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Introduction

ezCircuit Designer (ezCD) is extremely simple to use to design microchip applications.
CoreChart (CC) is an industry strength graphical software developed to simplify the
programming of microchips. These leading edge ICT technologies provide the students an
opportunity to learn electronics in the context of science and mathematics studies.

On completion of this course, students will be ready to use ezCircuit Designer and
CoreChart to develop their own projects with the re-usable eLabl6m controller on the
eRacer 16m robot.

This course incorporates a number of cross-curriculum contents for different year levels
from junior to high schools. It also prepares the students for tertiary level learning in the
context of real life industrial applications.

Learning Outcome

This course provides students with an opportunity to gain knowledge and competency in
PIC microcontrollers. The students will build and program the eRacer 16m robot. They
will gain an understanding of mechanical construction, basic soldering, basic electronic
component recognition, electronic circuit construction and programming of the PIC
microcontroller which forms the brain of the eRacer 16m robot.

The students will appreciate the critical role of microchips in modern society.

Long term outcome

The aim of the eRacer 16m robotics course is to encourage schools, Tafe and Universities
to work together in a Robotics Peer Mentoring program which entails collaborative
projects with industry partners.

This widely acclaimed collaborative program is to spark student interest in Science,
Technology and industry sought after people and communication skills. It helps the
students to identify a pathway to study Science and Technology at Higher Education.

The Peer Mentoring program provides opportunity for Tafe and University engineering
students of all year levels in electronics, electrical, microelectronics, mechatronics,
computer systems, telecommunication and advanced manufacturing to work with teachers
and students in secondary schools.

Copyright & Disclaimer

Original material used in this publication is copy right to eLabtronics and the authors.
Permission to reproduce original material must be sought from eLabtronics.

eLabtronics reserves the right to make changes to the product described. The information
in this manual has been presented in good faith. eLabtronics and its contributing writers
accept no liability for any consequential loss, injury or damage resulting from any
omissions or errors which may occur. The specifications presented in this product are not
to be deemed as forming a contract either in full or in part.

Web site: www.elabtronics.com email: enquiries@elabtronics.com



Basic Soldering Workshop
The LEDFUN soldering workshop provides students with basic soldering experience and
component recognition.

The students will also learn to handle electronics components with caution which are
sensitive to excessive temperature, static electricity, polarity etc.

A poor solder joint, a damaged component due to incorrect component handling or a
simple error with component polarity could slow down the progress of the project because

it will be time consuming to identify the faults and correcting the errors.

Please ask if you are unsure!

Basic Soldering information

OHSW

1. Always wear safety glasses when cutting wires or soldering
2. Keep work area neat and tidy
3. Wash hands after soldering as solder contains lead and lead is poisonous

4. Any burn should immediately be put under cold running water for at least 10 minutes

Preparing to solder

1. Use an iron with a tip size 2/3 of the solder pad width
2. Wipe the tip clean on a wet solder sponge
3. Set the temperature to 350 Degrees

4. Bend the leads of the components to avoid stress fractures in the components See
Figure 1
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Figure 1: how to bend the component lead



5. Lead termination Figure 2
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Figure 2: lead termination

6. Semi-clenched see Figure 3
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Figure 3: semi-clenched solders

7. Obviously not all components can be semi-clenched, so leave these straight through.

Soldering a joint
1. Solder is commonly made from 60% tin and 40% lead

2. The object being soldered should be kept perfectly still until it has set

3. Ifajoint is being re-done use of flux (tree rosin) may be required as it helps the solder
flow better and spread over the pad rather than sit in a little ball.

4. Before soldering cut the leads at 1x Diameter of the pad

5. Place the iron so it is touching the pad and the lead



6. Put a small amount of solder on the iron between the pad and the lead, this forms a
heat bridge. Figure 4
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Figure 4: the heat bridge is highlighted

7. When the solder starts to flow, run it over the pad, then up to the tip of the lead to seal
the end

8. Figure 5. The joint should look like this when finished, it should have a convex and
shiny appearance

Figure 5: a good solder joint
9. A joint should only take 2-5 seconds to make, longer than that can damage the board
and the pad

De-soldering and removing components

1. To de-solder a component use of either a solder sucker, (ask for a demonstration),
solder wick, or copper braid and flux is required.

2. To use copper braid, put the copper braid on the joint.

3. Put the tip of the iron on the copper braid and the solder should be sucked into the
braid. Do not keep the heat on for more than 5 seconds as you could burn the board



Electrostatic discharge

The human body generates static electricity, sometimes without you noticing it e.g.
rubbing your feet on the carpet. Components can be damaged by static electricity. Try not
to handle chips and component boards unless grounded. By touching a large metal object
that is in direct contact with the ground helps. Hold parts and boards by the edges. It is
for this reason that computer parts arrive in special anti-static bags, anti-static mats,
sprays and wrist straps are also available.

Soldering Glossary

What is a Dry Joint?

A dry joint occurs when a joint is not properly soldered, thus creating a hollow space
around the component leg and the board. This will result in an unstable circuit because it
will often become an open circuit.

Re-solder the components and make sure the solder builds up a nice cone shape with no
holes in the middle. Always heat up the pad AND the lead before applying the solder.

Figure 6: Dry joints are shown in red

Wrong polarity on the Light Emitting Diodes LEDs

It is very important to have LEDs in the right way or else the LED will not turn on when
it should and vice versa. By convention, the longer leg is the positive leg. The shorter
negative leg should be on the side of the LED that has a flat edge.



Broken Tracks

A broken track or lifted track on the Printed Circuit Board causes problems. Normally this
occurs around the solder pads when too much heat is applied to remove the components.
Remove the solder on the joints as much as possible before removing the components.

Not the same type of LEDs

Besides the difference in colours, LEDs are different in many other ways, e.g. the current
rating, efficiency, size, appearance and more. Be sure to use LEDs with the same
characteristic to ensure an even flow of power.

Disconnected wires

This means that the wire is disconnected from the solder joint or the solder joint is broken.
This results in electricity not flowing to the required components. To avoid this, twist and
tin the wires before soldering them onto the PCB. Make sure there is enough solder to
cover the junction point.

Short Circuit

A Short Circuit occurs when the positive terminal is connected directly to the negative
terminal. Be sure to check all solder joints are not crossing over to nearby solder pads,
which may cause a short circuit and damage or “cook’” components.

Figure 7: short circuited joints



)

>labtronics

Innovative Control Solutions
Microchip Technology Inc (USA) Master Consultant

m

W

Ay

LEDFUN 8-in-1 Micro-controller Kit

Micro-controllers, or “computers on single chips”, play a crucial role in most industries such as defence,
telecommunication, food processing, bio-electronics, ICT, automotive and consumer products. Micro-
controllers form the brains of equipment and processes of industries. In late 2006, Microchip Technology
Inc (USA) manufactured its 5™ Billionth PIC micro-controller chip.

LEDFUN is a low cost electronic kit based on the PIC micro-controller. It is designed to introduce
electronics as a fun and exciting subject. After LEDFUN, CoreChart and ezCircuit Designer will take the
learning experience to a different level of excitement. These breakthrough technologies spark off creative
ideas to use electronics to solve problems in climate changes, pollution and the conservation of energy,
water and the environment. See www.elabtronics.com/energysave

The LEDFUN kit demonstrates some basic elements of practical electronics as well as some advanced
concepts.

Special care is taken to minimize problems for first time users in the recognition, placement and soldering
of components. Documentation is clear and informative.

LEDFUN Kit: 1 PCB 7cm x 3’ cm, tinned, solder masked and top component overlay.
Components: 7 Red LEDs, 6 Resistors, 1 Capacitor, 1 Diode, 1 Piezo Buzzer, 1 Push
Button Switch, 1 Battery Holder (3 x AA Batteries not supplied), 1 IC Socket-8 pin, 1 PIC
chip.

MODES (8 Modes are set according to Mode Table in the Instruction For Construction section)

MODE 1: Random LED selector. Randomly select one of 6 possible choices.

TO USE: 6 LEDs flash quickly with sound while the push button switch is pressed. On button release
only one LED lights up randomly.

USES: Make your own game e.g. every LED represents a move or a function on a board game.

MODE 2: Variable Chaser. 6 LED chaser with sound. Three LED patterns with variable speed.

Patterns:

1. Single LED Chaser — One LED chases another and then loops back to start.

2. Progressive — Each LED progressively lights up and stays on. When all LEDs light up the sequence
starts again.

3. Strobe — All LEDs flash on and off at the same time.

TO USE: To vary speed and pattern press switch and hold. The first pattern will start slow and go faster
and faster until the pattern changes. Release switch to maintain a speed and pattern.

MODE 3: Binary Counter with Alarm. Count time can be set between 1 — 64 seconds.

TO USE: To set the count time press switch and hold. The Binary Counter will continue counting up to a
maximum of 64 seconds. When the desired count time is reached, release the switch. Press and release the
switch and the Binary Counter will count down. When the count reaches zero, an alarm siren is set off and
the LEDs will flash for 5 seconds.

USES: The Binary Counter can be used as a timer, a door bell, a security alarm or use in “pass the parcel”
party games.



MODE 4: Reaction Game — Climb the 6 LED Ladder to test your reaction time.

TO USE: When you hear a “click” and an LED turns on, press the button quickly to keep the LED on.
The next LED up the Ladder will turn on and you must press the button quickly again to keep it on as well
—until you get to the top. Then all the LEDs will flash and the buzzer will sound. Next the first LED will
start to light again but this time your reaction will have to be faster. How many levels can you reach?
Have Fun!

MODE S5: Blinking Face — 7 LED face smiles & blinks randomly. It reacts if the switch is pressed.

TO USE: Watch face winks and smiles. Press button to make buzzer sound and face smile. USES: Make
into a stunning pendant, broach or use as a face on a robot or a doll. You could even use it as an
interesting night light for the baby.

MODE 6: Doorbell or Alarm — All LEDs are off until button is pressed. A face with 7 LEDs blinks &
smiles. Siren sounds. Makes an interesting door bell — even for deaf people. It could be used as a “Smiley
face” Alarm.

TO USE: When the switch is pressed, Smiley face alerts you to someone at the door and sounds the alarm.

MODE 7: Memory / Sequence Game — Remember and repeat a sequence of tones.

TO USE: Press and release button to start. The buzzer creates a series of high and low tones. The
challenge is to remember and repeat the tones. The high tone is generated by pressing the button for a
short duration and the low tone with a longer duration. When you have the correct sequence the face
smiles and the buzzer plays a tune. The sequences get longer and harder.

MODE 8: Electronic Dice using 7 LEDs.
TO USE: To start press the push button switch. The dice “spins” randomly until the button is released.
The number of LEDs that light up is the result of the “spin”.

INSTRUCTION FOR CONSTRUCTION: MODE TABLE

Solder 270 Ohm Resistors to R1, R5 & R6. MODE 270 Ohm LEDs

Solder 270 Ohm Resistors as per Mode Table. 1 none L1to L6

A. Solder Diode to D1. Note polarity. 2 R4 Only L1to L6

B. Solder Capacitor to C1 (any direction for 3 R3Only L1to L6
monolithic capacitor). 4 R3&R4 L1to L6

C. Solder 8 pin DIL IC Socket to IC1. Align the 5 R2 Only L2,1.4,L.8 to L12
notches on IC socket and on the PCB label. 6 R2 & R4 L2,L4,L8 to L12
(To anchor IC socket in the PCB, bend the 4 7 R2 & R3 L2,L4,L8 to L12
corner pins. Do not cut pins). 8 R2,R3& R4 L2toL4,L7,L.9to L11

D. Solder Red LEDs as per MODE TABLE. Note

polarity, the short leg is negative and is inserted in hole next to the flat edge. Mount the LEDs 5 or 6

mm off the board.

Solder battery holder wires to BAT on PCB. Note polarity, +ve (red wire) and —ve (black wire).

Cut the red and black wires in two halves for the piezo buzzer and the push button switch. Strip the

ends to about 3mm & twist each end tightly.

Solder the red wire to the middle silver section of the piezo buzzer metal disc — the black wire to the

outer golden section of the disc. Solder the other ends of the wires to B1 on the PCB.

Solder wires onto the switch terminals and the other ends to S1 on the PCB (any direction).

Insert pre-programmed PIC12C508 IC into DIL IC Socket. Align the notch on the IC with the notch

on the IC socket.

J. Insert 3 x AA Batteries (not supplied) in the battery holder. Note polarity. Test the mode you have
selected for the LEDFUN. If you have a problem, please check the construction. More LEDFUN
information is available on eLabtronics web site under “Resources / Downloads™.

mm

—E 0

eLabtronics: 51 Byron Place, Adelaide, South Australia, 5000 Tel: (08) 8231-5966 Fax: (08) 8231-5266

Email: enquiries@elabtronics.com http://www.elabtronics.com

-10 -



eRacer 16m Mechanical Construction Manual

Tools required

A small bench vice, a small cross-head (Philips) screw driver and a pair of small long-
nose pliers.

Important Note

It is important to go through each task step by step in a sequential manner. Further
information is available in the eRacer 16m robot CD.

Four plastic wheels assembly

Note that some of the components may be stored inside the battery compartment while
others are in a compartmentalized plastic bag. Take each component out only when it is
needed as there are a number of small parts which could go missing. Keep the work
surface tidy and uncluttered at all times. Follow the instructions sequentially and examine
the diagrams carefully to avoid mistakes or breakage.

Screw Typ

a5
| — N |

10mm lang
\_| Smm long

P, Smm counter sunk head

kY | 4mm long self-tapping

e

=
L

Al
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1. Fit the metal ‘L’ shaped bracket onto the wheel mount using a 4mm self-tapping

SCrew.

S5mm I—\ﬁ
1; !
L shaped bracket g

Wheel mount

Wheel
4mm self-tapping

Wheel hub

(@) (b)

Figure 8 (a) and (b): The small wheel construction and the completed wheel.

2. Put the wheel hub through the wheel and align carefully the wheel mount notch
with the wheel hub notch as shown in Figure 8(a). Fit together with a 5 mm

SCrew.

3. Assemble the remaining three small wheels the same way as above.

4. Fit the four assembled wheels to the eRacer 16m base with the wheels facing

outside as shown in Figure 9.

-12-



Battery Contacts Assembly

Important note: If the battery contacts come assembled check that these are fitted
on the left side as shown in Figure 9. The two double contacts are on the left when
the base is positioned as shown in Figure 9. If not, carefully take out all the battery
contacts and change them over as shown.

5. Position the eRacer 16m base upside down in the orientation shown in Figure 9
below (the side with the two notches is the front!). Open the battery

compartment cover by sliding it. The cover is not detachable!

Gear Cover

4 x 10mm

4mm
self-

tapping

Smm

Right

Small Wheel Assembly

Figure 9: the eRacer 16m mechanical base
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6. Ensure each of the double battery contacts are inserted into the grooves on the
Left of the eRacer 16m as shown.

Insert the four single battery contacts on the RIGHT of the eRacer 16m battery
compartment (not visible in the diagram) in the right order. Check that the two

contacts without the spring are lined up with the ‘+° battery terminals marked on

the battery compartment.

Main Wheel Assembly

Rubber Ring

Main Wheel

/

Q|IIIII|»

Nylon gear
b
@) (b)

Figure 10 (a) and (b): show the main wheel assembly.

8. Mount the rubber ring onto each of the two main wheels if they are not already
assembled.

9. Assemble the main wheel according to steps a) b) ¢) and d) on the next page.

- 14 -



Main wheels assembly
(a), (b), (c), & (d) show the steps for the main wheel assembly.

/—| Grommet
. 02x22 Shaft |_/

l l Nylon
Gear
(a) Insert the grommet into the wheel first -

to avoid cracking it. i

(b) Slide the shaft into the nylon gear.

| | |
}_/ IIIII||II||II|I

(d) Push the nylon gear down the shaft so
(¢) Using the gear to stand the shaft that the flat side is 4mm from the end of
up, slide the wheel onto the shaft. the shaft.

i

Completed
Main Wheel
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10.

11.

12.

Note: Push the grommet onto the main wheel first and not the shaft so that it is
easier to fit the grommet to the shaft next. (Make sure it is the correct side of the
wheel). Use a small bench vice or hammer to gently fit the shaft (already
mounted with nylon gear) into the grommet in the main wheel. The outer edge of

the grommet should line up with the end of the shaft — Refer to Figure 10 (b).

Place each wheel into position and fit the gear covers with the 10mm screws.
The “bulging” on the gear covers has to face each other (see Figure 9). (Note

that there is a left and right hand gear cover).

Solder a blue (or green) wire between Tag 2 and Tag 3 of the Battery Tags (see
Figure 16 Top View of eRacer 16m Base in the Motor and gear test section).

Note: It is difficult to solder this wire after the Motors are mounted.

Motor Assembly

13.

14.

15.

Note: Skip 13 and 14 if the terminal wires are already soldered onto the motors.

Put in short lengths of heat shrink over the Black and Red wires that come with a
white two way connector. Solder the Red and Black wires to the each of the

motor terminal tabs (see Figure 11a and 11b).

Cover each of the motor terminal connections with the heat shrink and gently
apply heat by rubbing the soldering iron tip over the heat shrink. This will
secure the terminals and prevent movement that may cause the wire to break off

from the motor.

Push the nylon worm gear gently onto the motor shaft so that about 3 to 5 mm of

the shaft is visible between the motor and the worm gear.

F

Figure 11a Figure 11b
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Insert the motors into respective sockets with
the black and red wires facing inward. Secure
the motors down with the motor brace. Fasten
with the 10mm screws as shown below.

Ensure there is no gap between the motor
brace and the eRacer 16m base before
securing it with the screws. Some force may
be required to squeeze the two together. If
there is a gap, the motor will not sit on its
place correctly and therefore will not turn the
main wheel.

2 X 10mm

Figure 12: attaching the motors

Note: Lubricate the gears with a tiny drop of sewing or similar machine oil on the
worm gear. This will increase the speed of the eRacer 16m and prolong the life span of
the gear. As a result the batteries may last longer.

-17 -



d

Figure 13: Views of completed
mechanical base for
eRacer 16m

On completion of the eRacer 16m mechanical construction it is
important to check that the mechanical parts are functioning properly.
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Quality Control check list

The four small plastic wheels

O The wheel hub and the wheel mount are screwed firmly and the wheel does not
wobble too much.

0O The L-shaped metal bracket is screwed firmly holding the small wheels onto the
eRacer 16m board. Do not over tighten as this may damage the parts.

U Each wheel can rotate freely. If not check that the wheel mount and the wheel
hub is fitted correctly as shown in Figure 10.

Battery Contacts

O Battery cover can be closed and opened without any obstruction.
O The two double battery contacts are placed correctly.

