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ADVANCED
CONTROL
SYSTEM

THIS IS THE FIRST IN A SERIES OF ARTICLES IN WHICH WE WILL

introduce REACTS, the Radio-Electronics Advanced
ConTrol System. Over the next few months, we will build
\a control/robotics computer called the REACTS 7000,
‘which is based upon the DataBlocks, Inc. Altair Il system,
'a complete line of modular control elements currently
available for personal and industrial-control computers.
We’ll also build all the peripherals the computer will need
in order to perform a wide variety of control functions. In
addition, we will show you how to use your computer in
real applications.

- Control computers

Control computers differ from conventional computers
in several important ways. One of those differences, the
ability to easily interface with a huge variety of external
devices, gives the control computer the potential, over the
next few years, to revolutionize our lives in more ways than
anything yet produced by mankind.

In a typical home, there are applications for dozens of
control computers. Some simple applications include con-
trolling appliances; adjusting the heating, air con-
ditioning, and/or humidity; minimizing power consump-
tion; and ultimately running a robot lawnmower or vacuum
cleaner so you won’t have to.

REACTS 7000 is designed to be completely modular,
with each module containing the circuitry to perform one
or more complete functions. It also uses conventional
programming languages (BASIC, C , assembly, etc.).
Each subunit or module in the computer plugs into every
other module. For example, the first module we will build
is the central processor/computer module. That module is
a complete stand alone system that includes its own mem-
ory, serial port, disk, vectored interrupt, real-time clock,
system clock, memory-expansion hardware and all neces-

A complete, sophisticated

control computer that is capable of
operating almost every appliance
or system in your home, and more!

H. EDWARD ROBERTS, M.D.
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sary buffers. In other words, it is a
complete personal computer. Follow-
ing that, we will build modules that
contain semiconductor disk systems
along with integral PROM program-
mers, complete CRT terminals, A/D
converter modules, stepping-motor
modules, etc.

The goal of this series of articles is
to make you the system designer. You
do the designing by simply selecting
what modules you need for your ap-
plication. Those modules are then
stacked together in any order to create
a custom control computer for any
application. You need only to pick a
language and write the program. Sur-
prisingly, most control applications
require simple programs.

Central to REACTS is the soft-
hardware concept. Soft-hardware is
simply hardware that can be changed
or altered as easily as software. The
author first developed the concept at
MITS while designing the Altair
computer, but only recently has it
been possible to exploit it in a prac-
tical way. Over the next few months
you will see how we achieve soft-
hardware using straightforward, well-
established principles. Indeed, the
main requirement for soft-hardware is
to make sure that each module’s oper-
ation doesn’t interfere with the opera-
tion of any other module. Addi-
tionally, each module must be self-
sufficient mechanically and elec-
trically, Further, each module should
provide shielding to meet FCC re-
quirements, and each module must
provide its own motherboard.

CPU module

The REACTS CPU module con-
sists of a microprocessor, 64K static
RAM, 32K EPROM disk system, se-
rial /O port, vectored interrupt sys-
tem, completely buffered bus drivers,
crystal-controlled clock, 1-megabyte
memory-expansion subsystem, and
internal sense switches. If you aren’t
familiar with any of those terms,
don’t give up! Stick with us as we are
going to discuss each item individu-
ally and will explore the engineering
philosophy used in each decision.

Cost and reliability are important
considerations with any computer
system, but to a large extent they de-
termine where and when it is practical
to use a control computer. For in-
stance, it is not practical to use a
$20,000 dedicated computer to
provide security and environmental
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control for your $100,000 home. On
the other hand, if the same job could
be done by a computer system that
sold for $5, nobody could afford to be
without one. Similarly, a system that
would automatically drive your car to
work but was only 99.5% reliable
would not be very interesting.

Our goal is to design a machine that
is affordably priced and as close as
possible to being 100% reliable. That
is accomplished by eliminating me-
chanical subsystems and using spe-
cial connectors. Cost is controlled, to
a large extent, by the soft-hardware
concept; you only include what is re-
quired for the particular application.

There are some problems along the
way with developing an ‘“ultimate”
control computer. First, most of us
don’t have a $250,000 micro-
processor-development lab. We have
to be able to develop the hardware and
software we need on the target system
(a target system is the final product of
a development project). But, that re-
quires the development of both hard-
ware and software that may only be
needed for development and then
scrapped when finished.

Fortunately, the soft-hardware ap-
proach allows us to use our target
system as the development system.
We do that by including the develop-
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ment modules (CRT controllers,
PROM burners, etc.) during the de-
velopment stage and then removing
the unneeded development modules
when finally we install the target sys-
tem. That approach is especially eco-
nomical for those who will build
multiple systems.

Most board-level computers are de-
signed to work with custom software
because that is the easiest to imple-
ment. The approach we will take is to
use a disk operating system even on
the most minimal system. That allows
us to use a disk-operating system with
all its inherent power. There are a
number of disk operating systems
from which to choose, but a CP/M-
like system is familiar to both MS-
DOS users as well as CP/M users. For
that reason, we are using the
DataBlocks disk-operating system
which is a superset of CP/M; indeed,
all standard CP/M software will be
compatible with our system.

Included in the operating system
are all the utilities needed for develop-
ment, such as drivers for the PROM
programmer, drivers for printers, de-
bug routines, etc. Those special util-
ities can be left out of the final target
system if desired, to minimize system
size and cost.

Design principles

The following discussion will give
you an idea of the design concepts
used in engineering REACTS. It will
also give you a feel for the tradeoffs
made in the design of the system.

The microprocessor used in the
CPU module is a version of the Z-80.
That is probably the most popular and
widely used microprocessor ever
made. It has become the standard in
the control industry, and more person-
al computers have been built using it
than any other microprocessor. Itisn’t
the fastest of the microprocessors—
indeed some of the newer high-perfor-
mance microprocessor systems will
out-perform it by a factor of 20 to 1.
But of the modern microprocessors it
is the easiest to understand, and it
does not have any unpredictable or
“funny” interfacing quirks. That is
especially important to the non-expert
designer. As we proceed, you will see
how we get around the processor-
speed problem by using the principle
of distributed processing; that is the
use of multiple processors in a single
system. The multiprocessor concept
is based on the assumption that com-




puters are free. It turns out that the
principle is reasonably valid in prac-
tice, since the CMOS Z-80 is less
expensive than a number of other IC’s
in REACTS. We will also use a
number of other techniques that will
greatly expand the power and ca-
pability of the system.

REACTS CPU

To get an idea of how fast the RE-
ACTS CPU module is in terms of
control functions, let’s look at a sim-
ple example. Assume we needed to
turn on or off 2000 switches in a pre-
defined manner. The high-speed ver-
sion of REACTS would be capable of
doing that at a rate of 500 times a
second, or approximately 1-million
switch operations per second.

The microprocessor used is
CMOS. Indeed, all components in
the module are CMOS. That increases
cost, but it makes battery power, ei-
ther emergency or continuous, €asy.
In addition, the noise immunity is im-
proved, and less heat is generated so
no fans are needed. Further, less-ex-
pensive power supplies can be used
and the system can be used in rela-
tively confined quarters without the
problem of overheating.

The minimum system memory is
64K of static CMOS RAM, but the
system will address a total of 1 mega-
byte. Static RAM adds to the cost of
the system, but it does allow for easy
battery powering and makes the sys-
tem more predictable in a multi-
processor and/or control environ-
ment. The addressing scheme is
straightforward with the exception of
the expanded memory. The expanded
memory is based on a paging scheme
that allows the computer to switch
pages of memory 32K bytes at a time.
We will discuss some specific uses of
that memory in future articles. It is
interesting to note that the page-
switching system allows the system to
operate at effective direct-memory-
access speeds of 10 gigabytes per sec-
ond. As a comparison, if we could
read a 40 megabyte disk that fast, it
would only take 4 milliseconds to
read the whole disk!

A conventional RS-232 port is in-
cluded in the basic CPU module. That
port can be used to connect to a termi-
nal, modem, or any other standard
RS-232 device. The baud rate and sig-
nal characteristics are under software
control and can be modified from
within the program.

FIG. 1—EACH MODULE’S MOTHERBOARD interfaces to the REACTS system bus via

feed-through Molex connectors.

The CPU module supports 9-levels
of interrupts: one Non-Maskable In-
terrupt, or NMI, and 8 vectored lev-
els. An interrupt-driven system is
especially useful in process control.

There is somewhat of an aura of
intimidation associated with inter-
rupts. But actually, they make pro-
gramming simpler and much faster in
many applications. To use an inter-
rupt, you simply pull the line low.
That halts the program that is cur
rently running and causes a jump to a
special subprogram in memory; its
much like a GOSUB command in
BASIC. The computer executes the
interrupt program and then returns to
the original program. Interrupts
provide two advantages to the system
designer. The first is that the interrupt-
ing device can be serviced at random;
that is, the program doesn’t have to
keep checking to see if a service is
needed. Second, the interrupt can be
serviced instantly; it doesn’t have to
wait for the main program. Vectoring
simply means that the interrupts have
levels of priority and that a high-pri-
ority interrupt can interrupt a lower
priority one. Indeed, it is possible to
have a number of interrupts waiting
for service in a busy system. In later
articles, we will see some detailed
examples of practical uses of the inter-
rupt system.

The basic CPU module includes
sense switches. Those are simply
switches that can be set and read by
the program. They are actually a
“poor man’s” keyboard. An example
of where they are useful is in the de-
velopment vs. target system. In those
systems, the computer checks to see
the setting of the sense switch on
power up, and from that determines

whether it should look for a terminal
or start executing a program. In a real
target system, the sense switches
would be used to select which pro-
gram is loaded at auto start-up.

REACTS disk

In order to meet our design criteria,
even the most minimum system will
contain a disk. That is achieved in our
system by using a UV-erasable
PROM disk. That disk is seen as a
disk by both the external hardware
and software. It has all the attributes
of a write-protected magnetic disk,
save one: it operates at blinding
speeds. In later articles, we will build
larger semiconductor disk systems as
well as a PROM programmer that al-
lows you to burn your own PROM
disk system for the computer.

REACTS makes extensive use of
RAM and PROM disks. Semiconduc-
tor disks are significantly more relia-
ble than conventional magnetic disk
drives since there are no moving
parts. They also consume much less
power and are smaller. If large
amounts of data need to be stored,
then a magnetic disk becomes more
attractive. In later articles, we will
build a miniature floppy disk that’s
appropriate for mass storage and that
will be compatible with our system.
The overwhelming advantage of the
semiconductor disk is speed.

The random-access time of a mod-
ern high-speed hard-disk system is
approximately 25 milliseconds. The
random-access time of our disk is ap-
proximately 10 microseconds, or ap-
proximately 2500 times faster. That is
one of the reasons why our system is
capable of outperforming some of the
bigger and more expensive pro-
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FIG. 2—THE EXTRUDED ALUMINUM CASE is designed to comply with FCC shielding

requirements.

THE REACTS 7000 control/robotics computer system consists of series of stackable

modules. Here, a four-module system consisting of the CPU, a power supply, a CRT/
printer interface and a PROM programmer is shown. The modules are shown out of their

shielded cases.

cessors. Finally, semiconductor disk
systems are much easier to under-
stand and much easier to use when
designing custom software.

In order to maintain the soft-hard-

ware concept, the REACTS bus is
driven by CMOS drivers. No more
than I or 2 CMOS loads are ever
placed on the bus by any one module.
That buffer system also allows for dis-

connecting the processor from the
bus. That is a necessary condition in
multiprocessor schemes. Buffers are
not the most exciting topic, but their
proper use is critical in a multi-pro-
cessor, soft-hardware system so they
will be addressed as we procede.

The standard module card is 8
inches by 5.3 inches and connects to
the 120-line system bus using special
feed-through Molex connectors. See
Fig..1. Those two connectors allow
the modules to be stacked together in
any order. The bus that we are using is
the Altair-11 bus developed by
DataBlocks. Our system is designed
to be fully compatible with all the
existing DataBlocks modules and
software. At the present time, there
are literally dozens of different mod-
ules available that use the DataBlocks
Altair-II bus.

REACTS case

Each module can be provided with
its own shielded case that meets FCC
standards. If you desire, you can
mount the finished, unenclosed as-
sembly inside a conductive case,
which also meets FCC requirements. |
Figure 2 shows a module in its ex-
truded aluminum case; note that the
rear panel has been removed for clar-
ity. While that case is unique to RE-
ACTS, it is compatible with the
standard Altair-II system or equiv-
alents.

A word about FCC standards is ap-
propriate at this time. Each builder is
responsible to make sure he meets the
FCC requirements. All modules in
this series of articles are tested to the
most stringent FCC requirements
using self-contained cases. Nev-
ertheless, it is your responsibility to
verify that your system doesn’t inter-
fere with any other service.

The real-time clock is plugged into
the CPU-module board. That is done
to keep cost at a minimum,; the clock
need only be installed if an applica-
tion requires it. An on-board NiCd
battery is used to provide backup
power for the clock. The clock
provides time, date, month, year, and
can be used to generate interrupts to
the main system. We will make exten-
sive use of the clock in some of our
future articles.

That’s all we have room for this
time. When we next meet we continue
our look at REACTS and show you
how to build the first of our modules,
the CPU. R-E
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Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month we take
an in-depth look at the
CPU boards circuitry.

P t 2 AS WE SAID
ar last time,
the REACTS 7000 uses an oper-
ating system that is compatible
with the CP/M operating sys-
tem. The version we use is an
enhanced SB-80 from Lifeboat
Associates. Special utilities
have been added to the basic
DOS (Disk Operating System)
in order to make robotics/con-
trol applications easy to imple-
ment.

A number of the systems
commands are known as intrin-
sic—i.e. they are part of the
basic system. Examples of in-

REAL TIME

H. EDWARD ROBERTS M.D.
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ADDRESS
MICRO
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FIG.1—THE ORGANIZATION OF THE REACTS CPU board is shown here in block-diagram

form.

trinsic commands are: DIR,
which lists the directory of a
disk drive; DEL, which deletes
files; SAVE, which saves files;
and BATCH, which can be used
to chain together a number of
different commands. Of course,
there are many more, but that
gives you an idea of some of the
commands if you aren’t familiar
with CP/M or MS-DOS.
Additionally, the operating
system includes a number of
utilities such as CONFIG,
RBURN, and FORMAT, etc.
Utilities are programs that have
been added to the basic operat-
ing system. The following is an
explanation of some of the util-
ities included with the REACTS
DOS:
® CONFIG: Used to change
different parameters of the DOS

such as, disk-drive assignments, boot
drive, serial-port parameters, 1/O as-
signments, etc. If the changes are to
be made permanent, a new boot
PROM can be burned using RBURN
described below.

® RBURN: is a utility that allows you
to create a custom PROM disk on a
32K ROM. Using that utility, you can
create a PROM disk as easily as you
create a floppy disk.

® FORMAT: That allows the format-
ting of the REACTS 3.5-inch floppy
disk if a disk controller and disk are
included in the system.

That gives you some idea of what
can be done with the CP/M operating
system. There are a number of excel-
lent books on CP/M for those who
want to get more information. In addi-
tion, a detailed manual is included
with the operating system sold by the
source mentioned elsewhere in this
article.

It is important to note that you

don’t have to have an operating sys-
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tern to make the system function. If
you are familiar with assembly-lan-
guage programming and have your
own cross assembler, you can create a
custom system from scratch.

Theory of operation

The REACTS 7000 CPU is rela-
tively conventional in organization.
Figure 1 shows an overall block di-
agram of the system. The schematic is
shown in Fig. 2. Note that because of
its large size, the print had to be re-
duced in scale.

As already discussed, the pro-
cessor used in the computer is a
CMOS version of the Z80 (IC1). An
on-board crystal oscillator provides
the necessary clock signals for the
system. Jumpers JUl and JU2 are
used to select between an 8-MHz (JU1
installed) or 4-MHz (JU2 installed)

clock frequency. Other major sub-
systems on the central-processor
module includes a set of eight sense
switches, an interrupt controller, a
Universal Asynchronous Re-
ceiver/Transmitter (UART), two 32K
static RAM chips, a 32K boot
PROM-disk, bus buffers, and the
memory-paging capability that allows
the addressing of up to one megabyte
of system RAM. Also, an optional
real-time clock is plugged in as a
daughter board on the CPU module.
All of those components must com-
municate with the Z80 processor;
most of that communications takes
place via the I/O ports. We will look
at that in more detail later.

In our system each subsystem is
hard-wired to a predetermined I/O
port address; the addresses for the
subsystems are shown in Table 1.
Those addresses are known to the op-
erating system, and communication
occurs automatically in most cases. If
required, an application program can
also bypass the operating system and
communicate directly with any sub-
system. We will talk more about how
to bypass the operating system in fu-
ture articles.

The mlcroprocessor

The Z80 processor is mherently ca-
pable of addressing up to 64K bytes of
memory. Additionally, the Z80 can
address up to 256 eight-bit I/O ports.
The following is a discussion of how I/
O operations take place in the system.

