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Abstract Telemedicine has become an effective means of
delivering quality healthcare in the world. Across the African
continent, Telemedicine is increasingly being recognized as a
way of improving access to quality healthcare. The use of
technology to deliver quality healthcare has been demonstrated
as an effective way of overcoming geographic barriers to
healthcare in pilot Telemedicine projects in certain parts of
Kumasi, Ghana. However because of poor network connectivity
experienced in the pilot projects, the success of the pilot networks
could not be extended to cover the whole city of Kumasi and
other surrounding villages. Fortunately, recent deployment of
WiMAX in Ghana has delivered higher data rates at longer dis-
tances with improved network connectivity. This paper examines
the feasibility of usingWiMAX in deploying a city wide Mobile
Telemedicine solution. The network architecture and network
parameter simulations of the proposedMobile Telemedicine net-
work using WiMAX are presented. Five WiMAX Base Stations
have been suggested to give ubiquitous coverage to the proposed
Mobile Telemedicine sites in the network using adaptive 4 × 4
MIMO antenna configurations.
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Introduction

Telemedicine involves the delivery of healthcare and related
information over long distances by combining biomedical sig-
nals with information technology and means of communica-
tion [1]. The use of wireless technology to deliver health in-
formation has been demonstrated as an effective way of over-
coming certain barriers to healthcare, particularly for commu-
nities located in rural and remote areas. Telemedicine has
helped to bridge the gap in providing crucial care for those
who are underserved, mainly due to inadequate health person-
nel [2]. Mobile Telemedicine is an improved form of
Telemedicine, in which advanced wireless communication
systems are used to deliver the biomedical signals of patients
anywhere and anytime [3]. Mobile Telemedicine uses high
capacity mobile communication systems such as 3G+,
WiMAX and LTE to deliver protected health information over
long distances. This capability of mobile Telemedicine has
made it possible to deliver improved medical services such
as emergency ambulance service [4], mobile hospital [5], gen-
eral healthcare and early warning systems for diseases [6].

Ghana currently has a doctor to patient ratio of 1: 10,380
and 1:23, 456 in the urban and rural areas respectively [7].
This is a major challenge in delivering quality healthcare es-
pecially in the rural areas. In order to provide quality
healthcare to the rural areas, the government of Ghana is striv-
ing to use the advances in healthcare delivery to provide qual-
ity healthcare to its citizenry. As part of research works at U.C.
Berkeley and Intel Research, a pilot Teleconsult based on
experiences and reports from similar applications implement-
ed in developing countries reported in [8] was implemented
for selected health centers in Ghana [9]. Other pilot
Telemedicine projects have also been implemented as part of
the MillenniumVillages Project in about 23 remote villages to
help deliver affordable and accessible healthcare to the
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deprived communities. The major setback to a nationwide
implementation of these pilot Telemedicine projects was
found to be inadequate bandwidth to support these
Telemedicine applications. The data rates provided by the
existing 3G networks in outdoor locations in Ghana currently
is inadequate to support the major Telemedicine applications
as specified in [10]. The Government in its quest to provide
quality healthcare to the people plans to deploy reliable
WiMAX networks in several cities in the country to provide
improved network connectivity for the existing Pilot
Telemedicine projects.

This case study evaluates the existing Telemedicine systems
in Kumasi and examines the possibility of a citywide deploy-
ment usingWiMAX to develop a mobile Telemedicine system
with multi-communication links for the city of Kumasi.

Review of existing telemedicine applications
in Ghana

One of the more significant developments over the past de-
cades has been the emergence and pilot usage of information
and communication technologies in healthcare delivery in
Ghana. There are several pilot Telemedicine applications in
Ghana. These Telemedicine applications are focused on diag-
nostics and consultation. These systems have also been used
for other healthcare service applications and have been con-
sidered to be particularly useful in many remote areas in the
Millennium Villages Project (MVP) in Ghana [11]. The pilot
implementation of Telemedicine solutions in 23 villages as
part of the Millennium Villages Project in the Bonsaaso clus-
ter aims at; (i) reducing transportation time and healthcare
costs for patients and their families, (ii) increasing medical
knowledge and safety in primary healthcare facilities, and
(iii) Strengthening local capacities in e-health within the clus-
ter of villages. The MVP Telemedicine Project has been able
to leverage the use information and communications technol-
ogies (ICTs) to improve the medical referral system and re-
duce unnecessary travel to seek medical attention. This is
particularly important since road networks and healthcare fa-
cilities within the cluster of villages are very poor. The
Telemedicine platform enables healthcare personnel in the re-
mote villages to consult with health personnel at the regional
and national health facilities. This structured consultation en-
sures that the most important questions by the personnel in the
remote areas are answered in an accurate and timely manner,
which ultimately helps decide whether or not a patient re-
quires referral to the regional or national hospitals.

