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ABSTRACT

An aerovane is one of the devices that is useddasnre wind speed and
direction. The wind speed measured using aerov&meuch more acurate as it
measures the speed of the wind which parallel ¢oviind direction. This project
mainly focuses on using microcontroller PIC 16F87f®Acontrol the circuit and
building the aerovane type wind vane model. Hélé& sensor is used for speed
measurement and 1Qkpotentiometer for direction detection. The senssplution
for speed measurement is one pulse per rotationdiFection, the specific direction
is determined at every 45° rotation of potentiomet€he microcontroller is used as
a central contoller to measure the speed and direof the wind and displays it on a
16 x 2 characters LCD. From the measured pulsenpaste, the speed is calibrated
for displaying the value in km/h. While the dinect will be display in specific
direction which is North, NorthEast, East, SoutltE&®suth, SouthWest, West, and
NorthWest. Based on the output, the PIC 16F877Akman ideal microcontroller
for developing this project. However, the aerovamedelling should be done in

more accurate manner to get more accurate windurezasnt.
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ABSTRAK

Kincir angin adalah merupakan salah satu alat ydigginakan untuk
mengukur kelajuan dan arah angin. Kelajuan angmgydiukur oleh kincir angin
adalah lebih tepat kerana ia mengukur angin yalagi skengan arahnya. Projek ini
menumpu kepada menggunakan mikropengawal PIC 18F8@iuk mengawal litar
dan membina model pengukur angin jenis kincir angiRengesan kesan Hall
digunakan untuk mengukur kelajuan angin dan perqitdoleh laras 1Qk
digunakan untuk mengukur arah. Resolusi pengesiajulan adalah satu denyut per
pusingan. Untuk pengukur arah, arah tententu tikam setiap 45° pusingan oleh
perintang boleh laras. Mikropengawal digunakanagab pengawal pusat untuk
mengukur kelajuan dan arah angin dan memaparkapaga 16 x 2 abjad LCD.
Melalui denyut per minit yang telah diukur, nilaang diperolehi akan disesuaikan
untuk memaparkan nilai kelajuan angin dalam unitjkmArah angin pula akan
dipaparkan dalam arah khusus iaitu Utara, TimurtL@imur, Tenggara, Selatan,
Barat Daya, Barat, dan Barat Laut. Berdasarkaruakeh yang diperoleh,
mikropengawal PIC 16F877A boleh menjadi mikropenglawang ideal untuk
membangunkan projek ini. Namun, pemodelan kinegira perlu dilakukan dengan

lebih terperinci untuk mendapatkan pengukuran ayaity lebih tepat.
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CHAPTER 1

INTRODUCTION

1.1 Background

Weather measurement tools are important for huneamgb, used to determine
the actual weather and forecasting, and wind isajrie weather elements that can
be measured. It is a known fact that wind reaifjuences our daily life. Good and
even bad situations can be caused by wind. Wimpg$rrain from one place to
another; cools down hot areas, and at some windgsarwind can be used to
generate electrical power. However, it can alsagodisasters, such heavy rain
which is very dangerous for people driving vehiakesthe road, and not to mention,
storm and hurricane which are capable of produchags catastrophe. With the
advancements in technology nowadays, measuringheeat especially wind, is

made easily done and accurate since it can impraorguality of life.

Wind measurement tools are termed “Anemometer”. allemometer is a
device for measuring the velocity or the pressuréhe wind, and is one of the
instruments used in weather stations. The termeisved from the Greek word
"anemos" meaning wind. There are six types ofaigl@anemometer [1];

1. Cup anemometers
Hot-wire anemometers
Laser Doppler anemometers

Sonic anemometers

ok 0D

Windmill anemometers



6. MEMS anemometers

In some instruments, wind speed measurement ipracticed. For example,
in a wind direction tool called windsock. A windsois a large, conical tube
designed to indicate wind direction and relativadvspeed. Windsocks typically are
used in airports and in chemical plants in whickr¢hare risks of gaseous leakage.
They are sometimes located alongside highways atlyviocations. However, it
does not show the magnitude of the wind speed.b&tber weather forecast, analysis
and respond, a combination of wind speed and wimection measurement is

needed.

1.2 Objective of Project

The main core of this project is to design a winglasurement instrument for
measuring wind speed and direction using a microobb@r. This system will

display the current speed and direction of the wnd.CD.

1.3 Scope of Project

In order to achieve the objective of the projedyesal scopes have been
outlined. The scope of this project are; usingrotontroller PIC 16F877A for
controlling the circuit, using hall effect sensor §peed measurement in RPM, using
potentiometer for wind direction measurement (outpwgiven in analog signal) and
using LCD 16 characters, 2 lines for displaying tiadue of measured wind speed
and direction. Besides that, the scope also iedualilding a working Aerovane

model to be applied together with the wind speeatldirection sensor.



1.4 Summary of Project

Implementation and works of the project are sumpeakiinto Figure 1.0 and
Figure 1.1. Gantt charts as shown in Figure 1d2Figure 1.3 show the detail of the

works of the project that has been implementetiénfirst and second semester.

A fix magnet attached on propeller Direction of wind was reflected by
will trigger the Hall Effect sensor Aerovane model and then is being
thus giving a pulse for each coded into binary code representing
revolution specific direction

Processing signal on
microcontroller

\4

Display measured wini
speed and wind direction

Figure 1.1 Block Diagram

Description:

A fix magnet is attached onto the Aerovane propelhen the wind blows,
the propeller will spin relative with the wind speehus the magnet will trigger the
Hall Effect sensor. A pulse will be generated matput for each revolution. The

time difference from each pulse is used to caleuia¢ speed of the wind.

At the same time, the tail of the Aerovane willedit according to wind
direction. The Aerovane is attached with potengtan which will give analog
signal output with respect to the direction of thied. The analog signal is being
converted into 8-bit binary by the analog to digiteonverter module in

microcontroller.



The output from Hall Effect sensor and potentiometdl be transmitted to

microcontroller to be processed and calculated.

The calculated measurement will be displayed onLtbB. The LCD used is
the 16 characters and 2 lines type. It will beldiging the speed of the wind in km/h

unit with the direction of the wind in a specifizettion.

Literature review
and background

A 4

Determination of type of anemometer
that will be designed, circuits and —l

theories relate

\ 4

Design the Aerovane type. .| Assemble the circuits for wind
windmeter model "| speed and wind direction sensgr
@ No No @
Yes Yes

Integration of
model and circuits

|

Calibration and analys
of wind speed meter

A 4

\4

Report writing

Finish

Figure 1.2 Flow of development



Description:

Literature review and research on theories relateithe project begins after
the title of the project was decided. These ingotlieories such as Hall Effect
sensor, rotary encoder, potentiometer, anemonmaterocontroller and a few others.
By obtaining most of the information from the imet and a few reference book, the
Aerovane type was chosen to be developed in tliggrbecause it has both speed

and direction measurement.

The project is divided into two parts; the modeliagd the circuit. The
modeling part involves developing a model of theodane which has three main
components; body, tail, and propeller. The body o®ve from right to left and
back, and spin around according to the directiothefwind. It is supported by the
tail. The propeller is the part where the Halldetf sensor is attached. It will spin

relative with wind speed.

The design (i.e. size, shape and weight) of thapedter is important to
ensure a maximum read of wind speed. The maireiBsuve is friction. The model
must have as little friction as possible to enghet the sensor is sensitive and that a
more accurate reading is obtained. Using the coréss Hall Effect sensor on

propeller and ball bearing on the body is essential

For the circuit part, a microcontroller is usedtzes main element because one
microcontroller can be programmed to have all thec@sses required in it.
Calculation and providing output on digital displiaydone by microprocessor. It is
cost efficient and flexible in usage. The Halldgff sensor output can be connected
directly to the microcontroller. LCD is used tospliay the output (speed and
direction of wind) after the measurement process.

Integration of both the model and circuit will bere¢ when both parts are

ready.



Calibration process is the process of tuning thegg@mming until the
accepted speed value in metric unit is obtainedib@dion is needed for displaying

the accepted value on the LCD as well as to reduce.
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CHAPTER 2

THEORY AND LITERATURE REVIEW

2.1 Introduction

This chapter includes the study of wind speed ainecion measurement
system. The speed of the wind is measured usmdHdil Effect sensor whilst for
direction measurement, a potentiometer is used. aldb touches briefly on

microcontrollers, and other relevant hardware usehis project.

