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ABSTRACT
   
The design and implementation of a portable microcontroller based heart rate meter system is discussed in this project. The design considerations for this project are mostly influenced by the proposed users of the system. These users are medical practitioners in developing countries, who have very limited medical infrastructure. Hence, low cost, low power, portability, and ease of use are factors that are considered at every stage of the design. This system explores a low power microcontroller, the AT89C2051, manufactured by Atmel Instruments for signal analysis. This is a compact system capable of acquisition, amplification, and interpretation of biological signals (ECG), as well as notification whenever cardiac conditions such as tachycardia and bradycardia are experienced.

Tachycardia is a resting heart rate more than 100 beats per minute. This number can vary as smaller people and children have faster heart rates than average adults. Bradycardia is defined as a heart rate less than 60 beats per minute although it is seldom symptomatic until below 50 bpm when a human is at total rest. Trained athletes tend to have slow resting heart rates, and resting bradycardia in athletes should not be considered abnormal if the individual has no symptoms associated with it. Again, this number can vary as children and small adults tend to have faster heart rates than average adults.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW
Heart rate can be measured either by the ECG waveform the finger (pulse method). The blood flow into the finger (pulse method).   The pulse method is simple and convenient. When blood flows during the systolic stroke of the heart into the body parts, the finger gets its blood via the radial artery on the arm. The blood flow into the finger can be sensed photo electrically.
To count the heart beats, here we use a small light source on one side of the finger (thumb) and observe the change in light intensity on the other side. The blood flow causes variation in light intensity reaching the light-dependent resistor (LDR), which results in change in signal strength due to change in the resistance of the LDR.
1.2 BENEFITS
· Low Cost
· Low power Consumption
· Reliability
· Easily accessible
· User Friendly
· Portability

1.3 SOFTWARE AND HARDWARE TOOLS

1.3.1 SOFTWARE
The  Cross Assembler takes an assembly language source file created with a text editor and translates it into a machine language object file. This translation process is done in two passes over the source file. During the first pass, the Cross Assembler builds a symbol table from the symbols and labels used in the source file. It's during the second pass that the Cross Assembler actually translates the source file into the machine language object file. It is also during the second pass that the listing is generated. In this project we use ASM 51 cross assembler.

1.3.2 HARDWARE TOOLS

· AT89C2051 Microcontroller
· LM358 Operational amplifier
· ULN2003 current buffer
· Light dependent resistor
· Seven segment display
· Cathode ray oscilloscope
            


















CHAPTER  2

Project description









CHAPTER 2
PROJECT DESCRPITION

2.1 CIRCUIT COMPONENTS
· Semi conductors
· Resistors
· Capacitors
· Miscellaneous

2.1.1 Semiconductors 
· IC1				 - 	LM358 operational amplifier
· IC2				 - 	AT89C2051 microcontroller
· IC3 				 - 	ULN2003 current buffer
· T1-T3				 - 	BC557 pnp transistor
· D1				 - 	1N4007 rectifier diode
· DIS1-DIS3			 - 	LTS542 commonanode,7segmentdisplay
· LED1, LED2			 - 	5mm LED
2.1.2 Resistors (all ¼-watt, ±5% carbon)
· R1, R8 			- 	10-kilo-ohm
· R2				- 	47-kilo-ohm
· R3				- 	100-kilo-ohm
· R4, R5 			- 	1-kilo-ohm
· R6, R7 			-	 330-ohm
· R9-R11			- 	1.2-kilo-ohm
· RNW1				- 	10-kilo-ohm resistor network
2.1.3 Capacitors 
· C1 				-  	470nF ceramic disk
· C2, C5, C8 			- 	0.1μF ceramic disk



· C3, C9				- 	470μF, 16V electrolytic
· C4 				- 	10μF, 16V electrolytic
· C6, C7 			- 	22pF ceramic disk
2.2.4 Miscellaneous 
· S1, S3				- 	On/Off switch
· S2 				- 	Tactile switch
· XTAL				- 	11.0592MHz crystal
· BATT1, BATT2 		- 	6V battery

2.1 CIRCUIT DESCRIPTION AND OPERATION
The circuit of   microcontroller based heart-rate meter setup shown in fig.2.1 uses a 6V electric bulb for light illumination of flesh on the thumb behind the nail and the LDR (Light Dependent Resistor) as detector of change in the light intensity due to the flow of blood. The photo-current is converted into voltage and amplified by operational amplifier IC LM358 (IC1). The detected signal is given to the non-inverting input (pin 3) and its output is fed to another non-inverting input (pin 5) for squaring and amplification. Output pin   provides detected heartbeats to pin 12 of the AT89C2051 microcontroller. Preset VR1 is used for sensitivity and preset VR2 for trigger level settings.

