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Abstract

his paper presents a methodology for accurately repre-
senting dawn and dusk lighting conditions (twilight)
through photographs and video recordings. Attempting
to generate calibrated photographs and video during twilight
conditions can be difficult, since the time available to capture
the light changes rapidly over time. In contrast, during night-
time conditions, when the sun is no longer contributing light
directly or indirectly through the sky dome, matching a specific
time of night is not as relevant, as man-made lights are the

Introduction

apturing video or photographs during twilight can

be difficult if the image must be captured at a specific

time in an area that has heavy traffic or is difficult to
access. In some cases, more than one image must be captured
at the same time from two different perspectives such as when
capturing a video or photograph from a pedestrian’s point of
view and from a driver’s point of view. In accident reconstruc-
tion industries, for instance, one challenge is capturing footage
when the date available to do so differs from the date that the
accident occurred. Collecting footage at the accident scene on
the anniversary date may be helpful, but not always feasible.
Another option, presented in this research, is to capture
footage on a different day, but at a time adjusted so the sun or
light from the sun is at a comparable time. Adjusting the time
for the footage to be captured can enable an investigator to
match the lighting conditions that existed at the time of the
accident even when capturing footage on a different date. This
is done by analyzing what the light level was at the time of the
accident and determining when that same level of light will
be on the day the investigator is at the scene [1, 2]. To deter-
mine what the light level, measured in lux, would be at the
scene on a specific date and time, the latitude and longitude
are entered with the corresponding date and time and a lux
level calculated. With a target lux value calculated, any date
of an inspection can be analyzed to determine at what time
the same lux value will occur at that location. But even with
the adjusted time correctly calculated, challenges may still
remain if the light level is rapidly changing during sunrise,

dominate source of illumination. Thus, the initial setup, cali-
bration and collection of calibrated video, when it is dark, is
not under a time constraint, but during twilight conditions the
time frame may be narrow. This paper applies existing methods
for capturing calibrated footage at night but develops a method
for adjusting the footage in the event matching an exact time
during twilight is necessary. This method allows photographs
and video that are captured either slightly earlier or later than
desired to be accurately adjusted in post processing - thus
removing the need to have footage captured at an exact time.

sunset or twilight hours. Additionally, if multiple views are
needed at the same time, recording both views in the short
time frame can pose another challenge. The research and
methodology presented in this paper addresses these
two challenges.

Background

Dawn and dusk each have three twilight phases that occur
each day and night. Astronomical twilight, the earliest stage
of dawn in the morning and last stage of dusk at night, occurs
when the geometric center of the sun is 18 degrees below the
horizon [3]. This phase will transition to nautical twilight
when the geometric center of the sun reaches 12 degrees below
the horizon. Civil twilight occurs when the geometric center
of the sun is 6 degrees below the horizon and ends at sunrise.
The same is true when transitioning from civil twilight to
astronomical twilight in the evening. Simply put, twilight is
the time of day between daylight and darkness. Light levels
change rapidly during this time making it difficult to capture
multiple vantage points or complex drive throughs at a scene.
For example, if an accident scene is on a highway with entrance
and exit ramps that are far apart, the time it takes to simply
loop around can use up valuable time. Further, the time that
these three phases of twilight start and stop differ throughout
the course of the year, as the earth’s rotation relative to the
sun also changes. The location on earth also affects the time
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these phases start and stop. For instance, at the equator, the
time it takes to pass through astronomical, nautical and civil
twilight during sunrise is shorter than at a location closer to
the poles. What remains constant is the angle of the sun’s
position below the horizon for each phase.

