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Marque allongée, exécutée dans une direction déterminée  (ligne droite ou 
courbe ouverte) , surtout quand on la forme sans lever l’instrument (crayon, 
pinceau, plume, …)

Petit Robert 2006

A mark made by the movement in one direction of a pen or a pencil.

Canadian Oxford 2004 
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Miyamoto H., Wolpert D.M., Kawato M., (2002)  in: Biologically Inspired Robot Behavior 
Engineering, Springer-Verlag.

ll No No visualvisual feedback feedback 
ll AlmostAlmost rectilinearrectilinear trajectorytrajectory of the end of the end effectoreffector
ll AsymetricAsymetric bellbell--shapedshaped velocityvelocity profileprofile
ll Up to Up to twotwo secondarysecondary velocityvelocity peakspeaks
ll Possible direction inversion Possible direction inversion atat the the beginningbeginning and/or and/or atat the endthe end
ll Speed Speed accuracyaccuracy tradetrade--offs offs 

Figure : Typical trajectories and velocity profiles

Basic Characteristics of a Single Stroke
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TypicalTypical VelocityVelocity Profiles Profiles 
and and TrajectoriesTrajectories

WOCH, A., PLAMONDON, R., “Using the Framework of the Kinematic 
Theory for the Definition of a Movement Primitive”, Motor Control, vol 8, 
pp.547-557, 2004.
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PLAMONDON, R., ALIMI, A., PLAMONDON, R., ALIMI, A., ““Speed/Accuracy Tradeoffs in Target Speed/Accuracy Tradeoffs in Target 
Directed MovementsDirected Movements””, , BehavioralBehavioral and Brain Sciences, vol. 20, no and Brain Sciences, vol. 20, no 
2, 1997, p. 2792, 1997, p. 279--349.349.

Speed accuracy tradeSpeed accuracy trade--offs: offs: 
spatial accuracyspatial accuracy



R. R. PlamondonPlamondon ICPRICPR’’08 @ December 200808 @ December 2008 88

PLAMONDON, R., ALIMI, A., PLAMONDON, R., ALIMI, A., ““Speed/Accuracy Tradeoffs in Target Directed Speed/Accuracy Tradeoffs in Target Directed 
MovementsMovements””, , BehavioralBehavioral and Brain Sciences, vol. 20, no 2, 1997, p. 279and Brain Sciences, vol. 20, no 2, 1997, p. 279--349.349.

∆MT(msec)

MT(msec)

Speed accuracy tradeSpeed accuracy trade--offs: offs: 
temporal accuracytemporal accuracy
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PLAMONDON, R., LOPRESTI, D., SCHOMAKER, L.R.B., SRIHARI, R., “On-Line Handwriting Recognition”, Encyclopedia of 
Electrical and Electronics Engineering, J.G. Webster (Ed.), John Wiley & Sons, N.Y., vol. 15, 1999, p. 123-146.

HANDWRITING GENERATIONHANDWRITING GENERATION
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SIGNATURE GENERATIONSIGNATURE GENERATION
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Model ClassificationModel Classification

ll Criterion: Motor Control Basic Hypothesis Criterion: Motor Control Basic Hypothesis 

vv Equilibrium Point Equilibrium Point ( Feldman ,( Feldman ,BizziBizzi, , HollerbachHollerbach……))

vv Neural Networks Neural Networks (Bullock, (Bullock, SchomakerSchomaker, , GangadharGangadhar……))

vv Optimization Principles Optimization Principles ( Flash, Hogan, ( Flash, Hogan, KawatoKawato……))

vv BehavioralBehavioral Action Plans ( Action Plans ( Schmidt, van GalenSchmidt, van Galen……) ) 

vv NonNon--linear Dynamics linear Dynamics ( Kelso, ( Kelso, AthenesAthenes, , ZazoneZazone……) ) 

vv Proportionality and Convergence Proportionality and Convergence ( ( PlamondonPlamondon) ) 
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Introduction to the Introduction to the 
Kinematic Theory Kinematic Theory 
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Basic HypothesisBasic Hypothesis

The invariant properties of some The invariant properties of some 

characteristics of rapid human movements characteristics of rapid human movements 

reflect the asymptotic behavior of complex reflect the asymptotic behavior of complex 

systems, made up of a large number of systems, made up of a large number of 

coupled neuromuscular networks.coupled neuromuscular networks.
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Agonist – Antagonist Synergy

Agonist system working in the direction of the movement

Movement

Antagonist system working in the opposite direction

Origin Target

Kinematic Theory : Basic hypothesis
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Modeling a neuromuscular system

Black BoxBlack BoxBlack Box

Stimulus

D U(t-t0)

CommandCommand

Impulse
wheighted
by a
distance

NMSNMS
Convolution 
of an infinite
number of 
coupled
subsystems

ResponseResponse

Velocity
profile

Kinematic Theory : Modeling a component
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•• Mathematical proof:Mathematical proof:
•• Convergence of the NMS impulse Convergence of the NMS impulse 

response  towards a lognormal profileresponse  towards a lognormal profile

• Hypothesis 1

2
0 0

(1 )

