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Abstract

It is well known there are no geometric invariants of a projection from 3D to 2D. However,
given some modeling assumptions about the 3D object, such invariants can be found. The
modeling assumptions should be sufficiently strong to enable us to find such invariants, but
not stronger than necessary. In this paper we find such modeling assumptions for general
3D curves under affine projection. We show that if we know one of the two affine-invariant
curvatures at each point of the curve, we can derive the other one from its image. We can
also derive the point correspondence between the curve and the image.
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1 Introduction

Almost all the work on invariants so far has been concerned with transformations between
spaces of equal dimensionality, e.g. [1,2]. In the single-view case, invariants were found for the
projection of a planar shape onto the image, although the planar shape was embedded in 3D.
For real 3D objects, most of the work has involved multiple views with known correspondence,
which amounts to a 3D to 3D projection. However, humans have little problem recognizing

a 3D object from a single 2D image.

This recognition ability cannot be based on pure geometry, since it has been shown (e.g.
[3]) that there are no geometric invariants of a projection from 3D to 2D. Thus, when we
only have 2D geometric information, we need to use some modeling assumptions to recover
the 3D shape. Such assumptions can be used in a recognition system as follows. We can have
a library of 3D objects classified by modeling assumptions. Each class will include all the
3D objects that satisfy a certain assumption. For instance, one class can include all curves
with constant torsion, which is the modeling assumption in this case. Another class can
include curves which lie on a quadratic or a cubic surface. In the first stage, the recognition
process can select the class to which the object belongs, or the modeling assumption. This
is beyond the capability of pure geometric reasoning and beyond the scope of this paper.
Once a class is selected, an object within it can be identified from the 2D geometric data, if

the classification is done appropriately. This is the subject of this paper.

An appropriate classification of the object library has several desirable characteristics.
First, the modeling assumptions should be of sufficient strength to enable reconstruction
from a 2D image. However, if they are too strong then the classes of objects satisfying them
will be too narrow and we will need many different classes. This would complicate the first
stage, mentioned above, of choosing the right class. Thus, we need to find minimal modeling

assumptions that will enable us to reconstruct 3D from 2D.

A second desirable characteristic is that of viewpoint invariance. This has the usual
advantage of eliminating the need to find the correct viewpoint. This leads us to express
both the classification assumptions and the object descriptions within classes in an invariant

way.




Given these characteristics, the second stage of the recognition process can proceed as
follows. Invariant descriptors are calculated from the 2D image. These, together with the
invariant modeling assumption chosen at the first stage, are used to find the invariant de-
scriptors of the 3D object. These descriptors are matched to descriptors stored in the library,
belonging to the same class. Using some indexing scheme, a match can be found without

trying every object descriptor stored in the class.

In summary, the invariant modeling assumption and descriptors make it possible to per-
form recognition regardless of viewpoint and with no need for an exhaustive search of the

class.

Earlier work connecting 2D and 3D invariants was done in [4] and [5]. This work did not
use modeling assumptions, and therefore a 3D shape could not be recognized uniquely. In
[5], five points in 2D were used to find two out of the three invariants that characterize a
corresponding 3D quintuple. Thus a whole family of potentially corresponding 3D quintuples
was obtained, with one free parameter (apart from an arbitrary affine transformation). Each
additional point adds one more free parameter. The need to know the correspondence
between the 3D points and their projections is another difficulty. Modeling assumptions
have been used in special cases, e.g. in [6, 7]. Here we deal with general curves, and we
establish the minimal invariant modeling assumptions needed to find a unique 3D shape and

the point correspondence.

2 Point Set Invariants

2.1 General Relations Between 2D and 3D

Here we introduce our method of connecting 3D and 2D invariants by applying it to point
sets. We rederive the results in [5] in a much simpler way, using elementary algebra rather
than algebraic geometry. In the next section we extend our method to general curves and
show how a modeling assumption can be used.

