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Abstract

A review is presented of the important points to consider when using
a microcomputer as the central part of an automatic weather station. No
previous knowledge of microcomputers is assumed. The principles de-
scribed include the treatment of signals from meteorological sensors, the
choice of computer hardware options, programming languages and tech-
niques, and methods of producing output. An example is given of auto-
matic weather station used to provide a public display of current

weather parameters.

AUTOMATIC WEATHER STATIONS
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Introduction

Automatic weather stations are normally used in hazardous or rewote
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locations such as in mountains or at sea. Their purpose is to make rou-
tine meteorological observations }.t regular intervals and to report them to-
some central station or record them f{or later use. With t(ue advent of
microcomputers it has become reasonably inexpensive to design automatic
wealher stations which are very versatile. The real versatility of the mi-
crocomputer is due to the ability of one piece of equipment to do a mul-
titude of different tasks simply by changing the program.

A general definition of an autowratic weather station is a device which
accePls a number of analogue signals from different meteorological sensors
and processes these signals to produce some form of permanent rccord,
The fact that this is done automatically makes this diflerent from what
is done at a manned weather station. Another difference is that only those
parameters which can be objectively determined (eg temperature, pressure,
rainfall or wind speed) can be processed by automatic weather stations.
Subjective parameters (eg cloud amount, present weather, or cloud type)
cannot presently be measured automatically, but as the development of
“machine vision” continues these should also be recordahle. A few rpara
meters eXxist for which objective instruments are available but {or reasons
of cost subjective estimates are more often used (eg visibility or height
of cloud base).

It is convenient to separate the functions of an automatic weathcr sta-
tion into Input, Processing, and OQutput. Each of these will now be dis-
cussed separately hefore an example of a microcomputer-controlled weather
station is given,
input

Meteorological sensors exist in various forms, but the ones wiich are
usually used in automatic stations are ihose whicli produce electirical signals.
A list of typical sensors and their signals is given in table 1. There is
quite a variety of different signals but it is necessary to convert all signals
to some standard range belore presenting them to the computer. The com-
puter also expects to receive all signals in digital form which necessitates
analogue to digital (A /D) conversion. The signal processing is carried out
by first converting all signals to be voltages, normally in the range 0 5V,
then passing these signals to the A/D converter which is controlled by
the compuier. For instruments which produce a voltage or current it is
simply a matter of amplifying the signals when necessary but the instru-
ments which produce pulses or frequencies require other forms of process-

ing. The pulse signals can be processed by a “ramp” or “staircasc” circuit

162



which will add a small analogue voltage to the output for every pulse at
the input. When some predetermined level is reached (5V in this case) the
‘output voltage is reset to 0V and the process starts again. Of course this
‘system is satisfactory only when the time taken for the signal to cycle
from oV to 5V is much longer than the rate at which the computer is sampl-
ing the signal. The frequency generating instruments must have their out-
put processed by a “tachometer” circuit which converts frequency to volt-
age. After this signal conditivning, all signals are in the range 0-5V and
they are connected to the input of the A/D converter. One of the design
constraints on an automatic weather station is the number of input channels
which the A/D converter possesses. [For meteorological purposes sixteen
channels is likely to be more than adequate, but simple weather statiouns
could be constructed with as few as {our channels, The other constraint
which {s imposed by the A/D converter is the digital resolution of the in-
coming signals. In general 8 bits (0-255) may be sufficient hut 12 bits (90-
4095)is preferred. The digital resolution available from a number of metco-
rological instruments is shown in Table 1. Usually the A/D converler
must be connected to the computer by 12 data lines (for 12 bits) and also
by lines with which the computer can control which of the A/l input

channels will appear on the outpul data lines. Determining which channel

TABLE 1 TYPICAL SENSOR SIGNALS AND RESOLUTION

Typical Meteoro-  Digital resolution

|
Parameter Scusor signal | logical
| range 8 bits 12 bits
i 7" ST - o ) -
Temperature’ Thermistor . KOhms ‘ -50 to 0.4C 0.02C
| Thermocouple ‘ mV | 50C
Wind speed . Optical tachometer KHz | 0-60m/s 0.2m/s. 0.02m/s
| Generator mV ; :
| e R e —
Wind | Potentiometer ' KOhms | 0-540 j 2deg ' O.1deg
direction ‘ Coded disc | digital deg ‘
Pressure " Monolithic transducer\ v ! 950- ;0.4hPa’ 0.02h1a
. Aneroid mA " 1050h1’a ]
o o S
Rainfall | Tipping-bucket pulses(V)“ 0-50mm | 0.2mm . 0.01 mm
| Syphon |V . : ‘
o e
Radiation - Pyranometer ’ mV | 0-1200 5Wm™: 0.3Wm ™

