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m system —there are FOUR sides to the story

= the Real World - Node Hardware
= the Abstract World - Four Pieces of the System

= software model — programming to the ARM

= the workspace - application entry points
m system support libraries for ARM

= configurable logic model — programming to the Xilinx

= the workspace - top level schematic
m system support libraries for Xilinx

= programming for embedded systems in general and the PRTB

Topics To Attempt To Cover

® ARM < - Xilinx communication

= LAB
= writing and compiling a simple program
= |oading and running a program
= debugging with or without a laptop
= programming the flash for embedded operations

m example network application

The System




Node Hardware Node Hardware

i Radio boards: CORE boards: Digital,
Bluetooth, Power
FProxim (not shown)

CORE BOARDS

pplication boards:

NON-CORE BOARDS ensor #1, #2 (not shown)

Building Applications - The Four Pieces

APP WORKSPACE

Piece 1:
ARM Software Model
- the Workspace

KERNEL (SUPPORT)

GG




The Four Pieces — ARM workspace

the workspace - ARM model

APP WORKSPACE

KERNEL (SUPPORT)

application.c user entry points
app_Init()
app_Main()
app_RunCommand ()
app_PrintMenu()
app_FIQISR()

application.h user configuration (Xilinx file location, etc)
DEF_XILINX_FILENAME
DEF_XILINX_HEADER

main.c no user serviceable parts inside

parse.c a command-line parser— hack if you like

the workspace - ARM model; app_InitQ

e
* app_Init()

* Any initialization code goes in here. This function is called once at system
* start-up. Common usage is for data structure initialization, Xilinx programming, etc
*/

void app_Init( InitOpts *opts)
{
s
* By default, the Xilinx is automatically loaded with the program pointed to by
* DEF_XILINX_FILE (Debug variant) or DEF_XILINX_HEADER (Standalone or Rom variants).
* See application.h in this project. If you do not need a Xilinx design for your
* application, you can load the default Xilinx program from the WORKSPACE_TEMPLATE
* directory (DEF_XILINX_FILE and DEF_XILINX_HEADER initially point to this directory).

* With the basic Xilinx program, you can control ARM DVS settings using power_SetDVSLevel()
* and manipulate the eight digital board LEDs using xilinx_WriteLEDs();
*/

.
* REQUIRED if you include TestBed library blocks in an application Xilinx program:
* App code must inform the operating system of the chosen port assigments for library blocks
* For example, if you use a radio library block in your design (e.g. bluetooth_block) and
* choose port 3 as the radio control port, you must call this function in app_Init():
xilinx_SetPortAssignment(PA_RADIO_CNTL, 3);

* See the ARM API documentation for the requirements and constants for each block.

*/

the workspace - ARM model; app _MainQ)

* app_Main()

* All user code except for initialization goes in here. app_Main() is part of the
 gperating systems main event loop, so it MUST return. Bottom line: don't use infinite
* loops in your code. app_Main() is already part of an infinite loop that also does

* system tasks, including power control. If your code has an ifinite loop, the system
* tasks can't be done.

* There is one exception to this rule: during development, youmight want to do blocking
* reads with a laptop, for instance in a command interpreter (s ee systest_RunCommand()
* below). This is OK for testing but can't be a part of embedded application code
*

void app_Main( InitOpts *opts)

{

// This is a command-line parser for debugging and test. You can remove it if you want.
systest_RunCommand(opts);




