Bion

Sensor network:
e 1000 sensor nodes

« 3 miles of telephone
cable

1| )

\ Wilhelm Reich
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Project 1: Digital I/0O and Timing

o Control of LEDs and Speaker
— Precise timing requires timer use

 Respond to button presses

L]




Part 1

 Internal 4-bit (software) counter

e Counter state Is reflected by the LEDs
— Total of 4 individually-controllable channels
— (the 4 blue LEDs are controlled by one digital
line)
e Each button release: increment the
counter



Part 2

* Generate tone with the speaker

— Different tone for each counter state (lower
frequencies for higher values)

e Speaker Is controlled by a digital I/O line
— So: In one of two states

— Tones are produced by producing a “square
wave” at a given frequency



Required Components

Modular code

 Implement a separate function:
DisplayCounter()

Translates the current counter value Into
the LED state



Project Administrivia

Due in 12 days (Feb 26™)

 Demonstrate to me, Di Wang, or Dan

=lippo

 Documented code: hand-in on D2L
— One copy per 2-person group

* Personal report: distribution of work

e Lab appointments:

— Check the appointments page
— Send emaill to es@cs.ou.edu




Bion Care

Hold bions on the side of the board (don't
touch the components)

Minimize the bending of the components

Don’t let the bion come In contact with
metal while it is powered on

If things get hot: disconnect power
iImmediately and ask for help



Getting Started

See: hitp://lwww.cs.ou.edu/~faga/classes/general/atmel/
Summary:
e (perhaps) Install AVRstudio

 Install WINAVR

* Plug the programmer into your computer
e Plug the programmer into the bion

e Plug the power into the bion

 Create a program




Compiling and Downloading
(the unix way)

e Obtain a copy of the “makefile”

— Modify the “TARGET” line for your program
e Type “make”

— You should see no errors
e Type “make program”

— This will download your code to the bion

— Again, you should see no errors



Project Menu: New Project
| ——

Create new project

Froject type: Froject name:
& Atmel VR Assembler [firstproject S
%5 AR GCC '\
K W Create intial file  I» Create folder
1 I mitial file:
|fir3t|:ur|:|iec:t B
Location:
S hprojectzharchivelzymbiotichmicrocontrolleratrmelexamplesfirstproject’,

h N

Ver 412498 W Show dialag at startup

et > | Finish | Cancel | Help

— - —




Prolect Menu: Conflguratlon Optlons

‘=§ 2R AR ANRIERT

. o R B8 x e
=
Iy}
3}-"-\ Active Configuration ||:Iefau|t LJ Edit Ennfiguratinns|
Lans"
ndencies 2 L

‘-11.&-"
CERE wse Esternal Makefile |

#=]

Include
Directories Output File M ame: |firstprniect. elf

g Output File Directory: |defaults

[ Ungigned Chars [-funsigned-char)

Librarigs

Device:
' F 2 [ Unzigned Bitfields [-funsigned-bitfields)
requency:
[ Pack Structure Members [fpack-stuct)
' ' Dptimization: I":”:' Li
: [ Shart Enumns [fshart-enunms)
Memory Settings

4

e [v Create Hex File [ Generate Map File [ Gererate List File
_ Cl__lstcum Optiu:ur._:_] :

| k. | Cancel Help

NN —

w | @ Infa firstproject

7.1.2007 at 23:17:33
mou=attiny8cl -Wall -gdwarf-2 -00 -MD -MP -MT firstproject.o -MF dep/firstproject.o.d -c ../ /firstproject.c

me 119 mildih kb= Man =anrkh Ffile nr Adirartorss




x #include "oulib k"
int main(woid)
LDEE = 7:
while(l) {
FOETE = 1;
delavy_n=s{500);
5 DORETE = (1
¥ [ —— - Cuztorn Compilation Options
3 [l filez] fall Remave
Lﬁ_‘J firztproject. o -gdwarf-2 4
Include oulib.c -DD
Directories [Linker Dptions] faigned-char
Libraries
Memory Settings N Edit |
DF_CPU=16000000 A Add
TN 3
= External Tools
Cuskarm Optk v UszewintWR
|« ] 1 avi-gec: ||::xwmwmbima&sg 4
e [ firstprg make:  [C:¥indyRAutsbintmake. exe
m --zet-zection-flags=.eeprol aE. | Cancel | Help | t.een

