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Introduction
I think there is a world market for maybe five computers.
~IBM Chairman Thomas Watson, 1943

L

ife with and near computers has changed dramatically in the few decades they’ve been
around. From mechanical devices to highly secret electronic machines used for breaking
cryptographic codes, computers evolved from crude calculation assistants to systems capable of independent operation. In the transformation from expensive, room-filling monsters to
laptop computers, each with perhaps more power than the sum of all the computers built in the
1960s, computers have become indispensable assets in business and in our personal lives.
The next transformation for computers, the one happening now, is from being distinct objects
to commonplace tools. Our parents had no concept of a personal computer. We had the advantage of learning the science and technology of computers in universities and in business. Many
adults, however, have had to train themselves, and have ended up seeing their computers as
things set apart from life, foes in an endless struggle. Our children are different. They were
born into a world where computers always existed, and indeed we’ve made a point of giving our
own children free access to their own computers from the time they could walk. They didn’t do
much with them as toddlers, but they did enough to learn their computers would respond to
them and were every bit as much a commonplace part of life as the telephone, television, and
dogs. Computers, for them, aren’t something to be in awe or fear of. Computers are simply
instruments to be coerced into doing what they want.
In that change of worldview is power. Your computer isn’t some monolithic entity capable of
only the magic someone else imbues it with; it’s an appliance — a minion, really — available to
be part of anything you can imagine and create.

What Are PC Toys?
PC Toys fit the mold of electronic minions, in that none of them are computers for their
own sake. Instead, all the projects in Table I-1 are interesting devices that happen to contain a
PC as a core component because it was easier or more useful to build each project around a
computer.

Introduction
People with that view invariably obtained it from a sound knowledge of what makes up a computer and how it works. We’re not expecting readers to be trained engineers or computer scientists, although some will be, and those people are the best candidates to be extending the PC
Toys with their own designs. To build what we’ve described in the book, however, we’re simply
expecting you to be comfortable modifying and operating a Windows personal computer using
equipment and software you can buy and install.

Equipment
Very few of the PC Toys require a next-generation, expensive computer to run. You may want
such a machine for the LAN gaming chapter, depending on the kind of game you’ll play, but if
you’re already playing the fast action games that exploit that kind of power, then you probably
already have the machine you need. Adding the gaming network doesn’t significantly increase
the power required, and you’ll see that even a relatively modest machine works as a game server.
The rest of the PC Toys can use what many people would call obsolete computers, ones in the
350 MHz and faster range. A reasonable amount of memory will help performance — we put
at least 256 MB into our machines, with 512 MB or more in ones we use intensively. As cheap
as quality memory is now, it’s an effective upgrade. The modest computing demands for the
PC Toys gives you a lot of choices for what computers to use, which fits in nicely with the fact
that many of the projects run constantly on the PC and therefore need the computer to be
reliable. The most reliable computer is one nobody touches, which lets out the computer you
use yourself — get one you can stick in a corner and ignore.
Unless your PC is shockingly well equipped, the PC Toys will likely require you to add hardware to your computer. Some of the hardware is quite inexpensive, while some is not. We’ve
used the more expensive parts in as many of the projects as possible to keep down the overall
cost of building multiple PC Toys, but sometimes there were no readily-available inexpensive
designs to be found.
We’ve included some recommendations for how to work with hardware in Appendix B in case
you need some guidance or a refresher. If you’re after more in-depth information and guidance,
look for our PC Upgrade and Repair Bible. The fourth edition will be available some time after
PC Toys arrives in stores, updated for all the new developments since the third edition was
published in 2000.

Software
We designed all the PC Toys to run under Windows. We’re aware of the religious wars
surrounding the choice of operating system, but since computers running our personal favorite
(the Symbolics Corporation Lisp language and Genera operating system — http://kogswww.informatik.uni-hamburg.de/~moeller/symbolics-info/symbolics.html)

are in tragically short supply, we chose to use the operating system the largest number of people are
familiar with. Like Microsoft or not, that operating system is Windows.
We’re not, however, unmitigated fans of Windows. Older, by now sclerotic versions (Windows
3.1, 95, 98, and Me) have warts, high cholesterol, and an unfortunate tendency towards epileptic seizures. We strongly recommend you use the sturdier, younger versions whenever possible.
Windows 2000 is what we use most often, but Windows XP is technically even better so long
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Introduction
 Telephone answering machine/Caller ID
 Track cell phone minutes used
 Watch for eBay auctions
We haven’t written down the details of how to build each one of these projects, just the idea
and a short analysis of an approach. Filling in the details is your work for that chapter, using
your imagination and what you’ll learn building the other projects in the book.

How Chapters for Each Toy Are Organized
Every chapter in this book, with the exception of this introduction and Chapter 15 (Inventing
Your Own PC Toys) follows the same basic structure — you’ll read what the project is about
and how it works, what’s on the parts list, how to build the basic project, and ways you might
extend the basic project.

Building from Kits
Every PC Toys project includes a section with a parts list and description of how to build the
project from those parts. We’re not going to bore you with the details of hardware or software
installation in those sections — we assume you’ve done your share and there are no big mysteries left. We’ve focused on what’s new and different in building the project.
If you get into trouble, find your local experts and tell them what you’re building — you’ll get
all the help you can stand.
The word “kit” is a misnomer if it’s leading you to expect you can go to the store and buy a single box with everything you need for one of the PC Toys projects. To begin with, you’ll likely
have to get the parts you need from several places, some local and some mail order. What we
intend to convey by calling these versions of the projects “kits” is that (along with some extras
you’ll find discussed in the text) the parts lists detail what you need to duplicate the version of
the project we built and tested.
You don’t have to build your version our way. Indeed, differences between your computer or
goals and ours may cause our design not to work for you. You’ll use our version as a guideline in
that case, combining different parts in a different design.

Building Your Own Design
In addition to the kit instructions that let you replicate the project as we built it, every project
includes a section of ideas for how you could extend or modify the design to improve it or add
different capabilities. Some of the suggestions are relatively straightforward applications of the
design for other purposes, while others suggest you perform your own software development
or hardware modifications to make the implementation more sophisticated. Our build-yourown-design suggestions aren’t the only ways to extend the projects — you’ll undoubtedly think
of your own extensions and modifications too.
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Introduction
 Google isn’t limited to searching the entire web. If you install the Google toolbar, you’ll
find you have buttons available to search just the site containing the page you’re looking
at, which makes up for sites that lack their own search engines. Sites whose listings are
driven from a data base may not index well under Google, but it’s worth a try if there’s
no site-specific alternative.
 Ask a question. You don’t always know a good set of keywords, causing search engines to
return either nothing or too many irrelevant results. Ask Jeeves (http://www.ask.com)
is useful in those circumstances — you can ask a question, such as “What is the average
annual temperature in Atlanta?” and get back a selection of relevant places to look. The
technology underlying Ask Jeeves is different than keyword-based search engines, something that becomes evident if you enter the same question as keywords into Google.
There are yet other places to look for what you need on the Internet. You can often find equipment on eBay, sometimes at a discount and sometimes not. Information and opinions are
nearly always available in the Internet newsgroups (also searchable with Google — pick the
newsgroups tab on the Google main page). Good newsgroups can be rich in important information, and offer you the ability to ask your own questions and get answers back from wellinformed contributors, but they can also be homes for idiots with no idea what they’re talking
about who nevertheless talk to the exclusion of seemingly anyone else. Differentiating one from
the other can be hard if you’re not reasonably well informed yourself.

Local and National Sources
We buy parts for projects at both local stores and national chains. Radio Shack, Best Buy,
CompUSA, Costco, and Home Depot all have stores near us, and have all been sources of
equipment, but so have local merchants with only one or a few locations. The local stores
sometimes have better informed staff than what we find in the chains.
We’ve also found web sites for what looked to be good sources in England and Canada. There’s
likely to be good sources worldwide, but unfortunately we can’t read many of their sites.

Computer Upgrades
Where we buy computer parts depends a lot on what we’re looking for and how much of a hurry
we’re in. We rarely buy memory anywhere but from Crucial (http://www.crucial.com).
We’ve regularly bought motherboards, processors, cases, and power supplies from ESC
Technologies (http://www.esctech.com). They can get the Intel motherboards we typically put into computers. The Intel boards are hard to find in local stores, having been pushed
out by less expensive motherboard brands that, unfortunately, have usually cost us more time
and trouble than we saved buying the board.
We’ve done well several times at http://www.allstarshop.com, and inevitably buy
cables from Cables N Mor (http://www.cablesnmor.com).
The downside to all of the Internet-only stores is that you’ll wait several days for shipping,
longer if you need to order on a weekend. The big computer chains — Best Buy and
CompUSA particularly — have coordinated their web sites with their stores, so you can find
what you need on the site and check if the store near you has it in stock. They don’t always get
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Subsystems
You’ll need some independent subsystems (telescopes, LEGOs, a CarChip, model trains, and
such) to build the PC Toys. The individual chapters include web links to sites where we
obtained the equipment, but you’ll want to search the web before you buy anything, looking for
the best prices and alternative equipment that might better suit your interests.
You’ll need some miscellaneous hardware, too, including magnets (try a hardware store; we
found them at Home Depot), computer cables (we get them at Cables n Mor, www.
cablesnmor.com), and networking equipment (try the same places as above for computer
upgrades).

Software
Some of the software we used in the book is on the CD; the rest is either available on the
web — there are links in the individual chapters — or comes with products you’ll use building
the toys. See Appendix C for a description of the CD-ROM.
Enjoy the book!
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Create Your Own
TiVo-Like Digital
Video Recorder

chapter

The sky above the port was the color of television, tuned to a dead channel.
~William Gibson, Neuromancer
I surf, therefore I am.

in this chapter
˛ How PVRs work

~Anonymous

T

here are more jokes about men and channel surfing than you’d ever
want to hear (probably more learned academic studies, too). For all of
that, we claim channel surfing stems from just one thing: boredom,
caused by not having anything interesting to watch. Not that there’s a lack
of interesting shows to watch, just that there’s a lack of interesting shows at
that particular time.
Enter the VCR. Literally everyone we know with a TV set, and probably
most people you know, have a VCR. Far fewer actually record with them
anymore.

The VCR Is Dead. Long Live the VCR!
Jay Leno got a lot of laughs at the Windows 95 launch party ribbing Bill
Gates that his VCR flashes 12:00. No one really believes Bill Gates can’t set
his VCR, but the idea is funny. It’s interesting to speculate why his and so
many other people’s VCRs don’t have the time set; the likely answer is that
he and these other people don’t care, because they don’t use the timers,
which, in turn, is because they’re not recording shows.

˛ Building and using
your PVR from kits
˛ Video compression
˛ Using a DVD writer

Chapter 1 — Create Your Own TiVo-Like Digital Video Recorder
A PVR is a PC with TV display output, a TV tuner, an MPEG compressor, and an MPEG
decompressor. Analog video signals, whether from a satellite receiver, antenna, cable network,
or cable set top box, come into a tuner in the PVR. The tuner chooses the specific channel and
passes the audio/video (AV) signal to the encoder, which digitizes the signal and compresses it.
The PC records the compressed AV stream and, if desired, passes a copy to the decoder which
decompresses the stream and outputs it to the TV.
PVR magic comes from the fact that the decoder isn’t fed directly from the live stream coming
from the encoder, it’s fed from the disk. Anything on disk is immediately accessible, so you can
slow playback down, speed it up, pause, play a prerecorded show, or watch an instant replay.
You can do any of these actions simply by repositioning the access point in a file.

Digitizing, Compressing, and Recording Television
Your PVR converts the signal to digits before it records to disk. The television signal output
from the tuner delivers 30 pictures every second, each about 720 x 480 pixels. Using 8 bits per
pixel for each of red, green, and blue (that is, 24 bits per pixel total), the video alone converts to
more than 30 megabytes per second (MBps). That’s equivalent to nearly 107GB per hour of
recorded video. Desktop computer disk drives — which may not sustain 30 megabits per second (Mbps), much less 30 MBps — cost roughly $1 per gigabyte at retail. Without compression, storage for one hour’s recording would cost over $100 and PVRs would not exist.
MPEG-1 and MPEG-2 compression change the cost equation. MPEG-1 compression gives
you video quality on playback equivalent to that of a VCR, and requires only 1.5 Mbps (200
kilobytes per second, KBps). MPEG-2 compression, used on DVDs, is very high quality and
requires 6–8 Mbps (0.8–1.0 MBps). Using MPEG-2 compression at a full 9 Mbps, even a
40GB drive can hold 11 hours of recordings; a 120GB drive holds over 33 hours.
The PVR has to complete MPEG compression in real time to store compressed video on disk,
consuming pictures from the video signal as fast as they arrive. Current-generation X86 processors, including the latest and best from Intel and AMD, cannot quite keep up using software
for MPEG encoding — a hardware assist or a complete hardware encoder is required.
The hardware MPEG encoder is the one weak spot in PVRs. The broadcast-quality digitizers
and encoders used by satellite television providers are very expensive, impractically so for use in
consumer electronics. The versions used in consumer electronics are much less expensive, but
sacrifice some video quality. (Interestingly, DirecTV subscribers get broadcast quality compression and consumer-priced PVRs, because the DirecTV TiVo receivers get a compressed stream
off the satellite they record straight to disk — there’s no encoder in the PVR, because the
encoding is done in the studio.)
The final step in the PVR encoding path is recording the compressed stream to disk. Even
DVD-quality MPEG-2 compressed streams only need about 1 MBps, a sustained transfer rate
readily achievable by even the least expensive disk drive now in production. You’ll need an
aggregate of more than 2 MBps to cover simultaneous record, playback, program access, and
swapping, but unless the PC has less memory than the average gnat, even that workload won’t
keep a drive very busy.
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If you want top quality DVD video, though, you’re going to need almost 2.8GB per 60 minutes
of video, and while software exists that can span a recording across multiple CDs, it’s a nuisance. Instead, you can install a DVD writer to replace the CD/RW drive and burn disks up to
4.7GB. Using MPEG-2 compression at a 6.4 Mbps data rate, you can fit 2 hours of raw video,
edited down to 86 minutes by taking out the commercials, into just under 4GB, fitting the
video plus a set of DVD menus onto a single disk.
An internal DVD writer with an IDE interface is nearly indistinguishable from the ubiquitous
CD/RW drive. Set the DVD writer to the same IDE master/slave configuration as the
CD/RW and you can mount it in the same chassis drive bay and plug it right in to the same
cables.
Software, however, is a different matter. You may have some work to do.
 Data disks. You may need to update the software you use to get drivers compatible with
the DVD writer, or even to get capabilities to write disks as large as fit on DVDs. We
used Ahead Software’s Nero (www.nero.com), and had all the drivers we needed, but
noticed that an old version of Roxio’s EZ-CD Creator we now rarely use needed updates
before it would operate.
 Video capture and edit. You’ll want video editing software to edit and assemble material
from the files you make, and you will need video capture software if you’re bringing in
material from analog sources such as an older camcorder or a VCR.
 DVD authoring. DVDs you can watch with a DVD player have more than the compressed audio and video streams — they include files that define the menus that let you
pick what you want to see. DVD authoring software provides the tools to build those
menus, combine them with the audio/video streams, and write the disk.
We once used Adobe Premiere for video capture and editing, which is very capable but very
expensive ($488.95 and up at www.shopper.com, and over $132 for upgrades). Microsoft
MovieMaker is bundled with Windows XP (upgrade to MovieMaker 2 on Windows Update),
but lacks the tools to capture or output at DVD quality.
You’re likely to get DVD authoring software along with your DVD writer from Pinnacle,
Ulead, Sonic, or another publisher. We’re using a combination of Pinnacle Studio and
Expression, using Studio for capture and editing, and Expression for authoring. Version 8
added the ability to author from within Studio, eliminating the requirement for Expression, but
having both tools means it’s possible to edit files while running the relatively long compression
part of authoring.
Although the inability to resize the panes in the Studio window irritates us beyond redemption, we’ve found that Studio has nearly all the features of Premiere we need, so for cost reasons
we keep using it. Figure 1-12 shows the capture window view in Studio. The frame in the
upper-right corner shows the live video preview, while the controls on the bottom let you
adjust the video and audio input characteristics.
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Build a Jukebox for
Your Home Stereo

chapter

Music is your own experience, your own thoughts, your wisdom. If you don’t
live it, it won’t come out of your horn.
~Charlie Parker in Children of Albion: Poetry of the Underground in
Britain

A

cross the street from the university near where we live is a wonderful
pizza place called The Pie, a tiny room in a basement under a pharmacy. In the very back of The Pie, in a dark corridor off the main
room, sits an ancient-looking box replete with flashing lights and rafts of
buttons. A jukebox, one of a dying breed, loaded with CDs and ready to
exchange tunes for money. College pizza places being what they are, it’s
probably no accident that Pink Floyd’s Money is number 42.