the workspace - ARM model; menu

Commends are case | Nsensi ti ve
run TEST programs

ra al
Tx(ap .t} - Xlink
a- all, p- program | - LEDs, - FIQ i - IRQ

ARM Register read and wite
3

- read
A ite
R print alist of register names
ARM pover modes
diel - Enter ARM I DLE mode (exit via any interrupt)
Si(eep] Enter ARM SLEEP mode (exit via selected interrupt)
Generic Xilinx conmands
U 0x] Read Xi I nx UPLINK channel , n = {01}
o ox] - Wite X linx DOMUINK channel, n = {0}
o et value of serial data stream block, if instantiated
o) Wite 1o LED channel (XI-1to release LEDS)
Xl oxn ite to reset ch
% Gt board 1D (v2+ only)
X - Enable external oscillator
* Disabl e external oscillator
X - Program using default rawfile ( TestSuite PicoRadi oBoards. r aw)
Xt <files Program using speci fied raw file
Mr Read {rom SRAM (ot supported yet)
Mw Wite to SRAM (not supported yet)
Mr Fead from FLASH (ot suppor ted yet)
Mr - Reset FLASH (not supported yet)
Me Erase FLASH (ot supported yet)

the workspace - ARM model; menu cont.

Bl uetooth control
] Initialize control ler (power on, start)
Pover on, off, release
- Transmit on, off, release
Recei ve on,’ of f," rel ease
Set PX_ON clear PX.ON release PX QN
Fop mode on, off, rel ease
Load channel

- Load regi ster

new RS sanpl e
[ Gt current channel

B Read stat us

B Set consol e verbose | evel

Proxi mcont rol
. - Pover on, off, release
Ps<s, Standby on, off, rel case

Pr<s- Transmit on, off, rel ease
Pr <, RSSI sanpling on, off, release
m @t Resl e
For[ n] - Set Proximto receive channel n, and receive
Pet[n] Set Proximto transmt channel n, and transmit
Pe Fel ease channel cont rol
A<t > Gonsol e verbose mode on, of f, of f

Generic commnds
Q<> Print channel Iibrary trace info for node n
5en, > - 5v supply power on, off
v Set Verbose | evel

Print menu to project directory

Nog

Bit
Toggl e menu

the workspace - ARM model; commands

<
H

app_RunCommand()

This function is executed at the start of systest_RunCommand(). It's purpose is to give

you the ability to add custom commands. The switch looks at the first character in the

string entered at the console prompt generated by systest_RunCommand() - any other characters
can be interpreted locally. To add a command, add a case to the switch with the command

letter in single quotes, upper case, for example 'M'. To determine which letters are

already used by systest_RunCommand(), run the ARM program that comes with the workspace
template in the ARMulator (an option of the ARM debugger). Type in the letter Z at the
command prompt. This will print a menu to the screen.

Return values: The return value from app_RunCommand() determines what systest_RunCommand(
does after app_Command() returns. If the return value is O, systest_RunCommand() will

return without examining the command string. If the return value is -1, systest_RunCommand()

will do it's usual command ir ion. For your custom you will typically

choose a command letter that is not already interpreted by systest_RunCommand(). However,

you can create a subcommand (second letter in the command string) of an existing command

by looking for the first level command letter in the app_RunCommand() switch, check the

second letter in the command string, and return -1 if the second letter doesn't match any

of your custom subcommands. This will cause Systest_RunCommand to continue normal command
* detection based on the first letter in the command string.

AR R R R R R AR R R R X E KA E A ¥

int app_RunCommand (InitOpts *opts, char *arglist)
{
switch (toupper(arglist[o])) {
default:
return -1;

return 0;

the workspace - ARM model; custom menu

.
* app_PrintMenu()

* This is a companion function to app_RunCommand(). If you want to add a line to the

* systest_RunCommand() menu, put it here. This function is called by systest_RunCommand()

* at entry, so custom commands will be displayed at the top of the default menu.
=/

void app_PrintMenu(FILE *h)

fprintf(fh, "\
3




the workspace - ARM model; app_FIQISR(

o~
* app_FIQISR()
* Put FIQ interrupt service routing code in this function. Code must be in-line
* (no function calls). Use macros instead. If you have to call functions, use
* an IRQ
* IRQ interrupt service routines (SRs, or handlers) are per device.
* See the interrupt documentation. There is ONLY ONE User-level FIQ ISR.
*/
__irg void app_FIQISR(void)
{
inter_level = 1;
// PUT CODE HERE

inter_level = 0;

the workspace - ARM model; application.h

"
11 application.h
Vi

#ifndef _APPLICATION_H_
#define _APPLICATION_H_

#include <stdlib.h>
#include <stdio.h>
#include "kernel.h"
#include ‘datastructs.h"
#include "xilio.h"

