Feasibility Study for the Development of a
Motion Imagery Quality Metric

John M. Irviné’; Charles FenimofeDavid Cannoh John Roberfs
Steven A. Israé] Larry Simort; Charles Watts James D. Mille, Michelle Brennar
Ana Ivelisse Avilé§ Paul F. Tigh& Richard J. Behrefis

LSAIC: 2 National Institute of Standards and Technolddggpoz, Allen, and
Hamilton;*Mitre Corporation? Moriarty and Associates,
* email: john.m.irvine@saic.com

Abstract

The motion imagery community would
benefit from the availability of standard
measures for assessing image interpretability.
The National Imagery Interpretability Rating
Scale (NIIRS) has served as a community
standard for still imagery, but no comparable
scale exists for motion imagery. Several
considerations unique to motion imagery
indicate that the standard methodology
employed in the past for NIIRS development may
not be applicable or, at a minimum, require
modifications. Traditional methods for NIIRS
development rely on a close linkage between
perceived image quality, as captured by specific
image interpretation tasks, and the sensor
parameters associated with image acquisition.
The dynamic nature of motion imagery suggests
that this type of linkage may not exist or may be
modulated by other factors. An initial study was
conducted to understand the effects of specific
factors on perceived image interpretability for
motion imagery. These factors are:
= Target motion: Other studies indicate that

moving targets exhibit greater salience that

can enhance target detection and
recognition

= Camera motion: The parallax effect and
changing viewing geometry assist the
analyst, particularly when viewing partially
occluded targets

= Scene complexity: It has been hypothesized
that both target and camera motion exhibit
greater effects on perceived interpretability
when the scenes are more complex.

In this evaluation, a number of experienced
imagery analysts provided ratings and
comparisons of a number of motion imagery
clips and images derived from these clips. The

image set was well characterized in terms of
target motion, camera motion, and scene
complexity, as well as ground sampled distance
(GSD). Analysis of the data from this evaluation
provides insight into the magnitude of these
effects on perceived image interpretability. This
paper describes the evaluation, presents the
results, and explores the implications for
development of a “NIIRS-like” scale for motion
imagery.

1. Introduction

The development of a quality metric for
motion imagery could proceed along any of
several paths: a perception-based scale, a statisti
computed from the imagery data, or a metric
predicted from the sensor parameters and image
acquisition conditions. The National Imagery
Interpretability Rating Scale (NIIRS) is an
approach embraced by the Intelligence
Community for still imagery [2, 3, 5]. Each
NIIRS level indicates the types of exploitation
tasks an image can support based on the expert
judgments of experienced analysts.
Development of a NIIRS for a specific imaging
modality rests on a perception-based approach
[1]. Accurate methods for predicting NIIRS
from the sensor parameters and image
acquisition conditions have been developed
empirically and substantially increase the utility
of NIIRS [3, 4].

In exploring avenues for development of a
similar metric for motion imagery, a clearer
understanding of the factors that affect the
perceived quality of motion imagery is needed.

If perceived quality is highly dependent on scene
content (such as target motion), then predicting
image quality from the sensor and acquisition
parameters is not possible. Although scene
complexity does not appear to be a major factor
affecting perceived quality of still imagery, it



could be important for motion imagery. In
particular, an interaction between target motion
and scene complexity has been hypothesized for
motion imagery. The third area of concern is the
effect of the motion of the sensor platform, since
change in camera position affects obscuration,
masking, and perception of three-dimensional
information. This paper presents an evaluation
conducted to develop an understanding of these
fundamental issues affecting perceived quality
for motion imagery. The findings of this
evaluation provide a first step in developing a
quality metric motion imagery.

2. Objective
The objective of this investigation is to

develop an understanding of the issues raised

above. The proposed evaluation tasks were:

= Ratings of each motion imagery clip and
corresponding frames of still imagery using
the Visible NIIRS

= Paired comparisons of motion imagery clips
to still images extracted from the same clips

= A set of paired comparisons of diverse
motion imagery clips to assess the effects of
target motion, scene complexity, and the
interactions.

3. Impact

Currently, no NIRS or similar quality
metric exists for motion imagery. If a Motion
Imagery NIIRS (Ml NIIRS) or similar quality
metric were developed, it would be a useful tool
for a number of applications:

= Sensor and System ReguirementBy
expressing the requirements for new
Intelligence, Surveillance, and

Reconnaissance (ISR) systems in terms of
NIIRS, the system performance can be
related directly to fulfilment of specific
military missions. Design and trade studies
can be performed.