( ) ( ; , , )

n n nT T

n

H t t t t

ε

µ σ

−= +
→ ∞

− ⇒ Λ

Kinematic Theory : mathematical proof
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•Temporal analysis of a system output

Stimulus 

Command 
occurrence

Perception/
Command 
preparation

t=0
t0

End of 
movement

Time delay

Response time
iσ

iµ

Kinematic Theory : temporal analysis 
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Vectorial summation 

antagv
r

agv
r

( )agv t
r

t( )antagv t
r

t

Kinematic Theory : space analysis 

End-Effector
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( ) ( ) ( )ag antagv t v t v t= +
r r r

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

( ) ( ) ( )ag antagv t v t v t= −

Velocity profile of a single stroke

Delta-Lognormal Model  

Kinematic Theory : Delta-Lognormal model 



R. R. PlamondonPlamondon ICPRICPR’’08 @ December 200808 @ December 2008 2020

DeltaDelta--Lognormal equationLognormal equation

2 2
1 0 1 1 2 0 2 2( ) ( ; , , ) ( ; , , )V t D t t D t tµ σ µ σ= Λ − Λ

r

where

[ ]2
02

0 2
0

ln( )1
( ; , , ) exp

22 ( )
i

i i
ii

t t
t t

t t

µ
µ σ

σσ π

 − − −
 Λ =
 −  

PLAMONDON, R., “A Kinematic Theory of Rapid Human Movements: 
Part I: Movement Representation and Generation”, Biological 
Cybernetics, vol. 72, no 4, 1995, p. 295-307.

Kinematic Theory : Delta-Lognormal model 
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Resulting velocity 
profile:
dependent
on  D1 and D2

Agonist Output:
amplitude proportional to D1

D1

D2

t0

Commands

Antagonist Output :
amplitude proportional to D2

Schematic Summary

1µ∝

2µ∝

1σ∝

2σ∝
t=0       t0

Kinematic Theory : Delta-Lognormal model 
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Some predictions for a single strokeSome predictions for a single stroke

PLAMONDON, R., ALIMI, A., “Speed/Accuracy Tradeoffs in Target Directed Movements”, 
Behavioral and Brain Sciences,  vol. 20, no 2, 1997, p. 279-349.
PLAMONDON, R., ALIMI, A., “Speed/Accuracy Tradeoffs in Target Directed Movements”, 
Behavioral and Brain Sciences,  vol. 20, no 2, 1997, p. 279-349.
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Kinematic Theory : Predictions 
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PLAMONDON, R., ALIMI, A., “Speed/Accuracy Tradeoffs in Target Directed 
Movements”, Behavioral and Brain Sciences,  vol. 20, no 2, 1997, p. 279-349.
PLAMONDON, R., ALIMI, A., “Speed/Accuracy Tradeoffs in Target Directed 
Movements”, Behavioral and Brain Sciences,  vol. 20, no 2, 1997, p. 279-349.

Speed Speed accuracyaccuracy tradetrade--offsoffs
for a single stroke for a single stroke 

Kinematic Theory : Predictions 
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Conference  OverviewConference  Overview
ll From theory to practice, to theory, to practiceFrom theory to practice, to theory, to practice……

vv Practical problem # 1 to theoretical application # 1Practical problem # 1 to theoretical application # 1

vv Theoretical problem # 2 to practical applications # 2Theoretical problem # 2 to practical applications # 2

vv Theoretical problem # 3 to practical application # 3 Theoretical problem # 3 to practical application # 3 

vv Theoretical problem # 4 to  practical problem # 4Theoretical problem # 4 to  practical problem # 4

vv Practical application # 5Practical application # 5 to practical problem # 5to practical problem # 5

vv Potential applications # nPotential applications # n
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Design of a DeltaDesign of a Delta--Lognormal Lognormal 
Parameter extraction systemParameter extraction system

Practical
Problem No 1
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Agonist 
lognormal 
parameter 
estimation

Antagonist 
lognormal 
parameter 
estimation

Velocity 
profile Agonist 

lognormal 
generation

Agonist 
component 
parameters

Antagonist  
component

Antagonist 
lognormal 
parameters

Estimated delta-
lognormal parameters

ESTIMATION MODULE

OPTIMIZATION MODULE

Non-linear 
optimization 
algorithm

Parameter initial 
values

Parameter  optimal 
values  + MSE

Delta-lognormal predictive model

+-

EXTRACTION SYSTEM

t0
D1
µ1
σ1

D2
µ2
σ2
MSE

Kinematic Theory : Extraction system : Architecture  
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Analysis of our two previous estimation algorithms 

INFLEX Algorithm
(Guerfali&Plamondon,1995)

Graphical method
based on three points defined
by the intersection
of the inflexion point tangents 
and a table of values
computed by  Wise (1963) 

Limitations 
• negative   t0

• very sensitive to noise

• sensitive to the antagonist vs
agonist component location   

MINIT Algorithm
(Plamondon et al.2007)

Use of three points : 
the maximum and 
two arbitrary points
taken on the rising phase
of the velocity signal

Advantages
Less sensitive to noise

Limitations 
Sensitive to the profile 
asymmetry

sensitive to the antagonist 
vs. agonist component 
location  Agonist component 

Kinematic Theory : Extraction system : Estimation algorithms
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A new algorithm 

XZERO Algorithm
(Djioua and Plamondon, PAMI 2008)

Use of three points : 
the maximum and 
the two inflexion points

Exploit the analytical relationships
between these points 
and the four parameters 
of a single lognormal

Advantages
•Less sensitive to noise
•Independent of the 
antagonist vs. agonist 
position
Limitations
Sensitive  to the number of 
velocity samples between 
the two inflexion points

Agonist Component 

Kinematic Theory : Extraction system : Estimation algorithms
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Optimization ModuleOptimization Module

PrinciplePrinciple
Converge from an initially 
estimated solution 
towards an optimal one
using a non-linear optimization 
minimizing the MSE 
Levenberg-Marquardt (L-M).  