U The four single battery contacts are placed correctly.
Main Wheels

O Both wheels have the rubber rings on.
U The flat side of the nylon gear is about 4.5 mm from the end of the shaft.

The end of the shaft is aligned with the outer surface of the wheel.

a

U The gap between the outer side of gear cover and the wheel should be about the
same for each side. This allows the eRacer 16m can travel in a straight line.

a

The gear covers are screwed on firmly.
Motor

O The motor brace is fastened and there is no gap between the brace and the
eRacer 16m base.

O There is a gap of about 3mm between the worm gear and the motor.

Functionality test

Motor and gear tests
Insert 4 new AA batteries carefully (check direction) into the battery compartment.

-19-



Figure 14a Figure 14b

Insert a two pin header into the three way white battery connector socket lining up the
pins with the wires (Figure 14a / 14b). Connect the battery connector socket with the
two pin header onto the two way white motor socket (Figure 15). The motor under test
should turn. Note the direction.

Disconnect and reverse the connection between the battery connector socket and the
same motor socket. The same motor should turn in reverse direction.

Repeat the test for the other motor and note the motor turns smoothly in both directions.
Ensure no wires are near the wheels of the eRacer 16m.

Figure 15: eRacer 16m mechanical base with motors installed
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The eRacer_16m
sensors PCB is on
this end of the robot

Figure 16: Top View of the eRacer 16m Base

Final check

U Both wheels are checked to rotate smoothly in both directions. If not check that
the batteries are inserted correctly. If possible measure the voltage across the
motor leads (with a digital multi-meter) and this should be around 6 volts.

U Put a tiny drop of oil to the worm gear if this is not done already. If a wheel is
still not rotating try loosening its motor brace. If this still does not work the
motor may have to be replaced.

O To ensure the gears are working properly there should be no “crunchy” noise
when the wheels are turning. If there is a crunchy noise check the gap between
the gear and the motor. Adjust this until the noise disappears.

0 Check that both the wheels are rotating at about the same speed.
If not check that each worm gear has a 3 mm gap. If the gap is correct then try
loosening the motor brace a little bit. If the wheels are still not turning at about
the same speed you may have to replace the motor.

If the wheels are turning properly the mechanical section of the eRacer_16m is
now completed. Remove the test leads and proceed to the electronic section.
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Component Identification

,:/
l Ceramic Capacitors
< RESISTOR

H = 1nF

Black Stripe
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== NIODE
LED
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\
Positive
) Piezo Buzzer \ 10 Pin ]
(Do not remove 2\ \ ) Programming
. sticker) R Header
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eRacer 16m Electronics Construction Manual

Introduction

This section is divided into three parts. Each part consists of soldering in components,
quality check and functional test. These steps ensure that the components are fitted
correctly and working properly.

At this stage it is assumed that:

e You have completed the eRacer 16m Mechanical Construction Manual and the
eRacer 16m mechanical base is functioning properly.

e You have also completed a LEDFUN soldering workshop and that you are
confident to solder electronic components onto a printed circuit board (PCB).

* You have knowledge on some basic electronics components (such as resistors,
capacitors, LEDs etc.) or your teacher / mentor / friend will provide guidance in
identifying their basic functions as you proceed through this module.

The eLab16m controller on the eRacer 16m is re-usable for other applications. The
eLab16m has been used in Water Saving Projects, digital clocks, electronic counters,

robotics competition timer, large 7 segment displays etc.

So do a good job with your eRacer 16m — be proud of the quality of your work and
most importantly, HAVE FUN!

Further information on this section is available in the CD provided. Make sure you go
through each task step by step and always double-check your work.

Note:
DO NOT OPEN ALL THE COMPONENT PACKS.
The component pack is separated into 5 parts.

Only open the part of component pack when you need to.

_23-



Part1 Solder components

Note: Components such as transistor, buzzer and electrolytic capacitor are temperature
sensitive and can be damaged if over heated. Some electronic components are polarity
sensitive. Refer to Basic Soldering Workshop.

Open the first section of the component pack.

Solder in the Links
1. Solder tinned Link wires into LINK1 and LINK2. Note: LINK1 is located next
to R4 and LINK2 next to R10.

Solder in the resistors
2. 10kQ (brown, black, black, red, brown) into R1.

3. 390Q) (orange, white, black, black, brown,) into R2, R6, R7, R8, R9.

Note: If you have trouble identifying the resistors, use a digital multi-meter
(DMM) to confirm the values.

Solder in the Transistor

4. BC337 Transistor (Bend the middle leg slightly towards the curved surface of
the transistor.) into Q1. Leave about 3mm of lead between the transistor and the
board.

Solder in the capacitors
5. 100nF (104) ceramic capacitors into C5.

Solder in the Piezo Buzzer

6. Solder in the round black Piezo Buzzer into Buzzer label on PCB. (Note
direction: the ‘+’ long lead must line up with “+’ on the board). Do not peel off
the white plastic cover from the buzzer.

Solder in the red LEDs

7. Insert two red LEDs into LED1 and LED2. (Note polarity of LED: Flat side of
LED or the shorter leg is negative.) These should not be confused with the super
bright Green LED with the clear lens or an InfraRed IR LED which is “bluish”.

8. Solder the two red LEDs in LED1 and LED?2.

Solder in the lower line tracking LEDs

9. Place a small piece of masking tape on the top of the PCB covering the 8 holes
corresponding to LED4, LEDS, LDR1 and LDR2.
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Figure 17: Grey area shows masking tape to hold LEDs and LDRs for soldering

10. Prepare heat shrinks to the length of the shorter Red LEDS leg. Insert the heat
shrinks into the longer positive legs of the Red LEDS5 and the clear lens Green
LEDA4. Insert both LEDs into the corresponding PCB holes with the longer legs
piercing through and the shorter legs just piecing the masking tape on the PCB.
The masking tape will hold the LEDs in place.

11. Check that the flat edge of LEDs matches up with the LED labels on the PCB.
12. Solder the LEDs to the PCB as shown. Cut off the excessive LED legs

protruding from the PCB. (Leave the masking tape until the LDRs are soldered
on to the PCB).

Figure 18: Soldering the LEDs

Solder in the 10 pin male IDC shrouded header

13. Solder the 10-pin shrouded header into ‘10PIN’ on the PCB. Make sure the
header shroud ‘slot’ matches the ‘slot’ or white line marked on the PCB.

_25.-



Quality Control Check list for Part I

Checked by:
Date of check:
Components O 100nF (104) capacitor in C5
U 10kQ resistors (brown, black, 0 c ¢ loads cut ¢
black, red, brown) in R1 omponent Icads cut to approx

0 390Q resistor (orange, white, 3mm from solder joint

black, black, brown) in R2, R6,
R7,R8, R9
U Tinned Link wire in LINK1 and
LINK2
O Bright Red LEDs in LEDI,
LED2 and LED5
U Bright Green LED (clear to
green) in LED4
0 10 pin Male IDC header
(shrouded) in 10PIN
O BC337 Transistor in Q1 (next to
R2)
O Black Round Piezo buzzer in
“Buzzer”
O Correct polarity
U White plastic tag still in
place.

Quality Inspection
U No overheating / dry joints

U 10 pin header in 10 Pin

Insert the batteries the right way round and leave them in the battery compartment for
the rest of the course. Make sure the battery power is switched on (using the ON / OFF
sliding switch) before you do any testing.

Switch off the battery power as soon as each test is completed.
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Functionality test

You will need a digital multi-meter (DMM). Set it to DC voltage measurement.

NOTE: IF THE PIC16F819 CHIP IS IN THE eLabl6m CONTROLLER BOARD
THEN ASK YOUR TEACHER OR MENTOR TO REMOVE IT!!!

O IC1 is the 18-pin PICI16F819 chip on the eLablém board. Remove the
PIC16F819 chip in order to perform the next tests. Connect the eRacer 16m
board to the eLabl6ém board using the 10 pin ribbon connector (Refer to
Figure 21)

U Place the DMM probes across pin 5 and pin 14 of IC1 socket with the positive
red probe of DMM on pin 14. The reading should be around 5.5 volts.

U Short pin 14 and pin 17 LED1 should light up.
QO Short pin 14 and pin 18 LED2 should light up
U Short pin 14 and pin 3 LED4 should light up

U Short pin 14 and pin 13 LEDS5 and the small yellow LED on the eLab16m
control board should light up

U Short pin 14 and pin 1 Buzzer should sound.

Remove the ribbon connectors before going on to the next stage.

E@T
L |
s | c1 Bl 14
9 10

CON1
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Part 11

Open the second section of the component pack

Solder in the resistors
14. 33kQ (orange, orange, black, red, brown) into R3, R15.

Solder in the capacitors
15. 10nF (103) ceramic capacitors into C1 and C2

Solder in the 16 pin male IDC shrouded header
16. Solder the 16-pin shrouded header into ‘16PIN’ on the PCB. If there is a black
line on the 16PIN label, match the shroud ‘slot” with the black line. If the black
line is not present, match the shroud ‘slot’ with the white line. The shroud ‘slot’
should face towards Infrared Transmitter marked IRT on the PCB.

Solder in the 2 pin male IDC shrouded header

17. Solder the 2-pin shrouded header into ‘Left’ and ‘Right’ labels on the PCB.
Make sure the header shroud ‘slot’ faces towards the edge of the PCB.

Solder in the LDRSs (Light Dependent Resistors)

18. Insert heat shrinks the same lengths as the LEDs into one leg of the two LDRs.
Insert both LDRs into the corresponding PCB holes with the legs piercing
through masking tape on the PCB. Adjust the height to about the LEDs height.
The masking tape will hold the LDRs in place.

19. Solder the LDRs to the board. Use a
larger heat shrink to cover the body of
— each of the LDRs but leave the sensor
+— ends uncovered. The large heat shrink
must not be shrunk too tight so that it
can be adjusted up and down the LDRs.

— — —
— +— —

20. If necessary apply hot glue to the legs of
LDRs and super bright LEDs to
strengthen the connections as shown
below.

Figure 19: front view of the eRacer 16m with the LEDs and LDRs in place.
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Quality Control Check list for Part 11

Checked by:
Date of check:

Components

0 33kQ resistors (orange, orange,
black, red, brown) in R3 and R15

U 10nF capacitors in C1 and C2

O Light Dependent Resistor (LDR)
in LDR1, LDR2

O 16 pin male IDC header
(shrouded) in 16PIN

U 2 pin male IDC header in “Left”
and “Right”.

Quality Inspection
U 16 pin male IDC header (shrouded)
in 16PIN
O  Long length pins facing
Upwards (unsoldered)

O Open end of the header facing
towards IRT

U LDR in LDR1 and LDR2

O Both LDRs on bottom side
of PCB

U Thin heatshrink (Imm, 2cm)
on one leg of both LDRs

O Thick heatshrink(5Smm, 2cm)
on each LDR to allow light
to enter only through their
ends

O LDR legs not tangled up

U 2 pin male IDC header in “Left”

and “Right”.
O  Long length pins facing
Upwards (unsoldered)

O Open end of the headers
facing towards nearest edge of
the board
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Functionality test
Slide the switch to “ON” position for this test.

You will also need to connect the eRacer 16m board to the eLabl6m board using the
10pin and 16pin ribbon connectors (Refer to Figure 21)

Q

Put a short wire across pin 4 and 1 of IC1 socket. Sound will emit from Buzzer
when push button is not pressed. Sound will cease when push button is
pressed.

Place a short wire across pin 2 and 1 of IC1 socket. Sound will emit from
Buzzer when LDR?2 is facing a light source like the ceiling light. Sound will
cease when LDR?2 is covered (place finger on LDR2 lens).

Place a short wire across pin 12 and 1 of IC1 socket. Sound will emit from
Buzzer when LDR1 is facing a light source like the ceiling light. Sound will
cease when LDRI is covered (place finger on LDR1 lens).
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Part I11

Solder in the resistors
21. 10Q (brown, black, black, gold, brown) into R4.

22. 220Q (red, red, black, black, brown) into R13

23. 4.7k (yellow, violet, black, brown, brown) into R5 and R12
24. 2.2kQ (red, red, black, brown, brown) into R11

25. 10k (brown, black, black, red, brown) into R10 and R14

Note: If you have trouble identifying the resistors, use a digital multi-meter (DMM)
to confirm the values.

Solder in the IN4148 diodes
26. There are 5 diodes

a. 3 1N4148 signal diodes (glass capsule with a black stripe)
b. 1 Zener diode (glass capsule with a white stripe)
c. 1 IN5819 diode (bigger black capsule with a grey stripe)

Solder the IN4148 signal diode into D1, D2, and D3 only after making sure
it is in the right direction. (Make sure the black stripe on the diode matches
the white strip marking on the board). Note: The smaller diode may be in
the second section of parts. Do not open the whole section - remove only the
diode.

Solder in the Zener diode
27. Solder the Zener diode in D4. Match the white stripe on the Zener with the PCB.

Solder in the 1N5819 diode
28. Solder the diode in D5. Match the grey stripe on the diode with the PCB.

Solder in the IC socket
29. Solder the 8-pin IC socket in IC1. Match the socket notch with the PCB near L1.

Solder in the Radial Inductor

30. The Radial Inductor looks like an Electrolytic Capacitor. It has a black rubber
cover. Solder the Radial Inductor (1/2 amp 100puH) in L1. Note: The Radial
inductor does not have polarity. It can be mounted in any direction you choose.
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Solder in the capacitors

Electrolytic Capacitors are the large “drink can” looking components while the
Monolithic Capacitors are flat and yellow in colour. The values of both the
Electrolytic and Monolithic Capacitors may be found on the components itself.

31. Solder the (330uF/25V) Electrolytic Capacitor into C3. Note polarity.
32. Solder the (100uF/25V) Electrolytic Capacitor into C4. Note polarity.

33. Solder the (100nF) Monolithic Capacitor (104) in value to C7
34. Solder the (1nF) Monolithic Capacitor (102) in value to C8

Solder in the Transistor

35. BC337 Transistor (Bend the middle leg slightly towards the curved surface of
the transistor.) into Q2. Note: Q2 is located in between R13 and C7.

Solder in the Infrared IR Transmitter and Receiver

36. Solder the Infrared Transmitter LED (tinted blue LED) into IRT. The longer leg
is positive. Line up the flat edge of LED lens with the IRT label. Leave the leads
at least 10mm long and bend it forward as shown.

eRac .clem .

onics.c

Infrared
Receiver

Infrared
Transmitter

Figure 20

37. Insert a 3cm length heat shrink into the IR LED. Leave about 3 mm over the top
of the IR LED. This will ensure light only comes out from the exposed end. Use
the soldering iron to carefully heat the heat shrink around the IR LED legs.

38. Solder the 3-pin IR Receiver (the component in a metal casing) into IRR. Make
sure the IRR receiver faces towards the nearest edge on the board.
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Insert the Timer IC
39. Insert the 8 pin Timer IC into the 8-pin IC socket. Check direction is correct.

Mount the completed PCB onto the eRacer_16m robot

40. Use the 4 small screws to tighten and secure the eRacer 16m PCB board onto
the eRacer 16m Robot.

Connect the Ribbon Connectors
41. The eLabl6m controller board and eRacer 16m board are connected by the 16
pin and 10 pin ribbon connectors. The connection for the 10 pin ribbon
connector is straight forward. Follow the steps carefully with the 16 pin
connector described below.

Ensure the 16 pin (2 rows of 8 pins) ribbon connector is connected to the 2 rows
of the 24 pins (3 rows of 8 pins) header pins closest to the two IC chips on the
eLabl6m board.

o

SN

r,

B
g
2

(0]
A
(o]
o)
2

Figure 21
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Quality Control Check list for Part 111

Checked by:
Date of check:

Components

O 10Q resistor (brown, black,
black, gold, brown) in R4

O 220Q resistor (red, red, black,
black, brown ) in R13

O 4.7kQ resistor (yellow, violet,
black, brown, brown) in RS

O 2.2kQ resistor (red, red, black,
brown, brown) in R11

O 4.7kQ resistor (yellow, violet,
black, brown, brown) in R12

O 10kQ resistor (brown, black,
black, red, brown) in R10 and
R14

O 100nF (104) capacitor in C7

QO 1nF (102) capacitor in C8

0 1N4148 diodes in D1, D2, D3

O 4.7V/200mA zener diode in D4

O 1N5819 diode in D5

O BC337 Transistor in Q2

O 8-pin IC Socket into IC1

O Timer IC is inserted into the 8-
pin IC Socket

O IR LED (blue tint) in IRT

U Flat side of IR LED lined
up with IRT symbol on
PCB

O IR LED facing off the edge
of PCB

U Heatshrink placed over IR
LED, allowing only light
to escape out the end

O IR LED legs not tangled up

Quality Inspection
O No overheating / dry joints

U IR sensor in IRR

O IR sensor facing the nearest
PCB edge



Functionality test

U Remove the PIC16F819 chip if it is in the IC socket in order to do the next tests.

O Ensure that the left motor leads are connected to “Left” on the eRacer 16m
board.

U The left motor 2-pin female connector fits snugly into the “Left” 2-pin
male shrouded header.

O Ensure that the right motor leads are connected to “Right” on the eRacer 16m
board.

U The right motor 2-pin female connector fits snugly into the “Right” 2-pin
male shrouded header.

U Short pin 14 and pin 16. Left motor turns clockwise

O Short pin 14 and pin 15. Right motor turns clockwise

QO Short pin 14 and pin10. Left motor turns anti-clockwise
U Short pin 14 and pin 11. Right motor turns anti-clockwise

Q) Ifall tests are satisfactory then insert the rest of the PCB mounting screws and

tighten.
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Software Workshop Part 1- ezCircuit Designer
Introduction

Having built and functional tested the eRacer 16m robot it is useful to show how
ezCircuit Designer is used to design the electronic control circuits of the robot.

ezCircuit Designer also generates a number of important design documents such as a
schematic diagram of the circuits, a part list, a test procedure for the circuits, a
CoreChart test program to test the output circuits.

The schematic file can be exported to a PCB program such as Proteus.

The CoreChart test program forms the template of the control program for the user to
program the eRacer_16m robot.

A critical function of ezCircuit Designer is that it automatically generates the
microcontroller configuration settings. This is done when the user connects the Input
and Output circuits to the PIC microcontroller. The microcontroller configuration
settings form an important of the CoreChart test program.

CoreChart is an intuitive microcontroller programming language for the PIC
microcontroller. The PIC chip controls the eRacer 16m robot.

Important features of the PIC microcontroller:

Before using ezCircuit Designer it is important to understand some key features of the
PIC microcontroller e.g. Port Structures and how these Ports are configured.

A PIC microcontroller is a small stand-alone computer system designed for the purpose
of control whereas a personal computer (PC) is primarily designed to process large
amounts of data quickly. The PIC chip has all of the components on a single chip, such
as CPU, RAM, ROM, inputs and outputs.

