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Near-infrared imaging of the twilight sky:
enhanced detection of noctilucent and high-altitude clouds
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As part of efforts to improve the methodology for detecting and monitoring noctilucent clouds (NLCs),
observations of the twilight sky conducted during the summer season of 2025 were analyzed. The
study examines existing approaches to NLC imaging and demonstrates that the information content of
ground-based observations can be significantly enhanced through increased image contrast. To achieve
this, observations were extended from the visible spectral range to the near-infrared (NIR) region using
a modified CANON 1000D camera with enhanced NIR sensitivity and a set of interchangeable optical
filters. For the first time, simultaneous monitoring of the twilight sky was performed using two cameras
operating in different spectral ranges: a modified CANON 1000D in the near infrared and a CANON 2000D
in visible light. Observations carried out from late May to early September 2025 revealed a substantial
increase in image contrast in the NIR region compared with conventional visible-light imaging. The
obtained results demonstrate the advantages of near-infrared observations for the detection and analysis
of noctilucent clouds and other atmospheric phenomena under twilight conditions. The proposed approach
expands the capabilities of ground-based optical monitoring and provides a basis for further development
of observational techniques for upper-atmosphere studies.
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1. Introduction

In standard astronomical research practice, ob-
jects are observed in the dark night sky, with the no-
table exception of solar studies. However, there are
phenomena and objects observed within the twilight
(or auroral) segment of the celestial sphere. Besides
bright celestial bodies such as Venus and Jupiter
(which are the first to appear in the evening sky),
these include, primarily, noctilucent and nacreous
clouds. Occasionally, phenomena such as zodiacal
light and the gegenschein are also attributed to this
category [1-3].

In atmospheric optics and astronomy, twilight re-
fers to strictly defined time intervals after sunset or
before sunrise. During twilight, the solar disk is not
visible above the horizon, yet the celestial sphere is
illuminated by radiation scattered by the atmosphere.
The level of illumination is determined by the alti-
tude of the center of the solar disk, i.e., the angle at
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which the Sun has dipped below the horizon. Based
on the depression angle, twilight is classified into
civil (from 0° to -6°), nautical (from -6° to -12°), and
astronomical (from -12° to -18°). When the Sun dips
below -18°, “astronomical night” begins, at which
point sunlight scattered by the upper atmospheric
layers practically ceases to affect astronomical ob-
servations [4-6].

The part of the celestial sphere illuminated by
solar radiation scattered by overlying atmospheric
layers is called the twilight segment. It is clearly vis-
ible to the naked eye as an arc-shaped bright region
stretched along the azimuth above the point where
the Sun has set below the horizon. It is bounded at
the top by the dark band of the Earth’s shadow and
at the bottom by the horizon line. The altitude of the
upper boundary of the twilight segment changes con-
tinuously, descending in the evening and ascending
in the morning. The formation of the twilight seg-
ment is associated with the scattering of solar rays in
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the upper atmospheric layers (mainly in the strato-
sphere) [4-6]. The twilight segment is observed par-
ticularly distinctly under conditions of minimal dust
and high tropospheric humidity, for example, after
rainy weather. Conversely, its visibility is negatively
affected by lunar illumination (near a full moon) or
bright artificial light sources (urban environments).
Latitudinal and seasonal factors also significantly in-
fluence the duration of twilight [4-6].

The first of the aforementioned objects that stand
out specifically against the background of the twi-
light part of the sky are NLC. Photometric visibil-
ity conditions are exceptionally important for them.
These clouds are completely invisible in the daytime
sky due to their exceptionally low contrast against
the sky background, which is caused by a low aerosol
concentration within them, and consequently, weak
scattering of solar radiation [7, 8]. An exception is
total solar eclipses, during which the background sky
brightness drops sharply so that stars become visible.
It should be noted that the visibility of stars in the sky
is a significant photometric marker of the background
sky brightness required for the visual observation of
NLC. Such conditions occur at the boundary between
civil and nautical twilight; however, with the transi-
tion from nautical to astronomical twilight, the vis-
ibility of NLC sharply deteriorates due to a decrease
in their illumination by solar rays.

