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Chapter 1 Introduction to Wireless Communications
After reading this chapter and completing the exercises, you will be able to:
· • Describe how wireless communications technologies are used today
· • List various applications of wireless communications technology
· • Outline the advantages and disadvantages of wireless communications technology
· • List several types of wireless technologies and their purposes

We all know that wireless communications technologies have had a huge impact around the world, especially in the last five years. Today, wireless communications affects almost everything we do on a daily basis, from using the ever-present cellular phones to making voice calls and accessing information, to the counting of inventory in large retail stores, to buying public transit system tickets, to locating hotspots for Internet access and wireless remote sensors installed in locations that are difficult to access, to using credit and debit cards that just need to be placed near a device instead of swiped or inserted, and many, many other uses. There should be no question in anyone's mind that the use of wireless devices will continue to expand into virtually every aspect of our lives.
Wireless communications has completely revolutionized the way we live, just as personal computers forever altered how we worked in the 1980s and the Internet dramatically changed how we obtained and accessed information in the 1990s. Lately, the Internet has also changed how we communicate around the world. Using wireless devices to send and receive short messages as well as to browse the Internet and access corporate applications and databases from any location in the world is now an integral part of our daily lives. And numerous devices—notebook computers, tablets, digital still picture and video cameras, printers, portable digital music players, even refrigerators, washing and drying machines, and electricity meters—are equipped with the ability to communicate without wires.
Today, we can all be in touch with the digital resources we need, no matter where we may find ourselves. Nearly everyone has experienced dramatic changes based on wireless technologies, to the extent that we don't even think about what we are doing, we just expect devices to work without being connected by a cable.
 Using an electronic book reader or e-reader, you can view the cover, sample some pages, and purchase a book simply by visiting an online bookstore. On an Amazon Kindle device, for example, all you need is access to either a wireless network or to the cellular telephone network (in over 100 different countries), depending on which model you have. The book will be automatically downloaded to your reader within a couple of minutes. See www.amazon.com/kindle.
How Wireless Technology Is Used
Before we continue, let's define precisely what we mean by wireless communications. The term wirelessis often used to describe all types of devices and technologies not connected by a wire. A garage door opener and a television remote control can be called “wireless devices,” but they have little in common with the technologies discussed in this book. Because the term wireless is sometimes used to refer to any device that has no wires, people can be puzzled about the exact meaning of wireless communications. A cordless phone can be considered a wireless communications device—for communicating with the human voice, that is. But for the purposes of this book, wireless communications is defined as the transmission of digital data without the use of wires, meaning devices that can be interconnected using some kind of data networking technology. Digital data may include e-mail messages, spreadsheets, and messages transmitted to or from a digital cellular phone. However, note that devices that use a computer network to transmit voice conversations are also included here.
 One example of a device that can be used to transmit voice conversations over a computer network is an Apple iPod Touch. This device is generally used to listen to music but can also be used to make calls to telephone numbers anywhere in the world while it's connected to a wireless network, using an application such as Skype. (Go to www.apple.com/ipodtouch. Also go to www.skype.com, place the mouse cursor over Get Skype, then click iPhone.) When using such devices, your voice is first converted to digital data and then transmitted first over a wireless network and then over the Internet. At the receiving end, the stream of data that is your voice is converted back to sound. You will read more about this in Chapter 10.
The next section talks about the various forms that wireless data communications can take. You will learn about Bluetooth, WirelessHD, WiGig, satellite, cellular, Wi-Fi-based wireless LANs, and fixed broadband wireless communications technologies. The specific details of each of these technologies are covered in later chapters. Let's take a look at a day in the life of a typical couple, Joseph and Ann Kirkpatrick, which will provide a quick overview of some of today's wireless communications and how they can be used.
A Wireless World
Joseph and Ann get ready for a typical day. Before Ann leaves for the office, she must first print a copy of a spreadsheet that she finished working on late last night. Because there are several computers in their house, the Kirkpatricks have set up a wireless network that uses a specific networking standard to allow all the digital-data-enabled devices around the house to communicate with one another. Computers and other devices that are compatible with the standards can be as far as roughly 330 feet (100 meters) apart from each other and can send and receive data at speeds up to 300 million bits per second (300 megabits per second or Mbps), depending on which specific standard they are compatible with. The devices that can be part of the network include not only computer equipment but also Voice over Internet Protocol (VoIP) telephones, which carry digitized voice over the Internet, home entertainment and gaming equipment, and even some digital music players, such as an Apple iPod Touch.
 To get a better idea of the speed of wireless transmission of data, consider that each alphanumeric character transmitted typically uses 16 bits of data. This means that at 300 Mbps, which is the speed of the fastest wireless network today, a computer can transmit over 9,000 letter-sized pages per second, with approximately 2,000 letters and spaces in each. Can you read that fast?
Ann pulls a tablet computer out of her briefcase and opens a spreadsheet. She then selects the print command. A device called a wireless network interface card (or wireless NIC) is built in on the tablet computer. This interface card sends the data over radio waves directly to the wireless-enabled laser printer downstairs, which has its own wireless NIC. This wireless network is ideal for the Kirkpatricks. They can have all their home computing and electronic devices interconnected without the trouble and expense of installing cables; this network enables all of their devices to share printers, files, and even the home Internet connection. Figure 1-1 illustrates the home wireless network.


