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1. INTRODUCTION

1.1 BACKGROUND

Among the most important information that affects the situational awareness of pilots of
both transport category and general aviation (GA) aircraft is the location and severity of hazardous
weather. The flight crews of commercial transport aircraft have a variety of on-board systems to
assist them with maintaining awareness of potentially dangerous weather. Many of these aircraft
are equipped with airborne weather radar, which detects hazardous weather ahead of the aircraft.
Weather information and advisories are provided via VHF radio (voice and text datalink) by
company airline dispatchers and staff meteorologists on the ground. In contrast with the airline
crew, the GA pilot has much less information available, and has no second crew member to share
the workload, nor any of the available supporting technology.

MIT Lincoln Laboratory, with the sponsorship of the Federal Aviation Administration
(FAA), is developing a data link application that will provide graphical, as well as text, weather
information to the GA pilot in the cockpit. The goal is to provide relevant and timely information at
an affordable cost to the GA community.

To assess the effects, as well as to aid in the proper design, implementation, and
certification of use of the Graphical Weather Service (GWS) in aircraft, two human factors studies
were conducted. This report documents the findings of the second human factors study, Phase
Two. The first study, Phase One, was documented in ATC Report-215: “The Influence of Data
Link-Provided Graphical Weather on Pilot Decision Making” [1] and is summarized in
Section 1.4.

1.2 GRAPHICAL WEATHER SERVICE: A DATA LINK APPLICATION

The first graphical weather product to be developed for GWS is a composite precipitation
image derived from an array of ground-based weather radars. The radar composite is a commercial
product provided by WSI Corporation and is a nationwide image of the six National Weather
Service precipitation levels with a resolution of 2 kilometer x 2 kilometer (km). For this study,
WSI provided images every 15 minutes that covered the New England region. The weather levels
represent the intensity of the radar echoes from the precipitation, and are a function of the
precipitation intensity.

The data link transmission of the raw precipitation image would require more bandwidth
than is available with any practical data link implementation. However, the transmission of these
complex images is accomplished through application of a compression algorithm developed at MIT
Lincoln Laboratory. Figure 1-1 shows an uncompressed and compressed weather image. The
Polygon-Ellipse algorithm [2] is based upon the underlying geometric structure of weather
phenomena. Each weather region of a given weather level is approximated as either a polygon or
an ellipse. The parameters to describe these regular shapes require less data than the original
images, hence the image is compressed. The algorithm attempts to keep the correct area for each
region. If it is necessary to distort the higher weather levels it will increase rather than decrease the
size of any region, making the weather look more severe rather than less.



Figure 1-1. Uncompressed and compressed weather images. Without data compression, the
256x256 km image on the left would require 131,000 bits to transmit. The image on the right has
been compressed to 2413 bits using the Polygon-Ellipse algorithms.

Figure 1-2 illustrates the components of GWS. To use GWS, the aircraft must be
equipped with a data link “modem” such as a Mode S transponder or a VHF data radio that
transmits and receives the data link messages. Polygon-Ellipse (Poly-Ell) was optimized to operate
over Mode S, however compression is required for transmission of graphical weather over any
type datalink, and Poly-Ell could be used with any other datalink system. An onboard Control and
Display Unit is used by the pilot to request services and for the system to display information. Itis
estimated that the required avionics will cost approximately $5000 to $8000 [3]. To receive a
GWS image, a data link request for a specific image is received from an aircraft; it is passed to a
ground-based image compression processor; the processor selects the appropriate image area from
a weather data base (based on location, time, and scale specified in the request); then, the processor
compresses the image and encodes it for transmission to the requesting aircraft. The image is
decoded on-board the airplane and displayed to the pilot.
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Figure 1-2. The components that make up the Graphical Weather Service.

1.3 PURPOSE OF THE PHASE ONE AND PHASE TWO STUDIES

The availability of near-real-time graphical weather information via data link will
significantly affect pilot situational awareness and decision making. Phase One was conducted to
assess the overall effect of GWS on pilot decision making. It was seen as a first step in validating
the need for GWS and as a proof of concept. An overview of Phase One is provided below. Once
Phase One findings validated that GWS is useful and effective, it was necessary to determine pilot
response to the compressed images and to determine what amount of compression would be
acceptable for transmission of images to an aircraft.

