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Handwriting Biometrics for Security, Learning, Welfare and Robotics

1. Handwriting biometrics
2. Neuroscientific perspective for handwriting biometrics:

1. Motor Equivalent model
2. Kinematic Theory of Rapid Movement and Sigma Lognormal model
3. Overview

3. iDeLog: analysis procedure
4. Synthesis procedure for Roman, Bengaly and Devanagari scripts
5. Application to security: Automatic Signature verification:

1. Generate databases.
2. Extending databases for training
3. Extending databases for evaluation

6. Application to robotics
7. Application to farming fishes

Outline
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Biometrics is the measurement and statistical analysis of people's physical 
traitsand and behavioral characteristics. 

Introduction
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Handwritten occupy a very special place in the wide set of biometric 
behavioral characteristicos due to its high acceptability and amount 
of information.
It includes physical (motor system), cognitive (neurological) and 
social (learning) aspects. 

Introduction
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Handwritten acquisition could be on line or off line:
• In offline, the writer information can be looked into the geometry

of the handwritten
• In online, the user Information is searched into the spatio-

temporal sequence.

Introduction
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It is applied in security

Introduction
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It is applied in Health for remote monitoring, rehabilitation, diagnosis, 
etc.

Introduction
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It is also used in Learning: monitor neuromotor developing of children

Introduction
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In fact, many companies are intending in this technology

Introduction
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To answer all the requirements from the industry we need a clear 
picture of how do we write

The handwriting is a human behavior!!!!

Neuroscience and cognitive science are gaining insights in the 
modelling of human behavior and movements.

Findings in these sciences can help to improve our understanding of 
the human handwriting and consequently help our search for 
information.

Our proposal: use well-stablished neuroscience hypothesis to 
analyse and extract useful information from human handwriting.

Specifically, we will use the Motor Equivalence Theory and the 
Kinematic Theory of Rapid Movements.

Introduction
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The motor equivalence theory, also known as the Degrees of Freedom 
(DoF) problem, it was formulated by K. Lashley [22] and it was N. 
Bernstein who articulated it in its current form [23]. 

The motor equivalence theory suggests that a person perform a 
movement in two steps :

1. The first is called effector-independent which stores the movement in 
an abstract form as a spatial sequence of points representing the 
action plan

2. The second step is called effector dependent and consist of a 
sequence of motor commands directed at obtaining particular 
muscular contractions and articulatory movements in order to 
execute the action plan.

Karl S. Lashley, “Basic Neural Mechanism in Behavior”, Psychological Review, vol. 37, pp. 1-24, 1930.
Nikolai A. Bernstein, The Co-ordination and Regulation of Movements, Oxford: Pergamon Press, 1967.

Motor Equivalence model
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Motor Equivalence model
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Motor Equivalence model
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Motor Equivalence model
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First stage: effector independent

It represents the action plan of the movement.

Located in the hippocampus
The action plan  includes

1. A representation of space, which according to Moser in 2005 is organized 
in a hexagonal grid of neurons in the hippocampus.

2. A path plan inserted into the spatial representation.
this trajectory has been learned. It is stored in the temporal lobes 
(semantic memory), which are connected to the hippocampus (spatial 
representation).



Motor Equivalence model
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Model of the first stage: effector independent

Our model of the first stage of the equivalent motor model consist on a
hexagonal grid that span across the handwriting space.

As real examples of the feasibility of such approach, the next movements
have been overlapped on a hexagonal grid: letter a and tongue movement
within the mouth.



Motor Equivalence model
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Model of the first stage: effector independent

As a result, the effector independent action plan is approached as a sequence 
of nodes in a hexagonal grid and a set of sequences to emulate the memory.



Motor Equivalence model
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Model of the second stage: effector dependent

The second stage refers to the necessary sequence of commands submitted
to muscles in order to carry out the action plan.

It is carried out by the cerebellum issuing orders to the group of muscles.

Specifically, the second stage, from the action plan, draw the quadratic (or
minimum jerk) human-like trajectory with a given speed.



