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Prelude

When | wasyoung,| dreamedof beingan

astronaut, exploring space For almost

three decades now, people have been

trying to make me an dnternautz €
exploringthe online world. Over years of

people and projects, | think In fact | am

only aaCervonaug:

»
- i
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Cervonaut

| enjoy
neural
stargazing

escaping
through the nebula
of spiral
ideas

traveling
at the speed
of vacuum

Cervonaute
exploring translatedby

the white holes AndreaZanin
of the unconscious
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FiveOpeningQuestions

A 1-What Is a Handwriting Stroke?

A 2-How DoWe Handwrite?

A 3-CanWe Recovethe Action Plans?

A 4-1s theTheoryPhysiologicallivleaningfuf
A 5-Where DoWe GoFromHere?

. s
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1 = What Is
2 hanewriing Slrele?

Searching for the
fundamental unit of Handwriting




HandwritingGeneration

Modeling Level of Information
method abstraction content
Communication Messaoe
intent SSAg
Top Semantics Context
down
] ) Linguistic
’ Syntax rules
Lexi Word
exicon dictionary
Letter
A Allographes maodels and
action plan
|
Bottom Specific
up Graphes trajectory
Basic units
Strokes of movement
pen tip

PLAMONDON, R., LOPRESTI, D., SCHOMAikkH&dwring R. B. , SR
R e c o g n iEncyclopedia, of Electrical and Electronics Engineering, J.G. Webster (Ed.), John
iley & Sons, N.Y., vol. 15, 1999, p. 123-146.
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SignatureGeneration

Modeling Level of Information
method abstraction content
Approval . .
and/or Context
T Identification
op intent
down
Signature
Action plan model

. Pen-down
Components en-doy

Pen-up
I
Basic uniis
Strokes of movement
Bottom
up
PLAMONDON, R. , Pl RL O, G-l j nleMBEDQ@WO ,u inBlandb@&ok @ Ddcwmartt i o n 0

Image Processing and Recognition, D.Doermann , K.Tombre Eds, In Press, Springer, 2012.
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Model Classification

A Criterion: Motor Control Basic Hypothesis

x  Equilibrium Point FeldmanBizzj HollerbactX 0

x  Neural NetworkgBullock,SchomakerGangadhat 0
X Optimization PrinciplegFlash, HogatawatoX 0
X Nonlinear DynamicgKelsoAthenes Zazon&X 0

Proportionality and Convergeng¢®lamondon)
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TypicalVelocityProfiles
and Trajectories
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WOCH, A., PLAMONDON, R., «Using the Framework of the Kinematic Theory for the Definition of a
Movement Primitive», Motor Control, Special Issue, vol. 8, No 4, pp. 547-557, 2004.
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Basic Characteristics of a Single Stroke

0 0.2 04 0.6 08 1 L2 4
Time (sec)

Figure : Typical trajectories and velocity profiles

A No visualfeedback

A Speedaccuracytrade-offs

A Almostrectilinear trajectory of the endeffector

A Asymetricbell-shapedvelocity profile

A Up totwo secondaryvelocity peaks

A Possible direction inversioat the beginingand/or at the end

PLAMONDON, R., ALIMI, A., «Speed/Accuracy Tradeoffs in Target Directed Movements»,
Behavioral and Brain Sciences, vol. 20, No 2, pp. 279-349, 1997.
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Fundamental Hypothesis

The Invariant properties
of these single strokes reflect
the asymptotic behavior of complex systems,

made up ofa large number of coupled
neuromuscular networks.

EMERGENCE FROM
ASYMPTOTIC CONVERGENCE

>
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Basic Tool

TheCentral Limit Theorentcan be
used to point out emergent
phenomena in these complex

systems.
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Kinematic Theory : Basic hypothesis

Agonist i Antagonist Synergy

Agonist component working in the direction of th

Origin Movem Target

. i
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Kinematic Theory : spatial analysis

Vectorial summation
/

/
/
End-Effector
/
/
/
/
/

/

—+V

—+V
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Kinematic Theory : temporal analysis

Temporal analysis of a movement component
(agonist or antagonist)

Command
Stimulus occurrence

t=0

Time delay

End of

Perception/ _ T E
Command Response time

preparation
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Kinematic Theory : mathematical proof

w Mathematical proof based on th&entral Limit
Theorem

w Convergence of the NMS impulse response towards
a lognormal profile

Neuromuscular system

D U,(t-t,) I _ Output

h1(t) h2(t) h3(t) T T hn(t) 'D H(t_to)
| | |

wHypothesis T.=01 )T,
n- o

H(t-t) Y It;t,,m S)
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Kinematic Theory : spatial analysis

