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                              Motivation 

ÇTraditional ECG Systemôs Shortcomings: 

ÁBulky  

ÁNon-Portable 

ÁHigh Cost 

 

ÇScope for Improvement in ECG Measurement Algorithm 

ÁImprovement in Navakatikyanôs Peak Quantification Algorithm 

 

ÇSelection of GBA over PDA for Device Display 

Á Impressive Plotting Results 

ÁNo serious transmission delays 

ÁFine Graphic Processing Capability 
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                    Basic Electrocardiography 

ÇElectrocardiogram records Electrical activity of large mass of 

atrial & ventricular cells as specific waveforms & complexes 

ÇECG monitor:  Voltmeter that records Electric Potentials 

generated by cyclic depolarization & repolarization of heart 

muscle 

ÇElectrical activity measured visually by electrodes connected 

by cables to ECG machine 

ÇECG recording graph:  

ÁX axis : 1 unit = 0.04 seconds 

ÁY axis : 1 unit = 0.1 mVolts 
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ÇECG Lead Selection: 

ÁECG Lead: Record of electrical activity between two electrodes 

accurately, it provides the average current flow value at a given time in a 

heart section 

ÁElectrical Description of ECG: 

Current Indication by a Stylus attached to a  

Galvanometer connected between  

+ve & -ve electrode leads 

ÁTotal Leads : 12 (Limb : 6, Chest : 6) 

Limb Leads Selected: I, II, III 

ÁReason: 

Einthovenôs Law: Potential differences measured between the bipolar 

leads measured simultaneously, at any moment, will give 

                           II = I + III  
Einthovenôs Triangle: An Equilateral Triangle Model using standard Limb 

Leads for Normal ECG measurement 
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Ç  

 

 

 

 

 

 

ÇNormal Electrocardiogram: 

ÁDepolarization wave approaching a +ve  

electrode produces +ve upward ECG deflection. 

 

 

 

 



   

             Heart: An Electrical System 
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           Electrical Overview of Heartbeat 

8-27 

Ç Electrical Impulse Generation by SA node (60-100 times/minute) 

Ç Right & Left Atria stimulated (depolarized) & contract for some time pumping 

blood into ventricles ( P Wave) 

Ç Impulse travels from SA to AV node thru Conduction pathways 

Ç Impulse slow down briefly, allows ventricles to be filled with blood  ( PR interval) 

Ç Impulse reaches ventricles via Bundle of His 

Ç Bundle divides impulse into right & left ventricle 

Ç Ventricles get depolarized and triggers main pumping contraction     ( QRS 

Complex) 

Ç Ventriclesô blood pumping slowly diminishes, as they get repolarized  ( ST 

Segment) 

Ç Ventricles fully repolarized and ventricle blood pumping stalled  ( T Wave) 

Ç Above process occurs 60-100 times/minute 

            Each contraction of Ventricle = One Heart Beat  

 

× Calculation of Heart Rate: 

       Heart Rate = (No. of R waves in 6 inch ECG strip) * 10 

 



   

                    Functional Block Diagram 
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                   ECG Detector Circuitry 
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ÇPlacement of 3 ECG electrodes: 

Right Arm, Left Arm and Left leg of person 

ÇPrevention of Pre & Post stage Signal Interference by adding 

a 1:1 Buffer 

ÇNotch Filter and Diff. Amplifier: 

ÁAmplification of 1mV p-p signals by a Gain=1000 Amplifier 

ÁFiltration of 60 hertz noise interferences using Notch Filter 

Á  
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ÇNotch Filter: 

ÁNotch Filter removes signals from a certain frequency point or within 

a small frequency spectrum 

ÁNotch filter output = Input signal ï Band pass filter output 

ÁNotch frequency = 60 hertz 

 

 

 

 



   

                                      CPLD 
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ÇCPLD is a programmable logic device with complexity 

between PAL and FPGA which works as a chipset 

ÇNon-Volatile Memory: 

This feature is used to perform óboot loaderô functions for 

devices without this feature 

ÇALTERA EPM3060ATC100 CPLD used 

ÇFunction: 

Compiled code from computer would be put in GBA memory 

via CPLDôs GBA ROM LOADER 

ÇGBA ROM Loader used to directly download revised & 

debugged software application programs on GBAôs memory 

card  (without use of an IC programmer to burn) 

ÇGBA executes functions in compliance with Computer 



   

