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An optical merit function (SQF), which
correlates with subjective image judgments

E. M. Granger and K. N. Cupery

Eastman Kodak Company, Kodak Apparatus Division Research Laboratory,

Rochester, New York 14650

A Subjective Quality Factor (SQF) was de-
veloped as the result of a search for an objec-
tive figure of merit which could be easily cal-
culated and directly measured in practice and
which would correlate with subjective rank
regardless of MTF form. A number of ex-
periments were performed to test the quality
factor for a wide variety of MTF shapes.
These tests included nonsymmetric, two-
dimensional images. The results of the ex-
perimental program were that SQF was able to

I. Introduction

Ever since the introduction of the Optical Transfer
Function (OTF), efforts have been made with
varying success to provide an analytical bridge
between the OTF and a subjective measurement
of image quality. Recently, K. G. Birch! has
provided an excellent review of these efforts. De-
spite extensive work, however, the problem re-
mains that the OTF, which is generally recognized
as one of the most inclusive measures of system
performance, is difficult to use in practical situa-
tions and is not easily related to conventional im-
age attributes. The following work addresses
itself to this problem with the aim of providing
a generally applicable OTF-derived merit func-
tion which is correlated with subjective quality
judgments. This tool provides the system and
design engineer with a practical method of pre-
dicting the subjective quality of an image with
respect to a reference standard.

A quality reference scale commonly in use in the
Kodak Apparatus Division is the Image Sharpness
Scale (ISS) developed by H. F. Rogers.® This
scale is a standard boy and dog scene with several
auxiliary resolution patterns which are reproduc-
ible as a series of thirteen pictures degraded by
successive amounts of defocus (Fig. 1). (Note:
‘The resolution targets were deleted from the scene
for the subjective quality studies reported in this
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predict image quality within normal reader er-
ror and was 0.988 correlated with the measured
data. At present, the quality factor tests have
been limited to physically realizable optical
systems producing grain-free images on black
and white film products and to a range of image
quality defined by an Image Sharpness Scale
(ISS).

DESCRIPTORS: image quality - image eval-
uation - sharpness - optical transfer
function

paper.) The scale represents a useful range of
quality that is of practical interest in most applica-
tions. This quality ranges from the best reason-
able reproduction of the test scene to what is al-
most universally agreed upon as being totally un-
satisfactory quality at the given magnification.
As used, the scale serves as a standard by which
the performance of a product under test may be
specified. The facilities exist, for example, where
a camera under test can be used to photograph
an array of boy and dog scenes, and the resultant
picture may be compared directly with the stan-
dard scale. Thus, a record can be made of product
performance. Additionally, this image quality

FicUre 1. Extremes of quality range covered by the
Image Sharpness Scale. The best quality print is the
best print from a high quality system, which may be
degraded slightly by the halftone reproduction process.
Pictures are reproduced at the size used in the experi-
ments.
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scale allows various personnel to communicate
- ¢ymation about image quality without ever
visaally inspecting the same print. This scale
hss been pseful in specifying quality for all com-
mon lens defects despite the fact that it contains

defocus. However, the scale lacks an OTF
relation which limits its applicability to a product
test situation. Initially, our efforts were devoted
to providing a merit function which would corre-
late subjective quality judgments of the image
standard with the OTF.

At the onset, it is important to note that in all
of our work we have attempted to correlate a specific
OTF-related merit function with a general qual-
ity judgment by our subjective panel. We have
consciously avoided the use of such terms as sharp-
pess and resolution in our subjective testing in-
structions and have attempted to elicit a quality
judgment from the test subjects based upon the
over-all acceptability of the image. The approach,
thus, has not been to see how specific image de-
seriptors correlate with quality but rather to cor-
telate the OTF with an undefined term “quality.”

ly in amateur photographic products,
¥e feel that this general quality measurement is

‘most significant measurement that may be
Made as it is the direct measurement of a customer 8

nce of a hypothetical system. Thus, our
did ns in the subjective testing procedures
of Dot ask for choices or evaluations on the baSl;

