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I. INTRODUCTION

A. Scope of this Report

This is the third annual progress report on the study program "Innovative
Video Applications in Meteorology (IVAM)" sponsored by NOAA on DOC Contract
5-35156. This report covers the work performed by SSEC on IVAM from 1 May 1976
to 1 May 1977. This is the last progress report and will be followed by the
final IVAM study report in December 1977.

A brief synopsis of the IVAM program objectives and work completed prior
to 1 May 1976 follows for those unfamiliar with IVAM. More complete informa-

tion can be found in the two previous progress reports.

B. Background Information

The purpose of the IVAM program is stated succinctly in the contract state-
ment of work and is quoted here:
The Problem

The National Oceanic and Atmospheric Administration would
achieve a significant gain in keeping the public advised of
changing weather conditions if effective, automated methods of

delivering video segments of weather information to TV outlets
could be devised. Although this is known to be a technologically

possible accomplishment, the methods needed to make it econo-
mically feasible have not been developed.

Solution

The National Weather Service and the National Environmental

Satellite Service jointly undertake the funding of a study to
develop a state-of-the-art capability to efficiently deliver

quality video presentations of weather information to the public
at acceptable cost.

Study Objective

This study will be directed toward the development of formats
and techniques designed to maximize the effectiveness of the TV
presentation of weather information to the public. Program content

and organization will be addressed, as well as the conceptual
design of the communications methods and systems that would allow



the presentations to be economically delivered from NOAA sources
to various redistribution terminals. The objectives of the study
are to develop techniques and formats that are characterized by:

High information content in an interesting and understandable -
presentation

A maximum employment of automated presentation formatting, in
order to keep staffing levels reasonable

The maximum utilization of existing or planned NOAA facilities,
methodologies, and communication systems

Modest NOAA implementation costs and modest-to-low cost for
media, public, or private acquisition

Quality and utility coefficients that generate media and public
enthusiasm and demand.

The IVAM program is organized in five major tasks described below. The
correspondence of the five major tasks to the ten tasks specified in the contract
work statement is indicated by the lettered task designationsin parenthesis which

refer to the work statement.

Task 1 - Software Development (Tasks E, J)

This is the major development effort in the IVAM program. If the objectives
as described by NOAA above are to be achieved, the software system must be as
efficient and as flexible as the state-of-the-art allows. Early in the program
we conducted a series of very thorough and very critical reviews of several
possible routes we could have pursued. We chose to start at the very beginning,
and to defer any actual software development until we had produced a sound
sgftware system concept which we were confident could support a development
program capable of meeting the NOAA objectives. During the first nine months
we achieved our initial goal and the software system concept document was submitted

with the 1 May 1976 report. The software development task was about 30% completed



during the first year with the completion of the ccncept document and the
existing McIDAS software which we have drawn upon for specific purposes.

The software design philosophy which has been adopted is based on the
following considerations and decisions:

1) The system to be developed is a production systém. The output is a
large number of graphic images, properly sequenced, meeting high aesthetic
standards, complying with NTSC standards, and coming off the line at 30 frames
per second. This is the first time such a system has been attempted.

2) The system must be automatic. To ﬁeet output requirements it must
work at high speed and must not depend upon human interaction. At the same
time, full system control must be available to the WSFO forecaster.

3) Software will be organized to operate in a basic net structure to
provide an efficient, fast response operating system,

4) Software will be completely modular with standard module-to-module
and module-to-net interfaces to decrease development time and to permit modi-
fication at low cost. This approach will trade memory size for software and
maintenance economy.

5) A multi-processor, multi-memory hardware design will be used to imple-
ment the system to obtain least cost in hardware, low maintenance costs, and
high processing rates.

6) Integration with AFOS will be a principal objective to eliminate
function redundancy and hold implementation and operation costs to the minimum.

During the past year major portions of the software have been completed

- .and are operating in the development hardware. This year we are able to demon-

strate video graphics produced by the IVAM system. We are now in the final
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phase of refinement and tuning of the video graphics generation portion of the"
software set, and major work remains only on the control and segment assembly
portions. These portions cannot be completed because NOAA has decided not to

proceed with development of the output portion of the IVAM system.

Task 2 - Presentation Content Studies (Tasks A, B)

Starting with an extensive review of previous work at SSEC and in the
literature, users' needs fof weather information were assembled and tabulated.
This voluminous data set was consolidated through a series of carefully defined
stéps to a tabulation of users' needs listed by parameters which can be used
as decision bases by the IVAM control processor. These parameters are season,
time of day, weather situation, TV medium, emergency status, past and present
or predicted, and spatial scale. The minimum set (about 220) of presentation
segments have been determined which are uniquely-identified by the seven para-
meters and which meet all important users' needs. A representative portion of
these segment specifications have been translated into video storyboards to
define system performance requirements.

A new task was added to the IVAM program this year to develop the capability
to reduce satellite images to. graphic format automatically and to_evaluate the
information content and viewer acceptability of these images. We expect to

complete this task before 1 October 1977.

Task 3 - Hardware Concept Studies (Tasks E, F)

Hardware definition was purposely deferred until the system and software

concepts were well developed. We view hardware as just the means of implementing

IVAM and have tried to avoid having hardware decisions determine system performance.
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As we proceeded to purchase the equipment for the prototype of the first half
of the system the validity of this approach was fully confirmed. The problem
we faced was not to find a set of equipment capable of the IVAM task but to
select from among many alternatives. Thus we were able to optimize the equip-
ment selection for low cost, maintainability, flexibility, suitability of
system software, etc.

Only the hardware for the front end of the IVAM prototype has been procured.
Specification of the remainder of the system has been completed during the past
year and the IVAM design is complete at the system level. TIn May 1977 NOAA
decided not to fund the completion of the IVAM prototype, but to end the program
with software defined and partially éémpleted; hardware defined on paper only;
and system flexibility demonstrated on the development facility consisting of
the McIDAS with a part of the IVAM prototype hardware. |

Concepts for distribution of the IVAM products to broadcast and cable TV
stations were developed during the first phase of the program and were reported
two years ago. Briefly, it is feasible to distribute presentation segments via
network facilities during the half-hourly station break periods when the network
is normally "black." Further inquiries during the past two years have confirmed
the feasibility of this conceft. For cable distributors the plan‘is not as
easy to define since each cable company presents a different set of circum-
stances. During the past two years we have confirmed the unanimous enthusiasm
of cable system operators for the IVAM product. Operators of systems located
néar WSFO's to be equipped with IVAM foresaw no significant difficulty in

obtaining the output. those located at greater distances expressed interest in



the possibility of obtaining an automatically updated presentation via
telephone lines. A possible design for such a capability is discussed
in this report.

Task 4 — Program Test and Evaluation (Task C)

During the first year we produced two test video tapes, one of a possible
IVAM presentation for broadcast statio;s and one for cable outlets. The tépes
were made from films of graphics designed to simulate IVAM images. Technically
the tapes differed from and were inferior to the expected IVAM product because
of the limitations of filmed graphics. Nevertheless, the tapes have proven to
be of great value in demonstrating IVAM and in obtaining answers to important
system design questions. Last year we made two filmed simulations of IVAM
outputs to test specific presentation concepts of importance in determining
system design. In May 1977 we assembled portions of three segments on video
tape using only IVAM software. We will be producing such test video segments
in greater quantity during the remainder of the program.

The IVAM Weathercasters Advisory Panel was organized and met first in February
1976. Five of the nation's top TV weathercasters make up the panel. This group
has met regularly at six month intervals to consider a broad range of IVAM
design problems. Their advice has been of great value to the program and the
system design includes numerous improvements which they have contributed.

Task 5 - Final Program Development (Tasks D, I)

This task was planned to start only after NOAA is satisfied that the imple-
mentation of IVAM is feasible, and that when implemented, IVAM will meet the
NOAA objectivés. This is the effort required to wrap-up the software develop-

ment, complete the prototype IVAM hardware design, fabrication and assembly,



-install and interface IVAM to an AFOS installation, and place the system
in full operation for test purposes. NOAA has decided not to implement this
task.

C. Program Status

The IVAM program was delayed approximately six months in the summer of
1975 because of unanticipated slowness in receiving funding authorization
for the second year effort. This matter was reviewed in detail in the FY-76
progress report. Except for this delay, the program has proceeded very
nearly as projected in the original proposal. Program goals have been met
or exceeded and contract obligations will be met fully when the program is
terminated on 31 December 1977. ;

The decisioﬁ by NOAA not to carry IVAM to full prototype test and
evaluation comes at a time when:

1) The program is highly successful and all objectives are being met.
The feasibility of IVAM has been established.

2) As discussed in last year's report, many leaders in NOAA, NASA, and
NSF are becoming increasingly aware of the national needs for effective
mesoscale weather service, and of the potential of satellites, radar, laser
sounders, and other new sensing capabilities to provide this service.
Interest in SESAME and PROFS is strong and the example of the British
Meteorological Office shows that such a service is practical. The IVAM
capability is necessary to a NOWCASTING/Mesoscale service.

3) The IVAM development team at SSEC has achieved mastery of the
program. The toughest part is past, morale is high, and we are confideﬁt
that the prototype IVAM can perform to meet full operational requirements.

In August 1977 we will start to dissemble the IVAM development team.



Some will be transferred to other work; some will leave. _ By December 1977,
the program will be dead and:buried in a final report and .a software
documentation package. Revival will be difficult and expensive, if passible. _ . __
It is probable that most of NOAA's investment in IVAM will be lost.
With the need for IVAM, the feasibility of the concept, and the success
of the current program all more firmly established than ever before, it is

most regrettable that work must stop only 20% short of completion.
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II. PRESENTATION CONTENT DEVELOPMENT AND EVALUATION

Most of the past 12 months involved refinement of the TV output segments
and storyboarding of representative examples. Types of images were categorized,
and the structural outline of segment organization was defined to accomodate
orderly assembly under automatic control.

An output specification has been written which includes all segment
output information. It is included as Appendix A of this report. The reader
is referred to Section III and Section IV of Appendix A for definition of terms
discussed in this section.

A. TV Output Segments

Activity during the previous year reduced the number of segments from over
500 to about 200, including both cable and broadcast TV. Approximately 150
segment header sheets have been written. The segment header sheet describes
the parameters that apply to the particular segment, the time and space range,
major users of segments, and verbal descriptions of segment format.

The storyboard is a pictorial description of frame-by-frame TV output,
indicating size, shape, timing, color, etc. The storyboard is the ultimate
description of detailed IVAM output. It is what the programmers use as
requirements for creating graphics output. There are currently about 30
segments storyboarded. The current set of header sheets and storyboards is
included in Appendix A of this report.

At this point in the program, the effort to identify more segments, or to
storyboard them, is being phased down. The requirements of the contract have
been met in terms of determining the range of video weather presentations, formats,

and presentation techniques. The ultimate set of segments available at an IVAM
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-installation will be determined by locally established needs.  As a study, -
the last word in segment identification cannot be written because of the
necessary differences of local style and values, specific uses of weather
information, and local constraints of transmission and timing. The study
has approached the description of segments from two standpoints:

(1) identifying what is needed, and (2) identifying what is possible with
available data. The answers to the two questions are changing rapidly

with time and technology. A further complexity is the fact that the answer
to the question, "What is needed?" is undesirably,but ¢learly, affected
by knowledge or expectation of what. is possible. The ﬁarameters of
weather are often thought of in terms of their measuring device, rather
than the weathe£ effects or the weather element, itself. We 1dok at the
radar, not at the rainfall; we look at the satellite picture, not at the
clouds or temperatures. The real meaning of weather information (as opposed
to weather data) will be an area of great growth as the capability and
usefulness of meteorological measurement become known and appreciated by
the non-meteorologist.

The output presentations defined at this point provide the basis for
handling any new segment or new information identified in the future. The
operational structure of handling segments as output product modules allows
any TV output which can be defined to be handled by the IVAM system.

The segments are constructed of a basic sequence of images according to
Figure II-1. A start-up and an ending hold provide orientation for the
viewer. Effective communication to the non-meteorologist requires adequate
time for the viewer to realize the subject and context of the weather message.

In addition, there is the practical consideration of interfacing segments

.
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~and providing an aesthetically pleasing beginning and end to each segment.
Fade-in and Fade-out satisfy the requirements for smooth transitions between
segmenfs and also allow a dissolve of information from one segment to the
next, if the weathercaster wishes, by simply overlapping the fades at the
user TV station. This may be particularly useful when the weather subject
has interesting past information covered by one segment and interesting
forecast information (on the same subject) on another segment. The past
and forecast are produced as separate segments to give the weathercaster
sufficient options in choices of segments to use, also to maintain a more
consistent time range in the length of segments.

Given a relatively standard start and end format for most segments,
the "message' portion of the segment is the most expressive portion. Outside
of this portion only two still images are used for each segment. Within the
message, output may consist of a mixture of still frames, transitionms, and
animation. The choice of specifically what images are shown in terms of
satellite picture, graphics, annotation, stills or animation, etc., is
prescribed by the storyboard of the segment. Only the input data values need
to be provided to the system to produce the full video output of the segment.

As an example of how a segment is constructed, the steps of producing
Segment #14 will be described. The Storyboard for that segment is shown in
Figure II-2. The data in the system at all times for this segment includes
all of the non-changing data:

U.S. Map
Fixed Annotation

Control information (including knowledge of current season and
input data required.)



Tuesday, Dec. 6, 1976

Tuesday, Dec. 6, 1976
Add in first watch or warning from west
winter snow watch, storm warning, etc.

Use flakes within yellow for watch areas,
red for warning areas.

Advisory, non-emergency type map for
general indication of areas expected to
have heavy weather of many types —--- use
U.S. grid with 1lt. grey background and
lue state borders- 1lt. blue outside map

HOLD 5 SECS.

uesday, Dec. 6, 197f

. Dissolve out annotation of first problem,
leaving szmbols behind (3¢) as next area
from west appears. Annotate, words,
symbol.

Add in next east area and annotate as
before

HOLD 5 SECS.

Travellers Advisory: use %~ skidding
car symbol within area. -

Snow Watch & Warning: Use flakes '9{.

Tornado Watch/Warn: Use Twister ?

Thunderstorm Watch/Warn: Use < lightning

(blinking?)
Numerous severe storms  [Fiood Areas: Use Water PP

.Tuesday, Dec. 6, 1976 (etc.)

