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The computer age is no longer coming. Its here! The number of personal 

computers in the United States now numbers in the millions. Computer literacy is 

becoming commonplace. Even grade school students are learning to use and 

program computers. 

But the really exciting news about computers is their steadily decreasing 

price and increasing performance. With some models selling for under $100, it is 
possible for anyone to own a computer. Unfortunately, getting a computer is the 

easy part. Once you have one you need to find ways of making it work for you. 

Hundreds of programs are available to make your computer a useful 

appliance. It can become a friendly machine and play games with you. It can help 

organize your life by cataloging your record collection or personal library. You 
might even save some money by putting your budget and checkbook under the 

supervision of your computer. 

These features are wonderful indeed, but if you are like me, you will find 

them a little less than exciting. I don't think a home computer is one that you use 

in the home. A home computer should control the home. It should handle 

security, supervise the lights, control the heat, answer the phone, and much much 
more. 

The technology to computerize your home is available now. If the idea 

excites you, then prepare to enter the computer age and make your house the first 

APPLE HOUSE on the block. 

JOHN BLANKENSHIP 

vi 



Although computers are great for balancing checkbooks and formu­
lating household budgets, this book was written for those persons that 
wish to extend the computer's power into far more exciting areas. 

Imagine the convenience of having your "house" keep track of how 
many people are in each room and to turn off all the unnecessary lights. It 
does not take long till you take for granted that the lights should come on 
automatically when a room is entered. 

Sometimes, of course, you will desire to take personal control and 
override such automation. Fantasize for a moment about the ability to just 
talk to your house to have your wishes carried out. And when you talk to 
the house, it will answer back-in its own voice. 

I'm talking about a home that can also answer the phone, monitor 
security, and wake you up in the morning. And these are just a few of the 
capabilities you can expect. 

All this is not some pie in the sky dream. Such computerization is a 
reality today in my home, and this book can make it a reality in yours. 

The system described in this book is by no means the ultimate 
computerized home. It is, however, a complete and workable system that 
can have some very beneficial advantages. For example, you can expect to 
save a few dollars on your heating costs. Mine went down 30 percent. 

You can save in other areas, too. Security systems and phone­
answering devices are not cheap, and most will do far less for you than 

1 



2 The Goal Part I 

your computerized home can . And my system is just the beginning . The 
only limit to your computerized home is your imagination . 

I first started thinking about putting a computer in control of my 
home in 1 976 when I bought my first Apple computer . It seemed so 
obvious to me that low-cost computing power would lead to residential 
automation . 

Unfortunately , as the years pas sed it seemed that no one had both the 
motivation and the skill to tackle a project of such size and complexity . 
Finally , I gave up waiting and decided to do it myself. 

I had five major goals  in mind when I began the project .  First ,  I 
wanted to use off-the-shelf equipment whenever possible . With the 
microcomputer becoming more of a consumer rather than a hobby item , I 
felt sure that many nontechnical people would like to duplicate my efforts .  

The second goal was to devise a system that would b e  easy to install . 
I figured that even the most dedicated enthusiast would not want comput­
erization enough to completely rewire a home in order to control the lights . 

I also wanted the system to be easily expanded and customized . The 
same innovation and sense of adventure that would make a person want 
such a home would also make them want it his or her way . I decided to 
make the system as flexible as pos sible to ensure that subsystems could be 
added or deleted as necessary . Such a design would al so make adapting 
the system to another brand of computer at least bearable . 

Anytime that you add a lot of frills like voice recognition and speech 
synthesis to a computer project ,  you can expect the cost to increase .  I 
wanted these frills though , and as my fourth goal I wanted to devise a 
system that would make such frills at least somewhat cost effective . The 
true value of some of the system ' s  capabilities  can only be measured in 
your desire to have them,  but the increasing cost of energy has made any 
substantial reduction in the use of gas and electricity extremely exciting . 

Finally , I wanted the system to be usable . Any system , no matter 
how cost effective , will not save anything if, because of the has sle of using 
it , it stays turned off. I wanted it to be friendly and helpful' . I wanted a 
system that would be fondly missed the moment it broke down . 

As you might gue s s ,  most people do not know what to expect from a 
computerized home , let alone what the requirements might be to build 
one . I would like to prepare you for what is to come and inform you of 
what knowledge and skills you will find useful if you decide to computerize 
your home . 

If you wish to have your home computer set up exactly like mine , you 
might be able to do so with a relatively small amount of knowledge . You 
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can buy or build everything described in this book and then type in the 
programs provided .  

I suspect , however , that very few,  if  any ,  individuals are going to  run 
out and buy a microcomputer system just to control their home . It is much 
more likely that this book is being read by someone that already has a 
computer and is looking for a new and novel way of using it . Thus , I will 
assume that you have read the literature that came with your system and 
that you are reasonably familiar with programming in BASIC . 

At least some knowledge of assembly language programming would 
also be nice , but unless  you wish to change my system considerably it i s  
not absolutely necessary . 

If you feel you need help in any of the areas mentioned,  many books 
are available to help you . Microprocessors and Microcomputers (2nd ed . )  
b y  R.  Tocci and Laskowski can give you an in-depth look at both the 
hardware and software associated with the 6502 . Interface Projects for the 

Apple II by R .  Hallgren offers several specific and interesting examples .  
Both of these books are published b y  Prentice-Hall , Inc . , Englewood 
Cliffs , N .J .  

Radio Shack sells the Engineers Notebook b y  Forest Mims III . For a 
very modest price it will provide you with a wide variety of electronic 
hobby information . 

Don ' t  feel limited to these suggestions . You can find a wide selection 
of suitable books at almost every computer store . In your search , don ' t  
overlook the traditional bookstores i n  your local mall o r  shopping center . 
Even they are now catering to the needs of the computer hobbyist .  

Many of the pieces of equipment needed can be purchased from 
various sources . If you happen to like construction projects , you can save 
money by building some sections yourself. Complete schematics are given 
for some of the more appropriate areas . There are a few things that just 
cannot be purchased anywhere , and if you want them you will have to 
make them yourself. For that reason,  I suggest that for maximum benefit 
of this book you have some general knowledge of electronics .  

My home i s  controlled b y  an Apple I I  Plus from Apple Computer, 
Inc . I chose this system because of the wide range of peripheral devices 
that can be purchased for it and because of the ease of connecting these 
devices to it . 

This does not mean that if you own some other type of computer that 
this book will not be of interest to you . The majority of the home control 
system is written in BASIC and is easily used on almost any computer 
system . This text is  designed to not just show you what I did , but to 
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explain how it was accomplished and why a particular approach was 
chosen. 

I also will explain in as much detail as space permits why what I have 
done works. With this information, an industrious person should be able to 
not only implement this system on other microprocessor systems, but to 
customize it to meet precisely his or her requirements. 

If you have not purchased a computer yet and wish to do so, I would 
strongly urge that you wait until you have finished the book as you will be 
better prepared to determine if a given system can be easily adapted to 
computerizing your home. 

The home control system will have five basic functions. Although the 
modules for each of these functions are described in detail later in this 
book, I would like to discuss them briefly here. They are as follows: 

Voice request 

Phone control 

Security management 

Event timing 

Monitor movement 

The voice request module allows you to talk to the computer using a 
microphone. I use wireless mikes and have them throughout the house in 
strategic places. There are numerous submodules for this module that 
allow you to control house lighting, ask what time it is, turn on the security 
system, have the system place a phone call for you, shut off the stereo, and 
much more. 

The phone control module serves as an intelligent answering ma­
chine. Not only can the computer answer the phone and record a message 
from the caller, but it will tell you when you get home how many messages 
you have waiting. This module also allows you to call the computer and 
request status information about the house or to control the lights or the 
heating system from a remote location. 

The module for security management can watch for movement 
outside the home as well as monitor entry at doors and windows. If an 
intruder is detected, appropriate action can be taken. Since the system is 
intelligent, it can react differently if you are home or away or if the intruder 
is outside or inside. It can even call a neighbor and inform them of the 
situation. 

Event timing provides a means to establish a predetermined sequence 
of events that needs to be done on an ongoing basis. For example, the 
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house might wake you at seven o'clock on weekdays but let you sleep till 
ten on weekends. It should control the house lighting automatically to give 
a lived in look whenever no one is home. The heat should be turned off or 
down whenever no one is home and turned on again prior to your arrival. 

The heart of the event timing module is an event table. Each entry in 
the table represents an action to be taken and the time and conditions for it 
to occur. For example, one entry might indicate that the heat should be cut 
off at midnight, and another entry turns the heat on at seven o'clock the 
next morning, but only if someone is home. If no one is home, a different 
set of times and events is automatically used. 

There will be a separate event or time table for each day of the week. 
Once you have created the proper tables, the house can handle the 
functions without further direction. The tables can be edited when 
necessary to reflect changes in your life-style. 

The internal movement module watches various sensors to allow the 
system to keep track of where people are in the house. This information is 
used to decide what lights should be on and off. 

The overall organization of the program provides that you may use 
any of these systems alone, all of them together, or even add some of your 
own. This means that if you cannot afford the hardware for all the modules 
at first, you may still enjoy the same functions now and easily add to them 
later. 

I don't propose that the system here is perfect for everyone. There 
are certainly many unexplored possibilities available to the imaginative 
person. My hope is to provide you with one complete system with all the 
whats, whys, and hows so that you can expand and customize until your 
particular wants and needs are met. 

This book is divided into four parts. Part I is an introduction and 
overview of the entire system. It is very important because it prepares you 
for the details to come by showing you the big picture. 

Part II covers all the hardware required by the system. Things that 
cannot be purchased are examined in much more detail than off-the-shelf 
items. I chose to build several sections because of the financial incentives 
and also I greatly enjoy the additional learning experience. If you do not 
enjoy such tinkering do not be discouraged by the number of schematics in 
Part II, because commercial substitutes can be purchased in most cases. 

Part III covers the actual program coding used to implement each 
program module. You will find the code well structured and easy to follow. 
The explanations of each module's operations will make your customizing 
easy. 

Part IV shows how to implement the hardware and software into a 
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complete system . It shows how to initialize the main program and explains 
the utility programs that are used to maintain the required tables .  The last 
chapter discusses  some ideas for additions and expansions .  

The appendixes provide a complete listing of the entire home control 
program and its related maintenance programs .  They are listed directly 
from my computer in order to ensure the absence of errors . There is also a 
partial list of vendors to assist you in locating some of the items used in the 
home control system . 

I have tried to organize the book in a manner that will provide you 
with the best possible understanding of how the entire system actually 
works . This is especially important because , as I have mentioned , it i s  
doubtful that you will wish to duplicate exactly my work . I expect you to 
improve on the system in every way you can . In fact ,  by the time you are 
reading this I probably will have added several improvements to my own 
computerized home . 

Wherever applicable , I try to use novel approaches in my computer­
ization , especially if it makes the system more cost effective .  You may 
choose to use some of these approaches if you customize my system , 
although perhaps in different way s .  I hope that I have provided stimulation 
in enough areas to ensure that you can create a system that meets your 
specific needs . 

The rest of Part I will provide you with a complete overview of the 
system, both the hardware and the software . Read these chapters more 
than once if you really are planning to add a computer to your home . Make 
sure that you truly understand how the system is organized and what each 
module ' s  responsibility is . 

While you are reading , do not worry about the details of how a 
module accomplishes its task ,  but rather concentrate on how the combina­
tion of modules forms a means of intelligent control . As an example , let us 
assume we have a module that dial s the phone . Do not be concerned with 
how the phone is  actually dialed . That will come later .  For now observe 
when and why the " dial phone " module is called to perform its task .  

Not only will this approach provide you with a better understanding 
of the system, but it will make it easier to transfer this program to other 
computers or to implement it with other peripherals . 

Let me cite one more example to help make my point . One of the 
modules in the system reads the electronic clock to find out what day it is 
and the time . Numerous clocks are available for the Apple , not to mention 
those for other computers . If you choose to buy a different clock from 
mine , you would only have to rewrite the " read clock" module , which is 
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very short . All the modules  that use the "read clock" module could be 
used without modification . 

Since low-level modules , such as the " read clock" module , have 
single specific objective s ,  they are generally easy to rewrite . In fact , the 
instruction manual for the peripheral involved should provide all the 
necessary information to do so . 



Sysi�m 
()v�Pvi�w: 
J1�P�W�P� 

Now that you have a good idea of where we are going , its time to get 
started . In this chapter I will present an overview of the system hardware . 
Remember ,  try not to worry about details .  Later sections will discuss  in 
detail the schematics and/or sources for purchasing the items mentioned 
here . 

It is also important to mention that you are by no means limited to 
using the hardware described in this book. The system is set up in such a 
manner that you can very easily use alternative devices in almost every 
case .  

Figure 2 . 1 shows a block diagram of the entire home control system. I 
realize this diagram is complicated , but I feel it is necessary to get a good 
overview of the system . Later in the book a whole chapter will be devoted 
to each item mentioned here . 

Let us examine each part , starting from the top of the figure . The 
voice recognition unit provides us with the primary means of communicat­
ing our commands to the home . It consists primarily of an analog-to-digital 
(AID) converter that transforms the amplitude variations of your voice into 
patterns of 1 ' s  and O ' s  that the computer can analyze . It will be from this 
analysis that the computer can determine what word or words are spoken . 

As nice as it i s  to speak to a computer,  you will probably find , as I 
did , that the novelty wears off very fast if you have to walk halfway 
through the house to get to the microphone to turn on a light . There are 
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many possible solutions to this problem , but I chose to use a wireless 
microphone , which is  comprised of a small radio transmitter and receiver. 

The wireless system must be of high quality or it will be difficult , if 
not impossible , for the computer to understand your commands .  Fortu­
nately , such systems are not as expensive as you might imagine . You may 
even decide to have several microphones throughout the house at strategic 
locations .  

Naturally , if you are going t o  talk to the house ,  you will expect it to 
talk back . You will notice that I sometimes refer to the house rather than 
the computer . This transition may seem a bit harsh at the moment , but you 
will find it to be a very natural adjustment . 

The speech synthesizer will produce a voice that can easily be sent to 
every room in the house . The speakers can be mounted in the ceiling or 
placed in any convenient location . I prefer to have mine behind a plant or 
otherwise camouflaged so that the illusion that the house is  speaking is  
further enhanced.  

As you will see in later sections ,  the house will take on a personality . 
The personality chosen for this book is meant to be somewhat neutral , but 
you will be able to tailor yours to suit yourself. It will be a combination of 
the personality and the fact that you can communicate with the house as 
you would with a person (with speech) that will soon convince you that the 
house and the computer have become one . 

Some people might find such thoughts a bit disconcerting . I suspect , 
however , that the idea of machine intelligence is somewhat intriguing to 
you or you would not be reading this book to begin with . 

Continuing down Figure 2 . 1 ,  we come to the telephone portion of the 
system . The major element is an intercom telephone . The phone itself, as 
well as many of the associated controls ,  is  interfaced to the computer 
through the Apple game connector . 

The game connector provides an easy means to connect external 
devices to an Apple computer.  It has three primary capabilities . They are 
paddle inputs , switch inputs , and annunciator outputs . 

Game paddles and joysticks are the most common items plugged into 
the connector . For such devices ,  the paddle inputs convert the value of a 
variable resistance into a number between 0 and 255 . The switch inputs are 
used to read the on/off condition of a switch , which usually controls a 
game function in some manner. 

The annunciator outputs are seldom used by the commercial devices 
for the game connector . Since they are output pins , they can be used to 
turn on or off a transistor , relay , or almost anything you desire . 

The switch inputs and annunciator outputs are nothing more than 
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one-bit input/output (I/0) ports . The home control system will use them to 
read from or to control external devices . If you are not using an Apple to 
computerize your house , you can easily substitute a standard bidirectional 
port for these pins . Chapter 1 2  discusses input/output ports in detail and 
will provide you with additional information . 

The paddle inputs would be a little more difficult to simulate on 
another computer. For this reason , I have chosen not to make use of them 
in the home control system . Let ' s  look specifically now at the I/O pins of 
the game connector and how they will be used . 

The Apple ' s  game connector has four output pins that can be used to 
control external devices ,  and it has three input pins for reading the status 
of external d�ta. One of the output pins is used to turn the intercom phone 
on and off. This allows the computer to answer the phone for you and 
permits you to talk over the intercom from anywhere in the room . The 
phone dialer provides a means for the computer to call a requested party . 
Proper control of these functions can mean that you never again have to 
touch the phone . 

A ring detector informs the computer when incoming phone calls 
require processing . One of the computer' s  responsibilities will be to act as 
a phone-answering machine if you are not available to get to the phone . 
Rather than have an electrical connection directly to the phone line s ,  
which requires special equipment and a notification t o  the phone compa­
ny , I decided to let the computer communicate with callers just as you 
would-by speaking on the intercom phone . 

The computer already has a voice , and it could easily be used to 
inform the caller of your message . Unfortunately , most voice synthesizers 
presently affordable by the average hobbyist take a little getting used to . 
This should not imply that they are extremely difficult to understand ; on 
the contrary , after only a few minutes of practice most synthesizers 
become reasonably clear .  

A person calling on the phone , however, does not expect to  be  
greeted by an electronic voice and does not have time to  get used to  the 
computer ' s  peculiar accent. Add to this any distortion added by the 
intercom phone and you might have many of your callers simply hanging 
up rather than leaving messages . 

However, I just happened to have a couple of cheap cassette 
recorders laying around from the days before disks and arrived at my final 
phone answering system as follows .  

One of these recorders i s  set in the playback mode using a 30-second 
endless  loop cas sette . The other has a regular tape and is left in the record 
state . Two more of the game connector output pins are used to control the 
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on/off condition of the two tape recorders . When the phone rings , the 
computer can tum on the intercom, play the 30-second message , and then 
record any reply from the caller .  

A sound detector i s  used to  allow the computer to  determine if  there 
are sound changes or voices present . Using this capability , the system can 
record only as long as the caller is actually talking . This permits messages 
of any length and also keeps you from having a 30-second tape of a dial 
tone if someone hangs up . 

For most call s ,  all you will want the computer to do is record the 
message . If it is you that is calling , however, you might want to 
communicate with the computer to is sue special requests . The computer 
could then give you a status report for the house ,  this time in its own voice . 
You might wish to tell the house to tum on the heat , tum off a light , or 
anything else that the system is capable of handling . 

Naturally ,  you will not want just anyone to be able to communicate 
directly with the system, so a way must be devised to inform the house 
that it is you calling . My method is simple . While the message is being 
recorded , the computer will continue to monitor the sound detector , 
watching for a particular sequence of sound . You can indicate it is you 
calling by playing the proper sequence into the phone , using a small hand­
sized tone generator.  As long as you have this generator ,  you can gain 
access to the computer anytime you call the house . 

Another detector is used by the system to determine when you are 
trying to get the computer to respond to voice commands through the 
wireless mike . The process of understanding speech is very difficult and 
time consuming and will not be invoked unless  it is required . Normally , 
the computer will not bother to analyze sounds present at the AID 
converter . It will , however, watch the input from the voice detector,  
which is very easy .  If you should pick up a wireless  mike and say 
" computer" (or anything else for that matter) , the computer will see the 
voice detect pin change and respond by saying something like "Yes sir, 
what can I do for you?" and then monitor the AID converter for your 
response . 

The last output pin on the game connector is connected to an 
ultrasonic transducer . This device is much like a loudspeaker for your 
stereo except that it is much smaller and can produce ultrasonic waves ,  
which are sound waves above the range of human hearing . 

To see the importance of such a capability , let's discuss  a commercial 
device called the BSR System X- 1 0  Ultrasonic Command Consol . This 
device can be purchased in many department stores .  Sears Roebuck even 
markets the same device under their own name . 
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The console plugs into any 1 10-volt outlet and generates coded pulses 
for each button pressed on the console . These pulses travel throughout 
your house on the existing house wiring . You can buy remote switches 
from B SR that can replace wall switches and receptacles at appropriate 
places in your house .  

These remote switches contain electron.ic circuits that constantly 
monitor the power lines for pulse codes from the command console that 
can inform them to tum on or off. This allows you to control lights 
throughout the house simply by pressing buttons on the command console . 

The B SR system provides a relatively inexpensive means to control 
many of your lights and appliances from a single location . The ultrasonic 
model of the command console has an additional feature that makes it 
especially attractive for our purposes . 

Just as some TV sets can be controlled by aiming an ultrasonic unit at 
them, the B SR ultrasonic console can be manipulated using a cordless  
controller that generates ultrasonic pulses that can be received and 
interpreted by the command console . 

Under program control , the house computer will generate the appro­
priate ultrasonic pulses using the game connector and the transducer 
previously mentioned . In this manner, the computer may control any 
device in the house that is equipped with a BSR remote switch . 

