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NOTE

The designations employed and the presentation of material in this publication do not
imply the expression of any opinion whatsoever on the part of the Secretariat of the
World Meteorological Organization concerning the legal status of any country, territory,
city or area, or its authorities, or concerning the limitation of the frontiers or boundaries.

This report has been produced without editorial revision by the Secretariat. It is not an
official WMO publication and its distribution in this form does not imply endorsement by
the Organization of the ideas expressed.



FOREWORD

The Thirteenth Session of the Commission for Instruments and Methods of
Observation (CIMO) recognized the need for training and placed a greater emphasis on
these issues as it planned its activities for its 13th Intersessional period. As next generation
automated weather observing systems are deployed the need for more in depth training in
instrument and platform siting, operation, calibration, and maintenance has been requested.
Within this document the team of experts from Turkey, led by Mr Blytikbas, provided training
materials that address the basic training needs requested by Commission Members. This
excellent work will undoubtedly become a useful tool in training staff in many aspects of
automatic weather observation systems.

| wish to express our sincere gratitude to Mr Blyukbas and his colleagues in
preparing such a fine series of documents.

" S -1‘_;
<. =< .
(Dr. R.P. Canterford)
Acting President

Commission for Instruments and
Methods of Observation
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MODULE A INTRODUCTION TO OBSERVING SYSTEMS

1. INTRODUCTION

All living beings live in an environment surrounded by the atmosphere. So, all
changes and phenomena occurred in the atmosphere and in the environment lived in affect all
the livings very much, human being as well.

To be able to minimize the negative effects of the phenomena occurred and to be able
to use the results of those phenomena more beneficial for the human being, it is very
important to observe the atmosphere and the environment.

From the early stage of the history till date human being have been interested in the
weather, and to predict its changes. The weather was so effective and important in their life
that, in the most of the mythologies of several cultures, some of the weather events were
believed to be done by a special god of each phenomena. In other words, they gave the names
of the weather phenomena to their gods. God of wind, god of rain, god of thunder, god of sun,
god of storm were some of the gods believed as a result of the effectiveness of weather
events.

So, it has become more and more important for human being to observe the weather
for both to be able to understand the messages of their gods and to be able to use those
phenomena for their benefits more efficiently, i.e. to minimize the negative effects and to
increase the positive effects. For example, some measures had to be taken against heavy rain
and flood while the wind was used for windmill.

Consequently, following essential parameters were started to be observed and to be
evaluated by using very simple techniques and methods:

Wind

Air temperature
Humidity
Precipitation
Air pressure
Sun

Visibility
Clouds

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 2



MODULE A INTRODUCTION TO OBSERVING SYSTEMS

2. WHY TO OBSERVE WEATHER?

Entering into the 21st century, it is very obvious that there is a necessity for the
provision of accurate and timely weather observations which will be the essential input of
weather forecasts and numerical weather prediction models, research studies on climate and
climate change, sustainable development, environment protection, renewable energy sources,
etc. All outputs and products of any system are input dependant. So, accuracy, reliability and
efficiency of the products of any meteorological study will depend on its input: Observation.

3. WHO NEEDS OBSERVATIONS?

Based on the fact of importance of the observation mentioned above, following sectors
and studies need and use the observed data:

Weather forecasting
Research studies
Transportation
Aviation
Navigation
Agriculture
Tourism

Health

City planning
Construction
Justice

Security
Insurance
National Defence
Sports

Others

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 3



MODULE A INTRODUCTION TO OBSERVING SYSTEMS

4. OBSERVING PARAMETERS

As a result of the developing technology, the methods and techniques of the
observations have also been developed and the meteorological parameters to be observed
have been increased significantly.

Today, it has become possible to observe, to measure, to calculate, to record, to report, to
transmit and to evaluate following meteorological parameters:

Wind speed

Wind direction

Air temperature

Wet bulb temperature
Dew point temperature
Relative Humidity
Soil Terrestrial Temperature
Soil temperature at different depths
Soil moisture Pressure
Precipitation

Snow depth
Evaporation

Leaf wetness

Soil heat flux

Global radiation
Direct radiation
Diffuse radiation
Sunshine duration
Lightning

Cloud height
Visibility

Present weather

COPOPPPP00000000000009090

PARAMETER | SENSOR UNIT MEASURING
RANGE

Wind speed Anemometer m/sec, knot [ 0..75 m/sec

Wind direction Wind wane Degree 0..360 o

Air temperature Thermometer oC -600C..+600 C

Wet bulb temp.(*) | Thermometer oC 0..+400 C

Dew point (*) Thermometer oC -600C..4+500C

Rel. Humidity (*) | Hygrometer % 0%...100%

Soil Terre. Temp. | Thermometer oC -600C..+70 0 C

Soil temp. Thermometer oC -500C..+700 C

Soil moisture Moisture sensor | % H20 Undefined

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 4



MODULE A

INTRODUCTION TO OBSERVING SYSTEMS

PARAMETER SENSOR UNIT MEASURING
RANGE

Pressure Barometer hPa 600....1100 hPa
Precipitation Pluviometer mm Unlimited
Snow depth Depth sensor cm 0..1000 cm
Evaporation Evap. Pool mm 0...100 mm/day
Global radiation Pyranometer Watt/m2 0...1500 W/m2
Direct radiation Pyrheliometer Watt/m2 0...1500 W/m2
Diffuse radiation Pyranometer Watt/m2 0...1500 W/m2
Net radiation Pyranometer Watt/m2 Undefined
Sunshine duration Heliometer Hour 120 W/m2
(**) (threshold)

PARAMETER SENSOR UNIT MEASURING

RANGE
Leaf wetness Wetness sensor Kg/m2, Undefined
capacity%

Soil heat flux Flux sensor Watt/m2 [Undefined

Lightning Lightning Detector |Count 0....9999

Cloud height Ceilometer M, feet 30...25.000 m

Visibility Transmissometer  [M, km 25....50.000 m

Forward scatt.
Present weather Pre. Weat. Sen. Phenomena  |----
code
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S. OBSERVING SYSTEMS

Observing systems may be classified in several ways due to the criteria of the
classification.

We can say that there are two main types of the observations:

® Surface observations
® Upper air observations

Surface observations which are our concern in that study can also be classified in
general as follows:

® (Conventional (un-automated) observing systems
® Modern (automated) observing systems
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5. 1.CONVENTIONAL OBSERVING SYSTEMS

Conventional observing systems consist of observer and some instruments for some
essential parameters. Those systems can be described in general as follows:

U Observation of certain parameters such as wind, temperature, relative humidity, air
pressure, precipitation, clouds and visibility

Conventional instruments with dependency on observer for reading
Subjectivity in observations
Limited observation frequency due to the number of the observers at the station

Limited observation parameters

o 0 0 0O O

Mechanical instruments recording on charts

STANDARD OBSERVING PARK
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OBSERVER READING TEMPERATURE
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OBSERVER READING SOIL TEMPERATURES

= AN

ACTINOGRAPH
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HELIOGRAPH

VISIBILITY OBSERVATION
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CLOUD OBSERVATION

BAROMETER READING
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HUMIDITY AND DEW POINT CALCULATION

i

MECHANICAL ANEMOMETER
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RECORDING INSTRUMENTS
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WIND INDICATORS
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5.2. MODERN OBSERVING SYSTEMS

In line with the increasing needs of the developing world, it has become a necessity to
obtain more reliable and continuous meteorological data and transfer these data in due
course to those who are concerned. Today many sectors such as aviation,
transportation, agriculture, construction, tourism, health, justice, security, national
defence, sports, written and visual press are very much in need of meteorological data
support.

Meteorological Services will be in need of to renovate their structure and service
concept with a view to rendering the best service to all users who demand
meteorological support, and furnish the users with more reliable data continually and
to put to the service of the domestic and international users the products and
innovations developed by modern technology in the field of meteorology.

Atmosphere is alive and it has to be observed continuously by recording all significant
changes and phenomena. This can be possible by using Automated Weather
Observing Systems (AWOS) only. It is impossible to make continuous observations
by using un-automated systems.

But it is very important to make a detailed analysis and feasibility study for the basic
requirements, selection of instruments, design of network and operation and
maintenance methods before the implementation of automation.

On the other hand, AWOSs can provide valuable information and products for the
general safety and well being of a country’s population as well as the many associated
economic benefits which can be gained from these systems. The use of a modern
automated surface observation system can satisfy these requirements in a number of
key areas such as: environmental monitoring for general forecasting and severe
weather conditions, transport safety for road, rail, sea and air vehicles, and educational
and research purposes for the present and the future understanding of global climatic
conditions

A further benefit in the use of automated surface meteorological network is the ability
to collect and maintain a greater volume of continuous data. Using an Automated
Weather Observing Station (AWOS) it is possible to report or log data at much higher
resolution rates. Typically AWOSs can take samples and report messages every
second indefinitely if required, as compared with manual observations, which are
restricted to a set observation program, which may not include observations at
weekends or overnight.
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5. 2.1. Automated Weather Observing Systems (AWOS)

Automated Weather Observing System is a complete observing set consisting of:

¢ sensors and sensor interfaces
sense the certain changes in the meteorological parameters; measuring range,
resolution, uncertainty, response time can be defined in accordance with the
requirements

AWOS COMPONENTS
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SUNSHINE DURATION SENSOR

RADIATION SHIELD FOR TEMPARATURE SENSOR
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TEMPARATURE&HUMIDITY SENSOR

r, W W STy

PRECIPITATION SENSOR
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PYRANOMETER

PYRHELIOMETER
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WIND SENSORS
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SNOW DEPTH SENSOR

4 data collection unit
collect the data from the sensor outputs in the form of the engineering units e.g. Ohm,
ampere, and converts them to the meteorological units e.g. Degree Celsius, m/sec.
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¢ central control and processing unit
receives the data from data collection unit, generates meteorological reports and
messages, transmit to the local or remote terminals, and archives all data and log files

4 display unit
displays the meteorological data and reports where it is required
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4 communication interfaces

performs the communication between data collection unit, central processing unit and
remote and local terminals
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-
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z
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¢ power supplies
supplies the power for the system
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SURGE PROTECTOR
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5.2.2. Types of Automated Weather Observing Systems (AWOS)

Although main components are almost same, Automated Weather Observing
Systems can be classified as follows by considering the purpose of their use:

4 AWOS for Synoptic Meteorology
observes and calculates the parameters and generates the reports for weather forecast
analysis

4 AWOS for Climatological Meteorology
observes and calculates the parameters and generates the reports for climate and
research studies

4 AWOS for Agricultural Meteorology
observes and calculates the parameters including soil and plants to support
agricultural activities
¢ AWOS for Aviation Meteorology
observes and calculates the parameters required for supporting flight security and
aviation

4 AWOS for Marine Meteorology
observes and calculates the parameters required for supporting navigation and
maritime

4 AWOS for Road Meteorology
observes and calculates the parameters required for supporting road administration
and security

¢ AWOS for Hydrology
observes and calculates the parameters required for hydrology and irrigation
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SYNOPTIC AWOS

CLIMATOLOGICAL AWOS
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AGROMETEOROLOGICAL AWOS
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5.2.3.Site selection

Determination of the correct locations to install AWOSs is the first and the most important
step for overall success of an AWOS network. These locations should be determined by
considering WMO recommendations. During that determination study following criteria
should be considered:

B types of meteorological parameters to be measured

B purpose of obtaining those parameters

B variability of parameters according to the other places around the station

B the size of the area presented by the station

B suitability for meteorological observation

B infrastructure and communication facilities
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5.2.4. Features of an AWOS Network

An AWOS network can be capable of:

7
L X4

>

o
A5

>

o
A5

X/
L X4

>

o
25

X/
X4

EHOBNES

Collecting, processing and displaying meteorological data

Performing automated generation and transmission of meteorological reports such as
SYNOP, METAR, SPECI, etc.

Being configured to support a wide range of sensor configurations
Supporting a vast range of data communication options

Managing all communication protocols for the various sensors and other data
communication equipment

Storing all relevant data for subsequent retrieval as required

Allowing for manual input of additional information unable to be automatically
measured

Providing Quality Control on both data measurements and message generation
Allowing authorised users to access remotely for any tasks to be performed

Configurable and automatically switchable for different operation modes

Supporting message transmission for any time intervals
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5.2.5. Advantages of automated weather observing systems

As it is expected, automated observations have great advantages over manual ones.
Advantages of automated systems can be summarised as follows:

VVVVVVVVVVVVVVY

Standardisation of observations (both time and quality)
Real-time continuous measuring of parameters daytime and night-time
More accurate

More reliable

Automatic data archiving

Higher resolution

Collection of data in a greater volume

Adjustable sampling interval for different parameters
Free from reading errors

Free from subjectivity

Automatic QC in both collection and reporting stages
Automatic message generation and transmission
Monitoring of meteorological data

Access of archived data locally or remotely

Data collection from harsh environments
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5.2.6. Disadvantages of automated observations

Automated observations have also some disadvantages as follows:

€ Limited represented area of 3-5 km of sensor site

@ It is not possible to observe all parameters automatically, e.g. Cloud coverage and
types

€ Ongoing periodic maintenance

@ Periodic test and calibration

€ Well trained technicians and specialists

€ Well trained operators

€ High cost of instrumentation and operation
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6. MAINTENANCE

The most important process after the installation of an AWOS network is regular
maintenance of the network and each sub component.

Maintenance procedures can be described as follows:
» Protective maintenance

» Corrective maintenance
> Calibration

6.1. Protective maintenance

® Daily maintenance:

@ by local technicians and/or operators

€ general system control

@ checking data transmission, recorders, printers, etc.
@ cleaning of components

@ reporting to the centre

® Weekly-monthly maintenance:

@ by local technicians

€ general system control

@ checking data transmission, recorders, printers,etc.
@ cleaning of components

€ Quality control of data

@ reporting to the centre

® 6 month-and yearly maintenance:

By trained technicians from centre

general system control

System performance test

Field calibration

checking data transmission, recorders, printers, etc.
Correction of failures if any

00000
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6.2. Corrective maintenance

Any system failure can be repaired by two ways:
& Locally:
System failures in certain level shall be repaired by local technicians with remote

support from maintenance centre.

# From centre:

> The failures which can not be repaired by local technicians shall be under the
responsibility of system specialists and technicians in the centre.
> In case of such a failure, these specialists or technicians will reach the station

as soon as possible and solve the problem.
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6.3. Calibration

% It is necessary to calibrate the systems to maintain the quality of data.

«» It is recommended to make the calibrations in the certified calibration laboratories in
certain time intervals.

% Calibration procedures for field calibration and laboratory calibration should be
prepared for each sub component.

¢ Calibration procedures should include test equipment, too.

—rTr - — e
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B. MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

B.1.1. Measuring Principles of Meteorological Parameters by Using Electronic Devices

B.1.2.1. WMO Recommendations for Surface Weather Measurements

WMO Publication No. 8 (Guide to Meteorological Instruments and Methods of Observation)
gives multiple guidelines to site selection, sensor measurement techniques, and measurement

data calculation.

One of the basic rules is that an "aviation meteorological observing station should make
observations that describe the conditions specific to the local aerodrome site." Where
measurement stations are used for several purposes the most stringent requirement will dictate

the precise sensor locations.

Generally, siting in aerodromes requires some compromises as runway obstacle free zones,
navigation equipment, and buildings limit the number of suitable sites. Typically, however, an
aerodrome is such a large, level, open area that the WMO recommendations for good
obstacle-free surface weather measurement locations apply. For more detailed information,

consult the WMO Publication No. 8.

B.1.2.2. ICAO Recommendations for AWOS Sensor Locations

The most detailed instructions and guidelines for selecting locations for meteorological
equipment at the airport are found in the ICAO publication, [CAO Manual of Aeronautical
Practice, Fourth edition -1993 (Doc 8896-AN/893/4). ICAO recommends precise locations
for each sensor type and gives strict guidelines for obstacle-free zones where no

meteorological equipment is allowed.

Meteorological equipment should locate on transitional surfaces next to the runway. Inner
transitional surface should only include frangible constructions and necessary instruments,
while non-frangible masts and supports should be located further away. The definition of
frangible construction is generally unclear. Different measuring methods apply, but the basic

rule is that the front area of a wing of an aircraft should be able to collapse the mast
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constructions without further damage to wing or fuel tanks. Consult Vaisala or your mast
supplier for further advice regarding frangibility calculations. The basic principle of selecting

sensor locations is installed at an airport as a cross-sectional view of the runway.
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B.1.2.3. General Layout of Sensors in the Observing Park
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B.1.3.1.Principles of measuring surface wind
B.1.3.1.1. Cups and Vane on Measuring Wind

The portable wind measurement system consists of a mechanical wind vane with a telescope
tripod to measure wind direction and a digital anemometer to measure wind speed.

Both measurement instruments are housed in a carrying case for on-the-spot operation. One of
the important applications of the instrument is in the area of environmental monitoring, for
example in determining the course and speed of diffusion of poisonous gas clouds in order to
be able to issue an alarm should this necessary.

The digital anemometer is used to measure the velocity of direction-independent air currents
as they occur, for example in nature.

The handy display instrument is connected by means of a coiled cable and a plug to the
measurement transmitter. The large, high contrast LCD digital display displays the measured
value even in bright light or sunlight in an easy-to-read manner.

There is a switch below the display window with you can change the period of measurement.
Either a 1 s instantaneous value or a 10 s mean value can be measured. When you hold the
instrument, your fingertips will press the operating key situated on the side of the case and
start operation. Operational readiness is indicated by the appearance of zeros on the display.
Actual measurement starts one second after the instrument has been switched on for the
measurement period chosen (the decimal value blinks). When the set measurement time is
completed, the measured value is displayed and, simultaneously, a new measurement cycle
begins. The value measured remains on the display until a new value has been determined.
This process continues as long as the operating key is depressed. If the battery voltage drops
below a pre-set value, the words “low batt.” Will appear on the display i.e. you will have to
change the battery. The back panel can be removed by unscrewing the four screws on the
back of the case.

The measured value transmitter is equipped with a synthetic cup anemometer whose rotations
are scanned opto-electronically.
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s 105
‘MaBzeit

The wind sensor measures and transmits the horizontal wind velocity. The measuring values
are available at the output as analogue signals. This transmitter is a small construction with a

DC-generator, which is moved by the revolution of the cup star.
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Range of application

The combined wind transmitter is used for the registration of the horizontal component of the
wind velocity and the wind direction. The measuring values will be placed at the output as
analogue signals.

Both measured values are available as digital signals on the output. They can be transmitted to
Thies-display instruments, and data loggers.

The combined wind transmitter is equipped with an electronically regulated heating system in
order to prevent ice and frost from the ball bearings and the outer rotation parts.

A Lightning Rod is recommended if the instrument is to be used in areas with considerable
lightning activity

The rotations are scanned opto-electronically, producing a pulse frequency which is used for
digital data processing.

The measurement system consists of an absolute angular coder which functions opto-
electronically. The measurement of the angle is on request (output serial synchronous). The
output of a serial angle measurement value is synchronous with a set clock signal. The first
clock signal starts the measurement. The angle measurement value is transmitted serially (16
bit) with the subsequent clock signals.
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Vaisala Combined Wind Sensor QMW101 & QMW 110

The Vaisala Combined Wind Sensor monitors both wind speed and direction with excellent
linearity and fast response. A single compact sensor, it is ideal for low-power applications.
Wind direction is detected using an axial symmetric rotating potentiometer with two slides,

which provides full coverage from 0 to 360°.

Wind speed is converted into pulses using a dual reed relay. The materials are carefully
selected for optimum performance in both light winds and severe weather conditions
accompanied by extreme winds. The Vaisala Combined Wind Sensor QMW 101 consists of
the wind sensor (WMS302) and a Im cable with connectors. The Vaisala Combined Wind

Sensor QMWI110 has the same sensor with a 10m cable and connectors.

Optoelectronic sensor
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* Low inertia and starting threshold
* Excellent linearity up to 75 m/s
* Shaft heating

Sensor/Transducer type Cup anemometer/Opto-chopper

The WAA151 is a fast-response, low-threshold anemometer. It has three lightweight conical
cups in the cup wheel, providing excellent linearity over the entire operating range, up to 75
m/s. A wind-rotated chopper disc, attached to the cup wheel's shaft, cuts an infrared light
beam 14 times per revolution, generating a pulse output from a phototransistor. The output
pulse rate can be regarded directly proportional to wind speed (e.g., 246 Hz = 24.6 m/s). For
the best available accuracy, however, the characteristic transfer function should be used (see
technical data), for compensating starting inertia and slight over speeding. A heating element
in the shaft tunnel keeps the bearings above freezing level in cold climates. Nominally it
provides 10 W of heating power. A thermostat switch in the sensor cross arm WAC151 keeps
heating on below +4 °C. The WAAI151 complies with the standards of the following
performance and exploratory tests:
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Wind tunnel tests per ASTM Standard method D 5096-90 (for starting threshold, distance
constant, transfer function; see technical data)

Exploratory vibration test per MIL-STD-167-1
Humidity test per MIL-STD-810E, Method 507.3
Salt fog test per MIL-STD-810E, Method 509.3
WAV151 Wind Vane

Counter-balanced optoelectronic sensor

* Low inertia and starting threshold
+ Shaft heating

The WAV151 is a counterbalanced, low-threshold optoelectronic wind vane. Infrared LEDs

and phototransistors are mounted on six orbits on each side of a 6-bit GRAY-coded disc.

Turned by the vane, the disc creates changes in the code received by the phototransistors. The

code is changed in steps of 5.6°, one bit at a time to eliminate any ambiguities in the coding.
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A heating element in the shaft tunnel keeps the bearings above freezing level in cold climates.
Nominally it provides 10 W of heating power. A thermostat switch is included in the sensor

cross arm WACI151, for switching power on below +4 °C.

The WAV151 is designed to be mounted to the northern end of Vaisala's Standard crossarm

with a regular 10-pin connector.

The WAV151 Wind Vane complies with the standards of the following performance and

exploratory tests:

* Wind tunnel tests per ASTM Standard method D5366-93 (for starting threshold, distance
constant, transfer function; see technical data)

* Exploratory vibration test per MIL-STD-167-1

* Humidity test per MIL-STD-810E, Method 507.3

» Salt fog test per MIL-STD-810E, Method509.3

Transducer type Optical code disc

Transducer output 1 Hz ~ 0.7 m/s
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Set up and mode of operation

A light metal low-inertia cup anemometer running in ball bearings begins to rotate when the
wind blows. The axis of the cup star is coupled with a generator, which supply a current
output proportional to the wind speed.

The light-metal wind vane which also runs in ball bearings is deflected by the wind. This
deflection is scanned by a potentiometer corresponding to the wind direction is available as
output signal.

