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I INTRODUCTION

Dunng the 1987 spring storm scason we used a
porable 1-W X-band CW Doppler radar 1o probe a tomado, a
funnel cloud. and a wall cloud in Oklahoma and Texas
(Bluestein and Unruh, 1988). This same device was used
duning the spnng storm season in 1988 to probe a wall cloud
in Texas. The radar was battery powered and highly
poniable. and thus convenient o deploy from our chase
vehicle. The device separated the receding and approaching
Doppler velocities in real ume and, while the radar was being
used. 1t allowed convenient stereo data recording for later
specaal analysis and operator monitoring of the Doppler
signals in siereo headphones. This aural monitoring, coupled
with the case with which an operator can be trained to
recognize the nature of the signals heard, made the radar very
casy 1o operate reliably and significanly enhanced the quality
of the data being recorded.

At the end of the 1988 spring scason, the radar was
modified 10 include FM-CW ranging and processing.  These
modifizations were based on a unique combination of video
tecording and FM chirp generation, which incorporated a
video camera and recorder as an integral par of the radar
Afier modification, the radar retauns its convenient poriability
and the operational advantage of beirgz atle 10 listen 10 the
Doppler signals direcily. The onginal mechanical design was
uraffecied by these addinons During the summer of 1988,
this modified device was used at the Langmunr Laboratory at
Socorro, New Mexico 1n an sttempt to measure verucal
convective flow an a thunderstonn

We can now collect data that include, as a sequennal
time shared video record, a boresight video picture of the
radar field of view, FM-CW date taken at the horizontal
sweep rate of the video system, and conventional CW
Dopeler hiph resolution specira In the FM CW mode the
unambiguous Doppler velocity s 1S mis ' owith an
unambiguous tange of S km These wideband signaly are
tecorded in VIS Tormar tor Later analyvas, along with the
interspersed boresipht pictures

N DESIGN CONSIDE RATIONS

S General Leatures The modificanions were added
withautaltenny the onpinal conbipuranon of our father CW
imvtroment Two SO om patabolic reflecions (1A S, haviay
AR pan and a Vdl beam sadth of 59 are mounted on
sturds alumunum enclosme of dimensions QK7 X 04 X O 13
mo Ths bov containy all the ele: ttomcs and the vanous
fivres foratachang the video camera, the autput cahles en
A eptam mounted onothe box separates the two antenng,
Ihe Tinearly polanized antenun leeds are tapered for sidelone
RUAREASN T Ihe direction of polaization may e
ol adponted foreach feed althotph e o bihe ation
cannot be made papdis i the field  This o bape can be
maoted oo canyennomal heavy dirs mpod bomeanss of the
st 820 doead For sinations i whn bt e desinahle
et the raaar vertoeally ok o on g spenral tnpead
iy nhhle

All of the elecromics, including the associated video
camera and recording devices. are battery powered. The
radar iself is powered by a 12-V baitery pack which allows
continuous operation for 3 10 4 hours and can be recharged
completely in a comparable tume.

Documentation of the recorded data is parucularly

convenient with this system. The FM-CW daia are
documented directly on the video 1ape by the azsociated
boresight video images, which can include a daie and umc
stamp. Duning the ume when FM-CW data are being
recordec, the stereo audio channels of the portable VHS
recorder may be used to record spoken commentary
describing the scene, special circumstances, elc
Conventional CW Doppler audio signals may be recorded on
the stereo audio channels of the poraable VHS recorder when
the radar FM ramp is disabled, while the video boresiphi
view and date/time stamp can be simultaneously recorded for
continuing documentation. The way in which these modes
are used in the field remains under the conool of the operator
who must select either the CW or FM-CW modes manually
It would be casy (0 make this funcuion automatic, choosing
fixed tme intervals for FM-CW, video boresight pictures,
and CW/boresight pictures. Until we have more expenience
obtaining measurements in the ficld, it scems wise 10 allow
the operator 1o choose which type of datz to take on the basis
of what is being observed visually.
2.2 Electropic Design The hinear FM modulation and
FFouner vansfonn data analysis scheme used in our design
have been descnbed by Chadwick and Stauch (1979), who
have shown very clearly how 1o process FM-CW signals
fiom distributed targets  Radar rewurns from a contnnuous
senies of FM rampy are Founer uansformed 1o provide
spectral informanon in which each of a series of range bins
contains the complete speed spectrum (both « and ) of tha
part of the distnbured rarper within a range bin - Fach
spectirum s centered on the so called 7er0 velocity poimt
“7VP) atthe center of ity range bin These ZVEPy occur i the
Fourier trandform at harmomes of the FM ramp repeunion
frequency  The relanonships between the if paramerers
Gamp penod, tuming rate, et ) and the analvas paramerens
tnumber of tamps processed, the Nygquit frequency, numbed
of channels and number of successive ratps prxessed, e )
are clearly setoutin the discussion of Chadwick and Suandch
(1979) A th=y mennon, these sumiple tefanonships nuke 1
VELy €asy (o d("\ll‘ll annstnent whose charactenstios ¢ an
be Ladored 1o the specttic tareetapplication

