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General Information on Infrared Photography Techniques used on the Telegrafenberg

Why the Telegrafenberg?

The main reason for the photographies is, of course, I am working here, and, I have some interest in infrared
(IR) photography. For already about 150 years the Telegrafenberg in Potsdam is a place for science with
disciplines such as geodesy, meteorology, geomagnetism, and astrophysics, to mention only just some of
them. On the one hand, the constructions of many buildings are very special, on the other hand, their
architectures represent different stylistic eras. The multifaceted and highly specialized architectures
concentrated at a comparatively small area offer numerous motifs, especially for IR photography. Since the
buildings are sited within a park landscape with many trees they are especially suitable for IR photography.
The historical buildings from the late 19" and early 20™ century first came into focus of my interest, but also
the new buildings from the late 20™ and the 21* century (GFZ and PIK), as well as other special objects on
the campus offer interesting IR perspectives.

What range of light is imaged?

Images shown here do not represent thermographic photography. Instead, the images show reflected light in
the so-called 'near-Infrared' range of light, emitted by the sun. Thus, this kind of infrared photography is
mostly restricted to sunny weather. The term near-infrared is used because this part of the spectrum directly

extends the range of light visible to the human eye, stretching from ~380 nm (violet) to ~720 nm (red).
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Fig.1: Schematic distribution of the human's eye colour sensitivity for red, green, and blue, together with the principle
pass-through properties of an ultra-violet infrared blocking filter, as mounted in digital cameras (dashed black curve), and

a 715 nm infrared filter (solid black line). The pinkish area indicates the signal available for the 'residual' infrared
photography. UV = ultraviolet, IR = infrared.

How does digital Infrared (IR) Photography work?

Any usual digital camera is more or less sensitive to infrared light. This can be easily tested by pointing an
infrared remote control to the camera. In the area of the transmitting optics of the remote control a white spot
becomes visible in the image shown by the camera, either on the monitor screen or in the electronic (!)
viewfinder. Thus, the image to be inspected must come directly from the camera's sensor. Therefore,
compact cameras or mirror-less system cameras have a direct advantage over digital single lens reflex
(DSLR) cameras. These have to be operated in the 'life'-mode, that is, the mirror is turned up, the shutter is

opened, and the image thus is inspected only with the DSLR's monitor screen. If this is possible at all. A
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view into the optical viewfinder and through the lens with an infrared filter in front is restricted to the
capabilities of the human eye, that can't see infrared.

Actually, sensors of digital cameras are sensitive from ultraviolet (from ~200 nm) to infrared (~1100 nm).
But, in each camera the sensor (the CCD or CMOS chip) is covered by a turquoise ultraviolet and infrared
blocking-filter. Otherwise, colours visible to the human eye would be blurred. In some cameras this filter
can be turned away. This option is mainly intended for night shots, together with an extra IR illumination, in
order to, e.g., take images of animals that should not be disturbed. Some IR enthusiasts get their camera
adapted to IR by a company, or even manage that by themselves. One option is to replace the IR blocking-
filter by clear glass. Then, an IR blocking-filter has to be used in front of the lens for normal photography
and an IR (pass-through) filter for IR photography. Thus, the camera keeps its normal capabilities. Another
option is to replace the IR blocking-filter by an IR (pass-through) filter. The camera then is a pure IR camera.
Both options lead to an IR sensitivity comparable to a normal camera in the visible range of light. This
means, under sunny conditions, images can be taken with ISO 100, an aperture of 5.6 and an exposure time
of 1/125 s. Taking a 'normal' camera, because of the opposite effects of the IR blocking-filter of the sensor
and the IR filter in front of the lens (Fig. 1), depending on how much IR light is then passing through, a
setting with ISO 600 to 1000, aperture 2.0, and exposure times of 1 to 10 s has to be taken. Since by this
technique only a small portion of the potentially available light, even at reduced sensitivity can be used, the
term 'residual' IR photography should be used. Due to the long exposure times a tripod is a must. Also only
low wind speeds or even still air conditions would be desired for taking useful IR images of vegetation. On

the other hand, motion blurring of plants shaken by wind might be used explicitly as a stylistic element.

What subjects are especially suitable for digital IR Photography?

Fig. 2: Building A32 in taken natural light (a), with infrared-filter (b), the same scene but with white balance on the
vegetation (c), and after contrast-optimization using digital image processing (d).

