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A METHOD AND DATA-REDUCTION TABLES FOR DETERMINING THE RESOLUTION OF
CAMERA SYSTEMS UNDER TYPICAL FIELD CONDITIONS

This report describes a method and presents data reduction tables

for use in evaluating the resolution of camera systems under test
conditions typical of field use. The test method and data reduction
tables were developed by the Photographic Division of the Engineering
Services Department of the Naval Ordnance Laboratory (NOL), as part
of the "High Acuity Experimentation II" program, which was conducted
for Rome Air Development Center, Griffiss Air Force Base,

kome, New York. (MIPR No, F30602-71-X-0003).
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INTRODUCTION

Resolving power tests have long been used to assess the image qual-
ity of photographic systems under laboratory conditions. 1In an effort
to apply the principles of laboratory-type resolving power tests to
field testing of complete photographic systems, the Naval Ordnance
Laboratory, White Oak, has prepared large-scale resolution targets
suitable for use at distances typical of those encountered under
field conditions. Although the method by which resolving power test
imagery is translated into quantitative data is fairly simple, prepa-
ration of data from large quantities of these tests invclve numerous
time-consuming calculations. To simplify this task, the Laboratory
has also prepared a set of computer-generated data reduction tables
which are based on the associated large-scale resolution targets.

These data reduction tables can be used to determine the resolving
power of camera and other optical systems under actual field condi-
tions. They are also useful to the optical metrologist for designing
resolution experiments. The purpose of this report is to explain the
use of the data reduction tables, to provide the background by which
they were developed, and to suggest possible applications.

The reader who has not had prior experience in performihg resolving
power tests (such as work with an optical collimatox, National Bureau
of Standards (NBS) targets at 21 focal lengths, ctc.) should famil-
iarize himself with two publications: A Method of Determining the
Resolving Power of Photographic Lenses, NBS Circular 533 (available
from Superintendant of Documents, Government Printing Office (GPO),

Washington, D.C.); and MIL-STD 150A, Photographic Lenses (also avail-
able from Superintendant oi Documents, GPO, Washington, D.C.).

BACKGROUND

Under a contract with Rome Air Development Center, Griffiss Air
Force Base, Rome, New York, (entitled High “cuity Experimentation II,
MIPR No. F30602-71~X-0003) the Photographic . s on &f the Naval
Ordnance Laboratory investigated the performance of a number of popu-
lar 35mm still cameras. A major portion of the investigation was to
quantitatively determine typical field perforinance, reflecting the
effects of atmospheric haze, mount stability, and operator variability
among other factors. It was decided to use resolving power tests as
the primary means of evaluation because of their simplicity, ease of
evaluation, and because the overall program concerned the recording
of threshold-quality imagery.
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Normally, resolution tests are run under carefully controlled condi-
tions at either relatively close distances or with the aid of an
optical collimator. Provisions are made for eliminating camera vibra-
tions and other effects which might degrade the quality of the data.

The test conditions used to determine typical field performance
are considerably different, however. For the purposes of the NOL
field testing program, the resolution targets had to be suitable for
a wide range of conditions, including use with focal lengths of 35 to
1400mm and object distances in excess of one mile. A search was made
to locate a suitable off-the-shelf target, but when none could be
found, a large-scale resolution target based on the USAF 1951 Design
was prepared (see Figure 1). Its 40 x 42 inch size (including mar-
gins) permits easy carriage and mounting in field use but it is
large enough to be used at typical object distances. The largest
resolution pattern can be detected with a 135mm lens at 2000 feet
with an effective camera~system resolving power of 72 lines per mil-
limeter,

DETERMINATION OF CAMERA SYSTEM QUALITY USING DATA REDUCTION TABLES

After making a series of negatives of the resolution target and
determining the smallest resolvable target on each negative by means
of a 30-to 40-power microscope, one would normally compute the image
plane resolution using the width of the target bar, the lens focal
length, and the object distance. To simplify this task, data re-
duction tables (provided as Appendix C) have been prepared and espec-
ially keyed to the NOL large-scale test target. These tables facil-
itate direct and rapid determination of the image plane resolution
for 48 lens focal lengths of 10 through 2000mm, at each of 12 typical
object distances. A second series of tables allows determination of
system resolution when the object distance and focal length are either
unknown or are not listed in the tables. 1In either of these latter
situations, the user selects a table based on system magnification
determined by measuring the actual image size of the target as
recorded on the film,

RESOLVING POWER TARGET DESIGN

The NOL large-scale resolution target is based on the design of
the “USAF-1951" resolution target, The NOL target (Figure 1) consists
of 36 target elements decreasing in spatial frequency as the sixth
root of twot%lz Napproximately 12 percent). The geometric design of
the target elements and assoclated terminology are presented in MIL-
STD 150-A. A standard target element consists of two patterns (two
sets of lines) which are oriented at right angles to each other as
shown in Figure 2., Each pattern in turn consists of three bars and
two included spaces, all of egual width. The length of the bars is
five times the bar width. A bar or a space is referred to as an
interval, while the combination of a bar and a space is referred to
as a unit. The unit width is used to compute the spatial frequency
of the pattern,

To facilitate the microscopic examination of the test imagery, the
36 elements are organized into sets of six, cach set being referred
to as a group. Figure 2 illustrates a single target group. The NOL
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target consists of groups "minus six" (-6) through "minus one" (-1).
Each group in turn consists of six elements. The group number indi-
cates, in terms of powers of two, the number of lines per millimeter
of the largest pattern within the group:

Resolution = 2%
where K is the group designation. e

For example, in group "minus three":
g

R=2"

K = 1l
(2)3

R = 1/8 = 0.125 Lines/mm
The resolution of any pattern can pe computed using the formula;:

1]

where K is the group Jlesignation and N is the element designation.

