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Abstract

The article describes the information technology of alternative communi-
cation implemented by non-contact text entry using a limited number of
simple dynamic gestures. Non-contact text entry technologies and motion
tracking devices are analysed. A model of the human hand is proposed,
which provides information on the position of the hand at each moment in
time. Parameters sufficient for recognizing static and dynamic gestures are
identified. The process of calculating the features of the various components
of the movement that occur when showing dynamic hand gestures is consid-
ered. Common methods for selecting letters with non-contact text entry are
analysed. To implement the user interaction interface, it is proposed to use a
radial virtual keyboard with keys containing alphabetical letters grouped. A
functional model and a model of human-computer interaction of non-contact
text entry have been developed. It enabled to develop an easy-to-use software
system for alternative communication, which is implemented by non-contact
text entry using hand gestures. The developed software system provides a
communication mechanism for people with disabilities.
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1 Introduction

Communication is a vital necessity for a person and one of his basic needs. A
large number of people with speech disorders need additional communication
tools to communicate. The concept of augmentative and alternative commu-
nication is to provide means to people with disabilities for communication
with the outside world [1].

The authors proposed information technology for the implementation of
human communication for people who temporarily lost the ability for verbal
communication [2]. It is proposed to organize the communication by entry
and then voicing the text using standard mobile and auxiliary devices. Part of
the technology is the developed method of entering text information, which
is adapted to different numbers of input control signals. This allows to fully
utilize the residual human capabilities for communication and improve the
efficiency of typing. In addition, it expands the list means of alternative
communications that can be used to generate control signals [2].

One of the options for alternative communication is to enter text mes-
sages using non-verbal communication tools, where a limited number of
controls are modelled using human finger configurations. Similar configu-
rations are used when communicating with the use of sign language dactyl
(fingerspelling alphabet) by people with hearing impairments [3].

The use of dynamic gestures expands the possibilities for entering text.
This allows us to increase the number of input control signals, which in turn
can significantly speed up text entry. At the same time, the use of gestures
requires more advanced systems for tracking hand movements, the develop-
ment of methods for determining static and dynamic gestures, complicates
human-computer interaction.

So, the purpose of the research is to create information technology of
alternative communication for non-contact text entry using a limited number
of simple dynamic gestures.

2 Overview of Non-Contact Text Entry Technologies

Many scientific papers are devoted to the methods of text entry on personal
computers and smart mobile devices. However, works related to non-contact
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text entry are not widespread. Non-contact text entry always causes problems
when designing and implementing a virtual keyboard, tracking and perceiv-
ing user actions, and displaying the interaction between these actions and the
input surface.

Text entry in a virtual environment can be done using speech recognition
and gestures or a virtual keyboard. Text input devices can be classified
as discrete (such as buttons), continuous (for example, eye, hand tracking
device), and hybrid input devices (for example, interactive displays with a
stylus).

In [4], the main focus is on entering text using the virtual keyboard. A
virtual keyboard prototype is developed that allows the user to enter text in
a virtual environment. This prototype senses the movements of the user’s
fingers above the keyboard surface using the Leap Motion device [5].

The developers also suggested using gestures for enter text – so a ges-
ture (thumb up) was implemented to separate different actions in a virtual
environment, such as to mark the end of a sentence.

Studies have shown that the use of sign language has several limitations.
For example, a user using a virtual reality device on his head – can move
his head to make a gesture, or, if a hand-tracking device is used – he can
reproduce the gesture using his fingers. However, this kind of head or finger
interaction requires that users move their head or hands frequently, which can
lead to fatigue and pain.

In [6, 7], the possibility of text entry using a virtual reality helmet was
investigated. Head movements were used to control the pointer on the keys
of the virtual keyboard. Three methods were explored: TapType, DwellType,
and GestureType. The TapType method is similar to typing on a smartphone
where users move the pointer by turning their head and selecting a button by
pressing it. In the DwellType method, users paused on the key for a while
to select it. In the GestureType method, users typed at the word level using
word-related gestures. This method achieves text input speeds of 24.73 words
per minute by improving the gesture recognition algorithm and inclusion the
head motions pattern. However, this method has a limited set of words related
to gestures.

