


General Scheme
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Fallback or cooperation ?

Fallback:
The secondary interface(usually wireless bus) wouldonly work if the primary onefailed.

• Software simplicity
• Misuse of resources

Cooperation:Take advantadge of bothinterfaces at the same time
• Higher throughput(Payload data can use thewireless link)
• Fallback is still possible
• Higher software complexityand power consumption
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Saving power
The nRF24L01 has several modes of operation, each with it’s own powerconsumption:

• Power down: 900 nA
• Standby: 22-320 µA
• TX (-18dBm): 7 mA
• RX (Low Current): 11.5 mA

Time slicing could be used to reduce. the power consumption,although it would increase software complexity.
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Development setup and progress report
Development Board

• AVR UC3-A3 Xplained
• AT32UC3A3256 (AVR32)
• SPI-interfaced with annRF24L01

• Progress
• RX/TX of dynamicallyvarying sized payloadsworks interrupt drivenand asynchronous
• Integration with CSP iscurrenlty being workedon
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Source Code

Here there are some of the source code files that were developed. In the authors opin-
ion they are the most relevant due to playing an important role in the finished system or
as stepping stones to develop the project. The header files have not been included for
brevity. These files along with the rest of code has been handed in digitally with this
thesis although some differences may be found between the digital files and this copies.
The changes are not altering functionality and are only removals of dead code to increase
readability.

stdio usb example.c

/*
Main file, based on the USB-STDIO example provided by Atmel

3

*/

7 #include <asf.h>
#include <board.h>
#include <sysclk.h>
#include <stdio_usb.h>

11 #include <nrf24l01.h>
#include <user_interrupts.h>
#include <shell.h>

15 #include "projdefs.h"
#include "FreeRTOS.h"
#include "task.h"
#include "semphr.h"

19 #include "queue.h"
#include "msgQueue.h"

23

/*Defines for the adresses, it is the only difference
between the binaries used in both AVR32s*/

27

//#define THIS_ADD "brd01"
//#define TARGET_ADD "brd02"

31 #define THIS_ADD "brd02"
#define TARGET_ADD "brd01"

/*defines to decide server or client during early stages (PING test) ->
NOW DEPRECATED*/

35 #define SERVER
//#define CLIENT

39 xSemaphoreHandle semaphoreRadioEvent;
xSemaphoreHandle semaphoreTX;
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xSemaphoreHandle semaphoreRX;
xSemaphoreHandle semaphoreMRT;

43

uint8_t nrf24_waitPacketSentSemaphores()
{

47 // Wait for either the Data Sent or Max ReTries flag, signalling the
// end of transmission

if (xSemaphoreTake(semaphoreTX,50/portTICK_RATE_MS)) {
51 nrf24_spiWriteRegister(NRF24_REG_07_STATUS, NRF24_TX_DS |

NRF24_MAX_RT);
gpio_toggle_pin(LED1_GPIO);
return true;

55

}

59 if (xSemaphoreTake(semaphoreMRT,50/portTICK_RATE_MS)) {
nrf24_flushTx();
nrf24_spiWriteRegister(NRF24_REG_07_STATUS, NRF24_TX_DS |

NRF24_MAX_RT);
gpio_toggle_pin(LED2_GPIO);

63 return false;
}

gpio_toggle_pin(LED3_GPIO);
67 return false;

}

71

void vLedTask0(void *pvParameters){
while(1) {

gpio_toggle_pin(LED0_GPIO);
75 //xSemaphoreGive(semaphoreRadioEvent);

vTaskDelay(100/portTICK_RATE_MS);
}
}

79

void vLedTask1(void *pvParameters){
while(1) {

//xSemaphoreTake(semaphoreRadioEvent,portMAX_DELAY);
83 gpio_toggle_pin(LED1_GPIO);

vTaskDelay(100/portTICK_RATE_MS);
}

}
87

void vLedTask2(void *pvParameters){
while(1) {

gpio_toggle_pin(LED2_GPIO);
91 vTaskDelay(50/portTICK_RATE_MS);

}
}

95 void vLedTask3(void *pvParameters){

87



while(1) {
gpio_toggle_pin(LED3_GPIO);

vTaskDelay(1000/portTICK_RATE_MS);
99 }

}

char s[16];
103

void vRadioEvent(void *pvParameters){

107 queuedMessage qm;

while(1) {
//if(semaphoreRadioEvent != NULL) {

111 if(xSemaphoreTake(semaphoreRadioEvent,portMAX_DELAY)) {
if( gstatus & NRF24_MASK_RX_DR) {

xSemaphoreGive(semaphoreRX);
115 }

if( gstatus & NRF24_MASK_TX_DS) {
xSemaphoreGive(semaphoreTX);

}
119 if( gstatus & NRF24_MASK_MAX_RT) {

xSemaphoreGive(semaphoreMRT);
}

123 } else {
//Semaphore not acquired

}
}

127 }

void vRecieve(void *pvParameters){
131

queuedMessage qm;

while(1) {
135 if (xSemaphoreTake(semaphoreRX,portMAX_DELAY)){

//Obtained
nrf24_recv((uint8_t *) &qm.content ,&qm.size);
xQueueSendToBack(rxQueue,&qm,0);