Dissolve out previous wx problems as severe
storm forecast from sels dissolves in. ’
i(This stands alone for impact.) Use 31ng1e
;{yellow hatching for scat. areas; double

- hatch red “numerous’ areas. HOLD 12 SECS. «

SEGMENT LENGTH WILL VARY WITH NUMBER
OF AFFECTED AREAS IN U.S.
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The input data required include: =

Date
Any Storm Watch data (in identified graphical format)  _
” Tl’favel Advisory 1] [ 1] ”n " " )
. ” FlOOd Watch " ( " n ” n )
” mmderstom n ( n n 1] ” )

When the decision is made by the system that the segment is to be produced,
the system already knows, without considering input data:
1) The timing of the segment will be 30 seconds total, comprised of:

2 second fade-in of U.S. grid with annotation SKYWARN and location
for date annotation

1 second hold of same

5 second hold of annotated storm watch on map, if any; otherwise,
annotation stating, "NO CURRENT STORM WATCH REPORTS."

5 second hold of annotated travel advisory on map, if.any;
otherwise, annotation stating, "NO CURRENT TRAVEL ADVISORY."

5 second hold of annotated flood watch on map, if any; otherwise,
annotation stating, "NO THUNDERSTORM REPORTS."

2 second fade of previous picture.

2) Which data is needed (4 graphical image inputs), how to display them,
and in what order.

3) Which symbols to display (snowflakes, lightning, etc., if needed).

The input data, however important, occupies a small portion of the output
"volume." It determines:

1) The graphical area display in the four different parts of the segment
2) The date information

3) The decision basis to display the '"NO CURRENT ..." when no graphical
input exists for that parameter.

By comprising the segment as a number of elements, each of which has a pictorial

meaning, the system can use those elements for many other segments as well.
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This is true of both input-determined elements, such as the flood watch
outline, and preprogrammed elements such as the map grid. The system need
not store these for each segment in which they are needed, but may call them
from a common element storage as needed. |

B. Program Content Evaluation

The evaluation of program content is a highly subjective activity and
without careful control could become an indeterminate set of opinions. To
avoid such a pitfall we have limited our evaluétion efforts to activities
with the IVAM Weathercaster Advisory Panel. As reported a year ago, members
of the panel are TV weathercasters of different geographical locations who
meet at the University of Wisconsin t%ice each year to review IVAM output
content.

The first meeting during the reporting period was held on August 29.
The major item on the agenda was review of the segment header sheets for the
104 broadcast TV segments developed earlier. The meeting included not only
the review of segment content, but provided an opportunity to judge the
effectiveness of segment descriptive terminology and categories. Review
comments could be categorizedvinto the areas of (1) additional information
needed, (2) legal implications of statements, and (3) presentation.style.

Specific additional information was recommended for certain segments.
In general, the group felt it to be more important to compare current data
with last year, last week, or yesterday, as appropriate, rather than with
";ormal". The weathercasters find that typical TV viewers do not relate to
"normal", but more value is derived by comparing with data from weather the
viewer remembers or has experienced. When appropriate, the river stages

should be included in segments covering flooding. Precipitation '"total
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for year to date" was identified for some precipitation segments. Wind - -
chill is covered in some segments, but the question was raised whether a
-better-indicator could not be developed which included relative humidity-—
along with temperature and wind.

Needs for segments beyond the 104 was discussed, specifically to
include boating, hurricanes, upper air/jet stream information, dew point,
historical and climate information, and tutorial and informational segments
which could be provided for the season or fed on particularly "slow' days
for weather information.

Questions of legal implications of statements about weather identified
the need for a category between the EMERGENCY and NON-EMERGENCY segments,
such as ALERT or CRITICAL, for instance. It was felt that certain segments,
- while not deserving the priority received by EMERGENCY, should receive
attention above the usual. (The terms WATCH and WARNING have deliberately
been avoided to reserve the applications of those values solely to NWS.)

The use of language which presents consequences of weather, rather than just
weather, brings about questions of legal responsibility and terms such as
"use extreme caution'" or "poor driving" or "hazardous conditions" must be
reviewed. Indeed, as the information presented becomes more immediately
useful to the viewer, the meaning of weather data has greater impact and
consequence.

Discussions of the advisory group on presentation style covered such
things as split screen programming for some segments and consideration of
the weathercaster's position on the screen during 'chromakey" use. Highlight
techniques suqh as blinks, stars, and arrows were suggested, and record high

and low values of parameters can be used for labeling the extremes for
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graphical displays. Use of "hash marks' for forecasts should be made
without an outline because outlines imply more precision than available.
Considerable discussion centered around the issue of timing. It was
generally agreed that any weather subject, no matter how simple, should
be presented with at least five seconds of dwell before changing the
image content. The duration of dwell becomes most important in cable
presentations where there is no narration to enhance the information or
provide context.

Another item covered at the August meeting was the evaluation of a
test film of "transitions." A transition is the sequence of frames used
to change from one video image to another. The purpose of the test film
was to determine some standard transitions which can be called for in
IVAM as hardware-control subroutines. The group evaluated them on the
basis of suitability for information transfer and aesthetic standards of
the TV industry. Four different types of transitions were presented, as
shown in Figuré II-3. The tests were done for transitions between satellite
data images, for transitions from satellite image to graphic image, and
between graphic images. Also tested were variations of timing for the
transitions.

Results for the transition evaluation were compiled and summarized
into a set of guidelines for IVAM use, included as Appendix E of this
report.

' The second advisory meeting was held February 26-27, also attended by
all committee members. Major items on the agenda were to review story-
boarding and ggneral program content, also to evaluate quality of several

limited animation techniques presented on test film.
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Each member of the review committee was requested to storyboard six

segments and present them for discussion at the meeting. A number of

guidelines can be established from the discussion and comments of the

storyboa}ds.

1)

2)

3)

4)

5)
6)

7)

Viewers of TV weather programs expect a stapdard.use of colors

to be able to understand more quickly (and feel comfortable with)
the presentation.

Use of animated sequences does not pose a problem for the weather-
caster in terms of his timing and pace.

There was interest in the group in presenting more meaningful terms,
such as gallons of fuel oil or dollars, rather than degree-days.
When possible, use shading or crosshatch without outline to avoid
implying too much accuracy in location of weather.

General consensus was not to use counties to define WATCH areas.,
There should be a segment which lists all current WARNINGS and
their times of start and end.

Location of certain information, like WARNING, etc., should be in

standard place on picture.

The storyboard for segment 82 was produced on film for testing the

suitability of various types of animation. Two rates of motion were tested,

with several frame repeat rates within each. Also tested were several

different dissolve-dwell techniques to provide animation. The aesthetic

- quality drops off very quickly as the animation is changed from single frame

to repeat frame mode. The consensus was that single frame animation is

clearly most desirable, with double-framing acceptable for slow moving images.
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All other animation techniques tested were consideréd marginal or unaccept-
able, including dissolve-dwell sequences. The conclusion for animation
quality is that little compromise exists and that animation must be very-
well doné, or not at all.

C. Cloud Graphics

As a part of both the IVAM and McIDAS programs, SSEC has developed a
sizable body of software for the generation of video graphics. In a
preliminary test we converted a series of GOES satellite images to graphics
to study the relationship between information content and data volume
reduction. The preliminary test interested NWS and NESS representatives,
and in May 1977 we received directioﬁ to proceed with a more complete study
including production of video tapes of several different weather situations
for evaluation. The reduction of GOES images to graphics is of interest to
NWS and NESS because if sufficient information can be retained with large
reductions in bandwidth, it might be possible to distribute satellite
derived cloud information via the AFOS system.

The purpose of the cloud graphics project is to demonstrate the
feasibility of exacting useful information from a satellite image or sequence
of images in such a way that the bandwidth necessary to transmit a useful
image over a data link is much less than that necessary for the complete
image. The method used in our initial trials involved two steps. First, the
total amount of data was reduced by averaging the satellite image pixels to
grid points in a regular array. Secondly, this grid point array was converted
into a graphic image by use of a data contouring program.

This procedure has been tried on a time sequence of five 2-mile resolution
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images of a spring frontal system over the eastern U.S. some strong
thunderstorm activity was present. The values of grid point spacing tried
corresponded to averéging over 8 x 8, 16 x 16, or 32 x 32 pixel boxes.
From thié grid of averaged brightness values the data contouring program
created an image at the same scale as the original. In the contoured
image the number of brightness levels was reduced from the 64 levels
available from SMS/GOES visible data to 16 levels. The results were

quite promising for the higher resolution grids, expecially the 8 x 8
pixel average. Major patterns of cloudiness and cloud motion were retained
and the area of strong thun&erstorm activity was still distinguishable.
One feature of a time sequence of satellite images was largely lost; that
is the distinction of cloud layers that can be visually separated because
of vertical wind shear. We found that a combination of visible data with
infrared data by color mixing recovered most of this information. The
image produced by averaging over a 32 x 32 pixel area still refained gross
features of cloudiness and cloud motion but tended to merge one weather
system into the next, leaving little useful information.

The reduction in data volume was considerable. For the case of
averaging over an 8 x 8 pixel area for each grid point and reducing the
number of brightness levels from 64 to 16 the reduction is a factor of 256.
For a McIDAS (TV) size display image this represents a reduction from
2 x,lO6 bits to 8 x 103 bits of data. If infrared and visible data are
combined, the reduction factor is less but factor of 50-100 should yield
good results.

Two different contouring programs were tried. One generated contour



II-14.

-lines at each brightness level one level at a time. The interval between
each contour line was then filled in by scan lines. The secon& one produced
a shaded-in contour for all levels simultaneously and worked from the top
to the bottom of the image. The first method produced a smoother contour
but the aigorithm for filling in occasionally produced a small area with
incorrect levels. The second method inherently eliminated this problem but
produced rough edges on the éontours. The problem has since been resolvéd
by using the second method with improved contour smoothing.

Néw that we have shown the basic feasibility of cloud graphics
generated from satellite images, we are now involved in producing a video
tape of cloud graphics images created for six different weather situations.
A preliminary video tape should be ready by early July 1977 for an initial
evaluation by NWS. A final video tape will then be produced based on the
evaluation of the preliminary video tape.

Presently work is being done to improve the software for contouring the
grid point data. The problems that occurred in the earlier versions seem to
have been eliminated. We are collecting a set of fairly recent data for the

test data sets.

D. Output Demonstration Tapes

Two segments were video taped for test purposes, #54 and #43. Both are
produced for cable TV and represent typical cable TV format. Segment #43 is
p;ovided in two different test formats. In addition, the test tape includes
a demonstration of how elements are used to construct an image.

Creation of the video was made by the same steps that are used for the even=
tual aﬁtomatiq operation of IVAM; i.e., storage of elements, smooth scan convert,

pfepass,link, sort, pack, and fill-in, as required. The major differences
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between production of these test segments and automatic operation are two:

(1) The test segments are produced by manually.stepping through the control
functions, and (2) the McIDAS digital is used for output assembly with its

attendant limit of four colors total and slow communication path.

Conventional TV equipment was used to provide fade transitions and alpha-
numerics, since IVAM does not have the hardware required to produce such
effects. However, the production sequence is still the same as that of IVAM
in the sense that the segments are assembled in a serial fashion from data
stored in files controlled by the software.

Segment #54 for cable TV represents an X-Y graphical display of temperature
information. Data used for creation of the segment is actual Service A data
from May 4, 5, and 6. Times of interest for temperature were identified as:
driving times to and from work, noon, and prior to bedtime. Data used for the
forecast curve is not currently available in ready-to-use format, but can be
derived straightforwardly from the data available.

Segment #43 is produced from a series of radar echoes over Jacksonville,
Florida, and was recorded on May 8 and 9. The sequence depicts highly local
information, and in test #1 uses a state map to orient the viewer to the area
of coverage. Contours of accumulated rainfall were calculated via the uniform
grid method from data supplied from point measurements in the Jacksonville area.
Use of McIDAS equipment limited the choice of color combinations available, so
two tests were made, each using different color sets.

Also included is a sequence of images which demonstrate the assembly of an
output image. The sequence is produced by simply letting the vidéo tape recorder
run while the picture is being drawn, one element at a time. Manual control is
used only to éall files or initiate control functions. The rate of fill-in and

line drawing is limited by the McIDAS communication channel used as output.
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Actual rate of image assembly for the final IVAM configuration would be two
to three orders of magnitude faster than demonstrated. The six elements

used to construct the demonstration picture used less than 5K words of

storage.
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ITII. SOFTIWARE DEVELOPMENT

__ At the time of the annual report, a year ago, the PDP 11/40 had just arrived.

It was stated that the next year would be spent on the interface to the DEC -
.goftware: and the resolution of the video issues involved in the IVAM problem.

Then the IVAM System Directory was to be implemented, followed by the IVAM

Operating System which would control the parallel processing environment.

The software effort during the past year followed this plan fairly closely.
There have been four major themes within the software effort. The first
emphasis was on taking control of the development hardware and software purchased
for IVAM. The most important aspect of this step was the application of the
RSX-11M operating system purchased frsm DEC. The second area of emphasis was
the software input to hardware design and the software support of hardware
implementation and debugging. Decisions made in the system studies had a dramatic
impact on the design of the IVAM software. The third area of focus was on the
solution of the video issues to meet the requirement to produce a wide variety
of filled-in color video graphics. The final thrust was in the design and on-
going implementation of the IVAM System Directory and the IVAM Controller which
executes from it. This directory is more powerful than the construct described
last year. Its responsibilities have been expanded significantly,.and its
implementation has led to a number of important decisions which will be detailed

in a later section.

Development System

This system is comprised of the following elements: a 32K PDP 11/40 with
memory mapping, two small system disks, two floppy disks, a Decwriter, a data
tablet, and the RSX-1IM operating system. This system was to be interfaced to
the McIDAS CPU and to the McIDAS Digital Terminal. The Digital Terminal is a

color display with a two bit 525 x 672 bit map refresh memory and a digital disk
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;apable of refreshing 12 five bit video images.

RSX-11M

As—stated last year, the RSX-11M operating system was purchased with the
purpose of assisting the implementation effort and allowing us to make up
some of the time lost because of the delay in funding during the previous year,
and the subsequent delivery delays. RSX-11M is a powerful multitasking operating
system with a variety of file structures and software development tools. Our
first effort was to investigate this operating system and to determine to what
extent it would support the IVAM implementation.

