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Abstract--In this project, combines GPRS and ZigBee to establish a multi-mode network structure which employs GPRS as the data transmission device in the wide-area while ZigBee in the local area. This kind of network structure, providing a simple way to setup wireless network between terminal equipment, remote devices and personal stuff, will make the data servicing people freely, Due to its low-power consumption, low-cost, self-organization and powerful ability to route data, ZigBee, an emerging wireless network technology, has plenty of applications; GPRS (general packet radio service) network, a convenient way to access Internet, covers widely nowadays.

Index Terms--  Zigbee; GPRS; Meter reading system;

structure of Clusters; CC2430 .
I. INTRODUCTION
Wireless Sensor Networks (WSNs) become an important

issue such as environmental monitoring, a home/factory automation, logistics, and so on. The WSNs consist of small size, low-power, and low-cost devices that integrated with limited computation, sensing, and radio communication capabilities. The WSNs suppose that solve potentially on many emergency situations with early alarm [1].

WSNs will be popular over the next ten years. The WSNs

based on sensing technologies are a kind of sensors with micro electro mechanical systems (MEMS) technology. It

has been growing for various applications. Many research

used the WSN. It has been conduct a structural health mon-itoring for buildings and civil engineering structures in

recent years [4]. Some of these researches have focused on

wireless sensing technology.
The WSNs evaluate and analyze on the environmental information, such as tempe-rature, humidity, sound, vibra-tion, smoke as well as pictures of a building and forest. The WSNs based on the FFSS will give an early fire alarm of fire in forest or a mountain area using to analyzed on envir-onment information With the development of the computer, wireless communications and the rapid develop-ment of mi -croelectronics technology, the people life standard is const-antly enhancing. And the demand of the home automation, building automation is also increasing. 
For households at the top of high buildings and luxury hou-sing plot, the traditional meter reading has been unable to meet the future residential development needs, tradition-nal metering not only waste labor human power, but also exit man-made meter error. If there is always no body at home, and charging are even more difficult. Smart increasing demands for remote meter reading. Using remote, wireless meter reading system can avoid manual meter reading mis-takes, and errors of leakage of metering read-ing. It can im-prove efficiency, reduce labor intensity, and liberate labor, force.  To meet demand, this paper will make the use of the ZigBee and GPRS technology to design a system that automatically copied in distance.

II. ZIGBEE AND GPRS TECHNOLOGIES

A. ZIGBEE TECHNOLOGY

     ZigBee technology is emerging following the Bluetooth. It is short-range, low power, low cost and low complexity of wireless communications technology. The technology is applies value in the home automation, building automation, industrial control and industrial areas of logistics. ZigBee uses FM technology and spread spectrum technology to work in the 2.4GHz (global epidemic), 868MHz (Europe, popular) and 915MHz (U.S. pop), and in these three bands can transit high data rapidly with 250kbps, 20kbps and 40kbps. When using the 2.4GHz band, ZigBee technology can transmit 10 meters in the indoor, while in the outdoor transmission distance can reach 200 meters; in other uses spectrum, the indoor distance is 30 meters, while in the outdoor transmission distance can reach 1000 meters. The actual distance will be based on the size of the transmission power.

ZigBee technology has a variety of network topologies shown in Figure 1[1]
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(c) MESH
Figure 1. The third network of topology structure of ZigBee technology
Compared with other networks, ZigBee has the following advantages: low power, low cost, short time delay, network large capacity, reliability and safety. 

B. GPRS technology

GPRS, is a short form of General Packet Radio Service. It is the European Telecommunications Association (the GSM system), It is technological innovation about exchanging and transmitting in groups. GPRS shares wireless channel, using IP to PPP to achieve data terminals in high speed and in distance. As the existing of GSM network to the technology of the third generation of mobile communication (2.5G), GPRS, has a significant advantage in many ways. It provides end to end, wide-area wireless IP connection. It has the characteristics of using existing net works, using resources, always online, high transfer rate, reasonable cost and so on.

