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ABSTRACT

Components necessicy for tha implemsntation o2f the
trace function conc=2pt in a circular array were
designed and constructed, The parformans2 of the
dagenerate trace function for a nacrswband signal in
the praesence of corr=lat=zd noisz was examin=23, The
rasults agre2 with th2sretical valies and 1illustrate
tne threshold effact and phass anwrapping pcoblezsms.
Usiny a2  97.5 cum. jiametsr arcay in aic, for a
population base of ten s2ts 5f jata, trace function
measurements ware taksn at 2ach of various signal <o
noiss2 ratios betwe2a 28.2313 and -7.8d4B. Calculated
beamwidths, taken to b2 twice ¢ths standard 4Jzviation
of the astinated bsaring, wer2 as follows: 23.2d8 -
1.69 10.248 - 2.29, -1.848 - 2.39, The thrashold
appeared to be in the rangs of ~1,338 tec -4.313,
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I. INTRODUCTION

- e — - -

A. TRACE FUNCTION

The trace function =concept[1,2] has been applied by
snelef(3] as an improved solution to the beariny estimation
problem of small circular arrays at 1low frequeacies. The
phase difference trace fuaction is 3 discrete plot of phase
difference varsus elamant indices for all element pairs. 1If
only the diametrically opposite pairs are used it is called
the degenerate case. The geom=try for a circular array with
incident plane wave 1is shown in Pig. 1. The analytic
degenerate phase differencze trace function has bzen shown,
by Sackman and Shz2lef[1,2,3], to be

o = (360D/1)cos{[360(i-1)/N])-0} cWhera:

o is the phas2 differ2nce for the ith pair, i1 degrees

D is the array diametar

1l is the wavalength of the fregueacy of intarasst

N is the numb2r of elsments in th2 array

i is the inlex of tha2 element paic i,i+ (N/2)

This is a cosine wave with phase 2qual to the direction

of propagation of tha signal of intersst. Henc2 the bearing
of the incoming signal, direction to the source, is 0£180
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degrees. A samplz trace fanction is shown in Fig. 2. Since
the trace function reprasents discrete, uniforaly saaplad
values of a periodic waveform, the phase 9 can be determined
from the phase of the fundamental in the discrate Fourier
series expansion of 4¢;.
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Pigare 1 - CIRCULAR ARRAY GEOMETRY
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B. OBJECTIVE

The objective of this th2sis project was <+<o 13esign and
construct the n2cessary componeats to implement the trace
function concept for a circular array. The desired output
of such a systam must be the phase difference between any
selected pair of elements in an array of diametesr, D.

The first consideration in the 2xp2rimental design was
to select air as the madiua. Although the simulation done
by Shelef[3] assumed 2 witer m2dium, air avoids the need for
watertight integrity and allows a smaller array die to the
slover sound velocity 4in air, 1In addition, n2 surface or
bottom reflection probleas are present in air if an anechoic
chamber is used. An air medium also reduces the size of tae
transducers and ha2nce th2 bulk of tha supporting structure.

The n2xt coansideratisn was to select thes component
blocks necessary to praduce the 13desired output. The
incident tonal is producz=3 by a loudspeaker and received by
a microphone. Th2 microphone osutput requires amplification
and filtering to raise the signal voltage and 2xc-lude noise
outside the frequsncy banl of interest., A phase compensator
or shifter is ased to corract phase shifts caused by
processing compsnants or cabling such that the measurad
phase difference between any two 2lements is iue only to
their physical 1locatison in the array and the source
direction. Finally a method of wmeasuring this phase
difference is requirel,

In addition to thz above 2lectronic c¢oaponents , a
supporting structure for the array slaments, interconnecting
cabling from th2 array inside the anechoic chaarber to the
phase measurement device outside the chamber, ani chassis to
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house the electronic components were constructed.
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A. ARRAY STRUCTUORE

A structure to suppocrt the microphonz elements of th2
array and perhaps housa some of the slectronic coamponents
was the first item to be designed. This structur2 supports
a maximum of thirty-twd> el2ments allowing rcotation to
simulate differesnt source directions and variatioa of array
diameter. A plywood box with a machined aluminum top was
obtained which satisfied these resguicements. P2netrations
were made for cabling in both the box and metal top. Degree
graduations for bzaring a2asur2ment wsere2 machined in the
rotatable aluminua top which accommodates thirty-two egqually
spaced one-half inch diam2ter radial arms of aay desired
length. The array bas2 is shown in PFPig. 4. The aluminua
top is elevated above the plywooi box to 1allow the
microphone cabling going through the central sleeve adeguate
room to pass, without sharp bends, into ¢thz contained
aluminum chassis. This chassis houses the presamplifiers,
filters and battery powsr supplies. Amplifization and
filtering are ac>complish2d as nsar as possible to the
microphones to minimize thas effect of noise in the cables
connecting th2 array to the phase shiftar, which is located
outside the anechoic chamber.