Many works use gestures of “pointing” and “touch” to simulate a button
click in a virtual environment to enter text [8–10].

Another approach is to show movements in the air, where the user
reproduces a template that matches the letters of the word [11]. In this work,
a large high-resolution display was used and users wore gloves with markers.
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In [12, 13], a text input technique using stroke motions in air is also used.
Such a technique is similar to writing text with a stylus, where the user writes
a characteristic gesture, similar to writing a letter.

Recently, it has become possible to use smart glasses as a device for text
entry [14]. The text entry technique is based on eight combinations of fingers
in contact or released with using touch enabled textile.

Analysing the above works, it should be noted that the text entry by using
the human hand movements suggests the absence of a physical keyboard or
touch screen during user interaction with the computer. Therefore, there is
a need to develop a virtual keyboard, the visual elements of which must be
associated with an input signal that is transmitted from an external device.

3 Hand Tracking Systems

One way for obtaining controls is the recognition of configurations and
movements of the hand, which consists in identifying human gestures using
certain technologies. To date, research in this area has been conducted on the
most promising technologies: glove technology, hands sensors, 2D and stereo
cameras [15–17].

The technology that use gloves or hand sensors has a high accuracy of
motion recognition, but the prolonged use of additional technological means
is not comfortable. Using 2D space provides that hand moves in only one
plane, which limits the use of natural hand movements to interact with the
computer.

Three-dimensional input devices enable the implementation of the Natu-
ral User Interface (NUI), where the process of Human-Computer Interaction
(HCI) using hand movements is similar to that in the real world. The combi-
nation of real and virtual content is called Mixed Reality (MR) which includes
Augmented Reality (AR) and Augmented Virtuality (AV). Augmented Real-
ity mostly consists of real objects complemented by several virtual objects.
Augmented Virtuality consists of mostly virtual objects that are augmented
with few real objects. Finally, Virtual Reality replaces the real world and only
displays virtual objects in the observed environment [18, 19]. Examples for
user interaction in context with AR on mobile phones are gesture interaction
based on finger tracking in front of a phone’s camera [20].

Given that all devices, in one form or another, have cameras that cap-
ture images, the urgent issue is the study of the capabilities of persistent
recognition of configurations and hand movements.
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Figure 1 Microsoft Kinect device [18].

Consider the three most technologically advanced devices that have built-
in stereo cameras and the actual Application Programming Interface (API)
for recognizing human hand movements.

Microsoft Kinect (Figure 1) was the first device that realized the interac-
tion with human [21].

Researchers from Microsoft Research Asia have introduced a system that
can recognize and translate sign language using a Kinect motion sensor and
special software [22]. It is designed to provide interaction with a computer
to people with disabilities who are not able to use traditional voice control.
In this project, tracking the hand leads to a process of three-dimensional
alignment of the trajectory of movement and matching of individual words
in sign language. Words are generated using Kinect for Windows software
hand tracking and then normalized, and matching results are computed to
determine the most suitable candidates when analysing a signed word.

The three-dimensional path matching algorithm has enabled to construct a
recognition and translation system in sign language, consisting of two modes.
In the first Communications Mode, the system perceives visual information
and turns it into text in English or Chinese. In the second Translation Mode,
it performs the reverse interpretation into gestures displayed on the screen
using a three-dimensional avatar. Guided by text input from a keyboard,
the avatar can display the corresponding sign-language sentence. The deaf
person responds using sign language, and the system converts that answer
into text [22].

Several research projects have considered the use of Kinect for sign
language recognition and concluded that the system can recognize gestures
with large amplitudes but is not able to recognize small gestures [23].

Intel’s RealSense technology allows to interact with computer using body
movements, gestures, and facial expressions [24]. On Figure 2 is shown the
appearance of Intel RealSense device.

