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¿de qué vamos a hablar?
§ ¿Qué es la  Neuroingeniería?

§ El milagro de la plasticidad cerebral
§ Imagen médica para el cerebro.

§Ejemplos de Robots de neurorehabilitación - Human-Centered Design
§ Ejemplos rehabilitación miembro superior
§ Ejemplos rehabilitación mano

§Ejemplos de Robots para neurocirugía – patient-based Design
§ Proyecto Craneeal

“No he fallado. He encontrado 10,000 formas en que no funcionará”
Thomas Alva Edison



NEUROENGINEERING



FIFA world cup 2014



Neuroingenieria

§Conjunto de dispositivos y  
herramientas que sirven para  
analizar el sistema nervioso e  
interactuar con él.
§Objetivo: Mejorar  
significativamente los  sistemas 
actuales de  diagnóstico y 
tratamiento de  las 
enfermedades neurales.





“El hombre debería saber que, desde el cerebro, y  exclusivamente desde 

el cerebro, surgen nuestros  placeres, dichas, risas y bromas además de 

nuestras  penas, dolores, tristezas y lágrimas. Mediante el cerebro  

pensamos, vemos y distinguimos lo feo de lo bello, lo malo de  lo bueno, lo 

agradable de lo desagradable.... También nos  hace delirantes o locos y nos 

infunde miedo o pavor, sea de  noche o de día, así como los sueños y los

delirios indeseables,  las preocupaciones que no tienen razón de ser, la

ignorancia  de las circunstancias presentes, el desasosiego y la torpeza”.

Hipócrates,s.V.a.C.







Luigi Galvani, 1791 Alessandro Volta 1745-1827



The work of Jose Manuel Rodriguez Delgado ....

CAT LIFTED ITS HIND LEG in
response to stimulation by an  electrode 
implanted in its brain  (experiment done in the 
early  1950s)

“The most interesting aspect of  the transdermal stimoceivers is  
the ability to perform  simultaneous recording and  
stimulation of brain functions,  thereby permitting the  
establishment of feedbacks and  ’on-demand’ programs of  
excitation with the aid of the  computer”

Delgado et al., 1975





The Cockroach beatbox





Neil 
Harbisson
primer cyborg



Moon Ribas
conexión con la tierra extrasensorial, gracias a un implante
sísmico online en su brazo, que le permite percibir
terremotos en tiempo real en cualquier lugar del planeta, 
mediante vibraciones.

Cris Dancy
"el hombre más conectado del mundo" tiene 11 dispositivos
repartidos por el cuerpo que digitalizan los movimientos, la 
temperatura corporal, la presión sanguínea, el oxígeno, el 
peso, los alimentos ingeridos, la calidad del aire que respira, 
el volumen de su voz, la temperatura ambiente, la 
humedad, la luz y el sonido.

Kevin Warwick
la década de los '90 se instaló en su brazo un chip que le 
permitió controlar luces, puertas, ascensores, e incluso 
otras computadoras



Robots don’t pray

¿tiene fundamentos la transhumanidad?



BRAIN MEDICAL IMAGE
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El paciente neurológico: un paciente especial



Resonancia Magnética

Raymond Damadian en 1971 descubrió que ciertos tumores de ratón mostraban propiedades  

físicas distintas a tejidos normales in vitro.

Tejido sano Tejido tumoral



U.S. Patent "” Apparatus and Method For Detecting Cancer in Tissue". #3,789,832.  
Filed March 17,1972].

Resonancia Magnética



Prototipo de1977

Resonancia Magnética



1977. Construye el primer prototipo deRM.
1980. Aparece el primer escánerclínico.
1983. 1º RM en España (Centro Médico de RM de Barcelona).
2002. 22000 equipos de RM clínicos en todo elmundo.

Sistema Nacional de Salud 2000-2005

Resonancia Magnética



Cada cerebro es un mundoLancet 2007; 370: 262

a de fuerza en una pierna de una

~ Sujeto varón de 44 años.

~ Funcionario.

~ Casado, 2 hijos.

~ Lleva una vida normal

~ Acude al hospital por pérdid  

semana de evolución.



Brain networks.
Patric Hagmann, CHUV-UNIL, Lausanne,  
Switzerland

Brain wiring in a healthy human adult. The  
thread-like structures are nerve bundles,each  
containing hundreds of thousands of nerve  
fibers.