A typical Microcontroller system A simplified Personal Computer system

({:R\O_m PROGRAM
—
ap
il T —

CENTRAL CENTRAL —
PROCESSOR OUTPUTS <
UNIT F 3;
cPU) ﬁ :
=<

INPUTS PROCESSOR | OUTPUTS »
UNIT Y
CRYSTAL CRYSTAL é

Note the similarity of a microcontroller and personal computer system
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Introduction to Port Structure of the eRacer_16m Robot

The PIC16F819 chip on the eRacer 16m robot has 2 Ports or independent work areas,
namely Port A and Port B. Each of the 2 ports has 8 pins. Each of these pins can be set
as an input circuit e.g. power source, switch or an output circuit e.g. buzzer, motor etc.

The pin configuration for the eRacer 16m is automatically generated by ezCircuit
Designer as shown in the Table of Port Operation below.

ortBit/Control unction

B 0 | (notused)

B 1 |(notused)

B 2 IR Receiver Input
B 3 IR LED Transmitter Output
B 4 |Left Motor Forward Output
B 5 |Right Motor Reverse Output
B 6 |[LDRI1 Input
B |7 |LED5 Output
A 0 [RED LEDI Output
A |l |REDLED2 Output
A 2 |Buzzer Output
A 3 |LDR2 Input
A @4 |LED4 Output
A |5 [Push Button Input
A |6 Right Motor Forward Output
A |7 |Left Motor Reverse Output

Table of Port Operation for eRacer 16m
You can take a look at the chip configuration but do not change any settings!

In CoreChart, double click on the START icon and a chip configuration window will
pop up (see below). Note the directions of the arrows are consistent with the Table. The
outward arrows are for Outputs and inward arrows for Inputs. Click the Ok button to
close the chip configuration window. Warning: DO NOT CHANGE ANY SETTINGS!

PIC16F819 Chip Configuration

(

RA2/AN2NVREF- —=[]*1 180 — RA1/AN1
RA3/AN3/VREF+ —=[] 2 o 17— RADIANO
RA4/AN4/TOCKI -—[ 3 & 16[-— RA7/OSC1/CLKI
RAS/MCLR/VPP —=[ 4 o 15[0<-— RAB/OSC2/CLKO

Vss—=[15 & 14[J=— VDD
RBO/INT -—[]6 % 130—~ RB7/T10SI/PGD
RB1/SDI/SDA -—[ 7 6 12— RBG@OSOITW CKIlPGC
RB2/SDO/CCP1 —=[ 8 @ 11— RB5/SS
RB3/CCP1/PGM -—[ 9 100 — RB4/SCK/SCL
Configuration File ¥1.0.22
- CONFIG OPTION
FOSC2/FOSCO ¢ IntRCI/D [ wore [¥CPD CPso [ Psa [ INTEDG
©EXTOLR © nRCClkouT . PWRTE gwgﬁ P51 [/T0SE [ AEFD
G HS  CERID ,': QDE;EE I¥ DEBUG || I"|Ps2 [~ TOCS
CIXT CILP COERCLKOUT [ VP 'E EEFW e T |

PIC16F819 chip configuration generated by ezCircuit Designer
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Practical 1
Using ezCircuit Designer to design the input / output circuits of the eRacer 16m robot

Open ezCircuit Designer. Select “New Project”

% ezCircuit Designer

& B

Circuit Groups

\f‘ ) - onics

- & Control Solutions

—-—— fuit Designer
New Project Existing Project 1on 1.04.2
baht 2007
5 predto: Edmunc
i
Hink

open or create a new project

A new window will pop up.

Save the project name as “eRacer 16m”

File Edit Options Documentation Help

DEEHS x 3% s« mBRBFHEO o Main "

Circuit Groups

S B Prosc Y - =

Project

MName: eRacer 16m

Location : - C:\Program Files‘zzCircuit

Related Documents

[7] Project Specfication |

[T Project Management | ‘ | Browse |

Innovative Control Solulions
J ezCircuit Designer

[] Project Design | | [ Bowe |

Version 1.0.5.0
Copyright 2008
Trial Days Left: 1

78 start adding & circuit, click on a Circuit
Group button,

To view a dreuit's diagram; double-dick on
that dreuit's block.

To move a connection; drag the label to a new
pin.
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Click on the Chip selection button shown circled in blue.

File Edit Options Documentation Help

DEE3 « vit|lef mERBoR B @
; R -

L. THRE

@H l l -
Innovative Confrol Solutions

ezCircuit Designer

Version1.0.50
Copyright 2008
Trial Days Left: 1

A new window pops up, select PIC16F819 and click “OK”

File Edit Options Documentation Help

DEES |y

PIC12F629

PIC12F673

PICI6FB44
PIC16F877

il ovailve Conirol Selulions
] e ZzCircuit Designer

Version 1.0.5.0

Copyright 2008
Trial Days Left: 1
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Another window will come up with a warning message about the effects of changing the
chip. Click “OK”.

File Edit Options Documentation Help
DEHS|r s |los «Bw BoEB E@

£y

Power Supply 1 1 Changing chips could lead to connected circuit loss
= S And Loss of oscillator settings.
Do you wish to centinue?

.

At this stage the screen should look like this

File Edit Options Documentstion Help
DEHS |k :m’.a‘rlmlﬂal

2@

[Fower Suppiy 1]

E Innevative Confrel Solulions

ezCircuit Designer

Version1.050
ight 2008
Trial Days Left: 1
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You are now ready to design a new ezCircuit Designer project with the selected chip.
The next step is to connect input and output circuits to the chip.
The selected chip and connections are shown on the left of the screen.

The smaller window on the top right is called the “Circuit Groups” window. Input and
output circuits are selected from this window for connection to the chip.

Notel: When a circuit in the Circuit Groups window is selected by a click, all the
possible connection points on the chip turn green. For example, click on a LED circuit,
all the connection points will turn green except A5 (Pin 4) and VSS and VDD.

Note2: By ‘hovering’ the cursor over a circuit in the Circuit Groups window, the circuit
name and function will appear. This will help to identify a circuit.

The objective here is to build the circuit displayed in the figure below.

File Edit Options Documentation Help
DEHS x v®8 ¢« | wAWHBEIE@ Main @

Circuit Groups

Lall B3 ead [

(1D
A2 A1EE ‘;’H@H‘@

1
A3 AD LED1
LED4 v AT [ J— LeftRev ARR <
1|45 AG |5 — RightFor -+ b P
Power Supply 1 Vss vDD[E Fower Supply 1 e Jabtronics
Innovative Confrol Sclutions
[E]Bo B7[= LEDS J ezCircuit Designer
&1 B6 [T | e— LDR1
Version 1.0.5.0
7162 B5 [T j— RightRev Copyright 2008
7163 B4 [0 e LeftFor Trial Days Left: 1
PIC16F819

Hint

To view or edit the circuit; double dick on the
dreuit block.

To remove the selected crcuit from the
system, press 'Delete’ on the keyboard.

To move a connection; drag the label to a new
pin
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Click on the LED in the Circuit Groups window. Select Active HIGH in the Circuits
window.

| ah16m - ezCircuit Designer

= WS | s | asw [ e | J NN
Ml E]
12
® e

Circuits

TR pae LW
Cannections
LED
PIC16F819
Hink

Choose the bype of Circuit wou wish to add by
clicking in the: circuits box

Click on an green pin to select a connection far
the circuit,

Light green pins are recommended pins, while

the dark green are compatible pins.

Click on A1 (Pin 18) to connect the LED to Pin 18.
ezCircuit Designer assigns a name to the LED. The circuit can be renamed later.

Repeat this step to connect LEDs to A0 (Pin 17), B7 (Pin 13), and A4 (Pin 3)

File Edit Options Documentation Help
DEHS @4 Bl YD @ Main -

Circuit Groups

IR0

A2 A1 LED18 J
A3 A0 TED1T ' 4}

n

]
e2 [ 07 ]
LED3 . £ [ A7[E] ad
[as A= .
e Jabtronics
Power Supply 1 W85 VDDPH Power Supply 1 .
Innovative Control Solufions
=80 B7 LED13 J ezCircuit Designer
[T]s1 B6 [iZ] .
Version 1.0.50
[E]B2 Bs Copyright 2008
a3 = | Trial Days Left: 1
PIC16F819 ;
Hint
To start adding a dircuit, dick on a Circuit
Group button,
To view a circuit's diagram; double-dlick on
that dircuit's block.
To move a connection; drag the label to a new
pin.
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Click on the buzzer in the Circuit Groups window.

File Edit Options Documentation Help

IEHdES e 38| ¢v | wBRBFREB @ o Main 7

Circuit Groups

[]a2 a1[E CED18
z]a3 AD (ED1T
LED3 ¢ E J.¥ S ATE] L - A
[]as A6[E] “
iree
vss oD abtronics

__'-E Innevative Control Sclulions
[£]B0 B7 S LED13 J ezCircuit Designer
[]e1 B6 [1Z] g

Version 1.0.5.0
[E]B2 Bs5 1] Copyright 2008
E B3 B4 E Trial Days Left: 1
PIC16F819 -
Hint
To start adding a dircuit, dick on a Circuit
Group button.
To view a drcuit's diagram; double-dick on
that drcuit's blodk.
To move a connection; drag the label to a new
pin.

Connect the Buzzer to the microcontroller by clicking on A2 (Pin 1).

File Edit Options Documentation Help
DEHS & = @ (mBW R E @  Main i

Circuit Groups

e x [N R o o
LZJAS A LED17
LED3 EX P AT ]
A 1A5 AB 15 -
= = abtronics
Power Supply 1 Vss wDD Power Supply 1 wed
2 Innovative Conrol Selulions
a0 BT LED13 J ezCircuit Designer
st ssf= ;
Version 1.0.5.0
)52 Bs ] Copyright 2008
E B3 B4 E Trial Days Left: 1
PIC16F819 )
Hint
To start adding a drcuit, dick on a Circuit
Group button,
To view a drcuit's diagram; double-click on
that dreuit's block.
To move a connection; drag the label to a new
pin.
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Select the push button from the Circuit Groups window.

Select Pull Up (Active LOW) in the Circuits window.

w0 [ g | 5 [ Main

Circuit Groups

N e s B

oage
B

m

-

Circuits

Pull Down {Active HIGH
p (Active LOW)

Reset (Active LOW)

Power Supply 1 Power Supply 1

Connections

PIC16F819

Hint

Choosge the type of Circuit you wish to add by
dicking in the dircuits box

Click on an green pin to select a connection for
the dircuit.

Light green pins are recommended pins, while

the dark green are compatible pins.

Connect the push button to A5 (Pin 4).

File Edit Optiens Documentation Help

DEHS & @ | mBh A 80 @ Main S

Circuit Groups

L1hd KA

OHE |
— . [
o = KN

»

)

LED4 En LY AT [EE] =2
Buttond T A5 A6 =] b .
Power Supply 1 vss VDD Power Supply 1 - Ffi’}ﬂb S
Innovative Confrol Selulions
=0 BT LEDS J ezCircuit Designer
[]sn B6 [Z] .
Version 1.0.5.0
[E]B2 =51 KER| Copyright 2008
E B3 B4 E Trial Days Left: 1
PIC16F819 )
Hint
To start adding a drcuit, dick on a Circuit
Group button.
To view a drcuit’s diagram; double-dick on
that drcuit's block.
To move a connection; drag the label to a new
pin.
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Click on the Motor in the Circuit Groups window.

File Edit  Options

Documentation  Help

DEHS & * e BB BB @ Main -
Circuit Groups
Li1kd N4 §
LI 2
\ =
o ] i TED: ‘ iI'. ‘ ‘ ‘A‘
e N e
EH PV AT [EE] IWHC‘H.} 2
i labtronics
Innovative Control Solutions
B0 BT J ezCircuit Designer
7161 B6 [
& & Version 1.0.5.0
[2]B2 B5 1] Copyright 2008
II B3 B4 E Trial Days Left: 1
PIC16F819

Hint

To start adding a drcuit, dick on a Circuit
Group button,

To view a circuit's diagram; double-dlick on
that dircuit's block.

To move a connection; drag the label to a new
pin.

Connect the motor to A6 & A7 (Pin 15 & Pinl6). Repeat this step for second motor at
B5 & B4 (Pin 11 & Pinl0)

e Edit Options

Document

Main

Power Supply 1

PIC16F819

Circuit Groups

LIkda 4 §

® e

0 Bla

Motor1Reverse

Motor1Forward

Power Supply 1

_45 -

Nnon !

Circuits

_Connections
Motor 2Forward

Motor2Reverse

Hint

Choose the type of Circuit you wish to add by

dicking in the drcuits box

Click on an green pin to select a connection for
the dircuit,

Light green pins are recommended pins, while

the dark green are compatible pins.




Select the IR Transmitter LED (bluish colour) in the Circuit Groups window.
Note: This is not a normal LED. The normal LED is shown in red colour.

File Edit Options Documentation Help
QEHS = @ % B0 PFHEH @ Main @

Circuit Groups

LR
4B

A2 adl0E LED2 r

>

m

1
[T]a3 AD LED1
LED4 7 |Ad AT |05 Je] 1ot or 1Revers16 | ' | |m| ‘. | S

TIA5 AG |75 Jum— | 0tor1F 0rwar15 b ;
Power Supply 1 VSS VDD Power Supply 1 e labtronics

- Innovative Conhrol $olulions

B0 B7 a2 LEDS J ezCircuit Designer

HHHH!

o B Version 1.0.5.0
ersion 1.0.2.
B2 B5 |11 ] 1\ 0tar2F orwar 1 Copyright 2003
B3 B4 |70 Jp] 10tor2?Revers 10 Trial Days Left. 1
PIC16F819
Hint
To start adding & dircuit, dick on a Circuit
Group button.
To view a drcuit's diagram; double-lick on
that drcuit's block.
To move a connection; drag the label to a new
pin.
Connect the IR Transmitter to B3 (Pin 9).
File Edit Options Documentation Help
DEHS & @ o B ([ 000 @ Main -
Circuit Groups

»

LI
biBl

Buzzer A2 A1EE LED2 ‘ ‘ ‘ ‘ ‘ Qa ‘

m

[Z]A3 A LEDA | | | | ‘ |
LED4 Bl Y8 AT |75 ] lotoriRevers16 . @ . 2
T]A5 A |7 gl 1 10tor 1F 0rwarts b st
Power Supply 1 VsSs VDD[E Power Supply 1 -2 l‘_f:_(J”fJ._) )
- Innovative Control Solufions
[]s0 B7 = LED5 J ezCircuit Designer
[]51 B6 [zl )
Version 1.0.5.0
]2 B5 [ Jm—p] Motor2Forwar1 Copyright 2008
IRTrans mitterd v 183 B4 [0 ] IVI0tor2Revers10 il DeyS Le
PIC16F819 )
Hint
To start adding a circuit, dick on a Circuit
Group button,
To view a drcuit's diagram; double-dick on
that dircuit's block.
To move a connection; drag the label to a new
pin.




Select the IR Receiver in the Circuit Groups window

File Edit Options
DEHS | &

Docurnentation

o Eohw | OB E @

Main

Buzzer

FI!

LED4
Buttond

e

Power Supply 1
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Connect the IR Receiver to B2 (Pin 8)
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Hint

To start adding a dircuit, dick on a Circuit
Group button.

To view a crcuit's diagram; double-dlick on
that dircuit's block.

To move a connection; drag the label to a new
pin.
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Hint

To start adding a dircuit, dick on a Circuit
Group button.

To view a drcuit's diagram; double-dlick on
that crcuit's block,

To move a connection; drag the label to a new
pin.




Select the Light Dependent Resistor (LDR) from Circuit Groups. The default Active

High setting is correct.
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Hint

To start adding a drcuit, dick on a Circuit
Group button,

To view a dreuit's diagram; double-dick on
that drcuit's block.

To move a connection; drag the label to a new
pin.

Connect the LDR to A3 (pin 2). Connect another LDR to B6 (pin 12).
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Screen showing all the connected circuits
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Hint

To view or edit the drcuit; double dick on the
circuit black.

Ta remove the selected drouit from the
system, press 'Delete’ on the keyboard.

To move a connection; drag the label to a new
pin

Rename circuits:

To rename a circuit, right click on the circuit, a box will pop up as shown above.

Use the “Backspace delete” key to clear the name in the box. Do not use the ‘Delete’
key on the keyboard when you want to make changes to the name. The ‘Delete’ key on
the keyboard is used for deleting Circuit blocks connected to the chip!

You cannot rename a circuit to a name that is already used.

For example Pin 3 is named LED4. To rename the circuit at Pin 18 to LEDA4, it is
necessary to first rename the assigned name LED4 in Pin 3 to another name. Now
rename Pin 18 to LED4.

The design of the eRacer 16m robot circuits using ezCircuit Designer is now

completed. The next section shows the use of the CoreChart test program to test the
circuits.
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Hint
To view or edit the circuit; double dick on the
dircuit block.

To remove the selected crcuit from the
system, press ‘Delete’ on the keyboard.

To move a connection; drag the label to a new
pin

CoreChart test program

ezCircuit Designer generates a circuit test program written in CoreChart assembly
language which we will later call eRacer16SetUp.bst. See below for explanation of
CoreChart. To export this circuit test program to CoreChart, click on the CoreChart
icon, shown in a red circle, on the ezCircuit Designer menu bar.

A CoreChart window will be opened as shown below.

Note on CoreChart:

CoreChart is an intuitive microcontroller programming language. It is a graphical
assembly language which operates at the maximum speed of the PIC microcontroller.

The instruction codes are represented by icons to minimise syntax problems.

A CoreChart window has 3 sections: the programme section, icon section and icons
properties section.

Please refer to the Help section in the CoreChart Menu Bar. It contains important user
information about CoreChart operation.
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Click on the “Import” button to import all subroutines and labels.
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T ol Help

4

-~ Jump to Subroutin
Main Program
ASM to CoreChart Converter I
L B X
Page 1 |Page2| Undo Cut Copy Paste Delste

Varisbles: Constants: Subroutines: Labels: ICONs
+ 1 Intempt RIS eTUP
J Setup Loop100th a+B=c| | XBtO
[3 Mator_DrivTest outerLoop on | off
LED_2Test innerLoap
Buzzer_1Test Dloop Y] _J
LED_dTest ’@) (o ? | TEXT
LED_3Test
LED 1 Test
DigitalPort m
HundiedthDelay
= e

=

~Select ICONs.

Move to Constant > Move to Varisble

Close | mpatt | Concel

&abtronics
I CoreChart
(PIC16F819)

“Wersion 2.4.28

Registered to: Edmund

First Pane | 4| Ivl st Pane | I [

When all subroutines and labels are imported from ezCircuit Designer a new CoreChart
screen is displayed. The CoreChart program displayed is the CoreChart test program to
test the output circuits created with ezCircuit Designer.
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Running CoreChart test program

Step 1: Connect the eRacer_16m to the PC
Next we connect the eRacer 16m to the PC via the USB programmer.

