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This paper presents our research on a perceptual encoding scheme for fast high resolution
medical video image transmission based on Advanced Satellite Network. In this scheme to
satisfy the bandwidth/ quality requirement of diagnostic medical video, the focal information
of a viewer in an image is traced by an infrared eye-glance tracer or by direct interactive
input from the viewer. The focal information is then sent back to the encoder at the
transmitting end. The encoder, depending on the location of focus performs a spatialy
variable resolution encoding, and transmits the image to the decoder at the receiving end
which regenerates the image with appropriate distribution of resolution.

1. INTRODUCTION

The principal challenges of next generation life-critical medical information system are (i)
rapid inter-connectivity across geographical barrier and distance, (ii) high speed and high
volume data networking, and (iii) rapid, interactive and intelligent information access and
utilization.

This research is a part of our initiative [YuGa96] which attempts to facilitate on demand
long haul high performance medical information and resource sharing with high-bandwidth
advanced communication network. The center-piece of this initiative is a new satellite
communication technology ACTS (Advanced Communication Technology Satellite). ACTS
provides a number of unique advantages those are particularly important in life-critical
medical services of teleradiology, diagnostics and distributed treatment planning.

In this initiative, we are demonstrating a number of medical resource sharing experiments
involving supercomputing power (at the Ohio Supercomputer Center and the Maui High
Performance Computer Center), 3D volumetric modeling technology (at OSC and
University of Hawaii, Image Information Lab) and medical image data sharing (at
Georgetown University Medical Center and Tripler Army Medical Center of Hawaii) to
validate a suite of deployable digital radiology technologies for image-based cooperative
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medicd diagnostics and treament planning. NASA, ARPA, and State of Hawaii are jointly
providing the support to conned these resource sites through a cmbination of ACTS-HDR
and ground-based high performance @mmunication links.

Application-wise, a @re part of such resource sharing is comprised of interadive
sharing/transmisson of ill and video image data between remote sensor locaions and
physician conneded though high-bandwidth retwork. Despite, the availability of high-
performance @mmunicaion links through ACTS-HDR tedhrnology, the dficient utili zation
available bandwidth is aways a key concern. Also the dficiency of medicd diagnostics
depends sgnificantly on the resolution of images. In this particular paper we briefly present
an overview of our scheme for focus based sharing of medicd video data over ACTS
satellite network.

In sedion 2, we first provide a brief-overview of the ACTS-HDR technology. Then
sedion 3 presents the novel focus based transmisson scheme which provides a flexible
technology to obtain a dynamic balance between the bandwidth cgpadty and quelity
requirement for video based remote diagnostics.

2. ACTSSHDR TECHNOLOGY

Satellite communicaion offers a number of unique alvantages which makes it a aucial
network medium for life aiticd medicd applicaions. Although satellite communication
suffers from weaknesses uch as as transmisson latency, medium stability, and limited
bandwidth cgpadty, it has sverd unique avantages over wire/fiber-based
communicaion. Most important of all, satellites can provide on demand conredivity to
any part of the world no matter how remote ad to highly mobile sites (such as isand
nations, ships, or troops) no matter what surrounding, so long as a ground terminal can be
made available. In some caes, satellite linkage may be the only means of providing
telecommunication services. Since medicd services may be required any where and any
time, satellite communicaion can be a citicd link to these remote /disadvantaged areas
and mobile sites.

Recantly satellite communicaion has matured from the initial stage of bent pipe operations
through the stage of multiple beans and switch routing to a new stage, where scan beams
can be synchronized with dynamic on-board routing. ACTS is pioneaing the key
technologies required for the ground control of on-orbit switching that can dramaticdly
enhance the caabilities of communicaion satellites. Spedficdly, ACTS embodies
essntial advanced communicaion technologies to rival ground fiber networking. Some of
its enhancements include:

high gan, hoppng, spot beams - A rapidly reconfigurable pattern of narrow hopping and
fixed spot beams. The high gain antenna used to produce the spot beans enables
communicaions with small, low cost eath stations;

onorbit switching - A high speed, digital processor on-board the satellite which routes
individual circuits to provide single hop mesh interconnedivity. This sngle hop
interconnedivity is in contrast to today’s VSAT systems, which require a double hop
employing a cantral hub ground station. It also reduces the delay.
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Ka-band wide bandnidth transponders - Use of the Ka-band opens up a new portion of
the radio frequency spedrum. It uses 2.5 GHz bandwidth alocaion for Ka-band
communicaion.

