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ABSTRACT

This project concerns the design and fabrication of the Automated Guided Robot
(AGR) prototype, utilizing artificial intelligence (AI) and genetic algorithm (GA) as a
mainframe in helping the robot to generate a self-understanding of the area of work
and mobilization to a destination desired by the user. The main objective of this
project is to create and develop a Path Planning Mobile Robot able to avoid obstacles
in its path and reach a target designated position from its starting point utilizing 3
wheel-based rover body, sensors, linear motors and microcontroilers. Compared to
manual mobile robots, AGRs require sensors and control systems that generate
feedback for the re-evaluation of an unexpected situation and to detect obstacles in
the path the AGR is required to follow. The paper describes the network algorithms
developed and used in the design process of the AGR including simulations and
circuit designs done for the prototype. A general robotics circuit construction of the
mainframe target board for central processing, a controller board for the sensor
feedbacks and a small base tri-wheeled structure has been fabricated by the author
and continual troubleshooting and enhancement has been dorte for these components
of the AGR. Algorithm conversion to C code programming has been done throughout
the project for the obstacle avoidance and path planning algorithms based upon the
GA platform of Al
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CHAPTER1
INTRODUCTION

1.1 Background of Study

Rebotics is known as a new revolution to the entity of beings that varies according to
its uses. In modern day environments, robotics and automation are involved in almost
every industrial activity and conveniently improve the efficiency, productivity and
reliability of a system. Robotics is also implemented in medical practice,
construction, outer-space exploration, household appliances and even as mobile

transportation.

Currently there has been study of automated guided robots which is used in
transportation and exploration that can be configured for different terrain. These
designs are known as locomotion, Hopfield Neural Network, Genetic Algorithm and
etc. For example, JPL (Jet Propulsion Laboratory, NASA) in U.S.A have developed
many rovers. Sojourner which were landed in Mars in 1997 adopted rocker-bogie
lecomotion, Blue Rover took use of three-segment locomotion, the mini Mars rover
Go-For has a active wheel-legged locomotion, Nano Rover utilize posable-truct
chassis, and Elastic Loop Mobility System {1] was also designed as new type of

locomotion for planetary exploration.

1.2 Problem Statement

Robot Path Planning problem or robot Motion Planning problem is one of the famous
problems in robot’s offline decision making algorithms. In this problem, the aim is to
find a collision free path, which the robot can follow to reach the target from its start
position. Analysis and research on autonomous path planning has included innovative

advancements in the use of artificial intelligence (AI) and genetic algorithm (GA).



With advancement in the study of this subject, technology with uncontrollable
situations such as outer space exploration and deep sea excavation can be further
improved. New technology such as autonomous vehicle systems may also be able to

utilize such algorithms which are fail-safe.

1.3 Objective

The main objective of this project is to create and develop a Path Planning Mobile-
Robot able to avoid obstacles in its path and reach a target designated position from
its starting point utilizing 4-wheel based rover body, sensors, linear motors and

microcontrollers.

Using statistical analysis, the eligibility and ingenuity of the AGR algorithm results
will be compared with other existing system results at the end of the project period to

satisfy the requirements of a path planning mobile robot.

1.4 Scope of Study

The scope of this project includes robotics, control systems and artificial intelligence
in the study of Obstacle avoidance using ultrasonic sonar sensing, path planning and
global positioning using Genetic Algorithm (GA) with magnetic compass as direction
feedback and differential drive frain for lincar movement using two brushed DC
motors. The parameters of study extend to microcontrollers and design simulation of
the AGR base which include stress tests, weighted load tests, variable speed versus

torque tests, and dimension collision detection.



CHAPTER 2
LITERATURE REVIEW

2.1 Methods of Detection and Sensor Systems as Feedback Analysis

Sensors are an important aspect in the functionality of a robot. With sensors, robots
are said to be able to obtain vision, sense of touch, balance, and even hearing.
According to their tasks and application, robots are given the appropriate sensors that
function as the feedback systems in a controller. Autonomous Guided Robot {AGR)
systems are classified as rover based robotics that require vision-type and touch
sensors. The AGR should be able to maneuver and counteract with the environment
using sensors to detect the obstacles around, remember its current position and
calculate a new path to take. [5]

