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JA2017 Prefacio

Prefacio

Las Jornadas de Automática se celebran desde hace 40 años en una universidad nacional
facilitando el encuentro entre expertos en esta área en un foro que permite la puesta en común
de las nuevas ideas y proyectos en desarrollo. Al mismo tiempo, propician la siempre necesaria
colaboración entre investigadores del ámbito de la Ingenieŕıa de Control y Automática, aśı como
de campos afines, a la hora de abordar complejos proyectos de investigación multidisciplinares.

En esta ocasión, las Jornadas estarán organizadas por la Universidad de Oviedo y se han
celebrado del 6 al 8 de septiembre de 2017 en el Palacio de Congresos de Gijón, colaborando
tanto la Escuela Politécnica de Ingenieŕıa de Gijón (EPI) como el Departamento de Ingenieŕıa
Eléctrica, Electrónica de Computadores y de Sistemas del que depende el Área de Ingenieŕıa
de Sistemas y Automática.

Además de las habituales actividades cient́ıficas y culturales, esta edición es muy especial
al celebrarse el 50 aniversario de la creación de CEA, Comité Español de Automática.
Igualmente este año se conmemora el 60 aniversario de la Federación Internacional del Control
Automático de la que depende CEA. Aśı se ha llevado a cabo la presentación del libro que se ha
realizado bajo la coordinación de D. Sebastián Dormido, sobre la historia de la Automática en
España en una sesión en la que han participado todos los ex-presidentes de CEA conjuntamente
con el actual, D. Joseba Quevedo.

Igualmente hemos contado con la presencia de conferenciantes de prestigio para las sesiones
plenarias, comunicaciones y ponencias orales en las reuniones de los 9 grupos temáticos, con-
tribuciones en formato póster. Se ha celebrado también el concurso de CEABOT, aśı como una
nueva Competición de Drones, con el ánimo de involucrar a más estudiantes de últimos cursos
de Grado/Máster.

En el marco de las actividades culturales programadas se ha podido efectuar un recorrido
en el casco antiguo situado en torno al Cerro de Santa Catalina y visitar la Laboral.

Gijn, septiembre de 2017 Hilario López
Presidente del Comité Organizador
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Abel A. Cuadrado University of Oviedo
Arturo De La Escalera Universidad Carlos III de Madrid
Emma Delgado Universidad de Vigo
Jose-Luis Diez Universitat Politecnica de Valencia
Manuel Domı́nguez Universidad de León
Juan Manuel Escaño Universidad de Sevilla
Mario Francisco University of Salamanca
Maria Jesus Fuente Universidad de Valladolid
Juan Garrido Universtiy of Cordoba
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Maŕıa Dolores Moreno Rabel Universidad de Extremadura
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Daniel Pérez López, Diego Garćıa Pérez, Ignacio Dı́az Blanco and Abel Alberto
Cuadrado Vega
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Juan M. Gandarias, Antonio José Muñoz-Ramı́rez and Jesus Manuel Gomez-De-Gabriel

REPRESENTACION INTEGRADA DE ACCIONAMIENTOS MECANICOS Y

CONTROL DE EJES ORIENTADA A LA COMUNICACIÓN Y DOCENCIA EN
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MODERNIZACIÓN DE EQUIPO FEEDBACK MS-150 PARA EL APRENDIZAJE
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PARA EL DESARROLLLO DE PROYECTOS DE AUTOMATIZACIÓN
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Roberto Sanchis Llopis and Ignacio Peñarrocha
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OPTIMIZACIÓN DE LAS FECHAS DE LIMPIEZA PARA INSTALACIONES
FOTOVOLTAICAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 611
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7



JA2017 Table of Contents
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ANÁLISIS DE ESTABILIDAD DE SINGULARIDADES AISLADAS EN ROBOTS
PARALELOS MEDIANTE DESARROLLOS DE TAYLOR DE SEGUNDO ORDEN. . . . . 821
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ARTICULACIONES FLEXIBLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 876

Alejandro Suarez, Guillermo Heredia and Anibal Ollero
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Abstract 

 
Eye tracking is currently a promising technology to 

access computers for people who suffer severe motor 

disorders, like cerebral palsy. However, there is a lack 

of usability assessment procedures and concrete value 

to describe the user’s motor capabilities in this 
specific scenario of computer control. This paper 

presents a methodology, based on two head movement 

assessment metrics and the ISO-9241, for the 

quantitative motor description of users with severe 

motor disorders, when they control the computer 

thought their eyes. Seven participants with CP and 

three people without motor disabilities were recruited 

for the evaluation of the proposed procedure. Results 

evidence for the first time how users with CP control 

their head while they access a computer with their 

eyes. 

