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DISCLAIMER

Certain commercial equipment and materials are identified in this report to specify adequately
the technical aspects of the reported results. In no case does such identification imply
recommendation or endorsement by the National Telecommunications and Information
Administration, nor does it imply that the material or equipment identified is the best available

for this purpose.
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PREFACE

This memorandum is part of a series of NTIA Technical Memorandums. Each publication
describes a subjective experiment that is named in series and distributed freely on the Consumer
Digital Video Library (CDVL, www.cdvl.org) for research and development purposes. These
experiments provide training data for no-reference (NR) metrics that focus on consumer camera
applications. The reader is expected to have some knowledge of subjective experiments. A
tutorial on this subject can be found in “Video Quality Assessment: Subjective testing of
entertainment scenes,” by Margaret H. Pinson, Lucjan Janowski, and Zdzislaw Papir, published
in I[EEE Signal Processing Magazine, January 2015.
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ITSNOISE: AN IMAGE QUALITY DATASET WITH SENSOR NOISE

Joel Dumke and Margaret H. Pinson'

This technical memorandum provides details for the image quality subjective
experiment ITSnoise. This experiment includes 24 scenes, each digitally
photographed using 12 different Image Capture Methods (ICMs) for a total of 288
images. The ICMs were designed to reflect the way images are captured in the
most common public safety applications and also to generate a range of different
sensor noise levels in the resulting images, from very low to very high. This
dataset was intended to provide training and testing data for potential no-reference
sensor noise metrics that could automatically predict the impact on perceived
quality of sensor noise within a given image. This dataset is freely available for
research and development purposes.

Keywords: Image quality, public safety, subjective testing

1. INTRODUCTION

A wide variety of factors can impact the way a human observer perceives the quality of an image
or video sequence. Algorithms that can account for these various factors and assess image
quality are highly desired because they can allow imaging systems to be engineered without the
time and expense associated with gathering quality assessments from human viewers.
Developing and validating these algorithms usually requires a significant amount of subjective
quality data.

This paper presents a new subjective quality dataset known as ITSnoise. The quality factor of
particular interest in the ITSnoise dataset is sensor noise. In bright lighting conditions, modern
digital imaging sensors can precisely gauge the amount of light that is optically directed toward
each picture element, or pixel. In dark lighting conditions, the sensors can still be reasonably
accurate, but their precision is greatly reduced. This means that pixels that should be receiving
about the same amount of light can instead show significant variations, creating the appearance
of “noise” in an image. This noise is random and typically appears unrelated to the desired
content of an image, but it may have an effect on how certain textures are perceived. This
problem motivates photographers to carefully control their lighting conditions; however, such
control is not always possible. For example, if law enforcement officers are conducting
surveillance on a person, they will likely prefer not to be seen, which makes it impractical to use
flash bulbs or other devices. These public safety applications are of particular interest to the
Institute for Telecommunication Sciences (ITS).

! The authors are with the Institute for Telecommunication Sciences, National Telecommunications and Information
Administration, U.S. Department of Commerce, Boulder, CO 80305.



Sensor noise is present in every image even if it is imperceptible, and there is no way to capture a
pristine version of the image without noise. This means that any sensor noise detection algorithm
would have to fall into the category of a no-reference (NR) metric because a reference is simply
not available. ITSnoise was designed to facilitate the development of such a metric by collecting
subjective quality data on images that contain a wide variety of noise levels from very high to
very low. While noiseless reference images are not available, the data set comprises scenes
captured in multiple ways designed to produce a range of noise levels. The amount and character
of the sensor noise is certainly not the only difference between two images from a given scene.
One can never truly take the same picture twice. Nevertheless, we believe there will be a benefit
to having the image content be as similar as we can make it across various image capture
methods (ICMs) that we have used for this dataset. This approach was inspired by the Consumer
Content Resolution and Image Quality Dataset (CCRIQ) [2].

The ITSnoise dataset is focused on devices that would typically be seen in public safety
applications. Forensics experts are increasingly using three-dimensional imaging technologies
that are out of the current scope of our image quality experiments; however, two-dimensional
images are still widely used. These images may be gathered by first responders or by civilians.
This dataset includes images captured by three low-to-mid-level Single-Lens Reflex (SLR)
cameras designed to reflect the equipment that a typical police department would use to gather
evidence. The dataset also includes images captured by three consumer devices, two of which are
phones, which reflects the kind of images gathered by the public that may also contain important
evidence.