The proposed sensors for the construction of the AGR in this project are ultrasonic
proximity detectors, electronic magnetic compass, and optical tracking sensors. The
function of the proximity detectors is to detect any objects surrounding the robot that
is detected within a range specified. The proximity detectors will be placed on the
front, left and right face of the robot to ensure wider sonar-like detection. An
electronic magnetic compass detects the strongest magnetic flux generation and
generates that as the North Pole. Using this compass, the AGR can generate sense of
direction and will not lose its path once avoiding an obstacle. 3 ultrasonic sensors
have been suggested for obstacle detecting and 1 magnetic compass for bearing
change detection. Suggested sensor modules figures and datasheet can be referred to
in Appendix C, D and E,



2.2 Differential drive and steering

Cars are manufactured with 4 wheels, each on each ‘end of the car. This gives the
automobile much more balaﬁce and stability than having only a single wheel at the
front. The two wheels on the front help create grip when the car is driven forward by
the back wheels connected to the engine. Maneuverability is done by steering the two
wheels on the front, where the car is able to turn in a curve which cancels the
requirement for it to stop to take a 90° turn. This not only increases the speed of
movement, but also reduces power consumption, This exact design could also be used

on the robot rover intended in this project.

This possible design was sketched and a brief idea on steering was developed in the
progress. Instead of using a stepper motor which is ultimately heavier, it is suggested
that two servo motors are uSed to steer individually the two front tires. But this
individual steering is actually done in synchronization such as a car’s, where both
tires turn the same amount and degree. The standard servo motors would be able to
turn 1800, which can be set to even 90° to the left and right. But as mentioned before,
the rover would not require fo stop and make a perfect 90° turn instead just take a
corner when turning. The DC. motor drivers will still be maintained to drive the rover

and control the speed of the rover.

Differential drive DC

- Motor with gearbox ' l I | Steering caster wheel
coupled to servomotor

Figure1 Differential drive robot with servo steering build



2.2.1 Comparison Between Servo And Stepper Motor In Direction Control

Stepper Motors

* Stepper mators are lesé expensive and basically easier to use than a servo motor-of a
similar size. It is called stepper motors because it moves in discrete steps. Controlling
a stepper motor requires a stepper drive and a controller. You control a stepper motor
by providing the drive with a step and direction signal. The drive then interprets these
signals and drives the motor. Stepper motors can be run in an open loop configuration
(no feedback) and are good for low-cost applications. In general, a stepper motor will
have high torque at low speeds, but low torque at high speeds. Movement at low
speeds is also choppy unless the drive has microstepping capability. At higher speeds,
the stepper motor is not as choppy, but it does not have as much torque. When idle, a
stepper motor has a higher holding torque than a servo motor of similar size, since

current is continuously flowing in the stepper motor windings, [8]

Some of the advantages of stepper motors over servo motors are as follows:

+ Low-cest

Can work in an open loop (no feedback required)

» Excellent holding torque (eliminated brakes/clutches)
-« Excellent torque at low speeds

« Low maintenance (brushless)

¢ Very rugged - any environment

- Excellent for precise positioning control

» No tuning required



Some of the disadvantages of stepper motors in comparison with servo motors are as

follows:

Rough performance at low speeds unless you use microstepping
-+ Consume current regardless of load

o Limited sizes available

+ Noisy

-o -~ Torque decreases with speed (vou need an oversized motor for higher torque
at higher speeds)

¢ Stepper motors can stall or lose position running without a control loop

Servo Motors

‘One-of the main differences between servo motors and stepper motors is that servo
motors, by definition, run using a controt loop and require feedback of some kind. A
control foop uses feedback from the motor to help the motor get to a desired state
(position, velocity, and so on). There are many different types of control loops.
Generally, the PID (Proportional, Integral, Derivative) control loop is used for servo
motors. When using a control loop such as PID, you may need to tune the servo
motor. Tuning is the process of making a motor respond in a desirable way. Tuning a
motor can be a very difficult and tedious process, but is also an advantage in that it

iets the user have more control over the behavior of the motor.

