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Abstract— We conducted a systematic review of the literature
to critically analyse the evaluation and assessment frameworks
that have been applied to telemedicine systems. Subjective
methods were predominantly used for technical evaluation
(59%), e.g. Likert scale. Those including objective
measurements (41%) were restricted to simple metrics such as
network time delays. Only three papers included a rigorous
standards based objective approach. Our investigation has
been unable to determine a definitive standards-based
telemedicine evaluation framework that exists in the literature
that may be applied systematically to assess and compare
telemedicine systems. We conclude that work needs to be done
to address this deficiency. We have therefore developed a
framework that has been used to evaluate videoconferencing
systems telemedicine applications. Our method seeks to be
simple to allow relatively inexperienced users to make
measurements, is objective and repeatable, is standards based,
is inexpensive and requires little specialist equipment. We use
the EIA 1956 broadcast test card to assess resolution, grey
scale and for astigmatism. Colour discrimination is assessed
with the TE 106 and Ishihara 24 colour scale chart. Network
protocol analysis software is used to assess network
performance (throughput, delay, jitter, packet loss).
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1. INTRODUCTION

Telemedicine systems are often the subject of
evaluation in the literature, and systematic evaluation is
advocated [48]. For example, in a review of articles
published from 1966 to 2000 [3], 112 evaluations were
cited; out of these 75% were clinical evaluation and 25%
non clinical. Diagnostic accuracy (44%), patient satisfaction
(23%), cost (8%) and clinical effectiveness (2%) were
grouped under clinical evaluation; technical evaluation
(13%) and management evaluation (12%) were grouped
under non clinical. Technical evaluations were qualitative
studies describing the technical outcomes such as
bandwidth, resolution and colours in digital images. Some
articles focused on technical requirements for diagnostic
quality. No article describes a simple but comprehensive
technical evaluation methodology which could be used by
clinicians to verify the functionality of the whole
telemedicine system. This could be explained by the lack of
delineation of functional characteristics of specific clinical
(teleconsultation) tasks.

This paper seeks to redress this imbalance in lack of
systematic study of the requirements for technical evaluation
and assessment of telemedicine systems. Note that we
exclude the technical requirements for radiology, which has
well defined standards and guidelines as part of the DICOM
[53] and other regulatory standards.
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We define a telemedicine system as in figure 1.
Technology at the remote site acquires information in the
form of moving images (video), still image, audio, data/text
(documents) and physiological data. The data are
transmitted over the communications network and
reproduced to the user at the local site through technology.

The issue at the remote site is the ability to acquire the
data with adequate fidelity. This includes the absolute
limitations imposed by the standards used for the technology
and the quality of the actual technology used. The
communications  network  will impose bandwidth
restrictions, but may have other technical limitations such as
delay, jitter, errors, and loss of packets. The issue at the
local site is the ability to reproduce the data to the user.
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Moving Images LAN Monitor
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Dataftext ISDN
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Figure 1 Telemedicine System
II. METHODS

We conducted a systematic review of the literature to

determine publications that reported evaluation and
assessment frameworks that have been applied to
telemedicine systems. We searched the INSPEC,
MEDLINE, PROQUEST, EMBASE, CINAHL,

EBSCOhost EJS and Cochrane Library publication
databases using suitable terms. We also performed a
systematic search of all articles in the peer reviewed journals
in telemedicine. We then scored each paper on criteria
designed to determine the relevance to technical evaluation
and assessment.

III. RESULTS

A total of 47 articles met our inclusion criteria. The
papers were summarized using a tabular method, from
which we were able to group the papers into general (25)
and technical (22) evaluation methods. The papers in the
technical group were further sub-divided into groups
according to the environment, laboratory (11) and clinical
(8), where the experiments were conducted. Out of the
technical papers only 6 had experimental results conducted
in a laboratory environment.
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We also categorized the papers into: types of
measurement; speciality of telemedicine investigated;
statistics applied; tools used to conduct experiments;
hardware requirements; and the degree of technical
assistance required by a clinician to perform the test. We
differentiated papers as concentrating on the separate stages;
information acquisition and information display; network
transmission; and system functionality. Information
acquisition and information display included; resolution,
colour contrast, colour discrimination, colour hue, colour
saturation, image clarity and compression effect on image
quality. Network transmission included; time delay
measurement (e.g. still-image transfer time), video-clip
transfer time, live video transmission rate and live video
latency. System functionality included; quality of network
transmission, and software functionality (e.g. whiteboard
usage and application sharing).

A total of 27 technical measurements were found in 22
articles. Subjective methods were predominantly used for
technical evaluation (59%), e.g. Likert scale. Those
including objective measurements (41%) were mainly
restricted to simple metrics such as time delays.

Only three papers [10,24,30] included a rigorous
standards based objective approach, examining; resolution
[10], image clarity, and colour contrast and discrimination
[30]. For resolution, [10] used the TE107 and RMA
resolution chart 1946. Ophthalmic vision charts were also
used. For colour discrimination, [30] used purpose made
swatches with calibrated colours. The RGB components
were measured in the acquired image using software to
determine the colour value of specific pixels. Standard tests
based on standard ophthalmologic colour tests such as
TE106 and Ishihara 24 plates were also used. No systematic
or standards based tests were reported for moving images,
when reported they were limited to simple hand waving.

Our results are summarised in table 1.

