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ABSTRACT

ZigBee technology is a kind of wireless technology with short distance, low complexity, low power consumption, low
data rate, low cost and wireless network technology. Smart Home system consists of the system server, the family
controller (modules), the composition of routers, switches, communication device, controller, wireless transceiver,
all kinds of detectors, sensors, actuators and other major parts. The paper proposes using ZigBee and RFID
technology with GPRS to development of smart home system. Smart home system uses RFID and ZigBee technology
to complete the lighting control systems, gas leak, fingerprint identification system. Experiments show that this
method has very good effect.
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INTRODUCTION

Large Smart Home Control System usually consissysfem server, Family Controller (various modylasyariety
of routers, switches, communications, controlleirelgss transceiver, a variety of detectors, varieensors,
actuators, printers and other major componentsefatiy smart home system functions include theofeihg three
aspects: lighting control traditional mechanicghti switches from light to dark-mounted mountesl dévelopment
but the shape changes in the structure, which fesita single inconvenient to use. So there is andinswitch,

single and multi-channel infrared switch, wirelessitch, but these various electronic switches hasoivn

limitations, can not replace the traditional medbalnswitches.

This article combines smart home networking andteel technology, sensors, controllers and otheicdgthrough
wireless technology to connect and collect datarintion processing, using a sensor to collectandemperature,
light and other data in the embedded terminalrifwrimation read and processed, and make the apar®p@ction.
The whole process involves ZigBee-based wireless@enetwork and GPRS mobile communications modefles
the application.

ZigBee technology is a kind of wireless technolagth short distance, low complexity, low power comgption,
low data rate, low cost and wireless network tetdmyg mainly suitable for carrying less data traervice, can be
embedded in a variety of devices, and supportth®geographical location [1]. Compared with theous existing
wireless communications technology, ZigBee techgwls the lowest power consumption and cost is albiy hot
spot in the embedded application at present.

RFID radio frequency identification is a kind oftamatic recognition technology of non-contact, Rihal through
its automatic target recognition and access tovagliedata, identify the work without human intertien, it can
work in various environments. RFID technology cdentify the moving objects and can also identifyitiple tags;
the operation is fast and convenient.
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GPRS is the general packet radio service (Genaaekd® Radio Service) for short; it is a mobile dagavice
available on the GSM mobile phone users. GPRS easaldl to be a continuation of the GSM. GPRS aacdh#st
continuous in the channel transmission in diffeneats, is the packet (Packet) to the transmissorthe burden
the cost is calculated based on the data trangmissiit, not using its entire channel, theory ie&ly cheap. The
transmission rate of GPRS can be increased to 8§ar 114Kbps. Smart Home is a system and a protésshe
use of advanced network communication technolodgctecal automation technology, computer technglog
wireless technology, and home life on a varietydetices together organically, through a networknbégrated
management, so that home life easier. Smart horenty has the traditional residential functiont bve no longer
passive, intelligent initiative is a tool that pides a full range of information exchange functiomgtimizing our
lifestyle and living environment. The paper proposasing ZigBee and RFID technology with GPRS to
development of smart home system.

2. Development of smart home system based on ZigBee technology with GPRS

This paper describes the three basic functionstefligent home furnishing system has: lighting tcohh home
appliance control, security alarm function. Thisapter is consistent with intelligent home furnighisystem
requirements for the intelligent home furnishingtsyn based on GSM network has carried on the deanaalgisis
the basic functions required to achieve the desigietermine the. On the basis of the demand asatye overall
design scheme of network home furnishing systeradas GSM.

ZigBee technology is a new sensor network a netwsgkurity and application software, known as |IEEE®5.4

technology standardization in the standard, theB®&E.15.4 working group is mainly responsible fbe t
development of physical layer and MAC layer protptiee protocol reference and use existing standagih-level

application, testing and marketing etc. the worll e responsible for the ZigBee alliance. Two-waiyeless

communication technology has the advantages oflsistpucture, low power consumption, low data réde; cost

and high reliability, which is suitable for the lfieof automatic control, can be embedded in varidergices, and
supports for the geographical location. The coneplegBee protocol suite consists of high-level &ation layer,

application convergence layer, network layer, diatalayer and physical layer.

