Project

A Smart Weather Monitor

(Conclusion)

How to use and variations on the basic project

By Thomas R. Fox
I n the first four installments of

this article, we described con-

struction and initial testing of
the WISARD, a stand-alone expand-
able multi-function ‘‘smart’’ ther-
mometer and temperature predictor.
In this final installment, we discuss
instrument operation and give hints
on modifications you can make to ex-
pand it. We will conclude with a brief
look at a down-to-earth variation on
the basic WISARD project.

Sensor Placement

As has previously been stated, the ba-
sic WISARD has five sensors, one
each to detect rain/dew, daylight and
sunshine and two to track tempera-
ture variations.

For the project to accurately sense
the presence of moisture, the rain/
dew sensor must be mounted in a lo-
cation where rain will strike it direct-
ly. An area of the roof of your house
that has no tree branches or other
structures that obstruct a clear line of
sight overhead is one suitable loca-
tion for the rain/dew sensor.

Sunshine and daylight sensors Q1
and Q2 in the schematic diagram in
Part 1 are simple phototransistors.
One method of protecting these sen-
sors from the weather was described
in Part 4. Daylight sensor Q2 must be
mounted outside, such as on a roof.
A nearly perfect location for sun-
shine sensor QI is on a 1,000-foot
tower, well above surrounding trees
and buildings. This is obviously im-
practical in real-world situations.
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Hence, the site that gives perhaps the
largest accuracy/cost ratio is the
highest point of the roof of the struc-
ture in which the WISARD project is
located.

The firmware for the project treats
temperature sensor TS/ as the ‘‘in-
side’’ monitoring device and temper-
ature sensor 7.S2 ‘‘outside’’ monitor-
ing device. Most of the records and
temperature analysis pertain to out-
side sensor 752.

Assuming you are using standard
ME]! firmware, TSI should be locat-
ed inside the structure, close to where
the WISARD is located. It may be of
interest to you to monitor the inter-
nal temperature of the project. If so,
you can mount TS/ directly to the
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A/D Memory-Expansion module in
the holes assigned for this sensor.

The purpose of TS2 is to measure
outside air temperature. Therefore,
locate this sensor in a suitable ther-
mometer shelter, such as illustrated
in Fig. 18. Mount this shelter a mini-
mum of 6 feet from any building or
other structure that is heated during
the winter and cooled during the
summer.

Operating WISARD

Once the project has passed its initial
tests and you have mounted the vari-
ous sensors in suitable locations, it is
time to put WISARD on-line. Unlike
most electronic devices, WISARD
should be allowed to undergo a full
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$5016 NOTES:
1. K401 is 12Vdc, 5009 coil SPDT contacts, DIP reed relay, Digi-key part no. Z620-ND
GND — -3 2.S5016 is 10 pin socket, 0.1" Digi-key part no. WM2008.
) 3. All resistors are 5%, '/aW.
D7 — -0 4. S5016 connects with P5016 on display/output board. P5018 is located at address
:-J , 5016H. To energize relay, store XXXX XXXO at 5016H, where X is a don't care state.
° U401
S R401 4N25
g 150 , « +9V to +12V preferably, do not use
. -—I—'\/\/\—— 6 7 the same supply used by Wisard.
Do— - ITL Ds01g | waor
10 2 5 [}
+5V — —O0— I ANV J
K R402 14
. 100 : | 7.8
: Q401 NP
2N2222

Fig. 19. Schematic diagram of a tested control circuit for loads that require more than 25 milliamperes of current.

and other information from the pre-
vious day. If for some reason the
power or printer is off at 9:00 AM,
printout will occur at 10:00 AM. If
you do not desire a printout, you ¢an
either turn off the printer or discon-
nect it from the project.

ME]1 firmware instructs WISARD
to printout a rain/dew message when
rain first hits the moisture sensor and
a ‘““dried-off’> message when mois-
ture has evaporated from the sensor.
Normally, this does not cause a prob-
lem. However, on a day in which
scattered sprinkles occur, printouts
may become an annoyance because
of the deluge of messages that will be
printed out. If the annoyance is too
great, you can simply turn off the
printer. Alternatively, you caninstall
a switch in series with the moisture
sensor to allow you to disable it un-
der such conditions.

