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FREQUENCY SPECTRUM ANALYZER FOR DOPPLER LIDAR

M. J. Post, R. E. Cupp, R. L. Schwiesow

This report describes an electronic apparatus that 
analyzes Doppler returns from an infrared lidar system. 
By processing each spectral frequency channel with a 
100 percent duty cycle rather than with a swept filter 
analyzer, considerably better S/N is obtained.

1. INTRODUCTION
In Doppler systems, the frequency of the received signal is 

shifted from the transmitted frequency by an amount proportional 
to the line-of-sight velocity component of a moving target. 
Typically, the output signal is the frequency difference between 
the transmitted and received beams. For our CW lidar, which 
transmits at a wavelength of 10.59 pm and detects scattering from 
natural aerosols carried with the wind, this Doppler frequency 
lies in the range 0 to 20 MHz.

The received signal for such systems is often weak and inter
mittent, complicating the task of analyzing the signal for its 
frequency spectrum. Conventional spectrum analyzers scan the 
signal with a swept narrowband filter, so that a particular fre
quency band (or channel) interrogates the signal only a small 
percentage of the time, typically 0.5 percent. Unfortunately, in 
the case of intermittent signals, a given frequency component will 
be present only sporadically, so that whether or not it is ob
served depends on its timing with respect to the scanning filter 
system.

More specifically, conventional analysis techniques (swept 
filter) lose 11.5 dB of signal-to-noise ratio (S/N) for intermit
tent signals, the square root of the duty cycle. Most of our 
signals are of this type, since they arise from the infrequent 
transit of large, natural aerosol MtracersM through the small 
focal volume of the lidar. The limiting noise for this system is 
constant "shot noise" generated at the detector.



We developed our analyzer to overcome these signal losses due 
to low duty cycle. By processing all channels in parallel instead 
of in succession, it results in 100 percent duty cycle for each 
channel. The individual channels are then sampled in succession 
to display the spectra in the conventional manner of intensity 
versus frequency. Although the design for this analyzer is 
straightforward and the components are standard, the combination 
and operation of the elements are novel. No commercial analyzer 
that we have been able to identify is capable of both such wide 
bandwidth and such high duty cycle, and to our knowledge, no 
similar device has been previously reported in the literature. 
The closest similar processor is a surface acoustic wave device 
(dispersive delay line) with lower duty cycle, and it is available 
only on a custom basis. This spectrum analyzer does not have the 
variable frequency range and bandwidth of the swept-filter type, 
but its capabilities are not essential to our application.

2. SYSTEM CONFIGURATION
The system configuration of our analyzer is depicted in 

Figure 1. The parallel-processed channels are shown on the far 
right side. It was decided arbitrarily that 64 discrete channels 
would yield sufficient frequency resolution for analysis of the 
Doppler signal.
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The Doppler signal is shifted upward approximately 51 MHz 
from the original 0 to 20 MHz signal to reduce both the fractional 
bandwidth of each channel and the physical size of the processing 
elements. To accomplish this shift, the a.c. signal from the 
detector is first amplified and then mixed with a 51-MHz crystal 
controlled oscillator to produce sum and difference frequencies. 
The difference frequencies below 51 MHz are rejected by a high- 
pass filter, while the sum frequencies are amplified and distri
buted in parallel to the bank of processing elements. Distribu
tion is effected with ordinary 75-ohm TV antenna splitters. To 
prevent overloading the detectors, automatic gain control is 
applied to the RF signal before distribution under strong signal 
conditions.

Each channel consists of a high-frequency detector, a d.c. 
amplifier, and a near end-fed, shorted, tuned coaxial line, which 
acts as the filter. This filter resonates at a particular fre
quency and, when that frequency is present in the distributed 
signal, a resonant level is detected. The filter bandpass is 
approximately Gaussian, with adjacent filters set to cross over at 
the 3 dB points. A frequency spike will therefore contribute 
signals to several adjacent channels and is displayed with consid
erable bandwidth. However, this poses no problem since most 
velocity spectra in the atmosphere are broad because of flow 
turbulence.

