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VISUAL QUALITY ASPECTS IN SILVER HALIDE
AND ELECTRONIC IMAGING SYSTEMS

Klaus Biedermann

Department of Physics II and Institute of Optical Research
The Royal Institute of Technology
§-100 44 Stockholm, Sweden

Abstract

Lenses and photographic film have reached a high degree of technological
maturity. The fast development of solid-state image sensor arrays indicates
that electronic imaging systems may enter the field of traditional photo-
graphy. Further development of the two technologies and competition between
them will be based on performance criteria. This review tries to present
recent data, progress and unsettled problems in visual image quality
assessment in AgBr photography, electronic still video photography and
television.

1. Introduction

Applied image science presently faces two challenges: increased quality
consciousness on the part of the consumer and increased competition within
the technology and with alternative technologies. We observe the demand

for quality in the tendency away from sub-35-mm cameras to 35-mm and medium
format cameras. Both, competition and demand for quality, give rise to new
generations of photographic films and lenses, new television sets and dis—
cussions about high-definition television.

The task of an imaging system is to transmit information about an object

to the degree satisfying the demands of the receiver. In technical, medical
and military systems the demands can be more quantitatively specified than
in pictorial imaging. If we define the task as "reproduction as close to
reality as possible", acoustics seems ahead of optics and photography.with
the technology of digital sound recording on audio compact discs. Interest-
ingly, the requirements of the visual system are not inherently higher -
the human brain cannot record more than 10 - 20 bit/sec. But, whereas the
ear gets its stimuli serially (within a bandwidth of about 20 kHz), the

eye wants to choose its stimuli from three-dimensional space, where the
lateral resolution alone is more than 107 points per steradian. Never-
theless, by statistical studies, correlations between physically measurable
values of images and subjective ratings have been established.

2. Criteria for Visual Image Quality

Image quality includes tone reproduction, sharpness, graininess and color
rendition. There are about a dozen notions derived from physically measur-
able values that correlate to these expressions for subjective quality pro-

perties. In this paper, only image quality related to sharpness is treated.

Sharpness-related performance of imaging systems, today, 1s almost exclus—
ively described by the Modulation Transfer Function (MTF). For analysing
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and optimizing an imaging system, the MTF concept has the well-known ad-
vantage that, in a linear system, the MTF of the complete system is obtain-—
ed as the product of the individual MTF's of the links of the transfer
chain. When deriving a criterion for subjective sharpness ratings, the
human receiver as the last link is taken into account by multiplying the
system MIF with a weight function or by assuming a threshold modulation
function. The necessary reduction to a sin§1e value is usually achieved
by an integration over the weighted MTF.!”™ The observation, that the
contents of the scene and the experience of the observer influence the
judgement, results in a variation of the parameters obtained from the re-
gression that leads to the correlation between physical measurements and
judgements,?

In our laboratory it was found earlier® that also the MTF at one spatial
frequency can serve as a simple but useful criterion. The "critical fre-
quency" is, for photographic prints 18 x 24 cm® viewed from a distance of
40 cm, as low as 2 c/mm. Subsequent evaluations, however, showed that the
weight attributed by the visual system to different spatial frequencies
depends on the total spatial frequency range reproduced in the picture.
Fig. 1 gives an example for a very wide range of print MIF's and the non-
linear discrimination curve obtained by regression. The sharpness judge-
ment is linearily correlated to the critical frequency which itself follows
the spatial frequency range present in the picture. A high-quality print

18 x 24 cm? from a b&w negative 24 x 36 mm® has its intersection point at
an MTF value of about 0.57 at v = 2.3 c¢/mm and, hence,is rated 2.5, i.e.
"very good" to "good". The "goodness of fit" of this correlation, expressed
as the rms deviation between sharpness judgement and sharpness predicted
from the MTF is 0.2 scale units. In this scale, a difference of 0.3 units
is detected by 50% of the observers.

