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EU population age repartition in 2010 and 
2060 [Eurostats,2010] 

Population aged 60 and over in 2012(a) and 2050(b) [World Health Organization, 2012] 

Societal Context 

49,6% of the EU population is 
depending in 2011, 
77,9% projected in 2060. 

 We have to find alternative ways to 
take care of elderly and disabled persons 
to assume a continuity between hospital 
and personal home 

Présentateur
Commentaires de présentation
L’évolution de la fleur de l’âge dans les sociétés modernes amènent des enjeux majeurs de gestion des seniors.
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Health at Home 

Give health indicators 
(activities, 
delays…) to 
monitor 

Pertinent 
information 



Fried Frailty Criteria 
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Activity Daily Living monitoring 



Activity of Daily Living (ADL) 
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[Chaaraoui12] 

[Cook15] 



Activity of Daily Living study 
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Discovery Recognition Diagnostic 

Ability to know what is 
ADL 

Ability to detect a 
performing ADL 

Ability to evaluate deviation 
of behavior (between 
performed ADLs) 

[Cook15] 
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Technology 

Discovery 
ADL  
study Recognition Diagnostic 

Low-level 
Ambient  
sensors 

Sensors  
on Body 

High-level  
sensors 

Privacy 
Activity of Daily Living study 



Hypothesis of the work (1) 
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□ No intrusive sensors (cameras, …) 
□ Does not depend of the person’s willingness (no wearable 

sensors, …) 
□ Only low-cost sensors 
 
Use of binary sensors 

 
 Discrete Event Systems (DES) 
Paradigms  
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Context of work:  
single-inhabitant home 

Move 
sensors 

Open/Closed 
door sensors 

Water flow 
sensors 

2008-02-27 12:43:27.416392 M08 ON 
2008-02-27 12:43:27.8481  M07 ON 
2008-02-27 12:43:28.487061 M09 ON 
2008-02-27 12:43:29.222889 M14 ON 
2008-02-27 12:43:29.499828 M23 OFF 
2008-02-27 12:43:30.159565 M01 OFF 
2008-02-27 12:43:30.28561 M07 OFF 
                     ……… 
2008-02-27 12:45:38.764548 M13 OFF 
2008-02-27 12:45:39.66527 M13 ON 
2008-02-27 12:45:45.496836 M13 OFF 
2008-02-27 12:45:47.88372 M13 ON 
 
Only with non intrusive binary sensors. 
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□ Human behaviour is non deterministic. 
 
Activities can be modelled by probabilistic models. 

Probabilistic Finite-State Automata (PFA) 
[Vidal05],[Duong05],[VanKasteren08],[Cook15] 

Hypothesis of the work (2) 



Activity of Daily Living study 
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Discovery Recognition Diagnostic 

Ability to know what is 
ADL 

Ability to detect, in real-
time, a performing ADL 

Ability to evaluate deviation 
of behavior (between 
performed ADLs) 

[Cook15] 

Biggest difficulty :  

 Labelling 
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Discovery Recognition Diagnostic 

Ability to know what is 
ADL 

Ability to detect, in real-
time, a performing ADL 

Ability to evaluate deviation 
of behavior (between 
performed ADLs) 

[Cook15] 

Biggest difficulty :  

 Labelling 

[Bureau of Labor  
Statistics, 2013] 



Activity of Daily Living study 
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Discovery Recognition Diagnostic 

Ability to know what is 
ADL 

Ability to detect, in real-
time, a performing ADL 

Ability to evaluate deviation 
of behavior (between 
performed ADLs) 

[Cook15] 

Biggest difficulty :  

 Labelling 

[Bureau of Labor  
Statistics, 2013]  Limited set of monitored ADLs 

 a priori labelling 
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ADL Discovery and Recognition 

[Viard16] 

[Viard17] 
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Step 1: Association sensors/actions 
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[Tapia04] 

Toileting 

Bathing 

Grooming 

Dressing 

Washing hands 

Actions 

… 

58 – Medicine cabinet 

57 – Medicine cabinet 

68 – Sink faucet - hot 

93 – Shower faucet 

88 – Sink faucet - cold 

96 – Exhaust Fan 

Sensors 

64 – Lamp 

62 – Drawer 

75 – Drawer 

85 – Window 

86 – Drawer 

139 – Jewellery box 

108 – Light switch  

146 – Drawer 

[Tapia04] 

Activity 1 
… 
Activity i 
… 
Activity N 

Action 1 
Action 2 
Action 3 

event 𝑣𝑣 
event 𝑣𝑣 
event 𝑣4 

event 𝑣𝑣 

event 𝑣𝑣 
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ADL Discovery and Recognition 

[Viard16] 

[Viard17] 



