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[1] How Do Pictures Get Taken: Lensed and Lensless Cameras

Why is it that a camera can capture an image of a subject? This is
because light from a point on the subject comes straight at you and leaves
a single trace of light on the sensor of the camera (or a film in an analog
camera). Light that comes from anywhere on the subject leaves a trace of
light on the sensor that corresponds to points on the subject, and when all
of these traces of light are combined together, they form the image of the
subject.

But all the rays of light from a point on the subject are not just coming
straight at you, they are coming out in all directions. If all of these rays were
to come together on the sensor, they would leave traces everywhere on the
sensor, from all points on the subject, and there would be no distinction
between them, so no image would be created.

This is why lenses, pinholes, zone plates, etc. come into play. All of these
elements are capable of showing light emitted from a single point as a single
point. Here is a brief explanation of them.

A pinhole is a small hole created to allow the sensor to sense only a
small portion of the light rays emitted from a point on the subject in various
directions. Since it is a very small hole, a ray of light from another point on
the subject will pass through the pinhole and arrive at another point on the
sensor. In this way, the starting point of the light on the subject is almost
one-to-one related to the light trace on the sensor, resulting in an image of
the subject on the sensor (Fig. 1-1).

In this way, a pinhole can be used to take a picture, but since the hole
through which the light beam passes is very small, the amount of light that
forms an image is small and it takes a long time to take a picture. So, let's
consider to widen the hole of the pinhole so that more of the light rays that
come from one point on the subject and go toward the sensor can be used
without much waste. If we simply make the hole bigger, the light that passes
away from the center of the hole will move further and further away as it
travels, creating only a blurry point image.

By using the refractive property of transparent objects such as glass, it is
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possible to make all light entering anywhere on the glass will be focused on
a single point by adjusting the shape of the surface of a glass circle, which is
larger than a pinhole. This is a lens. By using this lens, we can concentrate a
lot of light into a single point on the sensor and take a picture in a short time
(Fig. 1-2).

In contrast to a camera that uses a lens, a camera that does not use a
lens, such as a pinhole camera, is called a lensless camera. So, is a pinhole
camera the only lensless camera? In fact, a zone plate camera is also one
of the lensless cameras. Lenses use the property of transparent materials
such as glass to refract light, while zone plates use the phenomenon of
diffraction, which is caused by the shape of the holes through which light
passes, rather than the property of transparent materials. Diffraction is a
phenomenon in which a ray of light passing through a narrow gap bends at
a large angle, while the opposite is true at a smaller angle (Fig. 1-3).

The basic zone plate, the Fresnel zone plate, is shaped like a bow target,
as depicted in the lower left of Fig. 1-4. In this pattern all the concentric
transparent and opaque zones are made to have the same area. In this way,
as the outer zone with a longer circumference becomes narrower, so as
shown in Fig. 1-3, light passing through the outer narrow transparent zone
bends largely and light passing through the inner transparent zone bends
only slightly. Therefore, the light rays passing through all the zones can be
made to converge at one point (focal point), so the zone plate is lensless but
works like a lens to collect light.

[2] Features of Lensless Photography

The main feature of the lensless photography is that it can be used for all
kinds of electromagnetic waves including visible light (radio waves, infrared
rays, ultraviolet rays, X-rays, and gamma rays) because it can be made so
that there is no material where the light passes through. In fact, this feature
is being used in research and development for a variety of purposes. In
addition, lenses have various aberrations derived from the materials they are
made of, and the absence of these aberrations is one of their features.
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1) Pinhole Photography

The role of a pinhole is only to select the light to create an image, not to
converge the light, so the farther the light travels, the more it spreads out
and the less clear the image becomes (Fig. 2-1). This can be a disadvantage,
but it can also be an advantage, as it allows the photographer to take softer
pictures that are more true to his or her feeling. However, if the pinhole
is smaller than a certain size, which is determined by the distance to the
sensor, the image will be blurred. A smaller hole also means less light
coming in, which means a longer exposure time is required.

2) Zone Plate Photography

Although it is the same lensless system, the zone plate is characterized
by existence of the focusing ability. Starting from a point on the subject, the
light passing through the zone plate is focused on a single point, resulting in
a clear picture (Fig. 2-2).

However, the light that has passed through the zone plate includes light
that travels straight like a pinhole. This straight light works the same as the
straight light from a "giant pinhole with the size of the entire zone plate’, so
it creates an extremely unclear image on the sensor. This is the cause of the
"halo" around a bright subject and the "haze" that covers the entire photo,
creating the appearance of a zone plate photograph and also making the
photo blurry (Fig. 2-3).

For this reason, when comparing pinhole and zone plate images of the
same subject, the pinhole image appears to be clearer at first glance, but a
closer look reveals that the zone plate image is clearer (Figs. 2-4 and 2-5).

