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Abstract— In this paper is to design a failure safe rate 

responsive cardiac pacemaker device that could be 

monitored and configured by a doctor using a secured 

wireless communication. The device firmware is based upon 

a hard real time Real-Time Operating System (RTOS) 

kernel and hence the device functionality is guaranteed and 

is designed to avoid failures due to software malfunctions. 

Modern pacemakers are externally programmable and allow 

the cardiologist to select the optimum pacing modes for 

individual patients.  So that critical situation can be avoided 

and preventive measures are successfully implemented. 
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I. INTRODUCTION 

Cardiovascular diseases are major causes of morbidity and 

mortality in the developed countries and heart disease is still 

the number one cause of death in the United States. In 

particular, the risk of sudden cardiac arrest, which is the 

cessation of normal circulation of the blood due to failure of 

the heart to contract effectively, hovers menacingly over 

patients. Cardiac arrest has been one of the leading causes of 

sudden cardiac death, which strikes people to death without 

any forebode, whether or not they have a diagnosed heart 

condition. .  

Wearable electronic devices, which are increasing 

in number and decreasing in size, must have a power source. 

Install flexible piezoelectric materials in heel and insole of 

shoe to harvest energy from walking while minimizing 

effects on shoe feel and comfort [1].  Wireless systems are 

becoming ubiquitous; examples include wireless networking 

based upon the IEEE 802.11 standard and the wireless 

connectivity of portable devices and computer peripherals 

using the Bluetooth standard. The use of wireless devices 

offers several advantages over existing, wired 

methodologies. The electrostatic concept is easily realizable 

as a MEMS and much processing know-how exists on the 

realization of in plane and out-of-plane capacitors. Energy 

density of the generator can be increased by decreasing the 

capacitor spacing, facilitating miniaturization. The energy 

density, however, is also decreased by reducing the 

capacitor surface area [2]. The basic principles and the 

direct application to energy harvesting of nonlinear 

treatment of the output voltage of the transducers for 

conversion enhancement will be recalled, and extensions of 

this approach presented. Latest advances in this field will be 

exposed, such as the use of intermediate energy tanks for 

decoupling or initial energy injection for conversion 

magnification. Inertial energy harvesters turn the mechanical 

motion of a proof mass into electrical energy in order to 

power a load circuit. There are three main transduction 

methods for converting the mechanical work into electrical 

energy: electromagnetic, electrostatic and piezoelectric. The 

electromagnetic approach, as commonly used in 

conventional energy generation schemes, has been 

implemented at miniature and micro scales for energy 

harvesting devices by utilizing finely-wound or printed coils 

and permanent magnets [3]. Energy harvesting is a topic of 

substantial and increasing research attention, and motion-

driven devices represent a large fraction of this activity. 

Motion energy harvesting devices are now offered 

commercially by several companies, mainly for applications 

where machine vibration is the motion source, although 

body-powered applications (particularly body sensor 

networks) are actively pursued[4]. Successful exploitation of 

motion energy harvesting for many applications is likely to 

require integrated design of the complete wireless system, 

including power-aware operation of the powered 

device[5].The basic principles and the direct application to 

energy harvesting of nonlinear treatment of the output 

voltage of the transducers for conversion enhancement will 

be recalled, and extensions of this approach presented. 

Latest advances in this field will be exposed, such as the use 

of intermediate energy tanks for decoupling or initial energy 

injection for conversion magnification. A comparative 

analysis of each of these techniques will be performed, 

highlighting the advantages and drawbacks of the methods, 

in terms of efficiency, performance under several excitation 

conditions, and complexity of implementation and so on. 

Finally, a special focus of their implementation [6]. 

Inertial energy harvesters turn the mechanical 

motion of a proof mass into electrical energy in order to 

power a load circuit. There are three main transduction 

methods for converting the mechanical work into electrical 

energy[7].electromagnetic, electrostatic and piezoelectric. 

The electromagnetic approach, as commonly used in 

conventional energy generation schemes, has been 

implemented at miniature and micro scales for energy 

harvesting devices by utilizing finely-wound or printed coils 

and permanent magnets [8].  A wavelet Electrocardiogram 

(ECG) detector for low power implantable cardiac 

pacemakers is presented in this paper. The proposed 

wavelet-based ECG detector consists of a wavelet 

decomposer with wavelet filter banks, a QRS complex 

detector of hypothesis testing with wavelet-demodulated 

ECG signals, and a noise detector with zero-crossing points. 

In order to achieve high detection accuracy with low power 

consumption, a multi-scaled product algorithm and soft-

threshold algorithm are efficiently exploited in our ECG 

detector implementation [9]. The QT interval represents the 

time of ventricular depolarization and depolarization. The 

QT interval is measured from the beginning of the QRS 

complex to the end of the T wave. A normal QT interval is 

usually about 0.40 seconds. The QT interval as well as the 

corrected QT interval are important in the diagnosis of long 

QT syndrome and short QT syndrome[10]. The U wave is 

not always seen. It is typically small, and, by definition, 

follows the T wave. U waves are thought to represent 

depolarization of the papillary muscles or Purkinje fibers 

[11]. Sinus arrhythmia is generally a good thing, and loss of 
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this chaotic variation is of ominous prognostic significance. 

