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1 main

#include 7 asf.h”

#include 7 gnss_tracker_2_4.h”
#include 7system_gnss_tracker.h”
#include ”uart_gnss_tracker .h”
#include "rtc_gnss_tracker.h”
#include 7sim808.h”

#include 7adc_gnss_tracker.h”
#include ”eeprom_gnss_tracker.h”
#include ”accelereometer.h”
#include 7string.h”

static uint32_t more_work = 0;

/* TO DO LIST

eeprom error codes

*/

void EIC_Handler (void){
// Stop and clear interrupt
EIC—INTENCLR. reg = EIC.INTENSET_EXTINTI;
EIC—INTFLAG. reg = EICINTENSET_EXTINT1;
// Check alarm flag
if (eeprom.alarm_active = TRUE) {
eeprom. alarm_active = FALSE;
eeprom. alarm_triggerd = TRUE;
write_memory () ;

NVIC_SystemReset () ;

EIC—INTENSET . reg = EIC.INTENSET_EXTINT1;

LTI 0011011077
// SYSTICK

[ITTILTTTT LT T T
void SysTick_Handler (void){
mcu_status.uptime += 2; // 2 second has passed

update_sim808 _power_status () ;

if (sim808.pwr_status = FALSE) {
mcu_status.error_counter-4-+;
print_pc_text ("ERROR.SIM808_OFF!\n”) ;
print_pc_debug ("pwr_status” , sim808.pwr_status);

}

if (mcu._status.error_counter > 20){
eeprom. cycles—++;
eeprom. tot_errors-+4-+;
write_memory () ;
NVIC_SystemReset () ;

}
}

static void wait_for_sms(uint32_t wait_time){
print_pc_text (” Waiting_for .SMS...”);
uint32_t start_time = RTG—>MODE).COUNT. reg ;
do {



delay_ms (100) ;
if (mcu_status.flag_unexpected_answer = TRUE) {
mcu_status. flag_unexpected_answer = FALSE;
if ((strstr(sim808.uart_buffer , "+CMTI: .\”SM\””) != NULL)){
more_work = TRUE;
}
}
if (more_work = TRUE) ({
print_pc_text ("OK!\n”);
break;
}
} while (RTG—>MODEO.COUNT.reg < (start_time 4+ wait_time));
print_pc_text ("NO_SMS!\n”) ;
}

void INIT_SLEEP (void){
/] 1022

update_sim808_power_status () ;
if (sim808.pwr_status = TRUE){
SERCOMO—>USART.INTENCLR.. reg = SERCOM_USART INTENCLRRXS; // Stop interrupt
PORT—Group [0].OUTCLR. reg = PORT_SIM808 PWRKEY ;
print_pc_text ("—_SIM808_OFF\n” ) ;
delay_ms (100) ;
}

PORT—Group [0].OUTICLR.reg = PORT_EN.4V;
print_pc_text ("—_4V_OFF\n” ) ;

// Save memory;
eeprom. cycles++;
write_memory () ;

print_status_all();

print_pc_text (”—_Sleeping..\n");

//delay_ms (50) ;

INIT_RTC_SLEEP (60xeeprom . sleep_time); // Input in seconds

?;/Kééé////////////////////////////////////////
[IITTTTTIDT LT

int main (void)
// SETUP
INIT_MCU () ;

// Update battery voltage reading
update_bat_voltage () ;

// Disable ADC (ADC draws ~1mA)

DISABLEADC(); print_pc_-text (”"—_ADC_DISABLE!\n");

// Power on SIM808, if we have enough power.
if (mcu_status.bat_volt > 3000){
// SIMB8O08
INIT_-UART_SIMS808 () ;
print_pc_text ("—_UART_.SIM&808_OK!\n”) ;
INIT_SIM808(); print_-pc_text (”—_SIM808_OK!\n");



uint32_t wait_for_sms_time = 35000000ul;

// Alarm

if (eeprom.alarm_triggerd = TRUE){
eeprom . sleep_time = 10;
print_pc_text ("ALARM_COMMAND!\n” ) ;

alarm_command () ;

eeprom .money = eeprom.money — (2xeeprom.cost);
eeprom.sms_sent += 2;

// Disable alarm
eeprom . alarm _triggerd = FALSE;

// Disable accelerometer
DISABLE_ ACCELEROMETER() ; print_pc_text (?ALARM_DISABLED\n” ) ;

wait_for_sms_time = 0; // no neced to wait now;:

}

// Debug
print_status_all();

wait_for_sms(wait_for_sms_time); // 35 s
do_work () ;

if (more_work = TRUE){
more_work = FALSE;
wait_for_sms (5000000); // 5 s
do_work () ;

}

// Warn owner of low battery voltage
if (mcu_status.bat_volt < 3400){
if (eeprom.owner_phone_number [0] != NULL && eeprom.low_bat_flag = FALSE){
print_pc_text (”Warning_owner_of_low_battery\n”);
low_bat_command () ;
eeprom.money = eeprom.money — (eeprom.cost);
eeprom.sms_sent-+-+;
print_pc_text (”low.bat.command_OK\n” ) ;
eeprom.low_bat_flag = TRUE;

}

}

// Reset flag

else if (mcu_status.bat_volt > 3450){
eeprom . low_bat_flag = FALSE;

}

else {
eeprom . low_bat_flag = TRUE;
print_pc_text ("ERRORLOW.BAT, (CAN ' T_START.SIM808!\n” ) ;

}

INIT_SLEEP () ;
}
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2.

system_gnss_tracker

1 header file

#ifndef SYSTEM GNSS.TRACKER H_
#define SYSTEM_GNSS.TRACKER H_

#include 7 asf.h”

void INITMCU(void);
void delay_ms(volatile uint32_t time);

#endif /+ SYSTEM_GNSS.TRACKERH. %/

2.

2 c file

#include 7system_gnss_tracker.h”
#include ”uart_gnss_tracker .h”
#include ”adc_gnss_tracker.h”
#include "rtc_gnss_tracker.h”
#include ”"eeprom_gnss_tracker.h”
#include 7 gnss_tracker_2_4.h”
#include 7sim808.h”

// volatile before
void delay_ms(volatile uint32_t time){

}

time = 125xtime; // 125 for a 1 MHz clk
while (time——);

// CORE SYSTEM (CLOCKS, POWER)
static void INIT_.CORESYSTEM/(void){

// From Reset : OSC8M @ IMHz => Linked => GCLKO @ 1MHz

// Link GCLKO to SERCOMI1 and enable
GCLK—CLKCTRL.reg = (uintl6_t)(GCLK.CLKCTRL.GEN.GCLKO | GCLK.CLKCTRL.CLKEN |
GCLK_CLKCTRLID_SERCOM1.CORE) ;

// Link GCLKO to SERCOMO and enable
GCLK—CLKCTRL.reg = (uintl6-t)(GCLK.CLKCTRL.GEN.GCLKO | GCLK.CLKCTRL.CLKEN |
GCLK_CLKCTRLID_SERCOMO0.CORE) ;

// Link GCLKO to ADC and enable
GCLK—CLKCTIRL.reg = (uint16_t) (GCLK.CLKCTRL.GEN.GCLKO | GCLK.CLKCTRL.CLKEN |
GCLK_-CLKCTRLID_ADC) ;

// Link GCLKO to RTC and enable
GCLK>CLKCTRL. reg = (uint16_t)(GCLK.CLKCTRL.GEN.GCLKO | GCLK CLKCTRL CLKEN |
GCLK_CLKCTRLIDRTC) ;

// === DATA BUS
//PM>APBAMASK. reg &= ("PM_APBAMASK EIC); // Disable
//PM—>AHBMASK. reg &= ~(PMAHBMASKDMAC); // Disable
PM—APBCMASK. reg |= PM_APBCMASK SERCOM0O | PM_APBCMASK SERCOM1 |
PM_APBCMASK ADC;
// PM—APBAMASK.reg |= PMAPBAMASKRTC;

static void INIT_.PORT (void){



// Switch control to multiplexer

PORT—>Group [0] . PINCFG [PIN_SIM808_TX | . reg |= PORT PINCFG_PMUXEN;
PORT—>Group [0] . PINCFG[PIN_SIM808_RX | . reg |= PORTPINCFGPMUXEN;
PORT—>Group [0] . PINCFG[PIN.ADC] . reg |= PORT_PINCFG_PMUXEN;

// Configure multiplexer for SERCOMI, SERCOM2 and ADC

PORT->Group [0] .PMUX[PIN_SIM808_TX /2].reg |= PORTPMUXPMUXE(2); // 2 = C =
SERCOM

PORT->Group [0] .PMUX[PIN_SIM808_RX /2].reg |= PORTPMUXPMUXO(2); // 2 = C =
SERCOM

PORT—>Group [0] .PMUX[PIN.ADC /2].reg |= PORTPMUXPMUXO(1); // 1 = ADC

// Set output

PORT—Group [0].DIRSET.reg = PORT_EN_4V;

// Turn off 4V rail

PORT—>Group [0].OUTICLR.reg = PORT_EN.4V;

// Input Enable

PORT—>Group [0] . PINCFG [PIN_SIM808_STATUS ] . reg |= PORT_PINCFGINEN;

}

static void INITINTERRUPT(void){

// Setup for SysTick

SysTick—LOAD = ((2000000ul) & SysTick LOAD_RELOAD_Msk) — 1;

SysTick—VAL = 0;

SysTick—>CTRL = SysTick CTRL_.CLKSOURCE_Msk | SysTick. CTRL_LENABLE_Msk |
SysTick CTRL_TICKINT Msk

// Priority
NVIC_SetPriority (SERCOMOIRQn, 1); // SIMS&08
NVIC_SetPriority (SysTick-IRQn, 2);

// Enable/disable interrupt
NVIC_EnableIRQ (SysTick - IRQn) ;
NVIC_DisableIRQ (RTCIRQn) ;

}

// Initialize MCU
void INITMCU(void){
cpu_-irq_enter_critical ();

/* Various bits in the INTFLAG register can be set to one at startup.

This will ensure that these bits are cleared x/

//SYSCTRL—INTFLAG. reg = SYSCTRLINTFLAG BOD33RDY | SYSCTRLINTFLAG BOD33DET |
SYSCTRLINTFLAG DFLLRDY ;

// Wait states (flash memory)
NVMCTRL>CTRLB. reg |= NVMCTRLCTRLBRWS(0); // 0 = zero wait states

// System
INIT_.CORE_SYSTEM () ;
INIT_PORT () ;

INITINTERRUPT() ;

// Other Peripherals
INIT_ RTC_1IM () ;
INIT_.UART_PC() ;
INIT_ADC () ;



INIT_ EEPROM () ;

print_pc_text (”\n\n\n 27
print_pc_text (SOFTWARE_VERSION) ;
print_pc_text (7. n”)
print_pc_text (

”?—_RTC, _UART_PC, _ADC, _.EEPROM, _ALL_OK!\n” ) ;

// Default state
sim808. gnss_status = 0;
sim808 . pwr_status = 0;
sim808 . uart_sum = 0;

cpu_irq_leave_critical ();



3 uart_gnss_tracker
3.1 header file

#ifndef UART_.GNSS.TRACKER H_
#define UART_GNSS.TRACKER H_

#include 7 asf.h”
void INIT_UART (void);
void INIT_.UART_PC(void);

void INIT_UART_SIM808(void);
void DISABLE_UART_SIMS08( void ) ;

// SIMS0S
void print_sim808_text (const char xtext);
void print_sim808_dec (uint32_t number);

// PC

void print_pc_-text(const char sxtext);

void print_pc_dec(uint32_t number);

void print_pc_-neg_dec(int32_t number);

void print_pc_debug(const char *xtext, uint32_t number);

void print_pc_-debug_string (const char xtextl, const char stext2);

#endif /+ UART.GNSS.TRACKERIL x/
3.2 cfile

#include ”uart_gnss_tracker.h”

#include ”gnss_tracker_2_4.h” // I0 PINS

#include 7stdlib.h”

// UART PC
void INIT_.UART PC(void){
/* The TX pin on the "flower led” is connected to PA24
SERCOM1 — PAD2

*/

// PORT

PORT—>Group [0] . PINCFG[PIN_PC_.TX ] . reg |= PORT.PINCFGPMUXEN;

PORT—>Group [0] .PMUX[PIN.PC_TX /2].reg |= PORTPMUXPMUXE(2); // 2 =C =
SERCOM

// Settings

SERCOMI—>USART.CTRLA. reg |= SERCOM_USART CTRLAMODE(1) // UART with internal
clock

| SERCOM_USART_CTRLATXPO(1) // 0 = PADO, 1 = PAD2

| SERCOM_USART.CTRLA DORD; // LSB is transmitted first.