Whenever the computer executes
an I/O command, it notifies the rest of
the system by raising the system bus’
MREQ line high. (Pin definitions for
the system bus are given in Table 2).
When that occurs, the lower 8 address
lines contain the address of the I/O
device. The RD (read) and WR (write)
lines tell the system whether that is an
input or output; i.e. if the read line is
low the system is requesting an input,
if the write line is low, the data on the
bus is an output. Incidentally, the
memory-read or -write system oper-
ates in exactly the same manner, ex-
cept the MREQ line is low for memory
operations.

In summary, in order for a device
that uses I/O-port addressing to be
selected, the MREQ line must be high.
Additionally, it must have an address
that matches the address on the lower
address lines (AO-A7), and the 10RQ
signal must be correct for that par-
ticular channel. If all those conditions
are met when inputting, the correct
data will be placed on the data bus by
the inputting device and then sent to
the processor. For an output, the pro-
cessor will place the correct data on
the bus.

Sense switches

As stated in Part 1, the sense
switches can be thought of as a “poor-
man’s keyboard.” They allow you to
input data to the system without con-
necting any other device. That’s
useful in a minimal system where
size, space, and/or cost prevent using
a more sophisticated input device.

Those switches are hard-wired to
input channel 187. If you are writing a
program in BASIC you simply type
the following line:

120 S=INPUT 187
That would be read by the inter-

‘preter to mean input the data on

channel 187 and store it as variable S.
Since there are eight switches, up to
256 unique instructions could be sup-
plied to the computer with those
switches. Indeed, if you really like to
work, you could input all of the stan-
dard ASCII codes using only the
sense switches.
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In addition, the four rightmost
switches are used by the REACTS’
disk-operating system at power-up.
The setting of those switches select
the console device, the serial port’s
baud rate, and which disk drive the
system should boot from. A common
use of the sense switch would be to
automatically load and execute a pro-
gram at power up.

Interrupt controller

The Z80 processor has two inter-
rupt inputs—a nonmaskable and a
maskable interrupt. Indeed, one of
the reasons that the Z80 has become
so popular as a controller is the power
of its interrupt system.

A CMOS version of the industry
standard 8259 interrupt controller
(IC2) was added to the REACTS
CPU. That provides us with eight ad-
ditional vectored (i.e. prioritized) in-
terrupt inputs. Those interrupts are
brought out to the system bus and can
be used by any of the other modules.
Complete control of the interrupt sys-
tem can be made under software con-
trol. Communication with the inter-
rupt subsystem is made through I/O
ports 216 and 217. Future articles will
show you how to exploit interrupts.
For now, let’s just say that the inter-
rupt system adds real power to the
REACTS computer. In addition,
many programming requirements can
be simplified by using interrupts.

The UART

A standard RS-232 serial port is
included on the REACTS CPU board.
The serial port’s communication pa-
rameters, baud rate, number of stop
bits, word length, parity, etc., are
configured by the Z80 through an
8252 UART (IC18). The 8252 also
converts the parallel data from the
system into a serial data train for use
with serial communications systems.
The ct1s (Clear To Send) line is config-
ured—always high (for send-only or
full-duplex applications) or float-
ing—via jumpers JU3 and JU4. The
serial port can be used to interface the
computer module to a terminal,
modem, or any other deyice that re-
quires serial data input/output. The
operating system communicates with
the 8252 UART through I/O ports
212, 213, 214, and 215. The CRT con-
troller we will build later on does not
use that port, which means that it is
normally available for any other pur-
pose. But if we use an external termi-

nal or computer as the controlling
.device, that port is used as the com-
munication port.

Memory paging

System memory paging is per-
formed via /O port 210. The four
least-significant data bits select the
lower 32K page while the four most-
significant data bits select the upper
32K page. That allows us to literally
change the contents of the system
memory in about 10 microseconds.
That is equivalent to a DMA (Direct
Memory Acess) transfer rate of ap-
proximately 10 gigabytes-per-second,
which is fast by any standard, or of
being able to move the entire contents
of a 40-megabyte hard disk in 4 milli-
seconds. The basic REACTS system
will support more than 1 megabyte of
additional memory.

The memory-paging system is im-
plemented using three custom PAL
(Programmable Aray Logic) IC’s
(IC10-IC12). Those can be purchased
from the supplier mentioned in the
Sources box.

Static RAM

Two 32K static CMOS RAM IC’s
(IC15 and IC17) provide 64K of sys-
tem memory for the computer, and
that is just the basic memory on the
CPU module. Static memory IC’s are

somewhat expensive, but their use
makes battery powering easy. That’s
because static RAM doesn’t have any
of the traps associated with multiple
processor systems—we don’t have to
make sure that the memory is in any
special configuration to power down
or to perform DMA’’s.

System disk

As we discussed earlier, even the
most minimal REACTS system in-
cludes a disk operating system. That
is because the CP/M P drive is a 32K
UV-erasable PROM that is included
on the CPU module (IC16). That
PROM is set up to allow for the BIOS
(Basic Input/Output System software)
as well as drive P to be installed.
There is enough storage available on
that prom disk to store the BASIC
interpreter and a decent sized user
program. That means that for some
applications, no other system hard-
ware, such as a disk, needs to be add-
ed to the basic CPU module; only
your interface hardware is required.

In a future article we will provide
the construction plans for a PROM
programmer as well as for a large
RAM/PROM disk system.

Real-time clock

In many applications a real-time
clock will be desirable and perhaps
even mandatory. The real-time clock
used by REACTS can be pro-
grammed to operate in a twelve or
twenty-four hour time-keeping for-
mat. It can provide single or repeated
interrupts to the processor with a reso-
lution of 0.1 second. It includes an
automatic calendar function (that ac-
counts for leap years), and it includes
a NiCd battery for back up. I/O ports
192 through 207 are used to configure
and set the clock. The interrupt output
of the real-time clock is connected to
system interrupt 7.

The clock interfaces with the main
CPU board via a 16 pin connector.
(Note that the rest of the clock circuit
will be shown in a future installment
of this series.) The use of an interface
circuit makes the clock optional and
keeps the sytem cost to a minimum in
systems where the clock is not
needed.

Next time

That’s all we have room for this
time. Next time we will get our hands
dirty and show you how to build the
CPU module. R-E
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Build REACTS:-

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month we
get to work and build
the CPU module.

P t 3 LAST TIME
ar we looked
at the theory behind the RE-
ACTS CPU module. Now,
its time to put our theory to
practice and build the CPU
module.

Construction
Construction is straight-
forward. The PC board,
which is shown in PC Ser-
vice, is double-sided; a
plated-through board with
silk screen and solder mask

pieces, one with pins and
one without pins. To install
the connector, the piece with
the pins is mounted flush
with the top (component)
side of the board and the pins
are soldered on the bottom of
the board. When soldering
the connector to the board,
use a minimum amount of
solder and make sure no sol-
der bridges occur. Further-
more, don’t ‘“‘drag’ solder
up the pins. That’s because
those pins must slide down
over the other half of the con-
nector, and any excess solder
could damage the friction fit. .
The connectors are designed
to be assembled once only; it

o

applied is available from the H. EDWARD ROBERTS, M.D. is a bad idea to push the two
supplier listed in the Sources box. R halves together and then to pull them

Components are mounted on the Sources apart. But if assembled following the
board following the parts-placement ..The to}inwmg items are Mme’ ~ preceding recommendations, they are
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diagram shown in Fig. |. Figure 2 is a
photograph of the author’s prototype.
Although there are some minor dif-
ferences, your finished board will
closely resemble that one.

Note that, as shown in Fig. 2, we
used sockets for all IC’s; desp.ie the
fact that only IC16, the EPROM disk,
strictly requires the use of a socket,
we strongly recommend that you too
use them for all IC’s.

Care should be taken in handling
the CMOS parts since they are very
sensitive to static-discharge damage.
Grounding the workbench and solder-
ing iron is highly desirable, es-
pecially if you don’t use sockets.
Placing the IC’s, PC board, and tools
on a single sheet of grounded alumi-
num foil will prevent static damage to
any components.

You should be careful when install-
ing the Molex connectors (SO3 and
SO4). The connector comes in two

fr ﬁataBbcks lnc 579 nt::!i'ﬁtl‘aﬂff

extremely reliable and durable, and
may be plugged and unplugged into
other connectors literally hundreds of
times.

Note, however, that when separat-
ing modules it is important that the
connectors be carefully pulled
apart by pure vertical force. Prying
the boards apart may cause serious
damage to the connectors. The con-
nectors are the most expensive single
item on the board, and they are time
consuming to remove and replace if
damaged. That doesn’t mean that they
are fragile, but with careless handling
they can be broken.

Other than the connectors, installa-
tion of all other parts is straightfor
ward, although care should be taken
to be sure that all polarized compo-
nents (IC’s, diodes, electrolytic ca-
pacitors, etc.) are installed correctly.
After all components are installed, a
careful inspection for proper compo-
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FIG. 1—ALL OF THE COMP
the board can be found in PC Service.

ONENTS mount on one double-sided board. The patterns for

FIG. 2—THE COMPLETED AUTHOR’S PROTOTYPE. While the prototype differs slightly
from the project described in the article, your board and this one will appear similar

nent location should be made. Also,
the board should be carefully
searched for solder bridges or other
construction defects; a magnifying
glass will be useful for that.

The operating system

REACTS uses an enhanced version
of Lifeboat Associates SP-80. SP-80
was designed to be an improved ver-
sion of CP/M. We have added enhan-
cements to the package in order to
produce the REACTS DOS. If you
are familiar with CP/M, MS-DOS, or
SB-80, you will feel right at home
with the operating system. REACTS
- DOS is available on a PROM from the

|

vendor listed in the Sources box
elsewhere in this article. Once the
CPU module is assembled, that
PROM is installed, a terminal is con-
nected via the serial port, and power is
applied, the CPU is ready for check-
out and use.

Checkout

Power can be applied to the CPU
via the power jack (SOS) using an
Elpac power supply (available from
the source listed in the Sources box
found elsewhere in this article). Other
supplies can also be used, as long as
they provide the appropriate voltages
and currents and are well regulated

TABLE 1

Parameter Setting
EMULATION QVT101C
PARITY OFF
DATA BITS 8
STOP BIT 1
BIT8 0
FDX/HDX (Full or Half FDX

Duplex)
CHAR/LINE/BLCK CHAR
ON LINE/LOCAL ON LINE
BAUD RATE 9600

and current limited. The Elco power
supply produces + 5 volts DC at 860
mA, +12 volts DC at 300 mA, and
—12 volts DC at 300 mA.

The checkout itself is actually quite
simple. Just connect a standard termi-
nal to the serial port and apply power
to the system after setting switch S1 as
shown in Fig. 3. If everything is work-
ing correctly, in less than a second
(about 250 milliseconds to be more
exact) you will see the opening
screen. If that happens, you are ready
to use your system to control the
world!

Adding a terminal
Before we wrap up, let’s spend a
couple of moments discussing exactly

8861 lHdV
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FIG. 3—SET THE EIGHT DIP SWITCHES of
S1 as shown here. The settings of the
don’t-care switches will not affect the
checkout.

what we mean by a “‘standard termi-
nal.”” Over the past decade computer
terminals have gotten ““smarter” and
at the same time less expensive. For
example, a quality “dumb” terminal
sells in single quantities for less than
$400. Ten years ago, a terminal with
less capability would have sold for 4
to 5 times that price.

While developing the REACTS
system, we have made extensive use
of both the Qume 101 and the ADDS
VPT/A2 terminal. Also, we have test-
ed a number of different terminals and
all operate in a satisfactory manner.

Another alternative is to purchase a
used terminal. At the present time
there are a number of used terminals
on the market (e.g. ADM-7, etc.) that
can be purchased for next to nothing.
Be sure that any terminal you consid-
er is compatible with a standard
RS-232 interface before buying. In
addition, it is probably a good idea
not to purchase any used terminal if
its technical manual is not available.

The settings we use on the Qume
101 terminal are shown in Table 1.
They will give you a starting place
even if you use a different machine.

In addition, the REACTS system
allows you to use two other devices
for the terminal. One is to use an IBM
PC or compatible as a terminal. If you
have a computer and a modem, the
software needed to convert your PC
into a terminal is available on the RE-
BBS (516-293-2283, 8 data bits, no
parity, 1 stop bit). It is also available
on disk from the supplier mentioned
in the Sources box for $18.00 plus
postage. That disk also includes a
routine that allows you to use your
hard or floppy disk as a storage device
for the REACTS system.

Finally, you can choose to build
your own terminal. The last alter-
native has several advantages; we will
go into those in detail and provide
construction plans for the REACTS

PARTS LIST

All resistors YVe-watt, 5%, unless
~otherwise noted

Fn R2—10,000 ohms, 9-into-1 re-
. sistor network, SIP package

R3-R6, R8--10,000 ohms

R7-+10 ohms

R9--470 ohms

Capacitors =
C1-C20, C22, 023047 uF 25
- Nolts, ceramic disc’ :

C21—=not used

C24, C25--22 pF, 25 wl%s, ceramic

disc
C26—10 uF 16 volts, electrolytrc

€27, C28--47 pF. 16 volts, slec-

frolytic
C29-—47 uF, 10 voits, electrolytic
C30-—-6-36 uF trimmer -
‘Semiconductors
1C1—Z80 microprocessor :
1C2—82C59 programmable mterrupt
_controller -

1C3-1C7—74HC245 octal three-

- state transciever

1C8—74HC02 quad 2-input NOR gate

1G9, 1020«7414{:14 hex mvertmg '
Schmitt trigger '

Ic10, IC12—16L 8 cusmm PAL, see ;
Sext

1C11-—EP6OD custom PAL, see text

1C13,1C14—74HC73 dual JK flip-flop
with clear

IC15, 1017256257 32K static RAM

IC16--27C256 32K UV~erasable‘
EPROM

IC18--82C52 programmable UART

1C19--MC145406 H&zsz dnver/re—‘
ceiver o

Di—1N914 swrtchmg diode -

LED1—Red L LED right»angte PC» :

mount v
Oﬂtercompanents . -
OSC1—8-MHz crystal osc#later ,
XTAL1—2.4576:MHz crystal

B1—3,6-volt rechargeable NiCd bat; '

" tery (Panasonic MMB 3.6C)
S1--8-positionDIP swilch
$2--SPDT, momentary pushbutton

switch
SOt-~25-pm female connecmf

. DB-251type
S02—16-pindouble-row header, PC

mount.

803, SO4-—60-pin male/female
feedthrough bus connector agseni-

bly (Molex 70090/70088), see text

$05-~4-pin jack

Miscellaneous: PC board, extruded
aluminum case (see Part 1), IC
- Sockets, hardware, wma, sotder,,

ete.

terminal in a future installment. Note

that the REACTS terminal also fea-
tures a parallel printer port.

Next, we will show you how to
build a battery back-up system. R-E

SURROUND SOUND

continued from page 49

correct. Note that there is no power
switch between power plug PLI1 and
T1’s primary winding. That was done
because the power to the prototype is
switched with the rest of the system to
avoid turn-on pops.

Setting up

Figure 7 shows how the surround-
sound decoder can be set-up in a com-
ponent video-sound system. Notice
that by having the decoder connected
between the preamplifier and the
power amplifier it can also be used to
decode signals that originate in a con-
ventional tuner, a CD player, or what-
ever. Also note the use of left-rear and
right-rear speaker signals even though
the left and right decoder outputs, as
previously discussed, are the same.
Obviously, your particular video-au-
dio system will be different, but Fig. 7
will give you a good idea of the vari-
ous ways in which signal sources and
amplifiers can be combined with the
surround-sound decoder. As shown in
Fig. 8, all of the decoder’s inputs and
outputs are made through phono jacks
that match the conventional phono-
plug patch cords that are used for all
home video-sound connections.

If your system doesn’t use compo-
nents, and the stereo outputs of your
your VCR or TV normally drive an
integrated amplifier or a receiver, sim-
ply connect the decoder between the
VCR or TV and the amplifier’s or
receiver’s AUX Or VIDEO-SOUND inputs.

If all four speakers were identical,
and if their driving amplifiers had
identical gain, and if the front and rear
speakers were equidistant from the
viewer, no level balancing or adjust-
ment would be necessary. But that’s a
lot of ifs. More than likely, you’ll
spend some time fiddling with the
amplifier controls. A better way to
calibrate Hi-Fi surround-sound sys-
tem is to use a 7-minute video calibra-
tion tape called Kwik-Kal: A Seven
Minute Surround Test, which features
on-screen indication of speaker place-
ment, the channel being encoded, and
its weighting. The tape is available in
the Beta and VHS formats and con-
tains a Hi-Fi track. (See Parts List.)
Once the system is optimized by
using the tape, there’s no need to fid-
dle with any adjustments. Simply sit
back, relax, and enjoy the show. R-E
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Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month, we add
a way to store your
programs and data.

P t 4LAST TIME, WE
ar promised to
show you a battery back-up sys-
tem for the REACTS system.
Well we will—but not this
month! Instead, we will show
you a powerful high-speed sem-
iconductor-disk system for the
control computer. That module
will allow us to expand the size
of our disk storage from the 20K
provided by the CPU board to
virtually any size desired, and
to add read/write (RAM) stor-
age to the disk system. And best
of all, it will operate at speeds
that are up to 1000 times faster
than magnetic-disk systems.

Using semiconductor disks

To the computer programmer/user,
semiconductor disks are manipulated
in the same way as floppies or hard
drives. That is, all commands that are
used with floppies or hard drives (DIR,
ERA, etc.) work the same way with
semiconductor disks, only much
quicker.