Initial solution :
7 parameters 
computed by the 
estimation module

Optimal solution 
(MSE Minimum) 

t0

D1 Optimization process
L-M

t0e t0o

D1e

D1o

( )0 1 1 1 2 2 2, , , , , ,e e e e e e et D Dµ σ µ σ

Kinematic Theory : Extraction system : Optimization module
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Extraction system architecture Extraction system architecture 

MINIT
Algorithm

Optimization
Algorithm

INFLEX
Algorithm

Optimization
Algorithm

XZERO
Algorithm

Optimization
Algorithm

Velocity profile

Min(MSE)

Set of  the 7 parameters 
leading to the minimum 
reconstruction error

(MSE)

t0
D1

µ1
σ1
D2
µ2
σ2
MSE

Kinematic Theory : Extraction system : Implementation  
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Typical examples with real dataTypical examples with real data
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Kinematic Theory : Extraction system : Results
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Extraction system characterization Extraction system characterization 

Goals:Goals:
1. Comparative evaluation of the three 

estimation algorithms
2. Computation of the confidence intervals 

on the  delta-lognormal parameters

MethodologyMethodology

•Generate a database of ideal profiles
•Compare the performances of each algorithm 
•Add Gaussian noise to the ideal profiles 
•Evaluate the precision on each parameter value 

Kinematic Theory : Extraction system : Characterization   
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Two criteria: 

1. Relative position of the antagonist vs. agonist component
2. Number of zero crossings

7 classes 

Database generation:
Classification of the  Delta-Lognormal profiles

Kinematic Theory : Extraction system : Characterization   
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Performance : Performance : idealideal casecase

Performance: % of successful extraction for each classPerformance: % of successful extraction for each class

AlgorithmsAlgorithms Total (%)Total (%)

INFLEXINFLEX 77.177.1 00 75.175.1 6.96.9 89.489.4 87.987.9 9090 60.960.9

MINITMINIT 74.674.6 0.40.4 95.995.9 39.439.4 89.289.2 57.557.5 100100 65.265.2

XZEROXZERO 95.295.2 98.198.1 100100 97.997.9 96.696.6 92.092.0 100100 97.197.1

Extraction Extraction 
SystemSystem

99.799.7 98.198.1 100100 98.598.5 99.599.5 99.699.6 100100 99.399.3

0fC diC fiC 1dC 1fC 2sC 2fC

Kinematic Theory : Extraction system : Characterization   
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Performance: Performance: noisynoisy conditions conditions 

8 noise levels: 10,15,20,25,30,35,40,80 dB8 noise levels: 10,15,20,25,30,35,40,80 dB

Extraction System

t0±∆t0

D1 ±∆D1
µ1 ±∆µ1
σ1 ±∆σ1
D2 ±∆D2
µ2 ±∆µ2
σ2 ±∆σ2
MSE
SNR

Kinematic Theory : Extraction system : Characterization   
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TYPICAL RESULTSTYPICAL RESULTS

Variation of the parameter µ 1 as a function of  the SNR

Kinematic Theory : Extraction system : Characterization   
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1 1 1o mµ µ µ∆ = −
•First result
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The parameter measurement error is a Gaussian noiseThe parameter measurement error is a Gaussian noise

Distribution of the parameter errors : 

Important observationsImportant observations

Kinematic Theory : Extraction system : Characterization   
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••Second result :Second result : Relationship Relationship betweenbetween the SNR andthe SNR and
the the parameterparameter confidence confidence intervalinterval (PIC) (PIC) 

1 11 11.96* , 1.96*e ePIC STD STDµ µ µµ µ = − + 

10 20 30 40 50 60 70 80
-0.05

0

0.05
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0.3

0.35

RSB [dB]

S
TD

µ
1

Paramètre : µ1

Important observationsImportant observations

0

0.116*0.1304 SNR
tSTD e−;

1

0.1089*13.4248 SNR
DSTD e−;

1

0.1139*0.827 SNRSTD eµ
−;

1

0.1121*0.2818 SNRSTD eσ
−;

2

0.1075*11.953 SNR
DSTD e−;

2

0.1276*2.1089 SNRSTD eµ
−;

2

0.1084*0.4823 SNRSTD eσ
−;

Kinematic Theory : Extraction system : Characterization   
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Implementation 
of the three 
extraction algorithms