Radio Is Boring
Jukeboxes have a long history, as electronics goes. The Wurlitzer Web site
(www.wurlitzer.de/index.php/article/archive/519/) shows
the first jukebox, the 1933 invention of Homer Capehart and Paul Fuller,
filled with shellac records spun at 78 RPM (see Figure 2-1). The automation provided by the jukebox let people choose the songs they wanted to
hear, not a repetition of songs chosen by someone else.
That one simple characteristic — the ability to choose your own music —
survives today in CD changers, in the thriving practice of burning collections of songs to CD to play in your car, and with millions of office workers
playing songs through headphones on desktop PCs.
Oddly, having a wide variety of music at home over the course of hours is a
different and more difficult story. You can play CDs and other files through
the speakers on your PC, but the sound quality of the usual cheap PC
speakers is horrible. You can play CDs or radio through your stereo, but you
have to get up to change CDs, and the constant repetition of the same few
songs on most radio stations is enough to drive a saint to drink. You can get
a CD changer for your stereo — Kenwood’s 200 disc CD changer, for example — but it’s pretty expensive at $400.

in this chapter
˛ Compressing music
into files
˛ How much storage
do you need?
˛ Connecting your
computer to your
stereo
˛ Remote controls
˛ Getting the best
sound quality you
can

Chapter 2 — Build a Jukebox for Your Home Stereo
Building Up Your Jukebox
1. Play songs on your PC using a file library on disk.
2. Cable your PC to your stereo and use the quality speakers there.
3. Use a wireless link to eliminate the wires across the floor.
4. Control a small PC next to your stereo with a wireless remote.
5. Retrieve music files from a server on your local area network.
The first step in building your PC jukebox is to get lots of songs in one place, which is the subject of the next section.

Sound, Compact Discs, and MP3 Compression
High-quality, uncompressed sound files are big. A CD holds about 650MB of data, equivalent
to a little more than an hour of music. If your jukebox were as modest as the equivalent of ten
CDs, you’d need close to 7GB of disk space to store those files directly. Our collection of
CDs — a small one at that — numbers well over 300, so we’d need nearly 200GB to store the
entire collection in uncompressed files. People who are really serious about their music collections are likely to have thousands of discs. Given those figures, you have two practical choices
for how you store music:
 Store uncompressed sound files, using lots of hard disk storage
 Store compressed sound files on CD, DVD, or hard disk
Storing uncompressed sound files, eliminating the time and work to compress the files, isn’t as
absurd as it would have been a few years ago because hard drives have become ridiculously
large and cheap. When we wrote this chapter in early 2003, for example, CompUSA ran a promotion offering a 200GB drive for $200. That was an amazing price at the time — about half
the normal value — but the example shows how dramatically prices are coming down for large
drives.

MP3 Compression and File Sizes
Huge disk farms aren’t yet practical for large music collections, so the best option for most people will be to compress raw sound files from CD using MP3 or another algorithm, getting
huge reductions in size in exchange for relatively small reductions in sound quality. You measure the severity of the compression applied to an MP3 sound file by the average bit rate at
which player software consumes the file on playback, with higher-quality sound corresponding
to higher data rates.
Table 2-1 shows some of the higher rates used in MP3 files. The 128 Kbps (kilobits per second) rate is the most commonly used of those shown, but you’ll hear a noticeable degradation
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Summary
The essence of building a high-fidelity jukebox with your PC is no more complex than hooking the computer’s audio outputs to your stereo. You have options for connecting the two, storing music in your computer and how much storage it takes, controlling the player software, and
controlling the quality of the sound. The cost of your jukebox will range from free or a few dollars for cables to as high as you like if you let your imagination run wild.
Don’t overlook the importance of the source of your computer’s digital music. We’ve recommended in this chapter that you make your sound files from CDs you already own, but don’t
recommend that you share those files with others.
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Have Hot, Fresh
Coffee Whenever
You Get Up
The morning cup of coffee has an exhilaration about it which the cheering
influence of the afternoon or evening cup of tea cannot be expected to
reproduce.
~Oliver Wendell Holmes, Sr., Over the Teacups

W

eb pages about coffee are far too prone to quote Johann
Sebastian Bach, who once said, ‘“Ah! How sweet coffee tastes!
Lovelier than a thousand kisses, sweeter far than muscatel wine!”
(Coffee Cantata, 1732). We say even Starbucks won’t serve coffee more than
an hour old, and neither should you. Coffee that’s been tortured over a hotplate for hours is bitter and revolting, not the joyous brew that leads to over
150,000 hits from a Google search for coffee ritual.
Engineers build gadgets to solve problems, so any store that carries electric
coffee makers will have one with a built-in timer that will faithfully start
making coffee at the precise time you set. If you had the same discipline for
getting up as the coffee maker has for starting the brew cycle, a fresh pot of
coffee would be ready just as you arrived cup in hand, and there’d be no reason for this chapter to exist.

The Day Needn’t Start Until
the Crack of Noon
Getting up at a fixed time may be fine for morning people, but we and millions of others judge how good a day is likely to be by how late we’re able to
sleep in. When the coffee maker is too stupid to do more than watch a
clock, it’s hard to have a fresh pot of coffee waiting when you’re ready for it.
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The radio part of the transceiver module works with more than just motion sensors — for
example, you can use it with the X10 remote control or the keychain transmitter.

HomeSeer Software
It’s fortunate that other companies provide software you can use with the X10 equipment,
because the ActiveHome software the X10 company provides is so limited that it’s useless.
Free, but useless and annoying — much like the pop-under ads the X10 company insists on displaying all over the Web.
The HomeSeer software (www.homeseer.net), on the other hand, is very useful. I (Barry)
worked as a programmer for a long time, and very little software gets a “wow” from me.
HomeSeer got a long series of wows, because it does complicated things simply and intuitively,
and because it literally could do every oddball thing I wanted.
Using HomeSeer, you think about your home automation setup in terms of devices and events:
 Devices are switches, plugs, sensors, and transceivers — everything in your X10 system
that can either report status or take an action. HomeSeer has a library of popular devices
built in, so in most cases you just select the device type, name it, and fill in its address.
 Events are descriptions of actions you want performed. You structure events as sets of
AND/OR clauses to decide if the event should trigger, plus a set of actions to be invoked
any time the event does trigger. Paraphrased into English, an event might look like this:
IF
the motion sensor sees someone
OR
it’s the weekend and getting late in the morning
THEN
turn the coffee pot on

You program devices and events into HomeSeer through dialog boxes such as the one shown in
Figure 3-2, in which you enter a device into HomeSeer.
Although the HomeSeer dialog boxes are relatively straightforward, they’re extremely powerful. You can even use them to create an event that signals you to change the batteries in the
Hawkeye motion sensor!
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Several companies, including Radio Shack and Leviton, offer products compatible with X10
equipment. One of the largest sources on the Internet for X10-compatible equipment is at
www.smarthome.com.
The key difference between a lamp module and an appliance module is that the lamp module
can control only an incandescent lamp, which it can dim, while the appliance module can control lamps, heaters, motors, and other loads in exchange for loss of dimming capability on
lamps. Appliance modules have limits on how much power they can control, and not all of
them can handle as much power as required for a coffee maker. The Radio Shack heavy-duty
appliance module (Catalog No. 61-2684B) is specifically rated at 15 amps for coffee pots
(almost 1,800 watts), which is why we chose it for this project.

Installing Components
Installing the components making up the coffee controller is straightforward. You set the
address for the RF transceiver, appliance module, and lamp module before you plug them in.
X10 addresses have two parts, a house code and a unit code. House codes are alphabetic (A
through P), while unit codes are numeric (1 through 16). The distinction between house codes
and unit codes is useful when you want to use global commands like all lights on, which affect
all devices in a specific house code regardless of unit code. There are three global commands:
all lights on, all lights off, and all units off. Unless you run out of unit codes or need partition
devices responding to global commands, there’s little reason to use more than one house code.
The addressing plan you see in Figure 3-3 isn’t the only one you can use. We set it up this way
for these reasons:
 The motion sensor is relatively small, and doesn’t have convenient switches to set the
house and unit code — you have to push some buttons repeatedly and decode what the
flashing LED is saying. Rather than do that, we just left the sensor at its default A1
address.
 In addition to ON and OFF messages at address A1, the motion sensor by default sends
out DAWN and DUSK messages at the next higher unit code, sending at A2 by default.
Putting some other device at A2 can confuse the control system, so we just left that
address unassigned.
 The appliance module in the RF transceiver can be only at unit codes 1 or 9 (see the
description that follows), and unit code 1 conflicts with the motion sensor. If you leave
them both at the same address, the appliance module in the RF transceiver will go on
when the motion sensor turns on, and go out when the motion sensor goes off. We want
to control modules through the software in the PC, not directly, so we want each module
at a distinct address. The only other available unit code for this module is 9, so the
resulting address is A9.
 The heavy-duty appliance module and the lamp module can go at any address that doesn’t conflict with other modules. We chose A5 and A3, respectively, but those choices are
arbitrary.
 The PC interface doesn’t have an address.
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Lamp Off (Every Day)
If
Device: Master Bath Motion Sensor changed to OFF
Then
Turn off the Living Room Lamp after a 5 minute delay

Double-click on the line defining the lamp off action in the Device Actions tab to get to the
lower-level dialog box that lets you define the delay. You’ll have to tell HomeSeer your latitude
and longitude before the nighttime condition works properly.
We initially tested the configuration by temporarily changing the times to correspond with the
time we were doing the set up, and after we had what we thought was a final configuration,
we ran tests at the real times using a night light in the appliance module rather than the real
coffee pot.

Building a Coffee Controller to Your Own Design
You’ll constantly think of things you can do with home automation far beyond the coffee controller. In this section, though, we’d like to point out a few extensions that will make the coffee
controller more useful.

Use the Universal Remote Control
The ActiveHome kit comes with a wireless remote control, which lets you issue direct X10
commands to your devices. If you keep the remote by your bed, you can turn on the coffee pot
after one of those midnight calls from work when you have to go in and save the world. If
you’ve wired lights around the house with X10 controls, you can turn all of them on if you hear
noises you don’t like.

E-mail Alerts
A weak link in the coffee controller is the batteries in the motion sensor, because until the system fails you might not realize the batteries are worn out and need to be replaced. You can use
events in HomeSeer to detect worn batteries, and send an e-mail to yourself to report the
problem.
The first step is to configure HomeSeer for e-mail. We created an e-mail account specifically
for HomeSeer, and used the direct e-mail handling support in the program. (You can also
operate through Outlook, Outlook Express, or another MAPI-compliant e-mail program.)
Figure 3-15 shows a sample configuration; you get to the dialog box through View ➔ Options;
then select the EMAIL Setup tab.
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Tracking Station
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The sight of a planet through a telescope is worth all the course on astronomy;
the shock of the electric spark in the elbow, outvalues all the theories; the taste
of the nitrous oxide, the firing of an artificial volcano, are better than
volumes of chemistry.
~Ralph Waldo Emerson, Essays, Second Series

in this chapter

he truth is out there, but in the case of telescopes and astronomy
we’ve found the truth is a little hard to find even when it’s staring
you in the face.

˛ Knowing your time
and location

T

We’ve owned a basic telescope for years, but since a few forays into the
backyard to see the craters on the moon and a few of the planets, it’s been
gathering dust. Not because we weren’t interested, but because we never got
the hang of reliably finding what we were looking for, and when we did find
something, it quickly rotated out of view while the neighborhood kids took
their turns.

It’s Not Just Finding Them,
It’s Following Them Too
Astronomical chaos in the backyard is the inevitable result when you’re the
sort who, like us, not only knows little about practical astronomy, but has so
little contact with reality that you’ve been known to check if it’s cloudy outside by looking at the Internet, not through a window. The Earth’s rotation
combines with the telescope’s narrow field of view to cause everything in
the sky to move, so just when you get what you want to see lined up, it
rotates away. Experienced observers know how to mount the telescope on
its tripod to make following objects easy, but to a novice, the tripod is likely
to be nothing but a confusing forest of knobs and dials.
Your PC can help you fix all these problems — knowing where you are,
knowing where to look, and following objects in the sky — using nothing
more than a Web connection, an interface to a motorized base under your
telescope, and some software. Figure 4-1 is a block diagram that guides you
through this project. The key element, besides your PC, is the base, which
can independently rotate and elevate the telescope. Some telescopes have
controllers to point the base and track stars, but as you’ll see in this chapter,
these tasks are a lot easier with a PC.

˛ Aligning your
telescope
˛ Software to make
astronomy easier

Chapter 4 — Build a Telescope Tracking Station

FIGURE 4-11: TheSky beginner’s tutorial

FIGURE 4-12: TheSky sky map
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they also cost thousands of dollars. If you chose to buy the complete camera setup, such as the
Meade Pictor 208XT (www.meade.com/catalog/pictor/208xt.html), you’d be
investing less than $1,000. (We found it for under $500 using Epinions, www.epinions.
com/Meade_Pictor_208XT_CCD_Camera__Camera_07551xt) Given that, all you
need to do is write the software.

Summary
Looking up at the sky has fascinated people for as long as there have been people, whether out
of curiosity, appreciation for the beauty of what’s there, or other reasons. Too many people give
up on taking a closer look at the night sky because of the difficulty of getting started with telescopes and astronomy. Tying your PC, a motorized base, and the controller electronics to your
telescope removes most of the initial complexity and gives you the opportunity to investigate
the heavens with push-button simplicity, so you can focus on what you see rather than on the
mechanics of the instruments.
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I feel about exercise the same way that I feel about a few other things: that
there is nothing wrong with it if it is done in private by consenting adults.
~Anna Quindlen, Living Out Loud

O

ne of the widely recommended forms of exercise is a cardiovascular
workout, meaning exercise in which you work hard enough to
elevate your heart rate and breathing rate into a target band for a
given period of time.
You’re going to read about exercise in this chapter and how to
use your computer to track your exercise program. The following
should be completely obvious, but we want you to read and
understand this disclaimer:
The content of this chapter is for informational purposes. You
should not interpret anything in this chapter as medical advice
or as guidance for how you should treat any medical condition.
You should consult your physician before you start any fitness
program.
We’re not your doctors and don’t intend in this chapter to tell
you what’s best for your individual body.

