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Abstract— In this paper, correlated t-test  
analysis of Internet of Things-based heartbeat 
measurement device (IOT-MHBMD) is presented. 
The IOT-MHBMD device was designed to enable 
individuals to measure their heartbeat and send 
the measured data via the internet connection to a 
cloud database server. Specifically, this paper is 
focused on the evaluation of the measurement 
accuracy of the IOT-MHBMD based on empirical 
data measurements. Notably, the measurement 
accuracy of the IOT-MHBMD is compared with 
respect to the measured heartbeat data using 
pulse oximeter CE012 IPx2, manufactured by 
Human Accurate Biomedical Technology Co.Ltd. 
Official permission was obtained to conduct 
correlated-test heartbeat data collection from 
patients in a health facility in Uyo, Akwa Ibom 
State Nigeria. A total of 84 patient’s data were 
captured and used for the correlated t-test 
analysis. t-test is conducted in order to determine 
is the measured data 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤 captured  using the 
IOT-MHBMD device is accurate with respect to the 
measured data 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤   captured using the 
hospital pulse oximeter CE012 IPx2 device. The 
correlated t-test is conducted at 0.05 significant 
level with respect to the 84 pair of data  
𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤 𝐚𝐚𝐚𝐚𝐚𝐚 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤, where k = 1,2,3,…N and N = 
84. The results show that at 95 % confidence level, 
the sample mean (𝑫𝑫�)of 0.16905 is within the lower 
point and upper point of -0.25355 and 0.25355 
respectively. This means that the mean of 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤  
and 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤    are equal or put another way the 
there is no significant difference between the 
mean of  𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤  and 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐤𝐤 . Essentially, the  
result show that the measurement done using the 
microcontroller-based heartbeat measuring device 
(IOT-MHBMD) is as good as that measured with 
the hospital pulse oximeter CE012 IPx2 device. 
After modelling from the training data, then the 
predicted value (𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒌𝒌) is compared with the 
actual value 𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝒌𝒌, and it was observed that the 
error has been minimized; notably the sample 

mean (𝑫𝑫�) of the difference is now -0.00476 
whereas it was 0.16905 without the optimization 
model.  In all, the use of the optimization model 
effectively improve the measurement accuracy of 
the microcontroller-based heartbeat measuring 
device (IOT-MHBMD) evaluated in this paper. 

Keywords— Heartbeat Measuring Device, 
Calibration, Microcontroller-Based System, 
Correlated t-test, Pulse Oximeter CE012 IPx2 

1. Introduction 
Today, every industry has been significantly impacted by 
the advancements in the electronic, software and 
networking technologies. Beyond the wired and fiber optic 
networks, wireless network technologies have evolved and 
given rise to satellite communications and various wireless 
sensor network and Internet of Things solutions [1,2,3,4,5, 
6,7,8,9,10, 11,12,13,14, 15,16,17,18, 19,20, 21,22, 
23,24,25,26,27]. Particularly, the Internet and the 
associated Internet of Things, the smarts systems and sensor 
networks are just parts of the numerous outcomes of the 
advancements and synergy of the electronic, software and 
networking technologies [28,29, 30,31, 32,33, 34,35, 36,37, 
38,39, 40,41, 42,43, 44,45, 46,47, 48,49, 505,51, 52,53, 
54,55, 56,57, 58, 59, 60]. With these technological solution 
options, many industries are therefore seeking for the cost 
effective solution option or combinations that are optimal in 
terms of cost and performance.  
Accordingly, in the health sector, there is growing need for 
affordable devices for capturing the vital health signs of 
which the heartbeat or pulse rate is included [61,62,63,64]. 
The vital health signs devices are also expected to be ready 
for smart applications [65,66,67]. In that case, Internet 
connectivity and ability to exchange data and other relevant 
information with online databases, as well as with requisite 
web and mobile applications are essential.  
Accordingly, across the globe researchers are developing 
different kinds of devices targeted at different kinds of vital 
health signs [68,79,70,71]. When such a device is 
developed, it is important to ascertain its measurement 
accuracy and also to calibrate the device to ensure that the 
readings are accurate enough for application in health care 
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management [72,73,74,75]. As such, this paper is focused 
on presenting an approach for verifying the measurement 
accuracy of a locally designed Internet of Things and 
microcontroller-based heartbeat measuring device (IOT-
MHBMD). Specifically, the IOT-MHBMD is subject to a 
correlated t-test statistical analysis which is used to confirm 
whether the mean of a set of two different paired 
measurements are the same. If so, can be concluded that the 
two measurements are equivalent.  
In view of the correlated t-test statistical analysis, a field 
measurement was conducted on a number of patients in a 
hospital, one measurement was done on the patient using 
the IOT-MHBMD device and another measurement was 
also done on the same patient using the heartbeat measuring 
equipment in the hospital. The two datasets were subjected 
to correlated t-test statistical analysis. The details of the 
analysis are presented. 
Furthermore, analytical model is also developed base on the 
field measured datasets for improving the measurement 
accuracy of the IOT-MHBMD relative to the heartbeat 
measuring equipment in the hospital. The enhanced IOT-
MHBMD measurement data output was also subjected to 
correlated t-test statistical analysis. The essence of the study 
is to provide research and end users some ideas on how to 
determine the accuracy of the various vital health signs 
measuring devices. 