                            A/D Converter 

ÇBurr-Brownôs ADS7800 IC used 

Ç12 bit ADC with sampling frequency = 333 khz 

ÇADCôs R/W pin connected with GBA memory cardôs ECG I/O 

memory via CPLD 

ÇNotch filtered & amplified ECG signal is quantized by ADC 

ÇECG detection Algorithm used governs the use of 

Quantization technique 
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                       Game Boy Advance 
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ÇPortable Gaming Device mainly focusing on 2D /3D games 

ÇSpecifications: 

ÁSize : 14.4 * 2.4 * 8.2 cms 

ÁMass: 140 grams 

ÁScreen: 2.9 inch reflective TFT color LCD  

ÁPower: 2 AA batteries 

ÁAvg. Battery life : 15 hours 

ÁCPU : 16.8 MHz 32 bit ARM7TDMI with Embedded Memory 

ÁResolution: 240 * 160 pixels 

ÁColor Support: 15 bit RGB  

(Char mode: 512, Bitmap mode: 2^15 simultaneous colors) 

 

 



   

                          

ÇARM7TDMI (ARM7- Thumb+Debug+Multiplier+ICE 

ÇSpecifications: 

Á32 bit RISC CPU 

ÁProcessing Speed: 130 MIPS 

Á32/16 bit ARM/Thumb instruction sets 

ÁVon Neumann-v4T Architecture 

ÇApplications: 

ÁDlink Wireless ADSL Routers 

ÁNintendoôs Game Boy Advanced 

ÁiRobotôs Roomba vacuum cleaners 

ÁAppleôs ipod 

ÁSirius Satellite Radio receivers 
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       System Memory and I/O Address Map 
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Description       Base       Size  Width                  Used to store 

System ROM &00000000 16 Kbytes 8/16/32 GBA bios program, no user access 

Work RAM &03000000 256Kbytes 8/16/32 GBA temp values (variables, stack flags) 

I/O Register &04000000 1 Kbytes 8/16/32 Control all GBA system Interface operations 

Palette RAM &05000000 1 Kbytes 16/32 Background & Sprite Palette 

Video RAM &06000000 96 Kbytes 16/32 Graphics and maps 

Sprite RAM &07000000 1 Kbytes 16/32 All  sprite attributes 

Flash ROM &08000000 32 Mbytes 8/16/32 ECG measurement software (I-PQA) 

CMOS RAM &0E000000 16 Kbytes 8 Temp. ECG values 

ECG I/O (A/D) &0E004000 16 Bytes 8 Control ADC with CS,INT,R/W pins 

ECG I/O (PC) &0E004010 16 Bytes 8 Communication addresses of system & PC 

ECG I/O  

(System) 

&0E004020 4 Kbytes 8 Control Peripherals (LED, Pushbuttons) 



   

                    Software Implementation 
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ÇC code compiled with ARM Developer Suite Software on PC 

ÇPC code sent to GBA for execution via CPLD ROM LOADER 

ÇMajor Software Functions: 

ÁData Transmission betn. PC-GBA 

ÁDisplay Menu Selection: ECG/PCG 

ÁDisplay physiological information 

ÁControl system hardware 

 

 

 



   

                           Improved - PQA 
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ÇNavakatikyan proposed the ECG Peak 

 detection algorithm 

ÇImproved óBigger Fall side Detectionô  

used to rectify the threshold errors of  

Navakatikyanôs Algorithm 

ÇNew Algorithm: I-PQA 

Improved Peak Quantification Algorithm 

ÇSystem Calibration: 

ÁHP 33120A Signal Generator sends1mV 

pulses to ECG detection circuitôs input term. 

ÁSimulated inputôs amplitude used for  

calibration 
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Ç I-PQA steps: 

1. Search & Record magnitudes & locations of maximas, minimas and 

turning points from an ECG signal chunk 

2. Delete all turning points between maxima and minima 

3. Heart rate = (Peak value + valley value) / 2 

ÇBigger Fall Side Detection for extreme values location: 

Á PQAôs threshold related errors corrected 



   

         Complete ECG Measurement System 
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                    Results and Discussion 
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ÇCurrent System has accomplished ECG measurement System 

ÇFuture Improvement: 

ÁAddition of PCG ( Phonocardiogram) to examine Heart murmurs 

ÁECG/PCG switching: Increased accuracy of heart disease location 

ÇScreen displays P,Q, R, S, T waves continuously 

ÇScreen displays following message at bottom: 

HR: 71 BPM ( Beats Per Minute) 

  