While Telemedicine systems in developed countries can
have different goals, the basic objectives of the existing sys-
tems in Ghana have to be scalable. These scalable goals in-
clude the setting up of basic Telemedicine services, and later
an upgrade to advanced up to date functionalities. The basic

concepts of the existing systems are based on creating the
necessary basic Medical Information Systems (MISs) and
Electronic Health Records (EHR) in hospitals and developing
a framework and interfaces where various multiplatformMISs
could interconnect in an integrated MIS. This objective is
more evident in pilot projects implementations by the
Millennium Villages Projects and many Teaching Hospitals
in the country. The KomfoAnokye Teaching Hospital
(KATH) and Kwame Nkrumah University Hospital, for ex-
ample, have developed a Teleconsulting platform which en-
ables medical students at Kwame Nkrumah University of
Science and Technology (KNUST) learn and Teleconsult on
the University campus. An overview of the platform is shown
in Fig. 1.

The Ministry of Health in conjunction with the National
Road Safety Commission has also deployed emergency am-
bulance service on pilot basis in major cities and highways
over the country. These emergency response ambulance
services have played an important role in reducing the number
of deaths caused by motor accidents and other medical emer-
gencies in Kumasi. The architecture of the current system is
shown in Fig. 2. The structure of the implemented Emergency
Ambulance Service is similar to the model proposed by
Mandellos et al. in [12].

With the implemented ambulance service model shown in
Fig. 2, voice communications over a Third Generation (3G)
network is used between the paramedics and the emergency
ward physicians at the district centers or health facilities to
provide relevant pre-hospital medical care. 3G data connec-
tivity is used onboard the ambulance to transmit data to the
district support centers. The district centers are linked to the
regional centers the by National Communication backbone
Company (NCBC) liaisons Gigabit Ethernet.

The next section presents field trial measurements results
done as part of a performance evaluation of the 3G network
which is used to provide data connectivity onboard the
Emergency Ambulance Services at four locations within the
Kumasi metropolis.

Performance evaluation of existing networks

To effectively promote the possibility of future recovery, bet-
ter medical care should be provided between the time at which
paramedics arrive at an accident or emergency scene and be-
fore an ambulance arrives at a hospital. This can only be
achieved in a mobile Telemedicine application if there is reli-
able data connectivity. This section evaluates the network per-
formance of the 3G network used in deploying the Emergency
Ambulance Services in four locations in Kumasi. The
throughput field trial measurements were carried out within
a 14-day period. The measurements areas are shown in Fig. 3.
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The result of the measurements is summarized in Fig. 4.
The requirements of 500Kbps in outdoor locations specified
for 3G networks by Gállego et al. in [13] for reliable video and
FTP transmission is used as the threshold for the analysis.

From the result in Fig. 4, it can be seen that the performance
of the 3G network at the four locations is notenough to support
the minimum 1Mbps needed to reliably integrate mobile
Telemedicine frameworks to multiplatformMIS. This problem
has hindered an efficient delivery of the services provided by
the Emergency Ambulance Services and other Telemedicine
projects initiated by the Millennium Villages Projects. The

implementation of the many pilot Telemedicine systems in
Ghana have not been able to incorporate the development of
frameworks and interfaces where various multiplatform man-
agement information systems (MISs) have been interconnect-
ed in an integrated MIS. This is mainly because of the lack of
telecommunication technologies to support connection of the
integrated MIS to enable provision of advanced medical
services in the country. This limits the use of the integrated
MIS for various Telemedicine applications such as sharing
knowledge, experience and expertise among physicians in dif-
ferent hospitals even within the Kumasi metropolis.