// Enable TX
SERCOMI—USART.CTRILB. reg |= SERCOM_USART_.CTRLB.TXEN;



// Baud rate, baud = 65536%(1—sxf_buad/f_clk), s = 16 from reset
SERCOMI—USART.BAUD.reg = (uintl6_t)45403; // 45403 : baud = 19200 with a clk
= 1MHz

// Enable UART

while ( SERCOMI—USART.SYNCBUSY .reg & (SERCOM_USART.CTRLA ENABLE |
SERCOM_USART SYNCBUSY_SWRST) ); // waiting for sync

SERCOMI—>USART.CTRILA. reg |= SERCOM_USART.CTRLA ENABLE; // Module on

void DISABLE.UART_PC(void){

}

// UART SIMB808

void INIT_UART_SIMS08(void){
// PORT._SIMS0S8.TX = PA22 = SERCOMO PADO
// PORT.SIMS80S_.RX = PA17 = SERCOMO PAD3

// Settings
SERCOMO—>USART.CTRLA. reg |= SERCOM_USART CTRLAMODE(1) // UART with internal
clock
| SERCOM_USART.CTRLA TXPO(1) // 0 = PAD0, 1 = PAD2
| SERCOM_USART CTRLA RXPO(3) // 3 = PAD3
| SERCOM_USART_CTRLA DORD; // LSB is transmitted first.

// Clear flag
SERCOMO—>USART . INTFLAG . reg = OxFF;

// Enable TX and RX
SERCOMO—>USART.CTRIB.reg |= SERCOM.USART_CTRLB.TXEN | SERCOM USART CTRLBRXEN
| SERCOM_USART.CTRLB_SFDE;

// Baud rate, baud = 65536x%(1—sx«f_buad/f_clk), s = 16 from reset
SERCOMO—>USART.BAUD. reg = (uintl6_-t)45403; // 45403 : baud = 19200 with a clk
= 1MHz

// Enable UART

while ( SERCOMO—>USART.SYNCBUSY . reg & (SERCOM_USART.CTRLA ENABLE |
SERCOM_USART_SYNCBUSY_SWRST) ); // waiting for sync

SERCOMO—>USART .CTRLA. reg |= SERCOM_USART_CTRLA ENABLE; // Module on

void DISABLE_UART_SIMS08(void){
NVIC_DisableIRQ (SERCOMOIRQn) ;
SERCOMO->USART.CTRLA . reg &= “SERCOM_USART.CTRLA ENABLE;
PM—>APBCMASK. reg &= ~ (PM_APBCMASK SERCOMO) ;

}



void print_sim808_text (const char xtext){

uint32_t i = 0;
do {
while ( !'( (SERCOMO—>USART.INTFLAG.reg) & SERCOM_USARTINTFLAGDRE) ); //
Check if buffer is empty
SERCOMO->USART.DATA.reg = text [i++];
} while (text[i] != 0);
¥

// Print string
void print_pc_text (const char xtext){

uint32_t i = 0;
do {
while (! ( (SERCOMI—USART.INTFLAG.reg) & SERCOM_USARTINTFLAGDRE) ); //
Check if buffer is empty
SERCOMI—>USART .DATA.reg = text [i++];
}+ while (text[i] != 0);

void print_pc_debug(const char xtext, uint32_t number){
print_pc_text (text);
print_pc_text (7.:.7
print_pc_ dec(number
print_pc_text ("\n”);

)
)
} )

void print_pc_debug_string (const char stextl, const char xtext2){
print,pc,text(textl);

print_pc_text(7.:.7);
print_pc_text (text?) ;
print_pc_text (”\n”);

}

// Print a integer to a string, etc 87 to "87”
void print_pc_-dec(uint32_t number){

uint8_t text [32];
itoa (number, text, 10);
uint32_t i = 0;
do {
while (! ( (SERCOMI—USART.INTFLAG.reg) & SERCOM_USARTINTFLAGDRE) ); //
Check if buffer is empty
SERCOM1—>USART .DATA.reg = text [i++];
}+ while (text[i] != NULL);
}

// Print a integer to a string, etc 87 to ”87”
void print_sim808_dec (uint32_t number) {

uint8_t text [32];

itoa (number, text, 10);
uint32_t i = 0;
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do {
while ( !'( (SERCOMO—USART.INTFLAG.reg) & SERCOM_USARTINTFLAGDRE) ); //
Check if buffer is empty
SERCOMO->USART .DATA.reg = text [1++];
} while (text[i] != NULL);

void print_-pc_neg_dec(int32_-t number){
uint8_t text [32];
itoa (number, text, 10);
uint32_t i = 0;
do {
while ( !'( (SERCOMLI—USART.INTFLAG.reg) & SERCOM_USARTINTFLAGDRE) ); //
Check if buffer is empty
SERCOMI—>USART .DATA.reg = text [i++];
} while (text[i] != NULL);
}
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4 rtc_gnss_tracker
4.1 header file

#ifndef RTC_.GNSS.TRACKER H_
#define RTC_.GNSS.TRACKER H_

#include 7 asf.h”

void INIT_RTC_IM(void);
void delay_rtc_us(uint32_t delayTime);
void INIT_RTC_SLEEP (uint32_t sleep_time);

#endif /+ RTC.GNSS.TRACKERH. */
4.2 c file

#include "rtc_gnss_tracker.h”
#include 7 gnss_tracker_2_4.h”
#include 7uart_gnss_tracker .h”

void RTC_Handler(void){
NVIC_SystemReset () ;
}

// THIS NEEDS A IMHZ CLK!

void INIT_RTC_1M(void){
RTG—>MODE0.CTIRL. reg = RTCMODEO.CTRL.SWRST;
while ((RTG-—>MODED. STATUS. reg) ) ;
// Enable
RTG->MODEQ.CTRL. reg |= RTCMODEO.CTRL ENABLE;
RTC->MODE).COUNT. reg = 0;

static void INIT_RTC.1K(uint32_t sleep-time){
// rst RTC
RTG—>MODE0O. CTRL. reg = RTCMODE(O.CTRL.SWRST;
while ((RTG—>MODED. STATUS. reg) ) ;

// RST ALL CLOCKS

//GCLK—CTRL. reg = GCLK.CTRL.SWRST;

RTG—MODE)O.COUNT. reg = 0;

RTG—>MODE0.COMP—>reg = 1000xsleep_time; // 1000 => seconds

// settings for sleep
RTG->MODED.CTRL. reg |= RTCMODE(O.CTRL ENABLE | RTCMODE(O.CTRL MATCHCLR;
RTG—>MODED.INTENSET . reg = RTC_MODEOINTENSET_CMPO;

// Sleep, input is ms
void INIT_.RTC_SLEEP (uint32_t sleep_time){

SysTick—>CTRL &= ~SysTick CTRL_TICKINT Msk ;
NVIC_DisableIRQ (SysTick_ IRQn) ;
NVIC_DisableIRQ (SERCOMI1IRQn) ;
NVIC_DisableIRQ (SERCOMOIRQn) ;
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// Change main clock to 1kHz!
// Divide GCLK2 by 2°(4 + 1) to get 1024Hz
// The generic clock generator equals the clock source divided by 2" (GENDIV.
DIV+1).
GCLK—GENDIV.reg = GCLK_GENDIVDIV(4) | GCLK.GENDIVID(0); // 0 = GCLK[O0]
// Link OSCULP32K to GCLK2 and enable
GCLK—GENCTRL. reg = (GCLK GENCTRL.GENEN | GCLK_GENCTRL_SRC.OSCULP32K |
GCLK_GENCTRL_DIVSEL
| GCLK.GENCTRLID(0) | GCLK.GENCTRLRUNSTDBY); // 0 = GCLK[0]

INIT_ RTC_1K (sleep_time);

NVIC _SetPriority (RTCIRQn, 3);
NVIC_EnableIRQ (RTCIRQn) ;
//ADG->CTRLA. reg |= ADC.CTRLA SWRST;

SERCOMO—>USART .CTIRLA. reg = SERCOM_USART_CTRLA SWRST;
while (SERCOMO—>USART.SYNCBUSY . reg & SERCOM_USART_SYNCBUSY_SWRST) ;

SERCOMI—>USART .CTRLA . reg = SERCOM_USART_CTRLA SWRST;
while (SERCOMI->USART.SYNCBUSY . reg & SERCOM_USART_SYNCBUSY_SWRST) ;

SERCOM2—>SPI.CTRLA. reg = SERCOM_USART_CTRLA SWRST';
while (SERCOM2—>USART.SYNCBUSY . reg & SERCOM_USART_SYNCBUSY_SWRST) ;

PM>APBCMASK. reg &= ~ (PMLAPBCMASK SERCOMO | PM_APBCMASK SERCOMI |
PM_APBCMASK SERCOM2 | PM APBCMASK ADC) ;

PMESAPBAMASK . reg &= ~ (PM_APBAMASK PACO | PMAPBAMASK WDT) ;

PM->APBBMASK . reg &= ~ (PM_APBBMASK PACI | PMAPBBMASK DMAC) ;

SYSCTRL—>0SC8M. reg &= ~(SYSCTRL_-OSCS8M_ENABLE) ;
PM—>SLEEP.reg |= 0x2;;

// The following peripheral clocks running: PM, SYSCTRL, RTC

// Sleep
SCB—SCR |= SCB.SCR_SLEEPDEEP _Msk;
__DSB();
_WFI();
}
// delay

// Actual delay @ 1 MHz CLK : value + 34
void delay_rtc_us(uint32_t delayTime){
uint32_t startTime = RTG—>MODEO.COUNT. reg ;
while (RTG—>MODE0.COUNT. reg < (startTime + delayTime));

}

13



5 eeprom_gnss_tracker
5.1 header file

#ifndef EEPROM_GNSS TRACKER H_
#define EEPROM_GNSS TRACKER H_

void INIT_-EEPROM (void);
void write_memory (void);
void read_memory (void);

#endif /+ EEPROM_GNSS.TRACKERH. x/
5.2 c file

#include ”"eeprom_gnss_tracker.h”
#include " gnss_tracker_2_4.h”
#include ”uart_gnss_tracker.h” // Debug

#include 7asf.h”

/*
Embedded Flash starts at : 0x00000000

Flash size (FLASHPM) : 16Kbytes
Number of pages (FLASHP) : 256
Page size (FLASHW) : 64 (bytes)

256%64 = 16384 (16kB)

From datasheet; eeprom size is 256 bytes (1 row)
so, do we have 4 pages then? yes!

