The Hitchhiker’s Guide to ProSpeckzIIK - by Steven Wong

1. What is ProSpeckz 11K?

ProSpeckz IIK (Programmable Speck using Zigbee radio) is the second generation
prototyping platform that is designed and developed by Steven Wong at the University of
Edinburgh for developing applications for Speckled Computing and intelligent sensor
networks.

2. What is on a ProSpeckz I1K?

- A Programmable System-on-Chip (PSoC) CY8C29666-24LFXI (www.cypressmicro.com)
- A Zigbee Radio Chip CC2420 (www.chipcon.com)

- A 2.4 GHz Antenna

- ARGB LED

- A general purpose switch

- 2 x 8-bit ports (Port 0, Port 2) free for interfacing with other analog or digital components
- A 32.768 KHz external oscillator

RESET  Port2 Port 0

3. Setting up and getting ready

a. Install the PSoC Designer and the PSoC Programmer using the CDROM provide by
the CY3210-MINIPROGT1 kit

b. Register and get license number for the PSoC C Complier CY3202-C

c. Enter the C compiler number in PSoC Designer under Tools->Options->Compiler.
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4. Your first application

Programs for the ProSpeckz would be developed using the PSoC developer and can be
written in both assembly (M8C) and C. A template program, “ProSpeckzTemplate.SOC”, is
provided with the basic primitive functions for using the ProSpeckz. To simplify
development of future ProSpeckz application, always start a new project by cloning the
template files provided.

4.1 The simple application to be built

The application you are going to build would make use of 2 ProSpeckz (Let’s call them
ProSpeckz A and ProSpeckz B).

ProSpeckz A would change its LED color periodically every second using interrupts from a
16bit timer. Upon changing colour, it will send the new state of the LED wirelessly to
ProSpeckz B. On receiving the information, ProSpeck B would change its LED colour to
match that of ProSpeckz A.

Do note that this sample application is made to be as simple as possible thus may not contain
the necessary instructions to ensure proper functionality. It’s just a demo.

4.2 Programming ProSpeckzA

Step 1: Start PSoc Developer
Run the PSoC Developer application

Step 2: Making a Clone of “ProSpeckzTemplate.SOC”

. E Stark news project o
Click on L= on the splash screen. On the next screen, select “Clone Project

and enter “ProSpeckzA” as the new project name, then click <Next>.

MNew Project E|
Select methad: Mew project name:
Create Mew Project |P'r|:|S peckzt,
Clane Project

Mew project location:

|I::"~S peckMet\FunSpecksPSoC [ Browse. .

;’m Create Design-Bazed Project

| Hest > | Cancel Help
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Click <Yes> to create the new directory

PSoC Designer X

'j Directory C:\SpeckMet\FunSpeckiPSol DesignerlexperimentsiProSpeckzd does not exist.

Do you wank Eo create ity

Browse to select the “ProSpeckzTemplate.SOC” from whichever directory you store it into.
Make sure “Use the same Base Part” is selected and click <Finish>.

Clone Existing Project [‘5—(|

Specify existing project path;
|esigner"xe:-:periments"-.F'rDSpecszemplate"xF'rl:nSpecszempIate.SI:Ili Browse. ..

Whould pou like to:

{+ |Jze the zame Base Part

" Select Baze Part Bart:

Select PSoC Designer state to proceed fo;

Device E ditor El Application Edior Big]| Debugger

< Back | Finizh | Cancel | Help

A clone project by the name of “ProSpeckzA.SOC” has been created.

Step 3: Selecting the hardware (in this case, the 16bit timer)

You should be in the device editor (look at the title of the window). If not, on the top toolbar,
click on the H button.

The next step is to select the hardware (digital/analog) modules that you want. In order to do

this, click on the & button. After that, click on the <Timers> tab (on the left) and click on

the module <Timer16>.
You can view details of this module, the specifications, the APIs, the sample codes and the
needed digital blocks on the rest on the windows.
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€

Timerl&

Double-click on the Timerl6 module to select it.

