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The Least Mean Square algorithm i85 a method of extracting a target
signal in the presence of interfering nolse sources. The method and the
computer tests for simulated conditions utilizing random numbers, are
reviewed. These tests indicate that the method is feasible for laboratory
conditions. The purpose of a sea test is to evaluate the method for
actual ocean conditions. The proposed experiment is part of project
PARKA and will use elements of the Sea Spider array, the USNS SANDS
(AGOR-6), and the Univac 1230 computer system. The data will be processed
in real time, The experiment and computer program are deseribed.

INTRODUCTION “\\

In this memorandum, the proposed experiment of adaptive beamforming
is reviewed. The review includes a brief description of adaptive
beamforming, the sea spider array, the proposed experiment and the
computer program,

ADAPTIVE BEAMFORMING i

We will follow the theory developed by Widrow(l) and Griffiths(2)
on the subject of adaptive beamforming, A tapped delay line is attached :
to each element of a K element array. There are L weights in each tapped
delay line. (See Figure 1). The purpose of the algorithm is to adjust
the weights such that there is a least mean square IMS) difference
between the output y and the expected signal, The problem was first
solved by Wiener and the final answer was in terms of an inverse matrix,
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Widrow and Griffiths obtained an approximate iterative solution. The
main attractive features of the solution is that the noise field need
not be known before hand and that it is not necessary to invert a
matrix. In our simulation, the power spectrum of the signal is essumed
to be known. In obtaining the LMS difference, the noise tends to be
minimized and the pattern of the array tends to have notches where the
noise interferences are strongest.

The adaptive beamforming test has been succesasfully simulated by
the use of random number data by students at Stanford University. The
purpose of this test is to examine adaptive beamformer performance under
actual ocean conditions.

SEA SPIDER ARRAY

The Sea Spider array is approximately 350 miles north of Hawaii,
It is a 3 legged array, each leg being 45° from the vertical., The
array is buoyed up by an ellipsoidal subsurface float. In addition,
over 3000 hollow glass spheres are mounted on the three legs, making
the legs neutrally buoyant. The tension in the 3 cables and the
neutrally buoyant elements attached to them combine to render a stable
and rigid support for the array. The total number of hydrophones is 30
and there are 10 elements per leg. The depth of the water at the array
site is about 19,000 ft.

PROPOSED EXPERIMENT

A linear 5 element array will be used in the experiment. The four
distances between nearest neighboring elements are 21 ft, 52 ft,
100 £t and 171 ft.

A 400 cpgprojector will be suspended from the USNS SANDS (See
Figure 2). The depth of the projector will be at 1000 ft. The
5 element array is at a depth of 2500 ft. The ship will be 12,000 ft
from the array so that the projector is in the Fraunhoffer region of
the array, The surface reflected, direct and bottom reflected rays will
arrive at 28,79, 37.9° and 115.8° respectively from the broadside
direction of the array.

The Honeywell projector is driven ~ by a pseudo-random noise (PRN)
signal centered at 500 Hz in a 200 Hz band. The projector transmitting
response curve is shown in Figure 3. The HX-90 has a maximum source
level of 100,6db (re 1M bar at 1 yd). Driving the projector with a PRN
signal reduces the source level to 91,1 db and at a range of 12,000 ft
the expected acoustic level at the receiving hydrophones is +19.1db.
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A block diagram of the transmitting system is shown in Figure 4.
A PRN signal that can =ituer be ocontinuous jor gated is filtered
a Buttervorth filter that has a 200 Hsz bandwidth centered at 500 Hs.
The signal is then amplified and transmitted. The OML ampiifier has a
maximm output power of 5 KW and with a 40% projector efficiency, the
electrical power is more than adequate to drive the projsctor at full
power if required.

