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FOREWORD

The role that the wavelet tnsformation might play in the identification of helicopters from
their acoustic signals is explored in this docunmt. The utility of using a featur extraction system
employing both conventional Fourier transform techniques in combination with the wavelet
transform is discussed. Depending on the nature of the mission, such a system could either
improve the helicopter identification process by suppressing transient noise prior to feature
extrcon ug conventional techniques or provide the opportunity to use transient signatures to
identify a specific helicopter in a group consisting of homogenous model types.

This work was done in support of the Advanced Processors for Weapons Sensor Fusion
program of the U. S. Marine Corps and has been conducted in the Advanced Computation
Technology Group of the Systems Research and Technology Department.

This report has been reviewed by Dr. Richard A. Lorey, Head, Advanced Computation
Technology Group.

Approved by:

D. B. COLBY, Head
Systems Research and Technology Departuent



ABSTRACT

The ability to classiufy belicopo baed on thek acoustic signatre has applications to both
detection and tracidng. The current approach to this problem uses standard signal-processing
techniques to extract features basd on the fndamental harmonics of the helicopters' blades& This
document examines tie role that the wavelet -Insformation might play In this feature extraction
process. It addresses ways to use the wavelet trasfonm both to improve the performance of the
existing approach and to expan the capabilities of the clsiiainsystem.
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INTRODUCTION: HELICOPTER IDENTIFICATION PROBLEM

The problem of interest here is the clas caton and tracking of helicopters from their
acoustic signatures. These tasks are to take place under field conditions. The timeline requirement
for these tasks is as close to real-time as possible.

Ther are several things that act to complicate this problem. First, there is the existence of
transient battlefield signals such as gunshots, explosions, etc. Second, there are periodic processes
that are part of the environment These include generator noise and friendly craft signatures. The
final factor is that there are usually several crafts' signals acting in concert with one another.
These factors act either to degrade the signal of interest or to introduce artifacts into the signal thatcomprom i the classification and Utacking mission.

Current approaches to this problem use spectral analysis techniques to extract the funda-
mental frequencies of the main and tail rotor of the craft. A classification signature is formed
using the ratio of these frequencies. Recent work by Postonl et al. has employed harmogram
analysis to extract these frequencies.

This document examines the use of the wavelet tasformation (WT) as an alternate
approach to this feature extraction problem. Feature extuaction schemes that only use the WT and
hybrid wavelet transformation/fast Fourier transform (WT/FFT) schemes are discussed within.
The use of the WT to circumvent some of the above mentioned problems is also discussed.

This document begins with a brief review of the mathematical underpinnings of the WT,
including discussions of both continuous and discrete WT. With this background in hand, the
application of the WT to signal processing will be considered with specific attention to the heli-
copter problem. These discussions include some information about available hardware for real-
time implementation of the WT. This document concludes with recommendations for future work.

WAVELET TRANSFORMATION

As a starting point for the introduction to the WT, the concept of Fourier series expansion
will be reviewed briefly. In Fourier series expansion, the sine and cosine functions are used at dif-
ferent frequencies as a basis for the space L'(R) of square integrable functions. This basis is very
useful for decomposing functions of a periodic nature; i.e., those functions that are localized in
frequency space.

The basis functions used in the WT are dialations and translations of a single function
known as the mother wavelet IF The kth order transtation of IF at a resolution of order j is given
by
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(z.{) = F2-J-q 7x - k) l

Given certain properties on this mother wavelet, the 'Pjk's form an orhonormal basis of L2(R).

Aclassical example of such a mother wavelet is the Haar function V(x)= l, if0: x SI/2,
-1, if IM2 .x •1, and 0 otherwise (see Figure 1). The Haar function is a good example of how sim-
ple a nxther wavelet can be. The wavelets that are used within this document are smoother gener-
alizations of the Haar wavelet.

1/2 1

.1

-1

FIGURE 1. HAAR MOTHER WAVELET

For the purposes of this mathematical development, discussions will be limited to the one-
dimensional WT. The inner product of f(x) with g(x) is written as

(g (u),f(u))= g (u)f(u) du (2)

Before the implementation details of the discrete wavelet transform (DWT) are discussed,
some background on the continuous wavelet transform is appropriate. Given a function f(x), the
goal is to expand the function in the wavelet basis. One desires to write

f(x) = ýdjkV(x) (3)

2
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where the expansion coefficients are given by

djk = (f(x), ,k) (4)

In the DWT case, one starts with a data set So = (x0,, xO ...., xON) where N is a power of
2. This discussion of the DWT will be based on the multiresolution approach of Mallat. In this
approach, one starts with a blurring function qp that along with its dialations and translations ijk
spans the space of multiresolution approximations of the original function. This 4p in turn,
induces a wavelet V and basis +jkL These ijk and 4jk act together to span the space of L (R). The
blurring function for the Haar wavelet is just the characteristic function on [0,1], ie. X(x) = 1 if x
e [0, 1] and = 0 otherwise (see Figure 2).