139 } else {
//Unobtained

}
}

143 }

void vSend(void *pvParameters){
while(1){

147 queuedMessage qm;
if (xQueueReceive(txQueue,&qm,portMAX_DELAY)){

if (!nrf24_setTransmitAddress((uint8_t*)TARGET_ADD, 5)) ;//
gpio_clr_gpio_pin(LED1_GPIO);

151 if (!nrf24_send((uint8_t*) &qm.content, qm.size , false)) ;
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nrf24_waitPacketSentSemaphores();
nrf24_powerUpRx();

155 } else {
//NO MSG TO SEND

}
159 }

}

void vServerTask(void *pvParameters){
163 while(1) {

nrf24_waitAvailable();

167 unsigned long data;
uint8_t len = sizeof(data);
if (!nrf24_recv((uint8_t*)&data, &len)) printf("read failed

\r\n");
// Now send the same data back

171 // Need to set the address of the detination each time,
since auto-ack changes the TX address

if (!nrf24_setTransmitAddress((uint8_t*)"clie1", 5)) printf
("setTransmitAddress failed \r\n");

175 // Send the same data back
if (! nrf24_send((uint8_t*) &data, sizeof(data) , false))

printf("send failed \r\n");

if (!nrf24_waitPacketSent()) printf("waitPacketSent failed
\r\n");

179

}
}

183

#ifdef SERVER

/**
187 * \brief main function

*/
int main (void)
{

191 /* Initialize basic board support features.

* - Initialize system clock sources according to device-specific

* configuration parameters supplied in a conf_clock.h file.

* - Set up GPIO and board-specific features using additional
configuration

195 * parameters, if any, specified in a conf_board.h file.

*/
sysclk_init();
board_init();

199

// Initialize interrupt vector table support.
irq_initialize_vectors();
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203 init_ext();

// Enable interrupts
cpu_irq_enable();

207

/* Call a local utility routine to initialize C-Library Standard I/
O over

* a USB CDC protocol. Tunable parameters in a conf_usb.h file must
be

* supplied to configure the USB device correctly.
211 */

stdio_usb_init();

215 //delay_s(5);

nrf24_initRadioSpi();
219 if (!nrf24_setChannel(1)) printf("setChannel failed \n");

if (!nrf24_setThisAddress((uint8_t*)THIS_ADD, 5)) printf("
setThisAddress failed \n");

if (!nrf24_setPayloadSize(16)) printf("setPayloadSize failed \n");

223 NRF24DataRate dr = NRF24DataRate2Mbps;
NRF24TransmitPower pr = NRF24TransmitPower0dBm;

if (!nrf24_setRF(dr, pr)) printf("setRF failed");
227

registerCommands();
initMsgQueues(8,8);

231 semaphoreRadioEvent = xSemaphoreCreateCounting(1,0);
semaphoreRX = xSemaphoreCreateCounting(3,0);
semaphoreTX = xSemaphoreCreateCounting(1,0);
semaphoreMRT = xSemaphoreCreateCounting(1,0);

235

xTaskCreate(&vLedTask0, (const signed portCHAR *)"Led Task 0",
configMINIMAL_STACK_SIZE, NULL, tskIDLE_PRIORITY+4, NULL);

xTaskCreate(&vRecieve, (const signed portCHAR *)"Recieve Task",
configMINIMAL_STACK_SIZE, NULL, tskIDLE_PRIORITY+3, NULL);

xTaskCreate(&vRadioEvent, (const signed portCHAR *)"Radio Event
Processing Task", configMINIMAL_STACK_SIZE, NULL,
tskIDLE_PRIORITY+3, NULL);

239 xTaskCreate(&vSend, (const signed portCHAR *)"Send Task",
configMINIMAL_STACK_SIZE+8192, NULL, tskIDLE_PRIORITY+3, NULL);

xTaskCreate(&vCommandConsoleTask, (const signed portCHAR *)"Shell
Task", configMINIMAL_STACK_SIZE+1024, NULL, tskIDLE_PRIORITY+2,
NULL);

vTaskStartScheduler();
243

return 42;

}
247

#endif // SERVER
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/*CLIENT IS DEPRECATED, LEFT ONLY AS AN EXAMPLE*/
251

#ifdef CLIENT

int main (void)
255 {

/* Initialize basic board support features.

* - Initialize system clock sources according to device-specific

* configuration parameters supplied in a conf_clock.h file.
259 * - Set up GPIO and board-specific features using additional

configuration

* parameters, if any, specified in a conf_board.h file.