As for zodiacal light, caused by the scattering of
solar radiation on interplanetary dust particles, the
conditions for its observation are generally similar
to those characteristics of NLC. However, unlike the
latter, this glow is observed only at a relatively small
angular distance from the Sun, which is explained by
the features of the spatial distribution of the scattering
particles. A phenomenon such as the gegenschein,
due to its extremely low brightness, is observed only
under conditions of astronomical night, unlike zodia-
cal light [6].

Often, objects observed in the twilight segment
are comets. Indeed, as comets approach the Sun, they
rapidly increase their brightness, which reaches its
maximum (in absolute magnitude) near the epoch of
their perihelion passage.

Thus, observations of a variety of celestial ob-
jects and phenomena for which there is expressed
scientific interest are highly relevant within the twi-
light segment region.

2. Features of ground-based registration of
high-altitude clouds

To date, there are two comprehensive approach-
es to obtaining information about the state of NLC
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fields: studying them using orbital spacecraft and
ground-based observations. Despite all the undeni-
able advantages of studying NLC from space (pri-
marily due to the elimination of weather effects),
ground-based methods for investigating them have
not lost their relevance. The reason for this lies not
only in the episodic nature of space missions but
also in the variety of experimental approaches that
can be utilized when studying NLC from the Earth’s
surface. Examples of the most significant scientific
achievements associated with ground-based NLC ob-
servation methods include the development of a mor-
phological classification of cloud forms, estimates of
aerosol microphysical parameters, and conclusions
regarding the relationship between the evolution of
NLC fields and meteorological processes in the tro-
posphere [2, 7-10].

In particular, one of the most important tasks in
studying NLC and their connection to atmospheric
processes is registering the very fact of the presence
of mesospheric clouds at a given time and in a given
location. Such observations are called synoptic, and
they are currently conducted using digital cameras,
often operating in automatic mode. Obtaining data on
the presence (or absence) of NLC allows for a more
precise understanding of the influence of various
physical factors of terrestrial or cosmic origin on the
state of the upper atmosphere [9-14].

As an example of the importance of obtaining
such data, one can point to the operation (since 2004)
in the Northern Hemisphere of a network of digital
automatic cameras for registering NLC and studying
their spatiotemporal dynamics [15]. This network,
called Network of Automatic Photographic Survey
of NLC, includes observation points located along a
latitudinal circle (53—56° N), which allows for com-
parable NLC observations. This creates conditions of
identical illumination of the twilight segment by the
Sun and similar physical conditions in the mesopause
(temperature and wind speed within it depend on
geographic latitude). The first scientific results based
on this network measurements were published in the
work of Dalin et al. [16].

The obtained data made it possible to trace the
propagation of atmospheric planetary waves with pe-
riods of two and five days. Propagating into the re-
gion where NLC can form, they affect the frequency
and brightness of their appearance. Specifically, dur-
ing the 2006 and 2007 seasons, two-day planetary
waves influenced NLC activity to a greater extent
than five-day waves [13]. Furthermore, it was found
that the influence of planetary waves on NLC bright-
ness variations is small, with their average contribu-
tion being 3—5%.
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Naturally, the first and most serious obstacle to
synoptic NLC observations is tropospheric cloudi-
ness, the density of which increases toward the ho-
rizon. However, clouds are not the only hindrance
to NLC registration. The season of NLC fields evo-
lution covers the period from the end of May to
the beginning of August, and in the summer period
the dustiness of the ground layer of air increases
noticeably. Scattering by atmospheric dust aero-
sols significantly reduces the visibility of NLC at
low altitudes above the horizon. Additionally, the
question logically arises of expanding the temporal
window for NLC registration, for instance, mak-
ing it accessible immediately after sunset. This re-
quires reducing the background brightness of the
twilight sky.

Solving this latter task would increase the effi-
ciency of registering not only NLC but also nacre-
ous (stratospheric) clouds, and raise the possibility
of registering other poorly studied forms of high-
altitude clouds.

3. Methodology of IR monitoring of the twi-
light segment

A typical program for synoptic NLC observa-
tions is fairly simple. It involves obtaining a series
of images of the twilight segment with the widest
possible azimuth viewing angle. The need for a wide
field of view is dictated by the potential appearance
of NLC, for example, in the evening from the west to
the north. When using wide-angle optics in manual
mode, a single camera is quite sufficient. For auto-
mated observations with stationary cameras through-
out the night, two cameras will be required. Imag-
ing is conducted from the end of civil twilight in the
evening until its onset in the morning. Usually, these
times are calculated in advance for each day of the
season; however, there are situations when NLC are
clearly visible in the mornings even under civil twi-
light conditions. The interval between shots can vary
from 1 to several minutes.

