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ABSTRACT

This is a detailed discussion of the design, development, and
constructicn, and an evaluation of an experimental mocdel of the Area
Precipitation Measuring Indicator (APMI). This system was designed to
accept video signels reflected from weather clouds through the use of
Radar Sets AN/MPS-3l4 or AN/CF3-9; to quantize these signals into three
measurements: intensity, range extent, and azimithal extent; and to
print these measurement data in alphas-mumericsl form or a directeview
storage tube. The APMI equipment operates in one of two basic modes:
PPI and OFF CENIZR. In the OFF CENTER mode, expension of a target is
permitted and a blown-up erea is prinfed on the display.

A generel description of the overall operation and capability is
presented, followed by a deteiled description of the theory of opera-
tion of the system.

Finally, resulte of the electrical test performed, future system
consideration, and conclusions are rresented.
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AREA PRECIPITATION MEASURING INDICAYOR

INTRODUCTION

When the output of a westher radar set such as the AKN/CPS-9 or
AN/MPS-34 is observed on the Plan Position Indicator (PPI) aud the Renge
Height Indicator (RK1), the observer obtains a comprehensive picture of the
local westher psitern and therefore the precipitation area within several
hundred milea. The obhserver equipped wi+» such information as gocgraphical
location, size, and rate of movement of the storm areas is provided with a
useful tool fox early forecasting of local weather.

Although this information is relisble for a coarse estimate of the
local weather condition, additional date such as the severity of the storm,
the location of the more active cells within the cloud area, and the dimen-
sion of the cloud would be invelusble for detall weather forecasting.

it is kmown that rain droplets, ice particles, snowflakes, and regioms
having large gradients of index refractions will return detectable echoes
to the rader receiver. It is appreciated, however, that the size and
density and population of particles due to precipitetion determine the echo
power. It is believed that this echo power, if accurately determined, will
234 to the knowledge of cloud structure and possibly become an aid for
more comprehensive weather forecasting.

This report describes the Area Precipitation Measuring Indicator (APMI),
a ddglital equizment which, vwhen used with either Radar Set AN/CPS-9 or
AN/MPS-34, will provide a gquantitative measurement of cloud intemsity and
dimepsion. These velues are printed (in stored real time) in mumerical form
on & catbode-ray direct-view storage tube display. This equipment can be
used for atmospheric investigation in geveral areas of intersst such as
rainfall rate-radar intemsity and correlaticn studies; severe gtorm aunalysis
including hurricanes and tornadoes, and nuclear=blast studies.

The Area Precipitation Measuring Indicaior (APMI) program was initiated
with award of contract on 1 Jul 62 to Motorola, Inc., under Centract DA 36-
039 80-90825, in accordance with Technical Requirements Ho. SCL~5857
(emended 13 Oct 62).

PISCUSSION

The Area Precipitation Measuring Indicator (APMI), Fig. 1, is basically
a digital computer apd a storage dispiay unit whose operation is dependent
on meteorological data in the form of rader signals from eitber Radar Zet
AN/CPS-9 or AN/MPS-3%. This equipment meagures the echo intensity from
clouds or precipitation in addition to the dimensional extent of the reflect-
ing mese, quantizes these signals, and displeys the data in alpha-mumericel
form on & 10-inch direct-view storage tube. Figure 2 is a dblock dlagran of
the complete system.
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The APHI operates in two basic modes. In ore mnde the disxliay i3
arrangea in e manner similar to thsy of a conventional PIT diaplay axcept
that the dats to be dilaplsyed are in slpha-punmsrical formm. Tioesse chagsoters,
representing cloud inu@ns* ty erd dimarsicpal mexswrements, are ssranged an
such 2 maansr that they occupy a locatlon in the display as the ¢icud og
any yeflzeting areas are distributed arourd a radar site. The PPI tyce of
dlsplay provides s popdistorted view of the actval reflectizg srea ckape.

The secoad display matkod is the OFF CEFTER mode. This display mods is
termad 8 "B" azcan type of presentation. The "B" gcan presentation permiis
the cperctor t0 select the ares of interest in the radar fizid of viesw and
displays only that reglom selected, tbereby vastly increasing the displey
reselution. Of course this type of diapley, a wedge-shaped section of radar
gpece, is mapped into a reciangular dieplsy matrix. As a result, & certain
aount of dlstoriion is dntroduced such that although reflectors are dis-
played in their relative pesition with respect to other clouds in the dig-
wlaysd ares, the gize of clouds displayed becomes a function of radar range.
The distortiom intzoduced is not considered a problem beecsuse in this mode
the operster wishes to study the detail structure of the cloud and not its

shone or size.

The APYE was designed to handle a vast ampunt ¢of weather data in a shoxt
reried of time. The somputing process 1s contiaucus and olten repetitive,
thersby resulting in trousends of aritimetic operations in commuting cloud
data cderived from the radar set. The result 1s that the informeation dilsplayed
relieves the operator of intorpreting the many different clesses of received
data. [scause there axe radar operators with varying degrees of opexating
skill, this interpretation of dats frcm radar PPI is often in disagreement.

The APMI system; by wirtue of displaying muserical values corresponding
to echo pover, elininates the degree of judgrents vormally reserved to the
operators. Therefors, the displayed date sve aqually weighted regardiess of
the operatorfs skiii. Also, because of the high-speed operaticn of the APMI
and 1ts ares-ssepling techmigues, smail-gain date and real-time information
sre obiainadble.

In ccuputing cloud extent; the APMI must first determine whether the
incoming radar signsls are returns fram weather clonds, noise, or other types
of targets. The reguiresmsnt ls Por & detecticn cirouit that coptinucusly
sxamines all radar signals and determines cnly those signals returning from
veather clouds. Cbviouely sucke a circult must bs simple; s.ancmics,l, and
posseas & ndgh probebility of westler cloud detection undsr all environmentael
comditions. This syston euwplioys an sutomatic ‘t&rgataéptec.tmn gircuit that
has s signal-to-uvise ratic of epproximately 5 %o 12 db. Although this
detector does not eliminade all Talse glarm signels, 1t doss distinguish
betweer aireralt; noise, or any polnt scurce tsrget simply on the basis of
their extent ir the radisl and agimnthal dimsnsions.

The received sigusl povwer is measursd wiih litile difficulyry amd cor-
related with cloud detection declziom, giving s measure of tue aloud jnten-
sity. The rsdisl dimexnaion or extent of the cloud in range, Sossuved during
& single pretriggered sweep perisnd; is performed by noting the time or renge
in ab:l.h the cloud is 1Initislly detecied, and counbing range lscrements as
long a5 the ¢loud 1s cantimucusiy dwtectzd.
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The messurement of the cloud azimuthal (axc length) at any one or &
nuzher of ranges over which the cloud is continuous is performed by a dis-
continuous memory function which keeps track of the cloud azimath increments.
This memory function is supplied by a2 number of cownter channels, each
a3sociated with a particular range.

The data arz presented numerically in plan-position form, temporarily
storad or regenerated for visual observation. The temporary storage allows
time for cloud assessment or photographing for later detail analysis. The
PPl Torm in which numerical dsta are displayed provides the necessary situ-
ation fur correlation with radar video PPI displey. The storage tube used
in the display has an ovarall diameter of 10 inches; however, the usable
dicmeter ie epproximstely 8 inches. The numericsl character kesight is 1/16
inch, with cemter-to-center spacing of 3/32 inch (approximately 1 imch).