1/2 1

FIGURE 2. BLURRING FUNCTION CORRESPONDING TO
HAAR MOTHER WAVELET

In this manner, the original signal at a resolution of 20 is split into a direct sum of a multiresolu-
tion approximation at a level of 21 (obtained using the appropriate &jk's) and a detail signal (or
set of wavelet coefficients) is obtained using the appropriate '4jk's. Therefore, one symbolically
writes

S20 = $S2-' D2r' (5)

where D2-1 is the detail signal at a resolution of 2-1. In some sense, S2-' can be though of as the
best approximation at a resolution level of 2.1 of the original signal and D2- is the set of details

3
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dt o e lost in poing from S to S This process can be repeated using the mulrouon
a omadon to the signal at the level of 2" as the starting point This leads to

T =- e 2 (6)

which is analogous to Equation 5. Finally we may combine these equations together to write

St =(5 D2-) OD2 (7)

In this nnmm , the signal is reconstructed from its set of wavelet coefficients and lowest level
multiresolution apprximation.

An inherent drawback to the Haar wavelet is its lack of smoothness. This problem has
been addressed by Daubechies3 and others by taking convolution powers of the Haar mother
wavelet. The graphs of the N=2 second-order convolution powers for the blurring function and
the mother wavelet are given in Figures 3 and 4.

By varying N, one can obtain different blurring functions N' and wavelet functions NT.
The smoothness of these functions increases as N is allowed to increase. For a delightful introduc-
tion to the creation of wavelet bases, see the recent paper of Strichartz. 4

0 
3

01 3

FIGURE 3. GRAPH OF DAUBECHIES COMPACTLY SUPPORTED
BLURRING FunCTION 2

4
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FIGURE 4. GRAPH OF DAUBECHIES COMPACTLY SUPPORED
MOTHER WAVELET FUNCTION 2T

RESULTS

In this section, some preliminary classification results are presented. These results were
obtained using field collected signals from two different helicopter models. Ultimately, the fielded
system must possess the ability to distinguish between several different models, but this proof of
concept study only addresses the two-class problem.

The two helicopter signals are designated 110 and 117. The signals were collected at
2000 Hz. The time domain representation for approximately 2 sec (4096 samples) of signal data is
given in Figure 5.

The dyadic Daubechies N=2 wavelet transform of each of the two signals isiven in Fig-
ures 6 and 7. The coefficients are plotted bottom to top from a resolution level of 2'= 2048 val-
ues to a resolution level of 2"11 = 2 values. The decision to use the N=2 mother-wavelet for the
subsequent discriminant analysis was made somewhat arbitrarily. Figure 8 shows the histogram
for the two helicopters.

5
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Wavele Deoiala C oeffidets

G s
4 m

No It
I.

am I , toI a
I * I * i I . I ' "

• i • • . . o . , I i"

FIG .. .Wl.,. EL' ol . .... I C.OPT,.lERII,

FGR6.W ELET0 TRANFOR FOR HEIOTE 1

6



NSWCDDITR-93/169

Woweit 0DmmpmOlMW CoWWdu

at.

lo I N

I I ' ' 1,

0 INn

S's ' I I 10

I it .i I , . i.., • , I.I~ I " ,l .I i Ii ' ,Ifm,.i,

FIGURE 8. H.r~t*ISTOGRAM OFFAUE TRSLTO

FIU E7.WVELTF TRANFORM FWOR HELICOPTERS 11

priate ~ ~* se ffaue rmte. lie}•] curse ..... diesoaity andLI commo sense prvents on

from ~ ~ ~ ~ _--IJ conducting dicimnn anaysi in R4095. W~itzhL-- t is u end • inmntefllwn rcdr

i. Signal 110

I'

FIGURE 8. HISTOGRAM OF FE=ATURES AT RESOLUTION
LEVEL OF 2.5 FOR TWO HELICOPTERS

Given this set of coefficients, One is faced with the daunting task of extracting an appro-
priate set of features from them. The curse of dimensionality and common sense prevents one
from conducting discriminant analysis in R40 5. With this end in mind, the following procedure

was used.