Other characteristics of the zone plate are as follows.

@ It is extremely bright compared to pinholes, so you can shoot at a high
shutter speed.

(@ Depending on the wavelength distribution of the incident light, the
background may be darker than it is visible (Fig. 2-6), and bright colors
often become vivid and transparent (Fig. 2-7).
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3 Unlike a pinhole, a zone plate has a focal point, so you can take macro
photos by adjusting the distance to the subject and the distance to the
sensor. Also, if you use a zone plate with a long focal length, you can take
telephoto photos. However, this is not possible with this turret alone.

3) Various zone plates

Compared to a pinhole, a zone plate has a more complex shape. There are
various types of zone plates with different shapes. The turret has a "photon
sieve" and an "square zone plate". A photon sieve has many small transparent
holes instead of transparent zones of the Fresnel zone plate, and a square
zone plate is made by superimposing orthogonally two "one-dimensional
zone plates" that satisfy the convergence condition only in the horizontal and
vertical directions, with some modification. It has many characteristics, but
for example, by using a square zone plate, you can take a picture as if you
had taken it by a camera with a cross filter.

[3] The History of Lensless Photography

1) Pinhole Photography

The history of photography is the history of "depicting an image" and
"recording an image”. Although the technology to record images was not
realized until the first half of the 19th century, the history of "image creation”
can be thought of as the history of pinholes, and the history of "creating
images" goes back a long time ago.

The oldest recorded pinhole phenomenon is the Chinese Mozi, in the 5th
century BC., and in the West it dates back to the Greek Aristotle’s books of
the 4th century BC.

Later, in the 10th century, the pinhole phenomenon was studied in detail
by Alhazen of Arabia, and based on his research, during the European
Renaissance, it was used as a tool for perspective painting and astronomical
observation under the name of camera obscura (dark room). However, for
practical use, lenses were already widely used instead of pinholes in these
days.
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In the Orient, there are several records of the pinhole phenomenon in
China since Mozi.

In Japan, knowledge of the pinhole phenomenon came from China during
the Edo period. It is famous that the pinhole phenomenon appears in a print
(Fig. 3-1) called “Saiana no Fuji (Mt.Fuji depicted by knothole)* in “Fugaku
Hyakkei (One Hundred Views of Mt. Fuji) by Hokusai Katsushika. Also, in the
book “Kage to Hinata no Chinmon-Zui (Yin and Yang Crest Encyclopedia) “
by Bakin Takizawa, there is a print of a pinhole phenomenon created by light
coming from a knothole, which is also described in detail in the text.

2) Zone Plate Photography

Diffraction phenomenon, which is the principle of zone plate photography,
is the cause of "halo", “light ring" and "Brocken specter" that are often seen
in nature. However, the zone plate itself, which is made up of concentric
transparent and opaque zones, is an artificial object with a much more
complex shape than a pinhole which is just a round hole, so it is unlikely
that an image of a zone plate would look as natural as an image of a pinhole.

The first paper on the zone plate as an optical element was published by
J.L.Sorét in a scientific journal in 1875. However, there is a record that the
famous physicist and Nobel laureate Lord Rayleigh (3rd Baron Rayleigh)
had invented the zone plate before Sorét, although he did not publish in a
scientific journal, so these two names are often mentioned as the inventors
of the zone plate.

At the time the zone plate was invented, it was studied and photographed
by R.W. Wood, a physicist who has done much work in the fields of basic
optics and photographic optics. After Wood's zone plate photography, the
topic of zone plate photography did not come up much for more than half a
century, but in the latter half of the 20th century, it began to attract attention
as a form of photographic art.

In the days of film cameras, only the softness of zone plate photography
was emphasized, and it was not easy to control it, so it was not expected to
expand greatly. In the digital age, however, it has become easier to do so,
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and we can expect further development in this area.

[4] The Future of Lensless Cameras

We have learned that pinhole photography is the origin of photography,
and that lensless photography has the potential to create beautiful, artistic
photographs. But does this mean that lensless cameras have no place in the
development of new camera technology? No, not at all. Lensless cameras
still have a lot of potential. Let's talk about just one of them here as an
example.

Consider taking a picture with multiple pinholes. Figure 4-1 shows a
picture of a dinosaur taken with a camera with four pinholes. The four
slightly different images are superimposed on the sensor, resulting in a very
blurry picture of the dinosaur. There is nothing we can do as it is, but if we
can separate these four dinosaur images, we can get a clear dinosaur image.
Moreover, since the four images are dinosaur images viewed from slightly
different angles, they contain the three-dimensional data that is the basis of
the three-dimensional photograph. If we could increase the number of places
where light passes through and mathematically reverse-transform the image,
we could easily record information about the subject in three-dimensional
space with more accuracy. You may wonder how this is possible, but with
the use of specially arranged elements with multiple transparent parts (coded
apertures), it is possible to perform such operations computationally. In
particular, the coded aperture, which is similar to a zone plate, is expected to
be commercialized as a high-performance camera without using a lens.