Methodology and
Procedure

The purpose of this paper is to provide a method for reliably
and accurately adjusting video and photographs that were
captured during twilight, but not necessarily at the exact time
intended. During twilight, when the sun is below the horizon,
the light arriving at the earth’s surface indirectly from the sky
dome changes rapidly, requiring adjustments in the settings
of the camera to keep up with changing light. When
researching how much the light changes during twilight, and
how the camera might need to be adjusted to stay calibrated,
a pattern emerges that provides a method for adjusting the
footage to appear correct for a different time that it was
captured. A scenario where this type of adjustment might
occur is as follows: an investigator uses accepted methodolo-
gies to capture a drive through video during twilight. However,
the time the video was captured is 5 minutes too early or too
late than the precise time intended. In this case, the video
might appear slightly brighter or darker than it should be due
to the rapid change in light during that 10-minute window.
By calculating how much the light has changed during that
10-minute window and how the camera would have to
be adjusted to remain in calibration, the difference in settings
can be applied to the footage in post-processing. The post
processed adjusted video is darkened or lightened according
to the change in natural light so that it properly represents
the lighting and visibility for the actual time that the run
was intended.

From this research, it was determined that between
sunset and civil twilight, the first of three twilight phases,
there is approximately a 24-minute window that adjustments
can be made to the captured footage and still maintain
quality and clarity in the video. After civil twilight, the
window of time for capturing footage increases, as the change
in light is less drastic. Between civil twilight and nautical
twilight, for instance, the change in the amount of light is so
small that the window to adjust photographs increased to
approximately 40 minutes. Further, between nautical twilight
and astronomical twilight the amount of light and the camera
settings were unchanged so that all the photographs taken
in this time period looked the same. Looking at these time
frames from a lighting perspective, photographs taken from
sunset to civil twilight had a change in light from the sky
dome that ranged from 374 lux at sunset to 1.41 lux at civil
twilight. This represents a change of approximately 372 lux
over the course of 32 minutes. From civil twilight to nautical
twilight the lux values dropped from 1.41 lux to .09 lux,
which represents a change of only 1.32 lux over 40 minutes.
From nautical twilight to astronomical twilight, the lux
measurements recorded during testing changed by only .01

lux, and the camera settings were the same throughout.
During full daylight hours, the camera is designed to accom-
modate changes in daylight, and can be set to automatic
settings for proper exposure. Similarly, in full nighttime
conditions, lighting from the sky does not change and photo-
graphs and video can be taken at any point during full night-
time without adjusting for changes in light from the sky [4,

To demonstrate this methodology, a series of photo-
graphs were taken before or after the target time and their
exposure values changed in post-processing to match a
photograph taken exactly at the target time. This testing was
performed on a four-lane roadway in Greenwood Village,
Colorado that included an open field and buildings in the
distance. This location was chosen because it included a wide
range of scene lighting, including streetlights and traffic
signal lights. In each direction, north, south, west and east,
the scenery was unique. To obtain photographs, the camera
was calibrated to record a view representative of the lighting
conditions following peer-reviewed and accepted calibration
methodologies [10, 11]. This included using white cones, cali-
bration luminance panels and calibration charts placed in
view of the camera. Figure I and Figure 2 depict the testing
setup including the area the photographs were taken, and the
calibration charts, camera equipment and cones that
were utilized.

Two calibration charts were placed 75 feet in front of the
camera. One chart was 10 feet to the right of the 75-foot
centerline and measured 2 feet wide by 10 feet tall and
contained ten Landolt C’s [10]. The second chart was placed
directly along the 75-foot centerline and contained a contrast
and spatial frequency panel that has been validated for cali-
brating nighttime imagery [11, 12]. This chart, measuring 3.3
feet wide by 2.6 feet tall, contains 24 circles with varying gradi-
ents of light to dark and varying size and visual frequency. An
LED light panel was also used in the photographic calibration
process [13]. lluminance values were collected with a Konica
Minolta T-10 [lluminance meter with NIST traceability and
a factory reported accuracy of +3%. Figure 3 shows the general
layout of the testing including the location of the illuminance
meter, camera, cones and the nighttime photography
calibration charts.