Typically, digital cameras have a spectral sensi-
tivity maximally approximated to that of the human
eye. In this case, all the aforementioned limitations
on NLC visibility remain valid. In some sources [2],
there are recommendations regarding the use of opti-
cal filters selecting the blue-cyan wavelength region
when taking NLC images. It can be assumed that

these are based on the consideration that NLC aero-
sols most effectively scatter visible radiation specifi-
cally in these colors. Consequently, one might expect
an increase in the contrast of NLC images in the
photographs. However, one should not forget that air
molecules also have maximum scattering efficiency
at the same wavelengths (which, in particular, deter-
mines the color of the sky). For this reason, and due
to the fact that conventional black-and-white photo-
graphic films had a sensitivity peak in blue-cyan rays,
the application of such techniques did not see further
development [2].

It is possible to increase the contrast of NLC im-
ages in twilight segment photographs using another
method. Specifically, by significantly reducing the
sky background brightness. To achieve this, it is suf-
ficient to transition from imaging the sky in the vis-
ible range to photographing in the near-IR spectral
region [17, 18].

Isolating the required wavelength range is not
complicated due to the availability of a wide selec-
tion of good-quality optical light filters. Unfortu-
nately, conventional cameras practically do not de-
tect radiation with a wavelength longer than 750 nm.
This is because camera manufacturers deliberately
restrict the sensitivity range to the visible region to
enhance image sharpness. This is achieved by install-
ing a corresponding glass filter over the surface of the
radiation receiver. Figure 1 presents the wavelength
dependencies of the transmittance for the digital
camera sensor, the glass light filter in front of it, and
the camera lens.

As can be seen, the transmittance of the glass
filter in front of the sensor excludes the entry of ra-
diation with a wavelength longer than 740 nm, de-
spite the sensor itself possessing good sensitivity in
the region up to 1000 nm. The residual sensitivity of
cameras in the near-IR spectral region requires ex-
posures of several seconds under daylight conditions
and no less than 5 minutes under twilight conditions
[17, 18]. Such long exposures are unacceptable for
implementing the NLC monitoring task.

The sensitivity of a digital camera to IR radiation
can be significantly increased (by 2-3 orders of mag-
nitude) by removing the aforementioned light filter.
This was done for the CANON 1000D camera [17]
in the in a specialized optical workshop. The general
view of the camera and its schematic diagram are
shown in Figure 2.
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Figure 1. Wavelength dependence of the light transmittance for:
a) the digital camera sensor; b) the camera’s glass light filter; c) the camera lens.
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Figure 2. General view of the CANON 1000D camera and its schematic diagram [19]
The light filter is removed when the camera is modified.

Test shots using RG780, RG830, and RG850 IR
filters (where the numbers indicate the start of the
transmission band in nm) confirmed a hundredfold
increase in camera sensitivity under identical aper-
ture settings and specified sensor sensitivity.

The overall goal of monitoring the twilight seg-
ment was to compare the quality and information
content of sky images in the visible and near-IR spec-
tral regions (RG850 filter), as well as to conduct a
general analysis of NLC registration efficiency in the
IR spectral region. For the first time in the practice
of studying NLC, filming was carried out using two
cameras: CANON 2000D [21] in visible light and a
modernized CANON 1000D in the near IR wave-
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length region. The cameras had identical CANON
EF-S LENS wide-angle lenses. Photographing was
carried out at the exact same moments in time (with
an accuracy of up to 5 seconds). Camera sensitivities
were set to ensure comparable exposure durations. It
should be noted that obtaining an infrared image of
the twilight segment at the end of nautical twilight
at an ISO value of 1600 required an exposure of ap-
proximately 25-30 seconds at an aperture of 4.5. Ob-
servations were conducted in the evening from the
beginning of June to September 2025 in the city of
Petropavlovsk (54.87°N, 69.13°E) facing west with
a virtually completely open horizon. The shooting
was conducted manually with the cameras mounted
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on tripods. The total number of observation nights IR range. Detailed monitoring information is provid-
was 41, with the number of images suitable for sub-  ed in Table 1. Gaps in dates correspond to nights with
sequent analysis being 474, of which 356 were in the  overcast (rainy) weather.