 	Microcontroller IC AT89C2051 (IC2) is at the heart of the circuit. It is a20-pin, 8-bit microcontroller with 2 KB of Flash programmable and erasable read-only memory (PEROM), 128 bytes of RAM, 15 input/output (I/O) lines, two 16-bit timer/counters, a five-vector two-level interrupt architecture, a full duplex serial port, a precision analogue comparator, on-chip oscillator and clock circuitry. Port-1 pins P1.7 through P1.2, and port-3 pin P3.7 are connected to input pins 1 through 7 of IC ULN2003 (IC3), respectively. These pins are pulled-up with 10-kilo-ohm resistor network RNW1. They drive all the segments of the 7-segment display with the help of inverting buffer IC3


[image: ]
 (
        
Fig. 2.1 Circuit Diagram of Microcontroller Based Heart-rate Meter
)


The displays are selected through port pins P3.0, P3.1 and P3.2 of the microcontroller (IC2). Port pins P3.0 down through P3.2 are connected to the base of transistors T3 through T1, respectively. Pin 6 of IC2 goes low to drive transistor T1 into saturation and provide supply to the common-anode pin (either pin 3 or pin 8) of DIS1.

Similarly, transistors T2 and T3 drive common-anode pin 3 or 8 of 7-segmentdisplays DIS2 and DIS3, respectively. Only three 7-segment displays are used. IC2 provides segment-data and display-enable signals simultaneously in time-division-multiplexed mode for displaying a particular number on the 7-segment display unit. Segment- data and display-enable pulses for the display are refreshed every 5ms. Thus the display appears to be continuous, even though it lights up one by one.

Switch S2 is used to manually reset the microcontroller, while the power on reset signal for the microcontroller is derived from the combination of capacitor C4 and resistor R8. An 11.0592MHz crystal is used to generate the basic clock frequency for the microcontroller. The circuit is powered by a 6V battery. Port pin P3.6 of the microcontroller is internally available for software checking. This pin is actually the output of the internal analogue comparator, which is available internally for comparing the two analogue levels at pins 12 and 13. As pins 12 and 13 of IC2 can work as an analogue comparator, these are used for sensing the rise and fall of the pulse waveform and there by evaluate the time between two peaks and hence the beat rate.

The output of the pulse pick-up preamplifier is fed to pin 12 of the microcontroller. Pin 13 of the microcontroller is connected to the preset for reference-level setting of the comparator. Thus voltages at pins 12 and 13 are always compared. The signal rise and the fall at pin 12 are sensed by the program.

The internal timer of the microcontroller is used to find the time taken for one wavelength. This time is converted into the heart beat rate in beats per minute by a pre-calculated look-up table. The program notes the time between the high-to low and low-to-high transitions of the wave.
This time in microseconds is converted in steps of 4 ms for comparison with the values already stored in the look-up table. This number is used to find (from the look-up table) the heart rate in beats per minute. The number so obtained is converted into a 3-digit number in binary-coded decimal (BCD) form. The same is output to the 7-segment LED displays in a multiplexed manner. The display shows the rate for a while and proceeds to another measurement. Thus beat rates obtained from time to time are visible on the display.
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CHAPTER 3
AT89C2051 MICROCONTROLLER
3.1 Description 

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer With 2 Kbytes of Flash programmable and erasable read only memory (PEROM). The device is manufactured using Atmel’s high density nonvolatile memory technology and is compatible with the industry standard MCS-51Ô instruction set and pin out. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer which provides a highly flexible and cost effective   solution to many embedded control applications.

The AT89C2051 provides the following standard features: 2 Kbytes of Flash, 
128 bytes of RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator and clock circuitry. In addition, the AT89C2051 is designed with static logic for operation down to zero frequency and supports two software selectable power saving modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port and interrupt system to continue functioning. The Power Down Mode saves the RAM contents but freezes the oscillator disabling all other chip functions Until the next hardware reset.