Vectorial summation
/

/
/
End-Effector
/
/
/
/
/

/

—+V

—+V
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LognormaMNelocity

V(t,P)= D (tt,m 9




Kinematic Theory : Delta-Lognormal model

Velocity profile of a single stroke: Sigma-Lognormal Model

V() = Vi (1) Harag

Special case: perfect opposition of the agonist and the antagonist components

V(t) = Vag (t) 'Vantag( t)

14

Delta-Lognormal Model

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 i 4



A BRIEF PAUSE

A STROKE IS THE IDEAL OUTP!
OF A NEUROMUSCULAR SYSTE
REFLECTING ITS IMPULSE RESP
WHICH RESULTS
FROM AN EMERGING BEHAVIO
PREDICTED
BY THE CENTRAL LIMIT THEOR




2 = [now @o we

nancwrite ?

By taking advantage
of the Intrinsic properties of strokes




Kinematic Theory : Sigma-Lognormal model

Sigma-Lognormal model

A Discontinuous action plan

A Virtual targets

A Vectorial summation of curved strokes
A Time overlap

A Individual strokes hidden in the signal
I Velocity profiles : Lognormal functions
I Direction angle profiles: Error function&(f)

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Kinematic Theory : Sigma-Lognormal model

Complex movement generation

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



6) Modeling ) Sigraognormal

Component representation and synergy

A A neuromotor component is acting around a

pivot point. ﬁ o

A Direction of theth component
trajectory 4 RN

¥ (O) O ¥l oW QA o /
.0

A Synergy .~ :
Endeffector . _ AT B o O 01w
™ 0(9) U 0 OE%oc‘)] [o o]

N
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6) Modeling ) Sigraognormal

Component representation and synergy

A A neuromotor component is acting around a
pivot point.

s
W

. -
Circle arg

d

Endeffector Y

N
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3 = Cam we recover
e action plans ?

A reverse engineering problem:
Lognormal parameter extraction




Kinematic Theory : Extraction system : Architecture

EXTRACTION SYSTEM
Velocity Agonist

profile lognormal Agonist
parameter component
estimation parameters

Agonist
lognormal
generation

Antagonist
component

Estimated delta- Antagonist
lognormal parameters lognormal
parameters

Antagonist
lognormal

parameter
estimation

OPTIMIZATION MODULE

Parameter optimal
values + MSE

Parameter initial
values

Non-linear
optimization
algorithm

Delta-lognormal predictive model

, REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Kinematic Theory : Extraction system : Estimation algorithms

estimation algorithm #1: INFLEX

: '
INFLEX Algorithm R
Graphical method A hegative 1o
based on three points defined o _
by the intersection A very sensitive to noise
of the inflexion point tangents
and a table of values Asensitive to the antagonist vs
computed by Wise (1963) agonist component location

GUERFALI, W., PLAMONDON; R., Signal Processing for the Parameter Extraction of the Delta Lognormal Model (D D),
In C. Archibald and P. Kwok (Ed.), Research in Computer and Robot Vision, World Scientific, Singapore, 1995, pp. 217-232.

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Kinematic Theory : Extraction system : Estimation algorithms

estimation algorithm #2: MINIT

PLAMONDON, R., LI, X., DJIOUA, M., Extraction of Delta lognormal parameters from Handwriting Strokes,
Frontiers of Computer Scignce in China, vol. 1, No1, pp.106-113, 2007.

. REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Kinematic Theory : Extraction system : Estimation algorithms

estimation algorithm #3: Xzero

DJI OUA, M. , PLAMONDON, R., AA New Al gorithm and System for
Lognor mal REEE Bransactmmsdn Pattern Analysis and Machine Intelligence, vol. 31, No 11, November
2009, pp. 2060-2072.

. REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26




Kinematic Theory : Extraction system : Implementation

Extraction system architecture

MINIT
Algorithm

Velocity profile

INFLEX
—  Algorithm

XZERO
—  Algorithm

DJI OUA, - M. ,
with Delta-L o g nh o r ma |

Set of the 7 parameters

Optimization leading to the minimum

Algorithm reconstruction error

(MSE)
Optimization .
» —

Algorithm Min(MSE)
Optimization

Algorithm

P L A MO N Bigofithm aRd. Systeri #r tHé €haracterization of Handwriting Strokes
RPEEE Bransactmmsmn Pattern Analysis and Machine Intelligence, vol. 31,

No 11, November 2009, pp. 2060-2072.

