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Abstract
There is a need for gathering, accessing, and processing various information throughout the logistical process of a supply chain. From the point of creation to the point of consumption, information can play a critical role in determining the quality of the product and in some cases the safety of the product. A number of tools and methods have been added lo the process of supply chain management to allow for the gathering and processing оf information to determine whether problems have occurred, when the problems occurred, and how the problems have occurred.   One solution to providing this information is the use of wireless sensor-based RFID technology to gather the necessary information throughout the entire supply chain from creation lo consumption. However, this paper will attempt to analyze the various components that must work together throughout the entire process and the various areas for possible problems that could be encountered along the way.
I. INTRODUCTION
There is a need for gathering, processing, and accessing various kinds information throughout the logistical process of a supply chain. From the point of creation to the point of consumption, information can play a critical role in determining the quality of the product. A number of tools and methods have joined into the process of supply chain management to allow for the gathering and processing of information to determine if problems have occurred, when the problems occurred, and how the problems have occurred. This information is valuable for most organizations; however, for some organizations such as food, beverage, and pharmaceutical it can be critical. The quality of these products can be impaired by various environmental situations during processing and during transit.
Keeping the produce "fresh" is very important to Fresh Express, the packaged-salad division of Chiquita Brands International. Packaged salads must be shipped within a finite timeframe to allow the sale of product at customers' stores before the "buy by dale" expires. (Swedberg, 2006) Additionally, the temperatures at which the salads have been subjected to during the various stages of warehousing and shipment can affect the salad prior to arrival on (he grocer's shelf. (Swedberg, 2006) Additionally, this information can be extremely helpful where consumer safety is at stake. (Swedberg, 2006) For the Dairy Farmers of America, dairy products are another example for gaining critical information on products during processing and shipment. "DFA produces and markets dairy products made from milk supplied by 20,000 dairy farmers throughout the United States. The cooperative accounts for 34 percent of U. S. milk production supplying cheese, butter and other dairy products through such brands as Borden, Breakstone's and Hotel Bar. Additionally, DFA is a major supplier of Wal-Mart. (Swedberg, 2006) 4Legal Sea Foods, "a Boston-based restaurant chain with an obsession about freshness constantly monitors the temperature offish transported in refrigerated trucks, from dock to delivery door." (Quinn, 2004)
Although in certain products such as produce, dairy, and seafood it is easy to ascertain whether the quality of the product is still considered "good". Of more importance is in products where determining the usable quality of the product is truly good as in chemicals or liquid products that arc combined during manufacturing.   Additionally, having the information available to determine the possible how and why a product lost its viability is an important component to correcting the problem in the future. (Downey, 2006)
In the pharmaceutical industry there are a number of regulations and guidelines covering the cold chain from such sources as the World Health Organization, the International Conference on Harmonization, the Food and Drug Administration, the United States Pharmacopeia, the Health Canada, and the European Union. (Bishara. 2006) Information garnering and processing during manufacturing and transportation may be essential for compliance.
Since the supply chain management process usually involves multiple companies and multiple processes of manufacturing, warehousing and transportation, the need to gather, process, and access all of the various kinds of information throughout the supply chain is of major importance and very complex. (Bowersox, Closs & Cooper, 2007)
One solution to providing this information is the use of wireless sensor-based RFID technology to gather the necessary information throughout the entire supply chain from creation to consumption. (Pottie & Kaiser, 2000) However, this paper will attempt to analyze the various components that must work together throughout the entire process and the possible problems that could be encountered along the way.
II. WIRELESS SENSOR NETWORKS (WSNS)
"Wireless integrated network sensors (WINS) combine microsensor technology and low-power signal processing, computation, and low-cost wireless networking in a compact systems." (Pottie & Kaiser. 2000, p51) These types of systems have a wide variety of uses including supply chain management. We will look at each of these components described above in more detail.
Microsensor technology
Sensors and RFIDs are types of microsensor technology. RFIDs or Radio Frequency Identification devices, while new to mainstream media, have been used by the United States government since World War II. (Bowersox et al, 2007) There are two main types of RFIDs; passive and active. One of the components of an RFID involves a coded electronic chip in a container or "tag". Depending on the type of RFID, it will remain active and transmit on its own or it will "sleep" and be awakened by a reader device. (Fine, Klym, Trossen. & Tavshikar, 2006) Some RFIDs have very little stored information and are mainly used to identify what or where they are. The addition of sensors to RFIDs allows for the acquisition of particular types of information to be stored, processed, and communicated. Sensors can detect temperature., humidity, gas, pressure, and fluid. (Hill, Horton, Kling, & Krishnamurthy, 2004)
Communication problems with RFIDs can occur based on the particular RFID manufacturer's decision on a methodology or in many cases the decision to use a proprietary methodology. This means that RFIDs from one manufacturer may not communicate with another manufacturer's brand. (Li, Song, & Wang, 2006)
Low power signaling capacity
Another consideration for sensor-based RFIDs is the power management aspect. Depending on the scope of activity or the length of service required, the need for extended battery life becomes an issue. (Hill et al., 2004) Prabh and Abdelzaher (2005) and Xing, Wang, Zhang. Zu, Pless and Gill (2005) suggest methods and techniques to increase energy efficiency and conserve energy- usage. (Prabh and Abdelzaher, 2005; Xing, Wang, Zliang. Zu, Pless and Gill 2005)
Computation

