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ABSTRACT

A typical data acquisition system consists of indlil sensors with necessary signal
conditioning, data conversion, data processing,tipieking, data handling and associated

transmission, storage and display system.

In order to optimize the characteristidsa system in terms of performance, handling
capacity and cost, the relevant subsystem can bioed together. Analog data is generally
acquired and converted into the digital form foe ghurpose of processing, transmission and
display.

Rapid advances in Personal Computer (RaE)lware and software technologies have
resulted in easy and efficient adoption of PCs amious precise measurement and complex
control applications. A PC based measurement draoapplication requires conversion of real
world analog signal into digital format and tramsfe digitized data into the PC. A data
acquisition system that performs conversion of @paignal to digital data and the digital data to
analog signal is interfaced to a pc to implemest filnctions of a measurement and control

instrumentation applications.

In this project we have used the etentgnetic sensor to acquire the data of a magnetic
disk angular velocity, which we have got in mililtgorange. This has been further converted
approximately into the range of 5 volt by usingiastrumentation amplifier of suitable gain
(~20).We then converted the analog voltage intotalidgpy using ADC 0808 and the processing
part is done by using ATMEL89c51.In the second casehave used the data acquisition card
PCL-207 to interface the amplified output to PC.
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1. INTRODUCTION

1.1 PC based Instrumentation System

The instrumentation systems have evolved over mgeif time. Instrumentation systems are in
standalone or modular types. Traditionally, measerg and control are done using standalone
instruments. The measurement and control are atéoimay exchanging data between the
instruments and computers. There are several Wagschange of measurement and control data
between computer and instruments. The GPIB, RS-BU%B and IEEE 1394 are the standard
interfaces provided in high performance standalorsruments for exchange of data. The

general form of PC based measurement system isrshelow.

Signal Data acquisition B
codifioner hardware

|

physical medmn —— Transducer

Figurel(Block Diagram of DAQ System)

A PC-based measurement system is achieved on da#Grm with the aid of a DAQ (Data

Acquisition) system. Design of a PC-based measwaystem involves:

() Design of a data acquisition hardware, and

(i) Design of appropriate application software.
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1.2 Data Acquisition Systems

Data acquisition refers to getting real world signato computer. A PC being a digital system
cannot directly accept the analog signal from theser. The data acquisition system (DAQ)
performs the conversion of analog to digital andssguently to transfer the digital data to PC.
In general a DAQ system performs following four mmant functions:

(i) Analog to digital conversion
(i) Digital to analog conversion
(i) Digital input/output

(iv) Timing I/O.

For a measurement application, the DAQ system atsmvihe analog signal form signal
conditioning circuit to a digital data and transférto the computer. For a control application it
converts digital data from the computer to anaiggals for controlling external devices.

1.2.1 PC Interfaces

The DAQ hardware is available in different form&ieTmost common type is plug in type which

is inserted into one of the empty expansion buts sio the motherboard. The hardware uses the
PC expansion bus for communication with the PC. DA€ devices which are compatible with
PC serial port (RS232 compatible) and USB port@as® more common. The DAQ system

support one of these interfaces for communicatiih the PC.
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1.2.2 Software

The driving force behind the PC based data aceuiséind control is the software. The software

in general includes data acquisition, data proogsand display routines. The data acquisition
routine in software generates the required sigoalghe require control signals on the interface
bus. It receives converted data from the DAQ systi@mugh the interface bus and stores the
data in an array in the memory. Data processingineun the software extracts the relevant
information regarding the measurement from the medwata. It can perform certain functions
of signal conditioning by means of data processifite PC executes software routines for (i)
acquiring the data from DAQ system (ii) analyzirge tacquired data for retrieving relevant

information (iii) displaying the information in raeqed format.

Programming a data acquisition and control systam be accomplished via either of three

ways: hardware programming, driver level prograngrand package level programming.
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2. SENSING ELEMENT

2.1 Digital tachometers

Digital tachometers (digital tachometric genergtase usually non-contact instruments that
sense the passage of equally spaced marks on tif@cesuwof a rotating disc or shaft.
Measurement resolution is governed by the numbenarks around the circumference. Various
types of sensor are used, such as optical, induatid magnetic ones. As each mark is sensed, a
pulse is generated and input to an electronic potaater. Usually, velocity is calculated in
terms of the pulse count in unit time, which of gmionly yields information about the mean
velocity. If the velocity is changing, instantansotelocity can be calculated at each instant of
time that an output pulse occurs, using the scheimogvn in Figure .In this circuit, the pulses
from the transducer gate the train of pulses frodiViHz clock into a counter. Control logic
resets the counter and updates the digital outpluevafter receipt of each pulse from the
transducer. The measurement accuracy of this systdnghest when the speed of rotation is

low.

2.1.1 Optical sensing

Digital tachometers with optical sensors are okaown as opticatachometers. Optical pulses
can be generated by one of the two alternativesoplextric techniques illustrated in Figure, the
pulses are produced as the windows in a slottedpdiss in sequence between a light source and

a detector. The alternative form has both lighirse and detector mounted on the same side of a
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reflective disc which has black sectors paintedanat regular angular intervals. Light sources
are normally either lasers or LEDs, with photod®dead phototransistors being used as detectors.
Optical tachometers yield better accuracy thanrottwens of digital tachometer but are not as

reliable because dust and dirt can block light path

Clock

1 MHz
Encoder ! Digital
pulses output
0 Gate oot CoOUNtEr e

Reset

Control
logic

Figuar(Optical Sensor’s Block Diagram)

2.1.2 Inductive sensing

Variable reluctance velocity transduceasso known as induction tachometers, are a form of

digital tachometer that uses inductive sensing.yTéwe widely used in automotive industry

within anti-skid devices, anti-lock braking syster(&BS) and traction control. A more
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sophisticated version shown in Figure. It has atnog disc that is constructed from a bonded-
fiber material into which soft iron poles are irtserat regular intervals around its periphery. The
sensor consists of@ermanent magnet with a shaped pole piece, whictesa wound coil. The
distance between the pick-up and tgter perimetesf the disc is around 0.5 mm. As the disc
rotates, the soft iron inserts on the disc move&uin past the pick-up unit. As each iron insert
moves towards the pole piece, the reluctance ofrthgnetic circuit increases and hence the flux
in the pole piece also increases. Similarly, th& fh the pole piece decreases as each iron inserts
moves away from the sensor. The changing magnktc ifiside the pick-up coil causes a
voltage to be induced in the coil whose magnitiedproportional to the rate of change of flux.
This voltage is positive while the flux is increagiand negative while it is decreasing. Thus, the
output is a sequence of positive and negative pulgeose frequency is proportional to the
rotational velocity of the disc. The maximum angulalocity that the instrument can measure is
limited to about 10000 rpm because of the finitelttviof the induced pulses. As the velocity
increases, the distance between the pulses isiceddand at a certain velocity, the pulses start
to overlap. At this point, the pulse counter cedsele able to distinguish the separate pulses.
The optical tachometer has significant advantagehis respect, since the pulse width is much
narrower, allowing measurement of higher velocities

A simpler and cheaper form of variable reluctancetransducer
also exists that uses a ferromagnetic gear wheahue of a fiber disc. The motion of the tip of
each gear tooth towards and away from the pickfip aauses a similar variation in the flux
pattern to that produced by the iron inserts infither disc. The pulses produced by these means

are less sharp, however, and consequently the niaxiamgular velocity measurable is lower.
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Figure 3(Optical Sensor)
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Figure 4(Electromagnetic sensor)
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Output of the tachometer (magnetic pickup) is gilgn
E=brwr sin (mwrt)
b- amplitude of flux variation
m- number of teeth in the rotating wheel
wr -angular velocity of the rotating wheel

Thus sinusoidal signal amplitude E=Wwmand frequency f=mwr/2z are proportional to

angular velocity of wheel.

