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Abstract— In this paper, we present a series of experiments useful for an embedded system laboratory.  These experiments can be 
introduced to the under graduate students of engineering: electrical, electronics and communication, computer science and post gradute 
science students specialized in electronics.  They are built around the dsPIC30F6014A low power RISC Digital Signal Controller, which 
suggest the MPLAB IDE programming.  The salient feature of dsPIC30F6014A chip module is that each experiment is explained by its 
hardware description, software development, which includes the dumping of program on to the microcontroller flash memory.  The series of 
experiments described in the present paper will be a point of take–off to start a journey on working in the area of embedded system.  It 
gives an opportunity to think individually and to develop creativity towards the fast growth of technology about an embedded system. 

Index Terms— dsPIC30F6014A, on-chip peripherals, low power microcontroller, embedded system laboratory,MPLAB IDE, sensors.   

——————————      —————————— 

1 Introduction                                                                     
Owadays, the applications of embedded systems are 
increasing in diversified fields of electronics, especially 
in the fields of robotics.  This statement is further aug-

mented by the prediction that the application of robotics in 
industry will under go exponential growth, becoming a 66 
billion dollar industry world wide by 2025 [1],[2].  This growth 
is due to the development in the fields of hardware (VLSI de-
sign), microcelectromechanical (MEM) and nanoelectrome-
chanical (NEM) sensors, artificial intelligence (AI) and so on, 
which leads from the miniatrurization and development of 
embedded devices.  Further, embedded devices are already 
accounted for over 98% of the world’s processors in 2003 itself 
[3].  Thus, in future everything of material significance will be 
outfitted with an embed microcontroller.  This demand calls 
for a trained and skilled work force in the form of budding 
engineers and scientists in the fields of computer science (CS), 
electrical engineering (EE) and computer engineering (CmpE).  
To accomplish this, curriculam framing, teaching and learning 
programs and laboratory facilities have to be improved at un-
dergraduate and graduate level embedded system courses. 
    In present scenario, the designer must project the software 
required by the hardware, allowing it to work as expected [4], 
[5].  Subjects like operating systems, real time systems, fixed 
and floating point arithmetic, digital signal processing and 
programming languages such as assembly, C/C++ or java are 
of major relevance to the development of embedded systems 
[6].  Majority of Universities in India offers courses on micro-
controllers like PIC, ATMEL, INTEL, MOTOROLA etc. There 
are several papers dealing with the development of laboratory 
expeiments using different platforms and different microcon-
trollers [7], [8].  
 

     In global scenario, embedded system courses are intro-
duced into existing science and engineering curricula [9], [10].  
Experiments on embedded system training are continuously 
monitored and improved basing on the changes taking place 
in the architecture of microcontrollers.  Papers dealing with 
development of laboratory excercises using PIC based micro-
controller are very less and development of technology with 
high performance digital signal controller like dsPIC and on 
software side the operating systems windows 7 can run on 
dsPIC digital signal controller has been developed.  Traning 
the student at the entry level of embedded system course gives 
a scope to modern teaching practices, international project 
collaboration, and cooperative learning process [11], [12] and 
[13]. 
    Keeping these facts in view point, we have developed cer-
tain interfacing experiments using the dsPIC30F6014A low 
power digital signal controller manufactured by microchip.  It 
stars with LED BLINKY experiment and goes up to sensor 
interfacing.  The salient feature of the work is that we have 
explained all the experiments in stand-alone mode, using digi-
tal signal controller trainer baoard consisting of all interfacing 
components integrated on the board itself.  The set of experi-
ments described in this paper, can also be useful for electron-
ics and to a fresh research student who wants to work in the 
direction of microcontroller instrumentation. 

2    ARCHITECTURE DESCRIPTION OF DIGITAL SIGNAL 
CONTROLLER  

The dsPIC30F6014A is a 16-bit digital signal controller with 
modified Harvard Architecture design for low power applica-
tions. This development board was purchased from Robo 
Electronic, Mumbai [14].  It is a high performance modified 
RISC processor with the following salient features: 

• High performance modified RISC CPU 
• Choice of selecting clock frequency  
• On chip peripherals: Timers, Analog to Dgital Con-

veter, Flash Memory, Digital I/O pins,  Watch Dog 
Timer, 16-bit Capture input functions, 16-bit Compare 
/PWM ouput functions, Data Converter Interface 
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(DCI), 3-wire SPI module, I2C module, two addressa-
ble UART modules and two Can bus modules. 

• The hardware multiplier is useful for digital signal 
processing. 