Table 1. General information on NLC monitoring in the 2025 season.

Ne Date Time Weather conditions Presence and type of NLC

| 05.27 22:00 Clear Bgnds parallel to the horizon from the west-northwest to the north.
22:40 Five degrees below Capella.

2 05.28 - Low clouds None

3 05.30 - Cloudy None

4 05.31 - Cloudy None

5 06.02 %g}é Clear fhzzirzoljtlﬂ.c\séilii:sddtej;ze; above Capella. From the west-northwest to

6 06.03 - Cloudy -

7 06.04 - Cloudy IR images taken.

8 06.06 - Cloudiness None

9 06.07 - Cloudiness None

10 06.08 - Light cloudiness None

11 06.09 - Light cloudiness None

12 06.10 - Light cloudiness None

13 06.11 - Clear None

14 06.14 %gé(s) Clear Fha:ll;[(,)i&vx; l;azn?flsz ;)n the direction from the west initially, moving to

15 06.15 - Clear None. Images taken.

16 06.16 - Clear None. Images taken.

17 06.19 22:00 Clear Clouds are not visible visujally,.but the IR camera records them as
22:42 filaments in the northwest direction at an altitude of 10-15 degrees.

18 06.21 - Partly cloudy None

19 06.22 %g%g Cloudiness Presence of NLCs is noticeable.

20 06.25 21:40 Clear Unusual clouds. Record?d by the IR camera, but not by the
22:25 conventional camera. Rapid movement. Possibly cirrus clouds.

21 06.26 - Clear None

22 06.27 - Clear None

23 06.28 ) Clear II:IiIC\ISL (Sbss;}\glg iilvteﬁltalr;ﬁ()sghg in Poludino.

24 06.29 - Cloudy None

25 06.30 - Clear 0% None

26 07.01 - Clear 0% None

27 07.02 - Cloudy None

28 07.04 - Cloudy Photographs taken.
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Continuation of the table

Ne Date Time ‘Weather conditions Presence and type of NLC
29 07.05 - Cloudy Photographs taken.

30 07.07 %;g(; Partly cloudy Ic\;?rt] errilc,(}fiﬁjr%utrlrl]?ngt{ioi%mem’ but captured by the conventional
31 07.08 - Cloudy Photographed with two cameras. No NLCs.

32 07.14 e Cloudy Photographed with two cameras. No NLCs.
B0 95 Clear Images aken wih o eamers.

34 07.16 - Clear None

35 07.17 - Clear None

36 07.19 - Clear None

37 07.20 - Clear None. Photographs taken.

38 07.28 - Cloudy No NLCs. Photographs taken.

39 07.29 - Cloudy Photographs taken.

40 07.30 - Cloudy Images of lightning.

41 08.01 - Cloudy Interesting vortex.

Unfortunately, the number of nights in which
NLC appeared during the 2025 season was small. It
should be noted that the comparative rarity of NLC
occurrences this season was also documented by
other observers in the Northern Hemisphere. This
circumstance is associated not with unfavorable
weather conditions, but most likely with the physical
influence of solar activity factors. As is known, the
intensity of NLC formation can anti-correlate with
solar activity indices [21-23].

4. Analysis oof twilight segment data in two
spectral regions

Figure 3 presents examples of fragments of
paired twilight segment images obtained during the
study. Here, the IR images are presented in black and
white. The dates and times of image acquisition are
indicated.

Upon general review of the images, their substan-
tial difference is noticeable. For example, LED lamps
on the building roof are practically invisible in the
IR images, which, however, is not surprising. Much
more important are the sharp differences in cloud
structure. In the upper and lower rows, details of cir-
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rus and stratiform clouds that are barely distinguish-
able in the visible range are drawn with high contrast
down to fine structural details in the IR region. In the
middle row images, cloudiness in the visible range
is virtually absent in the upper and central parts of
the image, but it is clearly distinguishable (as cirrus
clouds) in the IR rays.

Of particular interest is the comparison of images
in which NLC are present (typically identified visu-
ally in the sky). Figure 4 provides a comparison of
one such pair.

