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Incorporating Computer Control into Student
Project Work using a PIC Microcontroller

Duration

12 hours

Aim

The aim of the Incorporating Computer Control into Student Project Work using a
PIC Microcontroller course is to support the integration of ICT into the learning and
teaching of basic electronic principles and the application of these principles in the design
and production of circuits suitable for student project work.

The course involves hands-on practical work for teachers and focuses on using GENIE
Design Studio to enhance the teaching and learning of Electronics across the technology
subjects.

Objectives

Participants will be able to:

e Understand how the evolution of electronic engineering has affected control
technology since the 1940s.

e Appreciate the need to improve student project work through the use of control
technology.

e Build a generic PIC project board suitable for use in student projects.

e Program the PIC board, using the free GENIE Design Studio software, to control a
range of inputs and outputs relevant to a range of student projects.

e Carry out basic troubleshooting and fault finding where necessary.

The course material CD contains folders that are designed to be dealt with in order.

Prior to commencing the course, it is assumed that participants have basic skills in ICT and
Electronics.
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GENIE Design Studio Training

To open GENIE Design Studio: Click the GENIE Design Studio icon on the
desktop or use the start menu.

1 GENIE Design Studio Interface:

Menu Bar Tool Bar

« GENIE Design Studio - [1 ntitled]

|5% File Edit Wiew Program  Window Help

D& - ) 0«85 Lo e
- i 2f

Programming
Commands

l weioid Bo [ LiglEes ﬁl sy @

Getting Started

Weldcome to GENIE Design Studio.

Gt up and running quickly by explaring
the topics below, Use the buttons above
— | tonavigate arourid this window,

. 4% Latest News
Work Area RO
information For this product.

Sample Programs
Explore 3 range of sample GEMIE
microcontroller programs.

Obtaining Help

0 See how to get the rost out of
GEMIE Design Studio.

Flowchart [l | _'JL‘ =

EYoRTa T e

Press F1 for help




2 Connecting the PIC Board to the PC

Connect your PIC board to a suitable power supply - either via the 9v PSU or using 4 or 6 x
1.5v batteries. It is not recommended to use a 9v PP9 battery due to their tendency to run
down quickly and inability to sustain a steady voltage.

Now connect the GENIE USB Plug & Play Cable. The following should appear:

[~ GENIE Desien stud - = x|
% Fle Edt Wiew Program Window Help _le|x|
ODEd S = | »  B-B RTTAX @

1
&
&
# I3
Conhected BEE (&
GEMIE El2
&
GEMEER w0 Use  con
o —/ 1
iz
E
Fa
o
g
Refresh | 2
3
GENIE Design Studio 3 Microcontroller connected [l
[Z) & GENIE E18 microcantroller has been

\E‘) A GEMIE Plug & Play cable has been connected to this computer and you can now use it For connecting to a real microcontraller. connected to this computer.

w What would you like to do?

¥, Runlive
Download and run this program on the
connected micracontroller,

Se I ect o K The following advanced commands are
also available For this microcontrollsr;
¥ Debuglive
Watch your program animate as it runs
SRR M e

SRR

NOTE: You must install the driver for this cable beforehand. Instructions are available in
the Software folder on your CD or in the Help and Support Guides in the main Help menu.

3 Testing the PIC Board

Before commencing programming, test that the outputs are all working properly.

Firstly tell the software what PIC chip you are using. Select Program from the menu bar
followed by Program Settings. Select the GENIE E18 chip.

+ GENIE Design Studio - [Untitled] Program Settings X

@ File Edit View | Program ‘Window Help

E3

— - Chaose the type of microcontraller you wish ko
ODElE & @ R F3 = '@TF QX @ use in your flowchart program;
| Paus: hiFt4+Fa GENIE C03 " core B Cancel
GEMIE LOB - (Kits Only) Help
bd Program Settings. ., GENIE C08
o = GENIE C14
: Connecked GEMIE » i
Program Control ¥ GEMIE E16 _ 1
GEMIE EZG
Flow Control 3
Input and Output 3 G0
Processing 3 W AL (shared) (] [ "
Advanced Control — » [T ¢ Hated (e % G2
Text and Drawing  # G3
7 A4 shared, { = G4
Options. ..
|2 Inputs, 3 Cutputs (G0,G2,64) |

NOTE: Please consult the file Setting GENIE E18 chip as default.avi located in the folder
4. GENIE Design Studio Training for instructions on how to set the E18 chip as the
default chip selection. Otherwise, it will have to be selected each time a new program is
started.



The Program Settings window provides information about the inputs and outputs

available on the selected chip:

Program Settings @

Choose the type of microcontraller vou wish ko
use in your fowchart program:

Yigw: ™ Device

This microcontroller has the Following signals:

Inputs Outputs

v &0 (shared)
v &1 {shared)
W a2 (shared)

a0
91
52
93
o4
05
96
a7

NEENREERE

|

QK

Cancel

'l

Help

Choose the bype of microcontroller you wish ko
use in your Flowchart pragram:

|GENIE E18 ~

Wiew: §ignals

This microcontroller has 18 pins as shown below:;

Feset

Ground

Number of inputs and outputs available

Program Settings @

Cancel
Help

Chip configuration

The following conventions are followed for identification purposes:

e Outputs are denoted by the letter 'Q’
e Analogue inputs e.g. LDR or thermistor are denoted by the letter ‘A’
o Digital inputs e.g. switches are denoted by the letter ‘D’

GENIE E18
Fully-featured 18-pin GEMIE microcontroller,

Pins

ELITE .