ZigBee technology has powerful networking equipménsupports the star structure, network structame tree
structure of three kinds of self-organizing wiralesetwork type [2]. Especially the network struetuit has the
reliability of network robustness, strong. Thisidesis the tree structure to expand the commurdnadirea, as is
shown by equationl.
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Fig. 1. Development of smart home system based on ZigBee technology with GPRS

The system through the sensor data collected byitjigee, wireless transmission module to the namroller,
and then by the infrared emission chip IR6721Chimusehold electrical appliance control signal, lbarcompleted
within the family control and GPRS remote contrtip use of serial communication connect wirelest da
transmission chip ZigBee network module, ZigBeewmogk module is the UART interface half-duplex wassé
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transmission module.

The software design of each module of the intatiiggome furnishing system based on GSM network, GSM
communication module and MCU is mainly through #leeial port to send AT commands to GSM module, tshor
message or control of the GSM short message senutidgle reads the GSM module to accept. Commuoicati

the single-chip microcomputer and the fingerprderitification module is an instruction set way ohtolling the
fingerprint identification module, fingerprint regoition input, search.

CC2431 is a system with hardware location enginetop (SoC) solutions, integrated positioning eegiased on
RSSI, can satisfy the need of application of lowvponZigBee/IEEE802.15.4 wireless sensor networlcoidding to
the requirement of processing ability of the MClbtpcol stack, network and application software efieq,
CC2431 includes an enhanced industry standard8668 microcontroller core, runs at a clock rat@2f1Hz. The
CC2431 also contains a DMA controller, it can bedut reduce the 8051 microcontroller core of datasferring,
thus improves the performance of the whole chip.

The system uses wireless sensor network basedgBe&itechnology to realize data acquisition andstrassion
[3]. Sensor nodes by artificial arrangement or plpnints and mode distribution in the monitoringioa, through
the form of wireless multi-hop networks, in the leotion of environmental data, can be directly odiiectly
through the router will environment upload datathe central control node, the central control nadethe
environmental data to the monitoring center competavironmental data analysis, storage and earlsning
through the serial port.

X(k|k-1)= X K)-X K [k-1)

X (k|K)= X (K) = X (k [K) )

The embedded server terminal hardware module mdink/ the center controller, GPRS module and ZigBee
module. The central controller is a single-chipg#e-chip microcomputer as the core componenti®fystem, it
besides the period with MCU minimum system, théaseommunication circuit and the MC703 through R®232
module, MCU PO port and the P1 port is connectdti Wie display, keyboard. The connection of varioostrol

and sensor with P2 interface. GPRS module MC703ufeodhis module has one serial port, baud rate is
115200bps, by the way of serial port, and this n®dan communicate with single chip microcomputer.

The nodes of wireless sensor network are compoktdiomain modules: sensor module (sensor, sigdalsting,
A/D converter), the processor module (microprocessemory), wireless transceiver module (wirelessmvork,

MAC, transceiver) and power supply module (powgapdyt AD-DC). In addition, also can choose otheditidnal

functions, such as positioning module, device meddlireless sensor network node is the realizatienhanism of
serial communication module based on ZigBee trassinn module to replace the traditional, the infation data
collected by wireless mode accurately send out.

Zigbee message consists of 127 bytes, it mainlydes the following parts: MAC header: the headsrtains the
current message is transmitted to the source asldresdestination address [4]. If the messageutedp the address
may not be the actual address, produce and ushetider for the application code is NWK header: bader
transparent the message contains the actual saddress and destination address, and the use ofha&er is
transparent to the application code: the headetaomnthe configuration of ID, the destination terah clusters of
ID and the current message. Similarly, produce asel header is transparent. Payload: this field abositthe
application layer Zigbee protocol frame.

