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Abstract 

In this paper, we present the research in applying of human-computer interaction techniques to help people with some kind of disabilities 
(e.g. cerebral palsy or half-body paralysis) to use computers via head micro motions and tongue-based interaction. Our research includes 
the development and improvement of assistive technology, which was tested on specific patient-case. A brief review of current assistive 
technologies for severely physically impaired people and an explanation of the developed applications of such technologies are also 
presented. The final part of the paper describes the experimentation goals, process, and preliminary results. 
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1 Introduction 

This paper presents a research project applying computer-
vision and human-computer interaction knowledge techni-
ques, such as accessibility and usability, to help the elderly 
and disabled carry out specific tasks with a computer. As a 
first step, our main interest is focused on testing and deve-
loping new input techniques based on computer vision, and 
testing different interaction methods. The fundamental goal is 
to enable users with special needs to access computers easily. 

2 Problem elaboration and possible solutions 

We have two main problematic questions:  
1) How to interact with the PC through head shakes and 

head rolls; 
2) How to interact with the PC through tongue's motion. 
Firstly, we will try to give an answer to the first question. 

Let’s imagine a Z-axis with the arrow that is pointing 
directly to you in one direction, and towards the back of the 
monitor in the other direction. Kinect for Windows SDK has 
a great feature like HD Face. In this mode, sensor can track 
the eyes, eyebrows, mouth, nose, lips and other specific 
things related to face.  

Kinect is able to calculate face's height, width, and depth. 
It can measure 3D-values and face feature's coordinates on 
various axes. Therefore, we can measure movements and 
rotations in connection with time. Humans twist and turn 
their head for various reasons (e.g. driving). They nod the 
head in agreement, and shake it in disagreement. Let us see 
the movement from a technical perspective. When a human 
moves his head, the head rotates around one of the following 

axes: X, Y, Z or in combination of these 3 axes. We can get 
this rotation from the point located on the head. The nose 
rotates around the X-axis when a person nods his head. 
When nodding we can get the coordinates of the nose point 
on the Y-axis. When a person shakes his head, the nose is 
rotated around the Y-axis in a small left and right manner. 
The nose coordinates for the head shake makes the X-
coordinate values of the nose point go up and down. The 
next step is to get the Y, X and rotations from the head. We 
can get the 3D-coordinates of the human face, with the help 
of Kinect HD Face. We can also extract the rotational data 
from this with help of linear algebra and vector mathematics. 

 
FIGURE 1 3D face in 3 axes 

Moreover, we can an information about face orientation 
and head pivot data. The next question is how to calculate 
head nods, head shakes and head rolls with the Kinect sensor? 
Researchers from Japan [1] have derived the mathematical 
formula to extract the displacements of head position. The 
solution to the first question is based partly on this research 
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paper. Instead of using “Between the eyes” technique, we 
decided to use the human nose as a basis, since the Kinect 
readily gives this information easily. According to Shinjiro 
Kawato and Jun Ohya a typical nod, shake or roll lasts about 
1 to 1.4 seconds. Kinect sensor produces 30 frames per 
second. The human should look to the Kinect sensor as long 
as possible to get a good quality of final frame. Therefore, if 
we capture about 1-1.5 seconds of frames, we can determine 
head rotations, pixel coordinates (X, Y and Z), extract an 
angle of rotation and store this data in a state machine for 
each measured frame. After that, we can change states for 
each measured frame from “Unstable” to “Stable” and 
“Transient” based on the algorithms provided by Kawato 
and Ohya [1]. Then we use a delayed 3-7 frame buffer to 
evaluate a set of states for each buffered frame. Next thing 
we do are continue applying the algorithm described above 
to figure out when and how to check for head 
nods/shakes/rolls inside my buffered frame states. The 
mechanism to check is simple. If the current frame state 
changes from an “Unstable” state to “Stable” then we go and 
evaluate for nodding shaking and rolling of head. The 
evaluation is also simple. During the evaluation process, if 
the previous frame states have more than two adjacent 
“Unstable” states, then we check to see if all the adjacent 
states have nose rotation angles greater than a configurable 
threshold. By default, our threshold is about five degrees. 
Depending on which axis it is, we raise an event related to 
head action occurred.  

Secondly, we will try to give an answer to the second 
question. Let us consider the input method through tongue’s 
motions. 

There are few stages to track tip of tongue: 

1) Get the mouth area in the depth image by using face 
tracking. 

2) Get the smallest depth value inside the mouth area.  
3) Get the relative position according to the mouth area 

to know the tongue’s direction. 
4) Show the tracking results. 

 
FIGURE 2 Tongue as a controller 

3 Conclusions 

Computer vision-based interaction is an emerging techno-
logy that is becoming more useful, effective, and affordable 
[2]. In our case, we put emphasis on the accessibility and 
usability aspects of such interaction methods to meet the 
special needs of people with disabilities, and specifically 
people with palsy.  
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