However this output voltage comes in the range ibfuolt . But the requirement of Data
acquisition card is that input should be in thegeanf +/- 5 volt. So it need to be amplified prior

to inputting it into Data acquisition card.
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3. AMPLIFIER

3.1 The instrumentation amplifier

An op-amp with no feedback is already a differdrdraplifier, amplifying the voltage difference
between the two inputs. However, its gain cannatdogrolled, and it is generally too high to be
of any practical use. So far, our application ofatese feedback to op-amps has resulting in the
practical loss of one of the inputs, the resultamgplifier is only good for amplifying a single
voltage signal input. With a little ingenuity, hovex, we can construct an op-amp circuit
maintaining both voltages inputs, yet with a colté gain set by external resistors. If all the
resistor values are equal, this amplifier will havdifferential voltage gain of 1.

R
VA
— Vo
R
E R
A
V3 4 1
Figure 5

The analysis of this circuit is essentially the saas that of an inverting amplifier, except that th
noninverting input (+) of the op-amp is at a voeiagual to a fraction of V2, rather than being

connected directly to ground. As would standeson, V2 functions as the noninverting input
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and V1 functions as the invertingput of the operational amplifier circuit. It Beneficial to
be able to adjust the gain of the amplifier cirauithout having to change more than one resistor
value, as is necessary with the previous designdiierential amplifier. The so-called

instrumentatiorbuilds on the last version of differential amplifie give us that capability.

This intimidating circuit is constructed from a bared differential amplifier stage with three
new resistors linking the two buffer circuits tdget. Consider all resistors to be of equal value
except for Rgain. The negative feedback of the ufmieop-amp causes the voltage at point 1
(top of Rgain) to be equal to V1. Likewise, thetagk at point 2 (bottom of Rgain) is held to a
value equal to V2. This establishes a voltage d@pss Rgain equal to the voltage difference
between V1 and V2. That voltage drop causes a mutiheough Rgain, and since the feedback
loops of the two input op-amps draw no currentt §ame amount of current through Rgain must
be going through the two .R. resistors above ahalbi. This produces a voltage drop between

points 3 and 4 equal to:

V3-4 = (V2 - V1) (1 + 2R/Rgain)

The regular differential amplifier on the right-ltanside of the circuit then takes

this voltage drop between points 3 and 4 and itanglifies it by a gain of 1 (assuming again
that all .R resistors are of equal value). Thoughk tooks like a cumbersome way to build a
differential amplifier, it has the distinct advagés of possessing extremely high input
impedances on the V1 and V2 inputs (because theyemb straight into the noninverting inputs
of their respective op-amps), amadjustable gain that can be set by a single resisto
Manipulating the above formula a bit, we have aegahexpression for overall voltage gain in
the instrumentation amplifier:

AV = (1 +2R/Rgain)
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Though it may not be obvious by looking at the schatc, we can change the differential gain of
the instrumentation amplifier simply by changing tralue of one resistor: Rgain. Yes, we could
still change the overall gain by changing the valoésome of the other resistors, but this
would necessitate balanceesistor value changes for the circuit to remaimmetrical. The
lowest gain possible with the above circuit is al#d with Rgain completely open (infinite

resistance), and that gain value is 1.

We have used PSPICE software for simulation ofdperational amplifier to achieve a gain
which is suitable for our required purpose of affigdtion i.e. the gain required.

3.2 PSPICE

PSPICE is a full-featured simulator for seriouslagalesigners. Sophisticated, internal models
allow you to simulate everything from high-frequgraystems to low-power IC designs. Draw
on the expansive library of models to create off-shelf parts, or create models for new devices.
Fully explore the relationships in your design witthat if” scenarios before committing to final

implementation.

We have used the ORCAD 10.0 for circuit simulation.
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SIMULATED CIRCUIT
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OUTPUT:

fis o Ine ns
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Figure 7
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OBSERVAION TABLE

RPM O/P voltage Amplified O/P
(Photo reflective) (Magnetic pick up) (in mv.)

Pick up (in mv.)

250 55 825

330 72 986

350 76 1139
400 84 1257
530 110 1643
624 124 1858
705 137 2051
751 146 2185
845 159 2188
910 167 2471
960 175 2537
1052 187 2692
1106 194 2754
1140 199 2801
1215 206 2850
1270 212 2880
1325 219 2912
1378 224 2931
1440 230 2983
1495 235 2993
1530 238 2998
1600 244 3074
1675 254 3149
1755 256 3150
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4. ACQUISTION SYSTEM USING AT89c51

AT89c51the following important features:

This is an 8-bit microcontroller.

4kB masked ROM.

128 bytes internal data memory.

32 1/0 lines

Internal UART (Universal Asynchronous Receiverrigmitter)
5 Interrupts including 2 external interrupts

Supports additional 60kB external program memor§4&B external data memory

4.1 DESCRIPTION ABOUT 8051
1) ARCHITECTURE:-

1.1) Microprocessors and Microcontrollers:--

A digital computer typically consists of three magpmponents: the Central Processing Unit
(CPU), program and data memory, and an Input/oytfDj system. The CPU controls the flow
of information among the components of the computealso processes the data by performing
digital operations. Most of the processing is donthe Arithmetic-Logic Unit (ALU) within the
CPU. When the CPU of a computer is built on a gimgilinted circuit board, the computer is
called a minicomputer. A microprocessor is a CPUt tls compacted into a single-chip
semiconductor device. Microprocessors are genenglgse devices, suitable for many
applications.

A computer built around a microprocessor is cafladicrocomputer.