Since servo motors have a control loop to check what state they are in, they are
generally more reliable than stepper motors. When a stepper motor misses a step for
any reason, there is no control loop to compensate in the move. The control loop in a
servo motor is constantly checking to see if the motor is on the right path and, if it is
not, it makes the necessary adjustments. In general, servo motors run more smoothly
than stepper motors except when microstepping is used. Also, as speed increases, the
torque of the servo remains constant, making it better than the stepper at high speeds
(usually above 1000 RPM). {8]



Some of the advantages of servo motors over stepper motors are as follows:
» High intermittent torque
» High torque to inertia ratio
o High speeds
« Work well for velocity controt
e Available in all sizes

s Quiet

Some of the disadvantages of servo motors compared with stepper motors are as

foltows:
« More expensive than stepper motors
« Cannot work open loop - feedback is required
» Require tuning of control loop parameters
» More maintenance due to brushes on brushed DC motors

In this thesis, the author has weighted the advantages of servo motors to be much
more appropriate for the use in AGR steering control because of the higher reliability
and more control over the movement. Precision is not required in unexplored areas as
movement would be random for the AGR, but accuracy and speed is essential to
amount the proper control over the turning process of the AGR when detecting

obstacles.

2.2.2 Pulse Width Modulation (PWM) Motor speed control

- PWM (Pulse- Width Modulation) is the-most common technique-that is used to-controt
the speed of a PMDC motor. In this technique a rectangular voltage waveform of a
certain amplitude and frequency is applied to motor armature windings. The duty-
cycle of the waveform is made variable. An increase or decrease in duty-cycle
increases or decreases the average power delivered to the armature windings. The

speed of the motor varies in proportion to the average power delivered to the armature



winding. The PWM can be generated through programming the PICI6F877A
microcontroller which already has preset PWM pins CCP1 and CCP2.

]

S

Figure2 Sample PWM waveforms for stated duty-cycles

2.2.3 H-Bridge Motor Speed Controller Board

There are number of ways to- accomplish the electronic or electrically assisted
direction control of motors, for example:

»  Relay Control

» Bipolar Transistor H-bridge Network

®  Power MOSFET H-bridge Network

= Motor Bridge Control

The clear advantage of using one of the above circuits is that they work as a buffer
between the motor and the microcontroller or microprocessor. The motor draws a
substantial current in loaded condition ranging from 1A for small DC motor to as
much as 4A for a medium size DC motor. A microcontroller or microprocessor
cannot provide this much amount of current. Therefore these buffers (also called
motor drivers) are required to fulfill this need and save microprocessor or
microcontroller from burning due to excessive heat produced due to large current
sinking,



H-bridge is the most common method to control a DC motor. It can be implemented
with Bipolar-transistor or with Power MOSFET, But their circuitry requires large heat
sinks because in operation they dissipate considerable amount of heat, and therefore

cover large space. [6]

The H-bridge used in this project is the Relay controlied Power MOSFET H-Bridge

motor driver [7]. Below is the components list for the driver:

= 12V single-pole relay X 2

»  |N4148 fast-recovery zener diodes X 4

* JRF540 Power MOSFET X 1

»  4N35 Optocoupler X 1

" 2N3904 NPN Transistor X 2

»  Resistors: 1kQ X 2, 1.5k X 1,200Q X 1

The schematic is as follows:

12v 2y 12V R’v

T S

L1 PEm@e=H e

e To PIC
1IkQ ToPIC 1kQ
(FWD)
- ®ED L
12v

D1

D2

=

IRF340 |

. e b

Figure3 Relay controlled motor driver
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The truth table of the motor logical inputs and the outputs is shown below:

Table 1 Truth table for I/O of motor driver

Input Outpaut
FWD REV OUTI1 ouUT2
L L | L | L
H L H L
L H L H
H H L L

1. Forward / reverse control

When FWD is HIGH and REV is LOW, current flows from OUT1 to OUT2. When
FWD is LOW and REV is HIGH, current flows from OUT2 to OUT1 (refer to the
trath table). '

2. Forced stop
By setting REV and FWD, either both HIGH, or both LOW, power supply to the
motor is shut down and a brake is applied by absorbing the motor counter-

electromotive force.