 
Keywords: Usability, Motor impairments, Cerebral 

palsy, Pointing task, Inertial sensors, Eye tracking. 

 

 

 

1 INTRODUCTION 
 

“Cerebral palsy (CP) describes a group of disorders of 

the development of movement and posture, causing 

activity limitation, which are attributed to non-

progressive disturbances that occurred in the 

developing fetal or infant brain. The motor disorders 
of cerebral palsy are often accompanied by 

disturbances of sensation, cognition, communication, 

perception, and/or behaviour, and/or by a seizure 

disorder'' [1]. CP limits motor and postural control, 

which reduce their abilities to control the computers 

through commonly used interfaces: mouse, keyboard 

or touchscreen.  

 

There are studies aimed at developing innovative 

alternative interfaces in response to the special needs 

of people with motor disorders. An alternative 

interface is an input interface which can be connected 
to electronic devices (computers, tablets, smart 

phones) allowing users to input data using physical 

gestures (pointing, clicking or dragging) or by other 

alternative commands (voice, evoking potential motor 

cortex, etc.) for voluntary actions.  

 

 

 

 
Figure 1. The abnormal movements and postures can 

be identified by measuring the Range of Motion 
(ROM) of the head, in the three orthogonal planes. 

There are also software applications which provide 

support to these interfaces, decreasing the effects of 

certain involuntary movements, through clicking 

alternative techniques [2], filter techniques [3][4] 

among others. 

 
Eye tracking systems are widely used by people with 

cerebral palsy in Spain, especially by the ASPACE 

Confederation, which groupes almost 18000 people 

with cerebral palsy. However, some users with CP 

cannot control this interface, possibly due to their low 

cervical control capabilities.  

 

This paper aims to propose a procedure to measure the 

head motor characteristics of people with CP with 

severe motor disorders when they control the 

computer thought an eye tracking system. The 

assessment methodology is based in two metrics: head 
range of movement and head peak frequency, in the 

three anatomical planes of the head: frontal, sagittal, 

and transversal. The overall process was evaluated 

with the ISO 9241 standard, in order to produce 

rigorous and comparable results. In addition, we 

evaluated the methodology and leave precedent of the 

motor characteristics of users severely affected by the 

PC. 

 

We expect these measures to be able to serve as 

guidelines to establish design requirements for new 
developments around the eye-trackers, specially 

designed for people with cerebral palsy with severe 

motor disorders. 
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2 MOTOR ASSESSMENT METRICS 
 

2.1 HEAD RANGE OF MOTION (ROM) 

 

The abnormal movements and postures can be 

identified by measuring spatial variables, such as the 
head range of motion. Cervical movements are 

clinically described as rotations around three 

orthogonal axes which can be defined mathematically 

by Euler formulation, which defines rotation on three 

axes: frontal, sagittal and transverse. The ROM is 

defined as the difference between maximum and 

minimum values of the Euler angles. A graphical 

representation of the ROM in the frontal, sagittal, and 

transverse planes is shown in Figure 1. 

 

2.2 HEAD PEAK FREQUENCY (HPF) 

 
An analysis in the frequency domain of the head 

movement was also performed. This analysis is 

necessary because the motor alterations may vary in 

frequency. For our analysis, we calculated the 

frequency at which there is the greatest spectral 

density of the head movement in all three axes of 

rotation.  

 

2.3 ISO 9241 

 

The ISO 9241-9 “Ergonomic requirements for office 
work with visual display terminals (VDTs) - Part 9: 

Requirements for non-keyboard input devices” [5] 

provides guidelines and assessment procedures for 

testing computing devices in reaching target exercises.  