The WPW syndrome is a combination of the WPW pattern, 

and tachycardias [12]. The tachycardias may be due to 

impulse conduction down via the AV node and back up the 

accessory pathway (commonest, called orthodromic 

tachycardia), the other way around (down accessory 

pathway, up AV node, termed antidromic tachycardia), or 

even related to atrial fibrillation [13]. The ectopic focus is 

therefore modulated by the normal rhythm, and usually 

occurs at about the same interval from the normal events 

[14]. 

II. PROPOSED SYSTEM 

The structure of proposed is a failure safe rate responsive 

cardiac pacemaker device that could be monitored and 

configured by a doctor using a secured wireless 

communication. The device firmware is based upon a hard 

real time RTOS kernel and hence the device functionality is 

guaranteed and is designed to resist failures due to software 

malfunctions. An artificial cardiac pacemaker is a medical 

device that uses electrical impulses, delivered by electrodes 

contracting the heart muscles, to regulate the beating of the 

heart is shown in  Fig 1. The primary purpose of a 

pacemaker is to maintain an adequate heart rate, either 

because the heart's natural pacemaker is not fast enough, or 

there is a block in the heart’s electrical conduction system. 

Modern pacemakers are externally programmable and allow 

the cardiologist to select the optimum pacing modes for 

individual patients. Some of them have multiple electrodes 

stimulating differing positions within the heart to improve 

synchronization of the lower chambers (ventricles) of the 

heart. 

A. Functional Block Diagram: 

 
Fig. 1: Artificial Pacemaker Unit 

 

 

 
Fig. 2: Control and Monitoring Unit 

 
Fig. 3: ECG Generator Unit 

B. Tri-Axial MEMS Accelerometer: 

The device will be rate responsive pacemaker type that can 

vary its pacing rate according to the physical activities of a 

patient. Thus mimics the working of a natural heart. The 

physical activity level of the patient is sensed using a special 

motion sensor called Tri-axial MEMS accelerometer. 

The device will be an advanced dual chamber 

pacemaker type that can pace both atrium and ventricle and 

hence functions like a normal heart. The output is a pulse 

with fixed amplitude and duration as shown in Fig 2. The 

device generates the atrium pulse first and it is followed by 

the ventricle pulse is shown in Fig 3. The pulse output is 

brought out through the electrodes and it can be monitored 

using an oscilloscope/DSO during demonstration. 

Acceleration-Change Characteristics While Falling 

 
Fig. 4: (A) walking downstairs 
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Fig. 4: (B) Walking Upstairs 

 
Fig. 4: (C) Sitting down 

 
Fig. 4: (D) Standing Up 

Because the movement of elderly people is 

comparatively slow, the acceleration change will not be very 

conspicuous during the walking motions. The most 

pronounced acceleration is a 3-g spike in Y (and the vector 

sum) at the instant of sitting down Fig 4.The accelerations 

during 

 
Fig. 4: Pulse Variation for ECG 

Falling is completely different. Figure shows the 

acceleration changes during an accidental fall. By  

1) Acceleration Change Curves During The Process Of 

Falling: 

 Fig.  4. Pulse variation for ECG. (a) Walking downstairs (b) 

Walking upstairs (c) Sitting down (d) Standing up and (e) 

Acceleration change curves during the process of falling. 

Comparing the figures one can see four critical 

differences characteristic of a falling event that can serve as 

the criteria for fall detection. They are marked in the red 

boxes and explained in detail as follows.fig(a)shows the 

waveform for walking downstairs. fig(b) shows the 

waveform for walking upstairs. fig(c)shows the waveform 

for walking downstairs. fig(d)shows the waveform for 

walking downstair and  Acceleration changes are shown in 

fig(e). 

C. Communication: 

The device will communicate with outer world through a 

wireless communication channel. Bluetooth is used as the 

wireless medium. The device status and vital parameters can 

be read and written over this channel. A special 

reprogramming unit is constructed for this purpose. The 

reprogramming unit facilitates the doctor-pacemaker 

communication. The unit will communicate with PC/Laptop 

via USB. 

D. RC4 Stream Cipher: 

To prevent wireless attacks and hacking of the device, a 

special cryptographic algorithm (RC4 Stream Cipher) is 

used to encrypt and decrypt during any data transfer. The 

key for this algorithm is obtained randomly from the ECG 

data and thus highly secured. Monitors the status of the 

battery using a voltage monitor circuit and reports it via 

Bluetooth. Stores the patient specific information on a non-

volatile EEPROM chip inbuilt into the device 

E. ECG Generator: 

During demonstration, the timing of cardiac signal has to be 

varied to simulate a heart patient. This is produced by using 

an ECG generator unit. It has a Graphics LCD and Push 

Buttons as its user interface. An ECG waveform is output 

via the DAC (Digital to Analog Converter) peripheral. The 

output of this unit can be verified on an oscilloscope/DSO. 