The NVM is organized into rows, where each row contains four pages,
as shown in Figure 21—2. The NVM has a rowerase granularity , while the

write granularity is by page. In other words, a single row erase will erase
all four pages in the row, while four write operations are used to write the

complete row.

From rst : CLKNVMCTRLAPB is enable

*/

#define DATAKEY (216) // RANDOM NUMBER, MAX 255
#define NVMMEMORY16 ((volatile uintl6_t *)FLASH.ADDR )
#define NVMMEMORY32 ((volatile uint32_t *)FLASH.ADDR )
#define EEPROM_ADDRESS ((uint32_t)0x00003F00)

/%
How do we know which address to write to.. brute force?

*/

// FLASH ADDR; write data to this address, then write command and address
memory
// => NVMCIRL will move the data to the correct address in memmory...

void INIT_EEPROM(void){

// Manual write
NVMCTIRL—>CTRLB. reg |= NVMCIRL.CTRLBMANW;

14
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// Read data, if data is currupt rst to defaults values

read_memory () ;

if (eeprom.data_key != DATAKEY){
eeprom.money = 100000; // 100 kr

eeprom.sms_sent = 0;

eeprom . data_key = DATAKEY;

eeprom.cycles = 0;
eeprom.sleep_time = 30;
eeprom. tot_errors = 0;

eeprom.cost = 690; // 0.68 kr

eeprom . flag_low_bat = 0;

eeprom . owner_phone_number [0] = NULL;
eeprom .owner_phone_number [1] = NULL;
eeprom. alarm_active = 0;

eeprom. alarm_triggerd = 0;
eeprom.low_bat_flag = 0;

for (int i = 0; i < (sizeof(eeprom.dummymem) >> 2); i++){

eeprom .dummymem|[i] =

}

write_memory () ;
read_memory () ;

void write_memory (void){
cpu_irq_enter_critical ();

/%
Clear page buffer

Write address
Execute write command

T W N =

*/

0;

Write address and erase row

Write data to page buffer (flash base address)

uint32_t bytes = sizeof(eeprom) >> 2; // dive by 4 to get number of "32bits”

uint32_t *p = &eeprom;

// Erase row (4 pages!)

NVMCTRL->ADDR. reg = EEPROM ADDRESS >> 1;
NVMCTRL->CTRLA . reg = NVMCTRL.CTRLA CMDER | NVMCTRL.CTRLA CMDEX KEY ;
while (!(NVMCTIRL->INTFLAG.reg & NVMCTRLINTFLAGREADY) ) ;

// Clear page buffer.

NVMCTRL->CTRLA . reg = NVMCTRL.CTRLA.CMDPBC | NVMCTRL.CTRLA CMDEXKEY; // PBC;

page buffer clear

while (!(NVMCIRI->INTFLAG.reg & NVMCTRLINTFLAGREADY)) ;

// Write data to PAGE buffer.
//while (! (NVMCIRL—>INTFLAG.reg & NVMCTRLINTFLAGREADY) ) ;

for (int i = 0; i < bytes;

)

i++){ // length; how many 4 bytes to write (uin32_t

NVMMEMORY32[i] = #p++; // buffer; data to be writen

}

// Execute write command with the given address.
NVMCIRL—ADDR. reg = (EEPROM_ADDRESS >> 1); // page is 64 bytes but addressed

as 16bits

NVMCTRL>CTRLA. reg = NVMCTRL.CTRLA CMD WP | NVMCTRL.CTRLA CMDEX KEY ;

15



while (!(NVMCIRI->INTFLAG.reg & NVMCTRLINTFLAGREADY)) ;

cpu_irq_leave_critical ();

}

void read_memory (void){
uint32_t page = 0;
uint32_t *p = &eeprom;
uint32_t bytes = sizeof(eeprom) >> 2; // Divide by 4

while (!(NVMCIRL—INTFLAG.reg & NVMCTRLINTFLAGREADY) ) ;
for (int i = 0; i < bytes; i++){
// divide address by 4: memory is indexed with 1 byte, we’re reading 4 bytes
// l6xpage: pagex64/4 = pagex16
xp++ = NVMMEMORY32[ (EEPROM_ADDRESS >> 2) + 1i];
}
}
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6 accelereometer
6.1 header file

#ifndef ACCELEREOMETER H_
#define ACCELEREOMETER H_

#include 7 asf.h”

void INIT_SPI(void);

void INIT_EIC(void);

void INIT ACCELEROMETER (void) ;

void DISABLE ACCELEROMETER(void ) ;

uint8_t read_accelerometer (uint8_t address);

void write_accelerometer (uint8_t address, uint8_t data);

// COMMANDS

#define ENABLELP_1HZMODE (050011101)
#define ENABLE.LP_10HZ MODE (0b0101101)
#define ENABLE.LP_25HZMODE (0b0111101)
#define ENABLELP_100HZMODE  (0b1011101)
#define ENABLEINT_FUNC_1_2 (0b1100000)
#define ENABLEINT?2 (0b0100000)
#define ENABLEXYZ (0b111111)
#define POWERDOWNMODE (0b0)

#define INT2.CFG_ENABLE_ZHIGHER (0b100000)
#define INT2.CFG_ENABLEZLOWER  (0b010000)
#define INT2.CFG_ENABLE_X_HIGHER (0b000010)
#define INT2.CFGENABLEXLOWER  (0b100001)
#define ENABLEXYZ.6D (0b1111111)
#define ENABLEXYZ_AOI (0b10111111)
#define ENABLEX_6D (0b1000011)
#define ENABLE.Y.6D (0b1001100)
#define ENABLE.Z.6D (0b1110000)

// ADDRESS

#define OUT_X.L_ADDRESS (0b0101000)
#define OUT_XIH_ADDRESS (0b0101001)
#define OUT.Y_HADDRESS (0b0101011)
#define OUT_ZH_ADDRESS (0b0101101)
#define INT1.CFG_ADDRESS (0b0110000)
#define INT2.CFG_ADDRESS (0b0110100)
#define WHO_AMIADDRESS (0b0001111)
#define CTRLREGI_ADDRESS (0b0100000)
#define CTRLREG6_ADDRESS (0b0100101)
#define INT1.THS_ADDRESS (0b0110010)
#define INT2.THS_ADDRESS (0b0110110)

#endif /+ ACCELEREOMETERH. x/
6.2 c file

#include ”accelereometer.h”
#include " gnss_tracker_2_4 .h”
#include 7uart_gnss_tracker .h”

void INIT_SPI(void){
cpu_-irq_enter_critical ();
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// SERCOM2

// Link GCLKO to SERCOM2 and enable
GCLK—CLKCTIRL.reg = (uint16_t) (GCLK.CLKCTRL.GEN.GCLKO | GCLK.CLKCTRL.CLKEN |
GCLK_CLKCTRLID_SERCOM2_.CORE) ;

PM—>APBCMASK. reg  |= PM_APBCMASK SERCOM2;

/ /PORT->Group [ 0] . PINCFG [PIN.ACC_CS | . reg |= PORT_PINCFG_PMUXEN;
PORT—>Group [ 0] . PINCFG[PIN.ACC_DATAIN] . reg |= PORT_PINCFG_PMUXEN;
PORT->Croup [0] . PINCFG [PIN.ACCLDATA OUT] . reg |= PORT.PINCFG_PMUXEN:;
PORT->Group [0] . PINCFG [PIN.ACC_CLK ] . reg |= PORT PINCFG_PMUXEN;

/ /PORT—Group |

/ /PORT—Group |

0].PINCFG[PIN_ACC_INT1] . reg |= PORT_PINCFG_PMUXEN;

0] .PINCFG[PIN_ACC_INT2].reg |= PORTPINCFGPMUXEN;

//PORT=>Group [0] .PMUX[PIN_ACC_CS/2].reg |= PORTPMUXPMUXE(3); // 3 =D =
SERCOM-ALT

PORT—>Croup [0] .PMUX[PIN.ACC_DATA_IN /2].reg |= PORTPMUXPMUXO(3); // 3 = D =
SERCOM-ALT

PORT—>Group [0] .PMUX[PIN.ACC.DATA_OUT/2].reg |= PORTPMUXPMUXE(3); // 3 = D =
SERCOM-ALT

PORT—>Croup [0] .PMUX[PIN.ACC_CLK /2].reg |= PORTPMUXPMUXO(3); // 3 = D =
SERCOM-ALT

PORT—Group [0].DIRSET. reg = PORT_ACC_CS;
PORT—>Group [0].OUTSET. reg = PORT_ACC_CS;

// Those lines are driven at the
// falling edge of SPC and should be captured at the rising edge of SPC.

SERCOM2->SPI.CTRIA. reg |= SERCOM.SPLCTRLA_CPOL | SERCOM.SPLCTRLA_CPHA |
SERCOM_SPI.CTRLA DIPO(3) |

SERCOM_SPI.CTRLA DIPO(0) | SERCOM.SPLCTRLA MODE(3) ;

SERCOM2->SPI.CTRLB. reg |= SERCOM._SPLCTRLBRXEN | SERCOM_SPLCTRLB_MSSEN:

SERCOM2->SPI.BAUD.reg = 0; // 0 = 500kHz @ IMHz
//SERCOM2->SPI.INTENSET . reg = SERCOM_SPLINTENSET RXC;

SERCOM2—>SPI.CTRLA.reg |= SERCOM_SPI.CTRLA ENABLE;

// 1 = Enable synchronization is busy.
while (SERCOM2—>SPI.SYNCBUSY . reg & SERCOM_SPISYNCBUSY_ENABLE) ;

//NVIC_SetPriority (SERCOM2IRQn, 3);
//NVIC_EnableIRQ (SERCOM2IRQn) ;

print_pc_text ("INIT_SPI!\n”);

cpu_irq_leave_critical ();
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uint8_t read_accelerometer (uint8_t address){

// RW bit. When 0, the data DI(7:0) is written into the device. When 1, the
data DO(7:0)

// from the device is read. In latter case, the chip will drive SDO at the
start of bit 8.

address |= (1 << 7);

uint8_t data;

// Dummy read

//while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPIINTFLAGRXC));
//uint8_t data = SERCOM2->SPI.DATA.reg;

PORTIOBUS—Group [0].OUICLR. reg = PORT_ACC_CS;

// Send address

while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPLINTFLAGDRE) ) ;
SERCOM2—>SPI.DATA.reg = address;

// Dummy read

while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPILINTFLAGRXC) ) ;
data = SERCOM2—>SPI.DATA. reg;

// Dummy send

while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPLINTFLAGDRE) ) ;
SERCOM2—>SPI.DATA.reg = 0;

// Read data
while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPIINTFLAGRXC) ) ;
data = SERCOM2—>SPI.DATA.reg;

//delay_ms (10) ;
PORTIOBUS—Group [0].OUTSET. reg = PORT_ACC_CS;

return data;

}

void write_accelerometer (uint8_t address, uint8_t data){
PORTIOBUS—>Group [0].OUICLR. reg = PORT_ACC_CS;

// Send address

while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPIINTFLAGDRE) ) ;
SERCOM2—>SPI.DATA.reg = address;

