
Table 1. IR (%) as a function of the number of leads (n = 1, 3, 6, 12) and the interval length (L = 100, 500, 1000).

All Intra Inter
n R - R S - S E - E R - S S - E R - E

L
=

1
0
0 1 89.8 ± 3.9 75.8 ± 13.1 75.0 ± 8.1 75.5 ± 10.4 80.9 ± 7.6 75.0 ± 8.2 80.6 ± 5.3

3 97.4 ± 2.3 86.3 ± 6.4 84.8 ± 5.0 85.0 ± 6.2 92.5 ± 4.5 93.4 ± 6.6 91.4 ± 5.4
6 98.6 ± 1.4 89.1 ± 3.5 90.2 ± 2.3 86.9 ± 5.0 97.0 ± 2.6 97.0 ± 3.0 92.6 ± 5.1

12 97.8 90.3 93.5 83.9 98.4 96.8 95.2

L
=

5
0
0 1 91.4 ± 4.3 81.2 ± 11.4 76.1 ± 4.5 81.5 ± 9.2 83.1 ± 5.6 80.1 ± 7.5 57.8 ± 9.5

3 98.2 ± 2.1 91.2 ± 4.6 90.7 ± 4.1 92.4 ± 4.7 94.0 ± 4.5 93.0 ± 5.5 76.0 ± 10.9
6 99.4 ± 0.8 94.5 ± 3.4 95.0 ± 2.5 95.9 ± 3.3 97.6 ± 2.8 96.3 ± 3.5 83.6 ± 8.6

12 100 96.8 96.8 96.8 100 100 88.7

L
=

1
0
0
0 1 68.4 ± 6.5 67.5 ± 10.8 65.6 ± 11.1 51.6 ± 5.4 68.4 ± 9.1 43.5 ± 6.2 41.5 ± 6.7

3 82.3 ± 4.6 82.1 ± 7.2 82.7 ± 8.2 56.8 ± 2.3 84.9 ± 7.0 60.4 ± 8.5 57.6 ± 7.6
6 85.9 ± 2.2 86.2 ± 2.9 89.0 ± 5.3 57.7 ± 1.0 93.1 ± 4.7 67.1 ± 6.5 64.3 ± 5.8

12 87.1 83.9 93.5 58.1 98.4 69.4 69.4

are only low differences between six and 12 leads and the
gain between one and three leads is most of time important.
These results are verified for the three ”All-”, ”Intra-” and
”Inter-Conditions” cases, and whatever the interval length.

4. Conclusion

We proposed to evaluate the robustness of identifica-
tion systems based on ECG. We showed, in the ”Intra-
Condition” case, that there is no reason to limit them in
supine rest as it is classically done, with even higher results
in the standing condition. Highest results were obtained
with an enrolment database containing all the conditions,
but if only one condition is recordable, ”Inter-Conditions”
results suggest choosing the standing condition.

The optimal interval length has been also studied. It is
comprised between 0.4 and 0.6 ms in the ”Intra-condition”
case but must be inferior in the ”Inter-conditions” case.

Finally, performances are highly correlated with the
number of leads, and decrease abruptly when only one lead
is used, which demonstrates that effort may be still done to
obtain an efficient single lead system.
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Specific ques%ons related to ECG 
•  Is supine rest condiBon necessary? 
•  Is there an opBmal enrolment database? 
•  What is the influence of others parameters 

(ECG shape length, number of leads)? 

•  11 healthy subjects  
•  12‐lead ECG, fe=1 kHz 
•  From 2 to 4 records/subject 
•  Up to 16 months 

Intra‐condi%on case 

Shape Extrac%on 

•  Performances are close and high up to L = 900 
•  Slightly higher values of IR are observed in the case S ‐ S 
•  The opBmal value of L is between 400 and 600  
•  In the case E ‐ E, values of IR are the lowest and are 

breaking down when L = 1000  

•  Values of IR are globally decreasing when L is increasing 
•  Decrease is low for R ‐ S whatever L and for S ‐ E up to   

L = 800  
•  For R – E, performances are really decreasing as soon as 

L > 500 

 R ‐ R       S – S     E – E          o All 

                         Results using 12 leads 

Iden%fica%on process 
•  One‐to‐many comparison  
•  CorrelaBon coefficient (up to 12) 
•  Max value = “the nearest neighbour” 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Biometric Iden%fica%on of Individuals based on ECG 

•  Best results are obtained with 12 leads 
•  Performances always increase with the number of leads 
•  Only low differences are observed between 6 and 12 leads  
•  The gain between 1 and 3 leads is high 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General system 

                   Influence of the number of leads 

Abstract: Biometric systems have for objecBve to perform idenBficaBon, or idenBty verificaBon, of individuals. Human ECG has been recently proposed as an addiBonal tool for biometric applicaBons. 
However, most of the exisBng studies are set in supine rest and only consider the QRS morphology aser, most of the Bme, feature extracBon from the ECG. This paper is focused on idenBficaBon based on 
pa,ern  recogniBon by comparing ECG shapes. Experiments were conducted on a database containing 11 healthy  subjects,  recorded  in  three different experimental  condiBons  (supine  rest,  standing, 
exercise) and  repeated up  to  four Bmes, over 16 months. We calculate  the correlaBon coefficient between a  shape coming  from an unknown  individual and all  the  shapes of  the database. We also 
evaluate the influence of the recording condiBon, the shape length and the number of leads. Best results (100% of good idenBficaBon in the first rank) are obtained using the whole enrolment database, 
12 leads and a shape length of 500 ms. 

Methodology Database and Protocol 

Supine Rest Standing Exercise

Subject 3

Subject 5

Subject 9

L 

•  5 min supine rest (not recorded) 
•  3 min supine rest (R) 
•  3 min standing (S) 
•  3 min exercise (E) 

Inter‐condi%ons case 

Using 3 or 6 leads seems preferable than only one lead 

There is no requirement or advantage to limit ECG‐based 
biometric systems to the rest condi%on, as classically done 

S%ll good results if condi%ons are different (R – S or S – E) 

Highest performances are obtained in the "All‐condiBons" case  Op%mal enrolment: several condi%ons 

1 

2 

3 

 R ‐ S       S – E     R – E 

Which Condi%ons? 

? 
3. Highest 
score 

1. Enrolment database 

IdenBficaBon steps 

2. ConnecBon  Examples of recorded ECG for 3 subjects 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Criteria of performance 
 Percentage of good idenBficaBon  
= IdenBficaBon Rate (IR) 

Mo%va%on 
•  It is difficult to collect 12‐lead ECG! 
•  Is an efficient single‐lead system possible?  