Human connectome project

La realidad



Efecto Terapia
Preoperative 2 weeks after surgery 10 months after surgery

FA:0.415±0.184FA:0.408±0.162 FA:0.445±0.173





Resonancia Magnética Funcional
Metodología que permite conocer las áreas funcionalescerebrales  
involucradas en la ejecución de una tareadeterminada.



Resonancia Magnética Funcional



Resonancia Magnética Funcional
EFECTO BOLD (Blood Oxigen LevelDependent)

Actividadneuronal

Perfusión + consumo de  
oxígeno

OxiHb/ DesoxiHB  

T2* MRseñal



EEG SYSTEM
Location of cognitive processes using fMRI

Recite “Our Father” Imagine movement (right arm)



Moll et al.,2011







Rehabilitation Robotics
Rehabilitation robotics



1st Phalanx 
rehab robot

Example of design 



1st phalanx rehab robot

• 2 DC micromotors Faulhaber
• 1 Galil motion DMC-4080
• Elemento cónico
• Husillo de bolas en miniatura
• Acoplamiento flexible



1st phalanx rehab robot



2nd Phalanx 
rehab robot

Example of design 



3D upper arm 
rehab robot

Example of design



3D upper arm rehab robot

ésta, las diversas combinaciones de movimientos 
requieren  reacciones  de  alargamiento  y 
acortamiento  en  muchos  músculos  y  en  grados 
distintos.  Es por  ello por lo  que los patrones de 
movimiento,  muy  similares  a  los  patrones 
funcionales  de  movimientos  normales,  están 
constituidos  por  una  serie  de  movimientos 
complejos  cuya  combinación  es  óptima  para 
obtener la contracción secuencial  y única de los 
músculos responsables de dicho movimiento,  de 
forma  armónica.  La  figura  1  muestra  algunos 
bocetos  de  las  diagonales  realizadas  durante  el 
método  Kabat.  Más  información  sobre  estos 
patrones de movimiento puede encontrarse entre 
otros, en [1], [2], [3] y [4]. La figura 2 muestra un 
croquis  con  un  resumen  de  estos  patrones  de 
movimiento.

Figura 1.  bocetos de la diagonal D1. (extraídos de [2]) 

Figura 2.  Patrones de movimiento . (extraídos de [2])

Los patrones de FNP se ejecutan en movimientos 
activo  libre,  activo  asistido,  activo  resistido  y 
pasivo.  El  objetivo  final  es  siempre  la  ejecución 
coordinada de los patrones de movimiento en todo 
el  recorrido  articular  posible,  sin  provocar  dolor, 
con equilibrio de fuerza y en las dos diagonales de 
movimiento.

Una vez revisada la complejidad de los patrones 
de  movimiento FNP, el presente trabajo muestra 
la  metodologia  seguida  para  el  diseño  de  un 
sistema robótico dual, denominado AUPA, para la 
ejecución de dichos patrones.

2. Metodología 

El sistema AUPA
Dentro  del  Laboratorio  de  Robótica  y  Realidad 
Virtual  de  la  Universidad  Miguel  Hernández,  se 
dispone de un sistema robótico para utilizarse en 
tareas  de  rehabilitación  motora  de  miembros 
superiores. 

La  sistema  AUPA está  formado  por  un  sistema 
robótico para el control del movimiento de la mano 
del paciente-usuario. La configuración del sistema 
es  tal  que  los  brazos  robóticos  y  el  brazo  del 
paciente  forman una  cadena  cinemática  cerrada 
que se extiende desde la base del robot hasta una 
posición distal en la que se ubica un sistema de 
amarre para la colocación de la mano del paciente 
y continúa hasta la posición proximal del brazo del 
paciente.  La  cadena  continua  con  el  brazo  del 
paciente  y  se  cierra  con  un  segundo  brazo 
articulado  diseñado  para  guiar  el  codo  del 
paciente.
El paciente ubica su mano en el módulo colocado 
en  el  extremo  distal.  En  este  módulo,  la 
redundancia  cinemática  diseñada  permite 
independizar las subcadenas, lo que quiere decir 
que  el  robot  puede  mover  toda  su  cadena 
cinemática, excepto el módulo donde se ubica la 
mano  del  paciente  mientras  este  módulo 
permanece  sin  movimiento.  Esta  importante 
característica representa una mejora en el confort 
y  seguridad  del  paciente  y  del  fisioterapeuta.  Si 
debe  realizarse  un  determinado  movimiento,  la 
cadena  cinemática  del  robot  puede  moverse 
independientemente, permitiendo evitar colisiones 
y situaciones incómodas para el fisioterapeuta. Por 
otra  parte,  destacar  que el  paciente  no necesita 
cambiar su posición u orientación, por lo que es el 



System development process
The designed robot solution comprises two arm robots:
1. three active degrees of freedom to control the patients’ hand (Robotic Arm 1)
2. three active degrees of freedom to control the movements of the patients’ elbow (Robotic Arm 2)

This configuration tries to mimic the way that the physiotherapists do the manual PNF movements. 



