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Abstract The purpose of this report is to characterize Dyno 100/50 ECG leads and compare its behavior to 

standard ECG leads. The standard ECG leads considered are lead 1 to VI and unipolar leads aVL, aVR and aVF. 

The goal is to demonstrate how close Dyno 100/50 ECG leads are to traditional ECG leads and quantify its 

similarity/differences. Two approaches were taken to quantify similarities and differences between classical 

ECG leads and the Device lip lead. 

The first method focuses on quantifying the degree of similarity based on beat by beat analysis of 7 fiducial 

points of an ECG beat. These points are shown in an example comparing fiducial points between a synchronized 

beat from Device and -aVR lead of a classical ECG. In the second analysis method the fiducial points are 

derived from the template rather than beat by beat analysis. The difference between the two methods would be 

in the standard deviation since template is a beat average and averaging process is a linear operation. Based on 

the comparison of 7 fiducial points of the QRS complex and the analysis of results from 10 different subjects 

and 30 records, Device acquires a lead I with a high probability (70%). The true characteristics of the lip lead is 

a variation of lead I as the lip lead is located between the contacts of a standard lead I however, it closely 

resembles a lead I when compared to all standard ECG leads. 
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Introduction 

The purpose of this report is to characterize Dyno 100/50 ECG leads (designed and manufactured by DynoSense 

Corp.) and compare its behavior to standard ECG leads. The standard ECG leads considered are lead 1 to VI and 

unipolar leads aVL, aVR and aVF. The goal is to demonstrate how close Dyno 100/50 ECG leads are to 

traditional ECG leads and quantify its similarity/differences. 

1. Device ECG Lead Characterization Test Setup 

The device will output an ECG signal between that expected from Lead I or Lead II, due to the direction of 

electrical conduction from lip to thumb. Considering Einthoven’s triangle, the Device ECG signal is expected to 

bear more similarity to a Lead that is placed between lead I and II [1]. 

2. Test Setup and Data Collection: 

The data was collected from a standard six lead ECG device with hydro gel. The lead configuration for the 

baseline measurement is shown above.  The leads from the lip, left arm and the ground (left hand index finger) 

correspond to the lead configuration of the device. This configuration allows for a simultaneous measurement of 

all standard leads (Lead I-VI) and the lip lead. The sampling rate was set to 500 Hz to be compatible with 

Device. Hydro gel was used in all the leads, lip, left arm and the ground contacts for Device. 

3. Population and sample size 

The setup was used on 10 participants that consist of male and female above 21 at different age groups. Three 

data sets were collected from each participant, a total of 30 records. Table 1 shows the demographic of the study 

population. 
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Figure 1 

Table 1: Demographic 

Number of subjects 10 

Age (y) 30±6 

Sex  

      Male 5 

      Female 5 

Ethnicity  

      South East Asian 2 

      Caucasian 2 

      Indian 6 

  

Sample size calculation and justification: 

The sample size calculation is based on a binomial distribution that corresponds to number of successes X in N 

independent and identically distributed (iid) Bernoulli trials. The sample size calculation based on the Bernoulli 

distribution trial is estimated using the following formula: 

 

,   N= # of trials,  = correlation coef between trails
1 ( 1)

R= # of repeatitions per event, n = sample size, J= # of types of tests
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Considering the following parameters for the trial population, we have: 
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Sample size of 10 (10 subjects) is toward the upper limit. 

Data Analysis Methodology: 

The goal of this study is to analyze and quantify similarities and differences between ECG signals from standard 

ECG leads vs. Device leads. We have taken two approaches to quantify similarities and differences between 

classical ECG leads and the Device lip lead. 



Tehrani N                                                  Journal of Scientific and Engineering Research, 2018, 5(6):290-298 

 

Journal of Scientific and Engineering Research 

292 

 

The first method focuses on quantifying the degree of similarity based on beat by beat analysis of 7 fiducial 

points of an ECG beat [2]. These points are shown below in an example comparing fiducial points between a 

synchronized beat from Device and -aVR lead of a classical ECG: 

 
Figure 2 

The points on the QRS complex are: P-wave Start, P-wave Peak, Q point, R point, S point, T-wave Peak & T-

wave end point. 

