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first published in the IEEE Journal of Oceanic Engineering in January 1987,
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IN Srru OpTIMAL RESHADING OF ARRAYS WITH FAILED ELEMENTS

ALGORITHM DOCUMENTATION PACKAGE

This document assembles under one cover information on a NUSC-developed algorithm which
computes optimal shading weights for discrete elements (sensors) in linear acoustic arrays. The
algorithm has been found especially useful when elements fail and array reshading is required in
situ. The main attractions of the algorithm are that it loads easily on Hewlett-Packard microcom-
puters, and that it runs fast enough and is accurate enough to suit most sea trial and engineering
development applications. Continuing requests for this information since an invited paper first
appeared in the IEEE Journal of Oceanic Engineering in January 1987 motivated the publication of
this documentation package.

The information included here is in hard copy and floppy disk form: the IEEE paper, In Situ Optimal
Reshading of Arrays with Failed Elements, is reprinted in Appendix A; a program listing of the
application-specific driver routine is given in Appendix B; and a 314 inch floppy disk, containing the
program “Reshade” which runs on any Hewlett-Packard Series 200 or 300 micrc ~omputer, is pocketed
in Appeadix C.

GENERAL APPLICATION

When a linear array of discrete acoustic elements is subjected to the rigors of the ocean environment,
individual elements can fail. Element failures are usually characterized by noisy channels, or
intermittent responses, or no response at all. Depending on the number of failed elements and their
specific locatdons within the array, sidelobe levels of the array wavenumber (k) response can rise
significantly to degrade array performance. Because element weighting values determine array
wavenumber response, weights that are optimal for a fully populated array have to be recalculated
when elements fail. The optimal reshading (reweighting) algorithm described here can be applied
in situ to compute weighting values that can reduce sidelobe levels to approximately the original
design specification. In fact, in the more common situations where “a few” elements fail, optimal
reshading does regain original sidelobe levels. Where large numbers of elements fail, optimal
reshading is still possible but may be of limited use.

The original approach for optimal reshading of a linear array was proposed by Streit and Nuttall in
1982 (see reference 1, Appendix A). At that time, the algorithm was run on a VAX 11/780 and
required hours of computation time and large amounts of mass storage for rudimentary element
failure problems.

The 1987 reshading algorithm incorporates several algorithmic improvements that exploit the special
structure of the underlying linear programming problem to reduce time and storage requirements
by orders of magnitude. The current algorithm is still based on the original theory, but is now fast
enough and small enough to execute successfully in minutes instead of hours in the application
environment. Execution time for a 50-element array is typically about 10 minutes. Derivation of the
optimal reshading algorithm and its implementation are given in the references of the paper reprinted
in Appendix A; examples of array reshading are given in the paper itself.




TO RUN “RESHADE”"...
o Insert the program disk from Appendix B into device/drive.
o Tvpe the command string LOAD “RESHADE:(device specifier)”
o Press Enter.
o When the program is loaded, press Run.

o Follow the prompts.

PROGRAM NOTES

“Reshade” comprises a driver routine in HP BASIC which sets up the necessary variables to be
optimized and a generic optimization routine. The driver is listed in lines 1 through 481 of the
program—the printout is contained in Appendix B.

The driver included in “Reshade” applies to a linear array of acoustic elements, some of which may
have failed during the course of a sea trial or similar event. Even with the array intact, “Reshade”
allows the user to minimize the sidelobe levels of the array beamformer output, given a certain
mainlobe width. If the minimum sidelobe levels remain roo high, it is possible to alter the mainlobe
beamwidth to reduce sidelobe levels. Note that the weights on each element can be set up as
non-negative, if desired.

The program prompts require user inputs, not all of which are self-explanatory. For each user input,
values in (parentheses) are those allowed, and values in [brackets] are the defaults. The maximum
allowable total number of array elements is 50; the minimum is three. The computation time for a
50-element array is approximately 10 minutes, while a 10-element array runs in less than one minute.

The algorithm is applicable to both equispaced or aperiodically spaced linear arrays. In the
equispaced arrangement, the wavenumbers k0 and k1—which delimit the region in which the
minimization is performed—are calculated automatically from the desired sidelobe level. The final
sidelobe level depends upon the number of failed elements in the array and their location. In this
case, only the inter-element spacing must be specified.

In the aperiodically spaced arrangement, every element’s position referenced to the forward end of
the array must be specified. If elements have failed (or are missing), they are treated as if they do
not exist. The wavenumbers k0 and kI are not calculated automadcally for an aperiodic array, and
must be entered manually in units of radians/meter




If unsatisfactory sidelobe levels are still present after running “Reshade” for an equispaced arrange-
ment, k0 can be increased to provide a larger beamwidth, thus reducing sidelobe levels. For an
aperiodic array, k0 and k1 can be altered manually to reduce the sidelobe level in the region of
interest.

Resultant weights can be stored in a data file in the following format:

o Equispaced element arrangement—total number of elements, followed by the inter-element
spacing, followed by array weights.

¢ Aperiodic element arrangement—total number of elements, followed by each element’s
position, followed by array weights.

PROGRAM EXTENSIONS AND IMPROVEMENTS

“Reshade” and its associated algorithm have established the validity of in situ computation of linear
acoustic array optimal shading weights. Virtually no sea trial is conducted today without reshading
to compensate for failed elements. Extensions to larger linear array problems are potentially useful.
Improvements and modifications to the original source code are possible in the light of recent
advances in signal processing hardware, and are needed to obtain reasonable computation times for
these larger arrays. With the advent of single-board array processors, the beam pattern computations
done (implicitly) in each iteration in the generic optimization model (KAPROX) may be performed
more quickly and accurately using a floating point FFT This is but one example of software
modifications which will enhance the performance o1 “Reshade.”