2.2  Anemometer

Instruments used to measure wind speed (velocityjailled anemometer.
The term ‘anemo’ come from the Greek word, ‘anemaséaning wind.
Anemometer can be divided into 2 classes: thosenteasure the velocity of the

wind and those that measure the pressure of the: [/]n

For anemometer that measure velocity of the wihdy tare divided into 6
types; Cup anemometers, Hot-wire anemometers, Il2sg@pler anemometers, sonic

anemometers, Windmill anemometers and MEMS anen@met



2.2.1 Cup Anemometer

Cup anemometer is the simplest type of anemométeras invented in 1846
by Dr. John Thomas Romney Robinson, of Armagh Qlagery. It consists of three
or four hemispherical cups, mounted one on eachoémdhorizontal arm, which lie
at equal angles to each other. A vertical aximdowhich the cups turn passes
through the centre of the arms; flow of air past ¢ups in any horizontal direction
turns the cups in a manner that is proportionahéowind speed. The turns of the

cups over a set of time gives the average speathaf

The simplicity of cup anemometer makes it poputailvnow. However, it is
not a very good instrument for data logging for gayticular moments. It was later
discovered that the actual relationship betweersgieed of the wind speed and that
of the cups depends very largely on the dimensiohghe cups and arms.
Consequently, wind speeds results published in mafficial 19" century

publications were often in error by nearly 60%.

Figure 2.1 Cup Anemometer

2.2.2 Hot-wire Anemometer

Hot-wire anemometers use a very fine wire (on thdeo of several
micrometers) heated up to some temperature abevantibient. Flow past the wire

has a cooling effect on the wire. As the electnieaistance of most metals (tungsten
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is a popular choice for hot-wires) is dependentufte temperature of the metal, a
relationship can be obtained between the resistaintes wire and the flow velocity.
Hot-wire anemometers, while extremely delicate, ehaxtremely high frequency-
response and fine spatial resolution comparedHheroheasurement methods, and as
such are almost universally employed for the dedagtudy of turbulent flows, or

any flow in which rapid velocity fluctuations aréioterest.

2.2.3 Laser Doppler Anemometer

Laser Doppler anemometers use a laser that is aptt sent out of the
anemometer. The backscatter of the laser beaof aff molecules is directed into a
detector where the radiation relative to the laserthe anemometer and the

backscattered radiation are compared to deterraeelocity of the air molecules.

27

Figure 2.2 Laser Doppler Anemometer

The laser is emitted (1) through the front lensdbjhe anemometer and is
backscattered off the air molecules (7). The beatksred radiation (dots) re-enter

the device and are reflected and directed intatectta (12).
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2.2.4 Sonic Anemometer

Sonic anemometers use ultrasonic sound waves teureeaind speed and
direction. They are capable of measuring wind eigjoin the X (east-west), Y
(north-south), and Z (up-down) directions. Thetisph@aesolution is given by the path
length between transducers, which is typicallyd@® cm. Sonic anemometers can
take measurements with very fine temporal resalyt&® Hz or better, which make
them well suited for turbulence measurements. [k of moving parts makes
them appealing to automated weather stations. rTiain disadvantage is the
distortion of the flow itself by the structure sappng the six transducers. This
distortion has to be determined by a comprehergivenvestigation in a wind tunnel

in order to obtain a distinct wind measurement [1].

Sonic anemometers are not limited to 3D units. évieacent developments
have now led to a wide selection of 2D (wind spaed wind direction) sonic units

being available for applications that require &fitd forget" sensors.

Figure 2.3 Sonic Anemometer

2.25 Aerovane

An Aerovane combines a propeller and a tail on same axis to obtain
accurate and precise wind speed and direction mmasmts from the same

instrument. In cases where the direction of tmeraition is always the same, as in
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the ventilating shafts of mines and buildings fostance, wind vanes, known as air

meters are employed, and give most satisfactonitesd .

i

Figure 2.4 Aerovane Anemometer

2.3 Hall-effect Sensor

Hall Effect sensor is a transducer that sensegeham magnetic field. It is
used in various sensors such as speed sensorppos#nsor, and power sensor.
When a magnet field from a source (permanent magnetlectromagnet) was
pointed perpendicular to the sensor, the sensbgivé an output. Depending on the
type of Hall Effect sensor used, the output canvditage or current, a pulse of high
or low, or a continuous high or low. For speedssay the switch type of Hall

Effect sensor will be used.

24  Speed Measurement Using Hall-Effect Sensor Switch Type

The most suitable method in measuring the speediod is using both
propeller and a Hall Effect sensor. A small perar@mmagnet was attached on the
propeller and when there are rotations on the plepdé will cause a change in the
magnetic field on the Hall Effect sensor. The owts produces each time the

permanent magnet and the sensor are in perpendpngdion to each other.
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Permanent magnet

Hall effect sensc

Directior

Figure 2.5 Hall Effect sensor attached on propeller with pement magnet

The Hall Effect sensor is recommended by datastedte connected in

circuit below [2].

5vDC

8

Vce

IR

A3144 Vout>—4————— sensor output

GND ——Cs

Figure 2.6 Recommended connection for Hall Effect sensor

Output of the Hall Effect sensor is ‘HIGH’ wheretle is no magnet is
presented, and turns LOW when a magnet is perpaadio the sensing surface of

Hall Effect sensor.



14

25 Rotary Encoder

The most accurate way to measure or indicate paogiig of something is by
using encoder. For angular sensing, a rotary esrcoah be used. The concept is;
the given outputs indicate how much the sensinghef¢ was rotated. Generally,
there are two types of rotary encoder. The firet & an incremental rotary encoder
and the other one is an absolute rotary encodach Encoder can be found suitable
depending on application and programming approachthle programmer. The
rotary encoder is widely used in the industry foaamnery, robotics, and for a
simple example, in a computer mouse assembly. ddrestruction of a rotary
encoder consists of the rotary shaft and the citmit.

25.1 Absolute Rotary Encoder

An absolute rotary encoder produces unique binadedor each angle of
rotation. The contacts inside the encoder moveeauth angle was set to different
configuration. An example of a binary code, inragified encoder with only three

contacts, is shown below [3];

Table 2.1 Standard binary encoder

|Sector||Contact 1]|Contact 2|Contact 3| Angle |

| 1 |off off |off 0°t0 45° |

| 2 off off lon |45° to 90°

| 3 |off lon | off 190° to 135°

| 4 |off lon [on | 135° to 180°
| 5 Jon | off | off 180° to 225°
| 6 Jon | off [on | 225° to 270°
| 7 |on |on | off | 270° to 31%°
| 8 Jon [ on | on | 315° to 360°

*Off is ‘0", On is ‘1’
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Figure 2.7 Rotary encoder for angle-measuring devices mank&duit binary

The inner ring corresponds to Contact 1 in the @&bl. Black sectors are

"on". Zero degrees are on the right-hand sidd) aitgle increasing anti-clockwise.

In general, the relation between the number of amintnd the distinct
position is 2 wheren is the number of contact. As for example aboke,rtumber
of contacts is 3 which can lead the rotary encdde8 positions. However, this
system has drawbacks - which are, if the systepssab two adjacent sectors or if

the contact is not properly aligned.

To illustrate this problem, consider what happersenvthe shaft angle
changes from 179.9° to 180.1° (from sector 4 totaseB). At some instant,
according to the above table, the contact pattelinchange from off-on-on to on-
off-off. However, this is not what happens in igal In a practical device, the
contacts are never perfectly aligned, and so eawhwall switch at a different
moment. If contact 1 switches first, followed byntact 3 and then contact 2, for
example, the actual sequence of codes will be;

Off-on-on (starting position)

On-on-on (first, contact 1 switches on)

On-on-off (next, contact 3 switches off)

On-off-off (finally, contact 2 switches off)

From Table 2.1, sectors corresponding to thesescaderder, they are 4, 8,
7 and then 5. So, from the sequence of codes pedduhe shaft appears to have

jumped from sector 4 to sector 8, and then gonekvoacs to sector 7, then
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backwards again to sector 5, which is where we @egeto find it. In many

situations, this behavior is undesirable and cawddse the system to fail. For
example, if the encoder were used in a robot dmcontroller would think that the
arm was in the wrong position, and will try to @t the error by turning it through

180°, perhaps causing damage to the arm.

To avoid this problem, grey encoding is used. $hstem counts binary
number by only one bit change at a time. Grey amieting would be as in Table
2.2.

Table 2.2 Gray coding

|Sector|Contact 1/|Contact 2|Contact 3| Angle |

| 1 |off |off |off 0°t0 45° |

| 2 |off off lon [45° to 90°

| 3 off lon [on | 90° to 135

| 4 |off lon | off 135° to 180°
| 5 Jon on | off | 180° to 225°
| 6 Jon lon | on | 225° to 270°
| 7 Jon | off |on | 270° to 315°
| 8 |on | off | off 1315° to 360°

*Offis ‘0’, Onis ‘1’

The ring’s configurations on the disc have to ®nstructed.

Figure 2.8 Rotary encoder for angle-measuring devices mank&ddit binary-
reflected Gray code (BRGC)
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The inner ring corresponds to Contact 1 in the &&bP. Black sectors are

"on". Zero degrees are on the right-hand sidé) aiiigle increasing anticlockwise.
25.2 Incremental Rotary Encoder

An incremental rotary encoder (also called relatv&ry encoders) has two
outputs called quadrature outputs. They can lhereihechanical or optical. In the
optical type there are two gray coded tracks, whhile mechanical type has two
contacts that are actuated by cams on the rotatiadt. The mechanical types
require debouncing and are typically used as digitaentiometers on equipment
including consumer devices. Most modern home ardstereos use mechanical
rotary encoders for volume. Due to the fact thet mechanical switches require
debouncing, the mechanical types are limited in biational speeds they can
handle. The incremental rotary encoder is the nvadely used of all rotary

encoders.