2. Methodology 
2.1. Field data capturing for Heartbeat 
This paper aims at analyzing the measurement accuracy of 
Internet of Things and microcontroller-based heartbeat 
measuring device (IOT-MHBMD) designed and 
implemented by the authors of this paper. The device is 
designed to enable individuals to measure their heartbeat 
and send the measured data via the internet connection to a 
cloud database server. Specifically, this paper is focused on 
the evaluation of the measurement accuracy of the IOT-
MHBMD based on empirical data measurements. 
Notably, the measurement accuracy of the IOT-MHBMD is 
compared with respect to the measured heartbeat data using 
pulse oximeter CE012 IPx2, manufactured by Human 
Accurate Biomedical Technology Co.Ltd. Official 
permission was obtained to conduct correlated-test 
heartbeat data collection from patients in a health facility in 
Uyo, Akwa Ibom State Nigeria.  
The heartbeat data were captured in beat per minute (bpm) 
using both the IOT-MHBMD device and the hospital pulse 
oximeter CE012 IPx2 device. A total of 84 patient’s data 
were captured as shown in Table 1. The data in Table 1 
shows the data measured using the IOT-MHBMD device as 
RM Heartbeat or RMHB and the hospital pulse oximeter 
CE012 IPx2 device measured data as HM Heartbeat or 
HMHB (Bpm). 

Table 1: The field measured showing the data measured using the IOT-MHBMD device (as RM Heartbeat) and the hospital 
pulse oximeter CE012 IPx2 device measured data (as HM Heartbeat) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

1 55.6 55.6 29 78.7 82 57 90 90.6 

2 60 61.3 30 78.8 79 58 90.8 91.4 

3 62.4 62 31 79.7 79 59 91 91.8 

4 63.7 63.6 32 79.7 77 60 91.4 92 

5 64.3 65 33 79.9 81.9 61 91.5 92 

6 64.7 64 34 79.9 78 62 91.9 92 

7 64.8 65.29 35 80.6 80 63 92 92 

8 66.1 67.5 36 80.9 82 64 92.5 91.8 

9 67.4 68 37 81 81.1 65 93 92.5 

10 67.5 68.5 38 82.2 82 66 93.1 92 

11 68.1 68.8 39 82.7 82 67 93.3 91 

12 68.5 70 40 83.5 82.9 68 93.9 90 

13 69.4 68.5 41 83.6 83.7 69 94 94 

14 69.9 70 42 84 84.9 70 94.7 95 

15 71.4 72 43 84.1 86 71 94.7 96 

16 71.6 73 44 84.4 84.8 72 94.9 95 

17 72.3 73.3 45 84.6 86.5 73 95.3 96 
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18 72.9 71 46 85.1 85 74 95.5 97.8 