7
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Given D1 - (d11, d1, ... , dl 1
22÷1), the set of wavelet coefficients at level 21, the energy E! at

this resolution level can be estimated using

21+12

8=1

The set of 12 values (E0,E1, ..., El 1 } was then normalized by using a standard linear transforma-
tion to map the largest value to I and the smallest value to . The sampling window was then
shifted 10 units to the right, and the process was repeaaed. In this manner, 591 twelve-dimensional
data points were generated for each of the two signals.

These data will now be analyzed. Table 1 contains the first two feature vectors for each
class. One notices that the maximum energy concentration occurs at a different resolution level
for the two classes. In particular, Signal 110 obtains its maximum at a resolution level of 2-5,
while Signal 117's maximum occurs at level 26. It would be very fortuitous from a discriminant
analysis perspective if this trend persisted throughout the signal duration. In fact, the signals stu-
died indicate this trend is consistent throughout the duration of the signal. The histogram of
Figure 8 illustrates that there is no overlap between the histograms of the level 2"5 feature for 110
and 117. In fact, as with the first two examples, the value holds constant at 1; i.e., the maximum
energy for Signal 110 consistently occurs at a resolution level of 2"5.

TABLE 1. FIRST TWO FEATURE VECTORS
FOR EACH CLASS

Level 110-1 10-2 1,17-1 117-2
2"12 0.000 0.001 0.000 0.002

2-11 0.004 0.000 0.000 0.000
2-10 0.024 0.006 0.012 0.015

2-9 0.253 0.283 0.011 0.011
2e 0.109 0.071 0.049 0.049

2-7 0.137 0.120 0.060 0.057
2-6 0.344 0.340 1.000 1.000

2"T 1.000 1.000 0.617 0.607

2X 0.596 0.613 0.296 0.271

2-3 0.161 0.137 0.118 0.126
2.2 0.106 0.104 0.093 0.085
2-1 0.111 0.101 0.131 0.129

It is certainly appropriate at this point to elaborate on the significance of this phenomena
and to try to provide some explanation of the underlying mechanism that produces it. Note that
perfect classification results can be obtained using the features of Figure 8. A P(CC)=I.0 can be
obtained with a couresponding P(FA)=0.0 using a simple threshold between the two distributions,
which clearly demonstrates the utility of this feature.

8
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Given the periodic nature of the signals, it is possible for the energy to be partially concen-
trated at a particular resolution level. Similarly, the presence of transients in the signal can be
manifested by energy concentration at a certain resolution level. The phenomena seen may be a
combination of these two effects. If the concentration is solely frequency based, then this signa-
ture may be useless in distinguishing between two of the same models or between any two signals
with similar frequency components. The utility of the signature is greatly enhanced if it is based
on transients in the signaL

A capability of the WT that has not been discussed is noiseAransient suppression. Given a
signal that has been corrupted by some sort of stochastic process, it is possible to decompose the
signal in a wavelet basis and then reconstruct the signal with the noise suppressed. The results
section concludes with an illustration of this capability. The original signal f(x)=sin(x) + N(O,1) is
displayed in Figure 9. The wavelet coefficients for a Daubechies wavelet N = 8 is plotted in Fig-
ure 10.

0 o 10 15 N 25 20

FIGURE 9. f(x) = sin(x) + N(O,1)

9
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The aim is to prune some of the coefficients of the noisy signal, while die ultimate goal is
the removal of those coefficients produced by the noise component of the signal. The hard thresh-
olding approach of Donoho and Johnstone'is used here. In this approach, the variation of the
coefficients is computed and a given coefficient d is kept if it satisfies

14 >: s J2-lg M (9)

where M is the number of wavelet coefficients. Thresholding can be applied to any number of lev-
els.

The pruned coefficients from the sinusoidal signal are displayed in Figure 11. The pruning
operator was applied across all the levels. As can be gleaned from Figure 11, the number of coef-
ficients has decreased markedly.

10
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The signal reconstructed from the pruned coefficients is plotted in Figure 12. As can be
seen. the pruning process has removed a large component of the noise from the signal. In addition,
the recostuction process has faithfully reproduced the underlying structure of the data. This type
of noise suppression technique or one of its variants would have application to the removal of bat-
tlefield transients, such as artillery blasts, from the helicopter signals.