*/

263 sysclk_init();
board_init();

//eic_init(EIC_RADIO_1,&nrf24_irq_eic,1);
267 //eic_enable_line (EIC_RADIO_1,1);

// Initialize interrupt vector table support.
271 irq_initialize_vectors();

// Enable interrupts
cpu_irq_enable();

275

/* Call a local utility routine to initialize C-Library Standard I/
O over

* a USB CDC protocol. Tunable parameters in a conf_usb.h file must
be

* supplied to configure the USB device correctly.
279 */

stdio_usb_init();

delay_s(5);
283

printf("Goooood morning sunshine...I’m a client\n");

nrf24_initRadioSpi();
287

if (!nrf24_setChannel(1)) printf("setChannel failed \n\r");
if (!nrf24_setThisAddress((uint8_t*)"xplan", 5)) printf("

setThisAddress failed \r\n");
//if (!nrf24_setPayloadSize(sizeof(unsigned long))) printf("

setPayloadSize failed \r\n");
291 if (!nrf24_setPayloadSize(4)) printf("setPayloadSize failed \r\n");

NRF24DataRate dr = NRF24DataRate2Mbps;
NRF24TransmitPower pr = NRF24TransmitPower0dBm;

295

if (!nrf24_setRF(dr, pr)) printf("setRF failed");

//printf("\n New Regs \n");
299

//nrf24_printRegisters();
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printf("\n Hello Dave \n");
303

while (true)
{

//printf("send \r\n");
307

// Send some data to the server
if (!nrf24_setTransmitAddress((uint8_t*)"ardui", 5)) printf

("setTransmitAddress failed \r\n");

311 uint16_t time = cpu_cy_2_ms(Get_sys_count(),sysclk_get_cpu_hz())
;

if(!nrf24_send((uint8_t*) time, sizeof(time), false)) printf("
send failed \r\n");

315 if(!nrf24_waitPacketSent()) //printf("waitPacketSent failed \r\n
");

//printf("Packet Aknowledged: %d\r\n", time);

319 //gpio_toggle_pin(LED3_GPIO);

//nrf24_waitAvailable();
if( nrf24_waitAvailableTimeout(1000)){

323

//printf("New Packet Recieved \r\n");

uint16_t data;
327 uint16_t len = sizeof(data);

if(!nrf24_recv((uint8_t*) &data,&len)) printf("read failed \r\n
");

331 printf("Ping: %d \r\n",cpu_cy_2_ms(Get_sys_count(),
sysclk_get_cpu_hz())-time);

} else {

//printf("TIMEOUT \r\n");
335

}

gpio_toggle_pin(LED0_GPIO);
339 delay_ms(10);

}
}

343

#endif // CLIENT

msgQueue.c

/*
2 * msgQueue.c
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*
* Created: 13/05/2013 17:28:28

* Author: Jordi
6 */

#include "msgQueue.h"
10

xQueueHandle rxQueue = NULL;
xQueueHandle txQueue = NULL;

14 char initMsgQueues(uint8_t txSize, uint8_t rxSize){
txQueue = xQueueCreate(txSize,sizeof(queuedMessage));
rxQueue = xQueueCreate(rxSize,sizeof(queuedMessage));

18 return (txQueue != NULL && rxQueue != NULL );

}

nrf24l01.c

/*
* nrf24l01.c

*
4 * Created: 25/03/2013 15:59:49

* Author: Jordi

*/

8

#include <nrf24l01.h>
#include <asf.h>

12 spi_options_t spi_options_radio =
{

.baudrate = 8000000, //1000000,

.bits = 8,
16 .modfdis = 1,

.reg = 0,

.spck_delay = 0,

.spi_mode = SPI_MODE_0,
20 .stay_act = 1, //TODO: Dubtable

.trans_delay = 0
};

24

28 static void spi_pin_setup()
{

static const gpio_map_t spi1_gpio_map = {{AVR32_SPI1_MISO_0_0_PIN,
AVR32_SPI1_MISO_0_0_FUNCTION}, //MISO

32 {AVR32_SPI1_MOSI_0_0_PIN, AVR32_SPI1_MOSI_0_0_FUNCTION}, //MOSI
{AVR32_SPI1_NPCS_0_0_PIN, AVR32_SPI1_NPCS_0_0_FUNCTION}, //SS0
{AVR32_SPI1_SCK_0_0_PIN, AVR32_SPI1_SCK_0_0_FUNCTION} //SCK
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};
36

gpio_enable_module(spi1_gpio_map,sizeof(spi1_gpio_map)/sizeof(
spi1_gpio_map[0]));

}
40

static void spi_init_module()
{

44 sysclk_enable_peripheral_clock(SPI_RADIO_1);
spi_pin_setup();

spi_initMaster(SPI_RADIO_1,&spi_options_radio);
48 spi_selectionMode(SPI_RADIO_1, 0, 0, 0);

spi_setupChipReg(SPI_RADIO_1,&spi_options_radio,FOSC0);

52 spi_enable(SPI_RADIO_1);
}

uint8_t nrf24_initRadioSpi()
56 {

spi_init_module();

delay_ms(100); //Wait for NRF24L01 POR TODO
60

// Clear interrupts
nrf24_spiWriteRegister(NRF24_REG_07_STATUS, NRF24_RX_DR |

NRF24_TX_DS | NRF24_MAX_RT);

64 // Make sure we are powered down
nrf24_powerDown();

// Flush FIFOs
68 nrf24_flushTx();

nrf24_flushRx();

//nrf24_spiWriteRegister(NRF24_REG_00_CONFIG, NRF24_MASK_RX_DR |
NRF24_MASK_MAX_RT | NRF24_DEFAULT_CONFIGURATION); //Enable only
TX interrupt