IGITETERN Photograph of testing equipment setup

© SAE International.
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m Equipment used in the testing

© SAE International.
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Setup, Documentation and
Data Collection

Testing was performed on May 21, 2020. Measurements,
photographs, and documentation were obtained beginning
at Sunset (8:12pm) and continuing until the beginning of
Astronomical twilight (10:04 pm). Documentation included
illuminance values and photographs collected every 4 minutes.
Imagery was captured both inside and outside a vehicle using
two Sony A7S high-definition cameras. For imagery taken
inside the vehicle, a camera was attached to a rigid suction
cup camera rig mounted at a driver’s eye height, which
provided a driver’s perspective with a clear view through the
windshield. This view represented the view available to a
driver at the testing scene. Figure 4 is a photo of the in-car
camera setup.

While photographs were taken at 4-minute intervals,
video was taken from inside the vehicle at the onset of sunset,
and the beginning of civil, nautical, and astronomical twilight.
Additionally, video was taken halfway through each twilight
period. These videos were taken every 16 minutes with the

© SAE International.

© SAE International.

m Camera setup in vehicle to capture driver’s view

vehicle driving along a roadway that is oriented north to south.
For imagery outside the vehicle, a Sony camera was equipped
with a GigaPan [14] that was mounted to a tripod and remained
stationary throughout the photographic documentation. The
GigaPan communicates with the Sony camera through a USB
cable and enables the camera to be oriented at predefined
angles. In this case 4 positions were defined that included
views looking north, south, west and east. These same
predefined angles were used throughout the testing. Figure 5
is a photograph of the GigaPan setup.

Outside the vehicle documentation consisted of taking
four photographs at 4-minute intervals. Four photographs
were taken each 4-mintue interval to capture a view North,
South, East and West. Thus, a total of 116 photographs were
taken over the 2-hour twilight time period and were later
separated and organized into the three different twilight
categories of astronomical, nautical and civil twilight times.
Figure 6 depicts a summary of the data collects, including the
time of day and the twilight category the photographs were
taken. Figure 7 shows three examples of the photographs
taken. These include a photo at sunset, halfway to the begin-
ning of civil twilight and at civil twilight.
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IEEILIE Time of day and twilight category photographs
were taken.

Sunset 8:44
8:48
8:52
| 856
9:00
9:04
| 9:08
9:12
9:16
y 9:20 v

9:24
9:28
9:32
9:36
9:40

8:12 'CiviITwiIight.
8:16
8:20
8:24 |
8:28
8:32
8:36 |
8:40

Nautical Twilight Astronomical Twilight

9:48
9:52
9:56
10:00

Nautical Twilight Next Day [4:29am

IR Photographs taken at sunset (feft) halfway to
civil twilight (center) and at civil twilight (right)

© SAE International.

Image Processing for
Sunset to Civil Twilight

After all the photographs and videos were captured and orga-
nized, the photographs taken before or after a target time were
imported in Adobe Lightroom Classic for adjustment.
Lightroom is a post-processing software application that allows
adjustments to be made to the exposure of the photographs.
Adobe is a widely used software designer for digital image
processing, though other software programs may be available
for similar purposes if the program allows for post-processing
exposure control. In this program, adjustment to the exposure
of the photographs are made using an exposure slider which
defaults at zero and can be moved in a positive or negative
direction to give the photograph a lighter or darker appear-
ance. The exposure slider values range from -5 to +5 and will
become brighter as the exposure increases and darker as the
exposure decreases. The temperature and tint of the white
balance were also adjusted using sliders to adjust the overall
color of the photographs. The temperature of the image will
have more blue as the slider moves to the left and more yellow
as the slider moves to the right. The tint will appear greener
as the slider moves to the left and redder as the slider moves
to the right. Figure 8 is a screenshot of Adobe Lightroom Classic.

The first set of adjustments were made to the photographs
taken after the target time of 8:12pm which represented the
onset of sunset. Photographs taken after 8:12pm were adjusted
in Lightroom to match a target photograph that was taken at
exactly 8:12pm. Adjustments were made until the quality of
the adjusted photographs visually deteriorated and became too
grainy or otherwise no longer representative of a high-quality
image. Adjustments to the exposure were made in Lightroom
starting with the first photo, taken at 8:16pm, until it matched
the target photo taken at 8:12pm. In this instance, the exposure
was adjusted to a value of +0.1. The temperature and tint adjust-
ments were not necessary for the photograph taken at 8:16pm
so those values remained unchanged. The next photograph
taken at 8:20pm was also adjusted to match the photo taken at

© SAE International.

m Screenshot of Adobe Lightroom Classic

TABLE 1 Temperature, tint, and exposure values in Lightroom.