3.2 FEATURES                                             	                                                                                
1. Compatible with MCS-51Ô Products 
2. Kbytes of Reprogrammable Flash Memory
3. Endurance: 1,000 Write/Erase Cycles  2.7 V to 6 V Operating Range
4. Fully Static Operation: 0 Hz to 24 MHz
5. Two-Level Program Memory Lock 
6. 128 x 8-Bit Internal RAM 
7. 15 Programmable I/O Lines 
8. Two 16-Bit Timer/Counters 
9. Six Interrupt Sources 
10. Programmable Serial UART Channel 
11. Direct LED Drive Outputs 
12. On-Chip Analog Comparator 
13. Low Power Idle and Power Down Modes
3.3 PIN CONFIGURATION
[image: ]
Fig 3.3.1 Pin Diagram of AT89C2051
3.3.1 PIN DESCRIPTION
· VCC   				 -  			Supply voltage.
· GND    			- 			 Ground.
· Port 1 
Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to P1.7 provide internal pullups. P1.0 and P1.1 require external pullups. P1.0 and P1.1 also serve as the positive input (AIN0) and the negative input (AIN1), respectively, of the on-chip precision analog comparator. The Port 1 output buffers can sink 20 mA and can drive LED displays directly. When 1s are written to Port 1 pins, they can be used as inputs. When pins P1.2 to P1.7 are used as inputs and are externally pulled low, they will source current (IIL) because of the internal pullups. Port 1 also receives code data during Flash programming and program verification.
· Port  3 
Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional I/O pins with internal pullups. P3.6 is hard-wired as an input to the output of the on-chip comparator and is not accessible as a general purpose I/O pin. The Port 3 output buffers can sink 20 mA. When 1s are written to Port 3 pins they are pulled high by the internal pullups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low will source current (IIL) because of the pullups. Port 3 also serves the functions of various special features of the AT89C2051 as listed below:
	Port Pin
	Alternate Functions


	P3.0
	RXD (serial input port)


	P3.1
	TXD (serial output port)


	P3.2
	INT0 (external interrupt 0)


	P3.3
	INT1 (external interrupt 1)


	P3.4
	T0 (timer 0 external input)


	P3.5
	T1 (timer 1 external input)




Table.3.3.1 Port 3 Alternate functions
Port 3 also receives some control signals for Flash programming and programming verification.
· RST 
Reset input. All I/O pins are reset to 1s as soon as RST goes high. Holding the RST pin high for two machine cycles while the oscillator is running resets the device. Each machine cycle takes 12 oscillator or clock cycles.
· XTAL1
 	Input to the inverting oscillator amplifier and input to the internal clock operating circuit.
· XTAL2
 Output from the inverting oscillator amplifier.

3.4 Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier which can be configured for use as an on-chip oscillator, as shown in Figure 3. Either a quartz crystal or ceramic resonator may be used. To drive the device from an external clock source, XTAL2 should be left unconnected while XTAL1 is driven as shown in Figure 4. There are no requirements on the duty cycle of the external clock signal, since the input to the internal clocking circuitry is through a divide-by-two flip-flop, but minimum and maximum voltage high and low time specifications must be observed.

[image: ]

Fig.3.4.1 Oscillator Connections


Notes: C1, C2 = 30 pF ± 10 pF for Crystals
                         = 40 pF ± 10 pF for Ceramic Resonators



[image: ]

Fig.3.4.2 External Clock Drive Configuration

3.5 Programming Algorithm
        To program the AT89C2051, the following sequence is recommended.
  1.   Power-up sequence
        Apply power between VCC and GND pins. Set  RST and XTAL 1 to GND. With
        all other  pins floating, wait for greater than 10 milliseconds.
  2.   Set pin RST to ’H’. Set pin P3.2 to ’H’ 
  3.   Apply the appropriate combination of ’H’ or ’L’ logic levels to pins P3.3, P3.4,  
        P3.5, P3.7 to select one of the programming operations in the PEROM.    
        To Program and Verify the Array
  4.   Apply data for Code byte at location 000H to P1.0 to P1.7.
  5.   Raise RST to 12V to enable programming.
  6.   Pulse P3.2 once to program a byte in the PEROM array or the lock bits. The   
        byte- write cycle is self-timed and typically takes 1.2 ms.
  7.   To verify the programmed data, lower RST from 12V to logic ’H’ level and set
         pins  P3.3 to P3.7 to the appropriate levels. Output data can be read at the port 
         P1 pins.
  8.   To program a byte at the next address location, pulse XTAL1 pin once to 
        advance  the internal address counter. Apply new data to the port P1 pins.
  9.   Repeat steps 5 through 8, changing data and advancing the address counter for  
         the entire 2K bytes array or until the end of the object file is reached.
10.    Power-off sequence set XTAL1 to ’L’ set RST to ’L’ Float all other I/O pins   
         Turn  Vcc   power   off.

3.6 Restrictions on Certain Instructions

The AT89C2051 and is an economical and cost-effective member of Atmel’s growing family of microcontrollers. It contains 2 Kbytes of flash program memory. It is fully compatible with the MCS-51 architecture, and can be programmed using the MCS-51 instruction set. However, there are a few considerations one must keep in mind when utilizing certain instructions to program this device. All the instructions related to jumping or branching should be restricted such that the destination address falls within the physical program memory space of the device, which is 2K for the AT89C2051. This should be the responsibility of the software programmer. 