The outer parts of the instrument are made of corrosion-resistant parts and they are protected
through a varnish. The sensitive parts inside of the instrument are protected from precipitation
through labyrinth seals and o-rings. The instrument is designed to be mounted onto a mast;
the electrical connection is located in the stem of the transmitter.
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B.1.3.1.2. Ultrasonic Wind Sensor

The Ultrasonic Anemometer 1D serves for the acquisition of the horizontal air flow and
direction in tunnels, tubes or similar applications. Due to the high measuring rate the
instrument can be used also for the inertia-free measurement of gust- and peak-values.

The measuring values are available via serial interface as analogue signals and/or data
telegram.

Analogue output.
Flow speed with or without direction detecting.

Digital output.
Flow speed with direction detecting, and virtual-temperature..

If necessary, the sensor branches are automatically heated with critical ambient temperatures.
Thus, the function is guaranteed also with negative temperatures.
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Mode of Operation

The Ultrasonic Anemometer 1D consists of 2 ultrasonic transducers which are opposite each
other at a distance of 200 mm. The transformers act both as acoustic transmitters and acoustic

receivers.

When a measurement starts, a sequence of 2 individual measurements in 2 directions of the

measurement paths is carried out at maximum possible speed.

The measuring directions (acoustic propagation directions) rotate clockwise. Mean values are
formed from 2 individual measurements, and are used for further calculation. A measurement

sequence takes approx. 10 m/sec at +20°C.

Sonic Anemometer

Measures the time difference between an ultrasonic wave traversing through air and a
reference signal. Air movement causes the ultrasonic wave's phase to advance or retard

relative to the reference.

Advantages: No moving parts. Can take thousands of measurements per second, handling

gusts and peak values.

Disadvantages:: Costly, complex. Measures velocity only in one direction (illustration shows

two orthogonal instruments used to overcome this).

99 ¢ 9% ¢¢

Keywords : “sonic anemometer” “ultrasonic anemometer” “acoustic anemometer”
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Behaviour of the instrument with inclined flow:

Due to the special construction of the ULTRASONIC 1D the instrument measures the Y-
component of the wind speed. When dividing the wind speed into the scalar dimensions Vx
and Vy you will realize the following connection between the wind speed components Vx,
Vy, and the actual speed:

Vx =Wg * sin( Wr)
Vy =Wg * cos( Wr)

With ws => wind speed and wd => wind direction
N

Wind from NNE

Y - component

20

w

* :

X - component

i
1

S
Meas. range 0...360°
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Wind from NNE

T~

Y - Komponente

X - Komponente

Due to the fact that the ULTRASONIC has only one measurement path the indicated wind
speed is depending on the actual speed, and the angle of the incoming flow. The dependence

corresponds exactly to the formula given above.

The highest accuracy is achieved when the sensor branches of the ULTRASONIC are

mounted with +10° or —10 ° to the longitudinal direction of the main wind direction.

Internal meas. Rate: 400 measurements per second, at 25 °C

Weight: approx. 3 kg

Dimensions

The ultrasonic transducers as well as its carrying arms are automatically heated so that the
measuring results, in case of critical ambient temperatures, are not affected by icing rain or
SNOW.

The Ultrasonic Anemometer 2D consists of 4 ultrasonic transducers, in pairs of 2 which are
opposite each other at a distance of 200 mm.

The two measurement paths thus formed are vertical to each other.

The transformers act both as acoustic transmitters and acoustic receivers.
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275 mm

The respective measurement paths and their measurement direction are selected via the
electronic control. When a measurement starts, a sequence of 4 individual measurements in all
4 directions of the measurement paths is carried out at maximum possible speed. The
measurement directions (acoustic propagation directions) rotate clockwise, first from south to
north, then from west to east, from north to south and finally from east to west. The mean
values are formed from the 4 individual measurements of the path directions and used for

further calculations. A measurement sequence takes approx. 10 m/sec at +20°C.
WS425 Type Ultrasonic Wind Sensor

* Integrated function of anemometer, vane and transmitter

*  Theoretical MTFB 26 years

* No wearing parts --> no maintenance needed
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*  Superior performance proven by e.g. NWS tests

»  Field verification device available

* 6 measurements with only 3 transducers

*  Unique transducer layout

» Large transducer heads are insensitive to rain

*  Wind interference between transducer heads resolved measures wind reliably in all

directions

Measuring principle

* 425 has array of 3 equally spaced ultrasonic transducers in horizontal plane

* 425 has an analogue pulse transmit and receive circuit

*  captures signals and measures flight time

e 425 has on-board microcontroller:

* processes data

* performs serial communications
1) sensor measures transit time in both directions time that it takes ultrasound to travel from
one transducer to another
2) transit time depends on wind velocity along the ultrasonic path with wind, up-wind transit
time increases & down-wind transit time decreases

3) Microprosessor computes parallel component of wind speed from the transit times using

formula:

Vw=05xLx(1/tf-1/tr)
Vw = wind velocity, L = distance between 2 transducers

tf = transit time in forward direction, tr = tt in reverse direction

4) Measuring 6 transit times allows Vw to be computed for each of 3 paths

5) Computed Vw's are independent of Vs (speed of ultrasound), which is distorted by
altitude, temperature and humidity. Vs cancels out with 6 measurements.

6) Bad readings (due to e.g. large raindrop or ice pellet) are eliminated by signal processing
technique

7) The one Vw that is most affected by turbulence error is eliminated, so wind speed and

direction are calculated from the best 2 vectors
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* 3 boards: Analogue, digital and transient protection, sealed inside the enclosure

* Cylinder-shaped ultrasonic transducers, used for transmitting and receiving

* Measurement in 100 KHz frequency

* Reading rate 1/sec: Sonic measurement time 0.2s, processing time 0.15s & response
time 0.35s; One reading is based on over 100 pulse detections

» Effects of temperature, humidity and pressure fully compensated

*  Output modes are selected with internal jumpers and cable

» Selection is done with the right configuration code when ordering

* no jumpers for end-user
* Operates with 10...15 VDC, the heated model needs also 36 VDC for heating

» Heating thermostatically controlled

Note: Incorrect readings may occur when a large raindrop or ice pellet hits a transducer. They
are eliminated by a proprietary signal processing technique. The wind velocity that is most
affected by turbulence error is eliminated so that wind speed and wind direction are calculated

from the best two vectors.

B.1.3.1.3. Laser Anemometer

Bounces a laser beam off airborne particles (such as dust, pollen, water droplets) and

measures the Doppler shift (change in frequency with velocity).

Advantages: No mast required to measure wind velocities at heights up to 150m. Can
measure flow field, not just velocity at a point. Works for any “transparent” medium

containing particles.

Disadvantages: Costly, complex.

99 ¢C

Keywords : “laser anemometer” “doppler anemometer” “laser doppler anemometer” “particle

anemometer”’
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Wind velocity and
direction

varying with height

B.1.3.1.4. Hot Wire Anemometer

Measures change in wire resistance at a constant current (constant-current hot wire
anemometer) or alternatively, the current required to keep the resistance of a wire at a set
value (constant-resistance hot wire anemometer). Fluid (wind) passing over a fine wire that is
heated by an electric current tends to cool the wire by convective heat transfer, and thus

changes the resistance (unless the current is increased to compensate).

Advantages: Good spatial resolution (measures the flow in a precise location), used for “flow

probes”. Responds quickly to changes in flow (with appropriate control circuitry).

Disadvantages: Costly, orientation sensitive, fragile and “wire” can accumulate debris in a

dirty flow.

99 ¢¢

Keywords : “hot-wire anemometer” “thermal anemometer”
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W Hot-wire made by

\ Platinum or Tungsten

]

rl

Measuring Principle

Flow Speed and Direction

The speed of an air flow superposes the propagation speed of the sound in silent air. An air
flow in the propagation direction of the sound supports its propagation speed, and leads to its
raise. An air flow against the propagation direction, however, leads to a reduction of the

propagation speed of the sound.

The propagation speed resulting from the superposition leads to different running times of the

sound at different air flows, and directions over a fixed distance of measurement.

As the sound speed is much depending on the air temperature, the running time of the sound
is measured in both directions, thus avoiding any effect of the temperature on the measuring

result.

Wind Speed

The factory sets the wind speed unit of the analogue mode to miles per hour. This is the only

option available for the analogue mode. The wind speed output at pin 14 is 0 to 12 V pulsed

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 22



MODULE B-1 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

output with a frequency proportional to wind speed. Every mile per hour adds 5 Hz to the
frequency. In SI units, a change of 0.894 m/s adds 10 Hz to the frequency. A frequency
counter is required to count the output in Hz and the calculation that scales the result to

appropriate units.

Wind speed
OHz =0mph =0kn =0 mfs
625 Hz= 125 mph= 1085 kn= 5588 m/s

The wind speed output at pin 15 is a voltage that varies linearly from 0 VDC at 0 mph to 1
VDC at 125 mph. In SI units, the voltage varies linearly from 0 VDC at 0 m/s to 1 VDC at
55.88 m/s.

Wind speed
O0V=0mph =0kn =0m/s
1V =125 mph= 1085 kn= 5588 m/s

Wind Direction

The DC reference voltage that inputs the sensor at pin 12, produces a voltage that represents
the wind position. The reference voltage must be in the range of 1.0 to 4.0 VDC. The output
at pin 13 is 0 VDC at zero degrees and increases to the maximum input voltage at 359

degrees.

Wind direction
0v =0deg
Ref = 360 deg

(Refv=1t04V)
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Vaisala Ultrasonic vs. Mechanical wind sensors

MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

WS425 WAA151
Measuring Range 0..65 m/s 0.4..75 m/s
Starting Threshold Virtually zero <0.5m/s

Delay distance

Virtually zero

not specified

Resolution 0.1 m/s (0.1 mph) not specified

Accuracy £0.135m/s (x 0.3 mph) [ 0.4 m/s [0...4.5 m/s]
or 3% of reading, which | 3 % [4.5...65 m/s]
ever is greater
WS425 WAV151

Measuring Range 0...360° 0...360°

Starting Threshold Virtually zero <0.4 m/s

Delay distance Virtually zero 04m

Accuracy +2° 3°

Resolution 1° 5.6°

Operating temperature for electronics | Not heated: -40...+55°C | -50...+55°C
Heated: -55...+55°C
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B.1.3.1.5. Wind Profiler RADAR

* Measuring from ground UP, Clear Air RADAR
» Reflection detected from turbulence and eddies
*  Wind Profilers operate below weather radar frequencies

* Typical frequencies used in wind profiling

« ~50 MHz
* 440..482 MHz
* 900 MHz

* 1200..1300MHz and 1357.5 MHz
A remote Sensing and an In-Situ Instrument

e

Fange Gate ' AVolume =y |
Al [}

v, Measurement

¥ 1

# «—— A Paint Measurement
¥

.........

: 1Arghe defined by
v+ «3dBbeamwidih
‘l : of anterva array)

v

e

A Wind Profiler is an example of a A met tower is an example
remote sensing instrument of an in-situ instrument

Remote Sensing from the Ground UP
» Either Acoustic or electromagnetic pulse or both is send into atmosphere

* Detection of the signal backscattered from refractive index inhomogeneties in

the atmosphere

* In clear Air the scattering targets are the temperature and humidity fluctuations

produced by turbulent eddies
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* Scale is about half of the wavelength for the transmitted radiation (the Bragg

Condition)
* The wavelengths of the acoustic (SODAR) and electromagnetic (WIND
PROFILER) instruments are 0.07 to 0.18m or 0.24m --> thus sensitive to

similar parts of turbulent spectrum

Wind Profiler System

Wind vector

Functional blocks in WP system bt T

Antenna

v

' Signal
Processor

Controller - :'i?oml_gtiter

Transmitter & Receiver

* Cloud droplets are small to give a measurable signal

* During Precipitation backscattered signal from raindrops may become

comparable to the clear air contribution
» Backscattered signal is analyzed in the frequency domain to extract the relative

power, the Doppler shift and width of the signal’s spectral peak
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Wind Profiler RADAR Backscatter

Reflector
Target

Transmit | Scattered
Pulse ?' Return

» The Doppler shift gives the radial component of the wind velocity
* By using several antennas or electronic beam swinging the radial velocity the
three components (u, v, w) of wind vectors can be computed

» The vertical tilt and exact direction of beam(s) are known
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Transmission pulse versus resolution

SAMPLE
HEIGHT

HEIGHT ——

TIME —
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Wind Profiler Technology

antenna Frame

Antenna System

Nocturnal Low-Level Jet

LAPGraph - [New Brunswick. NJ: Height [m agl] / Time [EST] } WS [m{s]]
File Edit Graph Options Window Help

kit (m agl)
00 -

| Wind Speed

15 m/s

08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19
8/1/95
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Freezing Level Detection

LAPGraph
File Edit Graph Options Window Help

=] Southeast Houston, TX: Height (m agl) / Time [CDT) / w [m/s]

Height [m agl]

22 10 20 330 40 50 23 10 20 30 40 S0 00 10

10721793

40 50 M

Southeast Houston, TX: Height [m agl] / Time [CDT] { SNR-V [dB]

Height [m agl]

50 21 10 20 30 40 650 22 10 20 30 40 50 23 10 20 30 40 50 00
10/21/93

Remark
All instruments have to be installed by experts only.

Please switch off voltage supply before setting or opening of the instrument.

TURKEY AWOS TRAINING 1.0/ ALANYA 2005

_

30



MODULE B-1 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

B.1.3.1.6. Selecting the Measuring Site

In general, wind measuring instruments are supposed to record wind conditions over a large
area. In order to obtain comparable values for the determination of surface wind,
measurements should be made at a height of 10 m above open, level terrain. Open, level
terrain is defined as an area where the distance between the wind measuring instrument and an
obstruction amounts to at least 10 times the height of the obstruction. If this condition cannot
be guaranteed, then the wind measuring instrument should be set up at such a height where
the measured values are, to the greatest extent possible, not influenced by local obstructions

(approx. 6 - 10 m above the obstruction).

The wind measuring instrument should be installed in the centre of float roofs - not at the
edge - in order to avoid a possible influence in one direction or the other. If the wind
transmitter is set up on a flat roof, then place it is the centre of the roof and not ant the edge in

order to avoid privileged directions

As already described above the ultrasonic anemometer transmits sonic bursts which are
necessary for the measurement of the propagation speed. If these sonic bursts hit a well sonic-
reflecting surface they are reflected as echo and might cause error measurements — under

unfavourable conditions.

Locating a Wind Mast

The position of the wind mast should be representative of the touchdown zone and take-off
area. Surrounding obstacles and soil surface should be considered as they may affect wind
measurements. By using frangible masts wind sensors can be installed closer to the runway.
See the drawing "Recommendations for locating the Wind Sensors" for the recommended

minimum distance to visible obstacles.
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Minimunm distance 10x b to
wisthle obstacles.

Atlsast 130 m opec area to all directions. I/

Figure 4 Recommended Obstacle Free Zone for Wind Masts
in Open Areas

himin}= 1.3 x H

H is replaced witk W
ifW = H

Figure 5 Recommended Mast Length for Wind Sensors on
Top of a Building

TURKEY AWOS TRAINING 1.0/ ALANYA 2005

32



MODULE B-1 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS
Lir Ty Chonge Faasas/ EE0 na [ate Ravlew Dake Aps
=]
[1l Preferred location on top of o mast,
ot o site with open terrain I
H
_,_,---"___ - _________‘-\-—_
10m
E— At leagst 150m open fetch
in all diractions.
(preferably the laorgest fetch
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Mast section RED/WHITE Acc. To ICAO Annex 14 Chapter 6
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Selecting Location

WS425 Ultrasonic Wind Sensor should be installed in a location that is free from turbulence
caused by nearby objects, such as trees or buildings. Ideally, the sensor should be higher than

any other object within the horizontal radius of 300 m.

--\-\-\""-\-\_ --"'-\-\.H
[l B |

Figure 2  Mounting the Sensor to Adapter

The following numbers refer to Figure 2 above.

Sensor body

Cable connector

Spacer ning

3/16 inch Hex-socket bolt or standard screw
Sensor adapter

Fastening clamp

Wertical tube

=] O L e Lad O e
Il
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Mounting of the cup star

Unscrew the cap nut (SW 8) from the wind velocity sensor case and remove the disk. Keep

the rubber sealing washer in the protection cap. Set the cup star into position in such a way

that the dowel pin in the cup star catches in the nut of the
protective cap. Replace the disk and rescrew the cap nut. Hold the transmitter on the

protective cap not on the cup.

Mounting of the wind vane

The wind vane has to be mounted in the same way as the cup start, bud only without the disk.

Following the electrical connection, set the wind transmitter onto the tube and align it by
means of the marking on the case to North. The bow of the case should also point North.

Fasten the instrument onto the shaft with the aid of the 2 hexagonal screws.

After the combined wind transmitter has been placed onto the mast, align the mast hoop of the
wind transmitter to North and attach it firmly to the mast by tightening the screws on the

shaft.

When mounting the ULTRASONIC please take care that it is positioned lengthwise to the

main wind direction. The highest accuracy is achieved when the sensor branches of the
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ULTRASONIC are mounted with +10° or —10 ° to the longitudinal direction of the main wind

direction

North Alignment

For the alignment of the anemometer the red marking of the sensor must indicate to the
North. For this, you select an obvious point in a northerly or southerly direction in the
surroundings with the aid of a compass; then turn the mast or the anemometer into this

direction until both arms opposite are situated in a straight line.

It is also possible that oneself stands in a northerly or southerly direction with respective
distance, and a partner turns the anemometer or mast by command until both sensor arms are

situated in a straight line.
In this case, it is advisable to use a pair of field glasses. The red mark at the sensor branch
signalises the north, or the 1°-angle-degree of the sensor. The black marked sensor branch

signalises the south or the 181°-angle-degree of the sensor.

The proper mounting is carried out through a flange at the base of the anemometer shaft. The

electrical connection is done via a fixed cable.
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B.1.3.1.7. Display Unit

The display unit is designed for use in dry interior rooms. It can be operated both as a table

instruments and as a wall instrument

The signals can be transmitted to display units, measuring transducers or to the data logger

DL 15.

The Wind Indicator LED is a state-of-the-art indicator unit which displays both the wind
direction and the wind speed parameters. It is extremely reliable, flexible and offers optimal

display.
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There are 3 different units for wind speed: m/s, knot and Beaufort, You can control the

brightness of the displays manually or automatically in a wide range.

In this (land-) version of the Wind Indicator LED the display of the wind direction is scaled
linear from O degrees at north over east, south and west to 360 degrees at north. The LED's
marking the Wind direction are red. The set of LED's representing the variation are green.

The units for wind speed are m/s, knot and Beaufort

The 2-minute mean values and the 10-minute mean values of the wind parameters are
calculated and displayed. Calculation is carried out in line with the recommendations of the
"International Civil Aviation Organisation" (ICAO, Annex 3 - Meteorological Service for
International Air Navigation, 1/7/93, Chapter 4.5: Observing and reporting of surface wind).

Moreover, the instantaneous value can also be displayed to test the connected transmitter,

B.1.3.1.8. Maintenance

After years of use, the ball bearings can suffer from wear and tear. This is expressed in a
higher starting torque respectively in the fact that the cup anemometer does not start rotating.
If such a defect occurs, we recommend that you return the instrument for repairs. If the
instrument has been properly mounted, no maintenance is required. Heavy pollution could
cause the slits between the rotating and stationary parts of the instrument to clog up. Thus it is
recommendable to remove dirt deposits from the transmitter from time to time. These slits

must always be clean and unclogged.

Naturally, the bearings of the generators and the ball-bearings are subject to a certain degree
of wear and tear. After years of use, this could lead to a higher starting torque or to the fact
that the cup anemometer no longer rotates. Should such a defect occur, we would recommend

that you return the instrument for repairs.

To avoid errors in measurement, we recommend that the instrument undergo an annual check-
up and that the starting and the stopping mechanism be tested for ease of movement by
blowing on it gently. Moreover we recommend that the instrument be overhauled once every

two years by the manufacturer.
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Maintenance Ultrasonic

As the instrument has no moving parts i.e. operates without wear or tear, only minimal
maintenance is required. Please clean the surface occasionally from pollution with non-
aggressive cleansing agent in water and soft cloth. These cleansing activities can be carried

out — as far as necessary — on occasion of the routine checks.

B.1.3.1.9. Periodic Testing

Section Measuring Principle on page 17 explains that the sensor measures how long it takes
for an ultrasonic signal to travel from transmitter to receiver. Therefore, the accuracy of the

sensor depends on the accuracy of two factors:

- The distance between the ultrasonic transmitter and receiver. This requires a measurement of
the transducer arm trueness.

- The time-of-flight measurement circuit, which uses a crystal oscillator for its time reference.
Note: The crystal oscillator is used by the communications circuit for the bit rate generator. If
you use the serial communication modes and the oscillator loses accuracy, the sensor stops
communicating. Thus, the sensor cannot send erroneous values produced by faulty timing.

The test consists of the following steps:

1. Slip the verifier over the three transducers

2. In outdoor conditions, secure the zero wind flow by covering the sensor and verifier.

3. The sensor must read less than 0.5 miles per hour (0.22 m/s) with the verifier in place.

Note Some random data samples may be lost during the zero verifier test. This, however, does

not indicate that the sensor is faulty.
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Verifier

B.1.3.1.8. Calibration

The ultrasonic anemometer does not contain any adjustable components such as electrical or
mechanical trimming elements. All of the components and materials are invariant in time.
Thus, regular calibration because of ageing is not required. Only a mechanical deformation of
the transformer arms and the resulting changes in the length of the measurement paths lead to

errors in the measured values.

The virtual temperature can be used to check the length of the measurement path. A change in
the measurement path length of 0.17% and consequently a measurement error of 0.17% of the
wind speed corresponds to a 1 K deviation of the virtual temperature at 20 °C, thus at 6 K
deviation, the measurement error of wind speed is approx. 1%. If the distance of measuring
path of the anemometer is de-aligned please contact the producer for a re-calibration of the

instrument.

Zero Speed Calibration

The zero speed calibration is done to all sensors in the factory before delivery. There is no
reason to perform this tuning periodically. Do the zero speed calibration only after possible
firmware update or if the periodic test indicates too high wind speeds. To perform the zero

speed calibration, do the following:
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1. Remove the bird spikes and install the verifier.
2. Select zero speed calibration from the configuration menu and wait until the sensor resumes
to normal operation.

3. Check that the sensor passes the periodic test.

Note: Do not perform the zero speed calibration unless the margin verifier is mounted on the

sensor. Use this function only if you suspect that the sensor characteristics have changed.

Wind velocity

A frequency which corresponds to the marked wind velocity (10 or 40 m/s) is produced when
the toggle switch is set at one of these markings. The measured value set can be read on the
testing instrument. If a different value appears, then the testing instrument (i.e. the instrument

being tested) must be re-calibrated.