= Tasking and Collection ManagemerBy
linking sensor parameters to MI NIIRS
through an Image Quality Equation,
collection managers can assess how best to
task imaging assets to satisfy critical needs.

= Evaluation of Image Processing and Image
Compression An MI NIIRS would quantify
the benefits from image processing to
enhance the imagery. Conversely, an Ml
NIIRS can quantify the loss associated with
image compression or other modifications to
the image chain. This could be a significant
concern, since the capability to acquire

digital motion imagery is likely to exceed
the communications capacity in many
tactical settings.

4. Approach

The general approach is a small, focused
evaluation that addresses the fundamental issues
related to the development of a measure of
interpretability for motion imagery. Imagery
analysts were asked to provide NIIRS ratings
and perform pairwise comparisons for a set of 35
motion imagery clips. For each pairwise
comparison, the analyst was asked to indicate the
relative image interpretability for the two clips
using a ratiscale. In addition, analysts were
asked to rate each video clip and corresponding
still images using the current Visible NIIRS.
Analysis of these ratings allowed us to examine a
number of critical issues:

1. Relationships between perceived image
quality and target motion.
2. Relationships between perceived image

quality and scene complexity.

3. Interactions between scene complexity and
target motion that could affect perceived
image quality.

4. Relationships between perceived image
quality and camera motion.
5. Relationships between perceived image

quality for motion imagery and the Visible
NIIRS.

6. Consistency of the perceived relative quality
levels across analysts.

7. Internal consistencies of the ratings from
each analyst.

8. Relationships between perceived image
quality and sensor/acquisition parameters.

5. Imagery

The image matrix was populated with
existing holdings at the National Geospatial-
Intelligence Agency’s Persistent Surveillance
Office (NGA/IXA) and special collections by the
National Institute of Standards and Technology
(NIST). The imagery used in this evaluation was
High Definition Television (HDTV) data
collected from a 720x1280 progressive scan
camera system. While the ultimate development
of a motion imagery quality metric must embrace
a range of camera systems and imaging
conditions, this effort focuses on understanding
specific effects related to perceived image
quality. Consequently, the relatively limited
range of image conditions effectively controls
for a number of factors that might otherwise
confound the effects of interest in this study.



Members of the research team reviewed all
of the imagery in order to characterize it with
respect to target motion, camera motion, and
scene complexity. Team members rated each
clip from 1 (low) to 5 (high) with respect to each
of these factors. The ratings are subjective,
based on the following definitions:

Target Motion The targets (usually vehicle
or people in the scene) are moving with
respect to the background and/or the raster
Camera MotionThe camera is moving with
respect to the background

Scene ComplexityHigh complexity scenes
include diverse clutter, multiple independent
motions, higher spatial frequency
information, target confusers, partial
obscuration, or other features that make it
difficult for an observer to detect and track
the targets

Table 1. Characteristics
Represented in Each GSD Bin

Target Scene Camera
Motion | Complexity | Motion
Low Low Low
Low High Low
High Low Low
High High Low
High High High

In addition, the ground sample distance
(GSD) was estimated via mensuration of known
objects in the scene and, where possible,
validated by comparison to metadata. From a
full database of several hundred motion imagery
clips, a set of 35 clips was selected for the
evaluation. These clips were grouped into bins
of similar GSD, where each grouping spanned
five combinations of conditions (Table 1). The
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unbalanced design arose from the limitations of
the available imagery. From each clip, a high
quality still image was generated using 5
consecutive frames (using a super-resolution
technique). Thus, the full set of imagery
consisted of 35 video clips of approximately 5
seconds in length and 35 corresponding still
images.