The generic nature of the optimization routine lends itself to the solution of more general array
problems. These arrays may be multiline, planar, or three-dimensional with arbitrary geometry. Each
geometry, however, will require a specific driver routine to set up the problem to be optimized. In
general, the drivers would need the capability to address complex weights, allocate enough memory
for computations, and to take into account any application-specific constraints imposed on the
optimization problem. Additional constraints can be useful; for instance, constraints can sometimes
be used in active arrays to control adverse effects of acoustic coupling between the array elements.
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In Situ Optimal Reshading of Arrays with Failed
Elements

MICHAEL S. SHERRILL anp ROY L. STREIT, SENIOR MEMBER, ILEE

(Invited Paper)

Absiract—An algorithun is presented which computes optimal weights
for arbitrary linesr arrays. The application of this alg to in situ
optimal reshading of arrays with failed elements is discussed. It is shown
that optimal reshading can often regain the origingl sidelobe level by
slightly increasing the mainlobe beamwidth. Three examples are pre-
sented to iltustrate the algorithm's effectiveness. Hardware and software
issues dre discussed, Execution time for # 25-element sreay is (ypicaily
between 1 and 2 min on an HP9836C microcomputer,

1. INTRODUCTION

linear array of discrete elements (sensors) often experi-

ences element failures in situ. These failures can
significantly increase the sidelobe levels of the array
wavenumber response, depending on how many elements fail
and where the elements are located within the array. We
discuss here an optimal reshading (reweighting) algorithm
which can be applied in situ to reduce the sidelobe levels to the
original design level. In many common element-failure situa-
tions, optimal reshading can regain the original sidelobe level
by slightly increasing the mainlobe beamwidth. In arrays
which experience significant element failures, optimal reshad-
ing is still possible. but may be of limited use. Three examples
given below demonstrate a few of the possibilities.

An algorithm for optimal reshading was first proposed in {1}
by Streit and Nuttall. Their alguiithm utilized the general-
purpose subroutine {2] to solve a specially structured *‘linear
programming’' problem. Unfortunately. their algonithm re-
quired hours of computation time and large amounts of
computer storage on a minicomputer (the VAX 11/780) to
optimally reshade a 50-element array with five failed ele-
ments. Consequently, their algorithm is not useful for in situ
optimal reshading.

The shading algorithm proposed here differs from Streit and
Nuttall's primarily in that we solve their linear programming
pivbiem using a new general-purpose subroutine |3j, |4y,
herein referred to as Algorithm 635. Algarithm 635 uses the
special structure of the }inear programming problem to reduce
time and storage requirements by orders of magnitude.
Algorithm 635 can be incorporated easily in Streit and
Nutall's original approach. A significant algorithmic im-
provement was discovered in the course of this study and is
described below. The resulting shading algorithm is fast
enough and small enough to execute successfully on micro-
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computers (such as the HP9836C used here) in only a few
minutes. Typical execution time for a 25-element array is
under 2 min;, for a SO-element array, execution time 1s
typically under 10 min. The current algorithm, and the
HP9836C with its inherent transportability. comprise an
effective system for optimal reshading in sifu.

1[. OPTIMAL ARRAY SHADING

The wavenumber response of a linear array composed of NV
discrete omnidirectional elements located at arbitrary fixed
positions x, is given by

A

T(h) =Y w, exp |- ikx,] H
where w, are the element weights and the independent variable
k denotes wavenumber in radians per unit length. The element
weights are required to be real, but this entails no loss of
generality (see below in Section IIl). Also, from (1), T(-k;)
= T*{k) for real weights (asterisk denotes conjugation), so it
Is unnecessary to consider negative values for k& and we
confine our attention to nonnegative k.

The array response as a function of k can be considered to
be composed of a mainlobe beamwidth and a sidelobe region.
The objective of the optimizaticn process is to make | T(k)j as
small as possible on the user-specified sidelobe interval. Array
weights which achieve this objective are said to be optimal.
The optimization process usually produces equivalued side-
lobes in the sidelobe region.

Weights that are optimal for a full array do not remain
optimal after the array experiences element failures. To
partialty compensate for failed elements, the array is optimally
reshaded by undertaking the optimization process again and
incorporating knowledge of which elements have failed. As
the examplzs Mlow will sh-rv, -he effectiveness nf this
strategy depends upon how many elements have failed and the
location of these elements in the array.

The sidelobe interval is defined differently depending on the
interelement spacing of the array. For an array with periodi-
cally spaced elements and no failures, the sidelobe interval is
Aafined to be [ Ky, 27/D)~ Kp), where K, 1s calculated from
the desired sidelobe level anu thc number N of array
elements.' D is the physical distance from sensor to sensor.

! For an N-clement array and - 1<dB peak sidelobes, we have K, = (2/D)
arccos (1/2Zo) where 22, = {r - rt - I)V!]I/N +{r s (e - ”n;,wu‘
r= 102 and M = N — 1. The interelement spacing D is assumed to be
half of the so-called design wavenumber, and N is the number of array
elements before failures

U.S. Government work not protected by U.S. copyright
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Furthermore. the anmimization interval can be reduced (o fA,
r D] since the response of this array s symmetric about 4
x/D. Keas typically the point on the mainiobe response which
15 equal 1 magnitude to the peak of the aidelobes, but this i
not abways true for senously degraded and. or apenodic arrays
(see Example 3 below) For arrays with aperiodically spaced
elements, the sidelobe interval. denoied by tA | A" 1 must be
chosen by inspection of a nenoptimal beam pattern or some
other means | T4} must he minimized over the tull [AL A
range since, in general, an apenodic drray reEsponse v not
symmetric about any wavenumber other than & = 0 The
abihity to specify arburary K, and K, 1s particularly useful for
those apphications volving apenodically spaced elements
because fower sidelobe levels may be obtained by looking at
different minimization regions

The optimization process deals with element tatlures in an
array 1n the wlowing way

Step | Mamntain mainlobe beamwidth and pernmit the
sidetobe levels to rise
Step 2. Regain, if possibic. the oniginal sidetobe level by

broadening the mamlobe

Broadening the mainlobe by ncreasing Ay istep 21 1y per
formed only 1t the sidelobe level, even atter opumal reshad
ing. has nisen to an unacceptable value because of element
fartures Thus step | 1s normal algonithmie procedure, and step
£ requires some iteraton in specifying Ay, and-or A, because a
compromise has to be made between the mamnlobe beamwidth
and the level of the sidelobes

The sotution of the array problem in the onginal formuly
tion {1115 mathematically equivalent to solving an overdeter
mined system of complex hinear equations. Unacceptably high
sidelobes result if this system s solved in the usual least
3quares sense. SO it 1s necessary (o solve the system »o that the
magnitude of the maximum residual error 1s mimmized. There
now exists {3] an efficient algonthm and corresponding
FORTRAN code {4} for solving problems of this sort to high
accuracy

To obtain the beamformer equation 1n an appropriate format
to utilize this algonthm. we normalize the peak response of
T{k) sothat T(0) = 1. This gives

i w,=1, (2)

LES!

