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An RF-Controlled
Irrigation System,

By Brian Millier

When | sat down to write this article last fall, the leaves on the trees had not
yet turned their autumn colors, but the beauty of the flowers in our garden
heds was certainly on the wane. It was a dry summer, particularly punishing
for farmers, and our gardens weren’t particularly splendid last year. Not that |
didn’t try to keep them well watered, it’s just that it’s hard to beat a steady
dose of rainwater.

We're fortunate to have built a home on a large lake. Twelve years ago, we
chose the lot based mainly on recreational concerns—swimming, canoeing,
and such. | became seriously interested in gardening about five years back,
and decided to install an irrigation system to make use of the unlimited sup-
ply of “free” water.

Our lot is about 25 feet above the lake’s level. As any mechanical engineer
will tell you, it's a lot easier to “push” water than it is to “pull” it, so | installed
a 0.75-hp jet pump at the water’s edge. | decided against using a pressure
tank and switch, as the water would be needed only when the pump was
switched on, and the maximum continuous flow rate was desirable.

Because most of the rough landscaping had been done when the house was
built, | decided it would be too much effort and expense to bury irrigation lines
throughout the 0.75 acre of lawn and gardens that | have. Instead, | ran 1.5=
plastic pipe on the surface, along the side border of my property. Six
valves/garden hose fittings are spaced along the 400 foot length.

For a number of years, | was content to run down to the electrical panel in the
hasement to switch on the pump when | wanted to do some watering. Besides
being inconvenient, occasionally I'd shut off the water valves when finished
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Photo 1—Here’s the actual controller/receiver sitting in my family room. Just visible in the
background is a glimpse of the lake—the source of water for the gardens. Not visible is the

and
then for-
get to return to the
hasement to turn off the pump. One

year | damaged the pump by leaving it on for sev-

eral days! Also | was getting lazy; | didn’t like the trouble
of hooking up a hose, unraveling 100 feet of it into the desired position,
attaching a sprinkler head, and then having to walk all of the way back to the
other end to turn on the water valve.

| decided what | needed was a controller that allows me to program specific
watering times and durations. Units like this are commercially available, of
course, but | also wanted to be able to control the water using a small keyfob
transmitter while | puttered around in the gardens.

In my last article, | described a wireless MP3 player, which used low-cost UHF
transmitter/receiver modules from Abacom Technologies (“Listen
Everywhere,” Circuit Cellar 134). | was pleased with their performance and
technical support from Abacom, so | decided to check out Abacom’s products
again.

| wanted the transmitter to fit in a keyfob, so I chose the AT-MT1-418 AM
transmitter module, which is about the size of a penny. | also chose Abacom’s
keyfob transmitter case, which comes in various switch cutout configurations.
| decided to use a sensitive receiver because | anticipated a low transmitted
signal level given such a small transmitter. The QMR1 Quasi AM/FM superhet
receiver module fit my needs. | particularly like this module because its 1-
square-inch SIP mounts easily on a circuit board by pins on 0.1= cen-
ters. | like one-stop shopping, so of course | was pleased to be able to
get Holtek encoder/ decoder chips from Abacom, as well. I'll describe
the chips in more detail later in the article.

Controller/Receiver

If you've read my recent articles, it should come as no surprise that |
used an Atmel AVR controller chip, the AT90S8535-8PC (40-pin DIP
package), for this project. This device contains four 8bit ports, eight 10-
bit ADC channels, 8 KB of flash memory, and 512 bytes each of data
EEPROM and RAM. Like most AVR devices, this one is easily serially pro-
grammable in-circuit. You may want to refer to my article, “My
fAVRorite Family of Micros™ (Circuit Cellar 133) for an overview of this
family, along with the details of a free ISP programmer for these chips.

| must admit up front that | probably could have done this project with
the smaller AT90S2313 by multiplexing some of the 1/0 pins and writ:
ing the program in assembly language. | decided it was more produc-
tive for me to spend the extra dollars (Can $) on the 8535, whose
larger flash memory would allow me to program in BASIC, using the
BASCOM AVR compiler.