Motor Equivalence model
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Model of the second stage: effector dependent

Our model assume the next two hypothesis from neuroscience:

1. The kinematic theory of rapid movements from Prof. Réjean Plamondon 
and its associated Sigma-Lognormal model.

The Sigma-Lognormal model has shown its promising potential, being 
used for, among other things: developing biomedical tools for 
neurodegenerative disorders diagnosis, analysing how children learn to 
write, analysing signatures, gestures, human-like samples, etc.

2. The existence of the so called Central Pattern Generator (CPG) that
produces a sequence of  pseudo periodic impulses to rule the human 
movements.



kinematic theory of rapid movements
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To illustrate the Sigma-Lognormal model, suppose the next 
action plan with 5 virtual target points:



kinematic theory of rapid movements
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An arc links the first and second virtual target points of the planned 
trajectory which corresponds to the natural movement of the limbs.

This movement start at t1 and it is expected to finish at t1+t12



kinematic theory of rapid movements
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Here is the arc of the second stroke which links the second and 
third virtual target points.
This movement start at t2 and it is expected to finish at t2+t23
Bear in mind that t2 could be greater than t1+t12
It means that the movements are overlapped

The velocity profile is lognormal

t2 t2+t23



kinematic theory of rapid movements
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The third stroke.
This movement start at t3 and it is expected to finish at t3+t34

t3 t3+t34
t2+t23t2



kinematic theory of rapid movements
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Finally, the last movement with the speed profile of all the 
individual movements.



kinematic theory of rapid movements

34

Adding all the movement (vectorial sum), the results is:



kinematic theory of rapid movements
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This Sigma-Lognormal model considers complex movements, such as 
those involved in handwriting, as a vectorial overlap of primitives.

Specifically, the Sigma-Lognormal model assumes that the human
handwriting is carried out as follows:

1. At cognitive level, there is an action plan conceived as a sequence
of virtual target points.

2. The virtual target points are linked with arcs by the composed
movement of fingers, wrist and elbow.

3. The velocity profile of each arc is lognormal-shaped.
4. Each of these movement are called strokes and temporally

overlapped.



Kinematic Theory of rapid movements. Analysis
Given the trajectory and speed profile, it is factorized into lognormals  

kinematic theory of rapid movements
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𝑥𝑥𝑖𝑖 ,𝑦𝑦𝑖𝑖 𝑖𝑖=1
𝑁𝑁 Target points position

𝜃𝜃𝑠𝑠 ,𝜃𝜃𝑒𝑒 𝑖𝑖=1
𝑁𝑁−1 start and arrival angle



kinematic theory of rapid movements
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From a more complex handwriting It is a mathematical problem, 
but not only a mathematical
problem!!!!



kinematic theory of rapid movements
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Not just a mathematical problem.
For instance:

The movements are performed by superimposing simple movements.

Each simple movement or stroke requires the sending of activation signals

The Central Pattern Generator (CPG) is in charge of generating the sequences  
that coordinate complex movements

The CPG contains a clock that generates the rhythm sequences.

If the lag between the activation time of each lognormal is not pseudoperiodic, 
the solution obtained is meaningless from the cognitive point of view.



Summarizing, the parameters of the handwriting following he motor 
equivalent model and the kinematic theory of rapid movements are:

1. The hexagonal grid
2. The target point sequence
3. The start and arrival angle of the arcs that link the target points,
4. The speed profile given by the number 𝑁𝑁 of lognormals and their 

parameters  𝐷𝐷𝑖𝑖, 𝑡𝑡𝑡𝑡𝑖𝑖 , 𝜇𝜇𝑖𝑖 and 𝜎𝜎𝑖𝑖, 1 ≤ 𝑖𝑖 ≤ 𝑁𝑁

What can we do with this parameters?

kinematic theory of rapid movements
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Motor Equivalence model
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Analysis: iDeLOG
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Block diagram of iDeLog to calculate the Sigma-Lognormal parameters 
Solid blue lines represent observed movement.
Dotted red lines represent reconstructed movement