=— "good pictures*®
——— ®"acc. pictures®
sm—s== "poor pictures®

as

Sharpness

Fig. 1. MIF curves of photographic b&w prints 18 x 24 cm® and discrimina-

tion curve (experts judging for sharpness). The judgement categories are
"excellent" (<1.5), "very good", "good", "acceptable", "unsatisfactory",
"poor", and "unusable" (>6.5).

3. Photographic Systems

3.1 Photographic Lenses

The performance of the lenses used in today's 35-mm cameras is quite high.
Calculations done with image quality criteria as above show that at moder-
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ate field angles and apertures around £:5,6, lens improvement to diffrac-
tion limited performance would scarcely be noticed in the final print,
even at considerable enlargement.“ Image quality can be improved with
large apertures at large field angles. The largest impairment may result
from blind confidence in depth-of-focus scales. Even camera vibration and
film flatness deficiency may affect image quality noticeably.

3.2 Detectors
Table 1 tries to make a coarse comparison between photographic detectors

based on silver-halide-gelatin systems and on arrays of electronic charge-
coupled devices (CCD).

Ag-Hal Gelatin CCD-_Array
Detector AgBr Si
i size ~ 0.5 um? ~ 200 pm?
o distrib. statistical periodic
pixel size ~ 50 um® ~ 200 pm®
Quantum effic. ~ 17 ~ 30%
Reproduction binary multilevel
Amplification chem.: ~x10° electr.: ~x10"
Phot. sensitivity 100 ASA (10-1000 ASA) ~ 100 ASA
Storage = detector ext.: magnetic
Capacity 18-10°% pix./24x36 mm? ~ 0.4+10° pix/chip

6.6x8.8 mm

Table 1. Order-of-magnitude comparison of photographic detectors

4. Silver Halide Imaging Systems

Most data sheets today describe the performance of photographic films not
only by sensitivity and D-logH-curves but also by a granularity value and
MTF cruves. (Albeit the curves commonly given are not the linear measure

of light diffusion in the layer rather than a nonlinear compound measure

of light diffusion and development effects, which, in addition, are den-

sity-dependent).

Competition and demand for quality have advanced the performance of photo-
graphic emulsions. As usual in mature technologies, improvements are
achieved, in the first place, by careful analysis and refinement of all
components in the system.

One measure which improved image quality of color negative films noticeably
was the incoreoration of development-inhibitor-releasing (DIR) couplers in
the emulsion.’ The main purpose of these couplers is to reduce granularity
by inhibiting clustering of dye clouds around developed silver particles
close to one another and instead developing more grains with a small dye
cloud each. However, development inhibition also leads to edge enhancement
very much in the same way as the well-known adjacency effect obtained with
diluted developer by exhaustion and diffusion. The effect is a very for-
tunaté one for sharpness improvement since it results, in the MTF-like re-
sponse curve, in an enhancement with a maximum at the important low spatial
frequencies (Fig. 2). Image quality calculations predict an improvement in
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sharpness by 0.6 scale units upon transition from curve b. to c. Specta-
cular adjacency effect enhancement of the MTF-like response curve can be
obtained with certain film-developer combinations. With response curves

Fig. 2. Film MTF and MTF-like
curves"”

a. B&W film 16 ASA, 1962
MTE (Agfa Isopan FF)
b. Typical color negative film
100 ASA 1974
Lo (Kodacolor 1II)
d c. Typical color negative film
100 ASA 1983
~ (Kodacolor VR 100)
~ d. High adjacency effect
. combination
\ﬁ\\\ (Kodak Technical Pan 2415
~— developed in POTA)

0.5

V (Cimm)

[
(] 50 100

like d., image quality criteria predict sharpness increase by well more
than one category. However, since these image quality criteria have been
derived from series of low-pass filtered prints, it is not obvious to what
extent pictures will be improved when the combined system MIF is raised
beyond 1. When similar filtering operations are applied to electronic

images, one may observe that unsharpness may be exchanged for edge ringing.

Sharpness enhancement is a field deserving further study.

As mentioned in connection with Fig. 1, a high-quality b&w print 18 x 24
cm? enlarged from a negative 24 x 36 mm? has an MTF value of about 0.57
at v =2.3 c/mm and is rated 2.5, i.e. "very good" to "good".

