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Abstract
          ECG machine on the market, has a considerable cost, the technology used is still very complicated. In efficient and display ECG still not interconnect with other devices. In this study, the researchers designed ECG machine 12 channels to take advantage ATMEGA microcontroller technology, Graphic LCD 64x12, which can be obtained on the market at low prices, thus yielding a portable ECG apparatus, can interconnect with other devices and cheap. Objective is to design a  ECG machine using ATMEGA microcontroller technology, by making a series of bio amplifier ECG, measuring the amplitude and frequency response bio amplifier, and make the ECG signal processing circuit with microcontroller, which can be displayed on a 128x64 graphic LCD or PC. To answer the research objectives, the design of the research is to use pure experimental research is the design of experimental series. The independent variable ECG phantom or human and the dependent variable is the ECG machine. While the design  ECG machine  through the stages as follows: circuit design, circuit testing and calibration output. The conclusion of this study: The result of the design of microcontroller ATMEGA program listings can be used transform and run the program to the ECG machine to know the number of heartbeats, a beep sound every wave R  the ECG signal, displayed on the graphical LCD, PC, printed through a computer, and can be stored in computer.
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1. Introduction
[bookmark: _GoBack]           ECG machines are standard equipment used to diagnose heart disease.[1]-[3] ECG machine is needed in health facilities such as: health centers, community Health centre and  Hospital, even gave for monitoring can be used in the House. For the purposes of early detection of heart attack, it is necessary for the purposes of monitoring ECG machine or daily checks. ECG machine on the market, has the price is quite expensive, so it is not accessible to the public medium or small clinics in addition to the technology used is difficult to understand, if the device is damaged very difficult and many electronic circuits are secret. Technological knowledge microcontroller for ECG machine design has been done by several researchers, including microprocessor-based physiological signal monitoring and recording system for ambulatory subjects (Kao, 1995) [4] Development of a Portable ECG linux-Based Measurement and Monitoring System (Without Hsu, 2011) [5], Research of portable ECG Monitoring Device (Genghuang Yang, 2012) [6], Design of the intelligent simple Electrocardiograph (Sun, 2012) [7], Microcontroller-based data acquisition system for Heart Rate Variability (HRV ) measurement (Akhter, 2012) [8], Two Low-Cost Solutions for Cardiac Mobile Monitoring   (R. I. Gonzalez,2008) [9], Designing ECG mini one channel with graphic display LCD (Triwiyanto, 2014) [10], from the research that is currently still has the disadvantage that the data storage system and the measurement of only one channel and not associated with a personal computer, besides the price is expensive, the component commercially available. From the above short comings of researchers trying to develop a system that can store more data and increase the measurement point to 12 channels, especially in the field of the measurement of frontal and transverse plane by utilizing appropriate technology which uses components of microcontroller ATMEGA, LCD Graphic 64x12, RAM and SD Card which can be obtained on the market at low prices, so it can be designed as ECG machines are portable and inexpensive, and can connect with a personal computer by recording the signals of heart which does not differ with sophisticated equipment
          The purpose of research to develop a system of ECG equipment that can store more data and increase the measurement point to 12 channels, utilizing appropriate technology.    General purpose :Designing ECG machine using ATMEGA microcontroller technology. Special purpose are
1. Make a series of ECG signals intercepts, 2. Make a bio-amplifier circuit,3. Creating a series of microcontroller circuit to circuit LCD graphic display and the Personal Computer (PC), 4. Make a design software program measuring heart rate (heart rate) and the ECG signal, 5. Measure heart rate response and the amplitude of the ECG signal.6. Perform calibration to see heart rate and amplitude of the ECG signal on graphic LCD and PC

3. Research Methodology
3.1 Conceptual Framework
          The conceptual framework describes how the research process runs in the form of a block diagram. Which can be explained as in figure 3.1.
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Figure 3.1. Block Diagram Research


          Signal of bioelectrical ECG phantom or the human body has an amplitude very small tapped by the electrodes and then output from the electrode, an input circuit buffer that functions as a series of buffer zone, the output of the circuit buffer will enter as an input block electrode selector (multiplexer) which serves to select the area of ​​measurement or select the desired lead, the output of the multiplexer block as the input of the amplifier block Bio. So that the signals can be recorded better than the block is also equipped with a series of filters. Bio amplifier as input the output of the microcontroller block. ATMEGA Microcontroller block serves as the signal processing of the circuit bio amplifier to both LCD display and Personal Computer.
  
