1020 Test
Define microprocessor & draw the block diagram for components

_
Find the decimal value of the 8 bit binary number 10110011

Explain Digital to Analog conversion.
An 8 bit DAC has V ref of 10V. the binary input is 100011011, Find the analog output

¢
D

4.
voltage.
5. Explain serial interface
6. Write the assembly language program for the following

Immediate and direct addressing of register A at FF and EE

Data in A is storeqd at address 20A2 and another consecutive memory location.

Load register pair HL with these data
Store the same data loaded at HL into a two consequent memory locations.

Construct the program to add together the ten numbers 1 to 10

B -register contains the running total. C —register contains the number to be added to the

running total. (Start from 1).
Increment by 1 and add. If count is less than or equal to, it will be repeated, If the count is

greater than 10, it will be ended.

8. Write the program.
Load the desired delay time parameter into C- register. Delay parameter is 02.

Clear A
Compare the contents of C — register with zero if yes, end, otherwise proceeds.

jump if the time is not set to zero.

Non operation stages--- 6 stages.

Execute delay instructions. Decrement C-register

Jjump l00p.

9. Explain the controlier programming.
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microcontroller-based system with particular emphasis on control system applica

tions. 1t 18 by nO means an _:_:E:__ treatment. butl enough (o make the rest of the text
more meamnglul
In the first sections of this chapter the b

asic concepts of microprocessor hardware
and operation are introduced (these conce

pts also apply to microcontrollers). | have
included this material because the student of modern control

systems should have at
least a general knowledge of how the microf

rocessor performs its job

2.1 INTRODUCTION TO MICROPROCESSOR
mzmﬂ—,EﬁI}—ﬂUg}zm

A computer is made up of four basic functional units: the central processing unit (CFU),
memory, input, and output (/O). The central processing unit does the actual comput-
ng and is composed of two subparts: the arithmetic logic unit and control sections
(Figure 2.2). The arithmetic logic unit (ALU) performs the actual numerical and logic
~alculations such as addition, subtraction, AND, OR, and so on. The controi section of
the CPU manages the data flow, such as reading and executing the program instruc-

tions. If data require calculations, the control section hands it over to the ALU for pro-

cessing. In a microprocessor-based computer, the microprocessor is the CPU

Figure 2.2
A block diagram of 2
microprocessor-based
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Digital data is in the form of bits, where each bit has a value of either 1 or 0. Digital
circuits usually use 5 Vdc to represent logic | and U Vdc to represent logic 0. mﬁ:ﬂmdw;
together is called a byte. A microprocessor handles digital data in words, where a Ea«m
may be 8, 16, or 32 bits wide. For example, an 8-bit microprocessor has a byte-sized
word. with a maximum decimal value of 255. (Computers represent :c..::mﬁ in the
binary number system;, for example, 11111111 binary = 255 decimal.) The rightmost
bit in a binary number has the least value (usually 1) and is called the least significant
bit (LLSB). The leftmost bit represents the highest value and is called the most signifi-
cant bit (MSB). The conversion between binary and decimal can be performed ﬁ:mnﬁ_w_
with most scientific calculators or manually using the technique shown in Exampie 2.1
To express values larger than 235, two or more words are put together. In thus text, we

will assume $-bit microprocessors are used unless otherwise stated.

EXAMPLE 2.1
Find the decimal value of the 8-bit binary number 10110011.

SOLUTION
Each bit in the binary number has a different value, or weight. The LSB has a
weight of 1. The bit to the left of the LSB has a weight of 2, the third bat has a
weight of 4, and soO on, with the i.omm? doubling for each bit up to | 28 for the
MSB To find the value of an 8-bit number, you can set up a chart (shown
below) and then sum the values that correspond to the 1s in the binary number.

LSB

MSB
128 64 32 16 8 4 2 | <e————— Bit weights
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Figure 2.5 Vet = 10 Vdc
A digital-to-analog |
converter (DAC)
block diagram .
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In other applications, the controller may use a parallel interface to connect (o an
analog device—for example, driving a variable-speed DC motor. In such a case, the
binary output of the controller must first be converted into an analog voltage before it
~an drive the motor. This operation is performed by a special circuit called a digitai-to-

analog converter.

Digital-to-Analog Conversion

The digital-to-analog converter (DAC) is a circuit that converts a digital word into an
analog voltage. It is not within the scope of this text to describe the internal workings

of the DAC, but a general understanding of the operating parameters is approprate.
Figure 2.5 shows the block diagram of a typical 8-bit DAC. The input is an 5-bat
digital word. The output is a current that is proportional to the binary input value and
ust be converted to a voltage with an op-amp. A stable reference voltage (V) must
be supplied to the DAC. This voltage defines the maximum analog voltage—that is, for
a digital input of 11111111, Vi, is essentially V.. If the input is 00000000, the _
will be 0 Vdc. For all values in between, the outpul voltage is a linear percentage of
V_.. Specifically, the output voltage for any digital input (for the 8-bit DAC) 1s
input X Vel ”
Vou="" 256 2.1

where
V = DAC output analog voltage

Out 1 . :
input = decimal value of the binary input

Vg = reference voltage to the DAC

EXAMPLE 2.2
An 8-bit DAC hasa V of 10 V. The binary input is 10011011, Find the ana-
log output voltage.