The ISO is based on Fitts's law [6] which models 

human psychomotricity behavior based on Shannon's 

theorem. This model stablishes an index to define the 

effort of a reaching target task, the “index of 

difficulty”, based in two parameters: the target 

diameter (W) and the amplitude of the movement (A), 

(1). By means of this model, we can parameterize and 

limit the reaching target task on the screen. 
 

 𝐼𝐷 =  𝑙𝑜𝑔2 (
𝐴

𝑊
+ 1) (1) 

 

 

3 METHODOLOGY 

 
The test consisted in a reaching target task, performed 

through an eye-tracker system, bounded by the ISO 
9241 standard, while a head tracking system measured 

the orientation of the head. 

 

3.1 INSTRUMENTS 

 

3.1.1 Eye-tracker (ET) 

 

There are several type of eye-trackers. The less 

invasive ones are those based in video oculography. 

Among these, the ones based on infrared light (IR) are 

preferred due to their robustness and stability.  

 

 
 

Figure 2. The aim of this study was to assess the 

movement of the head while severely affected users 

with motor disorders control the computer through 

their eyes. THe figure illustrate a moment during the 

trial: the user's back, the eye-tracker and the head-

tracker. 

 

IR eye-trackers consists of two infrared light sources, 

which illuminate the eyes of the user and provide 

benchmarks to the tracking system. The IR produced 
must have a wavelength of 800 nm (found naturally in 

sunlight and incandescent lamps) and the power of the 

emitters should by according to the safety guidelines 

of the ACGIH. Besides the infrared light source, an 

infrared camera captures the reflected light. The 

infrared camera provides an image within a fixed 

horizontal band. Specific software interprets this 

image, calculates where the user is looking, and 

translates that position into new coordinates for the 

mouse pointer.  

 
Eye-trackers allows the users to control a computer by 

his eye movements, substituting the standard mouse. 

Based on these criteria we have chosen the PRIMMA 

eye-tracker (IRISBOND, Spain).  

 

3.1.2 Head-tracker (HT) 

 

The movement of the head can be recorded with 

inertial measurement unit (IMU) systems. The IMU 

integrates a three-axis gyroscope, accelerometer and 

magnetometer.  
 

The ENLAZA device complies with these 

requirements. It consists of a commercial helmet and 

an inertial measurement unit (IMU) [7]. This inertial 

XXXVIII Jornadas de Automática

265 



sensor was developed to measure kinematic 

parameters to describe pathologic patterns. 

 

3.2 EXPERIMENTAL SETUP AND 

PROCEDURE 

 

In the experiments, the eye-tracker system controlled 

the mouse pointer while the head-tracker measured the 

posture of the head. An automatic selection (click) was 

performed if the user kept the cursor within an area of 

2 cm a time of 1 s. These area and time were defined 
by the occupational therapists, who had experience in 

the use of alternative communication system. 

 

The participants were asked to perform reaching target 

tasks. They had to locate the cursor over the target as 

fast as possible by moving the eyes and then select it. 

All targets were displayed at the beginning of the test. 

The target that should be selected by the participant 

turned blue while the others remained gray, Figure 3. 

The software FittsStudy [8] was used to control the 

target position. 
 

The indexes of difficulty (ID) of the tasks were 

defined by the ISO 9241-9, which depends on the: 

target diameter and movement amplitude. The values 

of the parameters of the tasks that the participant 

performed were: target diameter 75-100 pixels and 

movement amplitude 275-350 pixels. 

 

The tasks were displayed on a monitor with a vertical 

resolution equal to 768 pixels and 1366 pixels of 

horizontal resolution. Figure 2 depicts a moment 

during the test. 
 

Before the beginning of the test, a proper placement of 

the participants in front of the computer screen was 

granted. An occupational therapist was in charge of 

the position and posture of the users. The OT was 

asked to place the users in the vertical plane 

perpendicular to the center of the screen, at a distance 

between 60 and 80 cm. The OT made sure that the 

users were in the center of the eye tracker’s track box 

before starting the test. 

 
It took about 40 minutes per subject to complete a test. 

The task was interrupted if the user was feeling very 

tired or unmotivated, returning to resume the task after 

a moment, if possible.  

