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Abstract

Emerging technologies like Home Networking touch diverse dimensions of our lives.  As the technology matures and the markets grow, so does the impact on consumers, suppliers, and the economy.  This report discusses dimensions of History, Anthropology, Technology, Applications, Architecture, and Marketing. An interview with a Sales and Marketing manager brings a local perspective, describing popular applications, the competitive environment and career opportunities in the low voltage wiring industry.

Scope

For the purpose of this report, Home Networking includes the full spectrum of low-voltage wiring industry applications (telecommunications, home automation, sound and video systems, home security, and computer networking), and their wireless counterparts.  Market forecasts for Home Networking typically limit their scope to computer networking (wired and wireless), however.

History

By the 1960’s, most homes in the U.S. had telephone service, radios and televisions with rooftop antennas.  Some homes also had intercom systems to distribute music and messages around the house.  Cable TV service introduced in the 1970’s improved image reception and increased the number and quality of programs available.  VCR’s, remote controls, and Home security systems and services became popular among U.S. families in the 1980’s.  Satellite dishes gained wide acceptance in the 1990’s.  With the adoption of PCs for home use, the Internet, and the advent of telecommuting, more and more people demand multiple phone lines, connections between devices, and high-speed Internet access.  This demand, boosted by the affordability and availability of better technology, services and applications, propelled the emergence of Home Networking.

Anthropology

People are intelligent, social critters.  We make tools.  We make rules.  We form communities.  Home Networking is a natural expression of these human tendencies.  We’ll invent more and more applications, and (hopefully) agree on fewer and fewer standards, so we can interact compatibly with other people and devices.  As with any new technology, there will be social and cultural, as well as economic impacts.

It’s not so much an issue in North America, but if we broaden our horizons cross-culturally, we may find different Home Networking technologies and applications adopted at different rates in different markets.

I visited eastern Turkey in 1995.  The cultural and technological contrasts amazed me.  My uncle had just had phone service for about a decade at that time.  The community just didn’t have the infrastructure (the switches and wires) to support phones for everyone.  The community had installed a public address system, however, used to call everyone to prayer.  They still mill their own flour, churn their own butter, and haul produce to market on the family mule.  But they had a satellite dish and could receive 135 channels on their TV.  After their experience with acquiring a phone, they weren’t going to wait for cable TV.  It was quite a contrast:  a mountain-fed spring and a cow in the basement--and a satellite dish on the roof.

The morale of the story:  Home Networking technology adopted in one market may differ from that adopted in another—due to different geographic, economic, or cultural needs.

Technology

Conceptual Model

The International Standards Organization (OSI) developed a “7-Layer Reference Model” to organize the way we think about networks—from the wiring data runs across (Physical Layer) to the applications the data drives (Application Layer).  It applies to Home Networks as well as others.

Topology

Most phone systems and older cable systems used a “daisy chain” to string wiring from one outlet to the next through the home.  This works pretty well with one or two of each in the home, but creates problems for homes with several phones and TV outlets.  On your phone network you may get “noise interference”
 and “crosstalk”, where you hear a different conversation than the one you want.  A failure anywhere along the chain will affect multiple outlets, making it difficult to troubleshoot and repair.  Image quality also suffers at the most distant end of the chain from the source of the signal for cable TV.  Still, this was a popular installation when cable services billed for each line entering the home, because you could enjoy service from different rooms rather than from a single location.

The preferred practice today is to use a “star” topology, where all the low-voltage services come into a single “distribution panel” (also known as a “wiring cabinet” or “service center”), where they connect to modules that manage transmissions to and from appropriate outlets and jacks around the house.  Wires and cables emanate from the distribution panel, which may include a network hub for connecting PC’s on the Home Network.

Bandwidth

Bandwidth measures how much data can flow through your network at a time.  It depends on the kind of wire carrying the data, and your need varies based on your application.  Bell wire, for example, can carry signals from an intrusion detection device to an audible alarm or phone line.  With a little more sheathing these copper wire pairs can carry voice conversations for your phone service.  People like the analogy of a “pipe” or “hose” for describing line capacity, or bandwidth, because it’s easier to relate to water flow than to the transmission of bits and bytes.  OnQ Wiring 101 likens flow rates on Bell Wire to a squirt gun, Category 5 (CAT 5) to a garden hose, and RG6 Quad Shield to a fire hose.  You can use CAT 5 for phone, fax, modem, Ethernet or any high-speed digital transmissions.  Relative to standard phone lines, with one or two twisted pairs in a light plastic casing, CAT 5 lines, with four twisted pairs in a heavy plastic casing resist interference from electromagnetic interference (EMI).  RG6 Quad Shield (a type of Coaxial cable) also resists EMI with four layers of shielding around the insulated center copper wire.  Despite heavy sheathing, EMI generated by high-voltage currents running through power lines can disrupt data signal transmissions.  If you’re laying the cable yourself, run data lines perpendicular to power lines to minimize this risk of interference.

