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ABSTRACT

This report describes the design for a small scale of Ultrasonic Level Detector (ULD).
The main parts of the ULD are Ultrasonic Transmitter and Receiver, Level Processor,
Serial Communicator and Visual Basic 6.0 software. A microcontroller; PIC16F877 and
PIC16F84A are used for the data processing and serial communication. All the circuits
used for ULD and the source codes are included in this thesis. Some experiments are
carried out in order to verify the design. Further improvements are suggested for future

works.
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CHAPTER 1

INTRODUCTION
1.1 BACKGROUND OF STUDY

Ultrasonic Level Detector (ULD) has been used for everyday-life applications as well
as in industrial applications. In industry, the ULD is mounted on the top of the tank. So
that it can sense the product level via the voltage different to the microcontroller which
is also known as PIC. The sonar transducer would emit a sound wave to the product
surface in the tank. The sound wave will be reflected by the surface of the solid or
liquid. This type of sonaris technically k nown as echo. The receiver transducer will
receive this echo as shown in Figure 1. From the output intensity of the receiver, the
PIC would be able to signal the operator when the surface level is at HIGH, MEDIUM
or LOW. The display using Light Emitting Diode (LED)’s on the instrument are used as

indicators and the operators can observe the level via software display.
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Figure 1: The application of ULD




This project is carried out in three main steps. The understanding on the circuit diagram
of ULD is very crucial. This is followed by the development of the C programming or
assembly language for PIC16877 microcontroller to indicate the detected level using
LED’s. The communication to a ¢computer is done using Visual Basic program via a

serial communicator.

1.2 PROBLEM STATEMENT

ULD is one of the devices that are used to detect the level of solid or liquid in a storage
vessel. Current application is already can fulfill the plant requirement to be a product
references especially for solid or grain product. However, for the sake of research, more
improvements need to be done for some crucial circumstances during production. In
addition, this device is also used as one of the control loop element for vessel like a

buffer tank or product storage silo.

The study on the ultrasonic level detector and the improvement needed was started with
the development of the device. Then, the further studies on the previous and demand for
the current ULD requirement. Therefore, by improving the existing system and
hopefully that this new version of ULD can give the better result according to its

trustworthiness, reliability and accuracy.

1.3  OBJECTIVE AND SCOPE OF STUDY

The objectives to improve the ULD are as follows:
i.  To increase the efficiency of the signal transmission from the ultrasonic driver
to the receiver according to solid and liquid applications.
ii.  To increase the accuracy of level detection in order to make it as a reference
point for plant production estimation.
Therefore, this instrument needs to be developed by following the commercial aspect

for the plant requircment. As a result, the understanding on the operation of plant



management system and the structure of PIC microcontroller are required. The study on

the computer-device communication is also required to complete this project.

After completing the ULD prototype, the commissioning procedure needs to be carried
out to verify the reliability of the ULD.
There are several development steps in completing this project. They are as follows:

i.  The operation of the overall system.

it.  The electrical circuitry and the lay out of the instrument.

iii.  The development of assembly language or C code for microcontroller.

iv.  The communication with a computer for monitoring purposes.

The Gantt chart shown in Appendix A is a guide in completing this project.



CHAPTER 2

LITERATURE REVIEW AND THEORY
2.1 OVERALL DESIGN OF THE SYSTEM
This instrument should fulfill the current plant requirement. This will enable the plant

operation and production run smoothly. The block diagram in Figure 2 shows the

overall design of the system,
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Figure 2: Overall concept of the design

2.2 ULTRASONIC WAVE CHARACTERISTICS

The ultrasound velocity is 380 meter per second (m/s). The echo is the reflection of the

sound from the transmitter. The mean frequency for the ultrasound is 20 kHertz (kHz).



It also involves with the refraction and interference characteristics. The sound direction

of motion is in longitudinal or transverse modes.

The frequency, f, in Hz can be defined as the number of oscillation per second and it is

illustrated using a simple continuous wave shown in Figure 3 [1].
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Figure 3: A simple continuous wave

The relationship between the wavelength, 4, velocity, v, and frequency, f, of a signal is

shown in equation 2.1
A== (2.1)

This equation is a simple physics equation and it is used as a fundamental concept for

this project.
2.3 SOLID AND LIQUID CHARACTERISTICS

The solid is considered to be polyethylene pallets from the process area. This pallet’s
size is 0.4 ¢m in diameter. The pallets are white in color. It may also contain of small
amount of ethylene concentration during in storage vessel. The liquid is considered as a
less in concentration of ethylene gas and other chemical gases (less than 1 mol). This is

because; the liquid vapor and temperature characteristics can influence the result.



24  OPERATION OF ULTRASONIC SENSOR

An ultrasonic either generates ultrasound from another form of energy is a transmitter
or converts ultrasound into another form of energy is a receiver. Compressional
ultrasound can be produced and detected using many techniques. Some of the detectors’
technique can be very simple and some of them are quite complex. Therefore, depend
on these techniques, it could be used for various type of application especially for the
level and flow measurement. The techniques are monostatic and bistatic mode. These

two techniques will be discussed later in the next section.

2.4.1 The Transmitter and Receiver

The term of monostatic and bistatic are sometimes used in relation to transducers. If the
transducer 1s being used only as a transmitter or only as receiver it is known as
monostatic. The term of bistatic is used for a transducer that is used for both actions
which are transmitter and receiver. However, in this project, a monostatic transducer is
modified to be a bistatic transducer in order to meet the plant requirements. These terms

can be clearly viewed in Figure 4 [1].

{a) (b
Figure 4. Monostatic and bistatic transducers (a) Monostatic transmitter and

monostatic receiver (b) Bistatic transmitter/receiver

Other ultrasonic sensors have separate transducers. This might be very costly but it has
several advantages; for example it becomes easier to test and characterize the transducer
before installation and for maintenance purposes or replacement during the services.
However, it depends on the applications that are requested by the users. Commonly, the
monostatic mode is used in order to measure the flow in a pipeline. This is because, the
flow is measure by measuring the voltage different from the transmitter to the receiver.

However, for level measurement, the bistatic mode is more applicable.



2.4.2 The Basic Features of the Beam Light

The beam profile generated by an ultrasonic transducer is determined by interference
(diffraction) phenomena between the Huygens’ wavelets, The generation of a beam of
compressional ultrasound by a circular plane pistons radiator excited by a signal
constant amplitude. This situation is particularly relevant to many piezoelectric
transducers and also good for many others [4]. The basic features of the beam profile

are illustrated in Figure 5.
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Figure 5: Interference effects {a) The basic feature of the beam profile

(b) Interference effect in the near field.

The stmple model shows that the near field changes into the far field at a distance N

from the transducers face given by

D*-x D*f
42 4

N=

(2.2)

where; N is distance of field from the face, D is diameter (meter) of the face, f is

frequency (Hz), ¥ is velocity (m/s) and 2 is the wavelength (meter) [1].

2.4.3 Ultrasonic Sensor’s Insertion Loss

The insertion loss is a relative measure of a transducer’s energy conversion efficiency.
The insertion loss [2] is the decreasing in dB, of the amplitude of the amplitude of the
received signal compared with amplitude of the input signal and it is given by

InsertionLoss = 20log % dB (2.3)

r

where; E; is the input voltage of the transducer and E, the voltage of the received pulse.



2.5 THE OPERATION OF PIC16F877 MICROCONTROLLER

PIC16F877 shown in Figure 6 is a high-performance FLASH microcontroller that
provides engineers with the highest design flexibility. In addition to 8§7192x/4 words of
FLASH program memory, 256 data memory bytes, and 368 bytes of user Random
Access Memory (RAM), PIC16F877 also features an integrated 8-channel 10-bit
Analogue-to-Digital converter. Peripherals include two 8-bit timers, one 16-bit timer, a
Watchdog timer, Brown-Out-Reset (BOR), In-Circuit-Serial Programming™, RS-485
type Universal Asynchronous Receiver/Transmitter (UART) for multi-drop data
acquisition applications, and 12C™ or SPI™ communications capability for peripheral
expansion. Precision timing interfaces are accommodated through two Command

Control Processor (CCP) modules and two Pulse Width Modulation (PWM) modules

[6].
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Figure 6: Microcontroller 16F877




2.5.1 The Overview on the PIC16F877 Microcontroller File Register

The data memory is partitioned into multiple banks which contain the general purpose
registers and the special function registers. Bits RP1 and RPO are the bank select bits,
these bits are found in the STATUS register (b6 & b5).