Naturally ,  we will want the computer to control lights and appliances 
when verbally commanded to do so .  In many cases , though , we will not 
wish to be bothered with trivial matters and will wish the house to handle 
them on its own . 

Some examples of trivial actions would be turning off the heat every 
night at midnight and then back on at seven the next morning . Since these 
two actions occur on a regular basis , they should be handled automatical­
ly . 

To provide a means for the house to handle such actions ,  a special 
clock will be interfaced to the computer. It will tell the house what time 
and what day it is . Using this clock , the house will be able to handle 
routine tasks without any human intervention at all . 

There is another type of action that the house should handle for you 
automatically .  As mentioned earlier, the system should monitor the 
movement of people throughout the house and control the lights accord­
ingly . To provide the movement information ,  pressure-sensitive switches 
are placed at strategic positions under the carpet . These switches are 
connected to an input port so they may be read by the system. 

This same port will monitor other switches and detectors that will 
provide the information required by the house to monitor security matters . 
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The closure of any switch will trigger an interrupt to get the computer ' s  
attention .  The computer ' s  reaction to interrupts i s  discussed in more detail 
in the next chapter.  

The last piece of hardware to be mentioned now is the system sanity 
timer. It will ensure that the system software cannot fail even if unpredict­
able errors occur. A complete explanation of this subsystem will come 
later , but for now just accept the fact that if the system ever fails due to 
software faults the entire system will be reinitialized from disk and proper 
control resumed . 

Now that you have had your first glimpse of what the home control 
computer will look like , let us start examining an overview of the software 
required to give the house its intelligence . 
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Now that we have an overall picture of the hardware needed to 
computerize your house ,  its time to begin looking at how the programs will 
be organized .  The importance of understanding the software cannot be 
overemphasized .  Although the home control system presented in this 
book is complete and usable as described , it can be enlarged and 
customized in many different directions with very little if any additions to 
the hardware . To do so ,  however, will require an in-depth knowledge of 
the present program. 

As with the overview on hardware , do not worry about detail s when 
reading this section . Later in the book we will find out exactly how to 
accomplish each function described here . At this point , however, you 
should be striving to see how each module relates to the overall operation 
of the program . 

The flow chart in Figure 3 . 1  shows the primary organization of the 
home control program. The system is organized into five major modules . 
We will look at each separately .  

The initialization module is  only run when the system is powered up . 
It checks to see what day it is and sets up the appropriate file s .  It can 
adjust to the present status of events without human intervention . This is 
particularly important if you are out of town and the system has to restart 
itself after a temporary power failure . 

Once initialization is complete , control passes to the four modules 

1 5  
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that handle the primary actions .  The functions of these four modules were 
described in Chapter 1 .  

Usually , there is nothing happening that would require the attention 
of any of these modules .  Control is continually passed from one to 
another, waiting , or if you prefer, watching for a situation to occur that 
requires attention . For example , if the voice detector does not show that 
someone is requesting to talk with the system, then control passes on to 
the phone module . 

If the phone is not presently ringing , then the security module takes 
over . If conditions show that all is well , the time module processes the 
next item in the present time table . Afterward , the entire process  starts 
over . 

In this manner, the loop normally completes very quickly so that the 
system appears to be watching all the potential situations simultaneously . 
If, while the system is looping , any of the modules find that a task needs to 
be done , the system will spend the time necessary in that module to 
complete it . Once that task is completed , the looping will continue . 

Let's briefly look at lines 1 0  to 60 in Appendix A.  As odd as it may 
seem, these lines represent the main home control program. Of course , 
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each of the subroutines called will have to b e  expanded and coded.  I will 
discuss  each in detail as we move through the book . 

Although the system can only process  one thing at a time , usually it 
will only take a second or so to respond to an external stimuli , such as an 
intruder or the phone ringing . Such a small delay obviously presents no 
real problem . If the system is busy in one of tbe modules though , it might 
take much longer to respond . 

· 
At first glance , this possibility of lengthy delays appears to present a 

real problem. Fortunately ,  there is very seldom a situation in which one 
module needs to take immediate priority over another module . Further­
more , in almost every instance that a valid conflict occurs , there is a 
human present to decide on which module should get control . 

Perhaps some examples of such conflict can make this clearer .  
Assume for  a moment that you are talking with the computer, thus making 
the voice module busy . If the phone should ring and you want the house to 
process it , you may simply say "goodbye ."  This would cause the voice 
module to terminate , and the system would continue through the loop and 
process the phone call . 

If you were not home to tell the computer "goodbye ," there would be 
no problem to begin with , because you would not have been talking to the 
computer and it would have answered the phone automatically . 

For a second example , assume that the computer is answering the 
phone during the time an event , such as turning off the heat , is scheduled 
in the time table . The event timing module is designed so that , even if the 
scheduled time has passed , the event will occur the next time the module is 
run . 

Thus even in the worst case an event would be processed within a 
minute or two of its scheduled time . Furthermore , remember that such a 
delay will only occur if the phone just happens to ring when you are not at 
home and just when an event is to be processed . The infrequent occur­
rence of such situations does not , at least for me , deserve enough attention 
to increase considerably the complexity of the system.  

I f  we  go  through a similar process  for  each possible situation it can be  
shown that there are two situations that truly represent a potential 
problem. One problem is that the security system is inactive while the 
computer is acting as a phone-answering system. In this case , even a one­
minute delay might determine if an intruder could be easily scared away by 
turning on appropriate lights and the radio . As before , no problem exists 
unless just the proper set of events happens at just the right times .  Even 
so ,  I value security enough to see this as a major concern . 
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To solve this dilemma, the phone module will also monitor a security 
flag (which indicates some kind of security problem exists) and , if 
necessary , end the phone call and continue looping . The security module 
would then react appropriately to whatever situation had occurred.  

As you can see , because it is seldom that two tasks are required at 
exactly the same time , the entire system can appear to be handling all the 
tasks simultaneously even though the program is sequential in nature . It is 
this sequential format that makes the system so easy to program. 

The second problem is one that cannot be handled on the first come , 
first served priority arrangement that I have shown so far . You may have 
noticed that , although I mentioned earlier that the house would monitor 
the movement of people , there is no module in the main loop to provide 
this function . For this function the system needs the ability to respond 
immediately , no matter what it is doing . After all , if you have to wait even 
a few seconds for the lights to come on when entering a room, this module 
looses its usability . 

To provide this immediate action , all the floor switches as well as 
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Figure 3.2 An interrupt system 

handles problems that cannot wait. 
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security detectors will cause a computer interrupt to be generated . An 
interrupt simply tells the computer to abandon what it is presently doing 
and process some other program. When this second program is completed ,  
control i s  passed back t o  the original program at the point where the 
interrupt occurred .  

A functional flow chart of  the interrupt program is shown in  Figure 
3 . 2 .  When an interrupt occurs , the computer will read the switches to 
determine if it is a security problem or if residents are moving inside the 
house . If it is a security situation , certain flags will be set (including the 
security flag) to convey that information to the main program. 

If it was internal movement of the residents that caused the interrupt , 
the appropriate lights will be turned on and/or off. Since this interrupt 
program always requires less than two seconds to run , it is unlikely that 
any module presently active will even notice the interruption . 

If you should feel unsure of how all this is going to be accomplished , 
please don ' t  be discouraged . So far we have only touched the surface .  Rest 
as sured that the details are coming . 

By now you should , however, have a better idea of what the 
computerized house can be expected to do . You should know what general 
types of hardware will be necessary to allow the computer to gather 
information and to communicate with the outside world . 

You should also be starting to see how the program will handle the 
many different types of tasks that will be required .  If you are unsure of any 
of these areas , you may wish to reread some parts of this section .  
Otherwise , let ' s  move on to Part II and start examining the hardware in 
detail . 
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In this and the following chapters in this section , we will be looking at 
the hardware required to automate your home . There are several things 
that should be emphasized before we begin . 

First ,  all the hardware discussed in this section is only a suggestion . 
True , I have tested this particular combination of hardware and have 
solved the problems related to it . In doing so though , I also tried to 
develop a system that was very modular . 

Each section of the hardware is interfaced to the system only through 
its function . This means that any equipment that can provide the correct 
function should be easily adaptable for use in the home control system. 

As you read this section , you should also realize that the intelligence 
in the home control system is found in the software and not the hardware . 
This section is not intended to explain how the system works . What it will 
do is to provide a thorough understanding of the environment that the 
software must run in . With this in mind,  let ' s  look first at the system that 
processes voice requests . 

Giving a computer the power to recognize speech is far from an easy 
task .  Fortunately , several companies have done a great deal of research in 
this area and have produced commercial products for personal computers 
that can aid us tremendously . 

One such company was Heuristics .  They produced two low-cost 
voice recognition systems . Their Speech Lab could recognize 32 words 

20 
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and their Speech Link was capable of 64 . Unfortunately , Heuristics went 
out of business  just after I had completed the computerizing of my home 
using a Speech Link. 

Some dealers may have Speech Links still in stock . If you cannot find 
one , there is no need to worry . It will be very easy to interface virtually 
any speech recognition system made for your computer to my software . I 
will discuss  equipment substitution in detail later. 

The Speech Link is a user-trainable , isolated word recognition 
system with a maximum standard vocabulary of 64 words .  User-trainable 
means that the prospective user must initially " say" each word for the 
system so that it can create a template in memory of what each word looks 
like . Each time a sound or word is to be recognized , a new template will be 
formed and it will be compared against the templates in memory to find the 
best match. 

Isolated word recognition simply means that the system can only 
recognize a word by itself. This is opposed to being able to pick a word out 
of a sentence . If you were to read this paragraph out loud , it would become 
quickly apparent that in normal speech there are very few pauses between 
words . This lack of pauses is one of the major obstacles to be overcome if 
a machine is to effectively understand human speech . To stay cost 
effective ,  we will have to settle , at least for the present , for isolated word 
recognition . You will see later that the proper software can make this 
restriction much less  binding . 

The Speech Link is very easy to use . It effectively allows the Apple 
command " INPUT A$" to wait , not for a keyboard entry, but for a word 
to be spoken . This word may actually be a phrase of several words as long 
as there is no significant pause between the words .  

The software explained in Chapter 1 6  will utilize the contents of  the 
string variable (in this example A$) to determine the action required .  For 
now, however, we need to examine the special hardware requirements of 
the system. 

We will not examine the Speech Link itself in any detail . For such 
information you should consult a Speech Link manual . Instead we will be 
looking at some hardware that will make the Speech Link much more 
usable for our application . 

There are two major problems with most commercial speech recogni­
tion units . First , once the system is directed to recognize something , it 
will , as you would suspect, wait until some sound has occurred and then 
analyze it . On the surface ,  this appears very usable . 

To see the problem ,  consider the structure of our home control 
system. It normally loops from one module to another . If there is no verbal 
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input , w e  want the system t o  continue o n  through the loop to perform the 
next task .  If, during each loop , we ask the Speech Link to check for a 
sound , it becomes quickly apparent that if no sound occurs the system will 
" hang" in that module . 

To solve this problem, we simply need some means for the main 
program to know when someone wants to speak to the computer. We 
might do this by simply connecting a switch to an input pin . Depending on 
the position of the switch ,  the computer would get either a 1 or a 0 when 
reading that pin . The computer could use this information to decide 
whether or not to tum control over to the Speech Link . 

We will return to the first problem in just a moment . Another problem 
with using voice control of a house is  that you may not be beside the 
computer , or more specifically beside the microphone , when you wish to 
is sue a command.  This problem can be solved in a variety of ways . 

If you only have a couple of places in the house that you wish to is sue 
verbal commands from, you might actually run microphone cables to those 
spots . A mixer could then be used to combine the signals before sending 
them to the Speech Link . 

Although this method can be very acceptable , I decided to add more 
flexibility by using a radio transmitter and receiver. In this way , the 
microphones are completely wireless and permit use anywhere in the 
home . 

The method chosen to solve the first problem will effect the solution 
to the second . If, for example , you run cables to each mike , you could also 
run wires for switches to tell the program when to tum control over to the 
Speech Link . If you are using wireless mike s ,  though , you lose all their 
flexibility if you must go to a specific place to press  a switch in order to get 
the computer' s  attention . 

Since I wanted to use wireless mike s ,  I solved this problem by having 
a special circuit watch for sound changes at the receiver and place the 
appropriate 1 or 0 on one of the Apple ' s  game connector input pins .  There 
are three of these pins on the Apple game connector, two of which are 
normally connected to switches on the game paddles .  

Figure 4 . 1 shows the schematic for the sound detection circuitry . 
Note that the output of the circuit is connected to the game connector so 
that a program could decide if there was any sound present by reading the 
status of the appropriate addre s s .  This would be done in BASIC with the 
PEEK command . 

The operation of the circuit is straightforward . The output of the 
receiver is  sent to the first operational amplifier, which is  used as a buffer 
to prevent loading . The gain of the second amplifier is controlled by the 
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Figure 4.2 A wireless  microphone allows you t o  talk t o  the computer from anywhere in the 

hou s e .  

200K potentiometer. The amplifier output is turned upside down by the 
7404 inverter.  The pulse from the inverter is stretched by the 555 in order 
to make it easier to recognize . 

Whenever a sound is present at the wireless  mike , the game connec­
tor pin will be held high . The main program can monitor this pin to 
determine if it should stop and carry out verbal commands .  

The wireless  mike must b e  of a fairly high quality or the Speech Link 
will not operate satisfactorily . I tried several units with very limited 
success .  Finally , I found one that seems to be perfect . It is a model WMS-
49 wireless microphone system by Mura. It is pictured in Figure 4 . 2  and 
comes with a microphone and a receiver , both operated from 9-volt 
batteries .  Since the receiver needs to be left on continuously , I use a 
battery eliminator . 

Another nice feature of the Mura unit is that it has two outputs on the 
receiver . The microphone output connects to the microphone input on the 
Speech Link while I use the auxiliary output to drive the voice detection 
circuitry as shown in Figure 4 . 1 .  

If you use some other wireless microphone system, you should 
consider having the following features .  The receiver and transmitter 
should be crystal controlled to ensure drift-free reception .  The frequency 
response should be as wide as possible . The Mura unit is 30 to 1 8 ,000 hertz 
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(Hz) . A microphone output (in addition to an auxiliary output) is really 
necessary to ensure a proper impedance match to the Speech Link . 

The gain of the receiver should be adjusted to give the best results 
with the Speech Link . The only way to make this adjustment is through 
trial and error.  Once that is done , you will need to adjust the 200K 
potentiometer (Figure 4 . 1 )  so that the LED glows only when you speak 
into the mike . 

· 
This completes the description of the hardware required to allow 

voice command of the house computer. Even though I am using the 
Speech Link , almost any voice recognition unit may be used . In later 
chapters we will see how the proper software can give intelligence to the 
recognition capability discussed here . 



Being able to talk to your computer is very nice . If the "conversa­
tion" is  to be complete though , we will have to give the house the power to 
talk for itself. With today ' s  technology , we have many methods to choose 
from . 

We could utilize an AID (analog-to-digital) converter to sample an 
actual voice .  These samples could be stored in the computer ' s  memory 
and then played back at any time by using a D/ A converter. U sing this 
method , you can get excellent quality speech,  but at a very high cost .  
What you must give up is  memory . It i s  not unreasonable to use well in 
excess of 4000 bytes of memory for each second of speech using this 
method .  

Linear predictive coding (LPC) is  another method fo r  reproducing 
speech. This technique is  used in the Texas Instruments '  Speak & Spell . 
The data compres sion technology used permits a second of speech to be 
stored using only a few hundred bytes of memory , and the quality of 
speech is  still very good . 

The problem with LPC is that the data used to generate the speech 
are very complex and are provided to the user in the form of read-only 
memory (ROM) . There are many words and phrases offered,  but you are , 
for the most part , limited to a severely restricted vocabulary . 

As I designed the home control system , it became quickly apparent 
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that I needed a nearly unlimited vocabulary if the system was to communi­
cate in the manner I was planning . I also needed a method for storing 
speech that was extremely efficient if my home was to say more than a few 
sentences .  

A company called Votrax has been utilizing a technology that differs 
distinctly from the two methods just discussed . First ,  they do not copy or 
reproduce a human voice . Instead they have developed a set of filters that 
can simulate the human vocal track.  

By sending codes to their system ,  you can instruct it  to produce any 
of the basic sounds used in the English language . These sounds are called 
phonemes .  Since each phoneme requested requires only one byte of 
memory , and since most words require less than ten phonemes ,  the 
amount of memory used is almost trivial . 

In addition , you can have the computer say anything you wish ,  as 
long as you can decide on the basic phonemes required for each word . As 
you would expect , you do have to give up something in exchange for all 
these pluses . The quality of the speech is somewhat les s  than with the 
other methods .  

At first it may b e  difficult to understand . My experience has been that 
after only a little practice you get used to the peculiar " accent" found in 
the Votrax synthesizers . Recently ,  Votrax introduced a single integrated 
circuit that has all the filters on it . This has spurred the release of a new 
type of product from several companies . 

The new products not only have the capability to produce phonemes 
on command, but they have a built-in microprocessor with the software to 
convert standard English text into its appropriate phonemes .  Some of 
these products also add inflection to the speech , which makes it much 
easier to understand . Any of these devices satisfy all the major require­
ments I had for giving a voice to my home . 

I own two such voice synthesizers , a Votrax Type ' N  Talk and a 
Microvox from Micromint . They are shown in Figure 5 . 1 .  Either can 
perform satisfactorily for your computerized home . 

Although I have not done any scientific studies ,  I think the Type ' N  
Talk makes fewer errors when i t  translates text t o  speech , although there 
is not really much difference . 

The Microvox is much faster and has les s  pause between the words 
spoken . It also offers you the ability to control the pitch on individual 
words or even syllables so that the quality of the speech can be greatly 
improved.  With a little work , you can even have it waking you each 
morning to a song . 
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Figure 5.1 There are many speech synthesizers suitable for giving your home a voice . 

The Type 'N Talk requires a serial port to connect it to a computer . 
You may use either serial or parallel with the Microvox . If you really enjoy 
construction proj ects , as I do , you will appreciate the fact that the 
Microvox is available in kit form. 

Whether you choose an assembled unit or the kit , the Microvox 
comes with complete schematics and numbered parts . This is not true with 
the Type 'N Talk.  

Either system is  about as easy to use as a printer.  In fact , I connect 
them to my computer using a standard RS-232C printer interface .  You 
activate it exactly as if it were a printer (PR# l for example) , and the 
system simply says anything that would normally be printed.  

Figure 5 . 2  shows the hardware organization for using a synthesizer. 
A RS-232C serial card connects the unit to the Apple . The connecting 
cable may need to be slightly different for different serial boards , but any 
qualified dealer should be able to assist you . 

There is an amplifier built into the speech synthesizers , but it is small 
and only meant to drive one or two speakers . I connected the synthesizer 
output to a 5-watt transistor amplifier that had been gathering dust in the 
garage for years . Since I did not want a booming voice from the house , the 
5 watts was plenty to drive several more speakers . 

To keep the speaker load as close to 8 ohms as possible , you should 
use a series-parallel arrangement such as the one in Figure 5 . 2 .  Depending 
on the number of speakers you require , you may not be able to get an exact 
match , but you should at least keep it in the right ball park . 

The Type 'N Talk has a frequency control that allows you to control 
the pitch of the voice manually .  At the high end the computer sounds like a 
chipmunk, and at the low end it is more like a 45 record playing at the 33  
speed . Experiment a little with the frequency until you find a sound you 
like . 
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The Microvox defaults o n  power up to a mode similar to the Type ' N  
Talk , that is , monotone speech . I f  you wish ,  you can insert your own pitch 
variations under software control or even choose a mode where inflection 
is added automatically , although somewhat arbitrarily .  

Remember, this only provides the computer with the ability t o  speak .  
The software is  what will give i t  the intelligence to  know what to  say .  



Tte� 
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One of the most important capabilities you can have in a home 
control computer is the ability to tell time . This capability is not only 
desirable but essential for many of the tasks we expect our home to 
perform . Let ' s  look again at some of those tasks . 

Whenever the system is first turned on,  we will want it to initialize 
itself. Part of this initialization is  to establish if anyone is home . We will 
see later that it will simply ask (verbally ,  of course) to see if anyone 
answers . If a short power failure were to cause a system reinitialization in 
the middle of the night though , we would not want the house to wake us 
just to ask if we were home . 

In such a case the system will be able to ascertain whether it should 
check to see if anyone is  home by reading the system clock . If the time 
falls  within a given range , the house will make some appropriate assump­
tions and carry on without disturbing anyone . 

To handle the preceding situation , we need a system clock with two 
capabilities .  First ,  as with any clock,  it must be able to keep track of the 
time . It does not need to be extremely accurate . Hours , minutes ,  and 
seconds will be more than ample for our needs . We will also need a means 
to determine if it is  A . M .  or P . M .  