// Dummy read

while (! (SERCOM2->SPI.INTFLAG. reg & SERCOM_SPLINTFLAG.RXC));
uint8_t data2 = SERCOM2—>SPI.DATA.reg;

// Write data

while (! (SERCOM2—>SPI.INTFLAG.reg & SERCOM_SPLINTFLAGDRE) ) ;
SERCOM2—>SPI.DATA.reg = data;

// dummy read

while (! (SERCOM2->SPI.INTFLAG. reg & SERCOM_SPLINTFLAG.RXC));
data2 = SERCOM2->SPI.DATA.reg;

PORTIOBUS—>Group [0].OUTSET. reg = PORT_ACC_CS;

void INIT_EIC(void){
// Link GCLKO to EIC and enable

GCLK—>CLKCTRL. reg = (uint16_t) (GCLK.CLKCTRL.GEN.GCLK0 | GCLK.CLKCTRL.CLKEN |
GCLK_CLKCTRLIDEIC) ; // EIC
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PM—>APBAMASK. reg |= PM_APBAMASK EIC;

/ %
PA27 = INT1 = EXTINT?
PA15 = INT2 = EXTINT1

*/

/ /PORT=>Group [0] . PINCFG[PIN_ACC_INT1] . reg |= PORTPINCFG_PMUXEN;
PORT—>Group [0] . PINCFG[PIN_.ACC_INT2] . reg |= PORT_PINCFG_PMUXEN;

/ /PORT=>Group [ 0] .PMUX|PIN_ACC_INT1/2].reg |= PORTPMUXPMUXO(0); // 0 = A =
EIC
PORT—>Group [0] .PMUX[PIN_.ACC_INT2/2].reg |= PORTPMUXPMUXO(0); // 0 = A = EIC

EIC—CONFIG[0].reg |= EIC_.CONFIG_FILTEN1 | EIC_CONFIG_SENSE1_RISE;

EIC—WAKEUP. reg |= EIC.WAKEUP_ WAKEUPENI;

// Clear flag and enable interrupt.
EIC—INTFLAG. reg = EICINTENSET_EXTINT1;
EIC—INTENSET . reg = EIC_INTENSET_EXTINTI;

// Enable

EIC—CTRL.reg |= EIC.CTRL_ENABLE;

while ((EIC—>STATUS.reg)); // Wait for sync

// This bit is set when the synchronization of registers between clock domains
is started.

NVIC_SetPriority (EIC.JIRQn, 4);
NVIC_EnableIRQ (EIC_IRQn) ;

void INITACCELEROMETER(void){

INIT_SPI() ;
delay_ms (400) ;

// Update speed
write_accelerometer (CTRL.REGI_.ADDRESS, ENABLE_LP_25HZ MODE) ;

delay_ms (20) ;

// Read location

uint8_t x,z;

x = read_accelerometer (OUT X HADDRESS); // tilt

z = read_accelerometer (OUTZHADDRESS); // up/down

// Debug

print_pc_text (” [X,Z]_:.");
print_pc_dec (x);
print_pc_text (7 ,.7);

print_pc_dec(z);
print_pc_text (”\n”);

/] X

if (x < 240){
write_accelerometer (INT2.CFG_ADDRESS, INT2.CFG_ENABLE X HIGHER) ;
write_accelerometer (INT2.THS_ADDRESS, x + 10);
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print_pc_debug ("X_higher_than.”, x + 10);
}
else {
/] 240 < x < 255
write_accelerometer (INT2.CFG_ADDRESS, INT2.CFG.ENABLE X LOWER) ;
write_accelerometer (INT2.THS_ADDRESS, x — 10);
print_pc_debug ("X_lower_than.”, x — 10);

}

/] 7
if(z < 240){
write_accelerometer (INT2.CFG_ADDRESS, INT2.CFG_.ENABLE_Z HIGHER) ;
write_accelerometer (INT2.THS_ADDRESS, z + 10);
print_pc_debug (”Z_higher_than.”, z + 10);
}
else {
// 240 < x < 255
write_accelerometer (INT2.CFG_ADDRESS, INT2.CFG_ENABLE_ZLOWER) ;
write_accelerometer (INT2.THS_.ADDRESS, z — 10);
print_pc_debug (”Z_lower_than.” , z — 10);

}

// Enable INT2
write_accelerometer (CTRLREG6_ADDRESS, ENABLE_INT?2) ;

INIT_EIC () ;

void DISABLE ACCELEROMETER( void ) {
print_pc_text (” disable _EIC\n”);
EIC—CTRL. reg = EIC_.CTRL.SWRST;
while (EIC—STATUS.reg & EIC_.STATUSSYNCBUSY) ;
INIT_SPI();
write_accelerometer (CTRLREGI_ADDRESS, POWERDOWNMODE) ;
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7 adc_gnss_tracker

7.1 header file

#ifndef ADC.GNSS.TRACKER H_
#define ADC_.GNSS_.TRACKER H_

#include 7 asf.h”

void INIT_ADC(void);
void DISABLEADC(void);
uint32_t adc.read(void)

)

#endif /+ ADC.GNSS.TRACKERH. */
7.2 cfile

#include ”adc_gnss_tracker.h”

void INIT_ADC (void){

// Input
ADG—INPUTCTRL. reg |= ADCINPUTCTRLMUXNEGIOGND | ADCINPUTCTRLMUXPOS_PINT;

// Internal GND

ADC->REFCIRL. reg |= ADC.REFCTRL REFSELINTVCCO; // Vdd/1.48 = 1.7567 @ 2.6V
Vdd

ADG—>SAMPCTRL. reg = ADCSAMPCTRLSAMPLEN(0); // 10 = 80us, max 5 bits!

ADG—>AVGCIRL. reg |= ADCAVGCTRLSAMPLENUM_16; // Number of samples

ADG—>AVGCIRL. reg |= ADCAVGCTRLADJRES(4); // 47 = 2°4 = 16 = samples

ADG—>CTRLB. reg |= ADC_CTRLB_RESSEL_16BIT;

ADG—>CALIB.reg = ADC_CALIB.BIAS_.CAL(0x03) | ADC_CALIB_LINEARITY_CAL(0x0b | (O
x04 << 5));

ADG—CTRLA.reg = ADC.CTRLA ENABLE;
while (ADG—>STATUS. reg ) ;

void DISABLE_ADC(void){
ADG—>REFCTRL. reg = 0;
ADG—>CTRLA.reg |= ADC.CTRLA SWRST;
ADG—>CTRLA. reg &= "ADC.CTRLA ENABLE;
PM—APBCMASK. reg &= ~(PM_APBCMASK ADC) ;

}

uint32_t adc_read (void){
ADG>SWTIRIG. reg |= ADCSWTRIG.START;
while (! (ADG>INTFLAG. reg & ADCINTFLAGRESRDY) ) ;
return (ADG->RESULT.reg) ;

}
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8 sim808
8.1 header file

#ifndef SIMS80S_H._
#define SIMS808_H._

#include 7 asf.h”

#define FLAGPHONENUMBER (”+46")

#define PHONENUMBERIENGTH 15 // Max length
#define COMMANDSTARTFLAG (”"—7)

#define COMMANDSTART FLAGLENGTH 2

#define COMMANDENDFLAG (’'\x3B’) // x3B = ;
#define ANSWERHI ("Hi!.:)”)

// STRING SUMS

#define CFUNLREADYSUM 813
#define CPINREADY.SUM 850
#define CALLREADYSUM 959
#define SMSREADY SUM 822

// AT COMMANDS FOR SIM808

#define AT DELETE_ALLSMS (”AT4CMGDA=\"DEL_ALL\"\ 1" )
#define AT.SMSMSGFORMAT.TEXT (”AT+CMGF=1\r")
#define ATSIGNALSTRENGTH (”AT+CSQ\r”)

void INIT_SIM808(void):

uint32_t send_at_.command (const char xcommand, const char xresponse, uint32_t
timeout ) ;

uint32_t send_fast_at_command (const char scommand, const char sresponse,
uint32_t timeout);

uint32_t read_sms(uint32_t index);

void convert_gnss_string (uint8_-t *p);

void print_gnss_string(void);

uint32_t update_location(void);

void update_csq(void);

void update_sim808_power_status(void);

struct GNSS {
uint8_t buffer [32];
uint8_t date[20];
int32_t longitude;
int32_t latitude;
int32_t elevation;
uint32_t speed;
uint32_t direction;
uint32_t hdop;
uint32_t pdop;
uint32_t vdop;
uint32_t gps_sats_in_view;
uint32_t gnss_sats_used;
uint32_t glonass_sats_in_view; // never seen this..
uint32_t cn_ratio;

uint32_t tfff; // time for first fix

uint8_-t longitude_string [16];
uint8_t latitude_string [16];
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} volatile gnss;

struct SIM808{

// UART buffer for receiving data from sim808

uint8_t uart_buffer [256];

uint32_t uart_sum;

uint8_t google_link [128];

uint8_t sms_buffer [64]; // length of one sms = 160

uint32_t pwr_status; // power status of sim808

uint32_t gnss_status; // power status of the inbuilt gnss module

uint32_t csq; // carrier signal quality
uint8_t csq-string [8];
uint32_t csq.dbm;

} volatile sim808;

#endif /+ SIMSOS_H. */
8.2 c file

#include 7sim808.h”

#include ”uart_gnss_tracker.h” // send data to sim808 and debug
#include ”gnss_tracker_2_4 .h” // define

#include "rtc_gnss_tracker.h” // rtc delay

#include ”accelereometer.h”

#include 7string.h” // strstr ()

static void convert_location_to_string (int32_t longitude, int32_t latitude);

void update_csq(void){
while (!send_fast_at_command ("ATHCSQ\r” , "OK” , 1000));
// Search in buffer, set pointer if found
uint8_t *p = strstr (sim808.uart_buffer, "CSQ:”); // this took 265 ticks

if (p != NULL){

p += 5; // move pointer where number starts

// String
sim808. csq-string [0] = p[0];
sim808 . csq_string [1] = p[1];

sim808. csq-string [2] = NULL;

// Integer
sim808.csq = atoi(p); // 590 ticks
sim808.csq.dbm = 113 — 2xsim808.csq;

}
¥

void update_sim808_power_status (void)
sim808.pwr_status = ((PORT—=>Group [0
PIN_SIM808_STATUS) ;

{
].IN.reg & PORT-SIM808.STATUS) >>

N Yy
/ SERCOMO_Handler

YNy
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void SERCOMO_Handler (void){

SERCOMO—>USART .INTENCLR.. reg = SERCOM_USART INTENCLR RXS; // Stop interrupt
mcu_status. flag_new_data_in_buffer = TRUE;
sim808.uart_sum = 0;

uint32_t timeout_us;

// timeout, f = 19200 bits/s => T = 52us

if (mcu_status.flag_.command_active =— TRUE) {
timeout_us = 100000;

1 else{
uint32_t timeout_us = 3000;
}
uint32_t index = 0;
do {

uint32_t t1 = RTG->MODED.COUNT.reg; // Log start time

// Wait for a character
while (! (SERCOMO—>USART.INTFLAG. reg & SERCOM_USARTINTFLAGRXC) ){

// Check if timeout
if (RTG—>MODEO.COUNT. reg > (t1 4 timeout_us)){

sim808. uart_buffer [index]| = NULL; // End string
mcu_status . flag_unexpected_answer = TRUE;