/% Xilinx port assignments */

#define DEF_XILINX_FILENAME "t TestBed /ORKSPACE_TEMPL templat
#ifdef STANDALONE

#define DEF_XILINX_HEADER " TestBed E_TEMPL I_template.h"
#endif

void app_Init(InitOpts*);
void app_Main(InitOpts*);

#endif

the workspace - ARM model; main.c

extern InitOpts opts;
InitOpts opts;

main(int argc, char **argv)
_init_opts(&opts);
parse_Commands(&opts, argc, argv);
kernel_InitSyg&opts);
parse_PrintOptions(&opts);
app_Init(&opts);
while (1) {

app_Main(&opts);
kernel_ldleLoop(&opts);

return O; // not reached

Piece 2:
ARM Software Model
- system support libraries




The Four Pieces — ARM kernel support

kernel support — ARM libraries

APP WORKSPACE

KERNEL (SUPPORT)

armos

channels

FPGA

radios

|
|
m flash
|
u

kernel support — libraries; armos

kemel

interrupt support
OS timers

power contro
seriall

Seriald

ARM GPIO support
data structures
systest

misc algorithms
debug

systemiinitialization, idle control

install handlers/enable/disable

4 ARM timers in ms resolution

DVS, radio on/off, Xilinx idle

FIFO interface to RS232

special-purpose serial ports (SSP, codec)
~12 general-purpose ARM 1/0 pins
double-buffered FIFO, dlls, p-queue
systest_RunCommand()

ulaw, ...
debug printf management

kernel support — libraries; channels

A Application side, simple FIFO interface:

i P channel_Init(numchans, params);
ig ces big ces channeI_Refad(channeI, buffer, len);
T By chzémnel_wme(channel, buffer, len);
= [=%) HFo and many more ...
[\ MAC side: manage 6 interrupts via defined interface
rragsfer\ rxNewPkt read channel header
A\Rivt eRtrok— i rxBurst one transfer from small FIFO to big fifo
rxEndPkt get residual from small FIFO
txNewPkt put channel header in to small fifo
txBurst one transfer from big FIFO to small fifo
XEndPkt close transfer

this is easier than it looks




kernel support — libraries; ArM flash

flash.exe

int flash_Read();

int flash_Write();

menu driven Windows program with all of the below
read n memory locations

write one memory location

int flash_WriteBuf(); write n memory locations

int flash_Erase(); erase entire flash

int flash_EraseSector(); erase one sector

int flash_Program(); erase entire flash, then program from file

kernel support — libraries; rrca

low-evel Xilinx 1/0

datapath block support datapath_LineBalance(onoroffy

TDMA block support tdma_lInithumslots; slotlen, prelen, ...);

xilinx ReadPort(port);

xilinx WritePort(port, data);
xilinx_SetPortAssignment(port,service);
xilinx WriteLEDs(value);
xilinx_GetlD);
xilinx_Reset(signal);

datapath _CRC(onoroff);
datapath _ReadControlByte();
datapath _WriteControlByte();
datapath _ReadDataByte();
datapath _WriteDataByte();

tdma_Config lumslots, slotlen, prelen );
tdma_AddRxSlot(slot);
tdma_AddTxSlot(slot);
tdma_RemSlot(slot);
tdma_SetBasestation();
tdma_SetRemote();

kernel support — libraries; radios

bluetooth

proxim

bluetooth_Init();
bluetooth_Rx(onoroff, ...);
bluetooth_Tx(noroff ...);
bluetooth_Power(onoroff ...);
bluetooth_SetChannel (channel#);
bluetooth_GetRSSISample();

proxim_Init();
proxim_Tx(onoroff ...);
proxim_Power(onoroff ...);
proxim_Standby(noroff, ...);
proxim SetChannel (channel#);
proxim_GetRSSISample);