The second requirement i s  the ability to operate in the event of a 
power failure . This necess itates some form of battery backup . Let ' s  look 
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A3 A2 A 1  AO U S E  R A N G E  

0 0 0 0 LSD · S E C O N DS ( 0-9)  
0 0 0 1 M S D  · S E CO N DS ( 0-5 ) 
0 0 1 0 LSD · M I N U TES ( 0-9)  
0 0 1 1 M S D  · M I N UT E S  ( 0-5 ) 
0 1 0 0 L S D · H O U RS ( 0-9)  
0 1 0 1 M S D  · H O U RS 
0 1 1 0 DAY O F  W E E K  ( 0-6 ) 
0 1 1 1 LSD · DATE ( 0-9)  
1 0 0 0 M S D  · DATE ( 0-3 ) 
1 0 0 1 LSD · M O NTH ( 0-9)  
1 0 1 0 M S D  · M O NTH ( 0- 1 ) 
1 0 1 1 LSD · Y E A R  ( 0-9) 
1 1 0 0 M S D - Y E A R  ( 0-9) 

* D 1  - D O  U S E D F O R  H O U R S  
D 2  - 0 F O R  AM O R  1 F O R  P M  Figure 6.1 Functions available on the 

D 3  - 0 F O R  1 2  H O U R S  OR 1 F O R  24 5832 clock chi p .  

at some of the other expected uses of our clock to see what other functions 
will be needed . 

The event timing module was mentioned briefly earlier . It will give us 
the capability to arrange for events to occur at pre scheduled times . These 
events will be stored in time tables on the disk .  For them to be effective , 
there will be a separate table for each day of the week . You could,  for 
example , schedule different wake-up calls on different days or to turn the 
TV off at 9 P . M .  on weeknights . 

For our system to provide us with such flexibility , we must provide it 
with the ability to know what day it is . Our clock then should also include a 
calendar. Actually ,  we can see that for our purposes we do not need a 
complete date , but only the day of the week. There will be other uses for 
the clock in our home control program, but the capabilities listed so far will 
cover these uses . 

To provide our system with such a clock , we only need to visit a local 
computer store or flip through the pages of a personal computer magazine . 
Many clock boards are available for the Apple computer, and nearly all 
provide at least the capabilities that we have mentioned . Most in fact are 
vastly superior to our modest need s .  

Because o f  this and due t o  m y  love of tinkering with hardware , I 
decided to build my own clock . After comparing several of the possible 
alternative s ,  I decided to center my efforts on the MSM5832 clock/ 
calendar chip from OKI . It had all the necessary requirements , including 
the fact that it was inexpensive . 

Some of its features are a crystal-controlled oscillator on the chip , a 
single 5-volt supply , a 1 2- or 24-hour format , and a low power dissipation 
for battery backup . The entire clock is  packaged in an 1 8-pin DIP. 

Data are sent to and read from the 5832 over four data lines . These 
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data lines are connected internally to the clock chip's 1 3  major registers . 
The function of these registers is shown in Figure 6 . 1 .  If, for example , you 
wish to find out what day it is , you could have a program read register 6. 
The chip uses four address  lines to select the register to be used . 

For some functions you need to read two registers . The seconds are a 
good example . Suppose the time was 28 seconds .. Register 1 would hold a 2 
and register 0 would be 8 .  By manipulating the 

·
address  lines and then 

reading the data lines , we can have access to the correct time and date . We 
would set the time of course by writing to the same registers . 

In addition to the address  and data lines ,  four other lines control the 
5832 .  These lines are the chip select , hold , read , and write . Figure 6 . 2  
shows how all these lines will be connected to  a peripheral interface 
adapter (PIA) I/O chip . The PIA provides a convenient means to connect 
something to a computer . Chapter 1 1  will discuss  the PIA in more detail . 
For now, just assume that the computer can read or write over any of the 
port lines .  

The four least significant bits of port A connect to the clock chip ' s  
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data line s .  Reading these will give the contents of one of the 1 3  registers , 
depending on the address  lines . In my case ,  I tied the most significant 
address  line to ground (pin 7) . This means that only the registers 0 to 7 are 

. available to be read from or written to . These eight registers are enough to 
provide all the capability we discussed earlier . 

I did not require the ability to set the time by writing to the clock ' s  
registers without my intervention , so I used a switch to manually select 
either the read or the write line . This uses up all the lines on port A .  
Unfortunately , we also need to  control the chip select and the hold line . 
These two lines can be connected together and will allow us to effectively 
stop the clock momentarily . This is important during a read , because if a 
register is changing at that time , extraneous data might result . 

Since I had to use more than one port to control the clock,  you might 
wonder why I did not go ahead and use the second port to control the read 
and write lines separately . I could also have used a line for address  3 rather 
than grounding it. Such a method would certainly give the clock more 
flexibility and power.  My method results in all the capability I need,  and it 
leaves seven lines free on port B ,  which is enough to drive many 
peripherals , such as a printer , or for expansion of the home control 
system . 

A crystal is connected between pins 1 6  and 1 7  to ensure accuracy .  
Even so , you will need to make some minor adjustments with the 
associated capacitors to fine tune the clock speed . 

The battery backup circuit that I used is a little simpler than others 
that I have seen . It i s  meant to be used with two ordinary nonrechargeable 
batteries .  I have been using AA cells for nearly a year with no need for 
replacement . You should make sure the diodes used are germanium rather 
than silicon in order to keep the supply voltage within tolerances .  There is 
one point that may be obviou s ,  but it should be mentioned anyway . The 
ground for the clock (and all peripherals) should be connected to the 
Apple ' s  ground . 

As simple as it looks , that ' s  all that is required to make a clock for our 
system . Of course it will take the right software to read it and set it. This 
software will be discussed in detail in later chapters , and I hope you will 
find that it will be easier than you think . 

I do wish to remind you that the home control program is designed to 
work with just about any clock available for the Apple . As we will see , 
only a few minor modifications will be necessary . 



T�B F�ils�[B 
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If I am going to have a computer control my home , I want that 
computer to work-always !  It must be able to contend with every 
reasonable situation that I can anticipate and perhaps even some that I 
cannot . 

There will of course be some limitations . We cannot reasonably 
expect it to work when someone unplugs it or attacks it with a hammer.  
We can , however, make it intelligent enough to handle power outages and 
perhaps even recover from its own software errors and intermittent 
hardware problems . 

Perhaps you are wondering why I am worrying about such a " trivial " 
problem . For those of you that fall into this category , a short explanation 
can be beneficial . 

When you put the computer in charge of your home , you are 
delegating tremendous responsibility . Let ' s  examine some of the functions 
given to the computer . One is  to act as your alarm clock . Imagine how 
inconvenient it would be if you could not depend on the house to get you 
up at the correct time . Have you ever had a clock that was not 
dependable? How long did it take you to get rid of it? 

Consider getting up in the winter to a cold house because the 
computer has failed to properly control the heat . Don ' t  forget how failures 
in the phone answering or security system could affect you . 

These and other functions represent very important tasks . If the 

35 
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home control system i s  to really b e  valuable , it must b e  given responsible 
tasks . If we are going to trust part of our daily activity to a computer, we 
must make sure that it can react appropriately to problems that might 
occur. 

I don't mean to imply that personal computers are not reliable or that 
software cannot be debugged completely . On the contrary , microcomputer 
systems are extremely reliable and my software has gone through consid­
erable testing . 

Even so , you never know when one of the thousands of tiny 
transistors inside just one of the chips is going to fail . You never know 
when just the right pattern of events will put the software through a 
sequence that was never anticipated .  It is unlikely that either of these 
situations will occur, but neither you nor I can guarantee that they will not . 

Furthermore , there are other potential failures that are nearly impos­
sible to predict . They all center around the power lines . No matter how 
good a power company you have in your area ,  the line voltage is 
constantly fluctuating because of changing loads like air conditioners and 
other large appliance s .  In addition , there may occasionally be large noise 
spikes on the line due to line switching at the power company , lightning 
striking a transformer,  or even a shorted vacuum cleaner at your neigh­
bor's home . To keep things simple , we will group these types of power line 
failures into two categories :  ( 1 )  lengthy failures that cause the computer 
(and everything else in your home) to be inoperative , and (2) short , but 
large fluctuations in the line voltage . 

Let's examine each of these failures .  Lengthy delays are probably the 
easiest to deal with . The Apple computer has a power on reset and special 
initialization software in its auto-start ROM. This may sound complicated,  
but it  boils down to the fact that an Apple computer will automatically 
RUN the " HELLO" program on whatever disk is in the drive whenever 
the Apple is turned on.  

Thus whenever a lengthy power failure occurs , the " HELLO" 
program will take control as soon as power is restored . To restart the 
system, we need only have two things happen . First ,  the "HELLO" 
program should perform any special initialization and then RUN the main 
home control program. The home control program then has the responsi­
bility of finding out what is going on. It has to determine if anyone is home . 
It can do that by just asking and seeing if anyone answers . You would not 
want the system to wake you in the middle of the night just to ask if you 
were home , though , so we will expect it to have some intelligence . 

The house should check the time and determine if you should be 
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asleep . If so ,  we will want it to make certain assumptions until such time as 
they can be verified .  We will discuss  the actual assumptions in later 
chapters , but I hope you get the idea. The computer has got to be able to 
intelligently restart itself anytime there is a massive power failure . 

If you have been following closely , you are probably wondering 
about the short noise spikes that might occur .. You can , and probably 
should , purchase a noise suppressor at your local computer store . Such 
devices are relatively cheap and will solve all but the largest spike 
problems . Those will , unfortunately , cause us many problems when they 
occur. 

Notice I said when , not if. With the computer controlling your home , 
it will be on 24 hours a day . Eventually , some spike is bound to happen , 
and when it does the result usually is that a few memory locations will be 
changed .  It is possible , depending on the locations changed ,  that every­
thing will continue on as if nothing had happened ; more likely , the system 
will "hang" somewhere . 

In this case the hardware is fine , but the software has failed . It has 
become insane for all practical purposes . We need some means to prevent 
such insanity from wrecking the integrity of our system. I wanted a simple 
and inexpensive method to achieve the desired results . I realize that no 
system can be perfect,  but because of the responsibility delegated to this 
system, I wanted it as failsafe as possible . 

My solution was a System Sanity Timer . Functionally , it works like 
this . The timer is nothing more than a resettable counter that is always 
counting forward from zero . If it ever gets to 1 5 ,  it will cause a system 
reset. A reset,  as we just described , will cause the system to rerun the 
home control program. Our assumption is that the counter will never get to 
1 5  unless  the software is insane . 

We will attempt to ensure this by having commands throughout the 
program that will reset the counter to zero . As long as everything is going 
well , the program will reset the counter before it reaches 1 5 .  If anything 
causes the system to hang up , the counter will time out and the system will 
completely reinitialize itself. 

Figure 7 . 1  shows the circuitry required to implement a system sanity 
timer .  A 74 1 9 1  counter chip is the basis for the timer. Any pulse on the 
load line (pin 1 1 ) will cause the counter to clear by forcing a parallel load of 
the data in , which is zero . The counter is driven from a 555 oscillator set to 
produce one pulse every 3 seconds or so .  This means we have around 45 
seconds before the counter must be reset again . 

If the switch S 1 is open,  the Apple ' s  reset line is not connected to the 
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Figure 7 . 1  A simple counter provides t h e  basis for a unique failsafe system . 

counter and the sanity timer is not functional . Since most programs will 
not reset the counter,  you will want to leave the switch open unless you 
are running the home control software . 

When the switch is closed , the sanity timer is enabled . Pin 1 3  
produces a low pulse whenever the counter reaches 1 5 .  This will reset the 
Apple and also the counter. The counter can also be cleared by pushing the 
reset button on the Apple or by pulsing the restart input . This can be 
connected to any output pin on the PIA . We will see how this is handled in 
the chapter on 110 ports . 

Under constant control of intelligent software , the system sanity 
timer makes our home control computer almost invincible . 
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A primary capability needed in our home control computer is to be 
able to manipulate lights and appliances throughout the house .

' 
There are 

many approaches from which to choose .  
One option would be to  rewire the house . Each light could be 

controlled using a relay or  a solid-state switch such as  an SCR or TRIAC . 
Not only would we have to add these devices to each circuit we wished to 
control , but we would also have to run control lines from one of the 
computer' s  output ports to each device . This approach is  certainly 
feasible , but hardly cost effective . 

As mentioned in Chapter 2 ,  the BSR System X- 1 0  remote control 
system provides the solution for us . Figure 8 . 1 shows some of the elements 
in a BSR system . Let ' s look at it now in more detail . 

The center of the system is the command console . It has 1 6  buttons to 
designate one of 1 6  lights to control and 6 additional buttons to indicate 
what should be done to the lights . These six functions are ALL LIGHTS 
ON , EVERYTHING OFF , DIM , BRIGHT, ON , and OFF . Let ' s  look at 
each function in more detail . 

The first thing you probably noticed is that the ALL ON refers to 
lights only and the ALL OFF means everything . This distinction can be 
made because the remote switches can be designated for use with 
appliances or with lights . As we will see later, this can be very beneficial in 
our home control system . 

39 
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Figure 8 . 1  Lights and appliances can b e  easily controlled remotely using the B S R  system. 

The remote switches come in a variety of packages .  The easiest to 
install are just small boxes that plug into any standard outlet,  just like a 
mechanical timer.  You may then plug a lamp or appliance into the 
receptacle on the box . For those persons not wishing to have unsightly 
boxes , there is  a BSR receptacle that can completely replace your present 
one . If you wish to control overhead lights , you may replace the normal 
room switch with the appropriate BSR model designed for that purpose .  

Each B SR remote has a concealed small switch that allows you to 
specify its operating number.  This has to be between 1 and 1 6 ,  just like the 
buttons on the command console . There is also a house code switch . Its 
purpose is to make sure you and any neighbors that also have a BSR will 
not interfere with each other' s  units . 

All the remotes ,  as well as the console , have some very sophisticated 
electronics in them.  There are no extra wires connecting the console to 
any of the remotes .  Each unit is attached only to the house wiring. When a 
button is pressed on the console , a specific high-frequency code sequence 
is injected into your house wiring . The amplitude of this signal is such that 
it will be totally ignored by normal lights and appliances .  

The B SR remotes have a special filter to trap out this special 
frequency .  Once isolated ,  the frequency is amplified and then decoded to 
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determine its content . Let's use an example to see how things are 
controlled .  Suppose the button marked 3 was pressed on the console . The 
coded signal (indicating 3)  would be added to the power lines . Every 
remote would analyze that code . Only the module that finds a match 
between its switch code and the one from the power lines will activate 
itself. 

If you were to press  several other number buttons , let ' s say 6 and 7 ,  
o n  the console , there would b e  a total of three remotes activated .  If we 
now press  the ON button,  each of the active remotes will turn itself on . 
Similarly ,  if we hold down the DIM button , they will each dim the light 
they control . For the safety of your appliances , the appliance modules will 
not respond to a DIM command . 

This product alone can provide your home with a great deal of 
flexibility . Imagine the things you could do if the computer could just press  
the buttons on the command console . B SR makes a device that will help us 
to do just  that . The command console also comes in an ultrasonic model . It 
is identical to the standard model except that it can be controlled from 
across  the room using a BSR ultrasonic controller. 

The ultrasonic controller sends coded signals to the command 
console in much the same way as some TV sets are controlled remotely . If 
we can produce the same signals as the controller, we can easily take 
control of the command console and indirectly have control of up to 1 6  
functions in the home . 

To simulate the signals from the controller, we will have to know a 
little more about them. I obtained information about the B SR signals from 
an article by Steve Ciarcia in the January , 1 980 is sue of Byte magazine . 
They are made up of short bursts of a 40-kilohertz tone . To make things 
easier, let ' s  assume that the actual code is made up of l ' s and O ' s .  A 1 will 
be 1 60 cycles of the 40-kilohertz tone followed by 4 milliseconds of silence . 
A 0 will be 48 cycle s ,  followed this time by a 6 . 8-millisecond pause . Figure 
8 . 2  shows this more clearly . 

Figure 8 . 3  shows how the l ' s and O ' s  just described can be put 
together to form the code word sent by the ultrasonic controller .  The first 

_/\ (\  (\ � LOG I C  O N E  - v 1 60 J v -==::::'.:== 

40 K H z  

__/\ (\ . 6 .8  msec 
LOG IC Z E R O - \/8 v;:;===:::=== Figure 8.2 The ultrasonic model of the 

BSR System X- 1 0  uses 40-kilohertz 

tones to represent I ' s and O ' s .  
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Part I I  

bit i n  the word will always b e  a 1 .  I t  could b e  thought of as a start bit . The 
function of this bit is  to indicate the start of a new transmission so that the 
receiving circuitry will be ready for it . 

The next five bits make up the actual code indicating which button 
was pressed .  To prevent extraneous errors due to noise on the line s ,  the 
same button code is  transmitted again but in reverse order. The end of the 
word is  marked by 640 cycles of the 40-kilohertz tone , and there should be 
at least 24 milliseconds of delay before the next word is sent . 

Figure 8 . 4  lists the five-bit codes for each B SR button . With this 
information , all we need do is  figure out a way to control a 40-kilohertz 
tone as previously described . We could do it with hardware , but I am one 
of those people who would rather resort to software . Not only is it usually 
cheaper, but I would rather change a program than unsolder and resolder 
wire s .  

I f  you own an Apple o r  know someone that doe s ,  you have probably 
heard it play music by toggling the output line going to the speaker . 
Obviously , we can produce tones in such a manner. After a few calcula­
tions , I determined that it was possible to produce a 40-kilohertz tone 
using the same technique . 

Of course , I could not use a speaker owing to its low frequency 
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Figure 8.5 An ultrasonic transducer 

allows the Apple to control the B S R  

unit . 

response .  I connected a 40-kilohertz transducer to the Apple game 
connector, as shown in Figure 8 . 5 .  The proper software can easily 
generate all the possible codes and allow the computer to control the BSR,  
and thus anything that can be plugged into an outlet . The software for 
generating the codes will be discussed further in  Chapter 20 . 
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The ability to control the telephone is a very important part of the 
home control system. The telephone is used in many of the modules .  You 
may , for example , verbally request the computer to call someone or to 
answer the phone when you are home . 

When you are not home , the house should be able to answer the 
phone and record messages without any human intervention .  You should 
also be able to call the computer and get a status report or to control lights 
in the house . If a security problem occurs , you should expect your house 
to call you or a neighbor and report the problem. 

As you can see , without the ability to control the phone , the 
capabilities of the home control system would be significantly reduced . In 
keeping with my overall philosophy , I will keep the hardware to a 
minimum. I also will use commercially available equipment whenever 
possible . This will be especially true when we actually connect something 
to the phone lines . 

The phone company has many regulations governing what may be 
connected to their lines . This may seem unfair to you since you rent the 
lines ,  but look at it from their point of view . The phone company has a 
large quantity of expensive equipment that might be damaged if you were 
to inject improper signal s .  Perhaps even more importantly , the service of 
other phone company subscribers could be impaired or even eliminated for 
a time if improper equipment is used . 

44 
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Any manufacturer may apply to the FCC for permission to produce a 
device for direct connection to the phone lines .  Since there are many 
devices on the market that are approved for direct connection , we will 
utilize them for our interface .  Although you are allowed to connect 
approved items to the line s ,  you are required to notify the phone company 
of the connection and of the FCC registration number, which should be 
included either on the device itself or in the owner' s  manual . 

The first of these devices that we are going to use is the D . C .  Hayes 
Micromodem. A modem (modulator demodulator) is a device that con­
verts the digital signals in the computer to analog tones that can be easily 
transmitted over the phone lines to another computer. In effect, a modem ' 
makes it just as easy to talk to a computer in another state as it is to talk to 
your printer .  

The reasons for owning a modem are increasing everyday . Many 
computer services are becoming available over the phone lines .  In some 
areas you may get your bank balance or order merchandise using a 
personal computer equipped with a modem . You can also subscribe to 
networks that contain enormous data bases that have the potential of 
allowing a home computer to make truly useful decisions . 

A D . C .  Hayes Micromodem can provide your Apple with all these 
capabilities .  It also has some very special features that will aid us 
tremendously in our home control telephone system. The Micromodem 
has auto-dial and auto-answer, which means that it has the firmware and 
hardware required to dial a number for you and to connect itself to the 
phone lines whenever it detects a ring . 

We will use these features whenever the home control program needs 
to call someone or to determine when the phone is ringing . Since the 
Micromodem is FCC approved for direct connection to the phone line , we 
have these capabilities without any hassles with the phone company . 

In addition to detecting rings and dialing the phone , we must also be 
able to connect a cassette recorder and player to the phone lines if the 
computer is to act as a phone answering system . Again I solved the 
problem by going to a commercially available device . The Duofone 1 0 1  is 
an electronic telephone amplifier from Radio Shack . 