 

3.3 PARTICIPANTS 

 

Seven people with CP with severe motor disorders and 

three users without disabilities (acting as a control 

group) were recruited. The mean and standard 

deviation of the participants' ages are 29 and 6, 

respectively. The tests were carried out in ASPACE 
Cantabria (Santander, Spain). ASPACE Cantabria 

therapists are experienced in the use of alternative 

devices such as the eye tracking interfaces. 

 

 

 
 

Figure 3. Subjects were asked to perform reaching 

target tasks, described by the index of difficulty 

defined by the ISO-9241. Participants locate the 

cursor over the target as fast as possible by moving the 

eyes and then select it. 

 

Table.  1. Participants recruited with its age and 

clinical motor control descriptors. All the participants 

with CP are seriously affected by motor impairments.  

 

Subject   Age  

GMFCS / 

MACS Cervical tone 

CP1  28 5/5 Hypertonia 

CP2  31 4/4 Hypotonia 

CP3  37 4/4 Hypotonia 

CP4  28 5/5 Hypertonia 

CP5  22 4/5 Hypotonia 

CP6  22 5/5 Hypotonia 

CP7  36 5/4 Hypertonia 

HP1  26 - - 

HP2  33 - - 

HP3 35 - - 

 

Deficits in trunk control affect the stability of the head 

as pointed out by Saavedra [10]. Consequently, pelvic 

and torso support was provided for those participants 

with poor trunk postural control. 
 

All participants were men. None suffers from a severe 

intellectual disability. All the participants with CP 

used a wheelchair and had assistance requirements. 

They were classified as GMFCS between 4 and 5 [9]. 

In addition, all the users with CP had incremented or 

decremented  muscle tone, which was described with 

the terms of Hypertonia and Hypotonia. Hypertonia is 

increased muscle tone, and lack of flexibility and 

Hypotonia otherwise. Table 1 describes the profile of 

the users. It is important to emphasize the severity of 
the motor disorder of the impaired group.  
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4 EXPERIMENTAL RESULTS 
  

Both groups of users completed 1053 reaching target 

tasks. After data preprocessing, 679 of them were 

chosen: 475 from users with CP and 204 from users 

without disabilities. The rest were discarded due to a 
loss of synchronization between the devices or due to 

inconsistent measures.  

 

Figure 4 shows the distribution of the error rate per 

participant. Data indicates that the CP participants had 

59% more error rate than participants without 

disabilities, 45% and 27% respectively. The subjects 

distinguished by its error rate were CP3 and HP1, for 

their wide dispersion, relative to other participants. 

 

4.1 HEAD RANGE OF MOTION (ROM) 

 
The ROM values of the participants with CP were 

widely scattered. CP2 had the highest ROM in the 

frontal plane (82º) and CP6 had the lowest ROM value 

in the sagittal plane (2º). Both users were diagnosed 

with hypotonic tone.  

 

There is not a relationship between the ROM of users 

with CP with the same tone (hypotonic or hypertonic). 

For example, the differences between the averages 

ROM of CP5 and CP6, who have a hypotonic tone, 

were 3º. However, there is a difference of 57º between 
CP2 and CP5, both of them with hypotonic tone also. 

The ROM of the users with hypertonic CP (CP1 and 

CP7) were higher than the ROM of users with 

hypotonic CP (CP3, CP5 and CP7), as was expected, 

except for the case of CP2. 

 

Some users with CP have a ROM similar to the ROM 

of the user without disabilities. This is the case of CP5 

(with hypotonic tone), who has an average ROM 

similar to the average ROM of HP.   

 

The frontal plane of the users with cerebral palsy and 
had the highest ROM value, followed by the 

transversal and sagittal.  

 

ROM is related to the ability to maintain posture, 

which has a direct involvement in the eye-tracker 

measurement. We concluded that users with CP have 

greater ROM value than users without disabilities. 

 

Table 2 summarizes the metrics presented, for the 

participants with CP and without disabilities. It depicts 

the mean and standard deviation value for each case. 
 

 
Figure 4. Mean error rate (%) of each user with its 

standard deviation. 

  
Figure 5. Mean ROM (º) of each user with its standard 

deviation, from each anatomical plane: frontal (F), 

transversal (T), and sagittal (S). 