Hecause of ouranierestin severe stonms specificalls
wall Clouds and tormado vortces, we wanted to obran a ot
uncmbipuous Doppler veloonn This abjective tequres o
ph repennon frequencs forthe N wnmp ramp Qb
pood tanpe and speed resolution then tequies o darys
detec non bandwulth and a Larpe minnber of specral cbannel:
mthe wnalvzed dare The time senes inpat oo the Founen
tanstonm st inchide the receved data fronn a Lape numbeer
of suceesave tampy The required handwadihon e ol
e the unambapuons Dappder frequencs tmes the nnm e
of vange b desed oo cane these conderanon
vrauited s bandw e of abeae BN whichoe ditbe e e



record in the field with portable instrumentation. Video
recording 1echnology appeared to be the 2pproprniate choice,
and this prompted a consideraticn of recording the radar data
in VHS format.

For an X-band radar, an FM ramp frequency of 15
kHz is required to provide an unambiguous Doppler
frequency of approximately 100 ms-!. By coincidence, the
honzontal sweep frequency of standard video 1s 15.750 kHz.
Thus, one can use 15.750 kHz as the radar ramp frequency,
record the radar rewurn signal from 2 single FM ramp as one
honzonial line of the video ficld, and obtain more than 256
successive data records in a single field. These fonuitous
curcumstances have led 1o the desige described below. Given
this fixed ramp frequency, the other paramzier choices to be
madec involve the maximum unambiguous range and the
number of digitized 'ata points dunng each ramp.

We have chosen an unambiguous range of 5 km, well
within the effecuve range of the radar for typical
mcteorological tarpets, and 128 digitized points for cach
ramp. The radar characienstics resulting from these choices
are: 1) The S km range is divided 1nto 64 bins, each 78 m
deep. 2) The unambiguous Doppler velociy spectrum spans
from-11510 +115 ms' ! 1n each range bin; 1) The effecuve
duty cycle for targets at S km s 049, 4) A ume senes of
128 X 128 = 16k data points (with a Nyquist sampling of 2)
in an FFT rerurns an Bk channel spectrum in which there are
128 channels per range bin, giving &8 Doppler resoluuon of
1.8 ms Ichannel 1,

3 CIRCUIT DESCRIPTION

A simplified block diagram of the radur 1s shown 1n
Fig. 1. The 10-GHz oscillator 1s a cavi'y -mounted Gunn
diode, chosen for low sideband noise. 1t1s dnven by 4 ramp
generator that include the compensation required 1o lincanze
the frequency sweep  This nucrowave signal 1s amphfied 10
1 W and apphied 1o the transmut antenna feed through a
microwave atienualor  The operator can reduce the radhated
power level for tarpety with high reflectivity  Received
signals are amphlied by a low nose, sohid state micsowave
amphifier (30 dB gain, 4 dB N F ) and detecied directiy by
homuadyne quadrature mixers  The audio and video signaly
from the T and Q muxery are amplificd by very low noise
operanonal amphfiers with excepuonal pain bandwidih
performance (Plessy SESOG1C)  The overall seceiver nonse
hpure s evsennally determined by the INPUl IO v e
amplitiet

In the FM CW o maede, the Tand Q muser sipnals are
summed i a low noise wadeband amphifier w provide the
requited anput level tor the video recording systemm The
amphifier ncludes a liph pass filter that provades the
mereased pan ac Iaph frequencies sequired ay ranype
compensation  These vpnaly are comverted into standard
VHS fotmat uaing honzontal and vereal avne sipnads
denived trom the bareapht camera bach honzental hine
consity of the recersed sopnal trom an wodiaodoal A ramyg
A trame switch allow < the operator to record either the tada
data ora boreayhi puctare onthe VHS tape

[he sipnal berny recarded caeoalao be viev ed an
st batteny powered video monmor, providing the cperao
with 4 mcans of venttving the quality ol the data and o
guabiatiy el adentty iy the it tenstics ol the tyet
Lact athe vivual appearance of radae dat i video fonmat e
quite dectnenve - One can casaly recopnge the coential
fratutes of the tarpet by Josab g at e sl degpiay of th
tacdan data

P the N s te the v penetaton o diabled and
the Dand C e o, age anphted oy e s awide bt
DO analog phac e b teee Adorsp andd bt e teee
Cloane by prodhine e et separaniot of the wene ot it
Vhappber g oad Tar nosrstea oy e eren he g nhione andd oo
directanc b eescndngp The aeraten can e hoec e e e

tecond v s o e heaesp bt et

Listening 1o the audio data in the headphones provides the
operator with a unique method of "seeing” what the radar is
deiectng. It allows one 10 carefully center the radar beam on
features being measured and 10 search through the field of
view ‘or regions of interest.

