results in a natural modulargiesmninimal
use of resources, and short development cyclegOBrfully supports the Tmote sky platform and inlas library
components for the Chipcon CC2420 radio drivers @thdr on-chip peripherals. Radio configuratiorA®layer
communications, and generic packet handling acerssively supported.
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configuration SenseToLeds {

. L module SenseTolnt {
} implementation {

. rovi {
components Main, SenseTolnt, 'i)ntoe‘;fgiz ‘St dControl:
IntToLeds, TimerC, ) ’
DemoSensorC as Sensor; p

uses {

Main.StdControl -> SenseTolnt;
Main.StdControl -> IntToLeds;
SenseTolnt. Timer ->
TimerC.Timer[unique("Timer")];

interface Timer;
interface StdControl
as TimerControl;

SenseTolnt. TimerControl -> %nterface ADC;
TimerC: interface StdControl
SenseTolnt. ADC -> Sensor; as ADCControl; )
SenseTolnt. ADCControl -> interface IntOutput;
Sensor; j imol L
SenseTolnt.IntOutput ->  implementation {
IntToLeds; v

Y S
S

(@) ®

Figure 4. nesC Source Code

A nesC component exposes a set of interfaces. t&rface consists of a set of methods. A methoadsvk as either

a command or an event. The component implement glatides methods and expects other components to
implement that uses methods [8]. A nesC componergither a configuration that contains a wiring abier
components, or a module that contains an implertientaf its interface methods. A TinyOS program sists of a

set of nesC components, where the top-level filedbacribes the application is a nesC componehtettoses no
interface methods.

Figure 4a shows a TinyOS program called SenseTotledsdisplays the value of a photosensor in bimarythe
LEDs of a mote. SenseTolLeds contains a wiring ef ¢dbmponents Main, SenseTolnt (shown in Figure 4b),
IntToLeds, TimerC, and DemoSensorC. These compsraatjust a few of the nesC components that aiahle

in the TinyOS library.

Data Records are constructed in the following wagriodically the sensor node’s hardware sends ordad
command to its sensor board [9]. This read comnmaddressed to all connected sensors on the pdyispecified
sensor board. In return sensors answer with theividually measured values. Depending on the (tesf the
network the order of incoming values vary from thrder of read commands. In order to ensure theecbwalue
order in the resulting Data Record each sensorsneebe associated with its respective Field IDieEmise ID, and
Field Length. The implemented bidirectional inteddPFIXDataSampler supports this design. Eachosésdinked
to exactly one IPFIXDataSampler (shown in Figurelba node enters the established wireless semsavrork, the
rest task is the announcement of the Template Bews®@d, followed by the Data Records after dataiaitipn.

configuration ControllerAppC{}

implementation{

components ControllerC as App;

// Component Intitialize

components new IPFIXDataSampler1 6C(0x80A0,0xFOAAO0AA) as Temp;
components new IPFIXDataSampler1 6C(0x80A2,0xFOAAO0AA) as Light;
components new TempHumc() as TempSens, new TaosC() as LightSens;

// Connection of hardware sensors to IPFIX wrappers

Temp.Sensor -> TempSens;

Light.Sensor -> LightSens;

App.Sampler -> Temp,

App.Sampler -> Light;

1

)
module ControllerC { ...

uses interface IPFIXDataSampler as Sampler;

1
S

implementation {...}
Figure5. IPFIX Data Sampler Source Code

Data gathering Algorithms

Coordinator is the central node of the entire wesslnetwork in ZigBee. Compared to networked maensors, an
advantage of wireless sensor networks is the pbisito implement cooperative algorithms [10]. Aotential

application for these algorithms is the reductidmetwork traffic by data preprocessing and agdiega For a
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sensor application, it is not important whether atadaggregation is performed within the node itsglfby a
neighboring node. However, communication directeddta sinks has to be minimized since data sirksisually
located far away. It begins to work first. The maisk of coordinator is to organize ZigBee netwatlgw the sensor
nodes to join the network, bind the sensor nodes send the collected data to the server. An exarfgle
cooperative algorithm is location determinationthgngulation [11]. This algorithm needs at leagtasurements
from three different nodes. Computed positions tb@m be used for addressing or routing. The praeetiow of

coordinator is shown in Figure 6.
F
nodes
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completely?

Y

Receive N
completely?

Y

Serial port to
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|
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To allow node joins
allocation 16-bit
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Send
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Figure 6. The procedureflow of Monitor
CONCLUSION

In this paper, we proposed the food data gathesyis¢em that managers and consumers can checkeifnéss of
food. Proposed system consists of temperature sensmidity sensor, pH sensor, reader, server aiadl fdlequency
smart RFID tag with 1.56MHz and 900MHz. To validtte effectiveness of the proposed system, we geiteering
the freshness of milk by the environmental. ThaHreess of milk can be confirmed through pH at 48 C and
22°C. pH of fresh milk is 6.5 to 6.9. And spoiledlinis fewer than 6.5. We obtained the model edquregtibased on

the experimental results.
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