


retransmission. This caused a drop in net available bandwidth below 64 kbps, as measured
at the decompression rack's radio interface CPU (CPU 4 in Fig. 2). The impact on the
compression system's performance was a reduced frame rate, and increased latency.

To reduce the effects of RF collisions, the ARLAN radios were operated on a higher
bandwidth channel. Also, the Ethernet driver of the compression rack's radio interface
CPU (CPU 3 in Fig. 2) was modified to use a smaller maximum packet size. However, the
system still limited the video bandwidth to 64 kbps. These modifications lowered the
amount of time the radio was transmitting for each physical packet. This, in turn, lowered
the probability that a packet would be corrupted by a competing radio transmission. The
impact of the competing RF traffic on the system's performance was significantly reduced,
but there were still rare instances when the throughput would suffer. With a formal
communications plan, this might have been avoided, but it was an issue with the
prototype fleet. Hence, it became important that the operator be able to tell when the
image was not being updated at some minimum rate (e.g., 2 Hz). To alert the operator, a
small bar graph would appear if a half second elapsed without a new image. The bar graph
grew in proportion to the age of the current image. When the bar graph appears, the
operator should consider taking an appropriate action, such as slowing down.

In June of 1993, additional testing of the system was performed at the Aberdeen
Proving Ground's Unmanned Vehicle Test Site. The test site is a
13-acre grass field with sections of gravel road. At this particular site, the gray level of the
gravel road and that of the adjacent grass was essentially the same in the black-and-white
driving image. Even with full-bandwidth black-and-white video, it was difficult for the
operator to discern road from grass. This had not been a issue =¢ the Churchville site,
where a dirt road resulted in a different gray level than the surrounding grass.
Experimenting with a number of color and infrared optical filters resulted in only limited
success. This underscores the fact that good source video is very important for image
compression systems. Adding color capability to the compression system will improve
image understandability but does increase bandwidth requirements. Another possibility is
to use an infrared camera. This will not increase bandwidth requirements, but may
improve image contrast for such operationally significant concerns, such as being able to
discern road from grass.

CONCLUSIONS

The ORNL video compression system supports teleoperation of an HMMWYV at
speeds up to 15 mph (24.1 kph) on a moguled dirt track. Experience in driving the system
identified a quality vs frame rate operating point that favors frame rate to be suitable for
driving video over a 64-kbps channel. Latency of the system was determined to be ~1 s,
which affects driving performance. The system also supports remote automatic target
acquisition at 64 kbps. Future work will address improvements to the compressicn
algorithm, which will improve latency and quality for a given bandwidth. The use of
color and/or infrared will be investigated to improve image contrast when needed.
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