% prospeckza [CYBC29666-24LFXI] - PSoC Designer
File Edt Wiew Froject Config Buld Debug Program Tools ‘Window Help

B 0s0d 428 eeE2ET0(60aafE o 2v|[aaE0s|fs@|«a | nehs o B
=== 2 ans s BmsA 2 0c]|B 2000 CE a0 0||SES B BB ]

ADCs Selected User Modules (2% prospeckza |
Amplifiers .
Analog Comm
Counters Eillil
Delete
DACs g
Digital Camm ~ Place Resource Meter
Filers Period oo Compare Total | Used |
Sereic Registg ekt Coer * s Register poragocks |15 3 [N
Misc Digital Block Diagram Intarmupt fralogBlocks |12 0
Datashest o0ag 0
n M
IS Properties
ROM 32768 130
Pt Compare -
a Decimatar 1 1]
Bormie ", | Comy Out [2CContoler |1 0
ontioller
Temperature Capture Capturz ~ Count
L}
Timers ﬂ Row Bus
ook E}
merd
Load TC 14
Terminal
Count Qut
L
8-, 16-, 24- and 32-bit Timers
Timerv2.3
Copyright @ 2000-2003. Cypress MicroSystems, Inc. Al Rights Reserved.
CY8C29/27/24/22xxx Data Sheet
PSoC™ Block: APIW
Resources & ocks BRI RS Pins (per External 110}
Digital Analog CT  Analog SC Flash RAM
CYRC2AZFI2412 ot
8-bit 1 a 0 70 0 1
16-hit 2 a 0 93 0 1
24-hit 141 =

Home | Resouces | Features | Overview Dlaglam Dascupllnn Timing | Specs | Placement | Parameters | API | SampleCods | Registers

[
4
" Build { Debug ;. FindinFiles 1 7 Findin Files 2 s Results Tl +

Rename Liser Module [ [ [ [

14 start. 3 QUICK START .. C etz . @ et|F... 1 untitled - Paint

You should now see the module “Timer16 1 under the <Selected User Modules> window.
Rename the module by left-clicking it and choose <rename>. Change the name of the module
to “Timer16”

Delete

Rename

Place =

Period 1roiece
REQ |5tf Select Calar #

Block Diagram
L Datasheet

Properties

F——

- |

That’s it. You have just selected a 16-bit timer into the ProSpeckz configuration. The next
step is to configure the timer.
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Step 4: Configure the hardware (in this case, the 16bit timer)

From the top toolbar, click on the # button. You should see the screen shown below.

% prospeckza [CYBC29666-24LFXI] - PSoC Designer - [Device Editor]
File Edit View Project Config Buld Debug Program Tools Window Help

| s[5 P HERE O® £ B P fancs ~|[sDCINC -7
=% E i
Global Flesaurces Value (=] | Selected User Moduies (g prospeckza |
Power Setting [ Voo / SysCh freq] 3.3V / 24MHz
CPU_Clock. SysCk/2
32K_Select Extemal SPIM Timer16
PLL Made Disable
Sleep_Timer 512 Hz _
YC1= SyaCllN 12 1 il
YC2=VTIN 1 i
¥C3Souce SysCk/1 FET ¥
WC3 Divider 1 | E
SysCk Source Intemal L
Timer16 =~
User Madule Parameters Value 8 s
» »
L1 L
13 »
Name Poit Select Diive Interupt | <] L
Pot 00 PO SHCPU HighZ Analog Disablelnt
Pot 01 PON] SWCFU HighZ Analog Disablelnt
Pot 02 PO StCPU HighZ Analog Disablelnt )
Pot 03 PO SWCPU HighZAnslog Disablelnt | L ;
Pot 04  PO4] StdcPU High Z Analoc Disablelnt ‘ L= ‘“: 5 u'.- 2 L‘ =
Pot 05 PO SHCPU HighZ Analog Disablelnt o Tt 1 S
Pot 06 POE] SWCFU HighZ Analog Disablelnt L | L | L L
Pot 07 PO SWCFU HighZ Analog Disablelnt » i i i
Pot 10 PO SWCPU HighZ Anslog Disablelnt L | L Ll L
Pot 11 PN SWCPU HighZ Analog Disablelnt 3 -
YREG_EN  PI[2] SHCPU HighZ Analog Disablelnt
Reseth P1[3] StdCPU Pull Up Disablelnt - - - - -

=
A

Build  Debug » FindinFiles1  Findin Files2  Results

Dane

This screen is where you place the modules into their blocks and setup the interconnections.
The parameters of the modules are also modified here (which can be changed using software
as well). You would see 2 sets of blocks. The top 4 rows are digital blocks and the last 3 rows
are analog blocks. For more details of the blocks and their possible connections to other
blocks, please read the CY8C29666 manual.