We denote 3D world coordinates by X, and 2D image coordinates by x. We have five
points X;, 7 = 1,...,5 in 3D space, no four of which are coplanar. They are projected into

X; in the image. The correspondence is assumed to be known. In a 3D projective or affine
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space, five points cannot be linearly independent. We can express the fifth point as a linear

combination of the first four:
X5 =‘G,X.1 + bX2 + CX3 -+ dX4 (1)

In the projective case the coefficients a, b, c,d are determined only up to a common mul-
tiplicative factor so we only have three independent coefficients. In the affine case, the
coeflicients are constrained by the requirement that the fourth homogeneous coordinate is
always 1, again leaving only three independent coeflicients. Because the projection from 3D

to 2D is linear (in homogeneous coordinates), the same dependence holds in 2D:

X5 = aX; + bxy + ex3 + dxy4

Since determinants are relative invariants of a projective transformation, we look at the
determinants formed by these points in both 3D and 2D. Any four of the five points in 3D,
expressed in four homogeneous coordinates, can form a determinant M;. We can give the

determinant the same index as the fifth point that was left out. For example,
Ml - ]X27 X—3’ X-47 X-5|

Similarly, in the 2D projection, any three of the five points can form a determinant m,;, with

indices equal to those of the points that were left out, e.g.
m12 = |X3, X4, Xs|

Since the points are not independent, neither are the determinants. Substituting the

linear dependence (1) in M; above we obtain
My = a]X,, X3, Xy, Xy | + 5|Xo, X3, Xy, Xo| + ¢ Xy, X3, Xy, Xs| + d| X2, X5, Xy, Xy

As is well known, a determinant with two equal columns vanishes. Also, when columns are

interchanged in a determinant, the sign of the determinant is reversed. Therefore we obtain

My = a|X5, X3, X4, Xy | = —a|Xy, Xy, X3, Xy| = —aMs




Similarly for the other determinants, with a simplified notation:

M, =|1,3,4,5| = b|1,3,4,2| = b|1,2,3,4| = bM;
M; =11,2,4,5| = ¢[1,2,4,3| = —|1,2,3,4| = —cM;
M,=11,2,3,5| =d|1,2,3,4| = dM;

The coefficients a, b, ¢,d can now be expressed as invariants, using the above relations:

M, M; M,
M M, T Ty M, (2)

Similar relations hold in the 2D projection:
mip = |3,4,5| = a|3,4,1]| + 5|3,4,2| = a|1,3,4] + b|2,3,4| = amgs + bms
miz = |2,4,5| = a|2,4,1]| + ¢|2,4, 3| = amazs — cmys
s = |2,3,5] = a|2,3,1| + d[2,3, 4] = amas + dmas

Other relations are linearly dependent on these. Substituting the coefficients a, b, ¢, d from eq.

(2) in the above relations we obtain three relations between the 3D and the 2D invariants:

Mgsmqs + Mymas — Mymys =0 (3)
Msmyz + Mymzs — Mzmys =0 (4)
Msmyg + Mimgs — Mymis =0 (5)

These relations are obviously invariant to any affine transformation in both 3D and 2D.
A 3D transformation will merely multiply all the M; by the same constant factor, which
drops out of the equations. A 2D affine transformation multiplies all the m;; by the same
constant factor, which again drops out. However, in the projective case each point can be
independently multiplied by an arbitrary factor A;, which does not in general drop out. Thus
the above relations are not projectively invariant unless the same coordinates are used for

both 3D and 2D, which is not the usual situation in our problem.




2.2 Affine Case

In the affine case, the above relations become linearly dependent so that only two of them
are meaningful. To see this, we first note a relationship between the M; which exists only in

the affine case. We can write a determinant involving all 5 points as

The M; are minors of this determinant so we can write the above equation as

My —My+M;—My;+Ms;=0

Similar relations can be derived in 2D. We have

Ty Xy T3 Ty Ts
Y1 Y2 Ys Ys Ys

Zy 23 Z3 24 Zs|=
1 1 1 1 1
11 1 1 1

g T3 T4 s
Y2 Y3 Ys Ys
=0
11 1 1
1 1 1 1

leading to the relation

Mg — Mz + Mg —mys =0

Similarly, from the determinant involving points 1,2,3,4 we obtain the relation
m1s — Mas + Mas — Mys =0
We now look at the following linear combination of the invariant relations, egs. (3),(4),(5):
(3) = (4) + (5) = Ms(maz — miz + mua) + My(mas — mas + mas) + (—My + Mz — Mg)mis = 0
Using the two relations above between the m;; we obtain
mis(My — My + Mz — My + Ms) =0

which is an identity, due the the relation between the M; above. Thus, only two invariant
relations, say (3),(4), are independent. This means that of the three independent invariants
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M, /M5, My /Ms, M3/Ms, only two can be found given m;;. Since all three invariants are
needed to characterize the five points in 3D (up to an affine transformation), we cannot
find the 3D quintuple uniquely. Similar results were obtained for this case in [5], using

Grassmannians, Schubert cycles and wedge products, which are hard to extend to curves.