For many reasons, semiconductor
memory is ideal for process-control
applications. It is low in cost com-
pared to magnetic storage, except for
applications requiring huge amounts
of memory. It is much more tolerant
of temperature and vibration extremes
than magnetic memory. Power con-
sumption is only a fraction of what
typical magnetic-disk systems re-
quire. The size of a small semicon-
ductor-disk system is much less than
that of a conventional disk drive. The
only real disadvantage of that type of
disk is that the read/write portion of

H. EDWARD ROBERTS, M.D.

the disk is volatile; that means that it
must be powered continually. That’s
really not much of a problem, and it
can be made even simpler when you
build the battery-backed switching
power supply that will be discussed in
a future article. For now, it only
means that you will have to keep your
computer powered up if you want to

FIG.1—THE SYSTEM IS CONFIGURED fbr
RAM, PROM, or a combination of memory
IC’s using an 8-position DIP switch, S2.

save the contents of the RAM
memory permanently.

The soft/hardware concept
that we previously introduced is
very evident in this module. For
instance, you can configure the
system to appear as | to 8 disk
drives by simply setting switch-
es on the back of the module.
Also, multiple modules may be
combined to increase the size of
a single disk to over 2 mega-
bytes. Any number of disks may
be added to the system. By leav-
ing out memory IC’s, the cost of
the disk system can be mini-
mized in cost-sensitive applica-
tions. Once the hardware is
customized as desired, the oper-
ating system can be changed
using a configuration utility
(more on that shortly). That will
provide a truly customized sys-
tem.

The REACTS drives

The PROM/RAM disk portion of
this month’s module provides 256K of
PROM and/or RAM space. It con-
tains 8 IC sockets into which either
32K RAM or PROM IC’s can be in-
serted; any 32K X 8-bit RAM or
PROM can be used. You let the sys-
tem know which type of memory each
socket location contains by setting a
DIP switch. As shown in Fig. 1, a
PROM/RAM location is configured
for a PROM if its corresponding
switch is up, and configured for a
RAM if the switch is down.

Throughout the rest of this article,
we will refer to the disk system as a
drive or drives. That allows us to fol-
low the accepted convention used in
most operating systems. For instance,
the first floppy in a conventional PC is
known as drive A: and the hard disk is
usually labeled drive C. Our system
will support up to 16 drives, identified
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SELECT

0ATA
BUFFER

PROM/RAM
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PROM/RAM
CONTROL

PROM PROGRAMMER
CONTROL
REGISTERS

FIG. 2—THE PROM/RAM DiSK and optional PROM Programmer are shown here in bloc\i(? )

diagram form.

as drives A:—P:. Further, the REACTS
operating system has been designed
to divide the PROM or RAM disks
into tracks and sectors, with each
track made up of 8 sectors of 128
bytes each. That compares with the
tracks and sectors of a floppy or hard
disk.

Certain drives are reserved by the
system for special operations; specifi-
cally, drive P: is reserved as the boot
drive on the CPU. Future articles will
provide the information necessary to
add floppy and hard disk drives to the
system. Those drives will be labeled
in exactly the same manner. Indeed, a
random mixture of floppies, hard
disks, RAM and PROM disks is per-
fectly satisfactory from the system’s
standpoint.

It is not necessary to have all of the
PROM or RAM space of a module
designated as one drive. Up to 8 sepa-
rate drives may be specified on one
module; the only constraint is that the
memory allocated to each drive must
be a multiple of 32K (the size of a
single memory IC). As an example,

PROM
VOLTAGE CONTROL

you could configure the system to
have 128K of PROM memory set up
as drive A: and 128K memory set up
as drive B:. Another option would be
to have two 64K drives of PROM and
two 64K drives of RAM; the four
could be designated as drives A:, B:,
C:, and D:, where A: and B: would be

652- 1336 {
568-7101

MEMORY
CONFIGURATION
SWITCHES

RAM drives and C: and D: PROM
drives.

It is even possible to have eight
different drives on one PROM/RAM
module, each containing 32K of
PROM or RAM memory. At the other
extreme it is possible to have more
than two megabytes of PROM or

8861 AVIN
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FIG. 3—THE MODULE’S CIRCUIT DETAILS are shown in this schematic.
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‘Parts List—PROM/RAM Drive

All resistors % watt, 5% unless
otherwise noted

R3, R4, R23--10,0000hms, 10-mtu—1
siP

R7—470 ohms

Capacitors

C1-C1, C13<017, C19-021-0: 47
1F, ceramic disc

Ca5—47 pF, 16 volts, electroivtic

C26--47 uF, 10 volts, e|ectrolyt|c

Semiconductors

1C1-1C8-—32K x 8 RAM of EPROM,;
see text

1G9, 1C19—74HC 245 oétal three-
state transceiver

IC10, 1IC11,1C20, lC%——Programma»
ble array logic1C's; custom compo:
nents, seetext

1C13-1C16—74HC163 synchroneus
binary counter

1617-~82C55 programmable pe-
ripheral interface

D2—Red LED, right- angle PC-
mount

Other components

S1—5-position DIP switch

~82—8-position DIP switch

502, 803-60-pin male and female
bus connector set )

Miscellaneous:PC boaid, 1€ sock-
ets, hardware, case; wire, soider,
etc.

RAM memory configured as one
drive. In that case, each module is
only ¥ of the total drive (8 PROM/
RAM disk modules times 256K per
module = 2048K). The ability to
custom design the PROM/RAM con-
figuration of the disk drives fits in
nicely with the concept of soft-hard-
ware in that it allows the user to select
the optimum disk size for a particular
application.

(As discussed in the Feb. 1988 in-
stallment, soft-hardware is system
hardware that can be changed as easi-
ly as software.)

After setting the memory config-
uration switches and installing the
correct memory IC’s (RAM or
PROM) into their appropriate sock-
ets, the operating system must be
“told” about the current configura-
tion of disks. The REACTS operating
system handles that with a configura-
tion utility called CONFIG. If the new
configuration is to be permanent,
which will usually be the case, it
should be ‘‘burned” onto a boot
PROM, using the PROM program-
mer, and that PROM then placed in
the appropriate socket on CPU-mod-
ule board.

PROM/RAM disk operation

Referring to Fig. 2, a block di-
agram of the PROM/RAM disk and
the optional PROM programmer, will
help in following the discussion of the
operation of the PROM/RAM portion
of the module. Complete circuit de-
tails are shown in Fig. 3.

The REACTS CPU communicates
with the PROM/RAM module via /O
ports. The system 1/O ports used by
the PROM/RAM module are user-se-
lectable. The MODULE SELECT and
PROM/RAM CONTROL blocks of Fig. 2 are
implemented using PAL (Program-
mable Array Logic) IC’s; those
custom components are available
from the supplier mentioned in the
Sources box. PAL’s are used in the
PROM/RAM disk module, as they
were in the CPU module, to reduce
circuit cost and complexity. The I/O
address of the module can be changed
by resetting a 5-position DIP switch,
S1. That allows you to use multiple
PROM/RAM modules per system for
greater storage capacity.

Basic operation of the PROM/
RAM portion of the module calls for
reading or writing to the correct
PROM or RAM IC. That is done by
the PROM/RAM CONTROL block. After
selecting the correct type of memory
IC (as determined by S2, the 8-posi-
tion DIP switch previously dis-
cussed), the PROM/RAM ADDRESS COUN-
TER is loaded with the starting
memory address of the file to be read,
or in the case of a write to a RAM
drive, the first unoccupied memory
location. As each memory byte is
read or written, the address counter is
incremented to point to the next byte
in memory so that that location can be
read from or written to.

The PROM programmer

If you are going to make full use of
PROM memory, you need some way
to get your programs into them. To
that end, we have included an PROM
programmer on the PROM/RAM disk
module. (In order to accommodate
cost-sensitive applications, the pro-
grammer has been made optional and
can be omitted where it is not
needed.)

In addition to being able to pro-
gram 32K UV EPROM’s (Ultra Violet
Erasable Programmable Read Only
Memory), the programming socket
can be used as an independent disk
drive. To the REACTS operating sys-
tem, a PROM in the PROM program-

Paris List-—PROM Programmer

All resistors %-watt 5%, unless
otherwise noted

R1,.R5, R6. R8—-10 000 ohms, 9-
into-1 SIP

R2.-R18-10,000 ohms

R9, R10, R16—2200-0ohms

Bl B12, R21, R22—4700 ohms

-R13-470 ohms

R14, R15--1000 ohms

R17—-220 ohms

R19--1000:ohms, potentiometer

R20--500 ohms, potentiometer

Capacitors

C12, ©18-0.47 uF, ceramic disc

C22-024--10 pF, 16 volts, tantalum

Semiconductors

iIC12; 1C18—82C55 programmable
-peripheral interface

IC22—LM317 voltage regulator

Q1-Q3, Q5—2N3904 NPN transistor

Q4, Q6~2N3906 PNP transistor

Di—Green LED, right-angle PC
mount ;

Other components

SO1-—-28-pin ZIF socket

Miscelaneous:PC board, IC sock-
6ls, 28-pin. hi-rise socket, hard-

- ware’ wire, solder, etc.

mer’s easily accessible ZIF (Zero
Insertion Force) socket looks like a
32K disk drive. (The use of a ZIF
socket allows you to insert and re-
move IC’s many times without
damage.) You will find that attribute
to be a useful tool when developing
software.

PROM-programmer operation

"The PROM programmer programs
EPROM’s one byte at a time. Refer-
ring to the PROM programmer
portion of Fig. 2, the address of the
memory location to be programmed is
placed on the PROM programmer’s
address bus and the data to be pro-
grammed is placed on the data bus. To
do the actual programming, 12 volts is
placed on pin 1 of the EPROM, 5 volts
on pin 28, and the EPROM’s CE (cHIP
ENABLE) input is brought low for a
specified period of time. After a loca-
tion is programmed, the address is
incremented and the next byte to be
programmed is placed on the PROM
data bus.

Reading an EPROM (or PROM) is
essentially done in the same manner
as programming one, except that 5
volts are placed on both pin 1 and pin
28, and both the cE and oE (outpPuT
ENABLE) pins are brought low. Once
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FIG. 4—CONSTRUCTION OF THE MODULE is fairly straightforward. Use this Parts-
Placement diagram when mounting the components.

again, to keep circuit complexity and
cost as low as possible, much of the
programmer’s circuitry is incorpo-
rated in a custom PAL. (That IC is
available from the supplier.)

The REACTS operating system
contains a utility called RBURN that
makes programming EPROM’s easy.
That utility uses prompts to allow the
user to select the file to be pro-
grammed, the drive that the file is
located on, and the number of kilo-
bytes to be programmed. In addition
to burning EPROM’s, the RBURN
utility can be used to check an
EPROM for complete erasure (i.e. to
make absolutely sure that a PROM is
blank before programming).

Two LED’s are used by the module
to display the state (idle or busy) of
the PROM programmer. If the red
LED is illuminated, the EPROM is
either in the process of being burned
or read and should not be disturbed.
To avoid damaging the device,
EPROM’s should be placed in or re-
moved from the programming socket
only when the green LED is on.

When handling EPROM’s, re-
member that they are CMOS compo-
nents and all of the usual precautions
regarding static electricity should be

followed to avoid inadvertently zap-
ping them. Also, be sure that any
EPROM’s are oriented correctly in the
socket before attempting to burn or
read them otherwise, the device may
be damaged.

Building the module

Building the combination PROM/
RAM disk and PROM programmer is
basically a straightforward operation.
Follow the parts-placement diagram
shown in Fig. 4 when mounting the
components. The pattern for that
board can be found in PC Service; a
pre-etched board is available from the
supplier that is mentioned in the
Sources box.

THE FINISHED PROM/RAM DISK. Note the
ZIF socket near the center of the unit.

Be sure to observe the cautions out-
lined last time when installing the two
60-pin PC-board connectors.
(Though they are rugged units once
assembled, they can be easily
damaged during assembly.) Also,
take the usual precautions when han-
dling the CMOS IC’s. Finally, be-
cause we are putting so much circuitry
in a small area, we have chosen to use
Single Inline Package (SIP) resistors
where applicable. Those are reason-
ably new components and you may
not have used them before. However,
SIP resistors are becoming more com-
monplace so they should not be to
difficult to locate.

Software
Although we have not yet built any
actual process-control modules, we
can now start program development.
We have a central processing unit, a
means of communicating with it (a
dedicated terminal or an IBM or com-
patible configured to act as a terminal;
see the April issue for more on that),
and at least one way of saving pro-
grams, that being the PROM-pro-
grammer/semiconductor-disk mod-
ule. In order to create any programs
continued on page 82
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THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month, we show

you how to put REACTS

o work to control the
outside world.

P t 51N THE PRE-
ar vious arti-
cles in this series we built the
basic REACTS control com-
puter. In this article we will
discuss how the REACTS
can perform useful tasks;
that is, provide automatic
control for the home. We will
build an electronic lock and
provide automatic control of
various appliances in the
home. In a future article we
will add a security system
and we will also provide au-
tomatic environment con-
trol.

H. EDWARD ROBERTS

SYSTEM
BUS

'BUFFER

\ . MODULE
ot~ MASKABLE INTERRUPT INPUT ADDRESSING |
: ‘ SWITCHES |
INPUT/QUTPUT REQUEST - ,
AQ-A7 DCTAL /D |
e |  MODULE
WHRITE - | SELECT be
READ DRIVER | ...
DATA R N R
DIRECTION QUTPUT
ENABLE
DATA f
Y ouT ouTPUT DA
INPUT
L ENABLE

What makes control ap-
plications like those possible
is an eight-channel input and
output block that we will use
to provide partial automation
of a home. Specifically, we
will build an electronic door
lock and provide for the auto-
matic sequencing of ap-
pliances and lights.

What we will show you
this month is just a small
portion of our ultimate
home-control system. In fu-
ture articles we will add ca-
pabilities such as environ-
mental control and a security
system. The reader should
notice that the application
shown is designed to be both
practical as well as il-
lustrative; we hope it will

RELAY

opTioN [0 p - FELAY

OUTPUTS

DC DRIVER

nc
OPTION | —— QUTPUTS

DATA

D0-D7

FIG. 1—THE REACTS OCTAL I/O MODULE allows you to interface the system to the
outside world. The optional relay outputs even allow you to control AC devices.

DATA

IN -

DIGITAL
INPUTS
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FIG. 3—BUILD THE MODULE following this parts-placement diagram. The PC pattern can

be found in PC Service.

give you some idea on how to use the
REACTS control computer.

The I/0 module has eight universal
inputs and outputs. The outputs are
eight Darlington-array DC drivers (an
option of eight 6-amp relays is also
available). The inputs are TTL level.

How it works

Before we proceed, a brief review
of the input/output system of the Z80
is in order. As you may remember,
REACTS has 256 input and output
channels. Each channel has eight
lines that may be set on or off inde-
pendently. That gives us a total of
2048 (256 X 8) potential switch clos-
ings and 2048 input sensing lines;
more than enough for even the most
complex application.

Each input and output channel has
a specific address; i.e., address 0
through 255. Let’s look at how a com-
puter performs a typical input opera-
tion. All microprocessors operate
using a cycle system. Each cycle per-
forms one type of operation, such as a
memory read, a memory write, an I/O
input, an /O output, etc. Using the
status lines, the processor “tells” the
rest of the system what it is going to
do at the beginning of each cycle. The

18

signals on the status lines identify the
type of operation to be performed. For
instance, if the system is going to
perform an input, the 10rRQ (INPUT/
Outrut REQUEST) line becomes high.
That tells the system that the opera-
tion is to be either an input or an
output. The system decides whether
or not the operation is an input or an

output by “looking” at the RD (READ)
and wr (WRITE) lines. If the RD line is
low the cycle is an input, if the wr line
is low the cycle is an output.

So far we have determined that the
particular cycle is an input based on
the 10rQ and the rD line. But which of
the 256 possible inputs is to be used. -
That is determined by simply looking




at the lower eight address bits. Those

- bits will be set with the correct ad-
dress (i.e., the address of the required
input channel) at the beginning of the
cycle. That’s all there is to it. Note
that all eight lines will be read in at
one time. Now let’s look at how that
operation appears to the software.
Using BASIC, the command to input
the data would be as follows:

40 X = INP(23)

That command instructs the computer
to input channel 23 and store its eight
lines in a variable called X. You will
see later how we are able to separate
the individual lines from the variable.

Module operation

Referring to Fig.l, a block di-
agram, and Fig. 2, a detailed sche-
matic of the I/O module, will be of
great help to you in following the
module operation discussion.

The octal IO module provides
eight digital inputs and a choice of
eight DC or relay-isolated outputs
(note the dotted bus line on the block
diagram of Fig. 1). Only one of the
module’s output options (either DC or
relay) can be used at a time; however,
room is left on the printed-circuit
board to install terminal strips (the
external devices to be controlled are
connected to those) for both. Select-
ing between the DC or relay option is
accomplished by simply moving a
few power jumpers and setting some
switches. That capability to readily
change between output options is
useful when developing an applica-
tions system.

The module’s circuitry performs
three main functions: module selec-
tion, data output (activation of the DC
or relay outputs), and data input.