System development process
Patient side

θ d a α

1 q1 0 L1 0

2 q2+π/2 -L2 0 π/2

Robot side



Kinematics
Patient side

Robot side

workspace
Inverse Kinematic (Robotic Arm 1)

𝑧 = 𝑧! − 𝐿" → 𝑧! = 𝑧 + 𝐿"
𝑧! = − 𝐿# + 𝐿$ sin(−𝑞$)

sin 𝑞$ = − %& '!&'"
'#

𝑞$ = 𝑎𝑟𝑐𝑠𝑖𝑛 −$%&!%&"
&#

para z>=L2

𝑞$ = −𝑎𝑟𝑐𝑠𝑖𝑛 −$%&!%&"
&#

para z<L2

𝑞# = 𝑎𝑟𝑐𝑐𝑜𝑠 (")''"&'!#"
)#'''!#

𝑞* = 𝑎𝑟𝑐𝑡𝑎𝑛 +)+(
,),(

+ 𝑎𝑟𝑐𝑠𝑖𝑛 '#) -./ 0"
(



Dynamics
Patient side

Robot side

Dynamic requirements of the
actuators
ADAMS® software
Preliminary analysis.



Selección de servoacc
Selección de los accionamientos: 

Festo&DSMI& 25& 40& 63&

Construcción& Aleta&pivotante.&Eje&de&accionamiento,&rodamiento&de&bolas.&

Funcionamiento& Doble&efecto.&

Detección&de&posiciones& Analógico,&con&potenciómetro&de&plás;co&conductor.&

Vel.&máx.&de&maniobra&[º/s]& 2000&

Ángulo&de&giro&[º]& 0…270&

Momento&de&giro&[Nm]& 5&(6&bares)& 20&(6&bares)& 40&(6&bares)&

Fuerza&radial&máxima&[N]& 120&& 50& 500&

Fuerza&axial&máxima&[N]& 50& 120& 500&

Frecuencia&&máx.&de&giro&[Hz]& 2& 1&

Bloques de válvulas y motor neumático 

Control del sistema robótico propuesto 

!  Seguridad 

!  “Backdrivability” 



Desde Aupa a 
Helper



3rd Phalanx 
rehab robot

Example of design 



Planar upper 
arm rehab 
robot

Example of design 



PupArm
The pneumatic rehabilitation robot 

based on a four bar mechanism similar to 
the MIT-MANUS rehabilitation robot.
• The mechanism is  configured as a 

generic planar two-dimensional 
manipulator



PupArm
The four bar mechanism has been designed using the information 

provided by a previous analysis of reaching activities and a simple model of 
human arm reachable workspace (ARW).

• The kinematic data of the human arm during different reaching 
tasks were collected using two wireless inertial measurement units 
(IMUs) attached to subject's arm and forearm. 

• Using the simplified kinematic model of human arm and the 
information provided by the IMUs, 2D trajectories for each 
reaching task in the worst case were computed.

• The final conclusion of this analysis was that desired workspace 
that can be reached by an adult arm is an ellipse with its major and 
minor axis equal to 1200mm and 600 mm



PupArm

q1

q2

a1

a2

a3

a4

a5

x

y

q4

ml2 , I2

ml1, I1

ml45, I45l1l2

3

l45

Dynamics analysis of the four bar mechanism:  a right selection of 
link lengths produces the possibility of obtaining a configuration-
independent and decoupled inertia matrix.

⌧ = B(q)q̈+C(q, q̇)q̇+ g(q)

Design and Workspace

The four bar mechanism has been designed using
the information provided by a previous analysis of
reaching activities and a simple model of human arm
reachable workspace (ARW).14 The kinematic data
of the human arm during di®erent reaching tasks
were collected using two wireless inertial measurement
units (IMUs) attached to subject's arm and forearm.
For each arm motion, the rotation matrix of each
IMU was computed. Using the simpli¯ed kinematic
model of human arm and the information provided
by the IMUs, 2D trajectories for each reaching task in
the worst case were computed. The ¯nal conclusion of
this analysis was that desired workspace that can be
reached by an adult arm is an ellipse with its major and
minor axis equal to 1200mm and 600mm, respectively
as shown in Fig. 3.