72

//Activate dynamic payload size
//nrf24_activate();
//nrf24_spiWriteRegister(NRF24_REG_1D_FEATURE, NRF24_EN_DPL);

76 //nrf24_spiWriteRegister(NRF24_REG_1C_DYNPD, NRF24_DPL_P0 |
NRF24_DPL_P1);

nrf24_powerUpRx();

80 return true;

}

84

uint8_t nrf24_spiCommand(uint8_t command)
{
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uint16_t status;
88 spi_selectChip(SPI_RADIO_1,0);

spi_write(SPI_RADIO_1,command);
spi_read(SPI_RADIO_1,&status);
spi_unselectChip(SPI_RADIO_1,0);

92 return (uint8_t) status;
}

// Read and write commands
96 uint8_t nrf24_spiRead(uint8_t command)

{
uint16_t val;
spi_selectChip(SPI_RADIO_1,0);

100 spi_write(SPI_RADIO_1,command); // Send the address, discard status
spi_write(SPI_RADIO_1,0x55); //Send a dumy to clock the read out
spi_read(SPI_RADIO_1,&val); // The MOSI value is ignored, value is

read

104 spi_unselectChip(SPI_RADIO_1,0);
return (uint8_t) val;

}

108 uint8_t nrf24_spiWrite(uint8_t command, uint8_t val)
{

uint16_t status;
spi_selectChip(SPI_RADIO_1,0);

112 spi_write(SPI_RADIO_1,command);
spi_read(SPI_RADIO_1,&status);
spi_write(SPI_RADIO_1,val);
spi_unselectChip(SPI_RADIO_1,0);

116 return (uint8_t) status;
}

void nrf24_spiBurstRead(uint8_t command, uint8_t* dest, uint8_t len)
120 {

uint16_t temp;
spi_selectChip(SPI_RADIO_1,0);
spi_write(SPI_RADIO_1,command); // Send the start address, discard

status
124 while (len--)

{
spi_write(SPI_RADIO_1,0x55); //Send Dummy to clk out
spi_read(SPI_RADIO_1, &temp);

128 *(dest++) = (uint8_t) temp; //Assign to array and then
increment, note post incr

//dest++ ;//= ((uint8_t) dest) + 1;
}

132 spi_unselectChip(SPI_RADIO_1,0);

// 300 microsecs for 32 octet payload
}

136

uint8_t nrf24_spiBurstWrite(uint8_t command, uint8_t* src, uint8_t len)
{

uint16_t status ;
140 spi_selectChip(SPI_RADIO_1,0);
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spi_write(SPI_RADIO_1,command);
spi_read(SPI_RADIO_1,&status);

144

while (len--)
{

spi_write(SPI_RADIO_1,*src++);
148 }

spi_unselectChip(SPI_RADIO_1,0);
return (uint8_t) status;

152 }

// Use the register commands to read and write the registers
156 uint8_t nrf24_spiReadRegister(uint8_t reg)

{
return nrf24_spiRead((reg & NRF24_REGISTER_MASK) |

NRF24_COMMAND_R_REGISTER);
}

160

uint8_t nrf24_spiWriteRegister(uint8_t reg, uint8_t val)
{

return nrf24_spiWrite((reg & NRF24_REGISTER_MASK) |
NRF24_COMMAND_W_REGISTER, val);

164 }

void nrf24_spiBurstReadRegister(uint8_t reg, uint8_t* dest, uint8_t len
)

{
168 return nrf24_spiBurstRead((reg & NRF24_REGISTER_MASK) |

NRF24_COMMAND_R_REGISTER, dest, len);
}

uint8_t nrf24_spiBurstWriteRegister(uint8_t reg, uint8_t* src, uint8_t
len)

172 {
return nrf24_spiBurstWrite((reg & NRF24_REGISTER_MASK) |

NRF24_COMMAND_W_REGISTER, src, len);
}

176 uint8_t nrf24_statusRead()
{

return nrf24_spiReadRegister(NRF24_REG_07_STATUS);
// return nrf24_spiCommand(NRF24_COMMAND_NOP); // Side effect is

to read status
180 }

uint8_t nrf24_flushTx()
{

184 return nrf24_spiCommand(NRF24_COMMAND_FLUSH_TX);
}

uint8_t nrf24_flushRx()
188 {

return nrf24_spiCommand(NRF24_COMMAND_FLUSH_RX);
}
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192 uint8_t nrf24_setChannel(uint8_t channel)
{

nrf24_spiWriteRegister(NRF24_REG_05_RF_CH, channel & NRF24_RF_CH);
return true;

196 }

uint8_t nrf24_setThisAddress(uint8_t* address, uint8_t len)
{

200 // Set RX_ADDR_P1 for this address
nrf24_spiBurstWriteRegister(NRF24_REG_0B_RX_ADDR_P1, address, len);
// RX_ADDR_P2 is set to RX_ADDR_P1 with the LSbyte set to 0xff, for

use as a broadcast address
return true;