It’s All About Information
The American College of Sports Medicine recommends you exercise with
your heart rate within a zone they define between 60 to 90 percent of your
maximum heart rate (www.acsm.org/pdf/Calculate.pdf) and suggests you exercise three to five times per week. Only very fit people will be
in the middle to upper end of the zone, and recommended target guidelines
vary. Figure 5-1 plots a reduced guideline, limited to 85 percent of maximum heart rate. Walking, jogging, swimming, and bicycling are all good
exercises at your target heart rate.

in this chapter
˛ A word of caution
˛ Cardiovascular
exercise
˛ Sensors and data
loggers
˛ Converting data to
information

Chapter 5 — Monitor Your Workout

Sensors, Computers, and Data
This is where your PC comes in. As with so many of the PC Toys, you’ll use sensors and your
computer to gather the data you’ll use. Figure 5-2 is a block diagram of the system.

Heart rate
Sensor
interface

PC

RPM sensor
Exercise bike
FIGURE 5-2: Workout monitor block diagram

The idea is to monitor your heart rate directly, not to estimate it from the exercise level as we’ve
seen recommended in many places, and to monitor the exercise rate (the RPMs of the stationary exercise bike in the block diagram) as a measure of how hard you’re working. We designed
the project not to require a PC at the exercise bike, instead recording the data separately and
downloading it to a PC for analysis. We used the same equipment that we used to monitor a
fish tank (Chapter 8) and a weather station (Chapter 11), building the system around a small
microcomputer called a data logger. Coupled with the right set of sensors, the data logger forms
a complete data acquisition system you use to gather data you’ll later transmit to a PC.

Building and Using Your Workout Monitor from Kits
Although we’ve seen plans to build heart rate sensors from infrared emitting and sensing
diodes, the data logger we chose provides a complete heart rate sensor as one of its options.
More challenging was constructing a means to monitor the rotation rate for the exercise bicycle. We ended up attaching a magnetic field sensor probe (see Figure 5-3) to the body of the
bike and attaching a magnet to one of the pedal cranks as shown in Figure 5-4.

97

Chapter 5 — Monitor Your Workout

Processing the Data
The magnetic field sensor doesn’t directly convert the physical data to RPMs for you, so you’re
going to have to plan both how to collect the raw data and how to convert it to RPMs.
Even collecting the data is more complex than you might initially think. If you simply start the
Easy Log routine on the data logger, it captures data at a relatively fast rate for a while, then
slows the sample rate. Aside from the computational problems that changing the sample rate
can cause, you might lose data. Figure 5-7, a plot of the magnetic axial field strength versus
time in tenths of seconds, shows the problem you face. The pulses are only two-tenths of a second wide (less if you’re pedaling even faster), so if the data logger is only sampling a few times
per second, you’re going to miss pulses.
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FIGURE 5-7: Detail of raw magnetic axial field data

The Easy Sense Advanced has two modes that let you control the sampling rate, Remote and
Fast Log. Setting the Remote mode for a half-hour workout resulted in a sample rate of two
per second, though, so we used the Fast Log with samples at a fixed tenth of a second interval.
The resulting raw data set, collected over 400 seconds, is shown in Figure 5-8. The heart rate is
the plot mostly in the top half of the graph and uses the scale on the right, while magnetic axial
field is in both halves and uses the scale on the left.
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FIGURE 5-11: Heart rate combined with RPM trend line (magnetic pulse interval method)

Building Your Workout Monitor to Your Own Design
What you want to take away from these two approaches to calculating the RPMs is that there’s
not necessarily only one right way to do data reduction — several approaches may be valid.
Which is better may depend on the characteristics of the data you have. For example, a different design of the magnetic sensing setup could use two magnets and sensors, one for each
pedal, producing pulses twice as often, or could use multiple magnets on a wheel rotating past a
single sensor. The more frequent pulses would increase the required sample rate, but in
exchange would increase the number of samples per second, which would in turn improve the
accuracy of the counts-based estimate. With enough counts per second, the calculated data
would be a good approximation of the actual RPMs without the need for a trend line.
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You’ll need a serial connection from the data logger to your PC. You could string cables, or
search for an affordable wireless serial connection. Alternatively, you could use the Belkin
Powerline USB Adapter to extend a USB connection from your PC to where you’re exercising;
then use a USB to serial converter to connect into the data logger. If all else fails, you could set
up a laptop right next to the data logger.

Summary
For many people, better information is the key to better exercise. The monitoring capabilities
of your PC, augmented by a data logger and the right sensors, might be just what you need.
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You don’t put kids under surveillance: it might frighten you.
~Garrison Keillor, “Easter,” Leaving Home

F

riends of ours built a retirement home some years ago and became
concerned about theft and vandalism while they waited in another city
to sell their old house and move in. Being the sort to use technology
to solve problems, they installed a Black Box VueMate Hub (catalog.
blackbox.com), to which they connected closed circuit television
cameras. A long-distance call from their PC to the hub gave them access
to the cameras, letting them monitor the site whenever they chose.
The unfortunate part of this story is that the VueMate Hub goes for close
to $700, plus the cost of cameras. The long-distance phone bills to actually
use the system seem like chump change in comparison, and despite spending all that money, they could only access the cameras from a PC with the
necessary software loaded.

Never Be Out of Reach
As with seemingly everything else, the Internet has revolutionized what you
can build for remote surveillance and security. Low-cost video cameras,
driven by the market for desktop video conferencing and webcams, have
improved to where they generate reasonably high-quality video and provide
embedded video compression. Broadband Internet access offers both speed
advantages and a permanent connection to the net, making it suitable for
remote monitoring. The global reach of the Internet means that you can
monitor your home from Abu Dhabi, if you happen to be there.

in this chapter
˛ Sensors and alerts
˛ TrackerPod and
TrackerCam
˛ Setting up
surveillance
˛ Extending your
system
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Long Cables and Wireless Cameras
For the same reason that it’s hard to put full-motion video onto the Internet — it’s hard to
transmit lots of bits a long distance — the camera’s data rate makes it difficult for you to set up
your cameras a long way from your PC. You don’t always have a choice, though, so you may
need to design remote cameras into your surveillance system. The following sections discuss
some of your options.

Long Cables
Many webcams use a USB interface into the PC, which would normally limit you to keeping
the computer in the same room as the PC. Eagletron, the maker of the TrackerPod we used in
the baseline design, makes an adapter that will extend USB cables as far as 200 feet. At $160
for the 150-foot version, those adapters (secure.eagletron.com/TCam/purchase/
cart.php?Item=H2002E150) are expensive, so you’ll want to be careful where you use them.

Wireless
One possibility is a wireless pan/tilt camera, but these are expensive too. The X10 Vanguard is
representative ($799.99 list; $499.99 special offer in early 2003; see www.x10.com/products/
vanguard_sg1.htm). Equivalent cameras we researched were even more expensive.
You also have the option of a stationary wireless camera, such as the X10 Xcam2 ($79.99 at
www.x10.com/products/x10_vk45a.htm). It’s an order of magnitude cheaper, but you’ll

need more cameras to get full area coverage.
If you already have cameras that produce standard composite video, Radio Shack makes wireless audio/video senders (catalog number 15-2572 at www.radioshack.com/) for under
$100. These units transmit the composite video plus stereo to the paired receiver; if your
requirements are within their range, which is affected by walls, metal, people, and other interference, they’re small and simple.

Integrated Home Automation
You can combine video surveillance with home automation (see the coffee pot controller in
Chapter 3 for an introduction to X10 equipment). The X10 Floodcam is an example
(www.x10.com/products/x10_vt38a.htm); it combines a wireless camera, floodlights,
and a motion sensor, and transmits the motion indication to your X10 system for further
response. The camera can be turned on and off from the X10 system, too.
On a simpler level, the power supply for the stationary X10 Xcam2 will respond to your X10
controls, turning the camera on and off.

Archiving to Removable Storage
Security installations in which permanent storage of what’s recorded is necessary often record
the video to videotape. You could do that, but it’s difficult to do if you’re using the motion
tracking features of the TrackerPod. Instead, if you have a CD-RW or DVD writer, you could
dump the captured files to optical disk. You could use one of the many available programs to
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Even when I was little, I was big.
~William (Refrigerator) Perry, Chicago Bears defensive tackle

I

t’s seductively easy to take some of our most important technologies for
granted. Refrigerators and freezers have been around for so long and are
so dependable that we forget how different life would be without them.
Power grids are also quite reliable in developed countries, and the combination of dependable power and reliable appliances lets us forget how convenient and important storing fresh food and inventories of frozen food
really is.

The Dinner You Save May Be Your Own
We learned that lesson some years ago when we went on vacation, leaving
the house and dogs in the care of a good friend. The circuit breaker powering a refrigerator/freezer in the garage tripped, and by the time anyone
noticed, everything inside was spoiled. Our friend was mortified, but since
we don’t periodically check for this kind of trouble, we decided it wasn’t reasonable to expect any one else to, either. People have better things to do.
Your PC, however, is an ideal candidate for the job. It never sleeps, you can
protect it from power failures using an uninterruptible power supply (UPS)
long enough to warn you, and it never gets bored or forgets to pay attention.
You need a way for your PC to know what’s going on inside the refrigerator
and freezer, and once you have that in place, e-mail can warn you of any
problems.
Figure 7-1 is a block diagram of the overall system. We designed the monitor using the same X10 technology and the HomeSeer software we used in
Chapter 3 to control a coffee pot. You saw there how to generate e-mail in
HomeSeer to warn you that the batteries had failed in your motion sensors;
here, you’ll extend that idea to e-mail you a warning when there’s a problem
that could affect food in the refrigerator or freezer.
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The design requires two new elements beyond the basic X10 and HomeSeer components:
 A way to transmit status from the temperature sensors to your computer.
 A way to discover whether the temperature inside the box is above or below these
threshold temperatures. There’s no need to know the actual temperature, just whether
the temperature is too high.
We started with the transmission problem because there are fewer products available for this
task than for temperature sensing. We decided to use X10 remote signaling because it’s far
more convenient than placing a computer next to each refrigerator and freezer — we didn’t
want to have to run cables across rooms, and there’s no straightforward, inexpensive way to
remote temperature sensors across a wireless link. X10 has its own problems in this application,
though — the system isn’t intended to transmit ranges of values (other than dimmer settings),
only the on/off status. People have adapted the signaling for values (using different house and
unit codes for specific ranges), but the resulting method is clumsy and difficult or impossible to
set up for more than one or two devices.
The fact that we don’t need actual values, only threshold status, eliminates the drawbacks of
using the X10 interface. The module you need is called both the Burglar Alarm Interface and
the PowerFlash module (we’ll call it PowerFlash from here on out). The PowerFlash module
has three modes; Mode 3 is what we want. In Mode 3, when a contact opens or closes, the
module sends out an on or off message, respectively, to the house and unit code address of the
PowerFlash. Your X10 PC interface sees that message, just as it did the on/off messages from
the motion sensors in Chapter 3, giving HomeSeer the information it needs.
The PowerFlash electrical interface is simple — you connect a switch across the contacts. Any
thermometer that drives a switch to open/close at the temperature you want will connect
directly and complete the sensor suite.

Building and Using Your Refrigerator and
Freezer Monitor from Kits
Our search for temperature sensors compatible with the PowerFlash was initially one of the
more difficult parts searches we did for this book. We needed to be able to put the temperature
probe in the refrigerator or freezer as well as close a contact. We initially found only one useful
temperature sensor (shown in Figure 7-2), a preset sensor switching at 39 degrees Fahrenheit
we discovered on the SmartHome site (www.smarthome.com/7152.html). After ordering
and receiving the part, we realized from the packaging label that it was made by Winland
Electronics, leading us to a wealth of options in the temperature and humidity sensor section of
their Web site (see www.winland.com/demo.php3?id=7).
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Building Your Refrigerator and Freezer Monitor
to Your Own Design
This refrigerator and freezer monitor design is only the beginning of what you can do once you
have the ability to determine whether temperatures have crossed a high or low limit threshold.
The following sections contain some ideas for extending the design.

Get Help When Power Fails
One of the weaknesses of the monitor as described in the last section is that, if your entire
house loses power, you won’t be alerted. You can give your PC a few minutes with a UPS, but
then it needs a way to send out that dying gasp e-mail. Many of the larger systems will allow
you to connect a status port to your PC so that you can monitor the UPS, and some will send
you e-mail alerts when the unit encounters a problem.
Alternatively, you can add UPS monitoring your UPS to your HomeSeer configuration.
HomeSeer can run Visual Basic scripts, and defines a number of functions you can use to let
the scripts interact with HomeSeer — see the HomeSeer help file. Using a script and the information at www.apcupsd.com/manual/upsbible.html, here’s a script to monitor an
APC UPS connected to COM2:

HomeSeer Script to Monitor an APC UPS
sub main()
dim result
result = hs.OpenComPort(2,
“2400,N,8,1”,
0,”comm_apc.txt”,”apc_event”)
if result <> “” then
hs.WriteLog “Error”,
“Error opening COM port for UPS: “&result
end if
end sub
sub apc_event(data)
if data = 1001 then
hs.TriggerEvent “event_name”
end if
end sub

137

Chapter 7 — Monitor Your Refrigerator and Freezer

Protect Your Air Conditioner’s Compressor
The people who maintain our air conditioner tell us that running the compressor when it’s
below 50 degrees outside will damage the compressor. The outside temperatures can drop significantly where we live, from daytime temperatures in the high 80s or 90s to 50 at night and
often 25 degrees in 15 minutes when a front comes through. The daytime temperatures are
high enough to warrant running the air conditioner to cool the house down at night, but without a safeguard running it is risky in early or late summer when the nighttime temperatures
could drop below 50.
Change your refrigerator/freezer monitor design to move the temperature sensor outside,
and program the lower limit to 50 degrees, and your PC can detect when the outside temperature drops too low. All you need to complete the project is a thermostat your PC can control
to turn off the air conditioning system. The SmartHome page at www.smarthome.com/
x10thermostat.html lists several thermostats; included on that page is the Bi-Directional
X10 HVAC Controller (www.smarthome.com/3049b.html) which directly responds
to X10 commands and is already compatible with HomeSeer.

Summary
Your PC is the perfect sentry, needing only the right sensors to let it detect conditions you care
about. As you saw in this chapter, finding an adequate threshold sensor wasn’t as difficult as it
seemed at first. Don’t give up too soon when looking for the sensors you need — the problem
may be that you’re looking the wrong way.
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Monitor Your
Fish Tank
If water is too clear, it will not contain fish; people who are too cautious will
never gain wisdom.
~Chinese proverb.

T

he first part of the proverb points out that you can overdo working
with a fish tank — fish want the right environment, but they also
very much dislike rapid change. It’s easy to do too much too quickly,
and your fish will suffer if you do. Even so, the second part of the proverb
applies too — you’ll keep fish successfully only after investigating what
works and what doesn’t.
This chapter is as much about chemistry as it is about fish, because what
your fish want from you is an environment identical to what they lived in
before they were caught. This project helps you monitor the critical
chemistries in your tank, which involves more than just plugging things in
and loading some software. You’re going to need to remember and work
with some simple chemistry.