Since these complex images need to be compressed due to limited bandwidth, the resulting
image may be somewhat altered from the original image. Therefore, the key issue in Phase Two
was to determine how much distortion, associated with the compression, is considered acceptable
for transmission of images to the aircraft and at what point is the level of compression no longer
acceptable, both in terms of subjective and performance measures. Phase Two also addressed the
issue of determining whether there is a computational measure of image quality that could be used
to predict subjective acceptability of images.



14 PHASE ONE — OVERVIEW

Phase One tested the effect of GWS on decision making during hypothetical flights in
challenging weather conditions. It was documented in ATC Report-215: “The Influence of Data
Link-Provided Graphical Weather on Pilot Decision Making” [1]. Twenty volunteer instrument
rated pilots participated in the study. Subjects had a minimum of 555 hours and a maximum of
28,000 hours of flight time, with a mean of 5,318 hours and a median of 2,925 hours. These
subjects had a range of actual instrument hours from 35 to 2,700 hours, with a mean of 427 hours
and a median of 170 hours.

Each subject participated in four hypothetical flights in an office setting. For each flight
half of the subjects had access to GWS and half of the subjects did not. This design enabled the
testing of the GWS versus No GWS Condition. Prior to each flight, the subject received a
prepared flight plan, relevant navigational charts and weather briefing materials.

The subject was questioned at each of three decision points within the flight. The first
decision point was at departure, prior to starting the aircraft engine. The second decision point was
in the cruise portion of the flight, and the third was near the destination. Since the subject did not
have the benefit of the sensory experience of flight, the experimenter told the subject what the pilot
would be experiencing, e.g., ride quality, visibility, and precipitation. The subject was then asked
what action he would take. The subject could respond immediately or could seek additional
information using GWS (in the GWS Condition) or via queries to Air Traffic Control or Flight
Watch (FW) (in the GWS and No GWS Condition). An experimenter, sitting in the room with the
subject, played the role of ATC and FW personnel, using scripted responses.

For each decision point in which the subject had GWS, experimental images could be
accessed for four locations (present position, departure, destination, alternate), at four different
ranges (25, 50, 100, 200-nautical mile (nmi) radius). The route of flight was in the 200-nmi
range.

The subject was asked to “think aloud” throughout the experimental session. Verbal
request for information from ATC and FW, choices of GWS images, comments and action taken at
each decision point were recorded. Actions taken included Go and No Go decisions and,
decisions to deviate or to proceed on course. After selecting the action to be taken, the subject gave
two ratings: a rating of confidence in his ability to assess the weather situation, given the
information available, and a rating of the level of hazard presented.

Results indicated that GWS had a substantial positive effect on weather-related decision
making. This was found for pilots with varying levels of instrument experience. Subject
confidence in their own ability to assess the weather situational was markedly increased when
GWS was used. Subjects with GWS made fewer requests for weather information to weather
dissemination ground personnel, thus indicating a potential decrease in ground personnel
workload. Subject comments indicated that GWS was found to be very useful and subjects were
enthusiastic about receiving data link services in the GA cockpit in the future.









2. EXPERIMENTAL DESIGN

2.1 INDEPENDENT VARIABLE

The independent variable studied was Level of Distortion. To assess the affect of the
distortion introduced by the Polygon-Ellipse Algorithm, the subjects were shown both
uncompressed or “raw” images, and compressed images. The images used in the experimental
tasks were compressed to three different levels, considered to be “High, Moderate, and Low”
Distortion. Figure 2-1 is an example of an image in the following states: uncompressed, and then
High, Moderate, and Low distortion.

\

High Compression

Figure 2-1. Sample image at different compression levels.

The Polygon-Ellipse algorithm replaces each region of a given level of precipitation
intensity with a region defined as either a polygon or an ellipse. In order to compress the image,
the regular shapes do not perfectly match with the original image. Before compressing an image,
Poly-Ell is given a target number of bits that it attempts to compress the image into. The smaller
the number of bits, the more the image is compressed, and the more it is distorted. Thus, the
compression of Polygon-Ellipse was used to introduce distortion into the images, and the effect of
this distortion is what was studied.