The following sections provide details on the ITSnoise dataset as well as subjective data gathered
during the ITSnoise experiment.



2. DATASET DESIGN

2.1 Scenes

The ITSnoise dataset is made up 24 scenes, listed and briefly described in Table 1.

Table 1. ITSnoise Scenes

Name Description

Aloe Moderately low light with interesting colors

Bench Simulated surveillance, outdoors, with very low light

Billboard Moderately low light, outdoors

Boxes One of the better-lit scenes with a repeating pattern and legible numbers

Cantina Moderately low light with some visible text

Door Moderately low light simulated surveillance

Firehouse Moderately low light and a public safety theme

Garage Moderately low light and a prominent reflected image

Heavy Extremgly low light which presents significant differences across ICMs, but also some
interesting behaviors from some sensors

Kettle Moderately low light with some particularly interesting textures

Keys A relatively well-lit scene

Lamp Moderately low light with an interesting drywall texture

Mail Moderately low light, simulated surveillance

Mural Some interesting colors and somewhat problematic lighting

Shed Very low light with a few large textured regions

Street Moderately low light, suggestive of surveillance

Strings Relatively well-lit with some fine details

Tavern Moderately low light with a near/far composition

Tree Moderately low light with some interesting color

Truck Moderately low light, and of interest to the public safety community

Venus Moderately low light, some interesting and potentially useful textures

Vinyl Moderately low light, high spatial frequency content in certain directions

Walk Moderately low light, simulated surveillance from a typical camera angle

Yemiats Moderately low light with some interesting textures




2.2 Image Capture Methods

Each scene was captured with 12 ICMs. The concept of an ICM is loosely analogous to that of a
Hypothetical Reference Circuit (HRC) used in other subjective video quality experiments. The
most important difference is that different HRCs are typically given identical input. When
different ICMs are used, minor variations are unavoidable even if we do everything we
reasonably can to capture the same content.

As previously mentioned, the ICMs used in ITSnoise were designed to reflect the way images
are typically gathered in many important public safety or forensic applications. For this dataset
we gathered six devices that we believed best represent the range of what would typically be
used to capture two-dimensional images. These devices are designated A, B, C, D, E, and F.
With each of these devices we were interested in capturing images with the highest level of
sensor noise that we could produce under the conditions of each scene. These are the high-noise
(HN) ICMs, known as A-HN, B-HN, C-HN, D-HN, E-HN, and F-HN.

Under low-light conditions it can be difficult to produce images without much noise, but we felt
these would be useful in developing a noise metric. It is easy to imagine a noise detector which
produces false positives in situations where a low-noise image has a texture that coincidentally
matches whatever statistical properties the designer associated with noise. To produce a robust
dataset that could help avoid such problems, ITSnoise also includes a low-noise (LN) ICM for
each device, known as A-LN, B-LN, C-LN, D-LN, E-LN, and F-LN.

For every ICM, JPEG image compression was used. This was chosen largely because it is very
rare for users to deviate from this compression standard, and because it was a format that was
easy to generate from each device. All the devices used were relatively new (less than three years
old) except for C, which has been used consistently, multiple times a week for over nine years.
Table 2 includes important details for each ICM.

Table 2. ITSnoise Devices and ICMs

ICM Device description General Settings Specific Settings
A-HN Canon EOS 90D SLR with |P mode, Al Focus, image | ISO 25600
ALN EFS 18-55 mm IS STM stabilizer on, auto white 1SO 100, except for the Bench scene where
i lens balance ISO 400 was used to get a proper exposure
B-HN | Nikon DS600 SLR with |, "\ ) oo 180 25600
B.LN AF-P DX NIKKOR 18-55 focus, auto white balance | ISO 100, except for the Bench scene where
mm VR lens ISO 200 was used to get a proper exposure
C-HN ISO 6400
Conon £05 bl T i ! o o,
C-LN EFS 18-55 mm IS lens 12 , ISO 100, except for the Bench scene where
white balance ISO 400 was used to get a proper exposure
ISO 1600 except for the Walk scene where ISO
D-HN
M | mod ¢ 800 was used
. anual mode, auto —
Kodak Pixpro FZ43 focus, auto white balance Lowest ISO setting in the range from 80 to 4}00
D-LN that would allow a proper exposure, depending
on the scene
E-HN Custom exposure ISO 3200




ICM Device description General Settings Specific Settings
. . Lowest ISO setting in the range from 32 to 320

Apple iPhone 11 running .
E-LN that would allow a proper exposure, depending

Yamera

on the scene

F-HN . ISO 800

LG Phoenix 4, LM- M | .