} Wm?
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is to be used can be done in one of two ways. a pulse can be sent
which simply requests the A/D converter to send data for the next
channel; or a number can be sent from the computer to the A /D converter
to identify one channel. The former method requires only two lines, one
to carry the pulses to increment the A/D to the next channel and one
which is used initially to set the A/D to the first channel. The latter
method requires a number of lines determined by the number of possible
channels (4 lines for 16 channels). Additionally, a line which sends a
signal from the A/D converier to the compuler to indicate when the
converted data is recady may be included, but as the time taken is always
constant the computer can delay reading the A/D for the appropriate time
after requesting the data from a particular channel. Finally, it must be
recognised thal most microcomputers use an 8 bit data bus which makes
it necessary to read 12 bits of data from the A/D converter in two parts.
Computer hardware and software

Microcomputers exist in a large variety of shapes and sizes, from
single-board computers with only a few integrated circuits, to complete
systems with keyboard, disc drives, and high resolution graphics screen.
The type of computer used for controlling an automatic weather siation
depends on whether only one station is to be produced or whether a com-
mercial product is being developed which would require costs to be
minimized. In either case the development work would be done on a ma-
chine which had a keyboard, disc drives and monitor, but in the case of
commercial production this would be the “development system” and the
final product, which might be asingle-board machine, would he the “target
system”,

All microcomputers (in fact, all computers) must have at least three
basic functions: input, processing and output. Input was considered in the
last section where the primary input is the meteorological measurements,
but we may also want secondary input from a keyboard, for example to
instruct the automatic station to operate in a different way. Output will
be discussed in the next section. The part of a microcomputer in which
the processing power resides is the central processing unit (CPU) of which
a number of different types are available. For most meteorological
purposes processing power is not a very important factor. Most programs
will be doing nothing for long periods between short bursts of activity
when they read the instruments and act on the readings. For the develop-

ment of software it is necessary to save information or programs and it is
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therefore essential for the development system to have some type of easily
accessible storage medium; usually floppy disc.

When purchasing a microcomputer for use as an automatic weather
station (or as a development system) the important things to consider are:

* The CPU is unimportant, almost any microcomputer has sufficient
power.

In addition to a keyboard it must be possible for the machine to
read input from other sources.

Input from external sources should be as parallel data which would
allow an A/D converter to be connected directly. If the external
input is restricted to serial data then additional electronics is re-
quired to convert the A/D) output to a serial signal. This also slows
down the rate at which the instruments may be read.

Storage on disc is essential for rapid program development.

Battery back-up in event of power cuts is an advantage.

The inclusion of a “real-time” clock or interval timer in the com-
puter hardware is essential for most automatic weather station
applications where time dependent actions are needed.

The memory avajlable in most microcomputers is adequate, although
the Random Access Memory (RAM) required may exceed 32Kbytes
it rarely exceeds 64Khytes.

Once the appropriate computer hardware has been identified it is
necessary to ensure that it will also support the desired software. The
choice of software is just as important as hardware since it can greatly
affect the time taken for program development. Before discussing particular
software considerations {or automatic weather stations somie general points
can be made. The language chosen for proyia:~ming should be a high-level
language (ie one in which it is possible to write structured programs,
including procedures and functions). It is also very useful to bhe able to
produce libraries of procedures and functions. Usually such library fa-
cilities are provided for languages which arc compiled rather than inter-
preted. It may sometimes he necessary to use assembly code programiming
for time dependent operations which makes a good assemhler a valuable
software tool.