The amplifier connects directly to the phone lines and allows the 
phone to perform like an intercom. Since the amplifier is powered from the 
phone lines , it can be controlled very easily from the computer. All we 
need do is replace the on/off switch on the Duofone with the contacts of a 
relay . Anytime the computer wants the amplifier on,  it only needs to 
activate the relay . 

Since the amplifier provides intercom-type operation , all our phone 
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company interfacing i s  solved . The computer can monitor the Micromo­
dem to determine if the phone is  ringing . If you are home , the Duophone 
can be activated so that you can talk from anywhere in the room. 

If you are not home , the computer can activate the amplifier first and 
then the cassette player .  The player would play a 30-second endless  loop 
tape with a message for the caller . At the end of the tape the computer 
should turn off the player and start the recorder . As long as someone is 
talking , the recorder should be left on . 

To perform all the functions just mentioned , we will need to build 
some special hardware . Figure 9 . 1 shows the circuit we will need .  We will 
use three of the game connector outputs to control the telephone amplifier 
and the two tapes . 

The 7404 inverters are used to buffer the game connector outputs .  
Each inverter controls a relay b y  turning on or off a transistor. The 
telephone amplifier relay should have its contacts substituted for the 
amplifier' s switch . 

Most cassette recorders have a remote jack next to the microphone 
jack . The relay contacts should be connected to plugs that will mate with 
the remote jacks on the recorders . When they are plugged in and the play 
and record buttons are depressed,  your computer will have complete 
control of both tape machines . 

Controlling the telephone amplifier and the tape recorders is essential 
for our system , but it is not enough.  If the computer is to know when to 
hang up on a caller, it must be able to " hear" when the call is over. Figure 
9 . 2  shows a circuit to give the computer ears . 

You might be wondering why we just don ' t  use the Speech Link for 
this purpose . There are two reasons . First ,  the Speech Link is connected 
into the computer by way of a wireless  mike and is  not active unless  the 
wireles s  mike is on . Second , we do not need to know what words are 
actually being said . If we can just determine if there is a changing sound 
present , we will have all the information that we need . 

The circuit of Figure 9 . 2  is essentially the same as the one found in 
Chapter 4 except that a crystal microphone is used as the input . As long as 
a sound is present , the game connector pin will be a logic I .  The 200K 
potentiometer can be used to control the sensitivity . 

If we place the crystal microphone in front of the telephone amplifier, 
someone leaving a message will cause the game connector pin to alternate 
somewhat randomly between a I and a 0. If the person does not say 
anything for a period of time , the input will remain 0 .  If the person hangs 
up and produces a dial tone , the pin will remain high . 
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The home control program will sample this input pin on the game 
connector and determine when to hang up on a caller that is leaving a 
message . This completes the principal hardware required if the home 
control program is  to take charge of your phone . The only thing left out is 
the ability to control your house by calling from a remote location . This 
addition will be explored in Chapter 1 1 .  



T�B 1'11B��..,�· 
Sys1Bm 

As was mentioned earlier, the majority of the home control system is 
sequential in nature . Each task is  usually completed before the next is  
started . Some tasks , though , such as watching for movement throughout 
the house , require that the controlling module be running at the time of the 
event that is  being monitored . 

The Apple ' s  microprocessor is a 6502 , and it , as well as other 
microproces sors , has an interrupt line . Actually , the 6502 has two inter­
rupt line s ,  a nonmaskable (NMI) and an interrupt request (IRQ) . My 
system will use the IRQ . When this line is  pulsed low , the 6502 will 
abandon the program that it is presently running and jump to a second 
program. When the second program is complete , the original program is 
continued as if nothing had happened . 

The program to handle the special events that cause interrupts will be 
covered later, but right now we want to look at the hardware required to 
generate the interrupts at the appropriate times . To better understand the 
requirements of this hardware , we need to examine each event that will 
cause an interrupt .  

One such event is the movement of  people throughout the house .  We 
will detect this movement by using strategically placed switches under the 
carpet . Refer to Figure 1 0 . 1 to see my switch arrangement , which handles 
four rooms . Anytime someone walks from one room to another, the 
person will step on two of the switches .  The first switch pressed indicates 
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Figure 10. 1 Under-the-carpet switches 

tell the computer about the movement 

of people in the house . 

the room the person came from and the second switch tells the computer 
which room was entered .  

You can buy pres sure-sensitive switches for this purpose , but I found 
it cheaper to make mine by attaching tape switch to a 1 2-inch square of 
aluminum. Tape switch looks like a thick piece of tape , but it has two 
conductors that touch whenever a few pounds of pressure is applied .  You 
can decrease the sensitivity by placing a sheet of foam rubber between the 
aluminum and the floor . This will make sure that pets will not activate the 
switches .  

If you do not have carpet , you can still utilize the home control 
program, but your switches will be much more expensive . Instead of a 
physical switch at each doorway , you will need some kind of beam and a 
way to detect if it i s  broken . You could use either a light or an ultrasonic 
system, depending on your preference . 

Regardles s  of what type of switch arrangement we use , we will need a 
means for the computer to determine both when a switch is pressed and 
which one it is . If we were to connect each of the four switches to four bits 
of an eight-bit input port , the computer could read that port and determine 
which was pressed .  If the system could constantly monitor the port , it 
could also tell when a switch was pressed .  

Such monitoring would require so much attention that the system 
would not be able to get much else done . If we could somehow generate an 
interrupt whenever any of the switches i s  pressed , then the main program 
would not have to keep checking and the interrupt program could easily 
determine which switch caused the interrupt by reading the input port . 

Figure 1 0 . 2  shows a circuit that will solve our problems .  As you can 
see from the drawing , there are eight switches instead of the four we have 
been using . More on this later.  Each switch is  connected to a network of 
two resistors and a capacitor that helps eliminate bounce (noise) that 
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Figure 10.2 Internal and external movement switches are connected to a computer port , as 

well as to the interrupt line . When an interrupt occurs , the port can be read to determine the 
exact cause . 

occurs when mechanical contact is made . This network also ensures that 
even if a switch is held closed for extended periods of time the pulse 
generated will be only momentary . 

All the inputs are sent to the input port . They are also functionally 
ORed together using a NAND gate and an inverter . If any switch is closed , 
the 555 monostable multivibrator will be triggered . It will produce a short 
pulse ,  which is inverted again and sent to the Apple ' s  interrupt line . 

Whenever any switch is stepped on,  an interrupt is generated . This 
will cause the interrupt program to be run . This program, which is 
discussed in Chapter 20 , will read the port and utilize the information 
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obtained to determine the actual movement . Once the system determines 
which lights should be altered ,  it will produce the required ultrasonic tones 
to activate the BSR console . 

The remaining four switches are intended for use in the security 
system. A closure of any of these switches will also run the interrupt 
program. If it determines that it was one of these switches that was 
pressed , the program will set and clear some · memory locations that 
BASIC can PEEK at to determine what security problem has occurred . 

One of my security inputs is connected to magnetic reed switches on 
the doors . Since the doors are heavily deadbolted , activation of these 
switches will imply that the owner of the house has returned . A second 
input is connected to window switches in series so that any open window 
will activate the pin . Such a signal will indicate that someone is entering 
the house without proper authority .  

My third security input i s  used to indicate movement outside the 
house . Many commercially available sensors can provide such an indica­
tion .  The least expensive are usually infrared beams or ultrasonic move­
ment detectors . If you wish to spend a little more , there are devices that 
react to body heat . The actual type of sensor or sensors you use should be 
based on the physical conditions around your house . 

The fourth and last input for the security port is simply labeled 
miscellaneous and generally is not used in the system described in this 
book . Activation of this input will set a flag so that your software can react 
as you see fit . A potential use for this input that I am exploring is a 
driveway sensor. This would allow the system to determine when a car 
enters or leaves the driveway . 

As with most of the hardware in the home control system, the real 
potential will not be apparent until the software is explained . We will soon 
see how the software can utilize the limited information gained from a few 
switches and create a system that can react intelligently to movement both 
inside and outside the house . 



T�B TU'1B 
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In Chapter 9 we discussed most of the telephone system . The only 
capability left out in that chapter was the ability to control lights and other 
items in the house when you are away by calling your home computer. 

To provide a simple means to communicate with the computer by 
phone , we will need some special hardware . We cannot use the Speech 
Link system for two reasons . First ,  the Speech Link is  connected through 
the radio receiver and would not be able to listen to phone conversations .  
Second , the distortion and noise o n  the phone line make the Speech Link 
much less effective . 

This does not cause us any real problems . We just need to analyze 
our needs .  The first thing the system must be able to do is to recognize the 
difference between a standard caller trying to leave a message and you 
wishing to control something in the house or wanting a status report . 

Your system must also be able to understand what you want once it 
has determined it i s  you calling . Without the luxury of using a speech 
recognition system ,  we must severely limit the commands that we expect 
the system to understand . One of my initial ideas was to use the tones on a 
push-button phone . Each tone was to be used as a separate command . It 
sounded like a good idea until I tried building the required tone decoder. 

It turns out that such a tone decoder i s  either very unreliable or more 
expensive than I was willing to accept . My next step was to consider 
decoding only two tone s ,  in order to keep the cost down . One of these 
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tones would be used to answer 'yes " and the other for " no . "  I figured that 
the system could ask the proper questions ,  using the speech synthesizer ,  
and I could answer either yes or no . 

It occurred to me that the system really did not need to be able to 
recognize 'yes"  and " no . "  Just "yes" would be enough . A "no" would 
simply be the absence of a "yes . "  I also decided that if I used a short tone 
sequence rather than the tone itself I would be a:ble to recognize a " yes"  
using the sound detection hardware covered in  Chapter 9 .  Some software 
would be required ,  but the thought of avoiding additional decoding 
hardware was very appealing . 

We will need one piece of additional hardware , a tone sequence 
generator .  One of my objectives for the design of the generator was that 
the code could be easily changed .  I might want to change my own code 
from time to time , and I felt certain that anyone duplicating my system 
would want a code of his or her own . 

Let ' s  look at the circuit I finally arrived at . It is shown in Figure 1 1 . 1 .  
It is made of two 555 timers acting as oscillators , an eight- switch DIP , and 
a 74 1 65 shift register .  The principle of operation is really rather simple . We 
want the speaker to produce a sequence that the computer can detect . 
Figure 1 1 . 2 shows a pos sible sequence . 

There is a short burst of tone first , followed by a pause .  The second 
burst is a little longer than the first .  The length of time required for the two 
bursts and the pause is labeled I ,  J ,  and K .  It will be the responsibility of 
the detecting software to measure these lengths and compare them to a 
predetermined sequence for " yes . "  Any other sequence will be taken for 
the word "no . " 

The circuit of Figure 1 1 .  l is used to produce the desired sequence . 
The 555 timer on the left outputs a tone from pin 3 to the speaker .  This 
tone can be turned on or off by placing a logical 1 or 0 on pin 4. This 
controlling signal will come from the serial output of the eight-bit shift 
register .  The on/off sequence of the tone will be equivalent to the one/zero 
pattern in the shift register .  The second 555 timer is used to clock the shift 
register .  It will run much slower than the first timer.  

The actual frequencies of the two timers are not critical . The software 
can adapt to almost any reasonable combination we wish to use . The 
leftmost timer should produce a tone within the bandwidth of the phone 
lines .  Somewhere between 1 000 and 2000 hertz is ideal . 

The second timer needs to be slow enough to create a recognizable 
sequence , and yet fast enough to complete the entire sequence within a 
second or so . This implie s a frequency of 5 to 1 0  hertz . The fact that your 
frequencies are different from mine will just help make your system more 
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Figure 1 1 .2 The switch settings (see Figure I I .  I )  produ�e a tone sequence as 

shown . The computer will measure the times and store the relative results in the 

variables I, J, and K. 
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secure . In addition to the frequencies , though , we will want to have 
control of the tone sequence . 

The sequence ,  remember, is reflective of the pattern in the shift 
register. When pin 1 on the shift register is pulsed low, the shift register is 
loaded with the data controlled by the eight dip switches .  The open 
switches will produce a tone . Likewise,  closed switches will cause a 
pause . 

Any pattern can be detected , but my software will expect a tone , a 
pause , and another tone . The length of each of these can be easily varied 
by the setting of the DIP switches .  As we will see in later chapters , the 
software can be easily modified for any size of tones and pauses . It will 
even be easy to have another pause and a third tone if you wish .  

I use four AA cells as my power supply . If  you use a small speaker , 
the entire generator will fit easily in the palm of your hand . To use it, just 
hold the unit so that the speaker is close to the telephone mouthpiece and 
press the push button .  The tone sequence , when played , will be " heard" 
by the computer at the other end of the phone line . 

As mentioned earlier , the circuitry used to allow the computer to 
" listen" will be the same circuit described in Chapter 9 .  The circuit was 
used there to determine when a caller stopped talking so that the computer 
could hang up at the end of the message . As you remember, the circuit 
worked by sending the computer a logic 1 whenever the sound level 
exceeded a preset threshold . 

This same capability is all we need for the tone detector. When the 
tone sequence is played over the phone , it will trigger the sound detector. 
The software can monitor how long each tone and pause lasts . These times 
can be compared to see if they are within tolerance . For these measure­
ments to be valid ,  the computer must know when to start taking readings . 

The computer will not continually monitor the sound detector for the 
presence of the tone sequence . The first time it watches for the sequence 
will be when the caller starts to record his or her message . If the sequence 
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i s  not the first sound heard , the system will as sume i t  i s  a standard call and 
process it appropriately .  

If  the sequence is  detected , though , the recorder will be turned off 
and the computer will communicate using the speech synthesizer. It will 
'
ask if a status report i s  desired .  If the next sound conforms to the proper 
tone sequence , the computer will interpret it as a " yes"  answer . Any other 
sound will be a " no . "  The most obvious sound to use for " no" is to 
actually say " no . " Of course ,  any word , even "yes , "  would be interpret­
ed as a negative response since it will not match the expected tone 
sequence . 

After the status report the system will continue to ask questions and 
act on the answers accordingly . We will see later that the software will ask 
the questions in a manner that will provide easy remote control of the 
home . 



1'1LJet/CletLJet 
(I/Cl) '1CJ�ts 

In previous chapters several devices were connected to a computer 
using some form of parallel input or output port . There are many such 
ports on the market ,  but I chose to build my own . Even if you plan to 
purchase your ports , this chapter may be of value to you as it discusses the 
general software required to transfer data to and from a port . 

To begin with , you need to realize that a port is nothing more than a 
memory location made up of discrete components .  Let ' s  look at an 
example .  Each memory chip in the Apple contains 16 , 384 memory cells . If 
these cells were made out of individual gates or flip-flops ,  you could attach 
wires to the flip-flop (F/F) outputs . If that wire controlled a transistor , 
which in tum controlled a relay , then external devices could be turned on 
and off by simply storing a I or 0 into that particular memory cell . 

Using similar reasoning , external switches could be connected to the 
set and clear inputs of a flip-flop cell . Software could easily b,e used to read 
the state of that cell and thus determine the state of the external switch .  
This simple example should demonstrate that there is  nothing mysterious 
about 1/0 ports . 

Of course , we don ' t  build memories out of discrete flip-flops .  Not 
only would such memories be very expensive and consume much more 
power than LSI memories ,  but they would also take up much more space . 
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I n  addition,  all the discrete wtring would provide potential faults and make 
such a system les s  reliable . 

We can build an output port using F/Fs if we wish .  We would need 
one F/F for each data line . Whenever the 6502 executes a STORE 

.instruction to a particular addres s ,  the address  and data lines will 
s imultaneously hold the data and the addres s  of where those data are to be 
stored .  All we need do is  to detect or decode the proper address  and use 
that s ignal to gate the data into the flip-flops at the end of the cycle . 

It is equally simple to build an input port . Whenever the processor is  
reading from a given address , it expects to find the proper data on the data 
bus . If we again detect the appropriate addres s ,  we can use that signal to 
let the data on the bus . This enabling will usually be done using tristate 
buffers . When enabled ,  the tristates transfer their inputs to their outputs , 
and when disabled the outputs have an infinite impedance .  

Figure 1 2 .  l shows simple output and input ports fo r  an Apple 
computer. The addres s  decoding for the Apple is  simple because 1 6  
addresses  have already been partially decoded fo r  each slot o n  the mother 
board . Any of these addresses  will activate the device-select pin on the 
slot . In this case we have not decoded the device-select any further.  This 
means that any of the 1 6  addresses  could be used when addressing either 
the input or the output port . A decoder chip could have been used to allow 
15 more ports to be added to this one slot . The read/write line is  used to 
determine whether we are reading from or writing to the port . 

You can certainly use I/O ports like those just discussed . There are 
chips on the market , though , that offer several advantages over construct­
ing the port out of discrete gates and F/F s .  These chips are called PIAs 
(peripheral interface adapters) and VIAs (versatile interface adapters) . 
Since we don ' t  need the advanced features found in VIAs , let ' s  examine 
how to build a port using a PIA . 

The 6820 PIA from Motorola has all the buffering and tristate 
capabilities built in . It has six registers , of which two are used as the actual 
input and output ports . The decoding required to select one of the six 
registers is  unique , as we will soon see , and is  also built into the chip itself. 

Another advantage of the PIA is that the pins of each eight-bit port 
can be individually programmed to be either an output or an input . This 
makes it extremely flexible and adds to the usability of the ports . Figure 
1 2 . 2  shows an I/O design for an Apple that will give you four 8-bit ports , 
any of which can be either input or output . 

The 7442 is  a decoder chip that aids in the selection of one of the 1 6  
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addresses reserved for each Apple slot . Any of these addresses will 
activate the device select , which in tum activates the decoder. 

Once enabled by the device select , the decoder uses address lines A2 
and A3 to force one of its pins ( 1 ,  2, 3 or 4) to go low . These pins can be 
used to enable four additional devices .  Each device may have up to four 
addresses , which should be selected with AO and A l .  

Two of the four possible devices will be P�As . Pin 2 selects the top 
PIA, while pin 3 enables the bottom PIA . Each PIA requires four 
addresses for acces s  to its internal registers . AO and A l  are used for this 
purpose . These internal registers will be discussed momentarily . 

This leaves two pins for other devices .  Pin 1 i s  used to restart the 
system sanity timer.  This failsafe system was explained in Chapter 7 .  
Since w e  did not u s e  the lower two addres s  lines i n  this case ,  there will be 
four different addresses  that will restart the sanity timer.  

The last pin , pin 4,  can be used for expansion if you want to 
experiment. It can handle any device with four addresses , so you could 
easily add another PIA or even a serial port , using something like a 6850 
communications chip . 

For full use of the 6820 PIA chips ,  you should consult a Motorola 
specification sheet. I will only discuss  the necessary information required 
for using the PIA in the context of the home control system . 

There have been many needs in previous chapters for a parallel 1/0 
port . The system clock , for example , needed a full port and one pin from 
another . The interrupt system also needed an eight-bit input port . My 
voice output system used a serial port , but your particular choice might 
require a parallel port . In all these case s ,  you can utilize one of the PIA 
ports just described . 

As I have mentioned,  there are four addresses used for each PIA . 
Since I also stated there are six different registers in the PIA , you should 
be wondering how they all can be accessed . To explore this more 
efficiently,  we need to realize that each PIA has two separate ports . They 
are referred to as port A and port B .  There are two addresses and three 
registers used for each .  

Let ' s  examine port A for a moment . One address  is  for the control 
register . Most of the bits in this register are used to control the handshake 
lines . Since these lines are not used in the home control system, they will 
not be discussed here . There is  one bit in the control register , however, 
that we will need to use . It allows the second address for port A to access 
either one of the two remaining registers . 

The important bit we are dealing with is data line 2 or D2 . The data 
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lines are labeled from D O  through D7 , where D7 i s  the most significant bit . 
When D2 is  set to a 1 in the control register , the second addres s  of port A 
becomes the I/O register. If bit D2 is cleared in the control register, the 
second addres s  provides acces s  to the data direction register (DDR) . 

The DDR provides the PIA I/O port with its flexibility . Each 
individual bit in the DDR controls whether the corresponding bit in the I/O 
register is  to be used as an input or an output . A 1 indicates an output pin 
whereas a 0 represents an input . The eight pins of the I/O port can be made 
all inputs , all outputs , or any combination that you require . 

The software must initialize the DDR before it tries to use the I/O 
registers . We will see how this is done in Part III when we explore the 
programs that make up the home control system. You can use any 
commercially available I/O board as long as you follow the instructions 
provided for its use . You may also use an I/O port instead of the Apple 
game connector . This would be required if you prefer to keep your paddles 
connected or if you are using some computer other than an Apple . 