The GEMIE E18 microcontroller has 18 legs (known as pins) and
these are used as follows:

1 I 1
Az aim 2
b T AD0D =
1 FR o7 s
Hoqr oe =
1 [yt Y =
1 e} ar Mz
1 [ed] R i
i @2 (=) m
— @3 24—
)

Hows aolt
I DA [ed] =
— D& B2 =
03—

Sos o
=ov Qs =
B

dq B8 1
R oy =

i)
5

Lo B R ) I R B

Description

Analogue input A2 or digital input D2
Status output (ST)

Programming input (PR)

Reset (when pin goes low)

Ground (zero valt) supply voltage
Digital output QO

Digital output Q1

Digital output Q2

Digital output Q3

Digital output Q4

Digital output Q5

Digital output Q6

Digital output Q7

Power supply voltage (2-5.5V only)
Digital input DA

Digital input D7

Analogue input A0 or digital input DO
Analogue input A1 or digital input D1




For the purposes of this course we will connect the following inputs and outputs to the PIC

board:

INPUTS CONNECTED DEVICE
DO/AO NTC Thermistor 20K
D1/A1 NORPS12 LDR
D2/A2 NONE

D6 Micro switch
D7 Push Switch PTM
OUTPUTS CONNECTED DEVICE
Q0 Speaker/Sounder

Q1 Motor
Q2 Red LED
Q3 Yellow LED
Q4 Green LED
Q5 Red LED
Q6 Yellow LED
Q7 Green LED

The specified devices should be connected to the PIC board as shown during manufacture:

NOTE:
a)

b)

OUTPUT Q6
OUTPUT Q7
OUTPUT Q5
INPUT D6 OUTPUT Q2
OUTPUT Q3
INPUT DO/AO
v\ OUTPUT Q1
INPUT D1/A1
INPUT D2/A2

Outputs Q2 to Q7 are connected to a 330Q resistor in order to reduce the voltage to
approx 2.2V, suitable for use with most common LEDs.

On the student project board at the position for outputs Q0 and Q1 there are
terminal blocks so that outputs such as bulbs and motors can be attached. These
outputs require a larger current than is available directly from the PIC. To overcome
this, a transistor is used with its base attached to the PIC. The small current from
the PIC is used to switch on the transistor allowing a large current to enter the
collector. This makes it possible to use outputs like bulbs, motors and relays etc.



¢) Some DC motors can cause the PIC to malfunction due to the generation of
electromagnetic interference (sometimes called ‘noise’) by the motor commutators.

To counteract this, fit a 220nF suppression capacitor directly across the motor
connections or use a solar type motor.

There are 2 simple methods of testing that outputs are working properly before
programming:

1. Open the Microcontroller menu from the tool bar and select Control Device. In
the Controlling menu, click on each output from Q7 to QO in turn changing it from
a[i) to a §. Each connected output on the PIC board should activate in turn.

+* GENIE Design Studio - [Untitled *]

CEX
@F\IE Edit Wiew Program Window Help - - _l= !j
DEH & v m-=-5MAX &
f s & ] =
3 Debuglive  Shift+FS i
T * @
3’ Calibrate| gnsor - - §
> Rese . ™& Contral Device l:l:“'-lt I"Dl 1 1n3 %
= ’ =1
N B =
By program TG I E BENEES 0 USB CTL = ?
T T ——
B
Cancel ‘%
3
D 76 210 Yalue
To turn on output e i e Dl
- =) l0/0j0 00D '
Q7 click to change £
form m to I Controlling device
@ The above panel shows the current
tate of the digital input and output
NOTE: :i;n:lsoon :helﬁ:igrolzgﬁtrzwer.ou i
The following conventions are used for ¥ou can change the state of an output
signal by clicking on i,
OUtp Uts . Click on the Cancel button to finish,
. Make output low (off).
Make output high (on).

]
e T Toggle this output (where high is set to low and low is set to high).
e X Leave output alone.

Using the Control Device command is very useful as it helps to check if PCB tracks
and soldered joints are secure and working properly.

2. Download a simple program to activate all the outputs such as the one shown below.

This program activates all the outputs for 5 seconds. Writing programs will be dealt
with in the next section.

-+ GENIE Design Studio - [Untitled *]

& Fle Edt Wiew Program Window Help

[Dw@&/ o]y w55 QAR @




We can also check that our analogue sensors are operating:

In the Microcontroller menu, select Calibrate Sensor. Ensure that the thermistor is
connected in AO/DO input and the LDR is connected in A1/D1 input.

