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ABSTRACT:-
                Pulmonary function test is helpful in diagnosis lung diseases. It helps the doctor to detect the range of respiratoy diseases. This test can be helpful to cure respiratory diseases if detected early. The simplest test is spirometry , which measures how fast the lungs can breath in and out, and also the volume of air lung can exhaled in the first and second of test. A peak flow meter can determine how much a patient’s airways have narrowed .

Our aim is to make a microcontroller based spirometer which displays the output in form of signals.

INTRODUCTION:-
                                      Since  Hutchinson first developed the spirometer in 1846, measurement of the so-called dynamic lung volume and of maximal flow rates have been used in the detection and quantification of diseases affecting the respiratory system.

It is the pulmonary Function Tests ( PFTs).

It measure lung function, specifically the measurement of the amount (volume) and/or speed (flow) of air that can be inhaled and exhaled.

PFTs is an important tool for assessing condition such as asthma, cystic fibrosis, and COPD.
PHYSIOLOGY  OF  RESPIRATION:-
                                                   Basic concepts of normal pulmonary physiology that are involved in pulmonary function testing include mechanics (airflows and lung volumes), the ventilation-perfusion interrelationship, diffusion/gas exchange, and respiratory muscle or bellows strength. Ventilation is the process o generating the forces necessary to move the appropriate volumes of air from the atmosphere to the alveoli to meet the metabolic needs of the body under a variety of condition. Simply, the thoracic muscles generates negative pressure in the chest and pleural space, favoring flow of air into the airways and lungs (inspiration). When the pressure equilibrate, the muscles relax and contract, increasing intrathoracic pressure and forcing air out of the lungs (expiration).
1. Total lung capacity(TLC):-   The volume of gas in the lungs at the point of maximal inspiration.  TLC=VC+RV
2. Vital capacity(VC):- The maximum volume of gas that can be inspired by volunatry effort after maximum expiration,irrespective of time.
3. Tidal volume(TV):- The volume of gas inspired or expired during normal breathing.it is approximately 500 to 600 ml of gas.
4. Residual volume(RV):- It is the amount of air left in lungs after a maximal exhalation . the average is about 1.5 l.

5. Expiratory reserve volume(ERV):- The volume of gas remaining after a normal expiration less the volume remaining after forced expiration.  ERV=FRC-RV. 
6. Inspiratory reserve volume(IRV):-   The volume of gas ,which can be inspired from a normal end tidal volume.   IRV=VC-(TV+FRC)
7. Minute volume(MV):-  The volume of gas exchange per minute.
8. Functional residual volume(FRC):- The volume of gas remaining in lungs after normal expiration.
9. Inspiratory capacity(IC):- The maximum volume that can be inspired from the resting end expiratory position.
10.  Dead space:- Dead space is the functional volume of the lung that does not participate in gas exchange
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Objectives:

1) Define the various lung volume and capacities under different conditions and under how to measure them.

 2) To observed the effect of altering breathing patterns on breath hold duration.

Main tests using the PFTs:

FVC test:

              Force vital capacity testing is the primary test done with the PFTs. It is determine the how much air the patient can exhale and how fast the patient can exhale it.

SVC test:

              Slow vital capacity is the teat done with a PFTs to determine various lung capacities. The SVC is the tidal breathing followed by a slow maximal expiration and maximal inhalation to maximal expiration.

MVC test:

             Maximal voluntary ventilation test is done to measure the maximal voluntary ventilation.

DETAILED  BLOCK  DIAGRAM:-                                                      
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SENSOR :-

The sensor consist of 3 parts 

1. rotor assembly

2. light source
3. photo detector   

All the components mentioned above are fitted in a fist sized cylendrical plastic case . the plastic case is desingned to allow streamlined flow of air through it . this case is open at both the ends and airtight in between
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A mouth piece is attached at one open end . a perforated lid is fitted at the other end for passing of airflow .

ROTOR:-
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                               FRONT VIEW OF ROTOR
A rotor is fitted on the perforated end of plastic case . rotor has fan like structure with 4 fins attached to it . it is mounted on an one side open axel fitted on perforated lid .