Moreover, an additional requirement can be extrac-
ted from the dynamics analysis of the four bar mecha-
nism: a right selection of link lengths produces the
possibility of obtaining a con¯guration-independent
and decoupled inertia matrix. This property is quite
advantageous for trajectory planning and control
purposes.15

Consider a planar robot based on four bar mechanism
shown in Fig. 4. Because of the presence of the closed
chain, the equivalent tree-structured open-chain arm is
initially taken into account. Let l1, l2, l3, and l45 be the
distances of the centers of mass of the three links along
one branch of the tree, and of the single link along the
other branch, from the respective joint axes; ml1 , ml2 ,
ml3 , and ml45 be the masses of the respective links and

Il1 , Il2 , Il3 , and Il45 the moments of inertia relative to the
centers of mass of the respective links. To simplify the
computation of the dynamic model, contributions of
the motor are not considered.

The dynamic model of a robot can be computed using
the following well-known expression:

! ¼ Bðq::Þ þCðq;q: Þq: þ gðqÞ; ð1Þ

whereB is the inertia matrix and it can be computed for
the planar robot shown in Fig. 4 as:

Ba ¼
ba11 ba12
ba21 ba22

! "
; ð2Þ

ba11 ¼ Il1 þ Il3 þml1 l
2
1 þml3 l

2
3 þml45a

2
1; ð3Þ

ba12 ¼ ba21 ¼ ða1ml45ðl45 % a2Þ
% a2l3ml3Þsinðq1 þ q2Þ; ð4Þ

ba22 ¼ Il2 þ Il45 þml2 l
2
2 þml3a

2
2

þml45ða
2
2 þ l245 % 2a2l45Þ: ð5Þ

Designing the four bar of the parallelogram so that:

ml45 l 45
ml3 l3

¼ a2
a1

; ð6Þ

where l 45 ¼ l45 % a2 is the distance of the center of
mass of link a4 þ a5 from the axis of joint 4. If this
condition is satis¯ed, then the inertia matrix is diagonal

Fig. 3 (Color online) Workspace that can be reached by human arm
(blue ellipse) and robot workspace in light red.

Fig. 4 (Color online) Planar robot based on four bar mechanism.

Pneumatic Planar Rehabilitation Robot
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inertia matrix

Design and Workspace

The four bar mechanism has been designed using
the information provided by a previous analysis of
reaching activities and a simple model of human arm
reachable workspace (ARW).14 The kinematic data
of the human arm during di®erent reaching tasks
were collected using two wireless inertial measurement
units (IMUs) attached to subject's arm and forearm.
For each arm motion, the rotation matrix of each
IMU was computed. Using the simpli¯ed kinematic
model of human arm and the information provided
by the IMUs, 2D trajectories for each reaching task in
the worst case were computed. The ¯nal conclusion of
this analysis was that desired workspace that can be
reached by an adult arm is an ellipse with its major and
minor axis equal to 1200mm and 600mm, respectively
as shown in Fig. 3.

Moreover, an additional requirement can be extrac-
ted from the dynamics analysis of the four bar mecha-
nism: a right selection of link lengths produces the
possibility of obtaining a con¯guration-independent
and decoupled inertia matrix. This property is quite
advantageous for trajectory planning and control
purposes.15

Consider a planar robot based on four bar mechanism
shown in Fig. 4. Because of the presence of the closed
chain, the equivalent tree-structured open-chain arm is
initially taken into account. Let l1, l2, l3, and l45 be the
distances of the centers of mass of the three links along
one branch of the tree, and of the single link along the
other branch, from the respective joint axes; ml1 , ml2 ,
ml3 , and ml45 be the masses of the respective links and

Il1 , Il2 , Il3 , and Il45 the moments of inertia relative to the
centers of mass of the respective links. To simplify the
computation of the dynamic model, contributions of
the motor are not considered.