Extraction system
characterization

Extraction System:  final versionExtraction System:  final version

Kinematic Theory : Extraction system : Characterization   

++

Djioua, M., Plamondon,R.
IEEE PAMI 2008 online
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Studying the effect of age on Studying the effect of age on 
the production of movement the production of movement 

primitives  primitives  

Woch A. and Plamondon R. (2007) Analysis of movement primitives with the 
Delta-lognormal model : insights on the age effect.  Proceedings of the 13th 
Conference of the International Graphonomics Society (IGS2007), 13, pp:56-60 

Woch A. and Plamondon R. (2007) Analysis of movement primitives with the 
Delta-lognormal model : insights on the age effect.  Proceedings of the 13th 
Conference of the International Graphonomics Society (IGS2007), 13, pp:56-60 

Theoretical
Application No 1
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A specific Delta-Lognormal prediction: 
a stroke with a direction reversal  

time

Velocity
Trajectory
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Goals of the Goals of the experimentexperiment

llCheck for the existence of Check for the existence of 
bidirectionalbidirectional primitivesprimitives
llCompare the performances of Compare the performances of 

youngyoung and and agedaged subjectssubjects
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Experiment Description Experiment Description 

ll 7 7 agedaged subjectssubjects betweenbetween 63 and 70 63 and 70 
ll 7 7 youngyoung subjectssubjects betweenbetween 26 and 29  26 and 29  
ll TaskTask: production of a : production of a rapidrapid stroke stroke withwith a a 

direction reversal (direction reversal (withoutwithout pause pause atat the the 
breakingbreaking point)point)

ll 100 trials per 100 trials per subjectsubject
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Experimental Protocol and Equipment 

Acquisition System 

Stylus 

Stimulus 
generator

Digitizer (Wacom SD-510C)
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Departure
Zone

Target Zone 
Return Zone

3.5 cm 3.5 cm 9.5 cm

Experimental Protocol and Equipment 
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TypicalTypical ResultsResults

Young subject Aged subject
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Confirmation of the bidirectional primitive 
prediction

èNumber of primitives observed

Young subjects: 
27 to 106 per person

Aged subjects: 
3 subjects only produced 3 to 8 primitives
the others: 28 to 73 per person
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Corrélations (sujet5) femme jeune
Corrélations significatives marquées à p < .01000
N=64

Variable TM Vmax distance TR t0 D1 mu1 s1 D2 mu2 s2
MT
Vmax
distance
TR
t0
D1
mu1
s1
D2
mu2
s2

1.00 -0.86 0.20 0.21 0.27 0.21 0.40 0.38 0.14 0.34 0.04
-0.86 1.00 0.05 -0.15 -0.26 -0.24 -0.32 -0.48 -0.21 -0.25 -0.20
0.20 0.05 1.00 0.25 0.30 0.16 -0.01 0.29 0.04 -0.14 0.19
0.21 -0.15 0.25 1.00 0.85 0.03 0.10 0.19 -0.02 0.10 0.03
0.27 -0.26 0.30 0.85 1.00 0.13 -0.32 0.57 0.05 -0.35 0.37
0.21 -0.24 0.16 0.03 0.13 1.00 0.22 0.48 0.99 -0.12 0.68
0.40 -0.32 -0.01 0.10 -0.32 0.22 1.00 -0.34 0.24 0.90 -0.34
0.38 -0.48 0.29 0.19 0.57 0.48 -0.34 1.00 0.39 -0.53 0.75
0.14 -0.21 0.04 -0.02 0.05 0.99 0.24 0.39 1.00 -0.09 0.65
0.34 -0.25 -0.14 0.10 -0.35 -0.12 0.90 -0.53 -0.09 1.00 -0.61
0.04 -0.20 0.19 0.03 0.37 0.68 -0.34 0.75 0.65 -0.61 1.00

D1 and D2 µ1 and µ2 σ1 and σ2

Correlation between the agonist and the 
antagonist components 
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Correlation between the agonist and the 
antagonist components
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ISIS--THIS AN ARTEFACT?THIS AN ARTEFACT?
Corrélations 
Corrélations significatives marquées à p < .01
N=100 

Variable t0 D1 u1 s1 D2 u2 s2
t0
D1
u1
s1
D2
u2
s2

1.00 -0.07 -0.06 -0.07 -0.05 0.08 -0.10
-0.07 1.00 0.22 0.07 0.23 0.16 -0.07
-0.06 0.22 1.00 0.42 0.06 0.82 0.25
-0.07 0.07 0.42 1.00 -0.00 0.43 0.59
-0.05 0.23 0.06 -0.00 1.00 -0.01 0.24
0.08 0.16 0.82 0.43 -0.01 1.00 0.14

-0.10 -0.07 0.25 0.59 0.24 0.14 1.00

Corrélations 
Corrélations significatives marquées à p < .01
N=100 

Variable t0 D1 u1 s1 D2 u2 s2
t0
D1
u1
s1
D2
u2
s2

1.00 -0.12 -0.16 0.12 -0.13 -0.13 0.09
-0.12 1.00 0.02 0.00 0.98 -0.05 0.01
-0.16 0.02 1.00 -0.05 0.01 0.42 -0.21
0.12 0.00 -0.05 1.00 -0.01 0.00 0.61