HDR (High Data Rate) is an eath station jointly developed by NASA and ARPA to
exploit the wide bandwidth (900 MHZz) cgpabilities of ACTS. It is fitted with a 3.5 m
antenna. HDR eath station provides multiple OC-3 (15552 Mb/s) or a single OC-12
(62208 Mb/s) interconnedions for point-to-point or point-to-multipoint operations.
These eath stations have full dupex capability using satellite switch TDMA and support
the SONET protocols.

ACTS services are designed for seanlessinterconnedion into the terrestrial network The
ACTS network has the caability to provide both ISDN and SONET transmisgons. The
architedure of the network is composed of a transportable HDR like Gigabit Earth
Stations (GES), and tried-and-true T1/VSATS, with fiber-optic SONET interfaces. These
stations communicae diredly over satellite using the aitenna beans and the on-board
uplink-to-downlink beam switching cgpabilities of ACTS. The network control and
management functions are distributed in the various GESs. The operator’s interfaceis
centralized in a Network Management Terminal (NMT). The NMT can ke locaed at any
GES dte or, even a any locaion with terrestrial Internet connedivity to a GES
designated as a reference station. The network control and management functions are
done with standard SNMP protocol. Authorized operators can access control and
management functions from console interfaces locd to the GES or even remotely through
the Internet and dal-up modems. The end user services of this network are wnfigurable
point-to-point or point-to-multipoint 155 Mb/s and 622 Mb/s SONET “links’ over
satellite.

Transmisgons to the satelite ae performed using Satellite-Switched Time Division
Multiple Access (SSTDMA) techniques. The on-board spacetime-space switching is
performed by the High-Data-Rate sedion of the ACTS Multibean Communicaions
Padkage. Up to three uplink and three downlink antenna beans can be adive
simultaneoudly, that combined with 696 Mb/s burst rates per antenna beam, results in an
aggregate system bit rate in excessof 2 Gh/s. Forward Error Corredion (FEC) and
overheal functions use gproximately 10% of the total system bandwidth, resulting in
end-user aggregate throughput in excess of 1.8 Gh/s (3 x OC-12). In summary, ACTS
technology offers the cnnedivity as well as redistic bandwidth to generate on demand
vital medicd communication links acossgeographicd distance and barriers.

3. TRANSMISSION SCHEME

Conceptually a transmisson scheme involves the (i) source, (i) the dhannel, and (iii) the
sink. The principal emphasis of current reseach in information compresson emphasizes
extensive analysis of source and channel charaderistics. The source of “compresson” for
most of today’s <hemes are in the redundancy that exists in the content. Various
compresgon schemes depend on the etradion of one or more forms of redundant
components of a given source information. Also, a significant amount of research has been
performed in anayzing the matching channel charaderistics with the transmitted
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information. Extensive reseach in these aea over last two decales has dramaticdly
improved the state of the at in information coding and transmisson. However, as more
ambitious applicaions have evolved, the demand for quality and the competition for
bandwidth has far outgrown the alvancement.

In this reseach, we now look into the very charaderistics of the sink of information
[Wong92. Human eye probably is not physicaly cgpable of processng all the information
that a regular video screen wants to pump into it. It is very likely that as a physicd device
we seledively processonly a fradion of the information what it provided to our eye in terms
of digital estimate. In this research, our objedive is to develop a synchronized information
transmisson scheme, which tries to co-ordinate the aitire image information transmisson
processwith the perceptual focusing process

In this particular scheme we demonstrate avideo encoding scheme, which given a “focd-
center” and a “focd-spread” encoded a spatial image region with variable resolution. The
region at the “focus’ is encoded with full resolution. The resolution of region deaeases
(with increased compresson fador) with inverse proportions of their distance from the
“focd-center”. Both the “focd-center” and the “focd-spread” can be dynamicadly varied.

This heme is very different from most of current encoding schemes. Current encoding
schemes (such as DCT, JPEG, VQ) does not make distinction between the varied perceptual
importance anong the various regions in the scene. The accetable encoding resolution of
the antire scene istherefore dictated by the reproduction quality of the most sensitive region
(i.e., it dways has to depend on the worst case). The proposed technique dlows the
encoding resolutions to adapt spatially. The higher compresshility is achieved by such locd
adjustments [Wong92 Mall89].