In the Intel RealSense Software Development Kit (SDK), the developer
has available tools for tracking the position of fingers, hands, analysing facial
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Figure 2 Appearance of Intel RealSense device [25].

expressions, using elements of Augmented Reality, and speech recognition.
The camera enables to identify and track the position of the hands and fingers,
and to recognize gestures. The device enables to determine static positions
and some simple hand movements such as grabbing/releasing, moving, zoom-
ing in/out, and more. Recent versions have also increased the accuracy of
gesture recognition, including clapping, rotation (both sides), palm openings
and compression.

The SDK Hand Module and the Cursor Module provide real-time 3D
hand motion tracking, using a single depth sensor [26].

The Hand Module consist of two separate tracking modes (Full-hand
& Extremities), each designed to solve a different use-case, while the Cur-
sor Module has a single tracking mode [26]. These modes differ in the
information they provide and the computation resources that they require:

• Cursor Module – returns a single point on the hand, allowing very
accurate and responsive tracking and a limited set of gestures. The Cur-
sor Module was designed to solve the hand-based UI control use-case.
Cursor mode includes hand tracking movement and a click gesture.

• Extremities mode (Hand Module) – returns the general location of the
hand, its silhouette, and the extremities of the hand: the hand’s top-most,
bottom-most, right-most, left-most, center and closest (to the sensor)
points. This mode was de-signed to provide a light-weight method of
the user’s hand tracking.

• Full-hand mode (Hand Module) – returns the full 3D skeleton of the
hand, including all 22 joints, fingers information, gestures, and more.
This mode was designed to provide a full set of features for each tracked
hand.

Leap Motion Controller is a device developed by Leap Motion for human-
machine interaction with a game purpose [5]. The device detects and tracks
the movement of the hand, the position of fingers and tools similar to fingers
(pen, pencil), as well as gestures and movements [27]. The Leap Motion field
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Figure 3 Appearance and principle of operation of the Leap Motion controller [29].

of view is an inverted pyramid up to 600 millimeters high, centered on the
device. The scanning speed of objects is about 200 frames per second [28].
The device uses two high-precision infrared cameras and three infrared LEDs
to collect information within its operating range. On Figure 3 is shown the
appearance and principle of operation of Leap Motion [5].

Leap Motion software processes input data and obtains information about
the location of objects using built-in mathematical calculations.

The advantages of the Leap Motion controller include the precise level
of detail of the API, which provides access to data that specify the position
of the hands and fingers. The data received from the API is deterministic and
does not require interpretation by client applications. The software recognizes
five-finger hands, which contrasts with other available 3D input devices, such
as Microsoft Kinect, where the level of sensory data needs to be cleaned and
interpreted.

Using the Leap Motion device allows to fully explore the proposed hand
model, with which can simulate the dactyl alphabet of sign language of the
deaf and other simple gestures.

For research, Leap Motion software was used, which receives data from
sensors and analyses them considering the anatomy of the hand, fingers and
wrist. The software contains a human hand model, compares it with the data
obtained and determines the best match between them. Data received from
sensors is analysed frame by frame and sent by the driver to applications
supported by Leap Motion. For each frame is obtained a list of geometric
parameters of the detected objects in its field of view, such as hands, fingers,
and elemental gestures.

The Leap Motion software provides information on five finger positions.
For intelligent tracking of the most probable positions of those parts of the
hand that are currently not visible, the visible parts of the hand, its internal
model and recent observations are used.
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In order to determine the parameters of the human hand model that are
persistent to recognition, a corresponding application has been developed
to retrieve data from the device and write it to the database for the further
analysis.

Therefore, there are several major modules of the developed system:

• user hand interactive display module;
• hand model parameter reading module;
• module for recording received parameters to the database.

The interactive display module of the user’s hand allows to see what the
Leap Motion device is currently seeing and adjust the position of the hand.

The hand parameter reading module accesses the hand model, which
provides the Leap Motion device software and stores in the temporary list
all the parameters that are necessary for the further data mining.