.q

q

FIGURE 12. SIGNAL RECONSTRUC.ED FROM
PRUNED COEFFICIENTS
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SYSTEM DESIGN CONSIDERATIONS

Before concluding, some of the system design and implementation issues will be conid-
ered. Some ideas will be preseted as to how the WT can be used as part of a signal-processing
suite, and appropriate hardware for its implementation will be discussed. The use of the WT for
feature extraction and noose suppression has been demord in the previous sections The pro-
posed classification system utilizes both of these capabilities, as illustrated in Figure 13.

After acquisition, the WT of the signal is performed using dedicated hardware, which will
be discussed later. The signal is then reconstructed without transients and noise and passed to the
harmogram analysis section. It must be noted that the WT section functions not only to clean the
input signal but also to extract wavelet based features from the signal. These features are then fed
to the classification section for fusion with the harmogram features. In the classifier section of the
system, the WT and harmogram features are fused, and discriminant analysis is performed.

A good example of dedicated WT hardware is the AWARE Wavelet Transfom Processor
(WTP) chip. This device is capable of performing both the one- and two-dimensional wavelet
transform in both the forward and inverse directions. This chip fully implements 2 (arr), 4, and 6
coefficient transformations and can implement transformations requiring a longer supported
wavelet via a cascading mechanism. 6 The chip operates at a clock speed of 30 MHz and has a
reported execution speed of 33 nsec per transformed coefficient. This speed is fast enough to meet
the requirements of most acoustic and image processing systems.

INPUT SIGNAL

WAVELET NOISE/TRANSIENT
TRANSFORM SUPRESSION AND

FEATJRE EXTRACTION

""i

FIGURE 13. SYSTEM FLOWCHART

12
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CONCLUSION

Some preliminary results have been provided that detail the application of the Wr to
acoustic signal . Whether the behavior of the wavelet features is a manifestation of
the periodic coponnt of the signal or an as-yet unidentified mmsient component will be the
subject of investigations. Other future work will focus on the multiclass problem, the use of
nonthogoal wavelet bases, and altemate techniques for feature extraction. In addition, the tran-
sient suppresion, ability of the WT on field collected atillery blast data will be evaluted.

13



NSWQCDIfM-93*6

REERENCES

1. Poston. W.L; Holland, O.T.; and Nichols, KR., Enhanced Harmogram Analysis Tech-
niques for Extraction of PrincipaJ Frequency Components, TR-92/313, Naval Surface
Warfare Center Dahlgren Division, VA.

2. Mallat, S. G., "A Theory for Multiresolution Signal Decomposition: The Wavelet Repre-
senttio" IEEE Transactions on Pattern Analysis and Machine Intelligence,Vol.11,
No. 7, July 1989, pp 674-693.

3. Daubechies, I., Ten Lectures on Wavelets, SLAM, Philadelphia, PA, 1992.

4. Strichartz, R. S., "How To Make Wavelets," The American Mathematical Monthly, The
M a Association of America, Washington DC, June-July 1993, pp. 539-556.

5. Donoho, D. L. and Johnstone, L K., "Ideal spatial adaptation by wavelet shrinkage,"
Biometrika (subject to revision), 1993.

6. Solka, Jeffrey facsimile communiction with Christina Gorecki concerning "Aware Wave-
let Transform Processor (WTP) Preliminary Specifications," Aware Inc., 1992.

14



NSWD/TR-93/169

BIBLIOGRAPHY

Combs, J. M; Grossman, A.; and ibbamitchian Ph. (Eds.), Wavelets me-Freq? ecy Methodr
and Phase Space, Springer-Vezag, 1987.

Kadambe, & and Boudreaux-Batels G. F., "A Cmpaison of a Wavelet Functions for Pitch
Detection of Speech Signals," in Proc. 1991 IEEE Int. Cote. Acoust., Speech, Signal
Proc., bTrto, Canada, 14-17 May, 1991, pp. 449-452.

Krz,.land-Mainet; P, Madet, J.; and Grousmann, A., "Analysis of Sound Pattern Th1ogh
Wavelet Tuansf s,-" International Journal Pattern Recogniton and Artiial Intelli-
gence, Vol 1, No. 2, 1987, pp 273-302, pp 97-126.

Mallat, S. 0. and Zhong, S., Complete Signal Representation With Multiscale Edges, Technical
Report No. 483, Courant Institute of Mathematical Sciences, New York, NY, Dec 1989.