204 }

uint8_t nrf24_setTransmitAddress(uint8_t* address, uint8_t len)
{

208 // Set both TX_ADDR and RX_ADDR_P0 for auto-ack with Enhanced
shockwave

nrf24_spiBurstWriteRegister(NRF24_REG_0A_RX_ADDR_P0, address, len);
nrf24_spiBurstWriteRegister(NRF24_REG_10_TX_ADDR, address, len);
return true;

212 }

uint8_t nrf24_setPayloadSize(uint8_t size)
{

216 nrf24_spiWriteRegister(NRF24_REG_11_RX_PW_P0, size);
nrf24_spiWriteRegister(NRF24_REG_12_RX_PW_P1, size);
return true;

}
220

uint8_t nrf24_setRF(uint8_t data_rate, uint8_t power)
{

uint8_t value = (power << 1) & NRF24_PWR;
224 // Ugly mapping of data rates to noncontiguous 2 bits:

if (data_rate == NRF24DataRate250kbps)
value |= NRF24_RF_DR_LOW;

else if (data_rate == NRF24DataRate2Mbps)
228 value |= NRF24_RF_DR_HIGH;

// else NRF24DataRate1Mbps, 00
nrf24_spiWriteRegister(NRF24_REG_06_RF_SETUP, value);
return true;

232 }

uint8_t nrf24_powerDown()
{

236 nrf24_spiWriteRegister(NRF24_REG_00_CONFIG,
NRF24_DEFAULT_CONFIGURATION);

gpio_clr_gpio_pin(CE_PIN);
return true;

}
240

uint8_t nrf24_powerUpRx()
{

nrf24_spiWriteRegister(NRF24_REG_00_CONFIG,
NRF24_DEFAULT_CONFIGURATION | NRF24_PWR_UP | NRF24_PRIM_RX);
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244 gpio_set_gpio_pin(CE_PIN);
return true;

}

248 uint8_t nrf24_powerUpTx()
{

// Its the pulse high that puts us into TX mode
gpio_clr_gpio_pin(CE_PIN);

252 nrf24_spiWriteRegister(NRF24_REG_00_CONFIG,
NRF24_DEFAULT_CONFIGURATION | NRF24_PWR_UP);

gpio_set_gpio_pin(CE_PIN);
return true;

}
256

uint8_t nrf24_send(uint8_t* data, uint8_t len, uint8_t noack)
{

nrf24_powerUpTx();
260 nrf24_spiBurstWrite(noack ? NRF24_COMMAND_W_TX_PAYLOAD_NOACK :

NRF24_COMMAND_W_TX_PAYLOAD, data, len);
// Radio will return to Standby II mode after transmission is

complete
//delay_ms(10); //TODO: remove delay make it irq driven
return true;

264 }

uint8_t nrf24_waitPacketSent()
{

268 // If we are currently in receive mode, then there is no packet to
wait for

if (nrf24_spiReadRegister(NRF24_REG_00_CONFIG) & NRF24_PRIM_RX)
{

return false;
272 }

// Wait for either the Data Sent or Max ReTries flag, signalling
the

// end of transmission
276 uint8_t status;

while (!((status = nrf24_statusRead()) & (NRF24_TX_DS |
NRF24_MAX_RT))) {}

280 // Must clear NRF24_MAX_RT if it is set, else no further comm
nrf24_spiWriteRegister(NRF24_REG_07_STATUS, NRF24_TX_DS |

NRF24_MAX_RT);
if (status & NRF24_MAX_RT)

{
284 nrf24_flushTx();

}

288 // Return true if data sent, false if MAX_RT
return status & NRF24_TX_DS;
//return true; //TODO: fer maco

}
292

uint8_t nrf24_isSending()
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{
return !(nrf24_spiReadRegister(NRF24_REG_00_CONFIG) & NRF24_PRIM_RX

) && !(nrf24_statusRead() & (NRF24_TX_DS | NRF24_MAX_RT));
296 }

uint8_t nrf24_printRegisters()
{

300 uint8_t registers[] = { 0x00, 0x01, 0x02, 0x03, 0x04, 0x05, 0x06, 0
x07, 0x08, 0x09, 0x0a, 0x0b, 0x0c, 0x0d, 0x0d, 0x0f, 0x10, 0
x11, 0x12, 0x13, 0x14, 0x15, 0x16, 0x17, 0x1c, 0x1d};

uint8_t i;
for (i = 0; i < sizeof(registers); i++)

304 {
printf("Register: 0x%X: ", registers[i]);
printf("0x%x \n",nrf24_spiReadRegister(i));

}
308 return true;

}

uint8_t nrf24_available()
312 {

if (nrf24_spiReadRegister(NRF24_REG_17_FIFO_STATUS) &
NRF24_RX_EMPTY){

return false;

316 }
// Manual says that messages > 32 octets should be discarded
if (nrf24_spiRead(NRF24_COMMAND_R_RX_PL_WID) > 32)

{
320 nrf24_flushRx();

return false;
}

return true;
324 }

void nrf24_waitAvailable()
{

328 nrf24_powerUpRx();
while (!nrf24_available());