III. THE DESIGN OF SYSTEM STRUCTURE AND

NETWORK

A. THE MAIN STRUCTURE OF SYSTEM, FUNCTION AND TECHNICAL SPECIFICATIONS
The system of home meter reading is composed of control terminal in distance, GPRS module and user metering module. Shown in Figure 2.
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Figure 2. The whole diagram of the system

User meter reading module uses 2.4G free of charge, With-out application band. By the ZigBee network coordinator, the center of the network node, full-function device (FFD), a reduced functionality device (RFD) to form ZigBee wireless networks[1], to achieve the instrum-ent of data copying and transmission and other functions. ZigBee network is for short distance communication, and GPRS is networks for remote communication. They can combine with each other, through the net work’s gateway to achieve a user meter copying to control and transfer in distance.

Home Meter Reading system should have the following functions:

· Timing, location, automatically copy the user's electricity, water, gas volume.

· Low-power, low cost, reliable, safe.

· To user fs meters of electric water and gas working condition monitoring in time. When each of them work abnormally it can report automatically.

· To provide effective operating parameters for the property sector and offer the basic data for the implementation of automatically meter copying.

· To realize the transmission and processing of data in distance.

B. The network structure design
Using the combination of ZigBee and GPRS network, to copy home meters. Show in Figure 3. The function of communication in short distance uses the CC2430 chip by chipcon company. A simple external circuit can constitute a data transceiver module. Remote communications of GPRS module uses SIM300 chip, its stability is relatively high. In the process of communication, the system goes through the RS232 serial port to send commands and data to SIM300, then SIM300 begin landing GPRS Gateway to get IP address successfully, after that starts to communicate with the remote control terminal, thus establishing a communication link with the Internet.
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Figure 3. Network Structure
As the close communication within the node in the same region, data transmitting has great redundancy, so taking clustering structure of the network, and distributing centralized nodes to form clusters and elect cluster head.

cluster node, among the data distribute to cluster head. cluster The first collection of cluster nodes within the cluster data fusion of information to complete work on packet compression, reducing the flow of data to achieve the purpose of energy saving[2].

IV. THE DESIGN OF HARDWARE

A. THE DESIGN OF USER METER READING MODULE DESIGN

User meter reading module consists of three parts, intellig-ent instrument data acquisition module, data storage and data transfer module of ZigBee.
ZigBee module uses CC2430 chip. CC2430 accords with IEEE802.15.4 standard, and it is special chip in ZigBee. In addition to the CC2430 including RF transceiver, it also incorporates enhanced flash memory 8051MCU, 32 / 64 / 128KB, and it watchdog of 8KB of RAM, and the ADC, DMA, etc.. CC2430 can operate at 2.4GHz frequency band, using low voltage (2.0 ~ 3.6V) power supply and low power consumption (when receiving data 27mA, send data 25mA), its sensitivity reach to-91dBm, the maximum output is +0.6dBm, the maximum transmission speed is 250kbis/s[3]. CC2430 module data transmission path and the process show in Figure 4.
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Figure 4. CC2430 module data transmission path and the process.
Data collection needs to store the received data, and then select the path to send data out. It needs adequate storage unit. Select PIC18LF4620 MCU as the core processor. In the state of idle and sleep, you can make the system power consumption to a minimum. Interface is simple and little devices, simplifying the hardware debugging more difficult, increasing the stability of the system. The interface circuit of PIC18LF4620 and CC2430 show in Figure 5[4].
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Figure 5. The interface circuit of PIC18LF4620 and CC2430.
B. The interface of GPRS data transmitting module and