The optical type incremental rotary encoder is wgkdn higher RPMs are

encountered or a higher degree of precision isiredu

Incremental rotary encoders are used to track magiod can be used to
determine position and velocity. This can be eitimear or rotary motion. Because
the direction can be determined, very accurate mmea®ents can be made. They
employ two outputs called A & B which are callechduature outputs as they are 90

degrees out of phase. The state diagram:

Table 2.3 Gray coding for clockwise rotation

L Joo
2 Jol]
4 Jo




18

Table 2.4 Gray coding for counter clockwise rotation

L Jao
3 Jol]
4 Jolo

These signals are decoded to produce a count gp pula count down pulse.
For decoding in software, the A & B outputs aredrdgy software, either via an
interrupt on any edge or polling, and the abovéetabused to decode the direction.
For example if the last value was 00 and the ctirvatue is 01, the device has
moved one half step in the clockwise direction. e Thechanical types would be
debounced first by requiring that the same (valalue be read a certain number of

times before recognizing a state change.

Rotary sensors that have a single output are nobdems and can not

determine direction, but can sense RPM.

This same principle is used in old ball mouse txkrwhether mouse is

moving to the right/left or forward/backwards [3].

2.6 Potentiometer

Potentiometer can be used to measure rotationiaedr Idisplacement, as it
gives output in variable voltage when it is turowrd. The variable voltage can be
used to determine the direction or displacementrmthe potentiometer is properly

attached to a moving object in modelling.

The normal potentiometer always has a dead baadyréma not covered with
contactor. The wind vane is free to move throug@ 8egrees, but there is a dead

band of about 10 degrees at the crossover poitih@npotentiometer travel. As
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shown in the graph in figure 2.9, the output sigeatero volts for 5 degrees before
the signal starts its linear rise, and the sigsaht maximum voltage through 5
degrees at the other extreme of the travel. Tlael d&and varies some from unit to
unit. For the greatest possible accuracy, the tegaad band value must be

determined [4].

N dead bend

tail of wvane
back slong

350

. insrearing azimuth
poitik ko South

Figure 2.9 Potentiometer dead bands with output graph

2.7 Microcontroller

Microcontrollers must contain at least two primaymponents — random
access memory (RAM), and an instruction set. RAM type of internal logic unit
that stores information temporarily. RAM contenisappear when the power is
turned off. While RAM is used to hold any kind ddta, some RAM is specialized,
referred to as registers. The instruction set isstaof all commands and their
corresponding functions. During operation, therogontroller will step through a
program (the firmware). Each valid instruction setd the matching internal

hardware are the features that differentiate oreeaoontroller from another [5].

Most microcontrollers also contain read-only mem@@PM), programmable

read-only memory (PROM), or erasable programmabéad4only memory
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(EPROM). Al1 of these memories are permanent: tieégin what is programmed
into them even during loss of power. They are usestore the firmware that tells
the microcontroller how to operate. Often thesanmges do not reside in the
microcontroller; instead, they are contained ireexdl ICs, and the instructions are
fetched as the microcontroller runs. This enahlésk and low-cost updates to the

firmware by replacing the ROM.

The number of I/O pins per controllers varies dyeatlus each 1/0 pin can
be programmed as an input or output (or even swilghing the running of a
program). The load (current draw) that each pin dave is usually low. If the
output is expected to be a heavy load, then itssemtial to use a driver chip or

transistor buffer.

Most microcontrollers contain circuitry to generdlte system clock. This
square wave is the heartbeat of the microcontroded all operations are
synchronized to it. Obviously, it controls the sgeat which the microcontroller
functions. All that is needed to complete the kloircuit would be the crystal or RC
components. We can, therefore precisely selecopleeating speed critical to many

applications.

To summarize, a microcontroller contains (in ongxtwo or more of the

following elements in order of importance [6]:

I. Instruction set

ii. RAM

iii. ROM, PROM or EPROM

iv. I/O ports

v. Clock generator

vi. Reset function

vii. Watchdog timer

viii. Serial port

iX. Interrupts

x. Timers

xi. Analog-to-digital converters
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xii. Digital-to-analog converters

2.7.1 PIC 16F877A

PIC 16F877A is a microcontroller developed by Matrip Technology. Itis
developed using RISC technology and only consis&banstructions set. It can run
on variable speed up to 20MHz. Beside that, ti@d?aws low poser consumption
and provides a high speed Flash/EEPROM technold@e operating voltage range

is wide, as low as 2.0V up to 5.5V.

MCLRMNVPP —= [ 1 U 40 [J =—= RB7/PGD
RAD/ANO «—a[] 2 39 [] «—= RBE/PGC
RA1T/ANT =—=[]3 38 [] = RB5
RAZAN2VREF-CVREF - [ 4 37 [ =—= RB4
RA3/AN3I/VREF+ = =[] 5 35 [] =—= RBIPGM
RA4TOCKVCTOUT =—=[] 6 35 [ == RB2
RAS/AN4/SS/C20UT =— [ 7 ﬁ(_ 34 [J=—= RB1
REO/RD/ANS =— [ 8 3 ] =—= RBO/INT
RE1WR/ANG =—[19 g 2H=<—Voo
RE2/CSIANT =[] 10 <  31[]=— Vss
VoD — [T11 &5 30 [J<—= RD7/PSPT
Vss w112 &  29[]-=—» RDG/IPSPE
OSC1/CLKI — =113 v  28[]-«—» RDS5/PSP5
OSC2CLKO = [114 & 27 <= RD4PSP4
RCO/T1OSOMICK! w—[1 15 o ] == RC7/RX/DT
RC1/T10SI/CCP2 =[] 16 25 [] == RCB/TX/CK
RC2/CCP1 =[] 17 24 [] =—= RCS/SDO
RC3/SCK/SCL -—»[] 18 23 [| =—» RC4/SDI/SDA
ROD/PSP0 =« [ 19 29 [] =—= RD3IPSP3
RD1/PSP1 -— [] 20 21 [ == RD2IPSP2

Figure 2.10 Physical look and diagram for PIC 16F877A

Features in PIC 16F877A;
1) TimerO: 8-bit timer/counter with 8-bit prescaler.
2) Timerl: 16-bit timer/counter with prescaler canieremented during Sleep

via external crystal/clock.



3)
4)

5)
6)
7

8)

9)

Timer2: 8-bit timer/counter with 8-bit period retig prescaler and postscaler.

Two Capture, Compare, PWM modules;

- Capture is 16-bit, maximum resolution is 12.5 ns.

- Compare is 16-bit, maximum resolution is 200 ns.

- PWM maximum resolution is 10-bit.
Synchronous Serial Port (SSP) with SPI™ (Masterehaahd 12C™

(Master/Slave).

Universal Synchronous Asynchronous Receiver.
Transmitter (USART/SCI) with 9-bit address detetio

Parallel Slave Port (PSP) — 8 bits wide with exaéRD, WR and CS controls

(40/44-pin only).

Brown-out detection circuitry for Brown-out ResB(QR).

For analog features, the PIC 16F877A have 10 ®ithannels analog-to-
digital converter. With total of 5 1/0 ports, tReC16F877A is the most suitable

device for controlling a lot of controlling circait

The summary of PIC 16F877A features and specitioas shown in table

below [7];
Table 2.5 PIC 16F877A features
Key Features PIC 16F877A
Operating Frequency DC - 20MHz

Reset (and delays)

POR, BOR (PWRT, OST)

Flash Program Memory(14-bit words

8K

Data Memory (bytes) 368

EEPROM Data Memory (bytes) 256

Interrupts 15

I/0 Ports Ports A,B,C,D, E
Timers 3
Capture/Compare/PWM modules 2
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Serial Communications

MSSP, USART

Parallel Communications

PSP

10-bit Analog-to-Digital Module

8 input Channels

Analog Comparators

2

Instruction Set

35 instructions

Packages

40-pin PDIP
44-pin PLCC
44-pin TQFP
44-pin QFN

2.8 16 x 2 CharactersLCD

There are many types of LCD. 16 x 2 characters Li&<® LCD that display

up to 16 characters per line and have 2 lines ayspIThe input can be 4 or 8 bit

binary and have 3 controls bit; 1) enable bit, @d/write bit, and 3) control bit.

Voltage range for this LCD is between 4.5V to 5.5Backlight is implemented in

this LCD.