At the time of imaging (nautical twilight), the
Sun was located at an altitude of -9.5° below the
horizon. A simple visual comparison of the images
appears to be quite challenging. While faint NLC
bands are quite distinctly visible in the visible-
light image, they are not as clearly traced in the
IR region image. At the same time, cloud details
in the upper left part are displayed with prominent
relief in the IR image, whereas they are completely
absent in the visible light image. A certain degree
of clarity in the qualitative comparison of the in-
formational value of the two approaches can be
provided by determining the contrast coefficients
of these and other images.
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Visible - 14.06.2025 Infrared - 14.06.2025 22:23

Visible - 25.06.2025 22:08 Infrared - 25.06.2025

Figure 3. Examples of twilight segment images in the visible spectral region (left)
and in the near-IR range (A > 850 nm, right).

Visible - 14.06.2025 22:55

Infrared - 14.06.2025 22:5

v

Figure 4. Twilight segment images where NLC are present.
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5. Quantitative assessment of image informa-
tion content

To assess the contrast of the twilight segment
images, a method based on calculating the root-
mean-square deviation (RMSD) of brightness was
used. The method is implemented in available
software programs [24-27]. Fundamental to this
method is the principle that the greater the spread
(variation) in pixel brightness values in an image,
the higher the contrast. Here, the RMSD is pre-
cisely the mathematical measure of the spread of
brightness values. In this procedure, the average
brightness of all pixels is calculated for a given im-
age area. Next, the difference between each pixel’s
brightness and the average value is determined.
These values are squared, summed, divided by the

number of pixels, and the square root is extracted
from the result.

The result obtained is the standard deviation for
the brightness of image pixels c. The global contrast
for the entire image was calculated using the formula:

Processing of images to obtain a quantitative as-
sessment of their quality (contrast) was performed us-
ing the ImageJ software package [29]. This program,
in particular, allows one to obtain histograms of pixel
brightness distribution across an image field and, if
necessary, achieve local contrast enhancement. An
example of processing and subsequent comparison
of the results is shown in Figure 5.
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ool c|o| 2| L [ A e 2 I I
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w2 47616 Utlities:
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»| Hill Shade
| Mexican Hat Filter
Signed 16-bit 1o Unsigned
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Figure 5. Example of image analysis and processing in ImageJ software.

When comparing the contrast of the photographs,
the images were converted to a single 8-bit format.
Using ImageJ software, identical objects were high-
lighted in both photographs, visible against the twi-
light sky. Exposure times for both cameras were se-
lected to be as close as possible, with the difference
in shooting times not exceeding 5 seconds. Table 2
provides examples of calculating the RMSD (o) of
pixel brightness for a series of twilight segment im-
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ages in the visible range and in the near-IR spectral
region.

As is easily observed, the change in cloud im-
age contrast in the twilight segment upon transition-
ing from imaging in the visible spectral region to the
near-IR region is positive throughout. At the same
time, the spread of contrast change values is quite
significant. A prime example of this is illustrated by
the images from July 28, 2025 (Fig. 6).
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Table 2. Comparison of image contrast in visible light and in the near-IR region.

The visible region of the spectrum

The IR region of the spectrum

Changing the contrast, %

Date of shooting
Img_Ne ol Img_Ne o2 (62-61)/ o1

7008 235 0470 26.8 +14
14.06 7011 19.5 0471 29.2 +50

7014 15.7 0473 27.9 + 78
25.06 0127 40.5 0534 493 +22
7.07 0168 46.0 0628 51.1 +11
14.07 0191 352 0655 514 + 46
15.07 0201 31.0 0674 393 +27

0208 15.9 0700 35.7 + 124
28.07

0209 11.8 0705 133 +13

0210 35.6 0719 48.0 +35

0213 28.2 0721 53.8 +91
01.08

0215 222 0722 32.7 +47

0216 13.1 0723 15.7 +20
Mean +44

Visihle - 2807 2025 22-01

Infrared - 28.07.2025 22:01

Figure 6. Twilight segment images with the greatest difference in contrast between the visible and IR ranges.