Piece 3:
Configurable Logic Model
- the Workspace




The Four Pieces — Xilinx workspace the workspace - Xilinx model;

toplevel_template
_

APP WORKSPACE

KERNEL (SUPPORT)

the workspace - Xilinx model; the workspace - Xilinx model;

allldulodacs libcanchlocks




the workspace - Xilinx model;
embedded VHDL

the workspace - Xilinx model;

connections

The Four Pieces — Xilinx kernel support

Piece 4:
Configurable Logic Model
- system support libraries

APP WORKSPACE
KERNEL (SUPPOi !




kernel support — Xilinx libraries

palette
bluetooth
datapaths
FIFO

170

misc
proxim
state
TDMA

kernel support — Xilinx libraries; palette

programming for embedded systems

Programming for
Embedded Systems in General
and Issues with the PRTB

= Compared to non-embedded systems, embedded systems:

= Have no console

= Have limited hardware resources

= Have limited or no operating system support

= Have limited or no debug support

= Run only simple applications

= Are generally event-driven

= Rely heavily on asynchronous events (watch out for resource conflicts!)
= S0, in an embedded system, you generally can't:

= Wait for user input from a keyboard, mouse, or other standard input device.

= Use standard C-lib function calls like printf and scanf

= Debug with break points or by stepping a program

= Access stored data directly

10



programming for embedded systems

= Whatisanevent?

= Timer goes off when it's time to get a new sensor sample
u Wake-up timer goes off when the CPU is sleeping
= Protocol needs service e.g. a new packet has arrived

= And many more..

Buffer is empty, almost empty, full, almost full, half full, ...
Byte ready to transfer on serial port

m These are the PRTB interrupt sources:

= Two Xilinx interrupts

= GPIOpininterrupts

= Timer interrupts

= Realtime clock interrupts
= Serial port interrupts

MAC, mainly

sensor board or software self-interrupt
events needing timing with ms precision
events synchronized with the system clock
sensor board, PC during debugging

smbedded programming issues for PRTB, pl

(] The PRTB is a singlethreaded
n There are TWO ways to detect

event -driven embedded system
events:

Polling : in a loop, query status from some event
ource or sources
Pros:
Simple implementation
Low overhead.

Synchronous. Can manage shared resources more
asily and safely.

Cons:

CPU must run on a regular basis, regardless of
hether there is an event to service or not. Can't take
ull advantage of power control techniques.

Average delay in response to an event is roughly half

he poll interval.

Interrupts: when an event occurs, immediately
cause the CPU to handle the event

Pros:
+ Low event service latency.
+ Can idle or put the CPU to sleep between events. The
interrupt will wake the CPU.
* Less code in main loop.

Cons:
+ Can be complex to implement.

» Asynchronous. Must protect shared resources from
contention (multiple reader single writer). Never know
when your main code will be interrupted.

embedded programming issues for PRTB, p2

Example of Polling with two event types

void app_Main(InitOpts *opts)
{

if ((event = xilin_ReadPor(MACSTATUS)) & MACEVENTMASK){ [
m 1) M

ac_GetEventevent);

}

if ((event = app_ GetStatuAPPSTATUS)) & APPEVENTMASK){ [ ] pp? eventin
lotwork

app_GetEvent);

}

void mac_GetEvent(int event)

if (data = xilinx_ReadPOr(MACPORT)) & PASS_TO_APP ) {
app_TakeEven(event);
Jelse {
network_ProcessEven(data);

}
void app_GetEvent(int event)
{

if ((data = app_GetData ()) & PASS_TO_MAC ) {
mac_TakeEven(event);
Yelse {
network_ ProcessEventdata);
}
}

Process

latwork.

rmbedded programming issues for PRTB, p3

Example of Polling

what’s wrong

ad event

with this picture?

