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Microcontroller
CPU

Up to 40 Mega Instructions Per Second
Modified Harvard Architecture
16bit multiply and division instructions

Peripheral Pin Select
Up to five 16bit timers
Direct Memory Access controller
Advanced UART module (auto baud rate detection)
Inexpensive



Why dsPIC ?
128KB program memory
4MB internal data memory 
Glitch-less and high-speed PWM
12bit AD 500 KSPS12bit AD 500 KSPS
Dual Channel DAC module
Analog Comparator
Many more …



dsPIC33FJ128MC802



dsPIC Oscillator
Internal Oscillator

Pulse Freq. ≈ 8 MHz

External Sourcee a Sou ce
External Pulse
Crystal (20 MHz)
+ PLL → 80 MHz Pulse Freq. → 40 MHz Instruction Freq.

PLL is MCU option to obtain higher operating speeds.



System Initialization
No internal EEPROM
After system power-on all initial data which is stored 
in a file in computer is transferred to dsPIC via XBee.

Whenever the dsPIC is powered it sends a message to 
the PC indicating that it should be initialized.
Trimming information (motor calibration values) are 
sent to dsPIC.
The user defined desired points are also sent.



Serial Communication
Baud Rates ranging from 10 Mbps to 38 bps at 40 MIPS
Universal Asynchronous Receiver/Transmitter



High Level Encryption
Implemented in MATLAB (PC) and dsPIC



XBee Communication Module

50mA @ 3.3V
250kbps max data rate (UART)
300ft (100m) range300ft (100m) range
128-bit encryption
Built-in antenna



Real Time Communication



System Primary Functional Mode



Hardware



OptiTrack



Kinematic Model: Coordinates



Kinematic Model: Error Conversion



Target Definition

Path Tracking
Object Tracking



Feedback Control

Onboard Controller

PID C llPID Controller

Noise Filtering

Desired Point Interpolation



PID Controller



PID Controller

Path Tracking Object Tracking



Control Philosophy



Actuator: DC Motor

Controller 
Output

Motor 
Speed 

Controller

DC 
Motors

PWM 
Functions

dsPIC 
MCPWM1 

Output Pins



MCPWM Module
Motor Control PWM

MCPWM1
6 PWM outputp
3 duty cycle register

MCPWM2
2 PWM output
1 duty cycle register



Acts as a Timer to count up to a period count value

Programmable Duty Cycle and Time Period Registers

MCPWM Spec

Time Base Interrupt

Interrupt occurs 
on timer rollover

Used for updating PWM 
values smoothly



Motors
Two-channel motor speed controller
Two DC Motors



System Secondary Functional Mode

Close Loop Control of 
QGV Gripper 

Monitoring Proximity 
and Force Sensors

Missions

Gripper 
Servo Motor

Proximity 
Sensors

Force 
Sensor

Output Compare PWM Module A/D Convertor Module



Hardware



Sensor

Micro

Radio 

Secondary Mode

Close Loop Control of QGV Gripper 

Sensor < Sensor > N

Monitoring Proximity Sensor Output

Communication

PC

User 
Interface

max

Close Gripper Open Gripper

Bound PWMBound PWM

minN

Y Y



RC Servo Motor Drive 
Output Compare module in PWM mode

Compare
Match Timer 

Rollover

PWM

Servo Model HS-485HB

Working Voltage 3 – 5 V

PWM range 0.9 – 2.1 ms

PWM Frequency 50 Hz



OC Module in PWM mode

• dsPIC has 4 Output Compare Module
• Uses Timer2 or Timer3 for its time base
• On timer rollover  OC interrupt flag is set 

Compare
Match Timer 

Rollover

p g
• OC Pin selected by Peripheral Pin Select

• In OC PWM mode:
Timer 3 Period Register = PWM Period
Output Compare Register = PWM Duty Cycle
Duty Cycle update occurs on timer rollover in ISR

PWM



AD Convertor
Conversion speed up to 1.1 Msps
Simultaneous sampling of up to four analog input pins
Automatic Channel Scan mode
Selectable conversion trigger sourceSelectable conversion trigger source
DMA support, including Peripheral Indirect Addressing
Operation during CPU Sleep and Idle modes



Automatic Sampling



Graphical User Interface (GUI)



Square Path Tracking

Results



Arbitrary Path Tracking

Results



Object Tracking

Results



Results
Gripper Control
Monitoring:
Force & Proximity Sensor



Future Works
Using proximity sensors for obstacle avoidance and 
path defining
Application of advanced controller considering the 
high process speed of dsPIC controller
Control of arms by controlling all the corresponding 
motors
Application of the controller for Formation motion
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