== =]
| i
il > This shows the
: - current reading
ey 7 from the
“
e Ed thermistor (AQ)
[ Lve R =] When Converted
[on ] I to a value from 1
J 2 to 255. As you
——— & heat the
z thermistor the
EEN] reading should
Sensar Change.
This shows the
current reading

from the LDR (A1)
when converted to
a value from 1 to

25 5 . AS you Calibrating sensor
un/cover the LDR -
. The readings above show the current
th e rea d n g S h ou Id walue of each of the analogue sensors
Ch anage connected ko the microcontrallet,
¥ou can use these readings to
determine suitable walues for use in
WoUr programs,
Click on the Cancel button to finish.
NOTE:

1. For the purposes of this training, we are not using input A2/D2.

2. It is not necessary to always connect the LDR into A1/D1. It could be connected into
either of the other two combined analogue/digital inputs i.e. AO/DO or A2/D2. This

applies to all analogue inputs.

3. This method of calibrating analogue sensors is very useful because the
readings shown here by the software can be used to determine suitable

values for use in your programs later.



4 Controlling Single Outputs

Construct the following flowchart by left clicking and dragging the programming commands
from the Gallery. Commands will automatically link together when you drop them in place.

- 2]

‘G tudio - [Untitled

@ Filfe Editr Wiew Program  Window Helpﬁr ) B ;J.@J!j
[D@"|& o]y o[B8 hOQAX|e

W

i ‘ {3 Flowchart Symhols _Vj

Program Control

A GEMIE mitrocontmoller can be made to pefom
diffierent tasks by connecting together Rowchart
cammands, Each command will be run in tum,

High Properties

[ weboag 3}.,[ dizes € wemssy

- Start
Sgnal: o 3 ot dd Start the flowchatt
program,
[~ #dd walt after setting output {optional) Cancel I
Stop
[ =] seoncs ke Stop this owschart
= program,
Caption:
- Digital
Test the inputs with a
given pattem,
u CQutputs

Set the outputs to 3
giwen signal pattem.

toh
Set an output signal to
high (logic 1.

Low
Sat an output signal to
Jow (logic .

it
Wl for & period of
time (i secends),

Click on the High command to open the High Properties window. Select Q4 and then OK.

This will turn on (referred to as high) output Q4.
Click on the Low command to open the Low Properties window. Select Q4 and then OK.

This will turn off (referred to as low) output Q4.

In order to download the program to the GENIE chip select Run Live from Microcontroller

on the tool bar as shown below:

" GENIE Design Studio - [Untitled *]
:@ File Edit Wiew Program Window Help

DEE S .85 TaX e

¥ Debuglive  Shift+FS

's'g Control Device !-) Run Live
W Calibrate Sensor Download and run this program on
: the connected microcontroller, (FS)
¥ Program check The Run Live command
?,-;? Program Settings. .. a”OWS y0u tO dOWﬂ|Oad and

run your program at full speed
just as if the PCB were not
connected to the computer at
all. While in this mode you will
not be able to animate nor
monitor the state of inputs,
outputs and variables etc.

NOTE: Ensure you have selected the correct GENIE E18 chip as shown in section 1.3
10



The software will now show that the program is running on the board as follows:

MEIE] QUESTION:

=8| x|
Why does nothing appear to be happening?
| |@#| ANSWER:
= =
Runnina Live % We instructed the software to turn on output Q4
g — and then turn it off again.
m GEMIE E13 w10 LEE RN ﬁ
— e
Em % All this happened so quickly that we did not have
[T ———— time to see it!
o
=3
Running microcontroller
" ‘Your GENIE E18 program has besn
L downloaded and will start running.

w What would you like to do?

@ ‘Wikh wour program now running on the
microcontroller, vou can operate any
switches or sensors on or connected ko
the circuit board,

‘while running, the microcontroller will
niok talk ko the computer or update any
of the ronitoring panels.

Click on the Cancel button to finish,

This problem can be rectified by adding a wait after setting the output as shown below:

High Properties X Open the Higr_i Propertie_s window again, tick the
box to add wait after setting output and then select

sl Q¢ <] enicpnio 4 seconds. Click OK.
v Add wait after setting output {optional) Cancel

Time: I~ =] seconds 0 NOTE: Many commands such as High and Low

0.1 ~ allow you to automatically include a Wait. It can
St des also be included as a separate command as shown

1 in the next section.

2

3

5

10

15 Buat

The 4s delay is indicated beside the output.

Now download the edited program using the Run Live
command.

T QUESTION:

What happens?

ANSWER:

m The LED connected to Q4 comes on for 4 seconds.
11



5 Controlling Multiple Outputs

Set up the commands shown below as a new program:

The Outputs command lets us control all of the 8 possible outputs simultaneously:

Cutputs

Turn on the 6 LEDS Q2 to Q7 by activating the command and editing the Outputs Properties
window as shown below:

Outputs Properties

Q 76 5 4 353 210

Oubputs: P 1 x1 %
[EAFREREREREY
_ ek |

I~ Add wait after setting output (optional) = m
ﬁ BElp

Caption: |8l LEDs ON

AllLED= O

This is a separate Wait command. it can be used anywhere in a
flowchart in order to delay it or to set a time to keep the outputs
on for as shown:

Wait Properties

Time: 3 | seconds oK

3 zecond delay

Caption: |3 second delay Zancel

-

allLEDs OFF

Set the Outputs command again to turn off the LEDs Q2 to Q7 Lo 27
as shown:

Outputs Properties

Q 7 65 4 3 210 ok
Qutputs; 0|0(0|/0|0|0[ESE

I Add wait after setting output {optional)

Caption: j.o.ll LEDs OFF]

Cancel

Help

il
\

NOTE: Captions are very useful as a clear indicator of what is happening and students
should be encouraged to use them.