Even if both event
tests = ‘N’, main

thread must spin

- CPU can'’t idle

Sepd event

11



embedded programming issues for PRTB, p4

Example of Interrupts — two event types

void app_Main(InitOpts *opts)
{
}

CPU Idle

void mac_GetEventinterruptHandler(int event)

if ((data = xilinx_ReadPor(MACPORT)) & PASS_TO_APP){
app_TakeEven(event);

Jelse {
network_ProcessEven(data);

{
network_ProcessEven(data);

— [ Send | {process Process | | Send
void app_GetEventinterruptHandler(int event) 9“’em eventin eventin ev‘em
0 0
if ((data = app_GetData ()) & PASS_TO_MAC ) { | | MAC Network Network Aop
mac_TakeEven(event); o
Jelse o |

embedded programming issues for PRTB, p5

Example of Interrupts — how to screw yourself up really easily

void app_Main(InitOpts *opts)

Interrupt handler disconnects disconnected list
Interrupt handler reconnects list with new element
Main thread reconnects connected list with new element
Boom

o v s w N

‘| dhsomesur.. | o some sutf .|
do some stuff
dl_Prepend(list, data); ’ break
do some more stuff "
sgme list
(vom SomelnterruptHandier() main plepend epend
do some stuff thread element lement
di_Prepend(samelist, newdatg); re
. do some more stuff redonnect frol reqonnect
) list interrup list
3,
Main thread disconnects list at list header . dosome I do some
Interrupt occurs ore stuff ore stuff
v

embedded programming issues for PRTB, p6

Example of Interrupts — one (crude) way to avoid the problem

void app_Main(InitOpts *opts) A
do some stuff .
flagbit=1; u p bit st
di_Prepend(ist, data); H 5 errupt
flagbit = 0; g
if (posted actions){ break Y b‘ )
do posted actions linkedist reak
do some more stuff main prepend tum prepend
— V)
thread ¥ m -
B Feconnect intdg\pt
yold Somelnterruptiiandieq) list econnect

do some stuff

post
lelayed

ion

if(flagbit == 1) {
post delayed action

Jelse {

) dl_Prepend(samelist, newdatay

do some more stuff

LAB: Building a Simple Program

12



design flow

| | Application HW

XilikgSide <

| Application ‘C’ Code

A

AHN! Side

|HandeIC StateCAD "ViewLogic|
generate U hand JIAW‘-’

rite code
Makefile ARM Prgie;c'\t/ll)\ﬂanager | VHDL |bchematics|
- llhcncratc U handljjaw
corpijile compile
awfliwal axf liial Symbols
5 Flash ARM Debugger \@nt\a{c in w&ﬂspaec by hari!l
um Ias (ADW) Compilaltic?n Paths
1F 4L S
Xilinx file
raw (debug) or .h (embedded)

ARM executable
.axf (debug) or aif (embedded)

ARM build environment

T T T

Gnerates ARM executable on PC.
F¢r debugging, executable is downloaded to ARM via serial port.
Fpr_embedded operation, executableisresident in PROM

Xilinx compilation — makefile driven

ﬁ hell §
@ e-she check and crpte wirelist
Generaje EDIF edifneto
generatf EDIF

‘heck -p

all paths EaTZGd yrgabua
ba_lCh COerHE build Xilinx-specifig, database (NGD)
via Makefile m;
map to FPGAuechnology Back-
o par A
place an¢r
bitgen 1
generate gerfric bit file generate anpotated NGD
promgen
generate PHOM image EDIF
Vexozbin v
programiper-specific format generate Viev‘}.ogic wirelists
raw2c
reate-Cheader I generate simulation file