The module for recording of received parameters is responsible for
storing data received from the module for reading hand parameters in the
corresponding database tables. The image of the model of the hand is also
saved while showing gestures.

4 General Description of Information Technology for Text
Entry using Hand Gestures

Information technology for entering text using hand movements implies non-
contact user interaction with the computer and others smart mobile device.
To ensure interaction using movements, it is proposed to use the three-
dimensional Leap Motion device. However, modern smart mobile devices
are also able to recognize hand movements without the use of additional
devices [30].

Gestures are naturally divided into static and dynamic. If the user shows
a specific configuration of the fingers, this is called a static gesture. Dynamic
gestures involve moving for some time. Thus, gesture recognition primarily
requires type separation algorithms, followed by the identification of specific
gestures.

The text input process requires research into methods for selecting con-
trols that contain the letters of the alphabet. There are three methods that
can be used to control using human hand movements: selecting a letter
by “pressing”, highlighting the letter for a while, and using simple gesture
recognition.



Information Technology Augmentative and Alternative Communication 535

Input Information:
Hand movements 

Method of selecting 
control elements

Radial ambiguous 
virtual keyboard

Limited number of 
dynamic gestures 

Output Information:
Text message 

Figure 4 Diagram for non-contact text entry using hand dynamic gestures.

Non-contact interaction also implies the absence of a physical keyboard
or touch screen; therefore, there is a need to develop a virtual keyboard, the
visual elements of which must be connected to the input signal, given from
an external Leap Motion device.

The speed and ease of entering text using human hand movements is also
significantly influenced by the virtual keyboard design. The interaction with
the device should be simple and reliable and not require a lot of knowledge
from the user. When designing the interface, it is necessary to consider that
hand movements are not accurate enough, so such elements must be placed
at a sufficient distance from each other.

The proposed information technology, using modern external devices
of three-dimensional interaction, allows realizing the text entry using hand
movements.

Information technology consists of the following steps (Figure 4):

(1) Input information: Human hand movements tracked using a Leap
Motion device.

(2) Recognition of a limited set of dynamic gestures.
(3) Method of selecting letters of the alphabet when entering text.
(4) Virtual keyboard design development.
(5) Output information: Text message.

In Figure 4 is shown the main steps for determining a limited number of
dynamic gestures that are comfortable for a person to reproduce over time and
at the same time do not require complex recognition algorithms. After that,
the letters are selected using the radial virtual keyboard, which has several
zones with grouped letters of the alphabet. At the final stage of the system’s
work, the most probable word is determined, which corresponds to the user’s
actions and a text message is generated.
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5 Hand Model for Sign Language

Here are studies on the development of mathematical models and the imple-
mentation of relevant information technologies for visual display and gesture
recognition on the example of modeling of Ukrainian sign language, non-
verbal communication of people with hearing impairments, identification
of stable imaging features to identify hand configuration in Ukrainian Sign
Language [31, 32].

Note that modern Ukrainian dactyl alphabet numbers 33 dactyl signs,
which are transmitted in three ways: the finger configuration, the finger
and the wrist movement. The need for movement when determining the
dactyl is due to the similarity of configurations for the 6th dactyl. Therefore,
27 unique finger configurations are taken to build the model without any
movement.

By analyzing all the features of a hand configuration on the example of
the dactyl signs of the sign language of the deaf, it possible to identify the
hand features that are involved in most configurations:

• palm tilt in the wrist;
• angles between fingers;
• bent or not bent finger (completely or only fingertip);
• touch the tip of the thumb to others.

For frontal stereo cameras, a hand model is used that is similar to the
anatomical skeleton of the human hand and contains the bones of the wrist
and the phalanges of the fingers. The thumb model does not quite match the
standard anatomical shape. The human thumb has one bone less than the
bones of the other fingers. However, for simplicity, the thumb model includes
a zero-length metacarpal bone and thus the thumb has the same number of
bones as the other fingers [28].