Figure 1-1 Home wireless network (WLAN)
Ann places a call to her office to pick up her messages using her smartphone, a combination of a mobile phone and personal digital assistant (PDA) that also provides an appointment calendar, a to-do list, a phone book, and a notepad as well as many other useful business and entertainment applications. Although most mobile phones today include some of these features, smartphones can connect to other devices, such as personal computers, and synchronize the data between the two devices; they can also electronically store and transmit business cards and other types of information, even word-processing files and spreadsheets. In addition, almost all models of smartphones today can connect directly to the same kind of wireless network that we use to interconnect computers. Because Ann is inside the home, the smartphone automatically connects to the wireless network to access and store data. While they are inside the house, both Ann and Joseph's smartphones can use software that enables them to make calls using VoIP over their wireless network and the Internet instead of their cellular provider. They even have separate phone numbers that people can dial to call them from a landline phone. After Joseph and Ann leave home, their mobile phones disconnect when they are out of range of the wireless network; then they use the cellular network to make and receive voice calls. Being able to use VoIP over the Wi-Fi network helps them save money by cutting down on their cellular phone bills.
 As early as 2004, runners in the Boston Marathon covered the 26.2-mile course with tiny wireless chips clipped to their shoelaces. The chips transmit an identification code that is detected at several stations along the marathon course, and the code is used to track the runners' times as well as to e-mail updates to the runners' friends and relatives regarding their locations and progress. For a full description of the technology employed, search the Internet using the keywords “Boston marathon wireless.”
Shortly after finishing their breakfast in the kitchen, Joseph hears a short beep and notices that a shopping list has been e-mailed to his smartphone from the refrigerator. A computer system installed in the refrigerator door automatically generates a grocery list by scanning the radio frequency identification (RFID) tags attached to almost every product package. RFID tags are small chips containing radio transponders that can be used to identify products and track inventory. At predetermined dates and times, the refrigerator computer compares the remaining food items with a list of minimum quantities for those items. If the items are running out, it adds them to a list and sends an e-mail over the Internet to both Ann and Joseph, which they receive on their smartphones. Joseph or Ann can also use the wireless network to connect to the refrigerator's computer and find out what they need to buy. Because the refrigerator is also connected to the Internet, the same function can be accomplished regardless of where they are, at any time.
 To watch a video demonstration of a refrigerator computer in action, search the Internet or YouTube using the keywords “Samsung Internet fridge.” The refrigerator in this video does not include RFID, but it allows you to manage a family calendar, leave notes for family members, send e-mails and tweets, and connect to Facebook. You can also access recipes online, create a shopping list, etc.
Bluetooth and Other Short-Range Wireless Technologies
Bluetooth is a wireless standard designed to transmit data at very short ranges—typically, from a few inches to 33 feet (10 meters). The main purpose of short-range technologies such as Bluetooth is to eliminate cables between devices such as smartphones and computers, which allows data to be transmitted wirelessly between, say, a computer and a printer or a mobile telephone and a music player or a computer and a smartphone. Figure 1-2 shows two examples of Bluetooth headsets that are typically used with mobile phones or digital music players like the iPod Touch but that can also be used with computers. Bluetooth communicates using small, low-power transceivers called radio modules, which are built into tiny circuit boards and contain very small microprocessors. Bluetooth devices use a link manager, which is software that helps it identify other Bluetooth devices, create a link between them, and send and receive music and voice in the form of digital data; it can also send other types of data.