Specific image attributes but rather containe
M‘:’bl;lch as: *If you could :feept Oilebépo,,nf

;ure, which picture would you prefer t0 4
:(7% picture was taken by the better c%cl:e-
I8 _ As the boy and dog scene used 1n

Was the result of an extensive search for an

Umg, o, neutral scene, we have U 3
sl Sxclusively in our work, without anialfley

i w‘m- Test samples Jore duscl'ibe

at what a photographer "’°“1£,k esapers
al contrast” on stangafd odak PEET

Provide and verify uniformity i i
b, 3 ‘ y in processing. At

;hfet‘l;fmnl dlst-a:}ces used (30 cm), the gunglarity
Sk Paper or intermediate film emulsions was
s t.himau. e ixl:t ﬁuﬁbh It was not our intention
i“?ﬁ’}"i‘blﬁ& udy various emulsion or procese-

1€ range of conditions studied was limited to
:E:ltc‘l _ly;tems that are physically realizable and
e domg t be encountered in practice. Thus,
reveualno:l consider systems with extreme phase
g de}houzb we have included systems sub-
e T ocus. By making these restrictions
—_ l)l’ confining the range of quality investigated,

Will not have, of course, a universally applicable
sz:tt }f:nchon. We can only agree with Birch!
ext.remel;;_\?;iea of ever achieving such a goal is

We consider agreement to within single reader
eTI'OI‘ (the error made by a typical subject in a sin-
gle rank Judg.ment), to be adequate from a prac-
tical stanfipomt and we have not attempted to
reduce this error by altering weighting functions
or }ntroducmg further mathematical calculations.
This approach is justified, we feel, if it leads to
utility in the application of a merit function.

Il. SQF Definition
A. Basic Calculation

Many workers in the field of image quality de-
fxmtion have noticed that a perceptible difference
in image quality can be obtained by changing either
the scale of the point spread function or the modu-
lation transfer function by 5 to 10%.* This phe-
nomenon of just noticeable difference (JND) being
related to a constant percentage change in the
stimulus has been observed for many neural pro-
cesses. Tasks such as judging weight and loud-
ness of sounds follow this law known as Weber’s
Law. This led us to hypothesize that image
quality might in some way be related to a logarith-
mic spatial frequency weighting of the system OTF.
Specifically, image quality might correlate with
the area under the system OTF on a log spatial
frequency scale.

The quality of a visual image must also be re-
lated to the scale of the image on the retina. The
human visual system has an MTF which peaks
in the region of 10-20 cycles/mm at the retina.
A typical visual system MTF* is shown plotted
vs. log frequency plotted on Fig. 2.

Postulating an arbitrary bandpass nature for
the eye, we have defined limits of integration to

As this represents an approxi-

simulate this effect. "
mation to the true eye response, improvements,
in general, can be made in the correlation between

quality rank and computed rank if the .“true" eye
modulation transfer function is used in the cal-
ality rank. Such improvements

3 f u
cuintion e y less than single reader error

e hO“’eVer' u . M
2; (i are obtained at the sacrifice of convenience

e
ang:::; ]:;: t},,hese observations, a one-dimensional
SQF was initially defined® as the integral of the
system MTF (including lenses and films) between
t{e limits of 10-40 cycles/mm when the MTF has
peen scaled to the retina of the observer by the
magnification of the system, which includes the

eye.
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7(f)

at retina

where 7(f) is the Optical Transfer Function, f is
the spatial frequency, and 1/K is a normalizing
constant obtained by performing the above in-
tegration with r = 1,

There is no reason to limit the considerations to
one-dimensional MTF descriptions, as real images
contain two-dimensional MTF descriptors, a two-
dimensional MTF must be factored into the sys-
tem. In fact, the puzzle really is why so many
quality factors, using only the one-dimensional
MTF, have proven quite successful in predicting
quality rank for two-dimensional image structure.
These successes suggest that the one-dimensional
treatment includes the proper weighting function
to describe the two-dimensional visual properties
of the image. That is, the impression of quality
is obtained by equally weighting information over
all directions.