Photograph

Time Taken Temperature Tint Exposure
8:16 PM 0 0 0.1

8:20 PM 5 -4 0.5

8:24 PM 8 -6 1.2

8:28 PM 14 -12 1.3

8:32 PM 20 -14 1.7

8:36 PM 28 -16 2.0

m Unadjusted south-facing photographs (top row)
and adjusted photographs (bottom row)

© SAE International.

8:12pm. This process of adjusting the exposure of each photo-
graph continued at 4-minute intervals up to the time frame of
8:36pm which would be the seventh photograph after sunset
began. This time also corresponds to 8 minutes before the
beginning of civil twilight. Photographs taken after this point
in time could not be adjusted to match the target photograph
of 8:12pm, since the deterioration in quality after the adjust-
ment was too significant. Figure 9 depicts a series of calibrated
and unadjusted photographs looking south taken from 8:12pm
to 8:36pm (top row) and the series of photographs adjusted in
Lightroom to match the 8:12pm target photograph (bottom
row). Slight differences in cloud cover can be observed in the
photographs, and the appearance of manmade lighting in the
building is also apparent. However, neither the cloud cover nor
the presence of interior building lights affected the visibility of
the roadway and immediate surroundings from the location
that the photograph was taken. Appendix A contains a single
page of the same images represented larger.

Adjustments were made to the temperature, tint and
exposure of the south-facing photographs taken from 8:16pm
to 8:36pm and noted in Table 1. This table includes the temper-
ature, tint, and exposure settings that were made in Lightroom.
These same settings were applied to the photographs taken
facing north, west and east and found to properly adjust the
images to match the target photo.

© SAE International.

© SAE International.
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Photograph Comparison
South Facing

The adjusted photographs were initially validated by visually
comparing the adjusted photographs to the target photograph.
This match is apparent in Figure 9, where all 7 of the adjusted
photographs appear substantially similar to the target photo-
graph taken at 8:12pm. To numerically validate that the expo-
sure-adjusted photographs match the target photograph an
additional analysis was performed. Histograms of each adjusted
image were compared to the histogram of the original target
photograph taken at 8:12pm. Lightroom can display the image
histogram that gives the frequency distribution of the averaged
intensity values of all of the pixels in the image. Figure 10 is the
histogram of the target photograph taken at 8:12pm. The hori-
zontal axis represents the intensity values ranging from 0 to
255, and the vertical axis is the number of pixels. The intensity
values are based on average intensity values of the Red, Green
and Blue channels of an image with 0 representing black and
255 representing white, or full brightness. Figure 11 shows the
overlay of the histograms of the original target photograph from
8:12pm and the unadjusted photograph from 8:32pm. When
comparing these histograms, it is clear that the pixel intensity
distribution is not the same. The histogram of the image taken
at 8:32pm is skewed to the right indicating a darker photograph,
as there are more pixels in the image with lower intensity values.
The photograph taken at 8:12pm is lighter and therefore has a
more uniform histogram. This is depicted visually in Figure 12
with the lighter, target photograph from 8:12pm on the left, and
the unadjusted original photograph from 8:32pm on the right.

