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ADVERTISEMENT

The Global Positioning System (GPS) is one of the leading tecnologies today used for navigation purposes. 
It is widely used in automative navigation system. Connection between a GPS receiver and the microcon-
troller as well as determination of latitude and longitude will be described here.
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data on latitude and longitude are not 
fixed (i.e. if a GPS receiver fails to deter-
mine its location) or when other data is 
not determined, the GPS receiver will 
keep outputting the same set of strings, 
leaving out any missing data. 

Here is a string generated by the GPS 
receiver which failed to determine its 
location: 

An example of a complete NMEA string 
is shown below: 

The Global Positioning System (GPS) is 
based on a large number of satellites radi-
ating microwave signals for picking up by 
GPS receivers to determine their current 
location, time or velocity. GPS receivers 
can communicate with a microcontroller 
or a PC in different ways. A common path 
is via the serial port, while the most com-
monly used protocol for transmitting 
data is called NMEA. 

Principle of operation

The NMEA protocol is based on strings. 
Every string starts with the $ sign (ASCII 
36) and terminates with a sequence 
of signs starting a new line such as CR 
(ASCII 13) and LF (ASCII 10). The meaning 
of the whole string depends on the first 
word. For example, a string starting with 
$GPGLL gives information about latitude 
and longitude, exact time (Universal Co-
ordinated Time), data validity (A – Ac-
tive or  V - Void) and checksum enabling 
you to check whether data is regularly 
received. Individual data items are sepa-
rated by a comma ‘ , ’. 
Each second a set of NMEA strings is sent 
to the microcontroller. In the event that 

Hardware

Connection between the microcon-
troller and GPS receiver is very simple. 
It is necessary to provide only two lines 
RX and TX for this purpose. Refer to 
the Schematic 1. The RX line is used for 
sending data from a GPS receiver to the 
microcontroller, while the TX line can 
be used for sending specific commands 
from the microcontroller to the GPS re-
ceiver. The U-Blox LEA-5S GPS receiver is 
used in this project. 
Similar to most GPS receivers, the pow-
er supply voltage of this receiver is 3V. 

$GPGLL,,,,,,V,N*64
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Example 1:  Program to demonstrate operation of Smart GPS module  
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Other mikroPASCAL for dsPIC functions used in program:
Usart_Init()  strstr()

Usart_Read()   Delay_ms() 

Schematic 1. Connecting the LEA-5S 
                      module to a dsPIC30F6014A

program Smart_Gps;