Analysis: iDeLOG
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Initial virtual target points and angles



Analysis: iDeLOG
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Initial virtual target points and angles



Analysis: iDeLOG
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Block diagram of iDeLog to calculate the Sigma-Lognormal parameters 
Solid blue lines represent observed movement.
Dotted red lines represent reconstructed movement



Application to synthesis
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For each letter a sequence of target points is defined as:

1. For letter ‘y’: {10, 11, 12,  19, 26, 25, 24, 27, 28, 21, 13, 19, 26},
2. For letter ‘l’ : {12, 18, 24, 23, 22, 15, 16, 17, 18, 19 26},
3. For letter ‘m’: {5, 4, 3, 10, 17, 18, 19, 18, 17, 24, 31, 32, 33}….

They are supposed learned by heart

Application to synthesis. Cognitive spatial map: letters
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The text trajectory plan is obtained by concatenating the letter trajectory
plan::

Application to synthesis. Cognitive spatial map: text
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If a signature is made, we add the flourish. The target points of the 
flourish are selected randomly around the name.

Application to synthesis. Cognitive spatial map: Signature
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Once the signature trajectory plan is defined, an inverse model for motor 
control is applied to obtain a realistic human signature trajectory.

The inverse model contains the learned motor control commands that 
defines the hand trajectory and its speed.

Application to synthesis. Motor Control approach
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Three different motor control (inertial filters) have been identified:
1. Finger motor control: active during text
2. Forearm motor control: active during the flourish
3. Wrist motor control: active during the whole signature.

Application to synthesis. Motor Control approach

50

a) Trajectory plan of the signature, b) result of applying the finger kinematic filter, c) result of 
filtering by the forearm kinematic filter and, d) signature after applying the wrist kinematic filter. 



Application to synthesis. Ink Characterization
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To obtain resalistic images a ink model is
applied to the signature trajectory based
on a ballpoint pen

A ball pen dispenses ink from an 
internal reservoir through the rolling 
action of a point ball rolling on a sheet.

It could be said that the ballpoint 
generate a sequence of ink spots



Ink Characterization. Pen Model. Spot shape
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The pen model proposed relies on the spot produced by the ball pen.

The spot depends on:

1. The pen inclination
2. The ballpoint diameter
3. The kind of ink provide a spot with different profile



Ink Characterization. Stroke Signature image
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Ink Characterization. Stroke Signature image
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Lexicon and morphology of a signature:
What/How is a signature

Application to synthesis. Signature morphology

55



Some parameters:
1. The measured probability of signatures containing flourish and text is 86.6%. 

The probability of signatures with only either a flourish or a text is 8.3% and 
5.1% respectively.

2. The probability of connecting the last letter of the text with the beginning of 
the flourish is fixed at 58%.

3. Of the signatures with a flourish, 81% have just one flourish and 19% of them 
have a second non-connected flourish.

4. The probability of all the letters being connected 59%.

Signature Synthesis
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Application to synthesis. Within variability

57

Once obtained a synthetic signatures belonging to a synthetic 
identities, the within variability is obtained by small variation of the 
synthetic user’s parameters.
1. For flourish, the flourish corners varies inside a ball
2. For text: each point of the grid varies inside a ball.
3. The filter lengths varies inside a marging, and so on….



Application to synthesis. Database
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Application to synthesis. Database
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Application to synthesis. Database
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Application to synthesis. Bengali and Devanagari
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Synthetic trajectory for Bengali (left) 
and Devanagari (right)
signatures

Engram of both Bengali (left) and Devanagari (right) names.

Engram of a Bengali 
character (left) and 
Devanagari one 
(right).



Application to synthesis. Database
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Bengali examples of inter-personal variability. 

Real                    Synthetic                 Real                      Synthetic



Application to synthesis. Database
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Devanagari examples of intra-personal variability. Synthetic signatures are 
in the odd rows, Real ones in the even rows.

