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enabling high speed transmission of Internet Communication, telephone & CATYV signals in
addition to high bandwidth. Fiber Optic is widely used to connect longer distances switches,
Central Offices and Single Loop Carriers for Telecom Companies; LAN primarily uses fiber in
the backbone which extends it for longer distances. One of live applications of optical network
is “the High-Speed Connectivity Consortium (HSCC) that supports implementation of a
nationwide multigigabit WDM network testbed that supports voice, video, and data
transmission at 2.488 Gbps (OC-48). This all-optical network provisions advanced services with
QoS assurances and supports applications that include data mining, electronic commerce (E-
commerce), telemedicine, distance learning, video telephony, and collaborative teleworking.
The University of Washington, Carnegie Mellon University (CMU), Qwest Communications,

and Ciena Corporation participate in the HSCC testbed project” (Littman)

6.5.5 Frame Relay & Fibre Channel technologies

Frame Relay is a high-performance WAN protocol that operates at the physical and data
link layers of the OSI reference model. Frame Relay originally was designed for use across
Integrated Services Digital Network (ISDN) interfaces (Cisco: Frame Relay); it is a networking
solution that provides connectivity and communication between multiple locations supporting a
variety of applications (Henderson and Jenkins). Fibre Channel (FC) technology is designed for
high performance low-latency data transfer among various types of devices; FC is mainly used
in the implementation of Storage Area networks (SAN) (Fibre Chanel). The live application is
the telemedicine initiative of the US government where the “Veterans Health Administration
(VHA), an agency of the U.S. Department of Veteran Affairs (VA), supports utilization of a

Frame Relay network that operates over fiber optic cabling for linking more than 600 VA
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facilities nationwide. The Frame Relay configuration enables these VA facilities to exchange

data with medical centers, regional offices, and the VA Central Office” (Littman)

6.5.6. Digital Subscriber Line (DSL)

DSL is a cheap service and a way of communicating at high speed than that of a modem
using wires similar to standard telephone line. DSL technologies “support links to a broad
spectrum of Web portals and Internet services and applications such as e-mail exchange, IP
telephony, and television programming. In addition, DSL is an enabler of tele-education,
teleshopping, E-banking, teletraining, VPNs (Virtual Private Networks), video gaming,

teleworking, telementoring, tele-entertainment, and telemedicine” (Littman)

6.5.7. Wireless Networks

A wireless network refers to any type of computer interconnection in which there is no
presence of wires; for instance, LAN, WAN, MAN and others. Enabled by wireless networks,
information can be reliably and efficiently transmitted overseas; for instance, cellular telephones
(GSM & CDMA), internet etc. A live application of wireless networks in Telemedicine is that
“Physicians at Good Samaritan Hospital, Ohio, employ a broadband FWA Ethernet LAN for
accessing records of patients in cardiac and surgical units, intensive care recovery rooms, a
birthing center, and hospital clinics. In addition, physicians also monitor patient medications,
access intake orders, and review treatment protocols in real-time at the patient's bedside via the

WLAN solution” (Littman)
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6.5.8 Satellite Networks

“Satellite systems employ radio waves in the super-high and extremely high RF (radio
frequency) bands of the electromagnetic spectrum to enable dependable transport of voice,
video, data, and still images. Satellite configurations utilize state-of-the-art technologies for
facilitating high-speed access to bandwidth-intensive resources and time-critical data. Rapidly
evolving satellite networks are further distinguished by their provision of on-demand seamless
mobile communication services at anytime and in every place and delivery of broadband
multimedia applications to subscribers at rural locations. One of its applications is in
Telemedicine in which Sponsored by the U.S. Department of Defense, the Telemedicine and
Advanced Technology Research Center (TATRC) provisions access to programs in
telehealthcare, telemedicine, and medical informatics. TATRC also employs satellite services to
support delivery of telemedicine treatment to U.S. military forces in Iraq, Somalia, Rwanda,
Croatia, Macedonia, Haiti, Panama, Cuba, Egypt, Russia, Sweden, Kenya, and the United

Kingdom” (Littman)

6.5.9 Next Generation Networks (NGN)

Next Generation Networks (NGN) is a broad term to refer the new telecommunication
technology evolutions to be deployed over next 10 years. Next Generation network is an IP
based network in which service related functions are separated from transport related functions;
in simplest terms, NGN is the packet network that converges the public switched telephone

network, the data network (the Internet), and the wireless network NGN can be deployed using
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various network devices; for instance, Softswitch, Media Gateways, Routers etc. (NGN Design

& Implementation, Principles of Telecom & Networks, Alphonsine Imaniraguha).

