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Figure 1-1. Sample Stormy Weather Image.
Mobile AL, 11 May 1995, 6 PM.
256 z 256 Pizels, 512 km z 512 km..
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The Smoothing Process attempts to mitigate this effect by using knowledge of weather
region shapes to reduce in level some of the pixels at each regeneration step. For example, weather
regions do not often have sharp corners. The Smoothing Process, for reasons of pilot safety, is
not allowed to reduce the extent of weather regions. It is only permitted to reshape the edges of
regions to drive them closer to expected reality.

2.4 EXTRA BIT ALGORITHM (EBA)

Should the Huffman coding of the Hilbert-scanned input image produce too many bits to
meet the datalink limit, the Huffman encoding will need to be applied to a reduced resolution
version of the input image, with pixels replaced by superpixels (2x2, 4x4, or 8x8). Then the
decoder will expand each received superpixel into an array of pixels, each with the same level.
This will result in output weather regions being noticeably larger and more blocky than those on
the input image. While the smoothing algorithm attempts to reduce this effect, it has two major
drawbacks:

1. only a few pixels are subject to level reduction, and

2. the smoother makes its reduction without any knowledge of the actual weather
contours

In effect, the smoothing algorithm uses knowledge of typical weather region shapes to
produce a more esthetically pleasing result, which is usually, but not guaranteed to be, more
accurate than the decoder output.

The Extra Bit Algorithm (EBA) utilizes the bits remaining in the uplink message to relate to
the decoder correction information for selected quadrants of as many superpixels as possible. The
information, one bit per quadrant, says either to leave the quadrant at the superpixel level or to
reduce the quadrant by 1 weather level. Successive applications to the same quadrant, via more
than one pass through EBA, can achieve greater than 1 level reductions, and quadrants that were
incorrectly smoothed down can be returned to their original correct values.

2.5 SAMPLE IMAGE RESULTS

Weather images representing light weather conditions require no compression to meet a
3500 bit limit. Figures 2-2a and 2-2b illustrate the performance of the Weather-Huffman
Algorithm on images that do require compression, namely severe weather images (the worst we
could find) produced at various U.S. locations. The first and last images were taken in the New
York area, the third at Mobile, and the second represents hurricane Allison at Tallahassee.

Each image is 256x256 pixels, with a pixel representing 2 kilometer by 2 kilometers; thus
each image covers a region approximately 300 nautical miles on a side. The figure in each case
compares the input weather image to the output image provided the pilot.

It was required in each case that the WH algorithm input at least a 4x4 resolution-reduced
image to the runlength encoder (the last image required 8x8 reduction because of its extremely large
number of small heavy weather regions). This level of reduction appears typical for severe
weather images. However, the output images were in each case quite reasonable representations of
“truth”. Some blockiness and region blooming are apparent in each output, though the fidelity was
judged operationally acceptable in each case.
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Input Image Output Image

Input Image Output Image

Figure 2-2a. Compression Performance at 3500 Bits.
Top: New York NY, 31 July 1992, 9 PM.
Bottom: Hurricane Allison, Tallahassee FL, 5 June 1995, 7 PM.
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Input Image Output Image

Figure 2-2b. Compression Performance at 3500 Bits.
Top: Mobile AL, 11 May 1995, 6 PM.
Botlom: Bridgeport CT, 11 May 1995, 6 PM.
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Based on the results seen to date on a large number of weather images, it appears that the
Weather-Huffman Algorithm is successful in providing accurate weather images to pilots over bit-
limited datalinks.

2.6 PROGRAM SIZE AND TIMING MEASURES

The Weather-Huffman algorithm has been fully coded in the C language and tested on a
Digital Equipment Corporation MicroVAX 3500 Color Graphics Workstation. (The 3500 is a
minicomputer whose performance can be matched or exceeded by modern high-capability 32-bit
microcomputers). Considerable effort has been made to optimize the coding for computational
efficiency.