1. Branching instructions

LCALL, LJMP, ACALL, AJMP, SJMP, JMP @A+DPTR These unconditional branching instructions will execute correctly as long as the programmer keeps in mind that the destination branching address must fall within the physical boundaries of the program memory size (locations00H to 7FFH for the 89C2051). Violating the physical space limits may cause unknown program behavior. CJNE [...], DJNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ With these conditional branching instructions the same rule above applies. Again, violating the memory boundaries may cause erratic execution

2. MOVX-related instructions, Data Memory

The AT89C2051 contains 128 bytes of internal data memory. Thus, in the AT89C2051 the stack depth is limited to 128 bytes, the amount of available RAM. External DATA memory access is not supported in this device, nor is external PROGRAM memory execution. Therefore, no MOVX [...] instructions should be included in the program. It is the responsibility of the controller user to know the physical features and limitations of the device being used and adjust the instructions used correspondingly.
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CHAPTER 4
HARDWARE TOOLS

4.1BLOCK DIAGRAM
	The block diagram of  the microcontroller based heart- rate meter mainly contains the components as shown below 
[image: ]
Fig .4.1.1 Block diagram of the circuit
4.2 LIGHT DEPENDENT RESISTOR 
 LDRs or Light Dependent Resistors are very useful especially in light/dark sensor circuits. Normally the resistance of an LDR is very high, sometimes as high as 1000 000 ohms, but when they are illuminated with light resistance drops dramatically



              [image: ]                         [image: ]
Fig.4.2.1 Light dependent resistors
         When the light level is low the resistance of the LDR is high. This prevents current from flowing to the base of the transistors. Consequently the LED does not light.However, when light shines onto the LDR its resistance falls and current flows into the base of the first transistor and then the second transistor. The LED lights. The preset resistor can be turned up or down to increase or decrease resistance, in this way it can make the circuit more or less sensitive.
4.3 LM358 Operational Amplifier
4.3.1 Features
· Two internally compensated op amps
· Eliminates need for dual supplies
· Allows direct sensing near GND and VOUT also goes to GND
· Compatible with all forms of logic
· Power drain suitable for battery operation
4.3.2 Pin configuration
                It is a 8-pin operational amplifier. It contains two operational amplifiers as shown in below figure A and B are the two operational amplifiers. Internally frequency compensated for unity gain. Low input offset voltage is set to 2 mV. Differential input voltage range equal to the power supply voltage .Large output voltage swing.
[image: ]
Fig 4.3.2(a) Pin diagram of LM358


[image: ]
Fig 4.3.2.(b) Internal connections of LM358



4.4 ULN2003 Current Buffer

The ULN2003A, is a  high-voltage high-current Darlington transistor arrays. Each consists of seven npn Darlington pairs that feature high-voltage outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating of a single Darlington pair is 500 mA. The Darlington pairs can be paralleled for higher current capability. Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge), line drivers, and logic buffers. The ULN2003A  have a  2.7-kΩseries base resistor for each Darlington pair for operation directly with TTL or 5-V CMOS devices.

4.4.1 FEATURES
· 500-mA-Rated Collector Current (Single Output)
· High-Voltage Outputs: 50 V
· Output Clamp Diodes
· Inputs Compatible With Various Types of Logic
· Relay-Driver Applications