2.3 Path Planning and Obstacle Avoidance

2.3.1 3D arrays in the use of grid-based global positioning

In the development of global positioning for a mobile robot, the frequent use of 2D
arrays commonly arise as the most basic and effective method. Logically in mapping
a cerfain area, the normal axis that would be noticed is the X-axis and the Y-axis
which will give suitable amount of information for the robot to perform a node-wise
recognition and carry out global positioning. The figure below shows a node-wise 2D

movement of a simulated robot from node 1 to 5 which uses sensor networks [31:

10



Figure 4 Node-wise 2D positioning

The effectiveness of such networks have been proven to be 80% efficient and are
reliable in a fast-response and rugged situation. In this project, a slightly more
complex 3D form of array hopefully could be applied for the grid-based global
positioning. The axis would consist of the normal X and Y-axis, and an additional
radius (O) axis. This O-axis is possible with the use of the CMPS03 magnetic
compass which would feedback the bearing value of the robot. This bearing value is
converted to degrees which would be used in determining the radius of perception for
the AGR. With the use of this axis, certain error in 2D arrays could be dealt with
which would have resulted from the robot having a slight bearing change which
would ultimately change the accumulated X or Y value, Correction can be done using

the ©-axis value.

Y-axis
F 3

©-axis

v

X-axis

Figure 5 3D axis
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To apply such arrays, a probabilistic approach and mathematical function must be
developed to enhance the array. In a journal written by Maxim A. Batalin and Gaurav
S. Sukhatme [3], the theoretical iteration of probabilities would be applied according
to the number of actions and nodes that could and would be developed by the
artifictal intelligence. This would of course be a finite number, which could be

bounded by the wanted map of the area in discussion.

L ® o
o
L8
® i °
! i WERN Y
02 ®
® 0 a
v o o
b o

¢ " abecde " ndn

Figure 6 An example of a discrete probability distribution of vertex (sensor
node) k for direction (action) "East™(i.e. right).

FIGURE 6 shows an example given by [3] of a typical discrete probability
distribution for a vertex (sensor node) per action (direction). Mass distribution of

probability is a sum of 1, and nodes with obstacles will be stated as zero.

The mathematical model that I have developed is based upon the understanding that
the 3rd axis is used as an error correction for X and Y, thus the system is the sum of

changes of the bearing towards the probability matrix of XY:

Uy =3 [Po*Uw®] + arg O(t)

Where U(t) = array iteration for actions possible

P(t) = Probability matrix of XY

O(t) = Bearing change of compass (range)

12



2.3.2 Wisp628 Microcontroller Progranumer Board

As a controlling platform for the system, the central processing is done through a
master microcontroller which is the PIC16F877A microcontrolier (Appendix A). The
controller or more commonly known as target board is able to control all I/O devices
integrated in to the AGR system including the sensors and the transducers. The target
board created for the AGR requires an interfacing device for programming through

the PC which is done by integrating the Wisp628 Microcontroller programmer board.

The Wisp628 PIC Microcontroller Programmer board is a multi-pin programmer
utilizing RS232 as interface to the computer console. This programmer is a basic and
vital requirement in this project as the programmer will convert C program files into
assembly machine language saved into the microcontroller that will be used to control
the behavior of the robot. The Wisp628 is a license-free based programmer that is
shared online for use by freelance robotics enthusiast. The programmer is an

interfacing system between the PC and the target board.

The programmer was built according to the instructions of the author and using the
firmware provided by the author. Below is the components list for Wisp628

Programmer circuit:

w  6x 470Q 1% resistors.

*  1x330Q 1% resistor.

« 3x 1KQ 1% resistors.

®  4x 10KQ 1% resistors.

* 1x 0.1pF disc ceramic capacitor,

* 4x 1pF electrolytic capacitors. (25V or more)
= 2x 22pF electrolytic capacitors.

» 1x 47pF electrolytic capacitor.

» 1x 470uF electrolytic capacitor.

» 1x IN400x 1A power diode.

» 3x General purpose silicon diodes. (I used 1N4148)
» Ix LED for debugging.

»  1x 20Mhz parailel cut crystal.

13



* 1x NPN bipolar transistor. (most standard 100mA types will do, I used a
BC549)

= 1x 78L05 100mA 5V voltage regulator.

= 1x MAX232 line driver or substitute.

* 1x PIC16F628 programmed with firmware.

=  1x Prototyping PCB. (E.g. RS 435-298, anything with 400 holes or more
should be fine.)

« 1x DC power jack.