// Check if the response was one of the ”expected”
uint32_t t = sim808.uart_sum;
it (t = CFUNREADYSUM || t = CPINREADYSUM || t == CALLREADYSUM ||
t = SMSREADY_SUM){
// Clear flag
SERCOMO—>USART.INTFLAG. reg |= SERCOM_USARTINTFLAGRXS;
// Start interrupt
SERCOMO—>USART.INTENSET . reg = SERCOM_USART_ INTENSET _RXS;
return;

}

// we want to print this because: sim808 has sent an msg
// to us! it’s not an answer to a command that we’re sending!

print_pc-text (”\n—_flag_unexpected_answer\n”);
print_pc_text (” n”);
print_pc_text (sim808.uart_buffer);
print_pc_text (”\n n’);

//print_pc_debug ("UART SUM”, sim808.uart_sum) ;

mcu_status.error_sercom0_handler++;

// Clear flag

SERCOMO->USART .INTFLAG. reg |= SERCOM._USARTINTFLAGRXS;
// Start interrupt

SERCOMO—>USART . INTENSET . reg = SERCOM_USART_INTENSET RXS;

return;

}
}

// Save data from sim808
uint32_t temp = (SERCOMO—>USART.DATA.reg) & (OxFF);
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sim808 . uart_buffer [index] = temp;
sim808 . uart_sum —+= temp;

if (index > 3){
uint32_t a = sim808.uart_buffer [index] + sim808.uart_buffer[index — 1] +
sim808 . uart_buffer [index — 2];
// CHECK FOR END FLAG "K\r\n” (OK<ENTER><NEW LINE>)
(8= (\n 4 \r 4+ K

sim808 . uart_buffer [index] = NULL;
mcu_status . flag_command_answer = TRUE;

// Clear flag

SERCOMO—>USART.INTFLAG. reg |= SERCOM_USARTINTFLAGRXS;
// Start interrupt

SERCOMO->USART.INTENSET . reg = SERCOM_USART_INTENSET RXS;

return;

}

// No end flag and there’s time left .. one more run!
index++;
} while(1);

NNy,
// INIT_SIM808

LT IE DD riiirierinlieleellg
void INIT_SIM808(void){

// PORT settings
PORT—Group [0].DIRSET. reg = PORT_SIM8808 PWRKEY ;
PORT—Group [0].OUTCLR. reg = PORT_SIM80S_ PWRKEY ;

// Turn on 4V rail

print_pc_text ("—_TURNING_4V_ON..”);
PORT—Group [0].OUTSET.reg = PORT_EN_4V;
print_pc_text ("OK!\n”);

// Wait until 4V is stable ... which is?
//delay_ms (100) ;

// Starting SIMS808

print_pc_text (?—_STARTING_SIMS808..”);

while (!(PORE>Group|0].IN.reg & PORT_SIMS0S.STATUS)){
print_pc_text(”..toggle....”);
// Toggle PWRKEY for a second.
PORT—Group [0].OUTSET. reg = PORT_SIM808 PWRKEY;
delay_ms (1000) ;
PORT—Group [0].
delay-ms (1100) ;

}

print_pc_text ("OK!\n”);

OUTICIR. reg = PORT_SIMSO8_ PWRKEY ;

SERCOMO—>USART.INTFLAG. reg |= SERCOM_USARTINTFLAGRXS;

NVIC_EnableIRQ (SERCOMOIRQn) ;
SERCOMO—>USART.INTENSET . reg = SERCOM_USART_INTENSET RXS; // Start of a frame

detection

delay_ms (700) ;
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// Auto baud
while ( !'send_fast_at_command ("AT\r”, "OK”, 1000) );
print_pc_text ("—_BAUD_OK!\n”) ;

uint32_t start_time = RTG—>MODEO.COUNT. reg ;

uint32_t break_true = 0;
// CFUN READY
do {
if (mcu_status.flag_unexpected_answer){
mcu_status. flag_unexpected_answer = FALSE;

if (sim808.uart_sum =— CFUNREADY SUM) {
print_pc_text ("—_CFUN_OK!\n") ;
break_true = 1;

}

if (break_true) break;
} while (RTG>MODE0.COUNT.reg < (start_time + 10000000ul));

// CPIN READY
break_true = 0;
do {
if (mcu_status.flag unexpected_answer){
mcu_status. flag_unexpected_answer = FALSE;

if (sim808.uart_sum == CPINREADY_SUM){
print_pc_text ("—_CPIN_.OK!\n");
break_true = 1;
}
}

if (break_true) break;
} while (RTG>MODEO.COUNT.reg < (start_time 4+ 10000000ul));

// CALL READY
break_true = 0;
do {
if (mcu_status.flag_unexpected_answer){
mcu_status. flag_unexpected_answer = FALSE;

if (sim808.uart_sum = CALLREADY.SUM){
print_pc_text ("—_-CALL_.OK!\n”);
break_true = 1;

}

}
if (break_true) break;

} while (RTG-—>MODEO.COUNT.reg < (start_-time + 10000000ul));

// SMS READY
break_true = 0;
do {
if (mcu_status.flag_unexpected_answer){
mcu_status . flag_unexpected_answer = FALSE;

if (sim808.uart_sum == SMSREADY_SUM) {
print_pe_text ("~ SMS.OK!\n")
break_true = 1;

}

}
if (break_true) break;

} while (RTC—MODED.COUNT.reg < (start_time + 10000000ul)):
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// sms format: text

while (!'send_fast_at_command (AT.SMSMSGFORMAT.TEXT, ”"OK”, 1000));

// Wait until we have a signal from the base station
print_pc_text (" Waiting.for.signal ..”);
do {
print_pc_text (”.”);
delay_-ms (1000) ;
update_csq () ;
} while (sim808.csq < 1);
print_pc_text ("OK!\n”);
}

N Ny
// SEND AT COMMAND TO SIMS08

DT r i i i rriiiirirrg iy
uint32_t send_at_command(const char xcommand, const char xresponse, uint32_t
timeout){
timeout = timeout*1000; //us to ms
mcu_status. flag_command_active = TRUE;

// DEBUG
print_pc_text (7 \n—_SENDING_COMMAND. ..”);

// Send command to sim808
print_sim808_text (command) ;

// Log current time
uint32_t log_-time = RTG—>MODE).COUNT. reg ;
do

if (mcu_status.flag_new_data_in_buffer){
mcu_status. flag_new_data_in_buffer = FALSE;

// Debug Print
print_pc_text (7 .. FROM.SIM808\n” ) ;

print_pc_text (7

n”);
print_pc_text (sim808. uart_buffer);
print_pc_text (”\n

n\n\n");

// How long does this actually take??
if (strstr(sim808.uart_buffer, response) != NULL){
mcu_status. flag_command_active = FALSE;

return TRUE;
}
}
}+ while (RTG>MODE0.COUNT.reg < (log_time 4+ timeout));
print_pc_text (” n’);
print_pc_text ("—_FERROR_.NO_RESPONCE\n” ) ;
print_pc_text (7 n”);

mcu_status.error_no_responce-+-+;
mcu_status.error_counter-4-+;

mcu_status. flag_command_active = FALSE;
return FALSE;
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uint32_t send_fast_at_command (const char scommand, const char sresponse,
uint32_t timeout){
timeout = timeout*1000; //us to ms

mcu_status. flag_command_active = TRUE;

// Send command to sim808
print_sim808_text (command) ;

// Log current time
uint32_t log_time = RTG—>MODE).COUNT. reg ;
do
{
if (mcu_status.flag_new_data_in_buffer){
mcu_status. flag_new_data_in_buffer = FALSE;

if (strstr(sim808.uart_buffer, response) != NULL){
mcu_status. flag_command_active = FALSE;

return TRUE;
}
} while (RTG-—>MODE0.COUNT.reg < (log_time + timeout));
print_pc_text (” n”);
print_pc_text (”—_ERROR_-NO_RESPONCE\n" ) ;
print_pc_text (” n”);

mcu_status.error_no_responce-+-+;
mcu_status.error_counter-4-+;
mcu_status . flag_command_active = FALSE;

return FALSE;

N N vy,
// READ SMS AT INDEX

N Yy,

uint32_t read_sms(uint32_t index){
print_pc_debug (7 \n\n—_READING_SMS_AT_INDEX” , index) ;

// Init stuff that we need
uint32_t tl, t2;

uint8_t temp_buffer [20];
uint8_t temp-command[40];

// Create AT Command with index and send it to SIMS80S.
sprintf(temp_buffer , "ATHCMGR=%d\r” , index);
while (!send_at_command (temp_buffer, "OK”, 1000));

LTI 00711001177 ]
// 1. SEARCH FOR PHONE NUMBER

[T E L T
// At the moment only Swedish phone numbers work... fix?
uint8_t xp = strstr (sim808.uart_buffer , FLAGPHONENUMBER) ;
if (p = NULL){

print_pc_text ("—_NO_PHONE_NUMBER_FOUND!\n” ) ;
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delete_sms_at_index (index); // if we have a sms number but with no phone
number, etc from the operator

return FALSE;
}

// Copy phone number
uint32_-t a = 0;
do {
//sim808 . phone_number [a] = *p;
work [index ] . phone_number [a++] = *p++;

if (a > 15){ // phone number length
print_pc_text ("—_PHONE_NUMBER_TO_BIG!\n") ;
delete_sms_at_index (index);
return FALSE;

}

} while (work[index].phone_.number[a — 1] != ’\”’); // phone number is always

XXX ..”

b

// Remove the 7 sign
work [index | . phone_number[a — 1] = NULL;

ITTTTTTEL I
// 2. SEARCH — START FLAG

HTTTTITTI LT

p = strstr(p, COMMANDSTART FLAG) ;

if (p = NULL){
print_pc_text (7 .—_ NO_START_.FLAG_FOUND!\n” ) ;
delete_sms_at_index (index);
return FALSE;

}

// Jump over start flag

p += COMMAND_START FLAGLENGTH;

.
// 3. SEARCH — END FLAG

////éé///////é///////////////////////
uint32_t i = 0;
while (i != 40){ // Search length
// Save data to temp buffer
temp_command [ i++4] = *p++;
// Check if the last character was the end flag.

if (temp_-command|[i — 1] = COMMANDENDFLAG) {
temp_command[i — 1] = 0; // Remove the end flag.
break;

if(i > 39){ // Max length of a command
print_pc_text ("NO_END_FLAG!\n") ;
delete_sms_at_index (index);
return FALSE;

}
}

// If we’re here; phone number, start and end flag was found

// DEBUG
//print_pc_debug_string (” phone number”, sim808.phone_number) ;
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//print_pc_debug_string (”command (original)”, sim808.command) ;
// Convert command to lower case
strlwr (temp_command) ;

// MONEY COMMAND
p = strstr (temp_command, ”money”);
if (p != NULL){
p+=5; // 5 = length of ”"money”
uint32_t var = atoi(p); print_pc_debug(”\n\n\nMONEY_COMMAND” , var);
eeprom . money = varx1000;
eeprom . sms_sent = 0;

}

// COST COMMAND

p = strstr (temp_command, ”cost”);

if(p != NULL){
p+=4; // 4 = length of "cost”
uint32_t var = atoi(p); print_pc_debug(”\n\n\nCOST_.COMMAND” , var);
eeprom. cost = var;

}

// SLEEP COMMAND

p = strstr (temp_command, "sleep”);

if(p != NULL){
p+=5; // 5 = length of "sleep”
uint32_t var = atoi(p); print_pc_debug(”\n\n\nSLEEP_COMMAND” , var);
if (var < 601) eeprom.sleep_time = var;