We solve (2) for the Nth weight wy and substitute in (1) to
obtain

AN
T(k)=cxp {—ikxw]+ 3 walexp (- ikx,) - exp ( - thxy)]

ne]

3)
By sampling 7T{k) at the M equispaced points
k 'K+m(m»l) m=1, M (4
m 0 M' 1 ’ =y .

we can write the problem of minimizing the peak sidelobe

A-4
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fevel of the array response das
. N
nmin e o N dn [}
. Y R

witere the complex numbers £, and w. o are defined s

fooeap e dh v

[ S ¥ A1 AT O SN LY SO BT S ity

The problem (55 1s precisels the form aecessany for apphoation
of Algorithm 635 For theoretical detaids of thiy aigonthn, the
interested reader s referred o {3

Someumes a fow ot the optimum weights tor arras s with
farled elements are observed to be nepatine . particulars those
on the end elements 1t the weghts dre apphied 10 hardware
providing a 1807 phase factor on the element outpu? nun not
be desirable or possible Howeser, Algorahar 35 yilows the

selection of all nonnegative weights, nied b
the addition of constrants o (5

element v zeroed 1 it would have had o negative we

Usuaiiv . but not wimans, an

ft From

(231t toHows that. tf alf the element weght values are reguired
o be positive. they must be between Gand |

Phe requiremen?

that werghts w. . - -, wy . be between itgnd |oan be written
mathematically as
[ .
w, - - T, no Nt 7y
22

Algorithm 638 requires these N | constraniy
635 can also incorporate any number of general constrants 0!

the form

Alpenthm

N boow. 0, <d.. [ZEEEE DA i ¥
et

where ¢ and d,,, are constants The regquire.aent that wo alse
be nonnegative gives
o [
( 1- N w i <
DR
or
h b
Vo, - (<
o B N T A &2

which 15 clearly a special case of the general constraints (83

HI ALGoRITHM [MPROVEMENTS

Several changes to the algorithm presented in [1] enable
significant reduction n the need for computational intensity
Lewis and Streit [5] La. o proved thar for a peneral line array
shaded so that it has optimal sideiobe levels when steered
through the same numbcer of degrees either side of broadside.,
there exists a set of optimal weights that are real Thus

complex weights do not need to be constdered. Thic fact
allows an approximate eight-fold reduction in computation
time and a two-fold reduction in storage requirements
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It as clewr that the SO-clement example run an Strest and
Nattall [ was sigmificanty vversampled in wavenumber
Their beam pattern van be reproduced with o tour told
reducnon in the sampling of 714 ) osee Example 2 below, and
this o way detzacts from the practical application of the
algorithm A sigmfcant reducnon in computation time 18
reahized by decreasing the number M of beam pattern samples
ity

A agnificant algonthmic modification made to A+ -onithm
638 turther decreases computation time We b ove aneled this
maditication “tast costing” and it 15 an vporant step ia
making the algorithm feasible on mwrscomputers such as the
HPIN36C In order to describe s modification properly.
come faniharty with the simp.ex method of linear program
mung and reterence [3] is ssumed

Atgonthm 635 car - Sroken nto two tundanicntal compu
Ltwbal operations caded Ucosting” and Tpivoting T Cost
e deternunes the so called munimuam reduced cost coeth
cent and requires 2ANAL mulupheations. where Vs the
aumber of discrete artay clenents and M s the number of
sampios taken of the beam pattern UPivotingT s a basis
apdare and reguires N °oreal mudtiphications Tt is dear that the
speed ot the gigorithm s satimaiedy refated to the number Moot
sampies taken of the beam pattern, as well as the number v ot
Jiscrete arsay elements Sinve Mo larger than N, “costing”
reguires more cwitiphoations than “poootg

Costng” o the Gnear areay application means that. in each
umpley ateration, the Cdiscretized absolute value of eveny
sideiobe sample of the wasenumber response function 74},
. A7 computed to detecnune the T mimimum
teastbie

m i,

cost coetticient” ot the current bdsic
By procecding through a timite sequence ot such
Thasic teassble solutions.” we arrive at the solution of the
Cdseretized problem T As shownan {3 this implies that the
computed optimal wavenumber response functiop can have
sidelobe fesels that are theoretically at most O 04 dB igher
than the true opumum sidelobe level - Fast costing”” refers
wimply to the fact that we first determine which of the sidelobe
samiples T{kn), m = 1, - -, M, has the largest truc absolute
value, and then compute the “discretized absolute value™” of
this one complex number Therefore, oniy vae “'discretized
absuiute value'' calculation s performed in cach simplex
eration instead of M such calculations  The resulting
reductmn in computational effort 1s significant in microcom-
puting environments The drawback s that the use of “fast
casting '’ prevents the simplex algorithm from converging to @
solution of the ““discretized problem ™ Fortunately . however,
it can be proved that we must approximate the solution in a
well-defined sense In the linear array appication, “'fast
costing™’ resuits in the computed optimum beam pattern
having sidelobe levels that are theoretically at most 0.08 dB
higher than the true optimum level ' This is a small price to

pay for major execution ime improvements

reduced

soidlon

* The thenretical errar of at most 0 04 dB 15 denived by taking 20 log., (sec
sx°p), where p = 32 The 1eem sec { w/p) 15 the error bound discussed in
[EH

Fast costing squares the error bound, giving sec’ (x/p}, or § U8 dB when
r 32

IV Arcoriane I psa s pow Iy Serr Hay

An lgorthm must be refibles cass o use and ot when
erecuting on portable nucrocomputers. tobe usetul for i v
apphvanon The tollowing sectinn detadds the mest imponani
hardware and sottware aes addressed to enable o i
optimal reshading of arravs with tafed clements

The algonithm has been coded ir BASIC and s coniprised of
Alporthm 635 and an array processng driver program
Algonthm 615 solves the hinear program tor g set of optimal
wesghts, given data supphed by the driver programs The
driver performs the ! setup based on several user mputs
and provides all program output

The driver program may be used with haear arravs having
ether periodic o aperdically spaced elements Program
autput consists of 4 graph of the optimal beam pattern. a praph
of the optimal normalized element weghts, and seversd
parameters pertient 1o the specific probiems Provision o
made for storing the werphts g sepurate data tic tor posahie
use with digital beamtormers

A Hewletr Packard 1HP speaitic software modihication wis
made 0y settiny up the mput data arravs fequation ihion
hutfers o that
multply . For larpe-array dimensions. andenny 3 h
subseripted data array and performung o dot product takes
more tume on the HPOK GO than reading i a daty array fromiyg
bufter. downp a MAT multuph o and perforaung o sumimation
iA MAT muluply i« simply an element- by element multiplhy ot

they are docessibic for g one Jimensienad

'
daubls

two equatly dimensioned data arrays + However, this proxe
dure v more bme consumung when the input duta arravs gre
verv small e | the number of clements an the hine array o
smatly The hreak oven posnt ocours at aroumnd 12 or 33
clements, sot was dedided toancarporate tis speed enfance
ment for the longer runming Jarger line drrays adag trade ot!
some speed reduction on the smaller iine arrays