Adding Versatility

A simple circuit connected to The
Display/Output module of the proj-
ect will allow WISARD to control
just about anything imaginable, such
as an alarm at a certain temperature
or a pump upon detection of rain.
Another possibility is to have WIS-
ARD turn on its own printer before it

prints out a message and shut off the
printer after printout is complete.
This “‘printer controller’’ saves on
the cost of electricity and reduces the
possibility of the printer overheating.

A somewhat more sophisticated
chore would be for WISARD to use
two temperature sensors in a differ-
ential temperature controller for a
solar heating system. Another use for
a sophisticated differential tempera-
ture controller is in a cooling system
that uses a large exhaust fan to keepa
whole house cool at a fraction of the
cost of air conditioning.

On the Display/Output module
are 16 outputs that can be used to
control 16 separate devices. These
outputs are tied to connectors P5016
and P5017 in the project. Pin 1 of
these connectors is tied to circuit
ground, pin 10 to the + S-volt rail
(see Fig. 19). Pins 2 through 9 are as-
sociated with data lines D7 through
Do, respectively.

The “‘cleanest’” way to access the
pins of these connectors is with a
socket like Digi-Key’s Part No.
WM?2008 (crimp terminals Part No.
WM?2200 are also needed). This type
of socket can also be used for the
PM?210 connector on the A/D Mem-
ory-Expansion module and P30] on
the Keyboard module.
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The ““output’’ pins of P5016 and
P5017 are connected to 74LS373 oc-
tal D-type transparent latches whose
outputs can sink about 25 milliam-
peres of current and can be used to
control a solid-state buzzer or LED
directly. You can hook this output to
a low-power sensitive relay that has
high-current contacts to control
loads that require more current. Bear
in mind, though, that direct connec-
tion to a relay has the potential of be-
ing problematical. When MCUs and
MPUs are used, it is good design pol-
icy to isolate the logic supply from
the power supply with an optical iso-
lator or similar device.

Shown in Fig. 19 is the schematic
diagram of one control circuit that
works. Relay K1 can be a Digi-Key
Part No. Z620-ND, which has a 12-
volt dc¢ coil resistance of 500 ohms
and has contactsrated at 0.25 ampere
at 28 volts dc. Just about any similar
12-volt dc relay with a coil resistance
greater than 400 ohms will probably
work in this circuit. The optical isola-
tor shown is the popular 4N25.
Clamping diode D! eliminates nega-
tive spikes on the power line.

The Fig. 19 circuit works okay
with power supplies that can deliver
between 9 and 12 volts dc. Ideally,
the power supply used should be
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ware) some basic data concerning the
disk, WISARD can infer which way
the wind is blowing. This simple ar-
rangement may not be the best for a
wind-direction sensor, but it does
demonstrate that P30] can be used as
more than just a means for connec-
tion of option switches to the project.
(Note: P301 is located at address
S011H, as is LED2, but no conflict
exists. Thanks to the R/w line and de-
coding circuitry, LED2 can only be
written to and P301 can only be read.)

Predicting Temperatures

Firmware for the temperature-fore-
casting capability of WISARD is
contained in the 2732A EPROM in
the A/D Memory-Expansion mod-
ule. Two separate routines are sup-
plied for minimum and maximum
temperature forecasts.

The algorithm for minimum tem-
perature forecast is primarily alge-
braic. The project uses the length of
the day, times at sunrise and sunset
and four preceding temperature mea-
surements to formulate a quadratic
equation that is solved for one hour
after sunrise, which is assumed to be
the low point of the temperature-ver-
sus-time curve. This algorithm re-
sults in extreme accuracy if sky or
wind conditions are unchanged dur-
ing the night. If these conditions do
change, the predicted low tempera-
ture will be revised at the next hour.
The algorithm is not ‘‘location-sensi-
tive’’ and, thus, is accurate in all geo-
graphic locations on Earth.