3.2.Type of research:  
          This type of research is research Quasi-Experimental, Variable: Independent variables in this study is the ECG signal and the dependent variable is ECG Machine.[11],[12]

3.3. Location and Time Research: 
         Location of research done at the Department of Electromedical Engineering Polytechnic of Ministry of Health Surabaya, Indonesia and research duration for 10 months, starting from January to October, 2015.

3.4. Data processing and data analysis :

Table 3.1. Results Measurement of Heart Rate (BPM) with a standard phantom 30 BPM
	Set media
	Personal Computer (BPM)

	LEAD
	I
	II
	III
	IV
	V

	Lead 1,2,3,
	30
	30
	30
	30
	30

	Lead AVR
	29
	30
	30
	30
	30

	Lead AVL
	30
	30
	29
	29
	30

	Lead AVF
	30
	30
	30
	30
	29

	Lead V1,V2,V3,V4,V5,V6
	30
	30
	30
	30
	30




Table 3.2. Results Measurement of Heart Rate (BPM) with a standard phantom 60 BPM
	Set media
	Personal Computer (BPM)

	LEAD
	I
	II
	III
	IV
	V

	Lead 1
	60
	60
	59
	59
	60

	Lead 2
	60
	60
	59
	60
	60

	Lead 3
	59
	60
	60
	60
	60

	Lead AVR
	60
	60
	60
	59
	60

	Lead AVL
	59
	60
	59
	60
	60

	Lead AVF
	60
	60
	60
	59
	60

	Lead V1,V2,V6
	60
	60
	60
	60
	60

	Lead V3
	59
	60
	60
	60
	60

	Lead V4
	60
	59
	60
	59
	60

	Lead V5
	60
	60
	59
	59
	59



	
Table 3.3. The R wave amplitude measurement on an ECG Module
	Set media
	R wave measurement.
	ECG Standard 

	LEAD
	I
	II
	III
	IV
	V
	Standar

	Lead 1
	13
	13
	13,05
	13
	13
	13

	Lead 2
	20
	20
	20
	20
	20
	20

	Lead 3
	5
	5
	5
	5
	5
	5

	Lead AVR
	15
	15
	15
	14,8
	15
	15

	Lead AVL
	3
	3
	3
	3
	3
	3

	Lead AVF
	11,8
	12
	12
	12
	12
	12

	Lead V1
	4
	4
	4
	4
	4
	4

	Lead V2
	8
	8
	8
	9
	8
	8

	Lead V3
	17,8
	18
	18
	18
	18
	18

	Lead V4
	22
	22
	22
	22
	22
	22

	Lead V5
	22
	22
	22
	22
	22
	22

	Lead V6
	15
	15
	15
	15
	15,05
	15




4. Result and Discussion: 
          The result of this research is the design of ECG machine based on ATMEGA microcontroller.  How it works as follows: Input derived from phantom will be tapped by the electrodes. The output of the leads will be entered into a series of Low pass filter. Output of Low pass filter will enter the buffer circuit. The buffer circuit serves as a buffer circuit, the output of the buffer as input multiplexer circuit. Multiplexer circuit functioning choose from 12 leads generated from the output buffer. While the output of the multiplexer will enter Bio amplifier circuit which then results of the data from bio amplifier will go into the microcontroller ATMEGA to be processed and the results are displayed on a computer or on the LCD graph.


4.1.Discussion.
4.1.1. Rangkaian Low Pass Filter

[image: ]

Figure 4.1 Low pass filter passive circuit 


          By entering a 10K Ohm resistance value and the value of the capacitor 10 pikko farrad then cut off frequency of the low pass filter circuit is 312 KHz. It serves as a high frequency filter that will pass. Each interception is equipped with Low pass filter circuit is composed of 12 filters. 

4.1.2 Buffer Circuit.

[image: ].


Figure 4.2. The buffer circuit


          The buffer circuit serves as a buffer circuit so that the ECG signal as the signal information will not be lost or distortion. The buffer circuit consists of 12 buffer mounted on each lead. The output of the buffer circuit will be entered into a series of images multiplexer (figure 4.3). The multiplexer circuit functions as a switch option. Where from 12 lead will come out as output a signal in accordance with a selector switch selection.