A block diagrem of the receiving equipment is shown in Figure 5.
The signal received at the hydrophone is amplified and the information
is telemetered back to the ship vhere it is filtered through identical
Butterworth filters and recorded on magnetic tape in analog form. The
analog signals also go to a 12 bit A/D converter and these are processed
on the 1230 Univac computer. The digitised signals are also recorded
on Univac 1540 magnetic tape. Rach execution cf the IMS Pattern
Program results in three records and an end of file being written on the
Univac 1540 magnetic tape units. All records are recorded at 800 BPI,
0dd Parity, Modulus 6, and in Bioctal Format. The order of the three
records are shown in Figure 6. ' The details of the format for each of
these records is shown in Figure 7 and 8.

R TR T e e e T SO A -

COMPUTER PROGRAM
i The upJating of the weights is obtained from equation (1).
we) = W) +wTpse) -~ y zE)]

Y= = W) X&)

=

Q)

vhere

x(1) are the KL inputs
y is the output :
pa(1) is the signal correlation ;
U is an arbitrary constant - ]
w(i) are the KL weights 3

The. inputs x(1) are hard clipped. The CS-1 program in fixed point
arithmetic for equation (1) is given in appendix A. '
The beam pattern P(Q) for a given set of weights is given by
equation (2). See reference 3 for a full explanation of this equation. !
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The subroutine for equation 2 is given in Appendix B,

COMPUTER RESULTS

Random Gaussian numbers were used to simulate a plane wave . !
striking the array at an angle of 22° from broadside. The power *
spectrum corresponding to the time waveforms was flat with a center ;
frequency of 250 cps and a bandwidth of 300 ocps. The conventional
pattern of the equally weighted 5 element array is shown in Figure 9, !
Using the IMS algorithm and a V =01, the weights of the tapped delay
line were updated and after 2000 iterations, the pattern corresponding
to these weights waes computed. The result is shown in Figure 10,
After 4000 iterations, the pattern shown in Figure 11, was obtained.
The maximum sensitivity is O db in the look direction, i,e. the
broadside direction in this case. A null of greater than -20db is
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obtained in the interference direction.

CONCLUSIONS

A computer program using CS-1 language and fixed point arithmetic
aas been writien and is operating successfully on simuleted data.
This program will be used at sea to test the applicabilivy of adaptive
bsamforming under actual ocean conditions.

._)j_‘-m(;go‘(:: B8F C
GEORGE BOTSEAS
Computer Specialist ]

BENJMMIN F. CRON
Research Assoclate
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NI ST SIGAA L
e 111230 123100107 ¢€C
Mo rH moa e
Da Y DRY
F HoeR MO
: miee T M INY PE
SeCuen D SECLUND
r Xo,c | Xo,i00e 7 r Xo,0 |Xo, 2800
] Xi,0 X, , 2000 X1, 0 X, decv
X2,o | Xs,2000 xg, 0 ' X, wou
Xv,0 | Xv,ue00 Xy, 0 Xy, goop
Xs,0 X4 ,3000 Xu,0 X4, oo
\/I.\_ﬂu\i\, C, 0% 5 A AL NAL
"N o TER B3 -~ \‘v\ NN
Xo,2008 | Xo , 4008 Xo, 2008 | Xo, 1;001
Xy ,%2008 | X\, w0 | X1, 2e08 | X, doci
Xa,2008 | Xo, 400 Xa,2008 | Xa, 4008
X3, 2008 | X3, dcob Xy, 2008] Xy, woox
Xu, 2008 | Xg, 4004 ] L Xa,2000] Xa, S0k
CHEL K SUN CHUCK SN
MT SINTUS W RD fmT S1ATUS woed

NOTES:
1. The first word of the NOISE record is "NOS" left justified in ASCII cods.

2. The first word of the SIGNAL record is "SIG" left justified in ASCII code.

3. The last 45 words stored in the upper 15 bits of X are identical to the first
45 words stored in the lower 15 bits of X. This facilitated programming.