As shown in Figure 7, each bank extends up to size of 7Fh (128 bytes). The lower
locations of each bank are reserved for the special function registers. Above the special
function registers are gemeral purpose registers, implemented as static RAM. All
implemented banks contain special function registers. Some “high use” special function
registers from one bank may be mirrored in another bank for code reduction and quicker
access. Noted that there are 16 general purpose global registers, these registers can be

accessed from the assignation of the pins [6].
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2.5.2 Overview of 8-Channel to 10-Bit Analog-Digital Converter (ADC)

At first, it appears that the PIC16F877 has 8 built-in ADCs, but this is not the case,
Figure 8 shows a simplified block diagram of the analogue-to-digital converter module,
clearly there is only one 10-bit ADC which can be connected to only one of eight input

pins at any one time.
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Figure 8: Simplified block diagram of the PIC16F877 ADC module

As shown in Figure 8, the input analogue channels AN4.0 are shared with port A, and
channels AN7.5 are shared with port E. If less than eight analogue channels are
required, then some of the pins can be assigned as digital /O port lines using PCFG3.0
bits. For example, if PCFG3.0 = 0010 then AN4.0 are configured as analogue inputs,

10



while AN7.5 are digital (port E free), with Vpp used as the reference. The ADCON 1
register is shown in Figure 9 to configure the functions of the port pins. These port pins
can be configured as analog inputs (RA3 can also be the voltage reference), or as digital
0.

2.5.3 ADC Module In PIC16F877 Microcontroller

To set up the PC16F877’s analogue to digital channel, A/D module which has four
registers need to be configured which are as follows:

¢ A/D Result High Register (ADRESH)

o A/D Result Low Register (ADRESL)

» A/D Control Register0 (ADCONO)

¢ A/D Control Registerl (ADCON1) _
The ADCONO register, shown in Figure 10, controls the operation of the A/D module.

U0 U.0 RN U RANG  RWD RO RAWD
LADFM | e | e b e | POFG3 | PCFG2 | PCFGT | PCFGO |
bit 7 - bit 0

Figure 9: ADCON]1 Register

RAV-0 RAW-G  RW-0  RW-0 R RAY-0 -0 RAY-0
[ ADCSt | ADGCSO | UHS2 | CHS1 | CHSO |GODONE] — | ADON |
hit 7 bit 0

Figure 10: ADCONO Register

The detail of the ADC module for this microcontroller is given in Appendix 2
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2.6 THE OPERATION OF PIC16F84A MICROCONTROLLER

The PIC16F84A belongs to the family of a low-cost, high-performance, CMOS, fully-
static, 8-bit microcontrollers. All PICmicro™ microcontrollers employ an advanced
RISC architecture. PIC16F84A [7] have enhanced core features, eight-level deep stack,
and multiple internal and external interrupt sources. The separate instruction and data
buses of the Harvard architecture allow a 14-bit wide instruction word with a separate
8-bit wide data bus. The two stage instruction pipeline allows all instructions to execute
in a single cycle, except for program branches (which require two cycles). A total of 35
instructions (reduced instruction set) are available. Additionally, a large register set is

used to achieve a very high performance level.

PIC16F84A microcontrollers typically achieve a 2:1 code compression and up to a 4:1
speed i mproverent ( at 20 MHZ) over other 8-bit microcontrollers in their class. The
PIC16F84A has up to 68 bytes of RAM, 64 bytes of Data EEPROM memory, and 13

/O pins. A timer/counter is also available.
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Figure 11: PIC16F84A pin out
There are four oscillator options, of which the single pin Resistor, Capacitor (RC)

oscillator provides a low-cost solution, the Low Power (LP) oscillator minimizes power

consumption, External (XT) is a standard crystal, and the HS is for High Speed crystals.
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2.6.1 The Overview on the PIC16F84A Microcontroller File Register

Generally, the high p erformance o fthe PIC16F84A can be attributed to a number of
architectural features commonly found in RISC microprocessors. The Figure 12 below

shows the architecture of the PIC16F84A microcontroller.
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Figure 12: Simplified Block Diagram for PIC16F84A

To begin with, the PIC16F84A uses Harvard architecture. This architecture has the
program and data accessed from separate memories. The device has a program memory
bus and a data memory bus. This improves the bandwidth over traditional Von
Neumann architecture where program and data are fetched from the same memory,
which accesses over the same bus. Separating program and data memory further allows

instructions to be sized differently than the 8-bit wide data word.
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The PIC16F84A can directly or indirectly address its register files or data memory. All
special function registers including the program counter are mapped in the data
memory. An orthogonal (symmetrical) instruction set makes it possible to carry out any

operation on any register using any addressing mode.
2.6.2 Common Features of PIC16F84A Microcontroller

The interesting features in the PIC16F84A are:

o The SLEEP (power-down) mode o ffers power saving. T he user can wake the
chip from sleep through several external and internal interrupts and resets.
* A highly reliable Watchdog Timer with its own on-chip RC oscillator provides

protection against software lockup.

The devices with Flash program memory allow the same device package to be uséd for
prototyping and production. In-circuit re-programmability allows the code to be updated
without the device being removed from the end application. This is useful in the
development of many applications where the device may not be easily accessible, but
the prototypes may require code updates. This is also useful for remote applications

where the code may need to be updated (such as rate information).

The lists of the featurcs of the PIC16F84A are attached to Appendix C. A simplified
block diagram of the PIC16F84A is shown in Figure 13.
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Figure 13: Components of a Microcontroller

The PIC16F84A fits perfectly in applications ranging from high speed automotive and
appliance motor control to low-power remote sensors, electronic locks, security devices
and smart cards. The Flash or EEPROM technology makes customization of application
programs such as transmifter codes, motor speeds, receiver frequencies and security
codes extremely fast and convenient. The small footprint packages make this
microcontroller series perfect for all applications with space limitations. Low-cost, low-
power, high performance, ease-of-use and I/O flexibility make the PIC16F84A very
versatile even in areas where no microcontroller use has been considered before
{example: timer functions; serial communication; capture, compare and PWM

functions; and co-processor applications).

The serial in-system programming feature (via two pins) offers flexibility of
customizing the product after complete assembly and testing. This feature can be used
to serialize a product, store calibration data, or program the device with the current

firmware before shipping.
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CHAPTER 3
METHODOLOGY AND PROJECT WORK
3.1 HARDWARE
This project requires the design of the system hardware and the improvement on the
ULD applications. It consists of a transmitter circuit, the receiver circuit and a PIC

microcontroller, LED’s and an adapter card to a computer via Visual Basic 6.0.

3.1.1 The Transmitter Circuit

oDk

55 kOhmn

Ay
I+
L J

Figure 14: Preliminary ultrasonic transducer transmitter schematic

The preliminary transmitter circuit contains a 555 timer integrated circuit (IC) that can
generate 40 kHz square-wave signal. This signal is used to ‘latch’ the transistor which

receives T9V supply to drive the ultrasonic transducer that is able to work on a 40 kHz
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frequency. The signal 1s then amplified using a 2N3904 transistor, The amplified signal

will be transmitted into the container through the ultrasonic transducer.

3.1.2 The Receiver Circuit

The input part as shown in Figure 15 is connected to the ultrasonic receiver transducer.
It receives the sinusoidal signal from the receiver. This signal will be re-amplified using
an LM741 Op-Amp. Besides that, this part also acts as a filter to make sure that only a
40 kHz signal wave is received. The amplified signal is converted to DC voltage by a
half-wave rectifier circuit. The DC signal is amplified by using 1LM741 Op-Amp. Then,

this signal is sent to the PIC for voltages-distances comparison.

—
output to 5V veltage regulator

then to PIC
P @My G 8

input from receiver

l

,y,— 11 I J

Figure 15: Ultrasonic receiver schematic diagram
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3.1.3 PIC16F877 Microcontroller Circuit

The microcontrolier is connected with other external components such as crystal
oscillator, capacitors, resistors and LED’s. The purpose of this connection is to make
sure that the microcontroller can work properly according to the requirement. The LED

purpose is to display the level status as shown in Table 4.3.
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Figure 16: Microcontroller 16F877 circuitry

After completing the connection, the microcontroller needs to be programmed by using
assembly language. The programmed codes are downloaded via MPLab software by
using WARP13 external device.
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3.1.4 The Personal Computer (PC) Serial Communicator Circuit

This part is actually consists of two major part which are PIC16F84A circuit and
MAX232 circuit.

3.1.4.1 PIC16F84A Microcontroller Circuitry

This circuit was built in order to establish the communication between the instrument
and the workstation (computer). The microcontroller was programmed to read the level
from the ULD instrument. A complete programming language used for this circuit is
given in Appendix D. The ‘RX’ and “TX’ were connected to the next circuit which is
consisted of MAX232 integrated circuit. Therefore, the communication could be
established.
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—| =B REE [—=
4
-g—- RE2 Res , Az
——{ RB3 REA
&ND

Figure 17 Microcontroller PIC16F84A circuitry.

3.1.4.2 MAX232 Circuitry

MAX232 is an integrated circuit which controls the communication of the serial
communication. It either can be as a driver or receiver to the serial port of the computer.
In this project, it was used to be a driver to the serial port. The easiest way to get these
values 1s to use the MAX232. The MAX232 acts as a buffer driver for the processor. It
accepts the standard digital logic values of 0 and 5 volts and converts them to the

RS232 standard of +10 and -10 volts. It also helps protect the processor from possible
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damage from static that may come from people handling the serial port connectors.