Vegetation is perfectly reflecting IR light. When an IR filter is put in front of the lens of a normal digital
camera, vegetation is imaged in bright red (Fig. 2b), whereas other objects appear in more or less dark red
hues. Therefore, in a first step, a white balance correction has to be performed by pointing the camera onto
vegetation, such as a sun-lit lawn. Then, vegetation is imaged in shiny white while other objects appear
(dark) brownish (Fig. 2c). Some sophisticated cameras then offer further corrections in the color space. The
image then can be further contrast-optimized using digital image processing (Fig. 2d). Motifs with deciduous

trees, ivy or grass are especially appealing, while conifers reflect much less IR light, and therefore, appear
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only in a pale grey. The colour of leaves of deciduous trees does not play a major role. Even the deep purple
leaves of copper beeches appear in white, similar to the (light-) greenish leaves of oaks or poplar trees (Fig.
3). The (bright) blue sky turns dark brown in IR images, giving the IR images a nocturnal or even surreal
character. Bronze sculptures, even when covered with a light greenish patina don't reflect IR light, thus
appearing almost black. The same is valid also for the water surface of ponds. Stone sculptures as well as
stonefronts of buildings are visible in IR light, but sometimes not very bright. Thus, a composition of

architecture together with vegetation is a favoured IR motif.

e

Fig. 3: Image of a copper beech in natural light (left) and in infrared (right, in black&white, mirrored). The deep purple
leaves of this tree appears almost as bright as the light green of the leaves of other trees in the background or the lawn
in the foreground. In contrast, the sky appears very dark (grey).

What technology was used?

From 2004 on, first images were taken with a compact camera equipped with a 3.2 megapixel sensor (2048 x
1536 pixels on a 5.8 x 4.3 mm small CCD chip, pixelpitch 2.8 um) and a 10-fold zoom lens (6.3 to 63 mm
focal length, equivalent to 38 to 380 mm focal length of a 35 mm camera). The maximum aperture was 2.8
(wide-angle) to 3.7 (tele). According to the small sensor size and its lower sensitivity, IR images obtained
with this camera are of restricted quality, but nonetheless, they are somehow appealing.

From 2012 on, images were taken with a mirror-less (Micro Four Thirds) system camera equipped with a 16
megapixel sensor (4592 x 3448 pixels on a 17.3 x 13.0 mm large CMOS chip, pixelpitch 3.7 um), together
with a 3-fold zoom lens (14 to 42 mm focal length, equivalent to 28 to 84 mm focal length of a 35 mm
camera). The maximum aperture was 3.5 (wide-angle) to 5.6 (tele). In 2013 a high-quality fast wide-angle
lens (2.0, 12 mm) was bought, yielding the best images.

What steps in image processing were required?

The dynamic range in the brightness of 'colors' obtained by residual IR photography (see Fi.g 1), as
performed here, is often restricted. Therefore, using the open source image processing software 'gimp' (GNU
image manipulating program), the dynamic range was optimized by setting the brightest shades to white and
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the darkest shades to black. Thus, the images in total got more contrast. Sometimes, in order to give a more
dramatic expression to the images, bright hues got further brightened and/or darker hues got further
darkened. Depending on the image, corrections were then done separately for red, green, and blue (see Figs.
2c and d). According to the IR optical properties of the camera's sensor and used lens, either a color
(de)saturation was applied to the images, here also in total or again separately for red, green, and blue.
Depending on the quality of the camera's sensor (pixel density) as well as on the optical properties of the
lens, a digital sharpening was also applied to the images. Many images were taken either with a wide-angle
lens or the wide-angle setting of the zoom lens. Therefore, images of architecture are often perspectively
distorted when the camera had to be tilted up in order to obtain an image of a complete building. This was
then also corrected by software. Some people don't like the brownish sky in IR images and flip color
channels. Then a blue sky can be obtained again and the images get a kind of winterly expression (Fig. 4).
However, such corrections were only applied to a few images from the Telegrafenberg. Instead, the obtained

'sepia’ hue shall produce the retro-charm of ancient photographies, which appeared to be appropriate for

imaging the predominant historical buildings of the Telegrafenberg.

Fig. 4: Example of an image with colour channel flipping: In the original contrast-optimized IR image (a, left), the colour
channels of red and blue were flipped (b, right). The colour channel-flipped image (b) was underlain to the original image
(a) as a second layer. The 'alpha’ channel was added to the original image, in order to produce transparency when parts
of it are erased. Then, the brownish sky of the original (a) was erased so that the blue sky of the underlying layer with
flipped red and blue became visible (b). The final result is shown in (c, centre).