4.4.2  PIN CONFIGURATION
[image: ]
Fig.4.4.2 Pin diagram of ULN2003
4.5 SEVEN SEGMENT DISPLAY
           One common requirement for many different digital devices is a visual numeric display. Individual LEDs can of course display the binary states of a set of latches or flip-flops. However, we're far more used to thinking and dealing with decimal numbers. To this end, we want a display of some kind that can clearly represent decimal numbers without any requirement of translating binary to decimal or any other format.
           One possibility is a matrix of 28 LEDs in a 7×4 array. We can then light up selected LEDs in the pattern required for whatever character we want. Indeed, an expanded version of this is used in many ways, for fancy displays. However, if all we want to display is numbers, this becomes a bit expensive. A much better way is to arrange the minimum possible number of LEDs in such a way as to represent only numbers in a simple fashion.
          This requires just seven LEDs (plus an eighth one for the decimal point, if that is needed). A common technique is to use a shaped piece of translucent plastic to operate as a specialized optical fiber, to distribute the light from the LED evenly over a fixed bar shape. The seven bars are laid out as a squared-off figure "8". The result is known as a seven-segment LED.
           We've all seen seven-segment displays in a wide range of applications. Clocks, watches, digital instruments, and many household appliances already have such displays. In this experiment, we'll look at what they are and how they can display any of the ten decimal digits 0-9 on demand.
4.5.1 Seven-Segment Display Layout
           The illustration to the right shows the basic layout of the segments in a seven-segment display. The segments themselves are identified with lower-case letters "a" through "g," with segment "a" at the top and then counting clockwise. Segment "g" is the center bar. Most seven-segment digits also include a decimal point ("dp"), and some also include an extra triangle to turn the decimal point into a comma. This improves readability of large numbers on a calculator, for example. The decimal point is shown here on the right, but some display units put it on the left, or have a decimal point on each side. In addition, most displays are actually slanted a bit, making them look as if they were in italics. This arrangement allows us to turn one digit upside down and place it next to another, so that the two decimal points look like a colon between the two digits. The technique is commonly used in LED clock displays.
[image: ]
Fig.4.5.1 Seven segment display
           Seven-segment displays can be packaged in a number of ways. Three typical packages are shown above. On the left we see three small digits in a single 12-pin DIP package. The individual digits are very small, so a clear plastic bubble is molded over each digit to act as a magnifying lens. The sides of the end bubbles are flattened so that additional packages of this type can be placed end-to-end to create a display of as many digits as may be needed. The second package is essentially a 14-pin DIP designed to be installed vertically. Note that for this particular device, the decimal point is on the left. This is not true of all seven-segment displays in this type of package.
           One limitation of the DIP package is that it cannot support larger digits. To get larger displays for easy reading at a distance, it is necessary to change the package size and shape. The package on the right above is larger than the other two, and thus can display a digit that is significantly larger than will fit on a standard DIP footprint. Even larger displays are also available; some digital clocks sport digits that are two to five inches tall.
           Seven-segment displays can be constructed using any of a number of different technologies. The three most common methods are fluorescent displays (used in many line-powered devices such as microwave ovens and some clocks and clock radios), liquid crystal displays (used in many battery-powered devices such as watches and many digital instruments), and LEDs (used in either line-powered or battery-powered devices). However, fluorescent displays require a fairly high driving voltage to operate, and liquid crystal displays require special treatment that we are not yet ready to discuss. Therefore, we will work with a seven-segment LED display in this experiment.
4.5.2 Schematic Diagram

[image: ]
Fig. a Common cathode

[image: ]

Fig. b Common anode

As shown in the two schematic diagrams above, the LEDs in a seven-segment display are not isolated from each other. Rather, either all of the cathodes, or all of the anodes, are connected together into a common lead, while the other end of each LED is individually available. This means fewer electrical connections to the package, and also allows us to easily enable or disable a particular digit by controlling the common lead. (In some cases, the common connections are made to groups of LEDs, and the external wiring must make the final connections between them. In other cases, the common connection is made available at more than one location for convenience in laying out printed circuit boards. When laying out circuits using such devices, you simply need to take the specific connection details into account.)
4.6 CATHODE RAY OSCILLOSCOPE 
An oscilloscope (also known as a scope, CRO, DSO or, an O-scope) is a type of electronic test instrument that allows observation of constantly varying signal voltages, usually as a two-dimensional graph of one or more electrical potential differences using the vertical or 'Y' axis, plotted as a function of time, (horizontal or 'x' axis). Although an oscilloscope displays voltage on its vertical axis, any other quantity that can be converted to a voltage can be displayed as well. In most instances, oscilloscopes show events that repeat with either no change, or change slowly.
[image: Basic Oscilloscope Front Panel Image.]
Fig .4.6. Basic Oscilloscope

Oscilloscopes are commonly used to observe the exact wave shape of an electrical signal. In addition to the amplitude of the signal, an oscilloscope can show distortion, the time between two events (such as pulse width, period, or rise time) and relative timing of two related signals.
Oscilloscopes are used in the sciences, medicine, engineering, and telecommunications industry. General-purpose instruments are used for maintenance of electronic equipment and laboratory work. Special-purpose oscilloscopes may be used for such purposes as analyzing an automotive ignition system, or to display the waveform of the heartbeat as an electrocardiogram.
Originally all oscilloscopes used cathode ray tubes as their display element and linear amplifiers for signal processing, (commonly referred to as CROs) however, modern oscilloscopes have LCD or LED screens, fast analog-to-digital converters and digital signal processors. Although not as commonplace, some oscilloscopes used storage CRTs to display single events for a limited time. Oscilloscope peripheral modules for general purpose laptop or desktop personal computers use the computer's display, allowing them to be used as test instruments.
4.6.1 Display and general external appearance
The oscilloscope, as shown in the illustration, is typically divided into four sections: the display, vertical controls, horizontal controls and trigger controls. The display is usually a CRT or LCD panel which is laid out with both horizontal and vertical reference lines referred to as the graticule. In addition to the screen, most display sections are equipped with three basic controls, a focus knob, an intensity knob and a beam finder button.
[image: ]
Fig.4.6.1 Portable CRO