These points are used for different ECG QRS complex characterization and feature extraction such as 

measurement of PR interval, QT interval, QRS width etc [3]. In our analysis we use the same points to quantify 

the differences and similarities between Device ECG lead and a classical ECG lead. The difference between 

coordinates of each point in x and y directions (time and ECG amplitude from Device and a classical ECG lead) 

are measured automatically and stored as delta t and delta_h parameters [4]. We use delta_t and delta_h to 

calculate the difference between same fiducial points between leads and the Euclidean distance of the QRS 

complex. The mean, variance and the Euclidean distance from all beats (beat by beat) are calculated and stored 

for further analysis. Similar analysis methodology is applied to other fiducial points and the same statistics are 

calculated. Table 1 shows the average delta_t and delta_h (statistical mean) for user1 and dataset 1 between the 

lip lead and standard ECG leads for each fiducial point. The rows in the table show delta_t and delta_h between 

lip and a standard ECG lead while the columns show delta_t and delta_h value for each fiducial point. A table 

with more details that includes, mean, standard deviation and Euclidean distance for all points, all users and all 

datasets are stored in Results ALL.xlxs available in our secure server (Google Drive: Google 

Drive\FDA_docs\ECG\LeadMappingUpdate_Nov2016). 

Applying this analysis technique between the lip lead (Device) and different classical ECG leads quantify the 

difference at that particular point. The lead configuration with the smallest mean value and Euclidean distance 

indicates the most similar lead to the lip lead at that particular point. The standard deviation shows the 

variability around the mean at each point from beat to beat for the all the beats in the data. A large standard 

deviation indicates bigger noise and baseline variation in that dataset. 

 
2 2

Fiduciary Point

All beats

Euclidean Distance ( ) ( )lip ECG lip ECGt t h h      

In order to characterize the overall similarity of a classical ECG lead to Device lead (leap lead) we can use 

different methodologies. One approach is to compare the difference at each point between the means to find the 

closest match between the lip lead (Device) and a standard lead. This approach reveals how close two leads are 

on a point-wise basis. The compared leads can be very close at some points but differ in some other parts of the 

QRS complex. The overall Euclidean distance is a single measure that can quantify how close two functions or 

signals are. Comparison of the two ECG leads (Device vs. standard lead) on the basis of seven fiducial points 
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can be considered as calculating the distance between two points in a seven dimensional space [5]. The smaller 

the overall Euclidean distance the closer the lip lead is to the classical ECG lead. 

2 2

, , , ,

j= 1 7 fiduciary Points

Euclidean Distance ( ) ( )Beat j lip j ECG j lip j ECGt t h h


     

We have also used the correlation analysis as a second method to further confirm the results obtained by 

comparison of the beat by beat fiducial points. 

The second method of analysis is to use the concept of average beat or template beat to calculate fiducial points 

of the QRS complex. The template calculation is based on an algorithm that determines the dominant RR 

interval to determine the beat length. The average beat/template can be defined as the expectation of all beats 

when they are all aligned at the R peak.   

 (All beats aligned at R peak)ECG Template E   

The template method is used in Device to eliminate corrupt or invalid beats due to distortion caused by severe 

baseline movement or DC offset. This methodology safeguards Device’s heart rate calculation algorithm by 

identifying and eliminating highly distorted beats.  

In the second analysis method we derive the fiducial points from the template rather than beat by beat analysis. 

The difference between the two methods would be in the standard deviation since template is a beat average and 

averaging process is a linear operation.  We expect the mean of fiducial points of the QRS complex from beat to 

beat analysis to be close to that of the template while the standard deviation can vary due to larger variation 

from beat to beat. 

Table 3 shows the results of beat by beat analysis between seven fiducial points between lip lead (Device) and 

standard ECG leads. The values in the table show the mean values of time differences (delta_t) and amplitude 

differences (delta_h) for each fiducial point along with Euclidean distance and correlation coefficient for all 

points and the QRS complex (beat). 

Table 4 shows the results of differences between lip and a standard ECG lead for every point in time, amplitude 

for every point and the Euclidean distance of all points and correlation coefficient of the QRS complex (beat) 

using the template method. 

Label p1_1 in the left most column identifies participant 1 and dataset 1. The first numerical index refers to the 

participate code and the second index refers to the dataset for that participant. Each user has three datasets. 