X210APM running Foote] anual exposure, auto Lowest ISO setting in the range from 50 to 300
F-LN Camera 2 white balance which would allow a proper exposure

depending on the scene




3. SUBJECTIVE TEST DESIGN

Subjective data was collected for the ITSnoise dataset by running an absolute category rating
(ACR) experiment [1]. To prepare the images for the test, each one was first cropped to a 16:9
aspect ratio in such a way that the center of the image was preserved. Then, each image was
resampled to a resolution of 1920 % 1080 pixels. This was done because the test laptops being
used had a display resolution of 1920 x 1080 pixels. Both the original and resampled images are
part of the ITSnoise dataset. Finally, each image was converted to a one frame-per-second video
lasting five seconds. In practice, this five-second video was typically only displayed for a little
over four seconds, due to quirks of the subjective testing software.

All the images in the ITSnoise dataset were used in testing. The images were distributed among
the four test laptops in such a way that all the ICMs were equally represented. A subset of the 24
available scenes was chosen for each laptop. The scenes called Aloe, Door, Heavy, Kettle, Lamp,
Strings, Truck, and Vinyl were shown twice as often as the other scenes because ITS researchers
judged them to be particularly interesting based on previous subjective testing experience.
Therefore, twice as many subject ratings are available for these scenes. Table A-2 in Appendix A
gives the number of ratings that were collected for each image. Under these guidelines, 6 ICMs
from each of 16 scenes were chosen for each of the four laptops. This means every test subject
was shown a total of 96 images.

The avrateNG test software (available at https://github.com/Telecommunication-Telemedia-
Assessment/avrateNG) was used. This software uses a web browser interface to display a
sequence of images and allows the viewer to rate each one by clicking radio buttons. We chose a
question template that allowed subjects to skip rating an image if they were not paying attention.
Statistics on the use of the skip option are summarized in Table 3. Otherwise, the standard ACR
methodology was followed.

Table 3. Skip Statistics

Number of skips used 0 1 2 3 4 5 6 7
Number of subjects 43 10 4 3 0 1

Data was collected from 63 subjects at the 2022 PSCR Stakeholder Meeting, at the Westin®
Hotel & Resorts, in San Diego, CA. We collected ratings from 15 or 16 subjects for each laptop.
Meeting participants were informed of the experiment during the meeting sessions and asked to
participate. Some subjects entered the room and offered to participate. The remaining subjects
were recruited by the test proctor, who approached people on breaks, described the goals of the
experiment, and asked for their assistance.

The test environment and methodology were similar to that presented in [2]. The experiment was
conducted in a brightly lit, quiet room with a combination of natural and artificial light. This
room was adjacent to the main conference room and registration desk. The instructions in
Appendix B were made available to each subject, but few of them had the patience to read these
instructions. Most participants wanted to begin immediately and attend other portions of the
2022 PSCR Stakeholder meeting. Therefore, the test proctor summarized the instructions


https://github.com/Telecommunication-Telemedia-Assessment/avrateNG
https://github.com/Telecommunication-Telemedia-Assessment/avrateNG

verbally to each subject without reading the script aloud. An attempt was made to provide similar
instructions to all subjects.

The experiment did not involve a practice session. The test proctor remained in the room for a
few minutes after each new subject began, to answer any questions they had.

Subjects signed a release form that described their rights in human testing. Most subjects
provided the following demographic information: gender, age, and experience with public safety.
This information is summarized in Table 4.

ITSnoise has an unrepeated scene experiment design [3], due to the differences impacting the
photography (e.g., camera placement, scene framing, and potential movement of objects within
the scene). These differences have a confounding impact on the main experiment variable, ICM.