const World_bmp : array[1024] of byte = (
 255,129,  1,  1,  1,129,129,129,129,193,129,129,129,129,129,129,
 129,129,129,129,129,225,161,161, 97, 97,209,209,129, 49, 49,201,
 201,201,201, 97,205,205,129,137, 25, 57, 57, 57,121,249,249,249,
 249,249,253,253,121,121,113,  9,  9,  1,  1,  1,  1,  1,  1,  1,
   1,  1,  1, 17, 17,145,145,145,145,129,129,129,  1,  1,  1,  1,
   9, 73, 73, 73, 73,193, 65, 65,129,129,193,193,129,193,193,241,
 241,241,241,225,225,225,193,193,193,193,193,193,193,193,193,129,
 193,193,225,225,129,129,129,129,129,129,129,129,129,129,129,255,
 255,  1, 33, 17, 17, 15, 15, 15, 15, 15,  7,  7,  7,  7, 15, 15,
  31, 63, 63, 63, 63,255,255,255,255,255,255,255,255,251,251,240,
 240,240,240,226,252,252,249,249,250,240,240,  1,  1,  1,  1,  3,
   1,  1,  0,  0,  0,  0,  0,  2,  2,  0,  0,  0, 24, 24,224,224,
 224,224,244,239,239,255,255,255,255,255,255,255,255,255,254,254,
 255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,
 255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,
  95, 95,  3,  3,  3,  3, 63, 15, 15,  3,  3,  3,  3,  3,  1,255,
 255,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0, 15, 63, 63,255,255,255,255,255, 63, 63, 63,
  63, 63, 63, 63,135,135,  1,  1,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,192,192,192,243,243,251,251,
 251,251,251,247,231,231,243,247,247,247,230,236,124,124,255,255,
 220, 60, 61, 61, 63,126,255,255,255,255,255,255,255,255,255,255,
 255,255,255,255,255,255,255,255,255, 59, 59,  3,  7,  3, 27, 12,
   7,  7,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,255,
 255,  0,  0,  0,  0,  1,  1,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  1,  1,  3,  6,  6, 13,
  13, 13, 13, 17,242,242,242,242,240,224,224,192,192,192,192,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0, 31, 31, 31, 63, 63, 63, 63,
  63, 63,255,255,255,255,255,255,255,255,255,255,248,248,247,247,
  55,  3,  3,  3,  3,  0,  1,  1,  3,  3, 15, 15,  7,  0,  0,  1,
   1,  3,  3,239, 15, 15,  1,129,224,174, 46,128,  0,128,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,255,
 255,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  3, 63, 63,255,255,255,255,255,255,255,255,255,255,
 254,254, 12, 12,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  1,255,255,255,255,255,255,255,255,255, 63, 63,193,193,
 240,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  3,  3,  4,  9,129,193,192,225,224,226,224,242,
 227,227,228,228,  8,  8,  0,  0,  0,  0,  0,  0,  0,  0,  0,255,
 255,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,255,255,255, 31, 31, 15, 15, 15, 15,  1,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  3,  3, 15, 15, 15, 15, 15,  3,  3,  0,  0,  1,  1,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  7, 15, 15,  7,  7,  7,  7,  7,
  31, 31,127,127, 70, 70,  0,  0,  0,  0,  0,  0,208,208,  0,255,
 255,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,135,135,193, 64, 68,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
 128,128,128,128,128,128,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,
   0,  0,  0,128,128,128,128,128,128,  0,  0,  0,  0,  0,  0,128,
   0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,  0,255,
 255,240,240,240,240,248,248,248,248,248,248,248,248,248,252,252,
 252,252,252,252,252,252,252,252,252,252,252,252,252,252,252,252,
 252,252,252,252,254,254,255,255,255,252,252,248,248,248,248,248,
 248,248,248,248,248,248,252,252,252,254,254,254,254,254,255,255,
 255,255,255,255,255,255,255,255,255,255,255,255,254,254,255,255,
 255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,

 255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,
 255,255,255,255,255,255,255,255,255,250,250,250,216,216,248,255
);

var txt : string[768]; str : string[40];
    latitude, i, cnt : integer; ready : byte;
    g, nmbByte, longitude : word;

function search_str2_in_str1(var s1, s2: string[4000]): word;
var i, j: word; aa, bb : byte;
begin
  i := 0;
  j := 0;
  aa := s1[0];
  bb := s2[0];
  result := 0xFFFF;
  while(aa <> 0) do
    begin
      while(aa = bb) do
        begin
          if(i = 0) then
            result := j;
          i := i + 1;
          j := j + 1;
          aa := s1[j];
          bb := s2[i];
          if (bb = 0) then
          exit;
        end;
        i := 0;
        j := j + 1;
        aa := s1[j];
        bb := s2[i];
        result := 0xFFFF;
    end;
end;

procedure interrupt_timer1(); org 0x1A;  // if interrupt is generated by Timer1
begin
  T1CON.15 := 0;                      // Stop Timer 1
  ready := 1;                         // set data ready
  i := 0;                             // reset array counter
  IFS0.3 := 0;                        // Clear Timer1 interrupt fl ag
end;

procedure interrupt_uart2_rx(); org 0x44;   // if interrupt is generated by UART receive
begin
  txt[i] := Uart2_Read_Char();
  if(txt[i] = 0) then
    i := 0
  else
    Inc(i);
  if (i = 768) then
  begin
    ready := 1;
    i := 0;
  end;
  T1CON.15 := 0;                      // Stop Timer 1
  TMR1 := 0x3CB0;                     // Timer1 starts counting from 15536
  T1CON.15 := 1;                      // Start Timer 1
  IFS1.8 := 0;                        // Clear UART receive interrupt fl ag
end;

procedure Display_Coursor(lat : integer;  lon : integer);
var latitude_y, longitude_x : integer ;
begin
  latitude_y := ((61*(90 - lat))/180) + 1;
  longitude_x := ((125*(lon + 180))/360) + 1;
  Glcd_Dot(longitude_x,latitude_y,2);
  Glcd_Dot(longitude_x-1,latitude_y,2);
  Glcd_Dot(longitude_x+1,latitude_y,2);
  Glcd_Dot(longitude_x,latitude_y-1,2);
  Glcd_Dot(longitude_x,latitude_y+1,2);
  Delay_ms(500);
  Glcd_Image(@world_bmp);
end;