A clock is nearly always necessary in an automatic weather station. It
may be used to record observations every hour, to define a period over
which to calculate the average wind speed, to mecasure the time between

increments of a tipping-bucket rain-gauge, or 1o sample wind speed and
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direction at short, regular intervals for turbulence studies. Operations
which are time dependent can use two techniques for finding the time,
polling and interrupting. Polling is used for operations where the timing
is not crucial (compared to the time taken for the program to complete a
cycle of its main loop). It involves reading the time from a variable which
contains the clock time at the appropriate part of the program and perform-
ing actions depending on the time read. This is suitable for recording data
every hour and possibly for most of the examples given above if the time
for a major program cycle is short, eg a few seconds. Interrupting is
essential when operations require very accurate timing, eg finding the wind
speed and direction every 100 milliseconds ( Of course, this requires an
anemometer with a response time very much less than a standard anemo-
meter.) When an interrupt is generated the main program leaves what it is
doing and performs the action required by the interrupt. Usually the first
action must be to set the interval timer counting again (to produce another
interrupt after the required time interval), then the time dependent action
can be taken, and {inally control is passed back to the program at the stage
it was interrupted. The main program will then continue to run until the
ncxt interrupt is generated. ln general the ability to produce interrupts
after a time interval is more versatile than simply polling a clock built into
the microcomputer. It is simple to use interrupts to simulate a clock, but
they also have many other capabilities. The part of a program which deals
with interrupts when they occur usually has to be written in asscmbly
code.

Some suggestions concerning software techniques which are particularly
useful for automatic weather stations will now be described. When read-
ings are obtained fromn instruments it is advisable to store them in data
buffers in the program, ie regions of memory (perhaps an array) in which
the most recent instrument readings will always be found. The values read
from the A/D converter will be in the range 0 to 255 (for 8 bits) or 0 to
4095 (for 12 bits) and can be stored in a buffer of integer numbers. At
this stage it is often a good idea to read each instrument several times and
place the average ©of, say, eight readings in the integer buffer. This reduces
any noise which may exist on the cables to the instruments or in the A/D
converter and can usually be accomplished in a few tens of milliseconds. The
program needs to have the readings in meteorological units which requires
some conversion to real numbers. This is easily performed if the conver-

sion is linear. A real pumber buffer is then set up which will always
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contain the most recent observations in meteorological units. To convert
from the integer buffer to the real buffer requires a slope and origin for
the linear calibration line. It is particularly convenient to be able to
change these values when necessary, eg when replacing an aged instrument
with a new one which might have a different calibration. In this way all
calibration of instruments can be done entirely within the software and
need not involve eclectronic circuitry. It may be desirable for the real
buffer to be larger than the integer buffer. The integer buffer will only
contain values for the number of instruments connected, but the real buffer
may contain quantities derived from the instrument readings, eg dew point
temperature or relative humidity derived from wet- and dry-bulb tem-
peratures.

Since meteorology often requires time-averaged quantities, cg wind
speed, it may be necessary to accumulate large numbers of observations.
If the wind speed is measured cvery second we would need 600 values to
find a ten-minute average. Such calculations would be very space-consuming
and a much more attractive approach is to use a time filter with a suitable
time constant. This is achieved with a program statement such as:

F=(1-a)F+ak
where R is the observed value in the real number buffer and F is the
filtered value. The amount by which each new value of R affects the
filtered value I is determined by ‘a’. If ‘a’ is close to zero then each
new value ‘R’ has little effect and the filter effectively has a large time
constant, The time filter is exponential with a time constant of 1/a where
‘a’ lies in the range 0 to 1 and the units are the sampling interval for the
new readings ‘R’. This method may also be applied to finding time de-
rivatives such as pressure tendency. I{ pressure measurements are made
every minute (with an accuracy of, say, 0.2 hP’a) then to find the pressure
change in three hours would require excessive amounts of memory to store
all the pressure values, If the pressure change in one minute is calculated
it could be expressed as a pressure change in three hours, but since the
expected pressure change in one minute is very much less than the accuracy
of the measurement the calculated tendency, by itself, is of no value.
However, if the tendency based on a calculation over one minute is con-
sidered to be a “raw” tendency then a “filtered” tendency can be calculated.
If a large time constant is chosen for the filter then a large number of
inaccurate tendency measurements are accumulated to produce an accurate

and slowly changing value for the pressure tendeacy. A similar procedure
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may be used to calculate rainfall rate.

The type of computer chosen will determine how the system is
implemented when program development is completed. [f a complete
microcomputer system is employed then operating the automatic weather
station is equivalent to running the program, although it is desirable to
arrange for the program to be started automatically when power is
switched to the computer, thus providing automatic restart in case of
power failure. 1f, however, the program development was aimed at a
single-board “target” computer then it will be necessary to transfer the
program onto Read Only Memory(ROM)which can be inserted in the target
machines. This can be done from a microcomputer if an EPROM programmer
is one of the available accessories., (EPROM is Erasable Programmahle ROM
which allows the ROM to be changed several times.)