The vertical section controls the amplitude of the displayed signal. This section carries a Volts-per-Division (Volts/Div) selector knob, an AC/DC/Ground selector switch and the vertical (primary) input for the instrument. Additionally, this section is typically equipped with the vertical beam position knob.
The horizontal section controls the time base or “sweep” of the instrument. The primary control is the Seconds-per-Division (Sec/Div) selector switch. Also included is a horizontal input for plotting dual X-Y axis signals. The horizontal beam position knob is generally located in this section. The trigger section controls the start event of the sweep. The trigger can be set to automatically restart after each sweep or it can be configured to respond to an internal or external event. The principal controls of this section will be the source and coupling selector switches. An external trigger input (EXT Input) and level adjustment will also be included.
In addition to the basic instrument, most oscilloscopes are supplied with a probe as shown. The probe will connect to any input on the instrument and typically has a resistor of ten times the oscilloscope's input impedance. This results in a .1 (-10X) attenuation factor, but helps to isolate the capacitive load presented by the probe cable from the signal being measured. Some probes have a switch allowing the operator to bypass the resistor when appropriate.
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CHAPTER 5
PROGRAM EXECUTION AND RESULTS

5.1 SOFTWARE
The software is written in Assembly language and assemble during ASM51 cross-assembler. The Intel hex code is generated and burnt into the microcontroller chip by using a suitable programmer. The software is well commented and easy to understand. An assembler is a program that takes basic computer instructions and converts them into a pattern of bits that the computer's processor can use to perform its basic operations. Some people call these instructions assembler language and others use the term assembly language.
The timer does the job of finding the time between two successive pulse waveform points. Since the comparator within the microcontroller IC knows the point of crossing of the wave with the DC line determined by preset VR3, the three crossings follow one after another and at the end of the third crossing the time is read from the time-count register. This time is then converted in terms of the number of 4ms intervals. From the number of such 4ms units, the number of beats per minute is determined from the look-up table already stored in the same memory starting from the label ‘table’ in the program listing.

