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Computational ethology 

•  Ethology: study of animal behavior 
– phenomenological, causal, ontogenetic, and 

evolutionary aspects  
– its core is the description and characterization 

of behavior, 
•   typically of intact freely moving animals in their 

natural environment.  
•  Increasingly quantitative 
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! Computational support improves accurate 
observation  
! Interactive video annotation 
! Statistical and data processing 
! Machine Learning predictive models 

! quantitative analysis of behavior allows to study 
correlation with neuronal activity 
! ! Neuroethology 



Marker based Human motion capture 
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Facial active appearance models 
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Neural activity and body motion 
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Ethology and Brain science 
»  Brain manifesto 
»  P 36 http://www.nih.gov/science/brain/2025/index.htm. 

•  In summary, the clever use of  
–  virtual reality, machine learning, and miniaturized recording 

devices  
•  has the potential to dramatically increase our understanding of 

how neuronal activity underlies cognition and behavior.  
•  This path can be enabled by developing technologies to  

–  quantify and interpret animal behavior,  
•  at high temporal and spatial resolution,  

–  reliably, objectively, over long periods of time,  
–  under a broad set of conditions, and  
–  in combination with concurrent measurement and manipulation 

of neuronal activity 
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Animal neuroethology 
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!  New technologies for mapping, monitoring, and manipulating 
neural activity based on genetic targeting of specific neuron 
subtypes 
!  beyond correlation to establish causal relationships between neural 

circuit activity and behavior. 
!  critically dependent on the ability to assess quantitatively, and with a 

high degree of spatiotemporal precision, the behavioral 
consequences of neural circuit manipulations 
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Neuron 2014 84, 18-31DOI: (10.1016/j.neuron.2014.09.005)  

temperature-dependent 
manipulations of neuronal activity to 
identify a small cluster of neurons 
that controls aggression 



Applications human neuroethology 
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! Pharmacology: measuring the effect of treatments 
!  Improved diagnosis of neuro-behavioral 

conditions: 
! Autism Spectrum Condition 
! Neurodegenerative diseases 

!  Improved training techniques: sports 
! Entertainment  



Brain activity: Neuroimage analysis 
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Neuroimage analysis 
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! Objective: to find brain localizations related to 
psychologic/psychiatric conditions 
! Anatomical differences 
! Functional differences: brain networks 

! Material: various modalities of MRI 
! T1, DWI, TWI, for anatomical and connectivity 
! fMRI, rs-fMRI for functional analysis 

! Computational resources: 
! Signal processing: preprocessing, feature extraction 
! Massive statistical tests 
! Machine learning: supervised: SVM… deep learning  



Chyzhyk D, Graña M, Öngür D, Shinn AK. Discrimination of Schizophrenia 
Auditory Hallucinators by Machine Learning of Resting-State Functional 
MRI.International Journal of Neural Systems 25(3):1550007, 2015 
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Manuel Graña, Leire Ozaeta, Darya Chyzhyk 
Dynamic Causal Modeling and Machine Learning for Effective Connectivity in 
Auditory Hallucination Neurocomputing Volumes 326–327, 31 January 2019, Pages 
61-68 
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Ariadna Besga, Darya Chyzhyk, Itxaso Gonzalez Ortega, Jon Echeveste, Marina 
Grana-Lecuona, Manuel Grana, Ana González-Pinto White Matter Tract Integrity in 
Alzheimer’s Disease versus Late Onset Bipolar Disorder and its Correlation with Systemic 
Inflammation and Oxidative Stress Biomarkers, Frontiers in Aging Neuroscience, 9:179 
DOI https://doi.org/10.3389/fnagi.2017.00179 
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Behavior –motion- analysis 
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Motion analysis 
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! Human motion analysis 
! Entertainment 

! Games: human machine interface 
! Movies: image synthesis 

! Sports: performance analysis 
! Clinical: gait analysis, frailty, ASC diagnosisis 

! Animal motion analysis 
! Phenotypical characterization 
! Analysis of animal models of human diseases 

! Alzheimer 
! Gender differences 



Motion analysis 
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! Materials: imaging sensors are prominent 
! Signal processing 

! Computational resources 
! Computer vision 
! Machine learning: activity modeling and recognition 

!   A broad spectrum of techniques 
! Deep learning….. 



Human motion capture systems 
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Human capture systems 
! Electromechanical 

suite: exoskeleton/
armature worn over 
the subject 

! Rods connected by 
potentiometers 

28/02/2019 
Facultad de informatica, Universidad 
Complutense de Madrid 25 



Human motion capture systems 

28/02/2019 
Facultad de informatica, Universidad 
Complutense de Madrid 26 



Optical human motion capture  
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Optical (passive) Markers 
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Reprepresentation: skeleton 
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kinect 
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Realistic kinect detection 

Multiperson pose 
estimation in video 



Facial motion capture 
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Human motion modeling 
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Automated home-cage behavioural phenotyping of mice  
Hueihan Jhuang, Estibaliz Garrote, Xinlin Yu, Vinita Khilnani, Tomaso Poggio, Andrew D. Steele 
& Thomas Serre  
NATURE COMMUNICATIONS | 1:68 | DOI: 10.1038/ncomms1064 |  
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Pressure sensor 
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Xavier Leinekugel, The 
Neuroscience Institute in 
Bordeaux  



Combined neural and behavioral 
analysis 
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Neuroethology 
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! Neural observation while recording behavior 
! MRI, EEG 
! Annotation, computer vision 