Probabilistic Finite-State Automaton (PFA) definition 
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Given by [Vidal05] : 
𝒜𝑘 = 𝑄𝒜𝑘, Σ𝒜𝑘, 𝛿𝒜𝑘, 𝐼𝒜𝑘, 𝐹𝒜𝑘, 𝑃𝒜𝑘 , where: 
• 𝑄𝒜𝑘 is a finite non-empty set of states 𝑞; 
• Σ𝒜𝑘 is a non-empty alphabet of events 𝑒; 
• 𝛿𝒜𝑘 ⊆ 𝑄𝒜𝑘 × Σ𝒜𝑘 × 𝑄𝒜𝑘 is a set of transitions; 
• 𝐼𝒜𝑘 ∶  𝑄𝒜𝑘 → [0,1] (initial-state probabilities); 
• 𝑃𝒜𝑘 ∶  𝛿𝒜𝑘 → [0,1] (transition probabilities); 
• 𝐹𝒜𝑘 ∶  𝑄𝒜𝑘 → [0,1] (final-state probabilities); 
𝐼𝒜𝑘, 𝑃𝒜𝑘 and 𝐹𝒜𝑘 are functions such that: 

∑ 𝐼𝒜𝑘 𝑞𝑞∈𝑄𝒜𝑘
= 1, 

and 
∀𝑞 ∈ 𝑄𝒜𝑘, 𝐹𝒜𝑘 𝑞 + ∑ 𝑃𝒜𝑘 𝑞, 𝑒, 𝑞′𝑒∈Σ𝒜𝑘,𝑞′∈𝑄𝒜𝑘

= 1. 

Présentateur
Commentaires de présentation
States = action
Transition = événement représentant l’activation/désactivation capteur
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ADL Discovery and Recognition 

[Viard16] 
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Activity Recognition 
Existing Methods 

Activity 𝒜𝑖 
model 

Recognised 
activity 

Event 
Generator 

𝑒64 𝑒139 𝑒57 𝑒87 𝑒56 𝑒64 𝑒14 𝑒12 𝑒78… 

𝑤𝑗 = 𝑒87 𝑒56 𝑒64 𝑒14 𝑒12 

Likelihood 
computation 
[Rabiner89] 

Entropy 
Computation 
[Shannon01] 

Perplexity 
Computation 
[Jurafsky14] 

or or 

Those existing methods work only if models share the same alphabet ! 
  Here, ADLs can be totally different and disjoint 
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Activity Recognition 
Proposed Method 

Activity 𝒜𝑖 
model 

Recognised 
activity 

Event 
Generator 

𝑒64 𝑒139 𝑒57 𝑒87 𝑒56 𝑒64 𝑒14 𝑒12 𝑒78… 

𝑤𝑡 = 𝑒87 𝑒56 𝑒64 𝑒14 𝑒12 

Projection function : 𝑤𝑡, Σ𝒜𝑖 →  𝑃𝑃𝑡,𝒜𝑖 

Likelihood Normalised Likelihood computation Likelihood computation Likelihood computation 

… 𝑒87 𝑒64 𝑒12 𝑒56𝑒64 
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Likelihood and Normalised Likelihood 
Let Θ𝒜𝑘(𝑤) be the set of paths for 𝑤 in 𝒜𝑘, the probability of generating 𝑤 with 

𝒜𝑘, also called likelihood of 𝑤 considering 𝒜𝑘, is: 

Likelihood [Vidal05] 

 

𝑃𝒜𝑘 𝑤 = � 𝑃𝒜𝑘(𝜃)
𝜃∈Θ𝒜𝑘(𝑤)

 

Let us consider the PFA 𝒜𝑘, the sequence 𝑤 ∈ Σ𝒜k
∗  composed with event included 

in the PFA  alphabet Σ𝒜k and each possible sequence 𝑣 ∈ Σ𝒜k

|𝑤| having the same 
length than w and using only the alphabet Σ𝒜k events. We define the normalized 
likelihood of sequence w in 𝒜𝑘, as follows 

Normalised Likelihood 

 

𝑃 𝒜𝑘(𝑤) =  
𝑃 𝒜𝑘(𝑤)

max
𝑣∈Σ𝒜𝑘

|𝑤|
𝑃 𝒜𝑘(𝑣)

    ;    0 ≤ 𝑃 𝒜𝑘 𝑤 ≤ 1 
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Application case 

Monitored activities: 
• Take care of Personal Hygiene 
• Cooking 
• Prepare Hot Beverage 
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Application and validation procedure 

During activity performance: 
• Variation of the used alphabet,  
• Introduction of exterior events, 
• Interruption of activities, 
• Different ways to perform activities, 
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Results and validation 
Likelihood of the projected sequence 

Normalised Likelihood of the projected sequence 
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Conclusion and future works 

The presented framework is adapted to model and 
recognize activities. The activity discovery is based on a priori 
labelling and PFA models, the activity recognition is based 
on a sequence projection and the normalised likelihood. 

Conclusion 

Future works 

Extend the computation of the distance  
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