5. Electronic Imaging Systems
5.1 General

In electronic imaging systems in use today, the electric charges produced
by photon absorption in the detector are read out by a scanning process,
e.g. by an electron beam in a vidicon tube or by charge transfer in a
charge-coupled device (CCD). Unlike a photographic emulsion, an electronic
sensor needs an external storage device. In television systems, the odd
and even numbered lines are scanned in sequence (2 "fields'") and inter-
laced (= | "frame").

The MTF of a discrete detector array is, by purely geometrical arguments,
given in one dimension by
M(V) = sinmwu/mwy

where w is the width of the detector and v is the spatial frequency in
[c/mm]. In the limit, w = 1/vy, the sensor is completely covered by de-
tector elements, then the geometrical MTF will be zero at the sampling
frequency vo, and 0.64 at vo/2. If the spatial frequency spectrum of the
image exceeds vp/2, the Nyquist limit, aliasing effects (Moiré) are ob-
served.®’? Detector width smaller than the spacing, e.g. 0.3 for inter-
line transfer CCDs, extends the geometrical MIF to correspondingly higher
spatial frequencies, but increases also the modulation in the aliasing
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fringes. That discrete arrays do not fulfill the condition of spatial in-
variance, as required for Fourier analysis, is also seen from the fact

that a sine wave pattern 90° out of phase with the sensor spacing gives

an MIF of zero at Vg/2. To desribe the imaging of general objects, a sta-
tistical MTF has been sugges:ed.lo In practice, the MTF of an integrated
image sensor is caused by mainly three phenomena, the geometrical struc—
ture discussed above (sometimes called "pixel MIF"), charge spreading due
to diffusion (at longer wavelengths photons penetrate deeper into the si-
licon, the MTF is decreased), and, in CCDs, charge transfer efficiency.“’l2

5.2 Television

Detail rendition is limited by television standards (625 vertical lines
and 25 frames/s in Europe, and 525 lines and 30 frames/s NTSC standard in
the US). The width:height ratio of the picture is 4:3. Image quality of
cathode ray tubes (CRT) is very actively being pursued now for visual dis-—
play units (VDU) of computer terminals. Figure 3 shows MIF curves obtained
by edge analysis at the center and toward the periphery of a monochrome
computer monitor of screen size 18 x 24 cm®. Due to this size, we can com—

Fig. 3. Horizontal MTF curves of a
monochrome CRT 18 x 24 em?.t?

la at center, lb towards periphery.
Dashed curve: High quality print

18 x 24 cm?® from 35 mm b&w nega-
Lo1 tive. Discrimination curve for
"sharpness' perceived at viewing
distance 40 cm.

2a, 2b MTF curves extrapolated to
1250 lines, 30 MHz, (or angular

MTF

e MTF for 625 lines viewed from 80
cm) .
Spatial freq.
005 1 2 3 4 ¢/mm
umih'cipowfaﬂt{acr. jgood|v. g | excetient =
&5 55 45 35 25 15 Sharpness

pare the CRT image with the photographic prints discussed in Fig. 1; the
MTF of a print and the discrimination curve have been added to the graph.
The curve shows that, by long usage, we have become accustomed to quite
different quality standards in electronic and traditionmal photographic
imaging. Viewing from 80 cm distance would improve the impression of
sharpness by about two categories, still far from the photographic print
seen from 40 cm distance. The same effect might be reached by doubling
the number of TV image elements in both coordinates. A spatial frequency
of 1 ¢/mm in this graph corresponds to 240 cycles or 480 TV lines hor-
izontally.

While these curves may reflect current 625 line standard, Video 8 systems
with CCD cameras of 280 000 to 360 000 picture elements on a chip

6.6x8.8 nm? do not fully use its capacity, whereas suggestions for High
Definition TV (HDIV) aim at, e.g., 1125 lines, 30 MHz bandwidth, and wide
screen aspect ratios of 5:3 to 2:1.1%71% Comparisons gave correspondence
in sharpness impression between about 1000 TV-lines and 35-mm cinema, and
1500 TV-lines and 35-mm reversal slides.
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5.3 5Still Video - Systems

The main parts in the electronic cameras of this new kind are a CCD image
sensor of about 400 000 elements and a magnetic floppy disc of 54 x 60 mm2
for 50 pictures in field mode or 25 pictures in frame mode.!?® Fig. 4
shows samples of pictures taken at the "Photokina" a few days before the
ICPS Conference.