Meter reading to the residents of the area, themretading terminal usually with dense distributidistance, the
ZigBee technology can meet these requirementsralaetd meter reading management center termirtal mkzeds
to be sent to the electric company, this can béeset by using GPRS / CDMA network, and no distdiroé, and

no need of network planning, almost do not neechteaance. In addition, the construction of the ZgBetwork
can be a star topology, can also be a mesh netwpdtogy, however, no matter what kind of topol@djistructure
of the Zig-Bee network, can according to the actigdlvork structure network need to design reasenabl

ZigBee work at a lower rate of 20 ~ 250kb/s, retipely 250kb/s (2.4GHz), 40kb/s (915MHz) and 20kb/s
(868MHz) of the original data throughput rate, teanthe application requirement of low rate of dedasmission.
Between the transmission range is generally bet@8en 100m, the increased RF emission power, candpeased
to 1 ~ 3km. This refers to the distance betweeghimiring nodes. If the routing and communicatiotwieen the
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nodes of the relay, and it is that transmissiotadise will be longer. The ZigBee response speet] gaserally
from the sleep into the working state of only 15msges are connected into the network only needss3€urther
saving electric energy. Compared to 3 ~ 10s, BhtetoViFi need 3s.

Wp,m

W,
B _— _ b,M-1
w, =J,W, = )

Wb 1

®3)

Digital home control system can make people camehat any time, any place on the home of any éettr
appliances (air conditioning, water heaters, ricekers, lighting, sound, DVD recorders) for remotatrol; You

can also commute advance to home air conditionjpgnpso that hot water heater burned in advanaskech
fragrant rice cooker; and all this is achieved siraply playing a simple phone call. Short MessageviSe is a
GSM system provides GSM terminal (mobile phones$jvben the through service centers (service cefaerpext

messaging application services, including serverger complete information storage and forwarding.

Zigbee wireless network formation, first of allet&Zigbee coordinator is to establish a new Zigbstavork [5]. A
start, Zigbee coordinator will allow the channelswarch other Zigbee Coordinator. And based on ebahnel to
allow the passage of the detected energy and nletwonber, select only 16 PAN ID, to build their owetworks.
Once a new network is created, Zigbee routers ermdinal devices can be added to the network.

Wireless communication has the bidirectional deaagmission function, using GSM short informatigstem has
stable performance, provides a powerful platformdommunication of remote data transmission anditmong
equipment. Taking GSM as wireless data communigat&twork, it can be applied in the bank, saviritie lroom
monitoring, telecommunication equipment room poveed environment monitoring, communication industry
remote unattended station computer monitoring amote maintenance (such as mobile communicatiop bas
station, microwave station, optical fiber relaytista) and other unmanned point (such as warehooSiee
buildings and so city public utilities) monitoringnd real-time monitoring and maintenance systenthasgas
pressure regulating station, water supply, sewagespand heating system, power system in the @tyep grid
situation.

The sensor node is the system data source, whiataisly composed of humidity, temperature, soot atiter
multi-channel sensor acquisition module, and isignal conditioning module and wireless transceiverdule
model the transmission of the control command reside for various environment parameters acqoisitind
uploads the monitoring region and the receivingiremvnent monitoring center. In order to meet theds of
outdoor unattended, design can use battery povwgalysunode, the central control node is respondibtestarting
the whole network nodes and maintenance, collecti@nvironmental parameters of the wireless senstwork to
upload, and transmitted to the monitoring centenmater through serial port, serial port interruptaption at the
same time to listen, to control instruction, todemode sensor nodes so, can be extended using R8&&Pport in
the central control node hardware platform.

Continue to use the CC2420 CC2430 chip chip arctuite to achieve a system on chip (SoC) solutitirtan meet
the ZigBee-based 2.4 GHz ISM band applicationddar cost, low power requirements, integrated omgls chip
ZigBee radio frequency (RF) front-end, memory ardracontroller. It uses an 8 MCU (8051), with 32/628 KB
programmable flash memory and 8 KB of RAM, alsoludes analog / digital converter (ADC), severaldim
(Timer), AES128 coprocessor Watchdog timer (WatapOamer), 32 kHz crystal oscillator Sleep mode time
power-on reset circuit (Power On Reset), brownemiection circuit (Brown Out Detection) and 21 progmable |

/ O pin.