Synthetic

Real

Synthetic

Real

Synthetic

Real



Application to synthesis. Database
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Subset of signatures used in the visual Turing Tests to validate
the appearance of synthetic samples. Synthetic signatures are 
marked with a cross



Learning and Health application

65

There is a difference between adult (skilled) and children
handwriting

How can it be taken into account by the classifier?



Learning and Health application
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Comparing the speed profile:
1. Age 5: many short strokes
2. Age 10: less strokes.
3. Age 30: a few strokes overlapped

It suggest that handwriting learnig
consist of reducing the number of
strokes and overlap them while you
are improving the skillfullness.



Learning and Health application

67

To simulate the learning, a modification of the procedure is propose:



Learning and Health application

68

The temporal evolution block consist on



Learning and Health application
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Result:

The number of strokes, 
their length and overlap
(timing) provide useful
information about
1. Learning procedure
2. Deterioration

procedure for Elder 
people

3. Useful information
for clinical
screening

4. Evaluate the effect
of the medication. 



Signature verification is a challenging problem in Computer Vision

The task: to detect forgeries

The challenges
1. Few samples to train
2. Great inner-class variability
3. An overlap between inner-class variability and forgeries

Reliable evaluation of the signature verifiers requires:
1. Availability of large databases
2. Common benchmarks

Drawbacks
1. Slow, boring, costly, complex process and require a high degree 

of cooperation of the donors
2. Legal issues according to data protection

Alternative -> Synthesis of signatures

Security: Automatic Signature Verification
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Advantage of using synthetic signatures:

1. Easy to generate huge databases once the synthesis algorithm 
has been developed: just click, wait and see.

2. There are not size limitations (neither number of users nor 
samples per user nor forgeries generated)

3. Easy to add new variabilities if they are modeled: pen variability, 
surface variability, device variability, interoperability, and so on.

4. There are not legal hindrances to share them.

Security: Automatic Signature Verification
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Idea:
1. Duplicate the signatures of the training sequence
2. Train the verifier with real and synthetic signatures
3. Test with real signatures

Evaluation:
1. Turing test evaluating the human-likeness of duplicated signatures
2. Assessment of the improvement using several databases and 

classifiers. 

Four problems
1. Online to Online: On2On
2. Offline to Offline: Off2Off
3. Online to Offline: Off2On
4. Offline to Online: On2Off (in progress)

Security. Duplicates
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Is based on the kinematic theory of rapid movements
Variability at Motor level (SW: stroke-wise):
Modify the values of the lognormals

Security. On2On Duplicates
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Perceptual Evaluation: Turing test
Average confusion: 51.57%

Reference
Signature     ------------------ Duplicated Signatures ------------------------------

Security. On2On Duplicates
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Security. Off2Off Duplicates
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Duplication procedure:



Security. Off2Off Duplicates
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Intra- component variability

• The cognitive variability is approached by this variability.
• Consist on a grid deformation pattern to enlarge/shorten strokes
• Specifically a sinusoidal transformation applied to the whole image

Visual examples of intra-component variability in different repetitions of a 
scanned image. Note how loops in letters “d” and “a” are opened and 
closed without losing their original continuity.:



Security. Off2Off Duplicates
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Component Labeling

• Components (pen downs) are detected searching for 
8 connected areas



Security. Off2Off Duplicates
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Inter-component variability, originated both by the cognitive map and 
motor execution, is approached by a local component displacement.

To each component a 𝛿𝛿𝑥𝑥 and 𝛿𝛿𝑦𝑦 displacements are applied.

The values Γ𝑖𝑖 refers to the length of each component: the longer the 
component, the bigger the displacement so that longer components 
display more variability



Security. Off2Off Duplicates
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Some examples:



Security. Off2On Duplicates (In progress)

80

The problems are to recover the dynamic properties and to recover the 
writing order of the strokes.
The performance of a signature verification system on obtained on-line 
signatures in each stage are compared to the performance
with real on-line signatures. 