Wind direction

An 8 bit Gray code which corresponds to the wind direction value is produced in accordance
with the value set on the number switch. This value must be read on the instrument being
tested. If a different value appears, then the testing instrument is other defective or the
resolution is greater.

Track control

This special function tests each track of the 8-bit signal by placing the set track A ... H (=
number switch 401 ... 408) to high and all the other tracks to low (high= 15V, low =0,5 V).
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B.1.4. Principles of Measuring Solar Radiation

These models are designed for measuring global (direct + diffuse) solar radiation (irradiance).
The Model 3022 is a First Class Pyranometer — the second of three classes according to both
WHO and TIPSO 9060 classification of thermopile type Pyranometers. Its good directional
response, spectral selectivity, and temperature dependence assures accurate and reliable
measurements under normal environmental conditions. The Model 3022 is ideal for routine
solar radiation measurements. The Model 3016 Pyranometer is a Secondary Standard
Pyranometer — the best of three classes according to both WMO and ISO 9060 classification
of thermopile-type pyranometers. It is ideal for the most severe environmental conditions and
because it exhibits no tilt dependence, it can measure solar radiation on inclined surfaces as
well as on plane surfaces. For this reason, it is recommended by the International Energy

Agency (IEA) for solar collector testing or similar applications.

The Pyranometers are built inside a rugged, weather-proof anodized aluminium case, the
sensing element incorporates a thermopile element consisting of 64 thermocouple for the
Model 3022, 100 thermocouple for Model 3016. In both models, the thermocouple is
imprinted on a thick-film substrate. The sensors rest on a carbon black disk, and are housed
under double K-5 optical glass domes. Heating of the sensors by incoming solar radiation
produces a directly proportional signal in the microvolt range. A replaceable desiccator
cartridge in the case prevents dew build-up on the inner sides of the dome, and a white sun

shield minimizes heating of the case. A spirit level allows accurate placement of the sensor.

Since a thermopile pyranometer generates its own output signal, no external power source is
needed. Both models are provided with a shielded 3-wire 10 meter output cable. An internal
surge arrestor is installed to lead off induced lightning current to the case. Each pyranometer
is supplied complete with an individual calibration certificate (In ©V/Wm?2), installation

guide, and operating instructions.
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B.1.4.1. All kinds of solar measurements those are used in practice:

* Pyrgeometer : Long wave radiation
* Pyrradiometer : Total radiation, MJ/m2/day
* Pyrradiometer : Net total radiation

* Pyranometers, Albedometer,

* Silicon Cell Pyranometer : Global solar radiation

* Pyrheliometer : Direct solar radiation

e Electronical Sunshine Duration Sensor,

Campbell-Stokes Sunshine Recorder,

Sunshine Duration Sensor : Sunshine duration

* PAR Lite : Photosynthetic photon flux, photosynthetically
active radiation

* Radiation Balance Meter : Difference between incident radiation and

reflected radiation

* PAR Sensor : radiation within the photosynt hetic relevant
spectrum

* Net radiometer : Net radiation

* Net radiometer :  Solar radiation measurement (incoming,

reflected, albedo, balance)
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* Pyrgeometer : Radiation intensity in the far infrared range
* UV Radiometer : UV-A and UV-B radiation intensity

* Light Sensor, Illuminance meter : [llumination

* Pyrgeometer : Infrared radiation

* Pyrgeometer : Far infrared radiation

Pyranometers (QMS101 and QMS102, Vaisala)

The Vaisala Pyranometer QMS101 is an economical sensor for measuring global solar
radiation. The QMS101 uses a photodiode detector for creating a voltage output that is
proportional to the incoming radiation. Due to the unique design of the diffusor, its sensitivity
is proportional to the cosine of the angle of incidence of the radiation, which ensures accurate
and consistent measurements. The QMS101 comes with a cable and connector, and is easily
installed on the sensor cross-arm. The Vaisala Pyranometer QMS102 is an ISO-classified
second class pyranometer. The precision optical glass dome acts as a filter, with a spectral
band pass that permits the full solar spectrum to pass through to the sensor. The sensor is a
high-quality blackened thermopile with a flat spectral response. When the sensor is heated by

incoming solar radiation, it produces a signal in the microvolt range. Each QMS102 and

QMS102 are provided with a calibration certificate that contains the calibration factor.
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CH-1 NIP Normal Incidence Pyrheliometer

For high accuracy direct solar radiation measurement research
Weight 700 grams

Maximum irradiance 4000 W/m2

CG 4 Pyrgeometer

For high accuracy infrared radiation measurement research
The CG4 is designed for high accuracy infrared (IR) meteorological measurement research,

for both sky and surface emitted infrared radiation, from 4.5 to 42 mm
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The CG4 features a specially designed ellipse shaped solar blind silicon dome that offers a
full 180° field of view, and with good cosine response. A hard carbon (diamond) coating on

the domes outer surface protects against surface oxidation and scratching.

Absorbed direct solar heat load by the dome is effectively conducted away by a unique dome
ring construction. Even under direct solar load conditions, CG4 dome temperature rise
(relative to ambient case temperature) is negligible. This allows for accurate daytime
measurements without the use of a tracking shading disc, and eliminates the need for window

heating compensation.
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Pyranometer with sun protect in Balikesir, Turkey
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B.1.4.2. Displaying the solar instruments data
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ADNAN MENDERES, 13 MAY1S 2005
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B.1.5. Measuring Pressure

Pressure is defined as force per unit area that a fluid exerts on its surroundings.[1] For example,

pressure, P, is a function of force, F, and area, A.

P =FIA

Glenn
Air Pressure Research
Center
Force
Pressure is Force

Area

Small Scale Large Scale

mass=m

opposing force

Pressure is a measure of Pressure force acis
the linear momentum of perpendicular to enclosing
the gas molecules. surfaces.

Pressure is a scalar quantity.
(magnitude, no direction)

A container full of gas contains innumerable atoms and molecules that are constantly
bouncing of its walls. The pressure would be the average force of these atoms and molecules
on its walls per unit of area of the container. Moreover, pressure does not have to be measured
along the wall of a container but rather can be measured as the force per unit area along any
plane. Air pressure, for example, is a function of the weight of the air pushing down on Earth.
Thus, as the altitude increases, pressure decreases. Similarly, as a scuba diver or submarine

dives deeper into the ocean, the pressure increases.
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The SI unit for pressure is the Pascal (N/m2), but other common units of pressure include
pounds per square inch (PSI), atmospheres (atm), bars, inches of mercury (in Hg), and

millimeters of mercury (mm Hg).

Some kinds of barometers (DPAS500 series) are fully compensated digital barometers designed
to cover a wide environmental pressure and temperature range. They are calibrated by using

electronic working standards traceable to the international standards.

There are three different types of barometers available; one of them with only one pressure.
Transducer (DPA501), next with two (DPA502) and the last with three pressure transducers
(DPAS503). Two or three transducers provide redundancy which is particularly important in

airport and remote weather station installations.

For example, DPAS500 series barometer occupies one plug-in slot in the MILOS 520 frame. It
communicates via [2C bus with the CPU processor. In addition, there is a RS-232 port in the
font panel for maintenance and calibration access. The DPA500 series barometers use the
BAROCAP® silicon capacitive absolute pressure sensor developed by Vaisala. The Barocap
sensor has excellent hysteresis and repeatability characteristics and outstanding temperature
and long-term stability. The measurement principle of the DPAS500 series digital barometers is
based on an advanced RC oscillator and three reference capacitors against which the
capacitive pressure sensor and the capacitive temperature compensation sensor are
continuously measured. The microprocessor of the barometer performs compensation for

pressure linearity and temperature dependence.

The basic pressure and temperature adjustment of the pressure transducers in the DPA5S00
series digital barometers consists of seven temperature levels over the operating temperature
range of the barometer and of six to eleven pressure levels over the operating pressure range
of the barometer at each temperature level. The calculated individual basic pressure and
temperature adjustment coefficients are stored in the EEPROM of each pressure transducer.

The user cannot change these basic factory adjustments.

The multipoint fine adjustment and calibration of the DPA500 Class B barometers is done

automatically using electronic working standards.
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The Vaisala Pressure Sensor PMTI16A is a silicon capacitive pressure sensor that offers
excellent accuracy, repeatability, and long-term stability over a wide range of operating
temperatures. The fine adjustment and calibration of the sensor are handled according to

electronic working standards which are traceable to international standards. The PMT16A is

located on the CPU board. Made of silicon, it is also ideal for portable applications.

DPAS01 with only one pressure transducer, DPA502 with two and DPAS503 with three

pressure transducers.
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B.1.5.1.BAROCAP® pressure sensor

The DPAS5S00 Digital Barometer Units use the BAROCAP® silicon capacitive absolute
pressure sensor developed by Vaisala for barometric pressure measurement applications. The
BAROCAP® sensor has excellent hysteresis and repeatability characteristics, a low
temperature dependence and a very good long-term stability. The ruggedness of the
BAROCAP® sensor is outstanding and the sensor is resistant to mechanical and thermal

shocks.

Silicon diaphragm

Thin film metallization / Silicon
i h i
/ \ [ s
In'l .'I"-._ J|I
N i:\"‘* RN Glass
// %‘h Silicon

Vacuum gap

The BAROCAP® pressure sensor consists of two layers of single crystal silicon with a layer
of glass between them. The thinner silicon layer is etched on both sides to create an integral
vacuum reference chamber for the absolute pressure sensor and to form a pressure sensitive
silicon diaphragm. The thicker silicon layer is the rigid base plate of the sensor and it is clad
with a glass dielectric. The thinner piece of silicon is electrostatically bonded to the glass
surface to form a strong and hermetic bond. Thin film metallization has been deposited to
form a capacitor electrode inside the vacuum reference chamber; the other electrode is the
pressure sensitive silicon diaphragm. The coefficients of thermal expansion of silicon and
glass materials used in the BAROCAP® pressure sensor are carefully matched together to
minimize the temperature dependence and to maximize the long-term stability. The
BAROCAPw® pressure sensor is designed to achieve zero temperature dependence at 1000 hPa

and its long-term stability has been maximized by thermal ageing at an elevated temperature.

The BAROCAP® capacitive pressure sensor features a wide dynamic range and no self-

heating effect. The excellent hysteresis and repeatability characteristics are based on the ideal

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 57



MODULE B-1 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

spring characteristics of single crystal silicon. In the BAROCAP® pressure sensor the silicon

material is exerted to only few percent of its whole elastic range.

Measurement principle

The measurement principle of the DPAS00 series digital barometers is based on an advanced
RC oscillator with three reference capacitors against which the capacitive pressure sensor and
the capacitive temperature compensation sensor are continuously measured. A multiplexer
connects each of the five capacitors to the RC oscillator one at a time and five different

frequencies are measured during one measurement cycle:

QLI

RC-oscillator with five capacitors

The RC oscillator is designed to attenuate changes in stray impedances and to achieve
excellent measurement stability with time. Vaisala’s electronic measurement principle
emphasizes in the first place stability over a wide environmental temperature and relative
humidity range and over a long period of time; yet it can achieve fast measurement speed and
high resolution at the same time. In the fast measurement mode a special measurement
algorithm is used. In this mode only the frequency from the BAROCAP_ pressure sensor is

measured continuously while the frequencies from the three reference capacitors and from the
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thermal compensation capacitor are updated only every 30 seconds. This is quite justifiable as
the changes in the reference capacitors can be considered negligible over any period of time
and the internal temperature of the MILOS 520 enclosures, where barometer is located
remains stable enough over a few tens of seconds. The fast measurement mode achieves a
speed of ten measurements per second at 1 Pascal resolution; i.e. each measurement
represents the pressure average during the last 100 ms. When the reference frequencies are
measured every 30 seconds the outputting stops for a short moment and typically one
measurement is lost during this time. The fast measurement mode can be used only in

barometers with one pressure transducer and in full duplex communication.
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Ready

The Pressure Actuals window contains several fields for pressure data. These values can be
instant (INS), minimum (M), and maximum (X). If your system contains the Data Source
Manager application, it might be used for setting the pressure values to manual or backup

mode, instead of the Pressure Actuals window.

QFE: Local pressure in a height above/below airport elevation (normally on touch down
zone) based on local barometric station pressure Calculated from PA value

QFF: Atmospheric pressure reduced to the mean sea level using real atmosphere conditions
(temperature and/or humidity and/or vapour pressure) and local station pressure in a function
of station height Calculated from PAINS Value

QNH: Atmospheric pressure reduced to mean sea level using ICAO atmosphere (15 degrees)

and local station pressure in a function of station height Calculated from PA value

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 60



MODULE B-1 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

B.1.5.2. Adjustment and Calibration of pressures sensor

The DPAS00 series digital barometers can be fine adjusted and calibrated against pressure
standards that have high accuracy and stability as well as known traceability to international
standards. For Class A barometers, standards with uncertainty of 70 ppm (2 standard
deviation value) or better should be used. For Class B and Class C barometers, electronic
working standards with uncertainty of 150 ppm are recommended. Vaisala includes in these
uncertainties the drift of the standard over its calibration interval, for example electronic
working standards must have an initial calibration uncertainty of 100 ppm and maximum

allowed drift of 50 ppm over its calibration interval.

The user cannot erase from the barometer’s memory the basic pressure and temperature
adjustment coefficients entered at the factory. However, the user can make linear and
multipoint pressure corrections on the basic adjustment coefficients. The linear and multipoint

fine adjustments can be activated, deactivated and changed by the user.

The following pressure adjustments are possible for the user:
* offset adjustment
* offset/gain adjustment

* multipoint adjustment at up to eight pressure levels

Note that calibration is considered not to involve any adjustments. During calibration, the
accuracy of the barometer is verified using a pressure standard and due corrections against the
standard are then given in the calibration certificate together with a description of the
international pressure traceability chain. In calibration laboratory conditions a pressure
readjustment of a DPAS00 series digital barometer is made by first deactivating the linear and
multipoint corrections using both the LC OFF and MPC OFF commands. All fine adjustments
are then cancelled and the barometer reverts back to use the original pressure and temperature
adjustment coefficients entered at the factory. By precalibrating the barometer over the
relevant pressure range the user can define the corrections required for readjustment. The user
can select either a simple offset or a two-point offset/gain readjustment and use the LCI
command for this purpose, or the more sophisticated multipoint correction capability at up to
eight pressure levels and use the MPCI command. When the new linear and/or multipoint

corrections have been entered to the barometer, the corrections are activated with the LC ON
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and/or MPC ON commands. Finally, the barometer can be calibrated to verify its real

accuracy.

In field conditions a minor offset readjustment is usually all that is needed. The user must first
check what linear corrections the barometer is currently using before he attempts to readjust
the barometer. As the previous linear corrections will disappear when new linear corrections
are input, the user has to take into account the previous linear corrections when deciding
about the new ones. Calibration at one point at the prevailing pressure level finally verifies

that the readjustment has been done correctly.

NOTE Entering new linear (LCI x) or multipoint corrections (MPCI x) will always cancel the
previous corrections. It is advisable to write down the previous linear and multipoint
corrections so that they will not be lost by mistake. Entering new linear or multipoint
corrections or changing their status will also automatically cancel the valid date of calibration

of the barometer (see CALD command).
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B.1.6. Precipitation

Precipitation striking the surface of the earth in the form of rain, snow, drizzle, sleet, hail etc.

is collected by the precipitation meter.

There is a sharp-edged ring on the upper section of the meter which has a collecting area of
200 cm? bzw. 100 cm? cross-section. The precipitation which has collected is led off into the
collecting vessel or directly into the graduated measuring vessel (see No. 5.4005.00.000) to
prevent it from evaporating. The measuring vessel, which is included in the shipment, is

graduated in mm depth of precipitation, making it easy to determine the depth of rainfall.

B.1.6.1. Mounting and Assembling the Instrument

The instrument should be set up at a site whose distance from neighbouring buildings or trees
is equal to the height of these objects. It should be free towards the side facing the weather.

Attach the complete rain gauge with the enclosed metal clamp to a pole. The pole should be
beleved (sloped) at the top to prevent erroneous measurement data resulting from spray water.
When the instrument has been mounted, the upper collecting ring of the rain gauge should be
situated approximately 10 cm above the tip of the pole. The collecting surface should be 1 m

above the ground.

Fiocure 14 Rain Gauge RG13
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The concrete foundation for the masts and the guy wires must be prepared before mounting
the masts. Using the template is helpful both, when casting the concrete, or drilling holes for
wedge bolts. The easiest way to mount the wedge bolts is to do it while casting the concrete
foundation. If the mast is installed onto an existing concrete foundation, holes have to be

drilled into the concrete.

Vaisala Precipitation sensors QMR101 & QMR102 The Vaisala Precipitation Sensor
QMRI101 is an economical and accurate rain gauge, made of plastic, which is immune to frost
and highly resistant to UV-radiation. The QMR101 has a self-emptying tipping spoon of 0.2
millimetres capacity. Due to its small size, light weight and rugged design, it is especially
suitable for portable applications and temporary installations. The QMR101 is installed on the

sensor cross-arm by means of a cable and connector, also supplied.

The Vaisala Precipitation Sensor QMR102 is an aerodynamic rain gauge that minimizes the
effects of wind derived airflow that can reduce the amount of captured precipitation. The
instrument is made of UV-radiation resistant plastic for extra durability. The collected rain is
measured in a field-proven tipping bucket mechanism with a capacity of 0.2 millimetres. The
QMRI102 is installed either on the ground or on a stand with total height of 1.5 m with the

sensor. It comes with a 10-meter cable and connector.
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B.1.6.2. Precipitation Monitor

On the beginning of the precipitation event the rain drop for ex. Moistures the sensor area and
makes a conductive contact between the electrodes. By this, a relay is cut through and the

controlling event is done.

The sensor area is heated in two levels. Heating level 1 is switched-on constantly in order to
prevent ice and dew from forming. Heating level 1 is switched-on when the sensor is
moistened and makes the surface dry-up as soon as possible. After drying-up of the sensor

area the second level is switched-off again.

Sensor area : 40 cm?

Signal : Switching contact
Dimension :76,5x54 x 18 mm
Weight : 0,5 kg

Heating

Precipitation
[ [ yes  no

Electronic

Pg / Cable
1 2 3 45
+ - A W R
24 \/ AC/DC Switching Load
Power Supply max. 42V AC/DC
max. 1A

Circuit Diagram
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The precipitation monitor transmits signals to determine the beginning and the end of
precipitation and the duration of the period of precipitation as required by meteorological

services.

In addition, the precipitation monitor can be used to report status or to transmit control signals

to connected rain protection devices such as windows, air vents, awnings, or Venetian blinds.

Precipitation in the form of drizzle, rain, snow or hail is detected by means of a light barrier
system and triggers a signal. A built-in incidence-filter shall smooth the triggering of
switching signals in case of individual incidences, as for example leafs, bird droppings,
insects etc. For this, a certain number of at least n incidences should have occurred within a
time-window of 50 sec. The number of drop incidences (1...15) can be selected through the

DIP-switch on the pc-board.

With the precipitation end the switching signal is reset after a selectable switch-off delay.
Thanks to the immediate evaluation of the incidences it is possible to determine precisely the

beginning and end of the precipitation period.

The instrument is equipped with a heating system for extreme weather condition. This avoids
ice and snow forming on the housing surface. In addition, the surface retains a temperature of

>(0° by means of a regulated heating
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Maintenance of Precipitation Monitor

A layer of dirt can form on the sensor surface as a result of atmospheric pollution, This dirt
has an isolating effect, and can lead to short-circuits. An accurate signal cannot be set off by
the falling rain. Therefore the sensor surface has to be cleaned with a light cleaner at regular

intervals, without damaging it.

B.1.6.3. Precipitation Transmitter

The instrument is designed to measure the height, quantity and the intensity of the
precipitation striking the surface of the earth. The measuring principle, tipping bucket, is
basing on the description, Guide to Meteorological Instruments No 8 of the WMO (World
Meteorological Organization). The precipitation, collected by the collecting surface and the
collecting funnel, is conducted into a tipping-bucket. The tipping bucket consists of two
bucket-compartments. Is one of these compartments filled with water it tips over, and the
water drains off. Meanwhile subsequent rain falls into the newly positioned upper
compartment. The tipping movement is detected by a Reed-contactor, and a connected

electronics, and produces a respective output signal.

There are two outputs available:
1. Analogue output for the output of the precipitation sum as voltage- or current value.

2. Pulse output for the output of single precipitation meter pulse.

The electronics of the precipitation transmitter is equipped with a line arising system. The line
arising procedure is basing on a precipitation-/intensity-dependent pulse number correction
for the range from approx. 0,5... 7 mm/min. In our laboratory each instrument is calibrated
within the intensity range of 0...7 mm/min with a water quantity of 200cm? (= 10 mm

precipitation height)..
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®
%
Description MIN TYPE Max | Unit
Collecting surface 200 cm’
Volume of tipping bucket 2 cm’
Measuring range 0 7 ** | mm/min
Weight 3.3 kg

Maintenance of Precipitation Transmitter

The instrument is designed in such a way that all of the parts requiring maintenance are easily
accessible once the case has been removed. The most important factors for precise
measurements are a free and undisturbed inflow, and clean, grease-free inner surfaces of the

tipping bucket.

The tipping bucket is made of zinc-plate, the surface of which is specifically oxidised, in
order to achieve a hygrophile surface. It guarantees an accurate draining behaviour of the
measuring liquid, and must not be removed mechanically. The maintenance interval should
depend on the degree of pollution of the instrument. It is advisable to make a visual inspection
at short intervals as particles falling from above, such as foliage, bird dropping etc. can affect

the measurement.
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Note: A clean cloth; a small bottle brush; a soft brush; possibly gentle soap

B.1.6.4. Precipitation Gauge Geonor T-200B

The Geonor T-200B precipitation gauge measures the amount of precipitation. The
measurement is based on the vibrating wire principle. The gauge has the frequency output
which MAWS converts into the precipitation amount expressed in millimeters. The sensor is

connected either to the channel A or B of MAWS.