SOLUTION

The binary mput of 10011011 has a decimal value of 155. Applying Piuation 2.1.
we can calculate the analog output voltage:

P g DRV LTINS ey
out 256 5 236 oD ¥

Therefore, 6.05 V is the voltage we would expect on the analog output pin. (It is
interesting to note that if the input were all 1s (which is a decimal value oF 255).
the output would be (255/256)x 10V =996 V, not 10 V as you mught expect. THis
is a characteristic of the DAC.]

An important consideration of digital-to-analog conversion is resolution. The res-
olution of a DAC 1s the worst case error that 1s introduced when converting between
digital and analog. This error occurs because digital words can only represent discrete
values, as indicated by the stair-step diagram 1n Figure 2.5. For exampile, the maximum
value of an 8-bit number 1s 255 decimal, which means there are 255 possible “steps”™
of the output voltage. The difference between steps is the value of the least significant
bit (LSB). Because the smallest increment is one step, the resolution (for 8-bit data) 15
1 part in 255, or 0.39%. This resolution 1s adequate for many applications, but if more B
is needed, two (or more) 8-bit ports can be used together. I'wo ports provide 16 bits of B
data. The maximum decimal value of 16 bits 1s 65,535. Being able to divide an analog i
number into 65,535 parts means that each part will be much smaller, so we can more
precisely represent that number. ~

AT

EXAMPLE 2.3

A computer uses a DAC 1o create a voltage that represents the position of an M
antenna. The antenna can'rotate 180" and must be positioned to within 1 °. Can \
an 8-bit port be used? M

SOLUTION

The resolution required 1s 1 part in 180. Because 8 bits provide a resolution .
of 1 part in 255, an 8-bit port is certainly adequate. In fact, we have a choice: .m
We could have the 1.SB = 1°, in which case the input values would range from y
0 to 180, or we could equate 180” with 255, which makes the LSB = 0.706*.
The latter makes maximum use of the 8 bits 1o give a better resolution, but if
the system really deesn’t need it, the clear, simple relationship of LSB = 1° is

desirable.
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Figure 2.10

Components in a
serial interface

circuit.
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switches. The limit switches are used as a "back up” to detect it if the load has gone out
of its designated range.

Operation of the system proceeds as follows: The controller inputs the data from
port 03 to determine if the start (or stop) button has been pressed. If the start button has
been pressed, then the set point is read in from port 01 and the digitized sensor data is
read in from port 02. Based on its control strategy, the controller outputs to port 00 a
binary word representing the motor-control voltage. This digital data is converted to an
analog voltage with the DAC. This entire sequence 1s repeated over and over until the
stop button 18 pushed.

The Serial Interface

In a serial interface, the data are sent 1 bit after the other on a single wire. There are
a number of good reasons for doing this. First, the cabling 1s simpler because only two
wires are needed (at a minimum), those being “data™ and “return.” Second, shielding a
small group of wires, which is often necessary in an electrically noisy industnal envi-
ronment, is easier. Third, senal data can make use of existng single-channel data hines
such as the telephone system (which may require using a modem). For these reasons,
serial data transfer is usually recommended for distances greater than 10-30 ft.
Because data always exist in a paralle]l form inside the computer, it must be con-
verted to senal data before coming out the senal port. This is accomplished with a spe-
cial parallel-to-serial converter IC called a universal asynchronous receiver
transmitter (UART). On the other end of the line, a receiver must convert the serial
data back mto parallel data, which is done with another UART. Figure 2.10 shows the
basic serial data circuit.
Senal data are classified as being either synchronous or asynchronous.

data require that the data bytes be sent as a group in a “package” It is E&Emninﬁ
ticated communication systems that move a lot of data and will not be further discussed

here. %ggaﬂaﬁaggg;w%ﬁglg
fer and Eofr for individual bytes to be sent when needed.




Read in set point data |

Head in sensor data

Subtract to get error

Caleulate new control
signal for actuator

Send output value

). The program directs the computer to read (from a sensor) the actual value of the con-

trolled vanable.
3 The actual data are subtracted from the set point to get the error.

4 Based on the error data, the computer calculates a new actuator control signal.

5. The new output is sent to the actuator.
6. The programs loops back to step | and starts over again.

The time it takes for the computer to execute one pass through the loop determines
the time interval between input readings (known as the sampling rate). If this interval is
too long, the computer may not get an accurate picture of what the controlled variable is
really doing (see Chapter 11 for a discussion of aliasing). Execution of the loop can be
accelerated by specifying a faster computer or streamlining the program. In other situa-
tions, the computer must pause and wait. For example, a pause might be inserted to give

an operator time to make some adjustment or to allow time for a motor to “spin down.”
This is done by inserting time-delay loops in the program. A time-delay loop is simply
a do-nothing, “wheel-spinning” loop where the computer is instructed to count up to some
large number. Using this technique, we can make the program pause for any length of
time—from a few microseconds to hours. If a time-delay loop is inserted in the main pro-
in Figure 2.14), the effect is to slow the cycle time for the main loop.
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