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Installing Flowcode

Instruction for installing Flowcode can be found inside the installation booklet located inside the
Flowcode DVD case.

Before starting with the course it is recommended to update your version of Flowcode to the lat-
est released version. This allows for the latest bug fixes and components to run on your ma-
chine. The latest version of Flowcode can be found by visiting the Matrix TSL website and click-
ing on the Flowcode page.

http://www.matrixtsl.com/Flowcode3a-X.php

Getting Started with Flowcode

There is a free online course available for helping with getting started with learning Flowcode.
This course covers basic principals through to designing your own programs and programming
the devices. It is recommended that you take time to go through this course before proceeding
with the bundle exercises to give you a better grasp of what the Flowcode program is doing.

The online course is available from the learning centre on our website or by visiting the following
address:

http://www.matrixtsl.com/Ic_microcontroller.php

Flowcode Examples

A number of pre-made example files are available for download from the main Flowcode page
on the Matrix TSL website. These files are also located on the Flowcode CD. Before the exam-
ple files can be used you must first copy them into a folder on your hard drive.

The example programs referenced in this bundle can be found at the following web address:
http://www.matrixtsl.com/Ic_bundle_manuals.php

Or by clicking the bundle manuals link from the Learning Centre area of our website.

Flowcode Help

There is a help file available that covers all the main features of Flowcode. This help file can be
accessed by clicking the question mark icon in the main Flowcode toolbar or alternatively click-
ing the help menu and selecting contents.

There are also help files available for each and every component in Flowcode which explain the
functionality of the component and the component macros. The component help files can be
found by selecting the component on the panel and the clicking the Help button in the properties
toolbar.

General Support

Support for frequently encountered problems can be found online on our FAQ’s site.
Our online forums can also be used as a general discussion area or for help or advice.

Copyright 2010 Matrix Technology Solutions Ltd



@“ lﬂﬂ l- ﬂ IX

Wiring & Testing

Page 3

EB998-80-1
E-Blocks Easy Zigbee

Pack

The Zigbee pack consists of three Zigbee E-Blocks. One
is configured as a coordinator and the others are routers.

To setup your E-Blocks for use with the example pro-
grams you must perform the following actions:

Remove the 16F88 Devices from the EB0O06’s;

Insert the 16F877A’s into the EB0O0G’s;

The coordinator is set up as shown on the right;

The router boards have the Zigbee E-Block con-

nected to Port C.

. One of the router boards has the sensors E-Block
connected to Port A.

. The other router board has the switch E-Block con-
nected to Port D.

. The zigbee, sensor, LCD and switches E-Blocks all

need to be connected to the +V on their associated

EBOOG6 via single core wire.

Before you can begin you must install the driver for the EB006 using the ELSAM CD or by
visiting the Matrix TSL website: http://www.matrixtsl.com

PlCmicro Configuration {simple) - Slot 2 @

Select chip: | {RUSE RERGES v Autodetect

‘Watchdog timer

The system can be tested by compiling and
sending one of the example programs to
~ RC o the hardware. This is done by opening one
@ KTAL = of the example files in Flowcode and then
e clicking the compile to chip button.

Oscillator

Switch To Expert Config Screen | About... |

oK | Options... | il

Select chip: | PIC1BF8774 v
Autodetect PICmicro |
Program Memory
Start = 0:00 End = Ox1FFF

The example Flowcode files contain a cor-
rect configuration so you will not have to
modify the configuration to allow them to
run on the hardware.

Cancel I

Oscilator: IHS
Watchdog Timer: [Off
Power Up Timer: !DH

Any program you create from scratch will
have to be configured as shown on the left.

Brown Out Detect: ]Dn

TOTAL = 8192 words
EEPROM Memory

Low Voltage Program: | Disabled

Start = 0x0 End = Oxff

Flash Program ‘Write: |Wnte Protection Off

TOTAL = 256 bytes

Background Debug: IDisabled

Miscellaneous

Data EE Read Protect: |Ulf

ID Location = 0x2006
I

Code Protect: IDW

Ll el LefLefLel Lo f L fLe] L«

Programming Scripts
erase = SCRIPT3
prog = SCRIPTE
config = SCRIPT4
data = ProgD atal
Eon!ig_yyalinn ‘word(s)
& Hex  Bin " Dec

Config1 0x3F74

ions... ‘ About... j

The configuration is specified by clicking
the Chip -> Configure menu icon Flowcode
and then if you need more options click the
switch to expert config screen button.