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26

-



Kinematic Theory : Extraction system : Characterization

Delta-lognormal Extraction System

-
& Extraction des paramétres Deltalognormaux E]@
LIRE FICHIER

O infibe fitre PE | LIRE FICHIER " ERT

Implementation
of the three e
extraction algorithms

(cmis)  Position = 0,905 sec Position_inf = 0,105 sec

Extraction system
characterization

0.000 0117 0.233 0.350 0.467 0.563 0.700 0.817 0.933 1.050 (s)

QUITTER

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 C)



Kinematic Theory : Sigma-Lognormal model

Complex movement generation

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Kinematic Theory : Sigma-Lognormal model : Application

XZERO Robust Algorithm

9 Analytic relationships for the
Original XZERO initial estimation of the parameters

O6REI LLY, C.\ P, DévéldprNedt@ N, SigrRa-Lognormal Representation for On-Line Signatures. Pattern
Recognition, Special Issue on Frontiers in Handwriting Recognition, vol.42, 2009, pp. 3324-3337.
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Kinematic Theory : Sigma-Lognormal model : Application

Sigma lognormal Parameter Estimation

Estimation
#1
Estimation
#2
Winner -takes-all

Estimation
#9

o
/ wor

Optimizatio

5

Stroke ‘
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Kinematic Theory : Sigma-Lognormal model : Application

Angle Estimation

7.5

qe
7

S

© 6.5

Q

oD 6

g Stroke
o begin
5

qs 4.5 Inflexion

30 35 40 45 50 55
Traveled distance (mm)

y (mm)

0 5 10 15 20 25
X (mm)
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SCRIPTSTUDIO DEMO
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) Fitting ) Four parameter extractors

and system for the characterization of

TAnr NBLNBaSyidlrGAzy of 20l Efsngstiskpsyitndeiogngm

. . parameters,""EEE Trans Pattern Anal Mach
A Fast reaching motion Intell,vol. 31, pp. 206072, Nov 2009.

optimal estimator for the Deltd.ognormal

[Ant NBLNBasSydrdazy o3t 2 gRiCa ISl fde.

A Fast reaching motion Cyberneticsin press.

AZ/ BranCh and bou nd (B&B) | C. O'Rellly and R. Plamondon, "A globally

A3/ RObUSt X C. O'Reilly and R. Plamondon, "Development of

- _ a Sigmd_ognormal representation for eline
A 1 Jjrepresentation signatures,'Pattern Recognitionol. 42, pp.

A Complex and arbitrary movements 33243337, 2009.

4/ PrOtOtype based - O'Reilly and R. Plamondon, "Prototypased

methodology for the statistical analysis of local

| - features in stereotypical handwriting tasks,"
A 1 ﬂepresentanon ) proceedings of 20 Int. Conference on Pattern
m A Complex and stereotypical movements Recognition , Istanbul, Turkey, pp. 186867,
A Allow performing ANOVA of the jparameters 2010.




speed (mm/s)

1000 2000

0

Deltalognormalmodel

— movement
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delta-lognormal

0.0

|
0.2
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Sigmalognormalmodel

A virtual target __

——

movement

<+ = : action
plan

sigma-lognormal




speed (mm/s)

400

200

Sigmalognormalmodel

A

movement

lognormal
strokes

sigma-
lognormal




415 e theary
ysiologgeally meantgrul ?

Testing the basic underlying hypothese




Theoretical

Problem No 1

Experimental investigation of
tO

O'REILLY, C., PLAMONDON, R., LANDOU M. K., STEMMERS B.,. Prediction of the Time Occurrence a Motor ERP based on
the Kinematic Analysis.of Movement with the Delta-Lognormal Model. European Journal of Neuroscience, Vol. 37, pp. 173i
180, 2013.
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Experimental Protocol

Recording evoked potentials with 64 electrodes

’ REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 .




Typical trial

’ REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26




EEG recording

A Position of the Electrodes A 32 Typical Recordings of the
C1 Channel

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 C)



Computation of the
Evoked Response Potentials

3
A T |

ERP can emerge through mean trace computation
among trials for each electrode

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 C)



Typical Correlation

EEG signals

Kinematic data

A Avisually evoked response potential emerges at t,

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Summary of the Results

GOOD MATCH

Potentiel évoqué montrant la relation entre t0 et la composante P1

Green: t<t,

R.Plamondon LSU.BatonRouge.Aprill12, 2013




Theoretical

Problem No 2

Experimental Observation of the
Proportional Effect Hypothesis

PLAMONDON, R:DJIOUA, M., MATHIEU, P.-A., The Kinematic Theory of Rapid Human Movements: Experimental
Observation of the Proportional Effect Hypothesis ,Human Movement Science, available online at
http://dx.doi.org/10.1016/j.humov.2012.07.006, July 2012.
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http://dx.doi.org/10.1016/j.humov.2012.07.006
http://dx.doi.org/10.1016/j.humov.2012.07.006