Internet Access

Alternatives available
 for Internet access still depend on your neighborhood, but at some point they will include:

1) Modem (comes in PCs, transmits at 56K bits/second over standard phone lines)

2) ISDN (offers 128K bps over high-quality copper wire provided by phone company)

3) DSL (varies from 1.5 to 9 million bps, from phone service provider)

4) Cable Modem Service (gives up to 30 million bps, provided by cable company and shared by neighborhood, transmitted over high-quality coaxial cable)

Network Alternatives

Three popular alternatives for networking PCs compete with the age-old “sneaker-net”
 solution.  Ethernet enables the fastest data transmission, at the lowest cost, with the most affordable peripherals available.  Unless you can run CAT 5 cabling while your home is under construction, it will be the most difficult to wire for.  You can network your home using existing phone lines, but this is a moderately expensive alternative.  It won’t be as fast as Ethernet, and few peripherals are compatible with this alternative.  Wireless Ethernet (WiFi or 802.11b) costs more than the other choices, but eliminates the need for wires.  You’ll find more peripherals for Wireless Ethernet than for voice-grade phone networks, but they’ll be at moderate to high prices.

Data transmits more quickly over Ethernet than with wireless or phone networks.  But HomeNetHelp.com advises:  “For many people, network speed is the least important issue. Most cable and DSL connections only transfer at about 1.5 Mbps. Any of these network types transfer much faster than that so your speed bottleneck will always be your Internet connection itself.”

Technology References

One Home Networking systems supplier, OnQ Technologies (tagline:  Wired For Living), offers a great tutorial, “Home Wiring 101”.

In addition, the following web sites offer useful information or services:

How Home Networking Works:

http://www.howstuffworks.com/home-network.htm/printable
Local Installation/Integration Services:

http://www.technasystemsnw.com/Comm.html
For Tips on Home Networking, for the Do-it-yourself enthusiast:

http://www.homenethelp.com/ 

On Wireless Systems for the Home:

http://www.HomeRF.org
Applications

Applications for Home Networking proliferate under general categories of Computer Networking, Home Automation, Communication, Entertainment, and Security.  I describe a few prominent or innovative applications here.  Scott Benham, Sales & Marketing Manager at Techna Systems, describes more in the interview in Exhibit B.

Networking Multiple PCs
Home networking is most popular amongst multi-PC households, for the same reasons I wanted it:  to share data and peripherals, and for gaming with guests.  Shared, High-speed internet access is another important driver for many early adopters.

Home Automation
With home automation you can set up a “snack path”, close your drapes, or get the morning weather report on your toast.  Some day you may even be able to let your pets out--remotely, from your office or web-enabled phone—via an Internet connection to your doggy door.

Communication
If you want your own public address system in your home, you can set up speaker systems and paging phones.  If you telecommute, you’ll enjoy high speed access to email and even desktop video conferencing.

Entertainment
With Home Networking you can take advantage of “Video Distribution”, transmitting the best programming where you want it, through “back feeding”:  VCR to Distribution Panel to TV.  You can get DLP (Digital Light Projection Systems) on wall-sized screens, fixed or drop down, as part of your home theatre configuration. Play video games, surf the Internet, or enjoy movies.  This type of entertainment is popular even when the economy is slow.

I’m hoping to integrate multiple media with an outdoor fountain and lighting system at my new home.  I want to be able to compose music, and synchronize spray patterns and lighting to correspond.  It will be better than fireworks on the Fourth of July!

Security
With Home Networking, Security applications go way beyond intrusion detection, signaling and dispatch. Digital recording packages (like Nanny Cams) are very popular for home security.  You can even record who entered, when, with specially coded key-card systems.  Or, how would you like to get a picture-in-picture peek at the nursery with an audio-visual baby monitor?  With today’s technology, you can even set up a Pet Cam, and check in on Fluffy from your PC at work—all over the Internet.

Architecture

Architectural choices in Home Networking include what you want to do and how you want to do it.  Consider household priorities for “strategic alignment”, physical constraints, and anticipated future needs in your design.

Strategic Alignment
When making architectural design decisions, be sure to communicate effectively with other members of your household.  Successful implementation necessitates strategic alignment with their vision for how various spaces should be used.  If you’re building new construction, they may have other priorities for how limited resources should be allocated amongst the various home design options.