Considering the above features, was proposed a hand model (Figure 5),
by which it is possible to simulate the dactyl alphabet of sign language of the
deaf:

Ms = 〈B,R, S〉 (1)

where B = {bi}NB
i=1 is the set of basic parameters that specifies the direction

of the palm and fingertips, NB – number of parameters;
R = {ri}NR

i=1 is the set of parameters that specifies the configuration of the
fingers, NR – number of parameters;
S = {si}NS

i=1 is the set of parameters that specifies additional information
about the gesture, NS – number of parameters.
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Figure 5 Hand model for the sign language.

Consider in more detail the components of the human hand model, which
are represented by vectors for local bases in the joints.

Set of basic parameters B includes vectors that specify the direction of
the palm and fingertips:

• b1, b2, b3 is the vector direction palm;
• b4, b5, b6 is the normal vector of palm;
• b7 . . . b21 is the direction vectors fingertips;
• b22, b23 is the palm tilt angles relative to the horizontal and vertical axes;
• b24 . . . b28 is the parameter that determines a finger pointing to some-

thing.

The calculated parameters R determine the configuration of the fingers
and are obtained by converting the direction vectors of the bones of the wrist
and phalanx of the fingers:

• r1 . . . r4 is the angles between fingers;
• r5 . . . r8 is the fingers tilt angles relative to palm;
• r9 . . . r12 is the finger phalanx tilt angles (distal) relative to first phalanx

(proximal);
• r13 . . . r16 is the distance between the tips of the thumb and all other

fingers;

Parameters S provide additional information about the gesture:

• s1 . . . s3 is the identifier, gesture name and position of the index and
middle fingers.

Thus, the following studies will be conducted on the model of the above
parameters for the dactyl alphabet of sign language deaf and other simple
common gestures.
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6 Define a Limited Number of Simple Static and Dynamic
Gestures

The widespread use of automated information processing technologies and
the accumulation of large amounts of data in computer systems have made it
very important to find hidden relationships in datasets. To solve it, methods
of mathematical statistics, database theory, artificial intelligence theory and
several other areas are used that together form the technology of data mining.

Cluster analysis consists in finding clusters with similar parameters from
many objects. The purpose of the analysis is to obtain a set of configurations
of the dactyl alphabet of sign language for the deaf that have high quality
clustering.

In [33], a cluster analysis of set configurations of the dactyl alphabet
of the sign language of the deaf was performed using model (1). Clusters
were identified containing only one configuration of the dactyl sign (the most
separate configurations). Studies have also shown that more separated are
the configurations of the hand, when the palm is fully visible to the device’s
camera. In this case, the fingers can be bending. Thus, the task of recognizing
gestures can be reduced to the task of identifying them from a limited set of
sufficiently separate configurations of the hand.

Based on the analysis of dactyls of sign language of the deaf, it is
possible to determine the criterion of formation of a limited set of simple
configurations of the hand (gestures). Thus, the criterion for the selection of
gestures is corresponding with such requirements as convenient showing and
ease of remembering by a person and high quality clustering for each specific
device.

A limited number of 12 simple static gestures have been formed for
the experiment that correspond the requirements above. Most of them are
common gestures, which mean numbers from one to ten, shown with one
hand. It is also assumed that the finger can be in two positions i.e. the straight
or completely bent, and the palm of the hand is turned to the camera.

According to preliminary raw data collected by the Leap Motion API, a
limited set of hand configurations have been determined (Table 1), which are
reliably recognized by means with front stereo cameras [33].

To recognize the specified list of static gestures, there is used the sufficient
model parameters (1), which are responsible for the vectors of the direction
of the fingertips:

• b7 . . . b9 is the direction vector for thumb;
• b10 . . . b12 is the direction vector for index finger;
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Table 1 Appearance simple gestures

1 2 3 4 5 6 

      

7 8 9 10 11 12 

      

• b13 . . . b15 is the direction vector for middle finger;
• b16 . . . b18 is the direction vector for ring finger;
• b19 . . . b21 is the direction vector for pinky finger;

Dynamic gestures are easy to distinguish from static gestures. Their main
feature is the value of the velocity of the fingers Fv1 . . . Fv5 and palm
Pv. Assume that the hand moves if the total movement value is greater
than a certain predetermined value. Otherwise, static hand gestures must be
recognized.