The targets were prepared using two techniques. A full size
40 x 42 inch high contrast negative was made on poiyester-based
lithographic film using a process camera and a smaller format master.
This negative was then used to make contact prints on resin-coated
(dimensionally stable) photographic paper. Contact prints were made
at three levels of contrast. The contrast ratios and density differ~
ences of the target lines and spaces were as follows:

High Contrast - 100:1 (4D = 2,00)
Medium Contrast - 6.3:1 {(AD = 0.80)
Low Contrast -~ l.6:1 {AD = 0.20)

All targets consisted of dark lines on a light background.

Although very satisfactory, photographic targets were expensive
to make due to the time required to accurately assemble the matrix
of prints into a 40 x 42 inch target. A second set of ralatively
inexpensive targets was prepared by printing the targets on heavy
card stock using offset lithography. These targets, 40 inches high
by 42 inches wide, including margins, were produced in high contrast
only, having black lines on a white background. The array of resolu-
tion patterns (excluding the element and group designations) is
approximately thirty inches square.

The Graphic Arts Research Center of Rochester Institute of
Technology, Rochester, New York, 14623, is planning to market large-
scale resolution targets similar to those described in this report.
The targets will be printed on both paper and card stock in high,
medium, and low contrast.
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. DATA REDUCTIC" TABLES; DESCRIPTION
i The Data Reduction Tables¥ which are included in this report as
: Appendix C consist of four sections, as follows:

1 Section (A) Nominal Dimensions of Resolving Power Test
Target;

Section (B) Resolving Power Data Tables for Specific Lens
Focal Length/Object Distance Combinations;

T

Section (C) Tabulation of Camera System Magnifications and
Resultant Image Sizes;

Section (D) Resolving Power Data Tables for Specific Camera
Magnifications.

A description of each section is provided below:

(A) NOMINAL DIMENSIONS OF RESOLVING POWER TEST TARGET. This single-
page section presents the nominal dimensions of the intearval widths
and unit widths of elements one through six of groups “minus six*"
through “minus one". Dimensions are given in terms of inches as well
as millimeters. The data refiects the theoretical design goals; the
actual dimensions on the targets vary from these values due to limi-
tations of the reproductien process. Definitions are presented for
pertinent terminology.

{B) RESOLVING POWER DATA REDUE?ION TABLES FOR SPECIFIC LENS FOCAL
LERGTH/OBJECT DISTANCE GOMBINATIONS. This section contains data
reductivn tables for 48 lens ftocal lengths at each of 12 selected
object disvonces. The lens focal lengths presented range from l10mn
to 2000mn. The 12 object distances vary depending on the lens focal
length. (The tables for 35%mwm lenses range from 10 feet to 400 feet,
whereas the tables for 1000mm lenses range from 150 feet to
5000 feet.) »rbove each data table is a four-line heading containing
the following information:

Lens focal length in millimeters;
Object distance in feet and meters;
Image magnification;

Size of image in millimeters and inches.

¥} description of the computer program used in generating the data
reduction tables and the program itself are provided in Appendices A
and B,
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Each data table consists of a six-by-~six array of resolution values.
The vertical columns denote groups "minus six" through “minus one",
while the horizontal rows denote the elements.

. The resolution values, which are presented in terms of lines-per-
millimeter, represent computed theoretical data, not test data. The
data presented in the tables is independent of the quality of the

. optical system under evaluation. The quality of the optical system
comes into play by determining the smallest target which is resolved.
For a given lens focal length and object distance, a quality system
may resolve the “minus four* group, “element three" target, (79.9
lines per millimeter):; whereas a poorer system might resolve only the
“minus five" group, element two target, (35.6 lines per millimeter).

e

Tests using a focal length/object distance combination not explic-
itly listed can often be readily evaluated by applying a simple
factor to one of the existing tables. As an example, there is no
table presented for evaluation of a 75mm lens at 750 feet. To compute
the resolution of this combination, one refers to the 150mm/1500-foot
table. The resolution value may be read directly from the table
because the computed data for a 75mm lens at 750 feet would be iden-
B tical to that provided for the 150mm lens at twice the distance. As
long as the ratio of focal length to distance remains the same
(e.g., 250mm at 1000 feet vs 1000mm at 4000 feet, 2%c.), the results
can be read directly from any analogous table. This type of substitu-
tion does not result in any error.

If no ratio extension is available, another method may be employed.
For example, data is not presented for evaluating a 135mm lenses at
125 feet and no multiples of the 135mm focal length are presented.
Howevexr, a table does present data for 135mm lenses at 250 feeot.
Although the ratio is not the same, a resolution value can be approxi=~
mated by reference to the 250-foot table and multiplying the value by
two., This multiplication compensates for the two-to-one ratio of the
object distances. Performance values determined by this method will
generally be accurate within one percent. This 18 not a significant
error considering that the selection of the target image resolved
involves a choice of elements which vary by 12 percent.

To simplify the format of the data tables, all computed resolution
values which are equal to or exceed 1000 lines per millimeter are
given as 999.9.

. The tables presented in Section B can be used to good advantage by
anyone designing resolution experimente, If the object distance
which is selected for a particular test is too short, all targets

. will be resolved and the test would yield no data. Conversely, if
the distance is excessive, none of the targets will be resolved. The
following procadures can be followed to eliminate these situations

however:

1. HMake an estimate of the number of lines per millimeter which
can be resolved by the system. Past experience with the film/lens/

camera combination is a good guide.

7
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2. Refer to the page containing the lens focal length to be
tested.

