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Biometrics: wide sense 
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Alzheimer 
 the cost per year for a single patient is 35,000 USD in the USA and 

24.000 € in Spain. 

  One in ten patients is below 60 years old. 

 The incidence of Alzheimer’s is doubled for every five years after 65, 
and beyond 85 years old the incidence is between one third and half of 
the amount of population. 

 If a solution is not found, this problem will be unbearable for society. 

 Alzheimer’s disease (AD) is the most common type of dementia and it 
has been pointed out that early detection and diagnosis may confer 
several benefits. 

 

 

4 

“Si no curamos el Alzheimer, nuestro estado del bienestar será insostenible”, 
Dra. Susan Greenfield, La Contra, La Vanguardia, 22-6-2011 
 



Pathology 
detection: 
 Usefulness of  

handwriting 
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Clock drawing test (1/2) 
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Clock drawing test (2/2) 
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Security – health implications 
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Example: Study about the relevance of 
Apomorphine on Parkinson’s disease 
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Online handwritting 

 On-surface trajectories (pen-
downs), corresponding to the 
movements executed while the 
writing device is touching the 
writing surface. Each of these 
trajectories produces a visible 
stroke. 

 In-air trajectories (pen-ups), 
corresponding to the movements 
performed by the hand while 
transitioning from one stroke to 
the next. During these 
movements the writing device 
exerts no pressure on the surface.  
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Realization time for control 
population when writing a text 

10 20 30 40 50 60 70 80
1

2

3

4

5

6

7
x 10

5 TOTAL time. TEXT. Mean over 4 sessions

age



Alzheimer vs.  
Control group (dominant hand) 

 

   

   

   

   
Pen down Pen up Pen down + pen up 
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Pen-down Pen-up Pen-down+pen-up 
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Alzheimer vs.  
Control group (nondominant hand) 

 

   

   

   

   
Pen down Pen up Pen down + pen up 

 

1500 2000 2500 3000 3500 4000 4500 5000
500

1000

1500

2000

2500

3000

3500

4000

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
500

1000

1500

2000

2500

3000

3500

4000

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
500

1000

1500

2000

2500

3000

3500

4000

5500 6000 6500 7000 7500 8000 8500
2500

3000

3500

4000

4500

5000

5500

5000 5500 6000 6500 7000 7500 8000 8500
2500

3000

3500

4000

4500

5000

5500

5000 5500 6000 6500 7000 7500 8000 8500
2500

3000

3500

4000

4500

5000

5500

6000 6500 7000 7500 8000 8500 9000 9500
2000

2500

3000

3500

4000

4500

5000

6000 6500 7000 7500 8000 8500 9000 9500
2500

3000

3500

4000

4500

5000

5500

6000

6000 6500 7000 7500 8000 8500 9000 9500
2000

2500

3000

3500

4000

4500

5000

5500

6000

5000 5500 6000 6500 7000 7500 8000
2000

2500

3000

3500

4000

4500

5000

5500

4500 5000 5500 6000 6500 7000 7500 8000 8500
2000

2500

3000

3500

4000

4500

5000

5500

4500 5000 5500 6000 6500 7000 7500 8000 8500
2000

2500

3000

3500

4000

4500

5000

5500

   

   

   

Pen-down Pen-up Pen-down+pen-up 
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Pressure extracted measures 



Pressure profiles for three AD 
patients 
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Pressure profiles samples for 
control group, dominant hand 
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profiles samples for control group, 
non-dominant hand 
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Statistical analysis/descriptives 
from the drawings 

 

 

 

 

 higher time for in-air movements for the AD group, which are around 7 
times longer. On the contrary, the time on surface is just around 3 
times longer. Thus, there are more differences between control and AD 
groups when looking at in-air movements. 

 When comparing the non-dominant movements performed by the 
control group we obtained a 5.6 ratio and 1.5. Again, the in-air times are 
significantly higher for the AD group than the control group. 

 mean pressure is 2.4 times higher for control group and dominant 
hand, and 2.1 for the non-dominant hand. About the mean absolute 
value of the residual error, the ratios are respectively 2.2 and 1.3. 

   control pathological 

Measurement   Dominant hand Non-dominant hand Dominant hand 

Time in-air   8334 10927 61008 

Time on-surface   9680 22177 31521 

Total time   18014 33104 92259 

<Pressure>   1307.8 1144.4 545.01 

<abs(Residual error)>   22.49 12.89 10.27 

 



Pressure information & MA on the 
top. The difference between both 
signals on the bottom. 
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Conclusions 
 In-air movements seem more relevant than on-surface 

ones. 

 Pressure information looks also interesting. 