Example file 2 is a good test file as it scans
for the nodes and displays the connected
nodes on the LCD. This allows for a quick
and easy check to ensure that all of the
nodes are working as they should.
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The Flowcode Zigbee component can be added to your program by finding the component in
the wireless section of the Flowcode component toolbar.

a Zigbee component icon.

Once the component has been added you will find that the component has been added to your
panel.

Component Properties Edit Component Properties

The Zigbee component properties looks
I|ke the images Shown on the r|ght Here Device name: |Device [max 8 characters)
there are several configurable options Funcion PAN ID Node Join Time | - Misc
that define how the component behaves.  Coodinater | |~ Random/Search @ Infinite M[a“h%
H H H " Router (+ Preset: c " Preset: 4 hu
When selecting the function of th_e Zigbee sy B || — e
module make sure that the coordinator
function iS On'y given to the Zlgbee E_ Scan Properties Sleep Node Buffer Time
Block that is marked as being a Coordi- Scanchuryec (21 [ [ Ji€ Joe ro [1r 12 A
. ﬁimﬁgmﬁ—?ﬁjﬂﬂ " Preset:
nator. AII other Zigbee E-Blocks shquld S >] Chaeeiscantie: [1F7356 s I
be configured as routers or end devices.
oK | Cancel | Apply I Help

Macro Functions

Init / Restart/ Scan  These functions control the entire network as a whole and allow you to

initialise, reset or scan the network for devices.
Connect To... These functions select which device we are talking to. We can either
specify a ID, a device name, the system coordinator or the entire network.
Send / Receive These functions are responsible for sending or receiving data directly to or
from the network. These are used once you have used the above func-
tions to configure the network and to connect to a specific node or set of nodes.

Component Connections

Specify Component Pin Connections

Pin Name [ Port | Bit |
FRrTS PORT C 0
¥ CTS PORT C 4
¥ Sleep PORT C 3

The connections for the Zigbee component should be set
to Port C to correspond with the way the E-Blocks are
connected. When using other microcontrollers you should
always connect the Zigbee E-Block to the port which

oo R Bl . contains the UART hardware.
PinRTS is connected OK.
_vj Key Mappings..

Further help on the Zigbee component can be found by selecting the component on the Flow-
code Panel and then clicking the help button in the properties toolbar.
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Example 1 is a simple 2 node system. The Coordinator node starts up the network and then
checks to see if node 2 is available. Once node 2 has been detected any incoming data from
node 2 is displayed on the LCD display. The data on node 2 is specified by pressing a switch on
the switch E-Block connected to Port B.

Node 1 Coordinator Program

[Initialise LCD

Z1LCDDispl... Pk {LCODisplay(0
Node 1 of this example should be programmed into the Coordi- % Startp §§I Staprt 8
nator node. The program starts by initialising the LCD and then Linitislise Zighee
calls the Zigbee initialise function. If the Verbose mode is en- /| Zigbeel(0) | £'abeell)
abled in the Zigbee properties then you will get a print out of the I Nletw”' 4 \nit Network
AT commands as they are fired into the Zigbee module. When 7 LCDDEL‘T‘E' te'bDCSgégEI:j[%”ages
the initialise is finished we clear the display to remove and ver- 1 Clear 41 Clear

bose messages before continuing. '

|Initialise Device Count

Devices =0 [<Devices=0

This portion of the code simply outputs a 1 to any con-
nected devices on the zigbee network. If we get a re-

while nodes not connected turn value of 2 from over the network then we know
ile Whie ; i i
S g N Bosiaced that node 2 is connected and is running correctly.
Therefore we can drop out the detection loop and con-
Poll for Node 2 tinue with the program.
///; Zigbee(0) Zigbee(0)
Send Ch... Send Char["1']

Delay )
| Disable Verbose LCD Mess...

100 ms
LCD_VERE_..I{(CD_VERB_ ZIG = 0;

Check for responce Mo Lo
Zigbee(0)] — Zighes(0)] o N\
Ihcominag... Incoming=Receive Char(200] 1 ‘

Responce received?

