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Chapitre 1
Introduction: understand the problematic of gesture 
interaction
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Chapitre 2
Inputs: time-series
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Chapitre 3
Introduction to Gesture Interaction
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Chapitre 4
Intra/inter -class variability (shape, spatial and 
temporal)
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Chapitre 5
Gesture recognition: Isolated Gestures Classification 
(segmented)



Chap. 5 |  Overview of the task: generic flowchart







Possibly the same classifier as “statistical” approaches
Fuzzy Inference System (FIS), Decision Tree, … 
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Chapitre 6
Gesture classication: “Time-series” approaches



[Morel 2017] Marion Morel, Catherine Achard, Richard Kulpa, and Séverine 
Dubuisson.  Time-series averaging using constrained dynamic time warping with 
tolerance.  Pattern Recognition, 2017.
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Chapitre 7
Hidden Markov Model



q1, q2, … , qt, ... qT,

t : discrete time, regularly spaced T : length of the sequence
qt Q = {q1, q2, ... qN} N : the number of states

ot O = {o1, o2, ... oM} M : number of symbols
oi : a discrete symbol

A

aij = P(qt+1 = j|qt = i)

B

bij = P(ot = oj|qt = qi)

M
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sequence 
Init Obs a Trans Obs a Trans Obs a Trans Joint 

probability 

B

a   b





Example: the emission probability 
is expressed with mixtures of Gaussians.
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Chapitre 8
Dynamic Time Warping (DTW)



Sequences are aligned “one to one”. Nonlinear alignments are possible.



d(i,j) = distance between Qi & Cj - -for instance (Qi  Cj)2

D(i, j) = distance cumulée

Initial condition:

D(1,1) =

D(1,j) = 1…m

D(i,1) = 1…n

DP-equation:    

D(i, j – 1) 
D(i, j) = min D(i – 1, j – 1)    + d(i,j) 

D(i – 1, j)  

Warping window: j – r  i  j + r.

Time-normalized distance: 

D(Q , C) = d(n, m) / c  

c = n + m.

The warping path 
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x(i) and y(j)
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Samples …

Model for classe 2



x(i) and y(j)

xK (k) and yK(k) with the same length K 
result from the resampling of signals x(i) and y(j)

relatively to xy (k)
average signal is μ(k) (in black).

On drawback: the average signal is longer
than the two original signals

x0(k)

μ(k) = x0(k), k = 1, ..., M0 M0 x0(k)

IT
xl(k) μ(k) μx

μ(k)



 

  p p 1

Algorithm 1 DBA : averagingDT W 
Require: x0(k) of length  M0, (xl(k))l=1...L  of  lengths  Ml, IT 

K = M0, μ(k)  x0(k), k = 1, ..., K 
for it     1...IT   do

assocT ab[k] = , k = 1...K 
for l  1...L do

μxl    DT W (μ, xl)
p  length( μxl)
whilep  1do

(k, n)  μxl(p)
assocT ab[k]  assocT ab[k]  {xl(n)} 

end while
end for
for k 1...K do
μ(k) mean(assocT ab[k])

end for
end for
return μ(k), k = 1, ..., K 



Samples …

Model for classe 2
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Chapitre 9
Pre-segmented Action Recognition: Skeleton based 
and “Statistical” approaches





3D Multistroke Mapping (3DMM): Transfer of hand-drawn pattern 
representation for skeleton-based gesture recognition. In 12th IEEE 
International Conference on Automatic Face & Gesture Recognition (FG 
2017), 2017.

HIF3D: Handwriting-Inspired Features for 3D skeleton-based action 
recognition. In 23rd IEEE International Conference on Pattern Recognition 
(ICPR), 2016.







Descripteurs dynamiques  
(positions de départ, longueur  des 
strokes, inflexion)

Descripteurs statiques  





588 (147X1 + 147X  3).

between 400 and 80



M. Müller, T. Röder, M. Clausen, B. Eberhardt, B. Krüger, A. Weber: Documentation Mocap Database HDM05.
Technical report, No. CG-2007-2, ISSN 1610-8892, Universität Bonn, June 2007. 



Table: Comparisons between 3DMM approach, with and without  
temporal split, and previous approaches on the HDM05 dataset.

3D Multistroke Mapping (3DMM): Transfer of hand-drawn pattern 
representation for skeleton-based gesture recognition. In 12th IEEE 
International Conference on Automatic Face & Gesture Recognition 
(FG 2017), 2017.

HIF3D: Handwriting-Inspired Features for 3D skeleton-based action 
recognition. In 23rd IEEE International Conference on Pattern 
Recognition (ICPR), 2016.







Table: Comparisons between HIF3D approach, with 
temporal split, and  previous approaches on the 
HDM05 dataset.
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Chapitre 10
Non-segmented Action Recognition: Skeleton based 
and “Statistical” approaches



Chap. 10 |  2D and 3D Action/Gesture recognition: a challenge ?







jth Hisi Ci 

the score of the currently predicted class, i.e. Predicted_i,
and the score of the secondly ranked predicted class by 
the classifier Ci.

the score of Predicted_i
and that of jth class corresponding to the jth entry of the 
histogram.
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Chapitre 11
Presentation of experimental results using Kinect and 
Leap Motion



S. Fothergill, H. Mentis, P. Kohli, S. Nowozin, 
Instructing people for training gestural 
interactive systems, in: Proceedings of the 
SIGCHI Conference on Human Factors in 
Computing Systems, ACM, pp. 1737–1746.
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information retrieval the number of relevant documents  retrieved by a 
search / the total number of existing relevant documents

the number of items correctly labeled the positive class /
the total number of elements labeled the positive class
information retrieval number of relevant documents retrieved by a search 
divided by the total number of documents retrieved by that search
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Chapitre 12
Early Recognition

Chap. 12 |  2D and 3D Action/Gesture recognition: a challenge ?



Gesture A

Gesture B
Common part

Gesture C

Common part

1
2



Triangle / Circle

Triangle / Circle

Triangle / Circle



Ambiguous

Reject



i

Reject
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Fuzzy Clustering
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Chapitre 15
Classification: Linear Discriminant Functions
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Chapitre 16
Neural Networks
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Begin initialize nH; w, , m=0
do m = m + 1

xm randomly chosen pattern
wji = wji - jxi; wkj = wkj - kzj

until Stopping criterion
return w

End

c

k
kkjjj waf

ijji xw

kafky



One for the learning phase
One for the validation of the learning

Generalization evaluation



n

i kwXjkjwky

learning by Least Mean Square (LMS)

aA

A
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Reject Option
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RN

information retrieval the number of relevant documents  retrieved by a search / the total 
number of existing relevant documents

the number of items correctly labeled the positive class /
the total number of elements labeled the positive class
information retrieval number of relevant documents retrieved by a search divided by the 
total number of documents retrieved by that search
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Chapitre 18
Support Vector Machines
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