Therefore, it is needed to establish the communication between the device, processor

and RS232 serial port. The connection of the MAX232 circuit is as shown in Figure 18.
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Figure 18: MAX232 circuitry

The ‘TX’ and ‘RX’ terminal was connected to the point ‘TX’ and ‘RX’ from

PIC16F84A microcontroller part. The data will send to workstation via Visual Basic 6.0

which was programmed to display the current status.
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Figure 19: The overall circuit of the serial communicator
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3.1.5 The Other Additional Features for the Instrument

There are some additional features that can be added to this ULD. Currently, the added
features are as follows:

¢ Light Emitter Diode (LED)

* Potentiometer
In the future, other possible additional features that would be added are as follows:

* Liquid Crystal Display (LCD)

¢ Digital Control Devices

3.2 SOFTWARE

The software part consists of -assembly language for the microcontrollers and the
interface programming. In this project; there are three major types of programming are
used namely the assembly language, the C language for microcontrollers and the Visual

Basic 6.0 programming.

3.2.1 PIC16F877 Microcontroller Assembly Language

This PIC actually works on a 10-bit digital number, The 10-bit A/D data is loaded onto
the register pair ADRESH:ADRESL which is a 16-bit wide register pair. The A/D
module gives the programmer a choice whether to left or right justify the 10-bit result

into the 16-bit register {more details available in PIC16F877 manual).
The A/D module has a high reference voltage of 5V and a low reference voltage of 0V,

therefore, the analog input must be varied within the range of 0 to 5V. An example to

convert the corresponding voltage to a hexadecimal number is as shown below:-
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Since the maximum voltage allowed is 5V the corresponding 10-bit binary number woild:-

11 1111 11115 is equal to 10244,

This is the base ration for the next voltage value.

e.g.: (a)} Input voltage is 3.75 V.,

pravy 30l g
e

Therefore, 768, is equal to 11 0000 (000 ,

Examples of another range of value are shown on the Table 3.1.

for

Table 3.1; Range of the input voltages in binary and hexadecimal.

PIC programming.

This value can be used

AD

0000 0011 1111 1111

03FF High range
0000 0011 0000 0000 0300 (red)
0000 0010 1111 1111 02FF Medium range
0000 0010 0000 0010 0200 (green)
0000 0001 1111 1111 O1FF Low range
0.0 0000 0000 0000 0000 0000 (yellow)

The flow chart of this sequence is given in Figure 22.

This microcontroller is used as a part of serial communication interface. It is used to
determine the status of the condition since the data was arrived into 16F84A. The
programming was designed to select a condition since the state of either PIN B1, B2 or

B3 are in HIGH state. The C programming that is used for this project is available in

3.2.2 PIC16F84A Microcontroller C programming

Appendix D. Figure 20 shows the flow chart of that C programming.
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Figure 20: The flow chart of function for C programming for PIC16F84A

Then, this data will be sent to the computer via the serial port by using Visual Basic 6.0.
The communication was done by applying MSComm application. This feature is

already available in the Visual Basic 6.0.

3.2.3 Visual Basic 6.0 Interface Programming

The program that is used in the ULD needed to be installed in the microcontroller
before it is ready to be used. The Microsoft Visual Basic (VB) is known to be among
the most popular choice to create Windows Graphical User Interface (GUI). In Visual
Basic, new windows created are called forms. Elements (such as text boxes and buttons)
that are placed inside a form are called controls. The Visual Basic allows event-driven
programming, where the user’s actions cause events, and each event in turn triggers a
procedure that is associated with it. By applying the features in VB, the communication

between the serial port of the computer and the device can be established. This VB
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interface will display the data that is sent by the serial communicator is shown in Figure
21,
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Figure 21: VB window interface

A component known as the Microsoft Comm Control 6.0 is applied to allow the
connection between Visual Basic and the serial port. Some of the properties of

MSComm that used are listed in Table 3.2.

Table 3.2: Microsoft Comm Control 6.0 Properties

Propertles
CommPort Sets and returns the communications port number
_ Sets and returns the baud rate, parity, data bits and stop bits as
Settings )
a string
Sets and returns the state of a communication port. Also opens
PortOpen
and closes a port
Input Returns and remove character from the receive buffer
Output Writes a string of characters to the transmit buffer
Sets the maximum number of characters that will be returned
InputLen _ .
when the input property is accessed
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3.3 EXPERIMENT AND DEVELOPMENT

This partis very useful inorder to get the result. Therefore, s ome i mprovement and

development can be done base on this experimental result.
3.3.1 The Transmitter Circuit Construction

First of all, the scratch of the design was consi:ructed in Engineering Workbench
(EWB). This software helped the author to construct and simulate the circuit before
constructing it on a board. The circuit used is shown in Figure 14. When the circuit is
completed, itneedstobetested to ensureitis working as required. The comparison
between the simulation waveform using EWB and the waveform obtained from the

oscilloscope. Therefore, the graph of 40 kHz square wave is as shown in Figure 22.
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Figure 22: A 40 kHz square-wave signal from the signal generator via oscilloscope.

This figure shows the 555 timer circuit is able to generate a 40 kHz square wave signal
accurately. However, there is a potentiometer to control the frequency of the signal
depends on the type of sensor and material that are dealing with. This is the point where

the adjustment is done according to the vessel conditions.
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3.3.2 The Receiver Circuit Construction

A receiver circuit is very important part of the whole project. This is because, since it
was exposed to the environment, it needs to identify the signal that it will receive. The
circuit is constructed part-by-part. Therefore, the experiment is done in part by part too.
The result obtained from simulation is compared with the waveform obtained from the
oscilloscope. The first part of the circuit is a filter [8]. The filter is needed in order to
identify the frequency that it should receive in this work is 40 kHz signal. The
frequency of the filter is determined by the equation 3.1. |

1

S =9k

(3.1)

The circuit configuration for the filter is shown in Figure 23.
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Figure 23: A filter of the receiver circuit.

This circuit is tested with a sinusoidal waveform signal at frequency of 40 kHz. The

output of the filter measured 1s 1 Figure 24.
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Figure 24: The output from the filter for a source of 1 Vp-p, 40 kHz

The next part is the rectifier circuit, The rectification is required to convert an AC
voltage to DC voltage. Therefore, for this small scale model, a simple half-wave

rectifier is used. The circuit is as shown in Figure 25.

Figure 25: A half-wave rectifier circuit with a capacitance effect
The AC voltage is connected to the input and then the diode will do the rectification.

The result of the rectification is as shown in Figure 25. The capacitor is used to smooth

the half wave out part to DC signal as shown on Figure 26.
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Figure 26: Half-wave rectifier to DC signal using a capacitance

The signal shown in Figure 27 will enter the third part of the circuit which is an
amplifier. The amplification is carried out using LM741 Op-Amp. The circuit
configuration is to non-inverting input. This is because, the signal just needs to be
amplified and not to be inverted, The circuit configuration for this amplifier is as shown

in Figure 27.
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Figure 27: The amplifier circuit configuration

As a result, the output voltage from the amplifier is a DC voltage which is proportional
to the input voltage. This voltage will be regulated to a 5 VDC. The voltage is used as
an input to the microcontroller and processed based on the voltage different. The

waveform is as shown in Figure 28.
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Figure 28: Signal from output of the complete receiver circuit

3.3.3 The Microcontroller PIC16F877 Circuit Construction

A miniature processor is needed for an instant result. So, PIC16F87 is used as a
processor or voltage ranger. The circuit is simple because the microcontroller itself is
already come with the features. The complete circuit of the microcontroller part is
shown in Figure 14, The circuit that is assembled on a board is shown in Figure 29. The

assembly language for this microcontroller is given in Appendix F.

Figure 29: The PIC16F877 microcontroller card.
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Figure 30 Flow chart of the PIC16F877 microcontroller function.

The circuit in Figure 29 works under the flow chart in Figure 30. The input which is the
DC voltage is detected by PINAO. Then, the analog-to-digital converter will convert it
to the binary value according to the values in Table 3.1. After that, the microcontroller
does some comparison with a pattern value which is 0x03 or in binary is 0000 00115, If
the value after the subtraction is bigger than 0x03, the microcontroller decides either to
set the Z bit or not. If the decision is ‘yes’, the microcontroller will light up the RED
LED. However, if the decision is ‘no’, the comparison is done for the second time.
Now, the value is 0x10 or in binary is 0001 0000,. The microcontroller needs to decide
again either to set the Z bit or not. If the decision is ‘yes’, the microcontroller will light
up the GREEN LED to indicate the MEDIUM level. Otherwise, the microcontroller will
light up the YELLOW LED to indicate a LOW level.
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3.3.4 PC Serial Communicator Circuit Construction

The circuit is used to communicate with the serial port of the computer. The cards is
consists of 16F84A microcontroller and MAX232 parts. This serial communicator card
is used to communicate with the Visual Basic 6.0. The complete circuit is constructed
using the circuit in Figure 3.4 and Figure 3.5. However, the microcontroller nceds to be

programmed in order to act as required. The final proposed circuit is as shown in Figure
31

Figure 31: The Serial Communicator card.