19 73.4 73.2 47 85.5 86 75 96 98 

20 74.3 74 48 85.7 86 76 96.4 97 

21 74.4 74.5 49 86.9 87 77 96.9 95 

22 74.7 76 50 87.4 87 78 97.2 95 

23 75.2 75 51 88.9 89 79 97.7 99 

24 76.6 78 52 89 89.2 80 98.6 99 

25 76.9 76 53 89.4 89.9 81 98.8 97 

26 77.1 76 54 89.6 90 82 99.2 101 

27 77.9 78.3 55 89.7 90.8 83 99.5 100 

28 78.6 79 56 89.9 90.7 84 99.6 98 
 

2.2  The correlated  t-test   analysis of the field measured 
heartbeat datasets 

A correlated t-test is conducted in order to determine if the 
measured data RMHBk captured  using the IOT-MHBMD 
device is accurate with respect to the measured data 
HMHBk  captured using the hospital pulse oximeter CE012 
IPx2 device. The correlated t-test is conducted with respect 
to the 84 pair of data  RMHBk and HMHBk , where k = 
1,2,3,…N and N = 84. The difference  𝐷𝐷𝑘𝑘  between 
RMHBk and HMHBk is given as; 

𝐷𝐷𝑘𝑘 =   𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘 −  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘 for k = 1,2,3,…N         
(1) 

The difference (𝐷𝐷𝑘𝑘) has a mean (𝐷𝐷�)where; 

𝐷𝐷� =  �∑ (𝐷𝐷𝑘𝑘)𝑁𝑁
𝑘𝑘=1 �
𝑁𝑁

    (2) 
The standard deviation (𝑆𝑆𝐷𝐷) is; 

𝑆𝑆𝐷𝐷  =  ���∑ (𝐷𝐷𝑘𝑘−𝐷𝐷�)2𝑁𝑁
𝑘𝑘=1 �

(𝑁𝑁−1 )
�
22
       (3) 

The standard error (𝑆𝑆𝑆𝑆𝐷𝐷) is; 
𝑆𝑆𝑆𝑆𝐷𝐷 =  �𝑆𝑆𝐷𝐷

√𝑁𝑁
�    (4) 

The t-statistic (𝑡𝑡𝐷𝐷) is ; 
𝑡𝑡𝐷𝐷  =  𝐷𝐷�

𝑆𝑆𝑆𝑆𝐷𝐷
      (5) 

The (df) degree of freedom, is 
𝑑𝑑𝑑𝑑 =  𝑁𝑁 − 1      (6) 

If significance value is α , then , the  critical t value 
(𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)  is; 

𝑡𝑡𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷  =  t(α/2)  at df        (7) 
The confidence interval (𝐶𝐶𝐶𝐶𝐷𝐷α ) is expressed as; 
𝐶𝐶𝐶𝐶𝐷𝐷α  = ��𝐷𝐷� − ��t(α/2)�(𝑆𝑆𝑆𝑆𝐷𝐷 )�� , �𝐷𝐷� + ��t(α/2)�(𝑆𝑆𝑆𝑆)���

   (8) 
If no significant difference exist the mean of 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘 and  𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘  then following condition must be 
satisfied; 

�𝐷𝐷� − ��t(α/2)�(𝑆𝑆𝑆𝑆𝐷𝐷 )��  ≤   𝐷𝐷� ≤  �𝐷𝐷� + ��t(α/2)�(𝑆𝑆𝑆𝑆)��
    (9) 

3. Results and Discussion 
3.1 The results of the correlated t-test based on the pair 
of heartbeat field datasets  
The results of the correlated t-test at 0.05 significant level 
or confidence level of 95%  is shown in Figure 1. The 
results show that at 95 % confidence level, the sample mean 
(𝐷𝐷�)of 0.16905 is within the lower point and upper point of 
-0.25355 and 0.25355 respectively. This means that the 
mean of RMHBk  and HMHBk    are equal or put another 
way the there is no significant difference between the mean 
of  RMHBk  and HMHBk. Essentially, the  result show that 
the measurement done using the microcontroller-based 
heartbeat measuring device (IOT-MHBMD) is as good as 
that measured with the hospital pulse oximeter CE012 IPx2 
device. 
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Figure 1: The graph of the correlated t-test of heartbeat field datasets 

3.2 Development of analytical model for improved 
measurement accuracy of the microcontroller-
based heartbeat measuring device (IOT-
MHBMD) 

An analytical model for improved measurement accuracy of 
the microcontroller-based heartbeat measuring device (IOT-
MHBMD) is developed by using the Microsoft Excel 
Solver plug-in tool to fit analytical model that minimizes 

the root mean square error (RMSE) of the paired field 
measured dataset. First, the data was divided  into two, 
namely 75 % training data model and 25% cross validation.  
About 75% of the measured dataset were used for training 
data and this is about 63 patient’s data while 25% were 
used for cross validation, which represent 21 patient’s data 
(as shown in Table .2 and 3 respectively). 