ARM Cortex-M3 based LPC176x microcontroller is used as 

the main microcontroller for this project for all three units of 

the system. 

The application firmware is written using Free 

RTOS which is the real time RTOS used in this device that 

guarantee its functionality under all circumstances, thus 

making the device fail safe. 

VsVp
Jm

dp

Rp

Rm
VsVoV t 







 









 minexp1

2
)2(

(1)

 

Where, 

Jm- 0.8 ms 

Rm- Transmembrance Resistance 

Rp- General Pulse Generator 

Vpmin- Delivered Energy 

Parameter 
Optimal Pulse 

Generator 

Conventional Pulse 

Generator 

Vpmin 196.8 550 

E 0.025 0.4 

Dp 0.5 0.59 

Rp 601 601 

Table 1: Optimal Pulse and Conventional Pulse Generator 

F. Merits: 

 Software written under RTOS guarantees the 

operation of the device under all conditions and 

makes the patient life safer. 

 Cryptographic security for wireless communication 

between doctor and pacemaker. 



Mutex-Heart: Fail Safe Dual Chamber Cardiac Pacemaker Device with Rate Responsive Control and Cryptographic Security 

 (IJSRD/Vol. 3/Issue 02/2015/125) 

 

 All rights reserved by www.ijsrd.com 492 

 Crypto key is picked from ECG data thus 

improving the randomness of the algorithm 

 Adapts the pulsing according to the patient physical 

activity. 

 Advanced dual chamber pulsing similar to the 

operation of a normal heart 

 Intelligent battery monitoring circuit predicts end 

of device much earlier. 

 ECG Generator unit to vary the timing of the 

cardiac signal according to the user request. 

 A full speed USB interface to connect the 

Reprogramming unit with PC/Laptop. 

 Low power is an important device characteristic. 

Thus software is written with extreme low power in 

mind to be able to run the device from battery for 

years 

 32-bit ARM Cortex-M3 microcontroller enables 

high performance using very less power. Output 

Current up to 1A  

 Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24  

 Thermal Overload Protection  

 Short Circuit Protection  

 Output Transistor Safe Operating Area Protection 

 Circuit protection: Built-in overheating protection 

shuts down output when regulator IC gets too hot  

 Circuit complexity: Very simple and easy to build  

 Circuit performance: Very stable +5V output 

voltage, reliable operation. Applications Part of 

electronics devices, small laboratory power supply 

III. RESULTS AND DISCUSSION 

 
Fig. 5: ECG Generator 

 
Fig. 6: Pacemaker 

Data is downloaded in bytes into the 48 by 84 bits RAM 

data display matrix of PCD8544. The columns are addressed 

by the address pointer. The address ranges are: X 0 

to83(1010011), Y 0 to 5 (101) results shows in 

Fig5.Addresses outside these ranges are not allowed. In the 

vertical addressing mode (V = 1), the Y address increments 

after each byte After the last Y address (Y = 5), Y wraps 

around to 0 and X increments to address the next column. In 

the horizontal addressing mode (V = 0), the X address 

increments after each byte Fig.6. After the last X address (X 

= 83), X wraps around to 0 and Y increments to address the 

next row. After the very last address (X = 83 and Y = 5), the 

address pointers wrap around to address (X = 0 and Y = 0). 

In GLCD is connected through the SPI in LPC1764 Micro 

controller then the MEMS Accelerometer is connected 

through the I2C. The MEMS three axis value can be 

displayed in the GLCD. 

 Logic supply voltage range VDD to VSS: 2.7 to 3.3 

V 

 Display supply voltage range VLCD to VSS 

 6.0 to 8.5 V with LCD voltage internally generated 

(voltage generator enabled) 

 6.0 to 9.0 V with LCD voltage externally supplied 

(voltage generator switched-off). 

 Low power consumption, suitable for battery 

operated systems 

 Temperature compensation of VLCD 

 Temperature range: − 25 deg to +70 deg 

IV. CONCLUSION 

The results of this study will be helpful not only for healing 

of sudden cardiac arrest, but also for improvement of the 

implantable medical device performance, by prolonging 

battery and pulse generator longevity and releasing the 

stimuli pain. They have a good potential to be combined 

with other technologies to improve the health of patients. a 

low-power ECG detector for implantable cardiac 

pacemakers is presented. In order to achieve low power with 

high detection rate, The ideas presented in this paper can 

assist the design of an implantable cardiac pacemaker for 

low power and high reliable implementations. 
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