Associated with each detector and amplifier is a 0.1-sec 
integration time constant. Each channel averages the detected 
signal levels over this period of time. The d.c. amplifiers used 
in the detection circuits have low thermal drift and a d.c. offset 
capability to standardize their no-signal levels. Feed and signal 
pickoff locations, with respect to the shorted end of the line, 
are critical to maintain desired bandwidth (resonant Q). Table I 
shows the empirically determined feed, pickoff, and overall 
lengths for the first 16 coax-filter elements used, corresponding 
to the first 16 m/s of the velocity spectrum. We use an applied 
signal for final trimming to length to insure accuracy. One-inch 
diameter foam-filled coaxial cable is used to obtain the required
Q.

The 64 amplified detector levels are placed on the terminals 
of a 64-position electronic commutator. The pole of the commuta
tor is the output of the spectrum analyzer. As the commutator 
cycles through the 64 channels, an oscilloscope is swept synchron
ously to display the entire spectrum of detected levels as a 64- 
bar histogram. The commutator may be driven at a variable rate, 
but it normally cycles through the entire filter bank five times 
per integration time constant. This rate yields a flicker-free 
display on the oscilloscope, and permits recording without resolu
tion degradation on a 5-kHz magnetic tape.
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TABLE I. EMPIRICALLY DERIVED PARAMETERS OF THE FIRST 16 
RESONANT FILTER ELEMENTS

Filter No. Frequency, MHz Length (m) Feed Tap 
(cm)

Pickoff Tap 
(cm)

i 50.340 1.169 1.98 7.92
2 50.529 1.167 1.97 7.90
3 50.718 1.160 1.96 7.87
4 50.907 1.159 1.96 7.85
5 51.096 1.154 1.94 7.82
6 51.285 1.146 1.95 7.80
7 51.473 1.144 1.94 7.75
8 51.662 1.139 1.93 7.72
9 51.851 1.136 1.93 7.70

10 52.040 1.131 1.92 7.67
11 52.229 1.127 1.91 7.65
12 52.418 1.124 1.91 7.62
13 52.606 1.123 1.90 7.59
14 52.795 1.116 1.89 7.57
15 52.984 1.111 1.88 7.54
16 53.173 1.106 1.88 7.52

3. COMPARISON OF DATA

The superiority of this analyzer over the best similar com
mercial unit is demonstrated in Figure 2. These oscilloscope 
traces (linear intensity vs. frequency) were taken simultaneously 
for the conventional spectrum analyzer (a and b) and for our 
parallel processing analyzer (c and d). Common to both analyzers 
was a 7-dB noise figure preamplifier. These spectra were obtained 
for weak signal conditions (backscattering from "clear air" aero
sols at 100 m range). The conventional analyzer was operated at 
100 ms per scan to be consistent with the 100-ms time constant of 
our parallel filter system. At least 7 dB of the 11.5 dB loss in 
S/N ratio inherent in the conventional analysis was recovered in 
our parallel analysis.

Trace 2(b) shows unity S/N, while trace 2(d) has approxi
mately 8 dB S/N. The apparent noise on the higher frequency 
portion of the spectrum in 2(c) and 2(d) is long-term differential 
thermal drift, which may be subtracted from the data mathemati
cally or eliminated with improved electronic design. The multiple 
traces reflect the intermittency of the scattered signal, smoothed 
by the 0.1-sec time constant of the detector.
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The frequency stability of the filter bank has been tested 
over a period of several months and has been excellent. Still to 
be performed is extensive field calibration of the entire analyzer 
to determine the effects of temperature, humidity, or other oper
ating conditions on the produced spectra. However, with only re
zeroing of the individual d.c. amplifiers for changes in ambient 
temperature, the analyzer has performed satisfactorily in the 
field. Therefore, if versatility is not required, this type of 
analyzer offers specific advantages over conventional analyzers, 
in terms of both signal-processing efficiency and cost.
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Environmental Research

