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Figure 3 Testbed setup at the Nelson Mandela African Institute of Science 
and Technology. 

The diagram in Figure 4 and Figure 5 illustrates results 
from IGI and PTR measurements in wired scenarios. We now 
compare IGI with PTR using a simple test bed at the 
University of Nelson Mandela African Institute of Science and 
Technology depicted in Fig. 3. The goal is to compare their 
efficiency in terms of number of bytes used to obtain available 
bandwidth estimates of equal accuracy.  

The IGI and PTR, we use both IGI and PTR algorithms to 
estimate the available bandwidth. The probing packet size is 
set to 500 Byte and the probing packet number is 60. So far 
our measurements have shown that the two techniques 
algorithms have similar accuracy in terms of predicting 
available bandwidth. However, the IGI and PTR methods 
have the same measurement time. 

The packet train length has a large impact on the cost of 
the PTR and IGI algorithms, since it affects both the number 
of packets that are sent. Naturally, shorter packet trains 
provide less accurate information, so more phases may be 
needed to converge on the turning point. 

 We performed twenty four experiments for each tool. Both 
cross-traffic streams are exponentially distributed. The y-axis 
shows the measured Available bandwidth in Mbps, while the 
x- axis shows the twenty four hours experiments are carried 
out for each tool 

 
Figure 4. Testbed experiment using IGI in wired networks 

 

 
Figure 5.  PTR measurements in wired accuracy on testbed 

 

3.3 Measurement results in wireless bandwidth 
networks environment 

This subsection presents our results from measurements 
using IGI and PTR where the bottleneck is a wireless link in 
the testbed as described in figure 3, which is the case in ad-
hoc wireless networks. The measurements have been 
performed in a testbed containing wireless hops. Our testbed 
topology only consists of 140 wireless hops, but we believe 
that our results illustrate the measurement problem for larger 
ad-hoc networks, consisting of several wireless hops, as well.  

Figures 6 and 7 present the available bandwidth estimation 
(unused capacity in the real network path) for wireless 
measurement and the result obtained from the simulation 
experiments of IGI and PTR with respect to time. We compare 
IGI and PTR using a simple test bed at the University of 
Nelson Mandela African Institute of Science and Technology 
depicted in Fig. 3.  

The IGI and PTR, we use both IGI and PTR algorithms to 
estimate the available bandwidth. The probing packet size is 
set to 500 Byte packet sizes and the probing packet number is 
60. Therefore our measurements have shown that the two 
techniques algorithms have similar accuracy in terms of 
predicting available bandwidth. However, the IGI and PTR 
methods have the same measurement time. 

The packet train length has a large impact on the cost of 
the PTR and IGI algorithms, since it affects both the number 
of packets that are sent. Naturally, shorter packet trains 
provide less accurate information, so more phases may be 
needed to converge on the turning point. 

We perform twenty four experiments for each tool. Both 
cross-traffic streams are exponentially distributed. The y-axis 
shows the measured Available bandwidth in Mbps, while the 
x- axis shows the twenty four hours experiments are carried 
out for each tool 
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Figure  6. IGI measurement in wireless accuracy on testbed 

 
Figure 7. Testbed experiment using PTR in Wireless networks 

3.4 Measurement results in wireless networks 
Measurements in wireless networks are associated with 

frequent disconnections, predictable disconnections, physical 
support for broadcast, asymmetry, monetarily expensive, 
relatively unreliable, high bandwidth variability, low 
bandwidth. These are the difficulties that can result in 
misleading bandwidth estimations for medical practice. 

4 APPLICATIONS OF BANDWIDTH MEASUREMENTS IN 
END TO END TELEMEDICINE SERVICES 

There exist many potential applications of bandwidth 
measurement methods. For example: streaming media 
adaptation, server selection, network tomography, TCP 
improvement and service-level-agreement verification. These 
are potential benefit that active measurements could give 

4.1 Telemedicine Congestion Control and its 
Applications 

The work in this paper is focused on applying ABETs to 
Telemedicine congestion control. We believe that telemedical 
applications may be of use in many, if not all, medical 
specialties. However this type of network facilitates learning 
through the exchange, transfer and distribution of medical 
information/knowledge, the generation and dissemination of 
new knowledge about how to collaborate effectively via 
telemedicine, and the application of this knowledge in 
telemedicine practice. Viewing telemedicine in this light 
directs our attention to outcomes not emphasized in most 
prior research, including the diffusion of medical knowledge 
and expertise, and the development of collaborative 
knowledge shared by the health care parties. In addition to 
documenting telemedical applications as solutions to specific 
local problems, successfully implemented telemedical 
applications 

The telephone companies, has a standard interface 
consisting of a basic rate with dual 64-kbps voice/data 
channels and a T1 transmission primary rate of 1.544 Mbps. 
This rate is insufficient for the transfer of high-quality images, 
since, for instance, VHS-quality video requires about 1.2 
Mbps and high-definition television up to 50 Mbps. The 
Switched Multimegabit Data Service (SMDS), which now 
operates at rates up to the T3 line rate of 44.736 Mbps, in 
available is some metropolitan areas and is expected to be 
accessible regionally in the near future. It is to be an OC-12 
network with a line rate of 622.08 Mbps, which is equivalent 
to 2016 channels at 64 kbps. This capability will enable the 
Laboratory to carry out wideband communications to 
support its research in all areas, including telemedicine. 
Bandwidths of this order of magnitude are necessary for 
teleradiology and telepathology studies and research. 

4.2 How ICTs bring about development 
Telemedicine promises an improvement of health care 

service quality in rural, urban, dense and mobile areas. 
Telemedicine is an emerging technology which combining 
telecommunication and information technology for medical 
practice.  