The SQF value can be obtained for a general
MTF by describing the system MTF in polar co-

ordinates and performing the following integra-
tion:

40
SQF = K f d(log f)
10

40 2x
SQF = K f f |7(£,0)ld(log f)de
10 (1]

where f is the spatial frequency in cycles/mm along
a given azimuth 8 of line structure, and K is the
appropriate normalizing constant as above.

The above formula allows a simple calculation
of the quality of a print which lies within the limits
of the ISS quality range. Several comments are

necessary about the practicality of this restriction

and the role of system magnification in quality
judgments.

Systems which, at a specified magni-
fication, have transfer functions which are essen-
tially unity across the SQF bandpass will both re-
ceive equal SQF evaluations regardless of their
relative performance at very high spatial fre-
quencies. Such systems will, however, both re-
ceive equal subjective evaluations as well. Thus,
it makes little sense to distinguish between such
systems at this magnification. If, however, the
system magnification is changed (e.g., by use of
an eye loupe), differences may be seen in the im-
age as the high frequency portion of the MTF’s
are moved down into the visual passband.

The same rationale is applied at the low fre-
quency side of the SQF band. Here, however,
systems are rejected on the basis of totally unac-
ceptable image quality for most useful applica-
tions. It is characteristic of the SQF system, and
of subjective evaluations, that a quality assess-
ment is not intrinsic to the image itself but only to
the image as viewed at a specified magnification.
For example, a billboard image at close range (e.g.,
1-2 ft) constitutes what would be called an unac-
ceptable quality image while the same image ex-
amined at 300 ft might be described as excellent
quality. Quality, as beauty, is in the eye of the
beholder and the characteristics of the human
visual system must serve as a reference for an ob-
jective quality factor. Systems which lie signiﬁ-
cantly outside the SQF passband at one magnifica-
tion may be brought inside the passband at an-
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FIGURE 3. Log periodic test target.

other magnification. It is important that the

proper system magnification be specified when
calculating the SQF of a system.

B. Log-Periodic Target

One of our objectives was to relate a subjective
scale to a convenient objective measure of image
quality. This could be accomplished by mea-
suring the MTF over the spatial frequency band-
pass defined for SQF. The usual procedures re-
quire accurate mechanical operations, specialized

and expensive test targets and computer reduc-
tion of the data.

To overcome these problems, a new test tarcet

was developed which has the unique property of
being able to directly encode the MTF within lh'i
SQF bandpass. The target is shown in Fig. 3 a1¢
has been called the Log Periodic Target. Tm;
name was derived from the fact that the bar witt

and spacing width of the nth bar and space in ¢
sequence are given by:

log(W.,) = log W, — nC;
where W, and C

- 1 are appropriate constants. _'{h;
main advantages of the test target are that 1

el o At b i)
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Ficurg 4. Calculated spatial frequency spectrum of
log periodic target. The designed passband of the
target lies between 1 and 4 on the spatial frequency scale.
The frequency scale is normalized to 1 for the largest
bar and space fundamental frequency.

aperiodic and that it has an easily reproduced
square wave profile.

The calculated spatial frequency spectrum of
the target is shown on Fig. 4. The important
feature of the spectrum is that within the SQF
passband the spectrum has the desired log fre-
quency spectrum weighting. There is some power
outside the passband contributed by the square
edges of the test target. Under normal testing,
ie, when the lens has quality below SQF = 0.9,
most of this energy is truncated by the lens MTF
vielding nearly the same spectrum as if one had
produced the target with a sinusoidal profile.
Therefore, over the range of interest, the image of
the Log Periodic Target will exhibit modulation
Proportional to the modulation transfer of the
optical system. The principle of operation of this
target is shown in Fig. 5.
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Ficure 6. Example of a preference ratio as an area
under a normal distribution.