-0.13 0.98 0.01 -0.01 1.00 -0.04 -0.01
-0.13 -0.05 0.42 0.00 -0.04 1.00 -0.17
0.09 0.01 -0.21 0.61 -0.01 -0.17 1.00

Corrélations
Corrélations significatives marquées à p < .01
N=100 

Variable t0 D1 u1 s1 d2 u2 s2
t0
D1
u1
s1
d2
u2
s2

1.00 0.10 -0.07 0.21 0.12 0.02 0.26
0.10 1.00 -0.02 0.06 0.98 -0.05 0.13

-0.07 -0.02 1.00 0.06 -0.02 0.60 0.19
0.21 0.06 0.06 1.00 0.05 0.19 0.47
0.12 0.98 -0.02 0.05 1.00 -0.06 0.14
0.02 -0.05 0.60 0.19 -0.06 1.00 0.07
0.26 0.13 0.19 0.47 0.14 0.07 1.00

Corrélations 
Corrélations significatives marquées à p < .01
N=100 

Variable t0 D1 u1 s1 D2 u2 s2
t0
D1
u1
s1
D2
u2
s2

1.00 -0.06 -0.03 0.09 -0.06 0.04 0.18
-0.06 1.00 0.00 0.20 0.99 -0.07 0.21
-0.03 0.00 1.00 -0.05 0.01 0.74 0.18
0.09 0.20 -0.05 1.00 0.19 0.20 0.41

-0.06 0.99 0.01 0.19 1.00 -0.07 0.21
0.04 -0.07 0.74 0.20 -0.07 1.00 0.04
0.18 0.21 0.18 0.41 0.21 0.04 1.00

Simulation A: corrélations observées en production
de traits simples

Simulation B: corrélations en production de traits aller-retour
avec un seul passage de la vitesse par zéro

Simulation C: corrélations en production de traits 
aller-retour avec deux passages de la vitesse par zéro

Tableau 6.25 Simulation D: corrélations en production de traits aller-retour avec deux passages
de la vitesse par zéro et des contraintes supplémentaires sur l ’action agoniste – antagoniste
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ANOVA ANALYSISANOVA ANALYSIS

ll The DeltaThe Delta--Lognormal parameters Lognormal parameters 
differences  statistically significant (p<.01, differences  statistically significant (p<.01, 
0,95 confidence interval):0,95 confidence interval):

ll Significant age effects on the parametersSignificant age effects on the parameters
ll increases with ageincreases with age
ll decreases with agedecreases with age
ll increases with ageincreases with age

l Similar changes observed both on the 
agonist and the antagonist components

0a, ndii D tµ

iµ
iD

0t
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old young
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Effects on the temporal parametersEffects on the temporal parameters

old young

0.2

0.3

0.4

0.5

0.6

0.7  mode
 Mttot
 MT
 RT
 t0

Linear time scale

old young

0.2

0.3

0.4

0.5

0.6

0.7  mode
 Mttot
 MT
 RT
 t0

Logarithmic time scale

ANOVA ANALYSISANOVA ANALYSIS
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Experimental Observation of the Experimental Observation of the 
Proportional Effect HypothesisProportional Effect Hypothesis

Theoretical
Problem No 2
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Apparatus 
EMG Signal 
Acquisition System
( GRASS )

Data Acquisition System
SYNC    
signal

 

Amplifier
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Experimental Protocol Experimental Protocol 

• 10 subjects 
• right handed,  good health,
• between 22 and 38  
• Produce large strokes between a 
departure point and a target zone, 
following a reaction time protocol
• Auditory stimulus
• 20 valid trials
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Raw   EMG signals  
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PreprocessingPreprocessing

1. Time 1. Time OriginOrigin DefinitionDefinition

0 1 2 3 4 5 6 7 8 9 10

-1

0

1

t[s]

Superposition du signal EMG avec le signal syncro 

0 1 2 3 4 5 6 7 8 9 10
-1

0

1

2
Superposition du signal EMG avec le signal de pression

Début du signal de commande

Fin du mouvement 
(levée du stylet)
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0
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supt
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2. Computation of EMG 2. Computation of EMG envelopesenvelopes
and cumulative time and cumulative time delaysdelays

Savitzky-Golay Filter

( )

( )

sup

inf

sup

inf

.
t

EMG
t
t

EMG
t

t Enveloppe t dt

T

Enveloppe t dt

=
∫

∫
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Typical proportional regressions Typical proportional regressions 

Y(X)Y(X)
X     X     

TD1TD1 TD2TD2 TD3TD3 TD4TD4 TD5TD5 TD6TD6

TD1TD1 1.01.0 0.920.92 0.950.95 0.890.89 0.920.92 0.890.89

TD2TD2 0.930.93 1.01.0 0.940.94 0.900.90 0.840.84 0.860.86

TD3TD3 0.960.96 0.950.95 1.01.0 0.950.95 0.940.94 0.900.90

TD4TD4 0.890.89 0.890.89 0.880.88 1.01.0 0.930.93 0.880.88

TD5TD5 0.930.93 0.850.85 0.930.93 0.940.94 1.01.0 0.920.92

TD6TD6 0.870.87 0.820.82 0.850.85 0.860.86 0.890.89 1.01.0

Correlation Coefficient 

rr2 2 > 0.82> 0.82
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Improving EMG signal processing