}

// OWNER COMMAND
p = strstr (temp_command, ”owner”);
if (p !'= NULL){
//p +=5; // 5 = length of ”"owner”
// Copy string
memcpy (eeprom . owner_phone_number, work[index].phone_number, 16);
print_pc_debug_string (7 \n\n\nOWNER_.COMMAND" | eeprom.owner_phone_number) ;

}
// ALARM COMMAND

p = strstr (temp_command, ”alarm”);
if(p != NULL){
print_pc_text (7 \n\n\nALARM_COMMAND\n” ) ;

if (eeprom.owner_phone_number[0] != NULL){
INIT ACCELEROMETER () ; print_pec_text ("INIT ACCELEROMETER !\ n” ) ;
eeprom.alarm_active = 1;

}

else {

print_pc_text ("ERROR.NO_OWNER!\n” ) ;

}
}

uint32_t command_length = strlen (temp_command) ;

// Take the sum of the command string and save it in WORK
for (uint32_.t i = 0; i < command_length; i++){

work [index |.command += (uint32_t)temp_command[i]; // NEW
}
// DEBUG
print_pc_debug_string (7 .—_Command.found” , temp_command) ;
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print_pc_debug (7 .—_Command.value”

print_pc_debug (” .—_Index”

, work[index |.command) ;

, index);

print_pc_debug_string (” .—_Phone_number” , work|[index |.phone_number);

return TRUE;

N YNy,

/ PRINT GNSS STRING

(for debug)

N e

void print_gnss

_string (void){

print_pc_text (7

print_pc_debug_string ("—

print_pc_debug(”
print_pc_debug (”
print_pc_debug ("—
print_pc_debug(”
print_pc_debug(”
print_pc_debug(”
print_pc_debug (”
print_pc_debug ("—
print_pc_debug (”
print_pc_debug (”
print_pc_debug (”—

DATE” , gn

—_LATITUDE” , gnss.

—_LONGITUDE” , gnss.
JELEVATION” |, gnss.

n’);

ss.date);

latitude);
longitude);

b
elevation);

—_SPEED” |, gnss.speed);

—_DIRECTION” | gnss.

—_HDOP” | gnss.hdop
—_PDOP” |, gnss.pdop
_VDOP” , gnss.vdop

direction);

—_GPS_SATS_IN_VIEW” | gnss.gps_sats_in_view);
—_GNSS_SATS_USED” , gnss.gnss_sats_used);

~CN_RATIO” , gnss

.cn_ratio);

print_pc_text (’

n”);

LITTTEEETTTT LT i rri i rriiirrrlly
// CONVERT GNSS STRING

N Yy yaa

void convert_gnss_string (uint8_-t xp){
// This functions breaks down the

requesting location

complex string we
information .

// This function took 8200 clk cycles

uint8_t *xp2;

while (xp++ = 7,
while (xp++ = 7,

// Date
p2 = gnss.date;
do {

*p24++ = *p;
} while (xpt+t+ !=
#(——p2) =

// Latitude

// temp pointer

)
)

) 7),
’

NULL; // Remove the 7.’

p2 = gnss. buffer;

do {
if (xp !=

#(——p2) =

gnss . latitude

// Longitude

") #p2++ = xp;
} while (xp+t+ !=

7),

NULL; // Remove the

atoi(gnss. buffer);

p2 = gnss. buffer;

do {

character.

character.
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if (xp = 7.7) *p24++ = *p;

} while (xp+ = 7,7);
*(——p2) = NULL; // Remove the ’,’ character.
gnss.longitude = atoi(gnss.buffer);
// Elevation [m]
p2 = gnss. buffer;
do {
if(xp = ’.7) break;
*p2H+ = *p;
} while (xp++ != 7,7);
*(p2) = NULL; // End string
while (xpt++ 1= 7, 7);
gnss.elevation = atoi(gnss. buffer);
// Speed [m/s]
p2 = gnss. buffer;
do {
if(xp = ’7.7) break;
*p24+ = *p;
} while (xp++ 1= 7,7);
*(p2) = NULL; // End string
while (xpt+ 1= 7, 7);

gnss.speed = atoi(gnss.buffer);

// Direction
p2 = gnss. buffer;

do {
if(xp = ’.7) break;
*p2H+ = *p;
} while (xpt++ != 7,7);
*(p2) = NULL; // End string
while (xp++ = 7, 7);
gnss.direction = atoi(gnss.buffer);

// Skip over <fix mode> and <reservedl>

while (xpt+ 1= 7, 7);
while (xp+ = 7, 7);

// HDOP

p2 = gnss. buffer;

if (xp = "0"){ // 0.x

p += 2; // Skip the zero and dot
*P2H+ = *p;
p += 2; //skip the end

else{ // x.xx

do {
if(+p != 7.7) #p2H+ = #p;
} while (xpt++ != 7,7);

xp2 = NULL; // End string
gnss.hdop = atoi(gnss.buffer);

// PDOP
p2 = gnss. buffer;
if (xp — 07){ // 0.x

p += 2; // Skip the zero and dot
*P2H = *p;
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p += 2; //skip the end 7.’

else{ // x.xx

do {
if (xp = 7.7) *p24++ = x*p;
} while (xp++!= 7,7);

xp2 = NULL; // End string
gnss.pdop = atoi(gnss.buffer);

// VDOP

p2 = gnss. buffer;

if (xp="0"){ // 0.x
p += 2; // Skip the zero and dot
*p24++ = *p;

p += 2; //skip the end 7.’

else{ // x.xx

do {
if(xp != 7. 7) #p24+ = *p;
} while (xp++ != 7,7);

}
xp2 = NULL; // End string
gnss.vdop = atoi(gnss.buffer);

p++; // Skip the <Reserved2>

// GPS SATS IN VIEW
p2 = gnss. buffer;

do {
*p24+ = *p;
} while (xpt+ != 7,7);
*p2 = NULL; // Remove the ’,’ character.
gnss.gps_sats_in_view = atoi(gnss.buffer);

// GNSS SATS USED
p2 = gnss. buffer;

do {
*p2++ = *p;
} while (xp+ = 7,7);
*p2 = NULL; // Remove the ’,’ character.
gnss.gnss_sats_used = atoi(gnss.buffer);
while (xp+ = 7, 7);
while (xp+ 1= 7, 7);
// CN RATIO
p2 = gnss. buffer;
do {
*p2H+ = *p;
} while (xp++ 1= 7,7);
*p2 = NULL; // Remove the ’,’ character.
gnss.cn_ratio = atoi(gnss.buffer);
}

LIT111000000077770 0000007777771
// UPDATE LOCATION
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uint32_t update_location (void){

// Temp variables

int32_t latitude_avg = 0;
int32_t longitude_avg = 0;
int32_t elevation_avg = 0;
uint32_t speed_avg = 0;
uint32_t hdop_.avg = 0;
uint32_t pdop-avg = 0;
uint32_t vdop.avg = 0;

uint32_t cn_ratio_avg = 0;
uint32_t location_sum = O0;
uint32_t location_counter = 0;

// As with latitude and longitude, the values are bounded by 90 and 180
respectively .

// Latitude dd.dddddd +-90

// Longitude ddd.dddddd +-180

// Power on GNSS if it’s off

if (!sim808.gnss_status){
while (!'send_at_command ("ATH+CGNSPWR=1\r” , "OK” , 1000));
sim808 . gnss_status = TRUE;
delay_ms (1000) ;

}

// Logging current time.
uint32_t t0 = RTG—>MODED.COUNT. reg ;

while (!'send_fast_at_command (7 ATHCGNSSEQ=\"RMC\”\r” , "OK” , 1000));
uint8_t x*p;
while (location_counter != COORLENGTH) {
do{
//delay_ms (100) ;
while (!'send_fast_at_command ("ATH+CGNSINF\r” , "OK”, 2000));

// Debug
print_pc_text (”.”);

// check if we got a fix on the location.
p = strstr(sim808.uart_buffer , "CGNSINF:_1,1”); // how long does this take
?

// Extra safety check, if this happens then something is fucked up!
if (strstr(sim808.uart_buffer , "CGNSINF:_.0”) != NULL){
print_pc_text (”\n\n\n\n\nERROR: .GPS_IS _OFF!\n\n\n\n\n\n\n\n\n”);
sim808 . gnss_status = FALSE;
mcu_status.error_counter 4= 1000;
return FALSE;

}

// Check for timeout
if ( (RTC—>MODE).COUNT.reg — t0) > ( 8+60x1000000 )){ // 300000000ul = 5

min
return FALSE;

}
} while (p == NULL);

convert_gnss_string (sim808. uart_buffer);

uint32_t temp0 = gnss.latitude + gnss.longitude;
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if ( temp0 != location_sum){
location_counter-++;
location_sum = temp0;
print_pc_dec(location_counter);

// Take the sum of everything!
latitude_avg += gnss.latitude;
longitude_avg += gnss.longitude;
elevation_avg += gnss.elevation;
speed_avg 4= gnss.speed;
cn_ratio_avg += gnss.cn_ratio;

hdop-avg += gnss.hdop;
pdop_avg 4= gnss.pdop;
vdop_-avg 4= gnss.vdop;
}
else {
location_sum = 0;
print_pc_text ("x”);

} // End while loop
print_pc_text (?\n”);

// If we’re here; we got 10 fixes!
gnss. tfff = ((RTG—>MODEO.COUNT.reg—t0)/1000000) ;

/] Average

latitude_avg = latitude_avg/COORLENGTH;
longitude_avg = longitude_avg /COORLENGTH;
elevation_avg = elevation_avg /COORLENGTH;
speed_avg = speed_avg/COORLENGTH;
cn_ratio_avg = cn_ratio_avg/COORLENGTH;
hdop_avg = hdop_avg/COORLENGTH;

pdop_avg = pdop-avg/COORLENGTH;

vdop_avg = vdop_avg/COORLENGTH;

// DEBUG; print time
print_pc_text (”\n”);
print_pc_debug ("—_TIME_FOR_FIX_[s]”, gnss. tfff);
print_pc_text (”\n”);

print_gnss_string () ;

// Convert the average coordinates to a string
convert_location_to_string (latitude_avg , longitude_avg);

// Creating google maps link.
sprintf (sim808.google_link , ”\rhttps://www. google.com/maps/search/%s,%s”, gnss
.latitude_string , gnss.longitude_string);

// Debug

print_pc_text
print_pc_text
print_pc_text
print_pc_text
print_pc_text
print_pc_text

gnss. latitude_string);

”oo» .
’ ’

gnss.longitude_string);

77\nw ) 7
sim808 . google_link) ;

"\n\n”);

Py

return TRUE;
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static void convert_location_to_string (int32_t latitude,
// CONVERT TO STRING

itoa(latitude , gnss.latitude_string

10);

itoa(longitude , gnss.longitude_string , 10);

// LATITUDE

if (latitude > 0 ){ // Positive

degr

ees

if (latitude < 10000000){ // x.yyyyvyy
// 1223344 => 1.223344

gnss .
.latitude_string

gnss

gnss .
gnss .
gnss .
gnss .
.latitude_string

gnss

gnss .