Rotor is made of plastic is attached with equal sized aluminums sheet to increase it inertia . increasing the inertia would give better response of rotor to airflow .

The rotor is painted with black colour so that fins are completely opaque to light source .

LIGHT SOURCE:-

Infrared LED is used as light source .

DETECTOR:-

Infrared light  detector is used as light detector .

LIGHT SOURCE & DETECTOR MOUNTING ALINGMENT ON SENSOR:-
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The sensor is made by assembly of LED,DETECTOR and ROTOR as shown above in figure.
CIRCUIT DIAGRAM OF SENSOR:-
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Infrared source and infrared detector are placed facing each other . it is done by soldering them on the sensor and also by using adhesive .The source and the detector are placed so , when voltage is applied to the source it emits rays which are detected by the detector .
POWER SUPPLY :-
power supply requirements :-

+15  V and –15 V : for op-amp

+15  V :- for diode driving circuit

+5 V:-for lazer driving circuit

+5 V :- for comparator voltage
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AMPLIFIER:-
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a
The amplifier is used to amplify the signals from the sensor.It is used to amplify because we need high voltage signal(+5v) to drive microcontroller.
COMPARATOR CIRCUIT:-
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 Fig (a) is the non inverting amplifier. As shown in figure we are applied our output of sensor that is in mv which is applied to the input of op-amp 741 as pin 3.according to gain (here 100) single is amplified .

                          Then this amplified single is applied to the comparator. it convert all the input from amplifier into the fix positive voltage (applied +vcc). The function of comparator is to convert analog input single to the output inform of digital so we can drive the other  mechanism also for display circuit required fix voltage.

                                        Output of comparator is then given to 89C52 microcontroller to count the pulses which is generated during our breathing through sensor that is counted according to the program in such a way that the pulses inform of ml of count. That is the volume of air person inhaled and exhaled.
                    Here we need to give supply to op-amp and LM324 to drive that Ics.
MICROCONTROLLER CIRCUIT:-
[image: image14.png]ZE ERERE

i
Wi
Ly

ol
YIS0 QONY HNMO0 ¥04




Here we give o/p of comparator circuit to pin 12 of controller as interrupt.
GENERAL DESCRIPTION OF 89C52:-
[image: image11.png]Part 1Bit0
Port 1Bit 1
Part 1Bit 2
Part 1Bit3
Port 1 Bit4
Part 1Bit5
Part 1Bit6
Part 1Bit7
Reset Input.

Part3Bitd
(Receive Data)
Port 3Bit |
(3t Data)
Part3Bit2
(lntemrugt 0)
Part3Bit3
(latemrugt 1)
Port 3Bitd
(Titner 0 Ingut)
Part3Bit5
(Titner Input)
Port 3Bite
(Wite Strobe)
Part3Bit7
(Read Sirobe)
Crystal Ingat 2

Crystal Ingt |

Ground.

1PLO
2PL1

3P12

4P13

5P14

6PLS

TPLE

8PL7

9RST
10P3.0 (R3D)
11P3.1(TXD)
12P32(INTD)
13P33(INTI)
14P34(T0)
15P35(TT)
16736 (WR)
17P37(RD)
18XTAL2

19 XTALL

20Vss

N

(AD0)PO0 3

Vee 4

(4D1)PO1 3
(AD2)P02T
(AD3)P03 3
(AD4)P04 3
(AD5)P0S5 3
(4D6)PO6 3
(ADT)PO7 3
(Vpp)EA 3

(PROG) ALE 3
PSEN 12
(A15)P27 2
(A14)P26 7
(A13)F25 2
(A12)P24 2
(A11)F23 2
(A10)P22 2
(49)P21 1
(#8)P20 1

+5v

Part 0Bit0
(AddressData 0)

Port 0Bit |
(AddressData 1)

Part 0Bit 2
(AddressData 2)
Part0Bit 3
(AddressData 3)

Part 0Bit4
(AddressData 4)
Part0Bit5
(AddressData 5)
Part0Bit6
(AddressData 6)
Part0Bit7
(AddressData 7)
Extemal Erable’
(EFROM Prograrming Voltage)
Adiess Latch Frable
(EFROM Progtarn Pulse)
Program Store Enable