NGN promotes the Next Generation Internet (NGI) through connecting schools, hospitals
and research centers across the United States at high speeds rate; one of the NGI initiative is the
University of lowa National Laboratory for the Study of Rural Telemedicine that evaluates
capabilities of videoconferencing teleconsultations over the NGI between healthcare specialists
and patients with special needs, including children with heart conditions or disabilities and
persons with mental illness. In addition, the merits of delivering healthcare information to
television sets equipped with special devices in the homes of patients with diabetes for enabling

these patients to effectively manage their disease are explored” (Littman)

6.6 Equipment

With the tremendous growth of the Internet technology and the availability of low cost
personal computers (PCs) within the past few years, everything is going over Internet Protocol
(EolIP). Telemedicine technology has quickly and noticeably changed and improved over the
past decade; with the previous mentioned examples of transmission channels, this research work
consisted of suggesting a Telecommunication network link design that can be implemented to
promote the Telehealth care in rural and remote areas of Rwanda. The Information Technology
(IT) is used to increase the efficiency of the Telehealth technology and reach out patients; this
will eliminate distance barrier between caregivers and patients. Below is a sample schematic

diagram of tele-intensive care between hospitals.
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Figure 30: Tele-intensive care architecture (Hanson III)

In our network design, we have 3 sites as shown by the figure 31 below: URMC

(University of Rochester Medical Center), NURMC (National University of Rwanda Medical

Center) & Ndera Breast Care (NBC). Services between these hospitals will include consultation
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diagnostic, transfer of patient related records using “store-&-forward” technology through
Teleradiology. In this type of technology, images will be acquired at one location (NBC for
instance) and stored, then forwarded to the NURMC (National University of Rwanda Medical
Center) for the monitoring, analysis and interpretation. The DYNAMAC algorithm will be
installed in PCs to enable and facilitate the transmission, sharing and manipulating breast
radiological images through the compression tool in order to save the operational bandwidth

and QoS requirements.
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Figure 31: A map showing three sites: URMC, NURMC & NBC

The core network comprises of high speed routers to serve and share medical information

among medical document servers and the centralized database; the access network consists of
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VSAT dishes at each location to relay data from the Kicukiro earth station to URMC, NURMC
and NBC. The equipment at the end users consist of PCs connected to a broadband network; the
remote doctor equipments consist of PCs, which are connected through a reliable, on demand
and high speed network to efficiently handle large files to ensure an accurate diagnosis. The
DYNAMAC-Biomed software tool will be configured and installed in the PCs for the image
monitoring and diagnosis; the high speed network suitable for the ultimate telemedicine

technology will be achieved through satellite and terrestrial links, ISDNs, ATM and LANS.

6.7 Implementation

In this paper, the telemedicine implementation through Teleradiology between the two
sites in Rwanda is accomplished in a case study: suggest a network design that will serve small
breast clinics in rural areas of the Eastern Province of Rwanda from the National University of
Rwanda Medical Center (NURMC), Butare and Kigali, Rwanda, East Africa. This network will
serve women patients in most areas of Kigali and Butare; the NURMC will in turn work and
share data with the University of Rochester Medical Center (URMC), Rochester, New York,
United States through the high speed Internet (Satellite Communications) enabled by the Next
Generation Networks technology through both real time (synchronous) and store-and-forward

(asynchronous) techniques for further diagnosis.
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7. Conclusion & Future Work Recommendations

7.1 Conclusion and Summary

With the modern technology and availability of research centers, the breast cancer disease
continues to be a global issue in the women’s lives in both developed and developing world;
while the clear cause of the disease remains unknown, the only factor remains of undisputed:
the early detection and the diagnosis of the disease before its symptoms. Researchers believe
that Medical Imaging saves many lives; medical imaging is the process and techniques to
manipulate the human body images for clinical investigations. It is a way of assisting with
finding the breast cancer early when it is still treatable and diagnosable. The early detection and
the appropriate diagnosis of the breast cancer contribute to the successful cure of the disease.
With the digital world, this paper suggested the Digital Mammography in which breast images
are recorded on a high resolution x-ray digital detector which converts them into digital pictures
same as those from digital camera. Mammography plays a big role in detecting breast cancer for

that it is capable of showing breast changes up to 2 of years before the tumors are palpable.

The obtained images are further manipulated by radiologists using the Computer-Aided
Diagnosis to process breast images; in this paper we implemented the DYNAMAC-Biomed
image compression software tool which has its origin in Non Linear Dynamical Systems. The
goal of this tool is to eventually help analyzing the average profile obtained from 41 different
breast diseased images which are processed and scanned to detect cancerous tumors; after the
identification of the tumors which was derived from processing each image separately using
image segmentation and comparing the histograms, we worked to establish a health care to

women in rural areas of Rwanda, East Africa. Using the modern telecommunications
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equipments and the next generation broadband networks, women in those remote areas will
receive the appropriate treatment and diagnosis of the disease through mainly Teleradiology.
This will eliminate the need of traveling many miles of patients and high rate pay of doctors and

specialists on remote sites.