This completes our discussion of the hardware required for imple­
menting the home control system . Part III will cover the software that will 
bring the hardware to life . 
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We are finally to the software , the heart of the home control system. I 
hope you have read the previous two parts of the book first. I realize the 
tendency ,  especially for those of you that detest hardware , will be to begin 
your reading here . Even if you are not planning to actually computerize 
your home and are just reading for information , I urge you to start at the 
beginning . 

I think my treatment of the hardware has been straightforward . I tried 
not to get bogged down in detailed discussions of transistors and integrated 
circuits . You should have found my discussions informative and easy to 
follow . I have tried to center the discussion around what the hardware is  
going to do for the software . And that i s  exactly why reading the book in 
order is  important . 

In this chapter I have several objectives in mind . First ,  I want to 
make sure you understand the principles of structured programming . 
Second , I want to show you the flow charting symbols I will be using in the 
chapters to follow.  And , last ,  this chapter will serve as an overview of the 
total software architecture of the system . A thorough understanding of 
how the home control program is  organized is  very important if the 
remaining chapters are to be easily digested . 

Structured programming is the best thing to happen in the computer 
industry in a long time . It has turned programming from an art into a 
science . You hear all sorts of key words and phrases in a discussion of 
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structured programming . Two of the most important are modular and top 
down design . 

Actually ,  structured programming is  really so logical that after you 
have been exposed to it you will probably find it very simple and obviou s .  
'.fhe real key t o  building a structured program is  t o  plan the entire program 
completely before any code is written . To plan completely ,  you must fully 
define the problem . 

In the past two sections of the book, I have tried to define the 
problem of home control , or at least my approach to it . Since the problem 
has been broken down into its fundamental parts , it will be easy to write 
the program in modules  called subroutines . Each subroutine will solve the 
problems found in each of the fundamental parts . 

This principle of structured programming does not stop here though . 
Each subroutine should be further divided into simpler problems that will 
also be solved by additional subroutines .  And those subroutines can be 
further divided ,  and so on . This proces s ,  starting at the top and working 
down , should continue until the tasks to be solved are trivial . 

Figure 1 3 . 1  shows the symbols used to indicate tasks . Simple tasks 
are represented by just a box . If the box has vertical lines on each side , it 
indicates a subroutine . The subroutine boxes should be described in more 
detail by using a separate flow chart . A slanted box indicates an input or 
output operation . 

The proces s  previously described will yield a program made up of 
fundamental actions that are linked together to build larger and more 
complex actions . This linking is  accomplished with logical control struc­
tures .  We will call these constructs for short . Figures 1 3 . 2  through 1 3 . 5  
show the primary constructs w e  will b e  using . Modules A ,  B ,  and C 
represent tasks and are used for example purposes only . 

The IF-THEN-ELSE construct i s  used to decide which of two 

P R OCESS 

O R  TASK 

I N PU T  OR 

O UTPUT 

P R OCESS 

S U B R O U T I N E  
Figure 13. 1 These symbols will be 

used to identify functions in the home 

control flow chart s .  
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modules ,  or groups of modules ,  i s  to be executed based on some 
condition . Many B ASIC interpreters have such a statement . Applesoft 
only has an IF-THEN , but it can be used along with a GOTO to perform 
the IF-THEN-ELSE .  

A special case o f  the I F  statement occurs if we wish to d o  one of 
several things depending on the value of some variable . Figure 1 3 . 3  
describes such a situation using I F  statements .  Figure 1 3 . 4 shows the 
much easier to follow construct, the CASE of X. In both of these 
situations ,  module A is  performed if X = 1 ,  module B is  performed when 
X = 2, and module C is  performed when X = 3 .  

Some of the most powerful constructs are based on a loop structure . 
There are three forms of loop s .  These are the WHILE , the UNTIL , and 
the ITERATE loop . Although any of the three loops can be created using 
only IF and GOTO statements , Apple BASIC only has ITERATE loop s .  
Applesoft implements them using FOR/NEXT statements .  T o  keep things 
as simple as possible for the reader,  I have chosen to use only ITERATE 
loops in this book . The symbol I will use for a loop is  shown in Figure 1 3 . 5 .  
The dotted line i s  shown here only for clarity . Normally i t  will b e  omitted .  

The architecture of the home control program is going to be top 
down , as I have described . At the bottom of the pyramid of tasks will be 
those that are very basic and fundamental . As it turns out , these 
fundamental tasks are very important for several reasons . 

They are important primarily because they form the center core of the 
program. Knowing how they work will provide you with a true under­
standing of how larger tasks can be created by linking smaller ones 



68 

B E GIN 

END 

B E GIN 

A 

B 

c 

The Software Part I l l  

Figure 13.3 The IF-THEN-ELSE can 

be used to select more than just  two 
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Figure 13.4 Special constructs provide 

diagrams that are easier to read and 

follow than combinations of IF-THEN­

ELSE blocks . 
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Figure 13.5 To keep the flow charts 

from looking like spaghetti , loops will 

be drawn as shown, but without the 

dotted line . 

together . They are also important because they provide an easy means to 
transfer the home control program to a system other than an Apple 
computer. 

Examples of the fundamental tasks are dialing the phone , recognizing 
a spoken word , pausing for a specific period of time , and pushing a button 

L I N E  N OS .  
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Figure 13.6 This table summarizes 

where each module in  the home control 

program i s  located .  
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o n  the B S R  unit . Each of these routines i s  very short and is  explained 
individually in Chapter 1 4 .  If any of the major modules wishes to perform a 
fundamental task ,  it simply calls that subroutine . If your computer or 
peripheral operates differently than mine , you can change the appropriate 

· fundamental subroutines and have the program working on your system 
with minimal effort . 

Figure 1 3 . 6  shows the line numbers reserved for different areas of the 
home control program. The main program lies between lines 1 and 99 . The 
fundamental subroutines occupy from 1 00 to 999 . The major modules are 
each given 1 000 possible line s .  There is nothing special about my choices 
in this matter. Other line numbers could just as easily have been used . 

In addition to the BASIC program, we will also need a machine 
language program to proces s  interrupts and an area of memory to store the 
vocabulary templates for the Speech Link . Both of these situations will be 
discussed in detail in later chapters . At this point , however, you can refer 
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Figure 13.7 This memory map shows 

where each section of the home control 

program resides .  Note that the normal 

Apple LOMEM has been altered to 

make room for special programs and 

data . 
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to the memory map in Figure 1 3 .  7 to see the areas of memory reserved for 
different parts of the home control system . 

You should now have a good overview of how the software is  
organized . The main program consists primarily of a few GOSUBS that 
call the major modules in the proper order . These major modules use 
constructs to link together the fundamental tasks in such a manner that an 
intelligent system is  created .  In the next chapter we will look at the 
fundamental tasks in detail . 
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A primary task i n  the home control system i s  one of the fundamental 
functions used to build larger modules . These simple , almost trivial actions 
form the foundation of the entire system . The tremendous power of the 
home control program comes from the intel ligent linking of subroutines 
that perform the actions required to solve trivial tasks . 

In this chapter I wish to cover all the primary tasks in considerable 
detail . A good understanding of these tasks and how the computer 
performs them will aid you greatly when we look at the major modules in 
later chapters . The name of each task and its starting line number were 
given in Figure 1 3 . 6 .  The actual program listings can be found in Appendix 
A. Let ' s  look at each of them separately . 

The first module , as its name implies ,  checks to see if the phone is  
ringing . Anytime the main program wants to know such information ,  it  will 
call this subroutine . This subroutine , as well as several others , will use the 
variable YES to pass status information back to the calling program. In 
this case , when the program returns , the variable YES will equal a 1 if the 
phone is ringing and a 0 if it is not . 

As previously mentioned ,  you can refer to Appendix A to see the 
code for this module . It begins at line 1 00 .  As you can see , it is  very short ,  
so short in  fact that no  flow charts will be used to  describe this or  any of 
the fundamental tasks . The subroutine is very simple . First ,  the phone is  
assumed not to be ringing , so YES is set to 0 .  A FOR loop causes the 
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system to check a location of the Micromodem card 30 time s .  The variable 
RING has been set equal to the actual addres s  of this location. 

This Micromodem location is  special . It was designed to contain a 
number smaller than 1 28 whenever the phone is ringing . The program 
checks for such a situation and sets YES equal to 1 when it exists . 

At this point , I hope you are thinking , " Boy , he wasn' t  kidding when 
he said the fundamental tasks would be siinple . "  Remember, if you 
happen to be using a different commercial device for detecting a ring , you 
will need to change this routine . Once that is done , any module that needs 
to know if the phone is  ringing will GOSUB 1 00 and check the value of the 
variable YES upon return . 

If you do not wish to buy special hardware , you should refer to back 
is sues of such magazines as Byte , Microcomputing , and Micro. These 
magazines are filled with many interesting and informative articles that can 
aid those of you that wish to design and construct circuits of your own . Of 
course , my hardware chapters have given you some ideas , but I suspect 
many will wish to alter my initial ideas to match particular objectives .  

You should also check the book section of your local computer store . 
There are many books available on subjects ranging from telephone 
projects to interfacing the Apple computer . I point all this out because you 
should now realize how simple it is  to adapt my program to any hardware 
you might have or want to build . 

For completenes s ,  I should discuss  the magic number 128 .  Many 
peripheral input pins , such as the location RING and the Apple game 
connector input pins , are each connected only to the most significant bit of 
an input port . The remaining 7 pins are left unconnected and therefore 
appear to be random 1 ' s and O ' s  when read . Any external event forcing the 
most significant bit to 0 will appear, when read , as a number smaller than 
128 ,  no matter what state the rest of the bits are in .  

The second fundamental task i s  to check for a changing sound from 
the microphone and its associated amplifier discussed in Chapter 9. This 
subroutine also pas ses its answer in the variable YES ,  like the ring 
detection module . It is not quite as easy though to detect a change as it is a 
simple presence . 

The problem is as follows . U sually , when no one is talking , the input 
pin will be zero . For example , if someone called and just quit talking , the 
input pin would stay low . If they hung up , though , the dial tone would be a 
continuous sound that would result in a 1 on the input pin . To ensure that 
someone is still talking , the computer must check to see if the input pin is  
alternating between 1 and 0 .  

To do thi s ,  the subroutine starts by as suming there is no change , 
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which again means that YES i s  set t o  0 .  The location SOUND has been set 
to the addres s  of one game connector input pin . Depending on whether 
SOUND contains a number greater or less than 1 27 ,  the temporary 
variable S(6) is set to a 1 or a 0 .  For a couple of seconds the system loops 
and checks to see if the location SOUND still contains the same informa­
tion. If it does not , a change has occurred and the variable YES is set to 1 .  

This subroutine does not return as soon as it detects a sound , but 
always checks for the same period of time . This will provide an easy 
means to monitor how long a call i s  taking . U sing this information , the 
phone module (Chapter 17) can easily impose a maximum limit on the 
length of recorded message s .  The listing for this fundamental task,  as for 
all the others , is  in Appendix A .  

There are two delay routines ,  one at 200 and another at 400 . Let ' s  
look at both of them now. The one at 200 will delay a number of seconds 
equal to the contents of the variable SC .  It performs this task by setting up 
the variable DE and calling the general-purpose delay routine at 400 . 

You might be wondering why I did not use the clock for these 
routines . For many situations the clock would be excellent . Remember, 
however, that my clock is  only accurate to 1 second . The delay at 400 is  
accurate to one cycle of the FOR loop , about 1 /400 of a second . This 
accuracy was needed to time the 30-second message tape . If the tape 
stopped a half-second early each time , it would not take many phone calls 
to have it starting up in the middle of the message . 

There i s  one line that I did not mention in the explanation . It PEEKs 
at the location SANITY . This statement will occur throughout the home 
control system . Its purpose i s  to reset the system sanity timer as discussed 
in Chapter 7 .  

At line 250 we have a subroutine that checks for the special tone 
sequence described in Chapter 1 1 .  The principle of its operation is  not very 
difficult . The program monitors the same microphone as the subroutine at 
line 150 ,  which detects sound changes .  The difference is that this module 
will measure how long the first sound , the first pause , and finally the 
second sound last .  The relative lengths of these three periods are stored in 
the variables I, J, and K. This is  done in lines 262 through 286 . 

At line 292 the measured values are checked to see if they are within 
tolerance of the code values .  If they are , then YES is set to 1 ;  otherwise it 
is  set to 0. The lines prior to 262 are used to wait for a sound to start . If it 
does not start within a few second s ,  the subroutine will return with YES 
equal to 0 .  

The PRINT statement at line 293 i s  not required fo r  normal operation . 
If you are changing your code or starting up your system for the first time , 
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you may use this line to help you decide on your ranges for I ,  J ,  and K. The 
easiest way to do this is to simply call your computer while you are out 
running an errand and play your tone sequence . Since it will not match,  the 
computer will hang up on you ; but when you get home , it will have printed 
the values it found on the screen and you can alter lines 294 through 298 . 

The Say a Message module at line 300 may appear to be long at first ,  
but  the program itself i s  really very short . Mos't of the listing is made up of 
the message s .  To use the message module , you need only to set the 
variable MESSAGE equal to a number between 1 and 64 and call this 
subroutine . Not only will the corresponding message be said , but the delay 
routine will be called to force a pause so that the message and the program 
will stay in sync . 

This need to stay in sync may not be very obvious , so let me discuss  it 
further.  Suppose the computer asks you a question such as , " What do you 
wish me to do to the floodlights ? "  You would be expected to respond by 
saying either "Turn it on" or " Shut it off. " 

Once the computer has sent the message to the speech synthesizer , it 
will then enable the speech recognition unit in order to hear your reply . If 
the system begins " listening" too early , it will hear itself talking . This is 
possible because of the buffer in the voice synthesizer . If the wait is too 
long , you might begin speaking before the system is ready to listen . The 
solution to this problem is  to have the computer pause whenever it speaks 
for just the right amount of time . 

Line 303 is used to enable the speech synthesizer. Depending on the 
variable MESSAGE,  one of the print statements will send a phrase to the 
synthesizer . If MESSAGE is 1 ,  line 3 1 1  will be executed.  If MESSAGE i s  
2 ,  line 3 1 2  will be spoken . Each print statement must end with a RETURN 
in order to send the program flow back to line 306 . 

In line 306 the variable SC is set to an element in the array MT . The 
variable MESSAGE is used to select which element is to be used . Each 
element in the array has been initialized to equal the number of seconds 
required to say each corresponding message . When the subroutine at 200 
is called , a pause of SC seconds will be generated . Note that the delay 
routine we are using is  also one of the fundamental tasks . 

By reading through the message s ,  you can see the phrases that my 
house can say . You can easily customize these to give your home the 
personality you desire . If you wish , you can add additional messages in 
lines 365 through 374 .  If you need more than ten additional messages to 
customize your home , you will have to expand line 305 . 

The last thing done in this module is to turn off the speech synthesizer 
using a PR#O command . 
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The next task is  t o  initialize Speech Link . The Speech Link voice 
recognition system needs to have memory set aside for work space . It also 
needs to know where the word templates are stored . Once all this has been 
done , a control " I "  must be sent to the slot holding the Speech Link 
board . 

If you own a Speech Link , you can get a full description of what is  
happening in this module from your manual . If you are using some other 
recognition system, I will not bother you with the details about mine . 

The subroutine at line 450 checks to see if the wireless  mike is on . It 
looks at the Apple game connector pin that is  connected to the wireless 
mike (see Chapter 4) and sets the variable YES equal to 1 or 0 depending 
on the value found . Whenever the wireless mike is  off, the RF radiation 
from my early model Apple keeps the input pin high , which means that the 
reading will be 1 28 or greater .  If the mike is  turned on, the receiver locks 
onto the carrier, and the reading will drop to 1 27 or lower. Because of this , 
I can get the computer ' s  attention by just turning on the microphone . 

If you are using a later model Apple or any computer that is well 
shielded,  or if you have a different type of wireless mike than mine , you 
may have to alter this routine somewhat , although I doubt it .  If you should 
need to make changes ,  you will just have to experiment a little with your 
equipment . In general , though , if my subroutine is  not suitable , the Check 
For Sound Change routine at line 1 50 should work if the variable SOUND 
is replaced with the variable VOICE . Copy it at line 450 and make the 
appropriate changes .  

Don ' t  forget that the sensitivity of the hardware discussed in Chapter 
4 can be varied using a potentiometer.  

At l ine 475 there is  a subroutine to perform another fundamental task .  
In this case i t  loads a two-dimensional array from disk . This array contains 
the time table information that the main program will use to control the 
automatic actions preprogrammed by you . A complete discussion of the 
contents of this array will come later .  The listing for this subroutine is 
relatively short . The variable D$ is equal to a control "D" as required by 
the Apple for recognition of disk commands .  

We need to skip ahead just a little i n  the program listing to the module 
at line 750 . This routine utilizes a machine language program (details in 
Chapter 20) to " push" a button on the BSR unit . To use this subroutine , 
the variable B U  should be set to the appropriate code for the button 
desired.  The codes were listed in Figure 8 . 4 .  

The subroutines at 500 and 525 are used t o  turn things O N  and OFF 
using the telephone . They both use other fundamental tasks to help 
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perform their functions . These subroutines are only called if the main 
program has determined that something is  to be controlled . Let ' s  look first 
at the Tum On By Phone module . 

The program immediately goes to the subroutine at 540 . U sing the 
Say Message task ,  the computer will say ,  ' ' Give me a yes to each valid 
device " (message 38) . A FOR loop is  then used to say the seven items that 
my program can control from a telephone . After each is said , the caller can 
respond by saying the word " no "  or playing the proper tone sequence for 
a ' ' yes . ' '  The subroutine at 250 is used to check for the code . If a YES was 
given (YES = 1 ) ,  the correct button on the B SR will be pressed . 

When all seven items have been said , a RETURN sends the program 
back to line 5 10 .  At this point the ON button is pressed,  which will tum on 
every item whose button was pres sed earlier . The only difference in the 
OFF subroutine is that the OFF button is pressed in line 534 .  The power of 
using fundamental tasks to create more powerful functions should be 
becoming very clear. If it is  not clear at this point , I urge you to study the 
listings in Appendix A for the modules discussed so far. 

At line 600 there is a routine that will read the time from the clock 
circuit discussed in Chapter 6. This time is  stored in two way s .  The first 
way uses the array T(X) , where X ranges from 0 to 6 .  When this subroutine 
is  exited ,  T( l )  and T(O) will contain the present time in seconds . T(O) 
contains the least significant digit . Likewise , T(3) and T(2) contain the 
minutes information . The hours are found in T(5) and T(4) . T(6) will 
contain a number from 0 to 6 indicating the day of the week . 

Each of these digits is read using the subroutine at line 620 . It sets up 
the proper data direction on the I/O port , sends the proper address , and 
reads in the digit desired .  During the read operation the clock is disabled 
from counting so that false reads will not occur . The variables used here 
are A, B ,  CA, and CB , which represent data registers A and B and their 
associated control registers . 

A small machine language subroutine (Appendix B) is called from line 
630 . Its purpose is  to mask the top four bits of the digit being read to 0 .  

Line 6 1 6  converts the present time i n  minutes and hours t o  a single 
number, which is stored in the variable TM . Since my clock chip adds 4 to 
the most significant digit of hours if the time is P . M . , each time will have a 
unique TM . If you are using a different clock board , simply replace this 
routine with one that reads your clock and puts the appropriate data into 
the variables T(X) and TM . If you do write your own routine , don ' t  forget 
to indicate A . M .  and P . M .  by adding 4 to the most significant hours digit to 
indicate P . M .  
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The Dial the Phone module does exactly a s  its name implies .  B efore 
calling this routine , PN$ should be set equal to the desired phone number.  
Line 655 activates the D . C .  Hayes Micromodem, which is  in slot MSLOT . 
The phone is  actually dialed by sending a control Q ,  the phone number,  
and a l ine feed to the modem. When the modem receives this sequence , it 
will dial and attempt to communicate with a computer at the other end of 
the line . 

Since we don ' t  want such a communication to take place , the modem 
must be instructed to hang up by sending it a control Z. This would 
normally disconnect us  from the phone line . To solve this problem , we 
activate the intercom phone in line 665 before the control Z is  sent . The 
variable TN is the game connector pin controlling the phone . TN stands 
for telephone on . Location TF turns the phone off. 

After the modem is completely turned off with a PR#O,  the variable 
SS is set to a 1 .  This serves as a flag to other modules so they will know 
that the phone is  off the hook . 

At line 700 there is a module to verbally report the present status of 
the house . Variables S8 and S9 keep track of the number of outside and 
inside triggers of the security sensors This module uses the Message 
module to notify you of any security problems if S8 or S9 are not equal to 
0. It also uses the variable NC (number of calls) to let you know how many 
phone calls have occurred that day . 

Three modules  are associated with the Speech Link voice recognition 
unit . The initialization routine at line 375 was discussed earlier .  The other 
two are at lines 800 and 850.  Let ' s  look at 850 first .  