Toe scals factor of the disvlay is a function of the dimension assigned to
the charactars. The cloud intensity measurement figures exe indicated by
th: printed 1's (corresponding to a single digit, O to 9, intensity measure-
mentj. The radial dimension values are represented by 3-digit RNEN, with R
identifying the dimension. The ANN characters correspond to 2-digit azi-
outhel dimension values.

The rzdiel values are always printed at the top or ocuter frimge of the
elovd area, and the azimuthal values are always printed to the right at ths
cuter fringe of the cloud area.

An ¥-Y storage and deflection system is employed to accomplish the
required average-time display. The input data are resolved prior to storage
on & resl-time basis and then displayed later as timing permits. The XY
format facilitates the presentation of erect charascters on the display and
ghviates the need for eny increased researching function.

DESCRIPTION

The Area Precipitation Measurement Indicator (APMI) accepts rew rader
data from either Radar Set AN/MPS-34 or Radar Set AN/CPS-9. It them dster-
mines both the amplitudes of these signals (from a presetc reference sigoal)
and the radial end azimuithal extent of the cloud. Thesge data are converted
into & binary code for easy handling by the machine, and then displayed in
punerical form on a l0-inch storage CRT.

The display format gives the unit square intensities within thz cilond
area. These intensities values are averages extending over 1.6 miles to
28.6 miles, depending on the desired range setting of the radar set (25 to
450 miles). (See Table 1, Display Element Size, witk radar ronge
scale setting.)

The range and azimth extent messurement va.‘ﬁues ave printed (in miles)
on the fringe of the ~loud imsge. The range measurements are printed on m
display as 3~-digit words--an R followed by 2 c!ecim.l digt@wm eY8 B2OSUS-
nents of the range extent from O to 99 miles in l-mile ineremsnts.

The azimth-extent measurements are printed es 3-chsracter words--tha
letter A followed by & 2-digit pumber--gnd are maasurements of the agimutbal
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I. Displey Element Size

i~
“.J"‘,?v*mrw;&w P

RANGE SCALE PRF
miles
( ) 186 : 931
25 0.8 mi x 2.8° 0.8 mi x 1.1°
75 1.6 mi x 1.86° 1.6 mi x 0.58°

o
200 3.2 mi x 1.6
450 4.8 mi x 1.6°

6
o oy R R R W




[N

N e ek ity b ot

extent of a cloud over two radii or an arc length of 99 miles in i-mile
increments. A cloud CI exienl greaver Lnan wo radii, OF au &IC lengih
greeter than 99 miles; will cause the formetion of a wrong product and
therefore result in erronecus reading.

Automstic Cloud Measuring Indicator

The three units comprising the automatic cloud msasurement indicstor
as shown in Fig. 3 are:

Cloud intensity meesurement unit

Cloud dimension measurement unit

Displey unit, incorporating a storsge type of cathode-ray tube for
presentation of the numerical cloud msasurement date in plan~-position (PPI)
form.

The major functions performed by each unit are listed below:

Cloud Intensity Unit

Video signal filtering
Multilevel video threshold detection
Intensity level encoding
Manual control of video gain and range sttemuation ccmpensation
Sweep-to-gweep averaging process
Cloud Dimension Unit

Radar range encoding

Radar azimith conversion--azimuth sine and cosine encoding,
and gzimith pulse generation

Cloud detection on a gweep-by~gweep basis

Cloud range extent measurement and gating function

Cloud azimuth extent measuremsnt and gating function

Coding programs for measuremsnis of cloud intenaity, azimathal
and radisl dimension, as a function of radar range and pre-
triggered sweeps

Conversion of radar range--azimath ccordinstes to X-Y coordi-
nate locgtion of cloud-measurenent dats

Rangez shifting and scale expension functions
7
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Numericsl Display Unlt

Cloud mecsurement dats buffer storage

Buffer storage programming for write-in data location and
readout dsta sequencing

Alpha-nureric character gexeration

X-Y digital coordinate to analog voltage end sweep voltage
generation

Manual switching and control funciions for operation of PPX
storage tube numericel display

Intermediate Frequency Amplifier

The rader receiver was modified to imcorporate a lime driver to couple
the 30-mc IF from the gecond stage IF amplifier to the input of the APMI
via a 50-ohm coaxial cable.

The 30-mc IF amplifier and detector sirip in the AFPMI receives the sig-
nals from the radar IF amplifier and raises the cutput to & l-volt level.
The APMI IF amplifier gain is electrically controlled by one of the two
switch~selected normalization functions. The functions are gererated by &
function generator comsisting basically of integrating capacitor driven by
range-gated current sources. The ogeration of thase circuits is explained
under "Range Normalization," below. The IF amplifier is desigred to accept
an extremely wide range of input signals. This 1s accomplishsd by the use
of circuitry that produces & logarithmic amplitude response. In this way
the output dynamic range is compressed vbile the amplitude relatvionship
between signais is preserved.

The overall gain is 90 db. The overall dynamic range is £0 db, being
linear for the first 10 db and logarithmic over the remaining 70 db. The
passband is two megacycles.

The range normalization voltage is applied to the sensitivity time coa-
trol (STC) input, with =12 volts corresponding to minimum gain, and zero volts
corresponding to maximm gein. Amplified gain 18 controlled prior to any
logging sction. A 2-decade line attenuator is inserted in the input lins to
ellow for the sttemuation of wery large signals.

The one-gtage video amplifier, an lntegrator amplifier, and an exitter
follower stage are driven by the IF amplifier, with thes emitter follower
having sufficlent impedance to drive the intensity encoder and renge
detector cirecuitry.

The video amplifier hes a gain of 20 db, whiehmmesmeimlm
the IF amplifier to 10 wolts for the intensity-measurement circuitry.
Direct current restoration ls provided to clamp the video wave forzm prior
to amplitude measurement.
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To remove the effect of high-frequency spikes, smoothing cirenita are
vrovided to the ixput of the video amplifier.

Rapge Hormalization

TR A

The sensitivity time control (5.C) changes the gain of the IF amplifier
a3 a function of radsr range to compensate for the effect of propagation
attenuation (Fig. %). An analog function generator is utilized tc provide
the operatioms reguired to change the IF gain in any manver desirable.

The range normelization circuitry comsists of & NOR circuits, driven by
the output of the l-mile range counter, which generates -1C0-volt gates at
different range intervals. HNormelization starts at range zero and ends at
range 256 miles, after which the IF strip is at maximum gain. The gates
are of shorter duration in the region of greater curvature of the analog
normalization function.

The functions are generated by a capacitor which integrates values of
current supplied by the 8 gates. The capacitor is initially charged to
spproximately +2 volts by the pulse rate frequency reset signal. The signal
ocecurns during the dead time preceding each radar trigger. The capacitor
then discharges at s rate controlled by the cetting of the polemtiometer
associated with each gate output.

Two sets of potentiometers proviwed so that an Rale* fuaction can
be selected by means of the X2/R* range relsy which, in turn, 18 comtrolled
by the control panel R2/R¥ mamual switch.