D?D
EB 4 CONTROLLER

M —-
RS ——= K.S0066
Vg ———==
Vdd ———=
VO —_—

COM 15/ = LCD PANEL

SEG 40 , [}
P

]

DRIVER | SEG 40 /
KS0065 4

A
K

LED BACKLIGHT

Figure2.11 LCD block diagram



CHAPTER 3

METHODOLOGY

3.1 I ntroduction

In this project, a microcontroller will be used th&® central processing unit
for digital wind speed and direction meter. Thedkl diagram of the system is
shown in Figure 3.1.

Hall Effect sensor

Microcontroller LCD

vV V
v

Potentiometer

Figure 3.1 Block diagram of digital wind speed meter with @didirection system

The Hall Effect sensor will sense the rotation aigeller. The frequency of
the rotation is measured by the microcontrollereakwhile, the potentiometer gives
a variable analog input into the microcontroller tbrection measurement. In the
microcontroller, both input from Hall Effect sensand potentiometer is processed
and the input is displayed on LCD.



25

iy

Speed Sensor

Direction Sensor

Aerovane Model Controller Box

Figure 3.2 Picture of the overall project

Figure 3.2 shows the picture of the project. Thaget is divided into two
parts: the software and hardware implementatioachEpart of the project will be

discussed in the following section.

3.2  Hardwarelmplementation

This section will discuss about the components #éhatused, including Hall
Effect sensor, potentiometer, power supply 5V, ogontroller PIC 16F877A, and
16 x 2 characters LCD.
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3.2.1 Hall Effect Sensor

Figure 3.3 illustrate the Hall Effect sensor usethis project.

b

| '

(@) (b)

Figure 3.3 Hall Effect sensor; (a) Physical picture, (b) Im@rcircuit

The Hall Effect sensor used in this project isA14.04 chip manufactured by
Allegro Microsystems, Inc. It is a unipolar contous-time switch family. The
sensor output turns on (switch low) when a soutHargg magnetic field
perpendicular to the Hall sensor exceeds the dpgrabint threshold, B.. The
output is capable of sinking up to 25mA and theuauvoltage is Yursan. When
the magnetic field is reduced below the releasatp@gp, the sensor output goes
high (turns off). The range between thg-Bind ke is called hysteresis,; The
built-in hysteresis allows clean switching of thetput, even in the presence of
external mechanical vibration and electrical noiBggure 3.4 shows the relationship

between the parameters [2].
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Figure 3.4 Switching behavior of Hall Effect sensor

According to the datasheet, powering-on the seimstre hysteresis region,
less than Bp and higher than & allows an indeterminate output state. The correct
state is attained after the first excursion beyBpgdor Bgp. The ‘B’ is the magnetic

flux density which refers to the fix magnet attadlo@ the propeller of speed sensor.

The A3314 Hall-effect sensor includes the followimga single silicon chip:
voltage regulator, Hall-voltage generator, smajhal amplifier, Schmitt trigger, and
NMOS output transistor. The integrated voltageutatmpr permits operation from 3.8
V to 24 V. Figure 3.5 shows the basic connectarHall Effect sensor [2].

VCC R,

Sensor Cutput
A1104 VOouT

Cs

GND

Figure 3.5 Basic connection of Hall Effect sensor
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3.2.2 Potentiometer

Potentiometer is used for direction sensor. Tha&stance value of the
potentiometer is 1@R. The function of the potentiometer is to give lagaoutput
with respect to the direction of the wind. The dilerof the potentiometer is attached
on the aerovane shaft. When the wind blow andathef aerovane follow the wind
direction, so do the potentiometer handle. Thdognautput from the potentiometer

is proportional to the direction of the wind.

vCC

—V/2
Voltage

GND

0° 180° 360°
w S E NE

Figure 3.6 Analog outputs from potentiometer

From the graph on the figure above, we can seectmstant state in the
beginning and the end of potentiometer movemeris daused by a dead band in the
potentiometer which reduces the angle reading to Beécause of the dead band, the
measured direction is not suitable to be displapedegree. The solution for this

problem is by displaying the direction on an absotlirection.
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sidep !

Figure 3.7 Dead bands on potentiometer

The 50° is the dead band which has no voltageisahgle. Both the 10°
angles are the constant value of potentiometethelfpotentiometer’s contact moves
to this position, the output will be a constantueaivhether Vcc or OV (GND). All

the 8 absolute directions are determined as follows

N
A
NW NE
A\ E
SW SE
S

Figure 3.8 Absolute directions for output from potentiometer

3.23 5V Power Supply

The entire component used in this project needmatant dc voltage average
of 5V. To meet these requirements, a dc regul&®it,M7805 is used. The IC is
built to regulate dc input and provide a constanodtput of 5Vdc.
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[TOP VIEW)

——— ouTPuT
i ———— coMMoN

[———— INPUT

The cornmon lesrminad is in elsctrical

con bl with The mounting base,

Figure 3.9 IC 7805 physical view

To reduce the noise, capacitors can be placedral@ao output.

1Y D
S¥DC
IN40G7 | LyTsos
N OUTE
GND
U — “ p— gy
TapF DARF AuF []“""‘R
o'y

Figure 3.10 Schematic circuits 5V power supply

3.24 PIC 16F877A Microcontroller

The PIC16F877A works as a central controller fois throject. It is
manufactured by Microchip Technology Inc. It haspérts which is the most
important specification to be implemented in thigject. The PIC 16F877A features
used in this project are as follows;

1. Analog to digital module

2. Timer interrupt

3. External interrupt
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4. High level programming language
The circuit configuration for digital wind speed t@eand direction is shown

in the figure below.

5VDC
RESET

.|||_

16F877A
' MCLR/Vee = RB7/PGD B—> RB7
Potentiometer [ )>—— 1] RAO/AND RB6/PGC 12— RB6
* RA1/AN1 RB5 B2— > RB5
* O RA2/AN2/VRer-/CVrer RB4 -
® ] RA3/AN3/NVrer+ RB3/PGM -
[ RA4/TOCKI/C10UT RB2 o~
40K 70 RAS/AN4/SS/C20UT RB1 - 5VDC
®{ REO/RD/ANS RBO/INT 32— Hall Effect Sensor _T_
5VDC [ RE1/WR/ANG Voo B2
" RE2/CS/ANT vss B2
A Voo RD7/PSP7 B2—"> RD7 J_
2 Vss RD6/PSP6 [>—_> RD6 —
J_ 2 OSC1/CLKI RD5/PSP5 34— RD5 -
= M 0SC2/CLKO RD4/PSP4 B2—C"> RD4
21 RCOM1OSOMTICKI RC7/RX/DT B~
20MHz | — 2 RC1/T10SI/CCP2 RCB/TX/CX @2
Lﬂj - RC2/CCP1 RC5/SDO -
220F 228 RG3/SCK/SCL RC4/SDI/SDA B2~
RDO C—=r] RDO/PSPO RD3/PSP3 B2—C") RD3
RD1 C>—22 RD1/PSP1 RD2/PSP2 B*—» RD2

Figure 3.11 Schematic circuits for PIC16F877A

Table 3.1 shows the pin configuration for digitahd/speed meter with wind
direction system. A 4@k resistor is connected from ground to RAO for settihe
pin in a ‘low’ state by default. The resistor valmust be higher than the value of
potentiometer used. The main reason for placiegrésistor is to prevent the pin
RAO from being floated when the potentiometer cotaiagoes to non-contacting
area (dead band), since the ADC (analog-to-digitafjput will become random if the
pin is floating. Analog signal received on pin R¥dries between &6 (5V) and \és
(OV). The ADC result is in 8-bit binary value whieneans 0-255 in decimal value.
The PIC16F877A will receive pulses on the RBO/INfM and an external interrupt

occurs on falling edge of the pulses.
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Table3.1 Pin connection of PIC16F877A for digital wind sdemeter with

direction circuit.

Pin no. Pin name Discription Application
11,32 \bp Positive supply(+5V)|[ Power supply to PIE
12,31 \bs Ground reference Ground referencq

13 0SC1 For oscillator or Using 20MHz crystall
14 0scC2 resonator with 22pF capacitor
1 MCLR Reset input Always set to high]
2 RAO/ANO Analog input channel p  Input for direction
sensor
33 RBO/INT External interrupt inpyt InPut from hall effect
sensor
19,20,21,22 RD(0-7) Input/output port Data line for LCD
27,28,29,30
38,39,40 RB(5-7) Input/output port Control bit 10€D

The PIC16F877A can be operated in 4 different ol modes. This
includes LP (low-power crystal), XT (crystal/restory, HS (high-speed
crystal/resonator), and RC (resonator/capacitety mode has been chosen for this
project. The PIC16F877A will have an external klosource to drive the
OSC1/CLK1 pin. The crystal used is 20MHz.

3.2.4.1 External Interrupt in PIC16F877A

PIC16F877A can have external interrupt on portH®r speed measurement,
the sensor output is connected to the pin RBO/INhe interrupt module must be
initilize in OPTION_REG and INCON register throuBhC program.