The internal architecture diagram of dsPIC30F6014A is shown 
in figure 1, and the 80-pin configuration is shown in figure 2 
respectively. 
 

 
 
 
 

 
 
 
 
 
 
 
    
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.1 Features of proposed experiments with 
dsPIC30F6014A  
The following features a series of proposed experiment which 
is implemented on dsPIC30F6014A. 

 Digital I/O Experiments. 
 On chip periphearals exploitation experiements 

namely on chip ADC, UART, SPI, I2C and timers. 
 Interfacing experiments like LM 35: analog tempara-

ture sensor, DS18B20: digital temparature sensor and 
Humidity measurement. 

 

2.2 Programming procedure of dsPIC30F6014A 
In the present work dsPIC30F6014A is programmed using 
MPLAB C30 compiler.  It uses PIC kit-3 programmer to pro-
gram dsPIC30F6014A’s flash memory.  MPLAB IDE V8.90 was 

used for the software development of dsPIC30F6014A.   The 
compiler for this version is freely available from the Micro-
chip’s website [15].  All the experiments described here fits 
within this limit. Brief description of the programming proce-
dure is explained below, in the form of steps.  When the pro-
gram written for am specific purpose is free from bugs, then 
the generated hex file is loaded into the flash memory of 
dsPIC30F6013A using PIC kit-3 programmer.  Now the mod-
ule works on the standalone mode. 

The following steps describe the program development and 
execution process for led blink program as an example.  After 
inastallation MPLAB IDE software and before following the 
steps.  Click on MPLAB IDE ICON from desktop. 

Step 1: Choose configure on popup menu and select the de-
vice dialogue to select the dsPIC30F6014A.  To select File, click 
on new file and to type the source code, given the file name 
with an extension of c, e.g., LED_BLINK.c, and save it on any 
drive.  The screen shot of this is shown in figure 3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 2: In this step, to create new project, select the project in 
the popup menu and select project wizard.  To select the lan-
guage, click the NEXT to continue.  Figure 4 shows the new 
project window dialogue box.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 3: In this step, given name of the project, click the button: 
browse, prescribe the project route the catalogue then click the 
NEXT button to continue.  The screen shot of this is shown in 
figure 5. 

Fig. 1 Architecture of dsPIC30F6014A 

 

Fig. 2 Pin diagram of dsPIC30F6014A 

 

Fig. 3 Saving the source program named as LED_BLINK.c 

 

Fig. 4 Creating a new project window 
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Step 4: In this step, the project wizard allows selecting files for 
the project and choosing the file name; pressing ADD, adds it 
into the list file used in the project and also add the link de-
scription file p30f6014A.gld; then click the finish.  The follow-
ing figure shows this process. 
 

 
 
Step 5: In this step, choose the project and click on Build All, 
complile the source file, check if there is any grammer or writ-
ing mistake in the source file; then edit and re-compile by 
Build all after edit the source file till it succeds and produces 
target file (here will produce the ledblink.hex).  The final 
screen shot is chown in figure 7. 

 
 
 

 

  

    

3   DETAILS AND LIST OF EXPERIMENTS 
The total experiments developed and described in this paper 
are divided into three modules: A, B and C.  The first module 
explains the input/ouput interfacing.  Module B corresponds 
to the experiments for exploitation of the on-chip peripherals.  

Sensor interfacing with dsPIC30F6014A is described in Mod-
ule C.  The student uses his theoretical knowledge in assem-
bling the hardware interface circuit and the practical aspect 
fulfilled by the successful software development and verifying 
the result by powering up the circuit. 
 
Module A: Input/Output Interfacing 
 
Ex.A.1: LED blink program 
 
This experiment is generally named as hello program in em-
bedded systems.  Components needed for this experiment 
include: LED, push button, resistors, and connecting wires.  In 
this exoeriment RD0 pin is used as output pin.  The circuit 
shown in figure 8 is assembled on a bread board. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed basing on the following algorithm: 

1. Start 
2. Stop the watch dog timer 
3. Make RD0 pin as data out direction. 
4. Make RD0 high and low with delay. 
5. Keeps LED toggling in continuous loop. 

The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on to the 
flash memory of the dsPIC30F6014A.  The photograph of the 
working hardware assembly is shown in figure 9. 