The circuit works under the flow chart in Figure 32. The inputs from PIC16F877’s pins
are connected to the PIC16F84A’s pins. Then, according to the flow chart in Figure 32,
the level decision is sent to MAX232 and then to computer’s serial port.. Lastly, the
display is on the VB application.
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Figure 32: The serial communicator’s circuit work’s flow

Input from FIN Bl, B2 or B3 MAX 232 R5234 serial port

microcontroller C program will .| [niegrated circuit .| Visuel Hasic 6.9
FIC15F877 choose ihe M (readyto be " MB3Comm
conditicns transmitted) applications




3.3.5 Power Supply to the Circuit

In the early stage of this project, the power supply for the LM741 Op-Amp is connected
directly to the power supply in the circuit. The first idea is just to connect the IC’s
directly to the main input (+9V) from the voltage regulator output. However, it was
found that the current not enough. Therefore, each voltage regulator LM7809/05 is
connected to every Op-Amp voltage supply.

LAD7808:G5 - »
| & % out

v : L
{1 £

Figure 33: Basic connection for IC voltage regulator

3.3.6 Visual Basic 6.0 Serial Interface Development

The design is started with a study on the VB application especially in the MSComm
application program. The literature review and other information are obtained from the

internet and the books in UTP’s library [11].

Figure 34: VB MSComm application environment
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The serial port is connected by using a serial cable. Since the device was ready, the
‘Connect’ button was pressed. Then, status will show the current condition as shown in
‘Status’. Then, the ‘Received Message’ box will show the level. The VB programming
15 inserted in the Appendix G.

34 COMSSIONING AND VERIFICATION

After completing all those procedures, the next one is commissioning. During
commissioning, the verification and device ‘test run’ are carried out. These will ensure
that the device can work properly and can withstand various operating conditions. The
steps that are taken include components assembly, test run, trouble shoot and followed

by preparing the user manual.
3.4.1 Components Assembly

At the early stage of this work, each sub-circuit is built independently. At the end of this
project, all these sub-circuits are combined to be the ULD. All the circuits are
assembled according to its function. The first sub-circuit is the transmitter and receiver
circuit. This is followed by the microcontroller circuit, serial communicator circuit and
a cable which is used to connect the serial communicator circuitto a computer or a

workstation.
3.4.2 Problem Raised and Troubleshoot

In a project, the problem cannot be prevented. However, the way of tackling those

problems are more important.

An ultrasound transmitter/receiver pair was selected that operated in the 40kHz range.
After testing, the theory on susceptibility of ambient conditions was proven true. It is
possible that sensors in a different f{requency range might prove better, but time and

resource constraints forced the use of these sensors.
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Then, the Noise to Signal Ratio problems also occurred. After the sensor selection was
made and the amplifier circuit constructed on the breadboard a problem with a high
amount of noise in the circuit was discovered. The first thing that was modified was the
selection of a switching transistor with a narrow switching region. Thé transistor
selected was a NPN-type with a switching region of 0.72 - 0.83 volts. T his narrow
switching band transistor served to make the circuit less susceptible to minor noise
spikes. After the implementation of the new transistor, measurements of distances of up

to two feet were possible.

Even with the change in the transistor there was still a2 noise problem. The next step
that was taken was to experiment with some RC high pass filter circuits. This did not
help enough to make a difference in the circuit. This is probably due to the required
placement of isolating capacitors in the LM358 op-amps that skewed the RC ratios. No
attempt was made with acttve filters. A solution was found before resorting to that. It
is possible that an active band-pass filter constructed from an op-amp may have
alleviated the problem. It is possible that the addition of an active filter could extend

the current range of the device.
The final solution that was used was to soldier the circuit to a generic copper traced
board. This helped to eliminate a large portion of the circuit noise. Once this was

completed measurements were possible of distances up to 15 fi.

The other problems also raised and needed to be solved. The summary of the problem

and method to solve are included in Table 3.3.
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Tabled.3: Summarization of the faulty and method taken to overcome

first time

the

Signal  lost
connection.

during

The connection should be centralized and
is taken from one point. The device
cannot use a different power supply. So, it
makes the electrical system become

smmpler.

Signal becomes unstable for a long time

running operation.

The trouble shoot is done on the signal
generator part which is suspected to vary
according to the time. This is because,
both transmitter and receiver work at 40 |
kHz. Then, the potentiometer part is
being set to a fix value, so that it can give

the best performance.
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CHAPTER 4
RESULT AND DISCUSSION
41  RESULTS
During the project commissioning, some experiments were carried out to get the
experimental result. According to the requirement, the experiment is performed on the
distance’s variation versus the voltage output at the receiver circuit. The next one is on -
microcontroller and followed by Visual Basic 6.0 interface.

4.1.1 Distance Variation of The Transmitter And Receiver Circuits

After completing all the hardware part, the verification of the distance with output -

voltage is carried out. The ultrasonic transmitter and receiver are connected to the

Title : Voltage (V) versus Distance (cm) .
o Procedure :i - The circuit is constructed
ii — The transmitter and receiver are placed side-by-side.
iii — The distance 1s marked on 5 cm scale and the
measurement was made.

iv — The data were taken and recorded it in a table.

* Result : The data obtained are recorded into a table as Showh
in Table 4.1.
e Observation : This signal generator is able to drive the transmitter and

this system can work for more than 0.5 meter.
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The result that obtained from the above experiment is given in Table 4.1.

Table 4.1: Mean voltage versus distance measured

5 8.42
10 841
15 8.39
20 - 8.28
25 8.11
30 7.10
35 5.60
40 5.30
45 _ 5.00
50 5.00
55 | 485

The values in Table 4.1 are used to plot a graph as shown in Figure 35. The graph
shows that the voltage changes rapidly within the range of 20 ¢m to 35 cm of the ULD

and the product’s surface or level,
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Figure 35: Graph of voltage versus distance before regulate by 5V
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4.1.2 Microcontroller PIC16F877 Clock Set Up

The prototype of the ULD is assembled on a bread-board, it is found that the LED and
the display have a delay. In Appendix 6, PIC16F877 assembly language, the delay is
provided in order to allow the microcontroller to procéss the data. The delay is defined
by the designer. Table 4.2 shows the calculation used to obtain the number of

instruction cycles needed to create a 1 second delay:.

* Clock frequency = 4 Mhz ffrequency of cryvstal oscillator used)
* Working frequency = 1 Mhz (AMhr'd quardrant)
* Pariod of a working cyele = 1/10hz = lusecond
# Damnber of cyeles needed to create 1 second delay
= 1 second ! Perlod of a working cycle
= ] sepond £ 1 microsecond
=1,000,000 cycles

Table 4.2: The instruction set and assignment of the variables.

"call phtis -

movlw 0x64 1

movwf DCOUNTI1 [

movlw 0x64 1*B
movw{ DCOUNT?2 1*B
moviw 0x20 1*C
movwf DCOUNT3 1*C
decfsz DCOUNT3 1*C*B*A
golos-1 2*C*B*A
decfsz DCOUNT2 I*B*A
goto $-5 2*%B*A
decfsz DCOUNT1 1*A

goto $-9 2*A
return 2

Thus, the total number of cycles to execute ALL instructions in delay subroutine is:
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Total Cvele =4+ 2B+ 2C +3ABC +3AB + 34

A = 0xf, B = 0xff & C = 0x57 were chosen, which will give a total of 1,010,535 cycles.

Since each cyclé corresponds to 1 s, the total delay that this subroutine provides is

1,010,535 ps, which is approximately ! second.

This d elay must b e i nserted into the a ssembly language. T herefore, the d elay needed

can be defined by the designers according to the project requirements.
4,.1.3 PC Serial Communicator with Visual Basic 6.0

As far as interfacing between the PIC16F84A and PC is concemed, the initialization is
the first considered. This carried out by modifying the settings on both ends to

accommodate each other. The settings required are:

¢ Baud rate: 9600
¢ Parity bit: None
» Data bits: 8
e Stop bits: 1

These initializations will coincide with the PIC16F84A. The two pins from PIC16F84A

that interacts with the serial port are:

¢ Transmit pin (A0} - TX
e Receive pin (A1) -RX

Then, a test is performed on the programming to check the function of the senal

communicator, The procedure is started by applying 5VDC to every pin; pin B1, B2 and
B3. The result of the test is shown in the Table 4.3.
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Table 4.3: Summary of the level display on VB when the assigned pin on PIC16I'84 is activated

Bl HIGH HIGH
B2 MEDIUM MEDIUM
B3 LOW LOW

The test is also carried out on a liquid vessel that contained of water in UTP pilot plant.
The experiment was done by varying the location of the instrument on the top of the
vessel. The vessel length is 150 ¢m and the diameter is 70 cm, The result of the

experrment is as shown in Table 4 .4.