This routine is  highly dependent on the Speech Link . If  you own one , 
the code should be obvious . If not , you will have to create a similar 
program to perform the same functions .  Lines 858 to 865 cause the Speech 
Link to wait until a word is  spoken . If the word is  recognized,  it is  stored in 
the variable W$ . If no match is  found , W$ will be an empty or null string.  

If recognition does not occur, the computer will respond (line 870) by 
asking you to repeat your request . The rest of this routine is a little 
peculiar and will require a little more information about the Speech Link 
system . 

The Speech Link not only puts the recognized word in W$ , but it also 
puts the number of the word recognized in a location we can PEEK at . 
Since I said each word three times during training , I needed to map three 
different word numbers into the desired number. This is accomplishd by 
the formula in line 875 . Essentially , if the peeked location contains a 0, 1 ,  
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or 2 ,  the word number (WN) will be 1 .  If it i s  3 ,  4 ,  or 5 ,  then WN will be 2 .  
This continues fo r  all the possible word s .  

You could set W N  using IF-THEN statements , but this feature o f  the 
Speech Link is much more efficient . A second feature of the Speech Link 
is selective recognition .  This means that the word to be recognized can be 
compared to less  than all the words in the vocabulary . This is not always a 
useful feature . In many case s ,  however,  an intelligent program can 
determine that the next input should be one of several particular words .  

For example , i f  the command given to  the house is  a room name , like 
kitchen , the system will ask,  " What do you wish me to do to the kitchen? "  
I t  will expect you t o  give only one o f  the following four commands .  

Turn it on 
Shut it off 
Dim it 
Nevermind 

The first three obviously control the light . Notice that I have tried to 
make each command sound as different as pos sible .  The last command is 
used to get out of the sequence .  It is  used primarily to cancel a 
misunderstood command . Suppose you said " kitchen" and the house 
replied , " What do you wish me to do to the bedroom, "  because i t  
misunderstood the word " kitchen . "  By replying "nevermind" the com­
mand will be aborted .  

Since only four different words are expected,  the system can b e  much 
more accurate if it compares a spoken word to only the four possible and 
not to all 63 in the vocabulary . To select which words to use during the 
recognition proce s s ,  the Speech Link has a table that starts at the location 
specified by the variable MASK .  

Lines 880 t o  890 set each element o f  the table equal to zero s o  that the 
corresponding word will be ignored during the recognition proces s .  Any 
module wanting to recognize a word will be required to set up the MASK 
table for the words it expects before calling this module . Since the home 
control program is  intelligent , it will always know what type of command 
or response it expects from you . 

I should remind you that this chapter makes no attempt at explaining 
how actions such as the preceding one are accomplished . The intelligence 
of the system will be explained in detail in the chapters that follow . All you 
are expected to understand now is what each fundamental task does .  
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The last task associated with the Speech Link resides at line 800 . I t  i s  
very similar t o  the word recognition module ,  except a control V i s  sent to 
the Speech Link before and after a word is recognized . The control V is 
used to toggle the speech system into and out of a special form of 
recognition .  In this mode it can recognize only two word s ,  " yes " and 
" no . "  

A s  in other modules with such a response , the variable YES will be 
set to a 1 for " ye s "  and a 0 for " no . "  This mode is  particularly nice 
because it i s  speaker independent and does not require training . 

At line 950 there i s  a module that initializes all the major variable s .  
Refer t o  the listing i n  Appendix A a s  I discuss  the u s e  fo r  each variable . 

In lines 955 to 960 , PF , PN , RF , RN , TF, and TN stand for tape 
PLAYER off/on ,  tape RECORDER off/on ,  and PHONE off/on . Any 
access  of these variables , such as a PEEK or a POKE , will perform the 
named operation.  Refer to the appropriate hardware chapters for more 
information on the use of these game connector locations .  

The variable VOICE i s  equal to the location that indicates whether 
the wireless  mike is  off or on . Similarly , SOUND is a location that 
indicates if a noise exceeds the preset threshold .  Lines 965 to 967 establish 
which slots the Speech Link , the Voice Synthesizer , and the Modem are 
in . RING is the Micromodem location that indicates if the phone is ringing . 

At line 969 the array SP contains the Security Phone numbers . These 
numbers will be called in case of an emergency . Lines 970 to 97 1 set up the 
addresses for the PIA ports , A and B ,  and their respective control 
registers . The next line sets SANITY equal to the addres s  of the system 
sanity timer . There will be accesses  of the sanity timer throughout the 
program so that it will not cause a reset .  

The array MT stands for message time . It is  initialized to the number 
of seconds required to say each message in the lines 973 to 975 . Next , N 1 $  
and N2$ are set to the names of the two people for whom you have set up 
vocabularies . The respective vocabularies must be saved on disk under the 
same names .  

Lines 979 to 980 set u p  the array DAY$ as the days of the week . PN$ 
in line 98 1 holds the phone numbers you can ask the computer to call . If 
you have single-digit dialing on your phone , you may increase the dialing 
speed by using a one-digit code . 

Lines 984 to 986 establish the variables TEEN$ and TN$ . These will 
be used to allow the Speech Synthesizer to announce the time correctly . 
Lines 987 to 992 set up the addresses  for the tables ,  work space , and 
control characters used by the Speech Link.  
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Line 993 dimensions the time table array TT . This table will contain 
the events that should occur automatically ,  as well as their scheduled 
times .  The appropriate codes mentioned in Chapter 8 for the BSR buttons 
are put in the array BU at lines 995 to 996 . 

The control codes used by the Modem are established in line 997 . 
Line 998 makes sure that the phone and the two tapes are all off. 

This completes the fundamental tasks required to control the hard­
ware for the computerized home . All that is left to do is to see how these 
tasks can be linked together to create an intelligent system . 
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In this and the following five chapters I am going to di scuss  the major 
modules that actually form the home control program. As you recall from 
earlier chapters , these modules are initialization , voice request ,  phone 
control ,  security , event timing , and monitor movement . The initialization 
module is run only once and then control is  passed sequentially among 
each of the other modules until conditions indicate that a particular 
function is needed .  

These chapters will be presented differently than Chapter 14 ,  which 
covered the fundamental tasks . Each of the tasks was small and , although 
important, they were lacking in overall complexity . The tasks are also the 
most probable sections of the program to be rewritten if your system is not 
identical to mine . For these reasons , the fundamental tasks were discussed 
in the context of their actual code . 

The maj or modules are much larger and more complex . Rather than 
exploring their code , I will discuss  them in terms of flow charts . Even 
though they are more complex,  you should not hesitate to examine them. 
As you will see , their increased complexity does not necessarily mean that 
they must appear more complicated .  Remember ,  these modules are little 
more than a series of control structures that link the fundamental tasks 
together in such a manner that a larger goal is accomplished . 

Figure 1 5 .  l shows the flow chart for the initialization module . The 
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Figure 15 . 1  T h e  initialization routine makes appropriate choice s ,  even i f  n o  one 

is home . 
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first two items are calls t o  fundamental tasks t o  initialize the variables and 
the Speech Link hardware . Next the module loads the machine language 
portions of the home control program, including the vocabulary templates 
for the. Speech Link . The final disk transfer is used to load the appropriate 
time table (depending on what day it is) . 

Except for enabling interrupts , the rest of this module is used to 
initialize some very special variables that are used as flags or status 
indicators . The contents of these flags provide a means for the system to 
remember important status information . The primary status variables will 
be S 1 ,  S2 ,  . . .  , S9 .  I will define each of them as they are initialized in the 
flow chart . 

S l  can be one of three values .  If it is a 2 ,  it means someone is home . A 
3 means the computer thinks the house is empty and a 1 means that the 
status is  unknown. At this point in the initialization , S 1 is  set to 1 ,  thus 
making the as sumption that no one is home . 

The variable S2 can only be a 1 or a 0 .  A 0 means that everyone is  
asleep , while a 1 indicates they are awake . The initial assumption is that 
they are asleep . 

Both S3 and S4 are alarm indicators .  S3 is for alarm clock or wake-up 
call s ,  while S4 refers to the security or burglar alarm . In both cases a 0 
means the alarm is on,  whereas a 1 indicates off. 

SS is a 0 whenever the phone is hung up and a 1 if it is in use . SS and 
S9 keep track of how many outside and inside security breaches have 
occurred while the house was empty . A special variable NC is used to 
keep track of the number of phone call s .  S6 and S7 are reserved for 
temporary variables and do not have any . global significance . 

Once the computer makes the initial assumptions and sets the flags 
accordingly , it then attempts to confirm or change as many of the 
assumptions as possible . It will do this primarily by asking verbally if 
anyone is home . To prevent the system from waking you in the middle of 
the night just to confirm its decision , I added an additional check. 

If the clock shows that people should be sleeping , the computer will 
not make the announcement . Instead , it will alter only the S l  flag to show 
that the status is  unknown . If the clock indicates that people should not be 
sleeping , it proceeds to ask if anyone is  there . 

If someone responds to the question by turning on the wireless  mike , 
four of the flags are changed .  The house will now as sume someone is 
home , that they are awake , and that no alarms have been set.  

The last portion of this module POKES the security alarm value of S4 
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into a memory location called ALARM . This location is used as a flag to 
the machine language portion of the home control system and causes it to 
act differently depending on the value . The actions of the machine 
language program will be discussed in Chapter 20 . 

You can refer to Appendix A to see the actual code used to 
implement this and the other major modules of the home control program. 
The initialization module begins at line 900 . 
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The purpose of the voice request module is to provide a means to 
control the house using verbal commands .  Because of its complexity , 
much of this module is broken down into submodules ,  which are in turn 
made up of primary tasks . 

Figure 1 6 . 1 shows the first-level flow chart for the main module . 
Let ' s  examine the chart in detail . You can refer to Appendix A for a 
complete listing of the program if you wish to see how the flow chart is  
implemented in code . 

The voice request module begins by using a fundamental task to 
determine if the wireless microphone is on or off. If the mike is off, the 
control returns to the main program loop . If the mike is  on, it means that 
someone wants to verbally command the house to do something . 

Assuming someone turned the microphone on,  the flags are set to 
show that someone is home and that they are awake . The security alarm is 
shut off, as is the wake-up call function .  These operations are repre­
sentative of how the home control program is intelligent . The user does not 
have to " tell" the computer that he is home or that she is no longer in bed . 
These conclusions are " inferred" by the system. 

If, for examrle , you wake up early and ask the computer to turn on 
the bedroom light , it will automatically , because of the flags , act different­
ly .  It will not try to wake you up later as it was scheduled to do . It won ' t  
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Figure 16. l This section of the voice control module passes control t o  one of 
seven submodules .  
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mind if inside security sensors are triggered because it will now assume it 
is you and not an intruder.  

The next item in the flow chart is to check to see if the phone is  off the 
hook . This needs a little explanation before we look further at the flow 
chart . · Later in this chapter and in Chapter 17 we will find that you can 
command the computer to dial or answer the phone for you and place the 
call on the intercom phone . Once that is  done the program will set a flag to 
indicate that the phone is off the hook , and it will proceed to handle other 
tasks . 

The assumption will be that if you are talking on the phone you will 
not be giving verbal commands to the house . Consequently , whenever the 
phone is  off the hook and the computer sees the microphone on, it will 
assume that the phone call is  over and it will terminate the call . This may 
seem complicated now , but it will seem simpler after we have discussed it 
in more detail later . 

For now, we can see from the flow chart that if the microphone is  
turned on while the phone is  in use , then the computer will hang up , say it  
has hung up , and set the flag to indicate that the phone is no longer in use . 

At this point in the flow chart we can as sume that someone really 
wants to give the computer a verbal command . The command must be one 
of the 1 3  that is  expected,  so the mask is  set to only allow recognition of 
the proper words . A fundamental task is called to do the actual recogni­
tion. This task ,  as discus sed in Chapter 1 4 ,  will set the variable WN (word 
number) equal to the appropriate number between 1 and 1 3 .  

Depending o n  WN , control i s  passed to one of seven secondary or 
submodules that proces s  the command given . We will look at each of these 
modules in a moment . For the sake of continuity , though , let ' s  complete 
our discussion of Figure 1 6 . 1 .  After the appropriate secondary module 
performs its task,  the flow proceeds down the flow chart . 

If a flag shows the phone is  off the hook , which would indicate that 
the system has just been requested verbally to make a phone call , then the 
program returns to continue proces sing other tasks . Otherwise ,  the 
computer asks if there is anything else you want and waits for a verbal yes 
or no . If YES , it says that it i s  ready and waits for a new command . If NO,  
the system will say goodbye and return to  loop until another situation 
requires attention . 

You should note that the computer always responds verbally to the 
commands you give .  When a human talks to a machine , some type of 
feedback to the user is very important in order to convey that the machine 
is understanding . 

Let ' s  look at each of the seven secondary modules that execute the 
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verbal commands .  The first of these is  the control module . It is called 
when the word spoken was one of the items that can be controlled ,  such as 
office , stereo,  or bedroom . The fl.ow chart for this module is shown in 
Figure 1 6 . 2 .  

I n  the first block o f  the flow chart w e  can see that the variable B U  is 
set to the correct button code for the B SR unit . The button codes were 
stored in the BU array during initialization . The word number WN is used 
to select the correct code . 

The computer uses a fundamental task to ask what you wish to do to 
the item specified.  Since the name of the item being controlled is stored in 
the variable W$ , the house can call the item by name . The mask is then 
prepared to recognize only one of four words . The acceptable words are 
" turn it on , "  " shut it off, " " dim it , "  and " nevermind . "  Another 
fundamental task is called to determine what you responded with . I should 
point out that the words " on "  and "off" were not used alone because the 
recognition system had trouble telling them apart . 

This is a good time to reemphasize the importance of the fundamental 
task subroutines . They handle all the drudgery associated with the task.  In 
this case , for example , if the human response is  not recognized , the task 
subroutine will ask you to repeat the answer. This verbal response from 
the computer is handled by still another task,  which also takes care of all 
the little details associated with its job .  With the tasks taking care of all the 
details ,  the major modules become not only simple to understand but also 
very easy to write . 

Let ' s  continue with the fl.ow chart . If the user' s response was 
"nevermind , "  the program simply returns to the main module . Otherwise , 
we can be sure that WN is 14 ,  1 5 ,  or 16 ,  because those were the only words 
that were acceptable . Since the item in question is going to be turned ON , 
OFF, or DIMMED , a fundamental task first "presses" a button to select 
the item. 

Control is  then passed to one of three sections of the module to press  
the ON or  OFF button or in  the  case of  DIM to press  the button 50  times .  
This completes the control module . 

If the verbal command is ' 'Time Please , ' '  the time of day submodule 
is called . Figure 1 6 . 3  shows the organization of this routine . It first calls 
the read time task in order to set the array T to the individual digits .  

These digits are analyzed , converted to their English equivalents ,  and 
announced verbally by the speech synthesizer . You can refer to the fl.ow 
chart to see how this is  accomplished . The reason for it should be obvious . 
Suppose the time is 10945 . If the synthesizer read those numbers , you 
would have to translate them yourself. 
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Figure 16.2 This submodule allows y o u  t o  control lights using verbal commands .  
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Figure 16.3 The numeric time from 

the clock must be converted to its 

string equivalent so that the voice 

synthesizer can properly announce it .  
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The program will convert 1 0945 into " Monday 9 forty five A . M . " 
This string of characters will be used by the voice output task to announce 
the time . 

If the input word was ' ' telephone , ' '  control is passed to the submod­
ule shown in Figure 1 6 . 4 .  The computer begins by asking who you wish to 
call . Since there are only five acceptable answers , four names or places 
plus " nevermind , "  the mask is  set to allow only words with numbers 1 7  to 
2 1 . 

The task to recognize a word is  called again , and if the answer is not 
" nevermind , "  then message task states that the phone call is being made . 
The number is looked up in the array PN$ and then dialed by a 

V O I C E  CTL 

O F  P H O N E  

R ETU R N  

T H E N  

R ETU R N  

Figure 16.4 U sing this module , you 

can ask the computer to call someone 

for you . 
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fundamental task .  Finally ,  a flag is set to convey the information that the 
phone is off hook to other modules . 

The conversation mode is entered in response to the command " are 
you busy?" This module simulates a conversation between you and the 
house . All the questions asked by the computer expect a YES or NO 
answer , or some short phrase that is  ignored . There is  no real intelligence 
displayed here except that the computer ' s  response will be appropriate for 
YES or NO answers . This mode was added more for fun than to serve a 
useful purpose .  If you don ' t  want such a mode , you can easily add another 
command or extra phone numbers for verbal calling . I think if you try it 
though you might find it has some value . 

I find it most useful when someone visits that has heard about my 
" computerized home" and yet knows nothing about computers .  They 
seldom are impressed when it dials the phone or turns on lights , but they 
never cease to be amazed when it appears to be conversing with me . 

This module is actually very simple as it is made up only of a couple 
of fundamental tasks . Refer to Figure 1 6 . 5  to see how the conversation is 
created.  

The next submodule allows you to change vocabularies while the 
program is running . Since the Speech Link must be trained for each user,  I 
placed two vocabularies on the disk .  In my case ,  one of these is saved 
under the name JOHN and the other as WANDA. Chapter 21 discusses 
some utility programs ,  one of which can create these vocabulary files . 

A couple of techniques are used here that make the house seem 
intelligent.  Initially , the variables N 1$ and N2$ are set equal to JOHN and 
WANDA, respectively . Whenever the house is talking , it refers to the 
person as N 1 $ .  For example , it might say , " What can I do for you " N 1 $ " ? 
This makes the comments much more personal . 

When training my vocabulary , I said all my commands but one . I had 
Wanda say the phrase ,  "This is Wanda . " Likewise ,  in her vocabulary I 
said the phrase "This is John . "  If when the computer says , " What can I 
do for you " N 1 $ " ? the variable N 1 $  is JOHN , then Wanda can respond 
with ' 'This i s  Wanda. ' '  The recognition of that phrase as a command word 
will send control to the change vocabulary submodule shown in Figure 
1 6 . 6 .  

As you can see from the flow chart , the computer will apologize to 
Wanda (or the alternate person) and then load her vocabulary . Afterward 
the contents of N 1 $  and N2$ are exchanged so that everything works 
equally well for either person . 

The next command is  " goodnight . "  When this command is is sued , 
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Figure 16.6  My system will allow two 

separate vocabularies to alternate 

automatically , depending on who is 

talking to the computer. 

Figure 16.7 Telling the house 

"goodnight" tells the system to adjust  

the status of the alarm s .  
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the system will assume you are going to bed . A s  you can see from Figure 
16 .  7, it will first tell you that it will watch the house for you . This means 
that the security system is enabled . 

The flags are set to indicate that you are asleep and the security alarm 
is on . The machine language program that handles security (Chapter 20) is  
notified of the change by poking ALARM with the value of S4 .  By 
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Figure 16.8 When you leave , the 

house will set flags so that it will 

answer the phone and handle security . 
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enabling the interrupts we are insured that the machine language program 
is operational . 

The system will ask if you wish to be awakened in the morning . 
Depending on your answer, the wake-up flag is  altered and the appropriate 
verbal response is given . 

The computer will continue to remember that you ·are asleep and the 
status of the wake-up alarm until one of two things happens . If the house 
was instructed to wake you , it will verbally try to arouse you at the correct 
time . This will be discussed in detail in Chapter 1 9 .  At that time the system 
will assume that you are awake and adjust all the appropriate flags . 

The second way that the flags can be altered is for someone to turn on 
the wireles s  mike and try to issue a command . As mentioned earlier, such 
an action will cause the house to assume that you have gotten up early .  

The last verbal command is  " bye-bye . "  I used this instead of "good­
bye" because it was easier for the system to tell it apart from "good­
night . "  Figure 1 6 . 8  shows the flow chart for its implementation .  It begins 
by asking you if you are leaving . If your answer is " no , "  it turns off the 
security alarm and returns . 

If you said " yes " you were leaving , then it sets up a flag to indicate 
that no one is home . This flag will be used primarily by the telephone 
answering module and the automatic event scheduler . These modules will 
be discussed in detail in later chapters . 

The house will then ask if you want the security alarm on . If not , it 
announces that it will handle phone calls , sets the appropriate flags , and 
returns . If you answered " yes , "  it acknowledges your request and waits 
for 45 seconds so that you can get out of the house before it turns on the 
alarm. 

This concludes the discussion on the modules that process  the verbal 
commands .  Although you should now understand how the commands are 
carried out, I expect that some of the interactions this module has with 
other modules might still be a little confusing . I suggest that you read on 
and get the details on the other major modules first and then return to this 
chapter if you are still unsure of some details .  
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We saw in the last chapter that you could verbally command the 
phone to place a call for you . In this chapter we are going to examine the 
module that handles incoming phone calls .  