3. Scan the tables to locate a table based on any convenient
object distance which lists the estimated system performance in
groups "minus two" through "minus five." Groups "minus one" and
"minus six" are for safety margins only and should not be used in
determining the test distance.

As an example, consider a system which has an estimated resolving
power of 80 lines per millimeter. If the test is to be performed
at an object distance which lists 80 lines per millimeter at group
"minus five," "element three." If the actual resolution of the
system is only 40 lines per millimeter, a target will still be avail-
able to provide the data. In this case, it would be the group "minus
six," "element three," target which the table indicates is equal to
40 lines per millimeter. Had we selected the distance where 80 lines
per millimeter was listed at "minus six," "element three," no target
would be resolved.

{(C) TABULATION OF CAMERA SYSTEM MAGNIFICATIONS AND RESULTANT
IMAGE SIZES. 1In some testing situations, the object distance, focal
length, or both will be unknown. A determination of system resolu-
tion can still be made under these conditions by determining the image
size of the target on the resulting test film. This measurement,
referred to as the "-6 Group Length," will then allow the selection
of an appropriate data table.

A traveling-stage microscope or other suitable instrument can be
used to measure the length of the "minus six" group from the top of
its second element to the bottom of its sixth element (Figure 2).
The measurement may be in millimeters or inches, whichever is more
convenient.

Turning to the "-6 Group Length" table (Section C of Appendix C),
one then scans the appropriate inch or millimeter coclumn to locate
the entry closest to the measured value. The corresponding value of
magnification can be read from the adjacent column. The tabulation

_of values in this table range from a magnif%sat on of 0.000139 to
- 0.034621 and vary with the 24th root of @ (Y2 ). Using the selected

magnification value, one can refer to Section D which provides image
plane resolution tables by magnification rather than by focal length
and object distance.

N) RESCLVING POWER DATA TABLES FOR SPECIFIC CAMERA MAGNIFICATIONS.
Format and use of these tables are identical to those in Section B of
Appendix C. Svstem resolutions are determined from these tables in
the manner previcusly described. Note that each table is valid for
any system which produces the stated image size and magnification,
regardless of the specific focal length and object distance used.
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APPLICATIONS OF LARGE-SCALE RESOLUTION TESTS
There are numerous practical applications for large-scale resolution
targets. Three typical examples are d’ icussed below.

Example 1

Large-scale resolution targats allow p :ographic and other
optical systems to be tested under condi.ions which are typical
of their everyday applications., As such, these tests provide a
quantitative measurement of the effectiveness of the system under the
conditions normally encountered during actual use.

The data gathered by these tests reflect the effects of atmospheric
haze and shimmer, focusing accuracy, camera mount stability, etc.
In many applications, these degradations are the dominant factors
in determining the performance of the system.

- Example 2

It is frequently worthwhile to compare actual field tests with
reference or “control” tests (laboratory tests of the same equipment,
or field tests made under more stringent conditions). Comparison
tests of this type can reveal (1) the percentage of resolution loss
due to atmospheric haze, (2) the minimum shutter speed which can be
used to hand~ho’ a long lens while still maintaining a desired
level of resolit .. (3) the minimam shutter speed required when
photographing a moving object, or (4) the stability of one tripod
versus another.

The comparison of the two test conditions can identify that point
(a minimum shutter sp2ed for example) where fiecld data is not degrad-
ed with respect to control data, or it can be used to indicate
percent resolution lass of field tests versus control tests.

Example 3

Large-scale resolution tests can be used to assess the object space
resolution* of pictorial imagery. This technique was utilized in a
recent NOL investigation which was concerned with determining the
minimum image quality requirements necessary for identification of
people. Typical results of increasing image quality and the associ-
ated increase in certainty of identification are shown in Figure 3.

This problem area was divided into three levels of pictorial
quality:

i0bject space resolution: The spatial frequency of the target
or the width of the target bar which is resolved in the photographic
record. > _ o
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{1) Personnel Detection: To differentiate personnal from the
adjacent background and to count the number of people
present in the photograph;

(2) Personnel Recognition: To provide general descriptions of
the personnel present in a photograph, i.e., sex, height,
weight, hair color and length, presence of glasses, etc.; and

(3) Personnel Identification: To identify beyond reasonable
4oubt the presence of a specific individual.

To meet cach one of these standards successively, an increasing
improvement in pictorial quality is required.

An experiment was performed to determine the degree of object space
resolution required for the above levels. Using a 58mm lens and
Tri-X film, a group of five people and a largea-scale resolution target
were photographed at 14 separate distances, varying from 50 tc
2016 feet.* The resulting film was then analyzed to determine the
smallest resolvable target at each distance. The width of the se-
lected target bars was a direct measurement of the object-space reso-
lution »nresent ir. each negative. (Note that previous examples have
been concerned with lines per millimeter on the film; here we are
conceraed with the minimum size of the actual target lines which were
successfully recorded.) A set of 40X enlargements was then produced.
These prints '"ere then exarined by severcl qualified interpreters to
determine the lowest level of pictorial gquality which could be toler-
ated and still enable the interpreter to extract the information at
the three rejuired levels. (Although final conclusions have nut been
made, it appears that an object-space resolution of 1/8 inch is
necessary ir one is to meev ti.e "personnel identification" criteria.)

Other Applications

The NOL large-scale resolution targets and associated data
reduction tables can alsc be used to zvaluate night vision devices.
surveyor's transits, telescopes, binoc:lars, and a variety of other
optical devices under field conditions.

¥For this experiment, a second set of data reduction tables were
prepared similar to those in Appendix C The 24 object Adistances
per lens focal length varied with the ‘f” ; e.g., 130, 126, 159,
200, 318 feet, etc.