By having a range of distortion levels a range of reported distortion and acceptability
ratings and a range of pilot behaviors in response to the route drawing task were expected. For a
description of how the original (uncompressed) test images were selected and the process for
compressing them to three levels, refer to Section 3.2.2—Stimuli. In that section is Figure 3-2
which shows the number of bits in each image compressed to each level of compression.



2.2 DEPENDENT VARIABLES

2.2.1 Subjective Ratings

Two types of subjective ratings were taken: Distortion Ratings and Acceptability Ratings.
The Distortion Rating represents the subject's subjective assessment of the amount of distortion of
an image. The Acceptability Rating represents the subject's subjective assessment of the
usefulness/acceptability of the image for use in actual general aviation flight. These ratings are
described below. The ratings were chosen for several reasons. They have face validity, and it is
difficult to objectively measure something that is subjective, such as perceived distortion. One of
the intents of this experiment was to come up with a measure of computed distortion that can be
substituted for this subjective distortion measure.

2.2.1.1 Distortion Rating

The subject was shown an uncompressed image and a compressed image, side by side, and
was asked to judge the degree to which the compressed image had been distorted relative to the
uncompressed image. The rating was based on the quantitative amount of distortion of the
compressed image. Images were presented in random order.

2.2.1.2  Acceptability Rating

As in the Distortion Rating Task, the subject was shown an uncompressed image and a
compressed image, side by side. However, rather than rating distortion, the subject was asked to
rate the acceptability of images for operational use in flight, regardless of the degree of image
distortion. Images were presented in random order. A four point scale was used in rating
acceptability, Very Poor (unacceptable), Poor (unacceptable), Good (acceptable) and Excellent
(acceptable).

2.2.2 The Route Selection Task

To enable the collection of data on pilot performance as it is affected by level of
compression, a Route Selection Task was devised. In this task, the subject was presented with a
departure point, and a destination point shown on a single precipitation image, at a time. Each
image was either uncompressed or distorted to high, moderate, or low level. No indication was
given to the subject to denote the distortion level. Images were presented in random order. For
each weather image with the same source undistorted image, the same departure point and
destination point were presented. The subject was asked to select the best route from the departure
point to the destination point.

Along with each image that was presented, two questions were asked of the subject. The
subject was asked to make a Go/No Go decision. In other words, he was asked, “Will you go on
this flight?” Yes or No? Even if the subject answered “No” they were still asked to choose a route
that they would fly if forced. He was also asked, “How hazardous is the weather between A and
B?” He selected a response from 1 (Not at all) to 5 (Very). The responses to these questions
provide subjective comparisons of the effects of compression.






























3.3.2 Experiment Procedures

3.3.2.1 Part One / Route Drawing Task

Written instructions were provided for this task and are included in Appendix D, which
summarizes those instructions. The subject was instructed that he would see a series of GWS
weather images on a Macintosh computer. He was asked to draw a route of flight from one
designated point to another designated point, indicated on the screen as point “A” and “B”. He
was given detailed instructions on how to draw a route by using the mouse and clicking. When he
clicked the mouse button, a waypoint was defined at the location selected. The subject could move
that waypoint as desired. The subject also could delete the entire route and start over again, if
desired. The subject was instructed on how to select, add, delete, and move waypoints. An
example is shown in Figure 3-3. In this example, a route has already been drawn in by a subject.

[ Delete Point |

[ Clear Path |

Range = 100 nm

Will you go on the flight?

4
Vv
How hazardous is the weather between A and B?

Not at all Moderately UVery
1 2 3 4 5 2

Figure 3-3. Route Drawing Task.
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In addition to drawing the route, the subject was asked to answer two questions that
appeared on the screen with the image, as shown in Figure 3-3. The subject was asked to make a
Go/No Go decision. In other words, he was asked, “Will you go on this flight?” Yes or No? He
was also asked, “How hazardous is the weather between A and B?” He selected a response from 1
(Not at all) to 5 (Very). The responses to these questions provide subjective comparisons of the
effects of compression. The subject was told that he could complete these steps in whatever order
he desired, i.e., answer question(s) first or draw a route first. However, he could not exit that
screen until all steps had been completed. The subject responded to the two questions by clicking
with the mouse and a check mark appeared in the box which corresponded with his selected
response. All responses were made by clicking with the mouse. The data were saved to a file in a
format that could be read by Microsoft Excel.