4.1.3. Multiplexer circuit
          
[image: ]

Figure 4.3. Multiplexer circuit


          The output of the multiplexer circuit will be entered as input to the bio amplifier. Bio amplifier circuit serves to strengthen the ECG signal. (Figure 4.4) and circuit High pass filter passive  is used to remove interference (noise) generated by equipment that emits high frequency. (Figure 4.5)


[image: ]

Figure 4.4. Bio Amplifier circuit

[image: ]
Figure 4.5. High Pass Filter passive circuit

          High filter passive circuit will produce a cut-off frequency of 0.0498 Hz. High of the output of the circuit filter will be forwarded to the non-inverting amplifier in Figure 4.4. the strengthening of 1002 times then the signal will be filtered by low pass filter having a cut-off frequency of 312 KHz forwarded by non inverting amplifier circuit with reinforcement 1002 times (figure 4.6)

                          [image: ]
Figure 4.6 non-inverting amplifier circuit


  The output of non-inverting amplifier will be filtered by low pass active filter - 40 dB as in figure 4.7.


                                         [image: ]

Figure 4.7. Low pass active filter circuit -40 d


          Cut off frequency low pass active filter circuit -40 dB at 102.6 Hz. Signal bio ECG amplifier is forwarded to the other, then the signal will go as input Microcontroller ATMEGA.
In Microcontroller ATMEGA will be processed by the application program Delphi.
Delphi is a programming language that uses the same visualization programming languages ​​such as Visual Basic (VB). But Delphi uses language similar to pascal (often called object pascal) making it easier to use. Delphi programming language developed by Code Gear as a software development division belonging to Embarcadero. The division originally belonged Borland, so that this language has a version of Borland Delphi.[12]

4.14. Data analysis technique
The data will be analyzed contained in Table 5.1 to table 5.4 is to analyze whether the Heart Rate resulting from the design of ECG module is fit for use or not. Then the researchers compared the results of measurements with calculations manually, the distance between wave R1 to R2 to note that the speed of 50 mm / min or phantom, the formula:

                                                1500  
    Heart Rate  (BPM)   =  ----------------    BPM
                                    Number of Small Box
 
Example: Researchers determine on phantom Heart rate listed in the phantom 30, the distance from R1 to R2 are 30 small boxes, then Heart rate can be calculated:

                                               1500                 
                  HR  (BPM)   =   --------------    = 50 BPM
                                                  30  
The result between the measurement data and phantom same standard that is 50 BPM.
By using statistical calculations, then: 1. BPM 30 BPM: Error has amounted to 0%, 0,022,222 and Ua: 0,000324748.2. BPM has a 60% error of -0.003888889 and Ua: 0.000550637. By looking at the results of the above calculations, the design of ECG machine based on ATMEGA Microcontroller still within the limits permitted tolerance values, because the limit value tolerance of 5%. In the same way, then the analysis can be used to analyze wave signal R. Namely: 1. R signal lead 1 has a% Error of 0.000769 and Ua: 0.01. 2. R signal leads 2 having% error of 0.538462 and Ua: 0. 3. R signal lead 3 has a% error of -0.61538 and Ua: 0. 3. 4. R signal leads AVR has amounted to 0% error, 150 769 and Ua: 0.04. 5. R signal leads AVL has a% Error of -0.76923 and Ua: 0. 6. The signal R lead AVF has the error of -0.08% and Ua: 0.04. 7. R signal leads V1 has a% error of -0.69231 and Ua: 0. 8. R signal leads V2 has a% error of -0.38615 and Ua: 0.02. 9. R signal leads V3 has a% Error of 0, 384 615 and Ua: 0. 10. R signal leads V4 has a% Error of 0, 692 308 and Ua: 0. R 11.sinyal Error leads V5 has amounted to 0.692308% and Ua: 0. R 12.sinyal lead V6 has a% Error of 0, 154 615 and Ua: 0.01. By looking at the value of% Error and Uncertainty still below 5%, it is feasible to use ECG module

5. Conclusion
          In accordance with the results of the discussion in Chapter 5 then the design of ECG machine based on ATMEGA microcontroller can be summarized as follows: 5.1. Results of ECG machine based on ATMEGA microcontroller  is used to measure heart rate, as having% error of 0.150769% level of uncertainty (Ua) most 0.04, still below the standard 5%.
5.2. The design of each ECG R wave appears to 0.002628889% error and uncertainty (Ua) 0.000605608, still below the standard 5%, so the design of ECG machine baesd on ATMEGA microcontroller feasible to use. 5.3 The result of the design of microcontroller ATMEGA program listings can be used transform and run programs based ECG module ATMEGA microcontroller with a pull to see the number of heartbeats, a beep sound every wave R and the ECG signal.
5.4. The results of this ECG design can be displayed on the graphical LCD, PC, printed through
A computer, and can be stored in the computer.
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