Vioso Pxlure Das

13730 My ™M
Rarmy
Gerweiaiet oW

Puangr

T

CW Denper Dela Vel VCA gar Bleowo ]

Fig 1 Simphified block diagram of the FM-CW/CW
portable radar system

4 PFRFORMANCE OF THE SYSTEM

The dyvnamic range of this device 1y over 70 dB, much
perter than can be recovered from the data recordings In
typical deplovment siuations, ground clutter and diredt
leakape eftecty between transmutier and recaaver are low
enough that recerver noise performance i not appreciabls
degraded [eabape effects can casily be derermined in the
field by tedocing the wansouted power in the CW mude
while observing the detected novse floor of the radar

Hecause of the hmitations of the recording device . n
v especnal v important to set the recorder gaans carefully o
that the radar norse floor s properds repradouced Tothe UW
moxde, a recorded dyvnanue ranpe of over S0 dB s povabile
with a hiph aualiny tape recorder, provided the recorder does
not have an automatie pan connol (AGC)  Inthe TR OW
made, the daty recording s are more imited There are several
deletenious edeas resuluny from the charactensues of vudeo
recorders Nadeo teconders incorporate a form of A
While this feature tends to mavmize dynanue ranpe and hae
the beneficnal cflect of redecmy overload dearanan in the
recotded data the effecinve pam of the tadar ssvstem can
chanpe aapial Teve o and near Gedd claties eftects Change

wab iy 1t ampeecab e po calibeae the radar Thoe oy
relative spectral aeranes can he recovered from b
recondinges s Under the b Cot circomitanc e the i
Avnanie ranpe av ! hle seene oo he 10 (R [T
selen recardmy v add e ant ieredobatieon o
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specoal ey e s ate e e i ol the st
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Fourier transform dara together (adding 16 or 32 mansforms)
in order to improve the signal/noise of the Doppler spectrum
Both channels (+ and - Doppler shifts) are capiured and
analyzed together.

The video recordings of FM-CW data are digiti-ed by
means of an 8-bu video frame grabber. The 32k numbers
gencrated by this device are passed 10 a computer 1n a format
which simply appends each horizontal Line of 128 number: 10
the previous line. directly producing the ime senes required
for the Founer mansform. We actually use only 16k of this
record, i.e., one half-field. Most recordings are contaminated
by very low frequency signals from ground clutier close to
the radar. These usaally show up as nearly linear increasing
or decreasing signals superimposed on the data in cach
honzontal line. Because of the abrupt discontinuity in these
clutter signals at the end of each FM ramp, the Founer
ransform ofien contains much higher spectral intensity at the
ZVP poinis (a1 harmonics of the FM ramp repetition
frequency) than 1y desirable  Specoal broadening from the
windowing used 1n the ume series can obscure the low-
velocity part of cach Doppler spectrum We use a
preprocessing program which removes these low-frequency
components from the data before the Founer transfonn 1y
computed

Dunng the summer of 1988, this system was used
t..efly at the Langmuir Laboratory near Socormo. New
Mexico in an anempt to measure verncal convecuve mouon in
a thunderstorn. The FM-CW results shown below were
obtained at the laboratory at an elevaton of over 3150 m from
a storm which was beginning to dissipate  No upward
convection was delected 10 a2 height of § km, which was
bevond the height at which precipitanon could be seen
Figure 2 shows an example of the resulis for a region above
ground level in which mocerate preaipiauon was falling

- etve Ggmaira Swenty

’ Ggum | 1016 Pounm

Ly 0 A section of ivpical data ohtoned ar the Tanpomo
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cangle video field e plotted wong the s e anto the payes
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required 1o record the single video field. One can see that the
downward velocity of the precipnation hes in the range below
10 ms-!. There appear 1o be two distinct terminal speeds
within the precipitanon A senes of such graphs shows the
evolution in ime of the precipitanon reflectivity and speed vs
height. The radar gencrates the data for such an Bk specural
display every 1/60 s The amount of data which coula be
digitized and analyzed is enormous and highly redundunt
Resraint and selecuvity in the analysis process are necessary

Figure 2 also exhibits some of the difficulues
resulting from the use of a video recorder. The recovered
dynamic range is clearly not very great. It may be improved
substantially by averaging together specoa from several
successive video fields. The intermodulation distortion
appears as the broad, low-level responses near 50 ms ! on
both sides of the speca near the middle of the plot. These
spurious effects are found ad:acent 1o the largest components
in the spectrum, 5o that they do not obscure basic spectr]
features within regions of high reflecivity. We are
attempting to find ways of reducing these effec:s (e g, by
using frequency-modulated video signals of constani
amplitude) We hope 10 find ways of significantly improving
the performance of the video recording before the 1984 storm
season.
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