The actual number of elements in the array was limited
to thirty-two by the initial design. However, the results
of the simulation by Shelef[3] indicated that sixteen
elements should be suffi-iant to demoastrate the concept for
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an array diametar on the order of one wavelenjth or less.
Therefore, only the coaponents nacessary for sixteen
elements ware constructel.

B. MNICROPHONES

The requiremznts for the microphones are as follows:
good response in the frajuency ranjye of interest, 100Hz to
500Kz, as nearly omnidirectional as possible, and small 1in
size. Subminiature size condensar wmicrophones with PET
transistor (Model EM-3) which nmet all of the above
ra2quirements wer2 osbtainszd from Foramula International Inc..
The PET aaplifier requires a singls polarity powsr supply of
2 to 10VDC. The aicrophone ela2ment is 9.8mm in diameter and
11am in length. 1Its frejusncy response range is S0Fz to
8KHz with omnidirectional spatial response. A summary of
the manufacturer's specifications and a measur2l amplitude
spectrua appear in Appeniix A,'Fig. 5.

C. PREAMPLIFIER/FILTER

The microphone output was assumed to bs on the srder of 1av
in amplitude and hence raquirss pre2amplification to achieve
amplitudes on the order >f .5V. This 1level is compatible
with most signal processors. In addition, the preamplifier
must be of low noise design. To satisfy this rcequirement
the Fairchilad uld 739 Dual Low Noise Audio
Preamplifier/oparational Amplifier was s2lected. Low noise
passive coaponents were also chosen. A 25 turn, 20 Kiloha
potentiometer is used in the feadback path to allow voltage
gain adjustnment up to about 5048B. The frequency
compensating network was selected bas=2d on the maxiaua gain.
A large input =coupliny capacitor is required for 1low

16
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impedante 2at the freguencies of intecest. To insure a high
input impadance presentad ¢to the wmicrophon2, a large
resistance is shuated to jroundl at the preamplifisr input.

In order to restrict the amplified output to the
frequency band of inter2st and reject input noise at other
fraquencies, a lowpass filter was nesled. Since the desirad
information was <contain2d in the signal phase the filter
phase response was important. A sixth order, uaity gaian,
active Bessel filter wvwis chosen to provide sufficient
attenuation outside the passband, small insertiosn loss and
linear phase response, The d2sign procedure used was taken
froa Garrett(4]. The cutdff frequency was <chos2a to Dbe
500H4z. The normalized capacitance values are frequency
scalad by the egquivalent radian freguency, then 1impedance
scaled to be nesar comad>a coamponant values. The impedance
scaling factor was chosen to be a standard compoan2nt value,
making high precision =:components readily obtainable. To
iaplement the active filter a gquad opasrational amplifier
with 1low input bias currant, LM 324A, was select2] with the
fourth operational amplifier as an output voltags follower
to provide extra output irive capability. Since the ud 739
is a dual channel device with excellent channel separation,
a printed «circuit board was dassigned to accoamodate two
preamplifier aad filter circuits. The resulting
preamplifier and €filter schematic is shown in Appendix a,
Pig. 6. To allow use of a battery power supply(low noise)
for the preamplifier 11ni microphone, separate conrnections
vere designed for the powar supplias to the preaaplifier anl
filter integrata2d circuits. The microphone power connection
is external to the printad circuit board. Tha printed
circuit board layout 13 shown actual size in Appendix a,
Pig. 7. A microphone is connected to each channel via a
length of ainiature c¢doaxial cable. The filter output is
connected to eguipment outside the anachoic chaaber via a
shielded, twisted pair cable.