B.1.6.5. Laser Precipitation Monitor

When a precipitation particle falls through the light beam (measuring area 45cm?) the
receiving signal is reduced. The diameter of the particle is calculated from the amplitude of

the reduction. Moreover, the fall speed of the particle is determined from the duration of the

reducer signal.
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in explanation of the measuring principle

The measured values are processed by a signal processor (DSP), and are checked for
plausibility (e.g. edge hits). Calculation comprises the intensity, quantity, and type of

precipitation and the particle spectrum

The type of precipitation is determined from the statistic proportion of all particles referring to

diameter, and velocity. These proportions have been tested scientifically.
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Principle of operation : Laser 785 nm max 0,5 mW optical power, Laserclass 1M
Measuring area 145 cm2 (22,5 x 2,0 cm)

Weight 14,8 kg

Precipitation

Particle size 2 0,16....7 mm

Particle velocity 0,2 ...20m/s

Distinction for kind of precipitation drizzle, rain, hail, snow > 97 % in comparison with
synoptic. Observer

Minimum intensity : 0,005 mm/h drizzle

Maximum intensity : 250mm/h

Particle
20mm ?
pa v )
Infrared light beam
228 mm

0.75mm

Measurement of the precipitation particle

* 24h/7days high accurate weather observing
» Allows observing on unallocated sites

*  Excellent Price Performance Ratio

* Low Maintenance effort

+ Standard Data Format for a smoothly

*  integration in existing systems

» Integration of other parameters e.g. wind,
* temperature and humidity and integration

* inserial data telegram.
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MODULE B-2

1. MEASUREMENT OF TEMPERATURE

MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

Temperature is the condition which determines the direction of the net flow of heat

between two bodies. The thermodynamic temperature (T), with unit of Kelvin (K), is the basic

temperature, and degrees Celsius and Fahrenheit are also units of temperature.

Meteorological requirements for temperature measurements primarily related to:

a. The air near the Earth’s surface,
b. The surface of the ground,

c¢. The soil at various depth,

d. The surface levels of the sea and lakes,

e. The upper air.

Thermometer characteristic requirements;

Thermometer type Ordinary Maximum Minimum

Span of scale (°C) -30 to 45 -30 to 50 - 40 to 40
Range of calibration (°C) -30 to 40 -25 to 40 -30 to 30
Maximum error <0.2 K +0.2 K +0.3 K
Maximum difference between maximum and

o . o 02K 03K 05K
minimum correction within the range
Maximum variation of correction within any

0.1K 0.1K 0.1K

interval of 10 °C

1. Liquid-in-glass thermometers

For routine observations of air temperature, including maximum, minimum and

wet-bulb temperatures, liquid-in-glass thermometers are still commonly used. The

liquid used depends on the required temperature range; mercury is generally used the

temperatures above its freezing point (-38.3°C), While ethyl alcohol or other pure

organic liquids are used for lower temperatures. There are four main types of

construction for meteorological thermometers;

a. The sheathed type with the scale engraved on the thermometer stem,
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The sheathed type with the scale engraved on an opal glass strip attached to the
thermometer tube inside the sheath,

The unsheathed type with the graduation marks on the stem and mounted on a
metal, porcelain or wooden back carrying the scale numbers,

The unsheathed type with the scale engraved on the stem.

The main source of error common to all in liquid-in-glass thermometers are;

S

&

-

Elastic error,

Errors caused by the emergent stem,

Parallax and gross reading errors,

Changes in the volume of the bulb produced by exterior or interior pressure,
Capillarity,

Errors in scale division and calibration,

Inequalities in the expansion of the liquid and glass over the range considered.

Mechanical thermographs

A. Bimetallic Thermograph

In bimetallic thermographs, the movement of the recording pen is controlled by
the change in curvature of a bimetallic strip or helix, one and of which is rigidly

fixed to an arm attached to the frame.

B. Bourdon-tube thermograph
The general arrangement is similar to that of the bimetallic type but its
temperature-sensitive element is in the form of a curved metal tube of flat,

elliptical section, filled with alcohol.

In the thermograph mechanism itself, friction is the main source of error.

Electrical thermometers

Their main advantages of the electrical thermometers are;

a Easy to use in remote indication of the output signals,
b. Simples the recording the output signals,

c. Ability to store the data,

d. Possible to transfer the temperature data.
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The most frequently used sensors are electrical resistance, semiconductor

thermometers (thermistors) and thermocouples.

A. Electrical resistance thermometers

A measurement of the electrical resistance of a material whose resistance varies

in a known manner with the temperature of the material can be used to represent

the temperature. A good metal resistance thermometer will satisfy the following

requirements:

a. Its physical and chemical properties will remain the same through the
temperature measurement range,

b. Its resistance will increase steadily with increasing temperature without
any discontinuities in the range of measurement,

c. External influences such as humidity, corrosion, or physical
deformations will not alter its resistance appreciable,

d. Its characteristics will remain stable over period of two years or more,

e. Its resistance and thermal coefficient should be large enough to be useful
in measuring circuit.

Pure platinum best satisfies the foregoing requirements. Copper is a
suitable material for use in secondary standards. Practical thermometers are
artificially aged before use and are commonly made from platinum alloys,
nickel, or copper (and occasionally tungsten) for meteorological purposes.
Usually they are hermetically sealed with either glass or ceramic. Nevertheless,

their time constant is smaller than that of the liquid-in-glass thermometers.

B. Semiconductor thermometers

Another type of resistance element in common use is the thermistor. This
is a semiconductor with a relatively large temperature coefficient of resistance,
which may be either positive or negative depending upon the actual material.
Mixture of sintered metallic oxides are suitable for making practical thermistors,
which usually take the form of small disc, rods, or spheres and are often glass-

coated.
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The advantages of thermistors from a thermometric point of view are:

a. The large temperature coefficient of resistance enable the voltage
applied across a resistance bridge to be reduced while attaining the
same sensitivity, thus reducing or even eliminating the need to
account for the resistance of the leads and its changes,

b. The elements can be made very small, so their very low thermal

capacities can yield a small time constant.

C. Thermocouples

If a simple circuit is made with two metals and with the conjunction at
the same temperature there will be no resultant electromotive forces, one at each
junction, will exactly oppose and cancel one another. If the temperature of one
junction is altered, the two electromotive forces no longer balance and there is a
net electromotive force set up in the circuit; a current then flow. For
meteorology, thermocouples are mostly used when a temperature of very small
time constant, of the order of one or two seconds, and capable of remote reading
and recording. Copper-constantan or iron-constantan combinations are suitable

for meteorological work.
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2. AIR TEMPERATURE MEASUREMENT

The most common types of thermometers used in an AWOS are pure metal resistance
thermometers or thermistors. The platinum resistance thermometer (PT100, 100Q at 0°C)

shows very good long time stability and can be considered as a first candidate sensor.

Electrical thermometers usually have a short time constant and, when sampled by fast
electronic circuits, their output will reflect high-frequency, low amplitude fluctuations of the
local temperature. To avoid this problem, one can use sensors with a long time constant, can
artificially damp the response with a suitable circuit to increase the time constant of the signal,
or can average digitally the sampled outputs in the CPS. Resistance thermometers require
linearization. This can be obtained by appropriate circuits in signal conditioning modules, but
can also be done by software algorithms. It is highly recommended to linearize the thermistor
characteristics. Of great concern is the proper exposure of the sensor against radiation effects.
Radiation shields adjusted to the size of the sensor are widely used and replace the common
naturally ventilated Stevenson screen in an AWOS. For accurate measurements, the radiation

shield should be artificially ventilated with an air speed of about 3 m/s.
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3. SOIL TEMPERATURE MEASUREMENT

The standard depths for soil temperature measurements are, 5, 10, 20, 50 and 100 cm
below the surface; additional depths may be included. The installation of resistance thermistors

(PT 100) at the 206 AWOS as showing below.

Temperature probe designed for air temperature, surface ground temperature and soil
temperature measurements. The PT100 high quality probe family uses a highly stable and
accurate platinum sensing element. Waterproof construction and used materials ensure long

time reliability in extreme environmental conditions

DCu

100 cm

2

Temperature probes mstallation i to the sod
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4. MEASUREMENT OF HUMIDITY

Humidity measurements at the Earth’s surface are required for meteorological analysis
and forecasting, for climate studies, and for many special applications in hydrology,
agriculture, aeronautical services and environmental studies, in general. General requirements

for the range, resolution, and accuracy of humidity measurements are given in table.

Wet-bulb Relative Dew-point
Requirement
Temperature Humidity Temperature
At least 50 K in the
Range -10 to 35 °C 5-100%

Range -60 to 35 °C

. +0.1 K high RH +1% high RH +0.1 K high RH
Target accuracy( )

+0.2 k mid RH +5% mid RH +0.5 K mid RH
Achievable observing ; ;
) +0.2 K +3-5%" +0.5 K®
accuracy”
Reporting code resolution | +.1 K +1% +0.1 K
Sensor time constant” 20s 40s 20 s
Output averaging time® 60 s 60 s 60 s

(D) Accuracy is the given uncertainty stated as two standard deviations.

(2) At mid-range relative humidity for well designed and operated instruments; difficult
to achieve in practice.

(3)  If measured directly.

4) For climatological use, a time constant of 60 seconds is required (for 63 per cent of
a step change).

(5)  For climatological use, an averaging time of three minutes is required.

1. Hygrometers
Instrument for measuring humidity is known as a hygrometer. The employing physical
principles are:
A. Gravimetric hygrometry,
B. Condensation methods

a.  Chilled-mirror method (dew-or frost-point hygrometer)
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AU S i

b. Heated salt-solution method (vapour equilibrium hygrometer, known
as the dew cell)

C. The psychrometric method

D. Sorption methods
E. Absorption of electromagnetic radiation by water vapour (ultraviolet and
infrared absorption hygrometers)
Psychrometer

Hair hygrometer
The chilled-mirror dew-point hygrometer
The lithium chloride heated condensation hygrometer (dew cell)

Electrical resistive and capacitive hygrometers

The most important specifications to keep in mind when selecting a humidity sensor are:

'] Accuracy

" Repeatability

"] Interchangebility

1 Long-term stability

] Ability to recover from condensation

"] Resistance to chemical and physical contaminants
1 Size

1 Packaging

[1 Cost effectiveness

Additional significant long-term factors are the costs associated with sensor

replacement, field and in-house calibrations, and the complexity and reliability of the signal

conditioning and data acquisition (DA) circuitry. For all these considerations to make sense,

the prospective user needs an understanding of the most widely used types of humidity sensors

and the general trend of their expected performance.
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Capacitive Humidity Sensors

Relative Humidity. Capacitive relative humidity (RH) sensors (see Photo 1) are widely used in

industrial, commercial, and weather telemetry applications.

Photo 1. Capacitive RH sensors are produced in a wide

range of specifications, sizes, and shapes including
integrated monolithic electronics. The sensors shown

here are from various manufacturers.

They consist of a substrate on which a thin film of polymer or metal oxide is deposited
between two conductive electrodes. The sensing surface is coated with a porous metal electrode
to protect it from contamination and exposure to condensation. The substrate is typically glass,
ceramic, or silicon. The incremental change in the dielectric constant of a capacitive humidity
sensor is nearly directly proportional to the relative humidity of the surrounding environment.
The change in capacitance is typically 0.2-0.5 pF for a 1% RH change, while the bulk
capacitance is between 100 and 500 pF at 50% RH at 25°C. Capacitive sensors are
characterized by low temperature coefficient, ability to function at high temperatures (up to
200°C), full recovery from condensation, and reasonable resistance to chemical vapours. The

response time ranges from 30 to 60 s for a 63% RH step change.

State-of-the-art techniques for producing capacitive sensors take advantage of many of
the principles used in semiconductor manufacturing to yield sensors with minimal long-term
drift and hysteresis. Thin film capacitive sensors may include monolithic signal conditioning
circuitry integrated onto the substrate. The most widely used signal conditioner incorporates a

CMOS timer to pulse the sensor and to produce a near-linear voltage output (see Figure 1).
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Figure 1. A near-linear response is seen in this plot of capacitance
changes vs. applied humidity at 25°C. The term "bulk capacitance"
refers to the base value at 0% RH.

The typical uncertainty of capacitive sensors is +2% RH from 5% to 95% RH with two-
point calibration. Capacitive sensors are limited by the distance the sensing element can be
located from the signal conditioning circuitry, due to the capacitive effect of the connecting
cable with respect to the relatively small capacitance changes of the sensor. A practical limit is
<10 ft.

Direct field interchangebility can be a problem unless the sensor is laser trimmed to
reduce variance to +2% or a computer-based recalibration method is provided. These

calibration programs can compensate sensor capacitance from 100 to 500 pF.

Dew Point. Thin film capacitance-based sensors provide discrete signal changes at low
RH, remain stable in long-term use, and have minimal drift, but they are not linear below a few
percent RH. These characteristics led to the development of a dew point measuring system
incorporating a capacitive sensor and microprocessor-based circuitry that stores calibration data
in non-volatile memory. This approach has significantly reduced the cost of the dew point

hygrometers and transmitters used in industrial HVAC and weather telemetry applications.
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The sensor is bonded to a monolithic circuit that provides a voltage output as a function
of RH. A computer-based system records the voltage output at 20 dew point values over a
range of —40°C to 27°C. The reference dew points are confirmed with a NIST-traceable chilled
mirror hygrometer. The voltage vs. dew/frost point values acquired for the sensors are then
stored in the EPROM of the instrument. The microprocessor uses these values in a linear
regression algorithm along with simultaneous dry-bulb temperature measurement to compute

the water vapour pressure.

Once the water vapour pressure is determined, the dew point temperature is calculated
from thermodynamic equations stored in EPROM. Correlation to the chilled mirrors is better
than +2°C dew point from —40°C to —7°C and +1°C from —7°C to 27°C. The sensor provides
long-term stability of better than 1.5°C dew point drift/yr. Dew point meters using this
methodology have been field tested extensively and are used for a wide range of applications at

a fraction of the cost of chilled mirror dew point meters.
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Resistive Humidity Sensors

Resistive humidity sensors (see Photo 2) measure the change in electrical impedance of

a hygroscopic medium such as a conductive polymer, salt, or treated substrate.

Photo 2. Resistive sensors are based on an interdigitated or bifilar
winding. After deposition of a hydroscopic polymer coating, their
resistance changes inversely with humidity. The Dunmore sensor

(far right) is shown 1/3 size.

The impedance change is typically an inverse exponential relationship to humidity (see Figure
2).

10000

Resistance (k)
- =
8 a

=i
(=]

i .
20 a0 40 50 60 TO g0 80

RH (%)

Figure 2. The exponential response of the resistive sensor, plotted
here at 25°C, is linearized by a signal conditioner for direct meter

reading or process control.
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Resistive sensors usually consist of noble metal electrodes either deposited on a
substrate by photoresist techniques or wire-wound electrodes on a plastic or glass cylinder. The
substrate is coated with a salt or conductive polymer. When it is dissolved or suspended in a
liquid binder it functions as a vehicle to evenly coat the sensor. Alternatively, the substrate may
be treated with activating chemicals such as acid. The sensor absorbs the water vapour and
ionic functional groups are dissociated, resulting in an increase in electrical conductivity. The
response time for most resistive sensors ranges from 10 to 30 s for a 63% step change. The

impedance range of typical resistive elements varies from 1 k{2 to 100 M.

Most resistive sensors use symmetrical AC excitation voltage with no DC bias to
prevent polarization of the sensor. The resulting current flow is converted and rectified to a DC
voltage signal for additional scaling, amplification, linearization, or A/D conversion (see Figure

3).

Output (VDC)

1.0

20 30 40 &0 &d 70 20 90
RH (%)

Figure 3. Resistive sensors exhibit a nonlinear response to changes

in humidity. This response may be linearized by analogue or

digital methods. Typical variable resistance extends from a few

kilo ohms to 100 MV.

Nominal excitation frequency is from 30 Hz to 10 kHz.

The “resistive” sensor is not purely resistive in those capacitive effects >10-100 M<2
makes the response an impedance measurement. A distinct advantage of resistive RH sensors is
their interchangeability, usually within +2% RH, which allows the -electronic signal

conditioning circuitry to be calibrated by a resistor at a fixed RH point. This eliminates the
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need for humidity calibration standards, so resistive humidity sensors are generally field
replaceable. The accuracy of individual resistive humidity sensors may be confirmed by testing
in an RH calibration chamber or by a computer-based DA system referenced to standardized
humidity-controlled environment. Nominal operating temperature of resistive sensors ranges

from —40°C to 100°C.

In residential and commercial environments, the life expectancy of these sensors is >>5
yr., but exposure to chemical vapours and other contaminants such as oil mist may lead to
premature failure. Another drawback of some resistive sensors is their tendency to shift values
when exposed to condensation if a water-soluble coating is used. Resistive humidity sensors
have significant temperature dependencies when installed in an environment with large (>10°F)
temperature fluctuations. Simultaneous temperature compensation is incorporated for accuracy.
The small size, low cost, interchangeability, and long-term stability make these resistive
sensors suitable for use in control and display products for industrial, commercial, and

residential applications.

One of the first mass-produced humidity sensors was the Dunmore type, developed by
NIST in the 1940s and still in use today. It consists of a dual winding of palladium wire on a
plastic cylinder that is then coated with a mixture of polyvinyl alcohol (binder) and either
lithium bromide or lithium chloride. Varying the concentration of LiBr or LiCl results in very
high resolution sensors that cover humidity spans of 20%—40% RH. For very low RH control
function in the 1%-2% RH range, accuracies of 0.1% can be achieved. Dunmore sensors are
widely used in precision air conditioning controls to maintain the environment of computer
rooms and as monitors for pressurized transmission lines, antennas, and waveguides used in

telecommunications.

The latest development in resistive humidity sensors uses a ceramic coating to
overcome limitations in environments where condensation occurs. The sensors consist of a
ceramic substrate with noble metal electrodes deposited by a photoresist process. The substrate
surface is coated with a conductive polymer/ceramic binder mixture, and the sensor is installed

in a protective plastic housing with a dust filter.

The binding material is a ceramic powder suspended in liquid form. After the surface is

coated and air dried, the sensors are heat treated. The process results in a clear non-water-
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soluble thick film coating that fully recovers from exposure to condensation (see Figure 4).

100
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10 After 1 min. immersion in water sensor
recovers to 30 2%. V=1 cmizec.

o t f
0 5 10 15 20

Recovery Times (Min.)

RH (%)

Figure 4. After water immersion, the typical recovery time of a
ceramic-coated resistive sensor to its pre-immersion, 30% value is

5-15 min., depending on air velocity.

The manufacturing process yields sensors with an interchangeability of better than 3%
RH over the 15%-95% RH range. The precision of these sensors is confirmed to £2% RH by a
computer-based DA system. The recovery time from full condensation to 30% is a few
minutes. When used with a signal conditioner, the sensor voltage output is directly proportional

to the ambient relative humidity.

Thermal Conductivity Humidity Sensors

These sensors (see Photo 3) measure the absolute humidity by quantifying the

difference between the thermal conductivity of dry air and that of air containing water vapour.
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Photo 3. For measuring absolute humidity at high temperatures,
thermal conductivity sensors are often used. They differ in
operating principle from resistive and capacitive sensors. Absolute

humidity sensors are left and centre; thermistor chambers are on

the right.

When air or gas is dry, it has a greater capacity to “sink™ heat, as in the example of a
desert climate. A desert can be extremely hot in the day but at night the temperature rapidly
drops due to the dry atmospheric conditions. By comparison, humid climates do not cool down
so rapidly at night because heat is retained by water vapour in the atmosphere.

Thermal conductivity humidity sensors (or absolute humidity sensors) consist of two matched
negative temperature coefficient (NTC) thermistor elements in a bridge circuit; one is
hermetically encapsulated in dry nitrogen and the other is exposed to the environment (see

Figure 5).

SENSOR
[ "1"'& Difference in resistance
: i of thermistors is directly

AMBIENT AIR . propertional to abselute
THERMISTOR | : humidity.

+

DRY MITROGEMN |
SEALED THERMISTOR

aaaaaaaaaaaa

QUTPUT

AVAVAY,

Figure 5. In thermal conductivity sensors, two matched thermistors
are used in a DC bridge circuit. One sensor is sealed in dry
nitrogen and the other is exposed to ambient. The bridge output

voltage is directly proportional to absolute humidity.
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When current is passed through the thermistors, resistive heating increases their
temperature to >200°C. The heat dissipated from the sealed thermistor is greater than the
exposed thermistor due to the difference in the thermal conductively of the water vapour as
compared to dry nitrogen. Since the heat dissipated yields different operating temperatures, the
difference in resistance of the thermistors is proportional to the absolute humidity (see Figure

6).

o
.

[=] (8] E 3
g A
N | |

—
3~ ]

L
l BI°C

E i

|
|
\
\

- .- -]

Output (mV)

[ - - s Jod==4-+ |--1,---|--—_|-_-_p.:._.|!,.|;...§
0 10 20 30 40 S50 &0 TO 80 90 100 110 120 130
Absolute Humidity (g/M°)

Figure 6. The output signal of the thermal conductivity sensor is affected by the
operating temperature. Maximum output is at 600°C; output at 200°C drops by 70%.

A simple resistor network provides a voltage output equal to the range of 0—130 g/m’ at
60°C. Calibration is performed by placing the sensor in moisture-free air or nitrogen and
adjusting the output to zero. Absolute humidity sensors are very durable; operate at
temperatures up to 575°F (300°C) and are resistant to chemical vapours by virtue of the inert
materials used for their construction, i.e., glass, semiconductor material for the thermistors,

high-temperature plastics, or aluminium.

An interesting feature of thermal conductivity sensors is that they respond to any gas
that has thermal properties different from those of dry nitrogen; this will affect the
measurements. Absolute humidity sensors are commonly used in appliances such as clothes
dryers and both microwave and steam-injected ovens. Industrial applications include kilns for
drying wood; machinery for drying textiles, paper, and chemical solids; pharmaceutical

production; cooking; and food dehydration. Since one of the by-products of combustion and

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 18



MODULE B-2 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

fuel cell operation is water vapour, particular interest has been shown in using absolute

humidity sensors to monitor the efficiency of those reactions.

In general, absolute humidity sensors provide greater resolution at temperatures >200°F
than do capacitive and resistive sensors, and may be used in applications where these sensors
would not survive. The typical accuracy of an absolute humidity sensor is +3 g/m’; this

converts to about £5% RH at 40°C and +£0.5% RH at 100°C.

Summary

Rapid advancements in semiconductor technology, such as thin film deposition, ion
sputtering, and ceramic/silicon coatings, have made possible highly accurate humidity sensors
with resistance to chemicals and physical contaminants—at economical prices. No single
sensor, however, can satisfy every application. Resistive, capacitive, and thermal conductivity
sensing technologies each offer distinct advantages. Resistive sensors are interchangeable,
usable for remote locations, and cost effective. Capacitive sensors provide wide RH range and
condensation tolerance, and, if laser trimmed, are also interchangeable. Thermal conductivity
sensors perform well in corrosive environments and at high temperatures. For most

applications, therefore, the environmental conditions dictate the sensor choice
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5. SOIL MOISTURE MEASUREMENT

Soil moisture information is essential for determining irrigation schedules, for the
evaluation of water and solute fluxes, and for partitioning of net radiation into latent and

sensible heat components.

Soil moisture determinations are typically characterized by measuring either the soil-
water content or the soil-water potential. Soil-water content is an expression of the mass or
volume of water in the soil while the soil-water potential is an expression of the soil-water

energy status.