AC adapter used for power or the power relay, which is located at the electrical panel in the

basement.
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Figure 1 is a schematic of the controller/receiver. Let’s start by looking at the
user interface. The user interface consists of a 4 ~ 20 LCD and four push but-
tons. The display is operated in the common 4-bit mode; in this case, because
it saved some wiring, not because of a shortage of 1/0 pins.

The four push-button switches are individually strobed by port pins PCO—3 and
sensed by the INTZ input of the "8535. | hooked up the switches this way
because | originally drove the LCD using the same four port C lines. | had been
saving the ADC inputs of port A for future use, but later changed my mind and
switched the LCD over to port A, leaving this switch circuit intact.

The four push-button switches operate this unit the same way that many small
electronic devices work. There is a Menu button to scroll through several
menus as well as a Select/Cursor button. The buttons are used to position the
cursor within a time field for adjustment purposes or to select a particular value
when finished changing it. Finally, there are plus sign and negative sign but-
tons used to increment or decrement the current parameter.

| chose to implement the real-time clock in the software. One reason | initial-
ly picked the '8535 over the slightly less expensive "8515 is because it
includes a third timer, which may be driven by a 32,768-Hz watch crystal. |
must say that my attempts to implement the RTC using this feature gave me
some problems! Atmel’s datasheet for the *8535 advises you to merely con-

nect the 32,768-Hz watch crystal between the TOSC pins 1 and 2 with no
capacitors to ground. [1]

When I did this, | could see a reasonable 32,768-Hz sine wave signal on either
crystal pin with my oscilloscope using a 10 probe. | soon discovered, though,
that my clock was losing about 1 min./h. After troubleshooting, | found that
the crystal oscillator waveform contained serious glitches coinciding with LCD
screen refreshes.

At that paint, | was using the port pin adjacent to TOSC to drive the LCD
ENABLE pin. Moving the LCD ENABLE pin over to port A eliminated the glitch-
es, hut the clock was still slow. This was odd because | could not see anything
wrong with the crystal waveform with my oscilloscope, and the builtin fre-
quency counter in the oscilloscope indicated that the frequency was “bang-on.”
So next, | contacted Mark at MCS Electronics to see if he had run into the prob-
lem. He mentioned capacitors, which made me think that capacitance to
ground was probably needed (contrary to the datasheet). It turns out that my
oscilloscope was providing the necessary capacitance, but only when it was
hooked up. Adding 22-pF capacitors to ground cured the problem, at least with
the particular crystal | was using. However, for this project, | decided to play it
safe and implement the RTC using Timer0 of the '8535 clocked by the
4.194304-MHz crystal of the CPU, which works perfectly. A side effect of this
was that | couldn’t use BASCOM’s intrinsic real-time clock function and instead
had to write my own routine.
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Figure 1—The Atmel 8535 AVR controller is at the center of the action of the irrigation controller. An Abacom QMRY receiver takes care of the wireless reception func-

tions. The LCD operates in 4-bit mode.
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My pump draws about 10 A when running (much more when starting), so |
chose a Potter & Brumfield T9AP5D52-12, which is inexpensive and rated for
20-A continuous current. A small 2N3904 transistor is all that is needed to
handle the 200 mA that its coil requires. This sealed relay is small. | haven’t
used it long enough to know how well it will hold up, so the jury is still out on
this component choice.

The controller/receiver is powered by a 9-VDC adapter followed by a 78L05
regulator. The actual output of the adapter is closer to 12-V, and is enough to
operate the relay coil. Photo 1 shows the controller in place in my family room.
The wireless part of the controller consists of an Abacom QMR1 receiver fol-
lowed by a Holtek HT12D decoder chip. This receiver is one of the choices rec-
ommended for use with the AT-MTL AM transmitter that | use. The datasheet
that comes with the package (available soon on www.abacom-tech.com) calls
the QMRY a quasi-AM/FM receiver module. The datasheet doesn’t spell out if
it also works with FM transmitters, but it sounds like it would.