The choice of I/O and memory devices of a microcot@pdepends on the specific application.
For example, most personal computers contain adegband monitor as standard input and

output devices. A microcontroller is an entire cangp manufactured on a single chip.
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PIN LAYOUT DIAGRAM OF 8051

28 | P27AAL1S

TO/P3.4 [ 14 | | 27 | P2.608 14
T1/P3.5[ 15 [ 26 | P2.5/a13
WE/P3.6[ 16 [ 25 |P2araz
ED/P37[17] [ 24 [ P2 30411
HTALZ[18 ] [ 23 |P2.2/A10
HTALL[19 ] [ 22 | P2 1/49

Was [ 20 [ 21 |P2.0/A%

Figure 8(Pin DiagraffB05

1)

Microcontrollers are usually dedicated devices esdied within an application. For example,
microcontrollers are used as engine controllersaimomobiles and as exposure and focus
controllers in cameras. In order to serve thesdiGgins, they have a high concentration of on-
chip facilities such as serial ports, parallel iiputput ports, timers, counters; interrupt control
analog-to-digital converters, random access menregd only memory, etc. The I/O, memory,

and on-chip peripherals of a microcontroller alected depending on the specifics of the target
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application. Since microcontrollers are powerfuyitdil processors, the degree of control and
programmability they provide significantly enhandes effectiveness of the application.

The 8051 is the first microcontroller of the MCS-aimily introduced by Intel Corporation at
the end of the 1970s. The 8051 family with its ma&amhanced members enjoys the largest
market share, estimated to be about 40%, amongati@us microcontroller architectures. The
architecture of the 8051 family of the microconead is presented in this chapter. First, the
original 8051 microcontroller is discussed, follaviey the enhanced features of the 8032, and
the 80C515.

1.2. The 8051 Microcontroller Family Architecture

The architecture of the 8051 family of microconteds is referred to as the MCS-51 architecture,
or sometimes simply as MCS-51. The microcontrollexge an 8-bit data bus. They are capable
of addressing 64K of program memory and a sepé&rtfeof data memory. The 8051 has 4K of
code memory implemented as on-cRgad Only Memory (ROM). The 8051 has 128 bytes of
internal Random Access Memory (RAM). The 8051 has two timer/counters, aateport, 4
general purpose parallel input/output ports, aneériapt control logic with five sources of

interrupts.

Besides internal RAM, the 8051 has vari@mecial Function Registers (SFR), which are the
control and data registers for on-chip faciliti#fie SFRs also include the accumulator, the B
register, and thErogram Status Word (PSW), which contains the

CPU flags. Programming the various internal har@wfacilities of the 8051 is achieved by
placing the appropriate control words into the egponding SFRs. The 8031 is similar to the
8051, except it lacks the on-chip ROM. As statbé, 8051 can address 64K of external data
memory and 64K of external program memory. Thesg beseparate blocks of memory, so
that up to 128K of memory can be attached to th&anontroller. Separate blocks of code and
data memory are referred to as the Harvard ar¢bhicThe 8051 has two separate read signals,
RD# (P3.7) and PSEN#. The first is activated wheloyg is to be read from external data
memory, the other, from external program memorythBaf these signals are so-called active
low signals. That is, they are cleared to logieldywhen activated. All external code is fetched

from external program memory. In addition, bytemirexternal program memory may be read
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by special read instructions such as the MOVC umsion. There are separate instructions to
read from external data memory, such as the MOVatruiction. That is, the instructions
determine which block of memory is addressed, Aectbrresponding control signal, either RD#
or PSEN# is activated during the memory read cy&lsingle block of memory may be mapped
to act as both data and program memory. This erned to as the Von Neumannl architecture.
In order to read from the same block using eitherRD# signal or the PSEN# signal, the two
signals are combined with a logic AND operation.

This way, the output of the AND gate is low whether input is low. The advantage of the
Harvard architecture is not simply doubling the roeyncapacity of the microcontroller.
Separating program and data increases the retiabilithe microcontroller, since there are no
instructions to write to the program memory. A R@BVice is ideally suited to serve as program
memory. The Harvard architecture is somewhat awtwarevaluation systems, where code
needs to be loaded into program memory. By adoptiag/on Neumann architecture, code may
be written to memory as data bytes, and then ezd@g program instructions.

During the past decade, many manufacturers intedluenhanced members of the 8051
microcontroller. The enhancements include more nmgmaore ports, analog to-digital
converters, more timers with compare, reload amutuca facilities, more interrupt sources,
higher precision multiply and divide units, idledapower down mode support, watchdog timers,
and network communication subsystems. All microaalgr of the family use the same set of
machine instructions, the MCS-51.
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4.2 ADC 0808CCN

In lot of embedded systems micro controllers neéedake analog input. Most of the sensors and
transducers such as temperature, humidity, presstg@nalog. For interfacing these sensors to
micro controllers we require to convert the analagput of these sensors to digital so that the
controller can read it. Some micro controllers hawugt in Analog to Digital Converter (ADC)

so there is no need of external ADC. For contreltbat don't have internal ADC external ADC

is used.

One of the most commonly used ADC is ADC0808. ACBD®is a Successive approximation
type with 8 channels i.e. it can directly accesangle ended analog signals

N3 —11 28N
N4 —{ 2 271Nt
N5 —{3 26 p=INO
IME =l 4 5= A0D A
N7 —{5 24| ADD B
START —{6& 23— ADD C
EoC —7 22— ALE
279 —{a 21p—2""usE
CUTPUT EMABLE —Ja 2op=2"2
cLock =410 1afp=2"%
Vg ={11 16274
Vaer () =12 17}=2"B158
GRD —113 16—=Yaer (=)
i (1 15p=2""%
DEXsET2-11

Figure 9(Pin Diagram of ADQ&3
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I/O Pins

Analog ADDRESS LINES
Channel B

[[¥]a]
IN1
2
N3
14
INS
NG
N7

Lol Rl Rl Il == I = o B = i )

[ T = T = O SR = =
(S I T IR = R I T SR =

- ADDRESSLINEA,B,C

The device contains 8-channels. A particular chiimeelected by using the address decoder

line. The TABLE 1 shows the input states for adgllees to select any channel.
« Address Latch Enable ALE
The address is latched on the Low — High transibbALE.
« START

The ADC'’s Successive Approximation Register (SARYaset on the positive edge i.e. Low-
High of the Start Conversion pulse. Whereas thevexaion is begun on the falling edge i.e.

High — Low of the pulse.
« Output Enable

Whenever data has to be read from the ADC, OutmatbEe pin has to be pulled high thus
enabling the TRI-STATE outputs, allowing data toread from the data pins DO-D7.
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« End of Conversion (EOC)

This Pin becomes High when the conversion has erstethe controller comes to know that the

data can now be read from the data pins.
« Clock

External clock pulses are to be given to the AD@s tan be given either from LM 555 in

Astable mode or the controller can also be usepv®the pulses

Vref/2 (Volts) Vin (Volts) Step size (mV)

Open (2.5) Oto5 5/256 = 19.53
2.56 0to5.12 5.12/256 =20
1.28 0to 2.56 2.56/256 = 10
0.5 Oto1l 1/256=3.90
Data Out

Dout = Vin / Step Size
For input vtg. of 2.56 volts (Vref=1.28 volts) asteép size of 10mv Dout =2560/10 =256 or FF

that is full scale output.

