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4.3 LEVELING TABLE 5-1. CSAT3 Power
Over flat level terrain, adjust the anemometer Battery Description Color
head so that the bubble within the level is in the Terminal
bullseye. Over sloping terrain, adjust the Positive 12 vDC Red
anemometer head so that the horizontal surface Negative Ground Black
that the bubble level is mounted on, is parallel
to the terrain. TABLE 5-2. CSAT3 SDM Output to a
Firmly grasp the sonic anemometer block, CR23X and CR10(X) Datalogger
loosen the bolt underneath the block, and adjust =
the head accordingly. Finally, tighten the bolt Chgrlnel g?;&”gg?: ggg;
with a 9/16” wrench. .

C2 SDM Clock White

4.4 FINE WIRE THERMOCOUPLE C3 SDM Enable Brown
A fine wire thermocouple (model FWO05 and G D'g't"fll Gnd Black
FWC-L35) can be mounted to the side of the G shield Clear
anemometer block to measure the temperature
fluctuations. Attach the female connector from TABLE 5-3. CSAT3 SDM Output to a

the FWC-L35, with the short screw (#2-56

21X Datal
0.437”, PIN 3514) that was provided with the alalogger

thermocouple cover, to the side of the Channel Description Color
anemometer. Insert the male connector of the 1H SDM Data Green
FWOS5 into the female connector of the FWC- C1 10 K resistor to 1H
L35. Finally, attach the thermocouple cover to C2 SDM Clock White
the anemometer block, using the two larger Cc3 SDM Enable Brown
screws (#4-40 0.75”, PIN 61), so that both the + Digital Gnd Black
FWO05 and FWC-L35 connectors are covered. N shield Clear
All three screws are UNC threads. -

5. WIRING TABLE 5-4. CSAT3 SDM Output to a
There are four military style connectors on the CR9000 Datalogger
CSAT3 electronics box. They are labeled as
+12V SDM, RS-232, Transducer Head, and 9353%059 B:;?:lroigtgi](?r: Color
Analog Output. Connect the cable from the Pin
anemometer head to the electronics box 8 SDM Data Green
labeled Transducer Head. The anemometer 7 SDM Clock White
head cable is 2.13 m (7 ft) in length. Each of 6 SDM Enable Brown
the signal cables is 7.62 m (25 ft) in length. —
Connect the appropriate signal cable to the 2 Digital Gnd | Black/Clear

electronics box. See the Tables 5-1 through

5-7 for details on the wire color scheme. TABLE 5-5. CSAT3 RS-232 Output
NOTE: Before extending the SDM signal Pin Out
cable, read Appendix D. CSAT3 PC

DB9 DB9 Description

NOTE: Short haul modems may be used to [ - -
lengthen the RS-232 communications 2 - 2 Receive Data
cable. Short haul modems do not include 3 < 3 Transmit Data
an RTS signal. The CSAT3's RS-232 5 5 ground
drivers can be asserted by a software 7 - 7 Request to Send
setting in the CSAT3. This setting will 3 I 3 Clear to Send

always power the RS-232 drivers,
independent of the RTS line. Spark gaps
(model 6536 and 6361) may be required to
protect against transients when using short
haul modems.
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TABLE 5-6. CSAT3 Analog Output Wiring

Description Color
Uy Sig high Brown
Uy Sig low Black
uy sig high Red
uy sig low Black
u, sig high Green
u, sig low Black
¢ sig high White
¢ sig low Black
shield Clear

TABLE 5-7. FWO5/FWC-L35 Fine Wire
Thermocouple

Description Color
Signal High Purple
Signal Low Red

6. CSAT3 OUTPUTS

The CSATS3 has three signal outputs: SDM,
RS-232, and analog. Campbell Scientific
recommends that the SDM output be used when
ever possible, followed by RS-232, and finally
analog. Table 6-1 summarize the difference
between the three output options. In general SDM
communications has the following advantages:
lowest CSATS3 current drain, best control and
diagnostics, and highest data resolution.

TABLE 6-1. CSAT3 Outputs.

SDM RS-232 | Analog
Typical
Current 51 89 99
Drain @ 10 mA mA mA
Hz
External
Trigger yes yes no
Source
Output
Dynamic 19 bit 19 bit 12 bit
Range
Diagnostics yes yes no
Available

6.1 SDM

6.2

6.3

6.1.1 CR23X, 21X, CR10(X)

SDM is a Campbell Scientific communication
protocol used between a Campbell Scientific
datalogger and a smart sensor. This protocol
uses control ports 1, 2, and 3 to communicate
with the CSAT3. With a 21X, single ended
analog input channel 1 (labeled 1H) and a 10 K
resistor is used in conjunction with control port
1. SDM protocol allows synchronized
measurement and rapid communication
between a datalogger and the CSAT3. The
datalogger instruction, SDM-CSAT3 (P107), is
used to communicate with the CSAT3 over the
SDM bus.