Table 2: The training dataset for heartbeat model development 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

1 55.6 55.6 22 78.7 82 43 90 90.6 
2 60 61.3 23 78.8 79 44 90.8 91.4 
3 62.4 62 24 79.7 79 45 91 91.8 
4 64.3 65 25 79.9 81.9 46 91.5 92 
5 64.7 64 26 79.9 78 47 91.9 92 
6 64.8 65.29 27 80.6 80 48 92 92 
7 67.4 68 28 81 81.1 49 93 92.5 
8 67.5 68.5 29 82.2 82 50 93.1 92 
9 68.1 68.8 30 82.7 82 51 93.3 91 

10 69.4 68.5 31 83.6 83.7 52 94 94 
11 69.9 70 32 84 84.9 53 94.7 95 
12 71.4 72 33 84.1 86 54 94.7 96 
13 72.3 73.3 34 84.6 86.5 55 95.3 96 
14 72.9 71 35 85.1 85 56 95.5 97.8 
15 73.4 73.2 36 85.5 86 57 96 98 
16 74.4 74.5 37 86.9 87 58 96.9 95 
17 74.7 76 38 87.4 87 59 97.2 95 
18 75.2 75 39 88.9 89 60 97.7 99 
19 76.9 76 40 89.4 89.9 61 98.8 97 
20 77.1 76 41 89.6 90 62 99.2 101 
21 77.9 78.3 42 89.7 90.8 63 99.5 100 
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Table 3: The validation dataset for cross validation of heartbeat measurement accuracy optimization model 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

S/N 

RM 
Heartbeat 
or RMHB 

(Bpm) 

HM 
Heartbeat 

or 
HMHB  
(Bpm) 

1 63.7 63.6 8 79.7 77 15 91.4 92 

2 66.1 67.5 9 80.9 82 16 92.5 91.8 

3 68.5 70 10 83.5 82.9 17 93.9 90 

4 71.6 73 11 84.4 84.8 18 94.9 95 

5 74.3 74 12 85.7 86 19 96.4 97 

6 76.6 78 13 89 89.2 20 98.6 99 

7 78.6 79 14 89.9 90.7 21 99.6 98 
 
From the training data, the model was developed in order to 
minimize the RMSE. The model was generated using 
Microsoft excel with the trend line equation (Figure 4.6). 
The model was further modifying with the used of MS 
excel Solver tool in order to have better predicted values 

closer to that of  the hospital measurement device. The 
model generated the predicted hospital equipment measured 
value, 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝑘𝑘 from the given 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘 where; 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝑘𝑘 =  1.0652 (𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘)0.9862         (1) 

 
Figure 2: The graph of 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝑘𝑘 against 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘  in beat per minute 

After modelling from the training data, then the predicted 
value ( 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝐻𝐻𝑘𝑘 ) is compared with the actual value 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑘𝑘 , and it was observed that the error has been 
minimize (Figure 3 and Figure 4) where the sample mean 
(𝐷𝐷�) of the difference is now -0.00476 whereas it was 

0.16905 without the optimization model.  In all, the use of 
the optimization model effectively improve the 
measurement accuracy of the microcontroller-based 
heartbeat measuring device (IOT-MHBMD) evaluated in 
this paper. 
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Figure 3: Comparison of the actual hospital measured value and predicted value generated using the optimization 

model 
 

 
Figure 4: The graph shows the Correlated t-test  of heart beat for predicted value 

 
3. Conclusion 

An approach for analyzing the measurement accuracy of a 
microcontroller-based heartbeat measuring device (IOT-
MHBMD) with respect to the equivalent device used in a 
hospital is presented. The approach utilized correlated t-test 
statistics to determine how significance is the difference 
between the heartbeat measurements captured using the 
IOT-MHBMD and the one captured using the equivalent 
device used in a hospital. The analysis was based on pair of 
field datasets collected from 84 patients in the hospital. 
In addition, analytical model was developed to improve on 
the measurement accuracy of the IOT-MHBMD with 
respect to the equivalent device used in a hospital. The 
model was further evaluated using the correlated t-test 
statistics and the results show that the model significantly 
reduced the mean error of the measured datasets. 
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