In any AM transmitter/receiver link, one thing for certain is that the receiver
will spit out a stream of noisy data during much of the time when its com-
panion transmitter is not transmitting. The QMRY is sensitive (RF sensitivity
specification is —110 dBm) and it has no squelch circuitry to suppress spuri-
ous output signals arising from any RF interference that it might receive. With
cell phone towers cropping up all over the countryside, even my rural home is
probably not “RF-quiet” anymore. | definitely see lots of noise output from the
QRM1 receiver module.

My intention is to emphasize the need for some form of error detection/ data
formatting in any AM RF link. What | haven’t mentioned is that the circuitry in
the receiver that recovers the data from the RF signal (called the data slicer)
is choosy about the form of data modulation that it will accept.

For example, most data slicers work reliably only if there is a roughly even dis-
tribution of zeros and ones in the datastream, even within the short-term such
as the time taken to send 1 byte of data. This means that you cannot, for
example, just feed in the signal from a UART

that cover in depth the theory of reliable RF data communication; An
Introduction to Low Power Radio by Peter Bimie and John Fairall is a good
starting point for those of you starting out in this area. [2]

Encoder/decoder

To address these concerns, it made sense to use the inexpensive line of
encoder/ decoder devices from Holtek (HT12D/E) rather than roll my own.
These matching chips address the concerns, at least for applications that need
only to transmit the status of a small number of switches.

There are a number of good reasons for choosing this device. The HT12E
encoder chip consumes only about 0.1 A in Standby mode, so it can be left
permanently connected across the small transmitter battery. It comes in a
small, 20-pin SOP and fits in a small transmitter case (the same could be said
for the Atmel ATiny and smaller PIC processors). To reduce parts count and
cost, it uses a single resistor to set its internal RC clock. RC clocks are not
known for their frequency stability; the design of this encoder/ decoder pair
allows the receiver to be able to lock onto the transmitter’s data clock fre-
quency even though it may vary considerably over time or temperature. Refer
to Figure 2 for the schematic of the transmitter module.

Both the encoder and decoder sample eight lines (AQ through A7), which act
as device address inputs. That is to say, a given encoder/decoder pair can be
set to operate at one of 256 discrete addresses. This strategy, for example, pre-
vents your neighbor’s remote control from operating your garage door opener.

Addressing can be done with a dip switch, jumpers, or by cutting traces on a
PCB. Modem encoder/decoder chipsets used in remote car starters use, by
necessity, a much more complex addressing scheme hecause there’s a much
greater chance of false triggering by other, unintended transmitters in the vicin-
ity. Obviously, this leads to worse repercussions.

The data packet sent by the HTL2E consists of the 8-hit address followed by a
4-hit data field corresponding to the state of up to four switches connected to

to an AM transmitter, and expect to hook up
a UART to the receiver output.

Instead, Manchester encoding is generally
used because it guarantees an equal number
of zeros and ones in the datastream, regard-
less of the particular data being sent.
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receiver to get ready for data reception, so to
speak.
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Figure 2—There isn’t too much to the schematic diagram of the keyfob transmitter. However, getting it to fit into the
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The Firmware

One of the reasons for choosing the
AT90S8535 instead of one of its little broth-
ers, like the "2313, was to allow me the lux-
ury of programming the firmware in BASIC.
From past experience, | thought there was not
enough space in the 2B flash memory of the
'2313 for an application such as this using
compiled BASIC.

| wrote the firmware using the MCS Electronics
BASCOM-AVR compiler. It took up more than
half, 4800 hytes, of the 8192 hytes of flash
program memory, confirming my fears that it
would not have fit into the memory of the
smaller 2313 device. Incidentally, the demo
version of the BASCOM-AVR is available free
from MCS Electronics, and is fully functional
apart from the fact that its program size limit

Photo 2—The PCB that | fabricated for the transmitter sits below the keyfob case. You can see a bit of the thin black is 2 K.

wire, which forms the antenna, connected to the tiny transmitter module.

inputs D8—D11. The datasheets for the HT12D/E devices don’t mention a pre-
amble being sent before the data, nor do they mention a checksum nor CRC
bytes for data checking. [3, 4]

In place of this, the data packet is transmitted three times for each switch clo-
sure and then checked for equality by the receiver. Holding the switch down
for any more than an instant, will result in the repetition of the datastream.
Presumably this is how the lack of a preamble is handled—the receiver like-
ly misses out on the first occurrence of the data packet, but catches subsequent
ones.