Like most operating systems, RSX-11M takes control of all physical resources
in the system and provides services. to user tasks which allow them to request
the use of these resources. The fact that the user requests rather than demands
services means that while the machine has an operating system, the user task
does not. RSX-11M provides several ways for separate tasks to interact. One
task may initiate another. Scheduling, synchronization, and communication
mechanisms also facilitate the interaction of one task with another. Most
important is the ability to.declare code or data areas common to several tasks
simultaneously. This ability allows utility functions to be centralized both in
core and on the disk. The result is that IVAM will not lose a significant per-
centage of its system disks to multiple copies of FORTRAN I/0 routines and
commonly-used utility routines.

The existence of these features is motivated by a limitation in the PDP-11
anid RSX-11M; since the PDP-11 has only a 16 bit address bus, and is byte-
addressable, it is limited to a 32K address space. On the 11/40 ﬁhis problem
is circumvented by a memory mapping unit which expands the total address space
to 128K. However, this full space is never available to a single task because
RSX-11M has control of the mapping registers and has chosen not to change them

during the execution of a single task. Since the user is unable to reference
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these registers because of the 11/40's protection features, he must use the
intertask features to create a group of tasks which interact to create a

larger whole.

RSX-=11M Interface

The interface to RSX-1IM has been designed to meet the following criteria:
The logic of the Ivam system should not be distorted to adopt to RSX-11M;
RSX-11M dependent code should be segregated wherever possible. The IVAM Control
Program should be in command of the system and use RSX-11M for a small set of
utility functions; it should be possible to specify exactly what functions would
have to be provided if RSX-11M were to be removed.

The function of RSX-11M then is to provide utility support énd to allow the
definition of the IVAM processes on top of this support. Since RSX-11M has no
concept of a task superior to itself, the latter requirement is quite difficult.
Once the utility functions are defined, one would like RSX-11M to disappear and
to have the IVAM controller control both the 11/40 and the Crosspoint System,
which the RSX-11M knows nothing about. The implementation of the utility func-
tions will be discussed here, while the larger systems issues will be discussed
in a later section which discusses the Directory and the Controller.

Utility Functions

The services which RSX-11M must provide include: device drivers, file struc-
tures, the ability to load and initiate a program, the ability to communicate
between programs, the ability to schedule by time of day, and the ability to
s&nchronize events in separate programs.

The basic approach has been to define a series of trap functions which provide
these services. These traps define‘the two level interface to RSX-11M that was
described in last year's annual report. One level is the code within the trap
function which effects the actual interface to RSX-1IM and the other level is

the trap-call within the IVAM code. Thus it is possible to change the nature of
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the trap function witho&t changing the IVAM céde. Thus the RSX-11M interface
could be removed and the trap functions redefined without disturbing the IVAM
code. " This logical division between the function and the IVAM-request for the
functioq also means that there is no direct software linkage between the two;-
e.g., a subroutine call. Therefore, there only has to be one copy of the traps
on the IVAM system disk. However, there is one burden the traps put on the
system. Because of the way .the PDP-11 memory mapping is implemented, the trap
routines subtract memory space from any tasks which request their services.
Thus, the traps have been placed in a common partition which is linked to each
of the other partitions which may run tasks requesting trap services.

The most important functions defined according to this convention are the
file primitives. These provide the IVAM Controller and other Control Frocessor
processes access to all of the RSX-11M file functions. RSX-11M offers a variety
of file mechanisms including block, record, and index files which allow the user
direct access to a particular block in a file without reading those preceding it.
These file types are subordinate to a directory structure which permits the
existence of different versions of the same file, protects the file from unau-
thorized users, and restricts the operations that can be performed on it.

The IVAM system makes extensive use of all these file structures, both for
supporting programming, and by embedding them into the implementation of the
production system. Placing these file mechanisms at the run-time disposal of
the IVAM System required a sophisticated systems effort on the part of the IVAM
group. fhe reason this was difficult was that while RSX-11M does support very
flexible file usage, it requires the programmer to set aside space for a variety
of housekeeping purposes. The programmer must create space for the buffer, file
header, and file descriptor block which describes the file and the use that this
program will make of it to the system. Thus the user program is providing work

space for the operating system. In a system which uses a small number of files
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this requirement is no g}eat burden; space can be permanently set aside for

the file being used. However, in IVAM, where a large number of files will be

used and where the number of currently active files will vary greatly, it is not
possible to set aside space for every file in the function that requested it. It
is not even desirable to set aside a pool of memory which is dynamically allocated
for file use because there will be many times when much of that space would be
idle and yet lost to the system for other purposes. Therefore, the IVAM file
system was developed to fit within the following guidelines: First, file access
should be centralized within the system. Only the file primitives can make a

file request of RSX-11M. This means that all code that deals with the operating
system is localized and need not be repeated throughout the system. Memory space
needed for file transactions will be allocated dynamically by the system. How-
ever, this space is allocated from a general memory pool where it can be reclaimed‘
for other uses when the particular transaction for which it has been created is
completed. Space can be provided by the requesting task if it is in an overlay
area or it is more typically provided by the centralized memofy allocation system
that controls the allocation of crosspoint memory for all processors in the systeﬁ.

The file primitives as currently defined provide IVAM with the run-time capa-
bility for opening and closing, creating and destroying, as well as reading and
writing any of the file types described. The file system has no knowledge of file
use or significance; it is strictly a utility that provides the more intelligent
parts of the IVAM system with the services they require.

Next, effort was concentrated on a series of device drivers and I/0 routines
which had to be fitted into RSX-11M. There are two levels at which external devices
can be inserted into the RSX-1IM. Either they can be defined at the user level, .or
formally defined as part of the RSX-11M. The former alternative has the advantage
that it is easy to implement and the disadvantage that is subtracts 4K unnecessarily

from the requesting task. The 4K is for the entry in the memory mapping register
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_that addresses the I/0 page. Defining a device as a DEC driver makes the full--- -
support of RSX-11M available, but is much more difficult to implement. The
difficulty arises from the fact that insertion of the device driver is a SYSGEN
procedure which means that each step in debugging the driver requires -another
SYSGEN. The next version of RSX-11M, which is now overdue, promises to allow
the insertion of I/0 drivers to be much easier. Therefore, the decision was made
to postpone the formal definition of these drivers until the new version of the
operating system is released.

The devices affected include the Adds Terminal, the data tablet, the Medium

_Speed Interface to McIDAS and the Remote Terminal and Control Board for the Cross-—
point System.

Above the actual device level are a series of subsystems which define the
functions associated with the device. TFor instance, the Adds Terminal has a limited
graphic capability which provides a low cost way of testing some of the IVAM func-
tions. A series of plotting and graphic functions have been defined to make use
of it. The data tablet was purchased as a means of inputting graphic data, and
has been the basis of a development system that will be described in a later section
The interface to McIDAS to be provided first through RS232 and later through the
Medium Speed Interface requiréd the definition of a simple packet system for
communication between the two systems. These packets are comprised of a trans-
action code or destination, 2 word count, a message, and a check sum. Currently
defined packets include those required to request Service-A data, Uniform Grids,
Map files, satellite pictures, or arbitrary files. Another series of similar
packets are used to communicate to the Digital Terminal. Before the direct inter-
face between IVAM and that terminal was completed it was necessary to define a more
indirect path.that routed control packets destined for the Remote Terminal through
McIDAS which had a direct comnection. IVAM packets were sent toO the McIDAS CPU

which sent them on to the Digital Terminal, which generated an acknowledging return
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packet which it sent back to the McIDAS CPU, which relayed it finally to IVAM.

The packets defined included those to load the disk, write into the semi-
conductor refresh, move the cursor, change the color enhancement tables, and to
select the output source or erase the screen.

Hardware and Software

The IVAM software effort was tied more closely to the hardware effort than
originally expected for.two reasons. First, hardware planning required consider-
able software output and hardware decisions, once made, had considerable impact
on software design. Second, hardware implementation requires significant support
during the test and debugging stage.

The Video Assembler design considered a range of hardware and software options,
discussed here only so far as it affects software design and implementation. One
of the major issues was whether to store finished frames or assemble the images in
real-time from image elements. Once the decision was made to store finished frames
on a disk, the operation of the IVAM system was divided into two disjoint modes.
The image preparation and the presentation periods would not overlap because the
assembler resources would be totally committed during the display period. This
means that either there is no image element preparation during the presentation
period, or that image elements once generated must be stored on the disk until the
assembler is free to assemble them into completed frames. This means that during
the assembly process a large percentage of the data flow is from disk to the
assembler, rather than from a processor to the assembler. Several other dependent
factors also decrease the importance of this flow. First, the Assembler will
include hardware and firmware to assist in the fill-in process, which means that
the path from disk to Assembler can be direct. Second, the IVAM storyboards
specify a significant percentage of "story frames' where the part of the content
is stored, rather than generated. Again, these elements can be ready for assembly

without further processing. This flow of data from disk to the assembler during the
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-~ assembly process suggested that the 11/40 should be interfaced to the Asembler as
well as one of the subordinate processors.

Even more important than the decision to store frames was the realization that
the output process virtually dictated the use of several bit-map refresh memories,
both for refresh while the disk heads were moving, and for dissolving or wiping
from one frame to another. The existence of several such powerful resources in
the system suggested that tﬁey be applied to software needs as well as the refresh
problem. In evaluating the effect of these memories on the software several oppor-
tunities were recognized. First, the merge process could be eliminated. (The merge
process is the one which takes a number of image elements defined in terms of a
scan ordered list of the intersect points which define them and combine them into
a single ordered list which is the complete skeleton for the final filled-in image.)
The Merge Process was considered troublesome for a number of reasons. First, it
was the only process that appeared likely to overflow the resources of a single
processor. While the overflow is easy to deal with in conceptual terms, there is
a significant price in system overhead, and the development price paid is the
same whether it happens routinely or infrequently. An additional factor arguing
for the elimination of the merge process was the fact that the disk on the
Digital Terminal failed catastrophically and was to be out of commission for five
months while it was refurbished. Therefore, given the fact that a bit map based
assembly system does not require a merge process, and that the disk réquired
would not be available during much of the IVAM development, the decision was
méde not to develop the Merge Process and to emphasize bit map based methods
instead.

The bit map based design presents a number of powerful options. By designing
the software to continually overwrite elements into the bit map, the elements

can be written into the memory in order of ascending priority. Therefore, the
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-higher priority elements occlude the lower priority ones by the simple expedient

of overwriting them.

Another significant feature is that the software need not be as concerned
with the constraints of the raster. It is possible to plot lines directly into
the bit map.according to their coordinates. On a disk based system, the same
act of plotting a curve would require two disk accesses per point, one to read
what was currently on the line, and another to rewrite the line with the new
point inserted. Therefore, on disk based systems one must sort points into
scan order and merge them with other elements in order to avoid excessive disk
transfers.

IVAM must fill-in domains after-they are outlined. Since the fill-in process
requires tracing the curve along scan lines to assure that every point is filled-
in, it would appear that scan ordering or a similar process would still be
required. However, the bit map memory suggests that a curve can be written into
the bit map in the connected order in which it was defined, and then read back
in scan order by scanning the memory. If the curve were written out according
to the proper discipline, it is possible for an external, very simple processor
to scan it and fill in the domain it defines. Multiple curves which do not
cross each other, such as contours, can be filled in simultaneously by this
method if two bit maps are available; one for the curves and one for the filled-
in image.

Another problem simplified b§ the bit map is alphanumeric placement. While
the computer generates all of the elements of an image it knows very little
about the image. It is difficult for the computer to determine from the one
dimensional arrays how the curves interact in two dimensions and where they leave
room for the aesthetic placement of alphanumerics in the vicinity of the feature

they label. However, by allowing the computer to read back the two dimensional

image the problem becomes much more tractable and, in fact, can be partly implemented
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in firmware.

A final feature of the assembler design which has software implications
is the ability to store separate elements in the different bit plénes of a single
frame. _Thus Bit One could be one element and Bit Two another. This would be
useful for animation where often only a single element is moving. Five steps
in the animation could be stored in a single frame, while the static information
would be stored in a separate bit map. This technique is also useful for
storing alphanumeric fonts. A number of different fonts and sizes of characters
will be stored in a single frame and then written into the bit maps under firm-
ware and software control.

Tablet System

As identified in the annual report last year, one of the priorities for this
year was to be the development of a testbed within which to develop modules which
solve the video graphic problems. For this purpose the tabletsystem was developed.
TABSYS provides a very simple structure within which the programmer can generate
images. The system is interactive with the programmer generating both input data
and commands through the data tablet and receiving prompting from the Adds
Terminal and having the option of creating images on either the Adds or the Remote
Terminal. The data tablet surface is divided into two areas, one for control
input and the other for data input. The control area is further divided into a
large number of control blocks, each of which is assigned a unique function.

When the programmer touches one of these blocks, he is indicating his desire to
execute a particular chain or routines. The system responds with a series_of
prompts which ask him to specify the arrays to be used, the parameters to be
passed to the modules, and the device which is to display the output. The data
area of the tadblet is divided differently at different times, depending on the

function to be executed. In one case it is used to input the points of a curve.
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At another, it is used to specify colors.
_The Tablet System has provided a context within which to implement the
Video Chain Modules. These are the modules required to translate an abstractly
defined image element into filled in points on the television screen.

The;input to this process is a general image element, such as would be
generated.by contouring, received from AFOS, or input through the data tablet.
These points may be defined in any arbitrary coordinate space and are in no
way specific to the raster éharacteristics of the output display. These points
are stored in a single array of alternating Y and X points with the Y points first.
The reason we chose to represent these points this way is that a single input is
much easier for our dynamic memory allocation to deal with. Within this space
there are a number of modules which can be applied to manipulate the element
before it is placed within the output space. It can be moved, scaled, rotated,
smoothed, or mapped.

An element defined in an input space has no relationship to the display device
on which it is to be shown. Therefore, once a device has been chosen, the element
must be converted into a form which is consistent with the device characteristics.
The module that performs this function is called the Scan Conversion Module.

It computes the intersections. of the input curve with the output scan lines.

Where adjacent input points are widely separated it interpolates the intervening
points so the curve cannot cross a scan line without intersecting it.

This module also insures that points which scan convert off the screeﬁ are deleted
from the curve.

The next module, called Prepass, is a very complex one which prepares the
curve for the fill-in process. Since the fill-in process proceeds horizontally
along scan lines, it is ignorant of whether the curve is turning up or down when

it encounters an intersect. Therefore, it is necessary to encode the information
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--about the-direction the curve is turning while connected points are still adjacent
in the input array. The purpose of Prepass 1s‘to preserve connectivity information
so._that_the fill-in routine knows whether it is entering or leaving the domain.
when it .encounters an intersect.