Module selection occurs when the
A (a0-A7) inputs of IC7, a 74HC688
eight-bit magnitude comparator,
match its B (Bo-B7) inputs and the IORQ
line is active. Note that the B inputs of
IC7 are connected to a bank of eight
switches while the A inputs are con-
nected to the lower eight address
lines. That allows the input/output
port used by the module to be user-
selectable. That is, the module will be
selected only when the 10RQ line is
active and the I/O address on the
lower eight address lines matches the
I/O address selected via the bank of
switches.

Data input occurs when the module

SOURCES

The following items are-available
from DataBlocks, In¢

579 Snowhill Road; Glenwood GA; "

30428. Or call (800) 652-1336; in
Georgia call (912) 568-7101.

¢ DP-OCT: Design package with

schematic' and- instructions; $10.00.
® PC-OCT: PC board for-the octal 1/
Q. including designpackage; $37.00.
& REC-OCT: Complete set of parts
including PC board, 1C’s; .terminal
strips, etc., but excluding relay option
listed below; $109.00. ‘
o REC-REL: OCTAL 1O relay option
includes eight, 6-amp-relays and ter-
minal strips; $42.00.

is selected and the RD line is low. That
places the data at terminal strip SO4
onto the system data bus by enabling
the 74HCS573 latch (IC5) and chang-
ing the data direction flow of the
74HC245 buffer (IC4) so that data
flows from the B side to the A side.
Since no CMOS inputs should be left
floating, pull-up resistors have been
connected to the inputs of ICS.

With the inputs pulled high, an
open input (i.e. one that is not con-
nected to any external device) will
cause the corresponding bit to be high
(logic 1). The fact that the inputs are
pulled high should be taken into con-
sideration when developing software
for the module. That is, we normally
think of a logic 1 as being “on” and a
logic 0 as being “off”’. With an open
input that is pulled high, or with an
open switch connected to the input, a
logic 1 will be input. Although that is
perfectly legal, it tends to be contrary
to our normal way of thinking. The
simplest way to remedy this is to com-
plement the input(s). Another solu-
tion would be to use a normally closed
switch. In the doorlock-application
programs we will discuss shortly, we
use the NOT command to complement
the inputs.

When the module is selected and
the wr line is low, the data on the
system’s data bus is latched into IC1,
a 74HC273 octal D-type flip-flop.
When data is being written to the
module, the DIRECTION (DIR) input of
IC4, a 74HC245 octal three-state
transceiver, is high, causing the direc-
tion of data flow to be from the A side
to the B side. Note that the outputs of
IC1 are connected to eight status
LED’s. Those provide instant check-
ing of the status of each output
(whether they are on or off) at a

& REC-CASE and PANEL/REC-OC-
TAL: Alurhinum case assembly in-
cluding frontand rear paneis; $19.50,

-8 REC-KEY: 12-button keypad with

scan-code decoding program::$9.00
. VAC-PROG: vacation homé-con-
trol-program; free with SASE,
o :Other REACTS products afe avail-
‘able;-contact DataBlocks directly:-for
information and pricing. ’

Please: include $5:00-postage for

any order of $37.00 or less-and

$10.00 postage for.any ‘order over
$37.00: Georgia residents must add
appropriate sales tax.

glance. The outputs of the IC] are also
connected to IC6, a ULN2821 that
contains eight Darlington drivers.

If the DC option is used, the de-
vices to be controlled by the module
are connected indirectly (via SO3) to
the outputs of the Darlington-array
package (ULN2821). The ULN282I
is a sink device, which basically
means that the Darlington drivers turn
on the device(s) being controlled by
completing the electrical path to
ground. When the Darlington pairs
are turned off, the electrical circuit is
opened (no path to ground), thus turn-
ing the device off. Each DC output
will sink up to 130 mA at up to 95
volts. Higher current outputs are at-
tainable by paralleling two or more
outputs. To select the DC option, a
jumper is placed in jumper location
JU3 and all switches of S2 are closed.

The relay option uses IC6 to control
the coil pull-in voltage of each relay.
Each relay has normally open, nor-
mally closed, and center contacts.
The +12 volts (pull-in voltage)
needed to activate the relays can be
provided by the REACTS system’s
power supply or an external source. If
the system power supply is used, care
should be taken not to exceed its max-
imum current ratings.

To select the relay option, a jumper
is installed in location JU2 and all
switches of S2 are opened. To select
an external power source for the re-
lays, a jumper is installed in location
JU3; to use the system power supply
as the relay power source, install a
jumper in location JUI.

Because many process-control ap-
plications require instantaneous re-
sponse, provisions have been made on
the module for using one of seven (10
through I6) of the system’s eight

8861 INNC
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maskable interrupt inouts. The sys-
tem’s maskable interrupts are pri-
oritized; that is, interrupt O has
precedence over interrupt 1, interrupt
1 has precedence over interrupt 2, etc.
The interrupt input to be used by this
month’s module (if any) would de-
pend on the importance of the task the
mo lule is performing as compared to
tashs performed by other modules.

Construction and checkout
Building the octal /O module is
fairly simple. The main concerns are
the installation and soldering of the
two 60-pin bus connectors and mak-
ing sure that the input and output ter-
minal strips are correctly oriented.
The available kits listed elsewhere in
this article provide the quickest and
simplest way of building the module.
The kits come with all the necessary
components, a silk-screened printed-
circuit board, and complete con-
struction and module operation in-

structions. For those who do not wish
to go the kit route, a PC pattern will be
provided next month in PC Service;
the board should be built following
the parts-placement diagram shown in
Fg. 3.

After building the module, it must
be tested. Before testing you must de-
cide which of the system’s I/O ports
you want the module to occupy. When
choosing an IO port, do not choose
any that are already in use by the CPU
or any other module in your system. It
is a good idea to keep an 1/O-config-
uration log that lists all the I/O ports
used by each module. That way, as
new modules are added, you need
only consult the I/O-configuration log
to determine which of the I/O ports
are unused.

If the module has been configured
for the relay option, a simple test is to
connect one lead of an ohmmeter to
the center output of one of the relays
and the other lead to the normally

open output of the same relay. With
the relay open, the resistance reading
should be infinite, and when the relay
is closed, the ohmmeter should read
zero. To close a relay, a logic 1 must
be placed in the correct position of the
byte output to the I/O port used by the
module. For example, in the follow-
ing BASIC program, the module is
located at I/O port 24, and the relay to
be closed is relay 2. The module is set
to /O port 24 by placing the fourth
and fifth switches from the left on the
modules /O-addressing switches (S1)
in the up position and the other six
switches in the down position. Note
that a 1 is at bit 2 of the byte being
output to the module; that will cause
relay 2 to close.

10 OUT 24, &X00000100

20 END

Note: The two characters, &X, pre-
ceding the binary number, 00000100,
in the program tell the interpreter or
compiler that the number is in binary
form. The characters &X are used by
the ZBASIC programming language;
the syntax may differ with other
BASIC programming languages.

Since the outputs of the DC option
of the module are open-collector out-
puts, a resistor that will simulate a
load must be connected between the
external power supply and the out-
put(s) being tested; see Fig. 4. When
choosing a resistor for that purpose,
remember that each DC output’s max-
imum current-handling capability is
130 milliamps. Also, calculate the
amount of power that must be dissi-
pated by the load resistor and make
sure the resistor’s wattage rating will
accommodate at least twice that.

For example, if the power supply is
set to 12 volts DC and an 800-ohm
resistor is used, the amount of current
drawn will be approximately .015
amp, or 15 milliamps (12 volts divided
by 800 ohms), which is well below the
output’s maximum current rating.
Also the amount of power to be dissi-
pated by the resistor is approximately
0.18 watts (.015 amps times 12 volts),
so a resistor capable of dissipating at
least 0.36 watts is needed.

After you have connected the exter-
nal power supply and the resistor, (or
load) to one of the DC outputs, con-
nect the positive lead of a DC volt-

‘meter to the DC output slot on the

continued on page 62
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the SI, and that would be universally
accepted. '

Approximately every 10 years,
physicists around the world get to-
gether to adjust the fundamental con-
stants, such as the charge on an
electron, the mass of a proton, and
Plank’s constant. Those changes re-
flect improved measuring techniques,
and new ways of measuring those
quantities. The constants relating to
the volt and the ohm, will be read-
justed in 1990. The cutoff date for
values of 2e/h, and h/e2 is June 15,
1988. :

To prcduce an exact voltage, the
NBS places a Josephson junction,
shown in Fig. 10, in an environment
near absolute zero (—273.15°C). At
that temperature, the junction be-
haves like two superconductors sepa-
rated by a thin nonconducting film.
The junction is then irradiated with
microwaves from a klystron tube that
is phase-locked to NBS WWVB
atomic time signals, while a stable
DC current source is used for bias.
The DC bias current is increased at a
constant rate until a critical value is
reached. The voltage output from the
Josephson junction is zero until the
critical DC bias current, at which
point, the voltage output will jump to
a specific value AV dependent on the
microwave frequency. If the DC bias
current is increased to a slightly great-
er value, the junction voltage will
jump to 2AV, and so on, each voltage
jump in perfectly equal AV steps. At
the point where the AV voltage is at
the correct level, it is then interfaced
to an external voltage comparator,
which uses an NBS standard cell as a
reference.

The Josephson junction produces a
DC voltage of between 1 mV and 10
mYV depending on the injected micro-
wave frequency. If we remember that
the microwave frequency is phase-
locked to atomic time, then we have a
highly repeatable and accurate meth-
od that produces a DC voltage ap-
proaching the accuracy of the atomic-
time standard. Furthermore, that is a
portable system, limited only by re-
ception of WWVB, or equivalent
time signals. In 1984, NBS re-
searchers and the West German Na-
tional Standards laboratory have
developed ways to link-up about
1,500 Josephson junctions on a single
integrated circuit to produce a reliable
1-volt standard. And in 1985, a NBS
researcher integrated an array of 2076

junctions that can be tuned up to more
than 2 volts. The feasibility of com-
mercial manufacture of Josephson
junction arrays is presently being
studied.

Real world calibrators

We lLiave come a long way in elec-
trical measurements during the last 40
years, from volt-ohm meters with ac-
curacies of 3% to 10% to modern digi-
tal voltmeters with accuracies of
0.001%. That 10,000-fold increase in
measurement accuracy was mainly
fostered by both military and aero-
space demands for instruments hav-
ing greater accuracy.

You will find real-world calibrators
divided into two broad categories.
Those are passive and active. A pas-
sive instrument requires no external

- power source, contains no signal am-

plification circuitry, and will gener-
ally yield greater accuracy than active
ones. An example of a passive instru-
ment is a decade resistor box. An
example of an active instrument is a
digital voltmeter. You will find pas-
sive instruments providing most NBS
primary standards, with tertiary stan-
dards typically being provided by ac-
tive instruments.

Because the SI definitions of the
volt, ohm, and ampere are difficult to
realize in practice, the NBS laborato-
ries have historically used practical
representations of them based on ar-
tifacts to act as primary standards. For
example, the electrochemical stan-
dard Weston cell (1.018 volts) may
serve to define the laboratory voltage
standard. Similarly, a group of preci-
sion wire-wound resistors (1 ohm)
may serve to define the laboratory
standard of resistance. The laboratory
unit of current (1 ampere) is defined in
terms of a lab volt, and a lab ohm.
Unlike the ohm (wire-round resistor),
or the volt (Wetson voltage cell), the
ampere does not have its own artifact
that you can carry from one place to
another.

If the primary standards are main-
tained by artifacts, what maintains
their accuracy over time? The answer
is intrinsic standards. Most national
laboratories now use the AC
Josephson effect in superconductors
to maintain their unit of voltage.
While not yet in as wide use as the
Josephson effect, the quantum Hall
effect promises to do for resistance
what the Josephson effect has done
for voltage. R-E
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continued from page 56

terminal strip. Then connect the
ground lead of the voltmeter to the
ground slot of the terminal strip.
When the DC output being tested is
turned off, the voltmeter should read
approximately the same voltage as is
being supplied by the power supply.
When the output is turned on, the
voltmeter should read from 0.7 to 1.1
volts. Earlier, we noted that the DC
outputs are sink devices that complete
the connection to ground to turn the
load being controlled on. Since the
devices are transistor arrays, there
will still be a small voltage drop
across them when they are turned on.

When testing the input portion of
the module, keep in mind that all the
inputs are pulled high. With none of
the inputs connected to anything, an
input from the module should result in
a binary reading of 11111111 (all inputs
high). With channel 0 grounded, an
input from the module should result in
a binary reading of 11111110 (channel
0 is low). Unground channel 0 and
ground channel 1, and an input from
the module should result in a reading
of 11111101 (channel 1 is low). Proceed
with that method and test each chan-
nel. The following BASIC program
can be used to perform the test:

10 REM MODULE IS AD-
DRESSED AT I'O PORT 24

20 REM IP = INPUT FROM
MODULE

30 IP = INP(24)
40 PRINT BINS$(IP)

50 END

Note: Statement 40 tells the CPU to
display the input data in binary form.
The syntax may vary between dif-
ferent versions of BASIC.

That’s all we have space for this
month. Next time we’ll take a look at
some applications. Among them will
be a digitally controlled combination
lock that will reliably protect your
home. We’ll also show you how to
control household appliances. For ex-
ample, you’ll be able to automatically
turn your lights on and off for a lived-
in appearance. R-E
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Build REACTS"
THE RADIO-ELECTRONICS
 ADVANCED CONTROL SYSTEM

This month, we show
you how fo put REACTS
to work to control the
outside world.

WE LEFT
vm qﬁ ¥ off last
month promising to show
you how to put REACTS 1o
wotk. To get your imagina-*
tion rolling on what you can
do-with a control computer,
we’ll show you how to build
a digital door lock, an ap-
pliance ¢ontroller, a secunty
system, and a sprinkler con-
troller for your garden.

The digital lock

The input/output port con-
sists of 8 wires (bits) that are
labeled from O to 7. Using
the INP command we dis-
cussed earlier, we can read the data
present at the inputs. Incidentally,
similar ds exist in A bly,,
C, FORTRAN, and other languages.

As mentioned earlicr, we input or-
output eight lines or bits each time we
perform an_input or cutput. In ther
following example we will see how to
mask each line (or bit) out tndepen-
dently when needed.

Figure 1 shows a simple eight-
pushbutton combination lock. In
order to make that lock work, we sim-
ply read the input channel that is con-
nected to the switches. That data is
then compared with the combination
stored in the program shown in List-
ing 1. If the data matches, the system
releases the lock by outputting the
correct command to the output line,
which controls the latch solenoid.
That solenoid is activated to stay open .
for some predetermined period, say 2 _
seconds. If the door is not opened by
that time the door will relock.

.

L H. EDWARD ROBERTS

That program will work quite ade-
quately for a lock and you can pro-
gram 256 different combinations. It
has one major disadvantage; it uses all
eight inputs of the I/0 module. List-

ing 2 shows an electronic entry pro-.

gram that only uses five switches and
allows for over 6500 combinations.
The door-lock prograin will be only

’ “\.one subroutine in your final home-

automation program. Along with the

door-lock program, the final program -

may contain subroutipes for control-
ling appliances and lights, a security
system; and a lawn-watering system;
monitoring and controlling the home
environment; and allowing remote
control using a modem. It takes ap-
proximately 100 microseconds to
make one check of the switches. So
even if the switches are checked 20
times a second, the door-lock sub-
routine will only take up approxi-
mately 2 milliseconds.

It is important to understand that

% .

when outputting to a chan-

nel, all eight bits of the chan-

nel are affected. That is true

even whén you want to

change only one bit. The

technique we useXis to store

all the data that is output to

the channel in a common lo-

cation. Then, each routine

that uses the storage location

is responsible for seeing that

only the bits relevant to that

particular routine are

changed. For exaniple, in

line 160 of Listing 1, we were

only interested in changing

the output bit (bit 0) that acti-

vated the relay thit the door-

lock solenoid was wired to.

To keep from changing any
of the other bits, we per- .
formed a masking operation
by oring them with 0. The-

relay was closed by oring a I at bit 0.
The two electronic door-lock pro-
grams discussed and listed in this arti-
cle require simultaneous pressing of
two or more switches or pushbuttons
for many of.the numerical entries.
However, a ten or more digit keypad
that uses some type of scan code casi-
ly could be implemented so that only

one pushbutton is pressed for each .k

entry number. Those types of keypads
are available from several electronics
hobbyist and parts houses. ‘The sup-
plier listed in the Sources box offers
one such keypad. The keypad from
that vendor comes complete with a
listing of a scan-code decoding pro-
gram for serial digit entry. .
Figure 2 shows the connections of .
the external solenoid for the door con-
trol. The technique you use to actually
lock and unlock the door is up to you.
If you desire, an electric lock is avail-
able from commercial’ suppliers.
Please send us any ideas that yoy have
F '

.

that might be of interest to others; we

_will pass those along to other users of
the system. Ideas can also b shared
on the Radio-Electronics Bulletin
Board (516-293-2283, & data bits, |
stop bit, no parity).