   
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Fig. 5 Screen shot of Step 3 

 

Fig. 6 Screenshot of Step 4 

 

Fig.7 Compiling the project 

 

Fig. 8 Schematic Diagram of LED blink 

 

Fig. 9 Photograph of LED blink 
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Ex.A.2: LED shift 
 
This experiment is useful for the student to understand how 
logical shift can be done in embedded C using D-register.  The 
components reqired are LEDs, push button, resistors and con-
necting wires.  Port pins RD0 to RD7 are used to realize the 
logical shift using LEDs.  The circuit is assembled on a bread 
board as shown in figure 10.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed basing on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Make port pins RD0 to RD7 as data output. 
4. Initialize the D-register with 0x00FEh 
5. LED blink with shifting can be realized by making the 

bits RD0 to RD7 of D-register logical shifting.  This 
program is kept in continuous loop. 

The program describing the above algorithm is written in em-
bedded C and corresponding hex file is loaded on to the flash 
memory of the dsPIC30F6014A.  The photograph of hardware 
is shown in figure 11. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Ex.A.3: Seven-segment Display 
 
In this experiment the student get better understanding on 
how the codes of 0-F is stored in the form of an array and sent 
to 7-sement display connected to RD0-RD7.  For this experi-
ment one common anode type display, resistors, push button 

and connecting wires.  The circuit is assembled on a bread 
board as showm in figure 12.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed basing on the following algorithm: 

1. Start. 
2. Stop watch dog timer. 
3. Make port pins RD0 to RD7 as data out. 
4. Store the hexadecimal data (Look-Up Table, LUT) to 

display 0-F on 7-segment display in the form of array. 
5. Output the data on port pins RD0 to RD7 continuously.  

The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on the flash 
memory of dsPIC30F6014A.  The photograph of the hardware 
is shown in figure 13. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Ex.A.4: Stepper Motor Interfacing 
 
This experiment gives better understanding on how a mechan-
ical device like a stpper motor can be controlled by an I/O 
port using Darlington current driver IC ULN 2003.  For this 
experiment, components needed are: stepper motor, IC ULN 
2003 and connecting wires.  In this experiment RD0 to RD3 
port pins are used for interfacing stepper motor via the driver.  
The circuit is assembled on a bread board and tested as shown 
in figure 14. 

Fig. 10 Schematic Diagram of LED blinks shift 

 

Fig. 11 Photograph of LED blink shift 

 

Fig. 12 Schematic Diagram of 7-segment display 

 

     Fig. 13 Photograph of 0-F display on 7-segment display 
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The software is developed basing on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Define port pins RD0 to RD3 as data out direction. 
4. Send data through port pins RD0 to RD3 with delay. 
5. Keep on sending the data to rotate the motor shaft by 

sending appropriate data through port pins RD0 to 
RD3. 

6. Keep the above steps in continuous loop. 
Program describing the above algorithm is written in embed-
ded C and corresponding hex file is loaded on to the flash 
memory of dsPIC30F6014A.  The photograph of the hardware 
tested in the laboratory is shown in figure 15. 

  
 
 
 
 
 
 
 
 
 
 

 
 
 
Ex.A.5: LCD Interfacing 
 
Several electronic testing and measuring instruments use liq-
uid crystal display (LCD) module for displaying the result. 
This experiment gives an overall view of interfacing an LCD 
module with the microcontroller in 8-bit mode. For this exper-
iment components needed are:  LCD module, 10 kΩ potenti-
ometer, resistors and connecting wires. The circuit connections 
in the form of schematic diagram are shown in figure 16. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed based on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Initialize RD0 to RD7 for data and RB4 to RB6 for con-

trol communication with LCD. 
4. Initialize LCD. 
5. Keep on sending the string “hello world”through port 

pins RD0 to RD7. 
The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on to the 
flash memory of dsPIC30F6014A.  The photograph of the LCD 
interfacing experiment is shown in figure 17. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 

 
 
Module B: Interfacing with on-chip Peripherals 
 
Ex.B.1: UART Implementation 
 
Serial communication is one of the easy and effiecient protocol 
for transfering data between two electronic devices.  USART is 
used to accomplish this task. dsPIC has two on-chip UARTs, 
the clock frequency for the UART is selected using software 
and baudrate of 9600 is set with the UART’s baud rate control 
registers. Components required: IC MAX 232, DB-9 connector, 
capacitors and connecting wires.  The circuit is assembled as 
shown in figure 18. 
 shown in figure 18. 