I1l. Experimental Program
A. Subjective Quality Scaling

The development of a quality factor implies
that the subjective response to a given set of photo-
graphs can be placed on a scale of image quality.
That is, if we are to develop a mathematical cor-
relate of image quality, we must be able to mea-
sure the subject’s response to a given stimulus.
In this study, we have attempted to correlate the
loose term image quality (the judge’s reaction)
to a physical parameter, the weighted MTF of
the photographic system.

The correlation study requires that we establish
a linear subjective scale and a method of scaling
new stimuli to the ‘‘standard” subjective scale.
The method chosen for our experiments was that
of paired comparison.® This method uses pref-
erence ratios to scale the stimuli. It is assumed
that the panel of judges exhibit a normal error
distribution in determining image quality. The
subjective distance between two stimuli can be
computed from the preference ratios. A prefer-
ence ratio may be represented as the cumulative
area under the normal error distribution from minus
infinity to a finite value of a standardized normal
distribution. The magnitude and sign of the up-
per integration limit is the response difference bet-
ween the two stimuli. Figure 6 illustrates that
a scaling distance of 1 corresponds to a preference
ratio of 0.84.

The calibration of a subjective scale or the de-
termination of the scale value of an unknown print
would require that the print be compared with
all the other prints on the scale. As a result of
the pair comparisons judgment, estimates of the
preference ratios and subjective distances can be
computed for each pair. The scale value of a print
or the set of prints 18 det.;errmned by using a least
square estimation technique developed by Mor-

$ 1
ns(-‘l)eXe problem common to the pair comparison
hod is that in the case where sul'pectwe dis-
s there will be no disagreement
tances are large the e
the judges unless prohibitively large panels
amonsged = i‘n this case, the distance between prints
are :ot be scaled and other methods must be used
g?nmom prints must be added to fill in the gap in
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the response scale. To effectively multiply the
number of judges, we used rank order comparison,
Each judge was asked to rank the print to be scaled
with respect to a rank ordered scale. This pro-
cess led (o a greater judgment dispersion which
then allowed the prints to be scaled.

Both the pair and rank comparison methods
were used to determine the subjective linearity
of the Image Sharpness Scale (without resolution
targets). The results of both scalings are shown
in Fig. 7. The triangle data points were deter-
mined from pair comparison. The smooth curve
and the tolerance bounds were developed using
rank comparisons, These gave consistent answers
within the confidence bounds. The figure also
shows that the current scale can be considered to
be linear. Therefore, the standard sharpness scale
is usable for correlation studies between the sub-
jective quality factor and subjective print rank.
The correspondence between two scales (SQF and
ISS) is defined by Fig. 7.

B. Experimental Test of SQF*

In order to map the region over which the SQF
concept is valid, a number of experiments were
conducted. These consisted first of all of pro-
viding black and white prints of the ISS scene which
had been subjected to a variety of different trans-
fer functions. In addition to simple defocus, trans-
fer functions were used of the types shown in Fig. 8.
The curves used represented the effects of a num-
ber of different films and lens effects and provide
a particularly demanding test of any quality factor
because of the radically different curve shapes rep-
resented by this group of functions. Addition-
ally, results were derived from a laboratory bread-
board of a test fixture which uses the log periodic
test target.

Prints with these transfer functions, scaled in
spatial frequency, were presented to our test panel
for pair comparisons experiments. In most cases,
testing was conducted with Eastman Kodak per-
sonnel at testing booths placed in high traffic cor-
ridors at several different plants in Rochester. In
every case, the subject was asked for a choice only
once on any given day, and each pair was presented
to approximately 30 judges.

Each section that follows describes a different
experiment which was conducted. The results
of all the sections are summarized on Fig. 9. This
plot compares the SQF value predicted on the basis
of the known transfer function with the measured
SQF value obtained from subjective judgments.
Taking all data on Fig. 9, we show a correlation
coefficient of 0.988.