Controlling appliances

Because the relay option of this
nionth’s module can be coniected di-
rectiy to 117 voits AC, household ap-
pliances and lighting can be
controlled by REACTS with the mod-
ule as long as the current drawn from
each relay does not exceed 6 amps.
An ideal application is to use the sys-
tem to turn-on and turn-off famps
while you are on vacation to give your
heme a “lived in" appearance to
would be burglars. Securing the leads
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" FIG. 1—A SIMPLE PUSHBUTTON LOCK.
«The data on the input lines is read by the

to a com-

p and then P
bination in the lock program.
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FIG. 2—ONE METHOD of implementing
the door lock uses a 24-volt solenoid'un-
der computer control. Of course, many
other schemes are possible.
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FIG. 3—FOR CONVENIENCE, use a relay interface iike the one shown here when using

LISTING 1 .
EM Sample lock program, correct combination is 131 -
EM (10600011 binary) *
EM .
TEST = Variable at which input byte is stored
ENT = Entry from switches
LCK24 = Controls output portion of module

"FETCH ENTRY" Rl

IF TEST = 0 THEN GOTO 1@¢
IF TEST > ENT THEN ENT = TEST
GOSUB “FETCH ENTRY™
IF TEST <> 0 THEN GOTO 120
IF ENT <> 131 THEN GOTO 8¢
LCK24 = LCK24 OR £X£9000301
REM This sets the last bit (bit &) to a 1 without affecting
REM any -other bits. The output that controls the solenoid
REM - is connected to bit @ of output channel 24,
OUT 24,LCK24
DELAY 6088 ~

REM CadB®® program to wait for 2 seconds.
LCK24 = LCK24 AND &X11111110
oUT 24,LCK24

REM This will clear the @ bit which will relock the door.
REM Here also, none of the other bits are affected.

GOTO 8@

REM steassananasasestsss FETCH ENTRY SeReeseveavatsssnters
"FETCH ENTRY"

REM This subroutine inputs the byte from 1/0 port 24 at
REM which the octal 1/0 is addressed.

TEST = INP(24) .

TEST = NOT TEST -

REM Because all the inputs are pulled high, thp inputted
REM byte is complemented with the NOT command in order to
REM simplify programming. *

REM TEST = TEST AND &X11111111 i

REM After complementing the input with the NOT command, a
REM 16 bit signed integer is returned. To obtain the

REM original 8 bit complemented input from the 1/0 port
REM we must mask out the lower 8 bits.

RETURN

MALE AC PLUG

PLUGS INTD __
WALL OUTLET

ﬁ
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1

USE FULLY ENCLOSED
OUTLET BOX

0000000000000 OO?OO?OO?O

REACTS to control household appliances.’




-
powerline voltages and currents,

’ we strongly recommend yow ¢on-
- o sult an electrician.

With the REACTS CPU and the
real-time clock option, the lamp(s)
can be made to come on and go off at
different times during the day and at
different times on different days.
Also, since the program controiling
the famps would reside on the sys-
tem’s boot PROM, in the case of a

REM . power outage. when the system came
N pedli ol back on it would u:_oam:ww:w reload
Jeo iST = . - the program and continue its job®A
180 015 W:? LUCK everosansoasnasoansannons free copy of a vacation home-control bled, turp it on
wwm “ETART LOCK™ A i - : prograin 1 m«d_.EEmu from the vendor i mexmm u-»cmmswwaw .ocn which window(s) is open ***
listed in this aiticle if you send a self- i 100 WIND] = CHECKW AND 5X0000G010 pen .
addressed stamped envefope. : 116 IF WINDL <¥ @ THEN PRINT "WINDOW #1 IS OPEN"
\ 120 WiND2 = CHECKW AND &X00680199

hmo,rOV:K:ﬂﬂbm. ::.:._:
FED] ,-,m. BOUNCE_UK - © THEN GUTO “STAKT oK

Open window detector 130 IF WIND2 <> @ THEN PRINT "WINDOW $2 IS OPEN"
:azuzcuunzmnxzvzumxssse;aa

A0 1If TEST = &XUG0010V0U THEE GUTO "CLEAK DUCK™
220 ~v/ RDY <> 1 THEN HOTO “STAKT LOCK®
260 IF \TEST = £XOQUGHO0O0 AND ~ﬂulﬁr’“ s O THEN LOTU “UTAKRT
270 IF /HNMA < SXOOCO0000 AND TEST » H1_1i THEN HBI_I¥ = T
B The open-window.detector can be B D O e o o iNDOW 43 15 OPEN®
used in two different . First," i ] - 43,
can bo usedhio quick! mewion ! ” : 160 WIND4 = CHECKW AND 6X00@10006
" o quickly ope 176 IF WIND4 <> 0 THEN PRINT "WINDOW #4
i.:cim 25%»_25@ ”__m:o_;a. . ;sz:smunxmoré»zomx@a;sag.
= .

LISTING 2
<

10 CLS . ‘Clear the screen
20 FLAG = @X00000000 'Initializing
variable flag as all thmczw are closed

38 OCT_IN = INP{100) / 'Inputting from
octal 1/0 .

406 ALARM = OCT_IN bzR &X00000001
alarm enable/disable ° ; )
50 CHECKW = OCT_IN AND &X11111:10 ‘Checking window
‘switches : . N
68 IF FLAG = CHECKW THEN GOTO 3¢ 'If status of
windows has not changed keep checking them

78 CLS . 'Clear screen,
getting ready€o display new window status .
8¢ IF ALARM = 1 THEN OUT 106,1 'If alarm is

REM Thas program usea 5 bits of a sangle. snput channel to
®En produce s sophisticated combination lock whaich has over
REM 6500 possibie combanations. This program is desigued -to
REN.use input channel 24. The Combination for this program
REM 18 931Z. Any unused 1/0 chanmel or combination could

REM be used.
REM R
REH COURT(> = Array whure valid entries are otored.
REM IP_FLAG » Significs that entry has becn made.
RER TEET = variable, at’ which inpur iz stored.

110 REX HI_IP - Teaporary storagu loustion for entry.
120 REM D1G1T = Wumber of valid entriws.

i30 RER

'Inputting status of

FIG. NETIC REED SWITCH can
also be used to make sure a window is
ciosed) When the magnet is next to the
reed sWitch, the switch closes. When the
window is opened, the swit¢h opens.

OPEN"

530 DIGIT < QIGIT ¢ 1 R .
0 IF DIGIT ¢ % THEK GUTO “CK COMB™, R
50 GOTG “START LOGK™ . v .
31000 REN =4sre® o eee READ INPUT ssevesrcosBoccnsaecccns
JULu KES Thas subroutine reodsT the input and saskout the o least, |
1020, REN significant didits. . ;
1050 YREAD INRYTX
1040 = INbe2 2,
1050 $EST = HOT TES
1060 TEST = TEST ARD £X00011111 -
1070 DELAY 10 A

ucouwﬂ,quCrxccccoeeo.qzmz»w.!.)c..._ ~
290 1F TEST <> £X0000OCU0 THEN GOTL “STAKT LOCK®
206 COUNTEDIGIT) = HI_1P
310 HI_IP 4.0

- Second, by .& cting one of the oc- ) 190 IF WINDS <> @ THEN PRINT “WINDOW #5 OPEN"

Y - tal VO port’s to an alarm; REACTS g 200 WIND6 = CHECKW AND &X01880000
can be programmed to sound the 210 IF WEND6 <> @ THEN PRINT “"WINDOW #6

/,m_u:::wc\:aoimmovm:a,Om 220 WIND7 = CHECKW AND &X100060000

320 1F_FLAG\® © ‘
OPEN"
230 IF WIND7 <> ¢ THEN PRINT "WINDOW #7 1S OPEN"

L]
on the YO module, while the other
end is connected to one of the eight
« inputs. The leads at the window end:
of the wire are connected to thg

cours > ala s
¢ the alarm would have to be : 216 IF CHECKW = &X00008000 THEN CLS 'If no windows

disabled at times when the: window
must be opened. That could be ac-

open, clear the screen
250 IF CHECKW = §X@6000000 THEN OUT 100,90 ‘If no

ELECTRONICS

& RADIO-

1080 TEST2 = INPt24):
1090 TEST2 = NUT TESTZ

1100 TESTZ = TESTZ AND 8X00031131
1110 IF TEST = TESTZ THEN BUUNCE UK - 1 blsk sldce_un - o

1120 .RETURN

RLN eseecesssnavevsasssas CLEAK LUCK ssecsvessvcaccnenivones

2000 s

2010 KEN Clcaring lock and cetting for new entry.

2020 “CLEAR LOCK™
2030 KDY = 2

2040 DIGIT = )

2050 GUTG_ “START LOCK®

3000 HEN sesscassonconse

3010 REM Checkina for correct
3020 “CK-COMB™" ‘

3040 1F COUNT(Z?» <>

THEN GOTO"
3050 IF COUNT(3) <> 2 THEN GOTO

HECK CONBINATION «ws
combination.

N

3030 IF COUNT(1)> <> 9 THEN GOTQ *'START LUCK™
3

*START LOCK" ~
“START LOCK™

3060 1IF COUNT(4> <> 1 THEN GOTO \START LOCK™

3070 REN Opening lock. '

30BO UNLCK = UNLCK OR &X00000001

3090, OUT 24,UNLCK

3100 UNLCK = UNLCK AND &X11311110

3110 UELAY €000
3120 GUT 29,UNLCK  ©.
4130 GOTO “STAKT L&CK™
2140 END

of the device (lamps) to be controlled
involves stripping the insulation on
the cords back leaving approximately
V4 inch of bare wire which is inserted
into-the appropriate slot on the.relay
terminal strip. The wire is then se-
cured by tightening a'screw againstit.

If your_spouse doesn’t take too
kindly to the idea of cutting the plugs
off of your lamps and stripping the
insulation back, there is another alter-
native. You can make an interface box
with a 1900-series electrical (outside-

type) box, a pair of duplex outlets,

wire, and some hardware. A drawing
of a typical interface is shown in Fig.
*3. That device will allow you to easily
connect appliances to the relay and
possibly keep you out of the
doghouse. If you are unsure “about
‘building the interface yourself, get an
electrician to bui M: for you; it should
be a cinch for him or her.

Note: Powerline, AC valtages and
currents can be dangerous if care is
not exercised; you. can easily
damage the computer, or yourself.
If you lack experience with

complished by using one of the CPU’s
sense switches or connecting a SPST
switch to one of the octal I/O’s inputs.
The system would be programmed to
periodically check the switch, and
‘when the switch was open the alarm
would be disabled; likewise, when the

FIG. 4—A MOMENTARY SWITCH can be
used to detect whether a window is open
or not. When the window is tully closed,
the button is depressed.

windows are open turn off the alarm

260 FLAG = CHECKW

27¢ GOTO 38 'Go check windows again

switch was in the opposite position,
the alarm would be enabled.
. To construct the open-window de-

tector system, all that is needed, be- -

sides the REACTS system with the
octal VO module, is some two-con-
ductor wire and a few window-mount

- SPST pushbutton switches. The

switches that were used on our pro-
totype are available foras little as
$1.29 from Mouser Electronics (2401
Hwy 287 North, Mansfield. Texas),*
and they're available from many of
our other advertisers as well. They are
mounted in the window sill so that the
switch closes when the window is
- shut (see Fig. 4).

An alternative to using the push-
button switches is to use magnetic
reed switches. The magnetic half of
the switch is mounted in the window
frame, while the reed-switch half is
mounted-in the window casing. When
the window is shut, the magnet will
pull thé reed switch open or closed
depending on the contacts’ arrange-
ment (see Fig. 5).

There are two ways to connect the

switches to the octal 1/0 module:
Connect only one window switch to
each of the octal /O’s inputs, or con-

nect several window switches to each

_switch’s terminals. Assuming we

® DP-OCT: Design package with
nd i ions; $10.00.

input. Each method has its ad ges
and disadvantages. If only one win-
‘dow is connected to each input, it is
easy to determine exactly which win-
dows are open. However, the number
of windows that can b¢ monitored by
using that method is limited to eight
per /O module because the module
has eight inputs. If several wirdow
switches are connected to one input,
more windows can be monitored, but
_you won’t know which window is

_open. However, all the windows in

one room can be connected to the
same“input channel; that way, an open
window cofild be narrowed down to
one room in the house. Co

" To connect only one window
switch fo each input, a two-conductor
wire will have to be routed from the
/O module to each window switch.
One of the two leads at the REACTS
end of the wire is connected to the
ground slot of the input-terminal strip

al
o PC-OCT: PC board for the octal U
0, including design package; $37.00.
o REC-OCT: Complete set of parts
including PC board, IC’s, terminal
strips, efc., but excluding relay option
listed below; $109.00.

o REC-REL: OCTAL /O relay option
includes eight, 6-amp relays and ter-
minal strips; $42.00.

® REC-CASE and PANEL/REC-QC-
TAL; Aluminum case assembly in-
cluding front and rear panels; $19.50.
o REC-KEY: 12-button keypad with
scan-code decoding program; $9.00
® VAC-PRQOG: vacatioh hbme-con-
trol program; free with SASE.

o Other REACTS products are avail-
able; contact DataBlocks directly for
information and pricing. .

‘ Please include $5.00 postage for
any order of $37.00 or less and
$10.00 postage for any order over
$37.00. Georgia residents must add
appropriate sales tax.

& el AMP
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Sixth. Edition :

256 pages, illustrated. 5838044

By F. W, Hughes. 320 pp.. 231 ius.
Organized for on-the-job reference. this

. “andbook covers all f8cets of op-amps,

from stability and protection to signat
processing using op-amps Includes a
collection of over 60 practical circuits
for a variety of apphcations, proce:

By 3 Mitimanand A, Grabe). 1. 001 .
646 ilfus. Yakes you from thé basics of
semiconductor properties te an under-
standing of the cpetation of solig-state
devices, and then to more sdvanced
tepics. s up-to date Coverape, ical-ite
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A ’ Lawn watering system
Besides controlling and/or
) monitoring devices within the home,
REACTS canalso be used for control-
sy ling devices outside the house. Spe-
- cifically, the relay outputs of the octal
IO can be connected to electrically-
st actuated water valves so that the sys-
. tern can be used to control a lawn
watering systemn. Indeed, by using the
system’s ‘real-time clock, it can pro-
’vg‘l:r‘a?’lm = vide an extremely accurate means of
o—4¢4——oJo —oTo- — cycling sprinklers on or off at pre-
“.c'o__l NC. l NC. . programmed times during the day.
- The real-time"cleck has fourteen
g A = regisiers which coniain the tenths of
: LT seconds, units of seconds. tens of sec-
WINDOW 1 WINDOW 2 ! WINDOW 3 onds, urits of minutes, tess of min-
= utes, ete., all the way up 1o tens of
. “years. By wsing the real-time tlock,
— the systern can be programmed to go
Py Voo through a watering cycie daily, every
other day, every third day. or any othe.
PULLUP schedule you like.
RESISTOR In most cases, turning the vaives on
. . ! or vif during xhc watering cycle coeld
-~ be done on a hourly basis. Because of
— tnat, the amount of program time
Socd o 0 13
0 INPUT needed to controkthe systein would be

FIG. 6—SEVERAL WINDOWS CAN BE MONITOREDAusIng normally-closed switches in
parallel (a) oru‘g normally-open switches in series (b).

using normally-open switches, when .
the window switch-is apen, the-inpu!
will be a logic 1 because all tire mput:Q
of the module are normally pulled
-high, and when the window is shut,
the.input will be a logic 0. If ‘nor-

-mally-closed switches are used,-an~-

open window will be a logic 0, and a
closed window will be a logic 1.
- The way in which the switches arc

" connetted to an input channel de-

pénds on the type of switches that are
used. Normally-closed switches
should be connected in parallel (see
FigZ$-a) so that when all of the win-
dows are down, the switches are held
open; resulting in a logic-1 input. If
any of the windows are opened, the
cormspondmg switch ¢leses, causing

. alogic 0 td be read at the input.

8. -hAl&lo.ELecTnomcs

B

The normally-open switches
should be cennected in series (see
Fig. 6-b). When the windows are

down, all of the switches are held- -

closed, placing a logic O at the input.
When one of the windows is opened,
the cor ing switch is opened; a
logic 1 s read at ;he input.

gﬁin.,Wilh an input of 300 mV. how-
cver, the OTA's output is cnough to

- generate a \l;.mm..ml I; current, and

- the circuit’s negative feedback auto-
matically reduces the output level
3.0.v0lts p-p, Biving a9 OVCEL

Listing 3 is a sample program that
would control the open-window de-
tector. For that example, we will as-
sume the following:

.® The octal VO module is addressed
at [/O port 100.
® Channel 0 (same as bit 0 ) of the
octal FO has 3 SPST switch con-
nected to it that.is used to enable and
disable the alarm.
® The window switches are con-
nected to channels 1-7.
® The alarm is connected to-the
channel-0 output.

@ Normally open switches are being:

used.