Fig. 14 Schematic Diagram of Stepper Motor Interfacing 

 
 
 

Fig. 15 Photograph of Stepper Motor Interfacing 

 

Fig. 16 Schematic Diagram of LCD Interfacing 

 

  Fig.17 Photograph of LCD Interfacing 
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Program is developed on dsPIC30F6014A to send the string 
“hello world” to desktop monitor, using the following algo-
rithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Select RF4 and RF5 as TX2 and RX2 (UART2) pins. 
4. Enable the UART2 transmitter and receiver. 
5. Select 8-bit data length. 
6. Select UCLK as clock source for UART2. 
7. Load UART2 baud rate control registers. 
8. Send the string“hello world” from dsPIC30F6014A to 

dssktop monitor continuously. 
The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on to the 
flash memory of dsPIC30F6014A.  The photograph of the 
hardware and string display is shown in figure 19.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Ex.B.2: Analog to Digital Converter 
 
As mentioned earlier, dsPIC30F6014A has a 12-bit, 16-channel 
on-chip ADC.  This experiment highlights the measurement of 
analog voltage using ADC12 of dsPIC30F6014A and display-
ing its digital equivalent on the hyper terminal.  Components 
needed are: potentiometer, IC MAX 232, capacitors, DB-9 con-
nector and connecting wires.  Figure 20 shows the circuit. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed basing on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Initialize the port pins RF4 and RF5 for serial com-

munication. 
4. Initialize the ADC12 and select the channel 0 for read-

ing external analog input from 10KΩ potentiometer. 
5. ADC 12 interrupt is enbled to scan the voltage at the 

analog input channel and to store it in the buffer, and 
displaying the same on desktop monitor. 

The above program is written embedded C and the corre-
sponding hex file is loaded on dsPIC30F6014A. The photo-
graph of the hardware is shown in figure 21. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ex.B.3: Serial Peripheral Interfacing 
 
Serial Peripheral Interfacing (SPI) is a serial bus standard es-
tablished by Motorola and supported in silicon products from 
various manufactures.    It is a sychronous serial data link that 
operates in full duplex mode.  It is an interface bus commonly 
used to send data between microcontroller and small periph-
erals such as converters, sensors, SD cards etc.  It uses separate 
clock (SCK), and single bit Input and single bit output data 
lines, along with a select line (CS) to choose one among the 
several devices connected to the common I/O bus. 
dsPIC30F6014A has three wire SPI modules.  This proposed 
activity will guide the students how to interface an external 
SD card with dsPIC30F6014A Digital Signal Controller.  SD 

Fig. 18 Schematic Diagram of serial Interfacing using                            
MAX232 

 

Fig.19 Photograph of “hello world” display on desktop 

 

       Fig. 20 Schematic Diagram to interface the on-chip ADC12 

 

Fig. 21 Photograph of displayed digital output using ADC12 
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card uses SPI serial bus and it requires 3.3 volts for its opera-
tion. Four lines are required to interface SD card with 
dsPIC30F6014A Digital Signal Controller using SPI, this four 
liners are SDIx (Serial data input), SDOx (Serial data output ), 
SCKx(shift clock input or output), SSx (active low slave select).  
SPI is always controlled by the MASTER.  Here 
dsPIC30F6014A is the master and SD card is a slave on the 
bus.  SPI transfer is initiated by the MASTER pulling the CS 
line low.  The SPIxCON control register is used to control SPI 
operation, in which SPI is enabled in 8-bit or 16-bit master 
mode.  The 8-bit data or 16-bit data is sent using SPIxBUF reg-
ister. The program reads the data and storesit on the SD card 
and displays in on LCD.  The circuit assembled as shown in 
figure 22. 

 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 
The software is developed based on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Initialize the SPI2. 
4. Initialize RD0 to RD7 for data and RB4 to RB6 for con-

trol communication with LCD. 
5. Initialize LCD. 
6. Reset SD card. 
7. Write block of data to SD card through SPI. 
8. Send the data through port pins of RD0 to RD7 for 

displaying the LCD. 
The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on to the 
flash memory of dsPIC30F6014A.  The photograph of the 
hardware is shown in figure 23. 

 
 

 
 
 
 
 
 
 

 
 

 
 

Ex.B.4: I2C Interfacing  
 
The name I2C is stands for Inter Integrated Circuit. It provides 
good support for communication with various slow, on-board 
peripheral devices that are accessed intermittently. It is a sim-
ple, low-bandwidth, short-distance protocol.  I2C is easy to use 
to link multiple devices together since it has a built-in address-
ing scheme.  dsPIC30F6014A consists of one on-chip I2C. 
      The strategy adopted to design the learning platform of I2C 
communication is accomplished by considering the communi-
cation between dsPIC30F6014A and IC PCF8583 Real Time 
Clock [16].  I2C is a two line interface (SCL and SDA).  The SCL 
function presented by dsPIC30F6014A is available on RG2 is 
connected to SCl pin of PCF8583.  The SDA line is pulled high 
using 10KΩ pull up resistors.  SDA is available on RG3 of 
dsPIC30F6014A. This line is connected to SDA line of PCF8583 
real time clock.  The circuit assembled as shown in figure 24. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The software is developed based on the following algorithm: 