Defocus experiment. The Image Sharpness
Standard was produced by photographing a “boy
and dog” test chart using various amounts of de-
focus. Since the steps of the ISS have been shown
to be linear subjective steps, this gave us a well
calibrated data set which we used in initial tests of
the Subjective Quality Factor.

A. LaVigueur of the Kodak Apparatus Divi-
sion has supplied us with measurements of the
transfer functions characteristic of the 13 steps
of the ISS. To obtain these measurements, sine
wave targets were photographed under the con-
ditions used to generate a set of ISS standards.
Prints from these negatives were then scanned with
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FicUure 7.- Scaling between ISS and JND scale. Con
fidence bounds were obtained from rank comparison

Individual points were determined from pair comparions

a reflection microdensitometer to obtain the trans-
fer function. The SQF evaluations of these prints
were made by direct calculations from the result-
ing transfer functions. The results of these cal-
culations are shown on Fig. 9 as the points la-
beled O.

MODULATION TRANSFER_FACTOR

SPATIAL FREQUENCY

Ficure 8. Examples of transfer functions resulting
fx.'om: A, film adjacency effects; B, Gaussian degrada-
tion; C, centrally obstructed lens aperture; and D, image
contrast degradation.
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Ficuge 9. Summary of correlation between subjectively
measured print quality rank and computed SQF rank.
Discussion of each of the following cases is given in
text. O—simple defocus, C—image contrast loss, G—
Gaussian degradation, S—simulated central obstruction
of lens aperture, K,T—film adjacency effects, A—
astigmatism, E—electronic log periodic test.

Contrast loss experiments. Many situations
arise where an image maintains detail but loses
quality due to a loss in scene contrast. Typical
of this case is photography through atmospheric
haze. The effect of such a bias exposure is inde-
pendent of spatial frequency and acts to uniformly
decrease the modulation in the image, which may be
described by a transfer function of type D on Fig.
8. Inthisexample, an MTF of a diffraction limited
circular aperture optical system is assumed to suf-
fer from a bias light degradation.

The loss of contrast illustrated by the figure can
be simulated by exposing the negative of the boy
and dog target, then removing the negative and
re-exposing the print to a bias light source. The

LIGHT SOURCE

—

L )
“ £ povaTinNg
/ APERTURE
SPACER o
/ r NEGATIVE
-~
</
p’;
PRINT

Fioung 10, Diagram of image simulation apparatus.

total exposure is controlled to maintain a constant
mean density of the print. Prints were produced
by this procedure with bias exposures of 90, 70,
50, 30, and 10% of the total exposure. According
to the SQF hypothesis, the effect on the subjective
quality rating would be a reduction in quality pro-
portional to the per cent bias light; i.e., the addi-
tion of 10% bias would reduce the SQF to 0.9.
The method of pair comparisons was

rank the quality of the contrast print series rela-
tive to the image sharpness standard. Despite
the fact that the degradations are different in na-
ture, the test subjects were able to make reliable
and consistent comparisons between the two sets
of prints. The results of this testing are shown
as points C on Fig. 9. Each pair was presented
to approximately 30 judges and was scaled by the
technique described earlier.

Analog simulation experiments. To provide
a number of photographs subjected to different
transfer functions, an image simulator was con-
structed similar to ones in use in other image quality
studies® and shown schematically in Fig. 10. A test
negative is printed onto paper in a modified print-
ing frame containing a space of known thickness.
By varying the spacer thickness or the distance to
the source, the scale of the point spread function
describing the printing process may be changed.
By altering the shape of the rotating aperture, the
shape of the point spread function may be changed.
The technique has been calibrated by an edge trace
technique to estimate the effects of the Callier
Q-factor and other complications.