A single potentiomster which returns to +2% volts supplies a comstant
charging current to the vacitor to compensate for leakage losses. A diode
is commected across thr sgrating capacitor to prevent veltage across the
capacitor from going ne,  :@.

The capacitor voltage is coupled to the input of an opsrationsl ampli-
fier through an emitter follower stage. The operatiopal amplifier amplifies
and inverts the normslization function. The amplifier output is conuected
to the STC input of the IF amplifier.

Intens ity Maasurement

The ten~level intensity circuit is an analog-to-digitel encodexr that
determines the peak amplitude of the input video signal. This peak ampli-
tude is thus converted to & BCD code and on command transferred to an adder
counter in the integrity integrator circuit. The encoder is then reset so
as to ready it for the next set of input signals.

The intensity level encoder consists of 10 voltsge comparators, refer-
ence voltage, a logic circuit to determine the highest of the 10 intensity
levels, a decimel-tu-binary encoder, and sssociated contrcl circuit.

The intensity level encoder (Fig. 5) functions as follows: The center
tap of each potentiometer is extended to the set input of each flip-fiop,

10
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One end of the potentiometer is common and it is to the pointe that the
videc pulses are appiisd. The seliimg of the polenticmeter controls ihe
input current and hence the triggering level to each flip-flop. Each flip-
flop has an accompanying indicator light ard may be used as an indication
of the intensity level of the input signal merely by counting the number of
ON lights that are glowing. The neon indicators are also used for calibrat-
ing the threshold level.

The decimal-lo-binary conversicn is done by the logic circuits that
follow. Tbe output of the level-detecting flip~-flop is extended to ven
inputs and gates which determine the Jcgical product between the "1" output
of a flip-flop and the "0" output of the next higher level flip-flop,
representing the highest intensity level applied. The output of the AND
gates is amplified and inverted and applied to four NOR gates via emitter
1 »llover, vwhere binary conversion is performed.

Intensity Integrator

The intensity integrator circuit of the APMI directly controls all
encoded intensity measurements from the time of measurement to time of dis-
play. Its function is to sum and divide intensity measurements (signal
averaging), range, azimith extent measurements, decisions concerning accept-
ing of new data or printing of quantized Gata, deta priority, and character
generator print-out control.

A small portion of the buffer memory is used for the averaging of
intensity aeasurement samples. Thirty-two words of memory are used for this
operation. Averaging is accomplished by adding the encoded intensity values
for 8 consecutive sweeps when using the low pulse rate frequency of 186 c¢ps
and 16 consecutive sweeps when using the high prf of 931 eps. This averag-
ing process has the effect of smoothing out the fluctuations that are
inherent in video return from clouds.

The adder used to accumulate intensity measurements is comprised of
eight bits, and functions according to the integration timing chart for inte-
gration mode of operation (Fig. 6). The adder is readied when a reset come
mand pulse is rzceived from the memory timing circuit and reset to zero.

An ADD transfer pulse then transfers information from the four-bit intensity
level encoder into the ADIER. Simultaneously, an "unload" sync pulse transe
fers previously stored date from the memory informetion register to the
input of the eight-bit parvallel adder. Since no data were stored in ths
memory information register at the initial processing time, the first sum
brought from memory will be zero.

This sum is then added to coded iatensity data previcusly held in the
adder by an ADD strobed command pulse. When the addition has been completed,
the sum will appeaer both at the output of the ADDER and the inpats of OR
gates in complement form. The sum is gated through the OR gates by an Inte-
grating pulse via inverting amplifier and applied to gaving logic circuits.
All. data such as intensity, range, and azimath must pais through diese cire
cuits before going to memory. A coummand load sync and MR strobe pulses pass
the intensity sum %o the integratior portion of the memory. The cycle

13
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repeats again, with the adder reset pulse setting the ADDER to zero, the ADD
pulse setting into the adder snother four-blt binary coded intensity word,
the unload sync pulse bringing from memory to the input of the addexr the
intengity sum previously stored and the load sync commend that writes the

new intensglty sum back into the integratlion portion of the memory for another
addition process to start. For the 931 PPS (high pulse rate), the cycle
repeats 16 times; for the 186 PPS (low pulse rate), the cycle repeats eight
times. At the end of the sampling time, the accumilated intensity sum is
divided by the number of samples talen and then written back into the proper
location in the display portion of the memory.

NOTE: A word contains eight bits (0 through 7); the 2ud and 3rd are not
used. The 4th, 5th, 6th, and Tth bits contain the intensity, or dimension,
information. The zero and one bits are identification bits. When the zero
(print ID bit) bit is set to its true state, the word of which it is a part
has been printed. When the one bit has been set to its true state, the word
of which it is a part contains dimension data. This bit is called the
dimension ID bit and is used to inhibit any new dimension data from entering
the memory if old data have been previocusly stored.

On command of unload sync and AR strobe pulses (Fig. 7), the word pre-
viously stored is brought out from the display portion of memory (memory out~
pat) and gated to the special gating logic cards. The two information bits
(0 ard 1) from memory are applied to an OR gate. If both of these bits are
zero at the time data are sampled, the AND gate remains closed and the
inhibiting flip-flop that follows remains reset. A reset condition is an
indication that the word brought from memory has rot been printed and does
not contaln dimersion data, and calls for dumping this word and rewriting a
nevw word in its place. The accumilated sum from the integration portion of
the memory is transferred by the unload sync and AR strobe at the 6th count
of the memory timing. The 4th, 5th, 6th, and Tth bits then are gated
through special gating logic cards to the display portion of the memory by
load sync strobe and MR strobe command pulse at the count of thirteen. It
should be noted that the four least significart bit has been discarded.
This, in effect, has shifizd the decimal point four bits, thereby a division
of 16 for the 931 PRF (hignh). In the 186 FRF (low), the three least sigai-
ficant bit has been discarded; therevy a division of eight.

In the casec where either the Print ID or Dimension ID bit wes a "1,"
indicating that either data at the time of sample has not printed or the
word contains dimensional data, the inhibit flip-fiop would have set to the
one position; thereby inhibiting the unload sync end AR strobe pulses at
the count of eight and the MR strobe at the count of 13. Consequently, tbe
word transferred from memory is not pessed on to the display portion of the
memory s was the case mentloned above; the sccumalated sum is Gumped and
tbe dirensional date are rewritten back into the memory at the count of 13.
This condition means that printed data and previcusly stored dimension data
bave priority over new intensity or new dimension data.

As mentioned above, the intensity integrator unit also comtrols pro-
cessed dimensional date. Similarly, the intensity data, range, and szimuth
data are gated from their respective ECD counters to the display portion of

15
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memoyy via the apaciai gating logle cards., The dissusionsi Gata appser 8&
thres words: one word for identifying letter A (ezimuth) or R (range),

word £5r the ten mumber, and one word for the uait mumbar. Thege words are
gated to pumoxy, ome vord at a time. This sequantial operation is accom-
plished by lines t.; tee gate circuits marked @, R, A; B, and C. The @ and
R lines select either szimith or range dats, the command being generated in
the dimensicn code receiver. The A, B, and C lines select each word of the
dimension {azimuth range), one word at a time,

Figure 8 is a timing disgram of the commends that control the storing
of dimension data. At the count of two of the memory timing cycle; & word
iz transferred from the displey zortion of the memoxy by the unload sync
and AR strobe commands. At & count of six, the print ID bit and dimension
JD b1t are sampled. If both bits are zero, the word transferred from memory
is not dimensional data and has not been printed. At a ecount of eight, the
load syne and MR strobe command pulse gate the new dimension dats %o z=m=ozy,
one word z% & time. Simultanscusly, at the count of eight, an advance puise
is generated which activates a shifi register which zhifts (A, B, and C com=
mand in the dimension code receiver) from the A command to the B command.
This action is repeated until all three werds are transferred into memory.