The compression routines start with a 256x256 pixel image array (read from a disk file) and
produce a bit-string in memory. The decompression routines perform the inverse transformation.
The WH algorithm requires about 2 megabytes of memory to execute its compression procedure
and about 1 megabyte of memory to execute its decompression procedure. This includes all code,
data areas, and C libraries used.

The algorithm was tested on a set of severe weather images derived from data supplied by
weather services. Timing the procedures was done with the VAX system clock, accurate to a 10
millisecond quantization. All testing assumed a 3500 bit limit. The algorithm, as presently coded
and run, requires about 3 seconds on average to encode these severe images. (Tests on more
typical weather images required significantly less time per image). The decoding routines, on the
other hand, require only 0.35 seconds processing per image.

It is clear that the processing requirements for the airborne datalink computer to perform
decoding for the WH algorithm is quite reasonable:

onboard memory : 1 megabyte
onboard processing : 0.35 seconds per image

The speed-optimized WH algorithm requires more computer resources to do its encoding
procedure, but, its requirements are still reasonable for modern ground-based computer systems.
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5. WEATHER IMAGE SIMPLIFICATION

If the Huffman runlength encoding of the exact input weather image requires more than the
allowable number of bits, some form of detail reduction must be performed on the image to lower
the encoding load. Two types of image simplification are used as part of the Weather-Huffman
approach: runlength filtering and resolution reduction.

5.1 RUNLENGTH FILTERING

Isolated weather pixels add substantially to the Huffman runlength encoding requirement.
For example, the following sequence of pixels — 221222 — produces code for 3 runs and 2 level
changes. By changing the isolated pixel to a 2, the encoding reduces to that for a single run.
Altering the weather level of such isolated pixels is in some cases deemed acceptable distortion for
the large benefit in data compression that is achieved.

For pilot safety considerations, no reduction in level is permitted for significant weather
pixels (level 2 and above) in the filtering operation; only level 1 pixels may be reduced. Any
weather level pixel, however, may be increased a single increment by filtering, and in addition
level 0 pixels may be set to level 2. Thus, examples of the application and rejection of filtering
operations are:

(@ 11011 —> 11111 Ocanincrease

(b) 33433 —> 33433 4can't be reduced

() 12033 —> 12233 Ocanberaisedto2

(d) 11233 —> 11233 no gain by changing the 2 to 3

() 101010 —> 111111 prefer raising O to lowering 1

() 33133 —> 33233 1 canonly be raised to 2

Example (d) recognizes the fact that a sequence of 11333 would still require a 0 length run
specification for level 2, and hence no gain would be achieved by making the change. Similarly,
example (f) saves the two 0 length runs that would have been required for level 2, one on the
descent and the other on the subsequent ascent.

Figure 5-1 presents before and after views of the filtering operation for two typical weather
images. Note that the significant reduction in bit requirement for the Huffman encoding is
achieved at a very minor distortion in the weather regions on the image.

52 RESOLUTION REDUCTION

Another, more severe, way to decrease the Huffman runlength encoding bit requirements
of a weather image is to reduce the resolution of the image from 256x256 pixels to 128x128 pixels,
with each new pixel representing 4 of the old ones (a 2x2 square). This change produces a
blockier image, but maintains reasonable fidelity. If this reduction is not sufficient to satisfy the bit
limit, further reduction to 64x64 pixels, or even 32x32 pixels, is utilized in the Weather-Huffman
algorithm. To generalize the notation to apply to any size image, not just 256x256 ones, the
various levels of resolution reduction are denoted by the size of the encoded "superpixel”. Thus
the original image is labeled 1x1, the first reduction in resolution becomes the 2x2 image, followed
if needed by the 4x4 and 8x8 images.
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Input New York Image — 12651 Bits Filtered New York Image — 9516 Bits

Input Allison Image — 29582 Bits Filtered Allison Image - 22530 Bits

Figure 5-1. Effect of Fillering Weather Images.
Small Change in Fidelily, Significant Reduction in Bit Requirement.
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Input Image (1x1) — 22660 Bits Image at 2x2 Resolution — 8927 Bits.

