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Introduction:

The aim was to evaluate the performance of the Vaisala MILOS 500 AWS unit (Type
DMF 50, serial number N38615, called Milos in remainder of text)”. This was done
by recording and analysing the output data, with known inputs, to see how it
performed and whether it meets Bureau specifications. The intention of this work was
to test the MILOS’s suitability as a ship or autosonde AWS. The specification of
these systems are not substantially different from other AWS sites.

Temperature channels; accuracy, uncertainty, lead resistance, effect
of enclosure/electronics temperature

- Calculated humidity and dew point

- Humidity probe channel; accuracy, uncertainty

- Wind speed channel; accuracy, uncertainty

- Wind direction channel; accuracy, uncertainty

Things tested:

Backqground:

All sensors are calibrated and uncertainties established before use in the network. In
combination with this we need to establish that the equipment to which these sensors
are attached will reliably reproduce the measured output of the sensors, and not add
greatly to its inaccuracy or uncertainty.

The magnitude of the uncertainty for the sensing instrument with the electronic
interface needs to be determined if an uncertainty for the measurement network is to
be gauged. This uncertainty needs to be re-established whenever the sensing
equipment or the electronic interface of this equipment changes.

Experimental Procedure:

Temperature Channels:

Accuracy and uncertainty

The temperature channels on the Milos are based on a four-wire resistance
measurement, as is required for accurate RTD temperature measurement. Therefore
known resistances from a calibrated decade box (s/n: 3312) were used to test the
accuracy and uncertainty of the Milos output. The wet bulb sensor input is across pins
11 to 14, and the dry bulb sensor input across pins 15 to 18, of the electronics module
DMI 50. The input resistances and resultant Milos diagnostics temperature data were
recorded over the measurement range (Set at —65 to +65°C, but can be limited within
this range through software). The Milos output temperature was then compared to the
theoretical temperature expected for the given input resistance, working from 1TS-90,
RTD a385 calculations. A series of readings where taken at each input resistance to
establish the uncertainty of the output.

" Note: While it is endeavoured to test the performance of the Milos AWS, it should be noted that there are
numerous different possibilities and variables in the set up of the hardware and software which will effect the
performance of the instrument.
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Lead Resistance

The temperature channels were tested with increasing lead lengths and resistances
(same value resistors attached to all four wires) between the known decade box
resistance and the Milos input pins, to see whether this made any difference to the
given output temperature.

Temperature cycling tests

The Milos enclosure containing the AWS hardware electronics was placed inside a
climate chamber (Hereaus Votsch HC 4030). A Rosemount Slimline RTD (s/n: 0370)
was placed in the centre of the climate chamber to get an accurate measure of the
temperature to which the AWS was subjected.

A known resistance was applied across the wet and dry bulb temperature inputs using
calibrated decade boxes (s/n: 3312 & 3311). The decade boxes were placed outside
the climate chamber, and the temperature outside the climate chamber was monitored
with a further Rosemount Slimline RTD (s/n: 0380).

The Milos was set to output the diagnostic wet and dry bulb temperature 1 second
data; this was recorded along with the RTD outputs.

The temperature in the climate chamber was cycled from +25 to —10 to +55 to —10 to
+25°C over a forty-eight hour period.

Relative Humidity and Dew Point Calculations from Wet & Dry bulb
temperatures:

The Milos output data for relative humidity and dew point, when derived from the wet
and dry bulb temperatures was compared to that expected from the Bureau
specification A2669 (page 77). No readings are provided unless a pressure sensor is
attached, therefore a PA11A was connected to port 4 of the DMC50 electronics
module. For this measurement series the relative humidity sensor channel must be
turned off.

Dew Point Calculations from Dry bulb temperature and Relative
Humidity:

The output dew point data when calculated from the dry bulb temperature and the
relative humidity sensor was compared to that expected from the Bureau specification
A2669 (page 80). For this measurement series the relative humidity sensor channel
needs to be turned on.