Using GSM short message system for wireless contation is two-way data transmission function, stabl
performance, provides a powerful platform for conmmation of remote data transmission and monitoring
equipment. Taking GSM as wireless data communigat&twork, it can be applied in the bank, saviritje Iroom
monitoring, telecommunication equipment room poveed environment monitoring, communication industry
remote unattended station monitoring and remotentmaance (such as mobile communication base station
microwave station, optical fiber relay station) asttier unmanned point (such as warehouse, offideibg city
public utilities etc.) monitoring and real-time nitmming and maintenance system as power statiotervaipply,
sewage pipes and heating system, power systere ititth

720



Tao Liu and Xuemei Guo J. Chem. Pharm. Res,, 2014, 6(6):717-724

Taking ARM6410 as the control core, transmittingl gmocessing of remote data by GPRS, using 6418l skata
communication with the GPRS, the internal datarimfation is sent to the owner of the house home &veay the
mobile phone, and can be through the master mphid@e sends control information control room apyes, as is
shown by equation4.

1 1/1-M{,s(mn)
W n==-=-|"__1ABY "7
(M) =5 o 1T

Wigmax(m n) =1- Wimin (m’ n) ()

The hardware node design coordination of ZigBee cthmposition of the node by wireless transceive2430, RF
antenna RF, power supply module, crystal oscill&iozuit and the serial port circuit. Input / outgRF is high
impedance and differential, differential RF port fine appropriate load is (115+j180) [6]. When gsithe
unbalanced antenna (such as the monopole anténr@jer to optimize the performance, should usebatance
transformer. Doesn’t balance transformer can beimuseparate inductors and capacitors with low Zdxbwer
module for power supply of CC2430 digital | / O dnldO simulation, the power supply voltage is 3.6 V.

3. Application of RFID Technology in Building Smart Home System

RFID electronic tag is a breakthrough technologg first, very specific objects can identify indluial, not like a
bar code that can only identify a class objectped¢ which uses radio frequency, through the estematerial to
read data, and bar code must rely on laser to tteaéhformation; third, at the same time to underdtmultiple
objects, and can only be a bar code reading. litiaddthe amount of information storage is alsoynarge.

RFID technology is a non-contact automatic idecdifion technology, it through space coupling (aking
magnetic or electromagnetic fields) automatic tangeognition and access to relevant data, to ifyemork
without human intervention. As a wireless versidrnthe bar code, RFID technology has a barcode dchage
waterproof, anti-magnetic, high temperature, regdiistance, can simultaneously handle multiple lfaltee label
on the data can be encrypted, data storage capgpeitiyer freedom to store information such as cesfgeatures

[7].

(%)

Home automation is no longer a passive buildingthencontrary, became to help the owner make tise use of
time tools to make home more comfortable, safdciefft and energy saving. Network smart home systam
provide you with remote control, home appliances ¢anditioning, water heaters, etc.) control, tigy control,
indoor and outdoor remote control, curtain autoomgtiburglar alarm, telephone remote control, pnognable
timing control and computer control and many otleatures and tools make life more comfortable, eofent and
secure.
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Fig. 2. The design of using FPGA in High-speed CMOS Color Recognition System
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RFID systems based on sensor networks and conteeaRFID system that integrates the RFID tagsveineless
sensor network technology for context-sensitivenévd8]. Context-aware active RFID systems is théita to
automatically obtain an RFID tag integrated systements, context-aware RFID system is aimed at the
identification information environment can identdnd use of resources.

Phone module is mainly used to create a wireledgl Glsannel, receive and send short messages. SCiensys

used to control the phone module, and the recesleit message information to interpret and exeshtart

message format contains emitted from the Intertefgsm short message. The system uses the comatiamic
cable connection. IR learning remote vision forainditioning, TV and other needs only infrared odencontrol

infrared control home appliances category AC poalene can not make it into the working state. Tioeee
proposed to use the infrared remote control foraiheonditioning and other electrical infrared trohscheme, the
system has the IR learning function can be realarethe effective control of these appliances.