RV

For debugging, ARM executable loads programmer -specific file from PC via serial port.
oMt ErSET ATy oM the-e—temter

operation

For

ARM €<= Xilinx communication

Application
RM  |High Level “{ High Level Xilinx
. blletooth_Tx() bluetooth_block .
Libs ."fmoa'i.ﬂf ina b Libs
Low Level I‘nterrupl
xilink_readPort),xilinx WritePor() Low Level lines
powerisetDVSLvevel() ARMIF
_ il 4l
ARM Xilinx

13



run time

LAB: Loading and
Running a Program

Angel is a small program that
is always in flash- a “boot
monitor and debug agent”

= > wait for debugger to attach

ftart 0w

... load image from flash

Xilinx

+' debugger attaches
17

and execute app init phase i
ﬂ 9 I¢ad image d app executable (.axf
tored as JJ%—)—I

har array

read Xilinx program " - 2 | run %n application init phase |
m flash and program Xilinx image, JL
ompiled
frbm .h file load xilinx file (.raw) from network
and program Xilinx
| application runs |

debugging with a laptop

LAB: Debugging With
or Without a Laptop

» When connected to a computer you can

= Step through

a program

= Set
breakpoints

= View
registers
and
memory

= View local
variables

14



debugging without a laptop

m When not connected to a computer you can
= See the LEDs (yippee)

= Capture ARM memory bus activity on a logic analyzer using
debug tags

= Extract trace data from a wireless node

app_Tiner| SR(int is_really_an_int_addr)
i

int *addr = (int *) is_really_an_int_a
vol atil e char *tagaddr; :
t agaddr = (unsigned *) 0x0800 .

*tagaddr = Oxf51;

ostimer_Cear(1);

=

Example
Hebug tags

*addr += 1;

osti mer_Resune(1, 500); -
) ]

LAB: Programming the Flash for
Embedded Operation

programming the ARM flash memory

m To be embedded, an image must eventually end up in
flash memory.

m Flashis non-volatile i.e. image is not lost between
power cycles.

m An embedded image boots and runs on power-up w/o
user intervention.

programming the ARM flash memory

= A PRTB image looks roughly
like this:

Angel boot and
debug monitor

= In PRTB, Angel copies itself and o
the app out of flash and into RAM Application
on boot, so the flash can be written (aif)
w/o effecting the any running code.

= In fact, once the node is booted, you can remove the flash

completely and the app will not be affected.

15



programming the ARM flash memory

m  Programming the flash is done in 4 steps:

1. Bootthe node —image is copied into RAM by Angel

2. Load a specialpurpose app from a laptop using the ARM
debugger.

3. Runthe new app —it reads a new image from file and
reprograms the flash with the new image.

4. Reboot the node — the new app will run.

programming the ARM flash memory

m  Program using flash.bat. You get a menu
like this:

R A AR R R AR NN EEAAEEEEEEESEAREEEEELEE
Cosmarcs arm caxs [Hommeitivw

El FTT i ; ]
E - raed che ward

Fu resd pulbipls woods

] - ¥ritw onm wand

' - write wultinle woods

E - apase oo Seotor by sddress

Ex - mraxm onm mecicr by msctor oosbar

Ea = apsse all ssotors

Z - rle Esnm

] - quat

e |

m flash.bat comes with the ARM workspace in
ARM/main. Run it from atcshshell.

application.c: app_Init()

Example Network Application,
ARM Side

void app_lnit(InitOpts *opts)

{
*
* Basic Xilinx programming and initialization.
*/

xi |'i nx_Set Por t Assi gnnent (PA_RADI O CNTL, 0);
xi |'i nx_Set Por t Assi gnment ( PA_RADI O_STATUS, 0);

xi | i nx_Set Por t Assi gnment (PA_MAC_CNTL, 1);

xi | i nx_Set Por t Assi gnment ( PA_MAC_STATUS, 1);

xi | i nx_Set Port Assi gnment ( PA_MAC_CONFI G 2);

i |i nx_Set Por t Assi gnnent ( PA_MAG_RXTBL, 3);

xi |'i nx_Set Por t Assi gnment (PA_MAC_TXTBL, 4);

xi |i nx_Set Por t Assi gnnent (PA_DATAPATH_STATUS, 2);

xi | i nx_Set Port Assi gnment ( PA_DATAPATH_DATA DN, 5);

xi | i nx_Set Port Assi gnment ( PA_DATAPATH_DATA _UP, 5);

xi | i nx_Set Por t Assi gnnent ( PA_CHANNEL_EVENT, 10);

printf("Xilinx init...\n"); 11 Initialize Xilinx

if (xilinx_Progranm(opts) <0) { /1 Load Xilinx program
exit(-1);