Resolution
8 bits for ADC0808
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Algorithm

PL.0O-1.7 <: D0-D7
P20 ADD A
p2.1 ADD B
8051 P2.2 ADDC
p2.3 START ADC D808
P24 ALE
p2.5 Output Enable
p2.6 ECNC
LML | Clock

Start.

Select the channel.

A Low — High transition on ALE to latch in the aedds.
A Low — High transition on Start to reset the ADGAR.
A High — Low transition on ALE.

A High — Low transition on start to start the corsien.
Wait for End of cycle (EOC) pin to become high.
Make Output Enable pin High.

© © N o g s~ wDdhPE

Take Data from the ADC'’s output
10.Make Output Enable pin Low.
11.Stop

The total numbers of lines required are:

- datalines: 8

- ALE:1
- START:1
- EOC:1

« Output Enable:1

l.e. total 12 lines. You can directly connect the @in to V... Moreover instead of polling

for EOC just put some delay so instead of 12 lyaswill require 10 lines.
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You can also provide the clock through the corgrothus eliminating the need of external

circuit for clock.

Timing Diagram

START L 50%
TS ——

ALE m% m*
WALE =
'r—_' STABLE ADDRESS
HWODRESS 0% | llm
15 t=—ttp |
ANALODG
|urur} 7T T —— STARLE—— H
=1
L5
COMPARATOA
INFUT
{INTE RNAL NODE)
te— = tp— =
QUTPUT j \‘
EMABLE

enc !
| X s
— g ——=
|" s S— —

Figure 10
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ADC OUTPUT :

SL NO VOLTAGE(V1=V*20) Digital OUTPUT(8BITRESO)
IN VOLTS. FROM ADCO0808(DECIMAL)
1 3.074 157
2 2.912 149
3 2.850 146
4 2.800 143
5 2.692 138
6 2.188 112
7 2.051 105
8 1.257 65
9 0.825 42

Where V = analog output of Electromagnetic Sensor
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4.3 555 TIMER

The 555 monolithic timing cirtaiis a highly stable controller capable of prodgci
accurate time delays, or oscillation. In the tinedagt mode of operation, the time is precisely
controlled by one external resistor and capackor.a stable operation as an oscillator, the free
running frequency and the duty cycle are both ately controlled with two external resistors
and one capacitor. The circuit may be triggered r@seét on falling waveforms, and the output

structure can source or sink up to 200 mA.

PIN DETAILSOF 555 TIMER:

D and N Packages

N

e[ 1] 2] viee
TRIGGER[ 2 | 7] piscHaree
outeuT[ 2] @] THRESHOLD

ResET[ 4] 5] contRoL voLTAGE

SLop344

Figure 11

» Pin 1 (Ground): The ground (or common) pin is the most-negativepsy potential
of the device, which is normally connected to dir@ommon (ground) when operated from

positive supply voltages.

» Pin 2 (Trigger): This pin is the input to the lower comparator andised to set the

latch, which in turn causes the output to go hifis is the beginning of the timing sequence in
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monostable operation. Triggering is accomplishedtdiyng the pin from above to below a
voltage level of 1/3 V+ (or, in general, one-h&ilé tvoltage appearing at pin 5). The action of the
trigger input is level-sensitive, allowing slow eabf-change waveforms, as well as pulses, to be
used as trigger sources. The trigger pulse mustftshorter duration than the time interval
determined by the external R and C. If this pirhéd low longer than that, the output will
remain high until the trigger input is driven highgain. One precaution that should be observed
with the trigger input signal is that it must netmain lower than 1/3 V+ for a period of time
longer than the timing cycle. If this is allowed hiappen, the timer will re-trigger itself upon
termination of the first output pulse. Thus, whiea timer is driven in the monostable mode with
input pulses longer than the desired output pulsihwthe input trigger should effectively be
shortened by differentiation. The minimum-allowalplelse width for triggering is somewhat
dependent upon pulse level, but in general if grisater than the 1uS (micro-Second), triggering
will be reliable. A second precaution with respecthe trigger input concerns storage time in
the lower comparator. This portion of the circugincexhibit normal turn-off delays of several
microseconds after triggering; that is, the latam still have a trigger input for this period of
time after the trigger pulse. In practice, this methe minimum monostable output pulse width
should be in the order of 10uS to prevent possigeble triggering due to this effect. The
voltage range that can safely be applied to thgger pin is between V+ and ground. A dc
current, termed the trigger current, must also ffoen this terminal into the external circuit.
This current is typically 500nA (nano-amp) and wiéfine the upper limit of resistance
allowable from pin 2 to ground. For an astable mpmhtion operating at V+ = 5 volts, this

resistance is 3 Mega-ohm; it can be greater fdndriy + levels.

Pin 3 (Output): The output of the 555 comes from a high-currergrtepole stage made
up of transistors Q20 - Q24. Transistors Q21 and Q@vide drive for source-type loads, and
their Darlington connection provides a high-staigpat voltage about 1.7 volts less than the V+
supply level used. Transistor Q24 provides cursamking capability for low-state loads referred
to V+ (such as typical TTL inputs). Transistor Q22 a low saturation voltage, which allows it
to interface directly, with good noise margin, whiniving current-sinking logic. Exact output

saturation levels vary markedly with supply voltagewever, for both high and low states. At a
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V+ of 5 volts, for instance, the low state Vce(satlypically 0.25 volts at 5 mA. Operating at 15
volts, however, it can sink 200mA if an output-lewitage level of 2 volts is allowable (power
dissipation should be considered in such a casepufke). High-state level is typically 3.3 volts
at V+ = 5 volts; 13.3 volts at V+ = 15 volts. Bdte rise and fall times of the output waveform
are quite fast, typical switching times being 100h&e state of the output pin will always reflect
the inverse of the logic state of the latch, and thct may be seen by examining Fig. 3. Since
the latch itself is not directly accessible, thetationship may be best explained in terms of katch
input trigger conditions. To trigger the output # high condition, the trigger input is
momentarily taken from a higher to a lower leveéd "Pin 2 - Trigger"]. This causes the latch to
be set and the output to go high. Actuation ofltveer comparator is the only manner in which
the output can be placed in the high state. Thputwtan be returned to a low state by causing
the threshold to go from a lower to a higher lejggle "Pin 6 - Threshold"], which resets the
latch. The output can also be made to go low bintathe reset to a low state near ground [see
"Pin 4 - Reset"]. The output voltage available fs tpin is approximately equal to the Vcc

applied to pin 8 minus 1.7V.