150 em

I 70 cm i

Figure 36: The vessel’s dimension in centimeter
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Table 4.4: Result from the experiment on pilot plant vessel distance betweeﬁ the sensor and

product level.
2.01
15 2.57
30 3.13
45 3.45
60 4.75
75 ' 5.00
90 5.30
105 5.60
120 7.11
135 8:40
150 3.43

The values in Table 4.4 are used to plot a graph as shown in Figure 36. The graph
shows that the voltage c hanges unstable according to i ncrement in the product level.
This is because of the additional factors like the material of the vessel and ambient

condition in the vessel.

product level (cm) vs voltage (v)
9
8l
7 -
6 -
T 4
>
3 i
2 4
1 4
0 : ; ; : ; . ‘ .
0 20 40 60 80 100 120 140 160
product level

Figure 37: The plotted graph of product level versus the voltage.
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4.2 DISCUSSION

According to the result in Table 4.1 and Figure 35, the device can indicate the status of
HIGH, MEDIUM and LOW as required. However, the status that it was indicated still
can be improved. This is because in Figure 35, the status for HIGH and LOW levels’
slope were not too steep. Since that, the levels in these regions are hard to be defined
according to the voltage different. However, the medium region can be easily

determined because the slope in this region was already steep enough.
4.2.1 Real World Application and Small Scale Model

As stated in the title, the application is on the solid and liquid level detection. According
to Table 4.4, the instrument or device is tested on the liquid (water) vessel in UTP pilot
plant. The problem raised is the suitable location to mount the device and the echo

signal-to-noise ratio received by the receiver.

Although the device can work at the UTP pilot plant, the device still needs to be
improved in order to fulfill the plant requirement. A small scale model and concept was
produced from this project and the manufacturer can used the user friendly and simple

concept to be implemented in the industries.

However, for an industrial scale the changes are on the type of sensor and circuit
assembly. In this project, due to the cost constraint, a simple ultrasonic sensor was used.
Therefore, the sensor could be replaced by a Polaroid ultrasonic sensor or a pulse

ulirasonic transmitter.
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CHAPTER 5

CONCLUSION

5.1 CONCLUSION

The preliminary goal of this project is to design and test the concept of an Ultrasdnic
Level Détector (ULD) and it Was achieved. In the implementation of the PIC16F877
microprocessor is used and the first generation of a ULD can be justified. According to
the experiméntaﬁon that is carried out, the ultrasonic sensor can detect for a distance of
more than 50 centimeter (cm). This specification is acceptable for a mini ULD. Then,
after this justification, the focus is more on achieving a secondary goal which are to
establish a communication between the instrument and a computer for monitoring

purpose. Anyway, the constraint on the budget and time must be considered.

According to the results of experiments, obtained that the device can work properly
followed the suggested target in the early day in this year. By including other additional
features like serial communicator and Visual Basic 6.0 GUI, the system becomes more

reliable instead of the transmitter and receiver only.
To put ina rut shell, the target was achieved in this frame of time. Now, it depends on

the next inventors to continue this project and improve it for the better features in the

future.
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5.2 RECOMMENDATION

As a recommendation, the transmitter circuit that is used is commonly used to generate
a 40 kHz signal by using a 555 timer. However, this project still -needs a lot of
improvement from the other skill innovators for the better features. Although, the
experiments that were carried out shown an acceptable result, but the range is still large.
In order to detail the range, more samples will be taken. Then, the range can be simply
patterned the data in the PIC microprocessor’s program. However, the most important

target is to come out with the basic prototype first.

Other recommendation is on the software that established the serial communication.
The other student or inhovators afier this still can improve the system of the software.
For example, the other features that should be added is the ULD can be controlled from
the workstation instead of just display the data. Therefdre, some additional digital

components may be needed to be added to fulfill this new requirement.
A documentation of the study must be clearly written and compiled. Therefore, the

project will be easier to be developed by the other innovators. As advised by the

supervisor, the detail drawing on the dimension of the prototype must be also included.
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Ultrasonic sensor

| used the ultrasonic sensor for the air which is made by the Nippon Ceramic company. This sensor
separates into the two kinds for the transmitter and the receiver. For the transmitter, it is T40-16 and for
the receiver, it is R40-16. T shows the thing for the transmitter and R shows the thing for the receiver. 40
shows the resonant frequency of the ultrasonic.(40kHz) 16 shows the diameter of the sensor.

Because the one of the terminal is connected with the case, when grounding, the terminal on the side of
the case should be used.

The brief specification of the ultrasonic sensor is shown below,

; Item  Spee Unit @ mm 16.2 .

A l ase

;Frequency(KHz) : 40

feq ¥ )f'. Resonator

- Sound pressure . Hetal olate
level @B) 10 12.2 Fral plate

R — Piezoselectric

- Sensitivity (dB)  -64 < ceramic

: Diameter | 16.2 Elasticity

- Size ; . ; material

%(mm) Height 12.2 Lead wire Terminals

Interval 10.0

As for the detail specification, refer to "Afr Transmission Ultrasonic Sensor”.
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APPENDIX D

#include <16F84A H>
#fuses  XT,NOPROTECT,NOWDT
#use delay(clock=4000000)

#use r5232(baud=9600,xmit=PIN _A0,rev=PIN_AT)
void main()

int is_high=0;
int is_med=0;
int is_low=0;

while (true)
if (tinput{PTN_B1))
{ if (is_high==0)
{ printf{"HIGH "},

is_high=1;
is_med=0;
is_low=0,

}

i
if (linput(PIN_B2))
{

if (is_med==0)
{
printf"MEDIUM ");

is_high=0;
is_med=1;
is_low=0;
!
}

if (linput(PIN_B3)}
{

if (is_low==0)
{
printf("LOW ");

is_high=0;
is_med=0;
is_low=1;
H
}
}
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APPENDIX F

PR A N A N N T AT R A N R R A T A RN AT R A TR AR AR T TR RE NN AT AR TR ANRNAFRRAAT

H The file wag originally started with use of the 16F877 code
H template supplied by Microchin.

;*t*f*Tﬁt*ttt*fﬁf#t#ttw?r#ﬁ*t*t?t***t*t*f?fﬁttt***fﬁ##t#t**ﬁ?*w***11?***

H Last Revigion Date H March 18, 2004
; File Version : 1.0
H Conpany ! Triveraity Techhology Petronas

;WWF*****KﬁF*i?*T*WKT!%***W*TFWRT*T*T*W***t*t*TKTR*#**TFTF*****%*T%#*W#*

} Files redquired: P16F877.inc

; 16F377, 1kr

H

PR R R R R R R A A R R R RN N R A R R R AN RN A AN N AR AR AR AN AR AR RRRERFF R TR RN

list p=16EB77 ; List direptive to define processor
finciude <pl6ra7??. incy> ; Procesgor aperific varisble definitions
errorlevel -302 : These rempve uhwvanted warnings
errorlevel -305 ¢ from the compile information listing

errarlevel =306

__CONFIG _CP_OFF & _WDT OFF ¢ BODEN OFF & PURTE OFF & _XT OSC & _WRT ENABLE ON
§ LVP_OFF & CPD_OFF

; ' CONFIG' directive i8 used to embed configuration dete within .aam file.
; The lebels following the directive are lpcated in the respective .inc file.
; See respective daca gheet for additional information on configuration word.

J¥*w#%% VARIABLE DEFINITIONS

p¥rEr Yoriakhles

input EQU 0% 60 : Buffer uged up to Qx2C4+D'21'= Dx41l
offasctLow EQU Qx2z
offgetHigh EQU Ox23
length EQU Ox24
char EQU Dx25
cableCffset EQU Ox26
expectedlength EQU Ona2?
HexBytelow EQU 0x28
hexByteHKigh EQU Ox29
temy EQU 0x2 A

saEEE Delay

DCOUNT1 EQU Ox2F ; Used in Delay subroubinss
DCOUNTZ - EQU 0x30 '
DCOUNTS - EQU 0x31

DCOUNT4 EQU Ox3z2

;%% GEneral

BANKO EQU Ox00oa ; Data Memory stert positions
BANK1 EQU Ox00B0
BANK2 EQu Ox0100

BANEKJ EQU OxG1e0



PAGED
PAGE1L

EQU 0x0000
EQu Ox0800

; Progrem Memory start positions

;‘k‘l’*‘l‘*‘l‘?tw’#****‘l"ﬁ“ﬁ‘?‘l’1"w*‘l’*x'ﬁ"l“l“l“l‘l"ﬁ"ﬂ'**ﬁ**KTﬁl’ﬂ"ﬁ'ﬁ"ﬁ'**?KF‘HT?‘I”K‘R‘**?‘H‘KTT?T

;¥%% On reget these are the first cormmends performed
R L R e L s

CRG
clct
goto

0x000
PCLATH
msin

; PrOCES30r reset vector
; ensure page bits are cleared
: go ta beginning of program