Security. Off2On Duplicates
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Once improved the training

Next step: improve the evaluation.

Leverage the Sigma-Lognormal model to improve a given forgery.
So, the test will become more challenguing

Security. Improving the evaluation
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Security. Improving the evaluation
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How can we use the Sigma-Lognormal model to improve forgeries?

original signature                                           forgery 



Security. Improving the evaluation
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Working out the virtual target points of a genuine and a forgery, it 
is easy to realize that a forgery signature contains far more 
virtual target points than original ones

original signature                                           forgery 



Security. Improving the evaluation
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As a result, can be expected that reducing the number or virtual 
target points in the forgery, it will become more genuine-like
As example, we reduce step by step the number of virtual target 
points of a forgery.

original signature                                       forgery 



Security. Improving the evaluation
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It can be seen how the velocity profile and trajectory is modified 
when reducing the number of virtual target points.

original signature                                    forgery 



Security. Improving the evaluation
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Until to generate a synthetic forgery with a velocity profile similar 
to a genuine signature as in the example

original signature                            forgery 



Consequently, the procedure proposed to improve a forgery is:

1. Decompose the signature in virtual target points, arcs and sum of
overlapped lognormals

2. Reduce the number of virtual target points

3. Reconstruct the signature with the reduced set of virtual target
points

It is expected that the resulting forgery will be more difficult to detect
by an automatic signature verifier than the original forgery.

Security. Improving the evaluation
Proposal
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A block diagram of the methodology for lognormal resampling is:

Security. Improving the evaluation
Proposal
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A virtual target point is assigned to each 
stroke whit its ensuing arc and lognormal



The sampling points of an on-line signature are linearly interpolated.

The new sequence doesn’t include temporal information, just trajectory.

Next step: define strokes and a speed profile for each stroke.

Security. Improving the evaluation
Linear Interpolation
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The strokes are supposed between velocity minima in a fluent and natural
handwriting.

Velocity minima usually corresponds to high curvature points in the trajectory.

They are worked out by means of a Two-Steps Perceptual Important Points
Estimator TS-PIPE:

Miguel Ferrer, Moises Diaz and Cristina Carmona-Duarte, "Two-Steps Perceptual Important Points Estimator for Static Signature", in
International Conference on Image Processing Theory, Tools and Application (IPTA 2017), ISBN: 978-1-5386-1842-4/17, Montreal, Canada,
28th November to 1st December 2017.

Security. Improving the evaluation
Stroke Segmentation
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Two-Steps Perceptual Important Points Estimator:

First step of the algorithm: Estimation of the most salient points by means of 
a multiscale method based on the proposed by De Stefano et al.

C. De Stefano M. Garruto A. Marcelli "A saliency-based multiscale method for on-line cursive handwriting shape description" Proceedings-
International Workshop on Frontiers in Handwriting Recognition (IWFHR 2004), pp. 124-129, 2004.
M. A. Ferrer, Moises Diaz, Cristina Carmona-Duarte, “Two-Steps Perceptual Important Points Estimator for Static Signature,” in
International Conference on Image Processing Theory, Tools @ Application, 2017, pp. 1–6.

Security. Improving the evaluation
Stroke Segmentation
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Two-Steps Perceptual Important Points Estimator

Second step of the algorithm: Roundness analysis

If the trajectory between two salient points is not approachable by a 
circumference,

Then, one o more salient points have been missed. 

the full length is divided in circumference-wise arcs.

Security. Improving the evaluation
Stroke Segmentation
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To each velocity minima is assigned a target point by means of
geometrical relations.

Then, the Sigma-Lognormal parameters are estimated for each
stroke: virtual target points and their starting and ending angles

Security. Improving the evaluation
Virtual target points
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Virtual target points timing

A starting time 𝑡𝑡𝑡𝑡𝑗𝑗 ,∀𝑗𝑗 = 0, … ,𝑀𝑀, must be assigned to each virtual 
target point with its associate lognormal.