Practical
Applications No 2
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1

Figure 1a: Temporal analysis of a rapid movement generation
Figure 1b: Collecting bio-signals
(Kinematics and  SEMG)

MovementMovement GenerationGeneration

Djioua, M. & Plamondon, R. (2008). A New methodology to improve myoelectric signal processing using 
Handwriting. International Conference on Frontiers in Handwriting Recognition,ICFHR’08,112-118.
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2
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TheoreticalTheoretical recallsrecalls

Movement onset analytical expression Movement duration analytical expression

Movement kinematics completely described
With seven parameters
Motor control level :  
Neuromuscular level : 

( )0 1 2, ,t D D
( )1 1 2 2, , ,µ σ µ σ

tend
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3 AApplication 2a: Temporal Index Estimationpplication 2a: Temporal Index Estimation

Figure 3a: Illustration of the experimental 
set-up and the apparatus

PsychophysicalPsychophysical ExperimentExperiment

Figure 3b: Experimental protocol 

Figure 3c:Selecting EMG signals 
corresponding to a  movement

t=0 t0 tonset tend

Deltoïd

Pectoral

Biceps

Triceps

Extensor

Flexor

End Effector
Velocity

MTMT
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4b
AApplication 2b: SEMG Signal pplication 2b: SEMG Signal SynchronizationSynchronization

Figure 4a: Typical SEMG signals  recorded on 
a flexor muscle and its envelope 
as computed from the Stimulus onset (t=0)

t=0

t0mean

Figure 4b: Same SEMG signals recorded on
a flexor muscle and its envelope
as computed from  t0

t0

Red arrows: Stimulus onset

t=0
Red arrows: time occurrence t0

Reference time:Time occurrence t0 (Djioua & Plamondon, 2008)Reference time : Stimulus onset (t=0)
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4a
AApplication 2b: SEMG Signal pplication 2b: SEMG Signal SynchronizationSynchronization

Figure 4c: Typical SEMG signals  recorded on 
a flexor muscle and its envelope 
as computed from the movement onset (tonset)

t=0

t0mean

Figure 4b: Same SEMG signals recorded on
a flexor muscle and its envelope
as computed from  t0

t0

Red arrows: Movement onset (Hodges and Bui,1996)

t=0
Red arrows: time occurrence t0

Reference time : Movement onset (Hodges and Bui, 1996) Reference time:Time occurrence t0 (Djioua & Plamondon, 2008)
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5 AApplication 2c: pplication 2c: RecoveringRecovering the Action Plan the Action Plan 
of the of the MuscularMuscular ActivityActivity withoutwithout KinematicKinematic InformationInformation

0 5 10 15 20 25
0

5

10

15

20

x [cm]

y[
cm

]

Figure 5a: Typical SEMG signals recorded
during an oscillatory movement
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Figure 5b: (a) Fitting of  the SEMG envelop with 
10  lognormals,
(b) Identification of the activity period  of the flexor muscle. 
(c) Evolution of the time occurrence of the  {t0} neuromotor
command.
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Theoretical
Problem No 3

Experimental investigation of Experimental investigation of 
tt00
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GoalGoal

Look for Correlations Between EEG Signals  Look for Correlations Between EEG Signals  
( through evoked response potentials )( through evoked response potentials )

and the Parameter tand the Parameter t00

of the Deltaof the Delta--Lognormal ModelLognormal Model
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Experimental ProtocolExperimental Protocol
ll Reaction time experiment.Reaction time experiment.
ll Audio or visual stimuliAudio or visual stimuli
ll Task: to produce a handwriting stroke as fast as Task: to produce a handwriting stroke as fast as 

possible  possible  
ll Twelve subjects Twelve subjects 
ll Experiments performed at the Experiments performed at the laboratoirelaboratoire de de 

neuropragmatiqueneuropragmatique du Centre de du Centre de RechercheRecherche de de 
ll’’InstitutInstitut UniversitaireUniversitaire de de GGéériatrieriatrie de Montrde Montrééalal
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ll Recording  evoked potentials with 64 electrodes Recording  evoked potentials with 64 electrodes 

Experimental ProtocolExperimental Protocol
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TypicalTypical trialtrial
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EEG EEG recordingrecording

• Position of the Electrodes • 32 Typical Recordings of the 
C1 Channel 
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t0

Computation of theComputation of the
EvokedEvoked ResponseResponse PotentialsPotentials

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

→→→
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TypicalTypical CorrelationCorrelation
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• A visually evoked response potential emerges at t0
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Summary of the results on the visual data

èVisually evoked response potentials are 
observed in such an experiment !

èFor any subject, there are always many 
electrodes for which  the ERP positive peak 
matches the time occurrence ( t0) of the 
command

èSome of these electrodes are the same
for a majority of subjects
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Summary of the Results 

GOOD MATCH

Blue: t = t0
Red : t > t0
Green: t<t0

0ERPt t=
0ERPt t= 0ERPt t=
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Improving EEG signal processing 

Practical
Application No 3
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• A negative wave emerges in the C1 channel, for all the 11subjects,
• after synchronization of each trial on the command time occurrence (t0) instead of the 

stimulus onset (t=0).  