The cloudiness visible in the IR spectral region
in Figure 4 may represent one of the high-altitude
forms, including NLC. For now, one can only as-
sume that the magnitude of the contrast change can
be influenced by two external factors and one tech-
nical parameter. Firstly, the differences in the type
of cloudiness in images taken on different dates, and
secondly, differences in the altitude of the Sun below
the horizon. Regarding the latter, this refers to the
influence of the ratio between the camera sensitivity
set during shooting and the exposure duration. As is
known, high ISO values reduce image contrast, but it
is difficult to avoid their use when imaging in the IR
range due to the noticeably lower sensor sensitivity
and much weaker radiation fluxes. In the perspective

of further method refinement, these circumstances
will need to be taken into account.

6. Examples of atmospheric objects and phe-
nomena in the IR region

The abundance of material obtained during moni-
toring made it possible to identify interesting exam-
ples related to the specificities of operating in the IR
range. Some of them warrant separate consideration.

For instance, on the night of July 29, a distant
thunderstorm front was observed in the southwestern
part of the twilight segment. Subsequently, analysis
of the images revealed the presence of lightning dis-
charges (Fig. 7).
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In principle, this is not surprising. What is note-
worthy is the fact that lightning is confidently dis-
cernible through the cloud medium on IR images,
whereas on standard images or during visual obser-
vation, only an increase in the brightness of the cloud
field is recorded.

29.07.2025 22:n

Infrared

Figure 7. Image fragment with a lightning
discharge in the IR range.

In a number of cases, cloud formations that are
completely inaccessible to the naked eye (whose con-
trast sensitivity is higher than that of conventional
photography, making the sky look absolutely clear to
the eye) are noticeable on IR images. An example is
shown in Figure 8.

imilar situations were repeatedly recorded by the
cameras. Thus, Figure 9 shows that in cases where

Visible - 25.06.2025

22:41

images from a conventional camera (or visual obser-
vations) do not detect the presence of cloudiness in
the sky, clouds may be present on images in the IR
range. Identifying the cloud type in these cases can
sometimes be quite difficult.

*1:4

Figure 8. IR image of cloudiness in the form of filaments in the
northwest direction at an altitude of 10-15 degrees, which are
visually indistinguishable.

Structurally, the cloud field in the image obtained
by the IR camera resembles one of the most transpar-
ent types of cirrus clouds (Ci fib or Cs fib). However,
unlike the indicated cloud forms, they moved much
faster, traveling in a southwestern direction. Such
rapid movement is characteristic of high-altitude
cloud types if they form in the uppermost layers of
the troposphere or in the stratosphere at altitudes of
11-14 km [6, 29].

Infrared

Figure 9. Cloudiness recorded only by the IR camera.
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However, opposite situations were occasionally
encountered, where a conventional camera recorded
cloud details, while they were absent in the IR im-
ages. This occurred when there was an almost full
Moon in the sky (Fig. 10).

Such situation can be explained by the attenu-
ation of the IR component in the lunar spectrum
compared to solar radiation. In this case the Moon

Visible

07.07.2025 22:15

--'h

lights cirrus clouds in the visible region of the
spectrum even beyond the twilight segment. Inex-
perienced observers might mistake such view for
NLC.

The high contrast of IR images sometimes com-
pletely alters the appearance of cloudiness compared
to the picture in the visible spectral region. A striking
example of this can be seen in Figure 11.

Figure 10. [llumination of cirrus clouds by a full Moon.

Visible - 01.08.2025 22:08

Infrared - 01.08.2025 22:08

Figure 11. S-shaped cloud vortex on an IR image.

Here, in the IR range image, a vast cloud vortex
in high-altitude stratiform clouds stands out. Howe-
ver, it is completely indistinguishable in visible light.
Vortex structures in cloudiness are typically observed
in satellite images. Thus, this example illustrates new
possibilities for ground-based cloud study using IR
cameras.

The image examples presented here do not ex-
haust the full scope of unusual objects or phenom-
ena that were captured when imaging in the near-IR
range. The most interesting cases are those when
cloud formations are visible only in IR rays. More-
over, such objects often move very rapidly. Addition-
ally, attention is drawn to the unusual morphology of
cloud forms in such images. It is possible that, due to

the increased contrast of the images, rather rare cloud
forms have been captured on them. These could be,
for example, finely dispersed dust clouds, the pos-
sible existence of which is pointed out by a number
of researchers [30]. In particular, one might note the
“ultracirrus” mentioned by Minnaert [6]. In this re-
gard, it is obvious that observations of cloud forms in
the near-IR region must be continued.