E

el Yl

.........

The eRacer 16m is connected to the USB programmer as shown. To do this, unplug the
10-pin cable from the eRacer 16m connector shown. Next connect the USB
programmer 10-pin grey ribbon cable onto the eRacer 16m 10-pin connector.

Notel: The PIC16F819 chip is programmed via the USB programmer. Ensure that the
PIC16F819 chip is in the eLabl6m board. If not note direction and plug the chip into

the IC socket carefully.
Note2: Use the USB cable supplied with the programmer. A poor quality USB cable, or
cable extensions may result in program transfer errors.

When the eRacer 16m is connected to the PC ready for programming, make sure that
the eRacer _16m is switched ON. The ON/OFF switch is on the eLabl6m board.

Step 2: Programming the eRacer 16m with CoreChart test program
Go to Tools and click Send To Chip or simply press ‘F9’. CoreChart will assemble

the program into machine codes and transfer the codes and control to the USB
programmer. The program will then be transferred to the PIC chip on eRacer 16m.
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While the program is being transferred, a USB programmer window will pop up.

During program transfer to the eRacer 16m, a bar is displayed on the USB programmer
window to show the transfer in progress. If a bar is either not displayed and or not
moving click the “Write Device” button.

If the program transfer is successful the bar at the bottom of the USB programmer
window turns green and displays the message “Write Successful”

If the program transfer is unsuccessful, the bar will turn red and displays a different
message.

=2 test.bst - CoreChart (PIC16FB19)
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Note: If the program transfer fails, check if the eRacer 16m is switched on. Also check
if the USB cable is connected to the programmer and to the CPU.
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Save a copy of this CoreChart test program as eRacer16mSepUp.bst. Later CoreChart
workshops will make use of this program because it contains the essential CoreChart
settings for the eRacer 16m project.

Note: When programming is finished and the USB programmer removed, remember to
re-connect the 10-pin ribbon from the eRacer 16m board to the eLab16m board.

Test Inputs Using OQutput circuits with Test.bst provided

After all the output circuits are confirmed to be working, we need to make sure that the
inputs are tested using the output circuits.

Do not close the CoreChart program yet!

Go to file> select Open—> click on eRacer 16m file—> open the program Test.bst

¥ Test.bst - CoreChart (PIC16F819)*
Fle Edit Options Tools Dshug Help

Jump to Subrautine
Main Program -

(5]
LI ” X
Undo Cut  Copy Paste Delete

— Select ICONs
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+
5 I ——
—‘ IRTest
- d—
7 .L. & labtronics
CoreChart
LDRTest (PIC16F819)
g Wersion 2.6.0
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| FistPace | <! o] LastPage | Lossl gt

Screen showing the test program.

Transfer the file to the eRacer 16m. Press the ‘F9’ key on the keyboard or refer to Step
2 on page 52 to send the file to the chip. When programming is completed remove
the USB programmer and reconnect the 10-pin ribbon connector to the eL.ab16m
board.
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To test the eRacer 16m, make sure the ON/OFF switch is ON.

Click on the reset button to move from one test to the next.

LED1 will light up when the eRacer 16m is reconnected and switched on.
Click the reset button once. LED1 will turn off and LED2 will turn on
Click the reset button again and LED2 will turn off and LED4 will turn on.
Click the reset button again and LED4 will turn off and LEDS will turn on.
Click the reset button and LEDS will turn off, Left motor will move forward.
Click the reset button and Left motor will move backward

Click the reset button and Right motor will move forward

Click the reset button and Right motor will move backward

Click the reset button and Buzzer will sound

Click the reset button and LED1 & LED2 will switch on.

Next put an object in front of the eRacer 16m to block the IR receiver and LED1 and
LED2 will switch off immediately.

Click the reset button to test the LDRs. LED1 and LED2 will light up when both LDR1
and LDR2 face a light source with sufficient light.

When LDRI1 is covered, LED2 will remain on while LEDI1 turns off. The opposite
happens when LDR?2 is covered.
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Quality Control Check list
Checked by:

Date of check:

Functionality test

U LED1. LEDI should light up

O LED2. LED2 should light up

U LED4. LED4 should light up

O LEDS. LEDS should light up

O Left Motor (Forward). Left Motor should rotate clockwise
O Left Motor (Reverse). Left Motor should rotate anticlockwise

U Right Motor (Forward). Right Motor should rotate anticlockwise soon after
program “test” is loaded into eRacer 16m.

U Right Motor (Reverse). Right Motor should rotate clockwise

U Buzzer. Sound should emit from buzzer when push button is pressed once again
U Infra red responding

U LDRI1 responding

U LDR2 responding

Please note that it will take a few seconds to see the rotating wheels and the
blinking of the LEDs.
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Software Workshop Part 2 - CoreChart

Programming eRacer_16m Robot Outputs
At this stage the eRacer 16m robot is built and functionally tested. Input / Output
circuits for the robot have been designed using ezCircuit Designer. Output circuits are

tested with a test program based on CoreChart generated by ezCircuit Designer.

This workshop introduces CoreChart programming of the eRacer 16m PIC16F819
microcontroller using simple output circuit examples such as LED and Buzzer.

In order to program using CoreChart we need to understand the eRacer 16m hardware.
eRacer_16m Hardware

Let us take a closer look at the PIC microcontroller and how it operates.

(POWER) PROGRAM :D_—
T o MEMORY
Voo 2 «
bV, &3 DATA =
I S & MEMORY =
—_— o [
= =
(GROUND)
- - 10 & - S
S 3| PERIPHERALS el el
.
DIGITAL . . DIGITAL
INPUTS - - QUTPUTS
RESET > CENTRAL PROCESSING UNIT
CcPU
N OSCILLATOR
L &
L CLOCKS
CRYSTAL

Figure 22: Block diagram of a microcontroller.

Power

The PIC16F819 requires 5V DC to work. Voltages of 4.5 to 6.0 volts DC from three or
four 1.5V dry cells are sufficient to run the chip.

Even though the PIC chip consumes only 1 mA - even less at low clock speeds, the
power supply must be sufficient for the chip to drive LEDs or other high-current
devices.

A 0.1pF capacitor is connected close to the PIC chip from V+ (pin 14) to ground (pin

5). It needs to be close in order to protect the chip and adjacent components from
electrical noise. This capacitor is labeled as C5 on the eRacer 16m PCB.
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Reset

The microcontroller clear (MCLR) pin (pin 4) is normally connected to V+ (pin 14)
through a 10K resistor. Grounding the pin momentarily will reset the PIC.

A normally open reset button, between MCLR and ground, is added to act as a
circuit-reset switch.

Clock

The PIC16F819 microcontroller has an internal clock set to run at 8MHz (8 million
cycles per second). For most operations, each instruction in a program will take 4 clock
cycles to be executed. This means that 2 instructions will be executed in 1 millionth of a
second i.e. 0.5us for each instruction.

The ability of the PIC chip to take fixed internal clock cycles for each instruction is
particularly useful when programming specific time intervals in real time applications.

It takes 4 clock cycles to execute one instruction.

INSTRUCTIONS per second = %

f = The frequency of the microcontroller internal clock.

f = 8Mhz, the microcontroller executes 2 million instructions per second.

Digital Electronics / Binary numbers

The word “digital” refers to electronics that use “digits” for processing information.
“Digits”, or numbers, could be 3 or 6 or even 2. In fact we normally use digits anywhere
from 0 to 9.

Electronics that are not digital are referred to as “analogue”. An example of an
“analogue” signal is a voltage signal. For example, the voltage may vary anywhere
between 0 to 5 Volts.

It is easier to build digital computers such as the PIC chip on the eRacer 16m that
operates on just 2 digits, such as 0 and 1. The circuits can then be either on or off,
corresponding to OV or 5V. This system of using just 2 digital states to count is called
the binary number system.

The digits are called bits (binary digits). Just like decimal numbers, binary numbers are
made larger by putting more digits together. Below is a table of decimal numbers up to
ten and their binary equivalents.

Decimal | 0 1 2 3 4 5 6 7 8 9 10

Binary | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010
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Assembly Language

The PIC microcontroller reads binary instructions from the program memory, one after
another, and does whatever those instructions say. Each instruction consists of 14 bits.

If you could see the bits as binary ones and zeroes, a program might look like this:

11000000000000
00000001100110
11000000000001
00000010000110
10100000000100

Technicians used to write binary codes like these to program early computers. Binary
codes are very hard for human beings to comprehend, as they do not represent the
“normal” way that we communicate.

For this reason, assembly language was invented over forty years ago for different types
of CPU. What assembly languages have in common is that the instructions are
abbreviated by readable texts (mnemonics) such as GOTO and programmer assigned
labels can represent memory locations.

Today the eLabtronics CoreChart graphical assembler has replaced the text assembler
instructions with icons to make it more intuitive to program microcontrollers. It is
important to note that CoreChart is NOT a graphical interface. It is a graphical assembly
language like any text based assembly language operating at maximum speed and
efficiency of the microcontroller.

PIC Outputs

The output from a microcontroller is in the form of a digital signal (logic 0 or 1) placed
on the required port connection (7/0 line).

Each of the PIC16F819 microcontroller pins could be seen as a switch because it is

either on (5Volts) or off (0 Volts). Hence the microcontroller pins will switch the
connected output circuits on or off.

Output Devices

In a personal computer, output devices such video display and printer are used to
communicate information. Microcontrollers use simpler devices such as lamps, light
emitting diodes (LEDs), opto-couplers, relays, and switching transistors.

Relays, switching transistors and opto-couplers are in turn used to interface to higher
power applications such as heaters, electric motors and solenoid devices.
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Light Emitting Diode (LED)

LEDs used in electronics, are a semiconductor diode that emits infrared or visible light
(electro luminescence) when charged with an electric current. Visible light LEDs are
used in many electronic devices as indicator lamps. They can be arranged into a matrix,
to make alphanumeric displays.

The LED’s chemical compound is formed by the combination of the elemental periodic
table groups III-V, to create a semiconductor compound that is related to gallium
arsenide. Compared to a laser diode, an LED also consumes little power but has a
simpler configuration and uses a wider bandwidth.

Piezo Buzzer
Piezoelectrics are materials that generate a voltage when they are subjected to
mechanical pressure; conversely, when subjected to an electromagnetic field, they

exhibit a change in dimension. Many piezoelectric devices are made of the same
ceramic materials as capacitor dielectrics.

Practical 2

Editing a CoreChart program

In this practical you will learn how to edit and rewrite the functionality test program
from Practical 1.

There may be occasions when you write or modify existing programs many times, i.e.
developing different versions of the same program. You may also be “debugging”
programs written by someone else!

It is therefore important to have a file management strategy and a modular approach
in programming.

If not it be difficult to remember accurately what you have done previously. It will be
even more difficult for someone else to debug your programs.

File management strategy

First create a new folder under your name, ideally one for each different project.
When modifying an existing program use the same file name followed by your name.

For example, if you are about to modify the program test and your name is Jane. Save
this program as test.Janel and use it as your working program instead of the original
program. You may wish to name further alteration to this program as test.Jane2.
Including your name will make it easier to identify the file later.
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Modular programming

Test.bst program for functionality test in the previous chapter is an example of Modular
programming.

Modular programming can be further illustrated by comparing the Programl.bst as
supplied in the eRacer 16m Programs folder to eRacer16mSetUp.bst

Open eRacer16mSetUp.bst CoreChart test program as saved in Practical 1.
Open the program Programl.bst in the eRacer 16m Programs folder.

Compare eRacerl 6mSetUp program to Program1.

Question: Which program is easier to understand for a novice programmer?
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The eRacer16mSetUp program is easier to understand as it has a modular form with
each task written as a subroutine. The program has 6 tests: 4 LED tests, a motor test
and a buzzer test.

The contents of the subroutines can be displayed by double-clicking on the icons. Open
the eRacer16mSetUp program and double click on the CALL icons.

Subroutines are covered in greater depth later.

Writing each task as a subroutine makes it easier to debug or to check for program
faults. Subroutines such as turn motor left, right, forward or backward are already
written. Access them by clicking on the CALL icons in the menu box on the right.

On the other hand programl is harder for the novice programmer to follow. The

program is presented in its entirety with the overall program missing even though
comments are included.
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This program actually performs a simpler task - turn on permanently 4 light emitting
diodes (LEDs) and then sound the buzzer on and off continuously.

Program1 will become increasingly difficult to follow as more tasks are included and
the program becomes larger.

Modify pre-written CoreChart programs

1.

Note:

CoreChart programming is a process of picking and placing icons in a logical
order and entering parameters where required. Open eRacer16mSetUp and save
it as BuzzerOnOAT (or save it as BuzzerOnOff.your name)

Modify BuzzerOnOff by deleting all the subroutines except the Setup and
Buzzer 1Test subroutines. This is done by clicking the mouse pointer on the
icon to be deleted, press delete and then return. Open the Buzzer 1Test
subroutine by double clicking on it. Insert a Label icon (green flag shaped icon)
over icon number 2 in the Buzzer 1Test subroutine. Next, insert a GOTO icon
(green arrow shaped icon) above icon number 8. Click save to save the program.

Send the modified program to the programmer as in Practical 1. Test your
program. Notice that the buzzer turns on and off at a different rate.

Next, open the Buzzer 1Test subroutine again and modify the program by
changing the parameter w to other values e.g. double the value. Test the altered
program. Observe the change in the sound from the buzzer.

Modify test.bst. Open the test.bst program. Change the sequence or the order of
the instructions. Save it under a new name (e.g. test.yourname).

Test the program. Send the program to the programmer, remove the cable and
press the push button repeatedly to check the changes to the program.

The microcontroller will execute a program in the way it is programmed. It is only as
clever as the program that is written.
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Practical 2a
Testing the outputs

Step 1: Open eRacer16mSetUp.bst

Startup the CoreChart program, open the eRacerl6mSetUp.bst program that you
created in Practical 1. eRacerl6mSetUp.bst has been designed to be a test program,
since it cycles through the port outputs.

Step 2: Send the program to PIC

Make sure that the cables are connected the same as in previous practical and that the
eRacer 16m is switched on. Select Send to chip from the Options menu. A dialogue
box should appear that indicates that the program was successfully verified.

Step 3: Check all the outputs of the PIC

When the eRacer_16m is successfully programmed, press the reset button once. LED1
lights up for about 3 seconds and then it switches off for 3 seconds. Then LED2, LED4
and LEDS will take turn to turn on and off as in LED]1.

The buzzer turns on for about 3 seconds. The left motor spins forward for 3 seconds and
then spins in reverse for 3 seconds. Finally the right motor will spin forward for 3
seconds and then spins in reverse for 3 seconds.

Note that the order of these steps may differ.

Step 4: Modifying the program

In each of the LED test, the buzzer test and the motor test there is a delay subroutine
called HundredthDelay. Modify the delay number used in this program (w=100) by
changing the number 100 to 50. Check the results by sending the program to chip.

Observe the changes.

What are the changes?
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Practical 2b

Starting your own program
Useful Information for Practical 2b

CoreChart Symbol

Meaning

START MAIN

Beginning of program

Assignment icon

Allocating a value to a
Character

Calculate icon

0

A+B=C

Performing a calculation

Reset icon

Mode of operation, bits
on=1, off=0

Decision icon X=07?

ol

If loop (insert after symbols are between
START MAIN and END MAIN)

Decision with counter icon

0
><
s

s
n
s
=0 e

/c

If loop (insert after symbols are between
START MAIN and END MAIN)

¢

Program comments

CALL subroutine icon

Calling a subroutine function

TEXT box
BOTO Program 'repeat from LABEL'
GOTO icon —— Command
Label of function
LABEL icon -
Time of when a command is to be carried
TIMING icon out
CALL
r—

SUB INTERRUPT
subroutine icon

within

SUB
NTERRUPT

/’\

CALL

CALL operation calls a Subroutine
function

RETURN from subroutine-icon

ReTURN

Within SUB INTERRUPT

Return From Subroutine to MAIN program

Return to MAIN ) )
— Returning from a subroutine
@ Function
End of program
END MAIN —
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Step 1: Open eRacer16mSetUp.bst

Startup the CoreChart program, open the eRacer16mSetUp.bst from your file by
clicking on File->Open>drive>your folder>eRacer16mSetUp.bst

Step 2: Create a template file

Save this program to be re-used later. Save this file as start.bst.

Keep the Setup icon; delete the rest between the START MAIN and END MAIN
icons.

The reason for re-using the file is because it contains the essential CoreChart settings
and some subroutines that are required later.

Note: It is not possible to delete the LABEL icons until the GOTO icons have been
deleted. Delete these GOTO icons first then the LABEL icons and lastly delete the
other icons.

% test_mox_og.bst - CoreChar il o
B test bst - CoreChart {PICL6FE19)* m] s

Fie Idt Optiors Toolk Debug Help
Juing te Svbroting
“Mninﬂugmm =

SR R -

Undo it Cody Paste Delebe

-]
‘-%

— Note: /,(:\,/ ‘A+B=C‘ xann]
You can select Ko
= multiple icons by l

[ w0 |
holding the shift key 5010
: N

—]
H

®)
(gl
g

[ 9electILUN

Clabtronics

[N, S, T )

Note: Many of the ports on the microcontroller have multiple functions. The Setup
subroutine is necessary to initialize the PIC16F819 when using only digital inputs and
outputs.
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Step 3: Save new file

Now there should be 1 icon. Select the Text icon and a box will appear below. Enter
the program name “;ON LED PROGRAM?”. The text description is “; turn on a
LED”. Each comment line must be preceded with a semicolon. Save the modified
program as “on.bst” (File->Save As...).

=27 start.bst - CoreChart (PIC16F819)*
File Edit Options Tools Debug Help

= 3 B *
Undo Cut Copy Paste Delete

“UN LED PROGRAH )
tum on an LED

[ SelectiCONs
% Note

You must precede each line of
comments with a semi colon (;)
If not a program error will occur.

& labtronics
I CoreChart
(PIC16F819)

Wersion 26.0
Registered to: eLabtronics

First Page | 4| || LastPage | loons 1-4of 4
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Insert the following icons as shown.