6.1.2 CR9000

SDM communications between the CR9000 and
CSAT3 is achieved via the 9 pin CSlI serial I/O
port on the 9080 peripheral and memory card.
The CR9000 instruction CSAT3() is used to
communicate with the CR9000 over the SDM
bus.

RS-232 OUTPUT

The Windows CSAT3 monitor software can be
used to graph the CSAT3 data in real time or
collect time series via the RS-232 serial port.
Appendix B contains detailed information on the
CSAT3 RS-232 commands.

ANALOG OUTPUT

The anemometer can be programmed to output
four analog signals that correspond to uy, Uy, Uy,
and c. These signals range 5000 mV. The
analog output is enabled using the Windows
CSAT3 monitor software using the PC’s and
CSAT3'’s RS-232 serial port. The u, and uy
components of wind have two output ranges, low
range (x32.768 m s'l) and high range (+65.536
m s'l). These ranges are changed using the
Windows CSAT3 monitor software. Low range
is adequate to measure wind speeds £32.768 m
s™. Table 6-2 gives the multipliers and offset for
all the anemometer outputs in m s™.
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TABLE 6-2. Calibration for Analog Outputs

Slope Slope
Low Range | High Range Offset
(m s? V'l) (m s? V'l) (m 5'1)
Uy 6.5536 13.1072 0
Uy 6.5536 13.1072 0
u, 1.6384 1.6384 0
c 6.5536 6.5536 340

When the analog outputs are used, the
anemometer uses its internal timer to trigger the
wind measurements. Thus, the wind
measurements can be skewed in time +1/2 the
data acquisition system’s scan interval from
other analog measurements, e.g. temperature
or humidity. Recall that the CSAT3 analog
outputs also have a two measurement pipeline
delay.

OPERATIONAL PRINCIPLES

The CSAT3 measures wind speeds and the
speed of sound by determining the time of flight
of sound between pairs of transducers, as
described in Appendix C. However, unlike
many other commercial anemometers it does
not use simple threshold detection to determine
the ultrasonic times of flight. Instead, it uses
advanced, digital signal processing techniques
which, in comparison to other systems, results
in more accurate, lower noise measurements.
These techniques also allow the system to
quickly detect and indicate a degradation of
signal quality and system performance.

The CSATS3 signal processing techniques result
in slight differences in operation when
compared to simpler sonic anemometers.
These differences include a start-up delay
before the system is fully functional plus a
requirement for the correct triggering of the
sensor to ensure a constant flow of
synchronized data. The general principles of
operation are described in the following section.

After the CSAT3 transmits an ultrasonic signal
from one of its transducers, it then records the

received signal from the opposing transducer. To

optimize system performance, the CSAT3 only
looks for the received signal during a limited
window in time. The exact start and end time of

the window are determined not only by the spacing
between transducers but also by the current wind

speed and speed of sound conditions.

8.

After power-up or loss of signal, the CSAT3
enters a mode where it tests the forward and
return paths for each of the pairs of ultrasonic
transducers. This is called the "acquire” mode
and takes about 10 seconds before normal
output is available from the anemometer. This
delay is caused in part because the
anemometer has no recent knowledge of the
responses of the transducer pairs, and in
particular no past history of the of wind speed
and speed of sound. During this acquire mode
it has to search across quite wide windows in
time to find the true arrival time of each
received signal.

Once it has acquired the signal it then uses an
tracking algorithm to adjust the start and end
times of its search window based both on the
Execution Parameter (see Section 8) and the
last measured ultrasonic time of flight. The
basis of this adjustment is that the dynamics of
air movement prevent the time of flight
changing by more than a certain amount in a
given time. The result of using this algorithm is
that the width of this window in time can be kept
to a minimum and measurements can be made
at a higher frequency for an overall lower
consumption of power when compared to using
wider fixed windows.

The main operational consequence of this
tracking algorithm is that the Execution
Parameter must be set to match the frequency
at which the anemometer is triggered, because
the Execution Parameter is used as an
important input to the tracking algorithm. The
setting of this parameter and matching it to the
trigger frequency are discussed in the following
section.

CSAT3 TRIGGER

The CSATS3 takes a measurement of wind
speed and the speed of sound when triggered
from one of three different sources. The trigger
sources are the internal CSAT3 timer, SDM
communications, or RS-232 communications.