11




b3 Sxcod

NOLTR 72-18

REFERENCES

A Method of Determining the Resolving Power of Photographlc
Lenses; NBS Circular 533. Superintendant of Documents,
Government Printing Offlce, Washington, D.C.

T T T i Lo o R L M P P L S0 Tt Y & st i LT e S R TR o

MIL-STD 150A; Photographic Lenses. Superintendant of Documents,
Government Printing Office, Washington, D.C.

12




NOLTR 72-18

APPENDIX A
DESCRIPTION OF COMPUTER PROGRAM




NOLTR 72-18

APPENDIX A
DESCRIPTION OF COMPUTER PROGRAM

The computer program used to generate the Resolving Power Data
Reduction Tables is presented in Appendix B. The following descrip-
tion of the program's functions and its data deck structure should
enable others to modify the program to generate tables for focal
lengths and object distances not contained in Appendix C.

The Fortran IV program was written to present resolving power
data tables for (1) given lens focal lengths and associated object
distances and (2) generated magnifications. The main program acts
basically as an executive calling in the various subroutinss to
perform computations, printing, etc.

Subroutine FOCAL computes the image magnification, "-6 Group
Length," and resolving power data for a given focal length and object
distance. The resolving power for group “minus six," "element une"
of each table (referred to in program as "result") is computed f:rom
the above variables, the remaining data in each six-by-six array is
arrived at by multiplying the "result" by each of 35 stored constaats.
This routine also stores the resolution data along with the test
conditions, magnification, and "-6 group length".

Subroutine GENER generates a series of magnification values based
on choserr (by data card) limits and power of two.

Subroutine MAGNIFY computes the resolving power data tables for the
generated magnifications values.

Subroutine IMAGPRT prints the tabulation cof generated magnification
values and the associated *"-6 group lengths®,

Subroutine HEADER prints the tabulation of nominal target dimen-
sions, notes, and nomenclature.

Subroutine PAGPRT prints the 12 data tables pexr focal length and
the heading above each table which lists the test conditions and
associated data.

Constraints within the program limit the number of input object
distances, per data card, and the number of tables per page in the
output to 12. Also, the total number of magnifications at any one
time during execution (either generated or conputed from focal
lengths) is limited to 900. It should also be noted that any reso-
lution value equal to or in excess of 1000.0 is set to 999.9.

A-1
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On a CDC 6400, the program required an octal field length of 31,000
during execution and required 33 seconds of central processor time
to execute under the Fortran Extended Compiler.

The data deck is structured as follows:

CARD NO. COLUMNS VARIABLE DEFINITION
1l 1-5 N - Number of tables per page,

not to exceed 12 (Right
Adjusted). To obtain 24 ob-
ject distances per focal
length, use two input data
cards per lens.

6-10 MAG - Indicator of method of compu-
tation to be used: a value of
minus one (-1) will produce
both the focal length tables
(Section B) and the magnifi-
cation tables (Section D). A
value of zero (0) will produce
only the focal length tables;
a value of plus one (+1) will
produce only the magnification
tables (Right adjusted).

11-15 NF - Total number of focal length
data cards (Right adjusted).
2 through 1-5, 6-10 - One focal length and up to
(NF+l) 11+15-«=5G6-60, 12 object distances (feet)
61-65 per card (Right adjusted).
NF+2 1-10 XMAX - Maximum desired value of

generated magnifications
(floating point).

11~-20 XMIN - Minimum desired value of
generated magnifications
(floating point).

21-30 RCOT 2 - Root of two (2) used to build
magnification values (floating
point). A value of 24 was
used to obtain the Section D
tables which vary the magnifi-
cation value by the 24th root
of 2.
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APPENDIX B
COMFPUTER PROGRAM




t

*ON dovd

[t

ENOIL¥DI 4IROWN Iui SIL¥SINID INILH00 SInd D
tL*OT4€3 L¥mu0d €OV
21008 *NInYSY¥NXtE0l QV3M
SNITL¥DI ATr0WND)
JHL BNILNGMDD NI 03SN 38 OL 2 30 Y3IROD IHL ONY wWPMINNIW® unwIxew ¥ N1 OV3IND
om 4N
I TIr0D 0§
[PE R
0081 04 CD (0 *lO* B¥mi il
SHAIBN3T Q31vIDOSSY IKLD
ONY SNOILVIIJINOYW 3ML 40 ONIISIT IONI¥IJIu-SSOB2 34808 ¥ SiNlad INILROW STWLD
3NN IR0 o
LudOvd IIYD
3%1l v 1v 30V 3INO (3IO¥6/21)5378¥A 3wl Siniwe D
Inwg 4509 og
6%6Ha & (10110 (62666 *10° (I10110¥) 41
AINSZWe (1) aNDBD »(J4110Y
9Es =] 2E€ 00
Svd0d V¥
IINVLSIa D
L103r80 GNY MLONTT IW¥D04 NIAIO ¥ BO4 LINSIE ONY SuNIlvdIAINpws 3xi S3LVINITIVI)
Nelsll OF OQ
(91€T1Y 1wy 201
(NS ESI*(1)0LITPBO) sHIONIT $Z0T OV3Y
S3INVISIC 1D33rQo omu«uucmmc InL any WiQKR3D VA0S INU NI Ov3ED
NS ImN" 0% 00
1gNOs9) B3IAVIN TIVD
*O13*FUNLVIINIWON 4D FO¥H 3Mi SiNIHED
wANIN
0% 0 0D 10°D3*0wn) 41
(GIEYLynHO 4 vt
ANSOYRSH 101 OVEY
030338 41 (SNISHLONIT 504 40 GIRHNN 3kl ONY (O¥W) wi08 00 80 D
SHIHL FLNANOISSNOILYII JINDYN ILPHINIO 01 ®3IulINA ¢ (NIRLENIT IWINS 43¢ D
SIONVISIO 123rg0 40 YIBWNN Ful MO 230¥g 834 SITHYL 40 YIuxOx 3ul %1 grid 9
Ash]
oey
0 = uIAWNAN
/GL10%26%098L°060ReG2 °SerGLTE OP20°GES " 2CS
QR0 R YRBE G2 ¥ Z9°TTOLRG1 0298 L 9Ty
s 492 el02689°214E1€°110¥6L0°01°86° Vs O
C2LZTIPL*S69E*Qo6959°GLO6F0Gobo ve 9T
49095 Ce e loCsep2a®2880616°2¢502°24°21
Q1L I PLgG " T2019 126652 T+S22T°1**1/aN0OnD Viv]
ai23re0 ¥3N3AN]
NKN NDew0d
N1 NOMMOD
oYM NDWNOD
1006} vIAYS MONNDD
ANV TTSNOBIGNNNG ZLOOH  NINX s XyNT S 46 (00H) TIAYSS (006) ZIAWSS (1
006) 1IAVS ¢ (006? FAVSS (FE4ZTIVE(2TI0LIALADSHAGNI I LINSIY NONWOD
(SL)dNOND KOISKIKIO
(SNSLADYINENI I 162704 wyEBODd