Wireless transceiver module is built on the wirslésansceiver chip SMARTI base transceiver congidta
differential receiver circuit, non-metastatic maatidn loop transmitter, RF PLL, and IF synthesizexsternal
transceiver antenna. Power supply module is to pdihwe system. TC35i GSM engine is required DC gdta
3.3-4.4V, the maximum current is 2A (standby cutrtisrvery small, typically 3mA, but the transmigsiof voice,
SMS modem driver when a large current, the powestrbe applied, the rated current of at least 2AA$H
memory stores various operational instructionsa daid control information, data is not lost down.

The system uses various means to achieve centtal@rol device. Concentration of each devicéésfirst device
on the infrared remote control signals to identfiyd store, and then restored when necessary ta@otdhe
corresponding device operation. Constituted by rtfierocontroller centralized controller, it is sédfarning and
restores the core part of the infrared receiverahration circuit or in part by the CX20106 inteigh infrared
receiver components, infrared LED emission part &imsextremely driven parts. Typically, the infraresimote
controller in the remote control signal modulated a carrier of 38KHz, amplified by a buffer to thdrared
light-emitting diode, into the infrared signal eted. Binary pulse code in many forms and it is dick the most
common is the PWM code (pulse width modulation ¢@ael PPM code (pulse position modulation code).

RFID frequency by application is divided into diéat frequency (LF), High Frequency (HF), Ultra Hlig
Frequency (UHF), microwave (MW), the representatibrthe corresponding frequencies were: LF 135Keks|
high frequency 13.56MHz, ultra-HF 860M ~ 960MHz cnowave 2.4G, 5.8G RFID divided according to theywa
of supplying energy passive RFID, active RFID, aedni-active RFID. Passive RFID reader from the,past
prices; active RFID reader can provide furtheratise, but SRR110U UHF UHF Desktop Reader requires a
battery-powered, cost is higher, suitable for reametding and writing applications.

Mobile terminal includes an RFID tag; you can rétVA mobile payment software for mobile phones aad cead
RFID, POS machines. Where RFID cards and RFID P@ghime is RFID subsystem [9]. RFID POS machine
through RFID technology to read the user informmatand the use of PSTN, GPRS, etc. and mobile paymen
platform linked. JAVA mobile phone users use molpiég/ment software via GPRS network and mobile payme
platform for interactive information to completeethayment.

Smart Home is a house as a platform, the use efiiated wiring technology, network communicatiochteology,
security technology, and automatic control techggJ@audio and video technology to home life-relatgdipment
to form an integrated smart home system living mmment. Things smart home smart home managemsténsy
through a device is to achieve home security, coirdmd information exchange and communication béigias.

4. Using ZigBee and RFID technology with GPRS to development of smart home system

Smart home system mainly consists of three parsenaor node WSN networks, embedded server tern@iiRS
communication module and other devices. Whereirs#resor node network includes a plurality of wissleensor
nodes, each node is coupled by a sensor module Zifjfgee communication module. Sensors for real-time
detection, the detected data transmitted via ZigBemmunication module control node, the node cdntro
processing the collected information, and make appropriate operation processing. Mobile terminah de
remotely via GPRS network connected to the embeddeder terminal center console, center consolallban
connections, through ZlgBee module sends informat®m the appropriate processing ZigBee module, nibee
consoles receive command with an appropriate tesatm

RFID tag stores a unique code, usually 64bits, 86t even higher, much higher than its addressespar can

provide space, so you can achieve single-gradesgonding. When the RFID tag reader into the aatgon, can
be based on inductive coupling principle (withimga of the near field) or electromagnetic backscatoupling
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principle (within range of the far-field) induced the tag antenna potential difference across hedabel weak
current path is formed in the chip, if the currartensity exceeds a threshold value, it will adéivéhe RFID tag
circuit chip, and thus the memory chip of the tagd / write operation, the microcontroller can beher added,
such as a password or anti-collision algorithm atiiétr complex functions..

The system also has good scalability and can by @asording to the specific requirements of tlaadacquisition
module on the expansion of the corresponding seaestar collection in order to accomplish specified® Zigbee
wireless sensor networks because of its flexiblevokking node low power consumption and other pdwer
features can be automatically restored, its apdican the smart home will be more extensive.