Dynamic gestures can be divided into two groups: the static gesture
with general movement of the hand position and the static gesture with the
movement of only the tips of the fingers. Therefore, to determine the model
of movement of dynamic gestures, the velocity of the fingertips and palms is
mainly used.

General hand movement provides information about translational arm
movement, arm rotation and circular motion of the arm. The next step is
the movement of the fingertips, and since there can be quite a lot of such
movements, considered only the movement of the index finger. The move-
ment of this finger is used the most often by a person when interacting. In
some gestures, the other fingers of the hand also often repeat the movements
of the index finger.

Consider the process of calculating the features of the various components
of the movement that occur when dynamic hand gestures are shown.

Consider the features of translational movement of the hand, when the
fingers and palm are moved together without rotation. To determine the
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Figure 6 Gesture of keystroke and index finger swipe.

features, it is necessary to compare the velocity vectors of fingers Fvi and
palms Pv. If the obtained values are close to one, assumed that the hand
moves forward.

The calculation of the feature of the hand rotation consists of two steps.
The first step is to calculate the difference between the current and the
previous normal vector b4, b5, b6. The second step requires the determination
of the angle between this difference and the direction of the hand b1, b2, b3.

Determination of features of a hand moving in a circle when the palm
makes a large circle. This calculation is similar to the definition of hand
rotation, where the difference between the current and the previous values
of the palm normal is first calculated. It is also necessary to determine that
the hand does not rotate.

Determination of features during of a keystroke movement and a swipe
with the index finger is shown (Figure 6).

These movements are based on a static gesture with a direct pointing
finger. They differ only in that with a gesture of pressing a key, the finger
moves vertically, with a swipe the finger moves horizontally. To determine the
features, a value is calculated between the direction of index finger velocity
Fv1 and the normal vector of the palm b4, b5, b6. If this value approaches to
one, assume that a dynamic gesture is a keystroke with the index finger. If
the value approaches to zero, assume that the dynamic gesture is a horizontal
swipe of the index finger. This indicates that the movement of the finger is
perpendicular to the normal vector of the palm.

Therefore, it can be concluded that there is a rather limited number of
movements that can be used in information technologies for text entry.

7 Method for Selecting Letters when Entering Text

The main difficulty of any non-contact input method is that a large set of
language symbols must be associated with a very limited set of controls. Con-
sidering only lowercase letters and space characters, there are 33 characters
that must be selected by a limited number of hand movements.
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The method of entering textual information with fewer controls includes
selection methods that allow to associate controls with the output control
signal received from Leap Motion. The analysis showed that each of them
has a number of limitations and disadvantages [2].

So, direct selection, obviously, cannot be used to choose characters
without additional selection refinement algorithms.

Scanning methods are generally used if there is only a binary control
signal that can be implemented for a limited period of time. The scanning
process must either accept or reject the proposed selection. All options for
selection will be repeated until one of them is selected by the user. Since
scanning is a process that requires a certain time to work, combining it
with a control signal, which also takes time, can result to a low communi-
cation speed. Moreover, for the scanning paradigm, it is impossible to take
advantage of a control signal that has more than two states.

The encoding selection method is achieved by grouping characters, where
each character is encoded by the sequence of actions that must be performed
to select it.

In mid-air interaction, based on tracking of users’ hands, used selection-
based text entry methods [34]. The selection of “pressing” is similar to
pressing keys in touch devices, where the user moves the cursor (finger) to the
desired letter and confirms the selection by the action of “pressing”. Selecting
a letter with the help of “highlighting” provides that the user must select a
letter and stay on it for a certain time.