After adjustments were made in Lightroom to the photo-
graph taken at 8:32pm, the histogram was again compared to

LR Histogram of the 8:12 pm south-facing

photograph (target)

ntensity

m Histogram of the 8:32pm south-facing

photograph (to be adjusted) overlaid on the histogram of the
8:12pm photograph (target)

© SAE International.
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m South-facing photographs at 8:12pm, (left), and
at 8:32pm, (right)

m Histogram of adjusted south-facing photograph
taken at 8:32pm overlaid on the histogram of the target
photograph histogram

IGEEERTN Target south-facing photograph taken at

8:12pm, (left), and adjusted photograph taken at 8:32pm, (right)

m Histogram of all adjusted photographs overlaid
on the histogram of the reference photograph histogram

3

o \‘ |
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the target photograph from 8:12pm. Figure 13 shows the
comparison of the two histograms, depicted as a more consis-
tent pixel intensity distribution. As depicted, the adjusted
image has a histogram that more closely matches the histo-
gram of the target photograph. Visually, too, the resulting
images are substantially similar, as depicted in Figure 14.
After the six photographs captured during this time
interval were adjusted to match the target photograph, the
histograms of all the adjusted images were compared to the
histogram of the target photograph. Figure 15 shows the
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overlay of the histograms of all the adjusted photographs from
the time period of 8:16pm to 8:32pm overlaid on top of the
8:12pm target photograph histogram.

Photograph Comparison
East Facing

Additional validation was performed for the east-facing
photographs. For these photographs, the same temperature,
tint, and exposure values in Table 1 were applied to each image
and subsequently compared to the target photograph of the
corresponding view. The top row of photographs in Figure 16
depict the unadjusted photographs looking east taken at
4-minute intervals starting at 8:12pm and ending at 8:36pm.
The bottom row of images are the adjusted photographs using
the same temperature, tint, and exposure values used for the
south-facing photographs. In this example the photographs
were adjusted to match the target photograph taken at 8:12pm.
Appendix B has this image enlarged for clarity.

Figure 17 is the histogram of the east-facing 8:12 pm target
photograph and Figure 18 are the histograms of the six
Lightroom-adjusted east-facing photographs taken in the
same time period from 8:12pm to 8:36pm using the same
exposure values as used on the south-facing photographs.

m Unadjusted east-facing photographs, top, and
adjusted exposure photographs, bottom

© SAE International.

LR Histogram of east-facing target photograph
taken at 8:12pm, looking east.

Histogram- Sunset 5:12 (East)

m Histogram of east-facing adjusted photographs
using the same exposure values in Lightroom
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The same validation process was performed on the photo-
graphs taken looking north and west over the same time
period. The same temperature, tint, and exposure values used
in Table I were applied to each image and again compared to
the target photograph taken at 8:12pm. The results of this
process yielded the same substantially similar visual imagery
and histograms.

Image Processing for Civil
Twilight to Sunset

In addition to adjusting the six photographs taken after
8:12pm to match the 8:12pm target photograph, this same
process was performed in reverse. In reverse, a target photo-
graph was taken at 8:36pm and photographs taken earlier than
8:36 were then adjusted to match it. In this series, the exposure
was adjusted to make the earlier photographs, which were too
light, darker to match the target photograph of 8:36pm. When
the adjustments were made for this series of photographs the
exposure slider was adjusted to the left, or negative direction.
These adjustments also allowed for a 24-minute window of
time before image quality was unacceptable. Figure 19 shows
the south-facing photographs taken at the scene (top) and the
adjusted photographs on the bottom. The last photograph on
the right in the top row is the 8:36pm target photograph.

Adjustments made to the temperature, tint and exposure
of the photographs were noted so that the same values could
be applied to photographs taken with the camera oriented to
the north, west and east. Table 2 shows the values of the
temperature, tint and exposure entered in Lightroom for each
adjusted photograph.

Again, to confirm that the exposure values for the south-
facing photographs entered in Lightroom work on all of the
images taken looking north, west and east in the time period
from 8:12pm to 8:36pm, the same exposure values used in
Table 2 were applied to the photographs in Lightroom. The

m Unadjusted south-facing photos, (fop), and
adjusted exposure photographs, (bottom)

© SAE International.

TABLE 2 Temperature, tint, and exposure values
in Lightroom.