This wnit, in addition to handling the above function; also handles }
vords frzm the displsy portion of memory during the zrint mode. These words, i
ope &t a time, are decoded, and thereby gezerate the propsr commaznd for the
clzracter genersior. In this case thz word thst iz broughi from smenssy 1O
be vriaoted--the 4, 5, 6, and 7 bits--iz applizd to the eppropriste terminels

£ a £lip~-flop register. The ocutput of this register is then spplisd to a
a,ecoding network which energizes the proper lina of the character generator.

Mode mWr

éﬁThe mode prograzer generates the timing of the integrate, store, and
print sequence.

The integrate intervel consists of a time span of 8, 16, or 32 FRF 5
sweeps. The integrated time interval is a function of the range and FRF :
getting. The time during each integrate interval is utilized for the sweep-
to-gweep aversging of the intensity values.

The store interval immediately follows the lntegrate interval and is
divided into two parts: store Intensity and store dimenslion. The store
interval lasts for only one sweep time of FRF perlod, regardless of range; ;
however, the length of time for the izmtervel is a function of PRF. The
store interval is used for the transfer of average intensity velues from the
integration portion of the mewory to the dlsplay portion of the memory end
also for the storing of aasy range or azimuth values.

The print interval followe the giore interval and lasts for one gwesp :
period. The priat interwsel is az Punciion of FRF and is indepsndent of §
reage. During this ioterval, both istensity and dinmsesicn valuss are trange
ferred from the display portion of the mewory and are printed o the display
storage cathode-ray tube. Figure G deplicts the functionsl opsratbion and
logical equations utilized hexe 4o perform these functions.
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The function of the mode vrogramseer (Pig. 10) ia as followm: The eir.
cuitry is divided into three sections: control circuitry, counting £lip-
flops, and descoding gates. The operation starts with the receipt of a pulse,
2 eezzmam{ mmiisze. fras the azimth control circultry located on the sarve
émck. This muise cecurs once at the beglnning of each anternna yevolution.
This cez=sad pulse triggers s balf-szecond delay flip-flop whose fesding
edge in turn triggers a V-microsecond flip-fiop. The cutputs of the latter
are uvilized %0 erase previcusly displayed data, to reset the memory, and
rasst verious circuits throughout the equipsent. The origival half-gsecond
dalay was necessarily made long so as to perimit all reset commends to be
applicd and propagated through all circuits in preperation for tke following
signal-processing intervel. The delay cutput pulse of this flip-flop is
extendsd o the set input of the "start process"” flip-flop. Whea the pext
¥ palse occurs, the flip-flop goes to its reset conditions and a "start
prccess" conzmand pulse is gonerated. This "start process" pulse sets the

"gtoxrt coumt” ﬂip-flop, vhich remains until tbe antenna hae cospleted a
revolution.

The "1" cutrut of the start-count flip-flop is extended to sn ARD gate
vhich gates PRF pulses to & six~bit counter. The cyele repeats agein at
the begirrning of each asntempa revelution.

The six-bit counter counts FEF pulses in binary cods. The outputs of
this counter, both true and coxplemented, are axplified and go to dscoding
gates. The thres sequemcing gignals (imtegrate, stors, and print), in their
proper position and correct time spam, appear at the outputs of the decoding
@%o

Although not shown, when the end of the print Intervel is reached; o
S-mierosecond dalpy flip-flop iz triggexed by tke print signel. The oniput
of this fiip~flop is axpiifisd and ussd to reasst the six-bit counter; whare-
by the counting and dscofing begin agzains The imitisl operation syele is
also reset at the bsgioning of each entenns revelutisn by the "start precess"
ralze. This is to insurs that the first integrete intervel begins initially
at the start of ax antenns vevelution. The "stexrt coumt” Flip~-flop is reset
at the cccurrence of the "Master Reset” milse.

The "store intensgity"” circult operates in such a menner that an AYD
gate is enabled vhsnaver the equipmsnt iz wot in the stoze-dimsnsion portion
of the store interval. A deuble inverter provides e irue snd complemsuied
"gtore intensity” signal.

Azimuth Input Circultry

The azimuth ipput civenitry (see Fig. 11) fumetion. as fellows: The
s‘t&mmgftmazimthsmmmtm, M@éiﬁwm&&rsﬁ
AB/4P8-34 or AH/CEB-9, are extended to the AR and are axtended to the
mefmgwmm@mmmm mﬁaﬁﬁmﬁmﬁw
aextends through ths comtzel paxel of s displey unit axd permits the eniry
@fé@a%ﬁb&rﬁ.ﬁg%&p@mﬁiﬂg in the "Off Ceoter” node. Toe Aifferential

steler wisding ie extsnded to the synchro-comtrol tramsformsr located on the
sarve deck. The exror voltege that is ganerated by this transformsr causes
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the servo motor to drive ¢he rotor of the control transformer to the mill
position. The coatrol transformer, amplifier, aud servo motor comprise a
simple servo follower.

A digitel sin/cos encoder and a contimmously rotatable precision
potentiometer are geared to the ehsft of ths servo motor. The sin/cos
potentiometer converis the shaft angle to sine cosine functions and produces
these functions in the form of & T-bit binary code. A sipe bit is imcluded
in ths encoder and produces the positive and negative values of the sgine and
cosine functions. Since the T~-bit gray code is weighted and unsuitable for
arithmetic opsrations, it i3 necessary to convert the ocutput of this decoder
t0 a l-2-U4-8 binary code.

The gray to binary coaverter consists of the following: A 5-bit flip-
flop register; five stages of exclusive OR gates, with a true and a coaple-
mented cutput; apd a delsy flip-flop used to gemerate the nescessary control
rulses. An identicel circuitry exists for the cosine conversisas except
for the delsy flip-flop, which is cozson to both circuits.

The gray coded output is ertended to the "Set" imput of ths tlip-flop
register. Ths register is first reset by the PRF, readying it for code econ-
version. The cutput of delay flip-tlop, which is also triggered by the PRF,
returns the tlip-flop register to its true state. This action permits the
gray code on the input lines to enter the register.

The flip-tlop reglster holds this ecde tor one FPRF interval while the
exclusive OR gotes perform the comversion to natursl binary code. The time
delay between the time the code enters the register vo the conversion to
natural binary code is approximately 70 microseccnds. This is then transe
ferred to the coordinste converters on the recsipt of ths next PRF pulse.

The sbart angle encoder also producss the algebraic sine and the cocsine
runctions, vhich are transferred along wilsh the binary code.