'3 [39.4% Full)
itloader)

= (l.6% Full)



AVR Studio - [Z:\projectsiarchivel\symbiotickmicrocontrollerlatmellexamplesifirstprojectifirstprojectMirstproject.c]
File Project Build Edit Yew Tools Debug  ‘Window  Help

D& BESo “FHHh M Y
= e
AR G UL #iwmTads "l R WY
= ﬁ firstproject (default) .
i o Add oulib.h to the Header
oulib.c i . .
P Files. Note that it must be in
£ Other Files -
the local directory (same as
firstproject.c)
| ded |
‘@.ﬁ.'u'l-'-i GCC irwJ I Migw i B Z:projectst archive' symbiotict microcontroller atmel. examples' firstproject' firstproject' firstproject.c ’_

Biuild

rm -rf firstproject.o firstproject.elf dep/¥ firstproject.hex firstproject.eep
Build succeeded with 0 Warnings...
awr-gcc.exe -mmcu=atmegad -Wall -gdwarf-2 -00 -fsigned-char -MD -MP -MT firstproject.o -MF dep/firstproject.o.d -c ../ /firstproje

- fFdrotrradact A 12100 Aaldtb fe WA onich Fila Aav Addvractnrsr



firstproject Project Options

S &

s
L 5%

General

Include
Directories

=

Libraries

F oL

Memory Settings

Cusharn -Qpi:ions

Librany Search Path:

i K &

¥

Arallable Link Objects:

libc.a

librn. a
libobijc.a
libprintf_flt. &
[ibprintf_mir.a
libgcant_flt.a
libgcant_min.a

libou_atmegald.a K

2:select

~ 1: add “.” to the path

Link. with Theze Objects:

Sdd Librangs libow_atmegal.a

FHemoyve Hhject 3
Add Object ...

fd e up

fl e i

LY

M ame

S projects’, archive' symbiotich microcontrollert atmel' examples' test' firstproject.c 4




AVR Studio - Z:\projectsiarchivelsymbiotic\microcontroller\atmelexamples\firstproject¥firstprojectifirstproject.c

Ele Project Build Edit  iew Tools Debug  Window Help
Ded@d i 2REs = M 440
Trace Disabled - %X rB EENE N . v \Ez '\Ez Lo

|avr G x|
E‘@ firstproject {default)

£33 Source Files

23 Header Files

55 External Dependencies
----- £ Other Files

P mELN G BPRUEIRTEEEEE
B X e

B Z:\projectsarchivelsymbioticAmicrocontrollerlatmeNexamplesXfirstproject)firstprojectMirstproject.c g X

h N

Code goes here

'@AVR e EIJ’O Wign | [ i B0 | Z:\projects’ archive' symbiotic, microcontroller',atmelexamples’ firstproject’ firstproject’ firstproject.c q b

|Message x

Loaded plugin 3TKS00
Loaded plugin AYR GCC

i | A} ] ]

S2Euld @ Message | SRFind in Files | @Breakpoints and Tracepaints |

ITAGICE mkII  Auko @ int cColl AP NUM SCRL

troduction ' ... - B 7 &) 110pm




Now for the code...

#i1nclude ""oulib.h"

int main(void)

{

DDRB = 7;

while(1l) {
PORTB = 1;
delay ms(500);
PORTB = O;
delay ms(500);

ks

}



AVR Studio - [Z:\projectsiarchivel\symbiotickmicrocontrollerlatmellexamplesifirstprojectifirstprojectMirstproject.c]

File  Project
O =

AR GCC

= ﬁ firstproject (default)

-2 Source Files
firstproject.c
aoulib, i

--£3) Header Files

(5] oulib. b

+-£3) External Dependencies

£ Other Files

Wiew  Toals

Build menu: Build

Debug  Window

T e

1

-‘@nm ecC | B 1o view | @ nfo

Biuild

® avr-objcopy -j .eeprom --set-section-flags=.eeprom="alloc,load”™ --change-zsection-lma .eeprom=0 -0 ihex firstproject.elf firstproject.e

AVE Memory Usage

Help
3

E.