NANN

If ‘ Receive Keypad data
Incoming g - 2 Zigbee(0) Zigbee(D)
='2 es Incoming... Incoming=Receive Charl20]
No? Increment device count If Data Received?
Devices = D...[<{Devices = Devices + 1) Inco'xf'ning <1/ Incoming < 255 7

< 255
?
No

Convert keypad number to ...

Stiing = ToSt..[<(Sting = ToSting$(Incoming])

lCalI Component Macro

LCDDispl... CDDisplay(0
While nodes not connected Clear :[ Clear ]

|F'|int Keypad Data to LCD

LCDDispl... LCDDisplay(0)
PrintString... PrintStringlString)

NNNN

NNNN

The C code icon simply overrides the verbose mode
allowing us to switch it on and off mid program. We
then enter the main program loop which scans for any Main Loop
incoming data and then outputs the data to the LCD.

Copyright 2010 Matrix Technology Solutions Ltd
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Node 2 End Device Program

[Initialise Zigbee Node

. : For the end device we are first initialising the Zigbee de-
/
/lit'gﬂz[f] j(l.,,ﬁ'%i?ﬂ,kl vice, this lets the device join the network on the PAN ID
IGohnad i Chvaistee specified in the component properties. We then use the
Zigbee(0) Zigbee(D) connect to coordinator macro to route the outgoing data
i retval=Co... ;K[retvalionnect To CoordinatoJ to the coordinator module.

|Check for node poll command

Zigbee(0] ¥ q Zigbee(0] ]
. i H 1 / i = |
Once we have the end device connected to the network NEie g reReceive Chaf?

we check to see if there is any incoming data. If we re- i commandeceived
ceive a 1 then this is the node request so we know to
reply with a 2.

Send node present command

Ziagbee[0] Zighee(0)
Send_Char('2'

JSend_Ch...

ADDRNNN

Input

ORTE > PORTE ->»
keypad_n.. keypad_num,

If Switch Pressed

<[ keypad_num > 0 7) Inside the main loop we also check for a switch
press by reading the port connected to the
o _ | Transmit key press Switch E-Block.. If any of thg switches are
1 Zigbee(0) P4 Zigbee(0] J pressed then this will result in a return value
gaend Ch.. i \Send Charfkeypad_num greater then 0. If this is the case then we simply
Delay send that return value and that then gets auto-
100 ms matically forwarded to the end point which we

have already defined as the Coordinator node.

Please note that the verbose mode should only be used with a program that has a standard
LCD or graphical LCD component. Otherwise you will get errors when trying to compile to the
device.

Copyright 2010 Matrix Technology Solutions Ltd
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In example 2 we will connect all 3 of the multiprogrammer boards to the Zigbee network. Firstly
move the LED E-Block from the coordinator node to PortB of Node 3. The Coordinator node will
start up the network and then check that all nodes are present. Once all of the nodes have been
successfully discovered the program then sends out a 0 which triggers the end nodes to start
their main functionality. That is to send the switch data from node 2 to the LEDs connected to
node 3.

Node 1 Coordinator Program |Initislise Device Count
Devices =0 [mDevices = 0)

Here the coordinator now waits for the two other nodes to Loo

connect to the network and respond at the same time. After Deviceslf[]x... \ Devi‘é‘;g"f 0x03

sending out the detection byte the program allows 150 loop

cycles to detect the received acknowledge bytes before start- Initialise Device Count

ing the scan process over again. Devices = 0 [{fevices = 0)

[Poll for Nodes

[Check for responce g Zigbee[D] Zigbee[U]
] Zigbed(] :[ _ Zighee(0] J Send Ch... 4 NSend Char'1']
Incoming... Incoming=Receive_Char(20 ll:l ',g: S i
Responce received? ear Any Detected Nodes
— Z1LCDDispl... {4 LCDDisplay(0)
ncomng = 2 PrintString... 4 \PrintStrinal” . "
N Node 2 Detected Loo
Devices =D |y0EvEEs = Davees o) N
imes imes

l Call Component Macro I

LCDDispl... CDDisplay(0
Cursor(0, 0) Cursor(0, 0]
[Print Node 2

LCDDispl... LCDDisplay(0)
PrintString... PrintString("'2-0K""

AN

NAN

When listening for the receive acknowledge bytes we sim-

"Hespme recelved? _ ply check for an incoming byte and then see if it is equal to
Incoming 2 or 3 to correspond to the node that has responded.
5 Al . When both nodes 2 and 3 have responded the Devices
Ha B Dl Oevcss=Dercss D) variable has both of its lower bits set which allows us to
T drop out of the scan for nodes loop.
e oy
lPrintNode3