In the simulations described below, 2 4 X 5 in.
negative array of boy and dog photographs on a
fine grain emulsion was printed onto a standard
Kodabromide paper. Knowing the transfer func-
tions of the photographic steps and the original
negative, the MTF of the simulation may be ob-
tained from the physical dimension of the ap-
paratus. Two sets of transfer functions were used,
a Gaussian scaled in width (the spatial frequency
at which the MTF drops to 0.6) between 0.4
cycle/mm and 4 cycles/mm, and a skirty transfer
function scaled over the same region of quality.
The skirty function fell more rapidly at low fre-
quency than a Gaussian but contained a much
longer high frequency response. Pictures pro-
duced by such functions are visually characterized
as being low in contrast but high in resolution when
compared to a Gaussian. Figure 11 presents sev-
eral transfer functions of each type.

Prints produced by this simulation technique
were submitted for subjective evaluation against
the sharpness scale. Representative results from
this testing appear as points G (Gaussian) and S
(Skirty) on Fig. 9.

Film adjacency effects. A common phenom-
enon in film products is a nonlinear processing
of the optical image by chemical action at an ex-
posure edge. Therefore, a steep gradient will be
amplified to produce density differences greater
than predicted by large area D-log E character of
the film. This chemical action results in an ampli-
fication in small detail relative to large detail.
This effect can be described to a good approxima-
tion by an MTF curve of the shape shown as curve

A in Fig. 8.

479



|4
L 3
il

FACTOR
2

L
A

MODULATION TRANSFER

CYCLES / wM AT PRINT

Ficure 11. Comparison of --. Gaussian and ——
skirty transfer functions, the skirty functions simulating
the effects of a centrally obstructed lens aperture.

This curve would be measured

sity typical of normal exposure. Since most scene

can be represented as a small signal relative

to the mean exposure level, the MTF can be used

to approximate the nonlinear process. The film

MTF can be cascaded with a lens MTF to yield
a system transfer function.

A series of transparencies which have system
transfer functions shown on Fig. 12 have been made
by the Image Science Laboratory of the Kodak
Research Laboratories.® Since the purpose of
the experiment was to observe the effects of the
chemical development on small areas, the large
area tone reproduction was maintained constant
for all prints.

These transparencies were shown to a panel of
Judges at a variety of viewing distances. Each
transparency was judged for sharpness, and ob-
served scale values were computed by pooling the
judgments and using least square methods to esti-
mate the average subjective scale value. The
results of this scaling are shown as points K and
T of Fig. 9. The points labeled K were observed
at a normal viewing distance; the points labeled
T were observed at a 2-in. viewing distance (mon-
ocularly with the aid of a 5 X magnifying glass),

at the mean den-

transfer

Asymmetric function experi-

ments. So far only symmetric transfer functions
have been considered. The symmetric forms are
easily produced but do not test the angular inte-
gration of the SQF definition. To test the angular
averaging hypothesis of this equation, a series of
prints were produced by a digital image simulation
technique.! The system used incorporates a
specially modified K. S. Paul Scanner for input and
output, with intermediate digital processing to
subject the scanned image to an arbitrary transfer
function. Accurate control may be maintained of
both the tone reproduction and the OTF descrip-
tion, and a wide range of CTF’s may be used which
are not easily developed by analog methods.

In one specific experiment, two sets of printl
were made to simulate an image error which is
similar to astigmatism or smear. The prints
created had the following OTF descriptions:
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Figure 12. Transfer functions of transparencies ex-
hibiting film adjacency effects.

Casel: Small Astigmatic Error
o= {f.f,) = e Q0:2+01TH,Y 3¢

8in(0.4 «f,) sin(0.4xf,)
0.4xf. 0.4x/,

Case 2: Large Astigmatic Error
s = (fuf,) = e~ Q084075807 5

sin(0.4xf,) sin(0.4xf,)
0.4,’,. 0-4",'

where f, and f, are spatial frequencies in cycles/mm
measured at the print. These transfer functions
are shown in Fig. 13. The sine x/x factors take
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cure 14. Schematic diagram of electronic log

periodic test system.

. ccount the sampling effect of the digj imue
;::gr? anh .transfe.r function hag as gittsa 1:;;?1:~
form an elliptical point spread function where the
ratio of the major to minor axis is approximately
9:1 for the better print and 6:1 in the poorer print.
The computed azimuthal average SQF values were
0.80 for Case 1 and 0.62 for Case 2. Thesge values
predict Image Sharpness Standard ratings of 2.7
for Case 1 and 5.3 for Case 2.