Figure 1-2 Two examples of Bluetooth headsets: mono (left) and stereo (right)
There are other short-range wireless technologies designed for use primarily in the home, which are similar to Bluetooth but can handle a lot more data at much higher speeds. For example, WirelessHD and WiGig can send CD-quality audio and DVD or Blu-ray disk high-definition video to multiple receivers around the house at the same time. Most Bluetooth devices can transfer a maximum of between 1 Mbps and 3 Mbps at distances of up to 33 feet (10 meters), but the latest version covers transmission at data rates up to 24 Mbps. WirelessHD and WiGig can transfer video and sound at speeds between 7 Gbps and 10 Gbps (gigabits or billions of bits per second) using a radio transmission technology called Ultra Wide Band (UWB). Bluetooth can send data through physical barriers like walls. These wireless devices don't even have to be aimed at each other the way a TV remote control usually has to be aimed at the TV set when changing channels or adjusting the sound. UWB WirelessHD and WiGig generally have a range of up to 10 meters, but only within a room with few or no obstacles between devices. In addition, the greater the distance, the slower the transmission. The gigabit per second speeds above can only be achieved at distances of up to 6 feet (approximately 1.8 meters). Plus, the more obstacles, including people, that there are in a room, the shorter the transmission range of UWB.
Nearly 14,000 different computer, telephone, and peripheral vendors create products based on the Bluetooth standard. Both WirelessHD and WiGig also have an impressive list of well-known member companies.
 To check out the range of available products, visit the WirelessHD Consortium Web site at www.wirelesshd.org. When the main page opens, place the mouse cursor over the Consumers tab, then click Product Listing.
Joseph and Ann both work for Federated Package Express (FPE), a package delivery service. To send a package, a customer telephones the local FPE call center. An FPE customer service representative receives the call using her VoIP telephone handset, which is connected to the WLAN and to a Bluetooth telephone headset. Ann doesn't even have to be at her desk; her Bluetooth device automatically establishes a connection with the wireless telephone handset as soon as both devices are turned on. She can immediately answer a call by simply tapping a small button on the headset, without having to pick up the receiver. In addition, the tablet computer she carries around keeps her connected to the office network at all times, no matter where she is in the building. For example, the address list and calendar that Ann updated last night at home are transmitted to the office, and the information is immediately refreshed.
The automatic connection between various Bluetooth devices creates a piconet, also sometimes called a wireless personal area network (WPAN). A piconet consists of two or more Bluetooth devices that are exchanging data with each other. Up to seven devices can belong to a single Bluetooth WPAN.
The customer service representative at FPE answers the call while she is moving around her cubicle, without having her movements not limited by a telephone wire. She can also enter the package pickup information on her computer or, when she is not at her desk, on her tablet. Figure 1-3 illustrates a Bluetooth wireless network.
 Bluetooth is named after the tenth-century Danish King Harald Blue-tooth, who was responsible for unifying Scandinavia. You can read more of his story on the Internet by searching for the king's name.

Figure 1-3 Bluetooth network (piconet) or WPAN between a cordless handset and a headset
Satellite Networks
FPE, the company that Joseph and Ann work for, has connectivity needs that go far beyond the walls of its headquarters building. The company uses a combination of a satellite-based network and the cellular wireless network to stay in touch with its delivery vehicles while they are on the road. Where cellular networks (discussed in the next section) are not available, the drivers can use satellite phones to connect their handheld computers to FPE's head office.
After the FPE customer service representative has entered the pickup information into the computer, the data needs to get to the pickup driver—in this case, Joseph. FPE's satellite network is sometimes responsible for this data transmission. From the main head-office computer, the pickup data is transmitted to a satellite orbiting the Earth and then back down to the handheld satellite phone and finally to Joseph's handheld computer. Figure 1-4 shows a satellite retransmitting the signal between the main office and the satellite phone in Joseph's van.

Figure 1-4 Satellite data network
In satellite communications, a device called a repeater is located in the satellite itself. A repeater simply “repeats” the same signal to another location down on the surface. An Earth station transmits to the satellite at one frequency band, and the satellite regenerates and transmits (repeats) the signal back to Earth on a different frequency. The transmission time needed to repeat a signal from one Earth station to another can be up to 250 milliseconds. This is illustrated in Figure 1-5.

Figure 1-5 Satellite repeating a signal to another Earth station
FPE uses an outside vendor that provides international satellite communications.
 The first satellite to orbit Earth successfully, called Sputnik, was launched by the Soviet Union in 1957. Today, there are more than 900 operational satellites in orbit around the planet and reportedly over 5000 that are no longer functional. It's only due to some truly amazing mathematical calculations that they don't continually crash into one another, but on February 10, 2009, a nonoperational Russian satellite did crash into the Iridium 33 communications satellite, which is used for satellite phones.
Cellular Networks
Cellular digital technology provides another link between the various components that make up the FPE package pickup process. A modern cellular telephone network is built around the concept of low-power transmitters, with each “cell” handling a number of users. With transmission towers spread throughout a city, the same radio frequency channel can be used by towers located a few miles away from each other, thereby avoiding interference. This concept maximizes the use of a limited range of frequency channels and is made possible by low-power digital transmission technology, which permits another transmitter to use the same frequency a relatively short distance away, without causing interference problems. This topic is discussed in greater detail in Chapter 10. Figure 1-6 shows examples of two smartphones.