Apparatus

EMG Signal
Acquisition System
Amplifier (GRASS)

Data Acquisition System

£

SYNC
| signal

. REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26




Experimental Protocol

Tablette a numériser

Stimulateur ongne % Cible
A10 subjects Gt T

visuel et

Aright handed, good health, sonore
Abetween 22 and 38

AProduce large strokes between a
departure point and a target zone,

following a reaction time protocol "
In

AAUditory stimulus Temps d’acquisition
. . Pigmis d'occurrence du :
AZO valid trials r:Jg':re stimulateur |

clignotante

A vos
marques

Période de pré-stimulation l¢=g
d'une durée aléatoire

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 C)



Typical raw data of biosignals

Kinematic data
Raw EMG signals

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 C)



Preprocessing

1. Time Origin Definition

Superposition du signal EMG avec le signal syncro

WWWMMWWMWWHMWM Wﬁwwwwmwwwmmwwwmw

T~Début du signal de commande

4 5 6 7 8 9 10
t[s]
Superposition du signal EMG avec le signal de pression

'Fin du mouvement
_— (levée du stylet)

2. Computation of EMG envelopes A pprenn MWWMWWWWWW
and cumulative time delays

Savitzky-Golay Filter

Lsup \

fit Enveloppg, () N
T =l

Lsup

[iEnveloppg,. ( } dt m

Gt

0.6 0.8 1 1.2
Temps [s]
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Typical proportional regressions

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1

o2 Joss [10 Jost [os0 [ose [oss
03 Jose [0ss |10 [oss [ose [0s0
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THEORETICAL COMPARISON

Multi peaks profile
Delta-lognormal

Multiple

peak
velocity

Symmetric profile Asymmetric profile
Gaussian Lognormal
Asymmetric profile
Gamma
Symmetric profile
Beta

Symmetric profile Asymmetric profile

Minimum-Jerk Minimum-Time

R Kinematic Theory
Minimization Theory Dependent subsystems
Independent subsystems (proportionality relationship)

Independent sub-systems Dependent sub-systems

Single peak
velocity

DJI OUA, M., PLAMONDON, R., AThe Limit
Human Movement Science, vol. 29, (2010), pp.48-61.

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 ¢
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Challenge

Giveme
a page
and a pen,
and | willmove
time!
Défi,
translatedby

AndreaZanin

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 K. :



Défi

Donnezmol

réjean plamondon

une feuille ey

et un crayon,

&=

l =l

je souleveral T

I e te I I I pS ! avec cing émaux d’andré le may

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 K. i



5= WWhere Do We ©6

RO ere ¢

Back to poetry and principles




Counterclockwise

Sometimes
| rebel
against minutes
to forget
all the seconds
waiting in line

Thehours pass
without my noticing
that they were disguised
as days

Sometimes | spend months
takinga few moments

to give meaning
to my years

Anti-horaire,
translatedby
AndreaZanin

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August f ' &



Antl-Horaire

Parfois
je me revolte

contre les minutes ;
_ REJEAN
pour oublier PLAMONDON

toutes ces secondes
A A& BAldd PARFUMS

Les heures passent
sans que je me rende compte
j dzQSt ft Sa aQsiial
en journees

Parfois les mets des mois
a prendre quelques instants
pour donner du sens
a mes année

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26



Part 1: TOPICS

. LognormalityPrinciple
LearningMovingtoward Lognormality.
Aging Movingawayfrom Lognormality.
Sharing the ToolExpandind<nowledge
. The Tip of an Iceberg.

oA woN e

v’ .
REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 /4 p. 7



—10

- Lognermal
Prineciple

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August /" o



Lognormality Principle

Thelognormal velocity patterns,
which are the results of an
asymptotic convergence, can be
Interpreted as reflecting the
behavior of subjects who are In
perfect control of theiimovements.