Now download the program using the Run Live command. The 6 LEDs in outputs Q2 to Q7
will activate for 3 seconds.

NOTE: Pressing the on board reset switch will re-run the latest downloaded program.

We will now look at how programs can be simulated before downloading.

12



6 Simulating a Program

Using the same program, select the Run command } on the tool bar.

The Simulating window shown will open: BEE

==X

This panel displays what is happening to each of the e =
inputs and outputs as the program is put through a o, ?
simulation. Simulating ber |5
Storped |

As the simulation progresses, each command in the | s e m L
flowchart highlights as it is processed. Ell —vr— g
The speed at which the simulation runs at can be/ __________ %‘
adjusted by rotating the Speed Dial. cose | 8
2.1.0 Walue -

" L)

By selecting Panels on the tool bar, a menu appears offering various panels that can be
opened in order to monitor the operation of a program either during simulation or in debug
live mode which we will look at later:

- GENIE Design Studio - [Untitled *]

A separate Digital Panel similar to that shown
already is available. It should display the following
during operation:

@ File Edit Wiew Program Window Help
LeHE & - youom | BB LSO SN
s Digital Panel

1 analogue Panel
L—'A wariables Panel

B cevice Panel
@ Time Panel
[

00 EEPROM Panel

All LEDs OM

t second delay

B Serial Kevboard
fi\ Feemate Cantrol
¥ Debug Messages

The Device Panel will display what is happening on
the actual GENIE chip during operation of the
program:

Device Panel

Al LED= OFF

13



7 Creating a Loop & Debugging Live

Create the new program shown below by removing the stop and adding a loop back to the
start:

F s

AllLED= 0OM

-

Select Debug Live from the Microcontroller menu. An information panel will appear
giving details of the program that is about to be debugged. Read the information and click

on the Start button when you are ready to begin.
CEX

Once started the software will enter Debugging Live

. " . ==X
mode allowing you to see your program animate. It will

be coloured red to indicate it is animating in live mode.  mmw 5

&

. 7

m ¢ Debuazing it

l =S

T The Speed Dial can still IO coveee v s ose ?

At be used to control how El————— &

Figh L2 fast it animates. /
o
E

Debugging microcontroller

@ The program on the micracontraller is
= now being debugged.

The speed at which the program runs
can be adjusted by turning the dial.

Click on the Cancel button to finish.

-

w What would you like to do?

4 View the digital inputs and outputs

Debugging Live is very useful for watching different de _
. . Tr+ Wiew the analogue sensor readings

aspects of programs in terms of inputs and outputs as

they operate, in order to identify a problem or improve

performance. The option to monitor several different

panels at once is Very Useful Some of the more advanced options

ate hidden, Click here ko shaw them,

L—'A ‘hiatch the program's wariables

&= Wiew several monitor panels at once

NOTE: Debugging Live can be paused allowing you stop the program and check your PCB.

Question: Why will this program not operate as expected if we download using Run Live?

14



8 Playing Sounds

Create the following program using the settings shown. The Sound command is located in
the Input and Output folder in the main Gallery:

R l
+

Stop

Sound Properties

Generate a sound oukput signal: Ik
Type: [ g'ﬂusu: ™ Value

: Cancel
hiote: s € (middls C) ~| Help
Time: 3 | seconds

Signal: Qo | onICping

Caption: ]

o,

We must select the output that has a suitable speaker connected in order to play the middle
C note for 3 seconds - in this case QO.

Download and test the program using either Debug Live or Run Live. Disconnect the USB
and test the program using the reset switch on the PCB.

EXERCISE 1

e Batman theme
e Twilight Zone theme

Create a program to play a simple tune repeatedly, for example:

Test the program on the PCB and save as Ex1.

9 Playing Tunes

Create the following program using the settings shown. The Tune command is located in
the Input and Output folder in the main Gallery:

Monophonic tunes
play one note at a
time. Polyphonic
tunes play two notes at
a time. They sound
better but require a
second (hidden)
flowchart and take up
more memory space.
You can choose in-built
tunes or Import
suitable music files.
The Play button allows
you listen to a preview
of the tune.

i1

Tune Properties

Play a built-in or cuskorm musical tune:
Maode: (e mono c ™ Polyphanic
Tune: l_l':l Happy Birthday L]
[ ©
Impart. .. bl om
[ Play tune in the background
Signals;
(s I O < S =T B s B |
BEERERRER
Caption: |

Ok,
Cancel

Help

auil

15



There are a number of features available for playing tunes:

e Choosing Play tune in the background means that the flowchart does not wait for
the tune to stop playing before moving on to the next command.

e A background tune will play once before stopping unless the Repeat playing until
stopped option is enabled.

e You can stop a tune playing in the background anytime by using the Stop Tune
command located in the Input and Output folder.

=top Tune

e Signals determines which of the outputs is connected to your speaker component -
QO in this case. Polyphonic music requires a separate output for each musical
channel.

e You can also select LED outputs to flash in time with the music:
E‘ Musical output
E LED output

EXERCISE 2
A student has been trying to create a program that will:

e Play ‘Happy Birthday’ repeatedly.
e Flash all the LEDs on/off while the tune is playing.