The prints were displayed at 10
producing a print cutoff frequenc
on the print. Previous work with scanned images
has shown us that images scanned at thig frequency
do not suffer significant degradation when viewed
at 30 cm despite the fact that the resolution limit
of the eye would traditionally be placed at approxi-
mately 10 cycles/mm under these viewing con-
ditions.

The prints were each ranked by seven judges
and received average rankings vs. the ISS of 2.4
for Case 1 and 5.3 for Case 2. The single reader
error of the ISS is approximately =1 unit leading
to an error of £0.37 in the above rankings. These
results are shown as points A on Fig. 9.

A good approximation to the angular average
is to perform a simple average of the SQF com-
puted in the directions of best and worst response.
One might expect agreement between the -two
techniques since most OTF’s are smooth, continu-
ous functions as a function of angle. In Case 1,

scan lines/mm
y of 5 cycles/mm

the SQF values in best and worst direction were '

calculated as 0.85 for f, and 0.73 for f, leading to
an average ISS prediction of 2.9. For Case 2,
the two SQF values are 0.85 and 0.43 yielding a
Prediction ISS number of 5.0. These results are
Summarized in Table I.

Simulations were also made with the same trans-
fer functions rotated by 90° with nearly identical
results, indicating that the orientation of the astig-

ism was not important. Additional evidence
for this treatment of astigmatism comes from the
electronic test results reported in Section C..

C Electronic Test

.One of the goals in this work has been to pro-
e an OTF -f‘elated merit factor which mayhb:
£3ly measured in an objective manner, Sml:' .
feature 55 essential if this factor is to find applica
non in production or quality control envgrc()irl};
tet.  The general principles of the log perio

= target have been discussed in Section IL.B.

Table 1, Astigmatic Results
SQF Best-worst
Cas_e ‘o)frelglsc“noorj pre?j%’:lon tsel;k:ig:tli‘slg
; g; 2.9 2.4 £0.4
. 5.0 5.3 £0.4

The practical result of this target is the log peri-

odic camera test device under study in our labora-

tory. Figure 14 is a schematic diagram of this

dev.lce._ Along the axis of this device lie: an

oscillating log periodic target, a collimating lens

which images this target to infinity, a dove prism

which allows the image of the target to be rotated,

and the camera to be tested. In the film plane
of the camera is mounted a small pinhole and photo-
transistor. The imaged oscillating log periodic
target sweeps back and forth across the pinhole
and provides an electronic signal proportional to
the luminance profile of the image. The SQF
value is obtained from this signal by an electronic
system which measures the peak height of the sig-
nal from each bright bar in the log periodic target.
These peak values are then summed in a staircase
generator and the resulting sum, properly normal-
ized, is the measured SQF value of the image formed
by the camera lens. This technique provides a
good approximation of the integration required
by the SQF definition. To evaluate astigmatism,
the dove prism is rotated to provide the SQF value
for two perpendicular orientations of the log peri-
odic target image. The simple average of these
two numbers has been found to be entirely ade-
quate for a practical measurement.

Off-axis points may by included in the measure-
ments by systems of beam splitters and mirrors
which will simultaneously present off-axis detec-
tors with images of the oscillating log periodic
reticle. Such a system, which has been constructed
in our laboratory, measures response of a specific
lens system on-axis and at four additional posi-
tionsin the field.