Table 4. Subject Demographics

Age
Age Range 20-29 30-39 40-49 50-59 60-69 70+
Number of Subjects 5 10 12 16 9 2
Gender
Male 49
Female 11

Current or Retired First Responder
Yes 29
No 31




4. MEAN OPINION SCORE ANALYSIS

The individual ratings from each subject are not presented in this memorandum. We have used
the ratings to calculate mean opinion scores (MOSs) for each image in the test. These values are
presented in Table A-1 in Appendix A. A visual representation of the MOSs is shown in

Figure 1.
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Figure 1. MOS values.

The first general observation we can make from this plot is that the LN ICMs tend to have higher
MOS scores than the equivalent HN ICMs, as expected. It should be noted that this difference is
not particularly large compared to the range of MOS values within a given ICM. This suggests
that the sensor noise level contributes significantly to opinions of the test subjects but is far from
the only factor that influences a quality rating. Moreover, while there is a tendency for some
image content to generally score near the top and other image content to score near the bottom,
there is significant variation among ICMs.

For example, for the SLR-based ICMs, “Lamp” is frequently rated as the lowest-quality image
by a significant amount, but in the device-based ICMs, it can rate significantly higher than other
content in the test. These variations suggest that there is a complex interaction between the scene
content and the noise introduced by each ICM. This is not surprising based on our observations



during the test design. Certain content served to mask or obscure some of the sensor noise, while
other content could serve to highlight it.

In summary, the relationship between sensor noise and image quality is not simple, but these
data should be useful for studying that relationship and possibly developing automatic noise
metrics.



[1]

[2]

[3]
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APPENDIX A: MOS VALUES AND NUMBER OF RATINGS

Table A-1. MOS Values

Name A-HN [A-LN (B-HN |B-LN |C-HN |C-LN |D-HN |D-LN |E-HN |E-LN |F-HN |F-LN
Aloe 3.28 441 2.73 4.45 4.06 4.28 2.77 3.65 1.97 241 [1.77 1.55
Bench 3.06 4.25 3.27 3.80 4.13 3.88 3.33 3.93 1.38 1.69 |1.73 1.40
Billboard 3.27 3.75 3.25 4.53 3.06 3.60 2.94 3.88 1.73 3.81 |[2.75 2.69
Boxes 394 1444 294 [3.81 4.19 4.69 2.69 3.88 2.19 475 |[3.73 3.06
Cantina 3.60 |4.13 338 [4.50 3.80 4.40 2.81 4.27 2.13 440 ([2.31 2.56
Door 2.55 3.10 ([3.22 ]4.31 3.74 2.13 2.75 3.19 2.58 345 |141 1.69
Firehouse 2.93 4.13 3.00 [3.67 3.25 3.93 2.40 3.60 2.38 3.69 (293 2.60
Garage 3.27 394 [2.56 3.75 3.56 431 2.25 4.13 1.88 450 ([2.31 3.44
Heavy 2.66 3.25 3.68 [4.23 3.63 4.09 3.06 1.20 2.16 3.19 [1.97 2.16
Kettle 3.58 3.87 350 [3.68 3.58 3.84 2.75 3.66 2.55 371 |[2.87 3.50
Keys 3.13 3.87 350 (3.94 3.57 3.80 2.63 3.63 2.07 427 [2.56 2.93
Lamp 1.94 (244 |2.48 3.03 2.31 2.90 1.74 242 2.66 347 |[1.97 1.55
Mail 3.75 419 12.60 |2.81 3.69 3.75 2.93 3.93 1.56 2.69 [2.63 3.00
Mural 250 1294 [2.81 3.44 2.88 3.50 2.00 3.00 1.88 3.88 |[1.75 1.44
Shed 240 14.00 [2.56 [4.06 3.20 3.80 3.06 2.50 2.07 321 [2.06 2.13
Street 3.13 3.63 2.87 3.47 3.31 3.86 2.73 3.53 2.56 350 [2.33 3.13
Strings 3.77 4.16 3.52 |[4.38 3.40 4.58 2.53 3.78 2.33 439 (247 3.29
Tavern 3.80 3.81 3.06 [4.13 3.00 3.38 2.69 3.56 2.25 3.56 [2.38 2.50
Tree 3.88 444 13.19 3.81 3.93 4.50 3.25 4.56 2.63 419 [2.44 3.19
Truck 3.39 3.71 3.70 |[3.68 3.35 3.84 2.94 3.58 2.28 291 [2.81 1.94
Venus 2.53 3.13 2.81 3.19 3.27 3.50 2.13 3.75 1.87 3.80 [2.50 2.88
Vinyl 3.48 4.13 3.06 3.94 3.55 3.97 2.72 4.00 1.87 390 |[3.13 1.97
Walk 3.57 3.06 (2.93 3.80 3.69 3.94 3.40 3.73 2.13 4,13 [2.13 2.07
Yemiats 3.25 4.38 350 [4.13 3.31 4.13 3.13 4.38 1.69 3.88 [2.27 2.38
Table A-2. Number of Ratings