*95°65°01 24710780 0%2 NOISHNIA C3ON3LIXI KVuiNDY 103704

0S

134

o

1

o€

53

st

ot

$0

vz uDOBd




A |

nyNg
d0is soRt Y
PM1iN0d Si :
iudtivd TVeS  SiY
{=11mn
NENNN . €2 ,
SL101 0D a3
6608 ®» (191131V (6668 "lp" (JO11)Y) 4] ¢l , :

IS (1) ENDUD B (I¢I1IY
8CsInl OL 0O
NEMNN
A4INBYR TI¥D s%

An538 INd SRLinNaw0d INILNOY STIMLD
€L 04 GO ( N3AMNN *40° (Qlens(l-wilig]
NeIm$] OL OO

unnetesx SL 00 had

1 (N/7DZBNAN) SN §9 1)
% 0l 09
N/TTBRTNEUTIR o9

S9409059 ((NSUTEWNNI CON) 41
031Nen0D> $1 0F0FIN Z3TBYL 40 ¥FBANN_ i ININD
Lugovax TIVD |

¥INJH TV
9% MOISEIA QROWILXD NWWANDS 192004

*98°gs ot

e

SL/0/%0



‘oM BOVd

L

on3
NENL 38
OTMie’C9l ol vIAVS
SNOTAVITISINDYM TN wOSS OIMUDSE INv SHIONIT ¢NUED 9= 3JIuL IwINS
(3120123180 minrC3/vS :
HIONIID (%) TIAVE
IDenly siu) 13AVE
OvMXs (u} 3AVS
i9¥NYe® V) /5 te L1 INSIY
FE iy 1Va .1 ETRS =Wy
(iONIVeLiI2r80) 7 TG LONTIR LI 5O 3D THIY
$°03Ce{11)u4IFPRORLIINHD
Texsy
CLIIrE0 wIdAUNT
NNN NOmwOD)
N1 NIRWOD
oM KOEn0YG
1GOD5 *IAYS NOUWED
AMO LTINS UIINMN S TLOON HIME ¢ XVia ¥ uts .oo! CIAVSI (00B) FIAVE S (|
006) I13AVS S (5086} u>1a.“ou.muvc.*Nu»¢»uwﬁxu.xu&2u4.»47nus KOMNGY
IVIQS IN LACOERNS

*95°55°01 24710750 €°2 NOISEIA OIONTLNT SVRANOS Mvd04

03

st

o1

INTiNOeENS




4

ot1StovIK

008 inNidd
t/70 %13 L¥REO4 QRO
. g97 Inlbg
t111 o4 o9 (o teIctitiil gy
iCexlS yZoxls slery
(XTIIOARCKLINA (XTI ITIAS (XTI TA 1
S (RIIINAC(RIINAS(RIITLAC(PIITA 3
CLATIINAY(ATINAL CASITTIAC (AT TA2CT NI LY
texisxls fenjeniStionlesnl
(XTIIOAS (XIINAS (XTI ITAG (XTS5 IA 4
SURIIINAY (RIINAC IS IITIAC(RTIVIA 1
SEATIIOAC(ASINACIATIIIAC (AT IASTTANTDY
Texinyls TenjunigieAfes]
IXIIINASLYLINAG (XYTIITIASIXFILA 1
SMITINALATIAAS(RIIIIAS (MEIA ]
S ATIINACCASINAS(STIITIACCATITASITINTI S
Texisxls Tenjamigieniong
(RLIINASIXIIDACCHIITIAS(XIITA 1
SIRIIINASIRTINAS (RIITIACIRIZIA 1
t (ATIINACCATINAS(ATIZIAC(ATIIIAYOTINT 84
Jeylwxis teniuniSieAlsay
(I INAS(TIINAL (XTI SIACITIIIA 1
S(nIIINA®(RTIINAI(AIITIAS(ATIIA 1
SASIINAC(ASINAS (ASITTIACLALIIA%E inlied
leviexiy TenlasnigioAlarg
(XFIINAC(XTIIOAS (YIITIAS(XTIEA 1
S sTIINASCPIINAS (NI ITAGIRINIA 1
S ALIIMAS (ATIRASCAT)ITTIAG(ASLIAGE INTEG 73
Eimxs langg 1l1wag
'S/ (N1INA sttliloA o0l
G2/ (M318 & (1ILA
€11 5A o°28 (M02A
(I 4ACES 7 (TIIA o2 LA
vEeest 061 0O (.7
**eG2/7°2¢C s (11118 *3C s(11iA
G/ eys (3110AS ‘eqge(11{A
¢ inlng
v inldd
€ iNimd b
2 InliNng
t FIP/P/77% LWt LemBi g t
1 iuice
oef13111
0LIIFB0 NIBIING
NAN NOWKDD
N1 NOmm{)
O¥M HWluM0DD
(000) $IAYE wOwWWOD