The Clock Is Ticking
We’re not going to pretend that we’re experts in the care and feeding of fish.
We’ve maintained fresh and salt water tanks for several decades, but they are
not the professionally built and maintained ones you see in commercial displays. Nevertheless, over those years we’ve developed a set of guidelines that
help us keep our fish alive:
 Don’t overfeed. Seemingly every fish care book names overfeeding
as the number one sin people make. Don’t do it.
 Do almost nothing. We need to emphasize what we’ve already said.
Fish really don’t like change, so whatever you do, do it slowly. You
float the bags containing new fish to slowly accustom them to the
new temperature; any other changes you make need to be just as
slow or slower. Doing almost nothing includes limiting how often
you change the water, stir up the gravel, or clean the insides of the
tank, because any time you do these things you change the fish’s
environment.
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error is due to the measurement not being at the 25 degrees C temperature assumed by
the equation. (Recall also the Web page that told us to simply divide the conductivity by
2,000, which gives a result of 25.4 — not even close.)
4. Use Table 8-1 to convert salinity to specific gravity. Our measurements resulted in specific gravity between 1.024 and 1.025, which (depending on the fish you have) could be a
little higher than ideal.

Building Your Fish Tank Monitor to Your Own Design
There’s a lot you can do once you can measure and record the temperature and other water
characteristics of your fish tank. For instance, you can:
 Monitor the temperature of your swimming pool and use the pH readings to make sure
you add acid as necessary.
 Monitor the temperature of your spa remotely (you might want a direct connection from
the logger to the PC for this) so you know when it’s up to temperature and ready for you.
 Monitor the temperature of your wine cellar to make sure you’re keeping the bottles at
the optimum point.

Summary
Data loggers expand the range of sensor types you can interface to your PC and give you the
ability to record data from locations distant from the computer. The three sensors in this chapter are only the beginning — Chapter 5 used the data logger to monitor your workout, Chapter
11 will use it as a weather station, and the Data Harvest Web site offers even more sensors you
can use to interface your PC with the environment.
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Do Your Own
Automotive
Diagnostics
. . . I appeal to any, who have been but moderately conversant in the history
of mankind, and looked abroad beyond the smoke of their own chimneys.
Where is that practical truth, that is universally received without doubt or
question. . .
~John Locke, An Essay Concerning Human Understanding

T

he computers jammed (and later engineered) into cars in the late 20th
century did nothing for the shade-tree mechanic. Previously, mechanics could make do with a shop manual and some oddly shaped tools.
Computer-controlled engines, transmissions, and instruments, different in
each manufacturer’s cars and lacking any universal characteristics, quickly
threatened to make automotive repair so arcane that none but factorytrained and sponsored mechanics had a prayer.

Computers Be Damned,
the Gearhead Is Back!
Government-imposed smog regulations were a key reason why computers
began to appear in cars. Early onboard computer implementations sapped
so much power and ran so poorly, however, that many people wrote off
smog equipment and worked to convince anyone who would listen that
electronics in cars should be eliminated.
Eliminating electronics in cars hasn’t happened. The latest BMW 7 series
includes a simplified computer trackball and a user interface that your
grandparents won’t get out of park. That’s an extreme example, but even
conventional-appearing cars are filled with computers and processors. You
don’t set the spark plug timing, set the fuel mixture, adjust for high altitude,
or shift the automatic transmission (despite those manual shift positions).
Computers do.
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What parameters you record depends on what you’re trying to do. If you’re troubleshooting a
problem cranking the engine in cold weather, you might want to record the battery voltage, fuel
pressure, timing advance, and engine speed. If you’re looking at low gas mileage, you might
want the fuel trim values. If you’re hoping to double-check a mechanic’s recommendation to
change an O2 sensor, you might look directly at the voltages on the sensor.
Be sure to download any values from the CarChip and clear its memory before you set a new
parameter configuration.

Using the CarChip Software
Your typical cycle using CarChip goes like this:

CarChip Diagnostic Cycle
1. Clear the CarChip and (for the CarChip E/X) set the parameters you want to monitor
and the sample intervals.
2. Install the CarChip in the car’s OBD II connector.
3. Drive.
4. Park and remove the CarChip from the car.
5. Connect the CarChip to your PC and start the CarChip software.
6. Open the data file for the car you’re working on (or make a new one), and download the
data from the CarChip.
7. Save the data file, and after the save is complete, clear the CarChip memory.
8. Plot and analyze the data you collected.
Don’t let the software automatically clear the CarChip memory when you download, and don’t
clear the memory until after you’ve saved the download into a CarChip file on your disk. If you
clear the memory before you’ve saved the data and then have a computer problem (or a software crash), you’ve lost the data and will have to rerun the test.
Where and how long you drive depends on what you’re doing; generally, you want the car to
exhibit the behavior you’re trying to troubleshoot. If you have a GPS receiver and mapping
software on your laptop, it’s useful to synchronize clocks for all the computers you’re using, and
for the CarChip, then record the path you drove. Later, when you’re analyzing the data, you can
correlate interesting parts of the CarChip data with road conditions using the time stamps.
Once you’ve collected the data, you need to analyze it, and you’ll want to look at both absolute
and relative values in that analysis. For example, large offsets in fuel trim probably indicate a
problem, but so do offsets between banks that are significantly different. The tabular data displayed in the CarChip software (see Figure 9-8) is good for looking at absolute values, but
tedious for making comparisons.
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Trouble
When the ECU detects a problem in the engine or powertrain, it logs a DTC. There are two
categories of DTC, Type A and Type B. Both are emissions-related, but Type A is more severe.
The ECU turns on the Check Engine light after a single failed driving cycle, and stores a
freeze-frame record of data concerning the failure.
You can perform a complete driving cycle in under 15 minutes by following these steps:

Perform an OBD II Driving Cycle
1. Cold Start. The engine coolant must be colder than 50 degrees C (122 degrees F) and
within 6 degrees C (11degrees F) of the ambient air temperature when you start the
engine. If you must wait for the engine to cool, make sure the ignition switch is off.
2. Idle. Run the engine for two and a half minutes. You should have the air conditioner
and rear defroster on; the more electrical load the better.
3. Accelerate. Turn off the air conditioner and all the other loads, then accelerate at half
throttle until you reach 55 mph (preferably on a freeway).
4. Hold Speed. Keep your speed steady at 55 mph for three minutes.
5. Decelerate. Let off the accelerator pedal and coast until you slow to 20 mph. Don’t
shift, brake, or depress the clutch.
6. Accelerate. Accelerate again, this time at three-quarters throttle until you’re going
55–60 mph.
7. Hold Speed. Keep your speed steady at 55 mph again, this time for five minutes.
8. Decelerate. Coast to a stop.
The ECU only logs a Type B failure after two consecutive failed driving cycles, storing the
freeze-frame data after the second cycle. Figure 9-11 shows a typical freeze-frame report from
the CarChip software. The report gives you the fuel-trim and fuel-system status whether you’re
monitoring those parameters or not.
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OBD II is a solid, reliable source of information, but you shouldn’t trust it blindly — sometimes
it’s right, and sometimes it gets fooled. The following three case studies illustrate the point.
 In the case study at www.obdiicsu.com/Studies/2002CaseStudies/
O2Codes/O2Codes.html, technicians encountered differing results from the OBD II
codes and a direct O2 sensor test. Believing the direct test, they returned the car to the
field. In retrospect, after much more experience with OBD II systems, they concluded
the sensor probably was bad, but was not detected as faulty in the short-duration bench
test they performed.
 The case study at www.asashop.org/autoinc/july2002/techtotech.cfm
also reports a trouble code for an O2 sensor, but goes through the analysis the technician
did to discover both a weak fuel pump and a hole in an intake housing.
 Finally, www.asashop.org/autoinc/aug2002/techtotech.cfm provides
reports on three different vehicles. One had a bad O2 sensor, one had a failed thermostat
causing the engine to run too cold, while the third seemed as though it had a bad manifold air flow sensor, but actually had a failed ECU.

Summary
Onboard computers have evolved from obscure, irritating, power-sucking boxes corrupting the
pure operation of your car, into reliable components that not only improve performance but
also give you good insight into the operation and problems in your engine and powertrain. A
simple data-logging attachment brings the data from your car to your PC, where you can see
everything your car has to say.
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Build Your Own
In-Car Navigation
System
In the mountains the shortest route is from peak to peak, but for that you
must have long legs.
~Friedrich Nietzsche, Thus Spake Zarathustra

A

h, the joys of business travel.

Your partner was assigned a new, plum client to visit and handed a ticket to
Tuscon, Arizona. The client, according to the boss, is just outside of town,
in Sierra Vista. Your partner never returned and was never found. The client
still wants to see someone, though, so the boss hands you a duplicate set of
tickets and wants you on the plane this afternoon. You trundle off.

Asking for Directions May Not Be a
Guy Thing, but Electronics Are
Not, however, directly to the airport — you stop at your desk, fire up
DeLorme’s Street Atlas USA 2003, and plot a route from the Tucson airport to Sierra Vista. Looking at the result (see Figure 10-1), you conclude
your boss is either homicidal or a moron, because Sierra Vista is slightly
more remote than the middle of nowhere.
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You are here,
more or less

FIGURE 10-4: Degraded satellite positioning

DOP has several components. The most significant component for automobile navigation is
the Horizontal Dilution of Precision (HDOP), which directly characterizes the error in the latitude and longitude estimates. HDOP varies as satellites move, drops as your receiver acquires
data from more satellites (because the added satellites improve the relative geometry of the visible constellation), and increases as satellites go out of view and the number of satellites
decreases. We’ve seen HDOP values as low as 0.8 (more later on how that happened), around 6
without augmentation systems running, and as high as 22 when few satellites were visible.
There’s more discussion of DOP at gpsinformation.net/main/dopnontech.htm, and
a more mathematically intensive discussion at users.erols.com/dlwilson/gps.htm.
(The home page at gpsinformation.net contains many, many useful links and is worth
a visit.)
One of the ways you can improve the GPS estimate of your position is to average position
measurements reported over a long interval. The VisualGPS program (www.visualgps.
net/VisualGPS) reads data from your GPS receiver, decodes it, and plots the result (see
Figure 10-5). You’ll have to install the optional serial drivers supplied with the USB GPS
receiver we’ve recommended to use VisualGPS.
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sentence conveying a unit of information, such as the current time, position, and other data. In
those lines, the $ character is required at the start of every line, while the GP characters in the
next two positions indicate the information comes from a GPS receiver. The following three
characters define the format for the rest of the sentence. Some of the standard GPS sentences
include:
 GGA — Global Positioning System Fix Data
 GLL — Geographic position, latitude and longitude
 GSA — GPS DOP and active satellites
 GSV — Satellites in view
 RMB — Recommended minimum navigation information
 RMC — Recommended minimum specific GPS/Transit data
 ZTG — Universal Time Coordinated, and time to destination waypoint
A list of GPS sentences and which receivers output what sentences is at www.gps
information.org/dale/nmea.htm.
NMEA 0183 receivers may also transmit manufacturer-proprietary sentences, all of which
have P as the first character after the $ character, followed by a three-character manufacturer
ID. You can find a list of manufacturer ID codes at pcptpp030.psychologie.
uni-regensburg.de/trafficresearch/NMEA0183/manufact.txt.

Reducing the Position Error
Minimizing the error in the GPS estimate of your position is important for automobile navigation — for example, it matters a lot whether you’re on an interstate highway or the frontage
road paralleling it, but the difference could be only a few tens of meters. Uncorrected standard
GPS signals can contain errors that mask the difference, making timely navigation difficult.
Correcting the limits on GPS accuracy has historically been important for low-visibility maritime approaches to harbors, especially when the selective availability errors were still being
introduced, and led to the creation of Differential GPS (DGPS). Mobile receivers could be corrected by DGPS using a signal from an accurately surveyed receiver close to the mobile one.
The DGPS receiver would determine and broadcast the correction necessary to adjust the current GPS signal to the known accurate location. Mobile receivers reasonably close to the
DGPS receiver (so that the same corrections applied) would decode the correction signal and
apply the same corrections, leading to accuracies measured in centimeters.
Unfortunately, DGPS worked only if you were close enough to the DGPS receiver, which
themselves were located primarily along coastlines. The US Federal Aviation Administration is
interested in a GPS system useful for aircraft navigation, however, and is deploying the Wide
Area Augmentation System (WAAS) to use a similar approach of having mobile receivers apply
corrections based on an auxiliary signal. The key differences between DGPS and WAAS are
that WAAS applies across all of North America (there are no ground reference stations in
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Building Your Navigator to Your Own Design
Running Street Atlas USA 2003 with your GPS on your laptop is just the beginning of what
you can do. For example:
 If you build a Windows processor board and LCD display into your car, you could
include both an MP3 library and player (Chapter 2), and a GPS navigator. You’ll need to
“ruggedize” the installation somewhat so that it can handle heat dissipation, shock, and
vibration, and clean up noisy power. Sourceforge has lots of software you can use
(www.sourceforge.net) that works with an NMEA 0183 compatible GPS, or you
can use the commercial products in this chapter. You can also find a lot of useful information on GPS and NMEA 0183 atvancouver-webpages.com/peter.
 Different grades and elevations present varying loads on your car’s engine. If you find the
engine is misbehaving on specific road segments, you can correlate CarChip data
(Chapter 9) by time with a map trace recorded from the GPS data.
 People are building “hot spots,” sites that make wireless IEEE 802.11b Internet connections available in restaurants, airports, and many other popular locations. Hot spots aren’t
always well marked, but you can identify them and record their location using the
Netstumbler program (www.netstumbler.com).

Summary
The integration of GPS position identification anywhere on the Earth, digital map data, and
route computations on a laptop computer creates a navigator able to give you route directions
from wherever you are to your destination. We’ve loaded the entire Street Atlas USA 2003
database into our laptop and made the Earthmate GPS a permanent addition to our laptop
carrying case.
On the road again . . .
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Build a Weather
Station

chapter

Climate Control: or How to Predict the Weather Using a Pig Spleen
~Ken Gregory, at www.cheapmeat.net/ClimateControl.html

W

e spent more time searching the Web for this chapter than for
any other project in the book. During our research, we came
upon the Web page with the title above at www.cheapmeat.
net/ClimateControl.html, and aside from being funny, it’s not a bad
highlight for what we found. The project in this chapter not only collects
data from a weather station you’ll build, it gives you tools to use that data in
making your own weather forecast. Most of what you’ll find searching the
Web, though, is either (a) tools to gather weather forecasts from established
Web sites, (b) tools to gather data from your own weather station and do
nothing else but prepare graphs, or (c) oddball rules of thumb for how to
predict the weather. Pig spleens, indeed.

The Accurate Weather Report Is
Outside Your Window
We used to live in Los Angeles, where being next to the Pacific Ocean
made weather forecasters uncannily accurate. Their forecasts almost never
varied from day to day, however, so their record had little to do with mad
weather skills. Where we live now, though, actually has seasons: rain, snow,
wind, and tornados. Weather forecasters earn their keep, even though
they’re usually wrong. It’s seemingly the only profession in which you can
be wrong all the time and still collect a regular paycheck.
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FIGURE 11-7: Sample data plot

The data comes from the logger in degrees Centigrade and kiloPascals. Cconvert from degrees
Centigrade to Fahrenheit with the usual formula:
F = 1.8C + 32

Convert pressure in kiloPascals to inches of mercury with the formula:
in Hg = 0.2953 kPa

where in Hg is the pressure in inches of mercury and kPa is the pressure in kiloPascals.
Once your data is in Excel, it’s also convenient to scan for the daily minimum and maximum
values (using the MIN and MAX functions), which you’ll need for input to the weather simulation software.
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Create and Control
Your Own Robots
Let’s start with the three fundamental Rules of Robotics. . . . We have: one, a
robot may not injure a human being, or, through inaction, allow a human
being to come to harm. Two, a robot must obey the orders given it by human
beings except where such orders would conflict with the First Law. And
three, a robot must protect its own existence as long as such protection does
not conflict with the First or Second Laws.
~Isaac Asimov, I, Robot

P

eople seem to have one of two views of robots, exemplified by either
the death-dealing sentient competitors to man found in Terminator
or The Matrix, or the docile, subservient androids from Star Wars.
Asimov had the middle view implicit in his Three Laws, holding that
robots could be both highly advanced and kept in check.

