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Background: The progressive lack of physicians is leading medicine and robotics researchers to develop systems that

allow examinations to be carried out remotely. Echocardiography is one of the most frequent examinations and its

€ remote availability may be crucial for timely and effective diagnosis.
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Aim: The ReMeDi project aims at developing a telediagnosis system that allows the doctor to effectively perform
ultrasonography remotely. The system is composed of a robot at the patient site that holds the probe and that places
and orients the probe on the patient according to the sonographer's commands. At the sonographer site a robotic
interface provides the necessary feedback for the examination. This paper shows the preliminary results of the usability
study for sonographer's interface. Navigation and force feedback were the main features that we investigated.

Method: Eleven sonographer were asked to carry out two tasks in a Virtual Environment (VE) by using the robotic
interface. They interacted with a virtual patient and could perceive his ribs under the skin thanks to the force feedback.
They were asked to place the virtual probe on five points placed on the virtual patient. They experienced two navigation
modalities, namely indexing (NI) and scaling (NS) used to overcome the difference in workspace between the haptic
device (20cm per axis) and the larger patient's thorax. NS consists of a scaling of the device position, while NI provides
a way to shift the device virtual workspace by moving on the border of the physical one. The VE was shown either on a
LCD screen (in 2D or 3D stereo with glasses) or on a head mounted display (HMD). After each task and at the end of
the experiment the sonographers had to answer a questionnaire.

Results: The questionnaires show that the preferred visualization by sonographers was by HMD system with NS
modality, although the easier system (patient visualization and probe positioning) was in 3D with NI modality. The
effective accuracy of the system was good, the error in the probe positioning was greater for NS system (mean value
0.0165 m) than NI (mean value 0.0076 m). The average error is for all trials about 1 cm, which is a great result
considering that is calculated between the center of the probe and the center of the sphere, which has a diameter of 1
cm.

Conclusions: the navigation system is really effective when is used in NI modality and 3D visualization and it is felt as
easy to use. Further studies are needed to establish the effectiveness of the interface robot-real patient.
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