Reference time : Stimulus onset Reference time : t0

Emergence of Audio ERPEmergence of Audio ERP
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Generalizing the  Kinematic Generalizing the  Kinematic 
Theory:Theory:

The SigmaThe Sigma--lognormal model  lognormal model  

PLAMONDON, R.  DJIOUA, M., «A Multi-Level Representation 
Paradigm for Handwriting Stroke Generation», Human Movement Science, 
vol. 25, pp. 586-607, 2006 

PLAMONDON, R.  DJIOUA, M., «A Multi-Level Representation 
Paradigm for Handwriting Stroke Generation», Human Movement Science, 
vol. 25, pp. 586-607, 2006 

Theoretical
Problem No 4
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Vectorial summation 

antagv
r

agv
r

( )agv t
r

t( )antagv t
r

t

Kinematic Theory : Sigma-Lognormal model 
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( ) ( ) ( )ag antagv t v t v t= +
r r r

General case: non perfect opposition of  the agonist and the antagonist 
components

( ) ( ) ( )ag antagv t v t v t= −

Velocity profile of a single Delta-Lognormal stroke

Sigma-Lognormal Model  

Kinematic Theory : Sigma-Lognormal model 
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LognormalLognormal
VelocityVelocity profileprofile

tt
tt

ErfErf angular direction profile angular direction profile 
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Sigma-Lognormal vectorial model    
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Kinematic Theory : Sigma-Lognormal model 
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l Discontinuous action plan
l Virtual targets 
l Vectorial summation of strokes
l Time overlap 
l Individual strokes hidden in the signal  
l Velocity profiles : Lognormal functions   
l Direction angle profiles: Error functions ( Erf )  

Sigma-Lognormal model    

Kinematic Theory : Sigma-Lognormal model 
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Complex movement generation    

Kinematic Theory : Sigma-Lognormal model 
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SigmaSigma--Lognormal parameter Lognormal parameter 
extraction extraction 

(Complex trajectories)(Complex trajectories)
Phase 1: interactive approachPhase 1: interactive approach

Practical
Problem No 4
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Partly automated interactive tool:
Complex movement synthesis

Superposing two strokes 

Ref : M. Djioua, C. O'Reilly, and R. Plamondon, " An interactive trajectory synthesizer to study outlier patterns in 
handwriting recognition and signature verification," Proceedings of the 18th International Conference on Pattern  
Recognition (ICPR’06), vol. 1, pp. 1124-1127, 2006.

Ref : M. Djioua, C. O'Reilly, and R. Plamondon, " An interactive trajectory synthesizer to study outlier patterns in 
handwriting recognition and signature verification," Proceedings of the 18th International Conference on Pattern  
Recognition (ICPR’06), vol. 1, pp. 1124-1127, 2006.

Signature analysis-by-synthesis

Kinematic Theory : Sigma-Lognormal model : Extraction system
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Ref : R. Plamondon and M. Djioua, "A multi-level representation paradigm for handwriting stroke generation " 
Human Movement Science, vol. 25, pp. 586-607, 2006. 

Ref : R. Plamondon and M. Djioua, "A multi-level representation paradigm for handwriting stroke generation " 
Human Movement Science, vol. 25, pp. 586-607, 2006. 

HandwritingHandwriting

SigmaSigma--Lognormal parameters of 20 strokesLognormal parameters of 20 strokes

Kinematic Theory : Sigma-Lognormal model : Extraction system
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Ref :M. Djioua , Ph.D. dissertation, École Polytechnique de Montréal,  2007Ref :M. Djioua , Ph.D. dissertation, École Polytechnique de Montréal,  2007

SignatureSignature
SigmaSigma--LognormalLognormal parametersparameters

Kinematic Theory : Sigma-Lognormal model : Extraction system
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Analysis and Synthesis  of Analysis and Synthesis  of 
handwriting variability  handwriting variability  

and and 
automatic data base automatic data base 

generation generation 

Practical
Application No 5
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Command Level: Action Plan  

Time occurrence of the command :               parameters     

,i iµ σ

Trajectory Amplitude & Direction :                            parameters   , ,i di fiD θ θ

Response level : Peripheral System

0it

Neuromuscular System Status :                           parameters :

Ref : Djioua, M. & Plamondon, R. (2007). Analysis and synthesis of handwriting variability using the sigma-lognormal 
model. Proceeding of the 13th  Conference of the  International Graphonomics Society (IGS2007). 13, 19-22. 

Ref : Djioua, M. & Plamondon, R. (2007). Analysis and synthesis of handwriting variability using the sigma-lognormal 
model. Proceeding of the 13th  Conference of the  International Graphonomics Society (IGS2007). 13, 19-22. 

Potential sources of variability Potential sources of variability 

Kinematic Theory : Sigma-Lognormal model : Application
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1. Three subjects wrote three times the word  «lune» within a 
rectangle on a digitizer.

Method and protocol  Method and protocol  
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2. Using our software tool, we created a Sigma-Lognormal model
of the word «lune» using  14 superimposed strokes.

Kinematic Theory : Sigma-Lognormal model : Application
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3. Interactive extraction of the sigma-lognormal parameters on the real 
specimens
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, , , , , ;
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i i i i i i i

i i i d f i i
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4. Delimitation of the  handwriting variability by computing the variability intervals 
of the Sigma-Lognormal parameters.    