An accepted concept of WSNs is the dynamic nature that exists. Entities containing the sensors especially in supply chain management are in motion; therefore, the concept of localization determination is important. The need to calculate updating information such as location change along with other information among the various sensors are critical. Li et al. (2006), Lazos and Poovendran (2005) and Nguyen, Jordan, and Sinopoli (2005) offer research into a number of suggcslcd rneihods in this area. (Li et al., 2006; Lazos and Poovendran. 2005; Nguyen, Jordan, and Sinopoli, 2005)
Wireless Technologies
The information gathered by the individual sensors must be communicated to a central repository or processing host system. The gathering of information from entities in motion as in a supply chain is best provided by-mesh networks. Mesh networks overcome the limitations of point to point networks. In wireless mesh networks one sensor can communicate through another sensor to reach the transponder and deliver its information. (Braunstein. Trimble, Mishra. Manoj. & Rao. 2006

Standards
Established standards are necessary for components to communicate with other. (Robson, 2006) A number of organizations such as the Institute of Electrical and Electronic Engineers (IEEE) and the Instrumentation, Systems, and Automation (ISA) have contributed a number of standards for the industry. The IEEE has outlined a number of standards for the wireless industry. The 802.11 is one group of wireless specifications also known as WiFi. One of the components of a standard defines the frequency range. As an example 802.11a – operated in the 5-GHz range (5.125 to 5.85GIlz) while 802.11b operates in the 2.4GHz band (2.4 to 2.4835GHz) range. (Vaughan-Nicols, 2006)
Another group of standards by ГЕЕЕ defines the Personal Area Networks (PANs). The 802.15 is another group of standards for electronic devices designed for personal and home use. However, the use of these standards by manufacturers for products have expanded beyond the original conception. In fact a number of alliances have been formed such as WiMedia and ZigBee to extend the capabilities and certify compliance of individual standards with the group. (Hill etal., 2004)
Interoperability
As the various wireless sensor networks utilizing different standards must communicate, the need for interoperability standards become critical. While the IEEE is working on the IEEE 1451.0, the ISA is currently working on the SP100 wireless standard.  "The increasing use of different technologies for different applications calls for a common interoperability framework at various levels of the network." (Kuruganti & Manges, 2006, p72)
III. IMPLEMENTATION
Supply chain management is the management practice that ensures the communication, coordination, and collaboration of member firms as product moves from the point of creation to the point of consumption. (Bowersox et al., 2007) However, while supply chain management can and usually does involve multiple firms, the main activities of interest to utilize WSNs are the manufacturing and transportation arenas.
Within the facility
There are two areas of consideration for utilizing WSNs within a facility: the manufacturing process and the warehousing process. In manufacturing “...information can ensure that the correct labor machine, tooling and components are available and ready to use at each processing step..." (Bapat, Somogyi, Gutierrez & Veeramani, 2006, p31) 
Additionally, " ....compliance with governmental standards and regulations in particular, [WSNs] can provide additional information streams to support existing MES activities enabling tighter tracking, verification, and validation of processes ..." (Bapat et al., 2006, p31) Also WSNs can coordinate activities between the manufacturing facility and the warehouse facility by providing information "as raw materials [are] turned into finished assemblies, triggers could be set off, controlling either inbound materials and thereby impacting work-in-process inventory or post-process inventory."   (Bapat et al.,  2006, p31) Additionally, information on the conditions of goods stored in the warehousing facility can be constantly monitored. However, one of the main problems that can be encountered is the number of different devices and systems utilizing the same frequency.   (Fuhr, Kagan, Conant, & Gutierrez, 2006)
In transit
As goods are transported between firms in supply chains, there exist a number of occasions for environmental changes that could impact product quality. While considerable research is being conducted on containerization, most of the published research deals with container tracking and security issues. (Chin & Wu, 2004; Cho & Baek. 2006; Juels. 2005; Schaefer, 2006)
However, some of this research can be applied to product movement within the supply chain due to the fact that the sensors were an integral component of the studies.  Additionally, the University of Bremen in Germany is currently involved in a containerization project which utilizes temperature and humidity sensors to send information over wireless communication networks. According to Dieter Uckelmann at a RFID Journals' LIVE Europe 2006 conference, "We're still in a very early-phase ... this project will be funded over 12 years, and we have 10 years to go, with a validation process every four years." (Wessel, 2006) Also, a study was conducted and the results were published in Sensor Magazine on the performance of mesh networks in cargo containers. (Fuhr & Lau, 2005)
IV. CONCLUSION
While the need for gathering, accessing, and processing information about products as they travel through the supply chain and traverse the globe can be vitally important, the actual implementation of these communication systems are very complex. A number of problems and issues were discussed within this paper to highlight areas of concern for the members of the supply chain. These issues must be carefully considered by each member within the supply chain to ascertain the best overall solution for the entire supply chain in getting the highest quality product to the end consumer at the lowest total cost to the supply chain. While discussing the utilization of information and communication technologies (ICT), Kumar stated that "the supply chains successful in creating and using such systems are more likely to achieve competitive advantage over the ones that do not." (Kumar, 2001, p. 59) Wireless sensor networks certainly fall under the definition of information and communication technologies.
V. RECOMMENDATIONS
This paper attempts to consider some of the various issues that companies within a supply chain must consider in the decision process of how best to incorporate wireless sensor networks as a necessary component within the supply chain management system. One major area for companies to investigate is the level of technical expertise of their staff across the entire supply chain when considering wireless sensor networks. Additionally, although a number of trade magazines such as Food Logistics, Frontline Solutions, Supply Chain Manufacturing & Logistics, and Sensor Magazine to name a few contain articles covering the use of sensors and wireless communications in logistical activities, there was very little academic research that was found that directly addressed the issue of environmental conditions reporting on product quality within supply chains. Further academic research is needed in this area.
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