Pin 4 (Reset):This pin is also used to reset the latch and rettugroutput to a low state.
The reset voltage threshold level is 0.7 volt, arsink current of 0.1mA from this pin is required
to reset the device. These levels are relativalgpendent of operating V+ level; thus the reset
input is TTL compatible for any supply voltage. Tieset input is an overriding function; that is,
it will force the output to a low state regardl@gghe state of either of the other inputs. It may
thus be used to terminate an output pulse premugttioegate oscillations from "on" to "off", etc.
Delay time from reset to output is typically on eler of 0.5uS, and the minimum reset pulse
width is 0.5uS. Neither of these figures is guaranteed, howeard may vary from one
manufacturer to another. In short, the reset pused to reset the flip-flop that controls theestat
of output pin 3. The pin is activated when a vadtdgvel anywhere between 0 and 0.4 volt is
applied to the pin. The reset pin will force thepui to go low no matter what state the other
inputs to the flip-flop are in. When not used sitrecommended that the reset input be tied to V+

to avoid any possibility of false resetting.
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Pin 5 (Control Voltage) :This pin allows direct access to the 2/3 V+ vadtatjvider
point, the reference level for the upper compardtoalso allows indirect access to the lower
comparator, as there is a 2:1 divider (R8 - R9nftbis point to the lower-comparator reference
input, Q13. Use of this terminal is the option loé¢ tuser, but it does allow extreme flexibility by
permitting modification of the timing period, resey of the comparator, etc. When the 555
timer is used in a voltage-controlled mode, itstagé-controlled operation ranges from about 1
volt less than V+ down to within 2 volts of grouathough this is not guaranteed). Voltages
can be safely applied outside these limits, buy 8teould be confined within the limits of V+
and ground for reliability. By applying a voltage this pin, it is possible to vary the timing of
the device independently of the RC network. Therobiwoltage may be varied from 45 to 90%
of the Vcc in the monostable mode, making it pdssib control the width of the output pulse
independently of RC. When it is used in the astaidele, the control voltage can be varied from
1.7V to the full Vcc. Varying the voltage in thetatsle mode will produce a frequency
modulated (FM) output. In the event the controltagé pin is not used, it is recommended that it
be bypassed, to ground, with a capacitor of abditud~ (10nF) for immunity to noise, since it is
a comparator input. This fact is not obvious in gn&B5 circuits since | have seen many circuits
with 'no-pin-5' connected to anything, but thighe proper procedure. The small ceramic cap

may eliminate false triggering.

» Pin 6 (Threshold): Pin 6 is one input to the upper comparator (thermlieing pin 5)
and is used to reset the latch, which causes ttpubto go low. Resetting via this terminal is
accomplished by taking the terminal from below bowe a voltage level of 2/3 V+ (the normal
voltage on pin 5). The action of the threshold ipitevel sensitive, allowing slow rate-of-change
waveforms. The voltage range that can safely béeapfo the threshold pin is between V+ and
ground. A dc current, termed the threshold currenist also flow into this terminal from the
external circuit. This current is typically @A, and will define the upper limit of total resiatze
allowable from pin 6 to V+. For either timing cogdiration operating at V+ = 5 volts, this
resistance is 16 Mega-ohm. For 15 volt operatitie, thaximum value of resistance is 20
MegaOhms.
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» Pin 7 (Discharge): This pin is connected to the open collector of a tansistor
(Q14), the emitter of which goes to ground, so thlaén the transistor is turned "on", pin 7 is
effectively shorted to ground. Usually the timingpacitor is connected between pin 7 and
ground and is discharged when the transistor ttons The conduction state of this transistor is
identical in timing to that of the output stage.idt"on" (low resistance to ground) when the
output is low and "off* (high resistance to grounghen the output is high. In both the
monostable and astable time modes, this transstidch is used to clamp the appropriate nodes
of the timing network to ground. Saturation voltagdypically below 100mV (milli-Volt) for
currents of 5mA or less, and off-state leakagebmua 20nA (these parameters are not specified
by all manufacturers, however). Maximum collectarrent is internally limited by design,
thereby removing restrictions on capacitor size ttupeak pulse-current discharge. In certain
applications, this open collector output can bedwsean auxiliary output terminal, with current-

sinking capability similar to the output (pin 3).

» Pin 8 (V +): The V+ pin (also referred to as Vcc) is the positsupply voltage
terminal of the 555 timer IC. Supply-voltage opergtrange for the 555 is +4.5 volts (minimum)
to +16 volts (maximum), and it is specified for cggéon between +5 volts and +15 volts. The
device will operate essentially the same over thigge of voltages without change in timing
period. Actually, the most significant operatiod#ference is the output drive capability, which
increases for both current and voltage range astubpely voltage is increased. Sensitivity of
time interval to supply voltage change is low, tglly 0.1% per volt. There are special and

military devices available that operate at voltagesigh as 18 volts.

Operating Modes: The 555 timer has two basic operational modessboéand astable.

One-shot multivibrators are used for turning sornneud or external component on or off for a
specific length of time. It is also used to generélays. When multiple one-shots are cascaded,
a variety of sequential timing pulses can be gdadrarhose pulses will allow you to time and
sequence a number of related operations. The bdwc operational mode of the 555 is as and

astable multivibrator. An astable multivibratorsimply and oscillator. The astable multivibrator
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generates a continuous stream of rectangular offudees that switch between two voltage
levels. The frequency of the pulses and their diyigle are dependent upon the RC network
values.

One-Shot Operation: Fig. 4 shows the basic circuit of the 555 coneécas a monostable
multivibrator. An external RC network is connectegtween the supply voltage and ground. The
junction of the resistor and capacitor is connettethe threshold input which is the input to the
upper comparator. The internal discharge transistaalso connected to the junction of the
resistor and the capacitor. An input trigger pussapplied to the trigger input, which is the input
to the lower comparator.With that circuit configiwa; the control flip-flop is initially reset.
Therefore, the output voltage is near zero volke Jignal from the control flip-flop causes T1 to
conduct and act as a short circuit across the medt@apacitor. For that reason, the capacitor
cannot charge. During that time, the input to thpar comparator is near zero volts causing the

comparator output to keep the control flip-flopetes

+V¥
8
[
Input 7 555 1IrlIIut|:|nut
trigger
L
C 1
1 fig. 9a
Gnd. =
Figure 12

Notice how the monostable continues to outputuisgregardless of the inputs swing back up.
That is because the output is only triggered byiripat pulse, the output actually depends on the

capacitor charge.