Fig. 2 Deployed emergency
ambulance services model

Fig. 1 Overview of KNUST
teleconsult platform
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Worldwide Interoperability for Microwave Access
(WiMAX) technology has gained growing interest due to its
applications and advantages. It is fast emerging as a last-mile
problem solution for broadband access technology. WiMAX
offers a platform which provides increased coverage and low-
cost services [14]. WiMAX is a broadband internet access
technology that provides wireless transmission of data using
different transmission modes. The transmission mode ranges
from stationary point-to-multipoint links to portable, nomadic
and fully mobile internet access. This makes WiMAX a supe-
rior broadband technology in terms of coverage and network
capacity [15]. The standard is defined by IEEE (Institute of
Electrical and Electronic Engineers) 802.16×. WiMAX is
commonly referred to as Broadband Wireless Access (BWA)
by many technology industry experts.

WiMAX network deployments in many developed
countries has proven the technology to be an efficient
and a capable end-to-end technology that provides low
deployment cost and last mile solution for enabling broad-
band wireless access to areas which are underserved by
fixed broadband infrastructure. The IEEE 802.16 technol-
ogy provides coverage of up to 48 km compared to other
technologies; Generalised High-Bitrate Digital subscriber
Line (G.SHDSL) can cover 7 km; Wireless Fidelity
(WiFi) can only cover 3 km in Line of sight (LoS) de-
ployment scenario. The unique characteristics of WiMAX
allow the Base Stations to provide a collision-free Media
Access Control (MAC) Uplink/downlink (UL/DL) chan-
nels and simultaneously handle thousands of Customer
Premise Equipment [16].

Fig. 3 Overview of the
measurement locations

Fig. 4 Summary of field
measurement results
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Recent deployment of WiMAX in Ghana has delivered
higher data rates at longer distances with improved network
connectivity [17]. With the improved network connectivity
WiMAX deployment in the country promises, WiMAX will
be a better alternative to the existing 3G networks which are
widely used in the pilot Telemedicine applications. With im-
proved network connectivity, it will be possible for medical
personnel onboard the Emergency Ambulance to carry out
voice and video interactions for pre-hospital medical care in
the ambulance. Documented results in implemented mobile
Telemedicine services suggest that real-time video distributed
over a reliable high speed internet connection is a valuable aid
in diagnosing and improving treatment in the case of
suspected stroke victims in [18–20].

As such, we propose the implementation of a nation-
wide Telemedicine system deployment using WiMAX net-
work. The proposed nationwide system is discussed in the
next section.

Network structure of the proposed National
Telemedicine System

In order for Ghana as a developing country to achieve the
objective of national development, it is very important for
the country to adopt existing technologies and optimize the
use of these technologies. In light of this, we propose the
setting up of a nationwide Telemedicine infrastructure using
WiMAX to provide effective and efficient delivery of

healthcare services to the citizenry, and to provide the people
in remote areas access to the quality healthcare. This
Telemedicine infrastructure will be a component of an overall
plan for a Government e-Health Project. The National
Telemedicine network is proposed at over forty sites through
the whole nation as shown in Fig. 5.

WiMAX technology will be used to cover urban areas and
that is currently being done in cities such as Accra, Tema and
Kumasi. The network structure of the proposed national
Telemedicine infrastructure is shown in Fig. 6. The WiMAX
Telemedicine network will comprise the Accra and Kumasi
sub networks which will be connected to Vodafone’s back-
bone transmission by National Communication backbone
Company (NCBC) liaison Gigabit Ethernet (GE) whiles
Telemedicine sites at Tamale, Nkawkaw, Obuasi, Koforidua,
Takoradi, Ho, Sunyani and Cape Coast networks will be
linked to Vodafone’s backbone transmission by the NCBC
liasons fast Ethernet. Sites at remote parts of the country, thus,
Wa and Bolga will be linked by Satellite.

The WiMAX network design will incorporate a distinctive
distributed Base Station which consists of Base Band Unit
(BBU) for indoor installation and Remote Radio Unit
(RRU) for mounting on walls or poles. An Advanced Power
Module (APM) will be used to accommodate BBU for
outdoor installation. The use of optical fiber cable to connect
BBU and RRU will ensure low cable loss and high tolerance
to noise.

As mentioned earlier, this paper intends to undertake fea-
sibility studies into the possibility of providing the existing

Fig. 5 Proposed Telemedicine
sites
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telemedicine sites in Kumasi using WiMAX as the wireless
technology. The paper will study the number of sites which
would be possible to provide a city wide coverage using two
antenna configurations which are being considered for
deploying the WiMAX network in the city.