3.25 16x2 Character LCD

For displaying the output, the 16x2 character LGDused. The LCD 16

characters per line and has 2 lines display. dpetts 4-bit and 8-bit data input.
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5vDC
——
10K
|—|:]—‘ 1-Vss
2-Vobp
DBemo00000a0n 5VDC 3-Vo
rrrrrrere e e p— 4-RS
1K 5-R/W
000000000 == 5%
| 7-D0
' — 8-D1
J‘I 10 10 nn 0 n " 9-D2
O1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 o] 10 - D3
= — — — 11 - D4
HOOOOOOOOOOOOOH] | 2-os
— — — 13- D6
LOOOOOOOOOO0000H] | e
— — — 15 - LED+
o 2x16 chars LCD module o 16 - LED-

Figure 3.12 LCD circuit

8-bit data inputs are used in this project. Datéransmitted using port D.
The control bit is on port B 5, 6, and 7. RS m@rused for register selection while
R/W is for reading or writing the data on the LCDhe E pin is used to enable the
LCD. LCD is enabled when the pin is in ‘low’ stat€éhe LCD comes with backlight
which can be turned on by supplying the voltageionl5 and 16. A switch is used
to switch on the backlight.

3.3  Software Implementation

For software implementation, MicroCode Studio seitsvis used to program
the PIC in BASIC language. The BASIC languageaisier to understand compared

to assembly language programming.
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3.3.1 Wind Speed Meter with Wind Direction Algorithm.

The microcontroller (PIC16F877A) functions as atcanprocessing unit for
all the input and output in this project. It re@s pulses from speed sensor and
analog input from potentiometer (direction sensdie pulses are count in 1 second
interval and the analog input is converted to 8eligital stream. Both input are

processed and the output is displayed on LCD.

A working algorithm for wind speed meter with diten system has to be
developed for programming the microcontroller. Tdigorithm is represented in
flow chart in figure 3.13. There are two main padf the program, the main
program and the interrupt program. The main prograns in a looping state until
the interrupt happen. There are two interruptsl usethis project; timerO overflow
interrupt and external interrupt. Whenever intptsuhappen, the program will

immedietly switch to interrupt routine.

The MicroCode Studio can compile the BASIC language assembly
language and hex file. The hex file then usedetdolad into the PIC16F877A using
PIC programmer. The programmer used in this ptoageMelabs programmer USB

type from microEngineering Labs, Inc.

The overall programming codes are attached in apipéh
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Star

-Define OSC, define LCD,

-Define variable,
-Initialize PORT A, B and ADC on POERT A
-Enable timer and external interrupt

A4

-Display intro messay
-On interrupt

A

-Set timer counter vall
-Start timer
-Clear variable

»
»

External interrug

No

Timer0 interrupt in
——| Count puls

total 1 second

-Scale the pulse
-Get the ADC result
-Display speed
-Compare ADC result and display directipn
-Reset counted pulse

Figure 3.13 Main program flow chart
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3.3.1.1 Explanation on Main Program

There are 4 key parts in the main program;

a) Define oscillator, LCD data and control bit, aratiables.

The first element of the program is defining. Thet part to be defined is
the oscillator frequency used for PIC. The 20MHystal is used in the hardware
and the default setting in the MicroCode Studi@hdHz. The oscillator must be
defined to make sure that the program timing rwet®rling to the real time. This is
important, for example in the PAUSE command. TA&BE command is followed
by a value in micro seconds. The microsecond igntwa automatically by
MicroCode Studio from the defined oscillator. I nscillator is defined on top of

the program, it will use the default value of 4MHz.

To setup the LCD, the data and control bits musidfeed first. The list of
must-define variables are as follows;

i. LCD data port

. LCD bus size

iii. LCD register select port and bit

iv. LCD enable port and bit

V. LCD read/write port and bit
The data port is set to port D, using 8-bit bug.siZhe LCD register select is port B,
bit 7. The LCD enable bit is on port B, bit 5 ahd LCD read/write bit is on port B,
bit 6.

Variables to be used in the program must be defiivst before it can be
used. This involves defining the name of the \@ea and the size of the variables.
Since the PIC16F877A only supported up to 16-bi¢, maximum size that can be
used is a word. To define a name to certain cahsthe command CON is used.
For this project, the SCALE variable is definedcertain constant. The SCALE

value is determined by calibration precesses.
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b) Configure registers.

A few registers in the microcontroller are usedthis project and these
registers must be configured before the ports odutes in the microcontroller can
be used. A TRIS register controls the flow on &,pwhether it is input or output.
Setting the TRIS bit to ‘1’ makes the correspondiogt pin an input and setting the
TRIS bit ‘0’ makes the corresponding port pin ampor. [8]

The value of prescaller used in timer0 is set RTE@N_REG register.

OPTION_REG REGISTER (ADDRESS 81h, 181h)

RIW-1  RW-1 RW- R RIW-1 RIW-T RAWCT RAV-
RBPU |INTEDG | Tocs | 7ose | Psa | ps2 | pst | pso |
bit 7 bit 0

Figure 3.14 OPTION_REG register

The value 2 in decimal number loaded onto the ORTIREG register will set
%00000010 in binary number. The prescaller assagris set by the last three bits

as table below;

Table 3.2 Prescaller rate select bit

Bit value TMRO rate
000 1:2
001 1:4
010 1:8
011 1:16
100 1:32
101 1:64
110 1:128
111 1:256
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The value selected for the prescaller is 8. Tlesgaller is the value to scale
the basic timing instruction. For 20MHz, the basiting instruction is

1
20MHz
4

be 1.6 microsecond.

= 0.2 microsecond. By using the prescaller of 8,ttmer clock rate will

INTCON is a register for enabling global interrugiinerO overflow interrupt,
pin RBO/INT interrupt and port B interrupt. Forighproject, the global interrupt,
timer0 and RBO/INT pin interrupt should be enabtgdsetting ‘1’ to specific bit in
INTCON register. The value $A0 loaded to this ségi will enable the GIE and
TMROE bit. GIE bit is for global interrupt enablet and TMROE is for timerO

overflow interrupt enable bit.

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 10Bh, 18Bh)
RIW-0  RMW-0  RAW-0  RW-D RWDI RWD  RMW-D R
GIE PEIE [ TMROIE | INTE [ RBIE | TMROIF | INTF RBIF
bit 7 bit 0

Figure 3.15 INTCON register

The analog-to-digital module has 4 registers; Asult high register
(ADRESH), A/D result low register (ADRESL), A/D ctinl register 0 (ADCONO),
and A/D control register 1 (ADCON1). The ADCONOntwls the operation of the
analog-to-digital module, while the ADCON1 configuthe function of port pins.

The port pins can be configured as analog inpdigital input/output.

ADCONO REGISTER (ADDRESS 1Fh)

RW-0  RW-0  RW-O  RWD  RW-0  RWD U-D RW-D
ADCS1 | ADCSO | CHS2 | cHS1 | cHSO [GO/DONE| — ADON
bit 7 Bit 0

Figure 3.16 ADCONO register
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ADCON1 REGISTER (ADDRESS 9Fh)

RAW-D  RW-D U-0 U-0 RAW-D  RMW-0  RW-D  RW-
ADFM | aDcs2 | — | — | PcrG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0

Figure 3.17 ADCONL1 register

The ADCONO and ADCON1 are loaded with %11000001 #@D000000.
For ADCONQO, the first 2 bits are for ADC conversigfock. The value of 11
implies the clock used for ADC is derived from timernal analog to digital RC

oscillator. The next 3 bits are the channel sefecinput. 000 means channel 0

(RAO). GO/DONE is the status bit for ADC and it is cleared irstetep. The last
bit is the ADON bit which is used to enable ADC rated

ADCONL1 sets the function of ADC. When loaded witlfd@800000, the
ADFM bit will determine the result form in left jtised. The last 4 bits are used to
set the input port as digital input or analog inantl the reference voltage. For 0000,
the input set to all analog and the voltage refezdor Vker+ iS Vpop and the Wer- is
Vss

C) Intro program.

The intro program is mainly about introduction whabout the project,
clearing variables before it will be used and omititerrupt services at the end of the
intro program. At first, the program will hold farsecond for LCD to be initialized.

Then, a set of intro messages will appear on LCD.

The timer0 will start after the intro messages.eBéfore that, the timer will
be loaded with the counter value. The counterevaduthe count time of the timer
before it will overflow and generate interrupt. idtan 8-bit counter and it counted
from 255 to 0. To count 125 times, the counteugahat should be loaded is 256 —
125 = 131. This value is then loaded to TMRO riegss TimerO overflow interrupt
will occur every 1.6 microsecond x 125 = 0.2 mdtiend [9].
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After all variables are cleared, the interrupt ggrwvas turn on.

d) Looping program.

The looping program is labeled with “LOOP” and fiw®gram will execute
in normal conditions (if no interrupts occurs). this program, the output on LCD is
executed. The first step in looping program ismsaag the UPDATE variable. The
program will only continue if the UPDATE value is Dtherwise, it will loop back
until the value is 1. The UPDATE variable will hefrom the interrupt routine. It

will determine whether the 1 minute counting isdired or not.