The majority of people across Africa live in rural/remote 
areas, which have minimal health services, lack providers, 
and experience inadequate access due to geography, weather, 
infrastructure and a range of other challenges. The healthcare 
facilities and their staff often operate in isolation. Simple 
training, protocol updates, and consultations are almost 
unheard of. In Tanzania, finances and geographic realities 
further challenge even meeting the basic health needs but the 
paucity of skilled health staff creates a further abyss. The first 
line care in rural areas is provided by Clinical Officers with 3 
years medical training or Assistant Medical Officers with an 
additional 2 years medical training. There are few graduate 
Medical Officers and hardly any specialists in the rural 
hospitals. This leads to low level of diagnostic and treatment 
quality in a wide variety of health problems especially in the 
rural areas. The rapid advances in information technology 
and telecommunications and more specifically wireless, 
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mobile communications and optical fiber and their 
convergence are leading to the emergence of a new type of 
information infrastructure that has the potential of 
supporting an array of advanced services for healthcare. 
Increases timeliness of treatment and decreases transfer rates 
while reducing medical costs through video technology. 

5 CONCLUSION 
In this paper we have presented bandwidth measurement 

evaluation methods in both wired and wireless networks by 
using the IGI (Initial Gap Increasing) and the PTR (Packet 
Transmission rate). Several simulations have been carried out 
using MATLAB R2012b to determine the difference between 
wired and wireless networks available bandwidth. The 
results suggest that the wired network environment has more 
available bandwidth compared to wireless networks, hence 
the wired networks are the most appropriate method for 
telemedicine services. One can use the results obtained to 
select the most appropriate network bandwidth requirements 
depending on the ability of exchange multimedia data of an 
organization or country. The logistics could cater 
implementation of low cost for the telemedicine applications. 

ACKNOWLEDGMENTS 
We wish to thank the Nelson Mandela African Institute of 

Science and Technology (NM- AIST) and the School of 
Computation and Communication Science and Engineering 
(CoCSE) for supporting this work and for allowing us to use 
their resources. 

REFERENCES 
[1] N. Hu and P. Steenkiste, "Evaluation and characterization of 

available bandwidth probing techniques," Selected Areas in 
Communications, IEEE Journal on, vol. 21, pp. 879-894, 2003. 

[2] M. Jain and C. Dovrolis, "Pathload: A measurement tool for end-to-
end available bandwidth," in In Proceedings of Passive and Active 
Measurements (PAM) Workshop, 2002. 

[3] V. J. Ribeiro, R. H. Riedi, R. G. Baraniuk, J. Navratil, and L. Cottrell, 
"pathchirp: Efficient available bandwidth estimation for network 
paths," 2003. 

[4] J. Strauss, D. Katabi, and F. Kaashoek, "A measurement study of 
available bandwidth estimation tools," in Proceedings of the 3rd ACM 
SIGCOMM conference on Internet measurement, 2003, pp. 39-44. 

[5] L. Palen, M. Salzman, and E. Youngs, "Going wireless: behavior & 
practice of new mobile phone users," in Proceedings of the 2000 ACM 
conference on Computer supported cooperative work, 2000, pp. 201-210. 

[6] E. Supriyanto, H. Satria, and E. Putra, "A novel low cost 
telemedicine system using wireless MESH network," 2009. 

[7] J. Curtis and T. McGregor, "Review of bandwidth estimation 
techniques," in Proceedings of the New Zealand Computer Science 
���Ž�œ�Ž�Š�›�Œ�‘�1���•�ž�•�Ž�—�•�œ���1���˜�—�•�Ž�›�Ž�—�Œ�Ž, 2001. 

[8] J. Navratil and R. L. Cottrell, "ABwE: A practical approach to 
available bandwidth estimation," in Proceedings of the 4th Passive and 
Active Measurement Workshop PAM 2003, 2003. 

[9] E. Goldoni and M. Schivi, "End-to-end available bandwidth 
estimation tools, an experimental comparison," in Traffic Monitoring 
and Analysis, ed: Springer, 2010, pp. 171-182. 

[10] A. F. Haque, M. H. Ali, and M. A. Kiber, "Bandwidth optimization 
of individual hop for robust data streaming on emergency medical 
application," Journal of Engineering and Applied Sciences, vol. 4, 2006. 

[11] V. Jacobson, "Pathchar: A tool to infer characteristics of Internet 
paths," ed, 1997. 

[12] A. B. Downey, "Using pathchar to estimate Internet link 
characteristics," in ACM SIGCOMM Computer Communication Review, 
1999, pp. 241-250. 

[13] B. A. Mah, "pchar: A tool for measuring internet path 
characteristics," http://www. kitchenlab. 
org/www/bmah/aSoftware/pchar/, 2001. 

[14] A. Pásztor and D. Veitch, "The packet size dependence of packet 
pair like methods," in Quality of Service, 2002. Tenth IEEE 
International Workshop on, 2002, pp. 204-213. 

[15] C. Dovrolis, P. Ramanathan, and D. Moore, "What do packet 
dispersion techniques measure?," in INFOCOM 2001. Twentieth 
Annual Joint Conference of the IEEE Computer and Communications 
Societies. Proceedings. IEEE, 2001, pp. 905-914. 

[16] L. Rizzo, "Dummynet: a simple approach to the evaluation of 
network protocols," ACM SIGCOMM Computer Communication 
Review, vol. 27, pp. 31-41, 1997. 

[17] G. F. Lucio, M. Paredes-Farrera, E. Jammeh, M. Fleury, and M. J. 
Reed, "Opnet modeler and ns-2: Comparing the accuracy of network 
simulators for packet-level analysis using a network testbed," 
WSEAS Transactions on Computers, vol. 2, pp. 700-707, 2003. 

 

 

http://www/