Users need a remote control curtain switch, as Esghe specified command using a mobile phonend $ext
messages via GPRS module receives and short mesaagkated into commands can be identified tofémeily
transmission controller, the controller has beeattrd by the ZigBee module wireless transmissiodseommands
to the motor and the curtains are connected tadhé&oller, the controller controls the realizatimiithe curtain..

5 5

REDUCE (1)[i, j] = >.> w(mn)I[2i +m 2] +n]

m=1 n=1 (6)

We need to switch the TV remote control, as longhasspecified command using a mobile phone to $exd
messages via GPRS module receives and short metsaagkated into commands can be identified tofémaily

transmission controller, the controller has beerattd by the ZigBee module wireless transmissiorsend
commands to the TV connected to the controllerctirdroller implements control of the TV. We needwitch the
remote control air humidifier, as long as the sfiedicommand using a mobile phone to send text agessvia
GPRS module receives and short message transtate¢ammands can be identified to the family traission
controller, the controller has been treated byZigBee wireless transmission module to send comsmamdhe air
humidifier connected controller, the controller iements the control of the air humidifier.

The power supply is integrated RFID AFE interionag from the current analysis seems dangerousré-igghows
the test RFID schematic contact method: by the R&fienna and connected in series directly acrasdotd
resistor divider AC signal in accordance with tpedfications, RFID load feedback signal may baiadned times
the signal strength of the wireless mode directiytap of the loaded AC signal. Changes due to e gower and
load modulation is essentially the same, so if Al improper power supply design, RFID micro praieg
execution state may be different from the inteprakcessing at both ends of the series resistante AC signal is
reflected.

Smart home system in a variety of family-relatechownication and information equipment, householpliapces
and home security devices, through the family bechrology to connect to a home intelligent system
centralized or remote monitoring, control and mamagnt of family affairs and maintain these fa@btiand
residential environment of harmony and coordinatibhese features are intelligent home system viome
network controller is not achieved, the family lrafiome network controller bus system, through #milyy bus
system offers a variety of services, and housingide of all connected with the outside world.dhde said, smart
home system is a smart residential core. Thus thé smart home system in the smart house in gortamnt
position. The system design chose the first platfahere are three main modules: the sensor nodd WigBee
module, embedded server terminal module, GPRS canaation module and RFID devices.

—

Smart home system
10000

1000 /
100

1
1 2 3 4 5 5 7 8 IR B TR —=RFID

Fig. 3. Comparison results of development of smart home system with GPRS by ZigBee with RFID

This paper takes ZigBee as the wireless commupitathainly, study on the technology development and
application in home furnishing industry aspect dwvanced and practical. Through the GSM networketalize
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mobile phone terminal and intelligent home furnighilong-distance two-way communication system, ksea
through the traditional wired distance constraitdsachieve remote receiving, sending messageshasmd modular
program and high scalability, high degree of ingelhce. Smart home furnishing system is embeddedralo
terminal system, ZigBee wireless sensor network &RRS communication. It is good to improve the home
furnishing environment, it also contains audio ako entertainment functions, meet the entertammeeds of
the family.

A complete RFID system, by the electronic tag reaaled also is the three part of the transponder thed
application software system called the composititba,working principle is radio wave energy to Fransponder
Reader to launch a specific frequency, is usedite dhe Transponder circuit will internal datasent, the Reader
will sequentially receive interpretation data foe application, and make corresponding treatment.

CONCLUSION

Smart home system uses RFID and ZigBee technotoggrhplete the lighting control systems, gas |fakerprint
identification system test, the successful compietf the system to be designed, made and demtatstthe
design, detailed description of the smart home G3dgit messaging implementation methods and relzitedit
design principles, the design takes full advantafyéhe system's hardware and software resourceachieve a
coordinated control of each module, to improve esysteliability and versatility. The paper proposesg ZigBee
and RFID technology with GPRS to development of rsrhame system. Principles are designed demorwtrati
program, designed the corresponding hardware sstdraysoftware, the results show that the desigheo€ircuit to
complete the basic test functions.
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