1. Start. 
2. Stop the watch dog timer. 
3. Initialize the I2C. 
4. Initialize RD0 to RD7 for data and RB4 to RB6 for con-

trol communication with LCD. 
5. Initialize LCD. 
6. Read data from PCF8583 through I2C. 
7.  Send the data through port pins of RD0 to RD7 for 

displaying the LCD. 
The program describing the above algorithm is written in em-
bedded C and the corresponding hex file is loaded on to the 
flash memory of dsPIC30F6014A.  The photograph of the 
hardware is shown in figure 25. 
 
 
 

Fig. 22 Schematic Diagram of Serial Peripheral Interfacing 

 

Fig. 24. Schematic Diagram of PCF8583 Interfacing 

 

Fig. 23. Photograph of SD card Interfacing 
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Module C: Interfacing with Sensor 
 
Ex.C.1: LM 35 interfacing 
 
This experiment explains the programming method for read-
ing LM 35 Temparature sensor.  The components required are 
LM 35 temperature sensor [17], capacitors, IC MAX 232, DB-9 
connctor and connecting wires.  The circuit is as shown in fig-
ure 26. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
The software is developed basing on the following algorithm: 

1. Start. 
2. Stop watch dog timer. 
3. Initialize the RF4 and RF5 for serial communicstion. 
4. Initilize the ADC12 register for reading analog input 

from LM 35. 
5. Convert the analog data into temperature and display 

on desktop monitor. 
The program describing the above algorithm is written in em-
bedded C language and the corresponding hex file is loaded 
on to the flash memory of the dsPIC30F6014A.  The photo-
graph of the hardware is shown in figure 27. 
 

 
 
 
 
 
 

 
 
 
 
 
 
 

 
 

 
Ex.C.2: Humadity Measurement System 
  
This experiement explains the programming method for read-
ing HSM-20G sensor [18].  The components required for this 
experiment are HSM-20G, resistor, capacitors, IC MAX232, 
DB-9 connector and connecting wires.  The circuit is as shown 
in figure 28. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
The software is developed basing on the following algorithm. 

1. Start. 
2. Stop the watch dog timer. 
3. Initialize the RF4 and RF5  port pins for  
4. Initialize the ADC12 register for reading analog input 

from HSM-20G. 
5. Convert the analog input data into humadity and 

display on HyperTdrminal window. 
The describing the above algorithm is written in embedded C 
language and the corresponding hex file is loaded on to the 
flash memory of dsPIC30F6014A. 
 
Ex.C.3: Interfacing Digital Thermometer 
 
This experiment explains the programming method for read-
ing digital temperature sensor.  The components required 
DS18B20 digital thermometer [19], capacitors, IC MAX 232, 

     

 

Fig. 26 Hardware schematic for LM 35 Interfacing  

 

Fig. 27 Photograph of LM 35 Interfacing  

 

Fig. 28 Hardware schematic for HSM-20G interfacing  

 

Fig. 25 Photograph of PCF8583 Interfacing  
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DB-9 connector and connecting wires.  The circuit is shown in 
figure 29. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The software is developed on the following algorithm 
1. Start. 
2. Stop the watch dog timer. 
3. Initialize the RF4 and RF5 for serial communication. 
4. Initialize the RF6 port pin as data out direction. 
5. Digital temperature data display on desktop monitor. 

The describing the above algorithm is written in embedded C 
and the corresponding hex file is loaded on to the flash 
memory of dsPIC30F6014A daughter board. The photograph 
of the hardware is shown in figure 30. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4    CONCLUSION 
In this paper, we have described a bunch of experiments with 
dsPIC30F6014A Digital Signal Controller. These experiments 
are grouped into three, namely the first group describing the 
iInput/Oputput interfacing, the second group describing the 
on-chip peripherals and the third group explaining the sensor 
interfaing.  These series of experiments are useful for under-
graduate ECE/CSE laboratory.  The in-house development of 
hardware interfaces provide an inexpensive, easy to design 

interfacing.  The hands-on experiencethe student gets will 
make him to design and develop complex embedded systems 
using dsPIC30F6014A Digital Signal Controller.  
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Fig. 29 Schematic Diagram of Digital Thermometer 

 

Fig. 30 Photograph of the DS18B20 Interfacing 
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