17
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D. PHASE SHIFTER AND SWITTHING NETWORK

Since the signal phasa is the parametar to bs measured,
any phase dJdifferences 31ue to componant tolerances, or
unegqual cable lenjths must be compensated for. TI> bandlimit
any noise entering over the length of the conn2scting cable a
second order, unity gain Bassel filter with cutoff frequency
of 500Hz is used as an input staga. The same design
procadure was used for this filter as for that 5f the filter
following the preamplifior. To coapensate for 2lectronic
phase changes, a d2lay =2sgqualizer o>r phase shifter was
designed as described in 4illman and Halkias(3]. It
provides 60 to 125 degrees shift at 100Hz and 45 ¢to 130
degrees at 500Hz. Again precision, 1low noise passive
coaponents were sa2lectad. The LM 3242 was <chosesn as the
active elesment based 91 its high gain and 1low offset
voltage. One filter/phase shift circuit is r23juired €or
each aicrophonsa. Note tha*t each circuit uses only two of
the four availabls amplifisrs on ths LM 324A, allowing two
channels for each integrated circuit. The schematic for one
circuit and the layout fsr a printad circuit board for
sixteen circuits appears in Appendix A, Pigs. 8 and 9
respectively. Th=2 output of each phase shifter circuit is
connected to a switching network so that 2any pair of
elements can be s2lected,

The switching network dJdesign consists of double-pole,
single-throw switches, 1light emitting diodes(LED*'s} and a
circular printed zircuit board. The red and green LED's are
used to indicate which ela2ments are s2lected and which of
the two signals is th2 phase rofarerce (Red). Each phase
shifter output is routed ¢to a <circular circuit board
connection, then to a selector switch and finally to the
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selected output coaxial connector via the circuit board.
The schematics and circalar printa2d circuit board are shown
in Appendix A, Figs. 10 and 11, respectively.

E. NOISE SOURCE FILTER

A noise source is azeded to 2xamine the parformance of
the array and trace function in th2 presence 5f ambient
noise. To simulate ambiesnt, deep o0zean noise as described
in Urick{6], a siagle posle, 1low pass charactecistic was
chosen. The design includes adjustable gain 2nd variable
cutoff frequency. The schematic is shown in Appendix A,
Pig. 12. The input is ps2udo-random 3joise and thz outpat is

connected to a spa2aker, a>unted above the array, via a power
amplifier. This confijuration causes the noise +to be
correlated at all elem2nts. Again 1low nois2, passive
coaponents and ons—fourth of a LM 3244 are used.
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IIr. CONSTRUCTION

A. PURPOSE

The purpose of this s2ztion is to describe th2 probleas
encountered in and the solutions applied to the construction
of this projesct. Varying degrees of ingenuity ace present
in the solutions. Some are peculiar to the typs 0of project
involving a sensiaig element in one environment, the anechoic
chamber, and procassor in another, th2 chamber coatrol rooa,
connected via cabling.

B. MICROPHONE CABLING

This was a problem in that the outside diam2ter of the
miniature coaxial cable us=2d to connect the wmicrophone to
the preamplifiers is oaly 16 gauge. This small size made
the microphone connections tedious. Stripping the
insulation had to be 31one by hand with a knife. Once the
leads were soldered, individually insulating them from one
another was als> diffi-ult due to the small size. Soame
insulating "spaghatti® pre-positioned ¢to slide over the
connection se2med the easiest and most compact aethod. The
PET power supply connectiosn was accomplished with 30 gauge
wire-wrap and electric wice-wrap gun.

20
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C. CABLE ASSEMBLY

A cable assembly connacts the array elements from ¢the
filter output, 1Llocated insid2 th2 anechoic chamber, to the
phase shifter input filtsr 1located outside the chamber.
Sixteen signal «cables 2and two power supply <cables are
required. Cable or conductor size was nd>t a problam in this
case., The difficulty was in connecting each signal and
ground lead to the filter output of the array 2nl as well as
signal, ground and shi=2ld on tae phase shifter end.
Hardwiring both ends was sut of ths question bacause the
cable assembly hal to pass through a bulkhead penetration in
the anechoic chamber. It was d=2cii2i to hardwir2 the array
end and maka the phase shifter end disconnectable.
Soldering th2 signal and ground connectors to the
preamplifier/filter edge <connector pins was facilitated by
using female Burndy Hyfen contacts(cat. no.Rc20w 1F45 2, die
set N20RT 2). These contacts added reinforcement to the
stamped, u-shapel pins which preventel the shortiig of leads
together except 3in the <cas2 of adjacsnt connsctions. An
adjacent connector problea was only =2ncountered once with
the power supply connections ani was solved by insulating
them from adjacent pins with 3/16" diameter "spaghetti". 9n
the phase shifter/switching network end of the cable
assembly, a ramd>vable <connector was requir=d having
terminals for sixtesn signal leais, sixteen ground 1leals,
three power supply leads and a shieli termination, or thirty
six leads in all. Individual coaxial connactors require
individual Jjacks and are suscaptible to arrors in
connection, Most ©of the multiple pin cable connectors with

