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Executive Summary

Wireless pressure sensors are often used in remote or difficult to access areas such as inside gas lines or in the pneumatic brake system of a freight train. Low power usage and a robust wireless network are necessary to keep a sensor system effective. The ZigBee and IEEE 802.15.4 standards-based protocols create a mesh network topology in which each node in the network can act as a repeater for other nodes as well as transmit its own information.  This rerouting of information is referred to as “hopping” or “multihop”. 
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1. Introduction

Key design requirements for sensor networks include low power consumption, long battery life and a robust wireless mesh network.  The ZigBee protocol provides the network infrastructure needed for sensors to relay their information to a base station even if they are outside the effective transmission range or if their signal is blocked.  This can greatly extend the physical range of the sensor system. The low overall system duty cycle that ZigBee uses,  combined with low peak currents,  greatly reduces power consumption. A base station, or “coodinator” device, controls the network and receives information from a router or end device. In this note the router device is a MICA2 Mote wireless platform for low-power sensors.
2. Objective

This application note will instruct the reader how to implement an effective low power, wireless network using the ZigBee and IEEE 802.15.4 protocols, as well as how to use the repeater feature of the MICA2 Mote for hopping signals that are beyond the controller device range. 
3. Background

The IEEE 802.15.4 standard defines the lower network layers, Medium Access Control (MAC) and Physical (PHY),  of a WPAN (wireless personal area network) to create low power, low speed, networking between devices. The data rates for the physical layer range from 10 to 250 kbps and can operate in three unlicensed frequency bands: 858 MHz for 10-20 kbps, 902-928 MHz for 40 kbps and  2.4 GHz for 250 kbps. The MICA2 Mote uses 38.4kbps and operates up to four channels in the 315MHz, 433MHz and 915MHz depending on the specific model. This trades high speed performance for low power consumption. The ZigBee protocol defines the network and application layers. This is where the network topology, routing and application services are established and controlled. The “association” process exchanges messages from one ZigBee compatible router to another.  The MICA2 Mote has the ability to communicate with other motes as well as its controller which creates a flexible range and robust network. 

4. Implementation

The first factor that needs to be considered is how the network is going to look. Is it a group of sensors clustered around a central base station, or a line of sensors leading away from the base station? Network density for a cluster is the number of devices per unit area. The Utilization Ratio can help determine the number of devices needed within the base station range:  Density/Total Devices. Ideally, for any network regardless of size this guideline should be followed:  4 < Density < 16 with a Utilization Ratio as small a fractional number as possible.  Good network density (low) keeps the network uncluttered and expands the sensor network range. Bad network density (too high) can cause signal congestion and “blanketing” of other devices in the signal sender’s area.
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Figure 1 Good Network Density


         Figure 2 Bad Network Density
In the case of a linear configuration, sensor density is not likely to be a problem but other steps will be need to be taken to create a linear structure. Figure 3 shows a topology where sensors, indicated by the circles, are physically placed in a line which extends away from the base station, indicated by the PAN box. What is needed here is to set the nwkMaxChildren and nwkMaxRouters to 1. This will force each unit to seek one child unit and one router which will cause the signals from the sensors to hop along the line. Only the sensor closest to the base station will communicate directly with it. 
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Figure 3
Another factor which needs to be controlled is the power of the signal transmission. Intuitively, one would assume that amplified power would ensure reliable communication.  This is not always the case with a ZigBee network.  Since each sensor can also act as a repeater, a transmitted signal only needs to reach its nearest neighbours for the information to be relayed back to the base station. This is especially important to control in dense networks. By turning down the signal power, one can reduce the number of devices “blanketed” by a single transmission.
In order to set up the mesh network of the MICA2 Mote wireless platform,  the software MoteWorks and MoteView need to be installed.  This note assumes that these programs have been successfully installed and configured.  This procedure requires two Motes and one sensorboard (MDA100, MTS300, or MTS310).  MoteOne will refer to the sensor node and MoteTwo will act as the base station, plugged into the programming board connected to the PC.  
1. Create a subdirectory named after the desired application in the directory: 
/MoteWorks/apps/tutorials/ 
2. There are now two options to create source files. The simplest and quickest option is the one used here for brevity: Copy, paste and rename the /lesson_4  subdirectory from the /tutorials subdirectory into the app folder just created.

3.  Plug MoteOne into the programming board to compile and install:

-Select the MyApp.nc file in Programmer’s Notepad


-Select Tools>shell


Type make mica2 install , 1 mib510 , com1 when prompted



(assuming connection to com1)

-Plug MoteOne into the sensorboard

4. Next plug MoteTwo into the programming board


-Select the XmeshBase.nc file in the Programmer’s Notepad


-Select Tools>shell



Type make mica2 install , 0 mib510 , com1 when prompted



(assuming connection to com1) -the base station node is always id 0
5. Leave MoteTwo plugged into the programming board and turn on MoteOne

-Flashing LED lights on MoteOne indicate a successful installation
5. Conclusion 

The ZigBee and IEEE 802.15.4 standards-based protocols are extremely useful and versatile for a wide variety of sensor applications. Cluster topology works well for building and home control of automated systems while the linear structure is ideal for sensors along a train or pipeline, or a single tranceiver per house along a street. The MICA2 Mote is straightforward, versatile and small, suitable for security, surveillance, environmental monitoring and a wide array of other applications. These systems used together create a reliable and robust network with flexible configuration and range.
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