Feet, Hands, Eyes, and Brains
So far, though, what the science of robotics can build is hardly the threat
envisioned in movies and novels, because the science of artificial intelligence
can’t yet even approximate broadly sentient behavior. People can build
mechanisms that perform tasks with surprisingly sophisticated capabilities,
but not ones that can actually think for themselves.
Although we can’t yet build sentient robots, and maybe never will, we can
build mechanisms of great value. Every robot, from the simplest early
experiments to sophisticated assembly-line robots or the Mars Rover, has
four basic components: the physical structure, sensors, actuators, and computing elements that direct the actuators based on sensor inputs. All four
sets of components work together to observe the real world, make decisions,
and take actions.
Lack of sentience notwithstanding, what robots — ones you can build —
can do is seemingly unlimited. For that reason, this chapter is unlike the
rest. It’s an introduction to building robots using a commercially available
kit, the LEGO Robot Invention System, not a project for one specific robot
design.
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These humiliations are the essence of the game.
~Alistair Cooke, quoted in Bob Chieger and Pat Sullivan, Eds.,
Inside Golf

H

ysterical assertions that video games are turning youths into antisocial loners notwithstanding, we’ll absolutely stand on this one point:
every video game we’ve ever played that had a multiplayer option
was a whole lot more fun with a room full of people second guessing and
laughing at your every move. It’s hard to retain a sense of pride under those
conditions, but they make for an incredible amount of fun.
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Let the Screaming Begin

˛ Configuring game
servers

One of the hardest things to build into video games is a realistic, intelligent
opponent. It’s easy to build an enemy you can never beat, but very hard to
build one that is realistically difficult — one that plays as well as a human,
even as well as the best humans, but no better. Multiplayer games solve that
problem by providing people as opponents. People may well be better and
faster than you, but they make mistakes, lose concentration, and have off
days. People have characteristics you can learn, but they learn yours at the
same time.

˛ Food

As wonderful as online, multiplayer games can be over the Internet, LAN
parties with your friends within earshot are infinitely better, because the
screams, taunts, and epithets from both players and spectators add a unique
dimension to play. Microsoft understood this when they built voice communication into their Xbox Live Internet gaming service, but even the good
implementation they built can’t match the immediacy of a party.
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different pairs of ports. The ability to pass multiple packets at a time means switches can carry
more traffic than hubs and will burden the receiving computers with less irrelevant traffic. That
benefit won’t matter if you’re running only a few games at a time, but if you stack multiple
switches and hubs in a tree to let lots of people play or watch at once, the traffic near the root
(see Figure 13-2) can mount and start to bog down if you’re not using a switch.

Server

FIGURE 13-2: A tree gives you many ports for client computers.

Even if you are using switches, the traffic into and out of the server will be the sum of all the
traffic in the network, so if you have a lot of clients, make sure the server is on a 100-megabit
port.
Be sure you don’t accidentally connect the cables to form a loop, because if you do, your network won’t work. Once you’ve cabled the entire infrastructure and checked for the usual green
link OK lights everywhere two parts are joined, it’s time to wire up the computers. Unless you
know that all the visiting computers have network ports, you’re safest assuming that some of
them won’t, and therefore you’ll have a few loaner network interface cards (NICs) on hand. If
nobody objects to slapping a PCI card into their computer, they’re a really cheap alternative.
You always run a risk of problems when you open a computer or install a PCI driver, though; if
you’re concerned, could use the somewhat more expensive USB NICs instead. You may still
have to do a driver installation, but USB drivers cause problems far less often, and you won’t
have to open the computer case.
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If you need more coverage than a single router can provide, or already have a router without
wireless capability and simply want to bridge other computers into your existing LAN, you can
use a wireless access point (WAP), which functions much like a hub with wireless connections.
Coverage describes the physical space within which computers can connect to your wireless
network. Coverage isn’t just a matter of distance, although it’s strongly affected by distance —
antenna patterns, blockage, and interference play a big role too. The wireless signals travel in a
straight line, but it’s likely that not all directions are equally favored by the antenna pattern.
Some antennas may radiate in a circle, but not well up or down, some may radiate front to back
and up /down but not side-to-side, and others will have different patterns yet.
Moreover, different materials block signals to varying extents. Metal is particularly bad, but
non-metallic substances will block signals somewhat, and materials that seem non-metallic can
nevertheless have metallic powders or other forms of metal in their makeup. You can be assured
that only active, powered electronics will radiate interfering signals, but knowing the frequencies at which a device radiates, and how strongly, is almost impossible without instruments.
Computers and monitors are potential sources of interference, but so are some wireless telephones and microwave ovens.
It’s hard to predict just how an antenna will radiate by looking at it, much less how much
power an access point or interface card have, what the interference sources are, and what
objects are causing more or less blockage. The easiest thing to do is walk around with a laptop
in different directions and at different distances, looking at the received signal strength. Doing
that survey lets you map out the net effects of radiated signal strength, antenna performance,
blockage, and interference.
Your wireless LAN’s signal will not stop at the walls of your building, nor at your property line.
The signal simply continues without boundaries until it becomes too weak to be received. It can
easily overlap onto the street, into the apartment unit above or below you, and to your next-door
neighbor. If you’ve done nothing to prohibit access from those points outside your control, your
network is open and insecure. Not something you want, so here’s what you need to do.

Secure Your Wireless 802.11b LAN
1. Turn off the broadcast SSID. The Service Set Identifier (SSID) is, effectively, a password
for access to your wireless LAN. If you leave the broadcast SSID enabled anyone can
join your network without knowing the password. That’s nice for your guests, but you
might have other visitors.
2. Set a specific SSID that is different from the default. The default SSID is well known for
many different brands of routers: Linksys routers come set to linksys, Cisco routers come
set to tsunami, Intel is intel, 3Com is 101, and so on. Change the SSID, preferably to
something not easily guessed. (For that matter, you might want to set one SSID for your
party, and then change it afterwards.) Because you’ve turned off the broadcast SSID,
everyone will have to set the specific SSID in their configuration.
3. Turn on WEP. Wired Equivalent Privacy (WEP) encrypts the transmissions over your
wireless network, and adds a good (but crackable) layer of security. Set your router for
128-bit keys, then enter a passphrase into the router and generate a key. Give the key (in
hex) to your guests; it’s not likely you can simply have each of them enter the passphrase
and end up with a working key. You tell wirelessly connected guests the specific channel
number you’re using if they’re having problems connecting.
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Setting Automatic Network Addressing: Windows 2000
1. Open the Control Panel, then Network and Dial-up Connections. Right click on the
correct network connection (likely Local Area Connection), then left click on Properties.
2. Select TCP/IP from the list of installed network components. If there are multiple lines
for TCP/IP, pick the one that also names the network hardware interface you’re using.
3. Click on Properties. You’ll have a General tab; in there, check that Obtain an IP address
automatically is selected. If so, then as with Windows 9X you’re done and can cancel all
the way out; otherwise, select that setting and then OK your way out. You’ll probably
also want to select Obtain a DNS server automatically.
4. You may have to reboot if the PC wasn’t connected to the LAN when you booted it.
The same steps apply to both Windows XP Home and Professional.

Setting Automatic Network Addressing: Windows XP
1. Open the Control Panel, then select Network and Internet Connections. Select Network
Connections, then right-click on the correct network connection (likely Local Area
Connection), then left-click on Properties.
2. Select TCP/IP from the list of installed network components. If there are multiple lines
for TCP/IP, pick the one that also names the network hardware interface you’re using.
3. Click on Properties. Select the General tab and then make sure that Obtain an IP address
automatically is selected. If so, then you’re done and can cancel all the way out; otherwise,
select that setting and then OK your way out. You’ll probably also want to select Obtain a
DNS server automatically.
4. You may have to reboot if the PC wasn’t connected to the LAN when you booted it.
Most of the hardware routers we’ve seen let you provide addresses for 32 or more computers, so
you shouldn’t run out unless you’re having a really big party. If your DHCP server permits,
you’ll want to assign fixed addresses to the game servers so that they can’t move around at
inconvenient times. Some hardware routers reserve a range of addresses (e.g., 192.168.0.1
through 192.168.0.99) for fixed server assignments, starting the automatic allocations above
the reserved range. Others let you control the allocated range, which lets you create the same
effect.
If your guests will be connecting to your existing LAN, you should think about what your
existing security setup is and whether or not it provides the level of security you want. Suppose,
for example, that you run your network behind a hardware router, protected from the Internet
by the NAT layer. Under those circumstances, it would be reasonable to choose to share all the
disks on all the computers, with no user names or passwords required. When your guests connect to the LAN, all those shares will be wide open to them; it’s up to you whether you want
copies of your checkbook, tax returns, and other personal information available to your guests.
If not, a simple approach is to turn off all the shares until after the party’s over.
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Summary
Throwing a great LAN party is a matter of preparation. Have your network and the food prepared, and the frenzy should start quickly and run without interruption. Louse up the network
and it could quickly turn into a different kind of shouting match. (Try this! No, try that!)
Louse up the food and we won’t come. And don’t forget the Guinness.
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in this chapter
The press, the machine, the railway, the telegraph are premises whose
thousand-year conclusion no one has yet dared to draw.
~Friedrich Nietzsche, The Wanderer and His Shadow

R

ailroads have an inexplicable fascination for children that, for many,
extends well into later life. Be it memory of the size, the sounds, the
feeling of power, or some other factor, the ability to recreate those
childhood memories in a model railroad can be the source of countless
hours of enjoyment.

In the End, John Henry
Loses Every Time
Traditions notwithstanding, the history of model railroading is a march of
advancing technology. From wooden models through wind-up toys and
electric motors, from push toys through rheostats and computer control,
technology lets model railroads do more things more realistically, opening
up opportunities for the craftsman and imagination for anyone.
Until recently, complexity was unavoidable if you wanted to run layouts
with multiple trains. The track layout in Figure 14-1 shows the problem.
The largest loop, the one dominating the left of the layout and enclosing
the two loops on the right, is large enough to contain two trains. If you simply connected a single power source to the loop track, every train on the
track will respond to the voltage present — there’s no direct way to make
one train move while another stays put.

˛ Digital command
control
˛ Installing decoders
˛ Wiring your railroad
˛ Operating with
your PC
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Put the locomotive on the track, set the direction control level to forward, and advance the
throttle at least half way. The engine should move forward. If not, try these troubleshooting
steps:
1. Verify that there’s power to the track. We measured over 13 VAC (not DC!) with the
Track Status lamp on, and zero with it off. Another quick way to see if the track is properly connected is to apply power to the track and then use a quarter to short the rails.
The Track Status lamp on the DCS50 should start to blink, and a rotating pattern
should show up in the LED display. If not, the DCS50 isn’t properly connected to the
rails.
2. Make sure the DCS50 is addressing unit 3. You should see 3 in the LED display. Redo
the LOCO / 03 / LOCO sequence if it’s not.
3. Check that the decoder is really programmed to address 3. You’ll need a programming
track for this, which for now means you simply move the test track power connections
from Rail A and Rail B to Prog A and Prog B on the back of the DCS50. Press PROG
on the DCS50 until PAGE is displayed, then press CV (bottom left of the numeric
grid); P001 should be displayed. Press CV-RD and d003 should be displayed. If the last
display is something else, the decoder isn’t set to address 3, and the display is the actual
decoder address. Assuming you don’t want to change the decoder programming, use a
LOCO / address / LOCO button sequence to direct the DCS50 to the right address.
Be sure to reconnect the track to Rail A and Rail B before you go on.
There’s starting to be a lot of literature on DCC, including more details on troubleshooting
DCC problems. We suggest two titles, both of which have many good photos along with
the text:
 The Digitrax Big Book of DCC, Digitrax, 1999. At 175 pages, if something you’d want to
know is not here, either it’s specific to some other manufacturer or you’ll be looking in
the NMRA specifications for the precise details.
 DCC Made Easy by Lionel Strang, Kalmbach Publishing, 2003. This is far smaller than
the Digitrax book, but it covers many of the essential ideas.
Digitrax has several troubleshooting pages online, including ones for decoders (www.
digitrax.com/troubleshootdec.htm) and for command stations and boosters
(www.digitrax.com/troubleshootcs.htm).
Once you have the decoder running the motor, test the other functions. You can turn the front
and rear lamps on and off with the 0 (zero) key on the keypad, which also has a lamp symbol to
remind you of its function. The decoder installation above by default sets up the front and rear
lights to follow the direction of the engine, so once you’ve turned on the lights, which lights are
on is determined by the setting of the direction control lever. DCC is noticeably different from
conventional DC operation here, in that the lamps are on at full brightness with the locomotive stopped, something that’s impossible with DC control.
The DCS50, and most other DCC controllers, remembers the track status when you shut down
power to the track, so you’ll want to stop all the locomotives first and avoid surprises later.
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3. Enter the new value using the keypad. You might want to make sure you understand the
value read back before doing this to make sure you’re entering the right value into the
right CV. Press CV-WR to write the update to the decoder.
4. Check the value written. Repeat Step 2 and read back the value to verify the write worked
properly.
Repeat Steps 2 through 4 for every CV you want to change.
The process to set the locomotive address is different:
1. Enter programming mode. Turn on power to the track and push the PROG button until
the LED display reads PAGE.
2. Pick the addressing mode. Press the LOCO key repeatedly until Ad2 (for two-digit mode)
or Ad4 (for four-digit mode) is displayed.
3. Read the address. Press the CV-RD key to read back the address for the mode you chose.
Two-digit addresses are displayed with three digits (because the addresses are two hex
digits ranging from 1 through 127). Four-digit addresses range from 128 through 9983.
Zero is reserved for DC locomotives on your DCC track.
4. Select the new addressing mode. Repeat Step 2.
5. Enter the new address. Key in the new address, being sure to comply with the addressing
ranges in Step 3.
6. Write to the decoder. Press the CV-WR key to write the new address value to the decoder.
You can repeat Steps 2 and 3 to check the result.
7. Exit programming mode. Press the EXIT key to resume normal operation.
The software you need to program the decoder from your PC isn’t part of the Zephyr kit or
MS100 cable. We used the train programmer from Railroad & Co., but it is sold at additional
cost. Free software is becoming available for model railroading, such as the Java Model
Railroad Interface ( JMRI, at jmri.sourceforge.net/), although to run that software
you’ll have to download the Sun Java run-time environment. The first software from the JMRI
is DecoderPro, which lets you program Atlas, Digitrax, Lenz, and NCE equipment, among
others.
Figure 14-14 shows the TrainProgrammer in action. We connected it to the programming
track with the modified Walthers locomotive on it, then pushed the Read Decoder button (just
to the right of the up arrow in the tool bar) to read all the decoder CVs. You can see that the
short address is set to 3, the default, and four-digit addressing is not yet enabled. Turn on fourdigit addressing, enter the four-digit address (such as 266 for this locomotive, so that the 266
label on the locomotive’s body reminds you of the decoder address), and write the CVs back to
the decoder. If you turn on profile mode in the software, you can write just the relevant CVs,
speeding up the process.
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Multiple Units
Railroads use the word consist as a noun to refer to the number and specific identity of individual units making up a train, and at times use the term to refer to a consist incorporating more
than one locomotive to increase the total horsepower (and therefore pulling power). DCC lets
you coordinate locomotives into a consist, slaving the operation of the locomotives to the master unit. You define multiple locomotives into a consist by setting CVs in the decoders.