ZigBee network

SIM300 is used in the communications of GPRS data transmitting chip module, SIM300 has TCP / IP protocol stack. It can facilitate the achievement of Internet access. Using the RS-232 serial communication interface to communicate with the chip, to support EGSM 900M, DCS 1800M and PCS 1900M 3 total bands, to be compatible with GSM Phase 2 / 2 +. It has small size, low power consumption, can provide voice, data and messaging functions [5]. GPRS network and ZigBee network hardware connections shown in Figure 6.
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Figure 6. The diagram of ZigBee network and the GPRS network interface connection

V. SOFTWARE DESIGN

About software design, every communication protocol layer has to save energy. The communication between sensor nodes and the network coordinator introduce an example of communication process among the ZigBee modules. Before ZigBee modules making communications, it initializes effectively, ZigBee sensor nodes and the initialization process of the coordinator shown in Figure 7. In the initialization process, the network coordinator issues a request to connect sensor nodes. After the sensor nodes successfully receive and verify a data frame, and MAC command frame, the node returns to the confirmed frame. 
The ZigBee module of the sensor node is in dormancy. After finishing initialization, ZigBee module information processing as shown in Figure 8, the network coordinator is in working state, waiting for the response of the connection request of sensor nodes, and when the fixed time is up, sensor nodes take the initiative request to connect the network coordinator, and reported to the network coordinator about the collected data of intelligent instrument. Sensor nodes and link nodes, and the communication between the link nodes and network coordinating is like this[6].

The technology is applies value in the home automation, building automation, industrial control and industrial areas of logistics. ZigBee uses FM technology and spread spectrum technology to work in the 2.4GHz (global epidemic), 868MHz (Europe, popular) and 915MHz (U.S. pop), and in these three bands can transit high data rapidly with 250kbps, 20kbps and 40kbps. When using the 2.4GHz band, ZigBee technology can transmit 10 meters in the indoor, while in the outdoor transmission distance can reach 200 meters; in other uses spectrum, the indoor distance is 30 meters, while in the outdoor transmission distance can reach 1000 meters.
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Figure 7 ZigBee module Initialization flowchart
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Figure 8 ZigBee module information processing flowchart

The program of the sensor nodes collect in the fixed time, A/D conversion, the fixed time of sending and dormancy, the nodes of router and coordination achieve the function of data forwarding and routing. Note that when programming, data communication between coordinating node and the GPRS modules should follow the appointed message so that the remote control terminal can analysis the reported message better[5].

VI. RESULTS OF EXPERIMENT

During experiment, six sites were selected and formed a small sub-cluster network and elected a cluster head. Every send the collected data in the fixed time to its cluster head. After finishing transmitting data, node was in dormant state. Cluster head finish fusion of data among clusters and compress the data packet, then transmit to routing node, and send data through a series of routing nodes to the GPRS module. GPRS module data will send data to the remote control terminal. Select three experimental points, to test the situation of user using water, electricity, gas meter. 

In the testing process:

· GPRS network transmission effects influenced the

            system. Research has shown that using GPRS 
            network to transmit data, the data is less than 128 
            Byte, and the communication delay about 2s. This
            method can increase the amount of data transmit- 

            ting, thus it can avoid delaying communication
            time.                                                                                                                                                     
· The capacity of the buffer area of data, affect the quality of sending and receiving. When the capacity is too small, it can close data in transmitting, and even lead to GPRS module automatically reset and make the entire system

               collapsed. So in making program, it should use
               flow  control.

· Saving energy is important. It can be achieved by

           increasing the system dormant time.

VII. CONCLUSION

Through study and analysis, the wireless remote meter-reading system is designed. This system combines ZigBee technology with GPRS network. It is using PIC18LF4620 as important processor, by CC2430 to do communication in short distance and SIM300 to achieve communication function in long distance, using RS-232 link communication joint to connect the communication between ZigBee and GPRS technologies. In this way it is

convenient to copy the data of water, electricity and gas meter. It can full use the resources of networks. This system has low cost and a little power consumption, while it has great extension and security. It can be used inother areas widely.
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