To obtatn fast ¢xecutton tmes for in situ apphications. we
use one hardware speed enhancement. a 12 S-MHz fas CPU
card with 16 kbytes of cache memory  Thiy hardware
supplement 15 avarable from HP for use on the HPORI6C
Cache memory 15 fast memony resident on the CPU card for
quick nstruction acquisiton The use of the fast CPL board
rather than the 8-MHz clock present in the standard computer
configuration results in an approximate factor-of twe increase
in observed speed

The complete program 15 precompiled by use of software
and a floating point math card avalable from the INFOTEK
company  Precompiiation reduces mo computational por
tons of the BASIC code to machine language, giving an
addmonal three-fold reduction 1in computation ume [t 15 abo
desirable to upgrade the operating system for the HP s
latest revision All work on these probiems was run using the
BASIC 3.0 operating system and the hardware supplements
noted above

Computation time 15 defined as time spent 1 Algorithm 635
and does not include the small amount of set-up time required
by the driver program. Computation tumes are for the
compiled BASIC program run on the HP9836C with the
special hardware additions menttoned above

The program described here needs just over 303 khvtes of

A-5
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internal memory an addition to the memory required by the
operating system o execute on the HP9S3ILC This as the
amount of space required by fixing the maximum arcay size dt
N o= 50, and allowing at most A = 256 beam patiern
samples Users can change dimensions to suit their specific
needs. but storage requirements presently are directly propor
nonal to the product MM Even for a much larger number ot
line array elements. 1t as unbikely that memory restrictions
would prose to be a problem on the HP9RI6C since extra
memony boards of 1 Mbyte each are readuds avarlable.

Ongoing modifications should further enhance the capabil-
ity and speed of the BASIC algorehim and driver. The addtion
of the ability to handle directional sensors s both useful and
straightforward to implement. Execution of wdentical code on
the new HP 300 series computers, which have a 16 6 MH7
clock rate. should further reduce the computation tune
Computation tmes on the order of § mun for g S0-clement
array and 1 run for a 25-eiement array are aniwopated

It 1s pussibie o run the BASIC program in ity uncompiled
state The execution of the program with cache memory and
the fast CPLU board as tne only enhancements results in
computation times of approxumately 25 oun for 2 50-clement
array and 4 5 mun for a 25-clement arcay

A copy of the entire program i avalable from the authors
Our specific implementation 1n HP BASIC utlizes several
hardware and software devices to achieve computational
effickacy, some of which may not be pertinent to other
BASIC operating systems runming on comparable machines
Users with undoubted]y find 1t necessary to make modifications
to the code to allow 1t 1o run on other HP equipment or in
BASIC on the VAX

Vo Exavprrs

The following examples demonstrate the utibity of the
current atgorithm for applcation tn situ and provide insight
into different situations that mught anse when reshading
cquispaced arrays with failed elements If optimal reshading
can restore the array’s ongmmal design sidelobe level by
siightlv increasing the mainlobe beamwidth. then we say that
the optimal reshading has been effective Optimal reshading 1s
effective mn many common element-faillure situations When
the arrav 15 severzly degraded, optimal reshading is less
effective but 15 suli useful in reducing the negative impact of
etement fadures These examples demonsirate that the effec
uveness of reshading depends upon the number of clement
failures. as well as the location of the failed elements within
the array

Missing elements are modeled by zeroing the appropriate
weights. In these examples, N refers to the number of intact
array elements, M is the number of beam pattern samples, and
K, is calculated by using the equation in an earlicr footnote.
We define the mainlobe width to be twice K, mn all three
examples

A. Example | Effective Reshading

This example demonstrates that reshading can restore the
original sidelobe level of an array response by slightly
increasing the mainlobe beamwidth. In a 25-element equi-
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spaced arrayv, organalhy desigaed tor - 30dB sidefobes.
clemenis 2 and 4 bave faded Theretore, N 23,8 & 128,
and Ay = 0ARTT We hiest heep the masniobe wndih tixed and
alfow the sidelobe level to rise See Fip 1 The peak sidelobe
- 2686 B below the mainlobe. and the
Mmainlobe width s unchanged  {f the sidelobe atter
reshading s too high, an afternatine to discarding or repateing
2N
iy ncreased 10 O 775 and the peak sidelobe fevel dumnishes to

30 04 dB below the maintobe A trade ot must aiway s be
made between an enfarged munnlobe beamwidth and an
acceptable peak sidelobe devel In the vase the manmiobe was
increased 12 7 percent in order to recover the onginal sidefobe
Execution times on the HPYE36C are between | and 2
Pand 2

fevel has risen to

fevel

the array s to broaden the maobe beamwidth i bag

level
min for Frgs

B. Example 2 Moderatelv EXfective Reshading

This example v taken feom Streat et Nuttall (1] Becaase
ot the improvements detatded in Secnon I above, the current
atgorthm runy faster on the HPYSI6C thun on the VAX 11
7RO although the Hoating point multipls rone on the HE oo
basic configuration i roughls 200 ames stower than on the
vAX

Consider a hnear array wuh 50 eguispaced elements.,
tialhy designed for podk sdelobes of - W AB refarve to the
manlobe Fag 3 shows the classical Dolph Chebyshey beam
pattern with - 30-dB swdelohes througheut the mmimization
range {Ko, (277 K.i This was computed usag the
current algorithm an 6 11 nun - Thic dead case could have
been computed analvhically

Now we suppose that Bive elements, 7022, 40,430 80, of the
array have fatled  The opumar response after reshading the
array is shown an Fig 4 The peak sidetobe fevel has risen to

25 S1.d8. bur we have mantamed mainlobe beamuw idth and
retatned full steenng capabiling In this example N - 45 und
Ao 128

This example (Fig 31 ook 7 47 annutes on the HPYR3GC
and required 29 womplen teratons The algorthm of Strext
and Nuttalt required 38 4 min and 402 neravons on the VAX

Recavery of the original vdelobe level 1s poswible . Fip )
The mainiobe beamwidth must be increased by the large tactor
257 6 percent (R, = 0.871) and the execution of this task
takes 8 98 min and requires 351 aterations The constraimt that
all the weights he between U and 1 i< used It 15 necessany 10
use the constramnt o this anstance because otherwise a
dislocation of the maximum response from k& = O results This
disincation is due to the presence of too manv negatively
weighted clements

C. Example 3: A Severely Degraded Array

This example shows that. for severely degraded arrays,
recovery of the original sidelobe level may not be possible by
ncreasing the mainlobe beamwidth. even after optimal re-
shading. Consequently. control of the jevel of the first sidelobe
must be relinguished in order to gain control of the level of the
remaining sidelobes

Consider a 25-element array with elements 11 and 14 failed
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Fig. 2 Array resp and nor

d weights for Exampile | with X, =

0.775.