Physical Constraints
If you’re not building new construction, your decision regarding structured wiring vs. wireless may be easier.  The cost: benefit ratio for wireless will probably be favorable for an older home.  Wireless may also provide more flexibility as you change your preferences and processes over time.

Extensibility
The one “must do” with new construction is the “Future Tube”.  This is an open conduit that runs from your basement or crawl space to your attic, so you can add additional lines whenever you want.  This, along with a generously sized (42” recommended) distribution panel/wiring cabinet, makes your Home Networking system “Extensible”.

Emerging Markets

Local Market Appears Hot
Benham
 reports dramatic growth in Home Networking in our local area:  “We’ve gone from wiring five homes for two builders in 1999 to 1800 houses for 60 builders this year.  We just added two more builders this week.”  One week this year they had to turn away seven builders (prospective customers).

With affordable pricing and heightened expectations, home networking is not just for the very rich any more.  “We’re even doing in-house networks for $168,000 homes—standard.  It’s not just an option any more.  We’re networking 700 homes—standard,” says Benham
.
U.S. Market Growing
Overall, the U.S. Home Networking market is expected to grow over the next few years.

Parks Associates July 2001 survey of 2,500 households leads them to forecast 11.3 million broadband subscriptions by year-end 2001.  In addition, they expect 5.5 million Home Networks to be installed in the U.S. by year-end 2001.  They found that “One-third of US households currently subscribing to dial-up Internet services are interested in upgrading to broadband service in the next 12 months.”  Tricia Parks, President, says most early adopting consumers “wait on exellent products with rational pricing” before adopting broadband.

Cahners In-Stat Group forecasts a healthy 600% growth rate in the U.S. home networking market from 1999 to 2003, estimating “the market will be worth US $1.4 billion by 2003”.
  

“The home networking market will grow 600% in the US by 2003, according to market researcher Cahners In-Stat Group in a report issued in February 1999.  … [the Home Networking] market will be worth US$1.4billion by 2003.”

Wireless Market Gaining
Analysts originally predicted that many consumers would build home networks on existing phone lines because these seemed easiest and cheapest.  Doug Olenick reports that Wireless and Ethernet are eating at the share previously held by home phone network access.  “Starting this year, wireless products have become much more affordable.” Olenick says.
  Evidently, consumers seek performance, too, as long as the price is right.
Exhibit A

Summary of OSI 7-Layer Conceptual Reference Model
McNurlin & Sprague, in Information Systems Management in Practice (pp. 190-193) describe the OSI 7-Layer Reference Model:  “The International Standards Organization (ISO)…adopted the 7-level OSI Reference Model for guiding the development of international standards for networks of computers.  … it only recommends the functions to be performed in each of the seven layers; it does not specify detailed standards for each layer.”

Level
Name
Description

7
Application
Interfaces to applications using standards like HTTP, FTP, Telnet

6
Presentation
Translates data to & from the language used in the Application layer

5
Session
Moderates the session

4
Transport
Controls flow and ensures reliable packet delivery using protocols like TCP

3
Network
Addresses and routes packets, making sure no data is lost or garbled.  Protocols like Ethernet, Token Ring, FDDI, ISDN, ATM & Frame Relay may span between these layers, or perform jobs at more than one level.

2
Logical Link


1
Physical
Actual wiring, like coaxial cable, 10 Base-T, twisted pair (bell), fiber optic cable, carries the signals.

Adapted from McNurlin & Sprague, p. 193

Exhibit B
Interview with Scott Benham, Sales & Marketing Manager, Techna Systems, November 2, 2001, Redmond, Washington.

So, Scott, How’s business in Home Networking these days?
We are so busy!  We’re doing a lot of multi-unit projects right now.  In Seattle we’re doing a 41 unit apartment complex with full In-house Network.  That includes the Kitchen, Family Room, Den and Second Bedroom.  They’re getting Cable Modem, DSL, and Digital Satellite (DIRECT TV).  There’s also another 108 unit development in Seattle.  In Lynnwood we’re wiring an 88 unit apartment building, so it’s not just downtown where builders are offering networks.
Have you seen a lot of growth in the market recently?
Yes.  Dramatic growth.  We’ve gone from wiring five homes for two builders in 1999 to 1800 houses for 60 builders this year.  We just added two more builders this week.  It’s not a luxury item any more.  We’re even doing in-house networks for $168,000 homes—standard.  It’s not just an option any more.  We’re networking 700 homes—standard.