sufficient terminals wera too large £or the anecshoic chamber
bulkhead penetration, Yone wer2 {iammediately available.
While discussing this problem with a technician, the idea of
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using a printed circuit board edgs connector was conceived,
A rather suitable connector was designed by using a
fourty—-four pin edge connactor for ths thirty-six terminals,
a double-sided printed <circuit board €for a male-to-male
adapter and a second eige connector mounted s2n the side of
the phase shifter/switching network <chassis. Tas diagram
for the female edge :connector and printed ciccuit board
connector appear in Appendix A, Pigs. 13 and 14
respectively.

D. SWITCHING NETWORK

The problem encounter2i in wiring the switching network
vas one of accessibility. A methol was needel to connect
the circular printed circuit board, attached to the chassis
bottom, to the switches and LED's located on the chassis top
cover, yet allowing cover rcemoval. Pifty connections are
involved, three for each of sixteen switches, on2 input and
two output, and a commdn power supply aand ground for
thirty-two LED's, Burnly Hyfen contacts, bd>th male and
fezale, w2re used to perait removal of the top and provide
access to the internal components. Each connactor pair
required insulation with "spaghetti" to prevent shorting.

E. BATTERY POWER CONSERVATION
.

In order to conserve battery pcwer, hence maximizing
battery lifetime, a switch was installed in the array base
structure to allow the batteriss to b2 switched >ff when not
in use. Maximizing battery life reduces the fraguency of
removing the heavy aluminum top, which requires care, since
all microphone cabling passes through it. Hovwevar, enough
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length is allowed for this and the battery conn=ctions are
designed to permit replaczaent.




A. TEST CONDITIONS

The phase shifter output signal amplitude was originally
designed to be on the ordar of .5V, t> be acceptabls by most
signal processing equipment, assuming a microphone output
amplitude of 1mV. Wh2n initial testing began, this was
found to be untrue, Phe actuil phase shifter output
amplitude in the tests was on ths order of 1mV, indicating
an error in the assumption of more <than two orders of
magnitude. However, th2 spectrum aaalyzer used to measure
phase difference has input sersitivity which responds to
amplitudes well below this level., dzance, this zonsiderable
error did not present a problea in the experiment,
Additional amplification will b2 reguired t> use this
equipment if higher signal anmplitudss are need=2d in the
future,

Du2 to the use of unshieldsd wirs to make <connections
inside th=2 phase shifter chassis, "crosstalk" and "leakaga®
batween the busses causes the signal input to> any switch
appears on both <channals, Measuraments made o examine
these effects gave the following results: with a switch off,
the signal 1leaking throagh to eithz2r bus is 53dB below the
input signal; with the switch selected to eithsr bus, the
signal on the other bus is 304dB below the input signal.

With the array installed 4in the anechpiz chanber,
aligned as described in Appendix B, measurements for the




degenerate case phase diffsrenc2 trace function were taken.

The array was locat=2d to the left of the chawber access
door, centered under the turning motor apparatus. The noise
source speaker was suspended €from the turning wmotor
apparatus about 1.5m abov2 the array, but was 1ot rotated
during <the test period. The noise sp2aker was >riented to
radiate down on tas array. This arringsment creates highly
correlated noise at all the array 2lsments, sinc2 they were
equidistant from a single source. The +tonal "target"®
speaker was suspended from the othar turning motor apparatus
in the diametrically opposite cornsr, approximatesly 6m away.
This speaker was orientel to radiats horizontally toward thz
array center. Th2 array was "boresighted"® to place the
target at 0 degrees bearing, this b2ing along the radial arm
of element number one., Array diamstar was set at 37.Scm.