In completing this task, the subject was asked to make certain assumptions regarding the
type of aircraft he would be flying, his intention in taking this flight, and the extent of weather
information available. He was instructed that the aircraft is a light, single engine piston aircraft,
such as a Cessna 172. The instructions indicated that the aircraft has conventional IFR avionics,
including dual navigation/communication radios, Distance Measuring Equipment (DME) and
Automatic Direction Finder (ADF.) The instructions indicated that the aircraft does not have
LORAN, Stormscope, or weather radar. The subject was also told that it is equipped for ILS
(Instrument Landing System) and has no autopilot or HSI (Horizontal Situation Indicator). He
was instructed to assume that he had full fuel for the flight and could assume that he was planning
to travel with one passenger who is not a pilot.

Regarding intent, the instructions indicated that it was important for him to reach the
destination, but that it was not a matter of life or death. He was told to be concerned with getting
to the given destination in a timely fashion, while maintaining flight safety. The emphasis was on
planning a route that reflects usual consideration of the balance between safety and convenience.

Regarding weather, the subject was instructed that the weather information available is
limited to what appears on the GWS weather image, i.e., he would not have access to any other
information sources. The subject was told that all the weather shown would be actual weather that
was recorded during the summer months in New England and that the weather would be depicted
North-up. In addition, he was told that the time of the weather image should not be considered in
his decision and to assume that each image is current. Since the images would be snapshots in
time of weather situations, the subject was told that although in actual flight the weather is
changing over time and moving and that he would be thinking of where the weather will be when
he reaches a certain point; in this task, he must assume that the weather depicted is stationary.

The instructions indicated that there are no right or wrong answers, and that our purpose in
conducting the study was to understand how pilots select routes in relation to weather. The subject
was also told that he would see images that may look familiar from previous trials. However,
instead of trying to remember an earlier route and accompanying responses, he was instructed to
consider the image on the screen and respond. The subject was encouraged to ask questions at any
time during the trials. Following the practice trials, the subject began the first block of test trials.
After each block of 28 images, we asked the subject if he would like a break. The subject could
take a break between blocks as he desired. All subjects were told to take a break after completing
the four test blocks of the Route Drawing Task.
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3.3.2.2  Part Two/ Subjective Ratings

3.3.2.2.1 Distortion Rating. Written instructions were provided for
this task and are included in Appendix D, which summarizes those instructions. The subject was
instructed that he would, as in the Route Drawing Task, see a series of GWS weather images on a
Macintosh computer. However, this time, he would see a pair of images on the screen. He was
reminded that the compressed image is an altered version of the uncompressed image. He was
asked to judge the degree to which the compressed image had been distorted relative to the
uncompressed image. The subject’s task was to assign a numerical value to the level of distortion
perceived. He was asked to base his rating on the quantitative amount of distortion of the
compressed image; not on the usefulness and functionality of the compressed image. He was
informed that he would have a chance to rate functionality later in the Acceptability Task.

Subjects rated distortion, through use of a magnitude-estimation method [4]. In using
magnitude-estimation, the experimenter asks the observer to assign a number to the perceived
magnitude of each stimulus. In this case, the stimulus was the compressed image which appeared
next to the uncompressed image. The rating was based on the quantitative amount of distortion of
the compressed image.

A stimulus-measuring technique frequently used in research is direct scaling (for example,
a 1 to 10 rating scale). The basic assumption of direct scaling is that the observer is able to match
experimenter-prescribed numbers to his perceptions. Direct scaling is a closed scale, i.e., having
upper and lower limits prescribed by the experimenter. Direct scaling methods restrict the observer
to equal intervals, ratios, and pair comparisons.