Port 2Bit7
(ddress 15)
Port 2Bit 6
(ddress 14)
Port 2Bit 5
(Address 13)
Port 2Bit4
(Address 12)
Port 2Bit 3
(ddress 11)
Port 2Bit 2
(ddress 10)
Port 2Bit 1
(ddress 9)
Port 2Bit 0
(Address 8)




pin diagram of 89c52
89c52 microcontroller
Port 1:-

Port 1 has an 8 bit bidirectional I/O port with internal

pull-ups. The port 1 output buffers can sink/source four TTL inputs. when 1`s

are written it port1 pins , they are pulled high by internal pull-ups & can be

used as inputs . as inputs, port 1 pins that are externally being pulled low will

source current because of the internal pull-up.

Port 1 also receives the low order address bytes

during flash programming and verification.

Port 2:-

Port 2 has 8 bit bi-directional I/O port with internal

pull-ups. The port2 output buffer can sink/source four TTL inputs. when 1`s

is written into the port2 pins they are pulled high by the internal pull ups and

can be used as the inputs

Port2 emits the high order address byte during fetches

from the external program memory & during access to external data memory

that use 16 bit addresses (MOVX@DPTR) in this application it uses strong

internal pull-up when emitting .

Port 3:-

Port 3 has 8 bit bi-directional I/O port with internal

pull-ups. the port3 output buffer can sink/source four TTL inputs. when 1`s is

written into the port3 pins they are pulled high by the internal pull ups and can

be used as the inputs .

Port 3 also receives some control signals for flash

programming and verification. The driving capability of port PO is 26 mA

while that of port 1,2,3 is 15 mA.
	Port pins 
	Alternate function

	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 
	TO( timer 0 external input) 

	P3.5 
	T1(timer 1 external input ) 

	P3.6 
	WR (external data memory write strobe) 

	P3.7 
	RD (external data memory read strobe) 


RST :-

Reset input . a high on this pin for two machine cycles while the

oscillator is running resets the device.

ALE/PROG. :- Address latch enable output pulse for latching the low byte of

the address during access to external memory. this pin also the program pulse

input (PROG)during flash programming. In normal operation, ALE is emitted at

constant rate of 1/6 the oscillator frequency, and may be used for external timing

or clocking purposes. Note , however that one ale pulse is skipped during each

access to external data memory.

If desired , ALE operation can be disabled by setting bit0 of SFR

location 8EH with the bit reset, ALE is active only during a MOVX or

MOVC instruction. otherwise, the pin is weakly pulled high . setting the ALE disable bit has no effect if the microcontroller is in external

execution mode.

PSEN: -

Program store enable is the read strobe to external program

memory. When 89C51 is executing the code from external program

memory, PSEN is activated twice each machine cycle, except that two

PSEN activation are skipped during each access to external data memory.

EA / VPP :- External access enable . EA must be strapped to GND

in order to enable the device to fetch code from external program

memory locations starting at 0000H up to FFFFH . note that lock bit 1

is programmed , EA will be internally latched on reset.

EA should be strapped to Vcc for internal program execution. This pin

also receives the 12 v programming enable voltage (Vpp) during flash programming ,

for parts that requires 12v Vpp.

XTAL:-

Input to inverting oscillator amplifier and input to the internal clock

operation circuit Out from the inverting amplifier. Pin XTAL 1 and XTAL 2

are provided for connecting a resonant network to form an oscillator. The

oscillator formed by the crystal, capacitors and an on chip generates a pulse train at frequency of crystal.
CY : PSW.7 Carry Flag.

AC : PSW.6 Auxiliary Carry Flag.

F0 : PSW.5 Flag 0 available to user for general

Purpose.

RS 1 : PSW.4 Register bank select control bit.

RS 0 : PSW.3 Working register bank.

0V : PSW.2 Overflow flag.