% LCDDispl... LCDDisplay(0)
PrintString... PrintString("*3-0K""

[Clear LCD
gLCDDispI‘.. A LCDDisplay(0
Clear Clear
Once all of the nodes have been detected by the Coordi- = LCDDLF"iInt N/0d88 COTEB*;# —
; E1 1spl... isplay
nator node .the cc_)mmgnd 0 is sent. out tq start all of the PiiniStina. ./ PrintStingl Nodes Al DK..]]
end nodes in their main functionality. This allows for a .
| .y . lishi Il th h Lﬁ.ctwate Nodes

clear distinction between establishing all the nodes on the 7] Zigbeell) P Ziobesll]
network and then performing a task. Send Ch... 4 NSend Charl'0)

Copyright 2010 Matrix Technology Solutions Ltd
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Nodes 2 and 3 End Device Programs

As nodes 2 and 3 are both waiting for command 1 to be received when they start up we have
added a small delay to the decision in node 3. This allows both nodes 2 and 3 to respond to the
node detection message without any problems incurred with two devices both trying to transmit
at exactly the same time. As zigbee has a fairly low data throughput it is wise to try and avoid
such conflicts if possible to ensure your control data makes it to the destination in the fastest
possible time.

Ilnitialise received character | Calculation
n=0 n=0 K@D
Node Check Loop Main Loop
e While ne While
in<>'0" in<> D' in<: "0 in<> "0’
Check for node poll command _ Check for node D40|| command
Zigbee(0) Zigbee[0) Zighee(0) :{ Zigbee(0) ]
in=Receiv... /] \in=Receive_Char(20 in=Receiv... ] \in=Receive Char(20]

If command received If command received

es

Send node present command Delay

No

1 Zigbee(0) H Zigbee(0) 5 5
1Send_Ch. ([Send_Char['Z'il =

Send node present command

Zigbee(0] Zighee(0)
Send Ch... fj"Send Charl'3')

NANN

MNaode Check Loop
Main Loop
When the value of O is received the end nodes both
drop out of their detection routines and instead go to
their main function. This is to simply forward the
value from the switches connected to node 2 to the
LEDs connected to node 3.
= blcfof]ne,ct to Node 3 v The node 2 program addresses node 3 as the data
goee gbee H H
2 i ;ﬂetva':&mec& o Name("N 0de3..!] endpoint by using the Connect_To_Name macro

. which uses the name specified in the Node 3 Zig-
bee component properties page.

Copyright 2010 Matrix Technology Solutions Ltd
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In example 3 we will repeat the functionality shown in example 2 but now we will allow end node
3 to go to sleep to save power. This functionality is useful for devices that are battery powered
or require high power efficiency. When a node is asleep its parent node stores the data for it.
The Zigbee protocol states that either the coordinator or router devices are capable of storing
data for end points which are asleep. Once the endpoint needs to wakes up it uses the node
wake macro to wake up the Zigbee module and then the data is automatically streamed to the
end device from the parent node. This is therefore another reason why Zigbee is not useful for
high data throughput but very useful for control applications.

Nodes 2 End Device Program

Loo

While hile
1 1

Shown on the left is the routine used for node 2 in

oddastchivaiible examples and 3. If the switch value that is read
FORTE - 7@ from the port differs from the value that is stored
switch nupt  Nswitch_num in memory from the last sample then we know

If Switch state chanaed that at least one of the switches has been

~[F switch_num 1= old_switch_num 7) pressed or released. Note that we do not have to

switch n

um 1= 0., Yes make any distinction between sending data nor-
oS Transmit switch value mally and sending data to a device that is asleep.
2 /] Ziabee(0l ) Ziabeeldl
Send_Ch... Send_Char[switch_num]

Delay

50 ms

Update Variables

old_switch_n.../<{old_switch_num = switch_num)

Loof

The coordinator program for node 1 has the standard start up and node check routines followed
by the 0 command to trigger the nodes into action. This is just a protocol we have adopted here

at Matrix. In your own programs you can in fact create your own protocol to do any functionality
you choose.