Measurements were tiken using a Hewlett Packard Model
3582A Spectrum Analyzer. The Hanning Passband wis used with
RMS averaging of a thirty-two memb2r 2nsamble. The spectral
span was OHz to 500Hz. <Channel sensitivity was i1s 1low as
possible without overloaling., Tha periodic noises source in
the spectrum analyzer was used to drive the noise source
filter witn a cutoff frejasncy of 200Hz. A Wavetzk Function
Generator was used to generate a 230Hz tonal. Both speakers
were driven by Hewlett Packard Model 467A Power Amplifiers.
Signal and noises levels were m2asurad in a 1Hz band
individually with the other source off. To a:zcumulate a
population base for statistical analysis, ten sets of data
were taken at various signal-+o-noise ratios (5NR's), the
bearing estimated for =ach set, and the sampl2 mean and
standard Jdeviation founl using a Hewlett Packard Model 32E
calculator. leasurements wers takan at the following
signal-to-nois2 ratios: +28.24B, +10.238B, -1.338B, -2.84d8,
-3.3dB, -4.64B, and -7.33B. Sample 31ata for a f2w of the
SNR's, including X-Y plots of majnitude spzctra, phase

spectra, phass difference trac2 funstion with coherence and
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| bearing. A plot of beamwidth versus SNR, compared to
theoretical values appears in Fig. 3. 3
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B. CONCLUSIONS

The data illustrates that the Jegenerats =case phase
difference +trace function <concept can be impl2aented in a
sixteen element acrray. Hddwever, du2 to the small number of
data sets, the Jerived statistics may contain considerable
errors. This may account for +the small dimprovement in
beamwidth fcr SNR incrz2ase from 10.248 to 29.24B and the
abnormal behavior of the Dbeamwidth between -1.8dB and
-4 ,84B. Further investigation is neaded to resoslve whether
the behavior in this region is caus2d by statistical effects
of insufficient samples or somethiny peculiar t> this range
of SNR. However, even for the case 2xamined, the results
compare favorably with simulation values obtained by
Shelef{ 3].

The problem da2scribed by Shelef 3] concerniny unwrapping
the phase also appears t> bs present for this array. The
spactrum analyzer employ=23 in the tests represeats phase, in
degrees, from -20) to +2)), having two regions of 20 degrees
overlap. some o>f the data was corrected by adding or
subtracting 360 dagrees in ordsr to mak2 a smodoth sinusoidal
curve from which to obtaia the bearing estimate by the phase
of the fundamental Fourier seriss coefficisat. This
adjustment was made only to data values when twdo successive
values differed by more than 180 degr2es. Both original and
corrected data is presented in the samples shown in Appendix
C. The unwrapping problsm should not occur for array
diameters less than one-half wavelength.

The coherence was measured with each phase difference to
examine if any <trends could be ideatified. The coherence

value is recorded with each phase value on th2 saaple trace

e R A




‘1 function plots. In the besaring estiaation, all the samples
& were used without regard t> the associated cohereance. The
effect of correlated nois2 on the coherence is shown in the
spectra pra2sented, causiny a drop in coharence as the signal
is degrad=d. An interesting effact was notad in that the
coherence value for the pair of wmicrophones md>st nearly
perpendicular to the target bearing did oot decrease
steadily, and it rose again to 1.00 for SNR below -4.,84B,
vhereas the value for all other elements decreases

] monotonically. The phase2 differ2nce values for this
' particular pair however, was virtually unchanged over the i
rang2 of S¥R examined. This may imply correlation between (
signal and noise for this pair in this range of SHR.

The threshold effact iescribed by Shalef(3] occurs as
expected. It w>ould apoear in ¢this case to> be in the
neighborhood of -1.848B sN32.

Fﬁrther investigation using the ejuipment coanstructed in
the course of this thesis would be nscessary to reduce the
possible sampling errors for the degenerate casz and begin
examination of the complete tracz fanction for both
narrowband and wileband signals., This will probably require
a computer interface with the spactrua analyzer to store all
the data samples. In additiom, 2 <coaputer controllad
switching network would r2duce the time necessary to record
the data. Two hours wer2 requireid to make all nsasurements
for a given SNR with the present switch systea. Although
further work is requirsd, the trace functioan concept wvas
successfully implsamented and appears to have considerable
potential as a bz2aring 2stimator for small arrays above the
signal to noise ratio thrashold.