Fig. 4. Hard copies of Still Video color pictures. Partial enlargements,
the bars indicate 1/10 of frame width. Left: Panasonic; flash, frame mode,
thermo printer. Right: Canon; available light, field mode, ink-jet printer.

The Still Video System is matched to existing TV standards and displays
TV image quality. Since, up to now, paper prints of TV pictures, or from
8-mm film, have not been considered, the two levels of detail rendition
discussed in 5.2 had not been generally noticed.

6. Discussion

Image quality should be assessed by means of the MIF. However, for simpli-
fying a comparison, we might make a coarse order-of-magnitude pixel
classification of image presentations:
Million pixels:

5 excellent print 18 x 24 cm?

1iz print 18 x 24 cm? from 35 mm negative, magazine illustration,

High Definition TV,

0.1-0.2: newspaper, TV, Video 8, Super 8 movie, Still Video.

It is obvious that there are large differences in detail discrimination
in different forms of picture presentations. Electronic image sensor
arrays today match the requirements of the lowest class. CCD arrays for
astronomy are already available with 4 million detector elements (and
correspondingly larger area for maintaining sensitivity). We may expect
increasing competition between silver halide and electronic imaging, and,
simultaneously, increasing demands for higher image quality in general.
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Resolution Property of a Digital Radiography with Photostimulable Phosphors

. Measurements of Imaging Plate MTFs

Hiroshi Funrta,* Katsuhiko UeDaA,** and Akiyoshi OHTSUKA*®*

* Department of Electrical Engineering, Gifu National College of Technology, Motosu-gun, Gifu 501-04
** Department of Radiology, Yamaguchi University Hospital, Ube City, Yamaguchi 755
(Received January 31, 1987, in final form May 23, 1987)

For the optimal clinical performance of a digital radiographic system employing storage phosphors
(imaging plates, [Ps), it is important to be able to characterize the basic imaging properties of the sys-
tem. Resolution property of the digital system is one of them. We devised a method to measure the
modulation transfer function (MTF) of imaging plates by utilizing their property of “instantaneously
emitted light™. Conventional slit technique for screen/film systems was used to obtain the MTFs. The
intensity of instantaneously emitted light from a standard type of IP (ST, Fuji Photo Film Co.) was
found to be approximately equal to the light intensity from medium-speed intensifying screens (BH-).
It was found that the MTF of ST was similar to that of medium-speed screen/film (BH-/RX) system,
and also that the MTF of high-resolution type of IP (HR) was superior 10 that of ST but inferior to

that of high-resolution-type screen/film (Hi-mammo/MI-NC) system for mammography.
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Table 1 Relative intensities of instantaneously
emitted light compared to BH-TI
medium-speed intensifying screens.

SCREEN(S) RELATIVE INTENSITY
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HI -MAMMO 0..75
ST 1,12
HR 0.67
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phic effect of the increase of a tube-voltage ripple -rate is the increase of

An appreciable radiogra
TFs and informa-

n of an object. This phenomenon is explained in terms of M

a blur due to the motio
in the radiographic

tion spectra. The advantage of three-phase units compared with single-phase units

image quality is evaluated.
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Fig. 2 An MTF for the motion of an object.
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An arithmetic coding is well known as a powerful and an interesting technique from information
theoretical viewpoints. For the practical use, however, some fundamental problems such as an error
propagation and an adaptive scheme are remained to be settled. In order to apply this technique for
the areas of image data compression, a simplified method for the computation of augend have to be
developed.

In this paper, we present a feasible method by an introduction of a dummy symbol. Since we
choose an occurrence probability of dummy symbol to be very small, we can avoid the loss of a total
performance. A simple simulation study is carried out for the illustration of above method developed

here.
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