 
Figure 3: Comparison of 7 fiducial points for beat by beat analysis between Lip lead and Lead I for 

P1_1 data. Only 3 beats are shown. 
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Table 3: Beat by beat comparison of the mean of 7 fiducial points between Lip lead and standard ECG Leads 

for P1_1 (user x1, dataset 1) 

 pstar

t_dt 

pstar

t_dh 

ppea

k_dt 

ppea

k_dh 

qstar

t_dt 

qstar

t_dh 

rpea

k_dt 

rpeak

_dh 

sstart

_dt 

sstart

_dh 

tpea

k_dt 

tpea

k_d

h 

ten

d_d

t 

tend

_dh 

netDi

st 

corr 

Lead I -8.2 0.7 -4.0 2.8 -2.6 14.9 -0.8 -12.9 -4.2 -12.6 -1.2 10.0 -0.3 0.5 32.8 0.97 

Lead II -3.0 -3.7 0.3 -10.5 1.0 1.7 -0.2 -25.5 -4.6 9.7 -2.0 -8.0 -0.9 -0.4 35.3 0.98 

Lead III -1.9 -0.1 2.1 -0.5 -10.1 -20.6 0.8 135.1 6.0 41.3 -2.3 71.2 -1.0 3.4 161.7 0.36 

avL -8.8 2.3 -0.2 9.5 -3.6 15.1 -1.8 73.4 0.3 -11.0 0.4 55.8 -1.0 1.1 106.6 0.87 

aVF -2.9 -2.0 2.3 -4.9 4.5 -6.1 0.0 56.8 3.4 12.1 -2.2 31.1 -1.2 1.5 69.6 0.95 

aVR -4.6 -1.3 -0.6 -3.4 -1.1 6.3 -0.6 -19.3 -15.8 5.4 -1.7 1.3 -0.4 0.6 30.2 0.99 

Table 4: Comparison of 7 fiducial points between Lip lead and standard ECG Leads based on template for P1_1 

(user x1, dataset 1) 

 pstar

t_dt 

pstar

t_dh 

ppea

k_dt 

ppea

k_dh 

qstar

t_dt 

qstar

t_dh 

rpea

k_dt 

rpeak

_dh 

ssta

rt_d

t 

ssta

rt_d

h 

tpea

k_dt 

tpea

k_dh 

tend

_dt 

tend

_dh 

netD

ist 

corr 

Lead I -8.0 0.6 8.0 -3.0 2.9 4.2 -2.0 14.0 14.1 0.0 -10.8 10.8 0.0 -13.2 13.2 -1.0 

Lead II -4.0 -3.1 5.1 0.0 -9.4 9.4 2.0 2.1 2.9 0.0 -18.3 18.3 -2.0 10.4 10.6 -2.0 

Lead III -11.0 -0.1 11.0 -7.0 -0.1 7.0 -2.0 -3.7 4.2 0.0 118.5 118.5 6.0 -0.1 6.0 -14.0 

avL -31.0 1.2 31.0 -8.0 9.6 12.5 -2.0 13.2 13.3 0.0 68.6 68.6 2.0 -11.6 11.8 2.0 

aVF -3.0 -2.0 3.6 1.0 -5.4 5.5 6.0 -0.9 6.1 0.0 58.1 58.1 -2.0 24.2 24.3 -3.0 

aVR -4.0 -1.4 4.3 0.0 -3.3 3.3 -1.0 6.1 6.2 0.0 -15.0 15.0 -3.0 0.2 3.0 -1.0 

 

 
Figure 3: Comparison of 7 fiducial points between Lip lead and Lead I for P1_1 data. Fiducial points 

have been calculated based on the average beat/template. This figure represents the second method of 

analysis and corresponds to Table 4. 

Determination of Lead Mapping for the lip lead: 

The information presented in table 3 and 4 is used to quantify the resemblance of the lip lead to the standard 

ECG leads. Since the point by point comparison of the fiducial points only allow for localized comparison, we 

use the total Euclidean distance as a measure of how close the two leads are. In the localized comparison the two 

ECG signals may be close at few points but far on other points. The Euclidean distance is a comprehensive 

measure of distance between all points. The Euclidean distance can be considered as a distance measure of two 
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functions/signals in a seven dimensional space (7 fiducial points). This method is used in both analysis schemes 

(beat by beat and template base) to determine the mapping of the lip lead to the standard ECG lead. The 

correlation is only provided as a confirmation of the Euclidean measure technique.  