As an alternative to direct scaling, magnitude-estimation was selected as the stimulus-
measuring technique for the Distortion Rating Task. It was selected in an attempt to avoid
restrictions and to encourage the observer to assign the numbers he feels are appropriate without
any of the biases which may be associated with a response system devised by the experimenter. In
the case of rating distortion, this open-ended scale allows the subject to choose a higher value for
an image that he feels is more distorted than any image previously viewed. Magnitude-estimation
was also selected since it provides a workable means for obtaining the subject's rank ordering of a
large number of stimuli without actually displaying all of the stimuli at once, an obviously difficult
task when the subject is asked to view a large number of stimuli. Once the ratings are obtained
through use of magnitude estimation, the experimenter can assign ranks regardless of the subject’s
own rating scale.

Using magnitude-estimation, a defined attribute of any set of stimuli can be scaled; for
example, visual brightness, intensity of odors, the saltiness of solutions, or the beauty of works of
art. Usually a fixed set of stimuli covering a wide range of a certain attribute is presented to the
observer.

In using this method, first, the experimenter presents the observer with a standard stimulus
and defines the subjective value of that as the observer's modulus. In this case the modulus, or
anchor, was the raw image, and the subjects were told that it had a distortion magnitude of 10.
Next, the subject was asked to report a distortion value for the test image, and that if he felt that the
compressed/altered image does not distort the weather picture at all (in terms of being a substitute
for the uncompressed image), he should enter a response of “10.” He was instructed to assign
higher numbers to more distorted images and that he could respond with any numerical value
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(greater than or equal to “10”, the value of the uncompressed image). He was asked to try to make
the numbers proportional to the distortion of the compressed image as they perceived it. Verbal
examples as well as examples in the written instructions were given. It was emphasized that he
could assign any number, and there was no upper-limit on the number assigned, however, try to
keep rating proportional.

The subject began with a practice block of 24 image, as seen in Table 3-4. The practice
block was provided so that subject could become comfortable with this type of rating and could
develop his own internal scale of distortion in a consistent manner before beginning the test trials.
The subject was told that there were no right or wrong answers and that the purpose of the study
was to understand how pilots judge image distortion.

3.3.2.2.2  Acceptability Rating. Written instructions were provided for
this task and are included in Appendix D, which summarizes those instructions. The subject was
instructed that he would, as in the Distortion Rating Task, see a series of pairs of GWS weather
images on a Macintosh computer. The subject was asked to answer the question: How acceptable
is the compressed/altered image as a replacement for the uncompressed image? He was told that
this question should be answered in the context of typical general aviation flight in a single or light
twin-engine aircraft. He was asked to judge acceptability in terms of the compressed image's
functionality for the flight task as compared with the functionality of the uncompressed image for
the flight task. The subject was asked to rate acceptability regardless of the degree of image
distortion. He was asked not to judge the acceptability of the compressed image in comparison to a
situation where no graphical weather image is available to the pilot, but to rate acceptability in
comparing the two images. An example image is shown in Figure 3-4.
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Figure 3-4. Acceptability Rating Task.

22
























At the highest distortion level, all but two of the images, which are shown in Figure 4-5,
were judged by 80% of the subjects to be unacceptable. These two images, numbers 14 and 19,
were acceptable, even at the highest compression level. These images where examined to
determine if there was some salient characteristic which rendered the highly compressed version of
these images as still being acceptable. For Image 14, 10% of the pixels had non-zero values, and
the highly compressed image had 783 bits in it. While Image 19 had 60% non-zero pixels and was
compressed to 2406 bits. These numbers were typical, so did not seem to relate to the acceptability
of the two images.

The subjects’ verbal comments (after each rating of an image set) on why they decided a
highly compressed image was acceptable were examined. Comments on the two images in
question indicated that the compressed images maintained the basic shape of the uncompressed
image the compressed image, thus they were acceptable. Images 14 and 19 are seen in
Figure 4-5. For Image 14, comments indicated that the weather in the uncompressed image was
somewhat elliptical to begin with. Therefore, the subjects did not have an unfavorable response to
the use of ellipses in the compressed image, i.e., the basic shape of the weather was maintained.
In Image 19, the weather in the uncompressed image was very non-elliptical to begin with.
However, the “high” compression did not result in ellipses, but instead in polygons, i.e., the basic
shape of the weather was maintained. Poly-Ell was not able to force many of the regions to be
ellipses, and instead required a large number of bits for compression. It thus kept a significant
amount of detail.