Humidity Probe Channel:

The humidity probe channel (pins 19,20 and 22) works on a direct conversion of a 0 to
1 Volt input. A known voltage was therefore input across pins 20 and 22, and the
Milos humidity output tested for accuracy and uncertainty. The voltage was supplied
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by a Philips PM2813 programmable power supply (s/n: DM579005), and measured
with a HP 3457A multimeter (s/n: A915859).

Wind Channels:

Wind Speed
The Milos wind speed output is calculated from the frequency input provided across

pins 3 and 10 of the electronics module DMI 50. Known frequency signals provided
by a HP 33120A Function Generator (s/n: US34017185) were input and the Milos
diagnostic wind speed output noted. The relationship between input signal frequency
and output wind speed was determined.

Wind Direction

The input for wind direction is a six pin input based on a grey code signal (pins 4 to 9,
pin 10 GND). The pins were connected to pin 10 for logic 0 and left floating for logic
1. The wind direction output from the diagnostic data and two-second data stream
were recorded for each input combination.

Results / Discussion:

Temperature Channels:

Accuracy and uncertainty

The accuracy of the temperature channels was tested across the entire temperature
range, though this range can be limited through software. Both channels have been set
with the following resistance to temperature conversion coefficients:

PARAMO = -245.9216

PARAM1 = 2.3598721

PARAM2 = 0.00099334

PARAM3 =0

A two-point calibration needs to be performed on the channels, to linearize the results
across the range around zero offset. This needs to be done at two points with known
resistances and their calculated equivalent temperatures (using ITS-90 RTD a386
calculations, as are used for the RTD temperature probes currently used). The
following two points from a calibrated decade box (s/n: 3312) 82Q (corrected to
82.00725) =-45.7025°C and 118Q (118.0026) = 46.3496°C, were used for both the
wet and dry bulb channels. After the calibration was performed the data of figure 1
were obtained, showing the difference of the mean reading to the calculated
temperature. It is evident that this calibration procedure will be required on every unit
if the unit is to meet specification, since the conversion of resistance to temperature on
each sensor board is slightly different.
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Milos Dry Bulb output difference to Milos Wet Bulb output difference
ITS-90 (o 385) to ITS-90 (a 385)
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Figure 1: Difference in the mean of the Milos Diagnostic temperature output compared to calculated
temperature from known input resistances, based on 1TS-90 RTD a385 curve. The Dry Bulb output
(a) is for a 4-wire resistance measurement input across sensor card pins 15 to 18, while the
Wet Bulb output (b) is for a resistance measurement input across pins 11 to 14.

Having performed the two-point calibration the error (difference in the mean Milos
output compared to the calculated temperature) was lower than 0.05°C for nearly the
entire —65 to +65°C range. (Dry bulb -53.3 to 62.0°C, Wet bulb -55.8 to 65.0°C).
Software limits can be set inside this full temperature range to ensure lower than
0.05°C error within the required measurement limits. (Eg. set a range of —40 to 60°C).
Before performing the two-point calibration the given error was up to 3 or 4 times
larger than the 0.05°C limit.

The uncertainty of the temperature output was assessed over approximately twenty
readings at each set known resistance (to a 95% confidence interval); this includes the
uncertainty established for the calibrated decade box used. The maximum uncertainty
of the mean reading found through out the temperature range is given below:

Dry bulb channel: A maximum uncertainty of 0.018°C between —65 and
62°C, or a maximum uncertainty of 0.013°C between —40 and 60°C.

Wet bulb channel: A maximum uncertainty of 0.017°C between -55 and
65°C, with the same max uncertainty (0.017) between —40 and 60°C.

Therefore, to obtain the best, and known, accuracy from the temperature channels on
the Milos it is recommend that a two-point calibration be performed with a known
traceable calibration source.