Copyright 2010 Matrix Technology Solutions Ltd
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Nodes 3 End Device Program

Program Started
001 001
- PORT -> PORT B

llnitialise Zigbee Node

7] Zigbes(0 ’:[_Z'—}b 0
In our node 3 program we have used % |ni'theeE;£u]..;; InitIgN:tevEIo]rk
the LED E-Block to show the status of Init Completed
the Zigbee component initialisation. If /002 7:[ 0x02 ]
we get a output of 3 on the LEDs then S ATRY > PORTE
we know that the start up routine has e |C°"“P;C‘ to Coordinator
failed. This kind of troubleshooting is ) Zigbeell] Zigbeell)

%
retval=Co... ;/:qretvalionnect To Coordinator]

If Problem Connecting

O\ <=

'et,;‘“al/\(es
' Coordinator Not Found

No 0403 0v03
Coordinator Connected - PORT -> PORT B
0x04 0x04
- PORT -> PORT B

very helpful when it comes to finding
out why a program is not running as
expected.

| Configure Sleep
Zigbee(0) A Zigbee(0)
Node Co... ] YNode Confiqure Sleep(2, 0]

NANN

The Configure_Sleep macro is used to put the Zigbee

Sleep for 5 seconds device into a powered down state. This allows the de-
B vice to save power but also means that the device is

not reachable over the network.
Wakeup and Poll Parent

Zigbee(0) AT Zigbee[D)
Node ... f] Y\Node Wake

NANN

lCheck for switch update
Zigbee(0) ¥ Zigbee(0)
in=Receiv... ] \in=Receive Charl20]
If Update is available

Calling the Node_Wake macro returns the Zigbee de- <{fin <255 7)
vice to its normal operation and if we are already joined

to a network then the node will automatically rejoin. If NG [Update LEDs

any data was sent to the node while it was asleep then fli ?E| n |
it will be buffered by the parent node. This could be the ’ PDETl > FORTE

coordinator or the other end node. Data is read into the =

device as normal so we simply call the Receive_Char 100 ms

macro to retrieve any stored data.

Copyright 2010 Matrix Technology Solutions Ltd
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If you are having problems getting up and running with any of the examples or any of the
Flowcode components then the first port of call is to ensure you have your boards plugged
together and wired correctly. As a rule of thumb any board with a screw terminal and a +V
marking should be connected via a single wire to the +V screw terminal on the correspond-

ing Multiprogrammer.

If you do run into any problems then there is help and advice available from our online
user forums located here:

http://www.matrixtsl.com/mmforums/

The Articles section contains quite a few examples, as well as hints and tips to aid in your
applications

b7 [ (2.8 Mateix Mulisesedin user forums
User Forums b e e

There is also a set of online videos demonstrating Flowcode, available from the videos
section of our website: http://www.matrixtsl.com/Ic_videos.php

Copyright 2010 Matrix Technology Solutions Ltd
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Matrix TSL is a leading global technology company. Over the years we have
developed a portfolio of award-winning products which have applications in
Education, Industry and in the home.

Learning is at the heart of much of what our company does, and the philosophy
of all Matrix learning products is based on ‘learning by doing’. Each year Matrix
spends around 25% of turnover on research and development to ensure that
our learning and development resources are world class.

MIAC PLC

MIAC (Matrix Industrial Automotive Controller) is an industrial grade control
unit which can be used to control a wide range of different electronic systems
including sensing, monitoring and automotive. It has a number of applications
in industry and learning.

Formula Flowcode

Formula Flowcode is a robot vehicle which is used to teach robotics, and to
provide a platform for competing in robotics events.

ECIO

o
et

FlowKit " ..

Flow!

ECIO devices are powerful USB programmable microcontrollers with either 28 or 40 pin
standard DIL (0.6”) footprints. They are perfect for student use at home, project work
and building fully integrated embedded systems.

The FlowKit allows for in circuit debugging directly from within Flowcode. This
is the same ICD debugging feature that is included with our version 7 EBO06
Multiprogrammer boards.

Flowcode + E-Block Technology bundles

@ Matrix TSL technology bundles are based on a combination of two of our most
popular products, E-Blocks and Flowcode.
FLOWCODE

NO CODING, NO LIMITS...

Other bundiles in the range

. Easy Mobile Communications Pack . Easy GPS

. Easy Zigbee Pack . Easy USB

. Easy RFID . Build your own PC Interface
. Easy Internet . Build your own PLC

. Easy CAN Bus . Build your own Data-logger
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