The dynamic model of a robot can be computed using
the following well-known expression:

! ¼ Bðq::Þ þCðq;q: Þq: þ gðqÞ; ð1Þ

whereB is the inertia matrix and it can be computed for
the planar robot shown in Fig. 4 as:

Ba ¼
ba11 ba12
ba21 ba22

! "
; ð2Þ

ba11 ¼ Il1 þ Il3 þml1 l
2
1 þml3 l

2
3 þml45a

2
1; ð3Þ

ba12 ¼ ba21 ¼ ða1ml45ðl45 % a2Þ
% a2l3ml3Þsinðq1 þ q2Þ; ð4Þ

ba22 ¼ Il2 þ Il45 þml2 l
2
2 þml3a

2
2

þml45ða
2
2 þ l245 % 2a2l45Þ: ð5Þ

Designing the four bar of the parallelogram so that:

ml45 l 45
ml3 l3

¼ a2
a1

; ð6Þ

where l 45 ¼ l45 % a2 is the distance of the center of
mass of link a4 þ a5 from the axis of joint 4. If this
condition is satis¯ed, then the inertia matrix is diagonal

Fig. 3 (Color online) Workspace that can be reached by human arm
(blue ellipse) and robot workspace in light red.

Fig. 4 (Color online) Planar robot based on four bar mechanism.

Pneumatic Planar Rehabilitation Robot
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Design and Workspace

The four bar mechanism has been designed using
the information provided by a previous analysis of
reaching activities and a simple model of human arm
reachable workspace (ARW).14 The kinematic data
of the human arm during di®erent reaching tasks
were collected using two wireless inertial measurement
units (IMUs) attached to subject's arm and forearm.
For each arm motion, the rotation matrix of each
IMU was computed. Using the simpli¯ed kinematic
model of human arm and the information provided
by the IMUs, 2D trajectories for each reaching task in
the worst case were computed. The ¯nal conclusion of
this analysis was that desired workspace that can be
reached by an adult arm is an ellipse with its major and
minor axis equal to 1200mm and 600mm, respectively
as shown in Fig. 3.

Moreover, an additional requirement can be extrac-
ted from the dynamics analysis of the four bar mecha-
nism: a right selection of link lengths produces the
possibility of obtaining a con¯guration-independent
and decoupled inertia matrix. This property is quite
advantageous for trajectory planning and control
purposes.15

Consider a planar robot based on four bar mechanism
shown in Fig. 4. Because of the presence of the closed
chain, the equivalent tree-structured open-chain arm is
initially taken into account. Let l1, l2, l3, and l45 be the
distances of the centers of mass of the three links along
one branch of the tree, and of the single link along the
other branch, from the respective joint axes; ml1 , ml2 ,
ml3 , and ml45 be the masses of the respective links and

Il1 , Il2 , Il3 , and Il45 the moments of inertia relative to the
centers of mass of the respective links. To simplify the
computation of the dynamic model, contributions of
the motor are not considered.

The dynamic model of a robot can be computed using
the following well-known expression:

! ¼ Bðq::Þ þCðq;q: Þq: þ gðqÞ; ð1Þ

whereB is the inertia matrix and it can be computed for
the planar robot shown in Fig. 4 as:

Ba ¼
ba11 ba12
ba21 ba22

! "
; ð2Þ

ba11 ¼ Il1 þ Il3 þml1 l
2
1 þml3 l

2
3 þml45a

2
1; ð3Þ

ba12 ¼ ba21 ¼ ða1ml45ðl45 % a2Þ
% a2l3ml3Þsinðq1 þ q2Þ; ð4Þ

ba22 ¼ Il2 þ Il45 þml2 l
2
2 þml3a

2
2

þml45ða
2
2 þ l245 % 2a2l45Þ: ð5Þ

Designing the four bar of the parallelogram so that:

ml45 l 45
ml3 l3

¼ a2
a1

; ð6Þ

where l 45 ¼ l45 % a2 is the distance of the center of
mass of link a4 þ a5 from the axis of joint 4. If this
condition is satis¯ed, then the inertia matrix is diagonal

Fig. 3 (Color online) Workspace that can be reached by human arm
(blue ellipse) and robot workspace in light red.

Fig. 4 (Color online) Planar robot based on four bar mechanism.

Pneumatic Planar Rehabilitation Robot
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(ba12 ¼ ba21 ¼ 0) with:

ba11 ¼ Il1 þ Il3 þml1 l
2
1 þml3 l

2
3 1þ a1a2

l3 l 45

! "
; ð7Þ

ba22 ¼ Il2 þ Il45 þml2 l
2
2 þml3a

2
2 1þ l3 l 45

a1a2

! "
: ð8Þ

As a consequence the dynamic model can be consid-
ered decoupled from the control point of view, no con-
tributions of Coriolis and centrifugal torques are
obtained. In Fig. 3, the dimension of the four bars
to satisfy the Eq. (6) and the desired workspace are
shown.