He has created the following program, but it is still not doing exactly what he wants:

Tune Properties

Play a builk-inar
Mode: o :'.

QK

i Palvphonic
Cancel

i

Tune: |.|':| Happy Birthday LJ Help
Sl ©
Import,.. jﬁ
[~ Play bune in the background
Signals:

Q 765 4 3 210

BECGERER

Caption: |

1. Create the flowchart show and observe what it does using Debug Live.

2. Edit the flowchart so that it does what he wants it to do. Save as Ex2.

NOTE: Start has been replaced by 'Birthday’ by editing the Start Properties window. This
should always be done as a reminder of what a flowchart does as shown:

Start Properties

Mame:

irthday Is) |
[™ Start with this flowchart suspended Cancel

A suspended Fowchart can be run by
using the RESUME command.

16



10 Responding to Digital Signals

Some types of signal, such as push switches or micro switches, can only be either on or off.
These are known as digital signals.

We will be using the Digital command, found in the Flow Control folder @
to respond to digital signals.

The Digital command allows the program to make a decision based on whether the digital
signal is on (high) or off (low). When a digital signal is on, it has the value 1" whereas
when it is off, it has the value ‘0".

Set up the following flowchart used to control the motor on output Q1 using the push switch
on input D7:

Digital Properties

o 7 6 21 0

Zaption: ]D? Push Switch|

Zancel

Help

rlit

Double click on the command to
select which digital inputs you
want to check. GENIE will follow
the Y’ (yes) path when the
digital signal matches the
chosen pattern; otherwise it will
follow the ‘N’ (no) path.

Ptk O Matar OFF

If we select Run to simulate the program we will initially observe the program following the
*N’ path through Low Q1. There are two options that allow us simulate switch D7 being
pressed:

Walue

Z 1 8

o 12 000 bk 1. Click the Digital command
to open the window shown.
Left click and hold down on
D7 to simulate the switch
being pressed. The
program will now follow the
'Y’ path through High Q1
turning on the motor.
L ] 1 When D7 is released the

i program will revert to the
R - il ‘N’ path and the motor Q1

SN will be off.

T Push Switch

17



2. Select the View the digital inputs and

outputs option in the Simulating window. _@JE-
As before, left click and hold down on D7 to = :
simulate the switch being pressed. —— a

@
7
i
NOTE: The Memory Bar shows how much space =]
has been used on the microcontroller. Hold the =]
mouse over the bar for more details as shown\ g
T &
B cevees &
IC = FIC16Fa8 3
Memary Used = 1% =
EXERCISE 3 '
= Q?6543210 Yalue
GENIE offers multiple options for out =[5
observation of the inputs and outputs.
Using Debug Live mode can you Brgtal inpits snd okgats
demonstrate hOW tO monltor What |S @ Theabovepapglshowsthecurrent
hap_pening_ on the actu_al microcontroller o e
device while Input D7 is pressed? ¥ou can change the state of an input
signal by clicking an it
Click on the Close button to go back.

Now consider the case of a stamping machine used for making aluminium ID tags. The
machine is activated by pressing a push switch causing the motor to run for 3 seconds.
However, for safety reasons the push switch will only activate the motor if a protective
screen is pulled down far enough that it activates a NO (normally open) micro switch.

Digital Properties

Inputs:

Ik

...: +
4

"
)

Cancel

Help

- @ Capkion: sh S & Micro S 0N |

RS GENIE will follow the ‘Y’ path when both D7 and
N — D6 are on.

High 31

This flowchart uses the Outputs command

| 3 SecOperation rather than the High and Low commands used
= ' in the previous example. This will allow us to

edit the program as outlined in EXERCISE 4.

Mator OFF NOTE: This program operates as a digital ‘AND’
; gate.

-
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Edit the previous flowchart in order to create the program shown below:

Stamping Ma..

rs

Fush Sw 0N Mlicro Sw Ol

K2 what's This?

DE O 7 & cut Chrl+
Copy Chr+C
Y Delete Dl

Swap YES and NO

Properties

rs
-

3 Sec Operation

NOTE: You can reverse the flow

of control in a Digital command by

L clicking the right mouse button

" over the command and choosing
otor OFF

Swap YES and NO as shown

above.

Lo Giq

-

EXERCISE 4
What type of digital gate does this program simulate?

Design a flowchart to simulate two switches connected to a digital ‘“NAND' gate.

Save as Ex4.
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11 Responding to Analogue Signals

Other types of signal, such as temperature or light, can be at a number of different levels
rather than just on or off (as in digital). These types of signal are known as analogue

signals.

We will be using the Analogue command, found in the Flow Control
folder to respond to digital signals.

<>

The Analogue command allows you to check whether a signal lies within a given range.

With GENIE, analogue levels can vary between 0 (the lowest level) and 255 (the highest).

The following flowchart will be used to turn on the two red LEDs in outputs Q2 and Q5 when
the ambient light level falls below a certain level as detected by the LDR input in Al:

Zheck analogue sensor: |A1 _:J

] 4 |
iZance
4
Help

3

Range: |D :ij {x] |255 :ij

Caption: |LDR.Sensoﬂ

Analogue Properties @

B
== x|
|

Calibratins

m GENIE E18 1.0 UsE CAL

Cancel

Sensor Walue

Calibrating sensor

@ The readings above show the current
walue of each of the analogue sensors
connected to the microcontroller,

Yiou can use these readings to
determine suitable values for use in
YOUF programs.