3.1 Encoding/Decoding:

In the proposed scheme, the ercoder and decoder is conneded by two way links. The
control link from decoder to encoder is used to spedfy (i) the quantizaion window, (ii) the
focus window locaion, and (iii) the size of the focus window. The data link from the
encoder to deaoder caries the cmmpressed and encoded image data.

We here describe our first experimental scheme which is based on MPEG-2 (ISO/IEC
13818 standard. The compresson strean caries 3 types of frames (i) Intra Frame “1” (ii)
Predictive Frame “P” and (iii) Bi-diredional Interpolated Frame “B”. | frames are coded
without using any history and wsing ill image compresson technique. Ead | frame is
divided into 8x8 blocks. DCT’s are then computed for ead dock. The DCT coefficients are
then “quantized”. This quantization means ead of the DCT coefficients are divided by a
fixed constant so that bits are dropped off the bottom end of the wefficients resulting in
many zeros. Generaly a predefined matrix of constants are used to quantize the 64
coefficients. The @nstants appropriate for quantization of ead coefficient are determined
from perceptual tuning. However, this matrix can be scded by a fador Q for ead 16x16
maao-block. A large Q makes the cngtants larger, and results in more zeos in the
coefficients, resulting in low bit rate. On the other hand, a small Q retains more bits resulting
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in higher resolution encoding. This scale constant Q can be varied for each 16x16 macro-
block, and plays the key role in our encoding scheme in varying the spatial resolution.

In P frames, instead of coding each of the blocks directly, for each 16x16 macro-block in the
current frame, a close match is searched in the past frame. If a close match is found then
instead of the actual block data, the difference between this block and a close match is DCT
encoded and quantized as before. B frames are used when the current block, instead of
being close to a past frame block, is close to a future | or P frame block, or is close to the
average of a past and future | and P frame block. In our scheme we use alow Q value for
window of focus and high Q value for background region on the image. The macro block Q
values are automatically determined using the following Q distribution model followed by
the encoder and decoder.

3.2 Conserving Digtribution Model (CDM):

This model assumes that the total Q over the image space is conserved. Let a is the Q
factor for a high resolution, and b is the Q factor for a region of low resolution, and C is
the total accuracy distribution over al the macro-blocks in the frame, and n is the fraction
of macro blocks in the region of high focus:

C=an.R,.+b.(1-n).R,

Pbase = L
a.n+b(l-n)

Qwindow = f (a' Pbase ' Qbackgnd = f (b Pbase)

ase

The values of a, b, and C remain constant over a transmission session. What varies is the
size of the focus window, and locations. These values are transmitted over the control-link.
However, since, both encoder and decoder follow the CDM, the dynamic variations of the
Q values are not required to be transmitted with each macroblock. This reduces the usual
MPEG overhead of Q variation. The function f() depends on the actual effect of Q on the bit
rate or resolution.

Depending on the type of frame, each macro block code contains quantized DCT
coefficients of the actual data, or difference from a past, future or average block, the motion
vectors, and quantization parameters. This macro block code is then further Huffman coded
using fixed tables and run-length encoded.

4. CONCLUSIONS

We have recently implemented a transmission scheme based on this general scheme, and are
in the process of characterizing its performance. A typical high resolution 1024x1024 frame
with 24 bit/pixel medical video stream in uncompressed format requires about 1 Gh/s
channel capacity. High resolution encoding schemes (with +40db accuracy) can offer a
compression ratio in the order of 10. While, low resolution schemes (with +20db accuracy)
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can offer a wmpresgon ratio in the order of 100. Our objedive is to maintain nea 100
times compresson and ill offer diagnosticdly acceptable quality image with prudent
management of focus information, so that a bidiredional voice text, and medicd-video
(control and data link) stream can be acommodated within 10-20 Mb/slink.

The other principal reseach challenge in this initiative is the aaptive determination of the
perceptua significance of the regions. The resolution distribution surfaceis computed from
the (i) anatomicd and opticd geometry of eye and ratina (i) the diredion of glance ad
distance of ratina from the screen. The first part is relatively static (at least for a particular
viewer), and the second part of the information is tracead from a dynamic eye-glancetrace.
In addition to the spatio-geometric charaderistics of perceptual focus also is important is
the temporal properties of eye movement. Such as the speed to trading, the fixation time,
perceptual response to loop-badk time.

The overall success of the scheme is criticdly dependent on the red-time synchronous
adaptability of the excoder and the decoder to the dynamic parameters, which are
charaderisticadly perceptua in reture. This imposes me very spedfic constraint on the
encoding/decoding scheme.
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