The radiological images will be transmitted back and forth between the NURMC and
URMC back to NBC. The successful cure of the disease is achieved using qualified staff and
doctors from the URMC, United States who will examine and work with the radiologists at the
National University of Rwanda Medical Center, Butare, Rwanda. The nature of work includes
sharing breast images, patient consultation, images manipulation etc through mainly store-and-
forward communication. The DYNAMAC tool is beneficial basing on the fact that, it is easily
implemented and explored; moreover, it meets the requirements of Medical Imaging and Breast
Imaging in particular by including the detailed study of breast tissues to identify the infected
areas of the image. The work had run successful and this paper includes a compiled result tables

that shows the similarity and the difference as well as properties of diseased and healthy tissues.

7.2 Future work

This paper suggests the deployment of a network that will deliver the breast health care
between remote sites and hosts, the collaboration between three sites: National University of
Rwanda Medical Center, Ndera Breast Care and the University of Rochester Medical Center;
the nature of the health care delivery consists of the patient consultation and discussion of their
needs, sharing patient’s records using high bandwidth telecommunication infrastructure. For the
future work to enhance the breast care in the developing world, further steps should be taken to
extend this project to a live implementation; this means to consult the remote sites for a neat
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project plan that would estimate costs and acute equipments needed for the implementation. The
cost would depend on various factors that include the nature of the sites, the population, the

geographical locations, the patient needs to name few.

Future work also should be done to enhance the improvement of the processing
(compression/decompression) time of the DYNAMAC tool and the image quality to minimize
the errors that can occur during the process. Also, DYNAMAC-Biomed was applied to early
detect lung cancerous tumors from several lung cancer image samples; this project had positive
outcomes which made us to apply the same practice to breast images part of the breast imaging.
Taking into account that lung and breast diseases are not the only cancers frequent in the human
race, future work should apply same concept to other types of cancers; for instance, ovarian and

cervical cancers to name few.

104



Breast Imaging & Telemedicine

8. List of reference

Abnormalities of a Female Breast. <http://www.medtropolis.com>.

Abnormalities of the female breast.
<http://www.gehealthcare.com/usen/ultrasound/education/products/cme_breast.html>.

Anatomy of the Female Breast. 1999. 12 July 2008
<http://sprojects.mmi.mcgill.ca/mammography/anat.htm>.

Andolina, Valerie F., Shelly L. Lille and Kathleen M. Willison. Mammographic Imaging.
Baltimore: Lippincott Williams & Wilkins, 2001.

Antoine, J. P., et al. Two dimensional wavelets and their relatives. National Academy Press,
2004.

Bassett, Lawrence W and Richard H Gold. Breast Cancer Detection: Mammography and Other
Methods in Breast Imaging. Los Angeles: Harcourt Brace Jovanovich, 1987.

Bindu, G., et al. "Active Microwave Imaging for Breast Cancer Detection." 2006. IEEE
Website. <http://ieee.org>.

"Breast Cancer." National Cancer Institute Website. <http://www.cancer.gov>.

Breast Cancer. 2007. 2008 <http://www.cancer.org>.

"Breast Cancer Diagnosis: CAD Technology for Mammography." Imaginis Website.
<htttp://www.imaginis.com/breasthealth/cad.asp/computer>.

"Breast Cancer New Cases and Deaths." 2008. National Cancer Institute Website. 15 March
2008 <htttp://www.cancer.gov>.

"Breast Cancer Symptoms." 26 September 2007. American Cancer Society Website. 2008
<http://www.cancer.org>.

Cahoon, T.C., M.A. Sutton and J.C Bezdek. "Breast Cancer Detection using Image Processing
Techniques." 2000. IEEE Website. 2008 <http://ieee.org>.

Cisco: Frame Relay. <http://www.cisco.com>.

Coiera, Enrico. Guide to Heath Informatics. New York: Oxford University Press, 2003.

Daffner, Richard H. "Breast Imaging." Clinical Radiology, The Essentials . Pittsburgh:
Williams & Wilkins, 1992. 151.

105



Breast Imaging & Telemedicine

"Entering the Electronic Era." Imaging Economics, Breast Imaging (December 2005).

"Fibre Chanel." Network World Website. <http://www.networkworld.com>.

Fulcher, J. Advances in Applied Artificial Intelligence. National Academy Press, 2006.

Glenn, Chance M., M. Eastman and G. Paliwal. A New Digital Image Compression Algorithm
Based on Nonlinear Dynamical Systems. Research Paper. Rochester: The Laboratory for
Advanced Communications Technolgy , 2005.