2.3 Projective Case

The general outline of the derivation is analogous to the previous case and we only summarize
it. To obtain invariance we need six points, having two projective invariants. We now have

two linear dependencies rather than one:
X5 = aX; + bX;y + X3 + dXy
Xe = a'X1 + b’Xz + CIX3 + d’X4

The determinants M; are thus again not independent. We can express the dependencies
among the M; with the help of the coefficients a,...,d. The various cross ratios of these
determinants are also dependent, and the dependency can be expressed in terms of these
coefficients. As we did before, we want to invert the problem and express the coefficients
a,...,d" in term of the invariant cross ratios. Of the eight coefficients above, only six are
“essential” because of the arbitrary multiplicative factors. However, since we have only two
independent cross ratios, only two of the six essential coefficients can be determined, leaving
four free parameters.

The linear dependencies above are preserved under projection to 2D, and can be used
to find relations between invariant cross ratios of the 2D determinants m;;. These relation-
ships will again contain the coefficients a,...,d’, and these can be substituted from the 3D
expressions, forming a relation between the 3D and 2D determinants. Unlike the affine case
in which all of the coefficients a, . .., d could be eliminated, here we will be left with four free

parameters. This casts doubt on the usefulness of the exercise in the projective case.

3 Curve Invariants

Here we extend our method to general curves X(t) in 3D, with their 2D projections x(¢).

For the time being we assume we know the correspondence between the 3D and 2D curve
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parameters, so we denote them both by t. We will later show how this requirement can
be removed using a modeling assumption. This assumption will also eliminate the free

parameters resulting from the missing depth information.

We use derivatives in a way analogous to the way we used points before. We deal only
with the affine case. The third homogeneous coordinate in this case is always equal to 1, so
its derivatives are all 0. Thus we use Cartesian coordinates, and the derivation used before

needs to be modified. We can write a linear relation between the first four derivatives in 3D:
XIIII — ax/ + b n + CX”,

We define determinants in analogy to the previous case, but with a lower dimension, e.g.
Ml — |X/I, XIII7 XIII/I — |2, 3, 4|

m12 — I}(III7 X"”{ — |3, 4]

Using the linear dependency above we obtain

M, =12,3,4| = a|2,3,1] = a|1,2,3| = aM,
M; = |1,3,4] = b|1,3,2| = —b|1,2,3| = —bM,
M;=11,2,4]| = ¢|1,2,3] = cM,

From this we can recover the invariant coefficients a, b, ¢ as

_M
=5

M, _Ms

b:—M4, C—M4 (6)

a
Since the affine projection onto 2D is linear, it preserves these coefficients:
X”” — axl + lel+ CXI”
! Thus the 2D determinants can be written as

’ myz = [3,4] = a|3,1] + 8|3,2| = —amqy — bnyy
miz = |2,4| = al2,1| + ¢|2,3| = —am34 + cmyy

maz = |1,4| = b|1,2| + ¢|1,3| = bmas + cmoy




These relations are not independent. To see this, we note that in 2D we have a linear relation
X/// — ax/ + ﬁxll (7)

with some coefficients a, . Substituting this in the determinants in the equations above, it

is easy to see that the first equation is the sum of the remaining two.

We now substitute the invariants a, b, ¢ from eq. (6) in the last two relations between the

m;; above to obtain the relation between the 2D and 3D invariants:
Mymyz + Mymaq — Mzmiy =0 (8)
Mymoz + Mamay — Mamay =0 9)
These equation are simplified when we use a parameter which is affine invariant in 2D.
Such a parameter can be defined so that [§]
may = X, x| =1
This parameter can be obtained from any arbitrary parameter s by

t=/|xs,xss[1/3ds

All derivatives denoted by a prime are with respect to this 2D invariant parameter ¢. Since
ma4 is only a relative invariant, ¢ is also a relative invariant, i.e. it is an affine invariant
only up to a constant factor. However, it is easy to show that this factor drops out of the
equations. In this system other 2D determinants are simplified too. Differentiating mz4 = 0
we obtain

myg = X, x| = |x,x"|'"=0
and differentiating the above relation

|X,, XIII‘I — |X”, xlll| + IX,, XIII/| — O

we obtain
myg + mae3 =0
With these expressions, the 2D to 3D relations (8), (9) simplify to