W. T. Deever of our laboratory has con-
ducted a study to establish an experimental cor-
relation between the SQF value predicted from
the log periodic camera test equipment, and the
SQF value derived from a visual evaluation and
the SQF-ISS correlation described earlier. A
number of cameras were measured on the log peri-
odic camera test apparatus. These cameras in-
cluded good cameras, cameras artificially degraded
by defocus, and cameras rejected for manufactur-
ing defects. The same cameras were also used
to photograph the standard boy and dog scene
and the resulting prints were eyaluated VS, th_e
ISS. A typical correlation for this type of experi-
ment is shown in Fig. 15. In this plot, a total of
118 data points are shown of whlqh ap_proxxmately
94 are off-axis points. The off-axis points suffered
from astigmatism in varying amounts and, as in-
dicated earlier, the averaged best and worst direc-
tion responses were taken as the log periodic camera
test evaluation in this case. Each point in the
plot represents an individual reader judgment of
each print and is subject to the variability char-
acteristic of the visual evaluation. The effects
of printing the photographs were found to be small
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SQF via VISUAL EVALUATION
FIGURE 15. Correlation of electronic

] lo riodic test
results with visual evaluations. ihi

(less than one ISS unit) and were factored into
the system calibrations as a uniform degradation.
'I_‘he results given in Fig. 15 exhibit a 0.97 correla-
tion coefficient with a straight line. The residual
error may be explained on the basis of reader error,
calculated on a 5% MTF change required to pro-
fiuce a noticeable difference in the photographic
image.

Results of the visual evaluation are quantized
by the steps of the ISS. Averaging the points at
each level of the ISS yields the points which are
shown as E on Fig. 9. Performing this average
increases the correlation coefficient to 0.996.

IV. Conclusion

The work to date has included a large number of
transfer functions and experimental parameters.
Several important areas, however, yet remain to
be studied. In particular, two photographic ef-
fects, granularity and contrast (gamma), remain
to be entered into the SQF system. It is at this
time our hypothesis, based on preliminary testing,

\ TF CURve

MODULATION
TRANSFER FACTOR

SYSTEM MTF

LOG SPATIAL FREQUENCY

FIGURE 16. Definition of SQF as an area under transfey
function and TF curves.

that a threshold factor curve (TF) may be defined
similar in concept to Threshold Modulation,’? hut
determined subjectively by the quality loss attrib-
utable to granularity. One would expect the
curve to be similar in shape to the curve shown in
Fig. 16 and the SQF value to be the normalized
area between the MTF and the TF curve.

Extensive work with a single scene, a restriction
necessary for a number of experimental reasons,
leaves open to question whether the results derived
are generally applicable to other scemes. Cer-
tainly, unusual cases may be constructed which
will cause any quality factor to fail. The band
nature of SQF makes it fail with scenes containing
no detail whatsoever (e.g., an image of a blank wall)
or unresolved detail. Both of these cases consist
of scenes which have spatial frequency spectrums
lying totally outside the SQF bandpass. These
cases are, however, usually indeterminate in sub-
jective tests as well. We have conducted limited
testing with different scenes and have observed an
effect also observed by Biederman,!* a slight scene
dependent shift for portraits. A comparison of
the subjective ratings of the portrait images with
those of three other scenes, for a variety of modula-
tion transfer functions, shows a 1 JND shift for
the portrait scene and no significant differences
among the results obtained with the other three

scenes. Figure 17 shows reproductions of the four
scenes that were used.

F1Gure 17. Four photographs used in scene dependence study of subjective judgments. The prints used were

approximately 10 X 13 cm and were viewed at 30 cm.
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< int, we can successfully predict the
Af: d,‘:: %ou,uty of a hypothetical system on
-“”"chm of the OTF. Our predictions are re-
the grain-free systems imaging pictorial
stric”® iion to be judged for overall quality. We
lnfozmjconﬁned uroselves to a specified range of qual-
Pt;v ®odu ced by physically realizable imaging sys-
i

tems-

Aclm(,‘,,leclgx:nent is due to many Eastman Kodak

nnel who assisted m the work, not the least
zfe‘:‘;ﬁch were the many individuals who took part
ubjective testing pro'cedure.

special acknowledgment is .due W. T. Deever who
developed 8 new log periodic camera test system
4 upon earlier work by F. W. Behnke and Dr.

A. Warner and to R. L. Shanebrook who super-
vised the generation of the photographic materials

used in this work.
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