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A PERMANENT AUTOMATIC WEATHER STATION

USING DIGITAL INTEGRATORS

R.C. Simmons*
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SUMMARY

An automatic weather station for use on permanent sites is described;

wet and dry bulb air temperatures, soil temperatures, light, windspeed and

rainfall are recorded.

Digital integrators are used to obtain true mean values, and since

only one set of values is punched each hour, only a short length of paper

tape is produced. This tape can be read into a distant computer via a

telephone line in a few minutes, so that it is feasible to produce daily

printed weather summaries.

Computer programs have been developed to read, check, scale and

summarise the information, and the program set has been made flexible so that

special calculations can be easily done.

Sources of error and malfunction in outdoor recording equipment, and

ways of minimising their effects, are discussed.

INTRODUCTION

At the Weed Research Organization information on the weather is used

in the conduct and interpretation of field experiments, for the forecasting

of irrigation needs and for the collection of records throughout the year as

a guide for experimenters wishing to simulate outdoor conditions in controlled

environment facilities. To this end standard meteorological observations have

been taken daily for a number of years. There have been several attempts to

introduce automatic recorders in one form or another to permit the estimation

of average values of factors such as soil temperatures and light intensity

and to allow experimenters to observe how such factors vary during critical

periods of an experiment. The first method used for continuous recording

employed a multipoint chart recorder to record air and soil temperatures

only. This recorder proved mechanically unreliable, and the charts were

difficult to read. Later a set of integrators with a paper strip printer

were used to record temperatures, and another strip printer and integrator

were added to record light intensity, using a Kipp solarimetere The strip

printers were easier to read than the chart records, but it was impossible

to scale the output so that real values appeared on the printout. The

accuracy of these instruments was not good, mainly due to the use of poor

quality amplifiers to match the transducers to the integrators. To overcome

these difficulties a system of automatic recording was specified which

embodied the following features:

1) Automatic recordings to be made of hourly means of the following factors:

encenSREEE see renee 



light intensity, dry bulb temperature, wet bulb temperature, soil

temperature at 3 different depths, wind speed and rainfall.

a Provision to be made for the addition of further measuring instruments

to the system for special purposes.

3) The instrument to be constructed as much as possible from standard

manufacturers' modules, specially adapted if necessary, to reduce design

effort.

4) The output to be of a form suitable for direct computer processing,

to yield an immediate summary correctly scaled and easily intelligible

together with daily means, maxima and minima.

This last requirement was made easier by the introduction of a fast-

operating programming language “BASIC” on the Rothamsted ICL 4/70 computer.

Using the remote access terminal at WRO which is connected to the computer

by Post Office landline, we have written programs which allow a day's

punched output from the recorder to be transmitted to the computer,

converted to real values and the summary printed on the terminal within a

few minutes. There are other programs to store abbreviated summaries of the

day's recordings and to plot simple graphs or do special calculations, such

as assessment of the suitability of the day for spraying.

DESIGN

One option open to those wishing to obtain a data logging system is

to buy a fast-scanning logger, add suitable sensors, and use a computer to

derive average values from a large number of instantaneous readings.

While frequent sampling has merit in that it records events lasting

only a short time, this was considered of little importance for metero-

logical work, and the production of large quantities of information, a

necessary consequence of fast sampling, only leads to a greater likelihood

of a fault in the data. It was therefore decided to use a different method

in which the signals are averaged before punching (Figure 1). The anemo-

meter and rain gauge have switch mechanisms contained within them, and it is

only necessary to count the switch closures occurring in a given time in

order to obtain an average value. The measurements of light and temperature

are derived in an analogue form so digital integrators are used to convert

the analogue signal to a stream of slow pulses whose rate is proportional

to the signal level (Bailey, 1969). These pulses can then be counted in

the same way as the rain and wind signals.

EQUIPMENT

Main Electronics

Time Blectronics digital integrators are used to digitise temperature

and light readings. These are conveniently available in racks of five.

Two racks were used in the instrument, giving the capacity to integrate up

to 10 channels. Six are used for standard meteorological measurement, the

other four are available for use with additional sensing devices for

special purposes. The counter unit, serialiser and punch are supplied by

ESL as a custom-made unit. Each of the 12 channels has a three-decade

counter and therefore a maximum count of 999 and a theoretical resolution

of 0.1%. To achieve this resolution it is necessary to adjust the 
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LAYOUT OF WRO MET SITE
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given over to maintenance or repair of the sensors and their cables, as

well as routine calibration.