6. Evaluation Design and Execution
Twelve image analysts (IAs) participated in
the evaluation. All of the analysts had
experience with operational exploitation of
imagery and were NIIRS certified. Experience
levels spanned a range from junior analysts to
exceedingly experienced ones. Following the
initial introduction, each IA worked through the
evaluation at his/her own pace, taking breaks as
needed. All imagery was viewed on calibrated
monitors under controlled lighting conditions.
To facilitate display of motion imagery for
paired comparisons, the set-up used two PCs,
each with a high-end color monitor. All
responses were recorded in hardcopy. At the end
of the evaluation, each IA completed an exit
guestionnaire to provide subjective feedback.
The four steps in the evaluation were:
1 Visible NIIRS ratings of still images that
were extracted from each motion imagery
clip
Visible NIIRS ratings of the motion
imagery clips
Paired comparisons of the motion
imagery clip to a single frame from the
clip sequence using the rating scale
shown in igure 1.
Paired comparisons between various pairs
of motion imagery clips, also using the
scale shown in Figure 1.
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Figure 1. Format for Capturing Paired Comparison Quality Ratings



7. Results of the Evaluation

Throughout the evaluation, target motion
has a significant effect on perceived image
quality, in terms of both NIIRS ratings and
paired comparisons. Motion imagery clips in
which the targets are moving are consistently
rated higher. This result is not surprising, since
motion increases target salience. It is intergstin
to note, however, that the effects due to camera
motion were not statistically significant and there
are only weak indications of an interaction effect
involving target motion and scene complexity.

Steps 1 and 2 of the evaluation demonstrate
that trained IAs are capable of providing
consistent NIIRS ratings for motion imagery.
On average, the NIIRS ratings for the motion
imagery clips are slightly (about 0.25 NIIRS
units) higher than for the corresponding still
image (Figure 2a). Both the NIIRS ratings and
the paired comparisons indicate that image
interpretability is inversely related to
l0g:(GSD). While the relationship is linear, the
slope is much lower than expected (Figure 2b).
Historically, a doubling or halving of GSD
produces a one NIIRS unit shift. These ratings
exhibit about a half NIIRS unit shift when GSD
varies by a factor of two. This flatter
relationship may be due to changes in the image
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associated with softcopy display or because the
color imagery provides better target contrast than
for panchromatic imagery.

Visible NIIRS ratings for the motion
imagery clips are slightly, but statistically
significantly, higher than for the corresponding
NIIRS ratings of still images. The paired
comparisons suggest that the perceived
interpretability of motion imagery is
considerably higher than for still images, but the
Visible NIIRS is not sensitive to all the factors
influencing the perceived interpretability of
motion imagery. Figure 3 illustrates this point.
On the left side, the bars represent the values of
t-statistics to test for significant differences
between motion imagery and still imagery. The
blue bars are computed from the NIIRS ratings,
i.e., the t-statistic arises from the paired tést o
NIIRS ratings for still images versus NIIRS
ratings for the corresponding video clips. The
red bars are the t-statistics computed from the
paired comparisons of stills to video clips (step
3) and test for a significant difference from zero.
Note that the red bars show a much stronger
difference, indicating the motion imagery has
much higher interpretability than the
corresponding still frames.
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Figure 2. (a) The Graph on the Left Depicts the NIIRS Ratings for the Motion Imagery Clips
Compared to the Visible NIIRS Ratings for the Corresponding Still Images; (b) The Graph
on the Right Shows the Relationship Between the NIIRS Rating of the Motions Imagery
Clip and the Estimated GSD for the Same Clip



8. Conclusions and Future Directions

This study indicates that target motion is a

significant and consistent factor affecting image
quality. One of the implications of this finding i
that traditional NIIRS development methods will
not translate effectively into the motion imagery
domain. The study also raises questions about
other factors that influence image
interpretability. To address these issues, we
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propose a series of small, focused evaluations,
each intended to answer a single basic question
about interpretability (Table 2). Finally, the
analysis of the NIIRS ratings and the paired
comparisons indicates that Visible NIIRS does
not capture the full range of factors inherent in
the perceived quality of motion imagery. A new
scale, therefore, is needed to address the quality
and interpretability aspects of motion imagery.
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Figure 3. (a) The t-statistics for Testing a Difference Due to Motion and (b) Raw Ratings
from the Paired Comparisons of Motion Imagery Clips to Still Images

Table 2. Proposed Focused Evaluations for Investigation of Motion Image Quality

Evaluation Questions Addressed by Evaluation

Frame rate study How does image interpretability véth frame rate?

Color study Assess interactions between color aoiiom

Resolution & viewing How do low grazing angles affect relationship betwenterpretability
geometry and GSD?

Criteria satisfaction

differently?

Can IAs consistently rateéeria relative to Ml markers? How does
target motion affect criteria ratings? Are moti@mnsitive tasks rated
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