Method and protocol  Method and protocol  

Kinematic Theory : Sigma-Lognormal model : Application
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5.  Construction of a REFERENCE PATTERN from the mean parameter values

MethodMethod and Protocoland Protocol

Kinematic Theory : Sigma-Lognormal model : Application
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effects

effects

effects

k=0.2 k=0.4 k=0.6 k=1 

Effects of the command parameters on the 
variability of the  reference profile

k=1 k=2 k=3 k=4

0it

iD

iθ

Kinematic Theory : Sigma-Lognormal model : Application
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iµ

iσ
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Effects of the neuromuscular response  parameters 
on the variability of the  reference profile

Kinematic Theory : Sigma-Lognormal model : Application
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Command time occurence :

,i iµ σ

, ,i di fiD θ θ

0it

Neuromuscular response

Amplitude and direction commands

Very sensitive

Less sensitive

Summary: sensitivity to parameter fluctuations

Kinematic Theory : Sigma-Lognormal model : Application

Action PlanAction Plan
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EXAMPLE : Automatic Synthesis of 100 
samples of  the word  «lune» from a 
random variation of the 6 sigma-
lognormal parameters (k=0.2, for  t0i 
and k=1, for the others)
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2k ≤iµEffects of       and iσ

EXAMPLE :Effects of the peripheral 
parameter variability on the  fiducial
profile

Kinematic Theory : Sigma-Lognormal model : Application
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More to come tomorrowMore to come tomorrow
DJIOUA M.DJIOUA M., PLAMONDON R., , PLAMONDON R., ““An Interactive System for An Interactive System for 

the Automatic Generation of Huge Handwriting Databases the Automatic Generation of Huge Handwriting Databases 
from a few Specimensfrom a few Specimens””

Wednesday. 16.30 ,Session WeCT6.2 , room T6Wednesday. 16.30 ,Session WeCT6.2 , room T6
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SigmaSigma--lognormal parameter lognormal parameter 
extraction extraction 

(Complex trajectories)(Complex trajectories)
Phase 2: Automatic approachPhase 2: Automatic approach

Practical
Problem No 5
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vt3

v
t4

vt2

t2 t
3 t

4

XZERO Robust Algorithm

Ref : C. O’Reilly and R. Plamondon “Automatic Extraction of Sigma-Lognormal Parameters on Signatures,”
Proceedings of the 11th  Int. Conf. on  Frontiers in Handwriting Recognition (ICFHR’08), Montréal,  vol. 11, pp. 216-222, 2008.

Ref : C. O’Reilly and R. Plamondon “Automatic Extraction of Sigma-Lognormal Parameters on Signatures,”
Proceedings of the 11th  Int. Conf. on  Frontiers in Handwriting Recognition (ICFHR’08), Montréal,  vol. 11, pp. 216-222, 2008.

9 Analytic relationships for the 
initial  estimation of the parametersOriginal XZERO 

Kinematic Theory : Sigma-Lognormal model : Application
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Estimation 
#1

Estimation 
#1

Estimation 
#2

Estimation 
#2

Estimation 
#9

Estimation 
#9

Winner-takes-
all

Winner-takes-
all

Stroke
Optimization

Stroke
Optimization

Sigma lognormal Parameter Estimation 

Kinematic Theory : Sigma-Lognormal model : Application
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Kinematic Theory : Sigma-Lognormal model : Application
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Typical results Typical results 
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Kinematic Theory : Sigma-Lognormal model : Application
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Kinematic Theory : Sigma-Lognormal model : Application

Typical results Typical results 

O’Reilly, C., PLAMONDON, R., ”Development of  a  Sigma-Lognormal 
Representation for On-Line Signatures. In Press,  Pattern Recognition.
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Potential Applications #nPotential Applications #n
• On-line handwriting recognition / Signature Verification:
• a new representation space, automatic segmentation…
• writer style characterization, automatic data base generation
• new on-line recognizers and verifiers 
• interactive tools to help children to learn handwriting...
• Biomedical signal processing:
• a new set of parameters to characterize the human motor control system…
• design of psychomotor evaluation tests
• detection of fine motor control problems (Parkinson, Alzheimer, CVA) 
• prevention and rehabilitation tests and tools
• effects of medication, alcohol, drugs, weight loss…
• New open fields:
• a new set of functions for 2D and 3D smoothest curve modeling
• anthropomorphic arm design
• exoskeletons and prosthetics 
• humanoid movements modeling of virtual reality objects.
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Anyone interested ? Anyone interested ? 

TWO TYPES OF AGREEMENTS

Share our knowledge and software 
with research partners

$hare our knowledge and software 
with commercial partners



R. R. PlamondonPlamondon ICPRICPR’’08 @ December 200808 @ December 2008 107107

CONCLUSIONCONCLUSION

Nothing is more Nothing is more 
practical than a practical than a 

good theory!good theory!
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RecentRecent developmentsdevelopments
in the in the StudyStudy of of RapidRapid HumanHuman MovementsMovements

withwith the the KinematicKinematic TheoryTheory
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