9 Pin Female D-SUB

Viewad from reat

0000
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Figure 7 Wisp628 Schematic Diagram

2.3.3 CMPS03 Electronic Magnetic Compass

As a feedback coniroller, the AGR requires certain sensing abilities to help it
implement decisive movements from one point to another. The CMPS03 magnetic
compass acts as a sensor to help the robot detect where it is facing. The compass uses
the Philips KMZ51 magnetic field sensor, which is sensitive enough to detect the
Earth’s magnetic field. The output from two of them mounted at right angles to each
other is used to compute the direction of the horizontal component of the Earth’s

magnetic field.
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The CMPS03 is a dual-compatible sensor which can be interfaced with either using
I2C or by reading the PWM signal from designated pins. Figure 1 shows the layout of
the pins:

Pit 8 - Ov. Ground
Pir 8 - No Connect
Pin 7 - 50/60Hz
Pin6 - Calibrate
Pin 5 - No Connest
Pif 4 < PYYM

Pin 3- SDA

Pifi 2 - SCL

Pin.1 - +5y

Figure 8 Connections to the compass module

Since the microchip being used supports both interfaces, the 12C interface is chosen
for the more simpler read-in data sent to the PIC. The PWM signal is a pulse width
modulated signal with the positive width of the pulse representing the angle. This
means it requires a special call function to convert this pulse into degree bearing. The
12C interface gives a direct bearing value of 0 to 255(360%). The author has produced

conversion codes to allow a degree bearing of 0 to 360° to be used.

I2C communication protocol with the compass module is the same as popular
EEPROM's such as the 24C04. First send a start bit, the module address (0XC0) with
the read/write bit low, then the register number you wish to read. This is followed by
a repeated start and the module address again with the read/write bit high (0XC1).
You now read one or two bytes for 8bit or 16bit registers respectively. 16bit registers

are read high byte first. The compass uses an array of 16bit registers:
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Table2 I2C interface 16bit registers

Regjster Function

0 |Seftware Revision Number

1 |Compass Bearing as a byte, i.e. 0-235 for a full circle

2,3 [Compass Bearing as a word, i.¢. 0-3509 for a ful circle, representing 0-359.9 degrees,

4,5 [mternal Test - Sensor! difference signal - 16 bit signed word

6.7 [Internal Test - Sensor2 difference signal - 16 bit signed word

8.9 [Iternal Test - Calibration value 1 - 16 bit signed word

10,11 |Internal Test - Calibration value 2 - 16 bit signed word

12 fUnused - Read as Zero

13 {Unused - Read as Zero

14 |Unused - Read as Undefined

15 |Calibrate Command - Wrtte 255 o perform calibration step. See text,

Clearly it can be noticed that the register that will be used is Register 1 which
supplies the compass bearing as a byte. The read speed of the module is estimated at
60us, which is sufficiently fast for a continuous feedback control of the AGR. Before
running the device, it must be calibrated to read either a north bearing or a fixed

position bearing. Refer to appendix D for more information on the module.
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CHAPTER 3
PROJECT WORK

3.1 Project Process Flow

The process flow of the project will be done based on the simple flow which is then

applied throughout the project (Figure 6).

Start

h 4

Selection of project topic

) 4

Preliminary research work
and literature review

Research

NO

Enough
information?

Understanding project and
learning process

Choose alternative base on
constraint and criteria

Software application and
simulation works

l
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l

Drafting Interim Report

hd

Submission of Interim Report

v

Oral presentation

b4

End

Figure 9 Process flow of project

The first step that is taken into consideration is to select the project topic and thus
conduct preliminary researches and literature review through the available source
such as using the internet, text books, journals as well as conference papers. As the
information is available, it is very crucial for the author to undergo learning process
as robotics is not a familiar area fo him/her. From the data gathered, the alternatives
will be layered out and the best alternatives will be chosen based on constraint and
criteria. The next step would be to transfer or apply the information gathered by using
related software or doing some stimulation pertaining to the project. The following
step is the drafting of interim report which has to be submitted before the final interim
report is written and thus submitted to the committee. The final stage of the process
flow of the project is the oral presentation which will take place towards the end of

the semester.
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3.2 Procedure Identification

Identification of functional Al algorithm for path planning

Identification of methods of detection for obstacle avoidance

3D modeling & simulation of AGR base

Construction and prototyping of AGR base

Algorithm defining and programming based on C

Mobility Test ~ Obstacle
Avoidance Test

Figure 10 Procedure identification and flow diagram

Path Planning
Test

The main task beforehand is the identification of control systems and methods of
detection to be used for the AGR mobile path planning. This step requires data
acquisition and comparison studies for existing systems and robots that utilize such
technology. The next step is the 3D modeling and simulation of AGR base which
requires hands-on fraining on 3D CAD works or Solidworks drawings. Also included
in this step is the simulation and désigﬁing of electronic controller circuits for the
AGR using PSpice and EAGLE layout editor. The advantage of this step is the ability

to detect error or defects on the prototype model before construction phase is taken.