In the case of the CSATS3 internal timer the
Execution Parameter exactly defines the trigger
rate. The Execution Parameter is set either via
an SDM or RS232 command, or using the
Windows based support software. Once set,
this value is stored in non-volatile memory and
is used thereafter. If the CSAT3 is set to use its
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internal trigger then it will take measurements at
this rate until it is changed.

Note that the power consumption of the
anemometer is dependent on the Execution
Parameter and the trigger rate (see Figure 8-1).

Where an external trigger source is used it is
important to make sure the trigger rate is
greater than or equal to the Execution
Parameter. This is because, as discussed
above, the Execution Parameter is used to
define how much the wind speed could have
changed from the previous reading. If the
anemometer is triggered too slowly it is possible
that under gusty conditions the wind speed
could change to the extent that the CSAT3 sets
its search window to a point in time which
misses the ultrasonic pulse. This will cause it to
give erroneous readings.

Conversely if the trigger rate is much higher
than the Execution Parameter the CSAT3 will
consume more current than necessary and at
higher rates the CSAT3 will simply not be able
to take measurements at the speed required,
because it is analyzing wider time windows than
necessary and it will run out of time. The latter
will cause the CSAT3 to output 61503 as the
diagnostic word, indicating an overrun (see
Section 10.2 and B.4).

If the SDM or PC fails to provide a trigger to the
CSATS3, it will enter a lost trigger state after
three seconds. The data acquisition system will
then have to reissue the acquire signal
command (see Section 10.1 and B.1).

SAMPLING MODES

The CSAT3 can be configured to make
measurements in either a single-measurement
mode or a oversampled mode. In the single-
measurement mode the CSAT3 makes one
measurement synchronously with the trigger
provided by the CSAT3 internal trigger, SDM
communications, or RS-232 communications.
In the oversampled mode, the CSAT3s internal
trigger, SDM communications, or RS-232
communication trigger several measurements.
The average of these measurements is output
at the trigger rate.

8.1.1 Single-Measurement Mode

In the single-measurement mode, the
anemometer makes one measurement per
trigger. With this approach, the anemometer’s
high frequency response is limited only by the
geometry of the anemometer head, thus
minimizing the possibility of under-estimating
high-frequency signal variations and
covariations. However, this approach also
aliases high-frequency information to lower
frequencies. This aliasing is apparent in spectra
from an upwards tail, when compared to the
-5/3 power relationship, at frequencies
approaching the Nyquist frequency (one-half the
sample rate). This aliasing does not
compromise the variances and covariances
(and therefore, fluxes) computed from aliased
data. The variance and covariance calculations
are not frequency dependent, they simply
measure a signal’s total variation and two
signal’s total covariation, respectively.

8.1.2 Oversample Mode

In the oversample mode, the CSAT3 makes
wind measurements at 60 Hz and then block
averages those measurements to 10 or 20 Hz
output. The output is synchronized to any one
of the three triggers. The oversampling modes
minimize aliasing by limiting the anemometer’s
high-frequency response. The 60 Hz data is
filtered with a sin x/x function.

The oversampled modes maintain
synchronization to the master trigger. In the six-
times oversampled mode, the CSAT3
interpolates six minor triggers that are centered
on the 10 Hz master trigger. In the three-times
oversample mode, the CSAT3 interpolates
three minor triggers that are centered on the 20
Hz master trigger. For compatibility with the
existing single-sampled modes, the block-
averaged output data have a fixed delay of two
periods of the master trigger. However, as an
option for the oversampled modes,
experimenters can select block averaged output
data that have a fixed delay of a one master
trigger. Contact Campbell Scientific for details
on changing this parameter.
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FIGURE 9-1. CSAT3 Pipeline Delay

9. DATA PIPELINE DELAY All the CSAT3 output signals (SDM, RS-232, and
analog) have the two measurement pipeline delay.
The wind speeds and speed of sound that are sent
to the data acquisition system were measured by
the anemometer two triggers ago (see Figure 9-1).
To optimize system performance, the CSAT3 uses
parallel processing techniques. These techniques
cause a two measurement delay between the
trigger and data output. This delay applies at all
trigger frequencies.

When the CSAT3 is triggered to take a
measurement, it determines the times of flight
for all three transducer pairs. This process
takes between 12 to 18 mSec, depending on
the Execution Parameter. After determining the
times of flight, the CSAT3 corrects these times
of flight for transducer delays, and then
calculates the uy, uy, and u, components of the
wind speed. In addition, it corrects each of the
three sonic path speed of sound for the effects

of wind normal to the sonic path. The three When the covariance is found between the
corrected speed of sound values are then turbulence data from the CSAT3 and temperature
averaged. from a fine wire thermocouple or a fast response

©