Rioul, Olivier and Vetteri Martin, "Wavelets and Signal Processing," IEEE SP Magazine,
Oct 1991, pp 14-38.

Tucker, MK and Smith, P, The Wavelet Handbook, Issued by U. S. Army Missile Command Under
Conract # DAAHO1-90-C-0606, 1991.

Tuteur, F. B., "Wavelet Transformations in Signal Detection," in Proc. 1989 IEEE Int. Cof.
Acoust., Speech, Signal Proc., New York, NY, 11-14 Apr, 1988, pp. 1435-1438.

15



NSWax vth4-/1

DISTRIBUTION

DOD ACTIVITIS (CONUS) ATIN LT DANGELA 1
ARMSTRONG AEROSPACE MEDICAL

ATIN SIGEL CODE 213 1 MEDICAL RESEARCH LAB
THOMAS MCKENNA I WRIGHT PATTERSON APB OH 45433
C.FORD LAU 1

OFFICE OF NAVAL RESEARCH ATTN HALJORD HAYES CODE 5N615
BALSTON TOWER I NAVAL WARFARE ANALYSIS CrR
80 N QUINCY ST 18385 FRONTAGE RD
ARLINGTON VA 22217-560 DAHLGREN VA 22448-5500

ATrN DSO YOUN I DEFENSE TECHNICAL INPORMATION CTR
DEFENSE ADVANCED RESEARCH CAMERON STATION

PROJECTS AGENCY ALEXANDRIA VA 22304-6145 12
1400 WILSON BLVD
ROSLYN VA 22201 ATIN CODE E29L 1

COMMANDING OFFICER
ATIN PAUL WERBOS 1 CSSDD NSWC
NATIONAL SCIENCE IOUNDATION 6703 W HIGHWAY 98
ROOM 1151 PANAMA CITY FL 32407-7001
WASHINGTON DC 20550

NON-DOD ACTIVITIES (CONUS)
ATIN JIM MAAR R51 I
NATIONAL SECtJURTY AGENCY ATTN GIFT AND EXCHANGE DIV
FT MEADE MD 20755-6000 LIBRARY OF CONGRESS

WASHINGTON DC 20540 4
ATIN MAJ WYSOCKI 1
COMMANDER THE CNA CORP
MARCORSYSCOM PO BOX 16268
2033 BARNETT AVE SUITE 315 ALEXANDRIA VA 223020268 1
QUANTICO VA 22134-5010

INTERNAL
ATTN CURT WRIGHT 1
USAARDC BI10 PRIEBE 5
BLDG 95N BI0 SOLKA 5
SMCAR FSF RM RI0 ROGERS 5
DOVER NJ 07806-5000 B32 RICE I

B40 CAVARIS 1
ATIN ThI ATAYA CODE 8423 1 840 FARSAIE 1
NAVAL UNDERWATER WARFARE CTR B40 TARR 1
NEWPORT RI 02840 C I

(1)



NSWCDDfIR-93/169

DISTRIBUTION (CONTINUED)

D I
D4 1
2231 3
2282 R0M
P41 GROSS 1
IP41 SAPOS I
O 1

030
0305 SII M 1
033 PILIn 1
033 HOLLAND 3
033 NICHOLS 1
G33 POSTON
K32 HYNSON
N74 GIDW
R44 SZU

(2)



t.EP R DOCUMErsmi nn a N To ATE O PAGREOR TYEANbAESO

Jeffre L. S lka Cre . rib, alo d I. aye .Iad George W. RogersatltmI~m•: -'?••.jm._ -

Commsndm~i

1. AGENCY U COLT LREPORTOA' TS L REPORT TE AD RO COVMEED

1. tIU LSFUNDINGNUANOTES

Wavelet Tr m ain s for Helicopt Idenpbficcation via Acoustic Signaulmed

C. AUTHORA(

Jeff biy L. Sclkas Cay E. Priebe, Halford L. Hayes, and George W. Rogers

r. tEFRA ORthIsZATprem uMseM ADard snls( soe theRF fndamntGAIhArToNATTN: Code B 10 REPORT N~U
Commmane
Naval Surface Wors' Cens. r Dhi dgren Division NSWCDD/eT-93/16917330 Dablarn Road

1. INW AGENCYNAMECANDATORERS(ES) 10. N RING AOPGES Y

11. 8uPLmArrARY NOTES

12 DISrIBUTo01AVA,.AIIIJUT STrATrF. T ib DISTRIBTINl CODE

Approved for public release; distribution is unSignited.

