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Abstract

With the proliferation of PCs and Internet, more US homes are transferring into networked homes.  Technologies advancement in telecommunication and smart devices for home accelerate this transition.  The apparent benefits of networking whereby computer sources, data and software in the network can be shared by all the PCs at home have convinced many to invest in this.  This paper first introduces various technologies that are currently available in market from standard Ethernet to Radio-Frequency Based Wireless Home Network.  General features of each of the technologies are described. Different types of home network are illustrated.  Following this is a comparison of different operating systems and more attention are paid to Linux operating system that emerges recently as a powerful yet in-expensive tool for network. 

0 Introduction

Definition

Home networking is the collection of elements that process. Manage, transport, and store information, enabling the connection and integrations of computing, control, monitoring, and communication devices in the home.  

Overview

In the past ten years, the need for simple, flexible, and reliable home networks increases as a result of the rapid proliferation of personal computers (PCs) and the Internet in U.S. homes, advancements in telecommunications technology, and progress in the development of smart devices. The previously potential market of home network becomes so real that more and more companies are joining into this arena.  

Driving forces for home networking

PC-Based Households

According to a research group (Forrester), there are more than 13 million households or 12.6 percent of the US residences own home business, and about 15 million households have two or more PCs. A home network allows computer owners to interconnect multiple computers so that each can share files, programs, printers, other peripheral devices, and Internet access with other computers, reducing the need for redundant equipment and, in general, making everything easier to use. For example, if you have an older computer without a CD-ROM, you can access your newer computer's CD-ROM instead of purchasing one for your older computer. Sharing files across a home network is also easier than copying a file to a floppy and running to the other computer to use the file.

Managing Smart Devices

The American home is also changing. Now in the process of development is an increasing number of smart devices that allow users to control and monitor events in consumer-based appliances, home electronics, and home-security systems. In 1999 some non-PC central processing unit-powered devices such as computer games, phones, personal digital assistants and other consumer goods has surpassed PCs in number of units shipped. As these devices become more common, the need will increase for a home networking strategy that will allow all data, voice, and smart devices to be accessed at any time for anywhere.

General requirements for a home network

Whatever the trends, the key requirement fro home networking are simplicity and reliability. If the process is not maintenance-free, easy to use, and quick to install, it will not likely be embraced. While consumers desire the sophisticated functionality of a LAN—voice networking, shared Internet access, and smarts device control—they do not wish to engineer or administer a complex system.

1 Home Networking Technologies

As a result of the fast development of Internet and telecommunications, various technologies for home network available among which two general categories are identified, wired home network and wireless home network.  There are several types of wired home network available among which Ethernet, phone-line and AC power line network are introduced here.  For wireless home network, PC-Based wireless Home Networking System and the controller-Based Data and voice Home network are considered here.  

Wired Home Network

Twisted Copper-pair or Coaxial-Based Transport Systems (Ethernet) 

This is the most widely installed home network technology. Normally one will need Ethernet card, hub and couple of RJ-45 Jacks (data jack). Twisted copper-pair or coaxial cable can be used to connected system. This type of network is well developed, reliable, and has a fairly high-speed data transfer. This technology is based on the Institute of Electrical and Electronic Engineers (IEEE) 802.3 standard, which has undergone many revisions since its conception to enable interoperability between many manufacturers. Copper-pair or coaxial-based transport systems are bi-directional, typically have a high degree of reliability, and are thus widespread among businesses as the standard choice for networking office PCs and printers. They require the use of bulky Category 5 (CAT5) cabling, and are typically expensive to install. Some home networks have Ethernet, but because of its expense and difficulty to install, few have chosen to use it.

The typical topology of this system is demonstrated in Figure 1. 
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Figure1. Typical Ethernet System.

Twisted Copper-Pair-Based System (Phone line) 

This is a kind of easy and less expensive solution that uses the exiting phone line to connect the system. 

The typical topology of these systems is demonstrated in figure2.
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Figure2. Typical Phone line System.

This technology is designed to not interfere with your voice and data transmissions. This means that you ca talk on the phone and use your Internet connection simultaneously. The Home Phone Network Alliance (Home PNA) is one organization dedicated to the development of standards and specifications for interoperable, home-networked devices that use existing twisted-pair phone wiring. Although some progresses have been made toward enhancing the usefulness, inflexibility and capacity limitations will limit its success. A typical home does not contain many RJ–11 jacks; they are rarely in every room or in the location where access by additional phones, computers, and other devices is required. 