Figure 1-6 Smartphones—Blackberry Bold (left) and Apple iPhone (right)
Joseph is equipped with a handheld smart wireless terminal, and his truck is equipped with a wireless printer. Joseph's handheld terminal receives the pickup order via the cellular phone network and can also receive time-sensitive information, such as route alerts warning of traffic delays or changes in pickup schedules; Joseph can also access route maps online. The van's engine computer, which monitors engine performance and other vehicle systems, can perform diagnostic checks and transmit the results back to FPE over the same cellular connection. GPS tracking technology installed in the truck allows FPE to monitor the location of the delivery trucks, sending pickup orders to the one that is closest to the customer.
With the pickup order transmitted through the cellular network to the handheld terminal, Joseph swings onto the highway and reaches the address in about 15 minutes. He leaves the van carrying his handheld terminal, and then walks into the building to retrieve the package. The customer has already filled out a package label called a waybill that includes the sender's information as well as the recipient's name, address, and other information. A unique, 12-digit tracking number is printed on the waybill along with a barcode that corresponds to the tracking number. Using his smart terminal, which includes a barcode scanner and keyboard, Joseph scans the barcode on the waybill and then types in the destination of the package, the type of service delivery (such as Priority or Standard Overnight), and the delivery deadline. If necessary, when Joseph returns to the van, the terminal connects to the printer and can output a more detailed routing label that contains all this information, which Joseph can then place on the package before putting it in the back of his truck.
The information Joseph enters on his handheld terminal after picking up the package is immediately transmitted back to the office using wireless digital cellular technology. The data is actually transmitted to a cellular tower, which retransmits the data to the office via the cellular carrier's central office and eventually through the Internet. This cellular technology is based on a standard commonly known as 4G (fourth generation) technology, which uses 100 percent digital transmission for both voice and data. On a 4G cellular phone, the technology allows the user to make a voice call at the same time data is being transmitted or received.
 Check out the range of RFID-equipped and barcode-scan-equipped mobile computers at the Motorola Solutions Web site—for example, the MC65 model at www.motorola.com or the Intermec 70 series devices (that can be used for parcel delivery and pick-up) at www.intermec.com. Some of these devices can also be used as a cellular phone anywhere in the world. For portable wireless printers, check out www.maxatece-urope.com or www.zebra.com. You can also search the Internet using the terms in this tip to find other products.
4G sends data at rates that can theoretically reach over 150 Mbps when the devices are not moving and located in an area with few concurrent users, over 45 Mbps for slow-moving pedestrians, and over 20 Mbps in a fast-moving vehicle. 4G technologies are expected to harmonize all the different digital cellular specifications used around the world into a single standard. If Joseph happens to be located in an area outside the reach of the current 4G cellular networks, the terminal can use the interim technology known as 3G (third generation), which has a theoretical maximum data transmission rate of up to 21 Mbps and can realistically reach speeds between 3 to 11 Mbps. The latest cellular technology standard that is being deployed by carriers around the world is capable of even higher speeds and will be discussed in greater detail in Chapter 10. A digital cellular network is illustrated in Figure 1-7.

Figure 1-7 Digital cellular network
Wireless Local Area Networks
Joseph pulls his van into the FPE distribution warehouse, where packages are unloaded and sorted for delivery. His handheld terminal may still contain a large amount of important data, including shipping receipts and electronic customer signatures for deliveries. As soon as he pulls the van up to the loading dock, the terminal begins communicating with the computer network in the warehouse through a wireless local area network (WLAN). A WLAN is an extension of a wired LAN, connecting to it through a device called a wireless access point (also AP or wireless AP). The AP relays data signals among all the devices on the wired network, including file servers, printers, and even other access points and the wireless devices connected to them. Each computer on the WLAN has a wireless network interface card (NIC). This card performs the same basic functions and looks similar to a traditional NIC except that it does not have a cable that connects it to a network jack in the wall. Instead, the wireless NIC has an antenna built into it. The AP is fixed in one place, although it can be moved when necessary, whereas the computing devices with wireless NICs have the freedom to move around the office area or sometimes an entire campus complex. An access point and wireless NIC are illustrated in Figure 1-8, but keep in mind that the wireless NIC in Joseph's handheld terminal is built in and is much smaller.