The comtinucusly rotatable precision potenticmetsr converts ths shalc
angle, representing the rader anvenns esimuth angls, into a bipoler linesyr-
ramp voltage, vhick veries betwesr +10 amnd -10 volts. The differeatial
generator is mschanically adjustabls go that the cutput of the potentioc-
meter is zero at the ares of interest. Tie cutput of ths potenticustar is
extended to an emalog cemparstor located on the gervo dsck vhkers it is com-
perad with & unipolar voltege. Im the Off Cenmter meds of opermtion, this
unipolar veltage is equivalent to half the angular extent of the sector
selected, which is a function of the rangs and FAF rate.

This unipolar voltage, vhich is fixed referencve voliage, is davelcped
through the use of trimpots vhose selecticn is determined by ths relay on
the servo deck and which are mamuslly controllable by switches on the cone
trol panel.

The analog comparator compares the tuwe voltages, and when the varisble

voltage from the potentiometer is more positive than the refereace voltags
the comparison 1s a negative 3 volis corresponding to a logical zero. Whem
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The potentiomater output woltase s more LSegacive than the reference voitage,
the comparator output is a negative 11 volts. A level-changing amplifier is
added %0 the culput of the comparator to make its logic levels correspond
with these utilized throughout the equipment. When the level~-charging ampli-
Tier has a logical "1" as its output, the "start" flip-flop (not shown) is
reset to its false state. This allows the next PRF pulse to pass through
the start azimuth gate and signifies the start, in azimth, of the region of
interest. This signal is utilized to generate the necessary signals such as
Start Process, Master Reset, and Display Erase (in mode progrsmmer units).
The FRF pulse thst passed through the AND gate is also used to set the Start
azimith flip-flop to its true state and therety disabling the AND gate so as
not tc allow more FRF pulses through until the next time the comparsator
triggers.

The equipment is also provided with an auto-mamual switch 80 as to allow
cloud intensity values to be printed on the storage CRT and remain stored
until erased by depressing the erase button. When the switch is in the AUTO
position, the circuits that generate tre master reset, display erase, and
start process operate in accordance to that described above. However, in the
manual position, the above three signals are controlled by a manual recycle
gate. When the recycle button is depressed, the manusl recycle flip-flop is
set and a logical "1" resets the mamial recycle gate. When the comparator
triggers at the beginning of the antenmnsa cycle, the PRF pulse from the
"Start Azimuth" gate is gated through the manual recycle gate and on to the
circuit that generates the three processing signals.

Address Circuitry

The function of the sddress circuitry is to provide the proper codes
for handling the processed data that enter and are retrieved from the mag-
netic core memory. In the PPI mode, the address circuitry also functions as
a real-time coordinate comverter,

An address, as applied to memory operation, is simply a binary code of
10 bits. However; it is convenient in this design to divide the total 10-
bit address into 5-bit (X and Y) components because of the rectangularity
of the APMI display. It is also convenient to discuss the functioning of
the address circudtry as a set of related but distinet sources. For an
example, the X,, ¥, address circuitry generates the code necessary to place
the everage in%ens ty data in the proper memory locatioa. During subsequent
read-ocut and printing, the numericel characters will appear on the display
storage CRT in the correet location as detected. There are four sets of
address. Flgure 12 lists the purpose and use of each set.

Figure i3 shows the X3, Yy address generator. It is apparent from this
diagram that this eircuitry is very closely associsted with +he coordinate
conversion equipment.,

In the PPI mode of operation, the scaler scales the rate of "carries"
frem tae adder so that the least sigpificant bit of the address corresponds
%o cne display interval. However, in the Off Center mode of operation, the
X3 counter counts advance pulses generated by the processing programmer cir-
cuitry. This pulse occurs at the end of the "Print" interval, once each
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procesging cyale, so that the enmlar chenge in antemma position durlng the
processing cycle is made equivalent to one displey incremsnt; in the X
dimensiop, ¢ the B-scau presertatiosn.

The Y; address in the OFf Center mods is genmerated by counting 4/5 mile
clock pulses that have been scsled suitebly to mateh the selected rangs with
the B-scale Y dirension format.

Addrezs Xp (Fig. 14) is generated by a 5-wit dinary counter arraenged
to count scaled 4/5-mile pulses gensrated from the X3, Y; cireuitry. Yp (not
shown) is fixed at value 31 because this ?5 the section of memory ressrvsd
for storage during integration. In the 25-mile rangs, the gating sircuite
adjust the least significant bit of Xp by sslecting alterrate range incre-
ments or adjacent swesps in order to reduce memory spseed requiseesnts. The
cutput, of the gate circuitry produces a rulss esach time the address
increases by ons count. This pulse serves as an intensity readout cozssand.

mx3,235&émnesm&mnistomdfmthemmmm
print opsration. This is accomplished by using two 5-bit coanters commected
in tendem. A closed-loop timing eircuit generates pulses to advanse ihs
counterz aund =2iso to corssand the vavious memory functions. The operation of
the X3, Y3 is &s follows:

a. The pint ID bit is sampled, end if this bit 18 a "1," ths word of
that particular addiess has alresdy been printed and thersfore the word is
returnsd to storage and a pulse sent to the X3 counter, This acticn 1s com-
tinued sutomatically. In the case where the sampled printed ID bit 15 &
zero, a Print Enable command pulse is generated, vwhich calls for the data te
be displayed. The address is maintained for 100 micreseconds, tho time
required to accomplish the writing oz the CRT display tube. Ths set ID dit
cozmand pulse, not shown in the sampling circuitry, causes o werd to be
vritten into sterage vhen ths Print ID bit is a "1."

b. Ths above acticn comtimes for the durzticn of each print ixterval.
Eventually, all characters in the storsge will be displayed. Ceds 31 of the
Y3 addreas is by-pessed because no characiers to be printed are stored in
tkis section of the memory.

The X), and Y), memory addressing code is used to addrees the displsy
rortion of the memory at the time that dizension dats ave stored., Ths Xi
address is held in a 5-bit binsry vhichk is preset, at the tims & range or
azizmuth dizension is made, with the X; eddress. This regisier is nscessaxry
becsuze the X3 cods is coatimually ckanging, in addition t0 ths fest f&ﬁ
dimengion cods comsists of three words, nscessitating e two-stop insress
the address before prestorags can be completed. The Y address ispmwt
into & 5-bit flip-flop register and remains comsiant umtil the thnes words
heve been stored.

in

The four different address scurces (Plg. 15) are goted to ihe
register at tha proper timss. The AR siysbe is genorated by e m=
timing comtrel circuitry and functispz to tranwfer the adives

on the legut line iute ibke vemory sddvess reglster. Tas lines are dsuble-
enéad to sveld ever huving 1o ypreset the mewory addres
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Maater Qlonk

The master clock cousists of a 931.200-me crystal-controlled escillator
and 18 wtilized in ths system o provids syncbromizsd clock pulser at a ralte
equivelent to 1/5, 2/5, kf5, enéd ope radar mile. The circuiiry alsc gener-
ates the gystem FRP pulses of sulficisent length and delay to resst counters,
shift registers, end £lip-flop registers. (8ee Fig. 16, Master Clock Tim-
ing.} This delay is to compspsate for the propagation delasy that cccurs
froa stege to stege throughcut the equipsant.

The Prequency of 931.200 ke is used to generate the 1/5 mile clock
rulses. The 2/5, 4/5, and ons-mile rates are obtained by dividing the base
rate through the use of flip-flop registers.

