13.4.2017 Spurious resolution

Lens resolution is often expressed in terms of line pairs per millimeter [1]. The criterion
used to determine whether the lines of a test chart are resolved can involve an objective
measurement of contrast in the recorded image. Another criterion is subjective and
involves an observer who visually distinguishes dark and bright lines in the image. Either
way, the researcher should be aware of the possibility of spurious resolution. Spurious
resolution is not specifically related to lens aberrations and can occur with microscopic and
macroscopic subjects.

Figure 1 shows a little figure in front of a test chart, photographed with a 100-mm macro
lens used on a 35-mm camera. The scene is captured at four different lens apertures from
f/22, via f/11 and /8, up to f/5.6. With Gromit being in focus, the test chart is
progressively defocused. The f/22 image renders the background in reasonable focus and
reveals a pattern of horizontal stripes on the left side, complemented with a smaller
pattern of just four vertical black stripes in the bottom right of the chart. The upper right-
hand side consists of plain text. At f/11 the background blur has increased, reducing the
contrast between the dark and bright lines. The text is still legible. With a little imagination
the writing is still readable at f/8, but the line pattern has degenerated into a nearly
uniform gray blur. At f/5.6 one expects the background blur to increase even further.

arab Indeed, the text is now blurred beyond recognition. Most surprisingly, however, there is an
apparent restoration of the line pattern. The test chart at f/5.6, which should be—and
factually is—defocused to a greater extent than at f/8, creates an impression of being
resolved. A false impression, which is known as spurious resolution.

£/11§

/22 plain plain

Il

£/8

Hy
e
t
(4]

Figure 1. Gromit in front of a test chart, photographed at four different lens apertures. Spurious
resolution occurs at f/5.6.

Upon closer examination of the f/5.6 photograph it is not just the reemergence of the line
pattern that is curious, it is also subject to phase reversal. Dark lines have become the
brighter ones and vice versa. Although mysterious at first sight, the occurrence of spurious
resolution is readily explained by examining the influence of a uniform blur disk on the light
intensity distribution across the image of a test chart. Figure 2 visualizes what happens
when a pattern of four lines is defocused via a mathematical operation known as a
convolution. Each point of the original target is spread out over a disk with diameter D.
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