Single click on the Terl®  module from the <Selected User Modules> window. You would

see that some digital blocks are highlighted (in this case, green). This shows where you could

place the 16-bit timer. You can select the next possible placement by clicking on ” from
the toolbar.

If the blocks are free, then you can place the module into the blocks by clicking on B fom
the toolbar. This button will be deactivated if the blocks selected were already occupied.

Try clicking = for a few times until you are happy or your fingers get tired. Then place the
module by clicking B vou have now placed the 16-bit timer module into the digital blocks.
Next, you have to set up the parameters for the module. On the left hand side of the screen,

you could see the <User Module Parameters> window with lots of red question marks. You
can change these parameters by single-clicking the <value> column.
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Please enter the following parameter for the module.

Ilzer Module Parameters Walue

Clock CPU_32 KHz
Capture Lo

T erminalCount0ut Mone
Comparedut MHone

Period 32VET
Compareyalue 1]
CompareTupe Lesz Than Or Equal
[HtermiptT ype Terminal Count
ClockSync Synic o SysCllk
TC_Pulseirfidth Full Clock,
[FrvertCapture i Mormal

That’s it. You have now place the module and configured it. The next step is to generate the

codes for it.

Step 5: Generating the codes for the configured hardware

Click the oF
software.

Step 6: Getting into the application editor

button on the tool bar. That’s all for the “hardware”. Let’s move on to the

Go to the application editor by clicking the El button on the tool bar. You would see several
folders to the left of the screen. “Library Source”, “Library Headers” and “External Headers”

are generated for you in Step 5.

% prospeckza [CYBC29666-24LFXI] - PSoC Designer - [main.c *]

[B) Fle Edt View Project Config Buid Debug Program Tools Window Help
B & peE ®B O 2R H & ® oFf &5 B 4DCs ~|[epome H=NE]
A6 4 |0 A » D EY 4
alx|
= [ prospeckea files /7 C main line
=-£3 "
#include <mdc.h> // part specific constants and macros
IB'" #include "PEOCAPI.MT 4/ PS0C API definitions for all User Modules
IBP eckz.c #include "PEOCGPIOINT. R
(2] Headh #include "stdlib. h'
513 Library Source #include "prospeckz.h”
[ Library Headers
(2 External Headers
Ij Flashsecurity. bt #fThis iz the main function that would be executed after bhoot.asw 15 executed.
. void main()
¢
RADIO SetTxStrength(2); //Set the transwission strength
RADIO Init(0): //Init radio reciever
ffenter your codes here
+
[ Fies
enerating source code for Device Configuration
Elre de_for D Confi i

Bl The source code has been generated successfully

[« [+ Build { Debug 3 FindinFiles1 s FindinFiles 2 ), Resuls IKN}

For Help, press Fi
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Step 7: The ProSpeckz files

Select the “Source Files” folder and you would see 3 files.

“boot.asm” > generated by PSoC Designer. Do not edit this.

“main.c” > this is where you would write your codes

“prospeckz.c” > this contains some primitive functions for the ProSpeckz. To see the
description on the functions, view the “prospeckz.h” file under the
“Headers” folder

Step 8: Writing the main code

Double-click on the “main.c” file. Enter the codes colored in blue into your program.
11
// C main line
11
#include <m8c.h> // part specific constants and macros

#include "PSoCAPLh" // PSoC API definitions for all User Modules
#include "PSoCGPIOInt.h"

#include "stdlib.h"

#include "prospeckz.h"

//This is the main function that would be executed after boot.asm is executed.
void main()
{

RADIO_Init(0); //Init radio reciever

RADIO_SetTxStrength(2); //Set the transmission strength

//lenter your codes here

Timer16_Enablelnt(); //Enable interrupt Timer16
MS8C_EnableGlInt; //Enable interrupts for PSoC
Timer16_Start(); //Start the timer

}

//Writing the interrupt service routine
#pragma interrupt_handler Timer16_ISR

void Timer16_ISR(){
static unsigned char ledColor=0;
Packet pkt;

ledColor++; //Change the colour of the LED. LEDs are active low.
if (ledColor==8)

ledColor=0;
LED Data_ADDR = ledColor;

pkt.dataLength =1; //Formating the packet. Set packet length to 1
pkt.data[0]=ledColor; //The first byte of the data packet would contain the led color info
RADIO_Send(&pkt);  //Send the packet... simple as that

}

To send a data packet wirelessly is extremely simple. Just set the data length, enter the data

you want to send into the data[] array and call the function RADIO Send();

To modify the packet format, the maximum length or to add headers, please modify the

“prospeckz.h” file (experts only).