}

332 // Blocks until a valid message is received or timeout expires
// Return true if there is a message available
uint8_t nrf24_waitAvailableTimeout(uint16_t timeout)
{

336 nrf24_powerUpRx();
t_cpu_time to;
cpu_set_timeout(cpu_ms_2_cy(timeout,sysclk_get_cpu_hz()),&to);

340

while (! cpu_is_timeout (&to)){
if (nrf24_available()){

cpu_stop_timeout(&to);
344 return true;

}
}
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cpu_stop_timeout(&to);
348 return false;

}

uint8_t nrf24_recv(uint8_t* buf, uint8_t* len)
352 {

// Clear read interrupt
nrf24_spiWriteRegister(NRF24_REG_07_STATUS, NRF24_RX_DR);

356 // 0 microsecs @ 8MHz SPI clock
if (!nrf24_available())

return false;
// 32 microsecs (if immediately available)

360 *len = nrf24_spiRead(NRF24_COMMAND_R_RX_PL_WID);
// 44 microsecs
nrf24_spiBurstRead(NRF24_COMMAND_R_RX_PAYLOAD, buf, *len);
// 140 microsecs (32 octet payload)

364

return true;
}

368 void nrf24_activate(){
nrf24_spiWrite(NRF24_COMMAND_ACTIVATE,0x73);

}

shell.c

#include <shell.h>
2 #include "msgQueue.h"

#define MAX_INPUT_LENGTH 50
#define MAX_OUTPUT_LENGTH 100

6

static const int8_t * const pcWelcomeMessage =
"FreeRTOS command server.\r\nType Help to view a list of registered

commands.\r\n";

10 /*static xCommandLineInput cmdToggleLed = {
.pcCommand = "toggle",
.pcHelpString = "toggle n: Toggle the LED specified as a parameter

n [0 - 3].\r\n",
.pxCommandInterpreter = prvToggleLed,

14 .cExpectedNumberOfParameters = 1
};*/

static xCommandLineInput cmdTable[] = {{
18 .pcCommand = "toggle",

.pcHelpString = "toggle n: Toggle the LED
specified as a parameter n [0 - 3].\r\n",

.pxCommandInterpreter = prvToggleLed,

.cExpectedNumberOfParameters = 1
22 }, {

.pcCommand = "config_rf",

.pcHelpString = "config_rf [channel] [datarate] [
payload size] [power] \r\n",

.pxCommandInterpreter = prvConfigRF,

100



26 .cExpectedNumberOfParameters = 4
}, {
.pcCommand = "send_raw",
.pcHelpString = "send_raw: send_raw [size] [

payload]\r\n",
30 .pxCommandInterpreter = prvSendRaw,

.cExpectedNumberOfParameters = 2
}, {
.pcCommand = "recieve_raw",

34 .pcHelpString = "recieve_raw: Gets one message
from the queue and prints it\r\n",

.pxCommandInterpreter = prvRecRaw,

.cExpectedNumberOfParameters = 0
}};

38

void registerCommands(){
42 int i;

for(i = 0; i < sizeof(cmdTable)/sizeof(cmdTable[0]);i++){
//for(i = 0; i < 4;i++){

FreeRTOS_CLIRegisterCommand(&cmdTable[i]);
46 }

}

50

uint8_t z;

portBASE_TYPE prvConfigRF(int8_t *pcWriteBuffer, size_t xWriteBufferLen
, const int8_t *pcCommandString ){

54 //"config_rf: Sets RF params for the radio. Use: config_rf [channel]
[datarate] [payload size] [power].\r\n",

volatile portCHAR* param;

uint8_t channel, datarate, payload_size, power;
58

//gpio_toggle_pin(LED3_GPIO);

param = FreeRTOS_CLIGetParameter(pcCommandString,1,&z);
62 //This function kills it all

channel = atoi(param);

param = FreeRTOS_CLIGetParameter(pcCommandString,2,&z);
66 //This function kills it all

datarate = atoi(param);

param = FreeRTOS_CLIGetParameter(pcCommandString,3,&z);
70 //This function kills it all

payload_size = atoi(param);

param = FreeRTOS_CLIGetParameter(pcCommandString,4,&z);
74 //This function kills it all

power = atoi(param);

nrf24_setChannel(channel);
78 //nrf24_setRF(datarate,power);
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nrf24_setPayloadSize(payload_size);

uint8_t readChannel = nrf24_spiReadRegister(NRF24_REG_05_RF_CH);
82 uint8_t readRF = nrf24_spiReadRegister(NRF24_REG_06_RF_SETUP);

uint8_t readPayloadSize = nrf24_spiReadRegister(NRF24_REG_11_RX_PW_P0
);

86

//rawPrint(param,4);
//channel = atoi(param);

90 //param = FreeRTOS_CLIGetParameter(pcCommandString,2,&pz);
//datarate = atoi(param);

//param = FreeRTOS_CLIGetParameter(pcCommandString,3,&pz);
94 //payload_size = atoi(param);

//param = FreeRTOS_CLIGetParameter(pcCommandString,4,&pz);
//power = atoi(param);

98

volatile int8_t tz = z;