Method of measurements:
1. Direct measurement method of the Soil water content,
2. Indirect measurement methods of the soil water content,

A. Radiological methods

a. Neutron attenuation
b. Gamma absorption
B. Soil-water dielectrics
a. Time-domain reflectometry
b. Microwave probe
3. Emerging technologies
A. Pulsed nuclear magnetic resonance
B. Remote sensing
4. Soil-water potential instrumentation
A. Tensiometers
B. Resistance blocks
C. Psychrometers

There are different methods employed for different applications, ranging from simple soil

moisture blocks using electrical resistance, to TDR methods and electrical capacitance.
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CS616 Soil Moisture Sensor

Water Content Reflectometer

Model CS616-L

The CS616 Water Content Reflectometer measures the
volumetric water content of porous media using time-domain =
measurement methods that is sensitive to dielectric
permittivity. The probe consists of two 30 cm long stainless
steel rods connected to a printed circuit board. The circuit
board is encapsulated in epoxy, and a shielded four-
conductor cable is connected to the circuit board to supply

power, enable probe, and monitor the output. The probe rods

can be inserted from the surface or the probe can be buried at

any orientation to the surface.

The reflectometer connects directly to one of the datalogger's single-ended analogue
inputs. A data logger control port is typically used to enable the CS616 for the amount
of time required to make the measurement. Data logger instructions convert the probe
square-wave output to period which is converted to volumetric water content using a

calibration.
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Reflectometer measurement method

The differentially-driven probe rods form a transmission line with a wave propagation
velocity that is dependent on the dielectric permittivity of the medium surrounding the rods.
Nanosecond rise-times produce waveform reflections characteristic of an open-ended
transmission line. The return of the reflection from the ends of the rods triggers a logic state
change which initiates propagation of a new waveform. Since water has a dielectric
permittivity significantly larger than other soil constituents, the resulting oscillation frequency
is dependent upon the average water content of the medium surrounding the rods. The

megahertz oscillation frequency is scaled down and easily read by a data logger.

Summary of Measurement Performance

* probe-to-probe variability: £0.5% VWC in dry soil, £1.5% VWC in typical saturated soil

* accuracy +2.5% VWC using standard calibration with bulk electrical conductivity <0.5
deciSiemen meter”'(dS m™) and bulk density <1.55 g cm™ in measurement range 0% VWC to

50% VWC
* precision 0.05% VWC

* resolution 0.1% VWC

CS616 Response Characteristics

The signal propagating along the parallel rods of the CS616 is attenuated by free ions
in the soil solution and conductive constituents of the soil mineral fraction. In most
applications, the attenuation is not enough to affect the CS616 response to changing water
content, and the response is well described by the standard calibration. However, in soil with
relatively high soil electrical conductivity levels, compacted soils, or soils with high clay
content, the calibration should be adjusted for the specific medium. Guidance for making

these adjustments is provided in the operating manual.
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Figure 1 shows calibration data collected during laboratory measurements in a loam
soil with bulk of density 1.4 g cm™ (porosity = 0.47). The bulk electrical conductivity at

saturation was 0.4 dS m™ (solution electrical conductivity @ 2 dS m™). The linear calibration
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Figure 1. CS616 linear and quadratic calibration derived from loam.
works well in the typical water content range of 10% and 40%. Outside this range, a quadratic

calibration may be needed.

In soil with relatively high soil electrical conductivity levels, compacted soils, or soils
with high clay content, the calibration must be adjusted for the specific application to maintain
measurement accuracy. Figure 2 compares the CS616 response in a loam soil to a higher
density sandy clay loam for two different electrical conductivities. The bulk density for both
sandy clay loam soils is 1.6 cm->. The electrical conductivity at saturation for the sandy clay
loam labelled "compacted soil" is 0.4 dS m-'. The "compacted soil, high EC" had an electrical
conductivity at saturation of 0.75 dS m-'.
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Figure 2. CS616 response in compacted, sandy clay loam soil and low EC loam for

comparison.

The low EC soil response curve is shown for reference. The compacted soil response

curve shows the effect of compaction. Since fine textured soils seldom have a water content of

less than 10%, the adjustment is simply an offset. The compacted soil, high EC response curve

shows the expected bulk electrical conductivity increase with increasing water content. Again,

the response above 10% volumetric water content is nearly linear, which simplifies the

calibration adjustment.

Specifications

Output

+0.7 volt square wave with frequency dependent on water content

Power

65 milliamps @ 12 Vdc when enabled, 45 microamps quiescent typical

Measurement Time

With Instruction 138: 0.50 milliseconds

With Instruction 27: 50 milliseconds

Power Supply Voltage
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5 Vdc minimum, 18 Vdc maximum
Enable Voltage
4 Vdc minimum, 18 Vdc maximum

Maximum cable length

1000 feet (305 m)
Dimensions
Rods: 300 mm (11.8") long, 3.2 mm (0.13") diameter, 32 mm (1.3") spacing
Probe Head: 85 mm x 63 mm x 18 mm (3.3" x
2.5"x0.7")
Weight
Probe (without cable): 280 g (9.9 0z)
Cable: 35gm™ (038 oz ft)
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6. MEASUREMENT OF VISIBILITY

Visibility was first defined for meteorological purposes as a quantity to be estimated by
a human observer, and observations made in that way are widely used. However, the estimation
of visibility is affected by many subjective and physical factors; the essential meteorological
quantity, which is the transparency of the atmosphere, can be measured objected, and is
represented by the meteorological optical range (MOR). The meteorological optical range or
MOR is expressed in meters or kilometres.

Instruments measuring the extinction coefficient

1. Telephotometric instruments
2. Visual extinction meters
3. Transmissometers

The method most commonly used for measuring the mean extinction coefficient
in a horizontal cylinder of air between a transmitter, which provides a modulated
flux light source of constant mean power, and receiver incorporating a photo
detector (generally a photodiode at the focal point of a parabolic mirror or a
lens) is by using a transmissometer. There are two type of transmissometer:

A. Those with a transmitter and a receiver in different units and at a known

distance from each other.

Lifht SOUrCE = Focins ®  Photodetector
|

I r B

-
| |

Transtotter wit Eecerver urat

B. Those with a transmitter and a receiver in the same unit, with the emitted
light being reflected by a remote mirror or retroreflector (the light beam

travelling to the reflector and back).
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Light source
et Folded baseline »| Retrorefﬂector

A
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Transtmitter-recerver it

Fhotodetector

Instruments measuring the scatter coefficient

1. Back scatter

In these instruments, a light beam is concentrated on a small volume of air in front of
the transmitter, the receiver being located in the same housing and below the light

source where it receives the light back scattered by the volume of air sample.

Transtmtter

Sampling volume

Recewer

2. Forward scatter
The instruments comprise a transmitter and a receiver, the angle between the
beams being 20 to 50°. Another arrangement involves placing either a single
diaphragm half-way between a transmitter and a receiver or two diaphragms

each a short distance from either a transmitter or receiver.
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3. Scatter over a wide angle
It is usually known as an integrating nephelometer, is based on the principle of
measuring scatter over as wide an angle as possible, ideally 0 to 180°, byte in
practice about 0 to 120°.

Light source
Rt:l::eiver Black hole
- T
‘ ."Ilr \ w
'y
- R ~ [
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TRANSMISSOMETER

=ingle baseline

Diouble baseline

. The assessment of visibility ranges from 2/3 times the short baseline up to 50 times long
baseline.

. With 10m and 200m base lines = visibility from 7m up to 10 000m

MOR is defined as the distance where the intensity of a light beam has been attenuated to 5%

of the original intensity

| =—= > .~

i‘ MOR ’I
100 % 5%
intensity intensity

*  MOR can be measured by measuring the attenuation of light

« Attenuation is mainly caused by scattering, to a small degree also by absorption (in smoke,
dust, ...)

What is Runway Visual Range?

« Runway Visual Range (RVR) = Range over which the pilot on the centre line of the runway
can see:

- Runway markings, or
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- Edge lights of the runway, or
- Centre line lights.
* RVR s neither an observation nor a measurement.
* RVR assessment calculation follows Allard’s law which takes into account:
- Visibility (m)
- Background luminance (cd/m2)
- Airfield lighting intensity percentage
- Airfield lighting characteristics (cd)
* For RVR calculations 5 m is used as the average eye level of a pilot in an aircraft.
* Traditionally RVR has been assessed by counting edge light lamps by the runway. The
lamps are at 60 m distance from each other. At CAT I airport at least 14 lamps should be
seen and 7 lamps at CAT II airport.

Measurement principle

b=

Light source
-Xenon flash lamp
- Represents the spectrums of sunlight and runway lights
- Very stable, expected lifetime 55000 h
- Light intensity can be controlled
Benefits of reference measurement (transmitted intensity)
- Short-term long-term variations are compensated very accurately
- Transmissometer stability better than +0.3%
- Unusual situation detected immediately
When visibility is over 5 km, system automatically decreases flash frequency

- Longer life time of the flash lamp
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Contamination detector

* The amount of contamination is measured
— transmittance measurement is compensated
— warning is generated if contamination exceeds limits
*  Automatic compensation corrects the errors caused by window contamination
— cleaning is required less often
— accuracy is maintained throughout the cleaning interval
*  The user is warned if the windows become too dirty

— measurement results can always be trusted

LIGHT RECEIVER

-
e —
TRANSMISSOMETER
WINDOW
—_—
LIGHT TRANSMITTER
. Averaging time

-Normal operation 30 s or 60 s
- In alignment mode 15 s
. Pulse measurement principle
- Light pulse duration 1.5 ps (half-width)
- Continuous light doesn’t interfere: A 75000W lamp at 30 m distance has no influence

. Representative spectral response
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-Green optical filters are used to approximate the spectral response of the human eye
. Economy mode

-The flashing interval automatically changes according to the visibility.
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PRESENT WAITHER SENSOR

ra

=

O "Te

*  Measures visibility (MOR) from 10 m up to 50 km
* Identifies present weather
* type and intensity of precipitation
* type of obstruction to vision
* Measures the intensity of precipitation
* Calculates the accumulation of precipitation

» Estimates snow accumulation
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» Scattered flux is proportional to extinction coefficient (absorption is usually negligible)

Receiver

F : o
< 5

' A

» Forward scatter meter measures the light scattered from a beam and estimates extinction
coefficient
* high scatter intensity => high extinction coefficient
* low scatter intensity => low extinction coefficient

* note that only part of the scattered light is measured!

» Present weather is practically defined by the contents of WMO code tables
» table 4677 for human observations (SYNOP)
* table 4680 for automatic systems (SYNOP)
» table 4678 for reports from aerodromes (METAR)
*  The code tables contain many different physical phenomena
» fog, precipitation, cloud phenomena
* Automatic systems can not detect all the different phenomena in the code tables
» present weather sensors typically can detect different precipitation types and

may detect different visibility reducing phenomena
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* FDI12P samples the scatter signal rapidly and can detect precipitation droplets from the

signal

Amplitude
Droplet

/ Signal
Time

0 100 (ms)

* Droplet sizes can be measured from the signal changes

Capacitive Precipitation Measurement

+ Rain Cap sensing element

* Thin wires under glass coating form a capacitor

* The capacitance changes when there is water on the surface
capacitance change is proportional to water amount

* RainCap is heated
water evaporates from the surface

snow melts on the surface
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Capacitive Sensor Output

* The output from the capacitive sensor is a voltage signal

— the signal is sampled at 1s intervals

Signal
~; 3 S

Wet Surfaces

New Droplet

1 Time
30 (s)

» Precipitation intensity can be estimated from the signal level and signal changes (caused

by new droplets)
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FD12P Precipitation Type Principle

.

o= N

.

L]

* Optical measurement, relative to droplet size

» Capacitive measurement, relative to water content of droplets

» Liquid precipitation (e.g. rain): water content and droplet volume are equal

* Solid precipitation (e.g. snow): water content is much lower than droplet (snowflake)

size
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FD12P Precipitation Type Implementation

Optical signal

(proportional to droplet size)

Capacitive signal

(proportional to water content)

Signal Dry Surfaces
Amplitude vV 3 P
Droplet
Wet Surfaces
/Signal
New Droplet
I Timu
0 100 (ms) 1 \ Time
30 7 (s)
l “RAIN INTENSITY l
SCALE”
Precipitation - ; R | . Precipitation
intensity (opt.) »| Scaling " Intr‘:rt'ii'ty N Scaling |« intensity (cap.)
(opt./cap.)

Intensity ratio < 1.0 -> liquid precipitation

Intensity ratio > 1.0 -> solid (or mixed) precipitation
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FD12P Precipitation Type Algorithm

* Temperature information is also used to limit some decisions and to detect freezing

precipitation

Ratio
Optical Intensity (ave)

Capacitive Intensity (ave)

SNOW HAIL
SNOW LIMIT
ICE PELLETS or R&S
RAIN AND SNOW
1
FREEZING RAIN RAIN
T T
-20 +3 +8 Temperature (TS)
)

* Maximum droplet size and capacitive sensor signal are used to distinguish:

» drizzle, ice pellets, different snow types
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FD12P Main Parts

Capacitive sensor

N\

A

Transmitter Receiver

L

* Transmitter unit FDT12B

* Receiver unit FDR12

»  Capacitive sensor DRD12

*  Temperature sensor DTS14

*  Processor board FDP12

* Interface card DRI21

* Regulator unit FDS12

*  Power supply FDW13

*  Modem DMX21 as an option

TURKEY AWOS TRAINING 1.0/ ALANYA 2005

40



MODULE B-2 MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

Optical Configuration: Transmitter

Mechanical structure
LED intensity feedback signal P/

Power monitoring

>
> O :>

Constant intensity7\
control
Transmitter LED

Photo diode ||

Lens
Backscatter monitoring photodiode

- optical path blocked
- lens contamination (back scatter)
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Optical Configuration: Receiver

Mechanical structure

1/

IR filter

Lens

v

Backscatter monitoring LED
- optical path blocked

- lens contamination

- receiver self-test
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Forward Scatter Measurement

Receiver
photodiode

Transmitter Receiver

OFFSET Measurement

Zero scatter signal is measured by delaying transmitter pulses (equals switching off the

transmitter)

Ambient
light

Transmitter Receiver

Receiver signal level = zero (offset) signal level + noise from ambient light and electrical

circuits

Contamination Measurement
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Transmitter
LED

Backscatter monitoring Backscatter
photodiode monitoring LED
Transmitter Receiver

Self-diagnostics

The FD12P checks that all measurement signal levels are within realistic limits
— receiver signal and offset levels
— number of samples
— DRDI12 output level
— temperature (TS)
* In addition the FD12P measures many internal parameters and checks that they are
close to their nominal values
* A warning or alarm is generated automatically if a value is not within limits

»  Sensor status message provides a description of the failure

Monitored Parameters

The following internal parameters are measured
- FDTI2B
— transmitter backscatter
— -15V supply voltage level (M15)
— +15V supply voltage level (P15)
— transmitter LED control voltage (LEDI)
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— timing circuit duty cycle (DUTY)

— transmitter ground level - processor board ground (BGND)
 FDRI2

— receiver backscatter

— ambient light level (AMBL)
+ FDPI2

— lens heating current (VH)

— stepped-up supply voltage (VBB, approximately 20V)

— box temperature (TE, only a backup measurement)

Status Message

* The output of STA command shows the diagnostics results

SIGNAL 0.02 OFFSET 129.73 DRIFT -0.02
REC. BACKSCATTER 1313 CHANGE -8
TR. BACKSCATTER 10.2 CHANGE 0.0
TE 24.2 VBB 19.5 VH 0.6
LEDT 5.3

P15 14.7 MI15 -14.6 BGND -0.1
AMBL 0.1 DUTY 1.7

DRIZ21 MEASUREMENTS

TS 23.0 DRD INST 900 DRY 900.0
HARDWARE

OK

* An asterisk (*) is shown in front of a parameter if the value is not within limits
—  after the text “HARDWARE:” there will be a verbal description of the problem

»  Status can also be polled as output message type 3
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DISTROMETER

A Distrometer is an instrument that measures the size of raindrops. There are many

different types of distrometer

It records two side view optical images of each rain drop. For this reason it is called a

2D-Video-Distrometer or 2DVD for short.

2D-VIDEO-DISTROMETER

The 2D-Video-Distrometer is a newly developed ground based point monitoring precipitation
gauge, working on the basis of video cameras. Originated in the area of weather radar and
tropospheric wave propagation research, the 2D-Video-Distrometer is designed to meet the
needs generally of anybody interested in details on precipitation. The measurements reveal
classification of precipitation at measurement site as well as full particular on single
hydrometeors. Such comprehensive data have not been available up to now. Of each raindrop,
snowflake hailstone reaching the measuring area, the front view, the side view and the velocity
are measured and recorded. The resolution of the digitizing grid is in the order of 0.25 mm. For
a reliable classification of precipitation events distributions of size and velocity of particles as

well as of oblateness of drops are generated in real time. Of course the rain rate is given.

Instrument functions

e Monitors precipitation.

o Identifies precipitation type (rain, snow, hail, drizzle..).

e Provides hydrometeor size distribution (for drops, snowflakes, hailstones); this is called
disdrometric function.

e Measures instantaneous rainfall rate.

e Gives the total rainfall in a given time interval.
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The knowledge of hydrometeor size distribution (disdrometric function) is crucial in
investigating, or forecasting, such events and occurrences as soil erosion and percolation,
landslides, evapotranspiration, plant physiology, spring seepage etc., or in several other
applications, such as in meteorological radar calibration, in defining reflectivity vs. rainfall rate

relationships, etc..
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7. MEASUREMENT OF BASE OF CLOUD HEIGHT

The measurement of cloud height in an AWOS is now mostly accomplished with the

aid of (laser) ceilometers.

. A new generation general purpose ceilometer
. Employs pulsed diode laser technology for detection of clouds, precipitation, and other

obstructions to vision

. Accurate determination of cloud heights and vertical visibility

. Compact and lightweight design

. Improved optical system for extended range and better performance
Ceilometer

Measurement Principle

Laser operating principle

Top Level
25,000ft SAMPLE #500 (50 us)
Last in the scan
TOTAL TRAVEL Q]
OF LIGHT 50,000ft

24,950 ft SAMPLE #499 (49,9 us)

REFLECTED LIGHT

100 ft SAMPLE #2 (200 ns)

50 ft SAMPLE #1 (100 ns)

TOTAL TRAVEL
OF LIGHT 100 ft

SAMPLE #0 (0 ns)

0 ft First in the scan
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Laser beam width

Height Width
7.5 km (25 000 ft) 8 meters (25 ft)

3.8 km (12 500 ft) 4 meters (12

ft)

0 m (0 ft)

145 mm (6 in.)

Ceilometer operation

LENS LASER PULSE OUT
BEAM-

SPLITTER

;e o
PN
TRANSMITTER / / o
BACKSCA<TT<é<€ "o * AEROSOLS
A \O o ] o)

IR
FILTER

RECEIVER
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Partial
overlap- ¢
ping

no
overlap- <
ping

AV

MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

Optical system

OPTICS
CROSS-TALK

\
\ % |INVERSE SQUARED RELATIONSHIP|
\

\
|STRONG AND STABLE SIGNAL AT CLOSE RANGE|

\
\
« | [NEW OPTICAL DESIGN]
\

Y | TRADITIONAL OPTICAL DESIGN|

!

\1 |CLOSE RANGE PARTIAL OVERLAP|

S~

[
'."‘,-' ‘UNCERTAINTY DUE TO GEOMETRICAL TOLERANCES

r!
i
i

—

—

—

—

o~

—

HEIGHT
|ZERO-RANGE NON-OVERLAP |

Benefits of single lens optics

* Very stable and high performance measurement

*  Optimized for cloud laser measurement

* No field adjustments needed

complete
>overlap-
ping

»  Precisely defined focussing and 100% overlapping over the entire measurement range.

* Less sensitive to multiple scatter -> better performance in precipitation and fog
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Sky Condition algorithm

» Sky Condition algorithm uses ceilometer data to calculate
* cloud layer heights
* cloud layer coverage

*  Cloud layer coverage is based on a time averaging method:
Ceilometer data is accumulated over a 30 minute period as clouds move over the
sensors field of view. In normal conditions this gives an array of cloud
measurements, which is well representative of the existing cloud heights and
coverage distributions.

*  Sky condition option is activated by a password based on DMCS50B serial number

Calculating Cloud Layers
1. The ceilometer measures the cloud height every 15-120 seconds, over a period of 30 minutes
2. Each measurement is rounded down to the nearest 100 ft.
3. Data from the last 10 minutes is counted twice.
4. Each measurement value is assigned to one 100, 500 or 1000 ft bin, depending on height.
5. Contents of the bins are cumulatively summed, starting from O ft.
6. The heights where the cumulative sum exceeds 1/33, 3/8, 5/8, 7/8 and 8/8 are recorded as
cloud layers.
7. Adjacent layers are combined together if their heights do not differ more than 100-5000 ft,
depending on the actual height.

Calculating Cloud Amount
1. Report cloud amount for each layer:
FEW = 1/8 = 3-37% (1/33 triggers 1/8)
SCT =3/8 =38-62%
BKN = 5/8 = 63-85%
BKN = 7/8 = 86-99%
OVC =28/8 =100%

2. The amount of highest layer is the total cloud amount.

Acquiring Sky Condition Data
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MODULE B-2

t-20

t-10

Time: t-30

ft.

5000
® Ceilometer performs a cloud height measurement
every 15-120 seconds 4300
4000
® Values are stored into an array
3000
Cloud measurement data, 30 s interval:
21-30 min
Time: t-30 t-20 t-10
ft.
X X X X X XX 5000
4500
4000
3000

Cloud measurement data, 30 s interval:

0-10 min - - - - 5000 [5000 |4900 [4900 4900 ([4900
4900 |4900 4900 [5000 |5000 |3600 |[3500 (3500 |3500 |3500

11-20 min

21-30 min

(Last 10 min)
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Time: t-30

t-20

MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

t-10

x X X X

Cloud measurement data, 30 s interval:

0-10 min
11-20 min

21-30 min
(Last 10 min)

Time: t-30

5000

5000

4900

4900

4900

4900

4900

4900

4900

5000

5000

3600

3500

3500

3500

3500

4800

4800

4700

4700

4700

4700

4700

4500

4500

3400

3400

3300

3300

3300

3300

4200

4200

4200

4300

4300

t-20

t-10

X X X X

® Data from the last 10 minutes is counted twice.

0-10 min

11-20 min

21-30 min
(Last 10 min)

SOOCK

5000

5000

4900

4900

4900

4900

4900

4900

4900

5000

5000

3600

3500

3500

3500

3500

4800

4800

4700

4700

4700

4700

4700

4500

4500

3400

3400

3300

3300

3300

3300

4200

4200

4200

4300

4300

4800

4700

4700

4400

4400

4300

4300

4300

4300

4400

4500

4400
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Time: t-30 t-20 t-10

X X X X SO RIS 3500f |

56/80

>5/8

4900 ft
32/80

>3/8
4400 ft

4/80

>1/33
3300 ft

¢ Contents of the bins are cumulatively summed, starting from O ft.