Photograph

Time Taken Temperature Tint Exposure
8:32PM 0 0 -0.4

8:28 PM -7 -5 -1.0

8:24 PM -14 -10 -1.2

8:20 PM -20 -16 -2.0

8:16 PM -25 -20 -2.5
8:12PM -30 -26 -2.8

© SAE International.
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histograms were also overlaid, and it was determined that the
same exposure values in table 2 can be used on all the photo-
graphs in the 24-minute window looking north, west and east.
In other words, the process for adjustment of photographs
can work if the photograph is taken later and adjusted to
appear earlier in time, or if taken earlier can be darkened to
appear as if it were taken later in time.

Image Processing for Civil
to Nautical Twilight

The same Lightroom adjustment process was used for photo-
graphs taken from civil twilight, which began at 8:44pm, to
nautical twilight, which began at 9:24pm. Because the light
level drops more slowly after civil twilight begins, the adjust-
ments to the photographs are not as dramatic. Figure 20 shows
a comparison of the photographs taken at 8:44pm and at
9:24pm. The light level at the beginning of civil twilight was
1.41 lux and dropped to .09 lux at the beginning of nautical
twilight. The exposure time on the camera during civil
twilight started at .8 seconds and ended at a 2-second exposure
time. Because of this small amount of change in exposure all
of the photographs taken during civil twilight were able to
be adjusted in Lightroom to match any chosen target photo-
graph taken during the civil twilight time period.

Image Processing for
Nautical to Astronomical
Twilight

Figure 21 shows a comparison of the photographs taken at the
beginning of nautical twilight, which began at 9:24pm and
the beginning of astronomical twilight, which began at

m Photographs taken at 8:44pm, /eft, and

photograph taken at 9:24pm, right.

IGTIEIEEN Photographs taken at 9:24pm, feft, and

photograph taken at 10:04pm, right.

© SAE International.

10:04pm. The light level at the beginning of nautical twilight
was .09 lux and was .08 lux at the beginning of astronomical
twilight. Because the amount of light remained effectively the
same, the camera settings also remained the same throughout
nautical twilight and therefore no adjustments were necessary
for any of the images. In other words, there is no target image
from nautical twilight to astronomical twilight because all of
the photographs have the exact same camera settings.

Video Testing

The same adjustment process used in Lightroom for the photo-
graphs was applied to the frames of the video footage obtained
during this testing from inside the vehicle. A series of still
frames were exported from the video files to be imported into
lightroom individually. Video drive-throughs occurred at
sunset, civil twilight, nautical twilight and astronomical
twilight. Drive-throughs were also taken at the midpoint in
time of each twilight phase. Figure 22 depicts three still frames
from the video drive-through obtained during the sunset time
frame. This view looks south.

Frames were exported, and processed, from the drive-
throughs at 8:12pm and at 8:28pm. These images were
imported into Lightroom and a target image was chosen that
corresponds to an image taken at a different time. For instance,
the frames exported from the video drive through at 8:12pm
were adjusted in Lightroom to match the target frame saved
from the video taken at 8:28pm. Figure 23 depicts a calibrated
and unadjusted still frame from the drive through taken at
8:12pm and the drive through taken at 8:28pm (top row) and
the still frame from 8:12pm adjusted in Lightroom to match
the target still frame from the 8:28pm drive through
(bottom row).

m Still frames from video captured at sunset

© SAE International.

m Unadjusted south-facing still frames (top row)
and adjusted still frame (bottom row)
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Adjustments were made to the temperature, tint, and
exposure to match the target image. Table 3 shows the values
of the temperature, tint and exposure entered in Lightroom
for the frame saved from the video taken at 8:12pm to match
the target frame saved from the 8:28pm video.

The histogram of the adjusted 8:12pm still frame was
compared to the histogram of the target still frame taken at
8:28pm. Figure 24 is the histogram of the target still frame
saved from the video taken at 8:28pm. Figure 25 shows the
overlay of the histograms of the original target still frame from
8:28pm and the unadjusted still frame from 8:12pm. When
comparing these histograms, it is again clear that the pixel
intensity distribution is not the same. The histogram of the still
frame from 8:28pm is skewed to the right indicating a darker
image. The still frame from 8:12pm is lighter and therefore has
a more uniform histogram. This is depicted visually in Figure
26 with the darker, target still frame from 8:28pm on the right,
and the unadjusted still frame from 8:12pm on the left.