102

//sprintf(pcWriteBuffer,"%d %d %d %d \r\n",power,payload_size,
datarate,channel);

//sprintf(pcWriteBuffer,"%d %d %d %d \r\n",42,43,44,45);
//sprintf(pcWriteBuffer,"Command: %s Param 1: %c%c Size: %d, Add of z

: %p\r\n",pcCommandString,*param,*(param+1),tz,&tz);
106 //sprintf(pcWriteBuffer,"Command: %s END\r\n",pcCommandString);

sprintf(pcWriteBuffer,"Channel: %d Datarate: %d Payload Size: %d
Power: %d END\r\n",readChannel,readRF,readPayloadSize,readRF);

xWriteBufferLen = strlen(pcWriteBuffer);

110 return pdFALSE;
}

114 portBASE_TYPE prvToggleLed(int8_t *pcWriteBuffer, size_t
xWriteBufferLen, const int8_t *pcCommandString ){

uint8_t* param;
uint8_t* pz;
param = FreeRTOS_CLIGetParameter(pcCommandString,1,pz);

118 switch(*param){
case ’0’:

gpio_toggle_pin(LED0_GPIO);
break;

122 case ’1’:
gpio_toggle_pin(LED1_GPIO);
break;

case ’2’:
126 gpio_toggle_pin(LED2_GPIO);

break;
case ’3’:

gpio_toggle_pin(LED3_GPIO);
130 break;
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default: //Wrong parameters
sprintf(pcWriteBuffer,"%s\r\n","n must be 0 - 3");
xWriteBufferLen = strlen(pcWriteBuffer);

134 return pdFALSE;
break;

}

138 sprintf(pcWriteBuffer,"%s: %c\r\n","OK",*param);
xWriteBufferLen = strlen(pcWriteBuffer);

return pdFALSE;
142 }

portBASE_TYPE prvRecRaw(int8_t *pcWriteBuffer, size_t xWriteBufferLen,
const int8_t *pcCommandString ){

queuedMessage qm;
146 if (xQueueReceive(rxQueue,&qm,0)){

//Message avaliable
sprintf(pcWriteBuffer,"MSG: %s SIZE: %d\r\n",qm.content,qm.size);

150 } else {
//message unavaliable
sprintf(pcWriteBuffer,"NO MESSAGES \r\n");

154 }

xWriteBufferLen = strlen(pcWriteBuffer);
return pdFALSE;

158 }

162 portBASE_TYPE prvSendRaw(int8_t *pcWriteBuffer, size_t xWriteBufferLen,
const int8_t *pcCommandString ){

uint8_t* param;
uint8_t* pz;
queuedMessage qm;

166

param = FreeRTOS_CLIGetParameter(pcCommandString,1,pz);
uint8_t size = atoi(param);

170

param = FreeRTOS_CLIGetParameter(pcCommandString,2,pz);
param[size-1] = NULL; //Termination

174 qm.size = size;
memcpy_ram2ram(&qm.content,param,size);

if( xQueueSendToBack(txQueue,&qm,0)){
178 sprintf(pcWriteBuffer,"Queued in Tx\r\n");

} else {
sprintf(pcWriteBuffer,"ERROR: No avaliable spots in Tx\r\n");

182

}

/*
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186 if (!nrf24_setTransmitAddress((uint8_t*)"clie1", 5)) sprintf(
pcWriteBuffer,"setTransmitAddress failed \r\n");

else if (!nrf24_send((uint8_t*) param, size , false)) sprintf(
pcWriteBuffer,"send failed \r\n");

else if (!nrf24_waitPacketSent()) sprintf(pcWriteBuffer,"
waitPacketSent failed size: %d message: %s \r\n",size,param);

else sprintf(pcWriteBuffer,"SENT !\r\n");
190 */

xWriteBufferLen = strlen(pcWriteBuffer);

194 return pdFALSE;
}

void rawPrint(char* s,uint16_t size){
198 int i;

for(i = 0; i < size; i++) {
putchar(s[i]);
//TODO: mutex ??

202 }

}

206 void vCommandConsoleTask( void *pvParameters )
{
//Peripheral_Descriptor_t xConsole;
int8_t cRxedChar, cInputIndex = 0;

210 portBASE_TYPE xMoreDataToFollow;
/* The input and output buffers are declared static to keep them off

the stack. */
static int8_t pcOutputString[ MAX_OUTPUT_LENGTH ], pcInputString[

MAX_INPUT_LENGTH ];

214 /* This code assumes the peripheral being used as the console has
already

been opened and configured, and is passed into the task as the task
parameter. Cast the task parameter to the correct type. */
//xConsole = ( Peripheral_Descriptor_t ) pvParameters;

218

/* Send a welcome message to the user knows they are connected. */
//FreeRTOS_write( xConsole, pcWelcomeMessage, strlen(

pcWelcomeMessage ) );
//printf("%s",pcWelcomeMessage);

222 //xSemaphoreTake(mutexUART,portMAX_DELAY);
rawPrint(pcWelcomeMessage,strlen(pcWelcomeMessage));
//xSemaphoreGive(mutexUART);

for( ;; )
226 {

/* This implementation reads a single character at a time.
Wait in the

Blocked state until a character is received. */
//FreeRTOS_read( xConsole, &cRxedChar, sizeof( cRxedChar ) );

