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Abstract:
The field of wireless sensor technologies has witnessed tremendous growth in recent years causing it to become one of the fastest growing segments of the telecommunications technology. This paper presents an overview on recent development of wireless sensor technologies, sensor networks and standards for wireless communications as applied to wireless sensors. Examples of wireless sensors and sensor networks applied in various fields are given. The paper also discusses advantages of wireless sensors and obstacles that prevent their fast adoption. 

Introduction:
Wireless technologies have been under rapid development during recent years. Types of wireless technologies being developed range from simple IrDA that uses infrared light for short-range, point-to-point communications, to wireless personal area network (WPAN) for short range, point-to multi-point communications, such as Bluetooth and ZigBee, to mid-range, multi-hop wireless local area network (WLAN), to long-distance cellular phone systems, such as GSM/GPRS and CDMA. 
Most people feel the strong impact of wireless technology mainly due to the astonishing growth of cell-phone market. A far greater potential exists for development and applications of other types of wireless technologies, especially wireless sensors and sensor networks, starting from military and environmental monitoring, moving towards machine-to-machine communications (M2M), and eventually reaching all aspects of our lives. 
A wireless sensor network is a system comprised of radio frequency (RF) transceivers, sensors, microcontrollers and power sources. Wireless sensor networks with self-organizing, self-configuring, self-diagnosing and self-healing capabilities have been developed to solve problems or to enable applications that traditional technologies could not address. Once available, these technologies would allow us to find many new applications that could not have been considered possible before. Wireless sensor technology is still at its early development stage. This paper intends to give an overview of available wireless sensor technologies. 

Need of wireless sensors:

An obvious advantage of wireless transmission is a significant reduction and simplification in wiring and harness. It has been estimated that typical wiring cost in industrial installations is US$ 130–650 per meter and adopting wireless technology would eliminate 20–80% of this cost. Additional savings in overall cost can be obtained by more efficient control of the equipment through effective monitoring of the environment. Wireless sensors allow otherwise impossible sensor applications, such as monitoring dangerous, hazardous, unwired or remote areas and locations. This technology provides nearly unlimited installation flexibility for sensors and increased network robustness. Furthermore, wireless technology reduces maintenance complexity and costs. 
Wireless sensor networks allow faster deployment and installation of various types of sensors because many of these networks provide self-organizing, self-configuring, self-diagnosing and self-healing capabilities to the sensor nodes. Some of them also allow flexible extension of the network. 

Wireless sensor technology allows MEMS sensors to be integrated with signal-conditioning and radio units to form “motes” with extremely low cost, small size and low power requirement. MEMS inertial sensors, pressure sensors, temperature sensors, humidity sensors, strain-gage sensors and various piezo- and capacitive sensors for proximity, position, velocity, acceleration and vibration measurement have been integrated to wireless sensor nodes and have become available on the market.

Another advantage of wireless sensors is their mobility. These sensors can be placed in transporting vehicles to monitor the “on-the-go” environment. They also can be placed on rotating equipment, such as a shaft to measure critical parameters. Most wireless sensors have signal conditioning and processing units installed at the location of the sensors and transmit signals in the digital form. As a result, noise pick-up becomes a less significant problem. Moreover, since wires are deleted from the transmission, reliability of signal transmission is enhanced. 
Hardware and software requirements for wireless sensors and “motes”

Hardware requirements for wireless sensors include: (1) robust radio technology, (2) low cost, energy-efficient processor, (3) flexible I/O for various sensors, (4) long-lifetime energy source and (5) flexible, open source development platform. Various types of “motes”, which are integrated processor-radio units, have been developed to satisfy these requirements. Software requirements for wireless sensors include: (1) small footprint to run on small processors, (2) efficient energy use, (3) capability of fine grained concurrency,  (4) high modularity and (5) robust ad hoc mesh networking that requires low power. 

In a wireless sensor network setting, a node in the network can be formed by a sensor/data acquisition board and a mote (processor/radio board). These nodes can communicate with a gateway unit, which has the capability of communicating with other computers via other networks, such as a LAN, a WLAN, a WPAN and the Internet. Wireless sensor boards available on the market include accelerometers, barometric pressure sensors, light sensors, GPS modules, temperature sensors, humidity sensors, acoustic sensors, magnetic RPM sensors, magnetometers, pyroelectric IR occupancy detectors, solar radiation sensors, soil moisture sensors, soil temperature sensors, wind speed sensors, rainfall meters and seismic sensors. 