The Prepass function presented a large range of options for the processing
and storage of "fill-in ready"image elements. The fact that the assembler cannot
be loaded during a presentation means that elements must be stored on disk before
they are filled. Therefore, the amount of space required to store an element
on the disk becomes important. Our working decision has been to minimize the
disk space. Therefore, a decision was made not to force every domain to be
defined by a closed curve. With a closed curve the first and the last point
would be the same. An example of an open curve would be one which starts and
ends at different points along the edge of the screen. One could force it to
be closed by creating new points along the edge joining the first and last points.
This practice would greatly increase the number of points in any open curve.
Another decision was not to include points along horizontal sections of a curve.
By saving only the first and last point along a horizontal segment additional
storage was saved. Also, a decision was made to try to represent a curve and
the domain within it by the same construct. In fact, the curve and the domain
are effectively different elements with different priorities in an image. Usually
the curve is a higher priority than the domain it encloses. Also, the curve is
handled differently during the fill-in process. The curve must be widened both
horizontally and vertically during the fill-in process. It must be widened
horizontally because the color bandwidth of NTSC video is so low £hat no color
will be seen unless it is several pixels wide. It must be widened vertically
because a sinéle horizontal line is refreshed only 30 times a second and appears
to flicker. (Two adjacent horizontal lines are integrated by the eye and appear

to be refreshed 60 times a second instead of 30.) Since the curve and the
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domain are filled in differently, they could be represented by different storage
formats, doubling the storage required. The decision was made to store only

the domain representation and to define a line widening algorithm which could
operate ‘on it. It was further decided to allow a single representation to be
used whether the fill-in was to be inside the curve or outside the curve. Given
all these requirements,'PREPASS required some very tricky case logic.

After the PREPASS module has encoded the curve trends at each intersect, it
is necessary to order the intersects according to the raster order that will be
used during the fill-in. The module which accomplishes this is called LINK SORT
which uses link lists to sort the intersects along each scan line. Since there
is a separate linked list for each scan line, these lists are very short and
can be sorted very quickly, much more quickly than if all of the points were
sorted together according to their line and pixel intersects.

Once the intersects are sorted the links are removed by a module called PACK
which reduces the space required to half of that required by LINK SORT. The
output of PACK is the standard element storage construct which will be used to
£ill in domains and to widen lines during the assembly process.

After the elements are in PACKED format the FILL-IN module is used to fill
in the area enclosed by the curve. This module will ultimately be reduced to
hardware or firmware in the output assembler. It receives the PACKED array
which has the line intersects in scan order and the information about whether
to fill in the curve or the domain encoded at each intersect. The FILL-IN
médule simply scans through the intersects. At each point it consults the
encoded curve information and decides whether to reverse the sign of its domain
indicator. When this indicator is positive it fills in until the next inter-
sects; otherwise, it skips the intervening points. By changing the initialization
of the domain indicator, the Fill-in routine will fill in all of the points

outside the curve, rather than those inside it.



This chain of modules within the Tablet System provides. the context required
to work on a variety of video image problems.. Using the tablet system it is
possible to generate a number of image elements, to fill them in with different
pixel values, and to widen lines to arbitrary dimemsions. It is also possible
to select an element on the screen and then change its color assignment by
nbvingthe stylus around a color wheel defined on the data tablet. By using the
data tablet to generate‘test data it is possible to subject the modules to worst
case inputs and to correct errors that might slip by if we did not consciously
try to make them fail.

In order to gain the most realistic experience with commercial video, the IVAM
programmers do not see the RGB video their programs generate. Instead, the RGB
signals generated by the Digital Terminal are NTSC encoded and RF modulated and
then fed into standard commercial black and white and color television sets. This
feedback to the IVAM programmers allows observation of the limitatioms of NTSC
video and the problems of black and white compatibility. It vividly portrays the
greater luminance bandwidth of green information, the greatef chrominance band-
width of the red. It has also dramatized the need for the pixel clock to be a
phaselocked integral multiple of the color subcarrier; otherwise, there is a very
énnoying color crawl on the screen.

Directory

With the Video Chain problems solved and the modules that implement it
gompleted, the major remaining problem is the definition of the control structures
required to coordinate'the processing of the IVAM system. In last year's report
it was mentioned that the descriptor nets of the previous year had been generalized
to include the operation nets and structure nets. It was also mentioned that

these descriptors would reference data through the System Directory which was to
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serve .as the point of interface between the Phy;ical and Semantic Operating

. Systems. This year the decision was made to implement the Directory in terms of
the structures that would be required to implement the descriptors. Then the
descriptors would just be a part of the Directory. In fact the decision was
made to put all IVAM control information in the System Directory.

The Directory includes pointers to all information known to the IVAM System.
In general it is implemented as a free structure, although it can also become
a directed graph. The Directory has references to all modules in the IVAM system.
It knows within which task images the modules are found and on which processors
these task images can run. It also has a pointer to the control sequence asso-
ciated with the module. It has pointers to all permanent and temporary data sets
in the system, whether they reside on disk or in crosspoint or dedicated memory.
The part of the Directory associated with each of the subordinate processors is
subordinate to a single processor node; therefore, to shift its attention from
one processor to another it is only necessary to change a single node. Below that
node is all of the information pertinent to the instantaneous state of the processor,
including the map of its memory showing the distribution of code, data sets, and
tree storage.

The Directory is implemented as a large index file where each block can be
accessed directly. Each entry in the Directory is defined as an eight word node.
The first word indicates the type of node and the last is a LINK which points to
associated nodes. The most important node types currently defined are LINK nodes,
p?ompt nodes, and string nodes. The LINK nodes allow a single node to have a
number of nodes subordinate to it. For instance, since a task image will contain
several modules, a task image node may have several module subordinate nodes.
String nodes are used to contain the text used for labelling images and for

prompting the user.



Like the Tablet System, the Directory can be interactive; however, unlike the
Tablet System it can also operate automatically. Prompt nodes are used initially
to request control information from the operator. The text of the request will
appear on the ADDS screen and the operator will indicate what module, data set,
file, parameter, or processor he desires. However, the prompt nodes can make
their request internally. One part of the system can ask another f§£ control
information. In this way distinction between interactive and automatic does not
exist in the system. At this time the system is completely interactive. However,
the interaction will be used to change the Directory to create new prompt nodes
which define higher functions in terms of chains of modules. Storyboards are
tested and tuned in just this way. Some data sets will be stored in the Directory,
whereas others will be discarded at the end of each session.

The Directory, itself, is just a passive entity. It is actually operated on
by a relatively small piece of code called the IVAM Controller. The Controller
is a simple process which interprets the prompt nodes as code and performs the
functions the prompts indicate. The only functions associated with interaction
are the command to display a prompt text and the command to read the tablet.
All the other functions are internal. Internal prompts place values in the para-
meter block associated with the processor currently being serviced, or they invoke
internal functions which place values into the parameter block. One of the prompt
functions causes the execution of a module. It transfers the parameter block
into the crosspoint memory associated with the processor and then notifies the
pfocessor through the serial line. Part of the parameter block may not be sent.
Instead it will be used for communication between prompt nodes that chain a number

of modules.



Given the design of the IVAM controller and Directory, the decision was made to
divide the IVAM task into a number of completeiy independent processes, each of
which would proceed according to a task queue or task tree stored in the Directory.
In each:.case making a problem into a separate process isolates certain issues
which cannot be completely resolved at the moment, and allows progress on those
which are completely defined. The first process is the Weather Determination
Process which runs at the beginning of each presentation period and uses a small
number of weather values to determine which segments should be generated. Making
this a separate process allows the implementation to focus on the problem of
generating a presentation given a list of segments.

The next process is the AFOS Data Request process which requests pertinent
AF0S products as they are scheduled to arrive. The list of products requested
does not depend on the current weather situation, but includes all products of
conceivable interest to IVAM during the current season. The reason the request
list is not dependent on the weather is to allow IVAM to start requesting data as
soon as it arrives and not wait until IVAM needs it in order to minimize the load
that IVAM places on AFOS. Current data may not be needed during the next presen-
tation, but used later in the day to generate a segment which is appropriate then.
The AFOS Request Process leaves AFOS data temporarily on the IVAM disk in AFOS
format. This is done to keep the requesting process active and (second) to isolate
the Request/reply logic so that its implementation could be postponed until the
two systems were physically interfaced.

When a product is regeived its presence is noted in the Reformatting Queue in
the Directory. The Request Process then translates each of the AFOS products
into IVAM formats and stores them in IVAM file structures. By making this a
separate procéss it allows the definition of a number of very simple reformatting

modules, each of which is specific to one AFOS and one IVAM format.
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As the AFOS data is entered in the IVAM Directory the Element Generation
Process creates the tree which represents the segments which are to be generated
- for this presentation.and which modules must be applied to which data sets to-
achieve :this. By representing this processing as a tree structure, different
processors canwork on different elements and elements whose input data has not
yet arrived can be postponea while others are processed. The result of this
process is a number of image elements in packed format on the disk.

The Assembly Process operates from the Assembly Tree associated with each
segment and each frame. As the elements required to produce a particular frame
become available the assembly process can start reading them from the disk into
the assembler, one element at a time, in order of ascending priority. With each
element the Assembler is given instructions to fill it in or to widen the line
or both. When the graphic elements are filled in, the alphanumerics are written
over them and the completed frame is stored on the Assembler Disk.

The final process is the Display Process which controls ;he retrieval of frames
from the disk, their storage in the refresh RAM's, their colorizing, and special
effects for transition between two images.

Subordinate Processors

A Subordinate Processor is either a physical processor such as the LSI-11 or it
is the 11/40 running in a separate partition. The implementation of these Subordina 3
Processors involved many important systems decisions and will be detailed below.

The goal of the Subordinate Processor design is to minimize the overhead
associated with the execution of a given task. This overhead takes a number of
forms: the time for the Subordinate Processor to stage the execution of a module,
the time required for the communication of control information between the Subor-
dinate Proceséor and the Control Processor, and the space required for the control
code resident on the Subordinate Processor. Of comparable importance is the

development time required to implement the control code and to inteface any new
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modules.

The design of the Subordinate Processor software is defined by a number of
decisions.

First, the decision was made not to use RSX-11S, the core-only version of the
DEC operating system which we acquired from DEC as part of the IVAM Development
System. While this system is designedto be code compatible with RSX-11M, its
use with the crosspoint system would require more effort than would be saved by
its use. "S" assumes the existence of standard system storage and input devices.
It is not easily prepared to accept blocks of code which appear suddenly in its
memory as is the case with the crosspoints. Also, when the minimum version of
"S" was Task Built it required 4K. An additional 2K would be required to provide
the device drivers for the DLV-1lserial interface, the output interface and the
functions that introduced tasks to the operating system. Since the dedicated
memory on the LSI's is 12K the loss of 6K would be significant, especially since
2-4K more would be required for Fortran Library subroutines on those processors
running FORTRAN. Finally, experience interfacing to RSX-11M showed that it would
be difficult to estimate the time required to incorporate use of RSX-11S.

Therefore, the decision was made to take a path with fewer unknowns. The
initiation of modules on the subordinate processors is effected by a very simple
controller which relates to the IVAM modules as FORTRAN subroutines and involves
them by standard calls. The space required for this controller is on the order
of 1K.

The control of I/0 devices other than the DLV-11lis consideredAto be the
responsibility of the module using the device.

Communication of control information over the serial line is limited to a

single byte, called the Command Byte, which identifies the module to be executed.
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”ihis convention minimizes the time delay associated with interprocess or communi-
cation. The data and code are to be segregatea. The control processor dynamically
-allocates the data space but not the code space. The reasons for this will be
discussed later.

A new entity was created, the Virtual Processor. Because of the nature of
RSX-11M it is currently impossible to create a task which requires more than
32K resident memory. However, it is possible to create larger functions by
having several tasks communicate with each other through system messages and
common partitions. Therefore, the decision was made to divide the IVAM system
on the 11/40 into the following entities: The Controller which controls all the
IVAM operations, the System Traps which provide the interface to the RSX-11M
utilities (particularly the file system), the Virtual Processor which can execute
modules, and the Common Partition which is the only part of memory accessible to
the others. Communication between the first three entities is extremely restricted,
being limited to traps and 13 word system messages. In fact, the relationship
between tasks is sufficiently distant as to be analagous to that between separate
processors. Given that similarity and the fact that software would be required
to effect the intertask communication on the 11/40, the decision was made to
make the parallel between a task running on the 11/40 and a task running on an LSI-11
as close as possible. This allows the development and test of LSI-11 images on
the 11/40 before the crosspoint hardware is ready and would mean that only one
system context has to be created.

The code running on a subordinate processor is a single task image produced
by the task builder. It consists of several modules, the IVAM controller code,
FORTRAN subroutines, and a few simple utility routines. The operation of the

subordinate processor is exceedingly simple. The Control Processor tells it what



to do, it does it, and notifies the Control Processor when it is done. It makes
no requests of its own, and in no sense is viewed as a user in the system. It is‘
a minion of the Control Process which knows what it is doing and how long it should
take. Its operation is broken down into bootstrap, module staging, calling sequence,
and module return. While the modules are the same and the operation of the
Virtual Processor is exactly parallel to that of an LSI 11, there are differences
in implementation which will be detailed later.

The code to run on the LSI-11 will be loaded into crosspoint memory modules and
attached to the processor. Included in that code is a block move module which
is capable of copying the code from the crosspoint memory into resident memory
and transferring control to the contrbller once it has been moved. This bootstrap
code is invoked by a series of characters sent through the DLV1l. These charac-
ters consist of a BREAK character, followed by the characters of the "GO" command
to the microcode version of ODT running on the LSI. At this point the code is
copied, a completion character returned, and the LSI is awaitingrcommand. It is
in a WAIT state until one is received.

Module Staging

When the Control Processor wants the Subordinate Processor to execute a
module, it allocates space in-that processor for the input and outfut data sets
and, if necessary, packs the memory to make room for them, using the block move
module mentioned above. It also sets aside space for the parameter block to be
used in the FORTRAN call. A pointer to this parameter block is stored at a fixed
address, the lowest address in either of the crosspoint modules. This pointer
contains the relative offset of the parameter block from the address of the pointer,
i.e.:

: Pointer = Parameter block Address - Pointer Address

The format of the Parameter Block is also in terms of relative offsets from the

pointer.
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Call by value parameters will immediately follow the parameter list and are
considered part of it by the Controller.