! Neural intervention while recording behavior 
! Electrode implants (mice, rats) 
! Video recording 

! Quantitative joint analysis of neural signal and 
behavior: scarce 

! Behavior analysis: clustering (lack of labeled 
data) 



Dean Mobbs, Jeansok J Kim, 
Neuroethological studies of fear, anxiety, and risky decision-making in rodents and 
humans, Current Opinion in Behavioral Sciences,Volume 5,2015, Pages 
8-15,https://doi.org/10.1016/j.cobeha.2015.06.005. 
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Discovery of Brainwide Neural-Behavioral Maps via Multiscale 
Unsupervised Structure Learning , Joshua T. Vogelstein,Youngser 
Park,Tomoko Ohyama, Rex A. Kerr, James W. Truman, Carey E. Priebe, 
Marta Zlatic.SCIENCE VOL 344 25 APRIL 2014   
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Toward a Science of Computational Ethology, David J. 
Anderson and Pietro Perona, Neuron 84, October 1, 
2014  
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Neuron 2014 84, 18-31DOI: (10.1016/j.neuron.2014.09.005)  

tracking 
systems to 
measure the 
individual 
trajectories of 
dozens of flies 
simultaneously 
in an arena 

Increasing the throughput of behavioral analysis 

Eight different 
behaviors  (A) were 
automatically scored 
from video recordings 
of 20 flies walking in 
an arena. (B) Two 
minute trajectory of a 
single male fly 
detected among 20 in 
the arena. (C) Upper: 
raster plot for 
behaviors exhibited 
during the trajectory 
in (B); lower: 
translational and 
angular velocities 
superimposed on a 
30 s segment of the 
raster plot. (D) 
Behavioral “vectors” 
for female, male, and 
fru1/fru1 mutant male 
flies. Each column 
represents a single 
fly and each row a 
single behavior. 
Numbers at top refer 
to experiment and 
number of flies 
tracked.  



The case study of CybSPEED 
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! Cyber-Physical Systems for PEdagogical 
Rehabilitation in Special Education 

! Aim : to advance a novel framework for  
! analysis, modelling, synthesis and implementation  
! of Cyber-Physical Systems  
! for pedagogical rehabilitation in special education,  

! based on a combination of  
! brain-aware robotics, cognitive biometrics, 

computational intelligence and reasoning in  
! humanoid and non-humanoid robots for education. 

CybSPEED proposal  



! CybSPEED project emphasizes the intrinsic-
motivational approach to learning  
! by designing human-robot situations  

!  (games, pedagogical cases, artistic performances)  
! And advanced interfaces  

!  (brain-computer, eye-gaze tracking and virtual reality)  

! Where students interact with the novel technology 
!  to enhance the underlying self-compensation and 

complementarity of brain encoding during learning. 

EAB-RPC, Darmstadt, Ge  25-09-2018 47 

CybSPEED proposal 
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! Technical Research on three levels  
! Analysis of cognitive biometrics signals, 
!   
! Modeling the learner-robot interaction and  

! Development of novel instruments  
!  towards an optimal design of Cyber-Physical Systems 
!   for improved pedagogical rehabilitation in education 

CybSPEED proposal 
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Consortium and partners  

Casablanca 
UH2C 

San Sebastian 
UPV/EHU  

Barcelona 
CVC 

Grenoble 
UGA, CHU-GA 

Kavala 
EMaTtech 
PRAXIS 

Chile 
UCH 

Sofia 
IR-BAS 
Tsevete 

Japan 
Kyutech 
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EAB-RPC, Darmstadt, Ge  
25-09-2018 50 

Advanced human-
robot interfaces 
Games and storytelling 
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! Some experiment is focused on children with autism 
spectrum disorders (ASD) 

! Recruited  from the population of children under 
treatment in some care center, 

!  The experiment is designed as a longitudinal 
experiment, where the same children will be exposed 
to the robot in several sessions along a period of one 
year.   

!  The main hypothesis of the experiment is that the 
presence of the anthropomorphic robot has a 
definitive effect on the attention of children with ASD.  
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Research questions 
!  Is there any gender difference in response to the 

Nao robot in children with ASD?  
!  Is there an effective difference in response to the 

human teacher versus the Nao in children with ASD? 
! Are there differences in response to Nao among 

diverse special kinds of ASD?  
!  Is there any time effect on the long term exposure of 

the children to Nao?  
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An experimental setting for 
neuroethological human robot interaction? 

Too far from ecological validity in special educational 
needs! 



A more appropriate setting 
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An approximation to the 
desirable setting 



Conclusions 

28/02/2019 
Facultad de informatica, Universidad Complutense de 
Madrid 56 



Conclusions 
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! There are several animal models that are working 
! Wide opportunities to apply machine learning 

techniques 
! Incresing social pressure against animal 

experiments (ethics constraints) 
! Human applications face the ecological validity 

problem 
! Increasing ethics and data protection constraints for 

experimentation   



Conclusions 
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! Computational ethology is a wide avenue for 
signal processing and artificial intelligence 
applications and developments 

! Computational neuroethology is the next big step 
in the understanding of the brain 

! Requires close connection with people from 
medicine, neuroscience, biology,… 
! Computer science at the service of… 
! Ethics and personal data protection …   



Slide materials borrowed from Yasher Sheikh CMU 
course on Human Motion Modeling and Analysis 2012 

28/02/2019 
Facultad de informatica, Universidad Complutense de 
Madrid 59 

ACKNOWLEGEMENTS 