Glenn, Chance M., M. Eastman and N. Curtis. "Digital Rights Management & Streaming of
Audio, Video & Image Data Using a New Dynamical Systems Based Compression Algorithm.'
IADAT Conference on Telecommunications & Computer Networks. Conference Proceedings,
2005.

Glenn, Chance M., R Krishnamoorthy and D Mukherjee. Preliminary Development & Analysis
of a New Waveform Classification Technique for Digital Signals. Reseach Paper. Rochester,
2007.

Guerra, Alberto Del. Ionizing Radiation Detectors for Medical Imaging. World Scientific
Publishing Co, 2004.

Hanson III, W. Healthcare Informatics. New York: McGraw-Hill, Medical Pub. Division, 2006.

Harper, Pat. "The Normal Breast Anatomy." Ultrasound Mammography. Baltimore: University
Park Press, 1985. 24.

Harte, L., R. Levine and R. Kikta. 3G Wireless Demystified. McGraw-Hill Professional, 2002.

Henderson, L. and T. Jenkins. Frame Relay Internetworking. San Francisco: National Academy
Press, 1999.

Ilachinski, Andrew. Artificial War, Multiagent-Based Simulation of Combat. World Scientist
Publishing, 2004.

Interactive Mammogram Analysis Web Tutorial. 1999. August 2008
<http://sprojects.mmi.mcgill.ca/mammography/index.htm>.

Li, D, P M Meaney and K. D Paulsen. "In conformal microwave imaging for breast cancer
detection." IEEE transactions on microwave theory & techniques (2004).

Littman, M. K. Building Broadband Networks. Boca Raton: CRC Press/Auerbach, 2002.

Maheu, M., P. Whitten and A. Allen. E-Health, Telehealth & Telemedicine. San Fransisco:
Jossey-Bass, 2001.

106



Breast Imaging & Telemedicine

Mammography Unit. 2008 <http://radiologyinfo.org>.

Monnin, P. et Al. "Phys. Med. Biol." 2005. 2617-2631.

O'Rourke, Michael. Principles of three-dimensional computer animation : modeling, rendering,
and animating with 3D computer graphics. New York: Norton, 2003.

Perros, Harry G. Connection-oriented networks: SONET/SDH, ATM, MPLS & Optical
Networks. Chichester, West Sussex: Hoboken, N.J. : J. Wiley, 2005.

Qi, Hairong and Nicholas A. Diakides. "Thermal Infrared Imaging in Early Breast Cancer
Detection." 2003. IEEE Website. <http:///ieee.org>.

"Scintimammography." National Cancer Institute. 2008 <http://www.cancer.gov>.

Telehealth . 1997. 2008 <http://www.who.int>.

Tierney, Lawrence M. Jr, Stephen J. McPhee and Maxine A. Papadakis. Current Medical
Diagnosis & Treatment. San Francisco: Medical Publishing Division, 2004.

Umar, Asad, Izet Kapetanovic and Javed Khan. The Application of Bioinformatics in Cancer
Detection. New York: The New York Academy of Science, 2004.

Volakis, John L. Antenna Engineering Handbook. National Academy Press, 2007.

Wang, J and H. K. Huang. "Medical Image Compression by three dimensional wavelet
transformation." IEEE transactions on Medical Imaging Database (1996).

What Causes Breast Cancer. 2008 <http://www.cancer.gov>.

"What Causes Cancer." National Cancer Institute Website. <http://www.cancer.gov>.

Williams, Christopher K. O, Olufunmilayo I Olopade and Carla I. Falkson. Breast Cancer in
Women of African Decsent. Chicago: Springer, 2006.

Zhang, Yu-Jin. Advances in Video and Image Segmentation. IGI Publishing, 2008.

107



Breast Imaging & Telemedicine

9. Appendix

Below is the list of few of the diseased and healthy images that are used in this paper. White

areas are massecs.

Breast cancer image, EWBC, Rochester, New York, 2008
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Breast Cancer Image 2, EWBC, Rochester, New York, 2008
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Breast cancer image 3, EWBC, Rochester, New York, 2008
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Diseased image 4, EWBC, Rochester, New York, 2008
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Diseased Image 5, EWBC, Rochester, New York, 2008
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Diseased image 6, EWBC, Rochester, New York, 2008
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Diseased image 7, EWBC, Rochester, New York, 2008
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Diseased breast image 8, EWBC, Rochester, New York, 2007
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Diseased breast image 9, Rochester, New York, 2008
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Normal breast image 1 (EWBC, Rochester, New York, 2008)
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Normal breast image 2 (EWBC, Rochester, New York, 2008)
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