Click on the Cancel button to finish.

Fed LED= OFF

In order for the flowchart to operate
properly we must decide on a suitable
range to set the Analogue Properties
at. GENIE will follow the 'Y’ (yes) path
when the signal is in this range;
otherwise it will follow the ‘N’ (no)
path. Ambient light conditions will
vary depending on where you are
currently located; near a window,
using artificial light etc, so how do we
decide on what range to set?

Currently, the LDR is giving a value of 203 in the light
but when covered this reduces to 20 as shown:

Sensor

The answer lies in using the Calibrate Sensor function
described earlier on page 7.
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This means that if the Analogue Properties are set from 0 to 150 GENIE will follow the ‘Y’
path (turning on Q2 and Q5) when A1l reads anything less than 150 (relatively dark), and
follow the ‘N’ path (turning off Q2 and Q5) when A1l reads anything above 150 (bright):

Analogue Properties

Check analogue sensar:

m

] 4 |
Cancel

Help

W‘ﬁ‘ Rangr~(0 j to 150 =3
y Caption: |
) Red LEC= 0l ! Fed LED= OFF

NOTE: When the Caption is left
blank GENIE will show the input
and range instead.

Complete this flowchart and test using Debug Live with the View several monitor

panels at once option selected. Observe the value of A1l change as you cover it and how

Q2 and Q5 activate once it falls below 150 and deactivate when Al rises above 150.

EXERCISE 5

What are the advantages of being able to calibrate sensors in this way?

Design a flowchart that will turn on a motor
level.

(Q1) when the temperature rises to a set

Use Calibrate Sensor to identify a suitable value range for the thermistor input AO.

Save as Ex5.
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12 Using Subroutines

Subroutines allow you to break a large flowchart into smaller parts, which can then be
reused. The flowchart shown uses a subroutine called LED Warning to flash the yellow LEDs
Q3 and Q6 followed by the green LEDs Q4 and Q7 each time before a motor (Q1) is
activated for 1 second.

Subroutines use the following 3 commands from the Flow Control folder:

m Used to define or name the subroutine.

- Mame:
‘rellow LED

LEL Wyarning

Cancel

Pl

High &1 1= Help

-
Green LED

4

Motor OFF Higihy G

LED= Ciff
LED Vitarming w Double click on the Sub command to
enter the name LED Warning for the
subroutine. Once defined you can run a
subroutine by using the Call command

Pelotor OfJ

Hightal 1=

Return o

rator OFF Ll

The main flowchart calls the ‘LED Warning’ subroutine and runs each of its commands until
it reaches Return, at which point it goes back to the main flowchart.

The Call command also gives the option of running the subroutine more than once:
Call Properties EJ

_'_j 5] 4 |

Hurmber of Himes: 12 ) Cancel

Using loop variable: 11 __v_j Help

Mame: EL W arnin

Caption: |

22



13 Compare

The Compare command is found in the Flow Control folder. It performs a mathematical
comparison between one or more variables or values. There are 10 variables named A to J.
Each variable can hold a single whole humber between 0 and 255.The flowchart will follow
the 'Y’ (yes) path if the comparison is true otherwise the ‘N’ (no) path will be followed.

Create the flowchart below designed to simulate the tossing of a coin with LED Q2 lighting
to simulate a ‘Head’ and LEDs Q2 & Q3 lighting to simulate a ‘Tail’. The simulation is only
activated when the push switch on input D7 is pressed:

" Heads or Talls

Random }roperties

-
S T e B

Caption; jRandDm Oorl Help

Push Sw Activate

Variable;

The Random command used
here is found in the Processing
1) folder. It has been edited to

Head = 1LED Tsi- 2LE0: - generate a random 0 or 1 which

M is then stored as variable A.

| LEDOFF LED'OFF

High @23 1=

0 will represent a ‘Head'.

1 will represent a ‘Tail’.

The Compare command allows you to specify which variables or values are to be compared:

Compare Properties In this case, if the value stored in A is a 0 then
_ ’ the flowchart will follow the 'Y’ path and light
Mathematical expression; oK LED Q2 indicating a ‘Head’

TR | o |

™ and [ o

If the value stored in A is a 1 then the
flowchart will follow the ‘N’ path and light LEDs
Help Q2 and Q3 indicating a ‘Tail’.

Zancel

i

Caption; |[D=Head=Light Q2][1=Tail

Selecting either the and or or options will allow you to perform a second comparison at the
same time. With the and option checked the 'Y’ path will only be followed when both
expressions are true, while selecting the or option will mean that the 'Y’ path will be
followed when either, or both expressions are true.

EXERCISE 6

Create a flow chart to simulate the rolling of a die with one LED lighting
to indicate a 1, two LEDs lighting to indicate a 2 and so on.

Pressing the push switch D7 causes a new roll each time.

Save as Ex6.
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14 Increment and Expression Commands

The Increment command “ increases the value a variable by 1. It is located in
the Processing folder.