The program could Qm}y be
changed to work in a system where
several windows were connected to
each channel. That could*be accom-
plished by changing the print out
statements to something like:

110 IF WIND1 0 THEN PRINT “A
WINDOW IN ROOM'#1 IS OPEN"

The program could also be made
more personalized by printing:

“A WINDOW IN THE UPSTAIRS
BEDROOM IS OPEN™

falls to 2 (an output of 6 volts p-p).

minimal. A statement that checks the
units of hours from the real-time
clock could be placed in the main
body of the program. When the units
change, say an hour has passed. the
processor wouid then g0 into a sub-
routine to determine if it was time to
turn on or off any of the water valves.
Of course it probably would also be

~desirable to have a set of switches to

manually turn the water valves on or

- off. Swiiches could be wired between

the transformer and each relay to con-
tro! the power to the refay. or if the
inputs to the octal /0 were not being
used. the switches could be wired 1
them. Each input would control an
output. '
Basides the REACTS system and
the octai /0 module, some other
parts thai you'll recd to construct the
watering system are the electrically-
actuated water valves, wiring, and a
step-down transformer. Most stan-
dard eleetrically-getuated water
valves that you wit! find use a sole-
noid that operates on 24-volis AC to
open and close the-valve. ~ .
To provide thé power for those
valves, you'!l need a 117 to 24 volt
step-down transformer, dvatiable in
wall-mount packages. The required
power rating of the transformer will
depend on the power needed to acti-
continned on page 98

Resistor (‘VCR), using: the circuit

The circuit thus has a 20:1 signal com- r\shown in Fig. 10, The basic theory is

pression over that range.

Voltage-controlled rgsl§tors

as foliows: An AC signal applied 1o
the Ry terminals feeds into the mven-
ing terminab of the OTA via C1, the

Gt ey A ans it carned the 181 o,

Signatiine N—
N 3
’ I
Addiess Apt #
J
City. Stite, Zip,
Livis oider subject o ageeptanee by M
hange
miember
PRNTED
WOSA

. Fedio Electronics

oo
O
O

RRDI;
O

We're always surrourided by
we'll show you where it come:
you, and how to use the R,

conditions. ~ /aa

JOE JAFFE, DAN SY
HUMAN BEINGS HAVE BEEN EXPOSED TO
naturally occuring ionizing radiation
for millions of years because nuclear
reactions take place on our sun and on
other stars continiuously. Their emit-
fed radiation travels through space,
and a small fraction reaches the earth.
Natural sources of ionizing radiation
-also exist in the g e most fa-
miliar and most common’ ground-
source being uranium.

Last month we showed you how to
build a nuclear radiation monitor—|
the Radalert. Now we'll show you
how to use it, and how to interpret its
readings.

- lonizing radiation .
lonizing radiation is radiation that
has the ability to remove electrons
(the process of jonization) when it
strikes or passes through an eiec-
trically neutral atom. It was first dis-
- covered about 100 years ago and given
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'8 RADIO-ELECTRONICS

REACTS

LC METER

comtinued from page 50

vontinued from page 45

it
vate the water valves, and how many
valves will be activated simulta-
neously. When you are calculating the
power that is needed, remember 1o
consider the amount of current that is
used by the water valve's solenoid
when it is'first_activated (the inrush
current), which will be somewhat

higher than the holding current of the

solenoid. :
“In most cases, each of the octal /O
relays would activate only one valve.
Therefore the relays, which are rated
-at 6 amps, will have no trouble at all,
as the average consumer water valve
requires less than 1 amp. Be sure to
protect the transformer against shors
--and overloads with the proper size
fuse. X .
Also, follow the water-valve man-
ufacturer’s.guidelines pertaining to
~the minimum diameter of the wire to

be used, and their recommendations |

on waterproofing the wire and the
. connections. Finally, be sureto ad-
here to any local building codes that
may apply fo the installation. It's
worth if in the long run. ;

. For information on water valves,
sprinkler heads, etc., contact your lo-
¢al lawn and garden supply store. Two
major manufacturers, of consumes
sprinkler-System products are Toro
and Rainbird. You should be able to
find them, -and many other manufac-
turers of such equipment, in the
yellow pages. ~ .

In conclusjon . ;
By now, we hope that the wheels in
your head have started wming as to
what the REACTS madular_system
can do for you. It.is no"secret that
computers are now being used for
more than just number ‘crunching,
word processing, drafiing, etc. The

syStem we have been showing you:

makes computerized home control af-
fordable. It also bridges the gap be-
tween process controllers and person-
al compuhters.

- In the anticles to come, we will
distuss and build more of the process-
control modules. We will also con-
struct modules that will enhance the

system, such as the battery-backed?

power supply arid the CRT controjler/
printer interface. ,w_erjmpc you will
. stay with us. o R-E
5 i :

and work with a simple binary coun-

ter scheme composed of inexpensive
CMOS chips, required an Apple 1

+ program that ran for almost 4V hours.
The program that calculated all the
required function addresses for the
EPROM for each of the approximate-

ly 15,000 solutions to the equation ran |

forangther 2%2 hours. And after all the
time spent calculating the EPROM
data, the builder would need access to
an EPROM programmer. To simplify
everything, a programmed EPROM is
available from the spurce listed in the
Parts List.

Just in case you decide to test the.

EPROM data against your own cal-
culations, bear in mind that the
EPROM data have been compensated
for the parasitic capacitive and induc-
tance values that exists across the-in-
strument’s inpyt terminals. .

That’s it for the theory. Next month
we'll build and align the LC meter so
that you canbegin using it in your lab.

; R-E

Z

APPLIANCE REPAIR HANDBOOKS—13
' volumes by seryice expeits; easy-to-
understand diagrams, ilustrations. Far major
applidnces (air conditioners, refrigerators,
washers, dryers, microwaves, elc.), elec.
houseqates. personal-care appliances.
Basics of solid state, setting up shop, test
instruments. $2.65 to $7.90 each. Free

brochure. APPLIANCI P.O. Box
789, Lombard, IL 60148, (3#5) 932-9550.
CIRCLE 84 ON F_R.EE CARD

GPIiB
continued from page 60

There.are system and micasuring-
related constraints that alsg affect the
data-transfer rate. Examples of those
are high resolution (5 1/2 to 6 172
digit) voltmeters that use the very
slow integrating A-to-D- (analog-to-
digital) techniques, precision low fre-
quency counting, and narrow band
spectrum analysis. Those slow real-
time measuring ‘processes werg fine

. when a human could wait 5 or 10
seconds for a measurement to come
up; however, with automated test in-
strumedits that make measurements
within #¢ millisecond range, that
timeframe is no longer acceptable.
As aTesult, the test-equipment indus-
try is converting to high-speed sam-
pling techniques, burst measure-
ments, smart peripherals, block-
mentory transfers, direct-memory ac-
cesses, and other such methods that
allow the data throughput rate to be
bound only by the transfer-ratc of the
computer-interface combination.

When we continue, we'll look
GPIB accessories and how to analyze
and troubleshoot the bus. . R-E

-

THE MODEL WTT-201S ONLY THE SIZE OF
A DIME, yet transmits both sides of a tele-
phon@ conversation 1o any FM radio with
crystal clarity. Telephone line powered- never
needs a battery! Up to.% mile range. Adjusta-
biel from 70-130 MHZ. Complete kit $29.95
+$1.50 S +H. Free Shigping-on 2 or more!
COD add $4. Call or send VISA, MC, MO,
DECO INDUSTRIES, Box 607, Bedford
Hills, NY 10507. {914) 232-3878.

CIRCLE 127 ON FREE INFORMATION CARD ;

MiBREAKOUT SOLVES RS-232 COM-*
PATIBILITY PROBLEMS FASTI! ® Breaks/
re-directs all 25 signals ® 52 LED's give 4-
stale indication on all sigrials £ Curent loop
test & No bafteries required ' Gold plaled
contacts & 8 jumper cablss ® Durable ABS
plastic case @ Manual and earrying pouch @

*| We ship UPS 2nd day within 24 hours of arder

® Regularly $150, R&E Special $135, M-
TEST EQUIPMENT, P.O. Box 146008, San
Erancisco, CA 94114-6008, (415) 861.2382
FAX (415) 859-1076

. L
CIRCLE 200 0N FREE INFORMATION CARD

g o



Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

Part 7 IN ORDER

to write
programs and develop prac-
tical systems using RE-
ACTS, some type of terminal
is required as part of the de-
velopment system. Many
end-user applications also
require a terminal interface
for normal operation. RE-
ACTS allows you to use any
one of three devices for the
terminal. The first choice is
that you use a standard CRT
terminal. The second alter-
native is to use an IBM PC as
a terminal, and the third
choice is to build a general-
purpose CRT controller/key-
board interface module using
the information supplied in
this article.

The interface has 2 micro-
processors; one is a general-purpose
Z-80, and the other is a special-pur-
pose CRT controller. The design is
flexible enough to allow you to create
a custom terminal by simply chang-
ing the on-board PROM. An added
feature on the module is a Centronics-
type parallel-printer interface, for an
IBM PC compatible printer.

Standard CRT terminal

Over the past decade, computer ter-
minals have come down in price (a
quality terminal can be purchased for
less than $400.00). A number of dif-
ferent terminals have been tested and
found to be satisfactory. There are also
a number of used terminals on the
market that can be purchased for next
to nothing. Just be sure that the one
you buy is compatible with a standard
RS-232 interface, and try not to buy
any terminal that doesn’t have its

L

MICHAEL A. TUCKER

technical manual.

The following parameters and their
settings were used with REACTS and
the Qume 101 terminal. They will give
some-idea where to start even if you
use a different monitor.
® EMULATION—QVTI01C
® PARITY—OFF
® DATA BITS—38
® STOP BITS—I
® BIT8—0
o FDX/HDX (Full or Half

Duplex)—FDX
® CHAR/LINE/BLCK—CHAR
® ON LINE/LOCAL—ON LINE
® BAUD RATE—9600

Your PC as a terminal

The Radio-Electronics bulletin
board (516-293-2283, 300/1200
baud, 8N1) contains the software nec-
essary to convert your PC into a termi-
nal for controlling REACTS. That

software is also available on a
floppy disk with a manual
from the source listed
elsewhere in this article. The
software package from that
source contains a file-trans-
fer program on a PROM,
which, in addition to making
your PC act like a “dumb”
terminal, aliows you to use
your PC disk, hard or floppy,
as storage devices for your
REACTS. That capability is
very useful when developing
software and allows you to
keep your investment in the
system to a minimum.

The PC-terminal software
is contained in the file TER-
MINAL.EXE. To invoke
that software, just type TER-
MINAL at the system’s
prompt. The software will

automatically clear the screen. The

only requirements for the software is
that it must be run on an IBM PC or
compatible, and REACTS be config-
ured for a baud rate of 1200. The IBM-
terminal software is designed to emu-
late the Televideo-912 terminal, so
any software designed for the Tele-
video terminal should work as long as
the host system is set up for 1200
baud. The relatively low baud rate is
due to the speed limitations of a stan-
dard IBM PC. The REACTS will ac-
cept and transmit data at rates of at
least 10 times faster than the PC when
the PC is operating in an emulation
mode.

The PC and its keyboard act just
like a standard terminal at this point.
Any operation that you would per-
form on a standard terminal is possi-
ble using your PC. With the PROM-
based file-transfer program there is

4
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the added capability of the PC’s mass-
storage potential; the terminal soft-
ware can transfer your ASCII files
from REACTS to the PC and vice
versa.

‘The REACTS controller

In many applications it is desirable
to have a terminal as part of the sys-
tem. Also, the integral controller is
the lowest-cost approach to the termi-
nal problem. Additionally, many of

the entrepreneur types will find it

useful to develop special-purpose ter-
minals using the REACTS and its
CRT controller as the basis. Indeed, it
is possible to emulate a multi-thou-
sand dollar terminal—if you are will-
ing to write the software. The
monochrome monitor used by the
controller can be any standard off-the-
shelf IBM PC-compatible monitor.

Module considerations

As with all of the other modules
we’ve discussed, this module will use
two 60-pin module connectors. All
bus signals pass from module to mod-
ule through those connectors, which
provide a good, sound connection and
eliminate any external cabling be-
tween the modules.

A 32K ultra-violet erasable PROM
is used to store the video controller’s
program. You can rewrite the software

MODULH
SELECT

on the PROM and create your own
custom terminal or emulate some

"other terminal. You would use RE-

ACTS itself as the development sys-
tem to write the custom software. The
program would then be burned onto a
32K X 8-bit PROM using the
PROM-programmer option of the
PROM/RAM module, covered in Ra-
dio-Electronics, May 1988.

System components

The block diagram in Fig. 1 shows
the basic layout of the CRT/printer
interface-module circuitry. The CRT-
controller portion centers around an
Enhanced Vdeo Terminal Logic Con-
troller (EVTLC), specifically the
Standard Microsystem’s CRT 9053.
That integrated circuit will enable our
video controller to display visual at-
tribute features such as reverse video,
intensity control, underline, and

“character blink. Also, the EVTLC is

capable of producing limited graph-
ics.

The EVTLC’s built-in character set
consists of the 96 standard ASCII
characters and 32 special characters.
Each ASCII character occupies an
area of 9X 12 screen dots. In the
wide-graphics mode, the space that is
normally taken up by one alpha-
numeric character is instead divided
into six independently addressable

CRT RAM

CRT
CONTROLLER

FIG. 1—THE BLOCK DIAGRAM OF CRT CONTROLLER/KEYBOARD interface module.

This module allows you to interact with REACTS, and also allows REACTS to display

messages on a CRT.

segments. On a screen set up for 25
rows and 80 columns, the graphics
mode would allow the independent
addressing of twelve-thousand seg-
ments (80 X 25 X 6). In the thin graph-
ics mode, the space that is normally
taken up by one alphanumeric
character is divided into four indepen-
dently addressable segments layed out
in a “cross-hair” fashion (see Fig. 2).
The video controller will also allow a
mixture of alphanumeric and graphic
characters.

Two modes of screen scrolling are
available: jump and smooth scrolling.
The data on the monitor is moved up
or down one row at the time in the
jump-scroll mode, and one scan line
at the time in the smooth-scroll mode.
If desired, a non-scrolling status line
can be enabled. The line will remain
at the bottom of the screen at all times;
that is, it stays stationary while the
rest of the screen is scrolled. Other
than non-scrolling, the status-line
data can be manipulated in the same
manner as the rest of the screen data.

As previously mentioned, screen
attributes include reverse video
(changing screen backgrounds), in-
tensity control, character underline,
and character blink. There are two
modes of selecting the characters to
be enhanced and the type of attributes
to be used. In the first mode, called

VIDEO
CONTROLLER

SERIAL TO

PRINTER
PORT




the 9 X 28 mode, each character to be
enhanced is “tagged” with a tag bit,
which is actually the most significant
bit of the character byte. In that mode,
only one attribute style can be enabled
per screen. That is, all the “tagged”
characters on any specific screen will
be reverse video, intensified, under-
lined, or blinked. In the 9 X 56 mode,
multiple attributes per screen and
character are available. That is ac-
complished by sending an attribute
byte before the character byte that will
be enhanced with the desired at-
tribute.

The fill-screen feature allows the
entire screen to be filled with a given
character without having to write to
each display’s memory address (that
is ideal for quick clearing of the
screen).

In addition to the EVTLC, other
main components of the video con-
troller include a Z80. microprocessor,
two 8K X8 CMOS-RAM IC’s, two
82CS55 programmable peripheral in-
terfaces (PPI), an 82C52 universal
asynchronous receiver/transmitter
(UART), and an already mentioned
32K x 8 UVPROM.

The Z80 is the control center for the
CRT controller. It manages the in-
coming and outgoing data between
the 82C52 UART, the EVTLC, and

Sources

The following-items -are ava»labie
from DataBlocks, In¢
579. Snowhill Road, Glenwood, GA
30428 Or call {800).652-1336; in
Georgia call(912) 568-7101 :
e TERM-PROM: Software to enable
the-use-of an iBM compatible as ter-
minal for REACTS. Includes the soft
ware on.a 360K floppy-disk -with
instructions; $18.00.
¢ DP-CRT/PRT: Design package of
schematics and instructions; $10.00.
& PC-CRT/PRT: PC board for CRT/
printer interface, includes design
package; $36.00. :

o CRT-PROM: A control pmgram for
- the-CRT controfler installed on a 32K

UV-grasable PROM, includes docu-

mentation; $17.00,

¢ REC-CRT: Complete set-of parts

including the PC board, IC's, gon-

nectors, and PROM; $124.00.

* Keyboard for REC CRT controlter;

$85.00.

Please include $5.00 postage: for
any order of $37.00 .0r less and
$10.00 postage for :apny. order. over
$37.00. Georgia residents must add
approptiate sales tax.

CHARACTER BLOCK
7 x 1 CELL

BCICHCSCICICICICY

SEGMENT 6 | SEGMENT 3 || -

 SCANLINE 4 ...;
SCANUINES =
SCAN UNES >

i-:'lfMENM SEGMENT 1|}

SCANLINED »
SCANLINET =
SCANLINEZ »
SCANUINEZ » -
SCAN LINE4 =

~ scmu«es* o
"SCAN LINE § »[SEGMENT 4

CSCANLINE 7 o
SCANLINES =

SCANLINES =
SCANUINED
SCAN LINE 1t >

" |SEGMENT 5| SEGMENT 2 ||

" SEGMENT 3

SEGMENT 2])

“SEGMENT 1

FIG. 2—The EVTLC’s BUILT-IN
CHARACTER SET consists of the 96 stan-
dard ASCII characters and 32 special
characters. Depending on what graphics
mode is being used, the screen space is
divided as shown in (a) for the alpha-
numeric mode, (b) for the wide-graphics
mode, and (c) for the thin-graphics mode.

the 82C55 PPI’s. That is, it enables
and/or disables the correct IC’s at the
correct time to maintain a smooth
data flow. The Z80’s clock input
comes from the 8-MHz clock signal
that is generated in the REACTS CPU
and routed to one of the pins of the
two 60-pin connectors. One of the
8K X 8 RAM chips is used by the Z80
as a scratch pad or buffer. The other
provides the display memory for the
EVTLC. As already mentioned, the
PROM contains the video controller’s
control program. The 82C52 UART
receives the incoming keyboard data
in serial form and converts it to paral-
lel form before transferring it to the

EVTLC and/or PPI's. The PPI’s act as
the interface between the video con-
troller and the CPU:; that is, all data
being passed between the CPU and
the video controller pass through
those IC’s. By checking certain hand-
shaking signals of those IC’s, the
CPU determines whether the video
controller is ready to send data to it.
Likewise, the CRT controller can de-
termine when the CPU is sending data
to it.