Step 9: Compiling the code

Build the program by pressing the F7 key or clicking the button on the tool bar. Make

sure that there are no warnings or errors by looking at the bottom on the screen for the

compilation results.
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Step 10: Downloading the program

That’s all for the programming. Now let’s download the program into a ProSpeckz.

Connected the CY3210-PSoC MiniProg into your USB port and click on \ from the
toolbar. A new window as shown below would pop up.

C:\SpeckNetA\FunSpeck\PSoC DesigneriexperimentsiDemo_tx\outputidemo_tx. hex - PSoC Pr... |'_| |E| rg|

Programming  Lkilities  Wiew Help

(2 File Load ) Program 2] Checksum 2] Read

Port Device Farmily Device

[MINIProg1/048E 47472805 = Connect | 23468 ~|  |creceesesaara |

Programming Maode

* Fesst  C PowerCycle IV Power Device
Actions | Results

Aotive HEX file set to C:wSpeck. . .

Device set to CYBC29666-24LFXI ... 32768 FLASH bytes
Device set to CYSCZ9666-24LFXI ... 32768 FLASH byvtes

Device Famnily ==t to 29xb66 at 1. . .
Succes=ful port connection for ...
Open HiniProgrammer at 17:48:56 HINI wers=ion Expecting 1.50 got 1.65
Device set to CYEC29666—24LFXEI . ..
Device st to CYBC29666-241LFXEI . ..
Device Family set to 29xb66 at 1. ..

[For Help, press Ft FEREEI Fass  1de Comnected
Click on <Reset> for the programming mode and click on <Power Device>. Make sure that
the word “Powered” (in red) is shown at the bottom of the window.

The ProSpeckz must be powered by the battery when downloading the program. Insert the
battery into the back of the ProSpeckz. (It’s made idiot-proof so no one should get it

connected with the wrong polarity). Turn on the ProSpeckz by sliding the ON/OFF switch to
the left when facing up as shown in the picture
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Insert the pin extender into the MiniProg as shown below. The pin position “Vdd” should be
left empty.

Next, connect the MiniProg to the ProSpeckz as shown below. Take note of the orientation of
the MiniProg.

Back to the computer. Click the % Progam pugon to program the ProSpeckz. Upon
completion, close the PSoC Programmer window and disconnect the ProSpeckz from the
MiniProg. Reset the ProSpeckz and you should see the LED changing colors.

3 C:\SpeckNetAFunSpeck\PSoC DesigneriexperimentsiDemo_txYoutputidemo_tx. hex - PSoC Pr... 'E|g|
Programming  Utilties  Yisw Help
[EFile Load & Progam 2] Checksum 2] Read
Port Device Family Device
[MINIProg1/040E 47472605 +|  Cornect|  [29466 =] [cvoczosesaara |
Programming Mode

* Reset  PowerCycle

Actions Fesults
Programming Succeeded at 18:08:42

Doing Checksun

Loing Protect

Verify succesded

Verify starting

Frogranming succeeded

Programming starting

Erase succesded

Silicon: 2C, Familw~Die: 11, Hajor Rev: &
Programming Requested at 18:08:03
Successful port connection for

COpen MiniProgrammer at 18:07:53 HIHI wersion Expecting 1.50 got 1.65
FrogrammnserFPort  :OpenFort at 18: .. MINIFrogl-04BE47472805

Active HEX file set to C:Speck

Device set to CYBCZ9666-Z24LFKT 32768 FLASH bytes

Device set to CYBCZ9606-24LFHI ... 32768 FLASH bytes

Device Family set to 29=66 at 1. ..

Successful port connection for ..

Open MiniProgrammer at 17:48:56 HINI version Expecting 1.50 got 1.65
Device set to CYBC29666-24LFXKI

Device set to CYBC29666-241FXI ...

Device Family set to 29m66 at 1. ..