5
g
&
]

The unit also generates three PRF pulses: syrnchronized radar PRF, sys-
tem FiF, and PEF reset.

Renge Offset Circultry

The range offset circuitry provides the range delasy in the off-center
npde of operaticn to place any radar target in the center of the display
storage CRT.

The O-bit binary counter, Fig. 17, counts the necessery mmber of one-
mile cleck pulses required to obtain the maximum range offset. A digltal-
to-analog converter converts the binery range count into its equivelent
anslog voltage.

DR AL . Co Lt O R

The cutput of the digital-to-analog circultry i5 extendsd to an inpul
of 2z aznalog comparnicr via an operational emplifier. The leads of & multie-
tarn preeision potentiometer, located on the control panel, are also extended
to 25 input of the comparator. The ezater top of this precision potenti-
cxster is used as & unipolar refexemce voltage for voltage compsriscn. The
analog cosparator receives boih the potenticmster’s reference woltage repro-
senting the desired rangz for offset. operation and the anslog equivalent of
the rangs center reprezseanting radar range. Wher both voltages are coinci-
: dent, the cutput of the comparator swings negative, triggering e delay flip-
flop. This output is used to start the processing cycle. Also in this sub-
esseubly are circuits that generate s reset pulse used to reset the range
counter,

Buffer Memory

The buffer memuyy is o random-access megnetic core memory (commercial
design), with a memory eapacity of 1024 words of eight bits each. The 102k-
word requirement is because of the 32 x 31 sideplay formmt. The word
length of eigit bits is nscessary because as many as 16 video intengity

An Ampex BB 1024 x 8 magnetic core mexory providss the btuffering estion
pecsssery to match the high dsta input rate of this syatem to the low
character printing rate. It also serves to hold the intermadiate suws dur-
ing integration process. Thirty-two words (8 bits each) are reserved for
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integration, and the remsining 992 words are uged to stora dats after
processing and prioxr to display.

The memory is capable of completing a resd or writs acticn im five
microseconds.

Detection and Renge-Extent Measuremenmt

The circuitry for the unit that performs target detection end rangs-
extent measurement is shown in Fig. 18. 8torage within tkdis processor for
commands, processing, and "hold" for readsout is provided by transistor
bistable registers employing binery digits. The radsxr video is ome of tha
inputs to the detector vhich compsres the video level to a thresksld., The
output is a binary "1" wvhemever the threshrld is excesded, and "zexo" else-
vhere. The destection eircultry decides w.etlier or not a target exists and
then measures the range extent of ths targnt signal. If ths target has &
range extent of c¢me mils or greater, en extent mesasurement will be made.
The processor detectes the extended target region and verifiss the Getection

in range.

The output of the detector is sampled at the range cloeck rste of 931.200
ke, giving 1/S-mdle resolution. If the signal has exseedad the thresheld,
the range cleck and the datector cutput generatea a "hit"; otherwise a
"miss"” iz generated at the range clock rate. The requirement for a valid
target ia three hits in succession. To assure that the hits ars consecutive,
a miss is used to reset the targst "start" counter. To prevent reset efter
the target start condition has been rendered, the miss signal is inhibited
by the "QO" output of the target start control f£lip-flop.

When the target stert criterion has bheen fulfilled by three consecutive
hite, the start flip-flop is "set" and tramsfers the range clock palses inte
& three~bit counter. The cutput of the counter is dsecedsd and is ussd o
reget the counter on each five counis. This reset pulse occurs svery milg,
and successive five counts are accummlated in the BLD counters. This
precess continues until the target "end” ccomdition {3 datestsd by & tvo-staegs
counter into which "misses" are applied as the count. To prevent false m
conditions, this counter is reset by the "hit" conditien.

The count-of-three decoder on the end condition counter 12 used to
reset the start flip-flop vhich stops further sccummletion of count in ths
3-bit and ECD counters. It further coatrols processing, if the terget
exceeds one nils in range, by "setiing” ths seeond ccmtml Liip-£flop, whieh
inhibits the start of the second target until the rengs-extent infermstion
has been read cut. Occurrence of the proper erd conditien them allowe ths
targset range extsnt %o bds read cut.

There i3 a contxol flip-flop whieh ie set by the couvmt of five cutputs
from the three-bit counter. If the range extent is coe mile or greater,
this flip-flop iz set and allows the end ceznditicn and subsegusnt target
extent readout. If ths end condition oscurs bafore the tergst extent hes
reachsd cne mile, the setting of the end flip-flop is inhibited snd the
thrae-bit counter iz reset and ready for the next targst.
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The expectsd operation for ths dstection of an extended target with
range extent one mile or greater ccmcludes with the range extent in the EBCD
counter and the end £flip-flop, indicating the end of the target and calling
for readout through the target strobe sigpsl. The readcut pulse then resets
the necessary portions of the processor in preparation for the next target.
In the case where no readout pulse occurs, or vhen there is a target in
rrocegs at the radars range extresms vwhich cannot be completed, the radex
trigger is used to reset the processor at the begimning of the radar sveep.

Azimith Extent Measuremsnt

1. Azimuth Extent Counters. Because infermation is generated discen~
tinucusly with time, & set of . menory elements must be rrovided for each
desired azimuth channel. Sixteer chaunnels are provided in the Area Precipi~
tation Measuring Indicator (APMI). This number is equal to the nuiber of
display elements in the PPI moda. In OFF CENTER opsration, sltermats displey
elexrents are processed for azimuth extent.

The azimntb-extent counters (Fig. 19) function as follows: A 1l7~bit
shift register is driven by READ IRTERSITY ccsmand which causes a bit to be
shifted along the shift reglster in synchroniam with the occurremcs of indi-
vidual display elements. The presence of this bit causes tke input of the
16 binary counters to be opsrated in sequence. If a sigual is detected any-
vhere withirn a display interval, tke hit line will be ensrgized, causing
the input flip-flop to be set. Ths flip-flop, while set, allows azimuth
change pulses (ACP) to pass to the count input of an 8-binary counter. Tke
counter will accumilate a count at the ACP rate until a no-hit comdition
occurs, signifying the end of a target in the azimuth dimemsion. The no-hit
signal resets the input flip-flop, stopping the counting process ard causing
a pulse generator to be triggered. The ocutput of the pulse generator is
extended to the multiplier unit as a staxrt comuand and also transfers the
accumlated count from the counter to ean (R gate matrix and subsegquently to
the azimath input of tke multiplisr. Although not indicated ia Pig. 19, thks
8-bit counter is also reset at this tims.

Because the antenna is rotating at a comstant 5 rpm, the ACP's are
generated by a free-running multivibrator. A frequency of 34 epa is chasen
to yleld an angular change between pulses of 1/128 radian. The flip-flop
operates to synchronize the ACP's with the FRF. This srrangement is per-
nissidle because the PRF rate is always grester than 34 cm

2. Maltivlier. Figure 20 gives details of the mltiplier unit. Many
of the operat detalls willl be ignored in the following discuseion.