When the UPDATE value is 1, the program loop carés1 The next step is
setting the UPDATE value back to 0. Then, the ¢edipulse per minute is the scale
for output in metric value. Analog to digital outpvalue is stored in ANGLE

variable.

Next, displaying output value to the LCD startedhwglearing the LCD. The
speed value in km/h is displayed in the first lofethe LCD. The direction of the
wind is determined by comparing the analog-to-digibutput with 8 specific

directions.

Table 3.3 ADC output to absolute direction conversion

Specific direction ADC output
N 0

NE 1-9

E 10 - 56

SE 57 - 104

S 105 - 151
SW 152 - 199

W 200 - 246
NW 247 - 255
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While the ADC is using 8-bit conversion, the dedimalue for ANGLE

variable varies from 0 to 255.

At the end of the LOOP program, the variable ofrted pulse in variable
PULSE is cleared and the program loops back teoihé. OOP program.

3.3.1.2 Explanation on Interrupt routine

Interrupt is enabled using BASIC is using ON INTBRRI command. It
will activate the internal interrupt handling andickly jump to interrupt handler as
soon as possible after receiving interrupt. ThEABLE command is placed before
the interrupt routine. It will disable all inteptuservices when the interrupt routine is

executed.

On the same interrupt handler, both external amérd overflow interrupt

input is processed.
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Interrupt occurs

|

Timer0 overflow
interrupt

External interrupt

-

Count pulse Count timer cycle

I '

Clear external
interrupt flag

External or Timer0
overflow interrupt

5000 times

Clear timer -Set UPDATE=1
overflow interrupt -Clear Timer cycle count
flag -Clear timer overflow
interrupt flag

Figure 3.18 Interrupt handler flow chart

In this project, interrupt occurs in two ways. Qseavhen the transition from
high to low is detected on port B pin 0 and anothay is from timerO overflow
interrupt. The INTCON register in PIC 16F877A ains flags for both interrupt.

When interrupt occurs, respective bit for eachrimat will set.

Once external interrupt received, the interrupt dieanwill count up the
variable PULSE. Then, the external interrupt flagINTCON will be clear to

reenable the external interrupt.

After the timerO interrupt is enabled, it will geate timer interrupt every
specific time interval. From calculated value ohdrO overflow before, timer0
overflow interrupt occurs every 0.2 millisecondheThandler will count the interrupt
occurs. The counted timerO interrupt occurs neelet equal to 5000 to get the 1
second in total time. If the counted timerO int@tr occurs less than 5000, the

program will clear the timer overflow interrupt dglao reenable the timerO interrupt.
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After 5000 timerO interrupt occurs, program wilt $ee UPDATE variable to 1 and

clear the counted timerO interrupt occurs.

After all interrupts happened, RESUME command usedeenable the
interrupt services and return to where the mairggam was before the interrupt
occurred.

34  Aerovane Modelling

Aerovane model can be divided into 2 parts. Thst fpart is for speed
measurement, propeller. The main body is for aroffart, where wind direction

can be measured from the moving body which folltveswind direction.

3.4.1 Speed Sensor

The speed sensor is placed on the front of the modes where the wind
will come from and there should be no obstacle wilitblock the wind source. For
this project, a 7.5cm diameter brushless DC fanwsasl for the basic component for
the speed sensor. The wire winding and the permianagnet is removed from the
place. A small piece of permanent magnet is aftdabn the previous permanent
magnet placing and the Hall Effect sensor is plgoegbendicular to the permanent
magnet.
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Permanent magnet

Figure 3.19 Permanent magnet attached on the propeller

Ball bearing

Hall Effect senso

Figure 3.20 Hall Effect sensors on fan housing

The center of the fan housing is equiped with balring. The bearing will
reduce the friction between the propeller and thiasing. The less the friction, the

more sensitive propeller will be.

Figure 3.21 Complete set of wind speed sensor
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Speed sensor must move together with the body mdwaine. This will make
the wiring diffulties for speed sensor. The wianoot be connected directly as it
will cause the wire twisted and stop the body fromaving around. It also might
break the wire. Because of that, three contaci@r®e used to solve the problem.
The three contactors used to connect power sugphynd and output line for speed

Sensaor.

Vee
Outpurt

GND

Figure 3.22 Moving shaft and contactor

3.4.2 Direction sensor

For direction sensor, potentiometer is placed athibttom of the main shaft.
While the shaft is spin by the wind direction, r@entiometer used to determine the

direction of the wind.

The potentiometer is attached at the bottom oftadt using shaft connector.

The shaft connector is made from wire rubber tube.
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Shaft
Contactor
Vce
Output
GND

Shaft connector

Figure 3.23 Potentiometer connected to the shaft

3.4.3 Aerovane Model

The aerovane modelling based on the pictures ofecaial aerovane taken
from the internet. For this project, the parts lboilding the aerovane were made

from the local available materials.
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0.85m |
< >|
0.30m Speed Sensor
A
~ Contact
: = ontactor
Shaft
0.90 m Contactor
Shaft Connector
T o
Y
0.70m ~

Direction Sensor

N,
~

Figure 3.24 Aerovane modelling

The main body was constructed using PVC pipe atione For the stand, the
local umbrella stand was used. The tail was mad®WC pipe and alluminium

plate.

35 Calibration Process

Sensor used for speed measurement will provideubinppulses. A pulse is

generated every rotation of propeller. The pulsentcounted in PIC 16F877A
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microcontroller in 1 second interval. From helee pulse per second is obtained.
However, this value means nothing to the real woilltle value should be calibrated
to be display in metric unit. For this projecte tkm/h unit was choosen. To get the

equivalent value for the pulses in km/h, calibnatiwocess is needed.

The calibration process is the process to configudevice or sensor with
respect to the standard value. The most simpléraibn method is simply
comparing both outputs, from the standard devidé thie uncalibrated device. The
same way applied to this project. The output ftbmsensors in pulse per second is

compared to other devices, measuring the same flavwd

For this project, two comparing methods used tochkbrated with the
sensor. The first method is using a car running @onstant speed in no-wind road
and the sensor is attached on the outside of the The sensor must be placed on
acceptable distance to make sure the sensor iaffemted to the car aerodynamic
effects. Suitable road must be considered befonegdthe calibration. Two roads
and the wind flow pattern on the area of the roadspecific time have been
identified.

The first road is on the residential area locatedJalan BGP1, 26300,
Gambang, Kuantan. The road is straight; howeverdistance is not suitable for
high speed calibration. The maximum speed reaftinghis road is only 40km/h.
Reading is taken for every 10, 20, 30 and 40kmTItne set of reading is taken 2
times.

Table 3.4 Table used for wind speed sensor calibration

Speed (km/h)| Pulse/secorld
10
20
30
40
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The result will be discussed on the next chapter.

Another road is on the MEC highway. The highwajoisy enough to make
a high speed calibration however, it is an opea.afdore wind will flow there and
it more noise to the reading will be obtained. Tihee of less wind flow should be
considered. The same table and constants speerd drevious road is used. 3
readings have been taken. The highspeed calibratio60, 80, and 90 km/h test
were done once. Care should be taken for the sassibis not tested to endure the
highspeed force.

The second comparison calibration is using the ahcimemometer. The
anemomter used is mobile type anemometer. It @llsm size and light weight.
Powered with 3volt cell, the output is display imk. The calibration technique
used is attaching the anemometer side by side th@hwind speed sensor. Then,
both sensors are pointed to fan and both readigsken.

Figure 3.25 Calibration methods 1



N/

e
l -

AR T

Figure 3.26 Calibration methods 2
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CHAPTER 4

RESULT AND ANALYSIS

4.1 I ntroduction

This project has been successful in achievingaps. The speed value in
km/h and the direction in 8 specific directions ¢endisplayed on LCD. However,
the speed sensor need to be calibrated beforenirbeascale to km/h unit. The

direction determintain process has been explamgdeavious chapter.

To calibrate the wind speed sensor, calibratioocgsses have been
conducted. The calibration is done in several odghexplained in previous chapter.

This calibration is conducted to get the scalliactér for the wind speed sensor.