The paper tape punch has also given trouble on some occasions usually

due to foreign matter such as dead flies or pieces of grass landing on the

feed spool of the tape and being carried into the mechanism and jamming ite

A cover has now been made for the punch to prevent this happening. There

is still room for improvement in the reliability of the system but it

compares favourably with similar installations on other sites (Brockway,

1973; Hardwicke and Wood, 1973).

Appendix 2 contains an analysis of faults recorded in a’three month

period grouped by cause where known.

CONVERTING THE VALUES TO A READABLE FORM

The aim of installing the equipment was to give easily understandable

summaries of the main weather factors as soon as possible after collecting

the tape- We therefore chose programs written in “BASIC”, a simple

Fortran-like language with a fast turn-round time, to calculate the

summaries. The ICL 4/70 computer at Rothamsted stores the values read in

from the tape by the remote teletype terminal and scales the quantities,

checks for unlikely values or combinations of values and creates en output

file which can be printed on the teletype machine a few minutes after

reading the tape. Derived values such as relative humidities are included

in the summary. The tests included in the program are for unlikely values

of any factor i.e. outside the expected range of the British climate, or

for unlikely combinations such as wet bulb temperature higher than dry

bulb. Warning messages are printed on the teletype console if any of the

tests fail, but the continues despite test failures unless there

is insufficient data. If values are missing for any reasons, such as

instrument failure, the operator can insert a negative number onto the

input file in place of the missing value. This will cause the program to

search for the nearest value present and interpolate a value which is

printed in the summary with a question mark to indicate an interpolated

figure. (See Appendix 1.) If there is insufficient data to interpolate,

the program will set the missing items to zero together with an exclamation

mark to denote an unrecoverable missing item. If there are no uncorrected

faults in the summary, a command can be typed to store an abbreviated

version of the day's data for future reference.

These short summaries are formed into files of one month each and

stored on magnetic tape. The command to store the data in fact starts a

series of programs and any special calculations which may be required can

be included in this sequence.

-d manufacturers! items wherever possible simplified

and reduced the time needed to start the system

working.

The small quantity of paper tape produced each day can easily be read

into a remote computer using an on-line remote access terminal via 



Post Office lines. This is a major factor favouring the use of

digital integrators.

Using the computer to print a simple readable summary encourages

experimenters to make full use of the information.
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Appendix 2 Faults in automatic recording system between January 1 1974

and March 31 1974

4 Number of s
Fault ee Notes

occurrences —

Loss of data due to tran- 17 This fault was eventually cured

sient pulses from shed by using zero-voltage switching

temperature controllers relays in shed temperature

controls

Solarimeter faulty due t This was caused by the outer

rain water entering dome of the solarimeter

loosening. It was not detected
A a a Oe a ee ee i onan Can ae
until the dome Lew orl

Rain gauge inaccur

to reservoir expans

against Dynes recording

The instrument has been

gnea

Rain gauge fails A faulty ‘weatherproof’ plug

at all and socket (supplied with

gauge)

Cable faults in soil It is impossible to extend

thermistors protection pipe very close to

soil thermistors or measure-

ments will be disturbed. There

is therefore a section of cable

vulnerable to mechanical damage.

Cable faults in wet and 2 Damage to exposed portion of

dry bulb thermistors cable believed to be caused by

hares

Earth loop in soil

thermometers

Cables damaged by shed At 2.00 pm on January 11 1974

moving in wind an abnormally high gust of wind

caused the shed to shift by

2 ft pulling cabies out of pipe

and causing a rack of equipment

to fall from bench

Tape jammed in pt E Caused by dirt carried into

punch on tape 



Appendix 3 List of equipment andQUIE

Unit

Main electronic unit, comprising

electronic counters, digital

clock, encoding and punch drive

circuitry

Paper tape punch

Digital integrators type TSM in

19" racks with power supply and

monitor meter

Thermometer cards type SRB/ic

Power supply for above

Thermistors for above

19° rack cabinet

assembly for

miscellaneous

Plugs, sockets, miscellaneoue

electronic components for rain

gauge

Kipp solarimeter

15254
Rain gauge W5

Anemometer W1252

Zero voltage

shed temperat

Electronic

Cables

(Thermis

w1itn c2

7/0076 PVC

cheapest,

switching E

meter. For signal

degree of screening

coaxial cable such

CW 154B or similar can

suppliers

Supplier

Enquiry Systems Ltd
Halifax Road

High Wycombe

Bucks

Time Electronics Ltd

Botany Industrial Esta

Tonbridge

uments (Developments)

Kings

Herts

Shandon Southern Instruments

65 Pound Lane

Willesden

London NWi0

Casella

Regent|

Britanni

London

Radiat.ron Ltd

76 Crown Road

Twickenham

Middlesex

ic Components

Reliance Cords and Cables

London E10 
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