29




APPENDIX A

DESIGN DIASRAMS AND SCHEMATICS

This Appeniix contains wmaterial resulting from
design and construction of this thesis project.
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Pigure 7 - PREAMPLIFIER/PILTER PRINTED CIRZUIT BOARD
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APPENDIX B

OPERATING PROCEDIRES

A. PRINTED CIRCUIT BOARD ALIGNMENT

Following the assembly of the printed circuit board
components, preamplifier/filter and phase shifter, they were
aligned as follows: preaaplifiar gains were set at 200Hz
upon construction, phase shifter aligned to 45 degrees at
200Hz.

Upon conmplat> assembly and installation in the arechoic
chamber, the preamplifisr 3ains wera natched to within .14B
at 200Hz. The phase shifter channels were aligned for 0
degrees shift at 200Hz wh2n positiona2i just benecath element
number one and pointing toward the source, with element
number one as the phase raference. A separat2 wmicrophone
holder was fabricated for this phase alignment, vwhich
removes elactronic phase changes.

B. INSTALLATION AND OPERATING PROCEDURES

1. Remove the aicrophones from thz radial arms and the
aras from the aluminum top before moving the array base.

2. Lift ths array base only by the attached handles.
Do NOT use the cable asseably or th2 aluminua top as a




handhold.

3. Before passing the cable asseably connector through
a penetration, =2specially the anechoic chaabsr bulkhead
penetration, wrap and secare the connactor in a «cloth or
heavy paper to prevent snagging and breakiny any of the
shield terminations. Th2 male to amale edge should be left
in the phase shifter edge connec tor.

4. Bonergize and Jdes-energize the regulated power
supplies used to power the filter,phase shifter aand LED's as
‘pear as simultanedusly as possible. Bxact synchronization
is not reguirazd. The design regqulat2d voltage is 6V based
on LED brightness. Exceeling this voltage may shorten LED
lifetime. At no time should $9V ba exceeded.

5. Tura the battery power supplies, 1locatad 3in the
array bpase, off when 210t in us2 with installed switch to
prolong battery life. Ths sequencing of the bittery and
regulated power supplies is not important.

6. The use of a 0 to> 50mA range ammeter, 1ianserted in
the power supply 1leads and an independent voltaeter is
recommended. The install2d panel matars on th2 regulated
supplies are sometimes in ercor or lack sufficient
sensitivity. The voltmetar is useful in setting ¢the power
supply voltage while the ammeter c¢an be ussd to detect
improper switching operations if it is over rang=1.

7. Do NOT seslect any more than two elements, one to
each signal bus, at a time. Selection of more than one to
each signal bus will result in over rangiag of the
recommended ammetar described above. Such a selaction wil
cause invalid results anl pot2ntial aquipment damage. Care
must be taken naot to violate this precaution during
switching operations.

8. To properly connect the cable assembly to the phase
shifter chassis, match the dindexing "1" on each edge
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connector. Insure that 1ll powar supplies are dz2 energized
prior to making this conaection.

9. The positive battery powver supply voltaje may be
measured at the microphon2. Extreame care must be taken with
a probe to avoid shorting the supply to the signal 1lead or
ground. The switch wmust be on to 2llovw this ameasurement.
It is recommended that tha batteries be replac2l when the
measured voltage falls balow 5V.

10. Since the preamplifi2r gains and phase shifter
aligned at 200Hz, use of this equipment at other frequencies
may require re alignment. PFor broadband use a3lignment at
the geometric mean frequancy may be advisable. It should be
noted that the overall frequency response is alaost
syametric about 250Hz. Cables of equal length should be
used to connect the phase shifter chassis to> any phase
measuring equipment to avoid contributing significant phase
error to the measurement.

11. Install and operate the zquipment, observing the
above precautions, as follows: insure all powver sapplies are
de energized, connect the <cable assembly to the phase
shifter chassis, 2nergize the requlatad power supplies <¢hen
the batteries, select the desired elements and make any
desired measuremants.
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APPENDIX C

SELECTED DATA

This Appendix contains some samples of the data taken
using the equipment constructed in this thesis project. It
illustrates ¢the Jdagenerate trac2 function coacept for a
97.5cm diameter, sixteen @2lement array operatiag with a
200z target.
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