4.2 Calibration Method 1

The first calibration method is by using a car &cwaksed in the previous

chapter. For calibration using a car, the resaargésshown below;
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Table 4.1 Result for calibration conducted on 2:30 a.m, Q8007

Speed(km/h] Pulse/s
10 28
20 45
30 63
40 83

Table 4.2 Result for calibration conducted on 3:00 a.m, Q8007

Speed(km/h] Pulse/s
10 26
20 42
30 59
40 82

Table 4.3 Result for calibration conducted on 11:00 a.m1812007

Speed(km/h] Pulse/s
10 24
20 33
30 59
40 80

Table 4.4 Result for calibration conducted on 12:00 p.m 1812007

Speed(km/h] Pulse/s
10 26
20 34
30 59
40 77

Table 4.5 Result for calibration conducted on 2:15 p.m, 812007

Speed(km/h] Pulse/s

10 22
20 35
30 57

40 78
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Table 4.6 Result for high speed calibration conducted camfrom previous table

Speed(km/h] Pulse/s
60 132
80 170
90 195

There are 6 sets of readings in total. The grapledch set shown below;

Calibration 1, set 1

km/h, pulse/s
90
.83
80 —
-
_-
70 1 _
P
3
60 =
~
~
-~
50
-
_ “25
40 -~ 40
~
-~
— -
301
~78
10 19
0
1 2 3 4
[— =Puisess 28 45 63 83
\ Speed(km/h) 10 20 30 20

Figure 4.1 Calibration 1, set 1 graph
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Calibration 1, set 2
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Figure 4.2 Calibration 1, set 2 graph

Calibration 1, set 3
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Figure 4.3 Calibration 1, set 3 graph
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Figure 4.4 Calibration 1, set 4 graph

Calibration 1, set5
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Figure 4.5 Calibration 1, set 5 graph
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Calibration 1, set 6
km/h, pulse/s
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Figure 4.6 Calibration 1, set 6 graph

From the graph, we can see the linearity of th@wubf wind speed sensor
and the constant speed of car even in the highdsparation. A scaling value can
be obtained from the values of speed for 1 pulBkee average speed for 1 pulse is
calculated from the result and the value is 0.48%/h. The rounding value to 2
decimal points is 0.5 km/h. The speed for 2 puises km/h. Since the BASIC
language cannot support other than integer, thel wpeed meter can only be read
with resolution of 1 km/h. Because of that reagbe,scaling factor is 2. From the

scaling value, the error can be calculated.

To calculate error, equation used is;

(averagespeed averagealibratedspeed)
averagespeed

X 100

The average speed used for the calibration pras€&s 74

The average calibrated speed value is 32.80

The error is 3.36%



43 Calibration Method 2

For more satisfaction in determining the senscugscy, another method of
calibration was conducted. It compares the outpthe wind speed sensor with the
real anemometer. As discussed in previous chajpteranemometer is placed side

by side to the wind speed sensor. Both sensorpanted to wind source such as

fan and both readings are taken.

The result shown in table below;

Table 4.7 Result for calibration 2 conducted on 10:00 p.rfB(R007

Anemometer
(km/h) Pulse/s
3.1 7
3.6 7
4.2 9
55 10
7.1 13
7.2 15
8.5 16
9.4 17
9.6 17
10.3 19
11.2 22
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Calibration2
km/h, pulse/s
25

20

15

10

1 2 3 4 5 6 7 8 9 10 11
‘— = Pulse/s 7 7 9 10 13 15 16 17 17 19 22
Anemometer (km/h) 3.1 3.6 4.2 5.5 7.1 7.2 8.5 9.4 9.6 103 11.2

Figure 4.7 Calibration 2, set 7 graph

From thegraph, by comparing the output on anemanaetg the wind speed
sensor, we can see the linearity of both devidgsm the output value, the average
value for speed of 1 pulse is 0.5 km/h. Which nsednpulses equal to 1km/h.

Therefore, the scalling value is 2, equal to presioalibration method.
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CONCLUSION AND RECOMMENDATION

51 Conclusion

Nowadays, wind speed meter and wind direction veae be found in
numerous types and sizes. The instruments are insedde activities such as
whether forecasting, sports, and even hobbies. Eoent technologies have
developed the wind instrument in a more complexho@tand the wind instruments
not only can be used to measure the speed oridindmiit also to do more tasks such
as humidity sensing and visibility sensing. Foamyple, the sonic anemometer

which use ultrasonic wave to measure wind speed3mimension direction.

This project’s objective is to develop a digitalhd speed meter with wind
direction. The most suitable wind meter type s derovane type wind meter which
includes both speed and direction sensing in osgument. It is an open loop
system. The main controller used is PIC 16F877Arogiontroller from Microchip.
The controller will gather output from speed ancediion sensor. Both inputs will
be processed and then provide output to LCD. T®B Will display the value of the

calibrated speed and the direction of the measued.

In conclusion, both speed and direction sensonk \fine and the LCD can
perfectly display both speed and direction valug$e objective and scope of the

project is successfully fulfilled.
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52 Problems

Some of the initial scopes have been found noalsigtfor this project due to
the cost involved and practical consideration. Tirection sensing was one of
them. Initially, the direction sensing is plannedbe used with absolute rotary
encoder. The absolute rotary encoder encodesrdwidn into bits stream. Thus, it
will be easier to program the microcontroller ahd tirection can be determined in
angle values. However, the price for the encodetob expensive as it is not
developed for low cost instruments and small apgibmis. The cheaper absolute
rotary encoders are not suitable for this projecitas does not support high speed
rotation and cannot endure the rotation patterthefwind vane. It is also high in
friction which is the main reason why it cannotitmplemented in this project. For
replacement, a potentiometer is used, which wilegbutput in analog signal. We
have to convert it to digital value for programmimgrpose. The PIC 16F877A have
the analog to digital module and this solves ttubjam.

The tail on the anemometer is an important partdfogction sensing. The
tail will respond to the wind flow and the direatisensor can detect the change in
wind direction. Tail design must maximize the biogvwind effect and sensitive
too. Failure of the tail can bring error in spesmmhsing. Because of this, the tail
design has been identified as a top priority os fitoject. Few designs have been
experimented to ensure the design can be implehentéeight and size of the tall
are the main factors of the functionality of thendiivane. The aluminium is a light
weight metal and therefore it is suitable for thé.t 20mm PVC conduit pipe has

been used for tail arm.

53 Recommendation

Overall, the wind speed meter with wind directigistem performance can

be considered good. However, for high level aaoyursystem, many aspects in
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designing sensor, aerovane model and programmmdt® must be taken into a

more proper ways.

For future development, some recommendations haea tisted based on

the problem encountered and unaffordable ideas.

i. Higher speed sensor resolution

For better speed sensing, the sensor should be swmsitive in detection
even a slight flow of the wind. For this projepeed sensor, the resolution is only 1
pulse per rotation of propeller. Increasing th&ohation can increase the sensitivity
of the sensor. To increase the speed sensor tiesplmore permanent magnets
should be attached on the propeller. The Halld&fsensor will detect more magnet
and more sensor output transitions will occur motation of propeller. However, the
placing of the permanent magnet must be distribetgdally for the 360° of the

propeller. Otherwise, the resolution will not worih.

il. No deadband potentiometer or heavy duty rotmgoder used for direction

sensing.

Potentiometer used in this project has a huge ltakvfor the system. The
deadband changes the initial scope of this pragedisplay the direction in degree
value because when the wind direction is on thelllad area, the value of angle
cannot be obtained. Subsequently, the angle dmtect not practical for this
situation. Specific direction is more practicalibsovers some angle for a certain
direction. The dead band area can be replaced avidhrection in microcontroller
programinng and when potentiometer move to the luladl area, the value of the
direction can be determined. Because of this]ladtation potentiometer with less
or no deadband is required. For a more accuratesasier programming approach,
heavy duty rotary encoder should be taken intoidenation. Even though the price
is high, the application is lead to amore accudatection sensing because the output

is already in digital and processing it in micrototler is easier and faster.



62

iii. Programming in more flexible language

BASIC programming language is a high level langutay programming the
PIC. However it does not cover all the featureprofgramming plus the limitations
reduce the complexity of developed system. Sontbefeatures which affects the
project are no support for string handling captiegdi and only works with integers.
Because of that, the speed value is only can kh@agisn integer and no decimal
point. The current system resolution is reduciegause of that. The speed value
can only be incremented in integer value only. ngghe C language will solve the

problem; however it will raise the complexity oktprogramming.

iv. More accurate modeling and fabrication

The modeling and fabrication is important for aemyr and quality of a
project. Material used can determine the enduraotythe project from it
application. For future development, all aspectnafdeling and fabrication should
be taken into more engineered ways. From modelagign to fabrication, proper
tools or machine required must be used. For tlagept, the modeling is design and

fabricated by experimenting with every design ans not cost effective.