Network simulation

In designing a Telemedicine network, the transmission
platform and transmission speed should be considered.
WiMAX has been chosen as the microwave access system
for a citywide network deployment based on factors such
as real-time operation, transmission reliability, interference
and system bandwidth. There are ongoing plans to deploy
WiMAX in Kumasi using either Adaptive 2 × 2 Multi-
Input Multi-Output (MIMO) or Adaptive 4 × 4 MIMO
Base Station (BS) antenna configuration. Fractional
Frequency Reuse (FFR) would be considered in the net-
work simulation presented in this section with the aim of
reducing interference to improve network connectivity at
the cell edges. FFR divides the cell into inner and outer
region. Available bandwidth is divided among inner and
outer regions in a way that the inner region employs reuse
1 while the outer region applies frequency reuse 3 [21].
Hence, users located in a cell border mitigate co-channel
interference because of frequency reuse 3. This section

presents the coverage and capacity simulation of the
WiMAX network for the Telemedicine sites and customer

Fig. 6 Proposed National
Telemedicine Network structure

Table 1 Simulation parameter

Parameter Value

Resource frequency 2.5–2.53GHz

Channel Bandwidth 10 MHz

Van Speed 80 km/h

Average users per sector 10

Fast Fourier Transform (FFT) Size 1024

Subcarrier spacing 10.93 kHz

Useful symbol time 91.4 μs

Guard time 11.4 μs

OFDMA symbol time 102.8 μs

Modulation QPSK, 16-QAM, 64-QAM

Antenna frequency Range 2.3–2.7GHz

Input Impedance 50 Ω

Gain 18dBi

Horizontal Beamwidth (3 dB) 60°

Vertical Beamwidth (3 dB) 7°

Electrical downtilt 2°

Maximum power(dBm) 43

BS Antenna height 42 m

CPE antenna config. 1 × 2 MIMO

CPE antenna height 1.5 m
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Premise equipment (CPE) on the e-Government network in
the city using the two configurations.

The Software used for simulating the radio network plan
and capacity is Genex-Unet. The simulation parameters are
summarized in Table 1.The simulation assumes a CPE with
a 1 × 2 MIMO antenna configuration. The coverage and ca-
pacity results simulated for the twoBS antenna configurations
under consideration are summarized in Tables 2 and 3 respec-
tively. The parameters in Table 1 are used in the simulator for
the radio network dimensioning using the coverage and ca-
pacity estimation models for 4G–WiMAX MIMO BS anten-
nas proposed by VitalyTeterin in [22]. The obtained BS
intersite distances for the twoMIMO configurationshave been
summarized in Table 2. From the coverage results shown in
Table 2, it can be seen that the adaptive 4 × 4 MIMO config-
uration provides a greater coverage than the 2 × 2 MIMO
configurations.

From the simulation parameters in Table 1, at 10 MHz the
OFDMA symbol time is 102.8microseconds and so there are
48.6 symbols in a 5 millisecond frame. Of these, 1.6 symbols
are used to cater for the TTG (Transmit to Transmit Gap) and
RTG (Receive to Transmit Gap) leaving 47 symbols. If nof
these symbols are used for DL, then 47−nare available for
uplink. Since DL slots occupy 2 symbols and UL slots occupy

Based on the propagation mode and application, the fre-
quency reuse scheme and the Downlink/Uplink (DL/UL)
channel ratio are used. For a capacity limited Telemedicine
network, a 35:12 DL/UL ratio can be used to serve the sites
in the network. When the sole purpose of the network is to
cover a larger area, a DL/UL ratio of 26:21 can be used. Under
the adaptive 2 × 2MIMO deployment scenario, the maximum
average DL and UL throughput per sector is 9.68 Mbps and

3.67Mbps respectively for a coverage limited network using a
26:21 DL/UL ratio and a FRR 1x3x3 reuse scheme. For ex-
ample, in deploying a mobile Telemedicine network which
requires a higher UL throughput, a DL/UL split ratio of
26:21 is best suited for such network deployments whiles a
DL/UL ratio of 36:12 can be used to deploy a network that
provides patients monitoring facilities.

Based on the results in Table 2, Six (6) would be required to
provide network coverage for the ambulances and CPEs on
the Kumasi network using the 2 × 2 MIMO configuration
whiles Five (5) BS would be required to provide coverage
for the Telemedicine sites based on the mapping of the equip-
ments in the proposed network shown in Fig. 8. From the
mapping results of the ambulances in Kumasi, it can be seen
that, the locations of the ambulance service lies within the
proposed WiMAX network. The final radio plan for the
2 × 2 MIMO configurations is shown in Fig. 7.