® The heights where cumulative sum exceeds 1/33, 3/8, 5/8, 7/8 and 8/8 are recorded.

® Corresponding amounts are 1/8, 3/8, 5/8, 7/8, 8/8.

Time: t-30 t-20 t-10
X > % X OO SCOCOCOBK | 3000

4900 ft
5/8

4400 ft

1/33

3300 ft

® Adjacent layers are combined together if their heights do not

differ more than 100-5000 ft depending on the actual height.
(500 ft when height is 4000-5000 ft.)

¢ Sky condition: 1 okta 3300 ft, 5 okta 4400 ft
(1 033 5044 / /// / //))

Message 1 interpretation, second line:
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ft.

5000
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4000

3000
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5000

4500
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3000
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First digit of line: Status of detection as follows:

No significant backscatter

One cloud base detected

Two cloud bases detected

Three cloud bases detected

Full obscuration determined but no cloud base detected
Some obscuration detected but determined to be transparent

A WON-_0

Alarm, warning and internal status info

30 01230 12340 23450 FEDCBA98.-

Second digit of line: Cloud information as follows:

Warnings and Alarm information as follows: If Detection Status is 1, 2 or 3: Cloud base heights
0 Self-check OK If Detection Status is 0 or 5: /////

W At least one Warning active, no Alarms If Detection Status is 4: VV or Highest signal

A Atleast one Alarm active

(8000 0000)
(4000 0000)
(2000 0000)
(1000 0000)
(0800 0000)
(0400 0000)
(0200 0000)
(0100 0000)
(0080 0000)
(0040 0000)
(0020 0000)
(0010 0000)
(0008 0000)
(0004 0000)
(0002 0000)
(0001 0000)
(0000 8000)

Alarm, warning and internal status info:

Laser temperature shut-off (A)

Laser failure (A)

Receiver failure (A)

Voltage failure (A)

(spare) (A)

(spare) (A)

(spare) (A)

(spare) (A)

Window contaminated (W)

Battery low (W)

Laser power low (W)

Laser temperature high or low (W)
Internal temperature high or low (W)
Voltage high or low (W)

Relative Humidity is >85% (option) (W)
Receiver optical cross-talk compensation poor (W)

Blower suspect
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(0000 4000) (spare) (W)

(0000 2000) (spare) (W)

(0000 1000) (spare) (W)
A: (0000 0800) Blower is ON

(0000 0400) Blower heater is ON

(0000 0200) Internal heater is ON

(0000 0100) Units are METERS if ON, else FEET
9: (0000 0080) Polling mode is ON

(0000 0040) Working from battery

(0000 0020) Single sequence mode is ON

(0000 0010) Manual settings are effective
8: (0000 0008) Tilt angle is >45 degrees

(0000 0004) High background radiance

(0000 0002) Manual blower control

(0000 0001) (spare)

Message no. 2 data format example:

@BCTA2023© Ist line 11 char.
3001230 12340 23450 FEDCBA98. 2nd line 31 char.
100 N 53 +34204 146 +2 621 LF7HNI 139 3rd line 44 char.

00047F200000000000000000000000000000000000000050D01000000000000000001600FFFFFFFFFFFFFFFFF
FFFFFFFFFFFFEFEFEFEFEFEFEFEFEFEFEFDFDFDFDFDFDO03200FFFFFFFFFFFFFFFFFFFFFFFFFFFFFE
FEFEFEFEFEFEFEFEFEFEFDFDFDFDFDFD048FDFDFDFDFDFCFCFCFCFCFCFCFCFBFBFBFBFBFBFB
FAFBFAFBFBFAFAFBFAFI9FAF9064FDFDFDFDFDFCFCFCFCFCFCFCFCFBFBFBFBFBFBFBFAFBFAFB
FBFAFAFBFAFOFAF9080FOFAFOFOFOFOFOFOFOFSF7TFSF7TFOF8F7F 7TF8FOF 7F TF7FO6F6F7TF6F 7TF6F6F6F6F60
96F9F AFOFOF9FOFOFOFOF8F 7TF8F 7TFOFSF7F7F8F6F 7TF TF 7TF6F6F 7TFOF TFOF6FOFOF61 12F SFSFSFOFSF2F4FSF
6F5SFSFAFAFAFAF3FAF3FAFSF3FSFAFAF2F3F3F3F3F4F4F3128FSFSFSFOFSF2FAFSFOFSFSFAFAFAFAF3F4F3F
4F5F3F5F4FAF2F3F3F3F3F4F4F3144F2F2EFF1FAF 1 F2F2F 1 F3F2F2EFF1 EFFOFOEFF 1 EFFOF 1 EFFOFOF2FOE
FFOEFEFFO160F2F2EFF1F4F1F2F2F 1 F3F2F2EFF1 EFFOFOEFF 1 EFFOF | EFFOFOF2FOEFFOEFEFFO176EEF1E
FEDEFEEEFEEEEFOEDFOF2EFEDEFEFEFFOEFECECECEEEAFOEDEDECEAEAEA192EEF1 EFEDEFEEEF
EEEEFOEDFOF2EFEDEFEFEFFOEFECECECEEEAFOEDEDECEAEAEA20SEEF 1 EFEDEFEEEFEEEEFOEDF
OF2EFEDEFEFEFFOEFECECECEEEAFOEDEDECEAEAEA224FOECEFEDFOECEBEEEDEEEOEAEFFOEEE
CEAEDECEBEAEEE7EDEAEAEAEBECEAEAEA240FOECEFEDFOECEBEEEDEEE9EAEFFOEEECEAEDE
CEBEAEEE7ED0000000000000000® .

total 1193 char.
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Transmission time and size :
5.0 s at 2400 baud (10-bit char.)
143 Kbytes/h, 3.44 Mbytes/d, 103 Mbytes/mo. at 2 msg./min., uncompressed.

Message 2 interpretation

First line - as in message 1

@CTA20230

Second line - as in message 1

3001230 12340 23450 FEDCBA98.!

Third line - measurement parameters

100 N 53 +34204 146 +2 621 LF7HNI1 1394

100 Parameter SCALE

N Measurement mode; N = Normal,

53 Laser pulse energy

+34  Laser temperature degrees C

204  Receiver sensitivity

146 Window contamination

+2 Tilt angle

621  Background light

LF7HN1 Measurement parameters (pulse Long/Short, freq F (const.),
pulse qty 47+1, gain High/Low, bandwidth Narrow/Wide, samp.10/20 MHz)

139  SUM of detected and normalized backscatter

Sky condition line
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Sky condition software is available as option.
If activated, messages 6 and 7 are available.

First digit of section: detection of status
0...8 Cloud amount of the first layer in octas
9 Vertical visibility
-1 Data missing or ceilometer in standby
99 Not enough data yet

3 05§\viiizg//9*/// 0 ///

Second digit of section: height of the cloud layer
(feet/meters)

Status message data format example

CTA38S0

OW /111111111 11117 00400200

VOLTAGES (UNIT 0.1V)

P12 125 M12 -126 P5G 54 M5G -54 VCA 225

P13 128 M13 -124 P5R 50 M5R -50 BAT*098  (* indicates an abnormal value)
P18 178 PHV 2306 PFB 17 P65 674 CHA 144

RECEIVER TRANSMITTER
GAIN H PLEN L

BAND N PQTY 64K
SAMP 10MHz OUT 1416mV

SENSOK  SENS 101%
COMP 005 199 IN 190

TEMPERATURES ENVIRONMENT
BLOWER +20C WINDOW  210mV 102%
CPU +34C RADIANCE +60mV
LASER +29C ANGLE +3DEG
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LENS +34C HUMIDITY NONE
OUTSIDE +23C
INHEATER ON OUTHEATER OFF BLOWER OFF

Interpretation of status message

First section: Cloud info and voltages

Identicgl to message 1

Internal raw voltage
@ CTA38S0O
OW /i1 11111 1111/ 00400200 !
VOLTAGES (UNIT 0.1V)

P12 125 M12 -126 P5G 54 M5G -54 VCA 225 Batter volt
P13 128 M13 -124 P5R 50 M5R -50 BAT*098 ./~ Pateryvoiage
P18 178 PHV 2306 PFB 17 P65 674 CHA 144 !

Battery charge voltage

Second section: Receiver and Transmitter info

Gain H (high) or L (low) Pulse length L (long) or S (short)

Bandwidth N (narrow) Number of laser pulses used
or W (wide) RECEIVER  TRANSMITTER. for one measurement (const.)
) GAIN H PLENL J
Sampling rate (const.) ~ ~<BANDN PQTY 64K <~ _— Measured laser pulse energy
SAMP 10MHz ~ OUT 1416mX‘J\
. e SENS OK SENS 101%

Receiver sensitivity COMP 083 125 IN 190 Measured lager puls§ energy
compared to factory setting O\ is 101 % of it’s nominal value

Internal crosstalk compensation Pulse energy control input code
Coerce (013) and Fine (125)

Third section: Temperature and environment info
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Window conditioner
airflow exit

MEASURING PRINCIPLES OF THE SENSORS INSTALLED IN AN AWOS

Measured window contamination
and its ratio to factory setting

Measured background

radiation
CPU board TEMPERATURES ENVIRONMENT _j
BLOWER +20GVINDOW210mV 102% |
) CPU  +34C RADIANCE +60m .
Laser diode =~ —— LASER +29C ANGLE +3DEG Measured tilt angle
LENS +2J§CHUMIDITY NON
: OUTSIDE c o )
;?ldjlacent to @HE‘ATER ON OUTHEATER OFF BLOWER OFF-J ~Humidity (option)
¢ lens - (NONE = not installed)
Bottom of the

measurement unit

TURKEY AWOS TRAINING 1.0/ ALANYA 2005

60



TRAINING MATERIAL ON
AUTOMATED WEATHER OBSERVING SYSTEMS (AWOS)

MODULE C1

DATA ACQUISITION SYSTEM

PowerPoint presentation (5 MB)
MODULE C1




TURKEY AWOS TRAINING 1.0 / ALANYA 2005

METEOROLOJ

CIMO

OPAG ON CAPACITY BUILDING (OPAG-CB)

EXPERT TEAM ON TRAINING ACTIVITIES AND TRAINING MATERIALS

TRAINING COURSE ON
AUTOMATED WEATHER OBSERVING SYSTEMS

( AWOS )

MODULE C.1: DATA ACQUISITION SYSTEM

SONER KARATAS
ELECTRONIC OBSERVING SYTEMS DIVISION
TURKISH STATE METEOROLOGICAL SERVICE

06-10 JUNE 2005
WMO RMTC-TURKEY
ALANYA FACILITIES, ANTALYA, TURKEY



MODULE-C.1 DATA ACQUISITION SYSTEM

CONTENTS

CONTENTS. ...ttt ettt e et e e et e ettt e et e ettt e et e e enaeeeneees 1
FIGURE LIST......cooioeeoeeee et ettt ettt e ettt et e et e et e e et e e naeeenneeeens 3
ABBREVIATIONS.........ooiieeiee ettt ettt et et e ettt ettt e et e e et e et eeeneeeennees 4
C.1.1 ) Sensors Output CRAFACIETISLICS. .........cc..vvveeeeeeeeiiiee e e eeeeaeee e e e e e e e e e e e esaaaae e e e e e sarareeeeeaaans 6
C.1.1.1 ) ARNGIOGUE SEHSOTS...........coiieieee ettt et et 6
C.1.1.2 ) DiGItAL SEHSOFS........cciieiiee ettt ettt ettt 6
C.1.1.3 ) INLElliGONE SETSOTS. ........eoeee ettt e et e et e e et e e e enseeeeennreeeens 7
C.1.2) Central ProCeSSiNG SYSEEM...........ccccuuueiiieiiiiiiiiee e e e et e e e e e e e e e e e e e saaeaeeeeesenneseees 8
C.1.3 ) DAIA ACGUISTIION. .........ooeeeeiee et e e et e e e e e e e e e e s e naasaaeaeeeennnnes 9
C.1.3.1 ) Signal CondItIONING. .......c.eeiiiiiiiiiiiiit ettt ettt et e e 9
C.L3.1.1 ) SenSOF CABLES. ...t 9
C.1.3.1.2 ) SUFGE PFOIECIION. ...ttt e et e e e et e e e e e e 10
C.1.3.1.3 ) TWO-WIFE tFANSIILLETS. ........veveeeeeeeeeiee e et e e e e ettt e e e e e ettt e eeeeeeennsaeeaaeeens 10
C.1.3.1.4 ) DigitaQl iSOLATION. ..ot e e e e e e e e e nenaes 10
C.1.3.1.5 ) ARGIOGUE TSOLALION. ............ooeiiiiiiiiii et 11
C.1.3.2 ) Data AcGUISItION FURCLION. ...............uuueiiiiiiiiiiiie ettt e e eea e e e e e 11
C.1.3.2.1 ) ARGIOGUE THPULS. ...ttt e e e e e e e e e 12
C.1.3.2.2)) Parallel digital inpUut / OUIDUL. ...............cccuvieeiiiiieeeiee e 12
C.1.3.2.3 ) PulSes QNA frOQUENCIES................cccuuveieeeaeeiiiiieee e e e e e et e e e eaaae e e e e e earaaaea e e e 13
C.1.3.2.4 ) Serial diitQl POTLS.........ccceeiviiiiiiiiiiiiiii et 13
C.1.4 ) DAIA PFOCESSTRG. ........coeeieee ettt e e et e e e e e et e e e e e e eeneeees 14
C.1.5) DAtA TFANSTISSTON. ...ttt ettt e e e e e e e e e e e e e e e e e e e e 15

TURKEY AWOS TRAINING 1.0 / ALANYA 2005 1



MODULE-C.1 DATA ACQUISITION SYSTEM

C.1.6 ) Basic Components

................................................................................................................. 15
C.1.6 1) POWEE SUDDIY ...ttt e e e e e e e e e e e e s tasaaaeeeeeaaes 15
C.1.6.2 ) RS232-RS485 CONMVOILOF ........eeeeeiieeeee e 16
REFERENCES. ...ttt et ettt e e 17

TURKEY AWOS TRAINING 1.0 / ALANYA 2005



MODULE-C.1

DATA ACQUISITION SYSTEM

FIGURE LIST

FIGURE C.1.1: ANALOGUE SENSOR (PT 100 )...euititiiiii e 6
FIGURE C.1.2: DIGITAL SENSORS ( WIND DIRECTION ) ......oooiiiiiiiiii, 7
FIGURE C.1.3: INTELLIGENT SENSOR ( TRANSMISSOMETER ) ....c..cooiiiiiiiiiiii 7
FIGURE C.1.4: CENTRAL PROCESSING SYSTEM......oiiiiii e 8
FIGURE C.1.5: SENSOR CABLE. ... e 9
FIGURE C.1.6: SENSOR CABLE (2) c.oiuiiiiiiiii e 9
FIGURE C.1.7: LIGHTNING. ... e 10
FIGURE C.1.8: SURGE PROTECTION BOARD ..o, 10
FIGURE C.1.9: DIGITAL ISOLATION CIRCUIT ..ottt 10
FIGURE C.1.10: ANALOGUE ISOLATION CIRCUIT........cociiiiiiiiiiiiiiiiee 11
FIGURE C.1.11: INPUT / OUTPUT CHANNELS. ... 11
FIGURE C.1.12: ANALOGUE SIGNAL. ... 12
FIGURE C.1.13: DIGITAL SIGNAL. ... e 12
FIGURE C.1.14: PARALEL DIGITAL INPUT / OUTPUT.....ccoiiiiiiiiiii e 13
FIGURE C.1.15: SERIAL DIGITAL PORTS. ..., 13
FIGURE C.1.16: DATA PROCESSING. .. ..ottt 14
FIGURE C.1.17: SOLAR PANEL . ... e, 16
FIGURE C.1.18: SOLAR PANEL . ... . e 16
FIGURE C.1.19: AWOS AND SOLAR PANEL... ..., 16
FIGURE C.1.20: RS232-RS485 CONVERTER (1) .ouoiiiiiiiiii e 16
FIGURE C.1.21: RS232-RS485 CONVERTER (2 ) .c.viuiiiiii e 16
TURKEY AWOS TRAINING 1.0 / ALANYA 2005



MODULE-C.1 DATA ACQUISITION SYSTEM

ABBREVIATIONS

AWOS : AUTOMATED WEATHER OBSERVING SYSTEM

CPS : CENTRAL PROCESSING SYSTEM

CPU : CENTRAL PROCESSING UNIT

DCU : DATA COLLECTION UNIT

EEPROM : ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY
I/O : INPUT / OUTPUT

PROM : PROGRAMMABLE READ ONLY MEMORY

PT100 : PLATINUM RESISTANCE THERMOMETER

RAM : RANDOM ACCESS MEMORY

ROM : READ ONLY MEMORY

RVR : RUNWAY VISUAL RANGE
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C.1.1) Sensors Output Characteristics:
Depending on their output characteristics, sensors can be classified as analogue, digital, and intelligent

SENSOrs.

C.1.1.1) Analogue sensors:
The most common sensor output is in the form of voltage, current, charge, resistance, or

capacitance. Signal conditioning further converts these basic signals into voltage signals.

Example of Analogue Sensor:

PT100 Platinum resistance thermometers:

FIGURE C.1.1: ANALOGUE SENSOR ( PT 100 )
The principle of operation is to measure the resistance of a platinum element. The most common

type (PT100) has a resistance of 100 ohms at 0 C and 138.4 ohms at 100 C.

C.1.1.2) Digital sensors:
Sensors with parallel digital signal outputs with information contained in a bit or group of

bits, and sensors with pulse or frequent output.

Example of Digital Sensor:

Wind direction sensor with gray code output:
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FIGURE C.1.2: DIGITAL SENSORS ( WIND DIRECTION )

C.1.1.3) Intelligent sensors:
Sensors including a microprocessor performing basic data acquisition and processing functions and

providing an output in serial digital or parallel form.

Example Intelligent Sensor:

Transmissometer (RVR ) :

FIGURE C.1.3: INTELLIGENT SENSOR ( TRANSMISSOMETER )
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C.1.2) Central Processing System:

The core of an AWOS is the Central Processing System ( CPS ). In general, the main functions of the
CPS are data acquisition, data processing, data storage, and data transmission.

In the majority of existing AWOSs, all these functions are carried out by one microprocessor-
based system installed in a weather-proof enclosure as close as possible to the sensors, or at some local
indoor place. If the unit is located near the sensors, then on-site processing reduces the amount of
data which must be transmitted and enables those data to be presented in a form suitable for direct
connection to communication channels

Depending on local circumstances and requirements, the different functions of the CPS may also be
executed by different units. In such cases, each unit has its own microprocessor and relevant software,
can be installed at different places in the station, and can communicate with each other through well

established inter-processor data transfer links and procedures.

miakve Mumedity
_________ . _@ ar lemparakine Adr Trattic Contrl
i Certral o=
i il Gpiiadon I.ED
{ Processing | ¥ predpitato - -

T

Operalions

Mat Office Bulkding
LED

LED Di=plays Diaglay :

+ RS 48

runway

= 1
| ; i — 1 EEb]
',;L. Ceilameter

FIGURE C.1.4: CENTRAL PROCESSING SYSTEM
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C.1.3) Data Acquisition ( Data Collection Unit DCU ):

In general, the data acquisition hardware is composed of:

(a) Signal conditioning hardware

e for preventing unwanted external sources of interference from influencing the raw sensor
signals

e for protecting the CPS equipment

e for adapting signals to make them suitable for further data processing;

(b) Data acquisition electronics with analogue and digital input channels and ports, scanning, and

data conversion equipment to enter the signals into the CPS memory.

C.1.3.1 ) SIGNAL CONDITIONING

Signal conditioning is a vital function in the data acquisition process. It starts with the proper choice
of cables and connectors for connecting the sensor to the data acquisition electronics. It is
further accomplished by means of different hardware modules. Depending on the sensor and local

circumstances, various signal conditioning techniques are available.

C.1.3.1.1 ) Sensor cables: Electrical signals from the sensors entering a data acquisition system will
include unwanted noise. Whether this noise is troublesome depends upon the signal-to-noise ratio
and the specific application. Digital signals are relatively immune to noise because of their discrete
(and high-level) nature. In contrast, analogue signals are directly influenced by relatively low-
level disturbances. The major noise transfer mechanisms include capacitive and inductive
coupling. A method of reducing errors due to capacitive coupling is to employ shielded cables for
which a conductive material (at ground potential) is placed between the signal cables and the
interference source. The additional use of a pair of wires that are entwined is effective in reducing

electromagnetic coupling.

FIGURE C.1.5: SENSOR CABLE FIGURE C.1.6: SENSOR CABLE (2)
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MODULE-C.1 DATA ACQUISITION SYSTEM

C.1.3.1.2)) Surge protection: When an AWOS can be subject to unintentional high-voltage inputs,
the installation of a protection mechanism is indispensable to avoid possible destruction of the
equipment. High-voltage input can be induced from magnetic fields, static electricity and,

especially, from lightning.

FIGURE C.1.7: LIGHTNING FIGURE C.1.8: SURGE PROTECTION BOARD

C.1.3.1.3 ) Two-wire transmitters. It is sometimes desirable to preamplify low-level signals close
to the sensor to maintain maximum signal-to-noise ratio. One form of this kind of signal
conditioning is the two-wire transmitter. These transmitters not only amplify the input signal but
also provide isolation and conversion to a high-current level (typically 4 to 20 mA). Current

transmission allows signals to be sent to a distance of up to about 1 500 m.

C.1.3.1.4) Digital isolation: Electrical modules are used to acquire digital input signals while
breaking the galvanic connection between the signal source and the measuring equipment. The
modules not only isolate, but also convert the inputs into standard voltage levels which can be read

by the data acquisition equipment.

Via G > ENCODE |
Vie CO{I>-[ENCODE]
Vic (GOH > ENCODE]
Vio (H I>{ ENCODE]

FIGURE C.1.9: DIGITAL ISOLATION CIRCUIT
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C.1.3.1.5) Analogue isolation: Analogue isolation modules are used to protect equipment from
contact with high voltages, the breaking of ground loops, and the removal of large common-mode
signals. Three types of analogue isolation are in wide use today: the low cost capacitive coupling or
"flying capacitor", the good performance and moderate cost optical coupling, and the high isolation

and accurate but higher cost transformer coupling.

L1

c1 c2

FIGURE C.1.10: ANALOGUE ISOLATION CIRCUIT

C.1.3.2) DATA ACQUISITION FUNCTION

The data acquisition function consists of scanning the output of sensors or sensor conditioning
modules at a predetermined rate and translating the signals into computer readable format.