Tracking Position with Transponders
DCC itself doesn’t yet define standards for transponders, but Digitrax has embedded transponders into many of its decoders, and offers a variety of transponder detectors. A layout equipped
with transponders on the rolling stock and transponder detectors around the track can sense
what trains are where on the layout, display position on your PC, use position and train identity
to trigger switches and signals, and generate sound effects unique to the specific train.

Converting Signals to DCC
The DH163D decoder in this chapter is a mobile decoder, meaning it’s intended for installation
into a locomotive. You can also get stationary decoders, such as the Digitrax DS54 Quad
Stationary Decoder, which lets you operate up to four switches of the motor or solenoid type.
It also has eight inputs you can use for local switch control, switch position feedback, block
occupancy detection, or anything else you can think of. You can also use the CML Electronics
DAC10 to control switches and signals (www.cmlelectronics.co.uk/products/
dac10.htm), or their DSC8 signal controller (www.cmlelectronics.co.uk/products/
dsc8.htm) for advanced signal light operation.

Automated Christmas Trains
At Christmas time, you could wire one of the sensors on a DS54 to an X10 Powerflash module, and then (between HomeSeer and TrainController) start the trains running when someone
comes into the room.

Use Your Old DC Throttles with DCC
The ability to control multiple trains on your layout DCC gives you is perfect for sharing operations with friends, but to do that you’ll need a throttle for each of your guests. The DCS50 is
unique among the DCC controllers in that it provides two jump ports that let you reuse your
old DC throttles to control DCC trains. Simply wire the DC outputs to Jump 1 or Jump 2 and
ground, then use the DCS keypad to assign each jump throttle a DCC address.
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To invent, you need a good imagination and a pile of junk.
~Thomas A. Edison
The creation of every PC toy in this book followed the same sequence of
steps:
1. Have an idea.
2. Structure your approach.
3. Find the parts you need.
4. Build and test the project.
For some, having the idea in the first place is the biggest challenge in creating their own projects. For others, structuring the approach and finding
parts is the hard part. This chapter suggests more projects, and approaches
to building them, and looks at some of the factors that make them difficult.
The projects in this chapter are:
➤ Making a Grandparents’ Screen Saver
➤ Using Your Camera as Handy Copier
➤ Setting Up an Automated Watering System
➤ Running Indoor/Outdoor Christmas Decorations
➤ Making Your Own X10 Interfaces
➤ Monitoring Your Telephone Answering Machine and Caller ID
➤ Tracking Cell Phone Minutes Used
➤ Watching for eBay Auctions

Where Do These Ideas Come From?
Our experience is that project ideas are everywhere. Finding them isn’t a
matter of pounding your head until ideas fall out; it’s a matter of thinking
about things you experience with a view toward automation. If you look

in this chapter
˛ Creating your own
PC Toys ideas
˛ Figuring out how to
build your own
designs
˛ More ideas for PC
Toys
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If you’re a programmer, you could automate the transfers in a single, integrated program that
includes automatic Internet dial-up. Either way, making the operation reliable and automatic is
your goal.

Camera as Handy Copier
Have you ever needed a quick copy of a page, but had no copier handy? Or been at the library
and needed a few pages for reference, but not had the stack of quarters you needed to feed the
copy machine?
No problem. Even if you don’t have a digital camera today, a search on www.shopper.com
turned up a small (albeit low-resolution) no-name camera for under $50. Carry one around
with you and you can take a picture of a printed page any time you need. Download the images
to your computer when you’re back at home and print them, and your copies are both complete
and archived on your computer.

Automated Watering System
How often have you driven past a lawn being watered in a full rainstorm, stepped in a small
bog of mud left over from too much watering, or shaken your head in frustration over that one
dry spot on the grass you can’t keep up with? Doesn’t that sound like a PC Toy opportunity?
A trip to the sprinkler department at Home Depot or the like reveals a small wall full of
automated sprinkler controllers, which are nothing more than fixed-function microcomputers
programmed to turn on relays that activate your sprinkler valves at specified times. You can get
sensors to solve the rainstorm problem, but not the wet or dry spots — the duration each valve
stays on is fixed unless you remember to go out and adjust the program yourself.
Right. We don’t keep up with it either.
Have you ever seen the watering meters in the garden shop, the ones that indicate how wet the
soil is? Suppose you hooked up several of the same sort of sensors to your PC along with a
bank of relays to control individual sprinkler circuits. Software could monitor the soil moisture
levels and control watering times appropriately. You can find an X10 compatible controller at
www.wgldesigns.com/rain8.html, but sensors are more of a problem due to cost. The
WaterBug sensor (www.smarthome.com/7160.html) is one possibility.

Running Indoor/Outdoor Christmas Decorations
Are you so paranoid about Christmas tree lights left on burning down the house that you rarely
turn them on? Your PC can solve the problem with the same X10 technology you saw in
Chapter 3. Use a motion sensor to detect when someone’s in the room where the tree is, and
HomeSeer software to both light up the tree and shut it down when everyone has left the
room. If the tree is in a room with lots of walk-through traffic, you could delay the turn on
event until motion occurs for at least one minute.
We usually use a heavyweight extension cord with lots of outlets to tie all the lighting strings
together, but that doesn’t account for the other powered displays — the skaters on a lake, a
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How Do You Figure Out the Approach?
The need for a soil moisture sensor in the automated watering project above, the limited number of choices we found on the Internet, and the relatively high cost of the ones we did find, all
combine to the make the project difficult. Finding sensors — the devices that let your PC know
what’s happening — is often the most difficult part of the approach. You can search for sensors
directly through Google, but may also find what you want at www.findasensor.com and
www.sensorsportal.com. Don’t overlook www.smarthome.com, either.
When all else fails, you (or an electronics-savvy friend) might need to resort to creating your
own designs.

Advanced X10 — Making Your Own Interfaces
The automated watering project is a perfect example of why you might want to think about
creating your own design:
 You don’t really care about the actual soil moisture content, so you don’t need a laboratorygrade sensor. You just want to know if the soil is wet or dry at a specific depth.
 You can go to the garden shop and get a small, inexpensive probe you shove into the
ground that reports moisture levels on a built-in meter. If you could interface the circuits
in that meter to your PC, you’d have as good a sensor as you need.
There’s no shortage of ways in which to build sensor interfaces. One interesting method
(because it’s so versatile) is the Basic Stamp, a dedicated microcomputer with interface circuits
that runs the Basic programming language. You can find an overview of the different versions
of the Basic Stamp at www.parallax.com/html_pages/resources/start/
getting_started_main.asp, and a catalog at www.parallax.com/html_pages/
products/basicstamps/basic_stamps.asp. By itself, a Basic Stamp will interface to a
PC serial port. Add a two-way X10 interface module such as the X10 model TW523
(www.smarthome.com/1135.html) and you can remote the Basic Stamp over power lines.
The Basic Stamp is overkill for converting a single garden shop soil moisture probe — the
probe simply drives a voltage into the meter, so all you really need is a voltage comparator to
check when the voltage is above or below a threshold. The NTE1434 voltage comparator
(www.nteinc.com/specs/1400to1499/pdf/nte1434.pdf) should do the job, and has
the advantages of working from a single voltage source and being able to drive a relay directly.
Use a simple voltage regulator (such as a Zener diode) and a small potentiometer to set the
reference voltage for the comparator. Add a small reed relay and you can control an X10
Powerflash module to signal that the voltage is above or below threshold. A four-wire cable out
to the sensor should be sufficient — two for the supply voltage, derived from a small wall brick
DC transformer, and two for the relay tied to the Powerflash.
If you have more than one moisture sensor you want to handle, you need to get fancier. One
possibility is the I/O Linc, which can look like up to four Powerflash modules (www.
smarthome.com/1624.html). Another is a more complex X10 controller, the Ocelot
(www.smarthome.com/73101.html) plus a multi-input expansion module (www.
smarthome.com/73111.html); a third is a Basic Stamp remoted with the TW523
interface.
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However, many cellular service providers report current usage on their Web sites. Checking
that information is easier than remembering to set up your cell phone every month but is still
easy to forget. Clearly, this is another job for your PC. The easiest approach is to use a
Windows scheduled task to bring up the cellular provider’s site periodically — say once a
week — as a reminder for you to log in and check minutes.
You can do even better. Languages like C++ can be hard to learn, but it’s not too hard to do
straightforward tasks in some common scripting languages. If you wrote a script in ActivePerl
(www.activestate.com/Products/ActivePerl) you could automatically log into the
provider’s site, navigate to the page reporting your minutes, extract the value, and append both
it and the date to a file. You could then compute how far the date is into the month and, if your
usage is more than the fraction of the month elapsed times your monthly minutes, pop up a
warning window. You could launch the program to check your usage one of several ways:
 Nightly, using the Windows scheduler, if you leave your computer on and connected to
the Internet
 Each time you boot the computer if you prefer to turn your computer off at night and
have an always-on Internet connection
 Every time you connect to the Internet if you use dial-up

Watch for eBay Auctions
Bidding at the last second on eBay is a proven way to win a higher proportion of the items you
bid on, but only works when you know the auction exists. Spending all your waking hours
searching for new listings can be hard on your social life.
Once again, your PC can help, and can do so with the same scripting approach we recommended to track cell phone usage. A Perl script could connect to eBay periodically — say every
few hours — and using search terms you’ve predefined, crawl through the search response listings to find new auctions. If a new auction pops up that’s ending soon, the script could email
you a link to the page, while a new one that’s closing some days off could be listed in a popup
you get in the evening.

Summary
Every project in this book starts with an idea for doing something useful. Once you have the
idea, you have to figure out three elements:
 The information you need, where to get it, and how to get it into your PC
 The processing and storage you need on your PC, and either where to get software that
does what you need, or how to write it yourself
 The results you want and how to create those results in the real world
You’re likely to find resources to build all three elements of your project on the Internet, far
more likely than in stores near you. Remember that Google is your friend.
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in this appendix
I want to be alone.

˛ Reliability
~Greta Garbo in Grand Hotel

I

mportant as the ideas in this appendix are — serve you well, they will —
nothing we can tell you is as important as this one idea: If you want to
keep a computer up all day, don’t play with it.

The number one cause of computer crashes is using them, so if you want
your computer to stay running, leave it alone. Pick a machine to run your
PC Toys, and let that be its only job.
That said, on to the rest of what you need to know.

Basics
We based all the projects in this book on Windows to reach the biggest
audience — an enormous number of people know how to work with
Windows. Many of the PC Toys operate continuously, however, so your
Windows installation needs to be stable and reliable. That’s probably a foreign idea to many readers, but in our experience, a stable and reliable installation is achievable. We typically leave some of our Windows computers on
all the time and don’t reboot them for months on end. This appendix will
show you how we do that.

Which Version of Windows
The first decision you need to make is which version of Windows you’ll
run on your PC Toys computer. From our point of view, you have only three
choices — Windows 98, Windows 2000, or Windows XP. Most of the
software you’d use to run the PC Toys won’t run under Windows 3.1 or earlier,
and there’s no longer any excuse for running Windows 95, because Windows
98 Second Edition (Win98 SE) is more stable and adds USB support.

˛ Simplicity
˛ Security
˛ Don’t get fancy
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Patches and Updates
Patches and updates to Windows are a fact of life. The best source for updates to your running
Windows system is Windows Update (windowsupdate.microsoft.com). Most of the
fixes you’ll find here are security fixes categorized as Critical Updates. You’ll also find corrections to other problems. We install from Windows Update using the following procedure:

Updating a Windows System Using Windows Update
1. Connect to the Internet. A broadband connection is best, because you will be downloading
tens or hundreds of megabytes of data.
2. Connect to Windows Update. The Windows Update site is windowsupdate.
microsoft.com. You may have to load some software — a security dialog pops up if
so. Do so, because Windows Update can’t work without it.
3. Scan for updates. Click on the Scan for Updates link to request Windows Update to
check your system versions against the servers at Microsoft. The scan progresses in three
parts: Critical Updates, OS Updates, and Device Driver Updates.
4. Deselect Critical Updates as required. All the Critical Updates are selected in Windows
Update by default — you must choose to not load the ones you don’t want. Some Critical
Updates can only be loaded in isolation, not combined with other updates, and some
may be for changes you don’t want (for example, we refuse to let Microsoft automatically
download updates to our machines, so we won’t install the components that support that
operation). Click Remove for the Critical Updates you don’t want. We typically install
most of the Critical Updates and all of the Security Updates.
5. Select OS Updates. Review the list of OS updates, and select any that are bug fixes or that
specifically address capabilities you want. Otherwise, ignore them.
6. Ignore device driver updates. Even though (with a few exceptions) we’re going to tell you a
few paragraphs from now to avoid third-party device drivers if you can in favor of the
drivers shipped with Windows, we’ve found that installing device drivers from Windows
Update doesn’t always work. When it fails, we’ve at times been left with inoperable
systems.
7. Review and install updates. Once you’ve finished making your choices, tell Windows
Update to install the updates. Once the updates finish, you’ll get a list of what worked
and what you’ll have to retry. You may have to reboot to complete the installation.
8. Do it again. You can’t assume you’re done once you’ve loaded updates — the fixes you
load may themselves need further patching. Cycle through Steps 3 through 7 repeatedly
until Windows Update indicates that there are no more useful patches to load.

Third-Party Device Drivers Bad; Beer Good
A large fraction of the crashes in Windows systems happen because of defects in device drivers
written by companies other than Microsoft. Errors in sample code originally written by
Microsoft is the source of some of those defects, but nevertheless third-party device drivers have
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LANs and the Internet
In case you missed the other 40,000 times we said it, networks make your computers a lot more
convenient and useful. You can get at files on other computers from your PC, share printers,
and get to the Internet. Follow our suggestions, and your network will be easy to use and reasonably secure from outside attack.

Networking and Sharing
You make your network easy to use by making everything shared (without access restrictions),
by making sure the same network shares are mapped to the same drive letters on every
machine, and by keeping your data files on a file server. The file server could double up as your
PC Toys machine, because you want to leave the file server alone as well — let it serve files, not
run applications for someone at the keyboard. You want to leave it alone for the same reason
you want to leave your PC Toys computer alone: you want the file server to be stable.
Here’s an example of how we’ve implemented these ideas:
 Our file server, named llamah, sits in the basement. No one uses it, and we literally never
reboot it except when the power fails for longer than the uninterruptible power supply
can handle. The E drive on llamah holds all the data files we use on any of our computers, and gets backed up periodically.
 Every other computer on our LAN has \\llamah\e mapped to drive letter Q, so no
matter where you are, your data files are on Q:\<path>.
 Every drive on every computer is shared, with full read-write access for every user.
LANs built to this design are horrifically vulnerable to attack, so connecting one of them
directly to the Internet would be a disaster. Instead, you should connect through a router.