Selection using simple movements implements text input at the level of
word selection from a limited dictionary. This requires the development of
both recognition algorithms for a large number of gestures, and the creation
such dictionary sufficient for composing text messages.

After analysing the selection methods and considering the relatively
small number of available movements, within the framework of information
technology, it is proposed to use the method of entering text using a virtual
keyboard with keys containing grouped letters of the alphabet [2, 35]. This
method assumes that with the help of hand movements will be selected
not a specific letter, and a set of letters. That is, controls for entering text
information are blocks (buttons) consisting of grouped letters of the alphabet.
The number of such blocks is much less than the number of single letters and
can vary depending on the number of movements that are involved in the text
input.

Today, a common and convenient way to enter text on smart mobile
devices is the typing using the virtual keyboard. Ambiguous virtual keyboard
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will significantly reduce the number of control signals required for commu-
nication, but it requires a solution to the ambiguous choice problem [2]. The
fastest and most technological is the method of entering textual information
based on the T9 Input Method, which allows to enter the letters of words in
one touch for each letter of the word [36].

The methods disambiguate selection will allow to get a list of words that
correspond to the sequence of user actions, and the prediction algorithm will
determine the most probable word [2].

Virtual keyboard layouts have a large impact on the error rate of the
prediction algorithm. There are many virtual keyboard layouts [37]. The most
famous are alphabetical, Dvorak and Qwerty layouts. Studies [2] has shown
that a qwerty-like layout is low error rate of the prediction algorithm for six
control elements. In addition, qwerty-like layout is convenient for people with
experience of working with digital devices.

8 User Interface Design

The speed and ease of entering text using human hand movements is also
significantly affected by the design of the virtual keyboard. Interaction with
the device should be simple and reliable and not require a lot of knowledge
from the user. However, while some existing the best practices can easily be
applied to non-contact control applications, there is no reason to believe that
what works the best on regular desktop or mobile menus will also work for
three-dimensional interaction [28, 38, 39].

Analysing solutions of the non-contact application developer community,
some recommendations have been formulated to consider when developing a
user interface [27]:

1. Arrangement of elements of controls.

When selecting interface elements, one must to consider that hand move-
ments are not accurate enough; therefore, such elements must be placed at a
sufficient distance from each other.

1. Proximity-based highlighting scheme.

Another important approach that also makes it easier to selection is to
build an interface according to the scheme of highlighting objects based on
the proximity of the user pointer to it. This allows selecting the element
closest to the user’s cursor without having to be above it. In Figure 7, there
are four possible actions, and the user cursor is in the upper left quadrant, so
Button 1 is highlighted.
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Selected zone

Button1 Button2

Button3 Button4

 
Figure 7 Example of proximity-based highlighting scheme.

75

          4           3

          1

2

          6

 
Figure 8 Radial arrangement of controls.

1. Radial arrangement of controls.

The radial arrangement of the controls allows quickly and accurately
navigating through several elements. The movement that needs to be done to
select one cell is very slight, which reduces the amount of time and physical
activity.

In Figure 8 is shown an example interface scheme with a division into
one central zone and six radial zones. It is highlighted if the user pointer is
located in it.
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The central zone can be used as one of the main controls or as a neutral
element.

In addition, the application should include clear visual feedback when
highlighting and selecting each control, as well as audible feedback when
navigating between and selecting elements. Also, when moving the arm along
the axis in the direction of the screen, the cursor state should reflect the user’s
proximity to “tap”.

The combination of the considered mark-up and highlighting rules is easy
to use and provides the opportunity to develop a user-friendly design for non-
contact text input using a limited number of simple dynamic gestures.

9 Functional Model of Information Technology

The functional model is important in the implementation of information
technology of alternative communication for non-contact text entry. When
designing the information system, a functional model (Figure 9) was created.
It provides for receiving and processing of input control signals from external
devices.

The function model processes the continuous type of signal received from
the device. It performs the function of linking a dynamic gesture to control
elements assigned to it.

Input signal processing unit receives a control signal from the Leap
Motion device and recognizes a limited set of gestures to select controls.