Once the Parameter Block has been created in the crosspoint, the Control
Processor transfers a single byte to the Subordinate. Upon receiving this
Command Byte which is the identifier of the module to be executed, the Subordinate
controller stores it in its Active Module Variable., It then gets the Parameter
Block Pinter from its permanent location and uses it to access the number of
parameters stored in the first entry of the Parameter Block. Then for each of
the parameter offsets, it adds the address of the Parameter Block Pointer to the
parameter offset to compute the physical address of the parameter. The contents
of the Parameter Block are now those of the standard FORTRAN call. Since the
IVAM modules are either FORTRAN subroutines or assembly routines observing the
same conventions, it remains for the Subordinate Lontroller to generate the actual
CALL. It does this by using the module identifier byte as an index into a table
of module entry points and going through the standard FORTRAN calling Macro CAL$ -
which transfers control to the module.

During its execution the module does not communicate with the Subordinate
Controller. Upon completion it returns to the calling point through a standard
FORTRAN RETURN. Its communication with the Control Processor is iimited to the

values that it returns as values in the parameter block. However, this communi-
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cation is unknown to thé Subordinate Controller. All it knows is that the module V
being executed has run to completion and the Control Processor must be notified

of that fact. Notice is served by transmitting the module identifier byte back

to the QOntrol Processor. If the byte is other than that expected the Controller
knows that an error has occurred.

The knowledge of the module identifier byte is found in the Directory under
the node specific to the module, processor and task image. The fact that all of
the code running on the Subordinate Processor was bound together by the Task
Builder means that all of the linkages between the Subordinate Controller and
the IVAM modules are resolved by standard use of the DEC software and represent
no development effort. The only issue is the determination of the absolute
address of the task image entry which is needed by the bootstrap process.

The Virtual Processor is a software task which resides on the Control
Processor and relates to the Controller as an LSI-11. The internal representation
of the modules and the calling sequence are exactly the same as with the LSI-11's.
In fact the use of relative offsets in the Parameter Block Pointer and the Para-
meter Block itself is motivated by the constraints of RSX-11M. On the virtual
Processor the data area which corresponds to the crosspoints on the LSI-1l's is
viewed as a Common Partition By RSX-11M. This status allows this memory to be
accessed by the Controller, the System Traps, and the Virtual Processor and circum-—
vents the restriction that no single task can occupy more than 32K. However, due
to the nature of the Task Builder and the Memory Mapping Unit, it is not possible
to guarantee that this Common Partition will occupy the same address space in each
of the sharing tasks. Therefore, it is necessary to communicate in terms that
have the same meaning to both processors. Each processor knows the address of
the Parameter Block Pointer within its own task image. This was provided by
the Task Builder. Thus, while each task may have a different opinion about the

address of this pointer, they can both reference it and locations a fixed distance
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%rom it with confidence.

Since the Virtual Processor is a task which operates in its own partition,
'RSX~11M provides the tools for bootstrapping it. When the controller wants to
-execute a particular module in the Virtual Processor, it issues a RUN command
which loads the appropriate task image and starts it. When the task image gets
control it issues a SEND directive which tells the Control it is running, followed
by a RECEIVE directive through which it will receive its Command Byte from the
Controller.

After the Command Byte is received, the calling sequence is exactly the
same as that used on the LSI-11.

When the module returns to the Virtual Processor Subordinate Controller, it
issues a SEND directive which returns the Command Byte to the Controller. It
then issues a RECEIVE directive which will accept its next command.

There are several small utility modules on the Subordinate Processors which
can be invoked by the Control Processor for housekeeping purposes.

The ECHO Module is simply an "Are you there?" function which the Controller
can call to determine the status of the Subordinate Processor. If the ECHO
Command Byte is returned, the processor is in a wait state. If another byte is
sent back, it is the identifier of the module then running. If no byte is
returned in a few milliseconds, the processor is in an illegal state and must be
rebooted.

The Block Move module is used to load the dedicated memory of the LSI's and
to pack the crosspoint memory in all subordinate processors when it becomes
regimented.

The Exit module is used only on the Virtual Processor. It is part of the
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bootstrap prqcedure for a new task image. Before RSX11M can run a new task image
in the Virtual Processor Partition it must first issue an EXIT to the task that
is currently running there. The alternative to this practice would be to have
the Virtual Processor EXIT after each module. Then each module execution would
require a RUN command and the concomitant disk access. In would also be impos-—
sible to group a number of related modules into a single task image. This
grouping is one important way of tuning system performance.

Memory allocation for all processors is done by the Controller. The actual
moving of data within a Subordinate Processor is done by that Processor using
the Block move module, but only under the direct supervision of the Controller.
The Subordinate does not know that it is packing memory. It only does what it
is told. |

Currently the code areas of the Subordinate Processors are not dynamically
allocated. It is possible to change LSI code only by loading a different task
image. The reason for this constraint is that FORTRAN task images produced by
RSX11M are not relocatable and so dynamic allocation is ﬁuch more difficult.
Also, such dynamic allocation does not appear necessary at the present.

However, IVAM is already prepared to allocate memory dynamically and
several levels of dynamic allocation are provided for in the current design and
will be activated if necessary. First, infrequently used code can be task built
to execute from a crosspoint module. Second, the code area of each processor can
be partitioned at Task Built time. Thus, the code running in one partition can
bé replaced by any other code which can run in that space. Fortran code can
run gnly in the space for which it is Task Built. However, by Task Building the
same FORTRAN code for several different partitions, it would be possible to get
the effect of dynamically assigning partitions. The third level would be to

dynamically allocate the assembly code which is relocatable.
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Maps
a A final issue is the handling of maps within the ¥VAM—system. To the extent‘
that maps are simply overlaid on satellite pictures or plotted as background in
graphic ‘images their use in IVAM is very similar to that in McIDAS. IVAM has
the ability to request an arbitrary latitude-longitude window from the U.S. grid
and to display it on the screen. However, all points on IVAM grids are 2x2
pixels to reduce flicker. In addition, IVAM has the desire to fill in state and
national areas as well as to color lakes and oceans differently. Therefore,
IVAM is creating a series of state map files. Each of these files will include
the points needed to plot the boundary of a single state. These points will be
ordered so the boundary is a single ;onnected line. all rivers and lakes will
be stored in a separate file. Also, all detail which might confuse the fill in
algorithms is edited out. The fill in process cannot fill in a curve which crosses
itself. The maps for the U.S. outline are being separated first and will be

followed by a few of the states. The lakes and rivers will be done last.

Software Status

% Completed

RSX11/M Interface L _ 100%
IVAM Modules 907%
Video Chain 90%

Directory 30%
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IV. HARDWARE CONCEPT STUDIES

A. Overall System Requirements

The IVAM system task definition and output requirements given in the

‘previous annual report remain essentially unchanged; however, continuing study

of hardware approaches has resulted in an improved system concept for a Video
Assembler which differs significantly from those suggested previously. Although
the overall functions described in the earlier system concepts are still =
performed, the new Video Assembler approach modifies the IVAM System Block
Diagram (Figure IV-1) considerably.

The IVAM system is now reduced to two major subsystems —— the Controller
and Element Generator and the Video Assembler. Most nétably, the high-speed
Disk File used fpr staging element/line intercept sets to the Video Assembler
during actual segment production is eliminated. The staging requirement is
obviated by the capacity of the Video Assembler to store all of the frames
required for segment within its own frame storage disks. Elements which need
to be stored for future use may now be contained in the Controller and Element
Generator disk files.

Other aspects of the revised system design are:

1) The number of input storage devices has been reduced to three:

the AFOS data base, the film chain, and the video tape library. The requirement
for a GOES image display terminal like the NESS Satellite Image Sequencer no
longer exists. Instead, an inexpensive Image Data Interface module will extract
the desired TV frames directly from the facsimile data telephone line iﬁput.
Frame data is accumulated in one of the Video Assembler RAM's, then transferred

to disk for later use in an IVAM segment output.
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2) The PDP—11/4OAController need not perform real-time (i.e., frame-
by-frame) control of the Video Assembler operation during segment presenfation.
Functions such as element combining and prioritizing, line widening, fill-in,
and alphanumeric insertion are all performed in advance of the segment display,
so that all frames required for the segment are fully assembled and "re;dy—to-
go" from disk. Instructions for the segment presentation sequence, prepared
by the 11/40 System Controller, are transferred to, and executed by the Display
Controller.

3) The Video Assembler subsystem has two distinct and mutually exclu-
sive operating modes -- assembly and display. In the assembly mode, it is
controlled by the IVAM Controller and its RAM's and RAM controllers are utilized
to assemble frames ‘in the following manner:

a) Image elements are loaded to RAM from the Element Generator.

b) The RAM controllers, containing bit-slice processors, rapidly
execute simple algorithms to perform the functions of element translation, line
widening, fill-in, and combining, usually in the course of RAM-to-RAM trans-
fers. For simple graphics, such as would be used for image data overlays, the
RAM's may be operated as independent bit-plane memories so that up to five such
graphics may be stored in a single RAM or disk frame.

¢) Alphanumeric fonts, stored on the Video Assembler disks, are
transferred to RAM and characters from the font are combined, in the same manner
as any other image element, to a frame being assembled. Alternately, a separate
aiphanumerics frame may be composed for instances where the same alphanumerics
are displayed over several different image data or IVAM-generated graphics frames.
For variable location alphanumerics, the RAM area of interest is first read to
the System Controller, so that the placement algorithm may be applied before

characters are inserted into a frame.
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d) Upon completion of frame assembly, or the ingestion of a frame
of image data, the frame is transferred to disk. The System Controller maih—
tains the directory of the Video Assembler disk contents.

e) A color table (the assignment of colors to pixel values in the
frame data) is written to disk in the vertical interval of the first frame of a
segment, using the table. Aiternatively, and principally useful during system
development, the color tables may be written to and applied from the Display
Controller memory.

f) The instructions for display of the prepared segment are loaded
. to the Display Controller memory. These instructions are executed on command
from the System Controller.

In the display mode, the contents of all RAM's and the addressed
disk frame are always available to the Input Selector as time-base corrected
digital video. The operations performed during the display made are:

a) Transfer data from disk to any selected RAM. This operation
may be performed concurrently with displaying data from the disk.

b) Select video port inputs to each video channel and mask bits.

c) Load color tables

d) Select new disk frame address

e) Select video source to Enhancer/Combiner

f) 1Initiate fade-in, fade-out, cross-fade or wipes by Enhancer/
Combiner, or keyed wipes by counter-driven inputs to the Color Table memories

g) Apply VIR and Film Chain control signals.

Operations a) through e) may be performed on a frame-by-frame basis,
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which provides an extremely powerful set of display capabilities, including:
(1) animation on a frame-by-frame basis, (2) crossfades between indefinitely
long sequences of image data ffames (éach with its individual graphic overlay)
as fast as 15 frames per second, (3) texturing,lscintillations, and keyed
wipes.

B. Input Interfaces

The IVAM system is planned to interface with up to four input daﬁa
sources -- AFOS, CDDS Sectorizer lines, a video tape player, and a film chain.
AFOS will interface with the System Controller; the other sources will be inter-
faced to the Video Assembler. .

1. AFOS Interface

Of the several hardware interface possibilities considered for AFOS in
the previous report, the method of choice is the interface with the AFOS
graphics bus. This interface, simulating an AFOS display terminal, provides
adequate bandwidth for IVAM needs. If coupled with a "request only" mode of
IVAM operation, this interface should introduce a negligible impact on AFOS
system operation or software in the initial stages of IVAM Development Proto-
type testing. No development work has yet been undertaken for a PDP-11/40
1ntérface module which meets the AFOS graphics bus specifications.

2. CDDS Interface

The CDDS line, providing sectorized GOES image data in facsimile
format, will interface to an Image Data input module on the Video Assembler
Bus.

The capability of the Video Assembler disks to store over 800 frames

of TV data affords the capacity to store all of the image data required for
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. segment productions. An external system to provide storage and TV output of-

satellite image data is no longer needed. Other advantages which result from
this approach are:
= a) A simpler interface, consisting of the telephone fax line only.
There are no problems of synchronization and control of an external image data
TV display terminal.

b) The image data is always accessible to the IVAM Controller and,
therefore, allows generation of cloud graphics from the data.

The Image Data interface is a low-cost, microprocessor-controlled
module which receives, demodulates and digitizes the image data, and resec-
torizes the data to a 512 x 512, 5—bit pixel format for TV display. It is func-
tionally similar to the Fax Receiver and Sectorizer subsystems of the Satellite
Image Sequencer developed for NESS, but the system design has been improved to:
(1) allow multiple TV frames with the same or different resolutions to be
extracted from each sector input, (2) provide continuous AGC control, and (3)
provide more accurate lock to the fax data line starts to yield improved frame-

to-frame data registration.

3. Tape Recorder and Film Chain Interfaces

Film and tape pre-recorded video will be fed directly to éhe Enhancer/
Combiner output moduleof the Video Assembler to be directly outputted without
processing by the IVAM system. A single time-base corrector is used to correct
the video from either of these sources.

Both the film and tape units must be capable of single-frame edit, so
these outputs may be merged precisely with IVAM-generated video. Control signals

for these units will be supplied from the Video Controller, in the video output
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section of the Video Assembler.

C. System Configuration Design

In the summer of 1976 a study group, involving people from both the
Departmgnt of Electrical and Computer Engineering and the Space Science and
Enginee;ing Center, was organized to review the alternatives suggested for
a Video Assembler design in Section VII~ E. of the previous IVAM Annual
Report, and to propose new alternatives with the objective of selecting an
optimum design.

Many systems were proposed and considered during the course of the study,
which included review of numerous video display systems and components commer-
cially available. All were found tg contain drawbacks'which would have prevented
the IVAM system from meeting all of its performance objectives.

The study g?oup was disbanded after three months, but work on the problem
was continued by the SSEC engineering staff. The solution, represented by
the Video Assembler subsystem mentioned earlier in this section, was developed
in December 1976.

In retrospect, the basic problems of the earlier system arose from the
concept of staging and performing a considerable amount of processing of data
on a real-time or near real-time basis necessary to maintain the IVAM display.
Also, lack of full-frame memory spaces in the Element Generator made some of
the image element processing steps awkward,zalthough this, in itself, would
not have necessarily limited overall system performance.

