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ABSTRACT

Virtual Instruments (VIs) have found applications in a wide variety of test, measurement and automation problems
encountered  in research and industry. We describe here two specific VI applications for atmospheric research,
using  LabVIEW software.  First, we describe the application  of a VI for configuring the PC  printer port for serial
data acquisition for real-time graphical display  of  atmospheric pressure, temperature and humidity, telemetered to
ground from in-situ atmospheric measurements made by a suitable pay-load on a tethered balloon. Next, we have
applied a VI for phased array signal processing  in  a  Doppler sound radar, in the complex Fourier frequency
domain, to enhance the  radar performance.  Vertical wind profiles derived from the radar are included.

INTRODUCTION

As mentioned, we present here two applications of virtual instruments for atmospheric studies.  In the first
application,   use is  made of a PC  printer port  for serial data acquisition and simultaneous graphical display of
real-time atmospheric pressure, temperature and humidity data on ground, obtained through standard telemetry (173
MHz), from in-situ measurements made by a suitable pay-load carried on a tethered balloon. The data acquisition is
triggered and clocked in order to enable a continuous acquisition of  frames of 8-channel data, each channel
consisting of 16-bit data. The clock rate also determines the overall sampling rate.  Proper channel assignment is
automatically achieved by using a Sync. word  which is assigned Ch-0 and ch-1 and the rest of the channels are
reserved for external signals from the appropriate atmospheric sensors. The acquired data is also simultaneously
stored in a hard-disk as an Excel file for future processing. Also included are the system details of the electronic
hardware  incorporated between the sensor and the PC printer port.  Pl. see [1] and [2] for technical details.

In the next application,  phased array signal processing  in  a   Doppler radar  is described. In this example
the use is made  of a multi-channel NI-DAQ card from National Instruments capable of simultaneous sampling of 8
– channels at a maximum sampling rate of 102.4 KHz per channel at 24 bit resolution. In the actual experimental set
up, in a phased array Doppler sound radar an 8-channel transmitter excites different antenna elements to enable
atmospheric illumination by the sound waves (at 2150 Hz) in vertical, North and West modes. The resulting  back-
scattered signals by atmospheric temperature in-homogeneity are suitably delayed and combined to define the
receiving antenna beam in the same direction as the transmitted beam.  The signal processing of the received signals
incident upon multiple sensors is carried out in the complex Fourier frequency domain to enhance the signal-to-
noise which is seen to increase the range capability of the Doppler radar by a factor of 2 (up to 1km) or more
depending upon the ambient noise conditions. Some examples of vertical wind profiles derived from the radar are
also included.

APPLICATION-I : PC-PRINTER PORT  FOR  TETHERED BALLOON DATA
ACQUISITION

In this section the details of hardware and software employed  for the PC-printer port application is
described.  In Figure 1 is shown a simplified functional blocks of the electronics which is the hardware part
preceding the PC printer port.  This consists of a multiplexer to select specific sensor to input  analog data into the
12-bit resolution serial ADC which is triggered by a start pulse to initiate conversion. The ADC is clocked such that
a 16-bit data stream is outputted with 4 leading zeros.



Fig. 1  Functional Block Diagram of Data Acquisition System using PC-printer

The front panel of this printer-port based  virtual instrument as it is displayed on  the PC-monitor is shown
in  Figure 2.  There are two panels. One displays the binary data frame while the other displays the plot of the
stream of  data points acquired  through multiple sensors.   Apart from these two display panels the front panel also
contains indicators showing Trigger and Clock status. There are others indicating Channel number, parameter
measured and corresponding output in volts.  The data entry to a file is designated by the path and file name along
with real-time stamp.

FIG.2.  LabVIEW  Front Panel Display of  real-time multi-channel data



APPLICATION – II : VERTICAL WIND PROFILING  BY DOPPLER SOUND RADAR

In this application we describe a simple and an elegant algorithm implemented on a PC using the tools
available in LabVIEW software – a virtual instrument platform for WINDOWS OS - for signal processing of the
multiple-sensor data in a phased array Doppler sound radar system.  We  have obtained vertical wind profiles up to
a kilometre altitude effectively enhancing the range capability by a factor of 2 through the implementation of this
signal-processing algorithm. The receiver hardware  includes a set of very low-noise front-end amplifiers followed
by a PCI compatible 24-bit Data Acquisition Card, NI 4472,  mounted on a PC for simultaneous acquisition of data
from 8-channels of the phased array antenna matrix employed for receiving the scattered acoustic signal.