The comparison of the lip lead to V1 - V6 leads showed a large Euclidean distance and a low correlation. An 

example of P1_1 between lip lead and V1 is shown below based on the template scheme. 

 
Figure 4 

Table 5 summarizes results of the lead mapping between the lip lead and the standard ECG leads. The decision 

on the degree of similarity between the lip and other leads is based on the total Euclidean Distance. 

 Lead 

I 

Lead 

II 

Lead 

III 

Lead 

aVL 

Lead 

aVF 

Lead 

aVR 

V1 V2 V3 V4 V5 V6 

P1_1 26 25 140 140 96 17 82 378 393 227 212 126 

P1_2 29 26 123 185 96 15 82 483 384 227 211 129 

P1_3 27 22 144 165 88 18 95 361 390 229 214 130 

P2_1 24 82 46 63 49 42 156 343 265 157 60 42 

P2_2 25 84 67 63 49 44 156 335 285 157 60 45 

P2_3 24 86 54 63 51 45 157 336 266 162 65 47 

P3_1 12 45 187 32 100 26 398 352 145 252 184 88 

P3_2 14 37 182 36 93 17 409 361 146 254 184 91 

P3_3 16 40 185 33 102 18 405 360 152 251 183 88 

P4_1 25 44 149 53 96 36 150 83 62 71 101 107 

P4_2 18 43 213 62 112 37 154 87 62 69 98 103 

P4_3 15 64 138 59 99 46 155 87 63 70 99 106 

P5_1 26 93 83 106 41 59 X X X X X X 

P5_2 31 100 79 114 44 60 X X X X X X 

P5_3 31 97 78 111 42 58 X X X X X X 

P6_1 22 102 151 125 71 42 281 243 113 66 70 63 

P6_2 22 102 139 87 76 43 284 249 104 80 84 73 

P6_3 23 100 148 97 58 42 289 252 106 74 83 72 

P7_1 12 172 111 179 113 90 237 368 239 177 114 78 

P7_2 18 168 121 192 116 75 233 375 229 175 110 75 

P7_3 16 167 119 185 112 80 227 370 229 176 106 73 

P8_1 27 144 163 181 146 50 161 71 44 45 42 48 

P8_2 28 147 165 138 150 52 160 70 54 57 44 47 

P8_3 35 146 167 175 148 49 123 72 50 53 45 51 
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P9_1 63 99 67 139 72 13 254 276 348 363 218 88 

P9_2 66 86 65 138 59 14 256 288 343 348 200 79 

P9_3 67 98 71 140 69 15 264 294 355 362 203 80 

P10_1 24 28 185 75 96 11 X X X X X X 

P10_2 23 26 178 79 100 13 X X X X X X 

P10_3 23 25 176 86 80 11 X X X X X X 

 

Results Analysis: 

Table 5 shows the results for Euclidean distance calculation between the lip lead and standard ECG leads 

(unipolar leads and V1-V6) for all 30 records. Some of the entries in the table are marked as X. The X’s refer to 

cases where the leads’ data were omitted from the analysis due to low quality. Since all unusable data were from 

leads V1 – V6 (two cases, subject 5 and 10) and our preliminary analysis showed dissimilarity between the lip 

lead and V1-V6 leads the rest of the data for these subjects i.e. data from the main and the unipolar leads, were 

included in the analysis despite the fact that V1-V6 lead data was not usable. All the leads with the lowest 

Euclidean distance are highlighted indicating the closest match between the lip lead and the standard ECG lead. 

The results of table 5 shows that 7 out of 10 subjects (21 records out of 30 total records) the lip lead maps to 

lead I and 3 out of 10 maps to –aVR (9 records out of 30 total records). Examples of plots of the lip lead 

template vs. standard ECG leads are provided in Appendix A. 

 

Conclusions 

Based on the comparison of 7 fiducial points of the QRS complex and the analysis of results from 10 different 

subjects and 30 records we have determined that Device acquires a lead I with a high probability (70%). The 

true characteristics of the lip lead is a variation of lead I as the lip lead is located between the contacts of a 

standard lead I however, it closely resembles a lead I when compared to all standard ECG leads.    

 

Appendix A: 

Examples of plots of comparison of 7 fiducial points for all study subjects based on the template technique to 

demonstrate the applicability of the analysis technique used across different types of QRS morphologies. 
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