DORE = 7;

wvhile(1l) {
PORTE = 1:
delay_m=({500);
FORTE = 0:

delavy_m=(5007);

NN —

Z: projects’, archive' symbiotic microcontroller' atmel' examples' firstproject’ firstproject firstproject.c




[ R PR TR e i me— == = .

NN —

'@F&'-.-‘R (el @ I Wiew i B Z:"projectsh archive' symbiotich microcontroller atmel examplesfirstproject’ firstproject' firstproject.c
Build
® avr-chicopy -j .eeprom --set-section-flagss=.eeprom="alloc,load”™ --change-section-lma .eeprom=0 -0 ihex firstproject.elf firstproject.e

AYE. Memory Usage

Device: atmegal

Program: 3226 bytes (39.4% Full)
[.text + .data + .bootloader)

Data: 16 bytes [l.6% Full)

You should get this
Build succeeded with 0 Warnings... 4—

%Build il Message | SghFind in Files @ Breakpoints and Tracepoints

'—' - -
+y Start 8§ class_introduction AVR Studio - [2:4proj... = ralks




Now We Are Ready...

* Plug the programmer into the bion (If it Is
not already)

 Power up the bion

e And download the program...
— Tools Menu: AVR: Connect



o+
11§ int main{woid)

1
t.c DDEE = 7:
while(1l) {
FORTE = 1;
delavy_n=s{500);

ndencies FORTE = 0:
delay_m=(500);

Select AVR Programmer E|

Flatfarrm: Part:

STESDD or AVRISP Connect...
STKEI0 | Connect. g
JTAGICE mkll 2 Cancel 3

AWE Dragon 1

Tip: To auto-connect to the programmer used lazt time, press the Programmer’
button on the toolbar.

Mate that the JTAGICE cannot be uzed for programming az long as it iz
connected in a debugging sezzion. In that case, select 'Stop Debugging' first.

| 4 | Dizconnected Mode...

M ﬂInFn:n 25 projects,archive ,symbIotic siiCroController s atmel ,eR armples irstproject Jirstproject yhirstproject.c

JEEprom --sSet-section-flags=.eeprom="alloc,load”™ --change-section-lma .eepromn=0 -0 ihex firstproject.elf firstproject.eep

& bytes (39.4% Full)
+ .bootloader)

& bytes [l.6% Full)
.noinit)



AE)*

b

:ndencies

a | @ Info

int maini{wvoid)
DDEE = 7
while{l) {
FORETE = 1;
delay_m={&500);
FPORETE = 0;
delay_m=i{500);
1
1
AV)
Fragram l Fusez ] LockBitz ] Advanced ] Board ] Auto ]
Device
- Eraze Device |
Frogramming mode
v Erase Device Before Pragramming
ISP made J v “erify Device After Programmming 3/4
Flazh
{
{* |nput HEX File |Z:'xpr-:uieu:ts'xaru:hive'xs_l,lml:uiu:utiu:'xmiu:ru:u:-:untru:uller"-.
Pragram Werify | Read 5
EEPROM
o | 7 elect your program
Z:"\projects * |nput HE= File |%\projectsharchivelsyr
- g (@ .hex file in the
. [ |
LBEprom --3et-section-flags=.eeprom=""a A
14 1)
Setting mode and device parameters.. OF) e a u S u O e r
Entering programming maode.. 0K
Feading fuszes .. OxCE, 0xBF .. OFI
Leaving programming mode.. 0K |

6 bytes [(39.4% Full)
+ .hootloader)

6 bytes (l.6% Full)
- Wnoinit)




Flashing?

Your program will start executing as soon as
the download is complete ...

Your green Light Emitting Diode should be
blinking at 1 Hertz (once per second)