SO TIONS BIGMANO2LO0K RINT L TUMX %6 (OB CIAVSS {C00) ZIAVS S (1

006) 1329%¢ (006!}

oostovin

*98°68°01 L7078

FAVS(OLOZTI VS (2UIQLITIT AN HIONTI L INSTY MONW0D
(9L INAR(ITITTASLQTINAS (9 IA H4DISNINIO

(9C3 anONO NOTEWINICO

(dNoue)  ¥IOYIH INT LROUENG

0°3 HOISEIA GIINTFLXI NYWLN04  UIQAYIM

0%

s

Ce

st

1 ¢

52

o2

st

0t

S0

IRLLAQUANS




-9

[ ]
; wehiiy
teSLNI31I X1 2D Ave
i yuv NY - dNONDe Sxev oINS Linn 0 AR AT FE¥EES ONY ¥IWiD #IVS
3 0L SIVONY LWDIB Ve *X56/el3S SHERLive amt 40 INIMIOKYEEY N? - (1]
1MIU3TTe *Xee/eSIOVeS QFUNIINY OAL On¥ $3u11 FTowl = NE3LlvaetYeed
703048 LNIOVNQOY ONY It ¥ - L1%Ne *¥¥6/eTI¥eE ¥ D (8PB) INIT
: Ty = Jd:cu»zuo.¢oc\\oua§»<4uiu592¢.u0¢ ) 7/ 1 jewpog ol
. (emigIM Wandinl $Iwii Ials $¥A03 ulowil
AVANIANE (21 X0T/e5TnINT 20+0€ SwwdBi( INTUITE wi® 40 wOLE08 0L 1 v®
ANINITI GNZ 40 401} efOut S« xe.kvezua 1) ~ $330Nne532/77/) LUxBDI (4|
sXQZ/e V4 LMIIVCCy ONY Inig ¥Y- Lina e YT /e FI¥eS ¥ 60 (HVHIING 2
; I9 ¥ = YWAYIINTe* X827/ /23N ¥Y wIMCHe s XTY ¥ 3 (¥urg Wl D
9 40 WMOLLO® 03 iN3IN3T3 ONE 40 o0L) dliud G S0 MIONIISINT/ /) L¥RKL S 519
(ISEFE BIY se0ut¥1teleti2IC) fV¥nnny ct Si
[(SEIE*54P oSt ¥lianetX2ILIL0ub0S 21
(CEEeC 63y srvetifiteiesXZIL) Lywriy) 11
(IXCHC*64% Iolo?iitpuesi2)Ciivning o1
CIXCOE 64y vaZet¥lteT0e3ZTC) VNS -
[LXCC 45 Ix109%%1%e TetTTILILTNNDS v (7§
{ ((XCtouINIe *TGtanmy °X2 tevihie ¢Y§Sonma SXg® 5Fpe3iC)m
4 (ixytonuINle FuSSemrny *XL seuNle ¢YGSoMue *3H° »Fet22IL)M ]
7oML0TM LINNePILtemiOIN TyryIinielzy ¥
0 XOTeNIOTA LINNSITLemiGIN “esnBinlediu)L¢YE) \¥nKCY <
(ov= anNOUDI*XLiLes™ SNQEDA*XiCseY" SNOBLESF0Z) (Fnild L (1)
t/7/7050%13V4S LIND OKY IvAR3Lw] Fenlulrex1GL¥n804 11
(ys7/70530uv) 1531 u3P0g ONIATOEIN 40 SHDISHINIG TeNIwiine ?E4) L¥KROY 2
7 3218 LINne *¥9se3Z18 wauiiniedss « 3
S(Y015F21% ilnne S183s32718 TYAKIINT NG 24EG) TSRS v)
¢l LINihg 09
51 Auirg
Fnileod  T1L1L
$L 93 ©D
tay21131
S AInlikg (11
(ele tnOuBe*TiCed™ SNOUDE*YICIefe aNDUUE*S02) 1VnBDI cue

] *ON 3Fevd *95°55°01 2Lr10r% 02 NOISHIA OIONILX S WEMIBOY b30w3e  3niinoeensy




-9

gNh3
NENi3Y
(eHINIosXTT
ToakKat XSZ/ADTSRHLIONTT dNOUL G=0d X6 eNCILVITIINOVHE S XES THT ) LYHNOY STOT
INNILNGD 00T
SI0T ANIM4 €O
0ctT OL CO ( 0 *3IN° wN) 4%
( (95 *NI) QON® =inN
30Vd 430 SINIT 9§ NVHL JMUO0A G 40 DONILNIM¥d FBNSNI 04 SI SIML D
- 1e NnI= N ozt
2°9T44E*9T449°ET4) LVRYEO4 S207
AS* (M) 93AVS* () 3AVS *GZ0T ANIMd 0&dX
¥°62/ (PIv3AVS = IS
¥620°00' 21/ IEIAVS =S} e |
¥ -I=r 001 2g O11
SIHINT COINI SHIOMIT JNO¥O 9 = UNY 3IINVLISIO 133 °HO 40 NOISUIANG . 3IHID
§101 ININ4 oOT0T
GLI3rg0 ¥393.INX
NNN NOWKOD
NI NOWKWOD
OVH NOWWOD
(006) ¥IAVYS NOWWOD
ANSTIONCHANNNSZLO0NSININX S XURX S NS (006) E3AYSE ,006) 2JAVS4 (1
006) LIAVSS (006) JAVSS {9€*ZTIVE(R2TIQLIINrB0CHIONIT* L1 INSIY NMOWWOD
14dovmx INILNOuBNS