For Help, press Fl SRS Pes:  1de cornectsd
S e e ——
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4.3 Programming ProSpeckzB

We are not going through all the pictures and text again for this as you should have a pretty
good idea how to do it already. There is no hardware configuration needed for ProSpeckz B.

Create a clone of “ProSpeckzTemplate.SOC” by selected File->New Project->Clone from the
menu bar then follow Step 2. Name the new project file “ProSpeckz B”.

Repeat the same steps from 6-10, with the only difference that the code to be inserted into
main.c is as follows (in blue);

/1
/I C main line
/1
#include <m8c.h> // part specific constants and macros

#include "PSoCAPLh" // PSoC API definitions for all User Modules
#include "PSoCGPIOInt.h"

#include "stdlib.h"

#include "prospeckz.h"

//This is the main function that would be executed after boot.asm is executed.
void main()
{

Packet pkt;

RADIO_Init(0); //Init radio reciever

RADIO_SetTxStrength(2); //Set the transmission strength

//enter your codes here
RADIO_RecieverOn;  //Turn on the Radio Reciever
while (1){
if (RADIO_Recieve(&pkt)== SUCCESS){ //Wait for Packet
if (pkt.dataLength==1){ //Check packet length = 1
LED Data_ADDR = pkt.data[0]; /Change LED color accordingly

}

}
4.4 Trying the application
Hurray!!! You managed to program you very first ProSpeckz application. Turn on both

ProSpeckz A and ProSpeckz B. When you placed them closely together, notice how
ProSpeckz B follows the color of ProSpeckz A.
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5. MUST READ!!! Hardware settings that must not be changed.

Despite the amount of flexibility on the PSoC, do note the following restrictions when
messing about with the hardware configuration of the ProSpeckz IIK-Mini:
a. Operating voltage is always 3.3 volts
b. SysClIk is internal 24MHz, CPU_CLK is 12MHz and VC1 = SysClk/12
c. Do not remove SPIM. It is the module that would be talking to the radio chip.
However, you could move it between different digital blocks as long as the pin
configurations are not changed.
d. Only Port 0 and Port 2 are available on the ProSpeckz II so do not mess with the other
ports to be safe.
e. The following is hardwired so don’t change them.
1. Port 5[0] =Red LED (LOW to turn LED on)
il. Port 5[1] = Blue LED (LOW to turn LED on)
11i. Port 5[2] = Green LED (LOW to turn LED on)
iv. Port 5[3] = general purpose switch (HIGH on push)
V. Port 3[0] = SCLK (to CC2420)
Vi. Port 3[1] = FIFO(from CC2420)
vii.  Port 3[2] = MOSI (to CC2420)
viii.  Port 3[3] = SFD(from CC2420)
iX. Port 3[4] = MISO (from CC2420)
X. Port 3[5] = CCA (from CC2420)
1. Port 3[7] = FIFOP (from CC2420)
xii.  Port 1[3] = ResetN (to CC2420)
xiii.  Port4[1]= (from CC2420)

For more experience users, if there is a need, you could shift the following connections from
the SPIM module to give yourself more flexibility (for example, if you want a PWM to drive
the RGB LED)

Port 4[3] = SCLK

Port 4[5] = MOSI

Port 4[7] = MISO

6. Final notes

This quick guide and short tutorial session just briefly runs through on how to use the PSoC
designer, the programmer and the ProSpeckz. To fully utilize the flexibility and capability of
the ProSpeckz, please read through the datasheets of the PSoC and the CC2420. These are
available on the manufacturers’ webpage. You could also use the development kit provided
and the tutorials online to assist you in developing applications. A good forum at
www.psocdesigner.com contains many interesting readings ranging from implementation
issues to novel applications. Do read the application notes available at
www.cypressmicro.com for ideas on usages of the PSoC.

For the batteries, please make sure that the voltage supplied to a ProSpeckz does not exceed
7.2 volts if driven from a DC adaptor or from other sources, else sparks may fly. For the
VARTA batteries provided, a battery charger will be made available to you very soon (or you
could build an adapter to connect 2 x 3.6v batteries together in series (so it looks like a PP3
battery) then use a commercially available battery charger).

Finally, my apologies for any typos, bad grammar and spelling mistakes (generally, bad
English) found in this guide. Thank you for your time and hope you have lots of fun with the
ProSpeckz.
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