5.2 PROGRAM CODE 
$mod51
ORG 0H
AJMP 30H
ORG 0BH			 	; TIMER 0 INTERRUPT VECTOR
AJMP TIM0ISR			 ;Timer 0 Interrupt service routine address
ORG 30H
MOV SP,#60H			 ;set stack pointer
MOV P3,#0FFH			 ; set all port 3 bits high to enable inputs also
MOV P1,#03 				;set port 1 to all zeros expect bits 0,1
MOV TMOD,#01100001B		;TIMER 1 - MODE 2 COUNTER,TIMR-0 TO MODE1
BEG: MOV TH0,#0f0H 		; TIMER  REG.0 IS SET TO foo0, GIVES 4ms
MOV TL0,#0 				; timer low reg. is also so
mov r6,#255
clr 20h 				; flag to know time between beats exceeded
mov r2,#0
setb et0
setb ea
PULSECHK:
jb p3.6,$ 				; look for pulse at lowlevel _____
call delay2
jnb p3.6,$				;look for pulse high ----
setb tr0					;yes, pulse gone up, start timer
call delay2
back1: jb p3.6,$			; let waveform go low ____
call delay2
jnb p3.6,$ 				;look for next pulse high -----
clr tr0 					; stop timer
mov a,r2
cjne r2,#0,brady			 ;too low rate! brady-cardia
read_time: mov a,r6
cpl a
mov dptr,#table 			;table for rate calculated and kept
; read value in R6 which gives in steps of 4ms
clr c
subb a,#80
jc tachy				;rate too fast so tachy-cardia
lookup: mov a,r6
cpl a
movc A, @a+dptr 			;table looked up
MOV R2,A 				;rate is now in r2
MOV R1,#0 				;high byte is zero
call hex2bcd 				;make it in BCD format
call disp1 				;show the value on LEDmov 50h,#100
;refresh a 100 times (.5 sec)
REFR: CALL REFRESH1
djnz 50h,REFR 			;so many times
clrint: clr et0
clr ea 					;no more interrupts
jmp beg
tachy: clr p3.4				; to show on LED pin 8 that rate is too high
jmp beg
brady:
clr p3.3 				; show too low beat at p3.3 LED
JMP beg				;16 Bit Hex to BCD Conversion          
;Accepts a 16 bit binary number in R1,R2and returns 5 digit BCD in
;R7,R6,R5,R4,R3(upto 64K )
Hex2BCD: 				;r1=high byte
;r7 most significant digit
;R2 = LSByte
MOV R3,#00D
MOV R4,#00D
MOV R5,#00D
MOV R6,#00D
MOV R7,#00D
MOV B,#10D
MOV A,R2
DIV AB
MOV R3,B
MOV B,#10				 ;R7,R6,R5,R4,R3
DIV AB
MOV R4,B
MOV R5,A
CJNE R1,#0H,HIGH_BYTE		 ; CHECKFOR HIGH BYTE
SJMP ENDD
HIGH_BYTE: MOV A,#6
ADD A,R3
MOV B,#10
DIV AB
MOV R3,B
ADD A,#5
ADD A,R4
MOV B,#10
DIV AB
MOV R4,B
ADD A,#2
ADD A,R5
MOV B,#10
DIV AB
MOV R5,B
CJNE R6,#00D,ADD_IT
SJMP CONTINUE
ADD_IT: ADD A,R6
CONTINUE: MOV R6,A
DJNZ R1,HIGH_BYTE
MOV B, #10D
MOV A,R6
DIV AB
MOV R6,B
MOV R7,A
ENDD: ret
DISP1: 
REFRESH: 		; content of 18 to 1B memory locations are output on LEDs
;only numbers 0 to 9 and A to F are valid data in these locations
MOV 18H,r3 		;least significant digit
MOV 19H,r4 		;next significant digit
MOV 1AH,r5
MOV 1BH,R6 		;most significant digit (max:9999)
refresh1: MOV R0,#18h 	;1b,1a,19,18, holds values for 4 digits
MOV R4,#4 			;pin p3.2_ 0 made low one by one starts with 18
 mov r7,#2			 ; decimal pt.on third digit from left (2 nd fromright)
PQ2: CALL SEGDISP
INC R0
clr c
mov a,r4
rrc a
mov r4,a
jnc pq2
PV3:
RET
SEGDISP:
mov dptr,#ledcode
MOV A,@R0
ANL A,#0FH
MOVC A,@A+dptr
; k: djnz r7,segcode
;yesDP:
; orl a,#01 ; add a dec. pt.
where it should be
segcode:
MOV R5,A
ORL A,#03H ;
WE WANT TO USE PORT 1 BITS 0 AND 1 FOR
INPUT ANLOG 		; so retain them high
S3: MOV P1,A		 ; SEGMENT_PORT
S1: ; MOV A,R4 		; get digit code from r4
; rrc a
; jc s6
mov a,r5
rrc a
rrc a
mov p3.7,c			 ;segment’ a on p3.7 pin
mov a,r4			; mov r4,a
cpl a
rrc a
mov p3.0,c
rrc a
mov p3.1,c
rrc a
mov p3.2,c
S5:
S4: ACALL DELAY1		 ; let it burn for some time
;MOV A,#07H
;MOV P3,A  		;setb p3.0
;extinguish the digit after that timesetb p3.1 ;to prevent shadow
setb p3.2
s6: RET
ledcode:
DB 7EH,0CH,0B6H,9EH,0CCH,0DAH,0FAH
DB 0EH,0FEH,0CEH,0EEH,0F8H,72H,0BCH,0
F6H,0E2H		;these arecode for the numbers 0 to 9 and A to F
DELAY2: mov 51h,#80 ;80ms
delaywait: call till20ms
djnz 51h,delaywait
ret
delay1:
till20ms: MOV R1,#0ffH
N: NOP
nop
nop
DJNZ R1,N
ret
tim0isr: push psw
push acc
MOV TH0,#0f0H		;AUTO RELOAD VALUE
mov tl0,0
DJNZ R6,K1A
WAS FFH, SO 256 TIMES 4 ms GIVES 1 s
MOV R6,#255		 ;11.059 MHz 226 for it; use 244 for 12MHz crystal
MOV A,R2
ADD A,#1
;ADD 1 TO SECONDS
DA A
MOV R2,A
setb 20h			; seconds over
K1A:
pop acc
pop psw
RETI
;INTERRUPT RETURN INSTRUCTION
table:
db 255,255,255,255,255,255,255,255,255,255,255,255,255;
db 255,255,255,255,255,255,255,255,255,255,255,255,255,255;
db 251,246,242,237,233,229,226,222,218,215,211,208,205,202;
db 199,196,193,190,188,185,180,178,176,173,171;
db 169,167,165,163,161,159,157,155,154,152,150,149
db 147 , 145 , 144 , 142 , 141 , 139 ,138 , 136 , 135 , 134 , 132 , 131;
db 130 , 129 , 127 , 126 , 125 , 124 ,123 , 122 , 121 , 120 , 118 , 117;
db 116 , 115 , 114 , 113 , 113 , 112 ,111 , 110 , 109 , 108 , 107 , 106;
db 105 , 105 , 104 , 103 , 102 , 101 ,101 , 100 , 99 , 98 , 98 , 97;
db 96 , 96 , 95 , 94 , 94 , 93 , 92 ,92 , 91 , 91 , 90 , 89;
db 89 , 88 , 88 , 87 , 86 , 86 , 85 ,85, 84 , 84 , 83 , 83;
db 82 , 82 , 81 , 81 , 80 , 80 , 79 , 79, 78 , 78 , 77 , 77;
db 77 , 76 , 76 , 75 , 75 , 74 , 74 , 74, 73 , 73 , 72 , 72;
db 72 ,71 , 71 , 70 , 70 , 70 , 69 , 69, 69 , 68 , 68 , 68;
db 67 , 67 , 67 , 66 , 66 , 66 , 65 ,65 , 65 , 64 , 64 , 64;
db 63 , 63 , 63 , 63 , 62 , 62 , 62 ,61, 61 , 61 , 61 , 60;
db 60 , 60 , 60 , 59 , 59 , 59 , 58 ,58 , 58 , 58 , 57 , 57;
db 57 , 57 , 56 , 56 , 56 , 56 , 56 , 55, 55 , 55 , 55 , 54;
db 54 , 54 , 54 , 54 , 53 , 53 , 53, 53;
END