The time between virtual target Δ𝑡𝑡𝑡𝑡𝑗𝑗 = 𝑡𝑡𝑡𝑡𝑗𝑗 − 𝑡𝑡𝑡𝑡𝑗𝑗−1 is fixed to a fairly 
constant following the hypothetical existence of the so-called Central 
Pattern Generators (CPG). 

Following the BiosecureID database, the time between velocity 
minima has been calculated and modeled by a Normal distribution of 
average 0.1 and variance 0.005. 

Security. Improving the evaluation
Timing
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Lognormal parameters: 𝑴𝑴,𝑫𝑫𝒋𝒋, 𝝉𝝉𝒋𝒋,𝝁𝝁𝒋𝒋,𝝈𝝈𝒋𝒋𝟐𝟐

Let 𝑣𝑣𝑗𝑗(𝑡𝑡) be the velocity profile of the 𝑗𝑗𝑡𝑡𝑡 stroke

𝜏𝜏j 𝑖𝑖s set to 𝜏𝜏𝑗𝑗 = 𝑡𝑡𝑡𝑡𝑗𝑗−1 − Δ𝑡𝑡𝑡𝑡𝑗𝑗, ∀𝑗𝑗 = 1, … ,𝑀𝑀.

The values of 𝐷𝐷𝑗𝑗 , 𝜇𝜇j and 𝜎𝜎j2 are set solving:

As 𝑡𝑡𝑡𝑡𝑗𝑗 − 𝜏𝜏𝑗𝑗 = 2Δ𝑡𝑡𝑡𝑡𝑗𝑗 and erf 3 = 1, a possible solution is:

being 𝑘𝑘𝑗𝑗 random value between 0.4 and 0.5

Security. Improving the evaluation
Lognormal parameters
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Sampling

Once the velocity parameters of each stroke have been worked out, 
the velocity profile is calculated:

From the velocity, the time at every pixel in the signature trajectory is 
obtained, and the samples nearer to 𝑘𝑘/𝑓𝑓𝑚𝑚 are selected.

Security. Improving the evaluation
Velocity profile
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Security. Improving the evaluation
Example
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Robotics

99

Why robotics in biometrics?
The world is going toward collaborative robotics
Many efforts are being done on “robotic emotions”
A few have been done on controlling the velocity profile of the robot

As the most popular robotic arms are similar to upper human limbs.
Is it posible to emulate the arm movement with a robot?



Robotics
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In a first step, the velocity profile is measured writing on a Wacom Tablet.
If the robot write at high speed short “strokes”, the profile is human-like.






Robotics
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Could be robotic movement human like in terms of velocity shape? 
An experiment



Robotics
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Second step: match real target points with calculated target points



Robotics for signature verification
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The robot is also useful for new parameters.
Instead of using the pen position and time stamp,
We can use the position and angle of each robot joint plus the time stamp.
The new parameters are call antropomorphic features



Robotics
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The new features are:



Robotics
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Results



Livestock Farming
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The idea is apply the Sigma-Lognormal model to monitor the movement
of livestock in farming.

First attempt: Fish

Why: To select the most profitables families.
So, in few generations (2-3 years), the benifits increase by 20-30%. 



Livestock Farming
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We need a sensor to monitor the fish movement.

We designed a Biosensor with an accelerometer

Attached at the operculum.

Algorithms aim at providing a measure of:
• Respiratory frequency
• Activity



Two operational ways to calculate respiratory frequency and activity



Respiratory frequency
The z-axis signal of the accelerometer 𝑎𝑎𝑧𝑧 follows the
rhythmic movement of the operculum.
the fundamental period of this signal will means the
respiratory frequency or rate of the operculum movement



Respiratory frequency
Spectrum analysis for period estimation is beyond the
biosensor capability.
Then, the respiratory frequency is estimated counting the
number of peaks.
Procedure:
1) The biosensor records the signal at a sampling rate of

100 Hz, which means a bandwidth of 50Hz.
2) The respiratory frequency is expected below 5Hz -> The

z-axis signal is bandpass filtered between 0.03 and 8
Hz.

