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Abstract. This paper introduces about the application of Embedded system for analyzing heart rate signal 

in ECG (Electrocardiography) format using Microcontroller. Microcontroller must process signal in DSP 

method in this case the heart rate signal must be processed in real-time. Our system can analyze heart rate to 

find the frequency of heart beat and show ECG signal and heart rate on display of Microcontroller board. To 

obtaining heart rate signal we use electrode placed on body in lead 2 orientations. We decide to make our 

system portable and can run on battery all over a day for recording signal to analyze during a day. 
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1. Introduction 

This article is describing our ECG Real Time Signal monitor and analyse system [1]. It can analyse the 

heart rate signal in ECG (Electrocardiography) format real-time and also display ECG signal waveform in 

graph format. We analyze heart rate signal for checking heart signal that are there some problem with heart 

and calculate heart beat rate [2]. We develop that system in small size for mobility by 10 * 15 cm-square size. 

With 2000 mAh battery the system can operate over a day continuously. Thus, it is suitable for monitor heart 

signals of a heart disease patient along 24 hours [3]. 

From statistic in 2014 Thai people die from heart disease more than 50000 or 6 people per hour. If there 

is no act it will increase from 17 to 23 million people die from heart disease in 2030 [4]. Therefore, precisely 

analysis of heart signal is necessary for heart disease patient. And another application of this system is to 

record heart signal and analyzed data to the patient’s doctor. Doctor can monitor patient heart signal to 

predict and notices symptom that are happened.  

2. Heart Rate Measurement 

2.1.  ECG signal model 

There is various heart signal measurement method in nowadays. ECG is the one of common use methods 

to measure heart signal. ECG signal model is an electrical signal from the heart muscle. There is electrical 

signal sending to the heart muscle to signal heart for beating. Hence, the signal is a representative of heart 

working signal that can be used. ECG model is a model by consider the signal in time domain and divides 

that signal following orderly progression of depolarization as shown in Fig. 1. 

From Fig. 1 shows ECG signal model format as typical ECG signal. It can be seen that the normal ECG 
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waveform consists of a P wave, a QRS complex and a T wave (U wave doesn’t consider since it has lower 

amplitude and is hidden by T wave). 

             
Fig. 1: ECG signal model format.                                              Fig. 2: ECG Leads II measurement. 

2.2.  ECG signal measurement 

To obtain the heart signal in ECG format can measure electrical voltage from human body called 

“electrode”. Electrode is a probe that can stick into human skin and can obtain voltage called “Leads II 

ECG” as in Fig. 2.  

From Fig. 2 shown ECG Leads II measurement that is typical data of heart signal. It must use at least 

two probes to obtain signal because it has to measure differential electrical signal between two points on 

body and use other probes to reduce noise and emphasize some part of the signal.  

2.3.  Analysis method 

Heart signal is a periodic signal meaning the signal was produced in full waveform periodically, but it is 

different from the normal waveform sine wave. Because there are many components in this signal produce 

for the different activity make this waveform very complicate. To analyse ECG waveform you have to 

develop a system to detect the identity of each waveform [5][6]. The proposed system is designed to detect 

the R peak of the signal. Because R peak will let us know about start and stop of heart beat waveform and we 

also can estimate the heart rate from interval of R peak. The proposed system based on real-time system has 

to process data finish immediately data was obtained and must finish process current waveform before next 

waveform come. In this paper, the proposed system can be used combine technique to detect each waveform. 

The proposed system is three techniques: (as shown in Fig. 3.). 

 

 
Fig. 3: Analysis method diagram. 

 

- Upper average checking: the proposed system which knows the R peak of the signal is the highest 

amplitude of the signal always process average data of the signal using the complementary filter. 

And it must higher than 1.2 times of average signal so the complementary filter is designed for 

finding average values of signal at a time and use as one of feature to detect R peak. 

- Slope checking: the processing every difference value of signal can calculate currently slope of 

signal by comparing current slope and latest slope. The peak of signal can be considered because if 

there is peak it is slope must less than 1 and the latest slope must more than 1. 