Output

How.should an automatic weather station produce output which reflects
the observations made? There are many different possibilities and the
choice is determined by what the purpose of the station is. If the
weather station is operating in a building where many people might want
to sce the current readings, then a video display, relayed to several
monitors, is a good form of output, However, this leaves no permanent
record of the observations which might be useful for more detailed
analysis at a later date. This could be overcome by adding a printer to
give a hard copy of the observations but subsequent analysis is most likely
to be done by computer and it would be better to store the data in a
machine readable form, eg paper tape, floppy disc or magnetic tape.

If the weather station is to be located in a remote site then it is
most likely that data will have to be logged in some machine readable
form, Although this can be managed adequately using a cassette-tape
data-logger, these usually require enough power that battery changes are
needed every few weeks. Another possibility, which requires less power, is
to store the data in a “memory module”. a section of RAM which is
accessible to the microcomputer but is also detachable and replaceable, It
must have its own power supply to keep the data intact when the

“module” is removed from the station. Magnetic bubble memory is now
becoming available which will not require its own power and which has a
capacity of about 1 million bits, The use of a “memory module” is most
beneficial in cases where power requirements must be kept to 2 minimum.

Sometimes automatic weather stations are placed in locations where it is
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not possible to retrieve data which has been logged for very long periods,
eg mountain stations in winter. In this case it is best to fit the
automatic weather station with a radio transmitter which will transmit
data from the buffer at regular intervals. A receiving station can then
record and store data from one or more such remote station.
An example
An example of a microcomputer-based zutomatic weather station is
METDADS (Meteorological Data Acquisition and Display System) which
was developed at the Department of Mcteorology, University of Edinburgh,
Its purpose is to provide a continuous display of current and recent weather
statistics in various parts of a large University building., It is also able
to save hourly observations on floppy disc which can subsequently be
transmitted to the University mainframe computer for analysis, The system
is based on an Apple Ile microcomputer. [t has eleven meteorological
sensors; wet- and dry-bulb thermometers, soil thermometers at depths of
2cm and 20cm, anemometer and wind vane, barometer, raingauge, shaded
and unshaded pyranometers, and a net radiometer, The main program is
written in PASCAL and is approximately 1300 statements, The flow diagram
in figure 1 shows the structure of the program, The heavy lines show
the part of the program which is executed continuously, This only stops
when someone interrupts it to chance the display or the calibration data,
or to switch the archiving facility on or off. This station produces a
display on TV monitors which are placed at thrce locations in the building,
up to 100m away from the computer, The display consists of four “pages”
of information (figures 2 to 5) which change cvery 20 scconds showing the
most recent ohservations. A complete description of this weather station
is given in Duncan, 1985.
References
Duncan, C.N., “A microcomputer-controlled automatic weather station”,
Weather, 1985.
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Figure 1, Flow diagram showing the structure of the program used 1n the METDADS station,

The heavy black lines indicate the continuous loop which is executed by thc computer.
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METDADS 3 27/2/84 10:23 GMTE.

DRY BULB TEMPERATURE ccoreesreeerrerasrannanaenanns 2.6 C
WET BULB TEMPERATURE ereeeececcecostanaeseeasranses 1.7 C

SOIL TEMPERATURE(ZCM )-eeeeeeeressaurrencainninnaiiannuns 4.5 C

SOIL TEMPERATURE (20CM)«eeeeeseeneeeeseensnrnieienaninns 3.6 C
RELATIVE HUMIDITY tecoereeeeaerrraectearaacnnarocienrocans 83 %

MAX TEMP SINCE 09 GMT tcrceeeeeeiirearnmeennarsracan, 2.7 C

MIN TEMP SINCE 21 GMT oveceeemnuniniiniii. 1.8 C

WIND SPEED eveeeceevecreerirtaranisrarinetieetineniiesmasnnes 1.8 M/S
WIND DIRECTION ceeererrereanreeasanearanrecisetatenrieceiarneenss 240 DEG
BEAUFORT FORCE AND DIRN eeeeseersesearraniaraannane 2 SW
MAX GUST SINCE 00 GMT eererereriaseasmeniarininnn. 4.3 M/S
WINDGHILL cov cererrervecteccnmrrmnrramimnranseruiissneeranerieee 875 W/SQ M

Figure 2. The first “page” of information which is displayed on the monitor screens of the

METDADS station. This screen shows current observations of temperature and wind.