The original sidelobe level is - 30 dB. Here N = 23, M =
128, and Ko = 0.6877. Fig. 6 shows the algorithm’s optimal
response to this configuration ™ is a significant observation
that, in this case, small perturbations of K, will not affect the
level of the sidelobes. Only when the first sidelobe is
incorporated into the mainlobe beamwidth (K, = 1.27) does
the level of the remaining sidelobes return to the original
desired value (see Fig. 7). It is apparent that decreasing the

minimization interval by moving K, far enough to the nght
will improve the approximation, but one must give up control
of the first sidelobe to reduce the others to acceptable levels.
The net effect of losing two elements so close to the center is
that negligible emphasis is placed on the remaining center
elements (12 and 13) and the rest of the aperture is reshaded as
if it were two separate arrays.

This situation cannot be overcome by using differeat
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Fig. 4 Optimized array response and normahzed weights for 50 ¢lements
with elements 7, 22, 40, 43, and 50 failed

weights. The optimal property of the array problem formula-
tion and solution tells us that no weights exist which can
suppress all the sidefobes below a certain Jevel. Thus this array
has lost too many elements and performance cannot be
restored to its original design levels merely by reshading.
We have chosen to relinquish control of the first sidelobe to

A-8

gain control of the level of the remaining sidelobes. We pick
the first sidelobe merely for ease of implementation; modifica-
tion of the algorithm to forfeit control of a different sidelobe
could also have been done. The need to relinquish control of
the first sideiobe level has only appeared in cases of severe
array degradation due to element losses.
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clements 11 and 14 faled

VI. ConcrLusions

Arrays that have failed elements can be reshaded to obtain
optimal array response functions. Optimal reshading is effec-
tive 1n many common element-failure situations. When the
array is severely degraded, reshading is less effective, but still
can be used 1o reduce the negative impact of element failures.

Optimal reshading can be accomplished in situ, quickly and
reliably, on portable microcomputers using the algorithm
described here. Arrays with 25 elements routinely run in less
than 2 min and computation time for a 50-clement array is less
than §0 min. The algorithm can be applied to arrays of evenly
or unevenly spaced linear geometry.

The above examples (and others) support the generally
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Fig. 7. Recovery of originai sidelobe level, Example 3 with Ky = 1.27.

accepted notion that failure of near-center elements is more
detrimental to the array response than failure of near-edge
elements.

Another application of Algorithm 635 is to arrays of planar
and arbitrary three-dimensional geometry. Computation times
for these more general arrays probably will depend upon N
(number of sensors) and M ( number of beam pattern samples)
in the same manner as for linear arrays.
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APPENDIX B

DRIVER PROGRAM LISTING: “Reshade”
Lines 1 through 481
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LR I SRR I SOV VI o

)

CPTION BRSE 1

CUTFUT 2 USING "#,B";25S5,7S v CLEAR SCREEH
PRINTER IS CRT
RRD

REAL EstoretSay,U(256), Thean(2Se  (Grresc2Sd,Heaenz 256

INTEGER loexi1t(10),1tlogli@),lcount(SQy, I sutw3,51

INTEGER tdim,I,J,K,N,C5,Sumflag,Cachflag,Floatflag,H

COM /Arrsss Zradii (50, EBradi1¢42,Cheb (1@, 7¢50>,2centr SO

COM /Arrssi/ Ref(256),Inf(256)>,Reb(4,58)> BUFFER, Inb(4,50 BUFFEF ,Rebcentr

4, Imbcentri4)

14

COM “Projs Basinu(S1,54:,Cossind(2,1825),Rear 256,502 BUFFER, Inaca%e, S EBUF

FER,Cos45,S8pace

11

13
14

15

COM sParams INTEGER Ndim,M,L,Logp,Hdimpl,Hdrimpd, ST, Tme,Micsei 10

COM /Buffmult- Colrea($8>,Co)limal(S@),Colreb(S6r,Col1mt(S02

COM /Groups-s INTEGER Nogroup,RERL Senslen,Xaroup(2S,Daroup, 1oSo:

COM sGroupsl/ Hydsen$[31,Hudro$(31]

DIM SIV$031,Equis{3],lHeight$i3], Heguet${3),Heuko$(3],Data mzussl10],Filena

me${10],Ugtstores(3),Group_spaces3]

16 i

17 Data_msus$=": INTERNAL"

18 Cachflag=g

19 0N ERROR GOTO 24 | POSSIELE ERRORS IF INTERFACE HOT FRESENT

2a COHMTROL 32,131 1 IF CRCHE MEMORY 1€ PRESENT IT WILL EBE UTILIZED
21 OFF ERROR

22 STATUS 32,1;Stats

23 IF Stats THEN Cachflag=1

24 Floatflag=90

25 ON ERROR GOTO Redo

26 CONTROL 32,231 ! IF FLOATING FOINT CARD PRESENT IT WILL EE UTILIZED
27 OFF ERROR

28 STATUS 32,2;S5tats

29 IF Stats THEN Floatflag=i

36 !

31 Redo: ! OETAIN INPUT DRTA

32 LooP

33 IF Ndim=0 THEN

34 Ndim=16

35 ELSE

36 Ndim=Ndim+Tme

37 END IF

38 REPERT

39 PRINT "ENTER TOTAL HUMEER OF ELEMEHNTS/GROUPS IN RARRAY: (3-50: ["LVALTC
Hdim>&e" 1"

40 INPUT Ndim

41 UNTIL Hdim>2 AND Ndim<S1

42 !

43 QUTPUT 2 USING "#,B";255,7S ! CLEAR SCREEN

44 REPERT

45 PRINT "ENTER HNUMBER QF SEHSORE IM ERCH GROUF: ["&VAL$(Hogroupl&"l"
4¢ INPUT HNogroup

47 UNTIL Nogroup<2é

48 IF Nogroup=9 THEN Nogroup=1

49 !