M4m13 - M3m14 + M] = 0 (10)
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M4m14 - M2 = 0 (11)

As in 2D, we define an invariant parameter 7 in 3D, which is different from the 2D

invariant parameter ¢:

r= / ]X,,X”, Xmll/edt

7 is invariant only up to a constant factor, which drops out of the equations. In this system

some of the determinants M; simplify:
M, = [X*, X, X = 1
M = X%, X, X = X7, X, X = 0
with the bars denoting the dependence of M;(7) on 7, and the stars denoting differentiation

with respect to 7. The remaining two M; are relative affine invariants characterizing the

curve. They are similar to the “affine curvatures” ki, k, defined in [8]:
M=k, M=-k

Given these two 3D affine curvatures, the original curve can be reconstructed up to a 3D

affine transformation [8].

We would like to build a library of 3D shapes characterized by invariant descriptors. The
above two invariants with an invariant parametrization are a good choice for such descriptors
because they are sufficient to characterize the curve. Thus we want to relate them to our
2D invariants m;;. However, these quantities m;;, as well as the relations (10), (11), are
functions of the non-3D-invariant parameter ¢. Thus, our task is now to transform from the

invariant M;(t) to the non-invariant M;(t).

We define
dr
7=
The coordinates transform as follows, with X’ = %(t), X* = %('r):

X =X"j

X" = X7 4 X*5

X = X5 13X 55 4+ X5
XII/I — X****j4 + 6X***]2_], + X** (4]//] + 3]/2) + X*jll/
9




We use these relations to express M;(t) in terms of M;(r). This is done as follows.
First, the column with the lowest order derivative in M;(%) is replaced by the corresponding
expression involving 7 from the above relations. This yields several determinants, some of
which vanish due to having equal columns. In the surviving determinants we proceed in the
same way to the higher order derivatives. We will show the explicit calculation only in the

simplest cases. In the simplified notation below, we denote X'(t) inside a determinant by 1,
X*(1) by 1, etc.

M, = !172731 =j1172?3l = i3l1a§a3| = ]6|i,2,3| =j6M4 = je

Ms = |1,2,4| = j|1,2,4] = 7°|1,2,4| = 6;°5'[1,2,3| + |1,2,4| = 65°5
where we have used the facts that |1,2,3| =1 (an ordinary 1), and |1,2,4| = 0. In a similar
fashion we obtain (after a longer calculation)

My = 15535 — 10545'5" + 55" + 75" M, + 7° M,

]\4’2 — 15]'4]'12 _ 4j5jll+j8M2

Substituting this in the 2D to 3D relations (10),(11) we obtain
m13j3 _ 6m14j2jl + 15]-/3 _ lojj/j// _I_j2]-/// +j4j,M2 + j6M1 =0

maaf® — 1552 + 455" — j* My = 0

These equations can be simplified by eliminating M, from the first equation and substituting

u=1/3:

myau? — Tu'? — 4w = M, (12)
m13u3 + 5m14u2u' + 6U,3 —_ u2u”' = —Ml (13)
We have here two equations in three unknowns: the correspondence function u(t), and

the two affine invariant curvatures Mi, M,. To solve it we need to know one of the unknowns,

or some relation between the unknowns.

Here is where a modeling assumption is needed to supply the missing information. One

example of such an assumption is that one of the M; is a constant, or some other simple
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function. Another example is assuming that the curve lies on a quadric or a cubic surface.
This provides a relation between the curvatures Mj, My, namely a third equation. Given
such modeling information, we can solve the system of equations and thus recover the 3D
curve from the 2D image. This includes the recovery of the correspondence information,

through u(t). In other words, we do not need to know the correspondence of curve points

beforehand.