O& ABSTRECT (OF Thn 2PG OATC)

Theability to classify helicopters based on theiracoustic signature has applications to boh detection and tcking. The current
approach to this problem uses standard signal-ocesg techniques to extract features based on the fundamental harmonics
of the helicopters' blades. This docuiment examines the. role tht the wavelet transformation might play in thifs feature exuawtion
process. It addresse ways to use the wavelet transformn both to improve the performance ofth exitig aprah an to expn
the capabilitie of the classification system.

14.8 9JECTi•TIERM IL NUMBER OF PAGES
Wavelet Transformations, Helicopter Identification, Signal Processing 25

17. SECURIT'Y CLASS1FICATION I& SLECURITY CLASMTION IL SECURITY CLASFCTION 20. UMWATION OF ABSTRACT

OF RUEPORT OF THIS PAGE OF: ABSTRACT SAR.
UNCLASSIFIED U.NCLSSME'D UNCLASSEFEEDI

NSN 7S404-0•2W0-E SmWWd Form 2ft (11m. 2-e0



GENIRAL INSTRUCTIONS FOR COMPLETING SF 296

The Report Documentation Page (RDP) is used in announcing and cataloging reports. It is important that
this information be consistent with the rest of the report, particularly the cover and its title page.
Instructions for filling in each block of the form follow. It is important to stay within the lines to meet
optical scanning requirements.

Block 1. Aaencv Use Only (Leave blank). Block 12a. Distribution/Availability Statement.
Denotes public availability or limitations. Cite any

Block 2. Reoort Date. Full publication date including availability to the public. Enter additional limitations
day, month, and year, if available (e.g. 1 Jan 88). Must or special markings in all capitals (e.g. NOFORN, REL,
cite at least the year. ITAR).

Block 3. Type of Report and Dates Covered. State
whether report is interim, final, etc. If applicable, enter DOD See DoDD 5230.24, 'Distribution
inclusive report dates (e.g. 10 Jun 87 - 30 Jun 88). Statements on Technical Documents."

DOE - See authorities.
Block 4. Title and Subtitle. A title is taken from the NASA - See Handbook NHB 2200.2
part of the report that provides the most meaningful NTIS Leave blank
and complete information. When a report is prepared
in more than one volume, repeat the primary title, add
volume number, and include subtitle for the specific Block 12b. Distribution Code.
volume. On classified documents enter the title
classification in parentheses.

DOD - Leave blank.
Block 5. Funding Numbers. To include contract and DOE - Enter DOE distribution categories from
grant numbers; may include program element the Standard Distribution for
number(s), project number(s), task number(s), and Unclassified Scientific and Technical
work unit number(s). Use the following labels: Reports.

NASA - Leave blank.
C - Contract PR - Project NTIS - Leave blank.
G - Grant TA - Task
PE - Program WU - Work Unit Block 13. Abstract. Include a brief (Maximum 200

Element Accession No. words) factual summary of the most significant
information contained in the report.

BLOCK 6. Author(s). Name(s) of person(s) responsible
for writing the repoit, performing the research, or Block 14. Subiect Terms. Keywords or phrases
credited with the content of the report. If editor or identifying major subjects in the report.
compiler, this should follow the name(s).

Block 15. Number of Pages. Enter the total number
Block 7. Performing Organization Name(s) and of pages.
address(es). Self-explanatory.

Block 16. Price Code. Enter appropriate price code
Block &. Performing Organization Report Number. (NTIS only)
Enter the unique alphanumeric report number(s)
assigned by the organization performing the report. Block 17.19. Security Classifications. Self-

explanatory. Enter U.S. Security Classification in
Block 9. Sponsoring/Monitoring Agency Name(s) and accordance with U.S. Security Regulations (i.e.,
Address(es). Self-explanatory. UNCLASSIFIED). If form contains classified

information, stamp classification on the top and
Block 10. Sponsoring/Monitoring Agency Report bottom of this page.
Number. (If Known)

Block 20. Limitation of Abstract. This block must be
Block 11. Supplementary Notes. Enter information not completed to assign a limitation to the abstract.
included elsewhere such as: Prepared in cooperation Enter either UL (unlimited or SAR (same as report).
with...; Trans. of...; To be published in.... When a An entry in this block is necessary if the abstract is to
report is revised, include a statement whether the new be limited. If blank, the abstract is assumed to be
report supersedes or supplements the older report. unlimited.

Standard Form 298 Back (Rev. 2-89)