4. X3,2008 is interpreted as the 2009th sample on channel 3. |

5. Dala block X is comprised of 5 channels at 4009 samples each for a total of :
20,045 unique data words in A/D code. !

NO'SE AND SIGNAIL, RECORDS
Figure 7
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PROCESSED DATA RECORD

Figure ¢ 3
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REvVRTS

RV1
RVe

RvVol
WTSPAT

TV

Liv
Lev

L3y

ENTRY :
STHReuixlL (RVB1)
LnTsuing
ENT#558450
ENTsbo»0
EnTxb4xd

ENT*ARW (wT+B0O)
ENTousn (W T+8Y)
STReA%W (wT+BS)
STheusw (W T+l0)
ENTRpSsbS+1
ENTebORBo+1
BJP*byaRy 2
ENT#BO%LL=1 0L
Bursplskyl
ENTsBL#0

EX17

ENTRY

NJPSREVWTS
RJP*PAT TERN
RUPSREVWIS

EXIT
PROCEUURL*CAD
ENTRB2%0
ENT253%0

ENT*GxU (A4BD)
STR®GxU (A+32)
EnT®03sB5+1
USK*bexh9D

JPxTy

STR*BUxW(Y)
ENT2Qun (wT+BZ)
MUL*UX (X+B2)
KSH®AQ#* 9L
RPL*Y+G#a(Y)
LSK*ib2x49D
JPaLU

ENTxGwn(Y)
MUL *w (ImF )

STReWER (Y)
ENT®u*i (FST+B2)
ENT*ARUX (X+B2) kANLG
SUUSwx; (1) #SKIP
ADD*Gxn{Y)
MUL®W(U)*SC = 27u
RSH®AWRYL'SC = 18U
Culeaxn (nT+8g)
OSTR®A+CHA(WT+b2) 'S¢ 45 Loy
SUn*»A*L0L000U*ANES
RUFESHLF IWTS
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JPETY

ENT®QaL (A+DI)
STReQR| (A+L2)
EinT®bdxB i+l
BShap2a490

JPxLC

STheti0xW (Y)
ENTxQ*w (W T+B52)
MUL®LX (X+B2)
ROH=AQASL
RPLeY+uxwn (Y)
oSkxp2a490

JPxLcl

ENT=G*W(Y)
MULxw (MF )
STRxG*w(Y)
ENT®G%W (FST+be)
ENT®ARLX ( X+ ) RANEG
SUbxG*W ( ¥ ) %xSKIP
ADORG=N (Y)
MUL*W (L) 'SC = 27U
RSH®AWXGU'SC = 1HU
ENT®A*W (wT4+B&)
STR*A+Gxw (WT+b2) '5C 15
SUusAXH00000U*ANEG
RUPESHIFTWTS
LSKRpeal 9D

JPxlL oL

CiNT A% S
ALLUxA2L0UVO000U
SULxARYHY

RSH* AR IV
VIV*w(iTLR)
RIFenTSPAT&ALERO
EHTeodaldo=u6h
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: , TAblLe swlaHeles0L

: ENv=TALLL® W T

! WP CWUALSsW]

? TAuLLswPrHalULeD
END=TALLL*wP
TABLE®LTeHabad
ENU=TALLL®LT
TALLE#PS1sH*) 3500 ]
FILLUusHSaF XWSx0s1e18U ]
ENU=TAGLE*PST ﬁ
TALLE®PS ] &H® 1 %500 '
FIELLU®PSaF XWS40#1a30 4
END=TAul.t*PSI i

{

VRBLaMAX«F XWx1 80D
; VRBL®POWxF XwxlaD
' VRBL&LPOw*F XwWwa 120
VRBLaTLPUWSFXwalgh
VRBL®DLF ®F XWx 160D
VROL#C L #F XW
VRBL*Y*F XW&14d0
VRbL&SUMsF XWelab - - ——
o VRbLA*TaFAWelbl
VRBL*PIaFXWe18D
VRbLeAL#FXwWai6D
VREL®DEL &F xWeeyD :
VRBL&BWwer Xw k
VRBL&F G *F Xw 3
VRbLaCaF AW
VRbLxR2F AW
VRBLATB*FXA*270
VRLbL&CUS#F AWs270
VROL&S INeF Xws270
VRULe I wF AW
VRULeP*F AW
VREL&xMeF AW .
VREL ®lisF AW b
VRoOLeALMRF Xweec 70
VKBL#ACMaF Xwee 70 .
VRULSSINL*F Awe2TL |
VRLL&CUSL*F Xwe2T0 ~ i
VRLL&NF 2F XA %270 :
VREL®CF s XwW*e 70 7
VRLLaE F AW
VKbLaSaFAW :
Vbl aUaF AW 290 !
VrbibsPnh) sFXewxl8y
VrbLawriva sk Xwa ) Bu
: VRLLERHFMUSF Xas ] By
i . VRULBRLLASF Ane ) 80
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VRELREFSF Xw
VRUL®CUSL&F Xwa2 70
VRUL&RHDF A w180