If we assume that one of the curvatures is constant, it stays constant regardless of the
parametrization, and we obtain a differential equation for w(¢) which can be solved either
analytically (in simple cases) or numerically. If a curvature is not constant, it can be written
in the above equation as

Mi(r(t)) = Mi( [ 1/u(t)dt)
so we have an integro-differential equation. We still have up to three free parameters in the
solution for u, but they are the same parameters for the whole curve. Without the modeling
assumption we would have free parameters at each point. The search for these parameters
can be greatly simplified by the fact that ¢ is locally a quasi-invariant of the projection,
when the affine curvatures are not too large. That is, we can calculate ¢ up to a slowly
varying scale factor. Thus, we can calculate a good approximation to dt around each 3D
curve point, by projecting the curve onto the local osculating plane from the direction of the
affine bi-normal. From this, a local approximation to u(r) = dt/dr can be found and stored

in the library, and later used to eliminate most of the search space.

In an object recognition system for curves, we can classify the curves according to, e.g.,
the kinds of surfaces they are assumed to lie on. Within such a class, the curvatures of
different curves can be indexed in some way. Now, given a 2D image of a curve known
to lie on one of the surfaces used in the library, we can recover its curvatures from the
above equations, and then match it with the indexed library. No complex search or point

correspondence is needed.
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4 Conclusion

We have used a model-based approach to assist in the recognition of 3D objects from single
images. We have shown how a modeling assumption can be used to substitute for the missing
depth information. We have dealt with general curves under affine projection, and have
obtained a system of two differential equations in three unknown functions. Two unknowns
represent the two 3D affine curvatures characterizing the curve, and the third represents the
correspondence information. A modeling assumption provides a third equation, closing the
system. For instance, we can assume that the curve lies on a quadric surface. This provides
a relation between the curvatures, and we can recover both. So, if a modeling assumption is
known, a 2D image can be used to recognize a 3D object, eliminating the need for extensive

search or point correspondence.

References

[1] I. Weiss. Geometric invariants and object recognition. International Journal of Com-

puter Vision, 10:207-231, May 1993.

[2] E. Rivlin and I. Weiss. Local invariants for recognition. JEEFE Transactions on Pattern

Analysis and Machine Intelligence, 16:226-238, March 1995.

[3] J.B. Burns, R. Weiss, and E.M. Riseman, View variation of point set and line segment

features, in Proceeding of DARPA Image Understanding Workshop, 1990, 650-659.
[4] D. Jacobs. Matching 3D models to 2D images, preprint.

[5] P.F. Stiller, C.A. Asmuth, and C.S. Wan. Invariant indexing and single view recognition.
In Proceedings of ARPA Image Understanding Workshop, 1994, 1423-1428.

[6] A.Zisserman, D.A. Forsyth, J.L. Mundy, and C.A.Rothwell. Recognizing general curved
objects efficiently, in Geometric Invariance in Machine Vision, eds. J.L. Mundy and A.

Zisserman, MIT Press, Cambridge, MA, 1992.

12



[7] J.P. Hopcroft, D.P. Huttenlocher, and P.C. Wayner. Affine invariants for model-based
recognition, in Geometric Invariance in Machine Vision, eds. J.L. Mundy and A. Zis-

serman, MIT Press, Cambridge, MA, 1992.

[8] H. Guggenheimer, Differential Geometry, Dover, New York, 1963.

13




N}

REPORT DOCUMENTATION PAGE ot e oo o188

Public reporting durden for this collection of informaton s estlmﬂed 10 dverage ! hour per response, including the time fOr reviewing instructions, searching existing data sources,
qathenng and q the dlu d nd nd revnamnq me collection of information. Send comments regarding this burden estimate or any other aspect of this

¢ including dqua! i
b e g
1. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT 'TYPE AND DATES COVERED
December 1995 Technical Report
4. TITLE AND SUBT":LE S. FUNDING NUMBERS

Model-Based Recognition of 3D Curves from One View

F49620-92-J-0332

6. AUTHOR(S) N00014-95-1-0521
Isaac Weiss

7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) 8. PERFORMING ORGANIZATION
o tor Vicion Laborat REPORT NUMBER
omputer Vision Laboratory
Center for Automation Research gSA%-’BI;I;ggT
University of Maryland Baind
College Park, MD 20742-3275
9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
Advanced Research Projects Agency, 3701 N. Fairfax Drive, Arlington, VA 22203-
1714

Air Force Office of Scientific Research, Bolling Air Force Base, Washington, DC 20332
Office of Naval Research, 800 North Quincy Street, Arlington, VA 22217-5660

11. SUPPLEMENTARY NOTES

T TSy T Yy TR
123. DISTRIBUTION / AVAILABILITY STATEMENT ) 12b. DISTRIBUTION CODE

Approved for public release.
Distribution unlimited.