V. Data logging system

Data logging is a system to log the input or outfath of a system. The data
or record is stored and the analysis can be edsilg rather than record it manually.
For this project, the PIC 16F877A can be interfaith computer. A wind analysis
program in computer should be developed to moaitar analyse the wind speed and
direction data. The wind speed and direction patean be known from the

generated graph or table from the computer.
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Vi. Protection

If this instrument is to be used in open area sasglffield or on top of a
building, lighting protection must be considered.he body must be plant and
grounding properly to avoid it collapsing duringorsh or heavy rain and draw
lighting to ground. Sealing the join is also a mbsfore the instrument can be used

in open area.

vii.  Self powered device

For continuous functionality, a non-stop power dymhould be considered.
For example, self charging battery-solar power uggstem can be implemented

for this project to have it run continuously.

viii.  Wireless data transmission

Sometimes, cabling can be a problem when the devieed to be connected
is far away or the cable route is messy. To sting wireless transmission can be
used. The wireless data transmission can be imgsieed in this project if the wired
system brings difficulties to be applied in someaa: Wireless system will also

reduce the after use problem such as wire breakqd®d connector and so on.
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Costing and Commer cialisation
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The cost to develop one unit of this project is swarised in the table below;

Table 5.1 Cost for controller

Unit name Component Qty | Price/Qty(RM) | Total Price (RM)
PIC 16F877A 1 30.00 30.00
40-pin IC holder 1 1.00 1.00
20MHz cystal 1 5.0( 5.00
LM7805 1 2.00 2.00
Heat sink 1 1.5( 1.50
16x2 characters LCDO 1 30.00 30.00
Resistor 10 R 6 0.10 0.60
Resistor 1 R 1 0.10 0.10
Resistor 330R 1 0.1p 0.10

Controller Resistor 100R 1 0.1p 0.10
Capacitor 22 pF 2 0.20 0.40
Capacitor 1QuF 1 0.15 0.15
Capacitor 0.uF 2 0.10 0.20
IN40O7 1 0.50 0.50
LED 1 0.30 0.30
Push-on switch 2 0.3p 0.60
Main switch 1 2.0Q 2.00
Power supply jack 1 2.00 2.00
Strip board 1

TOTAL 76.55
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Table 5.2 Cost for cabling and connectors

Unit name Component Qty | Price/Qty(RM) | Total Price (RM)
DB15 male 2 3.0( 6.00
DB15 female 2 3.00 6.00
2m 11-conductor
1 4.00 4.00
Cabling and| cable
connector | 10 strands rainbow
1 6.00 6.00
cable
Wrapping wire 1 15.00 15.00
TOTAL 37.00
Table 5.3 Cost for speed sensor
Unit name Component Qty | Price/Qty(RM) | Total Price (RM)
A3144-Hall Effect IC| 1 4.00 4.00
Resistor 1 R 1 0.10 0.10
Capacitor 20 pF 1 0.20 0.20
Speed
7.5 cm diameter 1
Sensor
brushless DC fan 15.00 15.00
with ball bearing
TOTAL 19.30
Table 5.4 Cost for direction sensor
Unit name Component Qty [ Price/Qty(RM) | Total Price (RM)
Potentiometer 10& 1 2.50 2.50
Direction | 20mm PVC pipe
1 0.50 0.50
sensor | connector
TOTAL 3.00
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Unit name Component Qty | Price/Qty(RM) | Total Price (RM)
Umbrella stand 1 18.0D 18.00
0.9m 3cm-diameter | 1
_ 8.00 8.00
pillar
Ball bearing 2 3.0( 6.00
Shaftt 1 7.00 7.00
Aerovane
20mm PVC conduit | 1
model _ 2.00 2.00
pipe
Alluminium plate 1 5.00 5.00
20mm PVC pipe 10
0.50 5.00
connectors
TOTAL 51.00

Table 5.6 Overall cost for one set of digital wind speedenetith wind direction

Unit name SubTotal Price (RM)
Controller 76.55
Cabling and connectqr 37.00
Speed Sensor 19.30
Direction sensor 3.0p
Aerovane model 51.0p

TOTAL 186.85

This project can be comercialised as wind speeadmeith wind direction

for whether instrument.

It is suitable to be usedopen areas such as fields,

highways, and also on top of a building. Howewhre to its size, it might not be

suitable for indoor use.

The production cost for this project is considel@s because the materials

used in this project are gathered from local shdfor mass production, lower
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production cost will be achieved by buying the mats in bulk quantity. Using an
appropriate production machine to mass produceptbduct also will reduce the

overall cost.

The prospect of this project is wide. It can bglemented for educational

purposes, wind analysis, and even for personaljhobb
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APPENDIX A

Programming on PIC 16F877A for digital wind speed meter with wind direction

system

*%* * * *kkhkkkkkhkk * * *kkhkkkkkhkk * * *kkkkkkkhkkk
*  Author : Mohd Mokhtar Bin Ismail *

“* D : ED04033 *

* Title : PFKE 113: Digital Wind Speed Meter with *
* Direction *

" Supervisor : Muhamad Zahim Bin Sujod *

" Date : 31/10/2007 *

*  Version :1.0 *

" Notice : Copyright (c) 2007 UMP_PSM_2007 *

* : All Rights Reserved *

*%* * kkkkkhkhkhkkkkkk * kkkkkhkhkhkkkkkk * * *kkkkkkkkkk

DEFINE OSC 20 'Using 20MHz crystal

DEFINE LCD_DREG PORTD 'LCD data port

DEFINE LCD_DBIT 0 'LCD data starting bit 0
DEFINE LCD_RSREG PORTB 'LCD register selec t port
DEFINE LCD_RSBIT 7 'LCD register selec t bit

DEFINE LCD_EREG PORTB 'LCD enable port

DEFINE LCD_EBIT 5 'LCD enable bit

DEFINE LCD_RWREG PORTB 'LCD read/write por t
DEFINE LCD_RWBIT 6 'LCD read/write bit

DEFINE LCD_BITS 8 'LCD bus size 8

DEFINE LCD_LINES 2 'Number lines on LC D
DEFINE LCD_COMMANDUS 2000 'Command delay time in us
DEFINE LCD_DATAUS 50 'Data delay time in us

CNT var WORD

UPDATE var byte

PULSE var BYTE 'Pulse count
ANGLE VAR BYTE 'Angle detection
SPEED VAR BYTE ‘'Calibrated value
SCALE con2 'Scale value

TRISA = %11111111 'Set PORTA to all input

TRISB = %00000001 'Set port B as output except bi t.0
TRISD = %00000000 'Set port D as output

low PORTB.6 'Setthe R/W bitto low

OPTION_REG =2  'Use prescaler 1:8

INTCON = %10110000 ‘Enable ext INT and TMRO INT

ADCONO = %11000001 ‘Configure ADC operation

ADCONL1 = %00000000 'Configure ADC port-pin functio n



INTRO: pause 1000 'Wait until the

LCD initializes
Lcdout $FE, 1 'Clear LCD screen
LCDOUT $FE,$80," Wind Speed and " '1st lin e-display
title
LCDOUT $FE,$CO0,"Direction Meter" '2nd lin e-display
version
pause 3000
Lcdout $FE, 1 'Clear LCD screen
LCDOUT $FE,$CO0," V 1.00" '2nd line-di splay
version
pause 1000
LCDOUT $FE,$C0," PSM 2007" '2nd line-d isplay
title
pause 1000
LCDOUT $FE,$C0," UMP " '2nd line-d isplay
UMP
pause 2000
Lcdout $FE, 1 'Clear LCD screen
TMRO =131
INTCON=$A0 ‘Start timer
cnt=0
PULSE =0 'Clear pulse
angle=0 'Clear angle
INTCON.1=0 '‘Clear ext INT flag
INTCON.2=0 '‘Clear TMRO INT flag
On INTERRUPT GOTO ISR ‘Interrupt serv ice routine
LOOP: IF UPDATE=1 THEN
UPDATE=0
SPEED=PULSE/SCALE
ADCIN 0, angle
LCDOUT $FE,1
'‘Display speed value on 1st line
LCDOUT $FE,$80,"SPEED ",DEC3 SPEED," km/h"
'‘Display direction value on 2nd line
IF ANGLE>246 AND ANGLE<=255 THEN LCDOU T $FE,$CO,
"DIRECTION NE"
IF ANGLE>199 AND ANGLE<=246 THEN LCDOU T $FE,$CO,
"DIRECTION E"
IF ANGLE>151 AND ANGLE<=199 THEN LCDOU T $FE,$CO,
"DIRECTION SE"
IF ANGLE>104 AND ANGLE<=151 THEN LCDOU T $FE,$CO,
"DIRECTION S"
IF ANGLE>56 AND ANGLE<=104 THEN LCDOU T $FE,$CO,
"DIRECTION SW*
IF ANGLE>9 AND ANGLE<=56 THEN LCDOU T $FE,$CO,
"DIRECTION W"
IF ANGLE>0 AND ANGLE<=9 THEN LCDOU T $FE,$CO,
"DIRECTION NwW"
IF ANGLE=0 THEN LCDOU T $FE,$CO,
"DIRECTION N*"

PULSE =0 'Clear pulse count



ENDIF
goto loop

disable 'Interrupt handler
ISR: if INTCON.1=1 then
pulse=pulse+1
INTCON.1=0 'Re-enable INT interrup
endif
if INTCON.2=1 THEN

cnt=cnt+1
if cnt<5000 then NOUPDATE
update =1
cnt=0
INTCON.2=0 ‘'Clear timer overflow f
ENDIF
NOUPDATE: INTCON.2=0 'Clear timer overflow f
resume '‘Return from interrupt
enable

END

lag
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