In addition, selection of signal characteristics for data transport over this medium is critical to resist interference from other shared devices. These devices include answering machines; fax machines, modems, telephone sets, and other data-transport devices such as the integrated services digital network (ISDN) and digital subscriber line (DSL) equipment that use the twisted pair simultaneously. 

Alternating Current Power line-Based Transport Element

This is another exciting technology that uses power line to connect the network. Alternating current (AC) powerlines are readily available as network transport elements throughout a home. They are used as transport facilities to send and receive discrete frequency-based control, monitoring, and communications messages to smart devices that manage lighting and environmental systems ("turn off," "turn on," and "dim"). They also are used as voice-communication elements for telephone extensions, computer-modem access, and intercom devices through standard electrical outlets. Throughput for any application requiring higher data rates can be a challenge. In addition, no standards exist to ensure interoperability between manufacturers. 

The typical topology of these systems is demonstrated in Figure3.
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Figure3. AC Powerline-Based Transport Element.

Wireless Home Network

One of the issues with the wired home network is the lack of flexibility.  Once you’ve installed the network, move it from one place to another is difficult if not impossible due to the limit of the wire length.  Wireless technologies provide means to connect the network with virtually no wire and bring in incomparable mobility.  

The Radio Frequency (RF) Transport Network

This type of network uses radio frequency waves to transmit through walls and floors up to 800 feet. This technology offers high bandwidth capacity and it is secure and reliable. Two common RF technologies are Frequency-hopping spread-spectrum (FHSS) and direct-sequence spread-spectrum (DSSS). FHSS is a narrowband carrier with changing patterns of transmission that are recognized by both receivers and transmitters. When the two devices are in synch, they produce one logical communications channel. DSSS produces bit patterns called chips or chipping codes. Reliability is based on the length of the chipping code or on how many bits of data it carries. Because an error-correcting function is built into radios, it is often not necessary to retransmit data, thus improving performance. For this system, both PC based data only network and the controller-based data and voice network are available.

PC-Based wireless Home Networking System

Some software and hardware suppliers provide home-networking solutions via a wireless LAN, using the home's PC as the central control element. Figure4 reflects a wireless home LAN configuration in which one PC acts as a master to the network. It provides network addressing and routing between the home and the Internet. 
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Figure4 PC-Based Wireless Home Networking system

The controller-Based Data and voice Home network

Figure5 demonstrates the use of one integrated home-network system available on the market today.
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Figure5 Voice and Data Wireless Home Networking 

In this system, the microprocessor-based digital switch acts as the communications server, addressing and routing voice data traffic throughout the home. It also sends the home network–transport element through a powerful on-board RF transceiver. The transceiver is based on patented digital spread-spectrum technology and has an effective reach of several hundred feet from the home. 

The controller shown in Figure5 supplies a robust home network for voice and data with high bandwidth capacity. It is the bridge between the transport network element serving the home from the customer-selected service provider and the wireless home network. Networked devices require no wires or fixed wired jacks. This system also offers several hundred feet of accessibility within and outside the home. There are no relocation restrictions.Data and voice services, including internal device-to-device communications, are commonplace.

2 Choose operating systems for home network

Now, with the hardware ready, you need to decide which operating system to use in order to build the home network.  Shown in Table 1 are a comparison of some common operating systems in terms of the their network features.  As you can see, printer service, TCP/IP and Internet are supported by all the operating systems.  However, Win95, Mac and OS/2 do not support domain name server, web server or firewall.  Not surprisingly, Linux leads the rest in all the features compared.  

Table 1 Choosing operating systems for home network

Y Support in system as supplied   x Support available as extra   N Support not available
Linux is originated from small Unix system but built from scratch. It is generally free and it is intended to provide similar functions as Unix but supports most computer architecture. It is easy compared with Unix and as reliable.  There are Linux distributions with Graphic User Interface making it user-friendlier.  

Windows NT/2000 is the product of Microsoft’s ambition to share more network market and it is successful so far.  For a home network, however, Windows NT/2000 seems too expensive although it comes with well support and update.  Reliability is another issue.  Windows 95/98 and Mac and Mac OS and OS/2 are less expensive but they are not designed to support network although they can provide some basic file and printing sharing.  With extra software and money they can support limited networking.  