AL AR R R A AR ERELEERERARSARANANEREREERRAREREREL AR SRR ERERE SR

;*%% This ig the gtart of the main code for receiving input
;ﬁtttwtﬁrtw*r*w*trt*tttwﬂ**t*t*twtwt*ﬁ****t*trtttt*****t*trrtt**tttwttw

mein
start
call

call

mainloop

bank=el
moviw
call

call

banksel

wovly
subvf
bhofsac
gote
movlw
gubvi
btfac
goto
goto

tedlighton
call
goto

greenlighton
call
goto

vellowlighton
call
goLo

resume

initializeChip

initADC

BANKO
Dx 54
delayWx10ma

readADC

BANKO

Dx03

ADRESH,
STATUS, 2
redlighton
0x10

ADRESH, w
STATUS, 2
greenlighton
yellowlighton

redlight
resume

greenlight
resune

vellowlight
resume

bahkgel BANKQ

novlu

call

goto

Ux64g
delayix10ms

wainloop

;) Initimalize the entire Chip to known state

; initialize the ADC

;hinery' 0000 DAL
:check if high byte eguel to h'03' (high voltage)

;check if high hyte eqgual to h'iR' (low woltage)

; High voltage

; 3.74V Lo 1.26V

; Low vocltcage



AR AR R R RS SRS RS R RN R RN SRR EARA NSRS RER SRR RS E AR R RS AR LN S
Function subroutine to turn on an LED at PORTC bitd

;
’
v

1
2

receives H nothing .
; ugea ! nothing |
; returns ! nothing
;*wwtk*twtttw**t****twwW*T*ﬂrwt**T*Wt*t****TRWW#**ttwktt**wttwt**tt*
redlight

banksel BANKC
movlw DxF3B

movwi PORTC
return

't‘kt**T*T**t*tﬁﬁtrt**t*?!w‘t**##tw‘#‘I‘wt**t#w’n\‘t*tt‘ﬁ“l’tt‘t*t#'ﬁ“ﬁ‘a’w‘n’**ti‘ttt
Function subrputine to turn on &n LED at PORTE bitil

’
’
¢
v
3
.
,

receives i nothing

uges ¢ nothing

returns i nothing
H ISR R R AR R RS SR AR AR R R R AR R R AR SR AR R R R R AR AR AR R R RSN EE R R ERE AR R EEREEE
greenlight

banksel BANKOD
mov Ly OxF7?

movwt FORTC
return

(AR SRS AR SR RN AR R SR ARE RS RRE ARSI R AR sl Rl SRR

:
; Fungtion subroutine to turn on RED LED at PORTC hit2
; ancd on buzzer PortC bitd
! receives i nothing
; uses : nothing
; returns : nothing
'-l‘*'ﬁtwtrﬂT'k':r*stﬁ'l't*‘ﬁ"ﬁ'ﬁ‘a"kt*tt'ﬁ'ﬂ"k*wttﬂ'wT?#**Ttwtttwﬁi’*‘l\"rt‘lt*t*ttﬂ‘tﬁ‘wt#
yellowlight

hanks=l BANKD ;turn on yvellow led and buzzer

movlw OxFD
movwt PORTC
return

'-*tt‘h‘ﬁ'ﬁ"ﬁ'k‘ﬁ‘t*‘l"ﬁ'ﬁ“ﬁ'l"ﬁ't'ﬁ“ﬁ'*‘l‘WFi"k***ﬁﬁ'ﬁFﬁI‘ﬂ*ﬁ#*#*I’Tl'ﬂ'ﬁ"ﬁ‘t*‘l‘*fﬁ'?******‘l‘ﬁﬁﬁ‘

Function subroutine to set specific registers on
initialization of software,

P T

receives : nothing
uses 1S
; returns ! nothing

A E R R KA R R A AT TN AR AN AR A SRR AR I AR A AT RN A A IF AR RINAR RIS NN LR bR

ipitializeChip } Set all Pino to output {low)

Hove to Bank O
Clear Port A
Clear Porc B
Clear Port C

hanksel BANKO
clrf POHTA
clrf PORTE
clrf PORTC

LY

banksel BANK1
movilw OxB6
movwt ADCON1

Move ta Bank 1

~e am N

clrf TRISA
clrf TRISH
clrf TRISC

3et Port A to digital out
Set Port B to digital our
%et Port C to digital out

e e

banksel BANKOD Move to Bank O

clrf ADCONO

e owe A

channel co ANG

thigh impedence)

Set all Port A& to Digital I/0

Shutoff mll ADC function and set aveilahle



clrf PORTA ; Clear Port &

clrf PORTH ; Clear Port B

mov 1y Oxff

movwt FPORTC ; set Port C

return
;*t***rrt**tr*t*#*#tr*ﬁ1*3t#t**tttttt**t*t*ttrrt*wt*t*trttt*t****t&?
H ADC HModule Subrgutines

TR R A R A N N A T A N AN AN A A AN AR AN F RN A RN AT TR T AASARERIANS

AR RAAR R AR ERAARR A LA R R ARAR AL EEA AR EARREA AL R R A

H Fuhction subroutine to initislize RAD as an ADC input.
H fets the (right justifjed) data flag.

} FBECRivES i nothing

; uses H©

; returns : nothing

:**t*tkt*ttt******11*#ﬂt**ttt*tfﬁ***t**t*twﬂW#t#*t****f**t*****ﬂ??**

initADC

banksel BANK1 ; Move tg Benk 1

moviw OxB2 ; Set =ll AN pins on Port A as analog

movut ADCONL ; and right justify data in ADRESH and ADRESL
banksel BANEQ ; Have to Bank O

movlw OxG1 ) ; Shutoff all ADC function and set available
movwt ADCOND ; channel to AQ

; Also selects: A/D clock = Fose/2

mavE PORTA, U ; Initialize Port & values to 0
andlw 0Ox10
movwt PORTA

benksel BANK1 Set to hankl
bef PIE1,ADIE ; Disaple A/D interupt

L™

movt TRIZA, W ; Initielize Port & Analog ANa to inpucs
iorlw Ox2f
movut TRIZA

benksel BANKD : Move to Bank O
hetf PIRL, ADIF : Clear A/D interupt fleg
return

;*ttttwﬂt?r*#t**f*?:*rkﬁi#**tttttwt1*1*#tt*t**T*t*tf**#**tt*w*ﬂt#*t*

H Funetion subroutine to initiate & read of ADC port pina

H which stores its value in ADRESH, ahd ADRESL {right justified)
; receives : W - <0 to 4> pin to read

: uses : W, pher

; returns ! nothing

;*t**F?Kth**t*ﬁt*twrt**rt*tttt*w****t**t**T*tt#t#tt**t*ttw*kt*t*tt*

readADC

movuE char

gwapf char : Move input value into the ADC

hef STATUS,C ; pin selection bits
rrf char

bsi char, O ; Set the enable bit O
movE cher, U

movwE ADCQND



haft

htfsc
goto

het

return

ADCOND, GO

ADCONG, GO
§ -1

PIR1, ADIF

r

v

-

v

Start A/D conversion (sets bit 2)

Repeat until the GO hit is automatically
get lou hy hardware

Clear A/D interupt flag

; Values are now stpred in ADRESH and ADRESL

IR AR AR R R AR R EREA AR AR RERRARRREEESEEREEERREARREELEERESEARELEEEE

H Function subroutine to perform multiple 10ms cdelays
¥ - amultiplier of the 1m3 titke
DCOUNTA

; receijvasg
; uaes
; returns

¥, DCOUNT1, DCOUNTZ,

nothing

;‘k‘l“ﬁ“l"ﬁ"l'ﬁ"l‘*‘ﬂ'ﬂ't*‘R**t*‘t'ﬁ11'*t?'l’*‘l"ﬁ"l’NI‘ﬁ“tl“l’*1'**’r*‘l"l'T?W'ﬁt*t*t'f!‘***t'ﬁ't*fl’ﬂ#'ﬁ

de layWx10ms

oVt
movlw
movuf
movlw
movurt
decfsz
goto
desfsz
goto
decfsz
goto

return

END

DCOUNT1
Ox64
DCOUN'TZ
0xzo

DCOUNTI
DCOUNT3
$ -1
DCOUNTZ
§ -5
DCOUNT1
§ -9

-

12

B

r

DCOUNT1 = W

deigy of » ({(({3 * DCOUNT3)+3) *DCOUNTZ) +37L)
* ingtruction cyele time (lus for 4MHzZ)

Zo0 currently W X 10ms

Directive 'end of program'
Code reaching this point may perfarm irretically.