Controlling the EVTLC

The EVTLC is connected to two
data buses; one passes data between
the Z80 and the EVTLC, and the
other between the display memory
and the EVTLC. That way we know
that all the data we send or receive
from the display memory passes
through the EVTLC. The EVTLC
contains several 8-bit software-pro-
grammable data registers which se-
lect the desired screen attributes,
move and keep track of the screen
cursor, transfer data, and select oper-
ating modes.

The EVTLC’s programmable data
registers are selected indirectly by the
address register, which is selected
when the input on the A/D pin of the
EVTLC is high (see Fig. 3) and a
write occurs. Data is sent to and/or

.read from the data registers when the

input on the A/D pin is low. That is,
first the desired register is selected by
raising the A/D input and writing the
correct register address in binary
form, then the data is written to or
read from the register with the A/D
input lowered. When the A/D input is
raised and a read is done, the status
register’s contents can be obtained.
Bit seven of the status register is used
to synchronize data transfers between
the Z80 and the EVTLC. When bit
seven is low, the EVTLC is busy and
will not receive or send any data.
Only when bit seven is high, is the
EVTLC ready to send or receive data.

The data registers that are indi-
rectly selected via the address register
are: the top-of-screen address, cursor-
low, cursor-high, fill-address, screen-
attribute data, mode-1, mode-2, and
character registers. We will give the
correct address of each register and
briefly discuss their functions. Unfor-
tunately, that will have to wait unitl
next month. We’ll continue then with
a discussion of the registers and then
go on to building and programming
the terminal interface. R-E

£
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- Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month we're going
to show you how to
build and program the
terminal interface for
your REACTS system.

P LAST MONTH
art 8 we didn’t get a
chance to discuss the data
registers. So, we’ll start with
that, and then build the inter-
face.

By writing an eight
(00001000) to the address
register, the top-of-screen
register is selected. That reg-
ister contains the RAM ad-
dress of the first character
displayed at the top of the
video screen.

The cursor-low register is
addressed by writing a nine
(00001001) to the address register.
The cursor-low register holds the
lower eight bits of the 11-bit RAM-
cursor address, and the upper three
bits of the cursor address are in the
cursor high register.

As was mentioned, the upper three
bits of the RAM-cursor address are
located in the cursor-high register.
The other five bits of the cursor-high
register select the smooth-scroll offset
value and disable/enable the non-
scrolling 25th status line. That regis-
ter is located at address ten
(00001010).

The fill-address register is selected
by writing an eleven (00001011) to the
address register. That register is used
to obtain the fill-screen feature. The
fill-address register contains the
memory-RAM address of the
character following the last address to
be filled. After writing to the fill-ad-
dress register, the next character

MICHAEL A. TUCKER

placed into the character register will
be placed in each display-memory-
RAM location between the address
specified by the cursor-low and cur-
sor-high register (the cursor address),
and the address preceding the one in
the fill-address register.

The screen attribute data register is
at address twelve (00001100). The
most-significant bit (bit 7) of the regi-
ster determines whether the EVTLC
is in the 9Xx28-graphics or 9 X 28-
alphanumerics mode. If the alpha-
numerics mode is enabled, the other
seven bits of the register will select the
type of attribute to be exhibited by the
“tagged” screen characters. Re-
member that in the 9 X 28 mode, only
one attribute per screen is possible. If
the EVTLC is in the graphics mode,
no attributes are permitted; however, a
combination of graphics and alpha-
numeric characters can be displayed
on a single screen. In the graphics

mode, a character is deter-
mined to be a graphics or al-
phanumerics character by
the most-significant bit of the
character byte. That is the
same bit that determines
whether or not an alpha-
numeric character is ‘‘tag-
ged” in the 9 X 28 alpha-
numeric mode.

Only the most-significant
bit (bit 7) of the mode-1 regi-
ster is used. It is called the
auto-increment bit and it de-
termines whether or not the
display-memory character
address is automatically in-
cremented by the EVTLC
after every read/write of the
character register. The
mode-1 register is at address
fourteen (0001110).

A fifteen (00001111) out-
put to the address register
will select the EVTLC’s mode-2 regi-
ster. Bit O places the EVTLC in either
the 9 X 28 or 9 X 53 mode. Bit 1 en-
ables or disables the cursor blink, and
the other bits are not used.

The last register to be discussed is
at register-address thirteen
(00001101), and it is called the
character register. All screen charac-
ters are written to and read from the
display memory via that register. It
should be noted that the register is
accessible when the done-bit (bit 7 of
the status register) is high. Tables 1,
2, and 3 show the assignments of each
bit of the character register in the vari-
ous programmable modes.

Control software

If you purchase the CRT-controller
kit from the source listed in this arti-
cle, you will receive a PROM with a
CRT-controller program already load-
ed. We strongly recommend that you

8861 H3gW31d3S
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TABLE 1—9 x 28 GRAPHICS MODE

4 3 2 1 0

Character-register bit 76
Character o1
Thin Graphics 00
Wide Graphics

------------- Character Data -------==---=-=-----

X SEG4 SEG3 SEG2 SEG1

0 1 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1

TABLE 2—9 x 28 ALPHANUMERICS MODE

Character-register bit 76 4 3 2 1 0
Character (Attr. enabled) 1 -----------—------ Character Data ----~--=----nne=e-n-
Character (No attribute) 0 e Character Data --------------------

TABLE 3—9 x 53 OPERATION MODE

4 3 2 1 0

Character-register bit 76
Character 0

Attribute Character 10
Thin Graphics 10
Wide Graphics 11

Ut = Underline Attribute
RV = Reverse Video Attribute

start with the preprogrammed PROM
even if you decide to develop your
own.

The software that you can purchase
works in the following manner: When
a key is pressed the DR (Data-Ready)
output of the 82C52 UART, which is
connected to the maskable interrupt
(INT) of the Z80, goes high notifying
the CRT microprocessor that it has
received a character. The Z80 will
read that character from the UART
and determine whether the character
is alphanumeric or a special function.
If the character is alphanumeric, the
CRT’s CPU will send it to the system
CPU. The system CPU, after placing
the character in the file or program
currently called up, will then send it
back to the CRT controller to be dis-
played. A special function can be one
that is performed by the system’s CPU
such as CTRL-C, ESC, and CTRL-S,
or one sent to the EVTLC to disable
or enable a screen attribute such as
reverse video, character blink, or
move the screen cursor.

Programming the CRT controller

Before programming the CRT con-
troller, various registers of the con-
troller’s IC’s must first be initialized.
All but one of the IC’s of the CRT
controller are hardwired to the I/O
ports of the onboard Z80. The only
one that is not addressed by the on-
board Z80 is one of the 82C55 PPI’s;
it is addressed by four of the I/O ports
of the CPU’s Z80: The following list

------------- Character Data -----=-+--------=---

Blank Blink Int UL RV
X SEG4 SEG3 SEG2 SEG1

SEG6 SEGS5 SEG4 SEG3 SEG2 SEG1

shows the addressable CRT controller
IC’s and their assigned 1/O ports. All
addresses are in decimal form:

® 82C52 UART—Ports 6467

® Page register—Port 68

® 82CS55 PPI (addressed by the on-
board Z80)—Ports 72-75

® EVTLC—Ports 76 and 77

® 82C55 PPI (addressed by the
CPU’s Z80)—User selectable (uses 4
ports)

Those ports are selected by the on-
board CRT-controller address switch-
es. If the operating system is used, the
switches should be set to 252. The
address set by the switches will be the
first of four, with the others following
in consecutive, incrementing order.
For example, if the switches are set to
address 252, the first address used by
the 82CS55 will be 252 and then 253,
254, and 255.

The 82C52 UART is initialized by
the on-board Z80 sending a 62 to I/O-
port 65, a 34 to I/O-port 67, and a 35
to I/O-port 66, in that order. I/O-port
64 is the data port, and the control
program should read the byte from
there when the INT (maskable inter-
rupt) input of the Z80 goes active
(high), such as when a keyboard
character has been received.

The CRT controller can display a
maximum of two thousand characters
on the monitor at one time. Each
character being displayed uses one
byte of the display RAM’s memory.
You will notice that the display mem-
ory is an 8K X 8 RAM IC. That is four

times the amount of RAM needed to
display one screen. Therefore the
memory-page register allows the stor-
ing of four different screens within the
display RAM. That is, the display

PARTS LIST

All resistors Va-watt, 5%, unless
otherwise noted.
R1—1 megohm
R2—68 ohms
R3—330 ohms
'R5—70 ohms
R6, R7—9-into-1, 10,000 ohms, SIP
resistor pack
Capacitors
C1-C20—0.47 pF, 25 volts, ceramic
disc
C21, C22—22 i F, 25 volts, ceramic
disc .
C23—47 pF, 16 volts, electrolytic
Semiconductors
IC1, IC17—8K x 8-bit CMOS static
RAM
IC2—74HC573 tri-state D-Type latch
IC3, IC18—74HC245 octal tri-state
transceiver
IC4-1C6—74HC04 hex inverter
IC7—9053 enhanced video terminal
logic controlier
IC8, 1C11—82C55 programmable
peripheral interface
IC9—74HCO02 quad 2-input NOR
gate
IC10—Z80 8-megahertz CMOS IC
microprocessor '
*IC12—32K x 8-bit CMOS PRO
with controller software
IC13—82C52 UART
IC14, IC15—74HC688 8-bit magni-
tude comparator
*IC16—CRT32—16 programmable
_array logic (PAL)
IC19—74HC273 octal D-type flip-
flops
*IC20—CRT32—20 programmable
array logic (PAL)
LED1—right angle PC-mount red
LED
NOTE: Components that are marked
with a * are customized parts that
can be obtained from the source
listed in last month’s article.
Other components
S01, SO2—60-pin male and female
bus-connector set
S03—6-circuit telephone jack
S04—8-pin female D-sub printer
connector
505—25-pin female D-sub con-
nector
X1—16.4 MHz crystal
SW1, SW2—6-position DIP switch
Miscellaneous: 1 PC board, ex-
truded aluminum case, 4 14-pin IC
sockets, 8 20-pin IC sockets, 4 28-
pin IC sockets, 4 40-pin IC sockets
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FIG. 1—PARTS-PLACEMENT DIAGRAM. The parts for the CRT controller/keyboard inter-

face module are installed on the double-sided board as shown.

memory is divided into four pages
with each page occupying 2 kilo-
bytes. The memory page is changed
by writing a0, 1, 2, or 3 to the I/O port
at address 68. Normally a O should be
written to the display-memory paging
register, to display the same screen all
the time. However, when customizing
your CRT controller, you may wish to
use that feature in one way or another.

The 82C55 addressed by the on-
board Z80 (IC11) is initialized by
writing a 98 to I/O-port 75. That sets
I/O-port 72 as an input port and I/O-
port 73 as an output port, and also
configures I/O-port 74 as a status or
handshaking port.

The other 82C55 (IC8) is config-
ured by writing a 166 to the highest
I/O port used by IC8 (the 1/O-port
address selected by the switches +
3). The REACTS operating system, if
used, will do that for you, and in
addition, will handle the transfers be-
tween the PPI and the CPU. All you
need to do is set the CRT controller’s
address switches to address 252. Re-
member that IC8 is controlled by the
Z80 on the CPU.

The address and status registers of
the EVTLC are accessed by writing to
(to enter a data-register address) or
reading from (to access the status reg-

ister) 1/O-port address 77. The
EVTLC’s data registers are selected
by I/O-port 76.

After initialization, the CRT-con-
troller program should be set to poll
the status register, I/O-port 74, con-
stantly checking for a character from
the system CPU. If a character is re-
ceived, it should be retrieved from I/O
port 72, and the program should deter-
mine if it is a character to be displayed
or one to change one of the screen’s

attributes or the EVTLC’s operating -

mode. If an interrupt is received from
the 82C52 (which means a character
from the keyboard has been sent), the
interrupt routine should fetch the key-
board character from I/O-port 64 and,
depending on the type, send it to ei-
ther the system CPU or the EVTLC.
Customizing the CRT software can
include using special keyboard or
program inputs to change the EVTLC
operating modes, change memory-
display pages, perform graphics, etc.

Printer interface

The printer-interface design is
straightforward. The magnitude com-
parator (IC14) enables the printer-in-
terface portion of the module when
the correct I/O address is on the ad-
dress bus. Note that address signals

AO and Al are not connected to IC14,
and changing the least-significant
switch on the addressing switch incre-
ments or decrements the first I/O port
used by the printer interface by four. If
we built a module that required eight
/O ports to operate, we would use the
A2 signal along with the AQ and Al
signals to obtain them.

If you purchased the REACTS op-
erating system (ARTDOS) containing
the printer-interface driver, using the
printer port after building the module

~is as simple as. setting the module-

addressing switches to 248 and con-
necting a parallel printer to the mod-
ule’s 25-pin port. If you didn’t, you
will have to design your own driver
routine to use the interface.

Construction
The patterns for the double-sided

- PC board can be found in the PC-

Service section of next month’s maga-
zine. Unfortunately, space does not
permit our showing them this month.
The board can also be purchased sep-
arately, as was mentioned in the
“Sources” box that appeared last
month.

When assembling the module, fol-
low the parts-placement diagram
shown in Fig. 4. And, we recommend

886} HIAWILd3AS

a7




o Digital Filter Type, removes
only Macrovision pulses

e No adjustments, crystal
controlled

e Compatible with all VCR's,
uses automatic vertical
blanking level

Macro-Scrubber — We stock the exact parts, PC board, and
AC adaptor for an article on Building a Macro-Scrubber
appearing in Radio-Electronics December 1987 issue.

JMAK-1 Parts Package .......... $19.00

Includes all the original resistors, capacitors, diodes,
transistors, integrated circuits, and crystal.

JMAK-2PCBoard .................. $9.95
Original etched and drilled silk-screened PC board used
in article

JMAK-3 AC Adaptor ................ $7.95
Original (14 to 18 voit DC @ 285 ma) AC adaptor used in
article.

Free reprint of article on building a Macro-Scrubber with any purchase above.
Add $2.50 shipping & handling; $4.50 Canadian orders.

Note: Unauthorized duplication of copynghted material is illegal. Use
Macro-Scrubber for viewing only.

72-CHANNEL MC-702 CONVERTER

CABLE CONVERTER ....................... $79.95

WITH INFRA-RED REMOTE CONTROL .
e 72-channel capability e Parental control for all
e Wireless, Infra-Red channels

that you use sockets for all the IC’s.
First Solder in all the components,
then check all of the connections.
Then deuble-check them.

Checkout

Before installing the CRT control-
ler/printer module onto the REACTS
CPU, make sure the system is off. If
you are using the REACTS operating
system, set the CRT controller’s I/O-
addressing switches to I/O-port 252
(all switches up). Also, set the printer-
interface addressing switches to I/O-
port address 248 (the rightmost
switch down and the rest up). The
fourth switch from the right on the
row of CPU switches should be
placed in the down position; that
switch should be up if a terminal is
being used as the console and is con-
nected to the CPU’s serial port.

Make sure that none of the pins of
the CPU connectors are obstructed or
bent. To install the module, align the
female connectors on the bottom of
the CRT/printer module with the male
connectors on the top module of your
system, making sure the modules are
parallel to each other. Press the CRT/
printer module onto the system (ex-
treme force is not necessary). Using
common sense and following proper
procedures, the connectors will last
indefinitely.

After the CRT/printer module has
been properly installed, connect the
monitor to the 9-pin D-type port on
the rear of the module and the key-
board to the connector on the front.
Turn on the power, and if everything is
in order, the opening menu should be
displayed.

If that does not occur, check your
switch settings. Also, make sure the
correct switches for the CRT control-
ler were set and not confused with the
ones for the printer-interface 1/0-ad-
dress selection. Connect a parallel
printer to the printer port to check out
the printer interface. If you are using
the REACTS operating system you
can enter a CTRL-P, and any data
entered afterwards will be printed. To
get out of that mode, simply re-type
CTRL-P.