Since the Milos has many settings for temperature measurement that can be varied
(eg. temperature conversion parameters, four wire sensor current, gain settings, gain
bandwidth, etc.) it would be ideal if all Milos’s were delivered with the same settings
to ensure that the best accuracy is achieved.
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Lead Resistance

While there was a small variation in the recorded results when changing between
different lead lengths/resistances from the sensor to the Milos, the data gives no direct
correspondence between the lead length/resistance and the recorded result. However
the best practice would be to minimize the length of lead between sensor and Milos.

Temperature cycling tests

*During the initial temperature cycling test an alarm (audible beeping) on the
Milos was activated, which often also corresponded with the temperature output
data variation increasing (up to ten fold increase in st.dev). The exact cause of
this alarm is currently unknown. Since the initial tests the sensor board was
changed and the alarm still occurred on occasions, then the power supply board
was changed and the problem has not since reoccurred.

With the sensor and power supply boards replaced the temperature outputs of the
Milos showed a small amount of variation dependent on the ambient temperature of
the unit. While the maximum standard deviation from the average reading of the wet
and dry channels across the entire test was 0.019°C, the average reading when only
considering the high enclosure temperature range (around 50°C) was approximately
0.013°C higher than the entire test average. However this difference is not considered
to add significantly to the inaccuracy of the temperature measurement; with the
readings still within the accuracy requirement of the instrument of +0.05°C.

Relative Humidity and Dew Point Calculations from Wet & Dry bulb
temperatures:

(Note: A pressure sensor needs to be attached to obtain results by this method, and the
relative humidity sensor channel needs to be turned off {command within the
Application (OPEN) command set: SEL_SEN HMP_RH_OFF 1}).

Relative Humidity
The relativity humidity output conforms to A2669 (page 81) for the calculation of
instantaneous relative humidity, with the exception of the line:

IF W<0 THEN W=0 which is not included.”

From the tests, the comparable figures (not considering the results occurring when the
wet bulb temperature is below 0°C) had a maximum difference of 0.45 %RH
(comparing diagnostics data to the calculated value from A2669). Since the data
streams are rounded to the closest whole number the largest difference in the A2669
calculated and Milos data stream relative humidity values will be 1 %RH (except
when the wet bulb temperature is < 0°C).

* At the time of writing this report modifications to the algorithms to deal with this condition are being
considered by Instruments and Engineering section of OEB.

Page 6 of 11
Evaluation of Milos 500 AWS unit ITR 656



Dew Point

(The one-minute and diagnostic one-second data is not operational in this
configuration; therefore the diagnostics one-minute data (3 DP1) were recorded for
comparison).

Again the clause IF W < 0 then W=0 has been omitted.”

The dew point temperature measurement in comparison to the algorithm of A2669
(page 77) gives a maximum difference of 0.34 °C, if the results occurring when the
wet bulb is less than 0°C are not considered.

Dew Point Calculations from Dry bulb temperature and Relative
Humidity:

This method is used if the relative humidity probe channel is turned on (command
within the Application (OPEN) command set: SEL_SEN HMP_RH_ON 1). A
pressure sensor does not have to be attached to obtain results. The diagnostic
dewpoint output in comparison to the algorithm for calculating the instantaneous dew
point temperature from air temperature and relative humidity data from A2669, p80,
shows a maximum correction of 0.12 °C and an average correction of 0.014°C.

Humidity Probe Channel:

The tests conducted across the measurement range comparing the input voltage
(multiplied by one hundred) to the Milos diagnostic relative humidity data found a
maximum correction of 0.07 %RH. The maximum uncertainty in the mean of the
readings is = 0.016 %RH. There is also a set minimum reading limit of 3 %RH.

These results meet the Bureau specification in A2671/2, page 58, which state that the
AWS humidity interface requires an electrical system accuracy of no worse than the
electrical measurement equivalent of £0.1 %RH.

* see footnote previous page.
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Wind Channels:

Wind Speed
The Milos diagnostic wind speed output was tested over the entire range (0 to 150

knots). The line of best fit of the recorded data was found to have a transfer function
equal to:

Wind speed (knots) = 0.1943 x (input Freq) + 0.0013
with a correlation coefficient, r = 1.
The function was based on the mean reading at each input frequency, with a
maximum uncertainty of the mean being +0.05 knots.