To accommodate the different types of meteorological sensors, the hardware for this function
is composed of different types of input/output channels, covering possible electrical output

characteristics of sensors or signal conditioning modules.

OSCILLATCR
| P | I © | |
} T
AL AALDG SERIAL PRRALLEL _
[KPUT + DIGITAL DIGITAL el HM (R
e MULTIPLEXER 10 10
T IR
| 1
! O H L L IO E
= H | 4 H —
] L SR ] . s Ak &
5 l. TONTROL BS =

FIGURE C.1.11: INPUT / OUTPUT CHANNELS
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MODULE-C.1 DATA ACQUISITION SYSTEM

C.1.3.2.1) Analogue inputs:

An analog or analogue signal is any continuously variable signal. It differs from a digital signal in

that small fluctuations in the signal are meaningful.

'y
voltage

time

FIGURE C.1.12: ANALOGUE SIGNAL

The number of analogue channels is usually between four and 32. Analogue input channels are
of particular significance as most of the commonly used meteorological sensors, such as temper-
ature, pressure, and humidity deliver a voltage signal either directly or indirectly through the sensor
conditioning modules.

The data acquisition tasks are the scanning of the channels and their analogue to digital
conversion. A scanner is simply a switch arrangement that allows many analogue input channels to
be served by one A/Dconverter. Software can control these switches to select any one channel for
processing at a given time. The A/D converter transforms the original analogue information into

computer readable data (digital, binary code).

C.1.3.2.2) Parallel digital input/output:

Digital signal is a signal in which discrete steps are used to represent information.

'y
voltage

time

FIGURE C.1.13: DIGITAL SIGNAL
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The total number of individual channels is mostly grouped in blocks of eight out of 16 bits with
extension possibilities. They are used for individual bit or status sensing or for input of sensors with

parallel digital output (e.g. wind vanes with Gray code output).

BUFFER DRIVER
0 L e i
0
- =
EIGHT 1
DIGITAL [ ] DATA BUS TO CRU
HRES g4
SIGNALS —
1
0
7 L T -7

FIGURE C.1.14: PARALEL DIGITAL INPUT / OUTPUT

C.1.3.2.3 ) Pulses and frequencies: The number of channels is generally limited to two or four.
Typical sensors are wind speed and raingauges. Use is made of low and high speed counters
accumulating the pulses in CPS memories. A system that registers pulses or the on-off status of a
transducer is known as an event recorder.

C.1.3.2.4) Serial digital ports: Individual asynchronous serial input/output (I/O) channels for data
communication with intelligent sensors. The ports provide conventional inter-device
communications over short (RS232, several metres) to long (RS422/485, several kilometres)
distances. Different sensors or measuring systems can be on the same line and input port, and each of

the sensors is addressed sequentially by means of coded words.

VTR BUS
- = 21001001

l

! SERIAL 1/0

| —
|

|

Cam— R

CONTROL BCS @
P T —

5

POWER SUPPLY

FIGURE C.1.15: SERIAL DIGITAL PORTS
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C.1.4) Data Processing:

The data processing hardware is the heart of the CPS and its main functions are the master
control of the input/output of data to, and from, the CPS and the proper processing of all incoming
data by means of relevant software.

Its operation is governed by a microprocessor.Existing AWOSs are mostly equipped with eight-bit
microprocessors and limited memory (32 to 64 kbytes). However, they are being replaced in new
systems by 16-or 32-bit microprocessors surrounded by a considerable amount of solid state memory
(up to 1 Mbyte) which provide more input/output facilities and which operate at much higher
processing speeds. Depending on the application, a mathematical co-processor is added to accelerate
the processing speed which is sometimes required for complex computations. The unit can be
equipped with different types of memory as random access memories (RAM) for data and program
storage, non volatile programmable read-only memories (PROM) for program storage (programs
are entered by means of a PROM programmer), and non volatile electrical erasable ROMs
(EEPROMS) mostly used for the storage of constants which can be modified directly by software.
In most stations, the RAM memory is equipped with a battery backup to avoid loss of data after
power failures. For non-real-time stations without data transmission facilities, data can be stored in
external memories. Mechanical devices with tapes used for this purpose for many years are now
replaced by memory cards (RAM with battery back-up, EEPROMS, etc.), which have a much
higher reliability.

fi Wind view ]
& |Esc| Lines | Print | | Zows |F| 4| 4| Refreshy 19.87.2008 | UTC <|

.......... 208; 88 alaHl

FIGURE C.1.16: DATA PROCESSING
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C.1.5) Data Transmission:

The data transmission part of the CPS forms the link with the outside world which can be the local
observer or the maintenance personnel, a central network processing system, or even users of
meteorological information. The equipment is interfaced to the CPS by using commonly
available serial and parallel input/output ports. Data transmission methods in use are: current loop
for data communication with private lines for short distances, modems for longer distances on
leased telephone lines, or the switched telephone network, telex connection, high, very-high, or

ultra-high frequency radio, satellite transmitters/receivers, meteor scatter link, voice synthesizers, etc.

C.1.6 ) Basic Components:
C.1.6.1 ) Power Supply:

'The design and the capability of an AWOS depend critically upon the method used to power it. The
most important characteristics of an AWOS power supply are high stability and interference-free
operation. For safety reasons and because of the widespread use and common availability of 12 V
batteries in motor vehicles, consideration should be given to the use of 12 V DC power. Where
mains power is available, the 12 V batteries could be float-charged from the main supply. Such a
system provides the advantage of automatic backup power in the event of a mains power
failure. AWOSs deployed at remote sites where no mains power is available must rely upon
batteries which may or may not be charged by an auxiliary power source, such as a diesel generator,
wind- or water-driven generator, or solar cells. However, such low-power systems cannot, in
general, support the more complex sensors required for cloud height and visibility measurement
which require large amounts of power. Furthermore, AWOSs with auxiliary equipment such as
heaters (anemometers, raingauges) and aspirators can also consume considerable power
restricting the installation of an AWOS to places where mains power is available. If, because of
the need for a versatile and comprehensive system, only the mains can supply sufficient power for
full operation, then provision should be made for support, from a backup supply, of at least the
system clock, the processor, and any volatile memory which may contain recent data needed to

restart the station automatically.
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FIGURE C.1.17: SOLAR PANEL

=
—p.1 &2

FIGURE C.1.18: SOLAR PANEL FIGURE C.1.19: AWOS AND SOLAR PANEL

C.1.6.2) RS232-RS485 Converter:

RS232-RS485 Converter allows the connection of RS232 to RS485 or RS485 to RS232.

FIGURE C.1.20: RS232-RS485 CONVERTER ( 1) FIGURE C.1.21: RS232-RS485 CONVERTER (2)
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REFERENCES :

GUIDE TO METEOROLOGICAL INSTRUMENTS AND METHODS OF OBSERVATION
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« MANUAL ON THE GLOBAL OBSERVING SYSTEM (WMO — NO. 544)

«  GUIDANCE ON AUTOMATIC WEATHER SYSTEMS AND THEIR IMPLEMENTATION
(WMO - NO. 862)
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ABBREVIATIONS :

DCU : DATA COLLECTION UNIT

AWOS : AUTOMATED WEATHER OBSERVING SYSTEM

PC : PERSONAL COMPUTER

RX : RECEIVE

TX : TRANSMIT

PSTN : PUBLIC SWITCH TELEPHONE NETWORK

TCP /IP : TRANSMISSION CONTROL PROTOCOL / INTERNET PROTOCOL

GSM : GLOBAL SYSTEM FOR MOBILE

VHF : VERY HIGH FREQUENCY

UHF : ULTRA HIGH FREQUENCY
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C.2.1 ) Communication between DCU and local station

Communication between DCU and local station can be separeted as Real Time Communication and

off-line communication.
C.2.1.1 ) Real Time Communication

Real-time AWOS: A station providing data to users of meteorological observations in real time,
typically at programmed times, but also in emergency conditions or upon external request. Typical
real-time uses would be the provision of data for synoptic use and the monitoring of critical warning

states such as storms, river, or tide levels.

C.2.1.1.1 ) Cabled Communication

C21.1.1.1)RS232

The RS-232C standard is an asynchronous serial communication method for distances up to 15ft.

Serial means that the information is sent 1-bit at a time.Asynchronous means that the information
isn't sent at predefined time slots (like with a fixed clock, for instance). The communication is done
through the serial port of the PC. This is a male connector with 25 (old) or 9 (new) pins, in both cases

only 9 pins, at the most, are used.

FIGURE C.2.1 : RS232 CABLE
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CABLE - MALE CABLE - FEMALE
— -a
DCU T — 3 —
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LOCAL STATION
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AWOS

FIGURE C.2.2 : RS232 CONNECTION

C.2.1.1.1.2 ) R§485:

RS485 standard is an asynchronous serial communication method for distances up to 4000ft. RS485
will support 32 drivers and 32 receivers. An RS-485 network can be connected in a 2 or 4 wire
mode. Maximum cable length can be as much as 4000 feet because of the differential voltage
transmission system used. The typical use for RS485 is a single PC connected to several addressable
devices that share the same cable. The RS232 may be converted to RS485 with a simple interface

converter - it can have optical isolation and surge suppression.
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FIGURE C.2.3 : RS485 CONNECTION
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AWOS
LOCAL
STATION
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DCU = = il PC
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FIGURE C.2.4 : RS232 -RS485 CONVERTER

C.2.1.1.1.3 ) Short Haul Modem

RCV G XMT
=4 -4

o wew
B e

FIGURE C.2.5 : SHORT HAUL MODEMS
Short haul modems are cheap solutions to systems of short ranges (up to 15 km), which use private
lines and are not part of a public system. Short haul modems are distance-sensitive, because signal
attenuation occurs as the signal travels through the line. The transmission rate must be lowered to

ensure consistent and error-free transmission on longer distances.

4 - Wire

DCU pEE = £

Short Haul Modem

Data Collection Unit PC at the local Station

FIGURE C.2.6 : SHORT HAUL MODEM CONNECTION

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 9



MODULE-C.2 COMMUNICATION

C.2.1.1.2) Wireless Communication

Wireless communication system has a number of advantages. It is a simple matter to relocate a
communicating device, and no additional cost of rewiring and excessive downtime is associated with
such a move. It is also a simple matter to add in a communication device to the system or remove one
from the system without any disruption to the remainder of the system. The cost of running and

maintaining a radio based communications solution is minimal.
C.2.1.1.2.1 ) Radio Modem
Radio Modems for point to point data links:

Radio modems encode, transmit and decode the data. They use radio waves for data transmission.

And this medium of transmission gives user a lot of advantage over the wired data transfer.
There are three stages of communication:
= Data encoding: Transmitting radio modem takes data from the source system and encodes it

= Data transmission: Once encoded, the transmitting radio modem transmits the encoded data as

radio waves with certain pre-defined frequency.

= Data Reception: The receiving radio modem receives the radio waves transmitted on the pre-
defined frequency (like our radio instrument), decodes the data to its original format and provides it

to the connected device

L

TH(D.ﬂ.T.ﬂ.]__i_ FX( DATA Y !

= — JErer pre— |
—— RX [ DATA) e | [T
T e TH(DATAY

RADIC MODEM

PC al the Local Station

:mzi |

IR
5 !
| .

FIGURE C.2.7 : RADIO LINK COMMUNICATION
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C.2.1.2) Off-Line Communication

Off-line AWOS: A station recording data on site on internal or external data storage devices

eventually combined with a display of actual data. The intervention of an observer is required to

send stored data to the remote data user. Typical stations are climatological and simple aid-to-the-

observer stations.

C.2.1.2.1) Memory Card

Data can be downloaded from datalogger to memory card.

FIGURE C.2.8 : MEMORY CARD

After pulling data, data can be easily transfer to main PC with using memory car reader.

FIGURE C.2.9 : MEMORY CARD READER
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C22) Communication between local station and remote centre.

Communication between local station and remote centre can be separeted as Cabled Communication
and Wireless Communication. Main difference between C.2.1 and C.2.2 is the distance. Distance

between local station and remote centre increases respect to between DCU and local station.

C.2.2.1) Cabled Communication
C.2.2.1.1) Dial up Modem

Dial-up modems can establish point-to-point connections on the public switched telephone network (
PSTN ) by any combination of manual or automatic dialing or answering. The quality of the circuit is
not guaranteed, but all phone companies establish objectives. The links established are almost always

2-wire because 4-wire dialing is tedious and expensive.
C.2.2.1.2) Leased Line Modem

Leased, private or dedicated lines (usually 4-wire) are for the exclusive use of "leased-line" modems -
either pair (in a simple point-to-point connection) or several (on a multidrop network for a polling or

a contention system

TERMIMNAL

_TERMINAL
T TERMINAL

//;" PRINTER
l / / e

LEASED LIME e
- /

MODE M =

. LEASED
T e LINE
. -

S =
] o= LEASED LIME
MODER
M, -

" pPC AT THE
LOCAL STATION

FIGURE C.2.10 : DIAL-UP AND LEASED LINE MODEMS
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C.2.2.1.3) Internet Network ( TCP /IP )

Transmission Control Protocol/Internet Protocol (TCP/IP) is a set of protocols or rules developed to

allow cooperating computers to share resources across a network.

Data is given from local station to remote centre using direct connection to TCP / IP network.

Ethetnet

Remate Centre

FIGURE C.2.11 : INTERNET CONNECTION
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C222) Wireless Communication
Cc2221) GSM
Global System for Mobile Communication (GSM )

Global system for mobile communication (GSM) is a globally accepted standard for digital cellular
communication. GSM system is optional data communication system . The GSM system 1is ideal
when VHF/UHF data transmission is not possible due to unattainable line of sight between the radio

transmitter and receiver.
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FIGURE C.2.12 : GSM COMMUNICATION
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C.2222) Satellites
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C23) Communication between DCU and remote centre.

Communication between DCU and remote centre can be separeted as Cabled Communication and

Wireless Communication.
C23.1) Cabled Communication
C.2.3.1.1) Dial-Up Modem

Dial-up modems can establish point-to-point connections on the public switched telephone network (

PSTN ) by any combination of manual or automatic dialing or answering.

Dial-up
Modem

Remote Centre

FIGURE C.2.15 : DIAL-UP MODEM COMMUNICATION

C.2.3.1.2) Leased Line Modem

Leased, private or dedicated lines (usually 4-wire) are for the exclusive use of "leased-line" modems -
either pair (in a simple point-to-point connection) or several (on a multidrop network for a polling or

a contention system.
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C.2.3.1.3) Internet Network (TCP/IP )

Transmission Control Protocol/Internet Protocol (TCP/IP) is a set of protocols or rules developed to

allow cooperating computers to share resources across a network.

Data is given from DCU to remote centre using direct connection to TCP / IP network.

T 1

Ethernet ™

ocu ke Com server | E

FIGURE C.2.16 : INTERNET CONNECTION

C.23.2) Wireless Communication
C.2.3.2.1) GSM Modem
Global System for Mobile Communication (GSM )

Global system for mobile communication (GSM) is a globally accepted standard for digital cellular
communication. GSM system is optional data communication system . The GSM system is ideal
when VHF/UHF data transmission is not possible due to unattainable line of sight between the radio

transmitter and receiver.
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FIGURE C.2.17 : GSM COMMUNICATION

C.2.3.2.2) Satellites

SATELLITE

PC AT THE
REMOTE CENTRE

AWOS

FIGURE C.2.18 : SATELLITE COMMUNICATION
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D.1) Data Processing System (Application Software ):

The processing functions which must be carried out either by the central processing system, by the
sensor interfaces, or by a combination of both, depend to some extent on the type of AWOS and on the
purpose for which it is employed. Typically, however, some or all of the following operations will
be required:

e Initialization

e Sampling of sensor output

e Converting sensor output to meteorological data

e Linearization

e Averaging

e Manual entry of observations

e  Quality control

e Data reduction

e Message formatting and checking

e Data storage

e Data display

FIGURE D.1 : DATA PROCESSING PRODUCT
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FIGURE D.2 : DATA PROCESSING PRODUCT ( TURKEY )

The order in which these functions are arranged is only approximately sequential. Quality control
can be performed at different levels: immediately after sampling, after deriving meteorological

variables, or after the manual entry of data and message formatting.

D.1.1) Initialization :

Initialization is the process which prepares all memory, sets all operational parameters, and starts
running the application software. In order to be able to start normal operation, the software needs first
to know a number of specific parameters, such as those related to the station (station code number,
altitude, latitude and longitude), date and time, physical location of the sensor in the data acquisition
section, type and characteristics of sensor conditioning modules, conversion and linearization
constants for sensor output conversion into meteorological values, absolute and rate of change limits for

quality control purposes, data buffering file location, etc.
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D.1.2 ) Sampling and filtering :

Sampling can be defined as the process of obtaining a well-spaced sequence of measurements of a
variable. To process meteorological sensor signals digitally, the question arises of how often the
sensor outputs should be sampled. The important thing is to ensure that the sequence of samples
adequately represents the significant changes in the atmospheric variable being measured. A
generally accepted rule of thumb is to sample at least once during the time constant of the
Sensor.

D.1.3) Raw data conversion :

The conversion of raw sensor data consists in the transformation of the electrical output values of
sensors or signal conditioning modules into meteorological units. The process involves the application
of conversion algorithms making use of constants and relations derived during calibration
procedures.

An important consideration is that some sensors are inherently nonlinear — i.e. their outputs are not
directly proportional to the measured atmospheric variables (e.g. a resistance thermometer). As a
consequence, it is necessary to include corrections for nonlinearity in the conversion algorithms as far

as this is not already done by signal conditioning modules.

D.1.4) Instantaneous meteorological values :
The natural small-scale variability of the atmosphere, the introduction of noise into the measurement
process by electronic devices and, in particular, the use of sensors with short time constants make
averaging a most desirable process for reducing the uncertainty of reported data.

In order to standardize averaging algorithms it is recommended:

(a) That atmospheric pressure, air temperature, air humidity, sea surface temperature, and
visibility be reported as one- to 10-minute averages which are obtained after linearization of the
sensor output;

(b) That wind, except wind gusts, be reported as two or 10-minute averages, which are obtained
after

linearization of the sensor output.
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D.1.5) Manual entry of observations :
For some applications, interactive terminal routines have to be developed to allow an observer to enter
and edit visual or subjective observations for which no automatic sensors are provided at the station.

These typically include present and past weather, state of the ground, and other special phenomena.
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FIGURE D.3 : MANUAL ENTRY

D.1.6) Data reduction :

Beside instantaneous meteorological data, directly obtained from the sampled data after appropriate
conversion, other operational meteorological variables are to be derived and statistical quantities
calculated. Examples of data reduction are the calculation of humidity values from original relative

humidity or dewpoint measurements and the reduction of pressure to sea level.
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DATA PROCESSING SYSTEM

D.1.7 ) Message coding :

Functional requirements often stipulate the coding of meteorological messages in accordance

with WMO (1995a). Depending on the type of message and on the elements to be coded, the

messages can be generated fully or semi-automatically. Generating fully automatic messages

implies that all elements to be coded are measurable data, while generating semi-automatic

messages involves the intervention of an observer for entering visual or objective observations, such

as present and past weather, state of the ground, and cloud type.
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FIGURE D.4 : MESSAGE CODING
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D.1.8 ) Quality control :

The purpose of quality control in an AWOS is to minimize automatically the number of inaccurate
observations and the number of missing observations by using appropriate hardware and software
routines. Both purposes are served by ensuring that each observation is computed from a
reasonably large number of quality-controlled data samples. In this way, samples with large spurious
errors can be isolated and excluded and the computation can still proceed, uncontaminated by that

sample.

@ CHECK IHE
QJ%MMETERS

FIGURE D.5 : QUALITY CONTROL ( TURKEY MAP )
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D.1.9) Data storage :

Processed and manually-observed data, including quality control status information (housekeeping
data) have to be buffered or stored for some time in the AWOS. This involves a relevant database to
be updated in real time. The number of database cells and memory required is to be determined as a
function of the maximum possible number of sensors, intermediate data, derived quantities, and the
required autonomy of the station. In general, a circular memory structure is adopted allowing over-
writing of old data by new incoming data after a predetermined period of time. The database

structure should allow easy and selective access by means of data transfer and transmission algorithms.

Depending on observational requirements and on the type of station, the data can be transferred at
regular time intervals from the AWOS main memory to other kinds of storage devices, such as

removable memory.
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FIGURE D.6 : DATA STORAGE
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D.1.10) Data display :

In addition to data display routines for the different functions mentioned in the above paragraphs,
operational requirements often specify that selected data be displayed locally with periodic
updating in real time or, on request, on light-emitting diode (LED) displays, existing terminals, or
on special screens. Examples are AWOSs at airports and at environmental control sites. In some

countries, a print-out of local data or a graphical display on pen recorders is required.

' FZ RUY-/RU SF1 RVR

[Fov JECA
161 | 161
m ¥ scr
==

ASDYA OEDF 241458 CCA
EDF Z241458Z 18818KT A58 R16-8588N +DU SCTHZA 25-MAY Q1813 NOSIG=

FIGURE D.8 : DATA DISPLAYS
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D.2 ) Central network data processing :

An AWOS usually forms part of a network of meteorological stations and transmits its processed data or

messages to a central network processing system by various data telecommunication means. The

specification of the functional and, consequently, the technical requirements of a central system is a

complex and often underestimated task. Depending on the application, certain functions in an

AWOS could be transferred to the central system where more computer power and memory is

available. Examples are long mathematical calculations, such as the reduction of atmospheric

pressure and coding of meteorological messages.
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FIGURE D.9 : DATA PROCESSING AT THE CENTRAL NETWORK
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FIGURE D.11 : CENTRAL NETWORK IN TURKEY ( AIRPORTS))

D.2.1) Composition :

The composition of a central network processing system depends considerably not only on the
functions to be accomplished but also on local facilities. Use can be made of powerful personal
computers or workstations, operating in a real-time multitasking and multi-user environment.
Central network processing systems are more and more integrated into a local area network allowing
distribution and execution of tasks at the most convenient place by the most appropriate people. The
main functions of a central network system are data acquisition including decoding of messages from
the AWOS network, remote control and housekeeping of AWOSs, network monitoring and data
quality control, further processing of data to satisfy users' requirements, entry to the network database,
display of data, and data transfer to internal or external users. The latter may include the Global

Telecommunication System ( GTS ) if the data are exchanged internationally.
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FIGURE D.12 : COMPOSITION

D.2.2) Quality management of network data :

Automated quality control procedures in an AWOS have their limitation and some errors can go
undetected even with the most sophisticated controls, such as long-term drifts in sensors and
modules. Data transmission from an AWOS adds another source of error. Therefore, it is
recommended that additional quality control procedures should be executed by a network
monitoring system forming part of the central network system. Quality control procedures of

prime importance in such a monitoring system include:

(a) Detecting data transmission errors; the required routines depend on the transmission protocol

and
cyclic redundancy codes used;
(b) Checking the format and content of WMO coded messages (WMO, 1993);

(c) Further processing of data to exclude or otherwise deal with data labelled as erroneous by the

AWOS housekeeping files.
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Interactive display systems also allow complementary quality control of incoming data. Time-series
for one or more variables and for one or more stations can be displayed on colour screens; statistical
analysis can be used by trained and experienced personnel to detect short- and long-term anomalies

which are not always detected by fully automatic quality control algorithms.
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DCU : DATA COLLECTION UNIT
OI : OPTIMAL INTERPOLATION

QC : QUALITY CONTROL

WMO : WORLD METEOROLOGICAL ORGANIZATION
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F.1) General:

Data are of good quality when they satisty stated and implied needs. The purpose of quality management
is to ensure that data meet requirements (for uncertainty, resolution, continuity, homogeneity,
representativeness, timeliness, format, etc.) for the intended application, at a minimum practicable cost.