In the next REACTS installment
we will discuss the operation and con-
struction of a module that will allow
REACTS to remotely-control ap-
pliances, lights, etc., using the exist-
ing AC-power lines in your home, and
inexpensive, easy-to-get control mod-
ules. ' R-E

&

i

remote control e Last channel recail
e Channel output2or3 e Fine tune memory
switchable e UL listed/FCC
* Microprocessor approved
controlled PLL s Simple installation with
operation any TV
e Skip channel memory e includes battery and 3
eliminates unused foot coax cable
Add $3.50 shipping & handling channels
$9.50 Canadian orders.
Cable/VCR Timer
e Record multiple premium play channels Add $3.50 shipping & handling
e Turns cable box on and off $4.50 Canadian orders
e Selects channel for unattended recording
e Thousands sold nationally for $99.95
1-800-227-8529 Ask for FREE
® Color Catalog
[&]
g Inside MA: 617-695-8699 J & m
@
= VISA, MASTERCARD,
2 ELECTROMICS,I0C
o or C.OD. ] ™
W —=
8 m E P.O. BOX 800 e MANSFIELD, MA 02048
é = T ©Copyright 1988 by J&W Electronics Inc.
48 CIRCLE 65 ON FREE INFORMATION CARD
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This month we
discuss wireless
home automation.

LAST TIME WE BUILT THE OCTAL
/O module and covered a
few of its applications. With
the relay option, the octal [/O
module provides eight out-
puts that can control up to 6-
amps AC at 120 or 240 volts.
While that module is excel-
lent for controlling local de-
vices (those near the sys-
tem), controlling devices that
are located further away from
the system requires routing
high-voltage wiring from the
system to the device. We sol-
ve that problem this month
when we build an X-10-com-
patible interface module.
This new module will allow you to
send control signals through the AC
wiring in your house, so you can auto-
matically turn lights, lamps, and ap-
pliances on and off from a central
location.

For those of you who are unfamiliar
with the X-10 system, it is a means of
home control; appliances, lights, etc.
The system includes a controller
module that plugs into an outlet in
your home. The controller module
then communicates (through the AC
wiring in your home) with accessory
modules that are plugged into other
outlets in the home. The system can
then be programmed to control ap-
pliances that are plugged into those
accessory modules.

The REACTS X-10 module takes
the place of the original X-10 control-
| ler module so that the REACTS sys-
. tem can now communicate with the
B X-10 accessory modules. In addition,

JiIM BYBEE

the module also contains eight LED’s
and eight toggle switches that can be
assigned to one of the REACTS sys-
tem’s 256 1/O port addrzsses. The
switches are for user-input, and the
LED’s are for indicating certain status
information about the system,;
whether an X-10 module is on or off,
whether one of the octal I/O’s relays is
closed or open, etc.

The REACTS module is connected
to X-10’s PL513 Power-Line Interface
module using a four-conductor tele-
phone cable with RJ14 plugs at both
ends. You simply plug the PL513 into
the nearest wall outlet, then plug one
end of the telephone cable into the
PL513 and the other end into an RJ14
jack (SO3) that is located on the back
of the REACTS module (see Fig. 1).

There are two types of X-10 remote-
outlet modules that are used to con-
nect a lamp or appliance to the X-10
system. The first type is plugged into

a wall outlet, and the ap-
pliance or lamp is then
plugged into the module.
The other type of X-10 re-
mote-outlet module replaces
the entire wall outlet, and the
appliance or lamp is then
plugged into that. To adapt
an overhead light to work
with the X-10 system, the
wall switch that controls the
light is replaced with an X-10
switch module. (Note that
the X-10 modules come with
several different power rat-
ings, and that the amount of
current drawn by the light or
appliance being controlled
must be considered when
purchasing a module.)

After installing the mod-
ules, you must then set them
to their own, unique address.
Each X-10 remote module
has two addressing dials. One dial
(called the house-code dial) is labeled
A through P, while the other dial
(called the unit-code dial) is labeled 1
through 16. There are 16 unit-code
addresses for each house-code ad-
dress. That is, 16 of the X-10 modules
can be set to the same house-code
address, with the unit-code address
providing the distinction between the
modules.

REACTS and the X-10

The X-10 enhances the REACTS
control system by simplifying the re-
mote control of on/off devices, mean-
ing that no routing of conductors is
required. By using REACTS with the
X-10 modules, a basic home-control
system, complete with decision-mak-
ing capabilities, can easily be in-
stalled in an already-existing home.
Indeed, installing the hardware
needed to automate a home could
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POWER-LINE INTERFACE MODULE
X-10 PL513:

2 o

m LV;

FIG. 1—THE X-10 PL513 POWERLINE INTERFACE module has an adapter that plugs
directly into the wall and communicates with its corresponding receiver modules right

through you home’s AC wiring.

| X-10 CONTROL ZERO CROSSING
3 . DETECT.
MODULE 1 x FROM X-10 SYSTEM
ADDRESS| - | INTERFACE
SELECT CONTROL || X-10GATE
T0 X-10 SYSTEM
L
’ FRONT
sysTEm SYSTEM ADDRESS 07 mopuLe PANEL
BUS | RD " | sEwECT LEDS
\—
e ol Lo
s ||~ BUFFERED ™| gronT
”SYsTEM DATA 07 GDETE | [N SYSTEMDATA | paney
Lo PN DAR T (e | SwiTCHES
“SWITCH SELECT™

FIG. 2—THE BLOCK DIAGRAM OF THE X-10 MODULE. It usés the same type of I/O-port

addressing as does other REACTS modules.

conceivably be done in one day or
less. As you think of new uses for the
X-10 interface, you need only pur-
chase the required X-10 modules, and
write the software (which may be the
addition of only a few program lines
or a short subroutine).

The X-10 interface module can
communicate with up to 256 of the
X-10’s remote modules and can pro-
vide on/off control as well as light
dimming and brightening. But while
the X-10 system greatly expands the
REACTS system’s capabilities, it
does not provide any type of feedback

v

to the central unit, in this case, the
REACTS system.

Feedback is needed in such ap-
plications as ¢ontrolling your home’s
climate, sensing the opening and
closing of windows or doors, or
switching lights on and off as
darkness falls or as dawn arrives. It’s
also needed to verify that a command
is carried out. However, the eight-bit
input portion of the REACTS octal
1/0 module is one means of adding
feedback, and in future articles we
will be discussing additional feed-
back and monitoring techniques.

Applications

The X-10 kit that is available from
the source listed in the Parts List
comes with an X-10 interface software
driver. Using that driver, writing ap-
plication programs for the X-10 sys- -
tem is easy. The driver operates.in one
of two modes. In the first mode you
simply assign the string variable
X-10$ to a string which contains the
module’s house code, its key code (or
unit code), and the type of function to
be performed (on, off, brighten, dim,
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grammed so that they can manually control things that are connected to the REACTS
system. The LED’s can be programmed to indicate the status of various system functions.

FIG. 3—COMPLETE SCHEMATIC FOR THE X-10 MODULE. The switches can be pro-
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all on, all off). You then call the X-10
driver using the GOSUB statement.
For example, if a light were connected
to a module addressed at house-code
A and key-code 2, the following pro-
gram extract would turn it on:

10 X-10$ = “A,2,0ON”

20 GOSUB X-10

In the case where you were dim-
ming or brightening a light or lamp,
the last portion of the string (the func-
tion code), would contain the word
DIM or BRIGHT, and the percentage
of full bright or dim you desire in
parenthesis. For example, the follow-
ing program extract would cause the
light connected to the module at
house-address A and key-code 2 to
burn between full bright and off:

10 X-10$ = “A,2,BRIGHT(50)”

20 GOSUB X-10

In the X-10 driver’s second mode, a
configuration table is used to assign
user-identifiable strings to particular
remote modules’ addresses along with
the type of function to be performed.
Constructing the configuration table
is performed using a menu-driven
configuration program that comes
with the REACTS X-10 interface soft-
ware. As an example, the address of
the module that controlled the master
bedroom’s overhead light could be as-
signed to a string along with the func-
tion to turn the light on. One
possibility for the name of the string is
“MASTER BEDROOM ON.” How-
ever, the string’s name is limited only
by the programmer’s imagination. In
the actual application program, the
string, as in mode 1, is assigned to the
string variable X-10$ and the driver is
called using the GOSUB statement:

10 X-10$ = “MASTER BED-
ROOM ON”

20 GOSUB X-10

One application for the octal I/0
module that we discussed in previous
articles (June and July 1988 Radio-
Electronics) used REACTS to pro-
vide an electronic door lock. One
method was to use a keypad, located
at the front door, to enter the proper
combination code to unlock the sole-
noid deadbolt. One problem with that
is seeing the keypad in the dark. If the
switch that controlled the porch light
were replaced with an X-10 module,
that problem could be remedied. The
door-lock software would be written
so that the first key to be pressed
would cause the system to turn on the
porch light. The software could be
written so that the first key pressed

does not necessarily have to be the
first number of the combination—that
way, pressing any key would turn on
the light. After the first key is pressed,
the system could then start looking for
the first number of the combination.
(It would be good to put a time limit
on how long the light stayed on.)

Using the X-10 system, the door
lock keypad can now perform a dual
function. Besides being used to lock
and unlock the door, it can also be
used to selectively turn lights inside
the house on or off when arriving at or
leaving the home. The software would
be written so that pressing a certain
key would place the system in either
the light mode or the door-lock mode.
For example, the asterisk (*) key
could be used to initiate the light
mode, while the pounds (#) key
could be used to initiate the door-lock
mode. In the control program, a flag
would be set or reset when either the *
or # key were pressed. When the next
key is pressed, the program would
input the key number and then check
the mode flag to determine which
subroutine to branch to.

Three keys would be pressed to turn
a light on or off. First, pressing the *
key would put the system in the lights
mode. Next, the key which corre-
sponds to the appropriate light would
be pressed. Finally, the last key
pressed would either turn the light on
or off. The number-1 key could be
used to turn a light on, and the
number-2 key could be used to turn
the light off.

Module operation

A block diagram for the REACTS
X-10 module can be seen in Fig. 2.
The control signals that are sent to the
X-10 modules must be sent at the
zero-crossing point of the AC power
line. The control signals are made up
of combinations of binary 1’s and @’s.
A binary 1 is represented by the pres-
ence of a 120-kHz signal for 120 milli-
seconds at the zero crossing of the AC
power line, and the absence of that
signal represents a binary .

_The X-10 PL513 interface outputs a
square wave to the REACTS X-10
module. That square wave is syn-
chronous with the zero-crossing of the
AC power, and it is used by the RE-
ACTS X-10 module to gate the con-
trol signals onto the power line at the
proper time. The PL513, in addition
to providing the square wave, also
provides the 120-kHz signal. The RE-

ACTS X-10 module only has to pro-
vide the square-wave signal (to gate
the 120-kHz signal onto the power
line) if a binary 1 is being output.

The REACTS X-10 module uses
the same type of I/O-port addressing
as did previous modules. That is, the
74HC688 magnitude comparator,
IC12 (see Fig. 3), compares the A
inputs which come from the system
bus with the B inputs that are con-
nected to X-10 module’s I/0-port ad-
dressing switches. When the system’s
1/0 ReQuest line (IORQ) is high, and
the A inputs match the B inputs, the
REACTS X-10 module is selected.
Note that the system-address lines AQ
and Al are not connected to the
T4HC688, but are instead connected
to IC8. While address lines A2-A7
are used to select the REACTS X-10
module, lines A0 and Al are used to
enable functions within the module.

One of those functions is, of
course, interfacing with the PL513.
That function is performed primarily
by IC5 and the five binary counters
IC3-IC7. The incoming zero-detect
square wave from the PL513 interface
is connected to IC9 at pin 22. As
already mentioned, that signal en-
ables the REACTS X-10 interface to
send the gate signal to the PL513 from
pin 16 of IC9. The gate signal is used
to place the PL513’s 120-kHz signal
onto the AC powerline at the appro-
priate time; that is, when the AC
power is at O volts. Besides gating the
120-kHz signal at the appropriate
time, the signal must also be gated for
the correct length of time, which is 1
millisecond. Binary counters ICS5,
IC6, and IC7 divide the system’s 1-
MHz clock signal by 1000, thus
providing the 1-ms window that is re-
quired for the 120-kHz gate signal.

Outputting a control signal to a
module requires the transmission of
two thirteen-bit words. Additionally,
except for bright and dim commands,
those words must be transmitted
twice. As for the bright and dim com-
mands, a command must be sent for
each level of brightness or dimness.
On the REACTS X-10 module, coun-
ters IC3 and IC4 are used to count the
number of times that a command is
transmitted. When they reach the pre-
specified count, the counters will halt
the command transmissions.

That’s all we have room for now.
But next month we’ll continue dis-
cussing the X-10 module’s opera-
tion—then we’ll build it. R-E




This month we show
you how to add X-10
compatibility to
REACTS for easy
home automation.

LAST MONTH WE BEGAN TO DIS-
cuss how the REACTS X-10
module works, however, as is
often the case, we ran out of
room and were forced to end
our discussion. So, this
month we continue our ex-
planation on the X-10-mod-
ule’s operation. We’ll also
talk about the software that
makes our system ‘‘tick,”
and then show you how to
build the module so that it
can become a working part of
your REACTS system.

The X-10 module includes
eight status LED’s and eight SPST
input switches. The switches,
through software, can be used to turn
lights and/or appliances, that are con-
nected to X-10 modules, on or off.
Likewise, the status of those ap-
pliances (whether they are on or off)
can be determined by the LED’s. The
LED’s and switches are located at one
of the REACTS I/O ports. The
switches are read by inputting from
the port and the LED’s are turned on
or off by outputting the correct bit
combination to the port. Since the
switches and LED’s are independent
from the X-10 functions of the mod-
ule, they are not necessarily confined
for use with only the X-10 module.
For example, the switches could be
used to activate or deactivate the re-
lays on the octal [/O module. The
following example program iilus-
trates that. In it we will assume that

Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

JIM BYBEE

the X-10’s SPST switches are ad-
dressed to I/O port address 20, and the
octal I/O relays at I/O port 55:

10 SWITCHES = INP(20)

20 OUT 55, SWITCHES

30 GOTO 10

That program would con-
tinuously input the binary
value of the switches and
then output that value to the
relays on the octal I/O mod-
ule. Each switch occupies
one bit of the byte read from
I/O port 20. If the switch is
on, the corresponding bit
will be a1, and when the byte
is sent to the octal I/O mod-
ule (line 20), the correspond-
ing relay will be activated.

Software for the X-10
module

We have already men-
tioned how easy it is to write
programs for the REACTS
X-10 module using the avail-
able driver software. Using
that software, only two pro-
gram lines are needed to send
a command to an X-10 re-
mote module, and one of
them is always the same—for exam-
ple: GOSUB X-10. The other pro-
gram line can be written in one of two
ways, depending on the program
mode. In mode 1, the program line is
made up of a string that contains the

FUNCTION
CODE

FUNCTION CODE SEQUENCE

-

e S -
FIG. 1—EACH BIT OF THE FOUR-BIT START CODE can be transmitted on consecutive

zero crossings of the AC power line. The other nine bits of each thirteen-bit word must be
sent out in true form first, then in its inverse form. Each thirteen-bit word must be sent to

the module at least twice.
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FIG. 2—PARTS-PLACEMENT DIAGRAM. Follow this when installing all parts on the X-10 board, and don’t forget to use sockets for the IC’s.

module’s house and key codes, and

_the function to be performed—for ex-

ample: A,2,0FF. In mode 2, the pro-
gram line contains a user-defined
string that represents that informa-
tion—for example: MASTER BED-
ROOM ON.

Outputting a control signal to a sin-
gle X-10 module requires the sending
of two thirteen-bit data words. The
first thirteen-bit word (the number
code) selects the number of the mod-
ule to be controlled, and the second
word (the function code) selects the
type of function (on, off, dim, bright-
en) to be performed. The first four bits
of both thirteen-bit words is a start
code (1110) that is always the same.
The next four bits represent the house
code (A through P), and the final five
select either the number of the mod-
ule being selected (O through 16) or
the number of the function to be per-
formed (on, off, dim, or bright). With
the all-on and all-off functions (where
all of the modules are affected), only
the function code is sent.

Each bit of the four-bit start code
can be transmitted on consecutive
zero crossings of the AC power line.
However, the other nine bits of each

thirteen-bit word must be sent out in
true form first, then in its inverse form
on the very next zero crossing (see
Fig. 1). Additionally, each thirteen-bit
word must be sent to the module at
least twice.

As you can see, the actual transmit-
ting of the codes to the X-10 remote
modules is somewhat involved. How-
ever, the REACTS X-10 software han-
dles all the details of transmitting to
the X-10 remote modules, allowing

' you to concentrate on the main objec-

tives of your control program.

Construction
Very little in'the way of assembly is

required for the X-10 module. You-

can purchase a complete kit of parts,
or just a PC board with or without the
PAL’s. You’ll also need a 4-conductor
telephone cord with RJ14 plugs at
both ends, and an X-10 PL513 Power
Line Interface module. You can buy a
PC board or else you can make one
from the foil patterns in PC Service,
and follow Fig. 2 for correct place-
ment of all of the components. Just
solder in all of the parts being sure to
use sockets for the IC’s. Then just

.press the appropriate IC’s into their

respective sockets. Figure 3 shows
you the completed board.

FIG.3—THE COMPLETED BOARD. Notice
the eight programmable switches.

With the REACTS X-10 interface,
you take a great leap toward automat-
ing your home, and you may indeed
be content with the capabilities you
now have. However, we will be dis-
cussing other modules in the future,
including an A/D conversion block,
battery backup, and more. R-E
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