User Interface Software

A friendly and easy-to-use user interface for managing
the pneumatic planar rehabilitation robot has been de-
veloped. To implement the GUI, Qt libraries have been
used. Qt is a framework to create cross-platform appli-
cations based on an extensive Cþþ library. The main
important feature of Qt lies in the fact that your appli-
cation can be made to run on a variety of operating
systems without you having to change your code. Be-
sides a library in Cþþ, Qt includes tools to write
applications in a very fast and secure way. Along with
commercial versions, other versions (Open Source) are
distributed integrated in KDE. These libraries include a
set of widgets responsible for providing the functions of a
standard GUI. Qt provides an alternative to the callback
technique called signals and slots. Signals and slots are
used for communication between objects. A signal is
emitted when a particular event occurs. A slot is a
function that is called in response to a particular signal.
Qt's widgets have many pre-de¯ned slots, but it is a
common practice to subclass widgets and add your own
slots so that you can handle the signals that you are
interested in.

Figure 5 shows a block diagram of the developed
GUI software. In this scheme, there are three di®erent
parts: the ¯rst part is composed by the green boxes
which are directly linked with the two main windows
of the software. The ¯rst window asks for a user and
password to give access only to authorized personnel
and the second one allows user to add, modify, and
delete patients and their associated data. The second
part is composed by the red boxes that consist of the
con¯guration screens of the therapy session. The ses-
sion menu screen shows the information of the selected
patient's previous session and gives a choice whether
you want to perform con¯guration activities in sitting
or supine position. The other two screens that make up

this part of the software are for selecting activities. It is
noticeable that developed user interface software
allows to work with di®erent robotic systems in supine
or sitting position such as other pneumatic rehabili-
tation robot developed by Biomedical Neuroengineer-
ing at Universidad Miguel Hernandez de Elche.17

Finally, the third part is composed by the yellow
blocks, that are related with activities and settings
menus to con¯gurate some parameters of the selected
activity. In Fig. 6, an example of activity is shown.
Moreover, visual and sound reinforcements are imple-
mented to motivate the patient when he or she realizes
any activity successfully. Otherwise, the implemented
software shows images and plays sounds to relax the

Fig. 5 (Color online) User interface software: Block diagram.

F. J. Badesa et al.
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inertia matrix is diagonal

As a consequence the dynamic model can 
be considered
decoupled from the control point of view



PupArm
An extensive clinical trial with post-stroke patients are being carried out at 
a dedicated room at Histology and Anatomy Department of Miguel 
Hernandez University of Elche. Two people were present: a patient and a 
specialized physiotherapist

Over a three month period, both 
groups are receiving 36 sessions of 
robot-assisted or manual therapy plus 
36 sessions of their classical therapy 
treatment.

The clinical study has the ultimate 
goal of determining the efficacy of 
upper extremity robot therapy (from 
now,
robot group) compared to the 
classical therapy (from now, control 
group) in patients with hemiplegia 
secondary
due to stroke. 
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PupArm
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Figure 8 Clinical trial of the pneumatic plannar rehabilitation robot:
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Una aplicación real de rehabilitaciónmultimodal



Desde puparm a Rubidium



4rd Phalanx 
rehab robot
(Helium)
Example of design 







Surgical Robotics
NeuroSurgical robotics



a simpler example:   - Rosetta device -



Rompiendo moldes…



CRANEEAL



Follow internal structures

D

B

Desplazamiento 
leve en 90º
D=11.8cm
B=1.34cm (11.4%)



Follow internal structures

D

B
Desplazamiento moderado en 270º
D=11.8cm
B=2.23cm (18.9%)



§Sistema “radar” para imagen intraoperatoria

Navigation of surgical tool



Posición 1 Posición 2 Posición 3

Posición 4 Posición 5 Posición 6

Posición 7 Posición 8
Medidas en las que se ve solo la herramienta con 
algoritmo Delay Multiply and Sum



Pos 3-Pos 2 Pos 4-Pos 3

Pos 6-Pos 5 Pos 7-Pos 6

Pos 5-Pos 4

Pos 8-Pos 7





RESULTADOS EN SIMULACION

Modelo geométrico simplificado 
del cerebro.

Deformación y stress
calculado sobre el 

tejido cerebral. a) Antes 
de la resección. b) 

Después de la 
resección.

a b

Zonas de carga y restricción de 
movilidad en el tejido cerebral.



Mapa Juan de la 
Cosa, 1500

MRI, 1977

Craneeal, 202X



Microbio





CONTACTO UNIDAD 
ROBOTICA MEDICA
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Director unidad robótica médica
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