Image at 4x4 Resolution — 3245 Bits. Image at 8xB Resolution - 1182 Bits

Figure 5-3. Mobile Image Encoded at Various Levels of Resolution Reduction.
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Input Image Image at 4x4 Resolution (No Smoothing)
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Image at 4x4 Resolution after Smoothing at 2x2 Image at 4x4 Resolution after Full Smoothing (2x2 and 1x1)

Figure 6-4. Effect of Various Levels of Smoothing on Output New York Image.
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Value Value Value

= = =4
Value |- Value
=8 | =16

Value Value Value
=32 =64 =128

For the shaded upper left quadrant of the center superpixel to be smoothable, by the first
rule stated above, the neighbors of values 1, 2, and 8 must all be of lower weather level. But, by
the second rule, either neighbor 4 or 16, and either neighbor 32 or 64, must be of equal or higher
weather level. Thus, if a score is generated for the center superpixel by adding the values of all
neighbors that are of lower weather level, the set of scores that permit smoothing of the UL pixel
are:

Pligy=1 fors= 11,15.27,43.47 39,75,79, 91,
139,143,155,171,175,187,203,207,219
Similar tables are generated for the upper right, lower left, and lower right quadrants.

6.3 SMOOTHING PROCESS OPERATION

When the smoothing algorithm is run, two images are input: the lower resolution image MS
already decoded, and the higher resolution image MR to be created by the Smoothing Process. For
example, the MS image may be resolution 4x4, in which case the MR image will be 2x2. For each
superpixel of image MS, each of the 8 neighboring superpixels are checked to determine the
smoothing score by noting which set of them has lower weather levels.

Then, using the UL table, the upper left quadrant on MR is set equal to the superpixel
weather level if UL(score)=0, or instead set one weather level lower if UL(score)=1. Similar
actions are taken for the three other quadrants of the superpixel on image MR. To save time,
superpixels of weather level 0 are not checked, as all of its quadrants on MR must also become
level 0.


































































Input Image (1x1) - 12651 Bits 2x2 Resolution - 4974 Bits

4x4 Resolution — 1962 Bits 8x8 Resolution - 731 Bits

Figure 10-1. Effect of Different Resolulion Reduction Levels on New York Image.
As Resolulion Decreases, Image Fidelity Degrades but Bit Requirement Drops.
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4x4 Resolution - No Filtering - 1962 Bits

4x4 Resolution - With Filtering - {507 Bits

A

8x8 Resolution - No Filtering - 731 Bits

8x8 Resolution - With Filtering - 538 Bits

Figure 10-2. Effect of Runlength Filtering at Lower Resolution Levels on New York Image.
Fidelity Undergoes Minor Change while Bil Requirement Drops Significantly.
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Input Image Huffman Runlength Encoding Only (4x4) — 1962 Bits

Smoothing Process Included - 8till 1962 Bits Bxtra Bit Algorithm Applied to 3500 Bit Limit

Figure 10-3. Output New York Image Existing after Each Incremental Step of the WH Algorithm.
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Input Image

4x4 Resolution and 2x2 Bxtra Bits — 7524 Bits 4x4 Resolution and Extra Bits Until 11354 Bits

Figure 10-4. Tradeoff for Allison Image Belween Resolution and Extra Bits.
Eztra Bit Algorithm Compensates for Resolution Reduction
by Using Bits Freed Up by Application of Lower Resolution.
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Output Image with 3500 Bit Limit Output Image with 4700 Bit Limit

Figure 10-5a. Qutput Mobile Image as a Function of Datalink Bil Limit.
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Output Image with 3500 Bit Limit Output Image with 4700 Bit Limit

Figure 10-5b. Output Allison Image as a Function of Datalink Bit Limil.
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