Figure 4-4. A highly-compressed image that was deemed to be unacceptable.
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Uncompressed Image #19 Highly-Compressed Image #19

Figure 4-5. Highly-compressed images that were found to be acceptable.

4.1.3 Comparison of Acceptability and Distortion Ratings

4.1.3.1  Between-Subject Analysis

While in the distortion task, it was found that subjects generally agreed on which are the
“best” and “worst” images, in the acceptability task it was found that there was a wide range in
variability in the types of images that subjects were willing to accept or reject. Table 4-2 shows the
percentage of the total number of images that subjects were willing to accept. For example one
subject accepted all images, while another subject accepted half of the images. The conclusion that
can be made from the standard deviations obtained from the distortion rankings and the percentage
of images that subjects accepted is that subjects agree on which are the best and worst images as far
as level of distortion, but disagree on cutoff level for acceptability.
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Figure 4-9. ROC curve comparing different computed measures of compression.
A hit was a successful detection of an Unacceptable Image.

This ROC curve allows a cutoff value to be chosen based on the desired hit rate of false
alarm rate. In other words the number of acceptable images that are labeled acceptable by the
algorithm, or the number of acceptable images that are falsely labeled unacceptable. Some example
values are shown in Table 4-3 for each of the computed measures. For example if a RLE/Nbits is
used, and a cutoff of 22.566 is selected, then one can expect 95% hits and 13% false alarms.
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TABLE 4-3

Examples of Prediction of Acceptability by the
Various Computed Measures of Compression

Hit and False Alarm Rates for RLE (Given the Selected Cutoff Values)

Cutoff Value Number of Hits % of Hits Number of False % of False
Alarms Alarms
29.868 and above 16/21 76 1/39 03"
25.356 and above 17/21 81 4/39 10
22.566 and above 20/21 95 5/39 13

Hit and False Alarm Rates for MSE (Given the Selected Cutoff Values)

Cutoff Value Number of Hits % of Hits Number of False % of False
Alarms Alarms
.498 and above 14/21 67 3/39 08
.364 and above 17/21 81 9/39 23
.326 and above 18/21 86 12/39 31
.245 and above 19/21 90 14/39 36

Hit and False Alarm Rates for S'/NBits (Given the Selected Cutoff Values)
Number of False

Cutoff Value Number of Hits % of Hits Alarms % of False
—_ Alarms
1.364 and above 12/21 57 2/39 05
1.128 and above 14/21 67 5/39 13
1.028 and above 17/21 81 11/39 28
.936 and above 19/21 90 14/39 36

Hit and False Alarm Rates for NBits (Given the Selected Cutoff Values)

Number of False

Cutoff Value Number of Hits % of Hits Alarms % of False
Alarms
_————— —]
1191 and above 12/21 57 2/39 05
1349 and below 15/21 71 4/39 10
1967 and below 18/21 86 6/39 15
2449 and below 19/21 90 12/39 31
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5. CONCLUSIONS

The study tested the effect of various levels of compression of GWS weather images on
pilot perception of distortion, opinion of acceptability, and performance on a route selection task.
The main objective of the study was to determine what amount of compression would be
acceptable for transmission of images to an aircraft. It was found that, based on subjective
reporting that low and moderate levels of compression, using the Polygon-Ellipse compression
algorithm, were generally acceptable to pilots.

Several measures of image quality were identified as means for setting criteria to be used in
determining if images are acceptable, and therefore should be transmitted up to aircraft. Some of
these measures were output from the Polygon-Ellipse compression algorithm, so are not applicable
to other compression methods. RLE/NBits (Run Length Encoding/the number of bits that the
Polygon-Ellipse method used to encode the same image) was found to be the most promising
predictor of subjective ratings of pilot acceptability.