Se IF Nogroup<>1 THEN

St REDIM Xgroup(Nogroup>

52 OUTPUT 2 USIHG "#,B";25S,75 ! CLEAR SCREEN

53 REPEAT

S4 Group_spaces=""

S INPUT “IS ELEMENT SPACING WITHIN THE GROUF CONSTANT™ (Y /H» [Y¥]",Grou
p_spaces

S€ IF LEN(Group_space$>=8 THEN

57 Group_spaces="Y"

58 ELSE

59 Group_spaces$=UPC$(Group_spaces(11)

(1] END IF

61 UNTIL Group_space$="Y" OR Group_spacef="H"
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62 !

63 IF Group_spaces="N" THEN

64 REPERT

65 H=0

66 FRINT “ENTER POSITIONS OF SEMSORS [N GROUP: ™
67 FOR I=1 TO Nogroup

68 PRINT “SEHSOR #"&VALS$CID&":"

€3 INPUT Xgroup(ld

ve IF I>1 AND Xgroup(I)<Xgroup(I-1> THEN H=H+!
71 NEXT 1

72 UNTIL H=0

’3 ELSE

74 REPEAT

7?5 PRINT "ENTER SPACIHG BETWEEN SENSORS IN GROUF: ["gVYRLE(Dgroup g 1®
7?6 INPUT Dgroup

7 UNTIL Dgroup>@

78 FOR I=1 TO Nogroup

79 Xgroup(li=C(l-1)#Dgroup

806 NEXT 1

81 END IF

82 ELSE

83 MAT Grres= (1.

84 END IF

85 '

86 OUTPUT 2 USIKG "#,B";255,7S ! CLEAR SCREEMN
87 REPERT

88 Hydsens=""

89 PRINT “DO YOU WISH TO INCORFORATE A HYDROPHONE SENSITIVITY® o¥ohy [HIT
S8 INPUT Hydsens

91 IF LENC(Hydsen$)>=@ THEN

92 Hydsen$="N"

93 ELSE

94 Hydsen$=UPC$(Hydsens$(11])

95 END 1IF

96 UNTIL Hydsens$="Y" OR Hydsen$="N"

rd

98 IF Hydsen$="H" THEN

99 MAT Hsens= (1,

169 ELSE

101 OUTPUT 2 USING "#,B";255,75 ! CLEAR SCREEN
182 REPEAT

183 PRINT "ENTER THE PHYSICAL SENSOR LENGTH: (METERS) ["¢VYALI Senzlenig”
Je

1084 INPUT Senslen

185 UNTIL Senslen>e.

1866 ¢

107 REPEAT

108 Hydrog=""

189 PRINT "1S HYDROPHONE TO BE MODELED RS A DIPOLE OR COHTIHUOUS SENSOR™

DrCH LI

110 INPUT Hydros

111 IF LENCHydro$)>=0 THEN

112 Hydro$="C"

113 ELSE

114 Hydro$=UPC$ (Hydro$[11)

115 END IF

116 UNTIL Hydro$="C" OR Hydros$="D"

117 EHD 1IF

118 !

119 OUTPUT 2 USING "“#,B";255,7S ! CLERR SCREEN
120 REPERT

121 PRINT "ENTER TOTAL NUMBER OF MISSING ELEMENTS/GROUPS [ "&VAL$(Tmed&" 1
oW

122 INPUT Tme

123 UNTIL Tme>=0 AND Ndim-Tme>2

124 i
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125
126
127
128
129

IF Tme>8 THEN
REDIM Misel(Tme)
REPERT
OQUTPUT 2 USING "#,B";255,7S I CLEAR SCREEHN

FRINT "ENTER MISSING ELEMENT - GROUF NUMEERS (SEFAFRTED

iMisel (%> Ja

130
131
132
133
134
135
13¢
137
138
139
140
141
la2
143
144
145
14€
147
148
149
158
151
152
153
154
155
156
157
158
159
wye
168
161
162
163
1é4
165
1€6

L
167
168
169
178
171
iv2
173
174
175
176
17?7
178
179
188
181
182
183
184
185
186
187

INPUT Misgsel (%)

MAT SORT Misel(#*)

H=8

FOR I=1 TO Tme
IF Misel(IX<1 OR MiselCIX>>Ndim THEN H=H+1
IF I>1 THEN

IF Misel(I)=Misel(I-1) THEN H=H+1

END IF

NEXT 1

UNTIL H=g
END 1IF

OUTPUT 2 USING “#,B";255,7S { CLERF SCREEN
REPEAT

By L QMR

INFUT "ARE ALL ELEMENTS. GROUFS EQUISPARCEL” (Y- H3 [Y]1",Equ1i ¥

IF LENCEQquIS)>=b THEM

Equis=ry
ELSE
EqQuis$=UPCS$C(EqQuisll1],
END IF

UNTIL Equis$="Y" OR Equi$="N"

REDIM D(Ndim-Tme)

New_ko: !
Symflag=@ ' FLAG FOR ARRAY SYMMETEY
IF Equig="Y" THEHN ! EQUISFACED ARRAY
CUTPUT 2 USING "#,B";255,75 I CLEAR SCREEH
IF S11=8 THEN S11=38
REPERT

PRINT “ENTER ORIGINAL SIDELOBE LEVEL (DE>: <@ TO S0

IHPUT S11s
IF LENCS11$><>8 THEH ST1=RESC(VAL(S11$>>
UNTIL $11>-1 AND $11<S1

QUTPUT 2 USING “#,B";255,75 t CLEAR SCREEN
REPERAT
PRINT "ENTER ELEMENT/GROUP SPACING (METERS» (@-10:

INPUT Space
UNTIL Space>@ AND Space<=13

N=Ndim-1

R=10+7511-20) ! CALCULATE KO
R2=R*F

R3=SAR(RZ~1.)