}

xi |i nx_Enabl ed ock(); /1 Start Xilinx 20M oscillato

xilinx_InitializeFl channel _FIQ SR); /1 Install a Xilinx FIQ handl er

xilinx_lnitializel RqappJ RQ SR 0) ; /1 install a Xilinx |RQ handl er




application.c: app_Init()

/e
* Proximradio controller initialization (Xilinx block and ARM
i

printf(“Proximinit...\n"); I/ tnitialize Proxim radio
bl uet oot h_Set Ver bose( ON) ;

bl uet oot h_Power ( ON ; 11 Turn on BT supply
bl uet oot h_St andby ( OFF) ;
bl uet oot h_Set Channel (6, - 1) ; J1 Set default channel

It
* Enable ARM interrupt control module for Xilinx interrupts.
*/

printf("Enabling interrupts...\n"); I/ Enable i nterrupts
xi i nx_Enabl eFl Q(); /1 Unmask FIQ in ARM controller
xi li nx_Enabl el RY); /1 Unmask 1RQ in ARM control er

application.c: app_Init()

/* Initialize TDVA controller (Xilinx block and ARM driver) */
printf("Setting up TDMA...\n"); /1 Unitialize TOMA

tdma_| ni t (NUM_SLOTS, SLOT_LEN, PRE_LEN, 0, 0); // set channel parameters

#i f def BASESTATI ON

tdna_Set Basestation();
{int i; for (i =2; i < NUMSLOTS; ++i) {tdma_AddRxSlot(i);}}

printf("\nConfi gur ed a? Target\ n");

basestation_init(opts);
#else /* ANCHOR */

printf("\nConfigured as Anchor #%l\ n\n", opts->unit_id);
t dnma_Set Renpt e();

tdma_AddTxSl ot (opt s->uni t_i d); 1/ Set Tx slot to be remote ID.

sensor_init(OPts);
#endi f

} /* end app_tnit() */

application.c: app_Main()

voi d app_Main(lnitpts *opts)
{
#i fdef BASESTATI ON

basest ati on_nai n(opt s):
#endi f
// NOTE no sensor nain— sensor app is conpletely interrupt driven

} /* end app_Main() */

basestation.c: basestation_init()

voi d basestation_init(InitCpts *opts)

{
menset ((char *) nunsanples, 0, NUM SLOTS * sizeof(int));

menset ((char *) sd, 0, sizeof(sd));

#i fdef FLASHLOG
inti;
for (i = 4; i <= FLASH LASTSECTOR ++) {
flash_EraseSector (i, 1);

}
#endi f
}

17



basestation.c: basestation_main() p1l

void basestation_main(lnitOpts *opts)
{

int i
if (nuntycles >= SAMPLES_PER_NCDE) {
nenset ((char *) dataset, 0, SAMPLE_SET_SI ZE_BYTES);
for (i =2; i <= NUMSLOTS; ++i) {
if (realindx[i] >= 0) {
int indx = realindx[i] * SAWPLE_SIZE;
dataset[indx+0] |= ((i & Ox1f) << 27) |
((sd[i].goodsanpl es & Oxff) << 1
(sdli].tnp & ox3ffff);
dataset [i ndx+1] = sd[i].hum
dataset [i ndx+2] = sd[i].lgt;
dataset[indx+3] = (timestanp + 1) / FRAMES_PER SEC,
}
}