The MULTIPLY START COMAHD initiates multiplication. The two quantitiss
to be multiplied are the azimuth extemt in radian megsure; which is held in
storage register A, and the range in miles, which is gated frem the rangs
delay counter into shift register D. Register B 15 a combination parallel
adder end shift register. The contents of tha A register sve adled to the
contents of ths B register under contrel of D bit. After each adliition the
rartial produce gsum ir B and tha coutents of D are shifted ons position 4o
the right. This acticn repeats uatil the coxplete prodnet is formed in
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registers B and D. The complement of 7 bits of the product is transferred
in perallel to binary counter C., Counter C then accepts pulses at a 300-ke
rate, as do the two BCD counters, until the count in C reaches zero. At
this time the product, in natursl dinary form, will have been comverted to
the BCD code required for display.

The miltiplication is acccaplished in a mayiimm time of 100 =microw
seconds. The OPERATION COMPLETE line is energized to signify that the prod-
uct has been formed and is ready to be transferred to the display memory.

The operation cencludes with a multiply RESET pulse gemerated in the
dimension code receiver unit which stops the clock. Although not showr in
Fig. 20, vwhen the clock stops, the "zero"” output of ths elock's fliip-flop
goas "false" and triggers a delay flip-flop. This delsy flip-flop gensrates
a palse that resets the adder, the azimuth register, the range registor, the
end of flip-flop, and the 75-ke divider.

Display

The display device (Fig. 21) is a lO-inch-dismeter direct-view storsge
tube (Hughes Aireraft Company Tonotrou Type H-l0G69AP20), with character dis-
play formed by arn RMB Asgoclates character generator. The basic foxrmat is
a 32 (X) vy 31 (Y) matrix.

When operating in the PPI mode, the corners of the display matrix are
not used, thus decreasing the maximm mumber of characters that can be dis-
played. In the PPI mode of operation, the display element size in miles is
as follovs:

(a) Twenty-five miles, 1.6 miles on a side

(v) Seventy-five miles, 4.8 miles on a sids

(¢) Two bundred miles, 12.8 miles on & side

(d) Four hundred and Pifty miles, 28.8 miles on a side
In the expanded mode of operation (a) is expanded 2:1; (b) 3:1; (c) 4:1; and
(d) 6:1. 1In the expanded mode of operation, then, ths display element size
for (a) is 0.8 mi x 2.9% (b) 1.6 mi x 1.6°% (c) 3.2 =i x 1.6° avd 4.8 =4 2
1.6% Vhen in the expanded mode and operating on short pulse (931 FPI),

(a) is 0.8 x 1.19, and (b) is 1.6 x 0058’0

The character spacing is 1/h ineh, and character size is on the order
of 1/8 to 3/16 inch in both PPI and expanded mode of operaticn.

Electrical Test

under a plannsd set of test conditioczs.

A special test jig was constrasted to simuletis elond dimens
intensity (ses Fig. 22). This simulator device consisted of a cam~opere
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switching dsviss, IF gousravor, pulse gspersior, synchro motor aad 2 HSeorpa

syachronocus motor. This hardwere together with gears and axles wzs mounted
on e test board, and the eleetrieal cutput conpscted to the IF input of the
APMI systen. The suaft of the 5-rmm wmolor, through axles and gears,
ddrectly drives the synchro motor and a four-inch slumdmpa dige. The latter
vas constructed so that its gap could be adjusted from O to 180 22zress. (The
gap opening determines the length of tlme thy mieroswiitch, setivated by ihe
disc, is activated.) The terminnls of the synchro motor were connected in
parallsl with the synchro wotor in the ARMI. This arrangement permdtted
syncaronism between the drive motor of tue simciator and the APMI, The ocut-
put of the pulse generator was coanscted to tke pulse input of the 30-me RF
generator via the cam~operated MICO switch. Finally, the cutput ¢f the RF
generutor was connected vo “he IF input of the APMI system.

The above-described setup in effect simulated varicus types of weather
cloud of limited configuration. In gensral, though, this configuration is
concentric in nature and can be varied in size and position in rangs and
azimath. With the aid of thwe attenmustor pad on the RF gsnerator, the ampli-
tude could be vuried so as {0 simulate the dynamic variations of echo
intensities.

This test procedure presupposes that any set of simulated data would
regult in identical intsmsity, range, and azimuthal wvalues displayed.

Figure 23 is a photograph of a simulated cloud image, in muserical form,
occcurring at the northsast sector of the display storege CRTs For this pic-
ture, the simlated input sigeal was distorted in a mruner g8 to vary dn
zagnitude ir range extent of the cloud. Ths swesp renge was 200 miles.
Occurring on the outer periphery of the intensity levels are the range
extent msasursments, preceded by an "R." The azimuthal extent; not showa
here, would appear at the lower periphery of the intensity levels, end would
be preceded by an "A."

As expleined in the "Intengity Measurement"” paragraphs, a ten-lesvel
measurement of the incoming sigpal is performed. These measuremsnis sre made
by limiting amplifier circuits which produce an output whenever a presst
threshold is exceedad. The outputs are held in bistabas I¥{gital circuiis
and dscoded to obtain a binary coded decimal ocutput. Tais cutput iz averaged
with additional intensity measurements over 2 aumber of sJacceesive sweeps
prior to being displayed.

For this test the video gain was adjusted so that a l10-volt cutput sig-
pal corresponded to near saturaticn of the IF strap (approximately 50 millie
volts at the IF input terminal). Since a lO-level measurement can be pore
formed, each level of the 10-volt signal corresponds to 7 db/=olts. HOTE:
The IF amplifier is logarithmic; therefore, egual cutput velitags corresponrds
to egual decibel inerements of the input sigpal.

In actual pracilce, a T-3db spread for each enaxmv lovel may be undsirize
able; however, for these experimentsl tests, this s ganent veas considered
sultablie.
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The APKI systen was then tested to determine its capadbility in
accuratsly and comsistently pwinting the correct mumsrical values with e
calibrated input signal.

Te= four-inch aluwxizum disc was adjusted for minimum gap opening. This
in zZfect activa’ces the microswiteh for 360 dsgrees rotation. The pulse
geperator vas adjusted for maxic= pulise width, witk zero delay of the leade
ing edg=. :é_e P generator, which is pulsed by the ypulse gensrator, wes
increased to a ls¥2l wkich was on a fringe of saturatism of the IF amplifier
(approxisetely 50 millivolts).

Intemiﬁ;_l

The APMI, witk the settirg as ststed sbove, displayed "10's" over the
1s2tle ares of the ORT tuba. The RF gererzior wes then atienuated in steps
of T &b and The cutput numericsl vyeluse were vieved on e APMI storage
tubs. PFer cach test cuse, thz indicatsr displaysd ts corzset m ical
valus.

Ranss

The sbove-described test setup was alse used for ehecﬁa,_, e range gad
szimthel seesuremant. However, for the range measureEante, the lead edge
of the sigmal £3c= the pulse generator was delmﬁbva wsmﬁa@%m», angd
1ts yalse width was ad, ' sted {0 represent steps of cne mile extent (epproxi-
mately 5.07 microseconds per mile). Care wes taken to imsure thet the
range extent did not excesd 59 ailes, for this is ths marims eczpuiing
cambm'by of tha system. Although not ce%etely nesessary for ranga extent
wrements, the can was adjusted 80 as to derive sslmthel dimsnsgicus.

