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Among many diseases that affect mankind it is necessary to mention the disease resulting
in a partial or complete paralysis of the body. The main are the following:
• amyotrophic lateral sclerosis;
• multiple sclerosis;
• acute cerebrovascular accident;
• trauma of the cervical spinal cord;
• Duchenne’s dystrophy;
• Guillain-Barre syndrome;
• locked-in-syndrome.
A man affected by one of these diseases, becomes practically disable. He can’t cope with
daily responsibilities, communicate with family and interact with the outside world.
Thus, there is the task of developing a Russian technical device which can help patients
with such serious diseases to adapt themselves to everyday life.
In the course of the study the main diseases bringing about partial or complete paralysis
of the person were surveyed. The selected diseases are based on the fallowing dysfunctions:
•

affection of the motor neurons of the spinal cord;

•

disturbance of cerebral circulation;
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•

progressive amyotrophy;

•

mechanical injury of the cervical region of vertebral column.

While considering various symptoms, the main types of motor performance of the patient
were identified.
Figure 1 shows that it is impossible to distinguish a single activity, which is proper or
common to all the patients.

Fig.1. Analysis of physiological functions of patients with nervous system disorders

So, to develop a more versatile device, it was necessary to determine the types of activity
which are physically available to most patients, which all the patients possess. Figure 1 shows,
these are "Hearing" and "Eyesight." However, the human ear in comparison with the eye can just
perceive information while the eye receiving information may respond to it through pupil
movements and blinking, in other words perform an act of communication. So that peculiarity of
the eye was used as a basic principal for the development of the device.
An analysis of existing devices providing communication of such patients with partial or
complete paralysis of the body was carried out. From this analysis, were selected those devices
which are based on a previously specified activity of the patients. These technical aids are
presented in the following pictures.
1) Eye Tracker
Eye Tracker basic elements :
• A 17-inch high-quality monitor (green area);
• Infrared lamps (red areas);
• Infrared sensitive camera (yellow area).
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• The image resolution is 1024 × 768.
Eye tracker – is a device for determining the position of the eyes and their movement
(Fig.2).

Fig.2. Advice Eye Tracker

The functional scheme of the device is like this : There are several infrared cameras and 4
infrared lamps mounted in the computer monitor. The patient`s pupil is discreetly illuminated
with the infrared light. Rays entering the patient`s eye, create the glare on the surface of the
cornea. The camera is focused and captures the movement of eyes. The computer calculates the
angle of view, and records the data.
With this equipment it is possible to identify a number of indicators of the eyes activity.
1) fixation of the eye position with the duration of 200-300 ms indicating an increased attention
to a particular area of the screen;
2) changes in the pupil`s diameter, reflecting the degree of the interest and emotional reaction of
the associated with a particular object of the observation;
2) EyeWriter
EyeWriter basic elements :
•

Sunglasses;

•

A Webcam 2.0 megapixels;

•

IR LEDs;

•

A Frame.

•

The image resolution is 640 x 480.
The principle of this operation is similar to the operation of the previous device. Infrared

LEDs illuminate the eyeball and make the pupil more contrast. A miniature camera monitors the
movements of the pupil. Due to the fact that the camera and LEDs are mounted on the frame in a
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certain position, the shooting and the illumination are performed with a fixed angle, it is easier to
develop the appropriate software (Fig.3).

Fig.3. Advice EyeWriter

3) I-MOS
A pair of glasses with built-in sensor tracks the movement of the pupils. This device
works on the basis of Morse code. The pupil movement to the left is converted into a “dot”, its
movement to the right – into a “dash” (Fig.4). The resulting letters are displayed on the internal
screen of the glasses, and the patient using the analogue system T9 like on mobiles chooses the
right word according to the first letters. The selected word will be played out with the help of the
speaker built into the glasses.

Fig. 4. Advice I-MOS
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4) CrossView
A software program with the help of a web camera tracks the direction of the gaze and
allows the patient, using his/her gaze as a mouse to operate the computer (Fig.5). Text typing is
implemented through a unique design - the language of eye gestures.

Fig. 5. AdviceCrossView

These devices were evaluated by several physiological parameters that are considered
the most important for the device development (table). These parameters are: working principle,
lighting, camera. All the devices have a number of advantages, such as non-contacting operation,
compactness, ease of use and the disadvantages are: direct contact with the patient, additional
training, non-availability on the Russian market. Although many of these devices function quite
effectively and already are used, domestic analogs do not exist.
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The analysis of the existing devices and the peculiarities of the motor performance of the
patients allow the authors to set the parameters to the developed device.
They are the following:
• The operating principle should be based on camera fixing on the position of the pupil,
which in turn performs the function of "the arrow of PC mouse”. When the pupil moves a
corresponding movement of the arrow occurs on the PC screen.
To select the desired command the patient should fix his look on it within 2-3 seconds
until a beep signal appears;
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• The light source should be positioned relative to the camera in such a way as to ensure
the effect of the bright pupil and prevent glare;
• The patient should feel at ease. The device must not have any moving parts that could
distract the patient from fulfilling the task;
• Contact-free operation: absence of any device elements worn by the patient;
• IR camera

.
Fig.6. The diagram of the device.

The patient looks at the PC monitor and selects the desired command. The beam from the
light source falls on the retina of the patient, making the pupil more contrast for the perception of
the camera. In turn, the camera produces an image of the eyeball. The software processes the
image and measures the relative position of the pupil, passing the signal to the PC which
translates the movement of the pupil to move of the mouse cursor on the PC monitor. The
operator looks at the PC monitor and understands what the patient needs and wants at the
moment.
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