RS=(R+R3)~(1./7N)

R6=(R~R3)~C1./N>

20=(R5+R6)> -2,

Ko=(2.s/Space)*ACS(1. 20>
K1=2.*Pl/Space-Ko

IF Newko$="Y" THEN
OUTPUT 2 USING "#,B";255,75 { CLEAR SCREEN
REPERT
PRINT “ENTER KO@: [ "&VAL$(Kol&" 1V
PRINT "SUGGESTED VYALUE IS :";PROUND(Ko,-4>
INPUT Ko
Ki=2,#PI/Space-Ko
IF Hydsen$="Y" OR Hogroup>l THEN

t

r
4

[~"gWALS VST

"EVAL S (Space

s n
<
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188 PRINT “ENTER Kl: [ "&VAL$KIE&" 1™

189 INPUT K1

190 END IF

191 UNTIL Ko>8 ARD Ko<PIl-Space AND Kodkl

192 Ndim=Ndim+Tme

193 END IF

194 ¢

195 c5=8

196 FOR 1=1 TO Ndim

187 IF Tme>® THEN

198 FOR J=1 TO Tme

199 IF I=Misel<J) THEN 284

200 NEXT J

201 END IF

202 CS=C5+1

203 DCCSI=Space*(1~1)

284 NEXT I

285 CALL Symd(Ndim-Tme,Symflag,D(x))

206 ELSE

207 PRINT "ENTER ELEMENT-GROUF POSITIONS (METERS FROM EHD, "
208 PRINT "SKIP MISSING ELEMENT- GROUP FOUSITIONS."

289 IF Newko$="Y" THEN NdimzNdim+Tme

218 FOR I={ TO Ndim-Tme

211 REPEAT

212 H=8

<13 PRINT “ELEMENT/GROUP “S&VALECIDE&" [ "&VALS$SCD I og" 1 1%y
214 INPUT DC(D>

15 IF I>t THEN

216 IF DCIXKDC(I~1) THEN H=H+1

217 END IF

218 UNTIL H=0

219 PRINT DCID

2208 NEXT 1

221 OUTPUT 2 USING “#,B";255,7S t CLEAR SCREEN

222 REPERAT 1
223 INPUT "“ENTER KO: (RAD/METER)>",Ko

224 INPUT “ENTER K1: (RAD/METER>",K1

225 UNTIL Kisrno fND Kor=9

226 CALL Symd(Ndim-Tme,Symflag,B(*5)

227 END IF

228 !

229 Ndim=Ndim-Tme 1
230 Ndimpi=Ndim+l

231 Ndimpd=Ndim+4

232 IF Equis="Y" THEN

233 M=64

234 C3=(K1-Ko) (2, #M~1.)

235 ELSE

236 M=128 f
237 C3=(K1-Ko) s (M-1.)

238 END IF

239 Logp=5

249 Pl=(2~Logpi+1

241 !

242 OQUTPUT 2 USING "#,B";255,75 { CLEAR SCREEN

243 REPERT

244 Neguet$=""

245 INPUT “MWILL YOU ALLOW HEGATIVE WEIGHTS ? (Ys/H)> (Y1",Heguet$
246 IF LEN(Neguwet$>=0 THEN

247 Neguet $="y*

248 ELSE

249 Negwet $=UPC$(Negwet $[11)

250 END IF

251 UNTIL Neguet$="¥Y" OR MNeguet$="N"

252 IF Neguwets$="Y" THEMN ! NO CONSTRAINTS: {(Wjr<=1
253 L=0
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ELSE

L=t
END IF
Ldim=MEXC1,L)

REDIM Ioexit<lLogp’,ljswt(3,NdimplY,Itlogdlogp), lcount(Hdin ,Zradirs
REDIM Bradii(Ldim),Cheh(Logp),Estore(Ndimy>,2¢Ndim>,Zcentri{Hdia
REDIM Basinu(Ndimpl,Ne1npd),Cossin(2,P1),ReadM,Hdvm>, Imath, Ndrns
REDIM Ref (M), Inf(M),Reb(Ldim,Ndim), Imb(Ldim,Ndim),Febcentritdim;
REDIM Imbcentr(lLdim),D(Ndimn),UCM), Tbean(2*M),Grres(M),Hsens (M)

REDIMENSION INPUT RARRAYS

1 CONHSTRAINT: (SUMCW I - 9379, (3~ S

CHAWGE L AND REDIM APPRUFRIATE ARFAYS
FOR MORE CONSTRAINTS

REDIM ColrealHdim>,ColimalNdim>,Coelreb(Hdrim>,Lolimbitdin

MAT Basinu= (8
MAY Cossin= (@
MAT 2= (8.>

MAT Cheb= (8.)
MAT Colrea= (9
MAT Colima= (8
MART Colreb= (@
MAT Colimb= (@

IF Neguetsg="Y"
MAT Reb= (@.
MAT Imb= (8.
MAT Rebcentr
MRT Imbcentr
MAT Bradii=
MAT Zcentr=
MAT Zradii=

ELSE

MAT Reb= (1.2

MAT Imb= (@,
MAT Rebcentr

P
.

o
o
P
D

THEN
bl

)

= (8.)
= (B.)
(8.)
(e.»>
1.

b

;
= (.9

MAT Imbcentr= (8.>

MAT Bradii=

MAT Zcentr=

MAT Zradii=
END IF

FOR I=1 TO M
UCIo=Ko+C3*(
NEXT 1

IF Hydseng¢="¥"
MAT Hsens= (
IF Hydro$="D

FOR J=1 TQ

.5
.5
.5

I-1)

THEH
2.

" THEN

M

INITIRLIZE COMMONS

i

GEHERATE U RRRAY

CARLCULATE SENSITIVITY TERM

DIPOLE SENSITIVITY

Const=,5+.5%#C0S(UCJ>#Senslen>

Hsens(J)=Const#Const
Const=~,3%¥SINCU(I)>*Senslen)

Hsens(J)>=SAR(Hsens(J>+Const ¥Const)

NEXT J
ELSE
FOR J=1 T0

M

CONTINHUQUS SENSITIVITY

Hzens(J)=ABS(SINCU(I)#Senglens2.)>/(U(J>*¥Sensten/2.))

NEXT J
END IF
END IF

IF Nogroup<>1
MAT Grres= ¢
FOR J=1 TO M

Grim=0.

FOR I=1 TO Nogroup

THEN
é.>

CALCULATE GROUP RESPONMSE

Ndra>
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3%e
351
352
353
354
35S
356
357
358
359
360
361
362
363
364
365
366
367
368
369
37e
371
372
373
374
378
376
377
378
379
38e@
381
382
383
384
38S
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Grres(Jd=Grres(J)+C0SCUCT ) sXgroupCly)
Grim=Grim-SINCUCIY%#XgroupcldD
NEXT 1
Grres(J)=8@R(Grres(J)*Grres(J)*Grim*Grxm)/NDgroup
NEXT J
END IF

FOR J=1 TO M
Ref(J>=COSC(DI(Ndimd*UCT)) i GEHERBTE F ARRAY
ImfCIX»=-SINCD(Ndim>*UCI>)

FOR I=1 TQ Ndim
RealJ, I1>=Ref(J>-COSCDC(I>*UCJI>> ¢ GEMERRTE Hk ARRAT
InadJ, II=Inf (JI>+SINCDCIY#UCT))
Real(J, 1)=Rea(Jt, I)#Grres(J)*Hsens(J)
ImaCt, I>=ImalJ, I)*#Grres(J)*Hsens(J)
NEXT 1
NEXT J