The present Video Assembler configuration, shown in Figure IV-2 with detail
of the Video Display Processor section shown in Figure IV-3, relieves both of
these contraints. The disk storage removes the need for real-time element

processing and frame assembly, and the memories, with their associated
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controllers, provide resources wﬁich greatly ease the prbcessing tasks of the
Element Generator.

Having identified the resources and configuration necessary to perform
the IVAM production job, the question of costs had to be addressed before this
alternaéive could be considered a viable solution. The costly items introduced
are the four full-frame random-access memories and the disk storage.

A survey of available commercial memories disclosed that the most economical
memory systems suited for the Video Assembler application was the 94550 Memory
System produced by Control Data Corporation. The cost of the memory for four
frames of storage is approximately $18K in single unit quantities. Further,
as the 16K RAM chips are introduced, the eventual cost of equivalent memory
may be expeéted to drop significantly.

No digital &isk CRT refresh systems are marketed which could provide the
several hundred frame capacity at a cost less than astronomical. IBM 3330
drives, available from several sources and reasonably low in cost, provided the
required capacity, but are not designed for CRT refresh applications. A
design feasibility study in this area demonstrated that a pair of these drives
could be made to function as a CRT refresh with relatively minor modification.
The disk pan is capable of storing 815 TV frames and of frame-by-frame animation
(for successive frameslocated not more than 190 track addresses apart). The
cost of the two drives, with disks and components required for the modification,
is under $20K in single quantities; quantity procurements would cost considerably
lgss.

The total cost of the prototype Video Assembler hardware is estimated to be

$57,200.
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D. Development System Configuration

The IVAM Development System, shown in Figure IV-4, is intended for soft-
ware development and demonstration. The categories of equipment indicated
in the figure are:

1. IVAM System Hardware, intended for use in an IVAM Prototype
system.
2. TIVAM Development Tools, used to support software development,

but not part of an operational system.

3. SSEC Equipment, used for IVAM development, simulates AFOS and
GOES data sources and performs some of the functions of the

proposed Video Assembler.

1. System Description

A thorough description of the Development System components and their
intended application is given in Section IV-I of the last annual report. Only
changes to the system are described in the next paragraph.

A Medium-speed Interface was added to relieve the communications speed
bottleneck to McIDAS and the Video Refresh Disk, imposed by the 9600 baud rate
of the RS-232 interface to McIDAS. The Medium Speed Interface connects into
an existing McIDAS-to-Video Refresh Disk serial line, capable of data rates up
to 600 kilobaud. It provides the capability of simultaneous communications
between the 11/40 and McIDAS and between an LSI-11 and the Video Refresh Disk,
or the reverse connection may be established. The interface also permits usual
McIDAS to Video Refresh Disk communication. Data transfers between the inter-
face and the 11/40 and LSI-11 busses is accomplished by DMA controllers.

The Video Tape Controller has been deleted from the Development System,
and tape editing for demonstrations is being performed manually. The develop-
ment work was performed on the VTR Controller, as it was planned to be contingent

on approval for the development of the hardware Prototype System.
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2, System Status

'The Development System depicted in Figure IV-4 is fully assembled and
operational, except for the crosspoint system, which requires plug-in and
checkout of the Crosspoint Controller and Crosspoint Switching cards. It is
expected that this work will be completed before August 1977. Crosspoint
Memories, however, are being used to increase the 11/40 memory resources in
the interim.

Defects are present in the video outputs of both the Video Refresh
Disk and WRRRM. Work is in progress to correct the Disk System defects which
should be completed before June 15. Correction of the WRRRM defects is contin-

gent upon receipt of replacement memory IC's.
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V. OUTPUT DISTRIBUTION STUDY

Prior to last year's annual report, IVAM's distribution was based on
approximately 24 WSFO's for feeding the media. During the last year there
has been discussion of more WSFO's with IVAM installation, possibly all of
thém. A greater number of IVAM installations relaxes problems in several
respects; it allows more hook-ups and provides the capacity for more locally

specific programming,which is particularly helpful for cable TV.

A. Broadcast Network Distribution

The need to refine the selection of WSFO's for IVAM distribution has been
relaxed by the likely increase of installations. For broadcast network TV,
distribution of IVAM data was feasible but constrained with 24 stations. Now,
with roughly one per state, the distribution is better in two ways. First,
programming at an installation is required for only half the populace (on the
average) and the reduced geographical coverage provides both more specifically
useful segments and narrower area of interest. _Second, transmission via network
channel feeds (as described in previous reports) can be made much simpler in
routing and timing.

Interconnections for video transmission are growing rapidly within metro-
‘politan areas, and make generous use of a mixture of coaxial cable, microwave
relay, and satellite relay. The possibility of more IVAM installatioms,
increased broadband communication, and motivation for using the IVAM product as
demonstrated by the advisory weathercaster committee will provide a straight-

forward solution to the distribution applications for network broadcast TV.



B. Cable TV Distribution

Inter-city connection of cable companies continues to grow, as well as
cable "networks" who are hungry for programming. Microwave and satellite links
are continuing to multiply and interconnection of cable companies is beginning
© to be muéh more of an industry than isolated instances of local solutioms.

The specific plan for each locale and sometimes each station must still be
addressed individually, but patterns are beginning to develop for general classes
of interconnection.

The second great step in technology growth, data manipulation, provides a
great variety of new capabilities, having to do mainly with storage and proces-
sing of data at the receiving end of data transmission. This, of course, allows
significant use of "low bandwidth" transmission. The content and format of data
as it is processed through the IVAM video assembler suggests certain specific

modes for low bandwidth transmission.

C. Low Bandwidth Transmission

"image elements"

The most compact format of graphical data in IVAM exists as
in the video assembler. A typical image element is typically 2K words in size.

An image may consist of up to about 10 elements, half of which are data dependent.

(The other half are "constant"-for the picture and may consist of map data,
annotation of titles, other basic format data.)

Assuming a 5 element picture x 2K/el = 10K words, or 160K bits, this
means that all data required for a picture (or picture update) could be sent
in' 30 seconds on a 4.8K bps typical phone line. This scheme, of course,
would require a certain amount of "smart" processing at the receiving end.

See Figure V-1.
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Assuming three minutes of a five minute cyclical program must be updated
each hour and that each frame has an average dwell of 10 seconds, 18 frames
total would need to be handled. Element storage, at 10 elements per frame,
would amount to 180 elements or 360K words. Of the 180 elements, only 90 are
dependent on changing data, which means a complete update of all segment informa-
tion can be done in 45 minutes. This scheme is not restricted to updating only
new data information, but new segments can be programmed directly. In additionm,
during emergency conditions,‘alphanumeric data can be transmitted within seconds
for warning.

The 360K word storage need not be fast. It could be a floppy disk, or other
low cost recorder. The two full-frame bit maps would cost about $5K each, and
the NTSC encoder and uP controller would cost another $5K. Total hardware cost
for such a system would be $20-25K. This system would be limited to graphic
data but could provide sufficient programming change capacity each hour and the
capability to transmit emergency information nearly immediately, all via conven-
tional 4.8K bps phone line.

Additional engineering work may reveal a better approach, but a distribution

system for cable TV outlets anywhere in the country with adequate capacity and

reasonable cost is feasible at this time.
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VI. FUTURE IVAM EFFORT

A. Introduction

The major area of effort for the balance of the contract will be comple-
tion of the software. Scheduling of the video modules, directory system, and
the general operating system are the key items, followed by a thorough docu-
mentation package.

The second major task will be £o expand and complete the study of distri-
bution to cable TV. The total range of data communication bandwidth from
video to ordinary phone line will be ‘covered.

While the hardware system configuration has been designed and its feasi-
bility determined, a more complete determination of system details is needed
to define the reliability-cost options and complete the system performance
specification.

The organization of presentation content has been well established and
effort in that area will consist mainly of documentation and determination
of constraints and considerations for automatic selection of presentation
contents by the system. Also included will be completion of the suitability
of graphically-presented satellite pictures.

B. Software Development

The immediate goal of the IVAM software development is completing the
implementation of the IVAM System Directory and the IVAM Controller which

operates on it.
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The Directory is being implemented in two phases. The first is a bootstrap
phase which sketches all system functions at a'rudimentary level. This level
is limited to core only operation; however, it provides the tool which will
be used to implement additional features during the second phase of development.

The Directory will initially have knowledge of modules, data sets and
command chains which are preloaded into core. It will be capable of allocating
space fof temporary data sets which it creates. The Directory will require the
implementation of a Subordinate Controller to run on the Virtual Processor.

It will be used to bootstrap expanded capabilities and to extend its scope to
include disk information and multiple processors. The first such extension
will be to create a large repertoire of module task images which can be run
on the Virtual Processor at the Controller's request. Then permanent and
dynamically created disk files will be added.

The Directory is defined in terms of very flexible structures which will
be used tovimplement the control structures used by the other IVAM processes.
Among these structures will be the IVAM time-of-day schedule, the AFOS request
Queue, the Reformatting Queue, the Element Generation Dependency Structure,
and the Assembly Queue. In addition, the Image Formats, Segment Definitions,
and IVAM Data Files will be described using the Directory.

These structures will be used to support the operation of the IVAM processes,
first on a single processor and then on a multiprocessor basis. All memory
allocation and process status will be expressed in tree structures defined under
the Directory. After these features are running the IVAM System will be
complete. '

The System will be documented at several levels. At the lowest level the
IVAM modules Qill be described in terms of input and output data formats and

calling parameters. The operation of the module will be described, along with
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its function within the system. Flowcharts will be provided where the
complexity of the algorithm requires their use for explication. 1In all
cases heavily commented listings will be included in the documentation. A
description of the operating system and device primitives upon which our
implementation rests will be provided.

The Directory and Controller will be documented, both according to how
they are implemented aﬁd how they are used to provide more complex functions.
Each of the IVAM processes described in the software effort will be detailed
according to their input and output formats as well as flow of control.

The IVAM data structures will be described, as well as the reformatting
modules required to translate AFOS products into their IVAM representation.
This will complete the documentation of the IVAM System as required under
contract. In addition,a discussion of field implementation alternatives will
be included. This section will consider the steps required to implement IVAM
on another processor and the impact of differing modes of system operation and
output assembler designs on IVAM processing flow. Finally, there will be a
discussion of the procedures required to SYSGEN on IVAM installation for a
specific locale.

C. Distribution System

Effort for IVAM distribution to broadcast network TV stations has been
well identified in the past, and some possibilities for distribution to cable
TV have been discussed. Effort, for the balance of the contract, will be to
identify as specifically as possible the range of options available for dissem-—
ination of IVAM data to the cable TV companies. Less-than-video bandwidth
will be studied in conjunction with formats of data and images available at
different staées within the IVAM assembler subsystem. A set of several

representative cable companies will be contacted, and distribution problems they
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would have will be examined in detail.

D. Hardware Design

Functional requirements of the system blocks and the System Performance
‘Specification will be completed. Choices of hardware for implementation are
dependent on a rapidly changing state-of-the-art and cannot be optionally
determined until a go-ahead is directed for fabrication. However, a trade-off
of cost-performance-reliability will be made, based on current device capa-
bilities and costs.

E. Presentation Content and Evaluation

The concept of segment determination of TV weather presentation has been
well established during the last two.years of IVAM study. The range of
contents and issues of presentation have been identified and defined in the
output segment specification. Plans for the completion of this task will
include the continued production of representative segments for evaluation by
the IVAM Weathercasters Committee and refinement of the segment list. Classi-
fication of weather situations and the automatic selection of segment process,
based on the situation, will be a significant portion of this task.

Work will also be completed on effects of graphical representation of
satellite pictures and demonstration video tape will be delivered.to NWS and
NESS for evaluation.

F. Program Wrap-up

A final report will be delivered, which will include results of all studies
performed during the entire contract period. All specifications written during
the contract will be delivered. In addition, work will begin in late calendar

1977 to prepare all software documentation required in the work statement,
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including: narrative description of programs, functional flowcharts,
source listings with comments, and test programs. All studies and software

development are expected to be complete by January 1, 1978, with documentation

complete by March 31, 1978.
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IVAM Output Segment Spec

1. Scope
This document describes the output of the IVAM system as segments
requirgd and descriptions of segments in terms of:
Header Sheets
Story Boards

Elements Used
Data Sources Required

II. Applicable Documents

tbd



III. Definitions
The following terms and definitions will apply to this document and all other
documents describing IVAM output.
Segment - The basic unit of TV output from IVAM, lasting for approximately
15-30 seconds, and conveying a complete message of weather information for
the end user.
Image - A complete TV picture, including all lines, curves, A/N's, colors, etc.

Element (Image Element) - A line or set of lines which represents one color

in an image. An element is analogous to the outline of a figure on
a single-color acetate overlay as used in film animation.

Scan Line (TV line) - A horizontal line of modulated color and luminance

value used to "draw" a TV picture. IVAM will produce 512 scan lines per TV

picture,

Pixel (Picture Element) - A single "mosaic" unit which is used to describe
an IVAM TV picture. Each scan line is a horizontal row of 512 pixelé.

The "physical display shape'" of each pixel is represented by a horizontal
dimension which is approximately 4/3's the size of a scan line. This is
necessary to preserve element aspect ratio within the 4:3 aspect ratio of
the conventional TV display raster.

Frame (TV frame) - A TV frame is a complete set of scan lines which repre-

sents an IVAM image. A TV frame is produced approximately every 1/30
second, and is comprised of 512 scan lines each made up of 512 pixels, or

(512)2 pixels per frame.



Dissolve (cross-fade) - A dissolve is the combining of
two images in successive frames, one decreasing in dominance
and the other increasing in dominance, such that the result is
a. transition from the first image to the second.

Fade-in - A succession of frames from a neutral or back-
ground image to a new image by increasing the dominance of the
new image. The fade—in may be used for the entire image or only
certain elements of it.

Fade-out - The reverse of a fade-in.

Cut - An abrupt change from one image to another image
for frames adjacent in time. A cut may apply to elements of
the image or the whole image;

Pop - A cut which includes one or more frames of neutral
or background between images.

Header Sheet - A form which lists the parametric peeds of
a segment.

Storyboard - The visual description requirements of a segment.



IV. Segment Standards
IV-1. Segment Formats
-+ All segments shall have a standard format outline which consists of the
sequence shown in the timing diagram, Figure IV-1.

IV-1.1. Beginning-of-Segment Fade-in

Each segment shall begin with a two (2) second duration of fade-in from
neutral to full image. The iﬁage used for this fade-in shall be the same image
used for the following dwell. Note: The Fade-in is NOT REQUIRED FOR EMERGENCY
SEGMENTS.