Monostable Mode: The 555 in fig. 9a is shown here in it's utmostibasode of operation; as a
triggered monostable. One immediate observatidhesextreme simplicity of this circuit. Only
two components to make up a timer, a capacitoraargsistor. And for noise immunity maybe a
capacitor on pin 5. Due to the internal latchingchanism of the 555, the timers will always
time-out once triggered, regardless of any subsgquase (such as bounce) on the input trigger
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(pin 2). This is a great asset in interfacing tf&® Bvith noisy sources. Just in case you don't
know what 'bounce’ is: bounce is a type of fasbristerm noise caused by a switch, relay, etc.
and then picked up by the input pin. The triggguinis initially high (about 1/3 of +V). When a
negative-going trigger pulse is applied to thegeiginput (see fig. 9a), the threshold on the
lower comparator is exceeded. The lower compartherefore, sets the flip-flop. That causes
T1 to cut off, acting as an open circuit. The settof the flip-flop also causes a positive-going
output level which is the beginning of the outpmihg pulse. The capacitor now begins to
charge through the external resistor. As soon ascttarge on the capacitor equal 2/3 of the
supply voltage, the upper comparator triggers asdts the control flip-flop. That terminates the
output pulse which switches back to zero. At timset T1 again conducts thereby discharging
the capacitor. If a negative-going pulse is applethe reset input while the output pulse is high,
it will be terminated immediately as that pulselwa@set the flip-flop. Whenever a trigger pulse
is applied to the input, the 555 will generatesitgyle-duration output pulse. Depending upon the
values of external resistance and capacitance tlseadutput timing pulse may be adjusted from
approximately one millisecond to as high as on heehideconds. For time intervals less than
approximately 1-millisecond, it is recommended tktandard logic one-shots designed for
narrow pulses be used instead of a 555 timer. @8 are normally used where long output
pulses are required. In this application, the domatof the output pulse in seconds is
approximately equal to:

T=1.1 xR xC (in seconds).

The output pulse width is defined by the above fdemand with relatively few restrictions,
timing components R(t) and C(t) can have a widegeanf values. There is actually no
theoretical upper limit on T (output pulse widtbply practical ones. The lower limit is 10uS.
You may consider the range of T to be 10uS to ityfitoounded only by R and C limits. Special
R(t) and C(t) techniques allow for timing periodsdays, weeks, and even months if so desired.
However, a reasonable lower limit for R(t) is iretbrder of about 10Kilo ohm, mainly from the
standpoint of power economy. (Although R(t) canldxer that 10K without harm, there is no
need for this from the standpoint of achieving arspulse width.) A practical minimum for C(t)
is about 95pF; below this the stray effects of c#pace become noticeable, limiting accuracy

and predictability. Since it is obvious that thequct of these two minimums yields a T that is
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less the 10uS, there is much flexibility in theeséibn of R(t) and C(t). Usually C(t) is selected
first to minimize size (and expense); then R(hssen. The upper limit for R(t) is in the order
of about 15 Mega ohm but should be less than tlails the accuracy of which the 555 is capable
is to be achieved. The absolute upper limit of B(fjetermined by the threshold current plus the
discharge leakage when the operating voltage ivotb6 For example, with a threshold plus
leakage current of 120nA, this gives a maximum @aiti14M for R(t) (very optimistic value).
Also, if the C(t) leakage current is such that uen of the threshold current and the leakage
current is in excess of 120 nA the circuit will ee¥ime-out because the upper threshold voltage
will not be reached. Therefore, it is good practiwselect a value for R(t) so that, with a voltage
drop of 1/3 V+ across it, the value should be i@@$ more, if practical.

So, it should be obvious that the real limit topt@ced on C (t) is its leakage, not it's capacianc
value, since larger-value capacitors have highakdges as a fact of life. Low-leakage types,
like tantalum or NPO, are available and preferredbng timing periods. Sometimes input
trigger source conditions can exist that will nettase some type of signal conditioning to
ensure compatibility with the triggering requirerteeaf the 555. This can be achieved by adding
another capacitor, one or two resistors and a ssigtial diode to the input to form a pulse
differentiator to shorten the input trigger pulseatwidth less than 10uS (in general, less than T).
Their values and criterion are not critical; theimane is that the width of the resulting
differentiated pulse (after C) should be less ttendesired output pulse for the period of time it
is below the 1/3 V+ trigger level.

There are several different types of 555 timere TM555 from National is the most common
one these days, in my opinion. The Exar XR-L55%tims a micro power version of the standard
555 offering a direct, pin-for-pin (also called gtaompatible) substitute device with an
advantage of a lower power operation. It is capableperation of a wider range of positive
supply voltage from as low as 2.7volt minimum ud8&volts maximum. At a supply voltage of
+5V, the L555 will typically dissipate of about 9@0icrowatts, making it ideally suitable for
battery operated circuits. The internal schemdtih® L555 is very much similar to the standard
555 but with additional features like 'current spgk filtering, lower output drive capability,

higher nodal impedances, and better noise redustistem.
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Maxim's ICM7555, and Sanyo's LC7555 models are veedower, general purpose CMOS
design version of the standard 555, also with actlipin-for-pin compatibility with the regular
555. It's advantages are very low timing/bias cuselow power-dissipation operation and an
even wider voltage supply range of as low as 2/svo 18 volts. At 5 volts the 7555 will
dissipate about 400 microwatts, making it also \&rigable for battery operation. The internal
schematic of the 7555 (not shown) is however tptdifferent from the normal 555 version
because of the different design process with cneahriology. It has much higher input
impedances than the standard bipolar transist@d. 0$e cmos version removes essentially any
timing component restraints related to timer biasrants, allowing resistances as high as
practical to be used.

This very versatile version should be consideredrela wide range of timing is desired, as well
as low power operation and low current synchingeapp to be important in the particular

design.

Some of the less desirable properties of the rediBad are high supply current, high trigger

current, double output transitions, and inability run with very low supply voltages. These

problems have been remedied in a collection of CMO&essors.

A caution about the regular 555 timer chips; the,%8ong with some other timer ic's, generates
a big (about 150mA) supply current glitch duringleautput transition. Be sure to use a hefty
bypass capacitor over the power connections nedirtter chip. And even so, the 555 may have

a tendency to generate double output transitions.
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Figure 13
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Astable operation: Figure 9b shows the 555 connected as an astabléviator. Both the
trigger and threshold inputs (pins 2 and 6) tottix@ comparators are connected together and to
the external capacitor. The capacitor charges twer supply voltage through the two resistors,
R1 and R2. The discharge pin (7) connected torttegnal transistor is connected to the junction
of those two resistors.

When power is first applied to the circuit, the &eipor will be uncharged; therefore, both the
trigger and threshold inputs will be near zero ¥dtee Fig. 10). The lower comparator sets the
control flip-flop causing the output to switch highhat also turns off transistor T1. That allows
the capacitor to begin charging through R1 and AR2.soon as the charge on the capacitor
reaches 2/3 of the supply voltage, the upper coatpawill trigger causing the flip-flop to reset.
That causes the output to switch low. Transistoraleb conducts. The effect of T1 conducting
causes resistor R2 to be connected across thenaktempacitor. Resistor R2 is effectively
connected to ground through internal transistor TiHe result of that is that the capacitor now
begins to discharge through R2.

The only difference between the single 555, du#, 2/md quad 558 (both 14-pin types), is the
common power rail. For the rest everything rem#nessame as the single version, 8-pin 555.