Linux is the recommended operating system for home networking.  As we’ve seen in the previous comparison chart, Linux is most powerful network software yet the cheapest. In fact if you like you can get some of the distributions from Internet for free.  The Linux server could be the gateway to the Internet for all of the rest of the PCs (or whatever) on your home network. This will require a connection to a local or national ISP which can provide an IP address (preferably a static IP address) for the Linux gateway. The Internet link can be over a modem, ISDN, frame relay or ATM connection. Linux will also provide firewall services so that no one will be able to invade your home network from the Internet connection. Using a process called IP masquerading, Linux will provide Internet access to all of the PCs on your home network even with only one valid IP address and fully qualified domain name. This is done by making it appear that all of the TCP/IP traffic coming from your home network is coming from the Linux PC. When traffic comes back for the other machines, the Linux PC will act like the post office and sort all the network traffic back to the proper PC. A Linux machine can easily support two to five PCs surfing the Internet on a 28.8 modem link. A Linux computer can provide mail server services allowing you to create as many e-mail addresses as you require at home. All of the following can be done with ONLY ONE NORMAL PPP or SLIP link to an Internet Service Provider. There would be no extra charges for additional e-mail services or subnetworks since all of these functions would be performed at home by your Linux server. Are you tired of having only one PC on the Internet at home or paying for multiple Internet accounts? Then Linux is the answer. 
The Linux PC will provide printer and file server functions. Samba, a free software package, supports the SMB protocol used by Win95 and WFW. Samba is used by many large companies on large company networks. Once configured, it interfaces into the Windows operating system and works flawlessly allowing all of the network users to have individual and shared disk space, plus allowing the user specify and use any printer on the Linux server (or network printer for that matter). Here again, as for all of Linux, the software is available for free over the Internet, complete with installation instructions and source code, and the software is being actively developed and maintained by the original developer. Linux has a similar software package called Net talk which provides similar support for the Apple Local talk protocol. A tape backup system can be installed in the Linux server to automatically back up your server. 

Linux provides all of the network services traditionally associated with Unix. Mail server service can be accomplished using send mail or receive mail. Any user on the Linux system can then have an e-mail address. The e-mail account can be accessed from the network PCs using an e-mail client with the POP3 protocol, such as Eudora or Pegasus. If your network needs Domain Name Service, the named program can provide it. If you support more than on type of network or several small networks, the Linux server can act as a gateway to tie all of the subnets together. Kernel routing rules can also be used to allow the server to act as a firewall and control access to the internal network. NFS, which stands for Network File System, allows computers to mount disk drives on remote machines. NFS is also available with any Linux distribution, although most other operating systems will require additional software to use NFS. The other network standard applications used on TCP/IP networks are always available: FTP, telnet, remote shells, ping, etc. 

A Linux server also provides a state-of-the-art web server and Java development system. Several web servers are available for running on Linux with the Apache web server being the most popular. Apache is now the most popular web server on the Internet with over 45% of all web servers running it. The Java Development Kit is being ported from Sun Microsystems and provides a Java compiler for developing Java applications. In fact support for Java can be complied into the Linux operating system allowing the server to run native Java code. This feature is still being discussed for most operating systems. 

3 The Future of home network

The American home is the center of a convergence of competing technologies, architectures, and suppliers, each with a unique set of advantages and solutions. Systems are being researched, developed, and deployed to manage, monitor, and control the following list of functions: 

· data and voice communication needs internal and external to the home 

· electronic entertainment devices 

· service appliances that prepare food 

· service appliances that maintain the home appearance 

· systems and devices that maintain the in-home environment 

· devices that keep the home secure from intrusion or damage from internal and external man-made or natural events 

Successful home-network system providers must develop capabilities that are upward compatible. A central controller (the brain, microprocessor, switcher, or data storage device) to capture home-network events and react in conditioned or learned responses is essential to future product innovation. 

The home-network transport medium of the future will be wireless, as is dictated by the homeowner's need for flexibility, the moving continuum of product development, and the high cost and sheer inconvenience of wire-based installations. 

In addition, consumers will require a system that manages everything within the home, including voice, data, and appliances. Wireless technology will provide necessary convenience, simplicity, and long-term cost savings. 

4 Summary

Home networking is an evident trend in American’s home. Among others, the needs for more PCs at home and to manage smart devices such as home security system are the driving forces for this trend.  A general requirement for home network is simplicity and reliability.  There are two major types of home network, wired home network and wireless home network.  Ethernet, phone line based network and power line based network are described and illustrated.  Wireless technologies provide means to connect the network with virtually no wire and bring in incomparable mobility.  This type of network uses radio frequency waves to transmit through walls and floors up to 800 feet. An example of PC based wireless home network dedicated to data transfer only and a controller-Based Data and voice Home network are introduced.  In order to successfully build a home network, the choice of operating system is very important.  Several candidature operating systems are compared. It is found that Linux operating system is the best thus recommended for home networking. The future of home networking is bright with the trend of decreasing in the cost of the hardware and software and the availability of simple and reliable technologies. 
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