 

4.2 HEAD PEAK FREQUENCY (HPF) 

 

Unlike the ROM, which had the highest value in the 

transversal plane, the head peak frequency was highest 

in the sagittal plane.  
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Figure 6. Mean head peak frequency (mHz) of each 

user, with its standard deviation, from each anatomical 

plane.  

 

Involuntary movements from users with CP had 
higher frequency components than the voluntary 

movements from users without disabilities. The HPF 

measured in users with CP was approximately two 

times the HPF estimated in users without disabilities.  

 

Unlike what happened with the ROM, where the tone 

of the participant was reflected in the ROM, the HPF 

value between the users with CP is less scattered.  

 

Most of the users with hypertonia had a greater HPF 

than the users with Hypotonia.  

 

5 DISCUSSION 
 
The aim of this paper was to stablish an assessment 

method for the evaluation of cervical motor 

characteristics while people with severe motor 

disabilities controlled a computer through their eyes. 

In addition, we evaluated our method with users with 

CP.  

 

Eye tracking systems require to keep the head in a 

stable position inside its track box. Many users with 

CP are not able to do this, due to their poor cervical 

control. This limits the use of the eye tracker, reducing 
the performance metrics.  

 

We measured the maximum head rotation range in the 

three defined planes and we found that its value in the 

frontal plane was 34º, 39º in the transversal, and in 28º 

in the sagittal. In a study presented by Raya et al, they 

measured the ROM while users severely affected by 

motor disorders controlled a computer thought their 

head movements [11]. They measured a ROM value 

of 25º in the frontal plane, 26º in the sagittal and 32º 

in the transversal. We argued that due the head based 

control of their study; the users maintained their head 

within a more closed range, unlike our control 

paradigm, which does not require the user any kind of 

control of the head.  

 

Frontal, transverse and sagittal head range of motion 
were highly variable among all participants with CP. 

High ROM value indicates that users with CP suffer 

from limitations in maintaining the posture, an 

important feature for the design of an appropriate 

interface. There is not a strong relation between ROM 

and the profile of participants with CP 

(hypertonic/hypotonic). Comparatively, it can be 

concluded that the users with CP generally have 

greater ROM than users without disabilities, in the 

order of 40º in the transversal plane, 34º in the frontal 

and 28 in the sagittal. 
 

Table 2. Mean and standard deviation of each metric 

for each group of users.  

 

Metrics CP   HP  Unit 

ERR 45±25 27±19 % 

ROM F 34±24 3±1 degree 

ROM T 40±31 6±4 degree 

ROM S 29±22 8±6 degree 

HPF F 38±42 17±6 mHz 

HPF T 41±55 18±9 mHz 

HPF S 44±66 17±9 mHz 

 

The head peak frequency from users with CP was in 

the order of 40 mHz for all the planes, approximately 

two times bigger than the peak from users without 

disabilities. Velasco et al measured the head 

movement, but when user with CP control the 

computers by this gesture [12]. They also measured 

the head peak frequency, reporting the following 

values: 580 mHz, 540 mHz, and 680 mHz for the 

frontal, sagittal, and transversal planes. These values 

are one order of magnitude higher than the values that 
we have measured. The main reason of this difference 

could be the use of the head movement to control the 

cursor on the screen.  

 

6 CONCLUSION 
 
We presented a methodology and metrics for the 

assessment of head movements while user with 

cerebral palsy severely affected with motor disorders 

controlled a computer with their eyes.  
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The methodology is based in the standard ISO 9241-9 

and two specially defined metrics, related to the head 

movements, in order to provided rigorous and 

comparable results: the head range of motion and the 

head peak frequency.  

 

Experimental results suggest that users with CP had a 

head movement range of motion of 28º to 39º, and a 

head peak frequency of 40 mHz. All values were 

greater than the values measured from users without 

disabilities, mainly because they had better control 
than subjects with CP. 

 

Knowing the characteristics of the users' head 

movements is essential, since posture and control 

limitation of people with CP decreased the eye-

trackers performance. The head motor descriptors we 

measured must be used as a design requirement, so as 

to meet the inherent requirements of these complex 

users. This is also relevant for the HCI community, 

since there is lack of scientific works based on 

quantitative methodologies to assess the motor 
behavior of persons with severe motor disorders. 
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