Security and Firewalls
You have precisely two objectives in securing your LAN connection to the Internet — keep
everyone out, and should something get in (such as a virus, Trojan, or spyware), prevent the
rogue program from sending anything out. Beyond the anti-virus software we suggested earlier,
you need a combination of two elements to achieve that security:
Hardware Router. As you saw in Chapter 13, a hardware router implements Network
Address Translation (NAT) and, in the process, prevents external access to your LAN.
You can test your network’s security at Web sites including Speed Guide
(www.speedguide.net) and Gibson Research (www.grc.com). Unless you’ve chosen to open ports on the router to direct specific traffic to one of your computers (see the
sidebar “Cable/DSL Router Security and TrackerCam” in Chapter 6), the tests on those
Web sites should show no response on any of the common Internet ports. We use a
Linksys wireless router, but any of the ones listed in Chapter 13 should do.
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We strongly recommend that, when you’re installing new software you’ve not used before, you
limit installations to one every few days of active use. In this way, you can discover whether the
new installation causes stability problems. If you install multiple programs you are not familiar
with all at once, you’ll have no chance to figure out which program is at fault should the
machine become unstable. Even if you install them one at a time, however you can’t assume
that the program that crashes is the one responsible for the problem. For example, we once had
the problem of Windows Explorer crashing on a previously stable machine. The only recent
change had been to upgrade to version 6 of Internet Explorer, making it a likely candidate.
What we found, however, was that the installation of Roxio’s EZ-CD Creator on that machine
had compatibility problems with both programs, and that uninstalling EZ-CD Creator was
required before we could restore both Windows Explorer and Internet Explorer to proper
operation.
You’re going to need a way to unpack compressed files you download from the Internet. If
you’re running Windows XP, the ability to open and extract from the ubiquitous ZIP files is
built into the operating system. For other operating systems, or if you’re looking for stronger
features under Windows XP, we recommend WinZip (www.winzip.com).
In line with your other efforts to control viruses, Trojans, and other hostile programs, you’ll
want to protect your computer from spyware. There are several good scanning and removal
tools; we use AdAware from LavaSoft (www.lavasoft.de). The paid versions of AdAware
include good features such as continuous, online scanning for spyware, but the freeware versions at www.lavasoft.de/support/download include a good scanner that should do if
you run it periodically. Assuming you’re using Internet Explorer, you can also improve your
defenses against spyware by relegating their home Web sites to the restricted zone (In Internet
Explorer, look under Tools, Internet Options, Security). We’ve done that to Gator, for example,
by adding *.gator.com to the restricted zone sites list.

Summary
The key to software for your PC Toys computer is keeping stability and security foremost. We
recommend wiping the computer clean and rebuilding Windows from scratch, then installing
only the software you really need. The more software you install, the better your chances of
coming up against bugs, so resist the temptation to install lots of utilities, tools, and other
packages. Protect your LAN with a hardware router and software firewall.
Using quality hardware and following the guidelines in this chapter should result in a machine
that runs well and never crashes. It’s hard to ask for more from a PC.
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in this appendix
The most likely way for the world to be destroyed, most experts agree, is by
accident. That’s where we come in; we’re computer professionals. We cause
accidents.
~Nathaniel Borenstein, in Programming as if People Mattered: Friendly
Programs, Software Engineering and other Noble Delusions (Princeton
University Press, Princeton, NJ, 1991)

M

ore than anything, when you’re working with a PC’s hardware
you don’t want any surprises. You want everything to be simple
and to proceed smoothly, from the point when you remove the
first screw to when you button it up, power it on, and marvel that everything works. A few solid techniques and guidelines will help you achieve
that objective.

Control Static Electricity
Transistors are the tiny devices, made from silicon, that nearly all electronic
devices are made from. The first transistor radios marketed in the early
1960s contained only a few transistors. The processor and graphics chips in
your computer now contain tens of millions of transistors (see Figure B-1),
and Intel has published many articles about its path to chips containing a
billion transistors. The size of each transistor has shrunk proportionately in
the intervening 40 years, which means the transistors in computers today
are fantastically small. Most transistors in a computer do nothing more than
switch on and off, letting electricity flow when they’re on and blocking the
flow when they’re off. In that sense, switching transistors are much like tiny
water valves.

˛ Static electricity
˛ Tools
˛ Being organized

What’s on the
CD-ROM
A library, to modify the famous metaphor of Socrates, should be the delivery
room for the birth of ideas — a place where history comes to life.
~Norman Cousins, American Library Association Bulletin, Oct 54

T

his appendix provides you with information on system requirements,
using the CD, and the contents of the CD that accompanies this
book. The most current information will be in the ReadMe file located
at the root of the CD.

System Requirements
Make sure that your computer meets the minimum system requirements listed
in this section. If your computer doesn’t match most of these requirements, you
may have a problem using the contents of the CD. Your PC must meet the
minimum requirements for the version of Windows you’re running in order to
operate the CD. Individual programs on the CD have varying requirements;
see the relevant chapters in the book or ReadMe files with each program.
The CD should work with Windows 9x (preferably Windows 98 or later),
Windows 2000, and Windows XP. It may work with Windows NT.

Using the CD with Windows
To install the items from the CD to your hard drive, follow these steps:
1. Insert the CD into your computer’s CD-ROM drive.
2. A window will appear that gives you the following options: Install,
Browse, eBook, Links, and Exit.
Install. Gives you the option to install software from the CD-ROM.
Browse. Allows you to view the contents of the CD-ROM in its
directory structure.
eBook. Allows you to view an electronic version of the book.
Links. Opens a hyperlinked page of Web sites.
Exit. Closes the autorun window.
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Appendix C — What’s on the CD-ROM
256MB RAM, 1GB free hard drive space, an accelerated video card, and a DirectX compatible
sound card driver with DirectX 8 or later installed.

HomeSeer, from HomeSeer Technologies LLC
The CD-ROM includes a 30-day trial version of HomeSeer, the home automation software
used in Chapters 3, 6, and 7. You can find more information and purchasing details on
HomeSeer’s Web site (www.homeseer.com). HomeSeer runs on Microsoft Windows XP,
Windows 2000, Windows NT, Windows 98, and Windows 95.

Nero Burning ROM, from Ahead Software AG
Ahead Software’s Nero Burning ROM (www.nero.com) is the CD-ROM/DVD burning
software we use, because it’s straightforward and reliable. The demonstration version on the
CD-ROM includes Nero Express, a wizard to simplify making CD-ROMs and DVDs. Nero
runs on Microsoft Windows NT 4.0, Windows 2000, Windows XP, Windows 95, Windows
98, and Windows Me, and against a wide variety of recorders.

Pinnacle Studio, from Pinnacle Systems Inc.
We use Pinnacle Studio (www.pinnaclesys.com) to make DVDs of recordings from our
Personal Video Recorder, and have found it easy to use and dependable. A trial version of
Studio on the CD-ROM is capable of running on Microsoft Windows 98SE, Windows Me,
Windows 2000, and Windows XP.

Railroad & Co. TrainController, from Freiwald Software
TrainController (www.railroadandco.com) gives you the ability to control your computercontrolled model railroad from your PC. The trial version on the CD-ROM is limited in some
of its functions and in how long it will run without restarting. TrainController runs on
Microsoft Windows XP, Windows 98, Windows 2000, Windows NT or Windows 95.

SocketWatch, from Robomagic Corporation
SocketWatch (www.locutuscodeware.com/index.htm) is a shareware utility that keeps
your computer’s time synchronized to time servers on the Internet. Time synchronization is
particularly important on computers used for telescope control (see Chapter 4). SocketWatch is
compatible with all versions of Windows 9x, Windows NT, Windows 2000, and Windows XP.

TrackerCam, from Eagletron Inc.
TrackerCam is the pedestal control and motion tracking software supporting the TrackerPod in
Chapter 6. The CD-ROM contains an evaluation version; the full version comes with the
TrackerPod (www.trackercam.com). The software supports Windows 98SE, Windows Me,
Windows 2000, and Windows XP. Windows 95 and NT are not supported.

Unreal Tournament 2003, from Epic Games
Unreal Tournament 2003 is a fast, first person multiplayer shooter that’s perfect for LAN parties (Chapter 13). The free demo is on the CD-ROM, and runs on Windows 98, Windows
ME, Windows 2000, or Windows XP. You’ll need a 1 GHz or faster CPU and a robust video
card to play; much less to host a server. The web site is www.unrealtournament.com.
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 Close all running programs. The more programs you’re running, the less memory is
available to other programs. Installers also typically update files and programs; if you
keep other programs running, installation may not work properly.
 Check the ReadMe: Please refer to the ReadMe file located at the root of the
CD-ROM for the latest product information at the time of publication.
If you still have trouble with the CD-ROM, please call the Wiley Product Technical Support
phone number: (800) 762-2974. Outside the United States, call 1(317) 572-3994. You can also
contact Wiley Product Technical Support at www.wiley.com/techsupport. Wiley
Publishing will provide technical support only for installation and other general quality control
items; for technical support on the applications themselves, consult the program’s vendor or
author.
To place additional orders or to request information about other Wiley products, please call
(800) 225-5945.

293

Index
SYMBOLS AND NUMERICS
$ (dollar sign) NMEA GPS interface standard line prefix,
177
3Com router, 34
“111 Deep-Sky Wonders for Light-Polluted Skies” article
(Mullaney), 90
3100 temperature sensor, 145, 146, 193, 195
3140 barometric pressure sensor, 193, 196
3125PK magnetic field sensor, 99
3125PK pH sensor, 145
3135PK conductivity sensor, 145, 147–148
3135PK heart rate sensor, 99
3145 relative humidity sensor, 193, 195

A
AccuWeather Web site, 190
Acrobat Reader (on the CD), 290
ActiveCaller software, 272
ActiveHome kit, 58, 71
ActiveState Web site, 273
Actron Web site, 158
actuator, automobile, 155
Adaptec RAID controller, 26
AdAware software, 281
Adobe Premiere software, 21
Ahead Nero software (on the CD), 21, 40, 291
air conditioner compressor monitor, 139
algone Web site, 143
All-In-Wonder product line, 8–9, 10–13, 16–17
Amateur Telescope Making (Tonkin), 92
American College of Sports Medicine, 95
American Power Conversion UPS, 280
Amphony headphone, 46
anemometer, 200, 202
angle sensor, robot, 222
Animated Lighting Web site, 270
AnswerMyPhone software, 272
antenna
television, 15–16
wireless, 231
AntennaWeb.org Web site, 16
AOpen AX4GE Tube motherboard, 42
AOR-W satellite, 178
apc_event HomeSeer subroutine, 138
apcupsd UPS Daemon Web site, 137
appliance module, coffee controller, 57, 58, 59, 60

aquarium monitor
analysis component, 143
block diagram, 142
building, 144–148, 149
change, avoiding abrupt, 141
conductivity sensor, 142, 143–144, 145, 147
data logger, 143, 145–146
feeding, 141
filtration, 142
parts list, 144–145
PC interface, 143, 144
pH, 145, 147–148
pump, 142
real-time component, 143
salinity, 142, 143–144, 148–149
temperature sensor, 142, 145, 146
ASA (Automotive Service Association) Web site, 169
ASCOM software, 80, 90
Astronomy A Self-Teaching Guide (Wiley Publishing), 79
ATI product line
All-In-Wonder, 8–9, 10–13, 16–17
Remote Wonder remote control, 20
Atlas Web site, 256
Atom Time software, 77
audio. See sound
AudioTron digital music player, 45–46
audio/video stream recording, PVR. See AV stream
recording, PVR
Auto Repair at About Web site, 158
Automatic Packet Reporting System, 201
automobile diagnostic system. See also OBD (On-Board
Diagnostics) standard
actuator, 155
air flow rate, 162
battery voltage, 162
block diagram, 155, 159
case studies, 169
Check Engine light, 154, 167
clock, setting, 160
connector, 155–157
data analysis, 163–166
data logger, 159, 160
data plotting, 163–166
driving cycle, 167
DTC, 154, 167
Continued
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Ceiva Digital Photo Receiver, 268
cell phone time tracking, 272–273
cheapmeat Web site, 189
Check Engine light, 154, 167
Christmas light controller, 269–270
ChristmasCave Web site, 270
Cisco router, 231
Citizen Weather Observers Program. See CWOP
clock
CarChip, 160
coffee controller, integrating with, 68–71
motion sensor, integrating with, 68–71
time service, synchronizing with, 76–77
Cloudforest Web site, 192
CM11A PC interface, 58, 131
CML Electronics product line
DAC10 decoder, 265
DSC8 signal controller, 265
CNET shopper Web site
Adobe Premiere, 21
All-In-Wonder product line, 9
Ethernet hardware, 225, 228
Logitech QuickCam Pro 4000 camera, 113
Pinnacle Studio software, 9
USB serial port adapter, 162
coffee controller
addressing, 59
appliance module, 57, 58, 59, 60
block diagram, 57
clock, integrating with, 68–71
DAWN message, 59
DUSK message, 59
e-mail alert, 71–72
event handling, 67–71
functionality overview, 56
house code, 59
Internet access, 72–73
lamp module, 57, 58, 59, 61, 65
motion sensor, 56–57, 58, 59, 62–63
OFF message, 59
ON message, 59
parts list, 57–58
PC interface, 57, 58, 61–62, 64–67
remote control, 71
RF transceiver, 57, 58, 59, 60, 63
serial port/USB adapter, 58
software, 55–56, 57, 58, 64–73
system requirement, 58
unit code, 59
Colorado State University OBDII Research Center Web
site, 158, 169
ComEvent MSComm codes, 138
Command and Conquer Generals video game, 224

compression
home surveillance system image, 117–118
JPEG, 117–118, 268
MPEG, 4–5, 9–10, 21, 113
MP3, 29–30
PVR, 4–5, 9–10, 21
video, 113
conductivity sensor, fish tank, 142, 143–144, 145, 147,
148–149
connector, automotive, 155–157
consist (model train unit number and identity), 265
Constructopedia manual, 211
Creative Labs SoundBlaster Audigy sound card, 36
CV (configuration variable), 256–257
CWOP (Citizen Weather Observers Program), 201

D
DAC10 decoder, 265
Dark Side Developer Kit, 221
Dasher Christmas light controller, 270
Data Harvest product line
EasySense Advanced data logger, 99, 100, 101–102,
145–146, 193–194
3140 barometric pressure sensor, 193, 196
3145 relative humidity sensor, 193, 195
3100 temperature sensor, 145, 146, 193, 195
3135PK conductivity sensor, 145, 147–148
3135PK heart rate sensor, 99
3125PK magnetic field sensor, 99
3125PK pH sensor, 145
data logger
automobile diagnostic system, 159, 160
fish tank monitor, 143, 145–146
weather station system, 193–194, 196
workout monitor, 97, 99, 100, 101–102, 106
Davis Instruments CarChip automotive diagnostic kit,
159–168, 187
Day Weather Web site, 193
DCC (Digital Command Control). See also model
railroad control system
component overview, 247
CV, 256–257
decoder, 247, 249–258, 263, 265
functionality provided by, 245–246
jump port, 265
model discussed in this book, 247
NMRA standard, 246
programming, 253–258, 262–264
signal conversion, 265
software, identifying DCC to, 262
throttle, 265
troubleshooting, 255
wiring, 258–261
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file sharing
copyright, 36
security, 34
file synchronization, 126
FindaSensor Web site, 271
firewall, 34, 280
fish tank monitor
analysis component, 143
block diagram, 142
building, 144–148, 149
change, avoiding abrupt, 141
conductivity sensor, 142, 143–144, 145, 147
data logger, 143, 145–146
feeding, 141
filtration, 142
parts list, 144–145
PC interface, 143, 144
pH, 145, 147–148
pump, 142
real-time component, 143
salinity, 142, 143–144, 148–149
temperature sensor, 142, 145, 146
Floodcam camera, 125
food storage guideline, 128
Francko, David A. (Palms Won’t Grow Here and Other
Myths), 191
Franklin Institute Online Web site, 200, 201
freezer monitor. See refrigerator/freezer monitor
Freiwald Railroad & Co. software
TrainController (on the CD), 246, 247, 262–264, 291
TrainProgrammer, 247, 257–258
Friends of Five Creeks Web site, 148
Fun Science Gallery Web site, 91