}

else {

gnss .
gnss .
gnss .
.latitude_string
gnss .
.latitude_string
gnss .
gnss .

gnss

gnss

}

latitude_string [7

latitude_string
latitude_string
latitude_string
latitude_string

latitude_string
/] XX.Yyyyyy

latitude_string
latitude_string
latitude_string
latitude_string

latitude_string
latitude_string

else { // Negative degrees
if (latitude < —10000000){ // —x.

gnss .
gnss .
gnss.
.latitude_string
gnss .
.latitude_string
gnss .
gnss .

gnss

gnss

}

else {
gnss

gnss

gnss .
gnss .
gnss .
gnss .
.latitude_string

gnss
}
} // End

.latitude_string
gnss .
.latitude_string

latitude_string [8
latitude_string
latitude_string

latitude_string

latitude_string
latitude_string

]
(7]
(6]
[5]
[4]
(3]
[2]
[9]

/] —XX.yyyyyy
latitude_string

latitude_string
latitude_string
latitude_string
latitude_string

]
]
]
]
]
]
]

[9
[8
[7
[6
[5
[4
[3
[10

latitude

// LONGITUDE

if (longitude > 0 ){ // Positive

]

gnss .
gnss .
gnss .
gnss .
gnss .
gnss .
9 7.

NULL;

gnss .
gnss .
gnss .
gnss
gnss .
gnss
9 ?

NULL;

gnss .
gnss .
gnss .
gnss .
gnss .
gnss .

NULL;
gnss

guss .
gnss

= gnss.

gnss .
gnss .
b 3

b

.latitude_string

.latitude_string

.latitude_string

.latitude_string

NULL;

latitude_string
latitude_string
latitude_string
latitude_string
latitude_string
latitude_string

latitude_string
latitude_string
latitude_string

[7];
[6];
[5];
[4];
latitude_string [3];
[2];

latitude_string
latitude_string
latitude_string
latitude_string
latitude_string
latitude_string

latitude_string

latitude_string
latitude_string

[8];
[7];
[6];
[5];
[4];
latitude_string [3];

degrees

if (longitude < 10000000){ // x.yyyyyy
/] 1223344 => 1.223344

gnss .
gnss . [

.longitude_string |
gnss. [

gnss

longitude_string |

7
longitude_string [6
5
4

longitude_string

]
]
]
]

gnss .
gnss .
gnss .
gnss .

longitude_string
longitude_string
longitude_string
longitude_string
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gnss.longitude_string [3] = gnss.longitude_string [2];
gnss.longitude_string [2] = gnss.longitude_string [1];
gnss. longitude_string [1] T

(8] = NULL;

gnss.longitude_string

else if (longitude > 100000000){ // xxx.yyyyyy
// 111223344 => 111.223344
gnss. longitude_string [9] = gnss.longitude_string [8];
gnss. longitude_string [8] = gnss.longitude_string [7];
gnss.longitude_string [7] = gnss.longitude_string [6];
gnss.longitude_string [6] = gnss.longitude_string [5];
gnss.longitude_string [5] = gnss.longitude_string [4];
gnss.longitude_string [4] = gnss.longitude_string [3];
gnss. longitude_string [3] = 7. 7;
gnss. longitude_string [10] = NULL;

}

else { // xx.yyyyyy
gnss.longitude_string [8] = gnss.longitude_string [7];
gnss. longitude_string [7] = gnss.longitude_string [6];
gnss. longitude_string [6] = gnss.longitude_string [5];
gnss.longitude_string [5] = gnss.longitude_string [4];
gnss.longitude_string [4] = gnss.longitude_string [3];
gnss.longitude_string [3] = gnss.longitude_string [2];
gnss. longitude_string [2] = 7. 7;
gnss. longitude_string [9] = NULL;

}

}
else { // Negative degrees

if (longitude < —10000000){ // —x.yyyyyy
gnss.longitude_string [8] = gnss.longitude_string [7];
gnss. longitude_string [7] = gnss.longitude_string [6];
gnss.longitude_string [6] = gnss.longitude_string [5];
gnss.longitude_string [5] = gnss.longitude_string [4];
gnss.longitude_string [4] = gnss.longitude_string [3];
gnss. longitude_string [3] = gnss.longitude_string [2];
gnss. longitude_string [2] = 7. 7;
gnss.longitude_string [9] = NULL;

else if (longitude < —100000000){ // x—xx.yyyyyy
// —111223344 => —111.223344

gnss. longitude_string [10] = gnss.longitude_string [9];
gnss.longitude_string [9] = gnss.longitude_string [8];
gnss.longitude_string [8] = gnss.longitude_string [7];
gnss.longitude_string [7] = gnss.longitude_string [6];
gnss.longitude_string [6] = gnss.longitude_string [5];
gnss. longitude_string [5] = gnss.longitude_string [4];
gnss. longitude_string [4] = 7. 7;
gnss.longitude_string [11] = NULL;

}

else { // —xx.yyyyyy
gnss . longitude_string
gnss.longitude_string
gnss.longitude_string

[9] = gnss.longitude_string
[8
[7
gnss.longitude_string [6
[5
[4
[3
[1

] [
] = gunss.longitude_string |
] = gnss.longitude_string |
] = gnss.longitude_string |
] [
] [
]

)
)

]
]
I;
E
] .
]

= gnss.longitude_string
= gnss.longitude_string

gnss . longitude_string
gnss . longitude_string
gnss.longitude_string
gnss.longitude_string

)

8
7
6
5
4
3 )

}

} // End longitude

}
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9 gnss_tracker_2_4

9.1

header file

#ifndef GNSS.TRACKER 2.4 H_
#define GNSS.TRACKER 2.4 H_

#include 7 asf.h”

void
void

void
void

void
void

void
void
void
void
void
void
void

void
void

delay _ms(volatile uint32_t time);
delay_10us(volatile uint32_t time);

print_status_all(void);
update_bat_voltage (void);

delete_sms_at_index (uint32_t index);
print_sim808_sms_debug(void);

hi_command(uint32_t index);
gps-command (uint32_t index);
taken_command (uint32_t index);
help_command (uint32_t index);
taken_command (uint32_t index);
alarm_command (void) ;
low_bat_command (void) ;

do_work (void);
get_work (void);

#define SOFTWAREVERSION (”720180218”)
#define COORLENGTH 10
#define WORKSIZE 20

struct EEPROM {
uintl6_t sms_sent;
uint8_t data_key;
uint8_t flag_low_bat;
uintl6_t tot_errors;
uintl6_t cycles;
uintl6_t sleep_time;
uintl6_t cost;
uint32_t money;
uint8_t owner_phone_number [16];
uint8_t alarm_active;
uint8_t alarm_triggerd;
uint8_t low_bat_flag;
uint8_t dummy3;
uint32_t dummy mem[7];
} volatile eeprom;

struct MCUSTATUS {
// FLAGS
uint8_t flag_command_active;
uint8_t flag_new_data_in_buffer;
uint8_t flag_unexpected_answer;
uint8_t flag_command_answer;

uint32_t uptime; // uptime in seconds
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// BATTERY
uint32_t bat_volt;

uint8_
uint8_

t bat_volt_string [10];
t bat_voltage_procent;

// SOFTWARE ERROR

uint32_t error_no_responce;
uint32_t error_counter;
uint32_t error_gps-glitch;
uint32_t error_sercomO_handler;

uint32_t command_input_variable;
}  volatile mcu_status;

struct WORK {
uint8_t phone_number [16];
uint32_t index;

uint32_t command;
} volatile work [WORKSIZE];

//

//

DEFINE

//

// COMMANDS

#define HLCOMMAND ( ((uint32_t)’h’)
#define GPSCOMMAND  (  ((uint32_t)’
#define HELP.COMMAND

((uint32_t)’p’) )

#define TAKEN.COMMAND (
((uint32_t)’e¢’) + ((uint32_t)’'n’)
#define DEBUG.COMMAND
((uint32_t)’'u’) + (

)

(
(uint32_t)’g’) )

+
g’) +

( ((uint32_t)’h’) +
((uint32_t) 't’) +

((uint32_t)’d’) +

(
#define ALARMCOMMAND ( ((uint32_-t)’a’) +

((uint32_t)’r’) + ((uint32_t)’'m’) )
// FLAGS
#define FALSE (0)
#define TRUE (1)
//
// 10 PINS
//
// ACCELEROMETER
#define PORT-ACC_CLK (PORT_PA23)
#define PIN.ACC.CLK (PIN_PA23)
#define PORTACCDATAOUT  (PORT_PA22)
#define PINACC.DATAOUT  (PIN_PA22)
#define PORT_ACCDATA_IN (PORT_PAILT)
#define PIN_ACC_DATA_IN (PIN_PA1T)
#define PORT_ACC_CS (PORT_PA16)
#define PIN.ACC.CS (PIN_PA16)
#define PORT_ACCINT1 (PORT_PA27)
#define PIN_ACC_INTI1 (PIN_PA27)
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((uint32_t)’i7)
((uint32_t)’p’)
((uint32_t)’e’)
((uint32_t)’a’)
((uint32_t)’e’)

((uint32_t)’17)

)
+ ((uint32_-t)’s’)
+ ((uint32_t)’17) +
+ ((uint32_t)’'k’) +
+ ((uint32_t)’b’) +

+ ((uint32_t)’a’) +

)



#define PORT_ACCINT2 (PORT_PA15)

#define PIN.ACC.INT2 (PIN_PA15)

// 4V EN

#define PORT_EN_4V (PORT_PAO5)
#define PIN_EN_4V (PIN_PAO5)

// ADC — Analog input 5

#define PORT_ADC (PORT_PAO3)
#define PIN_ADC (PIN_PAO3)

// SIMS808

#define PORT_SIMS808_-TX (PORT_PA10)
#define PIN_SIM808_TX (PIN_PA10)
#define PORT_SIM808_RX (PORT_PAI1lL)
#define PIN_SIMSOS_RX (PIN_PA11)
#define PORTPC.TX (PORT_PA24)
#define PIN_PC_TX (PIN_PA24)

#define PORT_SIM80S_RESET (PORT_PAO08)
#define PIN_SIMS0S_RESET (PIN_PAOS)

#define PORT_SIMS808_RTS (PORT_PA09)
#define PIN_SIMSO0S8_RTS (PIN_PA09)

#define PORT_SIM808_STATUS (PORT_PAO7)
#define PIN_SIM808_STATUS (PIN_PAOT)

#define PORT_SIM80S_PWRKEY (PORT_PA14)
#define PIN_SIM8S80S_PWRKEY (PIN_PA14)

#endif /+« GNSS.TRACKER. 2.4.H. %/
9.2 c file

#include 7 gnss_tracker_2_4.h”
#include 7sim808.h”

#include " uart_gnss_tracker.h”
#include ”adc_gnss_tracker.h”

#include ”string.h” // strstr ()

void debug_command(uint32_t index);

LITIILLLLETTTTT 7777177
// UPDATE BATTARY VOLTAGE

Ny,
void update_bat_voltage (void){

// Read battery voltage

mcu_status.bat_volt = (adc_read ()*5270)/4095;

// Convert to % scale ..
if (mcu_status.bat_volt > 3300){
mcu_status.bat_voltage_procent = (mcu_status.bat_volt — 3300)/9; // 3300;
lower limit. 4200; upper limit. divide by 9 to get %
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} oelse {

mcu_status.bat_voltage_procent = 0;
}
// Convert voltage from int to string
uint8_t xtext = mcu_status.bat_volt_string;
itoa(mcu_status.bat_volt , text, 10);
text [3] = text [2];
text [2] = text [1]
text [1] =
text [4] =
text [5] =

print_pc_text ("—_ADC_READ_OK!\n” ) ;