230 cRxedChar = getchar();
if( cRxedChar == ’\n’ )
{

/* A newline character was received, so the input command
stirng is
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234 complete and can be processed. Transmit a line separator,
just to

make the output easier to read. */
//FreeRTOS_write( xConsole, "\r\n", strlen( "\r\n" );

//xSemaphoreTake(mutexUART,portMAX_DELAY);
238 rawPrint(pcInputString,strlen(pcInputString));

putchar(’\r’);
putchar(’\n’);
//xSemaphoreGive(mutexUART);

242 /* The command interpreter is called repeatedly until it
returns

pdFALSE. See the "Implementing a command" documentation
for an

exaplanation of why this is. */
do

246 {
/* Send the command string to the command interpreter.

Any
output generated by the command interpreter will be

placed in the
pcOutputString buffer. */

250 xMoreDataToFollow = FreeRTOS_CLIProcessCommand
(

pcInputString, /* The command
string.*/

pcOutputString, /* The output buffer
. */

254 MAX_OUTPUT_LENGTH/* The size of the
output buffer. */

);

/* Write the output generated by the command
interpreter to the

258 console. */
//FreeRTOS_write( xConsole, pcOutputString, strlen(

pcOutputString ) );
//xSemaphoreTake(mutexUART,portMAX_DELAY);
rawPrint(pcOutputString,strlen(pcOutputString));

262 //xSemaphoreGive(mutexUART);
//printf("%s",pcOutputString);

} while( xMoreDataToFollow != pdFALSE );

266 /* All the strings generated by the input command have been
sent.

Processing of the command is complete. Clear the input
string ready

to receive the next command. */
cInputIndex = 0;

270 memset( pcInputString, 0x00, MAX_INPUT_LENGTH );
}
else
{

274 /* The if() clause performs the processing after a newline
character

is received. This else clause performs the processing if
any other

character is received. */
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278 if( cRxedChar == ’\r’ )
{

/* Ignore carriage returns. */
}

282 else if( cRxedChar == ’\b’ )
{

/* Backspace was pressed. Erase the last character in
the input

buffer - if there are any. */
286 if( cInputIndex > 0 )

{
cInputIndex--;
pcInputString[ cInputIndex ] = ’\0’;

290 }
}
else
{

294 /* A character was entered. It was not a new line,
backspace

or carriage return, so it is accepted as part of the
input and

placed into the input buffer. When a \n is entered the
complete

string will be passed to the command interpreter. */
298 if( cInputIndex < MAX_INPUT_LENGTH )

{
pcInputString[ cInputIndex ] = cRxedChar;
cInputIndex++;

302 }
}

}
}

306 }

user interrupts.c

/*
2 * user_interrupts.c

*
* Created: 04/04/2013 14:32:48

* Author: Jordi
6 */

//#include "user_interrupts.h"

10 #include "FreeRTOS.h"
#include "semphr.h"
#include <asf.h>
#include <nrf24l01.h>

14

#define EIC_RADIO_1 (&AVR32_EIC)

xSemaphoreHandle semaphoreRadioEvent = NULL;
18 //xSemaphoreHandle mutexUART = NULL;

uint8_t gstatus;
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eic_options_t nrf24_irq_eic = {.eic_async = EIC_ASYNCH_MODE,
22 .eic_edge = EIC_EDGE_FALLING_EDGE,

.eic_filter = EIC_FILTER_ENABLED,

.eic_level = EIC_LEVEL_LOW_LEVEL,

.eic_line = EXT_INT2,
26 .eic_mode = EIC_MODE_EDGE_TRIGGERED};

ISR(radio_irq_handler,1,AVR32_INTC_INTLEV_INT0){
//gpio_toggle_pin(LED3_GPIO);

30 //gpio_toggle_pin(LED0_GPIO);
xSemaphoreGiveFromISR(semaphoreRadioEvent,NULL);
gstatus = nrf24_statusRead();
eic_clear_interrupt_line(EIC_RADIO_1,EXT_INT2);

34 }

void extint_pin_setup(){

38 static const gpio_map_t extint_gpio_map = {{AVR32_EIC_EXTINT_2_PIN,
AVR32_EIC_EXTINT_2_FUNCTION}};

gpio_enable_pin_pull_up(AVR32_EIC_EXTINT_2_PIN);
gpio_enable_module(extint_gpio_map,sizeof(extint_gpio_map)/sizeof(

extint_gpio_map[0]));
42

}

void init_ext(){
46 //sysclk_enable_peripheral_clock(EIC_RADIO_1);

extint_pin_setup();
INTC_register_interrupt (&radio_irq_handler,AVR32_EIC_IRQ_2,

AVR32_INTC_INTLEV_INT0);
50

eic_init (EIC_RADIO_1, &nrf24_irq_eic, 1);
eic_enable_interrupt_line(EIC_RADIO_1,EXT_INT2);
eic_enable_line (EIC_RADIO_1,EXT_INT2);

54

}
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