XBit

onjot Set / Reset Icon
T

LABEL
. e Label Icon

Timing Icon

GOTO
Goto Icon

Procedure to insert the icons above:

Step 1: Select a Set / Reset Icon in the ICON Properties box situated below ICONs

Set — Click on down arrow and select device to set e.g. LED1

Set to On
Place above End icon

Step 2: Select a Label Icon in the ICON Properties box

In the “Label Name” box enter the label name e.g. Here
Place above End icon

Step 3: Select a Timing Icon in the ICON Properties box

Set Timing icon drop down box — No Operation
Place above End icon

Step 4: Select a Goto Icon in the ICON Properties box

Set the Goto icon drop down box to — Here
Place above End icon
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Fle Edt Options Tools Debug Help

L

ump to Subroutin
ain Prograr

(8]
LI 4 7 X
Undo Cut Copy Fast= Delete

1~
*%

[ ICONs
LED PROGRAM E A+B=C ())inﬂlié‘llT
turn on an LED
- J iﬁv [ o0
ﬁ - caro
L= zl&) &
} GaLL
eraron Your screen should B —
. . Goto |HERE -
look like this after
- Step 4
HERE
Comments : 700 0ioes
] +
Opemtion
& labtronics
“ I CoreChart
(PIC16F819)
First Page | 4 | ] _Last Page | [ leons1-8ef8

Step 5: Test the program

Save the program into your own folder and then run it. This is done by selecting
Options->Send to chip or hit the <F9> shortcut key. When the program is run the red
LED on the right (labeled as LED1 on PCB) should light up.

Step 6: Extend the program

Now we will make the other red LED (labeled as LED2) on the PCB turn on.
Changing icon 4 to read Set LED2 ON does this. Click on icon 4 and the properties
box will appear. Change the Set property to LED2.

Set LED2 ON
Save and recompile (Send to chip) then run the program. The Red LED on the left
(labeled as LED2 on PCB) should turn on.

Step 7: Modify the program

Now changes will be made to cause both the LEDs turn on at the same time. This will
be done by adding another icon under icon 4 which should now read Set LED1 ON as
a result of Step 6. Click on the Set icon on the ICONs menu and the properties box
will appear. Change the ICON Properties Set LED1 ON.

Set LED1 ON

Click on the arrow between Icon 4 and Icon 5 to insert the new icon.

Save and recompile (Send to chip) then run the program. Both the left and right LEDs should
turn on.

- 68 -



Useful Information for Practical 2¢
The following are important information about programming in CoreChart before
starting Practical 2c.

When to Use a Repeating Instruction for Loops and Delays

Decision Icon
CoreChart uses the Decision icon to perform the IF function.

| Decision icon X=0? | Decision, Test bit
#IF
PORTA Eit 0

The Decision Icon tells the program to skip the next icon when the result of a
specified variable bit is either clear or set.

f = variable;

b = bit number.

CoreChart Instruction PIC Comments/ description

IList Instruction

1 2 3
Variable (Bit)0to7 | ON btfss, f,b Bit test variable, skip if set
Variable OFF | btfsc, f,b Bit test variable, skip if clear

Count and Decide Icon
CoreChart uses the Count and Decide icon to perform the LOOP function.

| Decision with counter icon X=X+1 | Decision and Count then Decide, Test if zero |

' W=PORT-1 |

Decision Icon with counter. Count and Decide.

f = variable;
d = destination (variable or register w).

CoreChart Instruction PIC Comments/ description

IList [Instruction

1 2
Variable Variable |+ incfsz, f.d | Increment variable, skip if zero
Variable Variable - decfsz, f,d | Decrement variable, skip if zero
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How the PIC makes Decisions

The PIC is a form of RISC (Reduced Instruction Set Computer) processor.

By contrast the Pentium has hundreds of instructions. Each takes several clock cycles
to execute. This makes the Pentium a CISC (Complex Instruction Set Computer)
processor. The eRacer 16m uses the PIC16F819 chip.

The advantage of the PICI6FXXX series is it has only 35 instructions. Every
instruction that does not involve a “jump” executes in just one instruction cycle.

In order to simplify the PIC instruction set and to limit instructions to one instruction
cycle, there is no “IF” statement. Instead the PIC has several instructions that test for

a condition and skip the next instruction if it is true.

An example of how this works is demonstrated below.

ICON PROPERTIES

IF PORTA Bit 00FF
Goto ml

Assignment w=10

The icons translate to:
1if PORTA Bit 0 is OFF then Goto m1
elsew=10

By interleaving Conditions and Goto the following instructions will rotate the bits of
PORT B to the left if PORT A Bit 0 is 1 and to the right if PORT A Bit 0 is 0.

ICON PROPERTIES
IF PORTA Bit 0 OFF
Goto M1
Calculate PORTB>> PORTB
Goto M2
LABEL Ml
Calculate PORTB<< PORTB
LABEL M2

Comparing Bytes

Note: PICI6FXXX does not have a byte compare (CMP) instruction as available in
other PIC chips and other assembly language. Bytes are compared by subtracting
them and then checking whether the result is zero in PIC16FXXX.

When a calculation is made the STATUS register will record if the result is zero (Bit
Z) or the result has overflowed (Bit C) past the 8 bits of one register. The carry bit (C)
can also indicate if a result is positive or negative. The STATUS register is 8 bits
long. It can be used to select register banks as well as to check whether there has been
a power-down or time-out.
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Practical 2¢

Flashing LED example

Step 1: Prepare for a new program

Start up CoreChart. Open the program start.bst from your files and save the
program as onoff.bst (File, Save as, Select your folder).

Step 2: Insert comments

Select the TEXT icon and add comments to the program e.g. “;ON / OFF LED
FLASHER”. The description is “;To flash an LED”. Insert below the START icon.
Save the modified program.

(Note: Each comment line in the Text icon must begin with a semicolon “;” otherwise

an error will occur when you try to send it to the PIC chip).

New Icons

Assignment Icon

Call Icon

Step 3: Add new Icons

Change the program by inserting the following icons above the END icon.

ICON PROPERTIES
Label Here

Set LEDI ON
Assignment w =100

Call HundredthDelay
Set LED1 OFF
Assignment w =100

Call HundredthDelay
Goto Here
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[ onoffbst - CoreChart (PIC16FB19)
File Edit Options Tools Debug Help

Jumnp to Subrouting
“Maln Praogram

2% Bom X

Undo Cut  Copy Paste Delete

XBit

IcoN
I-‘;kmneu EI/ w=|m/ E a+B=c| | XBLO
ITo flash an LED
— = e
Setup
=1 l= =S &
T 2=
1 Your ~ICON Properties————————
Here m program Goto [Here ~
¥ should
S T ieor on | % 100k hke
, thlS Comments : —I’S‘pp‘-‘I Change:
B &labtronics
T — I CoreChart
(PIC16F819)
—— ‘ersion 250
s Registered tor eLabtroni
First Page | 4] | »] _LastPage | [ leons1-12ef12

Step 4: Run the program

Save the program and send to the PIC chip as in Practical 2. The Red LED on the
right (labeled as LED1 on PCB) should now flash.

Step 5: Change length of delay

Change the program by changing the value of W in the Assignment icon to a larger
number, up to 255. Save and send to the PIC chip. The LED should now flash slower
since there is a longer delay between the On and Off states.

Essential Extension Questions

a. How does entering different value for “W” in each delay effect the timing?

b. How does adding another delay directly after the existing ones affect the
result?

Step 6: Turn on other PORTSs

Make LED4 or LEDS5 flash. Describe what happens.
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Practical 2d

Bit Variable Example

Note: Even though ezCircuit Designer configures the CoreChart bit variables for

eRacer_16m, this exercise shows how bit variables function.

When a Port is connected to multiple components it can become confusing. Labeling
each bit with its function will reduce this confusion. Bit Variable in CoreChart allows
any bit including PORT bits to be given a name to help to simplify programming. The
names of the Port pins can also be the same as the Bit Variable names.

There are two ways to create a Bit Variable. One way is to select the Input/Output

Settings under the Options menu.

Open the onoff.bst program that you have just done to change the program.

I start.bst - CoreChart (PIC16F819)

File  Edit W Tools  Help

Send Ta Pic F9
Assemble Program F3
Wigw ASM File F4
ST ET PORTA BitD
i Import Subroutine. .. F5
M Export Subrouting. ., F&

Shaow Full TC- Prog

Program Preferences. ..
o Seleck Chip Model...

:Iu
5

-
] - 13
SET STATUS ET PORTA Bit0 — ) 0) - .
Bit RP0 ON ON undredthDelay
— [E L EEINN
- - Select ICON
_.,*
nnl:om w i
undredthDelay
6
< 1+
First Pae | [ lcons1-150f15 I 2st P |

- Jurnp to Subroutine
“ M ain Program ;I [
© o B B X

Umda™ Gt oy Faste BElREE
—ICON

/x=v/ ‘A+B=C‘ [;E}‘;g

Note: In this Option it is only possible to label the bits of the ports but not the
variable. The advantage is that it allows for change in the directions of the port pins.

Note: The second approach will be shown in a later Chapter.
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ezCircuit Designer automatically assigns bit variable names to all used pins so we do
not need to enter bit variable names manually. Skip Stepl and continue with Step 2.
Step 1 is only to show how bit variables are configured in CoreChart if ezCircuit
Designer is not used.

Step 1:

Once the Options and Input/Output Settings have been selected a table will pop up as
shown below. Select a Port and a Port Bit which you wish to label. In this case select
the Port A Bit 0 as the Bit Variable. Type in the name in the Bit Variable column.

Refer to Port Table for port operations of eRacer 16m.

It is possible to also alter the pin directions from Input to Output by just double
clicking on the Output or Input under I/O. When this is completed the entry click ok.

Input Output Settings Input Output Settings

Port | Bit | Bit Yariable Ko |-

A 0 |LeftRedled| Input 5

B Input (a1

A 2 Input A 2 Input

A B Input A = Input

A 4 Input A 4 Input

A ) Input A 5 Input

A B Inpiut A B Input

A 7 Irpout A 7 Input

B 0 Output B 0 Output

B 1 Output B 1 Output

B 2 Clutput B 2 Output

B o Cutput — B = Output —

B 4 Clutput B 4 Output

E f gutput - B 5 Output

3 L I K
s | bRt | oK | Cancel |

Step 2:

The bit variable has now been successfully created.

Click on the Set/Reset icon. In the [CONs Properties box scroll through “Set” to find
LeftRedLed.

Replace “PORTA bit 0 On” icon with “LeftRedLed ON”. Also replace “PORTA bit
0 OFF” icon with “LeftRedLed OFF”. Send program to chip.

The LEDs should flash as before.
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¥ start.bst - CoreChart {(PIC16F819)*

File Edit ©Options Tools Help
Jump to Subrouting
’- ’ “ t ain Program ;I
3

1 11
L - SET STATUS ET LeftRedLed
Bit RP0 OFF OFF CEi BRI
o Unda ot Gopyl Fastel DElESE
*

* * —ICON

Zdnimnprocran] ﬂ /X=Y/ ‘A*Fc‘ | oA
buurn an 3 LED Here Your : T
—t N T screen ﬂj

2 ceT sTaTUS ’E‘kn LeftRedLed L — Shoul(_i EGOTO )
Bit RPO ON ON undredthDelay look like -
this

—
+ *
2] Mo (=] W i ~ICOM Properties———————————————
= ™ GoTo . ._
Let |[w [Properties for &
* ¥ :
[w =
10 .
(2] ADCON1= W _— Add New Yariable
undredthDelay ﬂl
- d— v Commnents :
-]
4

&

I+

Fitat Pane | I lcons 1 -15 of 15 | st Pane |

Exercise:

Label all the Ports with the Bit Variable names shown in the Port table below. On
completion update your program using the new Bit Variables that have been just
created.

Port Table
ortBit/Control unction

B 0 |(notused)

B 1 |(notused)

B 2 |IR Receiver Input
B 3 IR LED Transmitter Output
B 4 |Left Motor Forward Output
B 5 Right Motor Reverse Output
B 6 |[LDRI1 Input
B |7 [LED5 Output
A |0 REDLEDI Output
A |1 |REDLED2 Output
A 2 |Buzzer Output
A 3 |LDR2 Input
A 4 [LED4 Output
A |5 |Push Button Input
A |6 Right Motor Forward Output
A |7 |Left Motor Reverse Output
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Practical 2e

Customising Icons with Pictures

A useful feature of CoreChart is that it allows for customisation of subroutine icons
with icon pictures of your choice. This allows for easy identification of the function of
the subroutine with a picture closely related to the function. Open the program from
Practical 2¢ — LED flashing example: onoff.bst.

—1ox

e ' 2
F\|E Edit Options Tools Debug Help

Jump to Subroutine
e “Ma\n Program j
gET LED1 OFF

]
CE B x
Undo Cut  Copy Paste Delete

rn"n:lr:’ : _;Dx Y/ |A+B c‘ | Mo

HOFF LED El W= 100
[To flash an LED
J
T

+
—_—

B

Setup

—

&> G [ |
2600 [wsee | (amery
B

Select ICONs—————————————————

T & abtronics
CoreChart
{PIC16F819)
- — Wergion 26.0
Registered to: eLabtronics
]
First Page | 4] | ] _LastPage | leons 1 -120f 12

Select the “HundredthDelay” subroutine. Now click on the CALL icon in the [CONs
menu. A window of all the subroutines used by this program will appear.

S uroutine.

oK m Cancel |

Make sure /the/“mzthDelay” Icon is chosen as shown above. Click on

“Customize Icon Pic”
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Select Icon for HundredthDelay

v DinSocket gi
Add.gif

Buzzerl. gif

Ouaf)

!
3

BuzzerTest.gif

Cloud. gif

P
L
e’

Connector.gif

EAED

Divide. gif
Gear.gif
_j Gearl.git

R _
s GearT est.gif

= Infra g
0 INfralcon.gif

< .

== InFraled. gi
-,‘-‘ﬁ‘ InFraledT est.gif

|IRR eciever.aif

E

xiy [~eyFPadl.gif

jalan
am
=
T

FeyPadT est.gif

f-i LDR1.gi

k-3
n LDR1T est.gif

= ) LED1 g
=) LEDGreen g
) LEDGreen0f git

) LEDOf g

g_} LEDOrange. gif
‘e LEDDrangeOft g

k-3
B Rresevertestor DR LEDed g

e LEDred0ft g

Mathadd. gif
MathDivide. gif

M athtd uiltiply. gif
MathSubtract. gif
M ernary1. gif

M ozfett. gif

JaxiE | ¥l

ey ' Motorl.gif

Uze Df.ig'in'al lcar |

o
E IMotorTes
E Multiply.g

@ MoBuzzel

E Mok otor.

’% Puzhl.gif
s PushButh
:..-“‘ﬁ] PuzhButh
’%.“ PushT est
LML P gif
0'| Recelver

k-2
2 i 3
_._‘1 Receiver

Cancel |

Wiew Type: | lcons Use Custorn lcon |
Tokal shE3 EuNg ns'.

Two View Types are available for Customized Icons. The List View or the Icons

Select Icon for HundredthDelay

Diivide. qif
List

iew Type:

Tokal a9 Eustam Icc\n

Cloud. gif

Gear. qif

IJse Custarn lcon

Connector. gif

i,

e
-"'"p:rﬂj

Gearl.aif

Use Driginal lear |

Cancel |

-

Choose Icons
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Select Icon for HundredthDelay

~

Subtract. gif Switchl. gif SwitchT est, gif
i i

Transistor. gif

Transistor]. gif

TranzistorT est. gif Trapot. aif

View Type: _ List [Teons  (se Custom leon |

Total of 59 Custom leens)

lcom Cancel

N ———

Scroll down the window to browse for an icon named “Time”. Double click on the
icon to select the icon and click on the “Use Custom Icon” to customize the
subroutine. To reverse the change, select the “Use Original Icon” button.

=

INTERRLIFT

oK. | ZE_u's'tomiZ_E'\CDn'F’jﬁl Cancel |

Notice that after the customized icon is selected, the subroutine will be substituted
with the new icon. Click OK and return to the program.
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= cnodl st - CoreChart (PICIGFB19)" i I s
Fie Edt Optiors Took Debug Help

Jump i Subeoutine.
[ —— -
CJ ey ey orr
h £ ®m X
Unds Paste
-] [ T
F 3 XBi0

5
+
‘E
& labironics

T CoreChart
e gibelty (PIC16FE18)
T Wersion 260
Fegstered lu slabbiones

FastPage | a| |*]_LszPage | Iooms 1120 12

The program should look like this when done. When creating icons ensure that the
picture is in “gif” file format with a resolution of 60 x 39 pixel. To use the created
icon, place it inside the Icons folder under Program Files\CoreChart directory. Other
icon pictures should be also present in this folder:

& CoreChart

J@Backv > i 2]

earch | L Folders

J.C\ddress IE?LPrngram FilestCoreCh rt) j Go
)84 Sample ESPICKICMD exe
File and Folder Tasks  # [D)628 Sample I@uninsﬂﬂﬂ.exe
i 877 Sample |§] OLEAUTSZ,DLL
I._!\m Rename this Folder @CDreChartHelp.chm
[ Move this Folder |E§Hj icprog.chm
D Copy this Falder = EUntitledl \bst
@ Publish this Folder to [)Corels 2.4 unins000, dak
~ theweb Course Programs ] sLABTRONICS
! Share this Folder [=h giveio.svs
=2 E-mail this Folder's Files icprng.sys

E] License. kxt
|'.3=j Readme. bxt

Ecorechart.exe

%icprog.exe
ﬁloaddrv.exe

4] | il

¢ Delete this Folder

»

Other Places

Editing Subroutines

To open a subroutine in the main program, double click on the selected subroutine
CALL icon. This is now in the selected subroutine. Further subroutine icons can be
entered into the selected subroutine the same way as icons have been added into the
main program.

To return to the main program double click on the Return From Subroutine icon.
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Practical 2f

Use of Debug Feature in CoreChart

CoreChart has an inbuilt debugger emulator called Debug which is an extremely
useful aide for novice programmers. As an emulator it enables step by step instruction
execution which is interactive with the hardware. The common simulator has no
hardware interaction. The emulator displays the actual PIC chip memory values as
processed on the hardware. Program bugs as well as problems in the hardware can be
easily identified particularly with more complex programs.

Step 1:

Make sure the USB programmer is connected to the eLab16m board and connected to
the PC via USB. Open the program from Practical 2e. Replace the SET LED1 ON
and SET LED2 OFF icons with SET LeftFor ON and SET LeftFor OFF respectively.

3 2ot - ConeChart PICIEELEE L) il

[Fle da Options Took Debug Help
Jumg o Saeoutre

[Man Progiam |

:. Leber OFF
@ o oy s v
U Qf Cow Dot
100k
: s | £
prm—

Step 2:

From the toolbar select Debug as shown below and click on Start.
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E, 2tbst - CoreChart (PIC16F819) '-'- (===

File Edit Options Tools Debug Help
Jurmp Lo G ubrouline
Main Program -

LeftFor OFF

L] (=]

>
Undo Cut  Copy Paste Delets

"“““"""‘i CoreChart

+ Instructions for debug:
1. The chips supported for debugging are P16F813, P16F877 and P16FBTTA. Select [CONs—————————————
Sorg 2. The debug mode only operates on 20Mhz clock, with one exemption of the 819
chip, which can run on internal clock of EMHz
3. Make sure your device is connected through USBP.