- Interval checking: the human heart that has the heart rate more than 200 times per minute or period 

of R peak interval must more than 300 ms is measured.  
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3. System architecture 

3.1.  Component 

The proposed system contains electrode, pre-processing unit and processor. Electrode is a group of 

instrument that obtain heart signal from the human body as above. Pre-processing unit is a device that 
connects directly to electrode for obtaining heart signal. The heart signal is a low level signal (the signal 

range is -2 mV to 2 mV) so it has to be filtered and amplified for compatible with microcontroller and resist 

noise. The proposed system Heart Rate Monitor Front End IC name “AD8232” this IC designed to prepare 

biopotential small signals for ADC in the microcontroller to acquire that signal [7]. AD8232 contains a 

differential amplifier for comparing signals from electrode and transform into ECG format. Then there is a 

two-pole high pass filter for eliminating noise and extract the pure signal from the electrode.  After that there 

is fast restores function amplifier for amplifying the signal to 3V p-p for compatibility with typical 

microcontroller. 

In processor unit, the proposed system is used the STM32F7 Discovery board as a microcontroller [8]. 

Discovery board contains stm32f746g microcontroller. This microcontroller is ARM 32-bit Cortex-M7 that 

can run at 200 MHz and there is FPU (Floating-point unit) to calculate floating-point value for the faster 

DSP application. Moreover, microcontroller on Discovery board still has another necessary component for 

developing such as Display for show data programmer for flashing new firmware. 

3.2.  Interfacing 

Electrode has been stacked directly to skin and their signal has connected to the AD8232 pre-processing 

unit. It produces high level enough signal for the microcontroller to acquiring via 12-bit ADC. Hence, the 

microcontroller can obtain a signal in the digital data format of ECG signal from heart muscle as shown in 

Fig 4. 

 

 
Fig. 4: Overall system. 

4. Experiment and Result 

The proposed system processes a Heart signal in real-time and show data (waveform and heart beat rate) 

via display as shown in Fig. 5. Because it detects R peak by above algorithm and uses a complementary filter 

to soften the heart rate value. Therefore, the proposed system can calculate it back into the heart beat rate and 

also align signal waveform to the center of display as seen on display [9]. The result of the proposed system 

can compare with other device such as wearable heart rate monitor as shown in Fig. 6.  

From Fig. 6 shows the comparison between the results of the proposed system and the wearable device. 

It can be concluded that the both waveforms is similar. Table 1 shows the values of the proposed system and 

the values are obtained from wearable device for 15 times. It stated that the values are a very closely as 

shown in Fig. 7. 

Table 1. Comparison Values between the Proposed System and Wearable Device 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Wearable 72 78 75 73 84 73 75 74 77 83 77 74 75 77 79 

our system 72.6 77.3 77.3 77.2 83.9 74.4 78.5 75.4 78.8 82.8 80.9 76.4 77.0 78.4 82.4 

 

From Fig. 7 shows the graph comparison between the proposed system and wearable device. It is seen 

that some data are different because it measures the heart rate by calculate interval of R peak of each wave. 

But this wearable device uses counting R peak in period that it makes value look difference in the same time.  
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Fig. 5: Result waveform.                                   Fig. 6: Comparison with wearable device. 

 

 
Fig. 7: Comparison graph. 

5. Conclusion 

In this paper, the system that can acquire an electrical heart signal from human body and can process to 

detect R peak to find heart beat rate has developed using stm32f7 microcontroller. The proposed system can 

be run on Li-ion battery with 2500 mAh capacity during a day as same as a typical ECG monitoring. 

Moreover, it can’t measure signal while person moving and can’t be used in high level noise or high 

electromagnetic field area. Because heart signal is a low level signal; furthermore, wire and amplifier can be 

disturbed. In the future, the system will be developed by increase number of feature, develop pre-process unit 

include electrode to resist the noise batter, and also plan to test better by use real medical device ECG 

measurement as the measure heart rate .  
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