As soon as the voltage across the capacitor reati®eof the supply voltage, the lower
comparator is triggered. That again causes theadiip-flop to set and the output to go high.
Transistor T1 cuts off and again the capacitor @0 charge. That cycle continues to repeat
with the capacitor alternately charging and disgimay, as the comparators cause the flip-flop to
be repeatedly set and reset. The resulting ouspatontinuous stream of rectangular pulses.
The frequency of operation of the astable cirauiiependent upon the values of R1, R2, and C.
The frequency can be calculated with the formula:

f=1/(.693 x C x (R1 + 2 x R2))

The Frequency fis in Hz, R1 and R2 are in ohmd,@ns in farads. The time duration between
pulses is known as the 'period’, and usually deseghwith a 't". The pulse is on for t1 seconds,
then off for t2 seconds. The total period (t) isttf2 (see fig. 10). That time interval is related
the frequency by the familiar relationship:

f=1tort=1/f
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The time intervals for the on and off portions leé butput depend upon the values of R1 and R2.
The ratio of the time duration when the output putshigh to the total period is known as the
duty-cycle. The duty-cycle can be calculated wité formula:

D =t1/t = (R1 + R2) / (R1 + 2R2)

You can calculate t1 and t2 times with the formidakw:

t1 = .693(R1+R2)C

t2=.693xR2xC

The 555, when connected as shown in Fig. 9b, cadluge duty-cycles in the range of
approximately 55 to 95%. A duty-cycle of 80% metrat the output pulse is on or high for 80%
of the total period. The duty-cycle can be adjustgdarying the values of R1 and R2.
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5.
ADC INTERFACING WITH
8051 MICROCONTROLLER
AND 555 TIMER

INTERFACING OF ADC AND 8051 MICROCONTROLLER USING 555 TIMER:

Pl10O-1.7
o D0-o7
INO-IHN? Tachogenerator
ADD &
P20
pal ADDE
AT89¢51 Fa e
Alodes ADCOS08CCN
P23 ALE
. Output Enshle
P25 START
P2 Eoc
CLOCE

555
Tuner

General Circuit Diagram of Final Working Model Dragn
Figure 14

WORKING:

1. As the output obtained from Electromagnetic seissin the range of mV range so an

amplifier of gain 20 is used to convert thelagasoltage obtained from sensor into 5V
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range.
2. Now the Voltage obtained is applied to inpuirtiexal of ADC.
3. The working of ADC is tested .
4. Port of 8051 microcontroller was programmed gsé&mbly language (as shown in the
program):
PROGRAM:

ADC_A P2.0

ADC B P2.1

ADC C P22

ALE P2.3

OE P2.4

EOC P2.6

ORG 0000H

MOV P1,#0FFH

MOV P,#00H

CLR ALE

CLR START

CLR OE

SETB EOC

INIT: CLR ADC_A

CLR ADC_B

CLR ADC_C

CALL DELAY_SMALL

SETB ALE

CALL DELAY_SMALL

SETB START

CALL DELAY_SMALL

CLR ALE

CLR START

CALL DELAY_LONG
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WAIT : INB EOC,WAIT
SETB OE
CALL DELAY_SMALL
MOV A, P1
MOV PO,A
SIMP INIT
DELAY_SMALL: MOV RO,#10
NOP
NOP
DJIJNZ RO,DELAY SMALL
RET
DELAY_LONG: MOV R1,#40H
NOP
NOP
DJIJNZ R1,DELAY_LONG

RE

5. The above program is a test program for singétagy input
6. The above program was running successfully andeaare not controlling any output
of ADC so the output of Port O of microcontrolleasvthe same that of ADC output channels

7. The above program was tested for 5 Volt and b &walog inputs.
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Table for data acquired from electromagnetic seasdrthe corresponding digital output:

Sr. No. Angular Speed Voltage O/P of Amplifier O/P Digital output
(RPM) electromagnetic V1
sensor(V)

1 1600 0.244 3.074 157
2 1325 0.219 2.912 149
3 1215 0.206 2.850 146
4 1140 0.199 2.800 143
5 1052 0.187 2.692 138
6 845 0.159 2.188 122
7 705 0.137 2.051 105
8 400 0.084 1.257 65
9 250 0.055 0.825 42
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6. Data Acquisition Using PCL-207
PCL 207

The PCL-207 low cost AD/DA card is an easy to usest effective multifunction data
acquisition card for IBM PC/XT/AT and compatiblensputers. The specifications of this half
sized card and software support makes it ideahfaide range of applications in industrial and
laboratory environments. These applications inclda& acquisition, process control, automatic
testing and factory automation.

6.1 SCOPE OF PCL-207 CARD

The PCL-207 is a low cost high perforecam@nalog interface card for IBM/PC/XT/AT

and compatible computers. It uses the hardwaredbasecessive approximation method,
providing 25 thousand samples per second acquisitite. The true 12 bit conversion gives an
overall accuracy of 0.015% reading +/-1 bit. Thépatichannel provides fast settling time with
accuracy. A high quality MUX in the input stage yides 8 single ended analog inputs. Standard

input and output voltage ranges are user selectiaolependent of each other.

6.2 APPLICATION AREAS

Features of the PCL-207 card makesuitaBle for various applications . Some

applications are discussed below.

1. Industrial Measurements/Automation

The PCL-207 has great scope in this field. Thisl@@n be used to develop a continuous

monitoring system for industrial automation.
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2. Process control

A continuous process can be made to receive fekdb@m a monitored system and any
variation can be detected by the ADC. This willoimh the ibm pc. Further action can be
taken on the DAC channel depending on the softwlasegn. This makes the PCL-207

card highly versatile in the field of process cohtr
The PCL-207 can also be widely used in laboratoegasarements, Signal analysis etc.

The PCL-207 provides powerful and easy to use soéwlriver routines which can be accessed
by the basic call statement. The PCL card is pexvmdith application software package.

6.3 SPECIFICATIONS

The data acquisition card has the following speatfon:

1. Analog Input (A/D converter)

Channels : 8 single ended
Resolution : 12 bits

Input Range : Bipolar +/- 5v
Overvoltage : continuous +/- 30&xn
Conversion type : Successive approximatio
Converter : AD574 or equivalent
Conversion speed: 25 microsecond max.
Accuracy : 0.015% of reading X+ bit
Linearity : +/- 1bit

Trigger mode : Software trigger

Data transfer : Program control
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2. Analog Output (D/A converter)

Channels : 1 channel

Resolution : 12 bits

Output range : 0 to +5 v or O kv
Reference voltage: Internal -5v and {300.05v)
Conversion type : 12 bit monolithic tmyping
Analog devices AD7541 AKN or equafst
Linearity : +/- Y% bit

Output drive X +/- 5 ma max

Settling time : 30 micro seconds

3. General Specifications

Power consumption: +5V: typ 100 ma, max 500ma
+12V:typ 40 maaxdi00 ma
-12V:typ 20 nmaax S0ma

I/O connector : 20 pin post headers f@lag I/O ports
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6.4 Hardware Details

Base Address Selection:
Some of the PC peripheral devices and interfacdgscare controlled through input/output

ports. These ports are addressed using the 1/Caddress space.

An 8 way DIP switch is present on board out of whBW1-SW6 is used for base
address selection and SW7 and SW8 are used favaseftrigger selection.