*98°s5°01 2L/710/7%0

02

st

ot

s0

0°2 NOIS¥3IA G30N3IL¥X3 NYMIBOI LHaIVRX  3NILnNONENnS




t

“ON 3zvd

48

(T Nlns e 9120 inng*E°GII0=HIONTT dNCHD 9=es 563 2) L¥NEOS $

(201 IAVSDS (ZWI ¥IAYS e ST AYSES (Tnt) ¥3AVSS (1) IAVSDS (M1 9IAVESS LNINMd

¢ (9°0T4%8= NOIi¥I1IINDV¥nesXD) |
“(X0149°0Td%e= NOII¥IIHIND¥res X6} T L¥NNO4 v
(ZuIBAVSS (TWIFATES {mIZAVS Sy INIBd  OL2
(7% HI1)ivms04 0041
0041 iNlud 062

042 0L 0D ( D *3INoval i1

. (alWet2%L400)%144%0°94%0~3INV S0 LOITE00XS v
..xno.:i.s.»u....*&w.o.ou.oiuuqum«o 19378089 X6) ) LYNEO S L 4
(2N SAVSLO (NI TIAVSS (Ti SAVS I {IMIECIAVSS () IATSLL (MICIAVESE ININd
{ounediley
o HAONIT IWO0deox6~ (XIl0auMetLilite=  HIONTT IYI0JetX03TIAVKNOS 2

HAONFI*WioNT VO uiondT12 LInlld
0%2 0L GD { O *03° s¥M) 41
2ele2]
{+le1}
€s nelimg o000t 00 ooOSt
Zrundy
Tomsn
y=lexnn 092
go0st 04 0P
2oum2u
1ox=Tw
I® NHNe (T-3) sy 082
(o (HILIANIIVIN B3d SINITY NOTLNIOSIS INVI4 ToVMIesNees T} L¥WB04 202
202 inNlud 012
092 21 O
. (/7eS35H3T HIONIT WWI0Y HintSlley
Y04 (HILINITVIN 8Id SINITI NOTLATOSTY INVIL 30¥KIe*YGZAINIY LYMNO4 1
HION3TS 1 INIEd
0iZ €L 0B 10 *23° s¥W) J1
X (NI}eIAYS ® (NIIIAVYSD 001
9520°e0*2T ¢ (XRIIEINYS » (12 IAVSL
whin*»In =% 00F7 ©g 006
{i=N)e ¥IN & WINY
Terntie(l=%) ®» wiu 02011
088 04 0O
tTen)e oI = wWhNY
Nelew 8 WY
BIARON FOVY L SANISIWEIE 1! D
0 *03°Svw ¥04 INGIINTYA NOTIVATIIINOYM MiM Ind SINIS3Ud3M X = 0 *3IN® O¥M HO04 D
Q0Il AL 0D (o * 83%°pYs) 42
*°G2/° 1=y
0123rg0 #3IDIAINT
NEH NOMY )
NI NONKOD
DY NINWOI
(0006 ¥IAYS NOMNNOD
ANOSTICHOUIGNNNS 2L008*MINI ¢ XYNX O Me 1000) CIAYSS (0083 ZIAVS ST
0G6) L3AVSe (008D FAYSH (FL42TVIVA{ZUIQLIADNLIENT Y 1 INEIN NONNDD
(008 ) ARYSNS (00623AVSL NOISNIWLQ
L4dbyd INTLNOHENS

‘93°55°01 eL/71e/5%0

oS

s

oe

sC

] 4

g2

o2

st

ot

§0

0°2 MOISHIA CIONZLAD HYNLNOS idétve INILNOOENS




anN3
NENL3Y oot
(@SISNIT MIDHIT T I¥I04 MresGlseY
HOJ{YILINITIIN HID SINIT) NOILININSIL FINFI4 FoFPiIe*X628 MT) LYNNO3 00007
HIONTTI*CO00T INIld ( O °*3n° Syml 47
3NNIANDD  00CT
CesTnmZm $6
. Lolnmim .
: Crny
CA71XRIT" 049X 20092 06X 1%0l0sX2)E) LVNUODS €t
({X201°9494 %27 9Get XT20tat XTI €2 LVANDS 21
(X251 990X 25 a0t AT%036412)E) L ¥ b0 11 06
{4X281°94590 20003 X1%ene s X)L} LYHBOS or
IR 1°949022542e9XT¢ 0300521 €) LYMNLS Y
: ((X2%77G499X240 100 Y 1¢e tat32)1C ) L¥NND 4 v
.on.uuva‘,en.wn_i..o~.-.-..o~‘~uu¢