LTI DD
// DEBUG PRINT, EVERYTHING FROM STATUS

[ITITTTTTIET LT LD E DT

void print_status_all (void){
update_sim808_power_status () ;

if (sim808.pwr_status) update_csq();

print_pc_text (”\n _STATUS. n’);
print_pc_debug ("—_Uptime.[s]”, mcu_status.uptime);
print_pc_debug(”’—_Battery” , mcu_status.bat_volt);
print_pc_debug (”"—_SIM808_status” , sim808 .pwr_status);

(

(

print_pc_debug (”"—_Error_no._response” , mcu_status.error_no.responce);

print_pc_debug ("—_Error .GNSS_glitch”, mcu_status.error_gps_glitch);

print_pc_debug ("—_Error_error_sercom0_handler”, mcu_status.
error_sercomO_handler);

print_pc_debug (”"—_Error_counter”, mcu_status.error_counter);

print_pc_debug (’—_Signal .CSQ_.(—dBm)” , sim808.csq-dbm) ;

print_pc_text (7 \n———=_FEFEPROM_—==\n") ;

// State/errors/flags

print_pc_debug (”"—_CYCLES” , eeprom.cycles);

print_pc_debug (”—_SLEEP” |, eeprom.sleep_time);
print_pc_debug ("—_DATAKEY” , eeprom.data_key);
print_pc_debug ("—_TOT. ERRORS77 eeprom.tot_errors);
print_pc_debug ("—_ALARM. ACTIVE , eeprom.alarm_active);
print_pc_debug (”"— _ALARM_TRIGGERD” , eeprom.alarm_triggerd);
print_pc_debug ("— LOW._BAT” | eeprom.low_bat_flag);

// User config

print_pc_debug_string (”\n—_OWNER” , eeprom.owner_phone_number);
print_pc_debug ("—-MONEY” , eeprom .money) ;

print_pc_debug (”"—_COST” , eeprom. cost);

print_pc_debug (”"—_SMS_SENT” | eeprom.sms_sent ) ;

”
b2

~ s

print_pc_text (” _END. \n\n”) ;

Ny,
// GET WORK

N N Yy

void get_work (void){
uint32_t extra_sms = 4;
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for (uint32_t i =1
if (read_sms(i)){
extra_sms-++;

}

; 1 < extra_sms; i++){

}
}

[T T0L T e
// DO WORK

[ITIITTTT LTI LT T T
void do-work (void){

get_work () ;
print_pc_text (" \n\n=————=_DOING.WORK ——==\n\n") ;

// Go trough work list.
for (int i = 1; i < WORKSIZE; i++){

uint32_t command = work[1i].command;

if (command =— HLCOMMAND) {
print_pc_debug ("—_HI_.COMMAND_FOUND, _.INDEX” | i) ;
€eprom .money = eeprom.money — eeprom.cost ;
eeprom.sms_sent-+-;
hi_command (i) ;

}

else if (command =— GPS.COMMAND) {
print_pc_debug ("—_GPS_.COMMAND_FOUND, _.INDEX” | i) ;
eeprom.money = eeprom.money — eeprom.cost ;
eeprom.sms_sent-+-;
gps-command (i) ;

}

else if (command = HELP.COMMAND) {
print_pc_debug (”—_HELP_COMMAND_FOUND, _.INDEX” |, i) ;
€eprom . money = eeprom.money — eeprom. cost ;
eeprom.sms_sent—++;
help_command (i) ;

}

else if (command == TAKEN.COMMAND) {
print_pc_debug ("— _TAKEN_.COMMAND_FOUND, _INDEX” | i) ;
€eprom . money = eeprom.money — eeprom. cost ;
eeprom.sms_sent-+-;
taken_command (1) ;

else if (command DEBUG COMMAND) {
print_pc_debug (”—_DEBUG_.COMMAND_FOUND, .INDEX” | i) ;
debug_command (i) ;

}

// True if start and end flag was found but corrupt command value
if (command > 0){
delete_sms_at_index (i) ;

}
work [1].command = 0; // clear command
}
print_pc_text (7 \n\n=—————= WORK.DONE_.——+—\n\n") ;

}
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HTTLTITT DT LT T
// HI COMMAND
R Ny,
void hi_command(uint32_t index){

update_csq () ;

sprintf (sim808.sms_buffer , "ATHCMGS=\"%s\"\r”, work[index ].phone_number) ;
uint32_t ret;
mcu_status. flag_command_active = TRUE;

do {
// Part 1: ATHCMGS=<PhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100);
// Part 2: <SMS text>
print_sim808_text ("Hil_:)");
print_sim808_sms_debug () ;

delay_ms (100);
// Part 3: <Send SMS>
ret = send_at_command (”\x1A\r”, "OK”, 10000);

if (ret) {
mcu_status. flag_command_active = FALSE;
return;

}

mcu_status.error_counter-—+-+;
} while (!'ret);
}

LTI E L i rrr iy
// GPS COMMAND

[ITITTTTTIET LT LT

void gps_command (uint32_t index){

sprintf (sim808.sms_buffer , "ATHCMGS=\"%s\"\r”, work[index ].phone_number) ;
uint32_t ret;

print_pc_debug_string (”work_number” ;, work[index ].phone_number);
// UPDATE LOCATION (if we fail; send error sms to caller)

if (update_location () = FALSE){
mcu_status. flag_command_active = TRUE;

// If we’re here; timeout in update location, we can’t get a position fix!

do {
// Part 1 : ATHCMGS=<currentPhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100) ;

// Part 2 : <SMS text>
print_sim808_text ("ERROR! .Can’t._get _position!.(timeout)\n”);
print_sim808_sms_debug () ;

// Part 3 : <Send SMS>

delay_ms (100) ;
ret = send_at_command (7 \x1A\r”, "OK”, 5000);
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if (ret){
mcu_status. flag_command_active = FALSE;
return;

}

mcu_status.error_counter—++;
} while (1);
}

update_csq () ;

// SEND LOCATION TO CALLER

mcu_status. flag_command_active = TRUE;

do {
// Part 1: ATHCMGS=<currentPhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100) ;
// Part 2: <SMS text>
print_sim808_text (sim808. google_link);
print_sim808_sms_debug () ;

// Part 3: <Send SMS>
delay_ms (100) ;
ret = send_at_command (7 \x1A\r”, "OK”, 5000);

if (ret) {
mcu_status . flag_command_active = FALSE;
return;

}

mcu_status.error_counter-4+;
} while(1);

Ny,
// HELP COMMAND
[P
void help_command (uint32_t index){
sprintf (sim808.sms_buffer , "ATHCMGS=\"%s\"\r”, work[index ].phone_number) ;

update_csq () ;

// Send a sms to caller
uint32_t ret;
mcu_status. flag_command_active = TRUE;
do {
// Part 1: ATHCMGS=<PhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100);
// Part 2: <SMS text>
print_sim808_text (”Commands: .\” hi\” .\”help\”.\"gps\” .\n\n");

// Battery

print_sim808_text (”\nBattery_voltage:.");
print_sim808_text (mcu_status.bat_volt_string);
print_sim808_text (".(”);

print_sim808_dec (mcu_status.bat_voltage_procent);
print_sim808_text ("\%)”);

/] CSQ
print_sim808_text (”\nCSQ:.");
print_sim808_text (sim808.csq_string);
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print_sim808_text (”_(=");
print_sim808_dec (sim808.csq_dbm) ;
print_sim808_text ("dBm)”) ;

// Part 3: <Send SMS>
delay_ms (100) ;
ret = send_at_command (”\x1A\r”, "OK”, 10000);

if (ret){
mcu_status. flag_command_active = FALSE;
return;

}

mcu_status.error_counter-+4+;
} while(1);
}

Ny,
// TAKEN COMMAND

[P T T

void taken_command(uint32_t index){

}

PTTTTEETT i i rriirily

// ALARM COMMAND

///é//{//////////éé///é;é//////////////////////
update,cisq 0);

sprintf (sim808.sms_buffer , "ATHCMGS=\"%s\"\1r”, eeprom.owner_phone_number) ;
uint32_t ret;
mcu_status. flag_command_active = TRUE;

do {
// Part 1: ATHCMGS=<PhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100) ;
// Part 2: <SMS text>
print_sim808_text (”Alarm!”);
print_sim808_sms_debug () ;

delay_ms (100) ;

// Part 3: <Send SMS>
ret = send_at_command (”\x1A\r”, "OK”, 10000);

if (ret) {

// now send locations
print_pc_text (”SMS_sent , _getting _location..\n”);

// Convert number int to string.
memcpy (work [WORK SIZE — 1].phone_number, eeprom.owner_phone_number, 16);
gps_command (WORKSIZE — 1);

print_pc_text (”Location._done..\n”);

// stuck here...
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mcu_status. flag_command_active = FALSE;
return;

}

mcu_status.error_counter-4-+;
} while (I'ret);
}

HTILTTTTLDT LD DT T
// LOW BATTERY COMMAND
Ny,
void low_bat_command (void){

update_csq () ;

sprintf (sim808.sms_buffer , "ATHCMGS=\"%s\”\r” , eeprom.owner_phone_number) ;
uint32_t ret;
mcu_status. flag_command_active = TRUE;

do {
// Part 1: ATHCMGS=<PhoneNumber>
print_sim808_text (sim808.sms_buffer);
delay_ms (100) ;
// Part 2: <SMS text>
print_sim808_text ("Low_battery!”);
print_sim808_sms_debug () ;

delay_ms (100) ;
// Part 3: <Send SMS>
ret = send_at_command (”\x1A\r”, "OK”, 10000);

if (ret) {
mcu_status. flag_command_active = FALSE;
return;

}

mcu_status.error_counter-4+;
} while (!'ret);
}

Ny,
// DEBUG COMMAND

[ITITETTTIET LT LT

void debug_command(uint32_t index){
print_pc_text (”\n\n\n\n\n\nDEBUG_.COVMMAND\n\n\n\n\n\n\n\n");
}

void delete_sms_at_index (uint32_t index){
// ATHCMGD=<INDEX> // Delete sms at index

print_pc_debug (" Delete_sms_at”, index);

uint8_t temp_buffer [20];
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// Create AT command with given index
sprintf(temp_buffer , "ATHCMGD=/d\r” , index);

// Send command
while (!'send_fast_at_command (temp_buffer , "OK”, 10000));

void print_sim808_sms_debug (void){

// Battery

print_sim808_text (”\nBat:.”);

print_sim808_text (mcu_status.bat_volt_string);
print_sim808_text (”_(");

print_sim808_dec (mcu_status.bat_voltage_procent);
print_sim808_text ("\%)”);

/] €Q

print_sim808_text (" \nCSQ: ") ;
print_sim808_dec (sim808.csq-dbm) ;
print_sim808_text (” _.dBm”) ;

// CN Ratio
print_sim808_text (" \nCN:._.”);
print_sim808_dec(gnss.cn_ratio);

// Elevation

print_sim808_text ("\nZ:.”);
print_sim808_dec (gnss.elevation);
print_sim808_text (”.m”);

// Time for first fix
print_sim808_text (”\nT:.”);
print_sim808_dec (gnss. tfff);
print_sim808_text (”_s\n”);

// money / sms

print_sim808_text (”Money: ") ;
print_sim808_dec ((eeprom.money/1000)) ;
print_sim808_text (”\n”);
print_sim808_text ("SMS:.”);
print_sim808_dec (eeprom.sms_sent ) ;
print_sim808_text (”\n”);
print_sim808_text (" Sleep:.");
print_sim808_dec (eeprom.sleep_time);
print_sim808_text (”\n”);
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