This test was performed to check for repestability of range Ecasurems:
values vith varicus ezimailal extent settings. In each test case, the
extest mmesieal values displayed agreed vith the esiivration imput sgwaf

Triz w23 =lise tres vEen ths sizzel lovel was Suct shews = podes lowsld of
te IF exxiifiar,
Azimih

I% is diffienlt to perform & good quulitative test ef t&s Tumotioning
of the azimuthel extent. The reason is primarily because of the laboricus
job in accurately calibrating the gap setting of the aluminum disc end ths
Gelay esused by the OE-0FF reaction of the microswitch. Bsecanmse of this
adjustsent problem. it was eaticipsted thet e slight diseropsney would exist
betveszz the calibrated s&p 55@:1&3 ené t52 azimuthal extent valuss displayed,

The displiayed extent measuremsnt skould sgual & valus sisputed by ths
sguatics g ’
%%Exanﬁg

vpere A = azienth axtent in miles,

$ = zero volts portion ¢f squars vave in gescadg,
2 = tize of 2ne a.tenns :a*zé"’*n iz s @rmﬁs,
B = dalsy setting of sismulatsd targst in miles.
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The calibration of the test Jig for simdstion of azimuthal extent aig-
nals w=s an antie:&cat@d test for this mode of opsration; however, the azi-
eagurenstt eircuits vwere incperstive whesn the sguipsment srrived at
m&m‘%ﬁ@%, probably dus to demmge of ar elsctronic part duxing
rrensportatisn. Therefore the system was not tested in thuls mode of

cpazation.

£11 of tha sbove-descrided tezits wave conducted witkout rapge noymalle.
saticn funetion applied to the ssasitivity tine comtrol of the IF ampliifier.
I2 this fvnction were applied, the intemsity values displsyed would have

e 3 kS
varied in range in accordance with the v or 5 lav.

FUTURE 3YSTEM CORSIDERATION

Conslderation is being given o the use of this equiprent us a redsy
z2in gonge suitable for mecipitaition quantity messurement. In order w0
servelste rainfall rate witk echo power, the radar itranassitter and recelver
enst be sxirasly stable eo thet the received echo signals fros rajn can de
measured accurntely. However, these schs signels are highly statistieal ix
pature and thavefore require some for= of timze snd gpace averaging of the
intensity measuvensnts 1o assure & good esitizate of amplitude. In essente,
the present system, by virtue of swsep-to-gweep averaging, satiglies the
er=a iptegravion vequirement, but doss pot aceount for integration in time,
It is 2=l that time intsgration is required because of slgnal fluctuation.
This signsl fiuctusilon may be stiributed to the fact that raindrops axe
randomly distrituted in phase; and thage raindrops behave in em unpredictable
BeRnSy tbran@sv?. toe illuzinated voliume. The varying spacing betwsen drop-
ists zesulis in a decorrelstion of aigmsl witk time.

Stulifes swe pruesstly being coundustad and imstruments hava Lean iR~
strastsd in ap affewt to £0ive {bs alwve-stolsd problem, tmt fop the most
=zt the solabtion ez besk directsd ioward s single illuzdmoted volumss of
the clsud. I the sguipment is to eve operaticnal flexibility, i1t shonld
Beve & 350-dogroe sntenpa rotation timp-integration capsbility. It is
tovarde thic end that these Ladoratories are placing their effort.

It is recummended thet space inbegration be performed over s complste
square ratbher than thaet of the wedge-shaped ares presently employed. This,
in effect, will provide a uniform area dlsplay over the entire CRT.

Sinee it has been found through operating experience that the combing-
tion of intemsity and dimension values temds to clutier and confuse the
operator, it is recommended that thir mode of operation be elimingted from
future procurements. Suraly, by the uge of ths radar range marker one can
readily determins the radisl dimension of & cloud. And similarly, keowing
the Taags to tee clmd, and with the aid of e slmple hané caleulsior or
cenversion tetde; oms sl caleculate the azimnthal dimengion to the accurasy
regirsd.




o
H

CONCLIISIONS

Pulse-to-pulse averaging in the PPI mode is accomplished by sdding date
from eight comsecutive swesps ¥aen using the low PRF (186 PF8), snd 16 cone
secutive svseps when using the high PEF (931 FP8). Eight swesps are equiva-
lent to 1.29 dsgrecs of antenua rotstion, and 16 are equivalent to 0.515
degrse. The display element size in miles 4s 1.6, b.8, 12.8, and 28.8,
depending on the expansion rstio of tha display (25, 75, 200, and k50 nﬂes)

Since the display elemsnts appear te be rectangular, one vill essums,
without referring to the design criteris, thet the puxber displayed is an
average over a complete squere. This, of course, iz nrot true becsuse ths
rachine averages the same nuzber of sweeps regardlass of tha range to the
target. Tharefore, the numerical value displaysd rerresents s wedgs-shsped
area whosge azimuthal dimension varies in direet proportion to the range.
This, in effeet, iguores a vast amount of radar dsts from targets st closee
in renges and inherently, bscoxes of the nabtwe of this tyre of sweep, will
return less date frou distzat targets. Obwicanly, the sguipsesnt &sss pot
cospensate for this defleiency; thercfore the opevator must bear in mind
that the integrated axea size dsos vary with the radar ranss.

As stated in the "Eleetrical Tost" poragraphs of this repors, the esi-
mathel dimsnsion mode of the systen wee immtiva, ut mking it eporative
is just a matter of locating and replacing the defective elsctremiec part.
This will be accomplished after ths publighing of this report.

Mounted on the front psmel of the display ccnsols is a Sour-positism
switeh which psxmults the opsrator to seleect ths primt-out of eiilor ths sis-
ral intensily, range mscsurement, azimmthsl messurcmomt, ov all threa. am
mmmmitm,t@mwmmmcmwam@ammgm
though each extent velus is prscedsd by an ldsmeifying syedel. Alss, vhen
the thres types of dsts are cslled for, ses of the intenslty veluss ese &is-
ersvsd bscause dimension data kove pristing prievity ovee fabsesity dats.
mmmp@mﬁwwmiw@%,mmmm&
oparete in the intemsiiy =uis end switch o dimemaion mods ¢n U memt
antenna rotation or wiensver the dimsnsica of a cloul 4s &F intsrest.

The Area Precipitation Cloud Messuremimt Inficeter, desisssd =nd cem-
structed by Motorelas, Imc., mcets ell of the roquirenusts ef the spseifise~
tion snd hes proved to ba a relisble sud sasily =Muam‘§3@ &sm Tae
equizzent was cpsrated in ths soviztnssnt in iﬂﬁi&h it was intendsd (Gynemde}s
hovever, this operation was witkout Entwledge of the esatm gum of thse
reday set. %mxaﬁmﬁe&mmmgm@asmm@mwmm
determine the ccho pover.

Figurss 3, 1k, 18, 19, mﬁwmmﬁs@mm
"Teem&i sz@l for t22 Dosism =l Developoat
= suent ITndiczion," iotorels, Inc., Agail 1%2,
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Figares 2, 4, 5, 6, 10, 12, 13, and 21 were extracted from Report No.
Ri8-3875-1, "Design Flan for an Autcmatic Cloud-Measuring Indicator,"
Motorola, Inc., September 1962.

Figures T, 8, 9; 15, and 16 vere extracted from Finel Report Ne. 12,
"Antomatic Cloud-Measuring Indicator," Motorola, Inc., July 1663.