The channel required at least 3 V input signal to obtain true readings.

This function differs slightly from the function given for a Vaisala WAA151
anemometer (Vaisala’s preferred instrument of use) of:

Wind speed (knots) = (0.09853 x (freq) + 0.4054)/0.51444
This instrument (if working exactly to its transfer function) would give a reading
approximately 0.8 knots low in calm conditions and approximately 1.3 knots high at
high wind speed.

To meet the AWS electronics requirement of ‘no worse than the electrical
measurement equivalent of +1 knot over the full scale operating range’ as stated in
A2672/1(page 61), would require calibration of the output. This may be achieved by
using the two-point calibration procedure provided for in the wind speed output,
where the output versus wind speed function can be adjusted about a zero correction
axis. The two calibration points would be established from the calculated output of
the attached anemometer’s transfer function at two different frequencies.
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Wind Direction

Milos Diagnostic 2 sec data  |Pin 4 [Pin 5 |Pin 6 |Pin 7 |Pin 8 [Pin 9
Output stream output
0 0 0 0 0 0 0 0
5.625 6 0 0 0 0 0 1
11.25 11 0 0 0 0 1 1
16.875 17 0 0 0 0 1 0
22.5 23 0 0 0 1 1 0
28.125 28 0 0 0 1 1 1
33.75 34 0 0 0 1 0 1
39.375 39 0 0 0 1 0 0
45 45 0 0 1 1 0 0
50.625 51 0 0 1 1 0 1
56.25 56 0 0 1 1 1 1
61.875 62 0 0 1 1 1 0
67.5 68 0 0 1 0 1 0
73.125 73 0 0 1 0 1 1
78.75 79 0 0 1 0 0 1
84.375 84 0 0 1 0 0 0
90 90 0 1 1 0 0 0
95.625 % 0 1 1 0 0 1
101.25 101 0 1 1 0 1 1
106.875 107 0 1 1 0 1 0
1125 113 0 1 1 1 1 0
118.125 118 0 1 1 1 1 1
123.75 124 0 1 1 1 0 1
129.375 129 0 1 1 1 0 0
135 135 0 1 0 1 0 0
140.625 141 0 1 0 1 0 1
146.25 146 0 1 0 1 1 1
151.875 152 0 1 0 1 1 0
157.5 158 0 1 0 0 1 0
163.125 163 0 1 0 0 1 1
168.75 169 0 1 0 0 0 1
174.375 174 0 1 0 0 0 0
180 180 1 1 0 0 0 0
185.625 186 1 1 0 0 0 1
191.25 191 1 1 0 0 1 1
196.875 197 1 1 0 0 1 0
202.5 203 1 1 0 1 1 0
208.125 208 1 1 0 1 1 1
213.75 214 1 1 0 1 0 1
219.375 219 1 1 0 1 0 0
225 225 1 1 1 1 0 0
230.625 231 1 1 1 1 0 1
236.25 236 1 1 1 1 1 1
241.875 242 1 1 1 1 1 0
247.5 248 1 1 1 0 1 0
253.125 253 1 1 1 0 1 1
258.75 259 1 1 1 0 0 1
264.375 264 1 1 1 0 0 0
270 270 1 0 1 0 0 0
275.625 276 1 0 1 0 0 1
281.25 281 1 0 1 0 1 1
286.875 287 1 0 1 0 1 0
292.5 293 1 0 1 1 1 0
298.125 298 1 0 1 1 1 1
303.75 304 1 0 1 1 0 1
309.375 309 1 0 1 1 0 0
315 315 1 0 0 1 0 0
320.625 321 1 0 0 1 0 1
326.25 326 1 0 0 1 1 1
331.875 332 1 0 0 1 1 0
337.5 338 1 0 0 0 1 0
343.125 343 1 0 0 0 1 1
348.75 349 1 0 0 0 0 1
354.375 354 1 0 0 0 0 0

Table 1: Milos wind direction output along with the inputs to the wind channel sensor pins. The pins
are connected to pin 10 (GND) when 0 is shown, when 1 is shown they are left floating.