En
MAII

@& /abtronics

gl CoreChart
(PIC16F819)
Version 2.6.0 (Unregistered)

Software expires in 27 Day(s)

||_FirstPage | «| | » ] LastPage Icons 1 -12 0f 12

The following prompt will appear on the screen, simply click OK and the data will
automatically be sent to the chip.

Step 3:
Select Quit when this is successfully done.
Now select Start from the Debugger panel.

[ 2Fbst - CoreChart (PIC16F819) e
[[File Edit Options Toos Debug Help

Jump o Subroutine
=] ‘ ’V Main nglam
SET LeftFor OFF
w4 B OB X
Undo Cut Copy Paste Delste
¥

~Debugger———————————————

I?mm/ Slarl I"'ep Giep Over

°SEK Animate Stop (l

0 ' ~WarisbleWalch——————————
aichle el
C—
R
+

ICON Properties——————————————
Set / Reset

Set

Bit [0 -] [oFF =]
Add Mew Variable

Comments : Apply Changes

FE0e

41
o
2

&

& labtronics

@ CoreChart
(PIC16F819)
Version 2.6.0 (Unregistered)

Software expires in 27 Day(s)

1T

First Page | 4| | »|_LastPage leans 1-120f 12
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Notice in the panel below that a table now displays the value of each variable in the
PIC chip memory. To find the values of each variable press the Step button. The
Animate button will step through the program automatically, approx one instruction

per Win the program and hardware could be identified this way.

-ﬁ 2kt - CareChart (FIC16FELS)

F Debug  Help
[ ] L4
suB
el I p—
A—
I‘ﬁwhh L W= 1
IT'snsuTns [ —
l BaRPION DELAY
Rl
+
4 I i -
Rataim
=]
(8
iAo Aukd N Vsl
Comments : #
ll5 SET STATUS
B P8 DFF
,T‘r & /abtronics
FYhds Vessten of e CoreChart
: Ports (PIC16FR18)
WVersion 28 8 (Unregatered)
Software expires in 27 Dayin)
Foul P 4] |#]_Last Page eoms 1- 11 0l 11
Step 4:

Press Reset button to reset the instruction pointer to the beginning of the program. The
press the Step button step through the program. If there is a delay icon press the Step
Over button to bypass it otherwise the debugger will be stuck i the delay loop for a
long time until.the delay counter cycles are complete.

T 2Hiost - CoreChars (FICIIE1E)

#ie Edn  Opnen Debug  Melp
8 i ? =)
L R; LebifFor OFT |
START e x ||
MAIN Pasts Dot ||
[
L — 5] : Sien Dver
[ |
|
1 o —— 10 - I
SIATUS 2 1
L]
1 OSCCON ks
[ ™t N it ‘
Here Set | Reset
se HETTENNN] ||
[ p— Bir [0 ! oy v |
- A Mew Vasable |
| Commests : |
P,
3 ‘
L2 ; & iabtronics
IE[ I e |
(PIC16FB18)
1 Verson § 6 0 (Uniegastersd) 1
Boltwate expies = 37 Dayin)
. “
Fast Pagn | 4| | ] Lot Pagm deorn 11204 12 |

Notice how the values of each variable changes depending on the instructions.
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Continue to step through the program until the SET LeftFor ON icon.
What happens when the debugger steps on to the SET LeftFor ON and SET LeftFor
OFF icons?

Notice that the left motor turns forward when the debugger steps onto the SET
LeftFor ON icon and turns off when on SET LeftFor OFF icon. If this was not the
case, inspect the hardware connections and the program codes for errors.

B 2165t - CoreChan (16815 o )
e~ fida - Opt Debug  Help I
= fn Submieg = 1
i e ————— Wi Progan ol |
ST Lot OFF
o B X
..... P
7 — Detugge
i | 3w | 5o
| Heawsd frunate
]

ST

|

[z
o @

o0

-
il

d

I _LaniPups |

To stop the debugger, go to the Debug toolbar and select End.

CoreChart will now prompt the user to send the current program to the PIC chip.
Select Yes and test the eRacer 16m as in previous exercises.

The Debug tool has the ability to read inputs and control the outputs on the
eRacer 16m. It therefore helps to identify program bugs and hardware problems.

This exercise was intended as an introduction to the debugging tool to demonstrate the
interaction between the debugger and the eRacer 16m.
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Software Workshop Part 3 - eRacer 16m Inputs
Programming eRacer_16m Inputs with CoreChart

This section discusses the input circuits such as a switch, Infrared Transmitter /
Receiver, Light Dependent Resistor etc to the eRacer 16m robot PIC microcontroller.
Input signal conditioning techniques are included.

Digital and Analogue representation

Some input signals are analogue and some are digital. For the PIC microcontroller to
work the analogue input signals have to be converted to digital values.

Below is an example of an analogue value in the range 0.0 to 5.0 and a digital value in
the range 0 to 5.

An analogue value could be 2.6 or 2.6452951 depending on the accuracy. The number
of possible analogue values in the analogue scale below is infinite and solely depends
on the resolution of the time scale. However, a digital value can only exist at six
distinct values: 0, 1, 2, 3, 4, or 5.

Analogue value; Analogue

Woltage {Sliding Scale)

Digital Value; Digital
Woltage (Stepping Scale)

Digital signal
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What is inside a PIC...the Memory

To understand how to write a CoreChart program to sense and process the inputs let
us take a closer look at the structure of the PIC microcontroller.

The figure below shows the most important parts inside the PIC16F819
microcontroller. We have now seen that the PIC is a tiny but complete computer chip.
It has a central processing unit (CPU), program memory (PROM), working memory
(RAM), and input-output ports.

(POWER)

Vbp

PROGRAM —
. ' MEMORY I.
DATA
MEMORY

{GROUNDY AN
10 &
PERIPHERALS S
DIGITAL S 5 DIGITAL
INPUTS = 5 OUTPUTS
.
R

ADDRESS BUS
DATABUS

RESET CENTRAL PROCESSING UNIT
CcPU
I OSCILLATOR
—
I CLOCKS
CRYSTAL

Figure 23: Block diagram of the PIC16F819 chip

The figure shows the PIC16F819 is essentially a single-chip computer. The CPU is of
course the ‘brain’ of the computer. It reads and executes instructions from the PROM.
As instructions are interpreted it can store and retrieve data in the RAM.

Some CPUs make a distinction between registers located within the CPU and RAM
located outside it. The PIC chip does not. The general-purpose RAM is also known
as ‘file registers’. The PIC16F819 has 256 bytes of general-purpose RAM.

CoreChart defines these file registers automatically. They configure the assembler by
putting it into PIC16F819 mode and defining the variables. In CoreChart variables
can be added from the Variables menu and will automatically be assigned the next
free register.

Besides the general-purpose memory there is a special ‘working register’ or ‘w
register’ where the CPU holds the data that it is working on.

There are also several special-function registers. They control the operation of the PIC
chip.

The special-function registers are divided into 4 register banks. The access to the
register banks is controlled by Register Select Bits: RP0 and RP1.
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The program memory of the PIC16F819 consists of flash EPROM. It can be recorded
and erased electrically and it retains its contents when the power is off. Many other
PIC chips require ultraviolet light for erasure and some are not erasable. The
PIC16F819 is erasable and electrically reprogrammable over 100,000 times.

The Reset button is a Push button located next to the left motor on the eLabl6m. The
Reset button is used to reset the chip or to step through a program in the chip.

Figure 24: photo illustrating the location of the reset button

Push Button Input
The circuit connection of the Push button on the eRacer 16m is shown in the
schematic diagram below.

VDD +5V

Vour RAS5/MCLR

10k
NV L
' Push button

When Push button is open, Voyr =5 V. The MCLR input will register as a Logic 1.
When Push button is closed, Vour = 0V. The MCLR input will register as Logic 0.
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Practical 3a

Testing for Inputs

Step 1: Prepare for new program

Start up CoreChart program. Open start.bst and save as press.bst (Refer to
Software Workshop Part 2- CoreChart Practical 2).

Step 2: Insert description

Insert a TEXT icon to include your name and the program name PRESS ON LED.
The description is “To turn on a LED by pressing a button”. Save the modified
program.

Step 3: Insert new instructions
Insert the following icons.

ICON PROPERTIES
LABEL Here

SET LED4 OFF
IF ResetButton  OFF
SET LED4 ON
Assignment W =20

CALL HundredthDelay
GOTO Here

Step 4: Run the program

Save the program and send it to the PIC chip. When the Push button is pressed the
Superbright Green LED (LED4) should turn on.

Step 5: Make LED flash

Change the program by inserting “W = 20 and Call HundredthDelay” before the IF
icon. Re-save program and send to PIC. When the Push button is pressed the
Superbright Green LED should flash. Can you work out why?

(Answer: After the Superbright Green LED is turned off, a short time delay is now
introduced before it is turned on again immediately).

Step 6: Turn Buzzer On and Off

Change the program so that the Buzzer is switched On and Off when the Push button
is pressed. (Hint: Change the bit that was turned On and Off in the last program.
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Practical 3b

Waiting for an event

Often there is a wait for an event to occur before progression to another section of a
program. The following example waits for a switch to be pressed before changing
outputs to PORTB.

Step 1: Prepare for new program

Start up CoreChart program. Open the start.bst program and save it as wait.bst
(Refer to Software Workshop Part 2- CoreChart Practical 2).

Step 2: Insert description

Insert a TEXT icon to include your name and the program name ROBOT WAIT. The
description is “Making the robot wait until a button is pressed”. Save the modified
program.

Step 3: Insert new instructions

Insert the following icons.

ICON PROPERTIES

IF ResetButton OFF
GOTO START

SET LED4 ON
LABEL LABELI1

IF ResetButton  ON
GOTO LABELI1

SET LED4 OFF
SET LEDS5 ON

The eRacer 16m waits for the Push button to be pressed. When the Push button is
pressed the state of the Superbright RED on the eRacer 16m will change.
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Infrared (IR)

Object Detection Using Infrared Light

Infrared light is not visible to the human eyes. However infrared light is extremely
useful in a wide range of applications.

A very useful application of infrared light is in the detection of objects. This is widely
used in hospital operating theatres and in the food preparation industry e.g. a doctor
waves his hand past an infrared sensor to turn on and off the water tap in order to
avoid the risk of contaminating his hands on the taps.

visible light

gamma rays ultraviolet infrared rays radio waves

light

Figura 1: The electromagnetic spectrum,
Infrared IR LEDs are used in opto-electronics such as in auto-focus cameras and
television remote controls and as light sources in some long-range optical-fibre
communication systems.

The eRacer 16m robot uses its IR LED sensor to determine whether an object is in its
path in order for it to try to avoid crashing onto some obstacles.

Figure 25: Front view of the eRacer 16m
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Infrared (IR) — Transmitter and Receiver

A circuit diagram of the IR LED Transmitter connected to RB3 of the
microcontroller.
R1

RB3 VW

(PORTB, Bit 3)
4K7 N LT~ IRLED
— Transmitter

ov

The resistor value determines the strength of light emitted from the IR Transmitter.
The IR Receiver has three pins.
Front View
|

||
12 3

1 — signal output
2 —negative / ground connection
3 — 5 volt power supply

For the IR Receiver to operate properly a square waveform must be supplied to the IR
LED Transmitter at a frequency of 38kHz. This is generated by a PWM signal from
pin RB3 of the PIC16F819 chip. The duty cycle should be 50 percent.

. 50% .
<—> !
ON | 5V —
OFF |ov — | | L
i Tpwm i
1
Ty =——
P 38KkHz
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The infrared light emitted from the Transmitter is reflected off objects. The IR
Receiver detects the deflected light.

=

Transmitter —| )~ -

igd
Receiver

When an active low IR Receiver detects IR light the signal pin (#1) will go low (0V).
Otherwise the signal pin (#1) will stay high (5V).

RR

Infrared on the eRacer 16m

An infrared IR LED transmitter and an IR Receiver are mounted on the front of the
eRacer 16m. As a result the eRacer 16m is able to detect an object in front of it.

The IR LED Transmitter and the IR Receiver work in a similar way to the Super
Bright LED and the LDR combination. The infrared Receiver can be thought of as a
switch that is turned on by an infrared light similar to the LDR that is turned on by
normal light.

Turning on the infrared LED is more complex.

A subroutine called PWM is needed.
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Practical 3¢

Testing the IR on eRacer 16m
Step 1:

Open eRacer16mSetUp.bst in CoreChart. This program is a template which contains
the configuration settings for PIC16F189 chip on the eRacer 16m. These settings are
already automatically generated when the ezCircuit Designer export the test program
to CoreChart. Save this program as ir.bst. Delete all other icons between START
MAIN and END MAIN except the Setup subroutine.

However for the IR Transmitter to operate, the PWM section of the PIC chip must be
set correctly i.e. the CCPMX setting must not be selected.

In order to verify this, double click the START MAIN icon to open the
PIC16F819 chip configuration window and make sure the radio button next to
CCPMX is not selected. Click OK to exit the chip configuration window.

PIC16F819 Chip Cunﬁgurati\m\

AV

[ ]
=X
—
(2]

RA2/AN2/\REF- 8 []— RA1/AN1

RB1/SDI/SDA ~— [ 12[0<— RBE/T10SO/T1CKIPGC
RB2/SDO/CCP1 —=[ 8\@ 110— RB5/SS
RB3/CCP1/PGM ~—[ 9 \ 10— RB4/SCK/SCL

RA3/AN3/NVREF+ 02 & 170 — RAO/ANO
RA4/AN4/TOCKI 03 = 160 —= RAT7/OSC1/CLKI
RASIMCLR/VPP —14 & 15— RAB/OSC2/CLKO
Vss—=[5 c 14[3+— VoD
I RBO/INT -—[] % 130 — RB7/T10SI/PGD '
O
o

\ Configuration File ¥1.0.43
_CONFIG 1 OPTION
FOSCZ/FOSCO & ImRCIA [~ wDTE g E\f‘é’m [~ Pso [ Psa [ INTEDG
v o
£ EXTCLE ¢ IWAC CLEOUT {JZ E"E’E‘HTEE — why || T PS1 [T TosE W ABFD
" HS ( ERIMO — BOREN ™ ps2 [ TOCS

C¥T LR " ER CLEOUT [~ LvP

|

[~ “Wait for Push Button to be pressed befare initializing Port &

OK | Cancel
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Step 2:

Import PWM_On, PWM_Off, PWM_Setup_Off and GetIRDelay subroutines from
the eRacer 16m Modules folder into ir.bst. You will need these subroutines for the IR
detector. Follow steps 1 to 3 below to import the subroutines.

In the program ir.bst, click the CALL icon in the Icons window. A Subroutines

1 1 1 2

+
—
EEEEl  DirsPor [ HundedtDels INTERRUFT  PosaDigts Setp
A—
L]

(m»mw | ok Corcel Comm,

&2 /abtronics
CoreChart
(PIC6F813)

Wersion 2.6 0 (Unregistered)
Software expires in 20 Day(s)

_Feupage | 4] [o] toaPogs | | ot 33

In the Subroutine Import window, select the location of the subroutine to be
imported, and then select the radio button next to the subroutine to import (Note you
can select several subroutines to export them all at once). Select the radio button next

to Manual Control of Name Change. Click import selected and a Confirm
Subroutine Name Changé window will pop up.

227 ir.bst - CoreChart (PIC16F813)*

=lElx
File Edit Options Tools Debug Help

Jump ta Sul
Main Progiam
T =

Undo Gub  Copy Faste Delete

%’
4

I outin i C — — | ICONS
s = - = =1 =0 a+mec| [ X800
sem DEL&Y DigtalPot  HundredthDelay INTERRNET  PortADigital Setup ol
P TEXT
SE—
. N
3
7] LABEL Timer
Subroutine Import
Er— S elect subrowtingis (o mport: = %
=T 1
S Documents and Settings EI bu[tnr\upN )
N EED04436 ] BuzzerDif
24 Desktop ] BuzzeiOn r_—’
Mux [ FLIeftDrRight
& =RacerlBm Moddles ISRV
[ Farward
] GetButton
[ GetlRt
] GetlRDelay
] initLtimer
[ initRtimer
[]1_LessThan '/
[ LeftTun  —
[ L_inc_timer bl |
[ microDelay (=3 5 =
= v Mamual Contiol of Hame Dhanas
I™ Graphical View
Return to Default Folder | L‘

(PIC16F819)
‘ersion 2.6.0 (Unregistered)
Software expires in 28 Day(s)

First Page | 4] [¥]_LeostPage | Icans 1+ 3of 3
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Note: If you do not select “Manual Control of Name Change” option when importing
a subroutine, any variable or subroutine name that may already be in use in the

program will be automatically renamed.

In the Confirm Subroutine Name Change window click No to reject any variable or

subroutine name changes.

- br.bist - CoreChart (PICLGI019)*

MAIN
z - ] & O [ 21 21
— DELAY Dighafont  HundredthDetay INTERRUPT  Ponalgtal Sehp
—
+
[21
END
MAIN
|ms.hom.| Cuntomiza lcon P |
=
|
(PIC16F813)
g Yorsen 280 Qo)
_FestPage | 4 |#] LosiPoge| | o133

Click Ok to exit the Subroutine Import window when finished.

= i bst - CoreChart (PICLEFS19)*

¢ o
_ | it Copr. Pa
F I
IE' DELAY DigaaFert  HumbadbDelay INTERRUPT  PoitiDigial S E asa=c) | o
[mexar |
e |
LageL | o Timer ¥
= g i O = =
S =R
:S.T.;..-...-.m‘ ‘camplels 'c"'.:_wu.nn—
g o PWhLS: - |
—ﬁfmww’&?«mﬁ— =3
(i) oy -
=
0F,
{PIC1EFE13)
itrsn 1610 (Leragistarsd)
Satwirs axpres in 20 Dayis)
fustPoge | 4] Lv] _LonPege | lcons 1-3aid

Step 3:

Create a new subroutine by selecting the CALL icon. Click on the “Add New
Subroutine” button. Type the name “GetIR” in the text box and click “Add
Subroutine”. Close the subroutine window to return to the main program.
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Step 4:

Insert a CALL to the “GetIR” subroutine in the main program. Open the “GetIR”
subroutine by double clicking on the CALL icon and insert 2 Labels into the
subroutine. Label them as “GetIR_Yes” and “GetIR_End”. Insert the following icons
before the GetIR Yes label:

CALL PWM On

CALL GetIRDelay

IF IRReceiver Off
GoTo GetIR Yes
ASSIGN erResult =0

GoTo GetIR End

Note: A new variable “erResult” will need to be created by clicking the “Add New
Variable” button.