5.3 CONSTRUCTION
Purchase a plastic ‘T’ tube from an electrical parts shop. The tube should be about 5cm long and have a diameter of 1.5 cm. House the electric bulb into the left tube and the LDR (soldered on a small PCB) into the right tube. Fit shields on both sides of the tube to maintain darkness for better performance. Connect the 6V battery supply to the bulb and the LDR to the circuit board via a shielded cable.
For heart beat detection, which can be seen on a cathode ray oscilloscope (CRO), insert your thumb with the nail facing the LDR inside the T tube. Shaking the thumb will change the level of signal from the previous the levels of sensitivity, trigger and voltage reference for the comparator by using presets VR1, VR2 and VR3, respectively.

[image: ]

Fig.5.3.1A single-side, actual-size PCB layout

[image: ]

Fig.5.3.2  Component layout for the PCB

5.4 PRACTICAL RESULTS

When blood flows during the systolic stroke of the heart into the body parts, the finger gets its blood via the radial artery on the arm. The blood flow into the finger can be sensed photo electrically.
To count the heart beats, here we use a small light source on one side of the finger (thumb) and observe the change in light intensity on the other side. The blood flow causes variation in light intensity reaching the light-dependent resistor (LDR), which results in change in signal strength due to change in the resistance of the LDR.
Hold the thumb steady and observe the heart beat rate on the display. The rate may vary and may not be exactly steady. For instance, normally, the rate can vary between 60 and 100. Since this is a beat-to-beat measurement and not an average over a time period of one minute, variation is expected. However, when the reading shows high value at times, say, 140, it may be due to unusual mains hum picked up by the transducer. To suppress it, place a separate capacitor of  100μF  across the 5V supply.




Switch on the power supply after glowing the electric bulb place the thumb in between electric bulb and light dependent resistor which are fixed in a ‘T’ tube as shown below

[image: D:\veena\projects\documentation\Image035.jpg]
Fig.5.4.3 Working of the kit

                  [image: ]
                   Fig. 5.4.4 ‘T’ tube with finger inserted

After inserting the finger we will observe the heart rate in displays and by connecting the pin 3 of  IC 1 to CRO we also observe the heart beat signal. 




[image: ]
Fig.5.4.5 Displaying heart-rate


[image: ]
Fig.5.4.6 Output Waveforms
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CHAPTER 6
CONCLUSION

All in all, this project achieved a lot of its goals. The project implemented a low cost, low power, LCD heart rate display system using microcontroller technology. Lists of accomplishments include portability, reliability and analog to digital conversion and also the system is easily accessible.
Thus, it is possible to measure heart rate by using microcontroller was proved. In this also sometimes it shows high value due to unusual mains picked up by the transducer. Hence, to measure accurate heart- rate advanced microcontrollers like MSP430FG4816 are used.
6.1 FUTURE SCOPE
The microcontroller based heart rate system designed in this project has a lot of advantages, but can also be improved on. There is a lot of improvement that can be made to the project that would result in a more reliable system as stated in the recommendations section. 
Looking ahead, as microcontrollers get more and more advanced, there will be a shift from analog amplification to digital amplification. Biological signals from the electrodes can be fed directly into the microcontroller, where the front end. This will significantly reduce the surface area consumed by a circuit and would lead to a smaller, more compact, and portable system.
More work can be done in the processes leading to the acquisition of these small biological signals. There are many challenges that still pose big problems in the design of systems like this. 
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APPENDIX

Experiment Board Schematic
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AT89C2051 IC                                                  

                                                  
                                                [image: D:\veena\projects\mini pjt\89c2051.gif]
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      Flash Programming and Verification Waveforms
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DC Characteristics
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