Figure 1 7  . 1  shows how this module begins .  A major task i s  used to 
determine if the phone is ringing . If not , the program returns and continues 
the major loop . If the phone is  ringing , two things happen . 

First ,  a variable that keeps track of the number of phone calls is 
incremented . This variable will be used later in the status report module to 
tell you how many calls have been received . 

The system must now decide what to do about the cal l .  This depends 
on the status flag S l .  Depending on its value , control will be passed to one 
of three sections of this module . These three sections handle three 
different situations , which are " someone home , "  "no one home , "  and 
"unsure if anyone is home . " This last situation could occur only if there 
had been a power failure and the system had to be reinitialized . 

Let ' s  look at each of these situations individually .  I will start with 
section A, which is shown in Figure 1 7 . 2 .  It handles the phone when no 
one is home , which means it must function like an answering machine . It 
begins by turning on the intercom phone and the tape player. This is done 
by POKEing the appropriate game connector addresses . The system then 
waits in a loop for just enough time for the endless  loop message tape to 
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Figure 17. l When the phone rings , the 

phone may be handled in one of three 

way s .  

finish.  My timing loop is based on my tapes ,  which may be different from 
yours . Experiment with the delay a little to get it just right for your system . 

At the time when the tape should be finished , the player is turned off 
and the recorder is turned on.  Immediately , the system begins watching 
for the special code that indicates that you are calling . If it does not get the 
proper code as the first sound , it records the caller ' s  message and turns 
everything off. Although a maximum time is allotted for each message , the 
system will hang up early if there are no changes from the sound sensor. 

If it was determined that it was you calling , the system reacts by 
turning off the recorder and asking if you want a status report . Again it 
checks for the special code . If it does not occur, the status report task is 
not called . 

It then will ask you if you want to turn something on. If you give the 
code for YES , a task module is called to let you select the items to be 
turned on . Similarly ,  you are given the choice to turn off items in the 
house . When all this is complete , the house will say "good-bye " and hang 
up . 

Section B of this module is shown in Figure 17 .  3 .  It handles calls 
when you are at home . It begins by asking you if you would like for it to get 
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Figure 17.2 If n o  one i s  home , the 
house becomes an answering machine 
that can also accept commands from 
you . 
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Figure 17.3 Even if you are home , the 

house can help when the phone rings 

by turning on the intercom phone . 

the phone for you . The system will wait about 3 seconds for your reply , 
which in this case is simply turning on the wireless microphone . 

If you fail to turn it on in the prescribed time , the house will assume 
you answered the phone yourself and will tend to other tasks . If the mike 
did come on , the system will turn on the intercom phone so that you may 
talk with the caller . A flag is set so that all modules will know the phone is 
presently turned on.  

Figure 17 .4  shows how section C handles a call if  the system is unsure 
if anyone is home . It waits for several seconds to give you a chance to 
answer the phone . If it is still ringing , it as sumes that no one is home and 
proceeds to section A to handle the phone call in the proper manner .  

Even though it  assumes you are not home if  the phone is still ringing , 
it will not assume the opposite if the ringing has stopped . The reason for 
this is that it is possible that the caller just hung up . This means that , 
although the house can assume incorrectly at times ,  I have tried to make 
the default assumptions the best choice . 

In this case , for example ,  an as sumption of you being home when you 
are not would cause the burglar alarm to be deactivated . Since I find this 
inexcusable , my system will not allow it . The opposite case ,  however, 
assuming you are away when you are really home , is acceptable . If you do 
happen to be home and you set off the alarm, you can easily deactivate it . 
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Figure 17.4 If the computer i s  unsure 

of whether you are home , it will take 

advantage of a ringing phone to find 

out .  

Remember that this type of assumption is not an everyday occur­
rence . It can only happen if there is a power failure at night and you 
receive a phone call before morning that hangs up early . If the power 
failure happened during the day , the system would have verbally inquired 
to see for sure if anyone was home . After all ,  your house should be polite 
and not wake you in the middle of the night just to see if you are home­
even if that means a potentially incorrect assumption now and then.  
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Many of the capabilities  of the home control system can be consid­
ered a bit frivolous . After all , how many people do you know with a house 
that talks to them? The security aspect of the system , though , is very 
practical . If you price a full-featured commercial security system for your 
home , you may find the computerized home to have some attractive 
economical advantages ,  especially when you consider all its other capabil­
itie s .  

I don ' t  wish to  imply that the security program offered here will 
provide total security . With custom changes in the program, however , its 
capabilities can be increased to almost any degree that you wish .  

You might be asking yourself why I did not publish the "perfect" 
security module . The answer is  really very simple . First ,  as you see from 
the module given , I think the best security must be designed to function in 
a particular environment . The best for my home would probably not be the 
best for yours . 

The second and probably the most important reason for not publish­
ing the perfect security module is  that , if you can read it to see how it 
works , then an intruder can also read it to see how to overcome it . My 
intention will be to show you a workable security system. Using it as a 
guide , I hope you will customize it to meet your particular needs . 

In my system there will be several groups of sensors that can indicate 
a security problem . The doors and windows should have some kind of 
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magnetic o r  contact switches .  Refer t o  Figure 1 8 .  l to see how these 
switches may be connected to an input port on the computer .  

Most input ports will " float" high , which means they will read as a I 
if nothing is connected to them . If this happens not to be true for your 
ports , you can force it to happen by using a 5K pull-up resistor as shown . 
Such a resistor is always a good idea, even for ports that float high . 

Since the port will normally be high , any closure of a switch will short 
it to ground and cause a 0. Sensory switches may be purchased in normally 
open or normally closed varieties . This means that you can have a 0 
indicate that the door is open or closed , depending on your choice of 
switches .  

You can add an inverter between the switch and the port if you 
cannot find the type of switch that you prefer . In all my examples ,  a 0 on 
the port will indicate a security problem . You should also notice from the 
figure that you do not need a separate input pin for each switch . By 
paralleling all the window switches ,  for example ,  any window opening will 
force a 0 at that pin . 

Another type of sensor should be used to indicate outside movement . 
This could be an ultrasonic motion detector or an infrared beam that 
triggers if broken. There are even sophisticated sensors on the market that 
can detect the body heat of someone near your home . The type of sensor 
or sensors you choose will depend on your home and its surroundings . I 
will as sume that the appropriate external sensors have been paralleled so 
that we have a single pin indicating external movement . 

Similar types of sensors could also be used inside the house to 
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Figure 18 . 1  The security switches may 

be combined in  many combinations as 

required . 
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Figure 18.2 I f  the security flag has been set ,  the indicator flags will b e  checked 

and an appropriate action taken .  (a) When you come home , you are asked if you 

want a status report , which summarizes the day ' s  activity ,  including such things 

as the number of phone calls received . (b) An inside problem requires drastic 

measure s .  The computer will call you and your neighbors and inform them of the 

situation . (c) In response to an outside problem ,  the house will attempt to scare off 

an intruder by turning on lights and playing the radio . 
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indicate internal movement . Since I have floor switches already installed , I 
decided to let them act as the internal sensors when the security alarm was 
on . 

All the security port inputs will be ORed together so that any of them 
can trigger an interrupt. This will run a machine language program that will 
set up several memory locations to indicate whether there is a security 
problem and , if so ,  if it was a door or window or if the problem was 
internal or external . 

The details of the machine language program and the interrupt 
circuitry will be discussed in Chapter 20 . For now , let ' s  just assume we 
can make such determinations .  The flow chart in Figure 1 8 . 2  shows the 
security module . 
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AGA I N  

Figure 18-2B 

A PEEK at the proper location will first determine if any security 
problems have occurred .  If not , the program returns to its normal state of 
looping . If a problem is indicated ,  another location is checked to see if it is  
a door opening . Since my doors are heavily deadbolted ,  the house will 
assume that a door opening means that I have come home . 

The house will react to my presence by turning on a light and asking if 
it is me . If the wireles s  mike is not turned on within 1 0  seconds , it will 
assume that I am an intruder . More on this in a moment . If the mike is  
turned on , the house asks if I want a status report . Depending on my 
answer, either one is  given or the system says good-bye .  Finally , all the 
flags are set to appropriate conditions . This includes such things as 
someone being home , that there is one person in the den , which is  where I 
normally enter the house , and that the alarm is  now off. 
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Figure 18-2C 

Backing up the flow chart , we can see what would have happened if 
the security problem had not been a door . The system will then check to 
see if outside movement caused the indication . If so ,  it turns on various 
lights and the radio in the hope that an intruder will as sume someone is 
home and leave . 

In this example ,  the same thing is done if the intrusion is in the 
daytime or at night , if you are home or if you are away . I figured the radio 
would work either day or night and that if I was home I would certainly be 
warned of an external intruder by all the lights flashing , even if I was 
asleep . 

You could easily modify this module so that special sequences could 
occur for different situations .  Remember, there are task modules that can 
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easily turn o n  o r  o ff  any light,  wait fo r  a specific amount o f  time , dial the 
phone , or do almost anything else that you would want to do.  

Going back to the original flow chart , we can see that if the problem 
was not the door or an outside movement then it is  assumed that an 
intruder is inside the house . In this case ,  several lights are turned on and 
phone calls are placed sequentially to the phone numbers established 
during initialization . 

Since the intruder and the person called on the intercom phone can 
both hear the message , we will want something that will not only inform 
the person being called that a break-in is occurring , but that may also serve 
as a deterent to the intruder . My message indicates that the owner has 
already been contacted and that now someone else is  being called . This 
type of activity should convince almost anyone that some other house is 
better suited for a robbery than yours . 

Please don ' t  hesitate to customize this section to meet your needs . 
Carefully study the code that implements these charts and I think you will 
see how simple programming is when you use task modules .  



The event timing module adds the ability to automatically schedule 
events such as waking you up in the morning or controlling the lights to 
give a lived-in look while you are away . I have 20 events in my program , 
but you can easily add more or alter mine to your preference . 

The heart of this module is the time table array . It is stored in the 
program under the variable name TT(l ,J) . Figure 1 9 . 1 shows how this two­
dimensional array is  organized .  The index J allows access to any row in the 
table . Each row contains the information for scheduling one event . 

The index I provides acces s  to one of three columns in each entry . 
Column 1 holds the time that this event should occur . Column 2 always 
contains the number 1 ,  2 ,  or 3 ,  which indicates if this event should be done 
always , only if someone is  home , or only if no one is home . The third 
column contains the number of the actual event to be scheduled,  which in 
my case is between 1 and 20 . 

A utility program is described in Chapter 22 for creating and editing 
the time tables .  You will need to create seven tables ,  one for each day of 
the week. These tables are stored on diskette and are named TT .O  for 
Sunday ' s  table , TT . 1  for Monday ' s ,  and so on.  This allows you to have 
total flexibility when scheduling events . Such flexibility will not only 
create a more lived-in look when you are away , but it can also add to your 
convenience when you are home . 

For example , the house could be used to remind you on Thursday 
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Figure 19. 1 M y  time table can handle 

up to 20 preprogrammed events per 

day . Each event can occur based on 

several conditions explained in the text . 

mornings at 8 :  1 5  that you should pick up doughnuts for the office . It might 
announce the bedtime for the kids at 8 : 30 on weeknights and 9 : 30 on 
weekends .  Even the morning wake-up calls are handled using an event in 
the time table array . The possibilities are endle s s .  Use your imagination . 

One very economical use I found for the time table was controlling 
my heating system .  Since I already had a usable BSR system for remote 
control ,  I decided to use it to control the heat . An inspection of my 
thermostat showed that the OFF switch simply disconnected it from the 
furnace . I used a 1 2-volt multipole relay to perform the disconnection 
when activated . A 1 2-volt wall transformer provides the power for the 
relay . The secret of my control is that the wall transformer is just plugged 
into a BSR

' 
remote unit . This means I can enable the furnace by pressing 

buttons on the BSR command console , or the computer can do it using my 
BSR interface . 

U sing this method , you cannot really turn down the heat . Either its 
off completely or it runs normally based on the thermostat . I found , 
though , that I could leave the heat off entirely from the time I went to bed 
until 15 minutes before I got up and never notice the drop in temperature . 
Granted ,  my house is well insulated and I use an electric blanket.  If you 
have problems with the temperature dropping too low, you can easily 
schedule the heat to come back on several times during the night for 10 or 
1 5  minutes . 

Figure 1 9 . 2  shows the list of my events . You can see that they are 
very easily implemented because they are almost entirely made up of calls 
to the primary tasks . You should al so notice that the wake-up call 
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E V E N T  
ACT I O N  

N U M B E R  

1 T U R N  D E N  L I G H T  O N  
2 T U R N  D E N  L I G H T  O F F  
3 T U R N  K I TC H E N  L I G H T O N  
4 T U R N  K I TC H E N  L I G H T O F F  
5 T U R N  F LO O D L I G H TS O N  
6 TU R N  F LO O D L I G H TS O F F  
7 T U R N  O F F I C E  L I G H TS O N  
8 T U R N  O F F I C E  L I G H TS O F F  
9 TU R N  A L L  L I G H TS O N  

1 0  T U R N  A L L  L I G H TS O F F  
1 1  TU R N  STE R E O  O N  
1 2  TU R N  STE R E O  O F F  
1 3  TU R N  H E AT O N  
1 4  T U R N  H E AT O F F  
1 5  WA K E  U P  C A L L  
1 6  E N A B L E  I NT E R R U P TS 
1 7  A N N O U N C E  T I M E  
1 8  TU R N  B E D R O O M  L I G H T O N  
1 9  TU R N  B E D R OO M  L I G H T  O F F  
20 D I SA B L E  I N T E R R U P TS 

1 1 1  

Figure 19.2 The events in the time 

table can be chosen from the l ist  of 

Figure 1 9 . 1 .  You can , of course , create 

any activity that your needs dictate . 

subroutine is conditional based on the flags S2 and S3 , which indicate if 
someone is awake and if the sleep alarm is on. The sleep alarm , remember, 
was set when you used the verbal command "goodnight . "  

There are a couple of requirements concerning the construction of a 
time table . First , a special numbering system must be used to indicate the 
time an event is scheduled (column 1 ) .  Figure 1 9 . 3  shows some example 
translations you should use if you are using my clock . The reason for these 
is that my clock , as discussed in Chapter 6 ,  adds 4 to the most significant 
digit of the hours to indicate P . M .  

M y  event timing algorithm requires that the times from my clock from 
midnight to midnight be in numeric order . The automatic addition of 4000 
to P . M .  numbers by my clock helps to make this true since P . M .  numbers 
will always be larger than A . M .  numbers . To have proper order , I also had 
to convert 1 2 : 00 to zero or 4000 , depending on whether it was A . M .  or P . M .  

What this all boils down to i s  that the time 8 :  1 2  A . M .  should be 

ACT U A L  
T I M E  

M I D N I G H T 
1 2 : 1 5  AM 
8 : 00 AM 
8 : 1 2  AM 
1 1  : 3 0  AM 

N O O N  
1 2 : 30 P M  
1 : 00 P M  
8 : 1 2  PM 
1 1  : 20 P M  

TA B L E  
E N T R Y  

0 
1 5  
800 
8 1 2  
1 1 30 
4000 
4030 
4 1 00 
48 1 2  
5 1 20 

Figure 19.3  Standard times must be 

converted for use in the time table . 

Some example entries are shown .  
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entered into the time table a s  the number 8 1 2 .  I f  i t  was 8 :  1 2  P . M .  you would 
use 48 1 2 .  If your clock has a 24-hour format , you can eliminate much of 
the preceding . I decided to write my program for a 1 2-hour clock to 
provide more information for those using other hardware . 

T H E N  

R ETU R N  

TH E N  

I N C  TP 

R ETU R N  

P R OC ESS 

T I M E  TAB L E  

R ETU R N 

TH E N  

T H E N  

Y E S  

R ET U R N  

Figure 19.4 Each item i n  the time 

table is  processed sequential ly .  A table 

pointer (TP) keeps track of the present 

position . 
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The second requirement of the time table is that all entries have to be 
in chronological order . The reason for this is that my algorithm does not 
search the table to find events that need executing . This would be too time 
consuming for my sequential system. If the events are in order , it need 
only check to see if it is time for the next event . If not , it loops again to see 
if any other modules require attention . Once an iterri is executed,  a pointer 
(the variable TP) is moved on to the next entry in the table . 

Figure 1 9 . 4  shows the flow chart for the event timing module . If all 
the items in the present table have been completed , the system returns 
without any further checking . If the time is zero (midnight) , then it is time 
to load a new table . The system clock is checked to see what day it is , and 
the corresponding table is transferred from the disk .  

If  the present time is smaller than the time of the item presently being 
considered (pointed to by TP) , nothing happens .  Once the time equals or 
exceeds the scheduled time , the item is processed depending on whether 
the present " at home status "  matches column 2 of the table . In any event , 
the pointer TP is incremented to the next line of the table . 
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For the average reader of this book , this module will probably be the 
hardest to understand . It is not that this section is  really any more difficult , 
but because of the speed requirements it is written entirely in machine 
language . Even if you are not familiar with machine language , though , I 
think you can understand the principles here by following the flow charts . 

You will recall from Chapter 1 8  that all the security and under-the­
carpet switches are connected to the Apple interrupt pin . When any of 
these switches are activated ,  a machine language program is automatically 
run .  This chapter discusses  that program . Even though this program can 
be viewed pretty much as an independent package , it must communicate 
with the other major modules in the home control system . 

The maj or information passed to this module from the main program 
is whether the security alarm is on or off. Location 822H will serve as a 
flag to the machine language program and contains a 0 when the alarm is 
on . A 1 will indicate it is  off. BASIC can turn the alarm on and off by 
POKING location 2082 , which is  the decimal equivalent of 822H . 

The machine language program has the responsibility of performing 
one of two different tasks depending on the status of the alarm . If the alarm 
is on , the input port must be read and the cause of the interrupt 
determined . Four memory locations are used to keep track of the number 
of violations that have occurred at a door , window , outside , or at the 
miscellaneous switch mentioned earlier .  

1 1 4  
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Whenever the program determines that a window has been opened , 
for example , it will increment the location associated with the window 
violations . In this case the location is  820H or 2080 decimal . If a door 
switch caused the interrupt ,  location 8 1 FH would be incremented . 

In addition to a location for a door , window , and so on,  a second 
location will also be incremented . This location is ·8 1 DH . Its use was 
discussed in Chapter 1 8 .  The main program will not take the time to check 
each flag for the doors , windows , and so on , unless  the security flag 
(8 1 DH) is  greater than 1 .  It is the responsibility of the main program to 
clear each of these locations after the security problem has been attended 
to . 

The second task given to this module is to handle interrupts when the 
alarm is off. In this case ,  the switches to be monitored are those under the 
carpets . Refer to Figure 1 0 .  1 for the placement of my switches .  They were 
arranged by trial and error to get a spot that would always get stepped on 
when someone walks between rooms . 

It takes the tripping of two switches to determine movement . For 
example , if the computer determines that switch 1 was pressed followed 
by closure at switch 2, it should be obvious that someone left the den and 
went to the bedroom.  A pulse from switch 2 followed by switch 3 would 
indicate movement from the bedroom to the office . 

There are of course some other pos sibilities .  Two people could have 
tried to enter the hall from different rooms at the same time . Such actions 
will definitely confuse my house . In practice , though , I found that such 
occurrences were very rare . I can easily tolerate such errors , especially 
since a foolproof system would be immensely more complicated . 

The computer must keep track of the number of people remaining in 
each room and tend to the lights accordingly . To control lights , a 
submodule of this program is  used for producing the BSR codes as 
described in Chapter 8 .  

Figure 20 . 1 shows the flow chart for the complete machine language 
module . When an interrupt occurs , the program first saves all the 6502 ' s  
registers . I t  then waits fo r  about 1 millisecond to let any contact bounce 
from the switches subside . Then the switches are read from the port . If 
none are pres sed , the program assumes that noise caused the interrupt and 
returns to the original program by way of DONE.  

If  a switch is  pressed,  the program handles i t  in  one of  two way s ,  
depending o n  the status o f  the alarm byte . I f  the alarm byte is  a 0 ,  meaning 
on , the security section is performed . If it is  a 1 ,  the internal switches are 
checked.  

Let ' s  look first  at the flow chart for the security section in Figure 



1 1 6  

I NT E R R U PT 

T H E N  

B 

( I NT E RNAL (SECU R IT Y )  
SWITCH ES )  

-----

R ET U R N  F ROM 

I NT E R R UPT 

T H E N  

T H E N  

The Software Part I l l  

Figure 20. l  The interrupt program 

passes control to one of two sections 

depending on whether the security 

alarm is on or off. 