The PCL-207 requires 16 consecutive address lotatithe I/O space.

Valid addresses are from hex 000 to hex 3F0. Thifa setting is hex 220.If the user
wants to change the default value to another vidae before installing the card in the

computer he must change the switch setting to aeyod the following addresses.

I/O Address Switch selection

Range(Hex) 1 2 34 5 6
A9 ABA7 A6 A5 A4

000-00F 0 00 0O O 0
100-10F 0 10 0 O 0
200-20F 1 00 0O O 0
210-21F 1 00 0O O 1
220-22F 1 00 0 1 0
300-30F 1 10 0O O 0
3F0-3FF 1 11 1 1 1

NOTE: ON-0, OFF-1

A4-A9 corresponds to PC bus address lines.
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CONNECTOR PIN ASSIGNMENT
PCL-207 | provided with a single 20 pin FRC conpe&@N1, accessible through the rear
of the PC. The pin assignment of this connectasigiven below.

SIGNAL NAME  PIN NO. PIN NO. SIGNAL NAME
A/D O 1 2 A.GND
AD 1 3 4 A.GND
A/D 2 5 6 A.GND
A/D 3 7 8 A.GND
A/D 4 9 10 A.GND
A/D 5 11 12 A.GND
A/D 6 13 14 A.GND
AD7 15 16 A.GND
D/A 17 18 A.GND
A.GND 19 20 A.GND

JUMPER SELECTION
Only one jumper JP1 is provided on the PCL-207 .c#rds used to select the D/A

reference voltage. Two reference voltage are ptesethe board.
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6.5 BLOCK DIAGRAM DESCRIPTION

The base address is selected by the DIP switchnwheesoftware routine addresses the
DIP switch address, the card is enabled. The nefereroltage generator produces the
desired reference voltage which are jumper seléxtab
In the D/A operation the digital input from the RECfed to a latch through the data
buffer. The latched digital value is fed to the DAW@ic for D/A conversion. The analog
output is fed to a buffer and finally to the 20 BIRC connector.
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In the A/D operation any one of the 8 channelsgmesn the 20 pin FRC can be selected
by the MUX. For impedance matching the input sigsabuffered and then fed to the

ADC. The ADC can be software triggered by outpugttine required through the specific

address register. The converted data can be reaagth two latches, one containing the
higher byte and the other lower byte. The datadstd the IBM PC bus through the data
buffer.

REGISTER STRUCTURE AND FORMAT:

The PCL-207 requires 16 consecutive addresseseinfiut output space. In order to
program the PCL-207 a good understanding of theebfsters addressable from the
selected I/0O port base address is necessary. A atyrwh the functions of each address
and the data format of each register is given below

/O PORT ADDRESS MAP
The following table shows the location of each segji and driver relative to the base

address.
LOCATION READ WRITE
Base+0 N/U N/U
+1 N/U N/U
+2 N/U N/U
+3 N/U N/U
+4 A/D low byte D/A low byte
+5 A/D high byte D/A high byte
+6 WN/ N/U
+7 WN/ N/U
+8 WN/ N/U
+9 WN/ N/U
+10 N/U MUX scan channel
+11 N/U Software A/D trigger
+12 N/U Software A/D trigger
+13 N/U N/U
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+14 N/U N/U
+15 N/U N/U

NOTE: N/U-Not Used
BASE+11 and BASE+12 can be selected through SW7Sawé of the DIP switch. Their

combinations are as given below:

SW7 SW8 LOCATION
ON OFF BASE+11
OFF ON BASE+12

A/D DATA REGISTERS:
The PCL-207 performs 12 bit A/D conversions, anit8régister is not big enough to

accommodate all 12 bits of data. Therefore A/D dsistored in two registers located at
address BASE+4 and BASE+5.

DATA FORMAT:
1. A/D LOW BYTE
BASE+4 D7 D6 D5 D4 D3 D2 D1 DO
AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO

2. A/D HIGH BYTE

BASE+5 D7 D6 D5 D4 D3 D2 D1 DO
0 0 0 DRDY AD11 AD10 AD9 AD8
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MUX SCAN REGISTR:
The MUX scan register is a write only register gsaaidress BASE+10. The low nibble

provides the scan channel number. The MUX swit¢tbesnew channel when written to
this register.

DATA FORMAT:

BASE+10 D7 D6 D5 D4 D3 D2 D1 DO
Scan channel X X X X X CL2 CL1 CLO
Channel 0 X X X X X 0 0 0
Channel 1 X X X X X 0 0 1
Channel 2 X X X X X 0 1 0
Channel 3 X X X X X 0 1 1
Channel 4 X X X X X 1 0 0
Channel 5 X X X X X 1 0 1
Channel 6 X X X X X 1 1 0
Channel 7 X X X X X 1 1 1

The PCL-207 A/D conversion is triggered by softwvaThe software trigger is

controlled by the application program issued sofea@mmand.

6.6 CALIBERATION

In data acquisition and control, it is importantdonstantly calibrate the measurement

device to maintain its accuracy. It is necessaryh&awe a digital voltmeter, digital

calibrator or a stable and noise free DC voltagea®to perform the calibration.
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PCL-207 VR ASSIGNMENT:

There are 3 variables (VR) on the PCL-207 to assishaking accurate adjustment on
the A/D and D/A channels. The function of each ¢Rsted below:
VR1: D/A gain adjustment
VR2: A/D offset adjustment
VR3: A/D gain adjustment
A/D Calibration
The demo program DEMOO02.BAS can be run to read A2 data when standard
voltages are applied to the input channel.
1. Apply a short to the input channel and adjust V&#&sét) to obtain zero data.
2. Apply +4.9963V to the input channel and adjust V{ain) so that the data lies
between 2046 and 2047.
Other voltages can be applied to the input to clieekinearity.
D/A Calibration
The demo program DEMOO04.BAS is run in order to makA calibration. The users
should choose the D/A range to be calibrated byngethe jumper JP. Set the D/A data
to 4095 to get full scale output. Measure the outfmltage with a precision voltmeter.
Adjust VR1 (D/A gain) to get the correct full scaleltage.
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CHAPTER 7

Conclusion

and reference
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CONCLUSION

Here in our project we have designed an 8 singtee@nnput channel data acquisition system
using ATMEL89c51 microcontroller and ADC0O808CCN kato digital converter, using 555
timer. The designed model was programmed in asselezl language for single analog input
and was tested under proper condition.

Also we have used PCL-207 as an interface to medl€ based data acquisition in partial
fulfillment. Owing to shifting of most instrumentah system towards PC compatibility it offer
more advantage compared to 89c51 based data dimquisystem. Also it is more flexible as
program can be changed according to requiremertategly.

Future work:

We have used both model for aogy and processing analog input
but with slight modification it can be used in cahtapplication. For e.g. on the
basis of data acquired from tachogenerator voltdgeing can be varied to
maintain the speed at desired value.
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