The Milos diagnostic output is the equivalent of the calculated angle within 360°
given 6-bit grey scale code. The two-second data stream is the rounding to the closest

degree of the diagnostic data, and gives a 5 or 6° resolution.
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The accuracy is determined by the set up of the test instrument, and its method and
accuracy of generating the 6-bit grey code output in relation to the true wind direction.

Conclusions:

» The wet and dry bulb temperature channels satisfy Bureau specifications,
provided they are calibrated with known input resistance and output
temperature values to set and establish the accuracy of the unit within the 0.05°C
required. A restriction of measurement range within the currently set —65 to
+65°C range was necessary to obtain the required accuracy. For the unit under
test the required accuracy of 0.05°C or better was achieved within the limits -53
to +62°C (dry bulb) and 56 to 65°C (wet bulb), and had an uncertainty of no
greater than 0.017°C within these limits.

Measurement range limits should be set via software, to achieve the required
accuracy. (Measurements outside the software set range then gives the default out
of range value).

» The calculation of relative humidity and dew-point from wet and dry bulb
temperature inputs is in good agreement with the Bureau specification (A2669,
p81, 77) with the exception that it omits the condition: If W<0 THEN W=0.

» The calculation of dew point data from the dry bulb temperature and the relative
humidity probe channel inputs is in good agreement with the Bureau specification
(A2669, p80).

» The humidity probe channel accuracy is within the Bureau specification
(A2671/2, p58).

» Wind speed channel: Functions properly, however will need to be calibrated to
meet Bureau specification (A2672/1, p61). There is the need to consider different
transfer functions of other anemometers used.

» Wind direction channel: Functions properly with a resolution of 5 to 6°, using
digital 6-bit input.

* An alarm on the Milos was activated during the Temperature chamber
cycling tests, which often also corresponded to the temperature output data
variation increasing (up to ten fold increase in st.dev). The cause of this
alarm is currently unknown, and is not indicated in the system, apart from
an audible beeping. It is believed this problem was overcome by the
replacement of the power board, however it is of concern if it reoccurs since a
beeping sound is the only indicator to the problem.
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Calibration requirements before issue:

Temperature channels:- Two-point calibration with calibrated decade boxes and ITS-
90 equivalent temperatures.

Wind speed channel:- Two point calibration if require £1 knot accuracy. Requires a
calibrated Function generator and the known equivalent windspeed (From transfer
function of anemometer to be connected).

References:

A2669 - Bureau of Meteorology Equipment Specification A2669 “Digital telemetry

system equipment data formats document”, P Cheng, 27 March 1991.

A2672/1 -Bureau of Meteorology Equipment Specification A2672 (incorporating
A2671) “Provision of an automatic weather station Type Il (continuous data version)”,
P. Cheng, 21 May 1991.

IEC68-2-14 Basic Environmental Testing Procedure

Table of Boards in the tested Milos 500 AWS (shown by SHOW BOARDS

command):
Pos Type Serial Ver | Mdate Cdate
PO2 |DMM50 |590490 | D 02-06-1993 | 02-06-1993
PO3 | DMC50A | 633494 | E 24-01-1994 | 24-01-1994
PO1 | DPS50 442210 | C 30-10-1994 | 30-10-1994
X0O1 | DMI50 743530 | E 31-10-1997 | 31-10-1997

The instrument sensor and power supply boards were changed to the following to over
come the alarm caused during the temperature cycling tests, and were thus used only
during the temperature cycling tests:

Pos Type Serial Ver | Mdate Cdate

PO1 | DPS50 650129 | C 14-03-1997 | 14-03-1997

X0l | DMI50 456908 | C 31-01-1992 | 31-01-1992
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