Double clicking on the Inc command
allows you to specify which variable is to
be incremented.

Increment Properties

]

Yariable:

Zancel
Help

Caption: There are 10 variables named A to J and

each can hold a single humber between 0
and 255.

T Mmoo, |

The Expression command “ performs a mathematical operation and stores the
result in a given variable.

R DresEIE NP ties @ Double clicking on the Expr command
5 allows you to decide how the value of a
Mathemnatical expression: variable is to be changed.
- =10 - - -

IE == =l =] = Select the variable (A to J) to be changed

Caption: iResetMDDagain from the left hand box and the value to be
set in the second box as shown in the

84 | Cancel ] Help ‘ example.

For more complex operations you can also use the third and fourth boxes as shown below:

After the flowchart on the left has run, variable & will
contain the value 10 and variahle B will contain the
value 20 (10 = 2).

Mathematical expression:

TR |0 T 7 —

Mathematical expression:

f s-F EF SEF 5
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Create the following flowchart, designed to simulate the control of a machine designed to
pack every 5 items passing on a conveyor belt into a box.

Expression Properties
The variable A is reset
to 0 at the start in
order to count another
group of 5 items

Pathematical expression:
I N o | e | ——

Caption: |Reset A ko 0 again

0K | Cancel | Help J

Ficrct Ak again

2Yellou LEDr OH

- Two yellow LEDs (Q3 & Q6) indicate that the machine is
S Eretias powered and in the process of counting.

Counting of the items is achieved by placing a micro
switch (D6) so that each passing item activates it.

5 'Each time the micro switch (D6) is pressed, variable ‘A’
is increased by 1 using the Increment command.

MiZuprerred B Eimer?

Compare Properties When the micro switch

has been activated 5
times, the 2 yellow
LEDs are turned off
and the motor is
turned on for 1 sec.

Motar OH

High G/ 15

Maoktar OFF

The motor is turned off and 2 green LEDs (Q4 & Q7) are
activated for 2 seconds to indicate that a box has been
packed.

2 Green LEDr OH
High G4, 7 2=

£ Grion LEDr 057 The flowchart now returns to the start, variable ‘A’ is

reset to 0 and another 5 items can be counted and
packed.

Using Debug Live, download and animate the program on your project board.

s S Al Yalue

v O (G

|
Q 7 65 4 32140 Yalue |
ouT 1] o0 ojloo -

Use the Multiple panel view to observe
the inputs, outputs and variable ‘A’ increase
by 1 each time switch D6 is pressed.

Sensor Value
a0 c— e [FTEE | A=003 indicates that micro switch D6 has
v oA == 157 been pressed 3 times.

v a2 e |
- If you are happy that the program appears
I to be running OK on your board, download
it using the Run Live option. Does it how
| work properly?

Multiple panel view ‘1 |
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You will probably find that the program does not operate properly. More than likely when
you press the micro switch D6 once the program jumps straight to activating the motor
followed by the 2 green LEDs and then returns to the start. It does not appear to wait until
the switch has been pressed 5 times?

Switches can do some really odd things. Most engineers learn this after connecting a switch
or a relay to a digital system. Switches don't make and break cleanly on the time scales of
digital systems. Instead, a typical switch makes multiple transitions during the tens of
milliseconds required to open or close, due to effects that include age, operating inertia,
mechanical design, and the microscopic condition of the switch-contact surfaces. Commonly
called "switch bounce," this behaviour is an inescapable fact of life.

After connecting a standard switch to a digital counting circuit, you can observe several
counts on opening and several counts on closing. This erratic action can wreak havoc on
data, because the exact number of counts does not necessarily repeat in the long term.
Switch bounce is not consistent from unit to unit, lot to lot, or even over the life of an
individual switch. Some switch types don't appear to bounce when new, but all mechanical
switches bounce sometimes. Nothing can ensure that another switch of the same type will
act the same way, or that a particular switch will remain bounce-free as it ages.

™ T

JELRLin R RnuNLl
LR LR R N LR AR RRRR R

This oscilloscope display shows the rising-edge switch bounce for a small pushbutton switch
showing an approximate 5ms bounce interval that includes 10 transitions between the off
and on states. Like a bouncing ball, the switch-action frequency increases toward the right.

fwsun:aium In order to overcome this problem in our program a short
time delay (usually 0.25 to 0.5 seconds) can be
introduced into the flowchart after the switch is activated
as shown.

This allows the ‘bounce’ to settle before the switch input
is used to control anything; in this case, before
incrementing variable ‘A’ by 1.

Edit your flowchart as shown and retest on your
MYSu procred B timer board using the Run Live option.

O
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15 Parallel Processing

Adding another start to a flowchart program will cause the PIC microcontroller to run both
flowcharts at the same time. This is known as Parallel Processing.

The GENIE E18 microcontroller will allow 4 separate flowcharts to be run simultaneously.

Create the flowchart shown below and download using the Debug Live option:

-
-

15 Parallel A

High @25 0.75s

High 23] Ui5s

e
| -

In the above example, two separate things happen at the same time:

High 26 075

1. LED outputs Q2, Q3 and Q4 are made to go high and low in sequence for 0.5
seconds each.

2. LED outputs Q5, Q6 and Q7 are also made to go high and low in sequence but for
0.75 seconds each.

This means that both groups of LEDs are flashing at different rates. This is known as being
out of phase.