VUL &SUNL s Xnel 80
VRbLLESUMcF Xwa 1 by
VRbLaSUMSSF Xwa 181
VRbLECMNFSF XWk 160
VRbLLASMNESF XWel 8y
VoL ePP laFxw

=L 0C=uD
PROCLVDURLSPATTERN

ehnTsplnl

SETH#71025000U
SET#PIowWaTOs (PI) (W)
SLT#EPS#10s]

SeTasUlaTU#0

SET#CMIPETOaY
VARY#POFNOM#U‘THNU&9D.
LF«PoivGT208 THEN®SE TeLPS® [0O%2
VARY*M:FhOM#U‘THRU‘“

VARY# ] sFnOMe Q4 THRUSSU=P
SET*PPiaTOsP+l
SﬁTtAtTO#(wP(NoPPA))
STheAaxw (wPMJ)
SLT*uaTO% (WP (M,1))

STReA®W (wPi])
SET*CMNPETO# (WPMy) (WPN] ) +CMNP
tNURl)

LiND®N )

PUT%w (CMINP ) # 4 (SMNP )

PUT*0%n (LMNP)

SET*T=10«(P) (UEL)

ENT=GEw (LW)

MUL*N (1)

RSH*AGx1'0D]V BY 2 SC 15 s8V
LSHRAQx1cD'SC IS 30D
HOSH*AX300U ' TRUNCATE WHULE BAMS AND EXTEND SIGN
RSH®AGXJI'SL S 270

STrR*uxy (AlM)
SINCOSHALMASRSINY

ELivTxuxn (r0)

MULEN (T)

LON&AWRL1LDYSC IS 3G
RolieAxO0u TRUNCATE WHOLE BAMS A EXTEND SIGN
HON®=AWR3'SC 45 27L ‘
Dikyky (n2v) 'SC 15 ¢/D
SINCUS*AAMKE#COS)
SeT=aLaTux(Pipw) (1)
SLTHRPL*10x (51N ) (COSL)7AL
LFaTaLurus lhinivaSc TaRPOxTusd
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L QETHRPL X (0% (RPY) \LFS)

SL1eSUMLaTUR (RPD) (SR ) $2UriY

(VL T

lv VARY snsF nOMsusTHRUS L8OV

SET#TusTueK/ 3000
SINCUSHTL*ESCUS
SETsSUMR 1040
SET#SViisTO®d
SET#SUMI8TOR0
SET#CUSCaTusCUS/C
VAKY 2iveF (OMSQRTHRUSI
VARY 2MsF cCMeive 1 8 THRUS G
VARY % 1 oF cOMSUSTHRUS U
SET#ASTOx(wP(My1))
STREASR (WPMJ)
SET#AsTOx(wP(Ne 1))
STheasw (wPNL)
SET#CMNPETO® (wPMY) (WPN] ) *CMNP
ENL=]Z
PUTRN (CMIP ) 8w (SMNP)
PUTS(sn (CMIWP)
SETsTsTOs (DT (MyN) ) (CUSC)
ENTe@en (W)
MULsN (1)
RSH#AWS1 D1V bY 2 SC IS 480
LSheaualcDSC IS 300
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DEPARTMENT OF THE NAVY