Step 5:
Insert the following icon between the GetIR Yes label and the GetIR _End label:
ASSIGN erResult =1

Step 6:
Insert the following icons after the GetIR_End label:
CALL PWM_Off ,_ - ¢
CALL GetIRDelay suB
GetIR
% !
The GetIR Subroutine should look like the =T R s
CoreChart program on the right. e
- l—
LT_";_.” 1 -
GetiRDelay
- l—
+ +
(3] s T T
IRReceiver PWH_OFF
OFF Pr—
+ +
1z — 1
GoTo
- l—
+
S -
erfesult = 0 Retum
.
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Step 7:

ER: | Double click the Return from Subroutine
ET LED1 OFF : .
icon to return to the main program. Insert
the following icons before the CALL
i GetIR icon:

GoTo. CALL PWM Setup Off
P LABEL Loop

.

Setup
d—
+
2 — Step 8:
PWH_Setup_0if
ra— Insert the following icons after the GetIR
t icon:
SET LEDI1 On
IF erResult Bit 0 On
i SET LEDI1 Off
H———— GoTo Loop
GetR Your Main program should look like the
— CoreChart program on the left
- +
[ e
SET LEDM ON
+
IF
4l erResult Bit0
l on
é

Step 9:

Save the program and send it to PIC.

The subroutine GetIR starts by switching on the infrared pulse width modulation
PWM and delaying long enough for the IR sensor to detect any reflected infrared
signal. Port B bit 2 is then tested and the variable erResult is assigned the value 1 if a

signal is received and the value 0 if a signal is not received.

The Main program simply reads the value of erResult Bit 0 and turns on a red LED if
the signal was received.
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Practical 3¢ Extension

Bit Variable

This exercise is to demonstrate the second method of editing/creating Bit Variables
through Variables that is under the Edit menu (or just simply click on Add New
Variable on Icons). This allows you not only to label Bits on PORTSs but also Bits on
bst and save as

i I Jumpto Subroutine
cut Chrl+t ¢ ’7Main Frogram -
Copy e forta Bro
Paste chrl+y i = e >
i) b Undo Gt ey Paste Dol
Save Clphosrd Chri+F12 7
Load Cliphoard Fi2 2 (e T

— A

z ]
5
L[in PORTA Bit0 GOTO

3 I —
PortADigital OFF
g CALL
* L]
~ICON Properties:
Loop Assignment
Let |w =
+ o =
Bl -
Gt % Al Mew Variable
| p— Comments :
[
4 [
First Pane | [ leons 1-10010 Vast P |
Step 1 Step 2
Addr | Mame | Addr | Mame | I|H
32 | 32 |
33 J 33 J Addiarable
34 4 34 8
35 erResult 35 erFesult T 3 p
7 RLDR_Dark v FL B
38 RLDR_Trig 33 7
39 GLODR_Light 39
40 GLDRA_Dark 40 i "ariabl
4 GLDR_Trig 41 el
42 FL_LeftG 42 o
43 FL_RightR 43 i 21 Uhused Yar |
hMove g |
Wiy Ko |
Close |

|erResuIt-has 46 reference(s) |Tci'ta| numbet-af‘%r vaniables: 12

Type in the name of the new Variable “IR” and then click on “Add Bit Variable” A
small Properties window will pop up. Choose the Port or Variable you would like to
label and the specified Bit. For example choose “erResult Bit 0 and click OK when
you have finished. A new Bit Variable will be created. Using this method of creating
“Bit Variable” you can label any Bit of any Variable.
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(’ e -
tET LED1 OFF
¥

Replace the existing “erResult Bit 0” with
0

8

5

the new Bit Variable “IR” you have just

- created. The program should look like the
PWH_Setup O CoreChart program on the left.
_ p_!

0

il

{i]

=
13
—

E

Elrrreron™

SET LED1 ON

Using Infrared Remote Control on eRacer_16m

Introduction

This section will make use of the various CoreChart subroutines and commands to
make the eRacer 16m move about by infrared remote controls e.g. TV remote and
others.

Procedure

Start up CoreChart and open eRacerl6mSetUp.bst. Save this program as
IRfollower.bst. Delete all other icons between START MAIN and END MAIN
except the Setup subroutine.
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Insert a text box and add a description about the program.

Basically the eRacer 16m will continue to move forward until it receives an
infrared signal when it will pivot either left or right depending on your program.

2. Import subroutines called: GetButton, PWM Setup Off, Forward, GetIR,
PivotRight and Stop. This can be done by opening the Options toolbar and
selecting Import Subroutine. The subroutines are in the “eRacer16m” folder.

3. Add the following instructions below the text box:

ICON PROPERTIES
LABEL ButtonDelay
CALL GetButton
IF erResult Bit0 ON
GOTO ButtonDelay
CALL PWM Setup Off
LABEL SenseAgain
SET LEDI on
SET LED2 on
CALL Forward
LABEL IRSensing
CALL GetButton
LABEL OouT
Insert the following between the CALL GetButton and LABEL OUT icons:
IF erResult Bit 0 ON
GOTO OUT
CALL GetIR
Next insert the following between the GetIR and OUT icons:

| LABEL | IRTest End

Then insert the following between the GetIR and IRTest_End icons:
IF erResult Bit 0 ON
GOTO IRTest End
GOTO IRSensing
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Insert the following under the LABEL IRTest_End icon:

SET LEDI1 off

SET LED2 off

CALL PivotRight (or PivotLeft, but NOT both)
ASSIGNMENT W=10

CALL HundredthDelay

GOTO SenseAgain

4. Finally insert the following under the LABEL OUT icon:

CALL STOP
SET LED1 off
SET LED2 off

5. Save the program. It should now look like this:

1 g 15 22 23
E — 2] “SET Red LED1 T —
PWH_Setup 0¥ 4 erResult Bit0 OFF Stop
- — dm—
+ + * + +
2 h-\ 16 23 30
;The eRacer_1bm El i DSIET Red_LED2 DSET Red_LEDA
;continue to move fo Sensefgain m OFF OFF
éuniil it receives a
' + + L 3 + +
£l 10 17 24 Ell
== —ISET Red_LED L= ] — DSET Red_LED2
Setup ON GetR. PivotRight OFF
- — - — - —
[4] - = [12] . [25] = [32] L
7 T — 8 = =
SET Red_LED2
ButtonDelay ON q erResult Bit 0
ON
+ + * *
5 — 12 —— 26 —
GoTi
GetButton Forvard HundredthDelay
— - — —
+ + r *

IRSenzing

6. Ensure that the chip is set to allow PWM operation (see Practical 3c Stepl) i.e.
make sure that the CCPMX box is not ticked in the Configuration box otherwise

- —
)

GoTo
Sensefgain

]
GoTo
IRSensing

B
#E

II
¢

the IR transmitter will not operate.

Send program to PIC chip.
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7. Test the program. The eRacer 16m should now continuously move forward and
pivot left (or right) when it senses an obstacle in front of it.

Use an infrared source e.g. a TV remote control and point it at the eRacer 16m.
The eRacer_16m will pivot either left or right according to the program.

You can stop the eRacer 16m at anytime by pressing and holding the reset button.

IR signal received

eRacer_16m | ~~<J %

Infrared IR signal

e B
URE40

Figure 26: illustration of the remote causing the eRacer 16m to pivot
Try to navigate through an obstacle course with this simple IR wireless control.
Try out different angles and distances to see if the infrared signal can still be detected!

As an extension modify the program so that the eRacer 16m senses two different
infrared signals in order to pivot left on one signal and right on the other.
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Trouble shooting tips:

1. If the eRacer 16m is moving forward but does not respond to an infrared
signal:

a. Check that the infrared source is actually emitting a signal. Check the
remote control batteries etc.

b. Check that the infrared receiver on the eRacer 16m is working
correctly. Refer to the eRacer 16m Electronics Construction Manual.

2. If the eRacer 16m continues to turn around in circles with the red LEDs
blinking it could be detecting a stray infrared source continuously. Ensure
possible interfering IR sources are deactivated.

3. If the eRacer 16m does not move check your program. Check the
eRacer 16m can be programmed. Remember to turn on the eRacer 16m when
programming.

4. If the eRacer 16m does not program check the manual for hints and tips.

Light Dependent Resistor LDR

An LDR is a resistor that responds to variations in the light that it is exposed to. On
the eRacer 16m the LDRs are used for line following and colour differentiating
programs.

Two Light Emitting Diodes (LEDs) and two Light Dependent Resistors (LDRs) are
mounted next to each other on the track side or under side of the eRacer 16m PCB.

When light shines on the LDR the LDR sends a signal to the microcontroller. The
LDR acts as a switch. A CoreChart program could be written such that IF LDR ON,
move eRacer 16m forward.

Using this method it is possible to get the eRacer 16m to follow a set pattern. The
LED shines on the ground at an angle. If the ground is light in colour and reflective,
the light from the LED will be reflected from the surface to the LDR. This causes the
LDR to send a signal to the microcontroller.
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LIGHT SURFACE

Figure 27: Light reflected from LED to LDR

If however the LED shines onto a dark surface such as a dark carpet then little or no
light will be reflected to the LDR and no signal will be sent to the microcontroller.

Analogue to Digital Conversion (ADC)

The LDR can be an On Off switch for Light or Dark condition.
Using the ADC the LDR analogue signals can be converted to digital signals which
correspond to a range of light conditions.

The PIC16F819 has an in-built analogue to digital converter (ADC). The ADC
converts the analogue signals from the LDRs to 10 bit digital values.

The PIC16F819 has 5 ADC pins i.e. PORT A0, Al, A2, A3 and A4. The analogue
voltage signals measured are converted to numbers between 0 and 1023.
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Practical 3d

Testing the LDRs on the eRacer 16m
Step 1:
Start CoreChart and open the program LDRfollower.bst

Step 2:

Insert the following icons:

Label Label
If LDR2 On
Set LEDI On
If LDR2 Off
Set LEDI Off
If LDR1 On
Set LED2 On
If LDR1 Off
Set LED2 Off
Go To Label
P ¢
Step 3:
% | @ Check that the LDR test program looks like the figure on
the left.
+ 4
E — *ISET LEn2 on . .
Setup Save the program and send it to the chip.
- —

1
'
+
E 1 2
SET LED1 ON
GoTo
Label y
+

+
7

SET LEDM1 OFF

SET LED2 OFF

&

I‘-

r Ei‘
%ﬂ

o é
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Step 4:
The LEDs indicate the status of the LDRs.

If there is light on the LDR then the LED on same side of the eRacer 16m will turn
on. If there is no light on the LDR then the LED will turn off.

Cover each LDR in turn and observe the status of the LEDs.

To change the LDR sensitivity, adjust the length of heat shrink shroud covering the
LDR.

Step 5:

Alter the test program by adding in motor control in the same location in the program
that the LEDs turn on and off.

Instead of pointing to the ground, adjust the LDRs so that they are pointing forward

and at about 90 degrees to each other. This will enable the eRacer 16m to go towards
the brighter area and avoid shadows.

A7

o

Run the eRacer 16m and observe the reaction.

It is likely you need to adjust the LDR sensitivity. The more even the LDR sensitivity,
the better the reaction to the small difference in the light levels.

- 105 -



Software Workshop Part 4 - eRacer 16m Outputs
Introduction

This workshop discusses how CoreChart controls the eRacer 16m robot movement
which is determined by the speed and direction of the two motors. The importance of
time delays is also discussed.

The two motors on the eRacer 16m robot are connected to a L293 motor driver chip.
The driver chip uses the small voltage signals from the PIC microcontroller to control
the motor.

The CoreChart program sets specified microcontroller PORT Bits to activate the
motor driver chip to rotate the eRacer 16m motors in directions set out in the Table of
Port operation for eRacer 16m®

eRacer_16m L293 Driver Chip Motor Control

The PIC16F819 microcontroller chip current output is too small to turn the motors.
Hence we need to use the L.293 driver chip. This chip has four “buffers”, one for each
motor terminal. Each of these buffers has two pins. The input pin is connected to the
PIC16F819 microcontroller chip and the output pin is connected to a motor terminal.

These buffers output the same voltage as the input but are able to supply larger
current.

Each motor has two terminals powered by two buffers of the motor driver chip. These
two buffers receive signals from two pins of the PIC16F819 microcontroller.

For the motor to spin one of these two pins must be on while the other is off. The
motor will not turn if both pins are on or both pins are off.

1 L 18h Bat +
02 170 Driver chip
O3 16—
04 o 1503 ™
L) T
O5 e 140 T‘L“:: T motor 1
e % 13f L \
d7 & 12 > -
ds O 1']] K +\ motor 2
o [
LF',
Oo 10]—' .
| 10 nF capacitors
Bat -

Figure 28: connection between the controller and motors
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Outputs from the PIC Microcontroller

e FEach Bit in PORT A or PORT B of the PIC chip can output a maximum of

25mA. There is a limit of 200mA per Port of 8 Bits in total.

e Therefore a need a driver to increase the current to drive motors. The 1293
driver chip is connected to the designated Port Pins to drive motors.

Table of Port operation for eRacer 16m®

ortBit/Control unction

B 0 [(notused)

B 1 |(notused)

B 2 |IR Receiver Input
B 3 IR LED Transmitter Output
B 4 Left Motor Forward Output
B 5 |Right Motor Reverse Output
B 6 |[LDRI1 Input
B 7 |LEDS5 Output
A 0 |RED LEDI Output
A |l |REDLED2 Output
A 2 |Buzzer Output
A 3 |LDR2 Input
A @4 |LED4 Output
A |5 |Push Button Input
A 6 Right Motor Forward Output
A 7 |Left Motor Reverse Output
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Practical 4a

Programming the eRacer_16m to Move and Stop

This practical discusses the CoreChart program that moves the eRacer 16m forward
for a set amount of time and then stop. The eRacer 16m program switches on the
wheels for a set amount of time and then switches off.

Step 1:
Open the file “movement.bst” in CoreChart.

Step 2:

Insert the following icons in the Main CoreChart program:

CALL | ButtonUpNDown
SET MotorLeftForw On
SET MotorRightForw On
SET MotorLeftRev Off
SET MotorRightRev Off
ASSIGN W =50
CALL HundredthDelay
SET MotorLeftForw Off
SET MotorRightForw Off
GOTO START

Step 3:

Save the program in your own file name and send it to the PIC.
Note that the program will not start until the Push button is pressed.

Step 4:
Alter the length of the delays and observe the new patterns that the eRacer 16m
traces.

Step 5:
Change the sequence of the motor control in each section of the program and observe
the changes to the patterns that the eRacer 16m traces.
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Delays

In this section we discuss time delays and why they are necessary in CoreChart
programs. We will then show how to construct delay subroutines.

The PIC Microcontroller uses an internal clock to control the execution of program
commands. Essentially the internal clock is a digital pulse changing at a constant rate.

The PIC16F819 internal clock pulses at a rate of 8,000,000 cycles per second or
8,000,000 Hertz (or 8 Megahertz or 8 MHz). The period of each clock cycle is
1/8,000,000 seconds or 0.000000125 seconds (or 0.125 microseconds or 0.125us).

In most cases the PIC16F819 takes 4 clock cycles to execute 1 instruction. Therefore
the microcontroller takes 0.5us to execute each CoreChart icon or instruction. Please
refer to Figure 29.

OME CYCLE 0.05uz

— ]
|

HIGH

LOwW TIME
FOUE CYCLES PER INSTEUCTION CYCLlE (0. 2us)

I
Ll

Figure 29: depiction of the delays
The instructions are executed at such a high speed it is sometimes necessary to
include a time delay in the program.
Time delays are used in the Flashing LEDs CoreChart program. Here is why.

There are 4 instructions in this example i.e. turn LED on, turn LED off, goto loop to
turn LED on again. The goto command is equivalent to two read instructions.

There are 2 instructions between LED on and LED off which is about 1pus. At this
speed the LED will look as if it is constantly on to the human eye.

However if a suitable time delay is inserted between each LED turn on and LED turn
off cycle, the human eye will then be able to see the turning on and off of the LED.
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Types of Delays

A time delay is implemented in one of two ways viz. by inserting an icon that does
nothing or a delay subroutine that counts. Each time the microcontroller does nothing
for one instruction cycle it pauses for 0.5us. Therefore a time delay is made up of a
multiple of 0.5pus.

No Operation

A no operation instruction is inserted in the program by clicking on the Timer icon
and selecting no operation. This provides a specific delay of 0.5us.

Delay Subroutine

The delay subroutine assigns a value to the W register that sets the length of the delay.

The outer loop will continue to loop until the value of Y in W register (Y=W) changes
to 0. For each outer loop, the inner loop is executed 255 times. The inner loop has a
variable X. When the delay subroutine is called X is equal to zero. However the first
arithmetic operation on X makes it equal to 255.

1. SUB DELAY
2. Y=W

3. LOOP

4. X=X-1

IFX<>0
YES: do next INS
NO: skip next IN

b

GOTO LOOP
6. Y=Y-1

IFY<>0
YES: do next INS
NO: skip next INS

7. GOTO LOOP
8. RETURN

Note: INS = instruction
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CoreChart Delay Subroutine Example

The delay subroutine in this CoreChart example uses the Count and Decide icons in
between a Label and a GoTo instruction as shown in the diagram.

In this delay subroutine the register X is an 8§ bit register that

: counts from 0 to 255 and then back to 0 again. Note that this
SUB delay is a fixed delay i.e it will always delay for the same
ShortDelay amount of time except for the first time when it is CALLed.
This is because on the first CALL the value assigned to X is

- 1 unknown. Therefore it will loop an unknown number of

times (0 to 255) until it reaches zero.

i

SDLoop The next time the delay subroutine is CALLed the value in
the X register will start at zero The next value of X in the
register is 255 after decrement by 1 and then 254, 253, ......
until it reaches zero again at which point it returns from the
subroutine.

Each delay count iteration consists of 3 CoreChart icons that
take 1.5us to complete i.e. 0.5us for the Count instruction
and 1ps for the GoTo instruction.

The length of time for this delay subroutine is:

256 x 1.5us =384ps.

Retum -
From Subroutine

One of the template example programs that come with
CoreChart is a subroutine that consists of a loop inside a
loop. It counts to 256 and this count is repeated 256 times.

The length of time for this Delay subroutine is:

(256 x 1.5us) + 1.5us) x 256 =0.1 s
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V ariable Time Delays

It is possible to create a “variable time” Delay subroutine. The delay time can be
changed by changing the value of W register BEFORE CALLing the Delay
Subroutine.

The value of W can be chosen from
the range 0 to 255 inclusive.
When this delay subroutine is called

in the program the variable W will
be assigned the current value of X.