Good data are not necessarily excellent, but it is essential that their quality is known and demonstrable.

The best quality systems operate continuously at all points in the whole observation system, from
network planning and training, through installation and station operations to data transmission and
archiving, and they include feedback and follow-up provisions on time-scales from near-real time to

annual reviews.

0QC at stations

Data retrievals in real time
Man-real ime data

Real time QC

Databases (real ime data +
Non real time data)

MNon real time QC

Human QQC

FIGURE F.1 : QUALITY CONTROL
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FIGURE F.2 :QUALITY CONTROL CHECKS

Quality control is the best known component of quality management systems, and it is the irreducible

minimum of any system. It consists of examination of data in stations and in data centres to detect errors

so that the data may be either corrected or deleted. A quality control system should include procedures

for returning to the source of the data to verify them and to prevent recurrence of the errors. Quality

control is applied in real time, but it also operates in non-real time, as delayed quality control.

FIGURE F.3 : TURKEY MAP
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Real time quality control is usually performed at the station and at meteorological analysis centres.
Delayed quality control may be performed at analysis centres for compilation of a re-checked database,
and at climate centres or data banks for archiving. In all cases, the results should be returned to the

observations managers for follow-up.

Quality monitoring or performance monitoring is a non-real time activity in which the performance of the
network or observation system is examined for trends and systematic deficiencies. It is typically
performed by the office which manages and takes responsibility for the network or system, and which

can prescribe changes to equipment or procedures.

2004/01/01 - 20041231

@ confirmed as correct @confirmed as missing Qcorrected WEdeleted Winserted

100% A

80%

B0% -

40% A

20% +

0% +
STA1 | STAZ | STA3 | STA4 | STAS | STAG | STAT
W inserted 6,19 552 506 | 2302 (1332 8.1 13,97
W deleted 1322 | 064 0.16 2.3 1,21 017 0,04
Ocomrected 2,35 6,07 1.41 377 4,01 0,78 417
@ confirmed as missing | 22,73 | 2197 | 7819 | 3133 | 4786 | 55.18 | 863
Econfimed as correct | 55,51 | 6580 | 1518 | 3957 | 3350 | 3576 | 73,20

FIGURE F.4 : PERFORMANCE MONITORING

Quality management in general includes the above, and it also includes control of the other factors that
directly affect data quality, such as equipment, exposure, procedures, maintenance, inspection, data
processing and training. These are usually the responsibility of the network manager, in collaboration

with other specialists, where appropriate.
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F.2') Factors affecting data quality

The life history of instruments in field service involves different phases, such as planning according to
user requirements, selection and installation of equipment, operation, calibration, maintenance, and
training activities. To obtain data of adequate or prescribed quality, appropriate actions must be taken at

each of these phases.
F.2.1) Users’ requirements:

The quality of a measuring system can be assessed by comparison of users’ requirements and the ability
of the systems to fulfil them. The compatibility of users’ data quality requirements with instrumental
performances has to be considered not only at the design and planning phase of a project but also
continuously during operation, and the implementation must be planned to optimize cost/benefit and

cost/performance ratios.
F.2.2") Selection of instruments:

Instruments should be carefully selected considering the required accuracy, range and resolution, the
climatological and environmental conditions implied by the user’s applications, the working conditions,
and the available technical infrastructure for training, installation and maintenance. Inappropriate
selection of instruments may yield bad quality data that may not be anticipated, causing many difficulties
when they are discovered later. In general, only high quality instruments should be employed for

meteorological purposes

FIGURE F.5 : SELECTION OF INSTRUMENTS
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F.2.3) Acceptance tests:

Before installation and acceptance, it is necessary to ensure that the instruments fulfil the original
specifications. The performances of instruments, and their sensitivity to influence factors, should be
published by manufacturers and are sometimes certified by calibration authorities. However, WMO
instrument intercomparisons show that instruments may still be degraded by factors affecting their
quality that may appear during the production and transportation phases. It is an essential component of
good management to carry out appropriate tests under operational conditions before instruments are used
for operational purposes. These tests can be applied both to determine the characteristics of a given

model and to control the effective quality of each instrument.
F.2.4) Compatibility:

Data compatibility problems can arise when instruments with different technical characteristics are used
for making the same type of measurements. This can happen for example when adding new instruments
of different time constants, when using different sensor shielding, when applying different data reduction
algorithms, etc. The effects on data compatibility and homogeneity should be carefully investigated by

long-term intercomparisons.
F.2.5) Siting and exposure:

The density of meteorological stations depends on the time and space scale of meteorological phenomena
to be observed and is generally specified by the users or fixed by WMO regulations. Improper local siting
and exposure can cause serious deterioration in the accuracy and representativeness of measurements.
Attention should also be paid to external factors that can introduce errors such as dust, pollution, frost,
salt, large ambient temperature extremes or vandalism.

Switch-over Unit

i WD WS tRH WD WS tRH
. : [~ E!l* s i o il'l'.?
e ' .té DC_'—J - pDcu E i
i i‘:-m ' RVR RVR FERE
Ceilometer RIS A, RVR L o il * Ceilometer

FIGURE F.6 : SITING AND EXPOSURE
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F.2.6) Instrumental errors:

A proper selection of instruments is a necessary but not sufficient condition for good quality of data. No
measuring technique is perfect and all instruments produce various systematic and random errors. Their
impact on data quality should be reduced to an acceptable level by appropriate preventive and corrective

actions.

F.2.7) Data acquisition:

Data quality is not only a function of the quality of the instruments and their correct siting and exposure
but also depends on the techniques and methods used to get the data and to convert them to
representative data. Depending on the technical characteristics of a sensor, in particular its time constant,
proper sampling and averaging procedures have to be applied. Unwanted sources of external electrical
interference and noise can degrade the quality of the sensor output and should be eliminated by proper

sensor signal conditioning before entering the data acquisition system.

FIGURE F.7 : DATA ACQUISITION
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F.2.8 ) Data processing:

Errors may also be introduced by the conversion techniques or computational procedures applied to
convert the sensor data into meteorological data. Examples are the calculation of humidity values from
measured relative humidity or dewpoint and the reduction of pressure to mean sea level. Errors also

occur during coding or transcription of meteorological messages, in particular if made by an observer.
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FIGURE F.8 : DATA PROCESSING
F.2.9 ) Real-time quality control:

Data quality depends on the real-time quality control procedures applied during data acquisition and
processing and during preparation of messages, in order to eliminate the main sources of errors. These
procedures are specific for each type of measurement but include generally gross checks for plausible
values, rates of change and comparisons with other measurements (e.g. dewpoint cannot exceed
temperature). Application of these procedures is most important since some errors introduced during the

measuring process cannot be eliminated later.
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F.2.10 )Performance monitoring:

As real-time quality control procedures have their limitations and some errors can go undetected, such as
long-term drifts in sensors and errors in data transmission, performance monitoring at the network level
is required at meteorological analysis centres and by network managers. It is important to establish
effective liaison procedures between those responsible for monitoring and for maintenance and

calibration, to facilitate rapid response to fault or failure reports from the monitoring system.
F.2.11 )Test and calibration:

During operation, the performance and instrumental characteristics of meteorological instruments change
for several reasons, such as ageing of hardware components, degraded maintenance, exposure, etc. These
can cause long-term drifts or sudden changes in calibration. Consequently, instruments need regular
inspections and calibrations to provide reliable data. This involves the availability of standards and of
appropriate calibration and test facilities. It also requires an efficient calibration plan and calibration

housekeeping.

FIGURE F.9 : TEST AND CALIBRATION
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F.2.12 )Maintenance:

Maintenance may be corrective (when parts fail), preventive (such as cleaning or lubrication) or adaptive
(in response to changed requirements or obsolescence). The quality of data provided by an instrument is
considerably affected by the quality of its maintenance, which in turn depends mainly on the ability of
maintenance personnel. The capabilities, personnel and equipment of the organization or unit responsible
for maintenance must be adequate for the instruments and networks. Several factors have to be
considered, such as a maintenance plan, which includes corrective, preventive and adaptive maintenance,

logistic management, and the repair, test, and support facilities.
F.2.13 )Training and education:

Data quality also depends on the skill of the technical staff in charge of testing, calibrating and
maintenance activities, and of observers making the observations. Training and education programmes
should be organized according to a rational plan geared to meet the needs of users and especially of
maintenance and calibration outlined above and should be adapted to the system; this is particularly

important for AWOSs.

FIGURE F.10 : TRAINING AND EDUCATION
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F.2.14 )Metadata:

A sound quality management system entails the availability of detailed information on the observing
system itself and in particular on all changes that occur during the time of its operation. Such information
on data, known as metadata, enables the operator of an observing system to take the most appropriate

preventive, corrective, and adaptive actions to maintain or to enhance data quality.

F.3) Quality control

Two types of quality control (QC) checks are considered: static and dynamic.

F.3.1) Static Checks:

The static checks are single-station, single-time checks which, as such, are unaware of the previous and
current meteorological or hydrologic situation described by other observations and grids. Checks falling

into this category are the validity and internal consistency checks.

Vﬂl1d1tv
55nternal
temporal
spatial
LaIr1n

I..":.h -

FIGURE F.11 : QUALITY CONTROL CHECKS
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e The validity checks restrict each observation to falling within a specified set of tolerance limits.

Example of Validity Checks

Sea-Level Pressure 846 - 1100 mb
Air Temperature -60- 130 F
Dewpoint Temperature  -90- 90 F
Wind Direction 0- 360 deg
Wind Speed 0- 250 kts

Altimeter Setting 568 - 1100 mb

e Consistency checks enforce reasonable, meteorological relationships among observations measured
at a single station. For example, a dewpoint temperature observation must not exceed the temperature

observation made at the same station.

F.3.2) Dynamic Checks:

The dynamic checks which refine the QC information by taking advantage of other available
meteorological information. The dynamic QC checks consist of temporal consistency and spatial

consistency checks.

e Temporal consistency checks restrict the temporal rate of change of each observation to a set of

(other) specified tolerance limits.

TURKEY AWOS TRAINING 1.0/ ALANYA 2005 16



MODULE-F QUALITY CONTROL AND QUALITY MANAGEMENT

Example of Temporal Consistency Checks

Sea-Level Pressure 15 mb/hour
Air Temperature 35 F/hour
Dewpoint Temperature 35 F/hour
Wind Speed 20 kts/hour

e The spatial consistency (or "buddy") check is performed using an Optimal Interpolation (OI)
techniques. At each observation location, the difference between the measured value and the value
analyzed by OI is computed. If the magnitude of the difference is small, the observation agrees with its
neighbors and is considered correct. If, however, the difference is large, either the observation being

checked or one of the observations used in the analysis is bad.

F.4) Performance monitoring

The management of a network, or of a station, is greatly strengthened by keeping continuous records of
performance, typically on a daily and monthly schedule. The objective of performance monitoring is to
review continually the quality of field stations and of each observation system, such as barometers or

radiosonde network.

Records are very effective in identifying systematic faults in performance and in indicating corrective
action. They are powerful indicators of many factors that affect the data, such as exposure or calibration
changes, deteriorating equipment, changes in the quality of consumables or need for re-training. They are

particularly important for maintaining confidence in automatic equipment.

The results of performance monitoring should be used for feedback to the field stations, which is
important to maintain motivation. The results also indicate when action is necessary to repair or upgrade

the field equipment.
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F.5) Data inhomogeneities and Metadata
F.5.1) Data inhomogeneities

Inhomogeneities caused by changes in the observing system appear as abrupt discontinuities, gradual
changes, or changes in variability. Abrupt discontinuities mostly occur due to changes in instrumentation,
siting and exposure changes, station relocation, changes in calculation of averages, data reduction
procedures, and application of new corrections. Inhomogeneities that occur as a gradually increasing
effect may arise from a change in the surroundings of the station, urbanization, and gradual changes in
instrumental characteristics. Changes in variability are caused by instrument malfunctions.
Inhomogeneities are further due to changing the time of observations, insufficient routine inspection,
maintenance and calibration, and unsatisfactory observing procedures. On a network level,
inhomogeneities can be caused by data incompatibilities. It is obvious that all factors affecting data

quality also cause data inhomogeneities.

Changes in the surface temperature record when manual stations are replaced by AWOSs, and changes in
the upper air records when radiosondes are changed are particularly significant cases of data
inhomogeneities. These two are now well recognized and can, in principle, be anticipated and corrected,
but performance monitoring can be used to confirm the effectiveness of corrections, or even to derive

them.
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FIGURE F.12 : DATA INHOMOGENITIES
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F.5.2 ) Metadata :

Data inhomogeneities should, as far as possible, be prevented by appropriate quality management. It is
important to have information on the occurrence, type and, especially, on the time of all inhomogeneities
that occur. After having such information, climatologists can run appropriate statistical programs to link
the previous data with the new data into homogeneous databases with a high degree of confidence.
Information of this kind is commonly available in what is known as metadata — information on data —
also called station histories. Without such information, many of the above mentioned inhomogeneities
may not have be identified or corrected. Metadata can be considered as an extended version of the station
administrative record, containing all possible information on the initial setup, and type and times of

changes that occurred during the life history of an observing system.
F.5.3 ) Elements of a metadata database

A metadata database contains initial setup information together with updates whenever changes occur.

Major elements include the following:
(a) Network information:
The operating authority, and the type and purpose of the network;
(b) Station information:
(i)  Administrative information;
(i1)) Location: geographical coordinates, elevation(s);
(ii1) Descriptions of remote and immediate surroundings and obstacles;
(iv) Instrument layout;
(v) Facilities: data transmissions, power supply, cabling;
(vi) Climatological description;
(c¢) Individual instrument information:
(i) Type: manufacturer, model, serial number, operating principles;
(i1)) Performance characteristics;

(iii) Calibration data and time;
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(iv) Siting and exposure: location, shielding, height above ground;
(v) Measuring or observing programme;

(vi) Times of observations;

(vii) Observer;

(viii) Data acquisition: sampling, averaging;

(ix) Data-processing methods and algorithms;

(x) Preventive and corrective maintenance;

(xi) Data quality.

F.6 ) Network management

All the factors that affect data quality are the subject of network management. In particular, network
management must include corrective action in response to the network performance revealed by quality

control and performance monitoring.

It is advantageous to identify a particular person or office to be the network manager, to whom
operational responsibility is assigned for the impact of the various factors on data quality. Other
specialists who may be responsible for the management and implementation of some of them must

collaborate with the network manager and accept responsibility for their effect on data quality.

The manager should keep under review the procedures and outcomes associated with all the factors

affecting quality, including:

(a) The quality control systems are essential operationally in any meteorological network, and usually

receive priority attention by the users of the data and by network management;

(b) Performance monitoring is commonly accepted as a network management function. It may be
expected to indicate need for action on the effects of exposure, calibration, and maintenance. It also

provides information on the effects of some of the other factors;
(c) Inspection of field stations, is a network management function;

(d) Equipment maintenance may be a direct function of the network management unit. If not, there
should be a particularly effective collaboration between the network manager and the office responsible

for the equipment;
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() The administrative arrangements should permit the network manager to take, or arrange for,
corrective action arising from quality control, performance monitoring, the inspection programme, or any
other factor affecting quality. One of the most important other factors is training of technical person and
the network manager should be able to influence the content and conduct of courses or the prescribed

training requirements.
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1. INTRODUCTION

Turkish State Meteorological Service (TSMS) started in 1997 the modernization studies of
meteorological systems, prepared investments projects of great importance and got down to
execution of them at a very high speed with a view to rendering the best service to all users
who demand meteorological support, and furnish the users with more reliable data continually
and to put to the service of the domestic and international users the products and innovations
developed by modern technology in the field of meteorology.

One of those modernization studies is the renovation of the existing observation network and
establishment of automated measuring and reporting systems. Those systems consist of;

- Automated weather observing systems
- Doppler weather radars

- Upper air observing systems

2. OBSERVATION NETWORK

TSMS has been operating a meteorological observation network spread all over the country
consisting of:

climatologic stations — 339 (161 automated)
synoptic stations — 110 (45 automated)
airport stations — 65 ( 22 automated)
automated wind measuring and monitoring systems - 41
weather radars — 4
radiosonde stations — 7
satellite receiving system -1

DUDCIDCIDUIDUIDHIDY

The observation network before the implementation of modernization program;

U Mainly un-automated
U Conventional meteorological instruments
U A few automated observation instruments
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3. MODERNIZATION STUDIES

While TSMS has been executing its own projects, a flash flood occurred in Western Black
Sea Region on 21st May, 1998. Our government prepared a project and put into
implementation for reconstruction of existing damaged infrastructure and establishing
monitoring and early warning systems to reduce the risk of future floods. This project has
been financed by the loan from the Worldbank and called as Turkey Emergency Flood and
Earthquake Recovery (TEFER) Project. Stations in the western part of Turkey have been
equipped with automated weather observing systems, weather radars and satellite based
communication system (VSAT) within the scope of that project. Modernization program is
still in progress and remain part of the network is planned to be equipped with automated
systems by 2010.

Some of the proposed systems within the scope of modernization program have already been
installed and put into the service. These are:

B (C-Band Meteorological Doppler Radar (4)

B Automated Weather Observation Systems (228)

B Electronic Wind Measuring Systems (41)

B GPS based radiosonde stations (7)

B Satellite Based Communication System (VSAT-228)
B Meteorological Satellite Receiving System (1)

B Message Switching System (1)

4.GENERAL SYSTEM ARCHITECTURE OF AWOS NETWORK
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4.1. Sensors in AWOS network

Following parameters are measured automatically by the sensors connected to DCU:

Wind speed

Wind direction
Air temperature
Relative humidity
Air pressure
Precipitation
Height of Cloud Base
Visibility

Soil Temperatures
Soil moisture
Global radiation
Direct radiation
Snow depth

In addition to measured parameters, some parameters are calculated by using measured data.
These are:

Wet bulb temperature
Dew point

Vapour pressure
Evaporation

Diffuse radiation
Sunshine duration
Runway Visual Range

6000000

4.2. Observer Console

The Observer console is a user friendly system that displays meteorological information
coming from a Data Collection Unit (DCU) as well as allows an observer to manually
supplement other meteorological variables such as cloud, visibility, weather, phenomena, etc.
into the overall station observation process. The console automatically accepts data from a
DCU and logs this information in its local database.
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4.3. Network Monitor Terminal

The Network Monitor Terminal is a centralised computer system used by operational staff in
the forecasting centre to view and control automated surface observation network. That
terminal allows the operators to interrogate a station and upload high-resolution (10 min., 1
min.) data that is logged within the Observer console or DCU in the remote station to support
forecasting activities, scientific research and data management activities.

4.4. Network Maintenance Terminal

The Network Maintenance Terminal is a centralized computer system used by the
maintenance staff to assist in the maintenance of the automated surface observation network.
By using this terminal, maintenance staff can analyze status and diagnostics information on
the operational network. The system would also allow central connection to any observational
site to perform remote first-in maintenance or further system diagnosis. The system is also
used to remotely upgrade outstation software on both the Observer Console and the DCU
equipment.
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4.5. Features of AWOS Network

AWOS network operated by TSMS is capable of:

AWOS NETWORK IN TURKEY

% Collecting, processing and displaying meteorological data

% Performing automated generation and transmission of meteorological reports such as

SYNOP, METAR, SPECI, etc.

K/
L4

X/
X4

L)

% Managing all communication protocols for the various sensors and other data
communication equipment

e

%

DS

measured

4.6. Network Maintenance and calibration

In a very near future, TSMS will be operating a very large observation network
consisting of 600 automated stations, 15 weather radars, communication equipment, etc.

The most important process after the installation of such systems is regular

maintenance of the network and each sub component

Maintenance policy:

> -Protective maintenance

» -Corrective maintenance

> -Calibration

TURKEY AW

Being configured to support a wide range of sensor configurations
Supporting a vast range of data communication options

Storing all relevant data for subsequent retrieval as required

» Allowing for manual input of additional information unable to be automatically
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4.6.1. Protective maintenance

® Daily maintenance:
@ Dby local technicians and/or operators
€ general system control
€ checking data transmission, recorders, printers, etc.
@ cleaning of components
€ reporting to the centre

® Weekly-monthly maintenance:

@ by local technicians

€ general system control

@ checking data transmission, recorders, printers, etc.
€ cleaning of components

€ Quality control of data

€ reporting to the centre

® 6 month-and yearly maintenance:

By trained technicians from centre

general system control

System performance test

Field calibration

checking data transmission, recorders, printers, etc.
Correction of failures if any

00000

4.6.2. Corrective maintenance

Any system failure can be repaired by two ways:

& Locally:
System failures in certain level shall be repaired by local technicians with remote
support from maintenance centre.

& From centre:

» The failures which can not be repaired by local technicians shall be under the
responsibility of system specialists and technicians in the centre.

» In case of such a failure, these specialists or technicians will reach the station as soon

as possible and solve the problem

4.6.3. Calibration

4

7/
*

It is necessary to calibrate the systems to maintain the quality of data.

TSMS has planned to upgrade its instrument laboratory to support that network.

This laboratory is proposed to be of sufficient standard and staffing to act as the
country’s national standard for meteorological observations and to possess linkages to
the WMO Regional Instrument Centre, and other national laboratories.

X/
XY

7/
o

*,
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S. CONCLUSION

It seems that automation of the observing systems will be mandatory for a better
meteorological service.

An automated weather observing network should be designed very carefully by
considering the requirements and local conditions.

The products and services expected from AWOS network should be defined and
reported very clearly.

Proposed network should be upgradeable both in hardware and software components.

Site selection should be done by following the WMO recommendations. But
infrastructure should also be taken into consideration.

Power requirements, grounding, lightning protection, access to the station,
communication options should be evaluated.

Operators and technicians should be trained very well to be able to operate the
network efficiently with the highest availability. It must be remembered that training

should be given regularly during the operation of the system.

Some budget should be allocated for the operational costs.
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