20 . 2 .  Each bit in the input byte is checked to see which switches are 
pressed . Everytime a closed switch is found , the appropriate indicator 
byte is incremented . Finally , a byte is incremented to indicate to BASIC 
that some kind of security problem has occurred . The program then 
returns through DONE.  
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If the alarm i s  off, only the internal switches need monitoring . Figure 
20 . 3  shows the details of this section . If one of the internal switches is not 
pressed,  the program returns .  The normal action, though , is for the 
program to determine which switch (0 , 1 ,  2, or 3) is pressed and save it as 
the FROM room. The program then waits until that switch is  released so 
that it will not be read as the second switch.  

If someone is  actually moving from one room to another, a second 
switch should be pressed fairly quickly . I have my program watch for the 
second switch for about 2 seconds .  If the second press  does not occur in 
the allotted time , a return is forced . 

The second switch is stored as TO . We now have the room number 
that someone came from and the room they went to . Four locations are 
used as counters to keep track of how many people are in each room. A 
room that is entered for the first time will have its light turned on, while a 
room that is empty will have its light turned off. As an effort to correct 
errors on its own , the system will not decrement the number in a room 
below 0 .  

A special subroutine called SSONIC i s  used t o  "press"  the buttons 
on the BSR controller . This routine presses each button twice to ensure 

D O N E  

T H E N  

S E T  O U TS I D E  

F LA G  

TH E N  

S E T  D O O R  

F LAG 

T H E N  

S E T  W I N DOW 

F LA G  

Figure 20.2 Security problems cause 

flags (memory locations )  to be changed.  

The main program monitors these flags 

and takes the appropriate actions .  
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T H E N  

c D O N E  ) 

E N D  LOOP 

T H E N  
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L I G H T  ON 

T H E N  
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L I G H T  O F F  

T H E N  

D O N E  

Figure 20.3 Internal movement is  monitored so that the  system can  turn lights on  

and off as required .  
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reliability . Typically , SSONIC sends the code in the accumulator . BASIC 
also uses this routine by POKEing the code to be sent into location 2093 
and CALLing 2300 . Refer to Chapter 8 to review what the requirements of 
SSONIC are . 

Although the BASIC portion of my home control program does not 
utilize all the information created here (such as the ' number of people in 
each room) , you could use PEEK statements to retrieve it if you should 
want such data for your modifications . 

As I said at the beginning of this chapter, this portion of the program 
looks more complicated than it is simply because it is written in machine 
language . If you take the time to go through it using the flow chart , I think 
you will find it very easy to follow, even if you are not a programming 
whiz . 

The principles used here can be utilized for most houses ,  especially if 
you only want to automate the lights in three or four major rooms . 
Actually ,  a few rooms are usually very acceptable . If you do need more 
rooms , you will have to make extensive modifications to the program, but 
the basic principles still apply . 

The key thing to remember here i s  that the only things implemented 
in machine language are the things that absolutely require it . The security 
flags are a good example of this . The machine language program only sets 
the flags . BASIC still i s  used to determine what action is to be taken.  This 
approach provides the speed and flexibility of machine language interrupts 
and still maintains the ease of modification of BASIC . 

The computer ' s  capability to monitor movement , either inside or 
outside the house ,  i s  contingent on interrupts ,  Because of this , you can 
easily stop the monitoring by telling the Apple to ignore interrupts . For the 
convenience of persons requiring this action , I have provided two rou­
tines ,  which are also listed in Appendix B .  To use them from BASIC , just 
CALL 2058 to enable interrupts and CALL 2075 to disable them. 
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In previous chapters I have covered each module of the home control 
program. Unlike many pieces of software , you cannot just type these 
programs into the computer and run them. Many of the modules require 
special data tables or machine language sections .  

Not only do we need a means to create and maintain these items , but 
we also have to reserve sections of memory for them to fit in . This chapter 
will offer a number of programs that can aid us in these tasks . 

First ,  refer to Chapter 8 ,  where we discussed the hardware needed to 
build your own clock . Although the home control program contains the 
subroutines needed to use the clock , you will also need a program that will 
allow you to set the time and to test the clock by observing it in operation . 

Appendix C contains a listing of a program to perform these tasks . 
When it is run ,  you are asked if you wish to set or observe the clock . The 
program is very short and is well commented to help you see how each 
section works . 

The next program maintains the speech recognition system. As was 
discus sed in Chapter 4, the Speech Link has to be trained by each user. 
The words and their templates can be stored on the disk so that programs 
can utilize speech input without being retrained each time they are run . 

The program in Appendix E can be used to create these templates ,  as 
well as to perform several other useful tasks . For instance , it provides a 
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means for you to test different words in a vocabulary . This will allow you 
to try substitutes for a word that is hard to recognize and then to retrain 
and test the vocabulary . The program also serves as a structured tutorial 
for many of the functions of the Speech Link. 

You can try new words by altering the DATA statements .  I use each 
word three times to increase the recognition capabilities .  Each word must 
be different if Speech Link is to differentiate among them, so I create two 
additional words by adding a period and an exclamation point to the 
original word . 

If you retrain the words without reinitializing , the Speech Link will 
average the present templates with the new word . Further information can 
be obtained from the Speech Link manual for those of you that plan to use 
it in your home control program. 

We also need to create the time tables used for the event timing 
module . The program to do this is shown in Appendix D. Like the other 
maintenance programs ,  this program is menu driven and self-prompting to 
make it easy to use . It not only allows you to create but also to edit the 
time tables specified in Chapter 1 9 .  

Each of these programs is  well commented and almost self-explana­
tory . Because of this , as well as the fact that they are only maintenance 
programs ,  I will not go into lengthy explanations of their operations . I 
think you will find them pleasantly easy to follow if you decide to examine 
them in detail . 

Now that we have looked at how the data sections for the home 
control program are created,  let ' s  see how the space for these sections is 
reserved . To put the initialization procedure into proper perspective , we 
need to pause for a moment and reexamine the requirements of a system 
start-up . 

If you refer to Chapter 7 ,  you will remember that the failsafe system 
will force a reset whenever the software becomes so " insane" that it can 
no longer keep retriggering the system sanity timer. This reset must cause 
the disk to reboot. The HELLO program, the one that runs automatically 
after a boot , must set up everything required and then run the home 
control program itself. 

This HELLO program is our next topic . You can find a complete 
listing for it in Appendix F. The program is actually very short , but it 
performs several vital functions .  First , it must POKE a 0 into the power-up 
byte , which is decimal 1 0 1 2 .  Doing this will make an Apple with an 
autostart ROM reboot if a reset occurs . 

The program must now reserve the space for the machine language 
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sections of the program. It does this by POKEing a new LOMEM address  
of  6600 into locations 1 03 and 1 04 .  In addition , a 0 must be  stored into 6600 
to meet the requirements of Applesoft . 

When this i s  done , the area from 2048 to 6600 is  no longer used by 
BASIC and is  free for our machine language programs and data . You can 
refer to your Apple documentation for more details concerning the 
movement of the start of a BASIC program. 

The last thing the HELLO program must do is to RUN the home 
control program, which will in turn load all the appropriate data and 
machine language programs into the space just created .  The sanity timer 
will be triggered just before each disk operation to ensure that a reset will 
not occur during the transfer. 

At this point you should be able to install the home control system 
software in your Apple . First ,  initialize a diskette with the HELLO 
program just discussed . That diskette should also contain all the programs 
listed in the appendixes . Use the tnaintenance program& to oreate the 
required data tables and you are all set . 

For the convenience of those persons not wishing to spend their 
weekends typing , you may receive a diskette prepared as just described by 
sending $ 1 2 . 50 to 

John Blankenship 
P . O .  Box 47934 
Doraville , GA 30362 . 
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In the last 2 1  chapters I have described a complete home control 
system that can automate your home . I have tried to create a system that 
offers as much power per dollar as possible . Wherever I could , I used 
commercially available equipment so that tinkering with hardware would 
not be a major undertaking when computerizing your home . 

I have tried to design the system so that it is not only cost effective 
but also usable . No matter how many features I add or how many ways I 
come up with to make your home easier to live in , I suspect that each of 
you will want to change one little item here or add something there . 

And because of that , my most important goal when creating the 
system was to make it easy to alter and expand . Everything is  modular , 
and although interaction between modules i s  essential , I hope you will be 
able to make your modifications as painles sly as possible . 

Although I believe that modifications can be relatively easy ,  there is  
no way around the fact that you must understand my system in order to 
make them. And you must understand it in detail . I believe the proper use 
of this text can provide you with that understanding . 

There are many areas open to you for expanding the system , and this 
book would not be complete if it did not at least mention a few .  One of the 
easiest to implement would be to add an automatic lawn sprinkler system . 
BSR has recently added an electric valve to their list of acces sories .  With 
it , some plastic pipe , and the proper entries into the time tables , you have 
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established the basis for the system . To make it intelligent , you might 
connect some type of moisture-sensitive resistance to the Apple paddle 
ports . Your program could then decide if the gras s needs watering and 
then use the clock to decide when during the day to actually perform the 
operation . 

The Apple paddle inputs could also be used to make my suggested 
heating system more intelligent . For example , a thermistor could enable 
the software to determine the temperature in the house and therefore 
provide a more elaborate basis for controlling the heating system . 

If you interfaced a smoke detector to an input pin , your house could 
deal with a fire in a manner similar to how security problems are handled . 
There is  no way to put a price tag on the safety and peace of mind such a 
system could offer.  

If you have an electric garage door opener,  your computerized home 
can decrease the possibility of someone else being able to open it . The 
opener could be plugged into a BSR remote . The computer would only 
energize the remote during the time you are expected home . Once this is 
done , even if someone had the transmitter, they would not be able to 
activate the door except for the brief periods during the day when the 
computer is programmed to permit entry . 

You might also consider wiring your doorbell to an input pin . The 
computer could then handle someone at the door in much the same manner 
as it monitors the telephone . The possibilities for this one enhancement 
can be almost limitles s .  

I n  fact there are almost unlimited pos sibilities i n  almost every area 
you can imagine . So let your imagination run wild . Don ' t  rule out anything 
you are interested in having . Anything and everything is  possible . You 
might have to make compromises or develop a creative strategy , but in the 
end any goal can be met . 

Computerizing my home has been one of my most exciting and 
rewarding projects . I hope you find the same satisfaction as you computer­
ize yours . 
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R E M " I N I T I A L I Z A T I O N 

1 0 4 0  W A A  m 3 0 0 0  

1 0 5 0  H I  I NT < WA A  2 s 8 )  
1 0 6 0  L O  = W A A  - H I  * 2 5 6  

1 0 7 0  

1 0 8 0  

P O K E < 1 1 4 4  + S L O T > , L O 

P O K E  < 1 2 7 2  + S L O T > , H I  

1 0 9 0  T A A  s W A A  + 5 5 7  

1 1 0 0  H I  I NT < T A A  

1 1 1 0  L O  = T A A  - H I  * 
I Z S  6 )  

2 5 6  

P O K E  < W A A  + 2 > , L O  

P O K E  < W A A  + 3 > , H I  

P R I N T D S " P R # " S L O T 

P R I NT I S  

.. 

1 1 2 0  

1 1 3  0 
1 1 4 0 

1 1 5 0  

1 1 6 0  

1 1 7 0  

2 0 0 0  

2 0 0 s 
2 0 1 0  

2 0 1 2  

2 0 1 4  

P R I NT D S " P R # O " :  R E M 

R E T U R N  

S A M E  F O R  D S  

2 0 1 6  
2 0 2 0  
z. 0 3 0 
2 0 4 0  
2 0 4 5  

2 0 5 0  

2 0 6 0  
3 0 0 0  
3 0 0 5  

3 0 1 0  
3 0 1 5  

3 0 2 0  

3 0 3 0  

3 0 4 0  

3 0 5 0  

3 0 6 0  

3 0 7 0  

3 0 8 0  
3 5 0 0  

3 5 1 0  

3 s 2 0 
3 5 3 0  

3 5 4 0  

3 5 5 0  

3 5 6 0 

3 5 7 0  

3 S 8 0  

R E M  * * * * * * * * * * * * * * * * * * * *  

R E M " T R A I N  W O R D S  * 

R E M * * * * * * * * * * * * * * * * * * * *  

H O M E  

P R I NT " P L E A S E  S A Y  T H E  F O L L OW I N G WO R D S  

F O R  I l T O  1 0 0 0 : N E X T  

R E S T O R E  

R E A D  W S  
I F  W S  " E N D " TH E N  1 0 6 0  

G O S U B  3 0 0  

G O T O  2 0 3 0  

R E TU R N  

R E M  * * * * * * * * * * * * * * * * * * * *  

R E M * R E C O G N I Z E  W O R D S  * 
R E M * * * * * * * * * * * * * * * * * * * *  

H O M E  

P R I NT " P L E A S E  S A Y  S OM E  WO R D S  < 1 0 >  A N D  

W I  L L  P R I NT WHAT TH O U G H T  Y O U  S A I 

D "  
P R I NT 

F O R  I l TO 1 0  

G O S U B  4 0 0 

P R I NT W S  
N E X T  I 

R E T U R N  

R E M * * * * * * * * * * * * * * * * * * * * *  

R E M * S A V E  V O C A B U L A R Y  * 
R E M * * * * * * * * * * * * * * * * * * * * *  

H O M E  

P R I NT " W H A T  N A M E D O  Y O U  W I S H T O  S A V E  

TH I S  V O C A B U L A R Y  U N D E R  < J U S T  R E TU R 

N TO V O I D > " 

P R I N T I N P U T  N AM E S 

I F  L E N < N A M E S >  0 T H E N  R E T U R N  

P R I N T D S " B S A V E " N AM E S " , A " T A A " , L 3 0 0 0 "  

R E T U R N  
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3 8 0 0  

3 8 0 5  

3 8 1 0  

3 8 1 2  

3 8 1 4  

3 8 Z O  

3 8 3 0  

R E M * Y E S  A N D  N O  * 
R E M * * * * * * * * * * * * * * * * * * * *  

H O M E  

P R I NT " T H I S  W I L L  P E R F O R M  1 0  T E S T S  O F  

T H E  Y E S  A N D  N O  I N P UT "  

P R I NT D $ " P R # " S L O T 

P R I NT V S  
P R I NT D S " P R # O "  

F O R  1 T O  1 0  

G O S U B  4 0 0  

P R I NT W S  

N E X T  I 

P R I NT D S " P R # " S L O T 

P R I NT V S  

P R I N T D S " P R • O " 

R E T U R N  

* WO R D S  F O R  T R A I N I N G * 

* L A S T  WO R D  = E N D  * 

O F F I C E . O F F I C E .  , O F F I C E ! 

S T E R E O . S T E R E O . , S T E R E O ! 

B E D R O O M , B E D R O O M . , B E D R O O M ! 

D E N , D E N . , D E N ! 

' 3  8 3 5 

3 8 4 0  

3 8 4 5  

3 8 5 0  

3 8 5 5  

3 8 6 0  

3 8 6 5  

3 8 7 0  

3 9 0 0  

4 0 0 0  

4 0 0 4  

4 0 0 5  

4 0 1 0  

4 0 Z O  

4 0 3 0  

4 0 4 0  

4 0 5 0  

4 0 6 0  

4 0 7 0  

R E M  

R E M 

R E M 

R E M 

D A T A  

D A T A  

D A T A  

D A T A  

D AT A  

D A T A  

K I T C H E N , K I T C H E N . , K I T C H E N ! 

F L O O D L I G H TS , F L O O D L I G H T S . , F L O O D L  

H E A T . H E A T . , H E A T ! 

I G H T S ! 

4 0 8 0  D A T A  

4 0 9 0  D A T A  

L E A S E ' 

T I M E P L E A S E , T I M E P L E A S E . , T I M E P 

4 1 0 0  D A T A  T E L E P H ON E , T E L E P H O N E . , T E L E P H O N E ! 

4 1 1 0  D A T A  A R E  Y O U  B U S Y , A R E  Y O U  B U S Y . , A R E  
Y O U  B U S Y ! 

4 1 Z O  D A T A  TH I S  I S  WA N D A , T H I S  I S  W A N D A . , TH 

I S  I S  W A N D A ! 

4 1 3 0  D A T A  G O O D N I G H T , G O O D N I G HT . , G O O D N I G HT ! 

4 1 4 0  D A T A  B Y E  B Y E , B Y E  B Y E . , B Y E  B Y E ! 

4 1 5 0  D A T A  T U R N  I T  O N , T U R N  I T  O N . , T U R N  I T  

O N ! 

4 1 6 0  D A T A  S H U T  I T  O F F , S H U T  I T  O F F . , S H U T  I 

T O F F ! 

4 1 7 0  D A T A  D I M  I T , D I M I T . , D I M  I T I 

4 1 8 0  D A T A  N E V E R  M I N D . N E V E R  M I N D .  , N E V E R M I  

ND ! 

4 1 9 0  D A T A  B I L L , B I L L . , B I L L ! 

4 Z O O  D A T A  WAN D A , WA N D A . , WA N D A ! 

4 Z l  0 D A T A  T O C C O  H I L L S , T O C C O  H I L L S . , T O C C O  

H I L L S ! 

4 Z Z O  D A T A  V I L L A G E  

A G E  TW I N ! 

4 2 3 0  D AT A  E N D  

TW I N , V I L L A G E  TW I N . , V I L L  
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2 0  P R I NT " H O M E  C O NTR O L  P R O G R A M D I S K E T T E " 
3 0  P R I N T " C O P Y R I G H T  B Y " 
4 0  P R I NT " J O H N B L A N K E N S H I P "  
5 0  P O K E 1 0 1 2 , 0 :  R E M R E S E T  P OW E R U P  B Y T E  
6 0  P O K E  1 0 3 , 2 0 1 : P O K E  1 0 4 , 2 5 :  P O K E  6 6 0 0 , 0  

7 0  R E M L O M E M  N O W  S E T  T O  6 6 0 0  
8 0  P O K E  4 9 3 9 3 , 0 :  R E M R E S E T S AN I T Y T I M E R  
S O  P R I N T 
l 0 0 P R I N T C H R  S < 4 )  " R U N  H O M E  C O NT R O L " 
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Micromodem II 
Hayes Microcomputer Products 
5835 Peachtree Corners East 
Norcross  Ga 30092 

Type 'N Talk Speech Synthesizer 
Votrax 
500 Stephenson Highway 
Troy MI 48084 

Microvox Speech Synthesizer 
40-Khz Ultrasonic Transducer 

Micro mint 
561  Willow Avenue 
Cedarhurst NY 1 1 5 1 6  

5832 Clock chip and crystal 
Miscellaneous semiconductors and electronic parts 

Concord Computer Products 
1 97 1  So. State College 
Anaheim CA 92806 

and 



JDR Microdevices 
1 224 S. Bascom Avenue 
San Jose CA 95 1 28 

Mura WMS-49 Wireless Microphone 
Herbach & Rademan 
40 1 East Avenue 
Philadelphia PA 1 9 1 34 

and 
Mura 
1 77 Cantiague Rock Road 
Westbury NY 1 1 590 
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JOHN BIANBm' 
Yo u rs can be t h e  f i rst A P P L E  h o u s e  on t h e  b l o c k !  

H e re i s  a boo k t h at w i l l  s h o w  y o u  h o w  to save t i m e a n d  m o n ey b y  u s i n g  

yo u r  c o m p u t e r  to c o n t ro l  yo u r  h o m e :  t h e  sec u r i t y ,  t h e  l i g h t s ,  t h e  h eat , t h e  

t e l e p h o n e ,  a n d  m u c h  m o re .  

W i t h  J o h n  B l an ken s h i p ' s  syst e m , yo u r  h o u se c a n  acc e pt verbal  c o m m a n d s  

a n d  res p o n d  w i t h  i t s  own vo i ce .  I t  d o e s  not n e e d  h u m a n  i n st r u c t i o n  a n d  

pe rfo rms m a n y  u s ef u l  t a s k s  o n  i t s  o w n .  O n c e  yo u g et u sed to an i n te l l i g e n t  

h o u se yo u w i l l  w o n d e r h o w  yo u eve r g ot a l o n g  w i t h o u t  o n e .  

Eve n t h o u g h  m o s t  i t e m s  i n  t h e  A P P L E  h o u se c a n  b e  read i l y  p u rc hased , t h e  

aut h o r  s h ows h o w  y o u  c a n  save even m o re m o n ey by b u i l d i n g  so m e  from 

s c rat c h .  He a l so p o i n t s  out t h at you can s_u bst i t ute eq u i p m e n t  y o u  a l read y 

o w n  because of t h e  syst e m ' s  m od u l ar i ty .  

A l t h o u g h  w r i t t e n  wi th  an A P P L E  c o m p u t e r  in  m i n d ,  the  p r i n c i p l es 

d i sc u ssed can eas i l y  be t ransfe rred to ot h e r  c o m p u t e r  syst e m s .  

P R E N T I C E- H A L L ,  I N C . ,  E n g l ewood C l i f f s ,  N . J .  07632 
,.. 
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