For programs with more than one flowchart you can choose for a flowchart to start
suspended (not running) by selecting the Start with this flowchart suspended option
found in the Start Properties window.

A suspended flowchart can be restarted by using the Resume command (in which case a
flowchart name must have been entered).

The Resume command Resume can be found in the Advanced Control folder.
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16 GENIE Design Studio Help

These notes are only an introduction to GENIE Design Studio. It contains many more
commands that have not been mentioned at all.

Explanations of these other commands can be found in the Help section of the software by

clicking on GENIE Design Studio Help as shown below:

am Window Help

A 0500 00 o 1|

N U] Help and Support Guides v

@ Assistant Qri+FL
Web Home Page

Sample Programs. ..

System Info...

R About GENIE Design Studio...

Then select Flowchart commands as shown:

Programming GENIE microcontrollers

GENIE microcontrollers allow you to add intelligence and control
to your design projects.

The following topics lead you through the process of creating and
downloading programs to a real GENIE microcontroller,

Introducing GENIE
Owerview

GENIE microcontrollers
Understanding signals

Project Boards and Kits
PCB103 » LOS/COS Ackiviky Kit
PCB208 » CO038 Project Board
PCB308 » C08 Jukebox Kit

Program settings

Flowchart programming
Introducing flowcharts
Drawing a flowchart

Linking commands together

Using GENIE
Conneching to the computer

Downloading and running
Debugging & program live
Controlling a device
Calibrating a sensor

PCB214 » C14 Project Board

PCB220 » C20 Project Board

BCB11d > E18 Achivity Kit
PCB213 » E18 Project Board
PCB228 » EZ8 Project Board

Technical information
Device features
Customizing GENIE options

LITE GENIE LOG

CORE GENIE CO8
GEMIE C14
GEMIE C20
ELITE GEMNIE E18
GEMIE EZ8

This will open a window displaying all current GENIE commands. By clicking on any

command the user will be given a simple explanation of what the command does along with

a sample flowchart showing how the command may be used.
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17 Further Exercises

Exercise 7

A set of pedestrian traffic lights are located near a school. They stay
continuously green for the traffic and red for the pedestrians unless a button
is pressed by a pedestrian. When the button is pressed, amber light comes
on for the traffic. The pedestrian light turns green when the traffic light turns
red. The pedestrian has 10 seconds to cross before the lights turn back to
the original setting.

Exercise 8

A system is required to control three separate lamps based on light levels. It
automatically switches them on one by one as darkness falls, and switches
them off in the same way as conditions grow lighter.

Exercise 9

Expand Exercise 8 in order to create a light meter. In bright sunlight the 6
LED outputs will be lit. As the light level falls, the LEDs will switch off one by
one.

Exercise 10

You have been requested to design an alarm system which will sound a two
note alarm when a burglar steps on a pressure pad (simulated by a micro
switch). The two note alarm will continue to play until a push switch is
pressed. When it is pressed the alarm turns off until reactivated by the
pressure pad.

Exercise 11

Using the flowchart from Exercise 8, design a flowchart for an alarm system
suitable for protecting a safe with both a pressure pad located on the floor in
front of the safe and a method of activating an alarm if the safe door is
opened. Include a reset push switch as before.

Exercise 12
Parallel
Processing

Intelligent houses will help conserve energy in the future. Design a system
that will simulate the following automatically:

e Turn off the lights when they are not needed

e Turn off the heating when the house is warm enough

e Turn on ventilation fans if the house gets too warm
Use the following outputs as simulations:

= 2 yellow LEDs Q3 and Q6 to simulate house lights

» 1 red LED Q2 to simulate the heating system

= Motor Q1 to simulate the ventilation fans

Exercise 13
Parallel
Processing

Students are required to design a project based on a vehicle theme in order
to demonstrate some of the capabilities of their PIC project board. The
vehicle should demonstrate the following:

Headlights (Q3&Q6) activate automatically when darkness falls.

Air conditioning fan (Q1) activates automatically when temperature rises.
Horn plays a simple tune when activated by push switch (D7).

Brake lights (Q2 & Q5) flash in a set sequence when activated by the
pedal/micro switch (D6).

AW

The vehicle structure should be designed and manufactured in order to allow
the observer see as much of the PIC project as possible and to allow them
interact easily with the required inputs.
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18 Useful Links

The following website links will be useful for further study in the area of PIC
microcontrollers:

http://www.genieonline.com/

http://www.rev-ed.co.uk/

http://www.picaxeforum.co.uk/

http://www.logicator.co.uk/

http://www.technologystudent.com/pics/picdex1.htm

http://www.ajbox.co.uk/

http://www.new-wave-concepts.com/

http://www.youtube.com/watch?v=u4la YRUCyYO

http://www.t4.ie/Professional Development/RD8 Technology/Robotics/A%20Guideli

ne%?20t0%20using%20%?20Pic%20Logicator.pdf

http://www.economatics-education.co.uk/secondary/education/90,94,0/1536/PIC-

Logicator Version 2.htm

http://www.bbc.co.uk/science/robots/techlab/sub _selector.shtml
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