APPENDIX G

"Utk form resize property
Public tinggi form lama
Public lebar_form_lama
Public tinggi form_baru
Public lebar form_baru
Public constraint_tinggi
Public constraint_lebar

Utk connection
Public currentport
Public currentbaudrate
Public is_connected

Private Sub chkvber Click()
End Sub

Private Sub disText Change()
End Sub

Private Sub Form_Load()

'Constant utk form resize property
tinggi_form_lama = Height

tinggi form_baru = 0

lebar_form lama = Width

lebar form baru=0

constraint _tinggi = 5220
constraint_lebar = 5910

Call FORM_INITIALIZATION
Call ENABLE_OBJECT(False)

textmessage = Me.Caption & " started"
WRITE _STATUS (textmessage)

textmessage = "Serial connection has not yet been established”
WRITE_STATUS (textmessage)

'InputText. Text = MSComm]1.Settings

End Sub



Private Sub cmbport Click{)
currentport = cmbport.List(cmbport. ListIndex)
End Sub
Private Sub cmbbaudrate Click()
currentbaudrate = cmbbaudrate.List(cmbbaudrate. ListIndex)
End Sub
Private Sub ecmdexit Click()

Call SERIAL _DISCONNECT
Unload Me

End Sub

Private Sub frmconnection DragDrop(Source As Control, X As Single, Y As Single)
End Sub

Private Sub frmdisplay DragDrop{Source As Control, X As Single, Y As Single)
End Sub

Private Sub frminput_DragDrop(Source As Control, X As Single, Y As Single)
End Sub

Private Sub frmstatus DragDrop(Source As Control, X As Single, Y As Single)
End Sub

Private Sub inputText Change()

End Sub

Private Sub Labell Click()

End Sub

Private Sub Label2 Click(}



End Sub
Private Sub MSComm1_OnComny)
Dim strlnput As String

Select Case MSComm1.CommEvent
Case comEvReceive
'display incoming event data to displaying textbox
strlnput = MSComm1.Input
disText.SelText = strInput
End Select

End Sub

Private Sub ENABLE OBJECT(status_object As Boolean)

If status_object = True Then
disText.Enabled = True
inputText.Enabled = True
c¢cmdsend.Enabled = True
chkvber.Enabled = True

Elself status_object = False Then
disText.Enabled = False
inputText.Enabled = False
cmdsend.Enabled = False
chkvber.Enabled = False

End If

End Sub

Private Sub cmdsend Click()
'send the data ~
'if sending to other computer, include a tailing carriage return
MSComm1.Output = inputText. Text & vbCr

~'place the focus back to the textbox

inputText.SetFocus
'select the current text to be overwritten
inputText.SelStart = 0
inputText.SelLength = Len(inputText. Text)

End Sub



Private Sub FORM_INITIALIZATION()

'Title initialization

Me.Caption = App.Title & " v" & App.Major & "." & App.Minor & App.Revision
'Status initialization

txtstatus. Text = ""

'Combo box initialization
"Put value in the combo box

arrayport = Array("1", "2")
arraybaudrate = Array("110", "300", "600", "1200", "2400", "9600", "14400",
"19200", "28800", "38400", "56000", "128000", "256000")

For count]l =0 To |
cmbport.List(count1) = arrayport(count?)
Next .
For countl =0 To 12
cmbbaudrate.List(count1) = arraybaudrate(count1})
Next

'Set initial value
cmbport.Listindex = 0 .
cmbbaudrate.ListIndex = 5

'Set initial global value
currentport = cmbport.List(cmbport. ListIndex)
currentbaudrate = cmbbaudrate. List(cmbbaudrate. ListIndex)
1s_connected = False

End Sub

Private Sub SERIAL_DISCONNECT()

'Close port

If is_connected = True Then
MSComm]l.PortOpen = False
is_connected = False

End If

"Write status
textmessage = "Serial connection has been closed”

WRITE _STATUS (textmessage)

End Sub



Private Sub SERIAL_CONNECT()
'set the active serial port
MSComm1.CommPort = currentport
'MSComml.CommPort = 1

'set the baudrate,parity,databits,stopbits for the connection
MSComm]1.Settings = currentbaudrate & ",N,8,1"
"MSComml.Settings = "2400,N,8,1"

'set the DTR and RTS flags
MSComm!.DTREnable = True
MSComm!.RTSEnable = True

‘enable the oncomm event for every received character
'‘RThreshold=1,comEvReceive=enabled
'RThreshold=0,comEvReceive=disabled
MSComm1.RThreshold = 1

'disable the oncomm event for send characters
'SThreshold=1,comEvSend=enabled
'SThreshold=0,comEvSend=disabled
MSComm!1.SThreshold = 0

"Write status

textmessage = "Connecting..."
WRITE STATUS (textmessage)

On Error GoTo errorhandler
'open the serial port
MSComm1.PortOpen = True
is_connected = True

"‘Write status

textmessage = "Serial connection has been made successfully”
WRITE_STATUS (textmessage)

textmessage = "Port =" & currentport

WRITE_STATUS (textmessage)

textmessage = "Baudrate =" & currentbaudrate

WRITE _STATUS (textmessage)

'This exit sub is to prevent the normal flow (without error) goes into errorhandler
Exit Sub

errorhandler:
al = MsgBox(Err.Description & vbCrLf & "[Error no.=" & Err.Number & "]",
vbExclamation, "Error")



ts_connected = False

'Write status
textmessage = Frr.Description & ". Serial connection attempt failed”
WRITE_STATUS (textmessage)

End Sub

Private Sub WRITE_STATUS(textmessage)

txtstatus. Text = txtstatus.Text & Format{Now, "hh:mm:ss") & " - " & textmessage &
vbCrLf
End Sub

Private Sub tglconnect Click()
If tglconnect. Value = True Then
'‘Connect

tglconnect.Caption = "Disconnect"
Call SERIAIL,_CONNECT

If is_connected = True Then
'If succesful

Call ENABLE_OBJECT(True)

Elselfis_connected = False Then
'If still not connected

Call ENABLE OBJECT(False)
tglconnect.Caption = "Connect”
"Turn OFF button back
tglconnect.Value = False

End If

Elself tglconnect. Value = False Then
'Disconnect

Call ENABLE OBJECT(False)

tglconnect.Caption = "Connect"

Call SERIAL_DISCONNECT
End If

End Sub



Private Sub Form_Resize()
'CONSTANT
lebar form = Width
tinggi_form = Height

'Set minimum constraint for height

If tinggi form >= constraint_tinggi Then
'Renew value
tinggi_form_baru = tinggi_form

Else If tinggi_form < constraint_tinggi Then
'Renew value
tinggi_form_baru = constraint_tinggi

End If

bezatinggi_form = tinggi form baru - tinggi_form lama
tinggi form lama = tinggi form baru

Reset object

disText.Height = disText.Height + bezatinggi form
frmdisplay.Height = frmdisplay.Height + bezatinggi form
frminput. Top = frminput. Top + bezatinggi form

'Set minimum constraint for width
If lebar_form >= constraint_lebar Then
'Renew value
lebar form baru = lebar_form
Elself lebar form < constraint_lebar Then
'Renew value
lebar form baru = constraint_[ebar
End If

bezalebar_form = lebar form_baru - lebar form lama
lebar_form_lama = lebar_form_baru

'Reset object

disText. Width = disText. Width + bezalebar_form
frmdisplay. Width = frmdisplay. Width + bezalebar_form
frminput. Width = frminput. Width + bezalebar_form
inputText. Width = inputText. Width + bezalebar_form
cmdsend.Left = cmdsend.Left + bezalebar_form

End Sub
Private Sub txtstatus_Change()

End Sub
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PIC16F87X

e ANALOG-TO-IHGITAL
CONVERTER (ATD} MODULE

Thie Aralogto-Digtal (A'D Coriier modks iz v
Inpule Tor Iie 28-pin dewkese and gight Tor the offwr
devkees

Ths anakog npu changes @ sample and hokd eapaciion.
Thie culputolihe saimpk aiid hold capsickor ks Hw Input
Fio the worwerier. Thi coreerlor then goneratos & diy-
el e i of this analog leve | via sucsessha approxima-
{kn. Trw A'D corwersion of Itw snrlog Inpul signal
regdls It g comasponding 10-bIE digikd number. The
AD moduke R high snd ow wollige refarency Input
(bl b5 moflwa e Shile kabike 1o some combiration of oo,
os, FAd, or RAS,

The &'D copvorer has @ unlqus Reature of Belg abke
Ja oporals whili tho dewtes B2 I SLEEFrmodk. To oper-
aks In SLEEF, Ine A'D chock mus be derved 1 he
AT |nbarmal RS osediabor,

REGISTER 11-1:

The 2.0 module has Towr meglskrs. These ragissm
e

» &D Fesul High Ragisher (BDRESH)

+ A'D Resull Low Fuglsler [ADREEL

» A0 Corinol Riaglsher b {ADCO R

» &D Control Reglshard (ADCOHNT)

The ADCOHO reglsler, shown fn Regisier 11-1, con-

Irols the oparaiion of e &'D moduk. Tha ADCGNT
regictar, shown In Regisher 112 corfiqures ths Ruric-

thores of tha port plns, Thie porl pre can bo conliguned

@ anhalog Inpus [RAS can ako be e wollage nofor-
eree), or as digbal Py

AddMora| Infomration on using e AT micd e 62 be

found Irithe PEEmikero™ MidFange MU Famlly Ref-

epgries Mol (DEI30RT).