On the other hand, there are various types of zone plates, examples of
which are shown in Fig. 4-2.

In this way, lensless cameras are not a thing of the past, but are
considered to be cutting-edge devices that will always open up the future of
photography technology, and it seems that there are still many situations in
which they will play an active role.
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- Figure Captions -
Figure 1-1: How an image is created by a pinhole
The lower left figure shows the size of the pinhole that produces the clearest
image when the distance to the image is about 50mm. However, since the
distance to the image is different from the focal length, this size is not so
exact.
Figure 1-2: How an image is created by a lens
The light toward the periphery of the lens is also bent and gathered, resulting
in a bright and clear image.
Figure 1-3: How the diffracted light bends
When light shines on a plate lined with gaps, it bends more in the narrower
gaps and less in the wider ones. This is the principle of the zone plate.
Figure 1-4: How an image is created by a zone plate
Due to the diffraction phenomenon, light is gathered at one point like a lens,
S0 a bright and clear image can be obtained. The lower left figure shows
the actual size of a zone plate with a focal length of 50 mm and a number of
zones of 9.
Figure 2-1: Why pinhole photos are so soft
Pinholes do not converge light, so light emitted from a single point on the
subject spreads out as it travels farther, turning the image of the "point" light
source into a large circle.
Figure 2-2: Light gathered at a focus by a zone plate
As there is a focus in the case of a zone plate, the light from a point is
focused on a point on the sensor, but the image of the point becomes larger
when the sensor is moved forward or backward.
Figure 2-3: Halo and haze in zone plate photo
In the place of the bright subject image on the sensor, the clear image due to
the converged light by the zone plate can be seen in the unclear image (halo)
due to the straight light. The distance from the zone plate to the sensor is
very short compared to the distance to the subject, so the width of the "halo"
is about the same as the radius of the zone plate itself on the sensor. Where
there is no bright subject, effect of the straight light becomes "haze" and
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creates a soft-looking photo overall.

Figure 2-4: Comparison of zone plate photo and pinhole photo (1)

Left: Zone plate photo, Right: Pinhole photo; The pinhole photo gives a
sharper impression.

Figure 2-5: Comparison of zone plate photo and pinhole photo (2)

This is just an enlargement of the photo in Fig, 2-4, but you can see that the
zone plate photo is sharper (e.g., building windows, cherry blossoms).
Figure 2-6: Difference in brightness in zone plate photographs

With zone plate photography, the brightness of bright and dark areas
changes drastically depending on the light conditions, and you can take a
picture in which the subject appears vividly on a dark background.

Figure 2-7: Vividness with transparency.

With zone plate photography, depending on the light conditions, you can
take pictures that are more vivid and transparent than you can see with your
eyes.

Figure 3-1: Saiana no Fuji (Mt.Fuji depicted by light through knothole)

This is a print of the pinhole phenomenon in Hokusai Katsushika's print
collection "Fugaku Hyakkei (One Hundred Views of Mt.Fuji)”.

Figure 4-1: Image with multiple pinholes

This is a shot of a dinosaur with a pinhole camera consisting of four
pinholes.

Figure 4-2: Examples of various kind of zone plate patterns

There are many zone plates with different numbers of zones and shapes,
but all of them form images by diffraction phenomenon. Depending on the
number of zones and the shape of the zone plate, it is possible to capture
images with different characteristics. Examples of the four types of zone
plates are shown here
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- JPPS -
Japan Pinhole Photographic Society (JPPS)

Japan Pinhole Photographic Society is an association both for beginners
who have a simple question and interest, "Is it really possible to take
a picture with only a hole made by a needle?" as well as for advanced
photographers who seek "artistic expression" through the exploration of the
principles, history, theories, techniques, and other developmental processes
of the pinhole photography. We would like to be a useful association to
all people who are interested in the pinhole photography, by sharing our
wisdom and exchanging information with each other through various events
and our website.

The purpose of this association is to introduce the appeal of pinhole
photography and to have as many people as possible to experience the
beauty of pinhole photography. No previous experience with pinhole
photography is necessary. There is no need to have any knowledge or skills
in photography. Whether you are familiar with pinhole photography or would
like to try it out, please feel free to join us.

[Enrollment procedure]

From the website of the Japan Pinhole Photographic Association (URL
below), click

"Join / Unsubscribe" and then "Apply for Membership" to check the details.

http://jpps.jp/web/index.html
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