Computer Array Signal Processing Algorithm

We know that in a phased array signal processing a simple phase shifting and adding operation among the
sensor outputs results in an improvement of signal-to-noise (S/N) ratio by a factor equal to the number of sensors
[3].  In addition, we stand to gain higher signal-to-noise ratio by resorting to Fourier-domain analysis which
possesses an inherent property of  providing higher resolution spectral band-width in each range-bin of a radar
signal. This means that an additional multiplication factor determines the overall  S/N. In the actual experiment,
since the sound radar is a pulsed system, each transmitted pulse is made of packet of 2150Hz of 100ms width which
would amount to 15m height resolution. The receiver is blanked for the next 200ms to avoid all sound reflections in
the vicinity  of the receiving system.  This amounts to providing an altitude threshold up to 35m.  The actual
processing of scattered signal  begins for range-bins beyond this threshold height. The Pulse Repitition Rate is 6.6 s.
This allows for the height range of 1 km by assuming a propagation velocity of 330m/s for the sound waves.

Next we consider the implementation of a Processing Algorithm to Determine Direction to a Signal source,
θt [4]. Given an array of detector signals pi(n), select a direction of interest θa (θt is unknown). For each of the D
detector signals  pI(n) collect N samples of pI(n), i = 0, D-1. Transform sequence pI(n) to PI(k) using N-point FFT.
Adjust phase of each Fourier component of PI(k) to yield QI(k), using the following relationship,

∆ϕ I (K)  =    2 Π  ∆x cos(θa) fk I
V

Where ∆x is the detector spacing (m), V is the wave velocity (330m/s), fk is the analog frequency of the k-
th spectral component, i is the detector index, phase adjustment defined above is for the k-th spectral component of
i-th detector signal (rads). This aligns the phase of the i-th signal with first detector for a preferred direction. Add
spectrum of all phase-adjusted signal components, Qi(k) to obtain Qsum (k) with N samples.  Now it is the question
of finding the total signal power in the spectrum of combined signals to determine the true angle of arrival in the
chosen direction θa.

While implementing this algorithm,  the data obtained has been acquired simultaneously on 8-channel at a
sampling rate of 21.5 kHz. Each range bin is given by 2150 points corresponding to 100ms of transmitted pulse. For
each range-bin 2150 data points are obtained from each of the 8-channels, first, the autocorrelation values are
computed and then Hanning window is applied before  DFT is computed and then the power spectral density (PSD)
is calculated for each of  these data set. Then,  these  8-channel PSDs are added together for a given range-bin to
validate the data, in terms of the best S/N ratio criterion. After validation further processing is done for obtaining
the wind profile through computed Doppler shifts. The best S/N-criterion  validation is done by taking three
consecutive soundings and looking for 3-hits for a given range bin from these 3- data sets. The hits are defined as
the coincidence of  3-points,  for a given range-bin, which are seen to be in phase, since fundamentally noise does
not fulfil this criterion.

 Based on these above procedures we have obtained some of the vertical Doppler profiles. These profiles
are shown in Figure. 3 panels marked A, B, C and D.  These are the afternoon and evening observations made
during the month of  January-2004. Panels A & B show a quiescent wind conditions that is observed during stable
afternoon conditions.  However,  in the late evening hours due to increase in ambient noise conditions we could
resolve Doppler for some select portions of altitudes by applying the criterion for best S/N ratio. Panels C & D
display winds derived under such noisy conditions.



Panel-A

Panel-C

Panel-B

Panel-D

Fig. 3 Panels A-B show stable atmospheric conditions obtains for resolving winds upto 1 km. Panels C-D
depict noisy conditions during observations allowing  resolving of Doppler only in patches up to different
altitude regions.



CONCLUSION

We have  presented  here two applications, useful for atmospheric studies, which are developed using
LabVIEW, a virtual instrument platform. We have found LabVIEW extremely versatile and user friendly for
scientific and research applications such as ones presented here. Also, we have performed online processing using
LabVIEW.
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