IV-1.2. Orientation Dwell

A dwell of at least three (3) seconds duration is required to orient
the viewer to the segment message.

IV-1.3 Message Portion

- The storyboard of each segment completely describes the message portion
of the segment in terms of timing and visual format. The only variation in the
segment output is that which is due to the value of source data. For example,

a segment showing contours of temperature will always show temperature contours,
the only variation being the location of contours depending on the value of input
temperature data. |

IV-1.4 End-of-Segment Fade-Out

Each segment shall end with a two (2) second duration fade—out.of the
last message image to neutral background. Note: The End-of-Segment Fade-Out
.is ﬁOT REQUIRED FOR EMERGENCY SEGMENTS.

IV-1.5 Segment Overlap Requirements

Luminaqce values of the Beginning-of-Segment Fade-in and End-of-Segment
Fade-out shall be such that, by apprpriate recording at a receiving TV studio,
those two fades can be overlapped for the purpose of creating a dissolve between

different segments.
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IV-2. Transition Requirements
Five (5) different transitions are required by the IVAM output: .FADE,
DISSOLVE, CUT, POP, and WIPE.
IV-2.1 TFADE Requirements
fhe IVAM system shall be capable of producing both Fade-In and Fade-
Out transitions as defined in Section III of this document.
IV-2.1.1 Timing for Segment Beginning/End Fades
The IVAM System shall be capable of performing the Beginning-of-
Segment Fade-In and the End-of-Segment Fade—but according to the timing specified
in Sections IV-1.1 and IV-1.4.
IV-2.1.2 Timing for Standard Fade-Out/Fade-In Transitions
The IVAM system shall be capable of performing Fade-Out/Fade-in

transitions according to the sequence:
25 frames fade-out/10 frames blank/25 frames fade-in

This Start and Fade Transition timing will be used for all fade
requirements except the Segment Beginning/End fades.
IV-2.1.3 1Images Used for Fades
All images which are possible outputs of IVAM must be éapable of
being used in the fade operation. A specific part (or parts) of an image, iden-
tifiable as an element, shall also be capable of being used as a fade, without
affecting the balance of the image.
IV-2.2., DISSOLVE Requirements
The IVAM system shall be capable of producing dissolves (cross-fades)
as defined in Section III.
IV;2.2.1 Dissolve Timing

The IVAM system shall be capable of producing a standard dissolve,



which requires 60 frames (2 seconds) for a complgte transition.
IV-2.2.2 Images Used in Dissolves
All images which are possible output of IVAM must be capable
of being used for beginning and/or ending images of a dissolve transition.
IV-2.3 CUT Requirements
The IVAM system shall be capable of producing CUT's as defined in
Section III.
IV-2.3.1 1Images Used in Cuts
The IVAM System shall be capable of producing a CUT between any two
images available as IVAM output. The system shall also be capable of providing
cuts between individual elements of an image.
IV-2.4 POP Requirements
The IVAM system shall be capable of producing POP's as defined in Section IIT.
IV-2.4.1 Timing for POP Transitions
The IVAM system shall be capable of producing the standard POP, as

described by:
Image/10 frame blank/Image

IV-2.4.2 Images used for POP Transitions
All images which are possible outputs shall be capable of being used
in POP transitions. The system shall also be capable of producing POP's of
elements within an image without affecting the balance of the image.
IV-2.5 WIPE Transitions
The IVAM system shall be capable of providing WIPE transitions as defined
in Section III.
IV-2.5.1 WIPE Styles

The standard WIPE for the IVAM system shall be the straight horizontal



wipe of a vertical line from left to right.
IV-2.5.2 WIPE Timing
The standard WIPE between images shall have .a time duration- of

one second (30 frames) for a full transition.



V. Segment Description

This section lists all specific details of each segment. Data is organized
in a group for each segment, according to the following order:

Segment Header Sheet

Storyboard

Element List, indicating order, timing, data source
The segments are listed in numerical order. The number of each segment is
used for identification purposes only. It has no significance such as frequency

of use or importance.
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VI. Element List
This section includes the list of all elements used or needed by IVAM,

element number, description, projection, scale, data source, and time range of

data.
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SEGMENT HEADER

SEGMENT NUMBER 1

EMERGENCY NON EMERGENCY X

MEDIUM Cable X Broadcast X Both X
SEASON Winter X Spring X Summer Fall X
TIME OF DAY Midnight - 6am 6am - 4pm X - 4pm - Midnight X All

WEATHER SITUATIONS (ALL) This is an optional use segment (nonessential information)

used by discretion of weathercaster.

WEATHER PARAMETER(S) Degree-Days -—- HEATING

TIME REFERENCE Past (incl. present) 24-72 hrs. Pprediction

SCALE National Regional State X Local X
COMMENTS ON DESIGNATORS (i.e., use in ____ area only, etc)

Probably not fed in SE or SW states

***********'k**k*****************************************************:‘:*******************

MAJOR USER OF SEGMENT: (reference previous IVAM study) General public, oil dealers -

for energy consumption accounting

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER _ Unique segment —-— also rather complex for

general understanding, and should, therefore, be used alone; not in combination.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Previous degree-day totals: 1, 2, and 3 days

past (number of degrees -- mean temperature of day in question is under 65°)

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) Bar graph with days of

week at bottom of bars; degree days vertically. Space bars, and add annotation for ,

seasonal total and monthly total. Bars should be solid (filled in) and could appear

on screen in sequence, oldest first. Segment length is probably about 15 seconds

See future degree days (segment probably to run back to back with this one) and also

growing degree days for agriculture. ALSQ see cooling degree days segment.

R OIOEEEEOEDEOEEoREEEDEREEEEREEEEERREEEERREEEEREEEEE S S S S
DATA SOURCE (if non-existent, describe probable source) Archived fax and teletype data
on high and low temperatures last 72 hours. Computer to take mean temperature and

subtract from 650 before displaying data.
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SEGMENT HEADER

SEGMENT NUMBER 2
EMERGENCY NON EMERGENCY X
MEDIUM Cabie Broadcast Both X
SEASON Winter X Spring X Summer Fall X
TIME Of DAY Midnight - 6am 6am - 4pm X . 4pm - Midnight X All
WEATHER SITUATIONS ALL - 1 x week
WEATHER PARAMETER(S) Degree Days - Heating
TIME REFERENCE Past (incl. present) 24-72 hrs Prediction
SCALE National Regional X State Local
COMMENTS ON DESIGNATORS (i.e., use in ____ area only, etc)Probably year round on

cable, but only late fall = early spring for broadcast. Varies by geographic area.

B R T T T T T T PR PR PP T T TP P P PR T T P S e T PR R b e

MAJOR USER OF SEGMENT: (reference previous' IVAM study) _ GP, UT, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER User group combination

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) For energy awareness, fuel planning, utility

consumption, oil and gas delivery schedules — users and suppliers must keep track

 of consumption through use of Degree Days.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

1. Reecional Map — colored bands everv 5 degree davs, showing DD‘total for

nrecedino dav midnight to midnight
LY oI 4 L =4 L=}

Date and Heading Annotation. Use Zones BG?

25 Dissolve to regional map for seasonal totals. May be placed in bands or

mini-Bar Graph form. Annotate.

3. Overlay "last 7 days were ——-% colder/warmer than normal"

hkkkkkhkhhhkkhkk ****k*************k**#k*************k************k*****k*k******k**kk*****

DATA SOURCE (if non-existent, describe probable source) Max/Min temp Records: on fax

. - : o
chart and state WX-wire weather summaries. Computation necessary, base 65 .
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SEGMENT HEADER

SEGMENT NUMBER 3
EMERGENCY NON EMERGENCY X
MEDIUM Cablie Broadcast Both X
SEASON Winter Spring Summer Fall
TIME OF DAY Midnight - 6am 6am - 4pm X. 4pm - Midnight X All

WEATHER SITUATIONS ALL (perhaps 1 x weekly)

WEATHER PARAMETER(S) Degree Days: Cooling
TIME REFERENCE Past (incl. present)zl"72 hrs.  prediction

SCALE National . Regional X State Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc) Probably only for effective

use in southern latitudes of US —-— perhaps infrequent or monthly usage in other areas.

Y I R R R R e e T S R 2 e e e e St

MAJOR USER OF SEGMENT: (reference previous IVAM study) CP, UT, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER This is a user group combination

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) For energy use planning and awareness, total

cooling loads experienced helps to determine fuel bills and plan future cooling

procedures

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)
Similar to heating degree day segment preceding, but must be differently labeled

and must be computed using the 72° mean temperature cooling base

N R R N R P PR TR P T e e e e R R S
DATA SOURCE (if non-existent, describe probable source) MAX/MIN FAX temp records
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SEGMENT HEADER

SEGMENT NUMBER 4

EMERGENCY NON EMERGENCY X

MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer Fall X
TIME OF DAY Midnight - 6am 6am - 4pm X - 4pm - Midnight X All

WEATHER SITUATIONS ALL - occasional use

WEATHER PARAMETER(S)_Degree Days (Heating)
TIME REFERENCE Past (incl. present) Prediction 24-72 hrs

SCALE National Regional X State Local
COMMENTS ON DESIGNATORS (i.e., use in area only, etc) See preceding sheet

EE R R R T T e T R e R T TS S

MAJOR USER OF SEGMENT: (reference previous. IVAM study) GP, IZ, GPZO, UT, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER See preceding sheet

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) See preceding sheet

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

See preceding -- but annotate "FORECAST" . 5

Then Dissolve in: "Next 7 days will be ---7% warmer/colder than normal.

Possibly add normals?

Animation possibilities here?

Possibly combine with "past" segment recording?
X

Tk e e ek e e 5k 7k 9k o5 9ok Tk ok ok ok ok 76 ok ok ok k6 ok ok o ok ok ok ok ok ok ok o o ok ok ok Tk ok Sk ek ok ok ok e o ke ke
DATA SOURCE (if non-existent, describe probable source) NWS State forecasts and extended
-outlooks (weather wire); NAFAX computer MAX/MIN PROGS. Compute to take mean and total

of next -



SEGMENT HEADER

SEGMENT NUMBER 5
EMERGENCY NON EMERGENCY
MEDIUM Cable Broadcast i Both X
SEASON Winter Spring X Summer X Fall X
TIME OF DAY Midnight - 6am 6am - 4pm X 4pm - Midnight X All

WEATHER SITUATIONS ALL - possibly (1 x week)

WEATHER PARAMETER(S)___ Degree Days (cooling)

TIME REFERENCE Past (incl. present) Prediction 24-72 hours
SCALE National : Regional X State Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc) Primarily in southern

U.S. latitudes

L T Ty P P P T T T T T T T T T T T

MAJOR USER OF SEGMENT: (reference previous, IVAM study) GP, UT, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER User - group combination

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) See preceding segments

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)
See preceding segment (forecast of heating DD)

\

I R R R R R R R R I T T T T T T T T T T T TS D
DATA SOURCE (if non-existent, describe probable source) See preceding segment




SEGMENT HEADER

SEGMENT NUMBER 6

EMERGENCY NON EMERGENCY X

MEDIUM Cable Broadcast Both X

SEASON Winter X Spring X Summer Fall X

TIME Of DAY Midnight - 6am 6am - 4pm X - 4pm - Midnight X All

WEATHER SITUATIONS Days when mean temperature falls

below 65° - optional use segment

(not used every day)

WEATHER PARAMETER(S) _ Degree Days (Heating)

TIME REFERENCE Past (incl. present) Prediction  24-72 HRS
SCALE National Regional State Local X
COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

Probably not fed in S.E. or S.W. states - Major metropolitan area use only.

Others use state/regional segment

R T R L Y T T L i ST T e P TP R T S E e et

MAJOR USER OF SEGMENT: (reference previous IVAM study) General public, and/or dealers.

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Unique parameter, and too complex for

combination.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Expected degree day totals next 1, 2, 3 days.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) _ Bar graph - days at

bottom, degree days vertical. Space, bars and shade in color. Overlay each bar

v

with large numerals indicating number of D-Days on that day. Perhaps dissolve in

each day separately (1 + 2 + 3)

IO IDEEEDOEEEREpR PR FepERE DR R E Y
DATA SOURCE (if non-existent, describe probable source) Fax forecast of temperatures;

NWS zones forecasts and extended. outlooks. Computer to perform calculation required.

FIGURE II-3
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SEGMENT HEADER

SEGMENT NUMBER 7
EMERGENCY NON EMERGENCY X
MEDIUM Cablie Broadcast Both X
SEASON Winter Spring X Summer X Fall
TIME OF DAY Midnight - 6am 6am - 4pm X .  4pm - Midnight X All

WEATHER SITUATIONS _ALL

WEATHER PARAMETER(S) Growing Degree Days (or "Heat Units")

TIME REFERENCE Past (incl. present) Prediction 12-72 plus current total
SCALE National Regional State X Local
COMMENTS ON DESIGNATORS (i.e., use in area only, etc) For use only in heavily

agricultural areas of U.S.

R T T T R R R R S R R R R

MAJOR USER OF SEGMENT: (reference previous: IVAM study) AG 19, AG 20

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER This will be a combination of past/future.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Modern agriculture depends on heat unit

totals for all phases of planting, spraving and fertilizing timing, and harvesting

schedules. Many crops can lose a whole quality grade in 1 or 2 days with substantial

heat unit totals if not harvested on schedule.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) State map with zones:

Main Heading: "Growing Degree Days"

Sub Headings: "Base 50°" (in color #1, with cornstalk ahead of it)

"Base 40°" (in color #2, with bean plant ahead of it)

Sub Heading: '"Season Total through " (date) : ' y

Totals placed in zones in same 2 colors relating to base 50/Base 40.

2. Dissolve to forecast segment. Annotate "Forecast - next 30 days" in bold

red letters. Leave Base 50 + 40 annotation and color arrangement the same.

B R A R A AT T T
DATA SOURCE (if non-existent, describe probable source) 1. For totals to date, use
MAX-MIN Data (NAFAX, State Summaries) and compute using appropriate base. 2. For forecast

use Zone Forecasts, e#tended outlooks (NOAA - Wire) and NAFAX Temperature PROGS.

e
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SEGMENT HEADER

SEGMENT NUMBER 8
EMERGENCY NON EMERGENCY X
MEDIUM Cab.e . Broadcast Both X
SEASON- Winter Spring X Summer X Fall
TIME OF DAY Midnight - 6am 6am - 4pm X 4pm - Midnight X All

WEATHER SITUATIONS__ALL (1 x or 2 x weekly)

WEATHER PARAMETER(S) Growing Degree Days

TIME REFERENCE Past (incl. present) Prediction 5-7 Days
SCALE National " Regional X State Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc) For use in heavily

agricultural areas of U.S.