If W = N before this subroutine is
called then execution of this delay
will assign the value of N to X.
Therefore it will loop an N number
of times until it reaches zero and
returns from the subroutine.

The length of time for this delay
subroutine is:

N x (1.5us)
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Practical 4b

Delay Subroutine to Create Sounds of Varying Frequencies

In Practical 2¢ we created a program to turn the LED On and Off by using Time
Delay subroutine. Similarly we can use Time Delay subroutines to turn a Buzzer On
and Off.

If you turn On and Off the Buzzer slowly then you can hear the Buzzer turn On and
Off. When the Buzzer is turned On and Off very fast only a single tone will be heard.

Hence if the Time Delay between switching On and Off (the Period) is decreased
sufficiently then a single tone will be heard. The shorter the Time Delay the higher the
Frequency or the Pitch of the Buzzer.

The Period is calculated by adding the On time and the Off time of the Buzzer. The
Frequency is the number of Periods that fit into one Second. The Frequency is then
the INVERSE of the Period. (F =1/ T The unit of F is Cycle Per Second and the unit
of T is Second).

The following program produces a tone when the Push Button is pressed.

Step 1:

Open the file pitch.bst. Select the CALL icon. Create a new subroutine and call it
‘shortdelay’.

Select the ‘shortdelay’ subroutine and insert it in a new Main program.

Step 2:

Open the ‘shortdelay’ subroutine and insert the following instructions:

Note: You need to create the Variable “X”. Open the “User Variable List” by clicking
on Edit / Variables at the top of the menu bar. Type in “X” in the top right hand box.
Click on “Add Variable” and close the “User Variable List”.

ICON FUNCTION

ASSIGNMENT X=W

LABEL sdloop

COUNT AND DECIDE X=X-1

GOTO sdloop
Step 3:

Double click on “Return from Subroutine” icon to go back to the Main program.
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Step 4:

Insert the following icons in the Main program:

ICON FUNCTION
ASSIGNMENT W =100
LABEL here
SET OFF Buzzerl
CALL shortdelay
IF OFF ResetButton
SET ON Buzzerl
CALL shortdelay
GOTO here

Step 5:

Save the program and send it to PIC.

Step 6:
Change the value of W = 100 to W = 15. What effect does this have on the pitch? Can
you calculate the frequency of the pitch? What is the threshold frequency of human
hearing?
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Practical 4¢
Sliding the Tones of the Buzzer

The next exercise explores what happens if we slowly change the Time Delay while
the Buzzer is On. In this case the pitch would change from high to low or low to high
producing a WHHOOOOP sound

Step 1:

Delete all the icons between START and END except the Setup icon from the
pitch.bst program and save it as slide.bst so that we can reuse the ‘shortdelay’
subroutine.

Step 2:
Select the CALL icon and create a new subroutine named ‘play’. Select the ‘play’
subroutine and insert it in the slide.bst Main program.

Step 3:

Open the ‘play’ subroutine and enter the following:
ICON FUNCTION
SET Buzzerl ON
CALL shortdelay
SET Buzzerl OFF
CALL shortdelay

Step 4:

Double click on “Return from Subroutine” to go back to the Main program.

Step 5:
Click on the “Assignment” icon and click “Add New Variable” and add a new
variable called ‘slide’.
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Step 6:

Insert the following icons in the Main program:

ICON FUNCTION
ASSIGNMENT w=1
ASSIGNMENT SLIDE =0
ASSIGNMENT Y =0 (add another variable Y as in step 5)
LABEL sound
COUNT AND DECIDE Y=Y-1
CALL play
CALCULATE SLIDE = SLIDE + 1
ASSIGNMENT W = SLIDE
GOTO sound

Step 7:

Send the program to PIC. You should hear a sliding sound of decreasing pitch.
How long does it take slide through all the 256 tones? How could the tones be made

to slide upwards?

Change the icons in Main program to:

ICON FUNCTION
ASSIGNMENT w=1

ASSIGNMENT SLIDE =0
ASSIGNMENT Y=0

ASSIGNMENT CHANGE = 0 (add variable CHANGE as in step 5)
LABLE sound

COUNT AND DECIDE Y=Y-1

CALL play

COUNT AND DECIDE CHANGE = CHANGE + 1
GOTO sound

CALCULATE SLIDE = SLIDE + 1
ASSIGNMENT W = SLIDE

GOTO sound

How long does it take this altered program to cycle through all 256 tones?

CHALLENGE:

Modify slide.bst to only operate when Push button is pressed as in Practical 3a.
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Practical 4d

Pulse Width Modulation PWM Controls eRacer 16m Motor Speed

This practical explains the control of the eRacer 16m motor speed by using Time
Delay subroutines. There are no hardware changes to the eRacer 16m.

The eRacer 16m motor speed can be varied if we can make the motor start and stop
for very short duration of time through Time Delay subroutines in the program. If
there are no Time Delays in the CoreChart program the eRacer 16m motors will
rotate at maximum speed.

If we make the motor start and stop for very short duration of time through Time
Delay subroutines, the result may be a net forward movement at a fraction of the
maximum possible speed.

The actual speed depends on the length of the delays and the relationship between the
ON time and OFF time. For this to work, the OFF time must be less than the ON time.

ONti
Actual speed = 1me * MaximumSpeed

ONtime + OF Ftime

Step 1:

Open the “start.bst” program. Use the CALL icon to create new subroutines named
‘OnDelay’ and ‘MotorDelay’. Select ‘MotorDelay’ from the subroutine list and insert
it in the main.

Refer to Subroutines section of Software Workshop Part 2 — CoreChart.

Step 2:

Open the ‘MotorDelay’ subroutine and insert the following instructions:

You will need to add the Variable ‘Speed’ by clicking on the Assignment icon and
inserting a new Variable.

ICON FUNCTION
LABEL Loop2
ASSIGNMENT W=20
ASSIGNMENT X=W

LABEL Loopl

COUNT AND DECIDE X=X-1?

GOTO Loopl

COUNT AND DECIDE Speed = Speed—1?
GOTO Loop2
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Step 3:

Insert the following instructions in the main program:

ICON FUNCTION
LABEL here
SET MotorLeftForw ON
SET MotorRightForw ON
ASSIGNMENT W =10 (* Ontime of the motors)
ASSIGNMENT Speed =W
CALL MotorDelay
SET MotorLeftForw OFF
SET MotorRightForw OFF
ASSIGNMENT W =1 (*Offtime of the motors)
ASSIGNMENT Speed = W
CALL MotorDelay
GOTO here

Step 4:

Save the program in your file as motorspeed.bst and send it to the PIC.

Step 5:
Changing the value of W alters the motor speed. The ratio of Ontime / Offtime of the
motors determine the speed.

W is an 8-bit register that has a maximum value of 255. Therefore the maximum
value for Ontime or Offtime for W is 255.

If the value of W is less than 4 the motors may not rotate because the time between
motor on and motor off is too short. Increase the value of W or start motor manually.
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Practical 4e

Light Dependent Resistor LDR To Control eRacer_16m Movement

Step 1:
Open the file “eRacer16mSetUp.bst” in CoreChart created in Practical 1.
Delete all subroutines except “Setup”.

Step 2:
Create new subroutines named ‘Turn_Left” and ‘Turn_Right’.
Add the icons shown in the figure below:

+

+
Retum Retum
From Subroutine From Subroutine

? 9
[&]
@ [
' i Add the icons shown in the figure below to
- 8 [ — subroutines “Turn_Left” and “Turn_Right” :
Setup DELAY
— —
¥ ¥
[ ™ SUB suB
Loop Turn_Left Turn_Right
¥ G
‘@ 2 I — et Laor o
b i e
51— “SET RightFor ON SET RightFor
Tum_Left bt
A
4

i

These modifications to the program cause the eRacer 16m robot to move in
accordance to the LDRs. By positioning the LDRs to face forward and at right angles
to each other this program moves the eRacer 16m towards the light.

Test this by placing the robot into a dark room and shining a torch onto the LDRs.
The robot will move towards the torchlight. When a shadow is cast over the LDRs the
robot will move away from the shadow to the brighter area.

LDR W LDR

h

eRacer 16m Robot
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Making LDRs Detect Colours

The LDRs can be made to detect colours by using different colour cellophane. For
example the LDRs can detect the colour lines of a robotic competition map if they are
covered with colour cellophane as shown below.

Place a small piece of red cellophane over the face of an eRacer 16m LDR and fold it
over the legs.

Slide a heatshrink about 1 cm long over the LDR so that the edge of the heatshrink is
level with the face of the LDR.

Apply heat so that the heatshrink presses the cellophane onto the LDR.
Repeat the above with green cellophane onto the other eRacer 16m LDR.

LDR Cellophane Heatshrink

Figure 30: Putting cellophane over the LDRs
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Practical 4f

Avoid Objects

The eRacer 16m robot uses the Infrared Transmitter and Receiver to detect and avoid
objects in its path. The following CoreChart subroutine demonstrates this eRacer 16m
feature.

Step 1:

Open “ir.bst” and save as “avoid.bst”.

Step 2:
Delete the 3 icons after the GetIR icon

Step 3:
Create new subroutines called: Backwards, Left Turn and Forward. This can be done
pressing ctrl+B or opening the Edit toolbar and selecting Subroutines.

Step 4:

Create a subroutine called “Dodge” and insert the following icons:

CALL Backwards
ASSIGN W=20
CALL HundredthDelay
CALL Left Turn
ASSIGN W =350
CALL HundredthDelay
Step S:
After the CALL GetlR icon insert the following:
IF erResult bit 0 On
CALL Dodge
IF erResult bit 0 Off
CALL Forward
Step 6:

Send program to chip.

Refer to the eLabtronics Robotic Line Following Competition section of this
eRacer 16m manual and program your eRacer 16m to follow the line.
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eLabtronics Robotic Line Following Competition

Aim

This is a fun race! Each eRacer_16m robot will be given one try to go as far and as fast
as it can. Our race track is a black project paper sheet mat with a white line twisting and
turning from start to finish. The track starts out with gentle turns and then it gets more
complex towards the finish.

Robot Specifications

Robots must be self-operated i.e. programmed to run autonomously.

All robots must be checked and recorded by the competition officials before the
beginning of the Line Following Contest. No allowance will be made for adjustments
after the Line Following Contest has begun.

Participants who qualify for the Line Following Finals may bring their robots back to
their schools after the preliminaries and make any desired adjustments. All robots will
be re-checked by the competition officials before the Line Following Finals.

Competition Rules

When a “Start” command is given, the contestant will start his/her robot.

The robot cannot be controlled by or interfered with by the participant or anybody else
during the competition.

A timer will be started when the “Start” command is given.
The timer will be stopped if the robot leaves the Line. The distance will be marked at
the place where the robot left the Line.

The timer will be stopped if the robot stops making forward progress. For example, if
the robot turns and begins following the Line in the opposite direction, the timer will be
stopped. The distance will be marked at the place where the robot turned around.

A three-minute time limit will be enforced. If the robot has not completed the Line in
three minutes, the distance will be marked at the point where the robot is at that time.

The robot must go straight through any four-way intersections, if they exist in the
competition. If the robot goes either right or left at a four-way intersection, the timer
will be stopped and the distance will be marked.

The timer will be stopped when the robot crosses the end of the Line.

The winner will be declared as the robot that travelled the longest distance along the
Line. If more than one robot reaches the end of the Line, the winner will be the robot
that completes the Line in the shortest time.

Hints and Tips

The Competition black paper has a shiny white Line using white electrical tape. If you
are not using white electrical tape to test your robot, you may need to change its
configuration to detect the black edge along the Line.
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Appendix Further ezCircuit Designer projects

As you would have discovered by now the eLabl6m controller on the eRacer 16m can
be re-used for further projects. Students can design their own project applications using
ezCircuit Designer and the eLab16m controller. The following six eLab16m projects are
found in the eLabtronics ezCircuit Designer Starter Pack.

Project 1: LED Flash Example

[]az A1 [EE]
] A3 )
IEH ¥ A7 [T — Driver A

| ResetButton  |e—lr o AR [T j— Driver O

| PowerSupplyl  [ee—10s DD (17 —y PoverSopply |
[E]B0 B7 [l  ellowl ED |
et B6 [7z]
I [ BE [T j— Driver_C
ez B (10— Driver B

PIC16F&19

Learning Outcome

This example introduces the user to the ezCircuit
Designer, CoreChart and the reusable eLabl6m
mini controller board.

The “LED Flash Example” quickly tests the
installation of ezCircuit Designer and CoreChart
Software, the USBP Programmer and the
eLabl6m controller board.

The aim is to encourage the user to design PIC
microcontroller electronic projects.

A typical example: a team of Secondary School
students used ezCircuit Designer, CoreChart and
eLabl6m to design, build, document and program
a touch pad device for autistic children to
communicate through an I-pod.
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Project 2: Thermo Fan Controller

Learning Outcome

This workshop gives the user a hands-on experience on how to design, build, document

and program a temperature controller

ez afEl
| ) AL T | HatSensor
Cas A7 [ — FAN

1] AR A |75 j— Driver D

VSS VDD
I [z
&1 B6 ]
[ ]e2 B5 |7 j—  Criver_C
[]es B [T ol LightBlh

PIC16F819
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Temperature controller

A temperature controller or
regulator is commonly found
in air conditioner, fan coolers
for car engines and inside
computers to cool down the
Mmicroprocessors.

In this project, the thermistor
will be the temperature
sensor, the light blub will be
the heater and the fan is the
cooler.



Project 3: Reaction game

This 3 part project gives the user a hands-on experience on how to design, build,
document and program a two player Reaction Game.

1. Part 1: Design Project
2. Part 2: Build Project
3. Part 3: Program Chip

A2 ATHE Player?Red
A3 AT
Ad AT
A5 Ab
VSS VDD[H op
BB [ CemmreDve ] )
B1 B6 g
B2 B3
B3 B4
PIC16FB19 a2 A[E Player?Red
[T} A3 ADT Player1Green
Ca4 AT el
- e
VSS  ltmmmTyss VDDl VDD
Player2Button T 150 B7 E..—..E PGD
[T]1B1 56 (17 | Ae— PGC
B2 B5[iT]
s =@
PIC16F819

The 2 player Reaction Game is built by adding circuits to the pre-built eLabl6m re-
usable Controller Board.

This project instills the ‘ureka effect’ in the young creative students because he can
claim ‘I am the inventor’! He / she has designed and built his / her very own
electronic game! ©
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Project 4: LCD Micro-Switch Counter

Design micro-switch counter with liquid crystal display (LCD)

EN [ T /0 A [ J— RS
D4 b— | 13 A0 7 j— RW
D5 ] | 4 AT [E — Driver_A
| ReseiButton |75 A [15 je— Driver D
| FPowerSupplyl [see——{1/55 DD [T ]  PowerSupply |
| MicroSwitch  |e——E1 50 B7 [ ] D7 ellowl ED
)81 B6 2] » D&
[=]B2 B5 [T j— Driver C
B3 Bl 10— Driver B
PIC16F819

Learning Outcome

This workshop gives the user a hands-
on experience on how to design, build,
document and program an Electronic
Counter using a micro-switch and
display the count result on a Liquid
Crystal Display (LCD).

Micro-switch Counter with a
LCD Display

Generally, it is a challenge to program
LCD displays. The following practical
explains the steps to build a micro-
switch electronic counter and display
the count result on an LCD. Electronic
counters form an important part of
electronic control systems.
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Project 5: LDR Line Following Robot

Design a Line Following Robot using a Light Dependent Resistor
(LDR)

Learning Outcome

This project gives the user a hands-on experience on how to use ezCircuit Designer
(ezCD), CoreChart and the eLabl16m to design, build, document and program a “Line
Following Robot”.

The aim is to encourage the user to design other PIC microcontroller electronic projects.

N P A1 E]
| AL 7 | |ightSensor |
I ¥ A7 (15— Diriver_A,

|  ResetButton |e—7 A5 A 75— 1 0tor2F orsard

| FowerSupplyl  |e—0n D0 [ — P owerSupply |
Ceo B7 [ je—n]  vellowlED ]
| = BE 2]
&2 B5 [ — Driver_C
IEH [=X] B [ e 10t 01 F orwvard

PIC16F819

A typical example: A team of Secondary School
students wused ezCircuit Designer (ezCD),
CoreChart and eLablém to design, build,
document and program a touch pad device for
autistic children to communicate with an I-Pod.

Line Following Robot

Building a robot is no longer rocket science. With
only one LDR (Light Dependent Resistor) and two
motors, a simple robot can be built to follow a
line.
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Project 6: A/D LDR Light Level switch

Design Analogue Light Detector
(Project 6 requires Full CoreChart & ezCircuit Designer licences)

Learning Outcome

This workshop gives the user a hands-on experience on how to design, build, document
and program an electronic light detector and an introduction to Analogue to Digital A/D
conversion.

An example of A/D is the conversion of voltage levels to digital values for the use by

microcontrollers.
EN ] ] ) Al 15— R
D4 LightSensor  |«l— 0 A [T — Ry
05 fo—] | 4 AT [ — Relay
|  ResetButton  |e—1 o5 AL 17 J— Driver D
| PowerSupplyl | ee—ss DD
Cen B7 | ] 07 ¥ el |t LED
([ B6 [ Jr— DB
ez BS 11— Driver C
EH |55 B 10— Drriver B
PIC16F819

-128 -

Analogue Light Detector

An analogue light detector measures
the light level of the surrounding. For
example, an automatic window
shutter extends or retracts depending
on the light level in the room.



Quick Reference

ortBit/Control unction

B 0 |(notused)

B 1 |(notused)

B 2 [IR Receiver Input
B 3 |IR LED Transmitter Output
B ¥4 [Left Motor Forward Output
B 5 Right Motor Reverse Output
B 6 |[LDRI1 Input
B |7 |LED5 Output
A 0 REDLEDI Output
A 1 |RED LED2 Output
A 2 Buzzer Output
A 3 |[LDR2 Input
A W4 |LED4 Output
A |5 |Push Button Input
A |6 Right Motor Forward Output
A [7 |Left Motor Reverse Output

Table of Port Operation for eRacer 16m

[ Buzmer o) A1 [ | LED2 ]

| LDR2 [ 7] A3 AQ [T —-] LED1 |

| LED4 [l A4 AT [T ] LeftRev

|  PushButton |l A5 A6 [15 J— RightFor

| Power Supply 1 |ee—5]/SS DD [T ee—{ Fower Supply 1 |
I =i B7 [ je— LED5 l
161 56 |72 | w— LDR1 |

|  |RReceiver | ]p2 B5 |11 j—( RightRev

[ RTransmitter | mmm—) | 53 B 17— LefiFor

PIC16F819
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ieti  eLabtronics eRa.

eRacer 16m assembled PCB

eRacer 16m assembled robot
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