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Abstract

Objective: The progress in computer and communication technologies is making the Internet increasingly heterogeneous in terms
of network, hardware and software capacities. Moreover, this has made it possible for emergency telemedicine services to provide
high quality medical services. However, resource availability on the Internet varies unexpectedly. Thus, providing an efficient
access to emergency telemedicine services requires that medical multimedia streams be adapted according to the environment
constraints. One approach to this issue is based on the use of intermediate nodes within the network to perform such adaptations
(media transformations and data transcoding). For this purpose, we have designed and implemented a proxy server for Quality
of Service adaptations of medical multimedia streams. Methods: We have organized a new emergency telemedicine system by
designing a proxy server to execute transcoding. The proxy server is located between a patient system and a doctor system over
heterogeneous networks. Before a patient system can deliver medical video streams to a doctor system, the proxy server measures
uplink bandwidth which is one of the Quality of Service factors, from the proxy server to the doctor system. At this moment,
frame rates are determined according to the measured bandwidth, and the proxy server transmits medical video streams modified
for new frame rates to the doctor system. We describe the implementation of this proxy server on top of the Microsoft
DirectShow® environment and report on a performance evaluation which demonstrates the effectiveness of the approach. Results:
The quality of requested medical video streams can be predicted when they are adapted to the receiver. With this prediction,
adapted medical video streams which meet the frame rates constraints of the receiver can be delivered without additional
measurements of bandwidth. Conclusion: This study represents a proxy server of a hybrid multimedia telemedicine system over
heterogeneous networks. We expect that the designed proxy server can provide not only dynamic Quality of Service monitoring
functions along bandwidth measurement, but also medical video adaptations to the receiver in heterogeneous network

environments. (Journal of Korean Society of Medical Informatics 12-3,251-259, 2006)
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Figure 1. A configuration of hybrid multimedia telemedicine system without a proxy server
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Figure 3. Position of proxy server in hybrid multimedia telemedicine system
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Figure 4. Sequence diagram from beginning of system to sending video Stream
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I0frame — 10frame

Accepted frame Discarded framea

Figure 5. An example of transcoding video stream from 30 frames to 10 frames in FrameRateControl filter
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Table 1. Network bandwidths used on the test for hybrid multimedia telemedicine system

numerical value: Mbps

ADSL VDSL CDMA 1x EV-DO
Down Up Down Up Down Up
Min 2.07 0.29 422 1.13 1.3 0.06
Max 6.56 0.66 12.3 6.27 2.0 0.13
Mean 442 0.62 7.29 3.19 161 0.11
Table 2. 720x480 Resolution data size encoded by MPEG-4 numerical value: Mbps
1 frame 5 frames 10 frames 15 frames 30 frames
Data size encoded by MPEG-4 0.055 0.25 0.53 0.883 1.671
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Figure 6. Network bandwidths used on the test over CDMA 1x EV-DO
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Table 4. The time of measuring bandwidth

numerical value: second

1 2 3 4 5 6 1 8
PIOXy Sserver 4.09345 5.923851 5.56055 498514 5.15893 4.70913 5.20455 4.25805
NCA 23471022 259.87125 293.3247 2218.58985  248.71854 223.14099 194.75145 302.48595

NCA: &= 4k (National Computerization Agency)

Table 5. Proxy server vs non proxy server

Proxy server Non Proxy server
a time of measuring bandwidth 5 seconds 3~5 minutes
a difference of bandwidth measured in between control 0.04 Mbps 0
server and quality test site"
a time until transmitting a patient’s video stream after about 24 seconds increase in proportion to a time of

a session

measuring bandwidth
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