3) The number of peaks is counted



Activity Index
Try to describe the intensity of the fish movement in x- and y
axis.
Initially, we evaluated several activity indexes based on
acceleration and velocity.
Finally, it was decided to base the activity index on the jerk

Jerk is the derivate of the acceleration or the change of
acceleration.

Mathematically, the jerk is appropriate as its magnitude is completely
independent of the accelerometer orientation.
Biologically, the human movement is carried out minimizing the jerk.
So, the jerk is considered a good measure of the cost of a
movement.



Activity Index
The procedure:
1. The jerk of 𝑎𝑎𝑥𝑥(𝑛𝑛) and 𝑎𝑎𝑦𝑦 𝑛𝑛 is obtained as:
𝑑𝑑𝑥𝑥 𝑛𝑛 = 𝑎𝑎𝑥𝑥 𝑛𝑛 − 𝑎𝑎𝑥𝑥 𝑛𝑛 − 1 and 𝑑𝑑𝑦𝑦 𝑛𝑛 = 𝑎𝑎𝑦𝑦 𝑛𝑛 − 𝑎𝑎𝑦𝑦 𝑛𝑛 − 1

• 2. the standard deviation of 𝑑𝑑𝑥𝑥 𝑛𝑛 and 𝑑𝑑𝑦𝑦 𝑛𝑛 is obtained
as:

𝜎𝜎𝑥𝑥 = ∑𝑛𝑛=1𝑁𝑁 𝑑𝑑𝑥𝑥 𝑛𝑛 −𝜇𝜇𝑥𝑥 2

𝑁𝑁
and   𝜎𝜎𝑦𝑦 =

∑𝑛𝑛=1𝑁𝑁 𝑑𝑑𝑦𝑦 𝑛𝑛 −𝜇𝜇𝑦𝑦
2

𝑁𝑁

3. The activity index is defined as 𝜎𝜎𝑥𝑥2 + 𝜎𝜎𝑦𝑦2



Approaches in the mode 2
On-board algorithm:

The standard deviation of 𝑑𝑑𝑥𝑥 𝑛𝑛 and 𝑑𝑑𝑦𝑦 𝑛𝑛 is approached
as:

�𝜎𝜎𝑥𝑥 = ∑𝑛𝑛=1𝑁𝑁 𝑑𝑑𝑥𝑥 𝑛𝑛 −𝜇𝜇𝑥𝑥
𝑁𝑁

and  �𝜎𝜎𝑦𝑦 =
∑𝑛𝑛=1𝑁𝑁 𝑑𝑑𝑦𝑦 𝑛𝑛 −𝜇𝜇𝑦𝑦

𝑁𝑁
and 𝑁𝑁 = 2𝜐𝜐

The activity index approached as: �𝜎𝜎𝑥𝑥 𝑛𝑛 + �𝜎𝜎𝑦𝑦 𝑛𝑛



Some results

How to know if the results are biologically meaningful.

We test it in a swiming tunnel respirometer.



Some results
Comparing respiratory frequency and oxygen consumption

Sea bream Sea bass



Some results
An activity index

Sea bream Sea bass



Applying lognormality to fish velocity
Sigma-Lognormal model applied to operculum velocity:
z-axis



Applying lognormality to fish velocity

When the water velocity increase,𝑡𝑡3 − 𝑡𝑡1 decreases for Sea bream and Sea bass. The 
value of 𝑡𝑡2 − 𝑡𝑡1 also decreases while 𝑡𝑡3 − 𝑡𝑡2 keeps fairly constant. It means that the 
agonist muscle respond when the water velocity increases while the antagonist 
muscle seems not aware of the water velocity. So, all the drive or impulse of the 
swimming is put in the first part of the movement.



Applying lognormality to fish velocity



Next question posed by biologist:
Can you count atomatically the number of fishes?



Next question posed by biologist:
Can you count atomatically the number of fishes?
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