OFFICE OF NAVAL RESEARCH
800 NORTH QUINCY STREET
ARLINGTON, VA 22217-5660 IN REPLY REFER TO

5510/1
Ser 93/160
10 Mar 99

From: Chief of Naval Research

To:  Commander, Naval Meteorology and Oceanography Command
1020 Balch Boulevard
Stennis Space Center MS 39529-5005

Subj: DECLASSIFICATION OF PARKA I AND PARKA II REPORTS
Ref: (a) CNMOC Itr 3140 Ser 5/110 of 12 Aug 97
Encl: (1) Listing of Known Classified PARKA Reports

1. In response to reference (a), the Chief of Naval Operations (N874) has reviewed a number of
Pacific Acoustic Research Kaneohe-Alaska (PARKA) Experiment documents and has
determined that all PARKA I and PARKA II reports may be declassified and marked as
follows:

Classification changed to UNCLASSIFIED by authority of Chief of Naval Research
letter Ser 93/160, 10 Mar 99.

DISTRIBUTION STATEMENT A: Approved for public release. Distribution is
unlimited.

2. Enclosure (1) is a listing of known classified PARKA reports. The marking on those
documents should be changed as noted in paragraph 1 above. When other PARKA I and
PARKA II reports are identified, their markings should be changed and a copy of the title
page and a notation of how many pages the document contained should be provided to Chief
of Naval Research (ONR 93), 800 N. Quincy Street, Arlington, VA 22217-5660. This will
enable me to maintain a master list of downgraded PARKA reports.

3. Questions may be directed to the undersigned on (703) 696-4619, DSN 426-4619.

@‘“’m o b T

PEGGY LAMBERT
By direction

Copy to:
NUWC Newport Technical Library (Code 5441)
NRL Washington (Mary Templeman, Code 5227)
NRL SSC (Roger Swanton, Code 7031)

v DTIC (Bill Bush, DTIC-OCQ)



ISTI 1 P

Operation Plan, Pacific Acoustic Research Kaneohe-Alaska PARKA Experiment, Undated, ONR, 48
pages
(NUSC NL Accession # 49531)

Fleet Research Project 109 PARKA 1I, Undated, COMASWFORPAC-OPORD-303-69, Antisubmarine
Warfare Force, Pacific Fleet, Unknown # of pages
(NUSC NL Accession # 093561)

Preliminary Operation Plan Pacific Acoustic Research Kaneohe-Alaska PARKA Experiment, June
1968, ONR, Unknown # of pages
(NUSC NL Accession # 023063)

LRAPP Briefing Report on the PARKA Series, May 1969, MC Report 001, Maury Center for Ocean
Science (ONR), 20 pages
(NUSC NL Accession # 023375)

Bathythermograph Traces from PARKA, 20 May 1969, NUSL-TM-2213-118-69, 7 pages
(DTIC # B952 259)

Bathymetric Strip Charts in the North Pacific Ocean for Project PARKA II, 20 June 1969, Naval
Oceanographic Office, Unknown # of pages
(NUSC NL Accession # 051659)

PARKA II Experiment Utilizing Sea Spider ONR Scientific Plan 2-69, 26 June 1969, MC-PLAN-01,
172 pages
(DTIC # B020 846)

PARKA I - Acoustic Processing and Results, 28 July 1969, USL Technical Memorandum No. 2210-
015-69, NUSC New London, 115 pages
(NUSC NL Accession # 202993-001) (NRL SSC Accession # 85009134)

A Scheduled At-Sea Simulation of Adaptive Beamforming, 19 September 1969, NUSL-TM-2211-162-
69, 23 pages
(DTIC # B026 991)°

Biological Data Collected on the PARKA I Transit, 23 October 1969, NUSL-TM-2213-262-69, 15
pages
(DTIC # B952 263)

PARKA I Experiment, November 1969, MC Report 003, Volume 1, Maury Center for Ocean Science
(ONR), 84 pages '
(NRL Accession # 466930) (NRL SSC Accession # 85004881) (DTIC # 506 209)

ENCLOSURE (1) TO CNR LTR
5510/1 SER 93/160 DTD
10 MAR 99