13. ABSTRACT (Maximum 200 words)

It is well known there are no geometric invariants of a projection from 3D to 2D. However, given some modeling
assumptions about the 3D object, such invariants can be found. The modeling assumptions should be sufficiently
strong to enable us to find such invariants, but not stronger than necessary. In this paper we find such modeling
assumptions for general 3D curves under affine projection. We show that if we know one of the two affine-invariant
curvatures at each point of the curve, we can derive the other one from its image. We can also derive the point
correspondence between the curve and the image.

14. SUBJECT TERMS 15. NUMBER OF PAGES
object recognition, model based recognition, invariants 18

16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSE Std. 239-18
298-102




GENERAL INSTRUCTIONS FOR COMPLETING SF 298

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 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. Agency Use Only (Leave blank).

Block 2. Report Date. Full publication date
including day, month, and year, if available (e.g. 1
Jan 88). Must cite at least the year.

Block 3. Type of Report and Dates Covered.
State whether report is interim, final, etc. If
applicable, enter inclusive report dates (e.g. 10
Jun 87 - 30 Jun 88).

Block 4. Title and Subtitle. A title is taken from
the part of the report that provides the most
meaningful and complete information. When a
report is prepared in more than one voiume,
repeat the primary title, add volume number, and
include subtitle for the specific volume. On
classified documents enter the title classification
in parentheses. :

Block 5. Funding Numbers. Toinclude contract
and grant numbers; may include program
element number(s), project number(s), task
number(s), and work unit number(s). Use the
following labels:

€ - Contract PR - Project

G - Grant TA - Task

PE - Program WU - Work Unit
Element Accession No.

Block 6. Author(s). Name(s) of person(s)
responsible for writing the report, performing
the research, or credited with the content of the
report. If editor or compiler, this should follow
the name(s).

Block 7. Performing Organization Name(s) and
Address{es). Seif-explanatory.

Block 8. Performing Organization Report
Number. Enter the unique alphanumeric report
number(s) assigned by the organization
performing the report.

Block 9. Sponsoring/Monitoring Agency Name(s)

and Address(es). Self-explanatory.

. Block 10. Sponsoring/Monitoring Agency
Report Number. (If known)

Block 11. Supplementary Notes. Enter
information notincluded elsewhere such as:
Prepared in cooperation with...; Trans. of...; To be
published in.... When a reportis revised, include
astatement whether the new report supersedes
or supplements the older report.

Block 12a. Distribution/Availability Statement.
Denotes public availability or limitations. Cite any
availability to the public. Enter additional
limitations or special markings in all capitals (e.g.
NOFORN, REL, ITAR).

DOD - See DoDD 5230.24, “Distribution
Statements on Technical
- . Documents.”
DOE - See authorities.
NASA - See Handbook NHB 2200.2.
NTIS - Leave blank.

Block 12b. Distribution Code.

DOD - Leaveblank.

DOE - Enter DOE distribution categories
from the Standard Distribution for
Unclassified Scientific and Technical
Reports.

NASA - Leave blank.

NTIS - Leaveblank.

Block 13. Abstract. Include a brief (Maximum
200 words) factual summary of the most
significant information contained in the report.

Block 14. Subject Terms. Keywords or phrases
identifying major subjects in the report.

Block 15. Number of Pages. Enter the total
number of pages.

Block 16. Price Code. Enter appropriate price
code (NTIS only).

Blocks 17.-19. Security Classifications. Self-
explanatory. Enter U.S. Security Classificationin
accordance with U.S. Security Regulations (i.e.,
UNCLASSIFIED). If form contains classified
information, stamp classification on the top and
bottom of the page.

Block 20. Limitation of Abstract. This block must
be completed to assign a limitation to the
abstract. Enter either UL (unlimited) or SAR (same
as report). An entry in this block is necessary if
the abstract is to be limited. If blank, the abstract
is assumed to be unlimited.

Standard Form 298 Back (Rev. 2-89)