Pilot performance, as measured by the route drawing task, was not significantly affected by
low and moderate compression. High compression resulted in statistically significant differences
in Normalized Route Difference and proximity to weak precipitation intensity. Pilot comments
indicated that the subjects generally found the presence of ellipses to be unacceptable. While the
algorithm preserves the fidelity of representation of precipitation intensity levels, the configuration
of these levels were considered by subjects to be “too distorted”, and not to appear to be “natural”,
when a high degree of compression was applied. The subjects were however generally accepting
of the images that were compressed to a low or moderate degree in the compressed weather
images. As a result of this study, a new compression algorithm was developed that does not
introduce ellipses, and thus will hopefully be more acceptable to the pilot community.

The new algorithm is the Improved Weather-Huffman method of compression, which is a
type of run length encoding. As weather tends to form in regions, the algorithm uses a Hilbert
scan rather than a standard row-by-row raster scan. In this method, the scan pattern tends to
follow weather regions, leading to longer runs. If this initial scan does not meet the bit limit, then
several different steps are taken in different combinations. The algorithm can reduce the resolution
of the image, using a pixel averaging technique. It may then throw short runs of lower level
weather away. Finally, if it is able to reach the bit limit, but has extra bits available, then these are
used to increase the resolution of specific small areas that will most benefit. Finally when the
image is decompressed, the neighboring pixels are used to help expand each pixel appropriately.
The effect of this is that the images appear to be much more natural, as shown in Figure 5.1.
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IMPROVED
RAW IMAGE - 131,000 BITS POLY-ELLIPSE - 2,500 BITS WEATHER-HUFFMAN - 2,500 BITS

L 2

Figure 5-1. Comparison of uncompressed image to image compressed by
Polygon-Ellipse algorithm and Improved Weather-Huffman algorithm.

The Improved Weather-Huffman method gives results that look different from the
Polygon-Ellipse method. Generally, the Improved Weather-Huffman looks more natural. It does
not force objects to be ellipses (as previously mentioned, subjects often found the presence of
ellipses to be unacceptable). However, it is not able to compress the images as much as Polygon-
Ellipse was able. Both algorithms generally give about the same number of pixels that are different
from the original image.

As the best measure of image acceptability was found to depend strongly on the
compression algorithm, it would be useful to repeat this study using the same images, but with the
new compression method. That would allow for a predictor of image acceptability for the new
algorithm. Additionally, it will allow for a better understanding of the effects of the new algorithm
on pilot opinion and performance.
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High Compression

Medium Compression

Uncompressed Radar Image
138 nm x 138 nm

Low Compression

Figure 2. Image compressed to High, Medium, and Low compression levels.

OVERVIEW

There are two parts to the study, each containing “blocks” of trials. Each block contains a
number of “trials.” Each part involves different tasks and so each task begins with a practice block
so that you may become familiar with the task. Below, each task is briefly described and then you
will be receiving detailed instructions before beginning each task.

Part One — Route Drawing

You will see a series of weather images on a Macintosh Computer and for each image you
will be asked to draw a route of flight from one designated point to another designated point. You
will be asked to answer two questions about the flight.

Part Two — Distortion Rating and Acceptability Rating

In the Distortion Task, you will judge the quantitative amount of distortion in the
compressed image. In the Acceptability Task, instead of rating distortion, you will judge the
acceptability of the compressed image as a substitute for the uncompressed image. As previously
mentioned, you will be given detailed instructions before beginning each task.
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Table 2 provides an overview of Part One and Table 3 provides an overview of Part Two.
Table 2.

Overview of Part One

Block Task Number of Trials
Practice Houte_Drawing 6
1 Route Drawing 28
2 Route Drawing 28
3 Route Drawing 28
4 Route Drawing 28
Table 3.

Overview of Part Two

Block Task Number of Trials
—= = m—— —————————————y
Practice Distortion Rating 24
1 Distortion Rating 60
2 Distortion Rating 60
3 Distortion Rating 60
Practice Acceptability Rating 5
4 Acceptability Rating 60

The total time for the experiment (which includes short breaks between blocks) will be
approximately three and a half hours. Feel free to ask questions now or at any time during the
experiment.
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