After adjustments were made to the still frame from
8:12pm, the histogram was again compared to the target still
frame saved from the video taken at 8:28pm. Figure 26 shows
the comparison of the two histograms, depicted as a more
consistent pixel intensity distribution. As depicted, the
adjusted image has a histogram that more closely matches the
histogram of the target still frame. The resulting images are
substantially similar, as depicted in Figure 27.

TABLE 3 Temperature, tint, and exposure values
in Lightroom.

Still Frame
Time Temperature Tint Exposure
8:12PM 2 20 -1.4

© SAE International.

IGELEEYY Histogram of the 8:28 pm south-facing still

frame (target)

e

m Histogram of the 8:12pm south-facing still

frame (to be adjusted) overlaid on the histogram of the
8:28pm still frame (target)

H Il
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As before with the photographs processed in reverse, the
same steps were applied to the video frame taken at 8:28pm
to match the target still frame taken at 8:12pm. Figure 28
depicts the overlay comparison of the two histograms after
adjustments were made to the still frame from the video taken
at 8:28pm. Figure 29 depicts visually the target still frame
taken at 8:12pm on the left, and the adjusted video frame taken
at 8:28pm on the right.

For the time frame starting at civil twilight and
continuing to nautical twilight, the drive through scene was
sufficiently dark that the headlamps of the vehicle were on.
This caused the video to record a view where the roadway
was illuminated by the headlamps. Attempts to adjust this
footage to appear darker or lighter resulted in the illuminated
roadway appearing too bright or too dark relative to the
original footage. As a result, it was determined that footage
taken during this time frame cannot be easily adjusted to
match a target time that differs by more than a few minutes.
For the time frame starting at nautical twilight and continuing
to astronomical twilight, the camera settings did not need to
change as the lighting differences in this time period were
not discernible from inside the vehicle. These video runs all
had the same camera settings and do not look any
visually different.

IGEEEELN South-facing still frame at 8:12pm, (feft), and at
8:28pm, (right)

m Histogram of adjusted south-facing still frame
taken at 8:12pm overlaid on the histogram of the target still
frame histogram

i
| I,

BVISeoRE28PM W Vicko X812 M (Sunse) - Adusted

m Adjusted still frame from video taken at

8:12pm, /left, and still frame from video taken at 8:28pm, right.
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m Histogram of adjusted south-facing still frame
taken at 8:12pm overlaid on the histogram of the target still

frame histogram
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m Target still frame from video taken at 812pm,
left, and adjusted still frame from video captured at

8:28pm, right.

Discussion

Capturing accurate photographs during dawn and dusk
lighting conditions can be challenging because the available
light changes very quickly. This isn’t a problem during night-
time conditions, after the sun is sufficiently below the horizon
and not contributing meaningful light to an area. During
rapid lights changes, however, capturing footage from
multiple perspectives can be difficult. This paper presents a
method for adjusting photographs and video that were taken
at a different time than the intended time. Through proper
post-production adjustment to the exposure, tint and temper-
ature, the photographs and video taken later or earlier can
be represent lighting and visibility levels from the intended
time. From sunset to civil twilight the adjustments are the
most substantial, but from civil twilight to nautical twilight
the adjustments are significantly less. From nautical twilight
to astronomical twilight there is little discernible change in
lighting and no change was required in the camera settings
to account for the change in light. It is important to note that
for this testing man-made lights such as streetlights, head-
lights and self-illuminated signage were not present in the
direct foreground of the photographs. Adjustments may
be necessary to account for man-made lights, as the ambient
lighting decreases. This is due to the increased role that
man-made lights play in providing light to an area in the
immediate viewing area of the camera. As an example, when
taking photographs of a pedestrian in a crosswalk, the
overhead streetlights and illumination from the lights may
appear over exaggerated in photographs when the exposure
is increased or decreased. This effect can also work in reverse
and needs to be considered.
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