The Abacom AT-MT1 transmitter has a maximum data transmission rate of
2400 bps. There-fore, | set the encoder’s oscillator of the HT12E to 2 kHz by
using a 1.5-MW resistor across 0SC1 and 0SC2. [4]

The AT-MT1 transmitter is a two-wire device. It is not modulated per se; instead
it is powered up and down in step with the datastream. The SAW oscillator
used in this module is able to turn on and off quickly—fast enough to handle
the maximum data rate. The output of an encoder chip is supposed to direct-
ly power the AT:MTZ, according to its datasheet. Although the data output pin
of the HT12E is capable of sourcing up to 1.6 mA, the AT-MTZ requires up to
9 mA at 12 V to operate. So, in this case, | had to add a 2N3904 emitter fol-
lower to provide the necessary current boost.

I intended to use a Linx Splatch antenna, which is a small PCB containing a
418-MHz antenna and ground plane. Unfortunately, this small antenna radi-
ated much less signal than a quarter-wave whip antenna and would not pro-
vide the range | wanted. However, it wasn’t too great a loss because | was
having trouble fitting everything into the keyfob anyway. | ended up using a
6.25= piece of flexible wire as an antenna, which just hangs out of the key-
fob case and doesn’t mind being stuffed into my pocket.

Photo 2 is a close-up of the transmitter PCB, which has to fit in the case and
line up with the switch cutouts. | included the PCB layout in PDF format along
with the firmware files, because the design of the transmitter PCB is tedious.
Choosing a battery for the transmitter wasn't difficult. There seems to be only
two choices in small batteries: 3.6-V coin cells and the 12-V alkaline batteries
used in many remote car starters. The HT12E encoder would have worked fine
at 3.6 V, but the output power of the transmitter module would have been
low. Thus, | chose the 12-V batteries.

As | mentioned earlier, problems | had using
Timer2 (designed for RTC purposes) of the "8535 prevented me from using
the builtin RTC routines in the BASCOM-AVR. This had an upside: The RTC rou-
tines needed by this application do not require week, month, or year, so they
use less memory space even though they were coded in BASIC (Note: The
BASCOM intrinsic RTC function is done in assembly language).

Most of the firmware takes care of the user interface. An LCD with four push
buttons is easy to build, but takes up considerable program space to imple-
ment a friendly user interface. There is a routine that allows you to set the
clock to the current time. Another routine enables you to enter up to Six pro-
grams. Each program consists of a time, action (pump on/off), and a Daily or
Once-Only mode. And, a final menu item allows you to turn the pump on and
off immediately from the controller.

The six user-defined programs are stored in EEPROM, so that they survive a
power failure. However, because the CPU (and therefore the RTC) will stop if
the power goes off, this is a moot point, unless | add a battery backup for the
controller’s CPU.

When a command comes in from the wireless transmitter, the valid transmis-
sion (VT) line on the decoder will go high, and its four data output lines will
reflect the state of the four buttons on the keyfob transmitter. The VT signal is
fed into the INTO interrupt input of the "8535 (through RC filtering to prevent
false triggering). An interrupt service routine checks the state of the decoder’s
four outputs and turns the pump on or off accordingly. Although | fitted four
buttons into the transmitter and allowed for all four in the controller, the
firmware currently responds to only two switches—pump on and pump off. |
will likely think of some other device to hook up to this in the future.

Time’s up

There’s no doubt that it’s much less expensive to buy a remote control module
off the shelf than it is to build your own, if you can find one that suits your
needs. However, if your requirement is unique or you can combine a few func-
tions into one unit, then the satisfaction of designing your own unit makes it
all worthwhile. | find building these wireless gadgets addictive. In the back of
my mind, I'm already thinking of my next project: a controller for air exchang:
er in my home using indoor/outdoor temperature and humidity sensors and a

power line modem.
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