Name A-HN |A-LN |B-HN (B-LN |[C-HN |C-LN |D-HN |D-LN |E-HN |E-LN |F-HN |F-LN
Aloe 32 32 30 31 31 32 30 31 32 32 30 31
Bench 16 16 15 15 16 16 15 15 16 16 15 15
Billboard 15 16 16 15 16 15 16 16 15 16 16 16
Boxes 16 16 16 16 16 16 16 16 16 16 15 16
Cantina 15 15 16 16 15 15 16 15 15 15 16 16
Door 31 31 32 32 31 31 32 32 31 31 32 32
Firehouse 15 16 15 15 16 15 15 15 16 16 15 15
Garage 15 16 16 16 16 16 16 16 16 16 16 16
Heavy 32 32 31 31 32 32 31 30 32 32 31 31
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Name A-HN |A-LN |B-HN |B-LN [(C-HN |C-LN (D-HN |D-LN (E-HN |E-LN |(F-HN |F-LN
Kettle 31 31 32 31 31 31 32 32 31 31 31 32
Keys 15 15 16 16 14 15 16 16 14 15 16 15
Lamp 32 32 31 31 32 31 31 31 32 32 31 31
Mail 16 16 15 16 16 16 15 15 16 16 16 16
Mural 16 16 16 16 16 16 16 15 16 16 16 16
Shed 15 15 16 16 15 15 16 16 15 14 16 16
Street 16 16 15 15 16 14 15 15 16 16 15 15
Strings 31 31 31 32 30 31 32 32 30 31 32 31
Tavern 15 16 16 16 16 16 16 16 16 16 16 16
Tree 16 16 16 16 15 16 16 16 16 16 16 16
Truck 31 31 30 31 31 32 31 31 32 32 31 31
Venus 15 15 16 16 15 14 16 16 15 15 16 16
Vinyl 31 31 31 31 31 31 32 32 31 31 32 32
Walk 14 16 15 15 16 16 15 15 16 15 15 15
Yemiats 16 16 16 15 16 16 16 16 16 16 15 16

12




APPENDIX B: TEST SUBJECT INSTRUCTIONS

Low Light Photographs and Camera Noise

Scenario

Our goal is to understand how first responder tasks
are impacted by camera impairments that are
caused by inadequate lighting.

Camera noise is of particular interest.

Photograph Requirements
e Let people see what actually occurred
e Provide an unbiased account of events
e C(Create evidence
e Details, text, and dimly lit objects visible

Your Task

e Look at a photograph for 4 seconds
e Rate the image quality
e Repeat 96 times

Tips
Consider everything you see: the camera’s
performance and the operator’s actions.

Ask yourself, “Would a first responder who has to
rely on the photo be delighted or annoyed?”

There is no right or wrong answer. Everyone’s
opinion will be slightly different.

Instructions
Sign the release form.

Get Comfortable. Arrange the laptop to suit
yourself. You can tilt the screen or change the
distance.

Pick up a pen. The laptop has a touchscreen. You
can use the pen’s stylus and keep the pen.

Start the experiment by pressing the “get started”
button. The first image will appear immediately.

Rate the image on a scale of excellent, good, fair,
poor, or bad.

Skip if you were briefly distracted and did not see
the image. This happens to everyone.

Continue rating images until the software says
you’re done.

If you must pause, rate the video first. Pause. Then
press “submit.” The next image will be displayed
immediately after you press submit.

Record your demographics below.

Sign to acknowledge your receipt of a gift card.

Gender Age

Experience with Public Safety

13
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