FOR I=! TO M
Ref(ID=Ref(1)%CGrres(Id*Hsens(])
ImfCID=Inf<Id%Grres<ldY*Hsens (1)

NEXT 1

N=Ndim—1

Itlog(l>=268%N 'MAX ITERATION COUNT
loexit(1)=@ IPRINT OPTION
Ts=TIMEDATE PINITIALIZE TINME
CARLL Kaprox(M,Itlogc#), Taexit (), Ijsut (%))
Te=TIMEDATE-Ts TEXECUTION TIME

Estore(N>=Cheb(Logp>
Icount (N>=ItlogCLogp>

Zsum=@. ! CALCULATE FINAL WEIGHT=1-SUM OF ALL OTHERS

Zsum=SUMC2)D
Z(Ndimd>=1.~2sum

IF Symfiag THEN ' SYMMETRIZE WEIGHTS
FOR I=1 TO INT<(Ndim>-,2)
P=(ZCI)+Z(Ndim=-1+1>>/2
2¢1)=F
Z(Ndim=1+1)>=p
NEXT 1
END IF

IF Tne>® THEN
REDIM Z(Ndim+Tme)>
FOR I=1 TO Tme
FOR J=Ndim+1 TO Misel(l) STEP -1
IF J>Misel<I> THEN 2¢J)=2¢J-1>
NEXT J
Z2C(Miselc<I)=@,
NEXT 1
END IF

IF Equis="¥" THEMN
CALL Calcbeam(Ndim,M,Tme,Misel(*),Space,Z(*),Tbeam(*))
ELSE

CALL Unsymbeam(Ndim,M,Tme,Hisel(*),Ko,Kl,Z(*),Tbeam(*))

END IF

Zmax=MAXC2¢(%))
IF Zmax<{>® THEN

FOR I=1 TO Ndim+Tme ! NORMRLIZE WEIGHTS 7O 1
ZC10=2C¢I) /Zmax
NEXT I
END IF
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387 CHLL ue1ght_plo!kNdvm+Tm€,NfZ.2,TmE‘H\sel'*;,Space.io,bI,EB.Z'~*.Tbeau’~
dyEqui el

388 OUTPUT 2 USING "#,B»{255,75

389 PRINTER IS PRT

394 PRINT USING “@&"

391 DUMP GRAPHICS

3%2 1}

393 CONTROL CRT, 1232

394 FOR I=@ TO 9

395 OM KEY I LABEL "" GOSUB Dummy

396 NEXT 1

397 ON KEY 1 LABEL °~ CONTINUE " GOTOD Comp

398 ON KEY 2 LABEL " KEYS OFF~/0ON " GOSUB Flip_key
399 LoopP

400 END LOOP

401 Dummy: !

492 RETURHN

403 Flip_key: !

404 Keflip=(Keflip+l> MOD 2

405 IF Keflip THEN

406 CONTROL CRT,12;1

407 ELSE

408 CONTROL CRT, 1232

409 END IF

410 RETURMN

411 Comp: !

412 GRAPHICS OFF

413 OFF KEY

414 Weightsg=""

415 REPEAT

416 INPUT “WOULD YOU LIKE A LIST OF THE WEIGHTS? «y- H, [¥1",Height$
417 IF LEN(Weight$>=0 THEN

418 Heightg="y"

419 ELSE

420 Weight $=UPCS(ieightsI11)

421 END IF

422 UNTIL Weight$="Y" OR Weight$="H"

423 !

424 CALL Printinputs(Cachflag,Floatflag, Hdin,Tme, 511, IrYogrs Laogp. sl
Space,Ko,K1,Te,Cheb(*>,2¢(*),Equi$,Her1ghts, Haguet$)
425 ¢

42¢ CUTPUT 2 USIHG "#,B";259,75 ' CLEAR SCREEMN
427 Newkos=""

428 REPERT

429 INPUT “WOULD YOU LIKE TO CALCULATE A HMEW ko or K1 7O GIVE A DIFF. EBEAN
WIDTH <(YsN) [N1",Newko$

430 IF LEN{Newko$>=8 THEN

431 Newko$="MH"

432 ELSE

433 Newko$=UPC$(Newkos$[11>

434 END IF

435 UHTIL Newko$="Y" OR HNewko$="N"

426 IF Newko$="%" THEN GOTO New_ko

437 ¢

438 Wgtstores=""

439 REPERT

448 INPUT "WOWLD YOU LIKE TO STORE THE WEIGHTE IN A DATR FILE™ (Y~H>Y [MHI",
Wgtstores

441 IF LENCUgtstores)>=0 THEN

442 Wgtstore$s="N"

443 ELSE

444 Wgtstore$s=UPC¢{lgtstoreslil>

445 END IF

446 UNTIL Wgtstore$="Y" OR Wgtstore$="H"

447 IF Wgtstore$="Y" THEN




467
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QUTRUT & USING "#,E";359,7% \ CLERR LOFEEN
INFUT "ENTER FILENAME FOR WEIGHT FILE: 10 CHAFATTERL L Fiicriansd
OUTPUT 2 USING “#,B";255, 7% CCLEHE SrEEE

INPUT "ENTER MASS STORAGE LEVICE: [ :INMTEENAL J° Lars ocuct

IF Equi$="Y" THEN
IF Ndvm>38 THEN
CREATE BDAT Filename$&Data_msus¥,2, 256
ELSE
CREATE BDAT Filenames$&Data msus®,1,2%¢
END IF -
ASSIGN @Stordat TO FilenawessData msuss
QUTPUT @Stordat;Ndim+Tme,Space,2c*)
ELSE
SELECT Ndim
CRSE >47
CRERTE BDAT Fl1enameS&Dala_msu5$,4.256
CRSE >31
CREATE BDAT FilenametdData msus$, 3, 2%5¢€
CASE >15 -
CREATE BDAT Filename$&lata msuss, o, 256
CARSE ELSE -
CREATE EBDAT Firlenamesilata_msusf,1,25¢
END SELECT
ASEIGN @Stordat YO Filenamef&Data msuss
QUTPUT @Stordat;Ndim+Tme,D(#),2¢%)>
END IF
ASSIGH @Stordat TO =

END IF

GRAPHICS ON

FRUSE

GRAPHICS OFF
END LOOF ' RETURMS T0 Pedo AT FROCEAN
END

EECIHHING

J



APPENDIX C

FLOPPY DISK: Program “Reshade”
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