In order to be sure that the 4 × 4 MIMO can provide ubiq-
uitous coverage for the mobile ambulances, the coverage sim-
ulation of the network has been done and presented in Fig. 9.
The 4 × 4 MIMO configurations gives a 3 dB increase in DL/
UL coverage and higher throughput which reduces the num-
ber ofWiMAX sites in the final radio plan. The current cost of
building aWiMAX site in Ghana is $120,000 [23]. Therefore,
if the adaptive 4 × 4 MIMO antenna configurations is used to
deploy the Telemedicine network, only 5 BS are required
instead of the 6 WiMAX sites needed by the 2 × 2 MIMO
configurations.

This would reduce the initial startup cost by $120,000.
Moreover, the cost of maintaining aWiMAXBS (maintaining
the radio resources, power, air conditioning) under the current
business environment in Ghana is shown in Fig. 10.

Since the 4 × 4MIMO configuration reduces the number of
BS by one (1), the total cost of ownership will be lower from

Table 2 Network coverage
simulation results BS Antenna config. SS type DL traffic

CINR(dB)
Cell edge
RSSI(dBm)

Cell
Radius(Km)

Site-Site
Distance(Km)

Adaptive 2 × 2 MIMO Outdoor CPE 3 -92 2.99 4.5

Adaptive 4 × 4 MIMO Outdoor CPE 3 -92 3.61 5.4

Table 3 Network capacity
simulation results Permutation DL/UL ratio WiMAX Carrier Average Throughput per sector

Adaptive 2 × 2 MIMO B (Mbps) Adaptive 4 × 4 MIMO B (Mbps)

DL UL DL UL

FFR 1x3x3 26:21 9.68 3.67 10.10 4.67

FFR 1x3x3 29:18 11.21 3.06 12.70 3.89

FFR 1x3x3 31:15 12.22 2.45 13.76 3.11

FFR 1x3x3 35:12 14.26 1.84 15.89 2.33

J Med Syst (2017) 41: 17 Page 7 of 10 17

3 symbols, it is best to divide these 47 symbols such that 47 –
n is a multiple of 3 and n is of the form 2k + 1.



Fig. 8 Mapping of the locations
of the CPEs on the network

Fig. 7 Adaptive 2 × 2 MIMO
radio network plan
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the short to medium term as compared to using 2 × 2 MIMO
configuration for deploying the network. From the coverage
and capacity simulations of the twoMIMO configurations, the
4 × 4 configurations is recommended for deploying the
WiMAX Telemedicine network. The network performance
of the 4 × 4 MIMO will cater for future expansion and guar-
antee reliable network connection for an efficient Mobile
Telemedicine system implementation in the city.

There are several research works that have presented sev-
eral frameworks for mobile Telemedicine implementation.
The authors in [24] and implemented a WiMAX based inte-
grated system for e-medicine in the Republic of Macedonia.

They presented various telemedicine multimedia services pa-
rameters and studied the Quality of Service (QoS) related to
them. Authors in [25] an [26] adopted technology evaluation
models to study the performance of some selected mobile
Telemedicine frameworks and subsequently optimized the
models for implementation in development countries. This
work however is unique in the sense that, it leverages the
use of an existing under-utilized 4G–WiMAX network to pro-
vide a data-centric mobile Telemedicine solution which ex-
tends healthcare delivery to remote and deprived areas.
Capacity and coverage results have been provided to validate
the work.

Fig. 9 Adaptive 4 × 4 MIMO
radio network plan

Fig. 10 Cost of site maintenance
over a 5 yearperiod in US Dollars
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Conclusion

Mobile Telemedicine services generally aim at facilitating and
improving healthcare provision. The proposed Mobile
Telemedicine solution in this case study is expected to help
in coping with some major challenges faced by the national
and regional health systems as a consequence of demographic
and socio-cultural changes.

The proposed WiMAX network using 4 × 4 MIMO BS
antenna configurationis useful and economically viable to
build, deploy and operate for the existing pilot mobile
Telemedicine services in Kumasi. Since the mobile
Telemedicine solution will use reliable WiMAX infrastructure,
it will help immensely in increasing response times in cases of
medical emergencies and also deliver quality healthcare to
complement the efforts of the limited health professionals in
the country. The preliminary results based on the network sim-
ulation show that it is possible to provide stable and reliable
mobile medical services using WiMAX technology.
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