C : PSW.1 (Reserved for future use)

P : PSW.0 Parity flag.
(0,0)----Bank0(00H to 07H)

(0,1)----Bank1(08H to 0FH)

(1,0)----Bank2(10H to 17H)

(1,1)----Bank3(18H to 1FH)
STACK POINTER:

The Stack Pointer is 8-bits wide. It is incremented before

data is stored during PUSH and CALL execution. While the stack may reside anywhere

in on-chip RAM. The pointer is initialized to 07H after a reset .This causes the stack to

begin at location 08H.

PROGRAM COUNTER:

PC addresses the memory location from which the

program instruction bytes are fetched. Program ROM may be on chip at addresses 0000H

to 0FFFH, it is known as external ROM, Which is addressing from 0000H to FFFFH. The

PC is automatically incremented after every instruction byte. This 16-bit register is the

only register that does not have an internal address.

DATA POINTER:

The data pointer(DPTR) consists of a high byte (DPH) and

a low byte (DPL).Its intended function is to hold a 16-bit address. It may be manipulated

as a 16-bit register or as two independent 8-bit registers.

SERIAL DATA BUFFER :

The serial data buffer is actually two separate register, a

transmit buffer and a receive buffer register .When data is move to SUBF it goes to the

transmit buffer where it is held for serial transmission. When data is moved from SBUF it

comes from the receiver buffer.

TIMER REGISTER :

Register pairs (TH0,TL0),(TH1,TL1) are the 16-bit

counting register for timer/counters 0 and 1 respectively.

SPECIAL FUNCTION REGISTERS:

Special function registers IP, IE, TCON, SCON & PCON

contains control and status bits for the interrupt system, the timer/counters and serial port.
WORKING OF SPIROMETER:-
When tidal volume of air is exhaled or inhaled through the mouth piece attached to the sensor , the fans inside the sensor moves and at the same time voltage is applied to the  infrared LED which generates the pulses which are detected by the infrared detector which is mounted on the opposite side of fans facing it . When the fans of the rotor is  in between source and detector we get output as 00 mv , while when the fan is not in between we get output as 100mv .These output is applied to the amplifier whose value is 100, here when output is 0 mv it ranges from  0 to 1 , and when output is 1 mv it ranges from 5 to 5.From her e it is applied to the comparator where it is compared to the reference signal . finally it goes to the microcontroller where the signals are controlled and processed and then it displays the output that is number of pulses on seven segment LED display device.

CALIBRATION:-

Here we have calibrate the signal.as per the calibration,if the 7ml of gas goes to the rotor and rotor will give 1 pulse.so we have taken 1pulse=7ml.and as per the count we make program for microcontroller to count pulses.

CLINICAL SIGNIFICANCE OF PFTs
Measure of lung volumes and forced expiratory flow rates are useful in the clinical setting.

Two types of lungs disorders can be identified by PFTs measurements:

1. Obstructive lung disorders;

                   Such as bronchitis and asthma. In these conditions, there is an obstructive process in the airway (the bronchi) of the lung and this is detected by a decreased ability to empty the lungs quickly during a forced expiration. This is measured as the FEV1/VC ratio.

2. Restrictive lung disorders:

                A decrease in lung compliance, in disease such as emphysema, which results in reduced alveolar volume. Abnormal VC measurements are not necessarily accompanied by alteration in the FEV1/VC ratio.

Lung disease are not of one specific type, but in combination with a other factors that lead to compromised respiratory functions.

These factors can include,

1) Neuromuscular disorders which compromise the inspiratory and expiratory muscles,

2) Dysfunction of the respiratory control center in the brain stem,

3) Some other defect relating to gas exchange across the lung airways or in the blood.

PATIENT RELATED PROBLEMS:-
The most common patient related problems when performing the FVC maneuver are:-

1. sub maximal effort

2. leaks between the lips and mouthpiece

3. incomplete inspiration or expiration 

4. hesitation at start of expiration

5. cough

6. glottis closure

7. poor posture

8. vocalization during the forced manure
9. obstruction of mouthpiece by tongue


.circuit diagram
CONCLUSION:-

By performing this test we can measure the normal tidal volume and here by using the present device we can display the count , the number of pulses using the microcontroller.and as per the count we can diagnose disease also.
PAGE  
1