ABCOND REGISTER {ADDRESS: 1Fhj

BARD R0 FoNG R R -0 L RS

[ aocet T aocse | cHez | cHs1 | cHsy JooBomE]  —

ance |

=13

Wk

bil 7 & ,G‘Dg«ﬁ ARGED AT Corwersion Clod SHwlbds

oo m NS

<= chanresd 0, ( RA) AN
channsd 1, [RA 1M T)
channad 2, (RAYSAHE)
channsd 3, (RAA NS
dannz 4, | RAE MM
ahantval 5, | PERASNEY
Rttanne B, | RE 1N e
w efianinicd 7, [FEANTHY

)

<1 GU%DDHE &0 Correersion Sals B

35 = Fre ok dertved fom Iha riveral AT moduls RS oxclialen
b 53 CGHEZCHEX dnalog Channst Selel DI%

w &D cmmﬂmhpmgwdmtqu B bl slan e AD corssesion
o m AT eomearzlon nel i progeess (this BAEE sulcoesllody desnad by handwars when o &0

200 ver ghon 1% omp ke
Wi Unrglemanis? Read g T
bil g ADN: AT On be

: m AT convllor moduls i
om &T converter modue ks s

<oF arvd conzumes s operaing Sament

MNoie 1@ Thess channeds amnol avilabk on PIC1ERST 3076 Cevkass,

Lageed:
£ =Readabk bl W = bl Uw Unimplamsiied b, reed oz "0
-1 = Valug o POR f = BiHLb a6 0w EL b5 dvaned x= BB urkroami

& 2001 Bkretilp Todiniogy e,

DE N page 11
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REGISTER 11.2: ADCOMI RESISTER tkﬂBF&E&S 9Fh

U0 U0 R0 U Rt R AL RO
[ apFw [ — [ — [ — | Poras | FOPG2 | PCFGY | PCFGO
bk 7 ] §1]
bk 7 ADFH: AT Fasull Formal Sokiet b

1 = Righl hstiied. & Mook Blgnicent bk of ADRBSH areread o5 ‘Zl:!‘..
o = Lk |uslikal & Loast Sigrilcant bis of SORESL an road a5 17,

bR &4 Unimplamented: Reod oz 0
bk 3.0 PCFGLPCFGY AL Port Configunation Conlrod bl

N mpgrty | mpgi | 7 " : "

Lo P e | | o | [ A0 28 [ [ e

— e ——
A | A 2, % ) & | & & | ¥oo | wes | 8G
| & | & i [wmee| & | & i [ras | ¥ | ¥4
[ 7 [} & & | & & A | v | ves [ 51
¥ i ] 5| FErr| & | & A | Rz | W | ad
7} 7] 7] ¥] & 7] E | & | | R | w0 |
o 5] O ] 0 %] D % A | Res | wes | =
3] o o ] 1] O | O | O | v | o0
A A a | & | v | | & a | pin | mea | &
7] o 4, 2 & 4 | & A [ v [ v | 30
[ [ 3 A |tmre] & 1 A L & [ wee | W
i) D A A |wmre || & | A | paa | maz [ an
G| O O | & | weee | war-| & A | Fas | REE | &

I ¥ ] T REEZAN a | rad [ 2 | a2

] o ] ¥ T | O] D & | Wo | wem | N
1] 5] ] D | wemes | e[ D A | kA | RAZ | 42

Koo dnaiogingy e Dbk 10

Hat 1. Thess channak e nobovalable on PIC1EFETAETE deviss,
Z Thiz colurmi Indkewies The number of aralog charnisls avallobis 55 A0 bpuE dnd
tre numbsr oTanakog chisnineds umid oo vollags rebergnios Inpuls.

Lagend

£ = Raadabis bit W = iniabka bl U= Unimplemenisd B, resd ag 0

- W= "Wl al POR 1" = Bil b mal U= Bl bckarad 2= BlElx unkniown
The ADFESHACRESL mghlers conitan I 10-bik T detamning sampke Tme, w6 Sedion 11,1, Alrihls
raubofthe ATeomemnion. When tha A0 comrdan soquistion Tme has Slepsed, e 4D coreorsan san
bz com ks, tha regultls loadud Mo this AT resulbrag- b ik bl

kztor pakr, the GOIOKINE bit (ADCCH0e2») b deared
and the 40 Inleruplfisg bR A0DIF ks =et. The block dia-
gram ol ths AT mech i |z zhowm In Figurs 11-1,

Afler the A'D moduks: Fas beon sonfipend @3 dezired,
this mabachked channel roustbo oo quined belons tha oon-
werdon b ostarked The anabog Inpa channsizs must
harog hwdr comes panding TRIS Db sakedad o Inpuls.

]
CE302%E0 paga 112 & 20 Beehi p Tachisokoy e
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gmn Aops Ml e folowd fOr g o A0 AR requied acquisEion e,
atedrdlon: 4. Blen wovrsione
1. Corfigrs the A0 modsks o Sol SOUTHE NI ADCONG
» COmgUs nnaky pasvatings rfronce o & Walfor D corrrorsion b compiie, by oth:
Al (ADCCNT « Polng kr o GATOHE b1 1o b chared
+ Skt A0 trpul ehennal {ADCCHOY {th Ikerrupls snabdlkd); OR
« Sokoct A conversion deck (ADCOND : « Pialing ko 14 20 tnkerupl
v TUh on AT medie (AOCOHN & Fesd AD  rem#l  regicter oy
L. Corfirro A0 inkrupt (F duskody: PARESHALRESL), choar bE ADIF I required.
+ CROTALE I Vo For P nead oonworsion, goie dep 1 of dep X,
. GUADE M % ?m“aa The A Comepttion I pot btk
st PEIE b dalned o5 T, A mninum wall of 20 b
T ko bokes the newt aequsition daris,
« Sl GIE Bit ™ o
FIGURE 11.4: AL BLOCK DIAGRAN
CHERTH
SRR § W D
: \“9’ Lid ;
R - ] REZAHTY
: L
]
i ¥
* &
! ot
i
i L3
¥ *
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ohpal b ay g SR . »—@ RASARHA VG
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: o en |
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i'ﬂ[}t i .»-":: ;
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1.1 AD Acquisition Requireme nis

For the AD cotraier 1o mast 15 2 MOracy,
ihe char o boidng copactor et bo atkwed
to kil charge Lo Inplt chanrind vl lvsol The
anakg Input mode il shown InFige 14.2 Thi woaros
Frpodance (K and the hiceral samping mﬁmzmj
rpodatee dracily dfd o Tine rired 10 ¢

the cpadior CHaD, The sarping swikth (Rus)
Figadance vk oot i duvico volage (D, see
Figws 1.2, The maximum recomnoncied Imped

Aftor v ana0gy Wput charael b SoBEE {thangod)
ihis sequition m’&; b done B0 the QoSN
an b shatod,

o cdodde e mbinum  otqubiiion e,
Equalion 111 may bo uned THG equaiion aourmes
Thak 152 180 areor b5 oot {1024 shops tor tho A5, The
2 LEb oner b5 I macitnum i ar Glicsod S the AL
2 mowt s 3 poe it resoluton.

To cokutal ihe minitien sogbdion e, Tca, 5
I PlCmico™ MidRage Relone Manud

ANTH For ARUOY BOINCes B 1UREL A% e rpedincs
¥o SRy ased 1o acquinliton lrne may bo Jecreaied,

ECLIATION 1.1 ACQUIBITION Tk
Tacgy = hmphiierieiiling Tem

Hold Capatttore
Testperaiure Cooficheni

De3023.

T

Tangs o T+ Toors

s e T Tanpersige < 2T CHE O
CH i BIC» B + B5) MBI

- EXRF (1AL + The + HRLY) InGONdses
Je AN

s # 1A ¢ [T 2P ARG
9.0

o

Yaxo

# 0 B o8N

- Hote 1 Tre refironte wolade (V) hos 60 Sfect on e oadion, dite & aanesls 1bef o0,
£ Thie thange hoichng capador [Crssy b rak JEehored Whor Sach oonarsion

8! Trg meadmim 1commerso !npﬁmﬁmmm«gmmmom THS B rapact 1o mosd e pln sk
ugo spociioiion,

42 Bl & corworsion s csmpllod o 20 delay rouet complete borons seauistion cun bagh ugain
Litngy this Teow Ihe hetdhg capactor i nol comwded le i el A0t channel

FIGURE 11.2:

ANALOG INPUT MODEL
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1.2 Seleoting the A0 Conversion
Lotk

The AT oooverskon ine par Ditls deined & b, The

AL convorsion regtres & mirkoum 200 pee ol

canvprsion, The courcd of the A conrorgdon cicok bs

toltware selckd Thw foir posdbie oplons for Tan

o

s YR

« Flose

* KR _

* inortal &0 Mok RC otk {36 us)
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APPENDIX J

b4

Input DC voltage into pin
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