begin
  ADPCFG := 0xFFFF;                 // Set AN pins to Digital I/O
  Glcd_Init_DsPicPro3();
  Glcd_Fill(0x00);
  Delay_ms(100);
  ready := 0;
  IEC0.3 := 1;                      // Enable Timer1 interrupt
  TMR1 := 0x3CB0;                   // Timer1 starts counting from 15536
  T1CON.5 := 0;                    // Set Timer1 Prescaler to 1:8
  T1CON.4 := 1;
  IFS0.3 := 0;                      // Clear Timer1 interrupt fl ag
  // Note: Timer1 is set to generate interrupt on 50ms interval
  Uart2_Init(9600);
  IFS1.8 := 0;                      // Clear UART receive interrupt fl ag
  IEC1.8 := 1;                      // Enable UART receive interrupt
  T1CON.15 := 1;                    // Start Timer 1
  Glcd_Image( World_bmp );          // Display World map on the GLCD

while (TRUE) do
begin
  U2STA.1 := 0;                     // Set OERR to 0
  U2STA.2 := 0;                     // Set FERR to 0
  if (ready = 1) then               // if the data in txt array is ready do}
  begin
  ready := 0;
  nmbByte := search_str2_in_str1(txt,’$GPGLL’);
  cnt := 0;
  for g := nmbByte to nmbByte+39  do
  begin
    str[cnt] := txt[g];
    inc(cnt);
  end;
  if (nmbByte <> 0xFFFF) then        // If txt array contains “$GPGLL” string we proceed...}
  begin
    if (str[7] <> ‘,’) then          // if “$GPGLL” NMEA message have ‘,’ sign in the 8-th}
    begin
      latitude := (str[7]-48)*10 + (str[8]-48);
      longitude := (str[20]-48)*100 + (str[21]-48)*10 + (str[22]-48);
      if(str[18] = ‘S’) then
        latitude := 0 - latitude;   // if the latitude is in the South direction it has minus sign
      if(str[32] = ‘W’) then
        longitude := 0 -longitude;  // if the longitude is in the West direction it has minus sign
      Display_Coursor(latitude, longitude);             //Display the cursor on the world map
    end;
  end;
end;
end;

end.

Code for this example written for dsPIC® microcontrollers in C, Basic and Pascal as well as 
the programs written for PIC® and AVR® microcontrollers can be found on our web site:     
www.mikroe.com/en/article/GO TO

mikroPASCAL  

for dsPIC

Writte
n in compiler

Glcd_box()      Draw fi lled box
Glcd_circle()      Draw circle
Glcd_Dot()      Draw dot*
Glcd_Fill()      Delete/fi ll display*
Glcd_H_Line()   Draw horizontal line
Glcd_Image()     Import image*
Glcd_Init()      LCD display initialization*
Glcd_Line()      Draw line
Glcd_Read_Data()    Read data from LCD
Glcd_Rectangle()      Draw rectangle
Glcd_Set_Font()        Select font*
Glcd_Set_Page()       Select page
Glcd_Set_Side()        Select side of display
Glcd_Set_X()             Determine X coordinate
Glcd_V_line()             Draw vertical line
Glcd_Write_Char()     Write character
Glcd_Write_Data()     Write data
Glcd_Write_Text()      Write text
* Glcd library functions used in the program

Functions used in the program

mikroPASCAL for dsPIC® library editor 
with ready to use libraries such as: GLCD, 
Ethernet, CAN, SD/MMC etc.

Since the dsPIC30F6014A microcontroller 
uses a 5V supply voltage to operate, it is 
necessary to use a voltage level transla-
tor to convert the Logic One voltage level 
from 3.3V to 5V.   
In this example, a graphic display with 
a resolution of 128x64 pixels displays a 
world map with the cursor pointing to 
your location on the globe. 

Software

As you can see, the program code be-
ing fed into the microcontroller is very 
short. Nearly half the code constitutes 
a bitmap converted into an appropriate 
set of data. Such conversion enables the 
microcontroller to display the map. The 
rest of code consists of receiving NMEA 
strings from the GPS receiver, calculating 
latitude and longitude, scaling data to 
match the display resolution of 128x64 
pixels and positioning the cursor at the 
specified location.
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