IV. A REFERENCE EVALUATION FRAMEWORK

We had as aim to specify a set of objective tests that
were easy to apply and gave repeatable results. Where
possible, evaluation methods should be standards based and
be inexpensive. The tests should be able to characterise the
system end to end, as well as determine the performance of
individual components.

Our review of the telemedicine literature produced no
suitable methodology for technical evaluation or assessment.
We therefore defined and evaluated our own assessment
procedure.

A. Remote Site

The primary consideration at the local site is the quality
and resolution of the acquired image. We used the EIA 1956
Broadcast Test Card [49] (figure 2) as standard. This
provides capability to measure horizontal and vertical
resolution at centre field and in the corners to determine any

distortion of the image due to the camera lens. We make
independent assessment of cameras by determining the
resolution using an image capture card capable of composite
(NTSC and PAL) and S-video. We then separately assess
the quality of the videoconference system from knowledge
of the quality of the camera image. There may be a
qualitative assessment of noise and artefacts such as
chrominance breakthrough. In each of the measurements,
optimum camera settings should be used. Normally we have
found that the camera needs to be set to manually adjust
focus, aperture and shutter speed as automatic settings rarely
produce the best quality image.

In general the S-video camera will produce the best
quality image, as bandwidth is not restricted as in PAL or
NTSC. A good quality camera (UK) will produce close to
720x576. Composite video (PAL) will produce around
500x576, and colour patterns may be produced due to
chrominance breakthrough in some cameras.
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Figure 2 The EIA 195

We use the Panasonic NV-DX100 as a high quality
video camera for diagnostic images, as it has 3 CCD and
very high quality optics. It provides simultaneous
composite, S-video and digital video output and provides a
good reference standard, producing near theoretical
resolution in measurements.

We use the Sony D-31 as a “head and shoulders”
camera; it has good optics and is remotely controllable. In
our measurements the composite video gave close to
theoretical resolution; however we determined that the S-
video was only 300x576. The test was performed by
switching between the two video standards without any
other intervention.

A selection of typical low cost personal video conference
system cameras produced a variety of results. Most had poor
resolution and invariably the lens gave significant distortion
due to the short focal length (fish eye). The majority had a
small aperture and so gave poor focal plane, such that it was
often difficult to have the entire test card in focus at the
same time and the image had a barrel shape.

The resolution of the videoconference system is
determined by the standard. When using a good quality
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camera, the resolution of CIF on a static image was
determined to be close to the theoretical 352x288.

B. Communications Network

The primary consideration of the communications
network is to characterise the quality of service (QoS). We
have used readily available network analysis software
(Ethereal) [50] to capture real time packets and analyse the
protocol stream for throughput, delay, jitter, error and loss.

We have also established a test environment using the
firewall of the FreeBSD operating system [51] to emulate
transmission links having specified delay, bandwidth, packet
loss, and buffer sizes. This may be used to simulate the
characteristics of network systems found in telemedicine
environments and applications may be tested under “real”
conditions. This would allow, for example, investigation of
the relationship between delay and loss on throughput.

C. Local Site

The primary consideration at the local site is the quality
of production of images and audio. In general, the overall
level of quality of the system is set by the limitations of the
remote site and the communications network provided
monitors of adequate quality are used. Radiology (DICOM)
provides excellent guidelines on monitor quality and testing.
A number of manufacturers [52] provide monitor testing
software and tools to ensure accurate and repeatable
rendition of images.

IV. DISCUSSION

In our systematic survey of the literature on the
technical evaluation of telemedicine systems only 13%
contained actual technical evaluation, and out of 47 papers,
only 3 used objective tests. The vast majority used
subjective measures to determine technical parameters. No
paper described a systematic approach to full
characterisation of the entire end to end system. We have
therefore  proposed and evaluated an assessment
methodology based on objective testing.

V. CONCLUSION

We conclude that there has been insufficient rigorous
objective  technical evaluation and assessment of
telemedicine systems. We have identified those papers that
describe good practice and propose our own objective
testing methodology.
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TABLE 1
SUMMARY OF TECHNICAL REVIEW PAPERS

Article Environment Measurements
Lab Clinical Subjective Objective  Statistics ~ Summary of Tests

10 + - + + + Resolution, Colour Contrast,
Colour Discrimination
Image acquisition and Display analysis

11 - + + - + Overall system analysis
Questionnaire

12+ - + + + Time delays measurement.
Overall system analysis

13 - + + + + Still image transfer time. video clip transfer time, live video latency, frame rate.
Network transmission analysis

14 - + + + + Blue intrusion, line break out, number of magnification needed, quality of image,
quality of sound, ease of dialling, general problems with the system
Overall system analysis

15 - + + - + Overall system analysis

16 - + + - + Overall system analysis
Overall system analysis

21 - + + - + User acceptance using ISDN and IP.
Network transmission analysis

23+ - + - + Effect of audio-video delay (Lip synchronization)
Mean Opinion Score
Network transmission analysis

24 - + + + - Colour Saturation, Colour hue
Image acquisition and display analysis

29+ - + - + Double-Stimulus Continuous Quality Assessment Scale
Information acquisition and display analysis

30 + - + + + Image Clarity, Colour fidelity with varying bandwidths
Image acquisition and display analysis

38+ - + - - Image formats vs time delays
Image acquisition and display analysis

47 - + + - - Image acquisition and display analysis
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