What kinds of applications seem to be popular?
 In Lake City we’ve got a 101 unit retirement community going in.  They’ll have a LAN and a WAN for t the development.  With all the PC’s linked together, residents will be able to order dry cleaning, schedule hair appointments, or call for maid service.  For security, they all have a panic button, and smoke detectors that send signals to the property management office and the fire department.  They have access controls at the gate, so when a visitor rings, the hosting resident can flip on the TV to channel 37, see who’s there, then pick up their phone and press #9 to talk to them.  It makes a pretty sophisticated intercom system.
How expensive are these systems?
You know, the prices for home networking are really coming down.  What would have cost $50,000 a few years ago, for a $1.5 million dollar home, can be done for $3,000 now.  Of course, you can still pay $50,000; I put in a pair of Rogue Series speakers a few weeks ago, and they were $50,000 by themselves.  
What do you consider some of the hot applications available now?
I really like the home theatre, DLP (Digital Light Projection) projector.  You get a wall-sized screen.  It can be fixed or drop-down.  You can play video games, surf the internet, watch DVD’s, anything, on it.
I like the sound and entertainment systems.  With speakers around the house, you can use speaker paging phones like an indoor public address system: you just pick up the phone, dial the key sequence, and you can deliver your message to someone at the other end of the house.
Video Distribution opens a lot of possibilities.  You can do that from your multi-ports, where you have two video outlets, you know.  With “back-feeding” you can play a tape in your VCR, say downstairs, then send the signal back to the distribution panel, and out via the cable to another TV in another part of the house.
Cool.  So I could watch my premium channels upstairs if I wanted!

I read in Jesse Berst’s column about how he wired his 4-level home so he could turn off his lights from his computer.  Have you heard about any special lighting applications?
Yes.  I heard about a guy who wanted a “Snack Path” for his midnight snacks.  He had a sensor in the floor, set up so if it were activated between 10 pm  and 6 am, dim lights would come on, slowly getting brighter as he approached the kitchen.
I wish I had a motion detector at my front door, so as people approached it the porch light would come on.
Leviton offers something like that.  They call it the “Welcome Home Pack”.  It turns on your exterior lights and interior entry lights.  It works off your existing wiring and X10 RF.   You can put it on a timer, or use a remote control.
What kinds of career opportunities are available in Home Networking?
The demand for people to design, program, install, and integrate systems in the Low Voltage Wiring Industry is really great, and getting greater.  That includes things like Home Automation, like closing your drapes, Security, Entertainment, Sound and Stereo, Computer Networking, Access Management.  It pays pretty well, too.  Entry level installers make $15/hour, and experienced installers get $30/hour.  You have to understand the systems for any of the jobs.  As new devices come out, vendors usually offer training to help you understand them.
Who do you consider your primary competitors, locally?  How intense is the rivalry?  Do you find you have to bid against them for the good jobs?
No. We’re fortunate in that builders come to us.   In fact, I’ve had to turn down seven builders in one week.  We want to keep our service high.
Our main competitors are Triumph Technologies, Lander Electric, ProComm, Manchester Integrated Systems (MIS).  It’s amazing that anyone would have to lay people off in this industry right now, but we have good enough relationships with our competitors that one called us when they were having layoffs. We hired one person from there.
































































� See Exhibit A for a summary of the 7-Layer Reference Model.


� You get some “noise interference” on almost any standard phone.  This creates an issue for IP phones that don’t generate “white noise” to accompany voice transmissions: users may misinterpret the absence of background noise as a cue that they have lost their connection.


� Data from OnQ Technologies, “Home Wiring 101”, 2001.


� “Sneaker-net” is the colloquial term for copying data to a diskette at one PC and running it to another PC to use software or peripheral services (like printing, or network access) that weren’t available where the data originated.


� Comparative description based on a table in “Your First Home Computer Network” under the Tutorial at HomeNetHelp.com, October 2001:  http://www.homenethelp.com/web/howto/HomeNet-start.asp


� OnQ Technologies, Inc., 301 Fulling Mill Road, Suite G, Middletown, PA 17057, Copyright 2001, 1307516-5M-SK-6-01, www.onqtech.com.


� See Interview in Exhibit B.


� See Interview in Exhibit B.


� “Consumer demand for home networking remains steady”, Fiber Optics Weekly Update, Boston, August 24, 2001.


� Computimes Malaysia, New York, July 23, 2001.  Full text in Financial Times Information Limited, July 23, 2001.


� Olenick, Doug.  “Sales of Home PC Networks Slowly Ramp Up, Vendors Say”, Twice, New York, June 11, 2001.


� McNurline, Barbara C., R. H. Sprague, Jr. 2002. Information Systems Management in Practice, Fifth Edition, Prentice Hall, Upper Saddle River, New Jersey.
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