Wireless standards and proprietary wireless sensor technologies

Various wireless standards have been established. Among them, the standards for wireless LAN, IEEE 802.11b (“WiFi”) and wireless PAN, IEEE 802.15.1 (Bluetooth) and IEEE 802.15.4 (ZigBee), are used more widely for measurement and automation applications. All these standards use the instrumentation, scientific and medical (ISM) radio bands, including the sub-GHz bands of 902–928 MHz (US), 868–870 MHz (Europe), 433.05–434.79 MHz (US and Europe) and 314–316 MHz (Japan) and the GHz bands of 2.400–2.4835 GHz (worldwide acceptable). In general, a lower frequency allows a longer transmission range and a stronger capability to penetrate through walls and glass. However, due to the fact that radio waves with lower frequencies are easier to be more easily absorbed by various materials, such as water and trees, and that radio waves with higher frequencies are easier to scatter, effective transmission distance for signals carried by a high-frequency radio wave may not necessarily be shorter than that by a lower frequency carrier at the same power rating. The 2.4 GHz band has a wider bandwidth that allows more channels and frequency hopping and permits compact antennas. 

Wireless LAN (IEEE 802.11) is a flexible data communication protocol implemented to extend or substitute for a wired local area network, such as Ethernet. The bandwidth of 802.11b is 11 Mbits and it operates at 2.4 GHz frequency. Bluetooth (IEEE 802.15.1) is a wireless protocol that is used for short-range communication. It uses the 2.4 GHz, 915 and 868 MHz radio bands to communicate at 1 Mbit between up to eight devices. The Bluetooth is considered a cable replacement for mobile devices. It is mainly designed to maximize the ad hoc networking functionality. 

The IEEE 802.15.4 standard is a physical radio specification providing for low data rate connectivity among relatively simple devices that consume minimal power and typically connect over short distances. It is ideal for monitoring, control, automation, sensing and tracking applications for the home, medical and industrial environments. Features of IEEE 802.15.4 devices include: 

• 868 MHz band, 1 channel, 20 kbps;

• 915 MHz ISM band, 10 channels, 40 kbps;

• 2.4 GHz ISM band, 16 channels, 250 kbps;

• connecting up to 255 devices per network;

• Full protocol for transfer reliability;

• Power management to ensure low power consumption.

Trends in sensor networks:
In bio-monitoring, the “physical world” that has to be monitored is a living body. Hence, sensor nodes should be placed in close proximity of the subject's body, and they constitute a body-area network. The evolution of sensor nodes for bio-monitoring is driven by the “disappearance” requirement, and it leverages all technology options available, from the ever-shrinking standard microelectronic technology, to the emerging microfabrication processes allowing the integration of heterogeneous devices onto a small physical volume. As a result, we can clearly see a direction of fast evolution. We summarize this trend by introducing an evolutionary sequence of four generations of sensor nodes, characterized by a progressively decreasing level of obtrusiveness: 
• Obtrusive. These devices are constantly perceived by the target subject because their size and weight is large enough to be a source of nuisance. Nevertheless, they are portable and they can communicate with other nodes or with data-collection gateways. Many current commercial devices are obtrusive: examples include halter electro-cardiographs and body tracking systems based on wearable cameras and markers (which limit movements to the area where markers are present). Obtrusiveness is dictated mainly because of two key issues: high power dissipation (a significant fraction of 1 W), which implies large batteries and/or short time between recharges, and a cumbersome sensory interface (e.g. electrodes glued on the skin, needles, fixed infrastructure required in the environment, etc.).
• Parasitic. These nodes are perceived by the subject as physical objects, but their size, weight and structure does not pose serious limitations to normal behavior. Examples of parasitic devices are bio-metric watches and body-tracking inertial sensors. The physical volume of these nodes should not exceed a few cubic centimeters, and their weight should be in the order of the tens of grams. Considering the volumetric energy density of current battery technology, the power consumption of these nodes must not be larger than a few milliwatts. Several parasitic nodes have been recently commercialized, and these devices represent the current state-of-the-art in WSN.
• Symbiotic. Moving beyond the state of the art, the research community is pushing toward more aggressively scaled, cubic millimeter-sized devices called “smart dust” which may enable a number of new in-body bio-monitoring applications. The technical challenges to be solved are, first, the implementation of autonomously-powered nodes, able to scavenge power from the body (temperature gradients, movement, in-body chemical reactions, etc.). Battery free operation limits average power consumption to a few tens of microwatts. Second, their size limitation imposes demanding requirements on process integration and microfabrication: wireless communication, electronic processing, chemical processing, microfluidic capabilities must be packed within a few cubic millimeters. Finally, even bigger challenges are posed by safety requirements: the nodes should be short and long term bio-compatible. We call these nodes symbiotic because they have a true mutual advantage relationship with the target organism.
• Bio-hybrid. As an end point of our evolution trend, we envision bio-inspired nodes, both from the architecture and from the technology viewpoint. The physical scale of these devices approaches a few cubic microns (or less), and the interface between the sensor target and the sensor itself disappears. Molecular engineering and nanotechnology may make these devices a reality in the near future. Several exploratory research efforts have demonstrated that some of the key functionality required in a sensor node can be implemented by molecular-scale devices that are often engineered using bio-molecules. These devices operate autonomously, powered by chemical reactions inspired to biological systems. The construction process and the architecture of these devices will also resemble natural processes in biology: bottom-up self-assembly, self-replication and self-repair will be required in addition to safety and bio-compatibility.
Applications of wireless sensors and networks:

1. Environmental monitoring

In spite of the rapid development of computer technology, field measurements of environment variables, such as weather data and geo-referenced water quality data still depend on stationary sensors and dataloggers, pencils and paper notebooks, which are labor-intensive and susceptible to recording errors during transcription. 
1.1. Weather monitoring
A solar-powered wireless sensor network was reported by Crossbow Technology Inc. (2004) to provide weather information in fields. A remote application server relayed data from the sensor network to local users via a WLAN and remote users via cellular network and the Internet. 

1.2. Geo-referenced environmental monitoring

Perkins et al. (2002) introduced a low cost, low power, self-organizing sensor network, neuRFon®, developed by Motorola Labs. The system can be used to sense agricultural, environmental and process parameters. 
2. Machine and process control—M2M

M2M is a technology that supports wired or wireless (WPAN, WLAN, cellular systems) communications from machine to machine, from machine to mobile or from mobile to machine. M2M technology greatly enhances automation of a system (a machine system, a process or a business) and integrates discrete assets within the system with an IT system. To date, this concept has been developed mainly for industry and businesses. Application examples of M2M given below can be categorized to (1) vehicle guidance, (2) machinery management, (3) robotic control and (4) process control, although none of these applications completely used M2M in its real sense. 
2.1. Vehicle guidance
A WLAN-based, real-time, vehicle-to-vehicle data communication system was established by Guo and Zhang (2002) to exchange information between vehicles on vehicle states and operation control variables. Laboratory and field tests demonstrated the feasibility of real-time, wireless data communications between vehicles in autonomous, master-slave vehicle guidance. 

A wireless personal safety radio device (WPSRD) was developed to avoid collisions between human and vehicle (Chung et al., 2001). The WPSRD system included a host system, a number of stationary radio units installed on fixed properties, and a number of mobile radio units carried by personnel or autonomous vehicles, covering a known area. The host system communicated with all stationary and mobile units wirelessly, monitored the distance between any two units, and initiated various actions and warnings in response to possible collision. 
2.2. Machinery management

McKinion et al., 2003, McKinion et al., 2004a and McKinion et al., 2004b established a WLAN-based data communication system to connect a farm station with machines, such as cotton pickers, spray equipment, variable-rate fertilized application equipment and hand-held personal digital assistant computers in the field and allowed a rapid, bi-directional communication of data and information. 
2.3. Robotic control

Hirakawa et al. (2002) designed a distributed wireless robot control system, in which the robot manipulator was controlled by local link controllers. A master controller sent/received control commends and data to/from each local controller through a radio frequency transmission. Meanwhile, a wireless power transmission system was designed using axial transformers. This wireless control eliminated wires and cables, increased the mobility of the robot arms, and improved the adaptability of the robot. 
Obstacles

Development of wireless sensor technology has traveled a “zigzag” path. Despite the fact that the great potentials of this technology have been recognized by many and that development of this technology has been supported by enthusiastic industry alliances, adoption of wireless sensor technology has not been as fast as one would imagine. Main obstacles may include: 

1. Standardization is not yet completed. A big sign, “Path ahead is still under construction”, is in most people's minds.

2. Early adopters are still “smoothing out the bumps” and many potential adopters are waiting on the sidelines for proofs of successful and safe adoptions.

3. The massive data generated by wireless sensors have the potential to overwhelm while providing limited values unless the structure and process are in place to take advantage of all their potential.

4. Existing IT infrastructure, predominately wired communication structures, were simply not designed for pervasive inputs and require significant overhaul.

5. Compatibility with legacy systems is not addressed so that many existing systems prevent adoption of wireless products. Complete adoption may require abolishment of existing, wired infrastructure and changes to status quo. Once implemented, the flexibility of infrastructure may be restricted.

6. Security issues need to be resolved; the WLAN security crisis may serve as an example.

7. Complexity and high cost for coverage in large plants prevent fast adoption.

8. Power supply is always a great concern for wireless systems.

9. The reliability of wireless system remains unproven and it is considered too risky for process control.

10. Lack of experienced staff for troubleshooting.

Conclusion:

In this paper I presented an overview on recent development of wireless sensor technologies, sensor networks and standards for wireless communications as applied to wireless sensors. Few examples of wireless sensors and sensor networks applied in various fields are discussed. In the end I highlighted advantages of wireless sensors and obstacles that prevent their fast adoption. 
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