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 =



Corollary

If we specifically focus on the basic
mathematical convergence toward lognormality,
handwriting learning, on the one hand, can be
interpreted as a migration toward an ideal
representation of perfectly mastered
movements. On the other hand, aging and
health problems should reveal a progressive
departure from lognormalityln between,
writers are taking advantage of lognormality.
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GOAL

Children's handwriting

- | KINEMATIC MODELIN G- << _PARAMETERS
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TO DEVELOP PREVENTING
TOOLS EARLY
TO HELP SCHOOL FAILURE
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FUNDAMENTAL QUESTIONS

Context—— preliminarystudyto test the relevance of
the Sigmadognormalmodel onyoungwriters

1. Is the Sigmdognormal model efficient tosynthesize
OK A f Ramdwit@dgwith a goodquality?

2. Isthe Signal to Noise Ratio (SNR) efficientdassify
youngwriters?

3. Isthe numberof lognormals(nblog) efficient to
classifyyoungwriters?
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DATABASE

Numberof days: 5

Section | Large (G§ Medium (MS) Small (PS Total
Children 27 17 22 66

Age fears 5 4 3

44 trajectoriesby children ___ 2640
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TOOLS,PROTOCOL OF ACQUISITI
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Fithess of the reconstruction: SNR
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Fluidityof the movements Nblog
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Summary

A The threeindicators, SNRyYblogand SNRNblog
as extracted from the sigrA@gnormal model,
can effectively point out the converging behavior
toward lognormality of young writers producing
simple traces

A Whenconsidering the levels of learning and
scriptural mastery (Master, Intermediate and
Beginner), it is clear that at least three classes ca
be defined (AD, GS and NPS) for which the
older Is the writer, the better is its level of
mastering a lognormal writing behavior.
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PREVIOUS STUDY SUMMARY

A As area under the ROC curve of 0.68 to 0.82 have been
obtained on the prediction of six of the principal stroke risk
factors using only information extracted from the movements,
there is a definitive relationship between the presence of
stroke risk factor and the characteristics of human
movements Although, a large part of it may be attributed to
the effect of the age and the gender, there are convincing
evidences that these two factors does not account for all of it.
Therefore, human movements seem to contain
supplementary information related to the susceptibility of
eventually suffering from a strokehich is neither
attributable to the age nor the gender.

t[!'ahb5hbZz wodQ h PWMONIONZRSIvoReshgaihstSBokesSradkes foiStrides,
In PressPatternRecognition, 2013,
availlableonline athttp:// authors.elsevier.com/sd/article/S0031320313002082
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TriangleDrawing

Response | Intercept Age Sy Interaction

=Sg variable (p-value) (p- (p- (p-value)
value) | value)

SNR 21.33 0.01826| 0.1664 -0.01232

(<2e16) | (0.22) | (0.88) (0.59)

4.982 0.05695| 2.192 -0.04978

NFR nbLog | 1 7e05) | (0.0079)| (0.17) (0.13)

3.792 -0.01514| -0.6357 0.01215

SNRINbLOg | 5 91614y | (0.042) | (0.25) (0.29)

SNR 21.67 0.01264| 0.4452 -0.005349

(<2e-16) | (0.20) | (0.71) (0.77)

WER nblLog 6.680 0.06023| -0.2590 -0.003594

(1.25%-04) | (0.017) | (0.93) (0.94)

SNR/nblLog 3.148 -0.01333| 0.09853 6.530e05

(8.262-14) | (0.0085)| (0.87) (0.99)
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Summary

Thehypothesis that age and health problems result
In a divergence from lognormality is supported by
these two studies.

Forthe deltalognormal reconstruction of rapid
single strokes, the SNIRcreasesvith age as a
result of motor control degradation is generally
supported.

For the sigmdognormal reconstruction of the
triangles, taking into account the number of
lognormal components used to model the
movement makes apparent the divergence effect.
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ForFurtherinformation

tf I Y2YR2YS wdE hQwSATf
G ¢ fognormal hand writer

learning, performing and declinidge

Frontiers in Cognitive Science, (2013)

Special Issue on Writing Words: from Brain to
Hand(s),

S.Kandeland M.LongcampEds.
A Nature Publishing Group Journal.
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ParkinsorDisease

A A cooperationwith Arenvan GemmertZhujun
Pan and Christopher AikeDgepartmentof
KinesiologylLouisiangtateUniversity

A VAN GEMMERT, A, PLAMONDON,®wW 9 | [ |
Using the Sigmébgnormal model to investigate
KIYRGNAOGAYIT 2F AYRAODAR
disease, Proc.16Biennial Conf. of the
Graphonomicssociety,NaralapanJune 1014,
2013,pp. 119122.

REJEAN PLAMONDON ICDAR2013, WASHINGTON DC, August 26 _ t P



Micrographia

A PD patients are less able to increase stroke size with
marked changes in stroke duration due to reduced fo
modulation efficiency

A Asresult of this
reducedability, the :
ISochronicsize range I e 0 - e I %, 46 (O, € N
reduced in Ppatients | .- =

A PD patients have
difficulty to write
larger than 1.5 cm
stroke sizes
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Results (Parkinson)
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