7. Discussion

Taking into account the fact that in the study
of NLC obtaining images in the IR spectral region
has not previously been practiced, it is not possible
to compare the results of this work with the data of
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other authors. Moreover, when conducting synoptic
observations of NLC, researchers usually limited
themselves to the fact of registering such cloudi-
ness, without evaluating the information content (for
example, contrast) of the images. And this is quite
justified in the case of sufficiently bright cloud fields
appearing in the sky. With this approach, the pho-
tographic method essentially refines visual obser-
vations, imparting to them such crucial qualities as
documentation and objectivity.

Although the contrast sensitivity of the human
eye is high, there are frequent cases where visual ob-
servations do not allow one to confidently judge the
presence or absence of NLC in the twilight segment
under favorable conditions of its illumination and
clear weather. At the same time, discussing the pos-
sibility of registering NLC using traditional methods
prior to the onset of nautical twilight generally makes
no sense.

In this context, the results obtained during the
present study provide grounds for an optimistic out-
look on the prospects of using near-IR photography
to expand capabilities in the study of NLC and other
high-altitude cloud formations. This concerns the en-
hancement of image information content achieved
through a significant increase in image contrast.

It should be considered that the potential of the
proposed methodology at this stage is far from ex-
hausted. A further increase in the contrast gain for
cloud images in the twilight segment is achievable
by applying identical ISO values on both the IR and
conventional cameras. Naturally, this will require an
increase in exposure times when shooting in the IR
range, but they will nonetheless remain within ac-
ceptable limits. Alongside this, the implementation
of cameras featuring sensors with higher sensitivity
in the near-IR spectral region becomes a relevant
prospect for the future.

8. Conclusion

In order to develop tools and methods for regis-
tering NLC during ground-based observations, this
work substantiates the possibility of increasing im-
age contrast in the twilight sky segment by transition-
ing to photographic observations in the near-IR spec-
tral region. In doing so, the discriminability of the
structure of low-contrast objects, which is difficult
to distinguish when using traditional approaches, is
enhanced. The increase in image contrast for diffuse
cloud objects is achieved by reducing the background
sky brightness.
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To implement the new method for registering
cloud forms, a Canon 1000D camera was modi-
fied by removing the built-in filter in front of the
receiver that cuts off IR radiation. Concurrently,
filters transmitting only IR radiation of specified
wavelengths were mounted on the camera lens
[17]. As a result, the sensitivity of the modified
camera in the IR spectral region increased by ap-
proximately three orders of magnitude [17, 28].
During the summer season of 2025, using the Can-
on 1000DI camera, systematic observations of the
twilight sky segment at wavelengths longer than
850 nm were conducted for the first time. Control
images in the visible region were taken simultane-
ously using a Canon 2000D camera.

Visual matching and comparison of the numeri-
cal characteristics of the images in the IR and visible
spectral regions revealed interesting results. In par-
ticular, in every randomly selected pair of images (IR
and visible range), a higher contrast of cloud details
was found specifically for the IR images. The rela-
tive contrast difference generally amounted to tens,
and occasionally more than a hundred percent. Of
course, looking ahead, it is interesting to investigate
the factors influencing the magnitude of the contrast
difference.

It is shown that upon visual comparison of the
photographs, the higher image contrast allows for
the identification of cloud structures on the IR im-
ages that are completely indistinguishable on the im-
ages in the visible spectral region [28]. Furthermore,
the boundaries of cloud formations on IR images are
much sharper, and the structural detailing is much
higher than on visible light images. At the same time,
the possibility emerges of expanding the temporal
range for registering NLC by incorporating a portion
of civil twilight into it.

Further refinement of the method for increas-
ing the contrast and quality of cloud images in the
twilight sky segment in the IR range is possible
by equalizing the sensitivity (ISO) of the main and
control cameras. It is possible that some of the
cloud formations recorded exclusively in the IR re-
gion represent understudied forms of high-altitude
clouds. Thus, one can speak of the prospect of ap-
plying IR cameras not only for NLC monitoring
but also for studying other atmospheric formations
whose registration in visible light is problematic
[31-34].
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