The radial virtual keyboard block is responsible for user interaction
with the device and consists of areas for displaying the entered text, word

Leap Motion Controller

Input signal processing 
unit Message forming unit

Prediction unit

Control signal

Selected action 

Context Predicted 
words

Radial ambiguous 
virtual keyboard

Text

Conditional 
code

Sequence of 
actions

Figure 9 Functional model of information system.
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variants, a virtual keyboard and auxiliary controls. Thus, this unit performs
the function of text entry using a reduced number of control signals. At the
output of this function block is a set of letters to form a text message. This
block also provides a feedback signal that is displayed to the user.

The prediction unit calculates the probability of candidate words using a
statistical language model. The list of words is constantly updated depending
on the context and already entered letters of the word.

The proposed functional model describes the process of information
processing, the input and output parameters of each block, which will allow
to implement as a whole information technology non-contact text entry.

10 Implementation of Information Technology of
Alternative Communication

Human-computer interaction explores the design and use of computer-
based interfaces between humans (users) and computers. The user interface
combines all the elements and components that are able to influence the
interaction of the user with the software and implement its functionality. For
alternative communication, it is extremely important to design a user-oriented
interface that must to consider its individual limitations.

In Figure 10 is shown a model of human-computer interaction for entering
text messages using a limited number of simple gestures [40].

Each simple gesture is represented as a state of a discrete signal associated
with separate functional controls. The function model processes up to 12
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Figure 10 User interaction model.
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Figure 11 User interaction model (radial arrangement of controls).

different input signal states associated with controls. They include the direct
text input function and auxiliary functions, such as cancelling a selection
error, skipping to the next word, voicing the text, etc.

In Figure 11 is shown an adapted model of human-computer interaction
that corresponds to a functional model of information technology for non-
contact input of text messages using a limited number of simple gestures.
This model is focused at mobile devices that have a limited screen area, such
as smart watches.

The operating area of the model consists of the following controls: 1 is
zone for displaying the entered text; 2 is a zone for displaying suggested
words that correspond to the current code of the word entered; 3 is a zone
that displays a virtual keyboard with the selected order of letters followed;
4 is control that allows to select the key containing the required letter; 5 is
control that allows to undo the false choice; 6 is control element that moves
to the next word; 7 is a control that activates the function of voice playback
of text.

The controls proposed in the model are enough to implement the
communication of information technology is considered.

In Figures 12, 13 are shown software implementation versions for infor-
mation technology for non-contacts text entry using a limited number of
simple static and dynamic gestures.
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Figure 12 Alternative communication using simple sign language gestures.

 
Figure 13 Alternative communication using simple dynamic gestures.

This approach allows us to create human communication for people
who have temporarily lost the ability for verbal communication using cross
platform realization.

11 Conclusion

The paper proposes an information technology of alternative communication
for non-contact text entry using a limited number of simple dynamic gestures.
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Using the Leap Motion device allows the transfer of a limited number of
hand movements to the software environment without developing complex
recognition algorithms. However, modern smart mobile devices are also able
to recognize hand movements without the use of additional devices.

The basic parameters of the model that provide information about the
position of the hand at each moment of time are determined. Parameters
sufficient for recognizing static and dynamic gestures are identified. The pro-
cess of calculating the features of the different components of the movement
that occur when showing dynamic hand gestures is considered. It is shown
that there are a rather limited number of movements that can be used in
information technology for entering text message.

Studies have shown that existing letter input methods are not fast enough,
so it is suggested to use a radial virtual keyboard in combination with the
well-known ambiguous letter selection approach.

The user interaction interfaces are considered, which take into consider-
ation the features of working with the support of the Leap Motion device.
An interface design has been created that combines the layout rules and
highlighting of the controls. This makes it possible to develop an easy-to-use
software system for both a computer and a smart mobile device.

According to the developed model of human-computer interaction, soft-
ware was created for text entry using hand gestures to provide communication
for people with disabilities.
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