LABOR AT O R I E S
The mission of the Environmental Research Laboratories (ERL) is to conduct an integrated program of fundamental 
research, related technology development, and services to improve understanding and prediction of the geophysical 
environment comprising the oceans and inland waters, the lower and upper atmosphere, the space environment, and the 
Earth. The following participate in the ERL missions:

MESA Marine EcoSystems Analysis Program. Plans.
directs, and coordinates the regional projects 
of NOAA and other federal agencies to 
assess the effect of ocean dumping, municipal 
and industrial waste discharge, deep ocean 
mining, and similar activities on marine 
ecosystems.

OCSEA Outer Continental Shelf Environmental
Assessment Program Office. Plans and directs 
research studies supporting the assessment 
of the primary environmental impact of energy 
development along the outer continental shelf 
of Alaska: coordinates related research activities 
of federal, state, and private institutions.

WM Weather Modification Program Office. Plans,
directs, and coordinates research within ERL 
relating to precipitation enhancement and 
mitigation of severe storms. Its National 
Hurricane and Experimental Meteorology 
Laboratory (NHEML) studies hurricane and 
tropical cumulus systems to experiment with 
methods for their beneficial modification and 
to develop techniques for better forecasting 
of tropical weather. The Research Facilities 
Center (RFC) maintains and operates 
aircraft and aircraft instrumentation for 
research programs of ERL and other govern
ment agencies.

AOML Atlantic Oceanographic and Meteorological
Laboratories. Studies the physical, chemical, 
and geological characteristics and processes 
of the ocean waters, the sea floor, and the 
atmosphere above the ocean.

PM EL Pacific Marine Environmental Laboratory.
Monitors and predicts the physical and 
biological effects of man’s activities on 
Pacific Coast estuarine, coastal, deep-ocean, 
and near-shore marine environments.

GLERL Great Lakes Environmental Research Labora
tory. Studies hydrology, waves, currents, lake 
levels, biological and chemical processes, 
and lake-air interaction in the Great Lakes and 
their watersheds; forecasts lake ice conditions.

GFDL Geophysical Fluid Dynamics Laboratory.
Studies the dynamics of geophysical fluid 
systems (the atmosphere, the hydrosphere, 
and the cryosphere) through theoretical 
analysis and numerical simulation using power
ful. high-speed digital computers.

APCL Atmospheric Physics and Chemistry Labora
tory. Studies cloud and precipitation physics, 
chemical and particulate composition of the 
atmosphere, atmospheric electricity, and 
atmospheric heat transfer, with focus on 
developing methods of beneficial weather 
modification

NSSL National Severe Storms Laboratory. Studies 
severe-storm circulation and dynamics, and 
develops techniques to detect and predict 
tornadoes, thunderstorms, and squall lines.

WPL Wave Propagation Laboratory. Studies the 
propagation of sound waves and electro
magnetic waves at millimeter, infrared, and 
optical frequencies to develop new methods 
for remote measuring of the geophysical 
environment.

ARL Air Resources Laboratories. Studies the
diffusion, transport, and dissipation of atmos
pheric pollutants; develops methods of 
predicting and controlling atmospheric pollu
tion; monitors the global physical environment 
to detect climatic change.

AL Aeronomy Laboratory. Studies the physical
and chemical processes of the stratosphere, 
ionosphere, and exosphere of the Earth and 
other planets, and their effect on high-altitude 
meteorological phenomena.

SEL Space Environment Laboratory. Studies
solar-terrestrial physics (interplanetary, mag- 
netospheric, and ionospheric); develops tech
niques for forecasting solar disturbances; 
provides real-time monitoring and forecasting 
of the space environment.
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