METDADS 3 27/2/84 10:34 GMTE

PRESSURE teceeeeerreraseraeatanrarmsstirssacasiansesnasonsensoni,ses 1024 HPA
PRESSURE TENDENCY ceererertestamatentennteiiiiecannes -1.7 HPA/3HR
RAINFALL SINCE 09 GMT - ceeteerecteiecnaniesiaceiniens 0.0 MM
RAINFALL RATE teeereeercetiniaiianiaiionssiacassrsrariesnenns 0.0 MM/HR
RAINFALL THIS MONTH: - cerevrerranrreansrerersassances 50 MM
NORMAL MONTHLY RAINFALL-erererreverennennienn 43 MM
"RAINDAYS THIS MONTH- reecerretaeosararsnieirneniussnnnes 17

"NORMAL MONTHLY RAINDAYS - veereeeeiieiiiniiens 16

TOTAL SOLAR RADIATION cteeeceeteraeaieuaranansians 130 W/SQ M
DIFFUSE SOLAR RADIATION:--teeceerereraeeannnaiiian 127 W/SQ M
SOLAR TOTAL THIS MONTH: - -oteererarraeriaiiananes 18 KWHR /SQM
NORMAL MONTHLY SOLAR--:cereeseasseaeseaariinin 34 KWHR /SQM
NET RADIATION - tereerercerecutatartiiariiaeriieaeteaeens 41 W/SQ M

Figure 3. The second “page” of information, showing current information on pressure, rainfall
p p

aad radiation,
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METDADS 3 27/2/84 10:27 GMTE
RECENT STATISTICS

MAX TEMP YESTERDA Y eerteeeseemsrsavecrsesermansuonans 4.0 C
MIN TEMP YESTERDA Y teeereerrerroraniarninnieeaisenans 1.3 C

MAX TEMP THIS MONTH teeeeereeeceerstarinseronaniiinees 9.1 C

MIN TEMP THIS MONTH:teroreoesereematieiitcianiannns -0.2 C
RAINFALL YESTERDAY -ccteeeceeteatiticrtciannnssacanes 0.0 MM
MAX WIND GUST YESTERDAY --ceeereesrncesennnaen 6.1 M/S
MAX MEAN WIND YESTERDAY cerecacinceieainians 5.8 M/S
MAX WINDCHILL YESTERDAY coeereeieessannsnenen. 956 W/S5Q M
MAX GUST THIS MONTH seeseeeceeeeccasiencssssssascsneas 21.5 M/S
MAX MEAN WIND THIS MONTH: seesersicerearanenn 21.2 M/S
MAX WINDCHILL THIS MONTH: s srereeerseeecneenns 1091 W/SQ M

Figure 4. The third “page” of information, showing statistics from the previous day and the

currenl month,

METDADS 3 27/2/84 10:31 GMTE
LAST MONTH’S STATISTICS

MAX TEMPERATURE +:ereesserstieseireessioessnsernsncnns 11.0 C

MIN TEMPERATURE ot cee sevententrnrmniinerinsninnnns -6.9 C
AVERAGE TEMPERATURE: -+ tcoetersennaarnncrnness 3.1 C
NORMAL AVE TEMPERATURE seoceeveeencaccananee 3.2 C
RAINFALL- eevertutntioiuniiiiniiininiaiians sos sossen snn oan aes 138.5 MM
NORMAL RAINFALL: eceretecenueensseerotssassossacaases 63 MM
NUMBER OF RAINDA YS cetetaeestreuretsraneercrosnenns 11

NORMAL RAINDAYS ceeeeereectucensancancaneenssnsessences 19
INTEGRATED SOLAR RAD: eceececeseressarnranenenns 14 KWHR/SQM
NORMAL INT SOLAR RAD:cveetseteeerueensorccssenses 16 KWHR/SQM
MAXIMUM WIND GUST ceecercecencurecsanerncennsorssansns 43.7 M/S
MAXIMUM MEAN WIND:ecoeoeerseressenensnnes crverans 32.8 M/S
MAXIMUM WINDCHIL L eeresroncenserasecsereseocesscnoses 1386 W/SQ M
WIND ROSE(%) NE E SE S SW W NW N

LAST MONTH-.cceeneeen. 3 16 17 5 4 27 24 4

ANNUAL MEAN-ceeeeec 415 13 4 6 30 24 4

Figure 5. The fourth “page” of information, showing statistics from the previous month,

172