******************7‘:*************************************************:’:*******************

MAJOR USER OF SEGMENT: (reference previous IVAM study) AG

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Unique need - computed factor.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Extended outlook to follow préceding

segment a) at ocl. intervals or b) where major temperature shifts are expected

in the longer time pattern. This is a planning segment; preceding is an action

segment for agriculture.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

If similar format to preceding is too cumbersome at this regional scale, go to

contours (MAX = 4) and shading of DD zones of forecast. Annotation and explanation

\

will be similar

I IEIRIOROEDOETRORopEREpPDEpEpEEREREREPEREERIEEEBEBEEMEEEEREEE S G
DATA SOURCE (if non-existent, describe probable source)__Computed from MAX/MIN

PROGS: NAFAX + WSFO extended 5 day outlooks.
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SEGMENT HEADER

SEGMENT NUMBER 9

EMERGENCY X NON EMERGENCY
MEDIUM Cable Broadcast Both X

SEASON Winter X Spring X Summer X Fall X .
TIME OF DAY Midnight - 6am 6am - 4pm * 4pm - Midnight All  x

WEATHER SITUATIONS _ Pollution concentrations exceed or

are forecast to exceed alert

standards

WEATHER PARAMETER(S) Pollution alert
TIME REFERENCE Past (incl. present) Prediction 1-6 hrs

SCALE National Regional State Local X
COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

Primarily major urban use

AARIKERARERA AR AR AAARAA IR R AARAR R AR XA AR AR ARL R A DAL A RL LA R LA R hA b dhh iR hhhhhhhhhhhhhihhisid

MAJOR USER OF SEGMENT: (reference previous IVAM study) GP 3; utilities; MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Warning segments must stand alone for

impact and for individual use

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED)

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) City name predominantly

at bottom. Horizontal cross-section of city skyline with smoke curling in air

\

: . . : : . ' ,
- Annotation: time of segment - time alert is valid 'til - phrases 'avoid unnecessary

activity or overexertion, especially elderly and small children"

- Annotate with outlook: "Improving by or "little change" ¥

T I T T R e e e

DATA SOURCE (if non-existent, describe probable source) - NOAA wire, ?
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SEGMENT HEADER

SEGMENT NUMBER 10
EMERGENCY NON EMERGENCY *
MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer X Fall X
TIME OF DAY Midnight - 6am 6am - 4pm - 4pm - Midnight AllX

WEATHER SITUATIONS _ Stagnant conditions causing

or expected to cause pollutant

accumulation to pre-set levels.

WEATHER PARAMETER(S) pollution alert (air stagnation advisory)

TIME REFERENCE Past (incl. present) Prediction 1-6 hours
SCALE National ‘ Regional State X Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

P L L I L R R T T P e R e R T T P S T R R e S

MAJOR USER OF SEGMENT: (reference previous IVAM study) GP 3 and utilities; MR: AG in

certain instances (tobacco, etc.): GR (same)

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER _Tppact needed for emergency situation segment.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Areas to be alerted to significant pollution
buildups; time and duration of buildups and alert.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)
____ State map with major metropolitan areas & labelled

Flashing "Pollution Alert" or "Air Stagnation Advisory"

Area Affected - shade in red

Annotate over or near red line of onset and duration of alert

List, one-by-one, with each added bright and faded to dim, cautions and precautions

to take: "Avoid strenuous exercise,' etc.

O R R A A A R Tt T A L R T T P R S
DATA SOURCE (if non-existent, describe probable source) Forecast and alert products

of air stagnation center — NOAA - wire forecasts
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SEGMENT HEADER

SEGMENT NUMBER 11
EMERGENCY X NON EMERGENCY
MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer X Fall X
TIME OF DAY Midnight - 6am 6am - 4pm - 4pm - Midnight All X

WEATHER SITUATIONS stagnant conditions causing

or expected to cause pollutant

accumulation exceeding pre-set

levels (air stagnation advisory)

WEATHER PARAMETER(S) Pollution alert

TIME REFERENCE Past (incl. present) Prediction 3-18 hours
SCALE National Regional X State Local
COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

AR AR A AR AR AR A A AR A AR AR AR A AR AL AR AN AR AL L AR AR A AR A LA AR LLAARNA XA AR ALAALALAA SRR AR hhhhhhhhhhhshs

MAJOR USER OF SEGMENT: (reference previous IVAM study) GP, UT, MR, AG (some), GR (some)

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Impact needed for emergency situations.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED)

Longer term advisory map to those preceding. Indicates areas where conditions are

forecast or may be forecast to have pollution alert levels.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

Regional map with stgte outlines and major cities

Yellow shaded areas for passible trouble zones; add times

Red flashing shaded areas for current or imminent problems

List precautions

List wvalid times

Use wind arrow for movement (?)

List pollutants and concentrations (current and forecast) (?) (UT benefit)

R R R R R R R e e e e R R R

DATA SOURCE (if non-existent, describe probable source) Torecaat and alert products of

_air stagnation center and local zones -+ NOAA wire forecasts,
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SEGMENT HEADER

SEGMENT NUMBER 12

EMERGENCY NON EMERGENCY X
MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer X Fall X
TIME OF DAY Midnight - 6am bam*~ 4pm X 4pm - Midnight X All
WEATHER SITUATIONS __ Moderate or greater N\

pollution concentrations

possible or forecast in region
WEATHER PARAMETER(S) Pollution Index
TIME REFERENCE Past (incl. present) Prediction 3-18
SCALE National Regional X State Local
COMMENTS ON DESIGNATORS (i.e., use in ____ area only, etc)

T T T T T T e e S e R R e

MAJOR USER OF SEGMENT: (reference previous: IVAM study)

UT, AG, GP, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER No suitable combination found

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Areas of region possible to be or forecast to

be under pollution constraint or with high concentrations of any particular pollutant.

Also, precautions as necessary should be listed.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

Regional Map with states/Major metropolitan areas

Use pictorial factories in shaded pollution advisory areas

Annotate type and quantity of pollutant in plain language

Give time of effect of advisory

ER R TR e R S e R R R R R R R R R S R R R R R R T R R R R

DATA SOURCE (if non-existent, describe probable source)

Air Stagnation Group NWS.
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SEGMENT HEADER

SEGMENT NUMBER 13
EMERGENCY NON EMERGENCY X |
MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer X Fall X
TIME OF DAY Midnight - 6am 6am - 4pm X  4pm - Midnight X All

WEATHER SITUATIONS Moderate or greater pollution

in concentrations possible or

forecast in.U.S.

WEATHER PARAMETER(S) Pollution Index

TIME REFERENCE Past (incl. present) Prediction 12-72
SCALE National X ; Regional State Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

P T R R R R e e T R T e e e S 2

MAJOR USER OF SEGMENT: (reference previous IVAM study) UT, AG, GP, MR

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER No suitable combination found. This is a

""sky warn" type segment.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) See preceding segment.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

See precedinge seoment
+ & <

O A R A A A A R R R R T PP T PR R R R P R Y
DATA SOPRCE (if non-existent, describe probable source) Air Stagnation Group, NWS
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SEGMENT HEADER

SEGMENT NUMBER 14

EMERGENCY NON EMERGENCY X

MEDIUM Cable Broadcast Both X

SEASON Winter X__ Spring X Summer X Fall X

TIME Of DAY Midnight - 6am fam - 4pm X - 4pm - Midnight X

WEATHER STTUATIONS All

WEATHER PARAMETER(S) Severe Weather Alert

TIME REFERENCE Past (incl. present) Prediction 3-24 hours
SCALE National X ~ Regional State Local
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

****************************************************************************************

MAJOR USER OF SEGMENT: (reference previous IVAM study) _ GP

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER This is a unigue "summary" type segment

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED)

This is envisioned to be similar to the "Today'" Show's successful "Skywarn'' map.

Advisory and non-emergency in character. This would be a segment designed to shade

areas of the countrv with forecast or possible heavy weather problems later in the

day.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

This should be national scale, with several shading types for different, expected

weather events — and annotations of states and expected times of occurrences.

*************#****ﬁ*kﬁk*******k***k*k*k*********k*k*kkkk*k***k***********k*kk**k**kkk***

DATA SOURCE (if non-existent, describe probable source) National SVRWX Prog and RAWARC.
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SEGMENT HEADER

SEGMENT NUMBER 12

EMERGENCY X NON EMERGENCY
MEDIUM Cable Broadcast Both X

SEASON Winter X Spring X Summer X Fall X n
TIME OF DAY Midnight - 6am 6am - 4pm . 4pm - Midnight All X

WEATHER SITUATIONS Severe Thunderstorms or

Tornado watches

WEATHER PARAMETER(S) Severe WX alert

TIME REFERENCE Past (incl. present) Prediction 1 — 6 hours
SCALE National Regional State X Local X
COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

*************************:‘:******************************************:’:********7’:**********

MAJOR USER OF SEGMENT: (reference previous' IVAM study) GP 1 (and basically all users)

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Needs impact of standing alone. Must be used

instantly, davy or night., without regaxrd to segment.
PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED)

Areas to be affected by severe weather event listed above

Time and duration of these events

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

For tornado/thunderstorm, see map sequence developed previously on film

O O AR IR RO OO RO F T kb i ke
DATA SOURCE (if non-existent, describe probable source) SELS watches/warnings ;
RAWARC circuit and NOAA wire; zone and local information and warnings.
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SEGMENT HEADER

SEGMENT NUMBER 16

EMERGENCY X NCN EMERGENCY

MEDIUM Cable Broadcast Both X

SEASON Winter X Spring X Summer X Fall X

TIME OF DAY Midnight - 6am 6am - 4pm 4pm - Midnight AllX

WEATHER STITUATIONS Severe thunderstorm warnings

WEATHER PARAMETER(S) Severe Wx alert

TIME REFERENCE Past (incl. present) Prediction 0-1 hour
SCALE National  Regional State X Local X.
- COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

L L R R T R R T R R R R R R

MAJOR USER OF SEGMENT: (reference previous-IVAM study) GP (basically all users)

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Needs emergency impact

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) counties and city areas subject to imminent

severe thunderstorm passage

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) Audio Tone: "Wx Bulletin"

State Map ]

Counties affected by warning should flash in red with black outlines. Annotate major

cities within area

"In effect from now until ---" (Annotate)

Possibly overlay radar - indicated storm positions and movement (arrow)

List in sequence results of possible severe TS: HAIL, HIGH WINDS, HEAVY RAINS,

FREQUENT LIGHTNING.

PR R e R R R P R S L R R R R R R R R R
E (4 : . ) e i . = T4
DATA SOURCE (if non-existent, describe probable source) RAWARC Warnings; NOAA- Wire

warnings; radar data from WSR - 57 dial-ups.
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SEGMENT HEADER

SEGMENT NUMBER 17

EMERGENCY _ x NON EMERGENCY

MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer X Fall X
TIME OF DAY Midnight - 6am 6am - 4pm :  4pm - Midnight A11 X

WEATHER S}TUATIONSTornado warnings

WEATHER PARAMETER(S) Severe Wx Alert

TIME REFERENCE Past (incl. present) Prediction 0-1 hour
SCALE National Regional State X Local X
COMMENTS ON DESIGNATORS (i.e., use in area only, etc)

****************************************************************************************

MAJOR USER OF SEGMENT: (reference previous IVAM study) GP (but all users, too)

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER  Needs impact of emergency use

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Areas subject to tornado warning - counties

and city areas

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

Audio Tone over "Wx Bulletrin" or "Tornado Warning"

Reat similar to precedine "Severe Thunderstorm Warning"

********k*k***kk*kkkk*ﬁ***k*k*k*****ﬁ***kkkk***%**kk*kk**k**i**k**k*kkkk*#*k#kk**k******

DATA SOURCE (if non-existent, describe probable source)__See preceding segment
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SEGMENT HEADER

SEGMENT NUMBER 18

EMERGENCY X NON EMERGENCY

MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer Fall
TIME OF DAY Midnight - 6am 6am - 4pm 4pm - Midnight All 'X

WEATHER SITUATIONS Forecast of winter storm

Watch for area

WEATHER PARAMETER(S)  Severe Weather alert

TIME REFERENCE Past (incl. present) Prediction 2_94 hours
SCALE National Regional X State Local
COMMENTS ON DESIGNATORS (i.e., use in area only, etc) Only in areas subject

to wintry weather

3 e R o e e T e S e L S Rk s

HAJOR USER.OF SECMERT: (referénce preglets IVAM study) STa TRs 00y UL - all usexs.

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Needs impact of standing alone.

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Areas for which a winter storm watch has been

issued.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc)

Regional map

Shade areas subject to "watch'" and annotate with "watch ..." and valid times

Insert storm center, or hatch radar area of significant precipitation. Add movement

arrow.
List possible winterstorm results, i.e.: Possibly heavy rain, poor travel conditions,
etc.
AR A A R R A A A A AR A R A A A A AR A A AL AR AR A A A AR AL AR AR AARAR A RN A RA L hhRh b bdhhhbhhhdidhkk

DATA SOURCE (if non-existent, describe probable source) Zones forecast by state; regional

coordination messages on RAWARC circuit.
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SEGMENT HEADER

SEGMENT NUMBER 19

EMERGENCY X NON EMERGENCY

MEDIUM Cable Broadcast Both X
SEASON Winter X Spring X Summer Fall
TIME OF DAY Midnight - 6am 6am - 4pm 4pm - Midnight AllX

WEATHER SITUATIONS_Winter Storm warning"

issued

WEATHER PARAMETER(S) Severe Weather Alert
TIME REFERENCE Past (incl. present) Prediction 3-24 hours

SCALE National ' Regional State X Local

- COMMENTS ON DESIGNATORS (i.e., use in area only, etc) Only in areas subject to

wintry weather.

I I TR e R T T T e o e R e e e R

MAJOR USER OF SEGMENT: (reference previous IVAM study) All users have an interest

WHY CAN'T SEGMENT BE COMBINED WITH ANOTHER Needs impact of standing alone

PURPOSE OF SEGMENT (WHAT'S TO BE CONVEYED) Areas for which a winter storm warning

has been issued.

FORMAT OF SEGMENT (scale,background, foreground, duration, etc) Similar to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>