]
(221190 92y 1]
4 (FESTIIVHIOESII) v isBTTIVe{RI¢ T )Y ¥
{2511ty (9430 b 4
¢ (9€S IIVI(DES IIws(wZe Tiweigls Iy %
_ ${219 1)¥¢{9s L)VeCTinIng
(SEI2II s {62221 Iwd (ES421V W8 {LT22 0y b | 09
. , e(T1r21)ve(5%2liy 4
¢ (SEoTIIvwele2oTINYecEZorLIveclleT])y x
_ S(II*TIIw*(S Iy x
b (SE* TIYe{62* IIVTIC2® 1)vwe(ils l)y
$LT10 JIVWHIGS 1IWO2TINTHG -7
(OCe2IIVe(Q2221 )72 (22%21)¥s {91021}y x
C(0I821Iveive2Iny b4
* (YTATIIVO(RRTIIIVO(Z2o31IVE (9T )Y 1
S(O0T%133wr(nétlldy ¥
_ : S ¢ (egs TIVO(E2Y Iiyt(Z22% 1)Ve (91’ 1)y x oL
; H , 00Te TIws(ve l)ystiinlud
o (ES*ZIIVA(L2°ZT) Vo (T2°2II VS (GI*2TIwe (620 ¥t (€21 Y t
i ¢ (CReTTIIVI(LZOTIIIVALTIZ2oTivsisisT1TivsasiT)yrilrIdY 1
¢ (CE¢ TIVSILZT* T3¥e(12% 1)ve(Sie Iiye(as TIwl(E” I1lveolinlyg
(ZEIZI)V* (9223 Iv (02 2T v (@102 ivs(@*2TIvt 27201y 1 9
¢ (2C*TIIVH(929TLIVO(OToYIIvatelsTldveigetTsveiZeT)yY ¢
¢ (2EF ZIVS(92¢ Z)yYt (02 TIWeivls Tiws(@es [)yt{2% Ilyep INJud
(IE*210 v (S22 16T 21D ¥ {ETo2 T w92 ivo T2y t
S (TEOTIIVO(SZHTIIVA(OTISTIIVHILTISI I vaq oI IysilsI}Y ¢
*  (Tge TIVe(S2e Tyt t(oT¢ [Iys(gls Tlygscle S3ws(lt I3yem SNlbd 09
tex
-xﬁoﬂlooxc.ONlo.uo.oatn-xe-c@l‘-xo.‘mlo.néoOOOO-uh-ow-.nwgnM»HHﬂOM 1
u
t(X020a4N0N0R X002 C) LVREDY 9
9 injug 113
(0 (°NIes*v°Q %) HMgtE®Dito=iLENTY JNOUD S~ tXS b ¢

2 0N d9ve *95°55°01 21710750 0°2Z ®OISWIA O30NILXT Hvole0d  Ludbyd 3INIINOEENS




0LETONID an3
09€ION3ID NENL3Y
66666 sSHION3D

IINILKOD ov

0SCIONID *6066 ={NVIEIAVS o

O0¢ETONIO *E568 = (NN} S3IAVS
*99Le (WN)IAVS B [NW)PIAVS

I INImNY 09 00 55

YInmuNNe dnene2s]}
TesNaNe TR €
SS oL 09 (T1=*3Nn"Dyn! 41
BIBMANSER]Y
Tsini
0tIETONID (XX} 1SSINOm X)) IAVS ug
Te 2XT=XTIHRXY ot
de2loni® BIBKNINGLXInXYY 06 DO
08210N39 TeZ2X Imax)
0L210N30 (XX 2553ND & (¥V) 3AeS oY
092T0N3D XV=1e2x Imx%]
osZToN3O 2X1*1e¥Y O 0Q 62
04210N39 . 1=2%70 137 & u3EMAN St
BIBMNAN & OJLVUINID SNOTLvwDISINOYM 4D ¥WIR«4NN TI¥104 D
022toN3O INNTLNOD ot
Gt O1 09 ¢ NImx *37* (251)2583N9D) 41
(L0087 1) 002/ (T-2X NI 2SS3ND8(2X N 2SSIND o2
INA wNMININ FHL 0L Wm0 BNICD D
061T0N3O D0E*2 =2x1 0f up
0eTIONZY 10° w(1)2553n9 aZ
o0gtT10r/320 NNTLANED v2
&2 01 CP (xymx *30° (1Y ISSIN®) 47 st

12L00H/°1)ee*2e(1=1XTi 15S3IND a{IXT} ISS3ND
wuAMITYw Fel 01 &N gNILD D

TTON3O OuEe2six 02 00

T1toNZO 10°m (1316830
10°® 38 ©) Nauvi NOILvyINID 3wl 6Ds INIOM OSxILyvLS D ot

Qid3Ireo wiID3INT

NN KO0

NI MOWPDD

O¥N NOnKOD
(G06) ¢IAAYS NONKOD S0

ANATIONSEIENNN*TLO0H*HIMKS XVMES YO (DO6) CIRYS {DOS) ZIAY5 (]

006 13AVS* (006} FAVS (SCOPTIVS (211042 ANRIBHITI*LINEBY wINROD

(OGVITSSINGS (0593 ISSIND NBISNIF1I0

00TION3O uINIP INT INOHENS

 { *ON FeVvd *g95°65° 01 ZL/to/s%0 0°2 MGIS¥IA OIANIAYI Nwyiuod ¥3x30 3INILNOUANS




ol

099100VN ON3
OEYIOOVN NgNLdY
024T00YN CINNIIAYSS™H9) /%L & (INSIN

Ilehe(T=N} sNN

QLI3rEd n3D3iIn]

KB NOmx0D

NI NOPROD

oYM NOWK0D

10C6) ¥IAYS NOWFUD
ANCTIONONIGUNNTZLOOMONINX S XTI %S {008) EJAYSS (D06) 2IAVS S (

006} LIAYSE (0006} SAVS (9C*ZTI ¥ (ZLIOIDILPOIMIONT T L MISIH NOWNDD
00¥TO00YN AZINOYM 3INIINOEENS
*98°gs"01 aLstlorso G2 NOISUIA OIANILEI NEUIEOS ASINDSH

o1

$0

INiincaeng




NOLTK 72-18

APPENDIX C (DATA REDUCTION TABLES)
SECTION (A)

NOMINAL DIMENSIONS OF RESOLVING
POWER TEST TARGETS
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RESOLVING POWER DATA TABLES FOR SPECIFIC
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