The algorithm for the maximum
temperature forecast routine modi-
fies average measured data for spe-
cific conditions. The particular rou-
tine used in the project has been op-
timized for Grand Rapids, MI but is
accurate in similar climates. How-
ever, it may be somewhat inaccurate
—especially in winter—south of 30
degrees north latitude.

The basic data in the maximum
temperature forecast routine consists
of the average temperature spread

(which is maximum to minimum) for
each month. This program can easily
be customized for a particular geo-
graphical location, as long as the
average temperature spread is known
for each month.

The program modifies the ‘‘aver-
age’’ temperature spread to take into
account such variables as sunshine,
cloudiness, rain, mean temperatures,
time of day, time of year, and so on.
This modified spread is added to the
minimum temperature to obtain a
forecast maximum, which itself may
be modified, under certain condi-
tions, before being printed out.

If you plan to modify—but not to-

tally rewrite—WISARD’s firmware,
you need the source code. This and
the Intel hex and object files are
available on a 5.25-inch PC-compat-
ible disk from the source in the Ma-
terials Availability box. The source
code is written in 6801/6803 assem-
bly language that, except for a few
additional instructions, is identical to
6800/02/08 assembly language. Sev-
eral built-in subroutines can help you
in writing modified code. A few are
enumerated below:
e PRINT. Used to simplify printing of
messages. Before this subroutine can
be called, the Index Register must be
loaded with the starting address of
the message. Generally, labels are
used to indicate this starting address.
For example, the following program
segment will print out, ‘“Long live
WISARD!”’:

LDX #MES
JSR PRINT

MES DB ‘Long live WISARD!’,0

Notice that the message is terminated in a 0.

* ENASEN1, ENASEN2. These subrou-
tines ‘‘enable’’ temperature sensors
TS1 and TS2, respectively. To load
the data into accumulator A, call the
“LOADA”’ subroutine.

« DELAY1S. Creates a delay of about
1 second.
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Materials Availability i

‘A number of-itenis that can save you
time and effort in locating components
and other materials for the WISARD
and %ssembling the projectare availablg
from Magicland, 4380 S. Gordon, Fre-
mont, MI 49412. They include: Kit of
components for the A/D Memory-_
Expansion module (does not ‘include
programrﬁed 2732A _programmed
EPROM), No. ADME], $65; double-
sided A/D Memory-Expansion module

" pcboard, No - $22; com-
plete set of precision resigtors for A/D
module, No. PRADS9; $5; LM335, $2
each; ADCO0809, $4; 6116LP, $7;
7415541, $1.45; 6803, $3.75; LM1830,
$2.25. Available separately from same
source: 27128 EPROM programmed
with firmware ME1, V1.9 or later, $18; .
2732A programmed EPROM, $12;
both EPROMs, $25. Firmware assem-
bly-langliage source code and Inte] hex
file on PC-compatible 5.25-inch floppy
disk, $2.75. Michigan residents, please "
add 4% sales tax.

e

« DIGITAL. Converts the data in Ac-
cumulator A into digital format. An
error results if the data exceeds 99.

* DISPLF. This subroutine assumes
Accumulator A holds temperature
data. When it is called, the display
shows the temperature in degrees
Fahrenheit. (DISPLC is virtually iden-
tical except that the display shows de-
grees Celsius.)

¢ PRNTIME, PRNDATE. When called,
these subroutines print the time and
date, respectively.

« PRNTTMP. This subroutine assumes
temperature data is in Accumulator
A and prints temperature in degrees
Fahrenheit. (If OPTION switch 3 in
the project is set to ‘‘off,”’ this rou-
tine also prints out temperature in de-
grees Celsius.)

« DIVIDE. This subroutine stores the
most-significant bit (MSB) of the
dividend at DIVIDNM and least-sig-
nificant bit (LSB) at DIVIDNL. The
MSB of the divisor must be stored at
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