G
galvanic skin response sensor, 222
Gateway Computers Web site, 285
Gemstar Guide Plus program guide, 17–18, 25
Gendan Web site, 158
Gibson Research Web site, 279
Gillmor, Dan (“Bleak Future Looms if You Don’t Take a
Stand”) article, 36
GoldWave software (on the CD), 290–291
GPS (Global Positioning System)
accuracy, 173, 177–178, 181, 184
described, 172–173
DGPS, 177
DOP, 174
HDOP, 175
manufacturer ID, 177
map error, 178–180
NMEA interface standard, 176–177, 187
precision, 173–175, 177–178

receiver, 172, 175, 176–177, 181
SA, 173
satellite system, 172, 173–175, 176
sentence, 177
software, 175–176, 178–180, 187
SPS, 173
WAAS signal, 177–178, 182–183
windshield, interference from metallic, 183
GPS information Web sites, 175, 177
grandparents’ screen saver project, 268–269

H
Half Life with Counterstrike Mod video game, 224
Hallo Northern Sky software. See HNSKY software
Halloween light controller, 270
Halo video game, 224
hard drive, defragmenting, 278
Hard to Find OBD II Connectors document, 156–157
Hauppage Computer Works WinTV-USB module, 8
Hawkeye product line
MS13A Hawkeye II motion sensor, 52, 54, 58, 63
RR501 RF Transceiver, 54, 58, 59, 60
HDOP (Horizontal Dilution of Precision), 175
headphone, wireless, 46
heart rate sensor, 99, 100, 101–105
HNSKY (Hallo Northern Sky) software, 80, 90–91
HO Scale decoder, 247
Hoffleit, Dorrit (The Bright Star Catalogue 5th Revised
Ed.), 84
home surveillance system
archiving to removable storage, 125–126
bandwidth, accommodating, 112
block diagram, 112
building, 113–115, 124
cabling, 125
camera, 112–113, 114, 124–125
camera mount, 113–115
data rate, 112
e-mail alert, 124
file synchronization, 126
frame rate, 113
home automation, integrating with, 125
image compression, 117–118
image resolution, 113, 114, 118
Internet, accessing using, 112, 117–118, 120–121
motion compensation, 113
motion sensor, 121–122
motion tracking, 121–122, 123
parts list, 113
power supply, 115
recording, 118, 120–121
router, 34, 119–120
Continued
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Constructopedia manual, 211
Dark Side Developer Kit, 221
debugging, 219
decision making, 209
driving base, 211–215
Droid Developer Kit, 221
IR transmission, 207, 210, 213, 219
leJOS system, 221
light sensor, 206, 209, 217, 222
motor, 206, 209–210
programming, 215–219
RCX micro-controller, 206, 207–208, 211–215,
216, 221
remote control, 221
rotation sensor, 217, 221, 222
software, 210, 215–219
temperature sensor, 217
timer sensor, 217
touch sensor, 206, 209, 217, 221
transceiver, 207
Ultimate Accessory Set, 221
Ultimate Builder’s Set, 221
USB hub, 207, 210
variable sensor, 217
vehicle, 211–215
Web resources, 220, 221
wiring, 209, 222
leJOS system, 221
lemonodor Web site, 6
Lenz Web site, 256
Leviton signal bridge, 53
light
controller, 269–270
sensor, robot, 206, 209, 217, 222
Linksys product line
router, 226, 231
WAP, 227
LISP programming language, 6
LM465 lamp module, 58, 65
Location ➔ On File (WXSIM), 198
Location ➔ Other (WXSIM), 198
LocoNet port, 253, 262, 263
Logitech product line
keyboard, 44
mouse, 44
QuickCam Pro 4000 camera, 113, 114
LX200 protocol, 79, 92

M
magnetic field sensor, 97–99, 101–105
main function (HomeSeer), 138
Make Sky Map Web page, 77–78

Malfunction Indicator Light. See MIL
Marine Corps Aviation Training Branch Web site, 285
McAfee Virus Scan, 278
Meade product line
Autostar telescope controller, 80, 81–83
cabling, 80
camera setup supplies, 92, 93
Epoch 2000sk software, 80, 84–85, 86–88
ETX-90EC telescope, 80, 81, 92
LX200 protocol, 79, 92
tripod, 80
media player software, 43–44
Memorex DVD+R/RW Drive, 9, 11
Microsoft product line
keyboard, 44
mouse, 44
MSComm control, 138
Text to Speech Software Development Kit, 180
MIL (Malfunction Indicator Light), 154
Mindstorms Web site, 210, 222
model railroad control system. See also DCC
(Digital Command Control)
addressing mode, 257
booster, 247, 258, 259
building, 245–246, 264–265
command station, 247
consist (unit number and identity), 265
CV, 256–257
decoder, 247, 249–258, 263, 265
engine, naming, 262
JMRI, 257
locomotives, defining multiple, 265
LocoNet port, 253, 262, 263
messaging system, 245–246, 247, 251, 253
motion sensor, starting train using, 265
parts list, 246–247
PC interface, 247
position, tracking, 265
power consumption, 248, 258
power district, 244, 259–261
power management, 245, 261
power source, 243, 247
programming, 253–258, 262–264
signaling, 264, 265
software, 246, 247, 257, 262–264
throttle, 247, 248, 262, 265
transponder, 251, 263, 265
voltage control, 245
wiring, 258–261
Modem-Software ActiveCaller Web site, 272
moisture sensor, 271
motherboard, 41–42, 43, 45
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P
Palms Won’t Grow Here and Other Myths (Francko), 191
Parallax, Inc. Web site, 271
PC interface
automobile diagnostic system, 159
coffee controller, 57, 58, 61–62, 64–67
fish tank monitor, 143, 144
model railroad control system, 247
refrigerator/freezer monitor, 128, 131
robot, 206, 210
weather station, 193
PC Power and Cooling Sleekline computer, 45
PCTV tuner, 26
peer-to-peer file sharing network, 36. See also file
sharing
Penn Engineering Web site, 126
personal video recorder. See PVR
Personal Video Station software, 25–26
pH sensor, fish tank, 145, 147–148
photocopier, using digital camera as, 269
Pictor CCD camera, 92, 93
Pinnacle product line
Expression software, 9, 21, 24–25
PCTV tuner, 26
Studio software (on the CD), 9, 21–24, 291
Pitsco LEGO DACTA Web site, 221
playlist, 34. See also jukebox
PM42 Power Management System, 261
Polar 720i heart rate monitor, 99
POR satellite, 178
Portawattz power converter, 181
power converter
navigation system, in-car, 181
refrigerator/freezer monitor, 131
PowerFlash electrical interface, 129, 130, 131,
133–136, 265
PowerLinc USB PC interface, 58, 130
pppindia Web site, 272
Practical Salinity Scale. See PSS
Premiere software, 21
pressure sensor
automobile fuel pressure, 162
automobile manifold pressure, 162, 168
barometric pressure, 193, 196, 200
robot, in, 222
program guide, 8, 17, 25
protocols
DHCP, 232, 233, 234–236
LX200, 79, 92
TCP/IP, 232–234
PSS (Practical Salinity Scale), 142, 143–144

PVR (personal video recorder)
analog signal, digitizing, 5, 9
audio, 16
AV stream, recording, 5
buffer, 7
building, 8–11, 25–26
cabling, 13–15
commercial, skipping, 43
compression, 4–5, 9–10, 21
decoder, 7
described, 4–5
DirecTV satellite input, 10
disk space requirement, 10, 26
DVD writer, 9, 11, 20–22
encoder, 5, 7
fast forward, 6
favorites view, 19
graphics card, 9, 12
IR support, 26
log view, 17, 18
parts list, 8–9
pausing, 6
playback, 6–7
program guide, 8, 17, 25
PVR, 5
RAID controller, 26
recording, 6–7, 17
remote control, 8, 9, 20
resolution, 5
software, 9
station view, 17–18
system requirement, 9–10, 26
television, connecting, 13–14
television, watching real time, 17
title view, 18–19
tuner card, 8, 9, 12–13, 25, 26
VCR compared, 6
video card, 11

Q
Qbic Series EQ2000 motherboard, 45
Quake video game, 224
QuickCam Pro 4000 camera, 113, 114
QuickTime software, 210

R
radio frequency transceiver. See RF transceiver
Radio Shack product line
coffee controller appliance module, 58, 59
power converter, 131
wireless, 37, 38–39, 125
wrist strap, anti-static, 286
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security
file sharing, 34
firewall, 280
home surveillance system Internet connection,
119–120
router, 279
wireless, 231–232
Selective Availability. See SA
Sensing Science Laboratory software, 106
serial port
adding to computer, 162
USB adapter, 58, 161–162
Service Set Identifier. See SSID
shopper.com Web site
Adobe Premiere, 21
All-In-Wonder product line, 9
Ethernet hardware, 225, 228
Logitech QuickCam Pro 4000 camera, 113
Pinnacle Studio software, 9
USB serial port adapter, 162
shoutsoft Web site, 270
Shuttle SB52G2 computer, 45, 46
signal bridge, 53
SiliconValley Web site, 36
Sleekline computer, 45
SmartHome product line
Bi-Directional X10 HVAC Controller, 139
Halloween light controller, 270
I/O Linc moisture sensor, 271
Leviton signal bridge, 53
Ocelot X10 controller, 271
PowerLinc USB PC interface, 58, 130
temperature sensor, 129–130
WaterBug sensor, 269
X10 model TW523 interface, 271
SMC product line
router, 226
WAP, 227
Snapstream Personal Video Station software, 25–26
Society of Automotive Engineers. See SAE
SocketWatch software (on the CD), 77, 80, 291
Software Bisque TheSky, 79, 80, 88–89
software, installing, 281
Soltek Qbic Series EQ2000 motherboard, 45
Sony product line
DRU500AX DVD drive, 11
NS315 DVD drive, 40
sound
card, 36, 37, 42
home surveillance system, 114
jukebox sound quality, 29–30, 41–43
motherboard sound quality, 41–42

MP3 sound quality, 29–30
PVR, 16
text to speech technology, 180, 181
vacuum tube amplifier, 42
SoundBlaster Audigy sound card, 36
Sourceforge
GPS software, 187
IRTuner resources, 26
leJOS system, 221
spa temperature monitor, 149
Speed Guide Web site, 279
splitter, cable, 15, 37
SPS (Standard Positioning Service), 173
spyware, 44, 281
SSID (Service Set Identifier), 231, 234
Stanford Computer Graphics Laboratory Web site, 221
Start ➔ Start Calibration Run (WXSIM), 200
Start ➔ Test for Midpoints (WXSIM), 200
static electricity, protecting computer from, 283–285
Strang, Lionel (DCC Made Easy), 255
Streamzap PC remote control, 37, 40–41
Street Atlas USA 2003 software, 181, 184
Studio software (on the CD), 9, 21–24, 291
Sunflowerhead Web site, 272
swimming pool temperature monitor, 149
switch, network, 225, 228–229
system requirement
CD-ROM with this book, 289
coffee controller, 58
jukebox, 28
MusicMatch software, 28
navigation system, in-car, 180–181
PVR, 9–10, 26
robot, 206–207
video game, 227, 236

T
TA-40 Mechanical Fixed TempAlert sensor, 131
TA-2HLD Digital TempAlert sensor, 131–133, 134–135
TCP/IP (Transmission Control Protocol/Internet
Protocol), 232–234
Teaching Architecture and Energy project, 199
Techadvice Web site, 8
telephone answering machine, 272
telescope tracking station
alignment, 81–86, 92–93
block diagram, 76
building, 79–81, 91–93
cabling, 79, 80
camera, integrating with, 92, 93
controller, 80, 81–82
Continued
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USB (Universal Serial Bus)
robot USB hub, 207, 210
serial port adapter, 58, 161–162

V
vacuum tube sound amplifier, 42
Vanguard camera, 125
variable sensor, robot, 217
VCD (Video CD) format, 20, 22
VCDhelp Web site, 39
VCR (Video Cassette Recorder), 3–4, 6
VGPS VisualGPS software (on the CD), 175–176, 291
video card, 11, 124
video compression, 113
video conferencing, 122
video editing software, 9, 21–24
video game, networking
ad hoc mode, 230
cabling, 225, 228–229
client setup, 234–235
DHCP setup, 232, 233, 234–236
Ethernet hardware, 225, 228
hub, 225, 228
infrastructure mode, 230
IPX setup, 232
NAT, 233
Netware, using, 232
NIC, 229
parts list, 225–227
primary equipment configuration, 230
router, 226, 231, 233, 235, 237
server setup, 236–239
SSID, 231, 234
switch, 225, 228–229
system requirement, 227, 236
TCP/IP setup, 232–234
WEP, 231, 234
wireless, 227, 230–232
video, home surveillance system, 112–113, 114
virus protection, 278
VisualGPS software (on the CD), 175–176, 291
VueMate Hub home surveillance system, 111, 112
VxD device driver model, 276

W
WAAS (Wide Area Augmentation System), 177–178,
182–183
Walthers EMD F40PH model locomotive, 249–253
WAP (wireless access point), 227, 231
Warcraft III video game, 224
Washington University Teaching Architecture and
Energy project, 199
WaterBug sensor, 269

watering system, automating, 269, 271
WCSP100-4 video card, 124
WDM (Windows Driver Model), 276
Weather Graphics Web site, 193
Weather Simulator software. See WXSIM software
weather station
anemometer, 200, 202
Automatic Packet Reporting System, 201
barometric pressure sensor, 193, 196, 200
block diagram, 192
building, 192–197, 201–202
calibrating, 196, 200
cloud data, 200
data logger, 193–194, 196
data plotting, 196–197
Excel, interfacing with, 196–197
Internet data, working with, 198–199, 200, 201–202
location data, working with, 198–199
parts list, 193
PC interface, 193
relative humidity sensor, 193, 195, 199
simulation, 192, 193, 198–201
software, 190–191, 192, 193, 198–202
temperature, converting Centigrade to Fahrenheit, 197
temperature sensor, 193, 195
wind information, 200
Weather Underground Web site, 190
Weather Watcher software, 190–191, 200
weather.com Web site, 190
Web server, 280
Webcam Corporation WCSP100-4 video card, 124
WEP (Wired Equivalent Privacy), 231, 234
WFTPD software, 268
WGL & Associates Web site, 269
Wide Area Augmentation System. See WAAS
WiFi standard, 230
Wiley Product Technical Support, 293
WinAmp MP3 player, 36
Windows Driver Model. See WDM
Windows Media Player, 43–44
Windows operating system overview, 275–277
Windows Product Activation. See WPA
wine cellar temperature monitor, 149
Winland Electronics temperature sensors, 129–130,
131–133
WinTV-USB module, 8
WinZip software (on the CD), 281, 292
Wired Equivalent Privacy. See WEP
WIRED NEWS Web site, 44
wireless
ad hoc mode, 230
antenna, 231
audio/video sender, 125
Continued
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