nmenset ((char *) sd, 0, sizeof(sd));

basestation.c: basestation_main() p2

#ifdef FLASHLOG // LOG TO FLASH

static unsigned addr = FLASH ADDR APP;
static unsigned |imt = FLASH ADDR LIMT - SAMPLE SET_SI ZE BYTES;
if (addr < linmit) {

flash_WiteBuf (addr, (unsigned *) dataset, 125, 0);
addr += 4;
}

memset ((char *) dataset, 0, SAVPLE_SET_S|ZE BYTES);

basestation.c: basestation_main() p3

#else // OR LOG TO FILE FOR MATLAB GRAPHI NG

nenmcpy((char *) &dunpbuf [ buf pos],

(char *) dataset, SAMPLE_SET_SIZE BYTES);
buf pos += SAMPLE_SET_S| ZE;
if (bufpos >= DUMP_SIZE) { 11 if dunp threshol d
logfn = fopen(log_nane, "ab");
if(110gfn) /1 open Iog
printf("**Error in opening ' %'\ n",|o0g_nane);
return;

}
fwrite(dunpbuf,

DUMP_SI ZE_BYTES, 1 ,logfn); /1 log tofile
fclose(logfn); 11 close |og
buf pos = 0;
}
nuntycles = 0;
#endi f
}
return;

} /* end basestation_main() */

basestation.c: Interrupt Service Routine

voi d app_| RQ SR( unsi gned dat a)
{
status = channel _Get Status(); /1 determine reason
channel = status & Oxif; /1 determine channel
if (status & CHANNEL_TX_ENDPKT) { 110 just transnitted
channel _Ql ear St at us( CHANNEL_TX_ENDPKT) ;
++ti mestanp
++nuncycl es;
Xilinx_WiteLEDs(tinestanp);
channel _"Wite( 0, (byte *) &slotlen, sizeof(int));
else if (status & CHANNEL_RX_ENDPKT) { 110t just received
channel _Ql ear St at us( CHANNEL_RX_ENDPKT) ;

channel _Read(channel , (byte *) onesanple, sizeof(onesanple));
tnp = onesanpl e[0]; hum = onesanpl e[1]; |gt = onesanpl e[2];
++nunsanp| es[ channel ] ;

if (isvalid(tnp, humlgt)) {
sd[channel ] . tnp += tnp;
sd[ channel ] . hum += hum
sd[channel ].1gt += Igt;
++sd[ channel ] . goodsanpl es;

}

} /* end app_I RQ SR for basestation */
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sensor.c: sensor_init()

voi d sensor_ini t(InitQpts *opts)

xilinx_WitePort(11, oxe3f); I/ set XIOpin values for sensor board
ssp_InitMcrowi re(Oxb, 0, 0, NULL, 0); /1 set SSPinterface for Mcrowire

} /* end of sensor_init() */

sensor.c: data acquisition

static int get_tenperature(void)
float voltage = binary_to_vol tage(get _bi nary_data(0x10));
return (int) (((voltage - 0.378) / 0.04242) * 100);
static int get_hunidity(void)
{
float voltage = binary_to_vol tage(get_binary_data(0x50));

return (int) ((((voltagel((float) ADC_REF_VOLTAGE))
- 0.16) / 0.0062) * 100);

}

static int get_light(void)

{
const float r_fb = 0.20*10e+3; 11 feedback resistor value
const float int_const = 1.1*10e-9; /1 anps per lux of Iight

float voltage = binary_to_vol tage(get _bi nary_data(0x20));
return (int) (((voltagel/(r_fb*int_const))) * 100);

static unsigned get_binary_data(unsigned short channel)
{

ssp_push((channel << 8)| 0x8f00); /1 push control byte intoxnit FIFO
while (!(xilinx_ReadPort(0) & 0x1)); /1 if cs* low, do not pop rcv FIFO
return ssp_pop(); /1 read value fromrecv FIFO
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