The next step is the construction and prototyping which will consist of two steps. The
first step is the fabrication of a prototype board and circuits for testing and
troubleshooting purposes. The second step is the fabrication of actual AGR base with
PCB done circuitry which has been verified through the prototype. This step is
completed in the next semester of the Final Year Project. The final step is the
algorithm defining and programming of AGR controllers based on obstacle
avoidance, path planning and global positioning algorithms. This step will be done
throughout the project period and will also be accompanied by testing methods for
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each control algorithm. These tests are done multiple times to attain quality feedback
of the system and for troubleshooting purpose. The tests consist of three phases,
which are the mobility, obstacle aveidance and path planning tests.

The main objective of the mobility test is to acquire information on the
maneuverability of the AGR. The author selects 3 criteria for this test; that includes
speed control, turning and forward alignment. Hardware and software configuration
will be troubleshoot until the robot is able to carry out all criteria accurately before
the next test phase is done. The second phase is the obstacle avoidance test. In this
phase the objective is to complete random obstacle avoiding in a predetermined area.
The AGR will be tuned and tested to avoid walls and objects according to the
algorithm created. The third pﬁase is the path planning test. The AGR is tested in two
environments, predetermined and random area. In this phase, no obstacles are placed
accept limiting walls and troubleshooting is done based on the bearing change of the
compass. Once completed, a combined approach of both obstacle avoidance and path

planning is carried out as the final test method.

3.3 Tools Required

3.3.1 Hardware Configuration

»  Ultrasonic proximity detector (SRF04)

* Electronic Magnetic Compass (CMPS03)

*  PIC16F877A Microcontroller + Target Board
= Planetary gear Brushed DC Motor

= Standard servo motor

» Robot rover base with 4 wheels

3.3.2 Software Requirements

= PICC Compiler for Microcontroilers

* MATLab®

»  Solidworks 2006 3D Modeling software
= PSPICE A/D

0



CHAPTER 4
RESULTS & DISCUSSION

4.1 Body Structure and Mechanism

The body structure of the AGR was designed and constructed in 3 phases which are:
1. Generation of 3D Model design
2. Simulation of 3D Model and drive train

3. Fabrication of prototype structure using aluminum bars and other materials.

Utilizing simulation programs such as MATLAB SIMULINK and SolidWorks, the
basic criterion and the capacity of the AGR could be analyzed and predicted before
the actual model was made. Once tests were carried out in the simulation which
included stress test, weight to torque ratio, etc, the components such as the DC motor
and materials were purchased. These simulations actuaily help in reducing the cost
and duration of the project as less/no modification needs to be done to the structure

once a perfectly precise 3D model has been created.

4.1.1 Generation of 3D design

The generation of 3D model required a CAD or solid structure designing & analysis
tool software and a sketch of the base design with constraints decided upon for the
AGR. The software used for this purpose is Solidworks® 2006 3D modeling
software. This software as stated by the developers is an award winning software that
is in use at over 12,000 major educational institutions around the world that provides
all the design engineering, data management, and communications tools required for

3D modeling.

There are also design validation tools embedded into Solidworks such as
COSMOSWorks which is a powerful, easy-to-use design validation and optimization
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software, COSMOSMotion which is a complete motion simulation and kinematics
package, and COSMOSEMS™ which is a 3D-field simulator that allows elecfronic
product designers to simulate the effect of components exposed to low frequency

electromagnetic currents and fields.

Before carrying out the design, a sketch was made with design constraints which
include minimal dimension of 40mm? for the base; and components required and
placement. The design also includes the dimensions for the material used which is
rectangular hollow aluminum 2” x 17, rectangular hollow 3” x 17, L shaped
aluminum 1” x 1” and Tube hollow aluminum 2” diameter. The components selected
for the AGR are the RS stepper motor for steering control of the 2 front castor
wheels, 2 DC brushed planetary geared motors for driving, the magnetic compass for
direction feedback, 3 ultrasonic proximity sensors for obstacle detection and
USDigital rotary encoder for distance feedback. Figure 11 shows the dimension

constraint for the robot base:

Placement for servo  |-1»@®. =@ Front steering
motors "1 N castors

> 3060mm
Shaft for DC
motors .
— 1 Ultrasonic
e sensor

Magnetic placement

compass
200mm

Figure 11 Top view of AGR base 2D sketch

The 3D model created is the base of the AGR. This model is according fo the
dimensions stated in Figure 11 with holes and structural couplings for components
and base connection of the base. Figure 12 shows the 3D model created in Solidworks
2006:
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Figure 12  Full solidworks 3D model of AGR

4.1.2 Simulation of DD&GP using Simulink MATLab

The “Differential Drive and Global Positioning Blockset” is the tool which can be
used with Simulink® for modeling, designing, and simulation of the dynamics of a
type of vehicle robots called differentially driven vehicle robot. This tool carries the
blocks with built-in Global Positioning algorithm (related to Dead-reckoning), which
are useful in finding out the current position and heading of the vehicle robot. This
blockset will allow the scientists and engineers to build and simulate their models of
vehicle robot using differential drive steering method according to their own design
and specifications, and will enable to visualize the results in the form of model-driven

animation. [6]

This simulation is to calculate the appropriate loading and the balance of the robot
with the use of rated brushed DC motors and the wheel radius. The ratings are
calculated and entered into the blockset and a system is built using these blocksets to
generate a differential driven robot for simulation purposes. The ‘Animation block’
generates the animation of the differentially driven vehicle robot. In the animation-

figure the robot is represented in the form of a blue rectangular surface which moves
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and turns according to the data provided by the Simulink model. Note that the area
provided by the animation-figure is 4.5 meters in length and 6 meters in width,
therefore, the dimensions of the robot should be small enough so that the movement

of the robot can be easily observed in that area.

The ratings and values of gain for PID controller derived from the transfer function of
the BDCM are entered in the blockset and the simulation is done. The transfer
function is as follows:

C‘)(S) _ K
V.(s) (B+DbYLs+R)+K*

Where, Ls = Armature Inductance (H)
R = Armature winding Resistance (Ohm)
Kb = Km = K = Motor torque constant (N-m/A)
Js = Moment of inertia (kg-m”)

b = viscous friction coefficient (N-msec/rad)

The simulation consists of variable values V1, V2, L1 and L2. V1 and V2 are the
variable speed drive of each corresponding motor and L1 and L2 are the loading
capacity of the corresponding wheels. The simulation is also able to produce results
for the angular arc movement described beforehand for obstacle avoidance which can

be used directly.
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Figure 13  Full Differential drive and global positioning blockset using Simulink
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Figure 16 Results of simulation displayed as a figure

As seen from the graph figure 16, the blue box moves differentially by the change of
V1, V2, Loadl and Load2. Higher V1 and V2 values results in faster movement and
the difference between the two results in change of direction. The figure below shows
the graph of summarized results for PID controller orientation and error calculation

according to the ©, X and Y axis:

4
f. —— Desired Value
——-- Bimzlated Yalue

Y- Q's_i_iion Am

Figure 17 Results for PID controller orientation
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4.1.3 Actual fabrication of AGR prototype structure

Using aluminium hollow and L bars, the AGR prototype was constructed and
fabricated according to the design criteria and size. Certain optimizations were done
to make sure the construction is solid such as the addition of a coupling pipe for both
the DC motors to make sure the alignment of both tyres are the same. The mounting
for the sensors were also fabricated, and the circuit mounting was also predetermined

before construction. The fabricated prototype is shown in Figure 18:

Figure 19 Fabricated AGR side view
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4.2 Circuit Construction

The construction of control circuits is based upon the circuits discussed in Chapter 2
of the report. The circuitry is designed and fabricated through a few phases which are:
1. Electronic Circuit design and simulation in PSPICE AD

2. Purchase/ acquire components and wires from EE store

3. Circuit testing and troubleshooting on breadboard

4. Veroboard finalized working circuit design.

4.2.1 Master and Slave Controller Target Board

According to the schematic shown Chapter 2, the programmer was assembled on a
prototyping board to test the components and the circuit itself, After utilizing the
firmware, the programmer was verified by the interface program called “BumbleBee™
that can be used on Microsoft Windows XP Operating System. After uploading and
running a test C program that turns on a few LEDs on the target board, the wisp

programmer board and target board were then converted into one board soldered on a

veroboard as seen in Figure 20.
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Figure 20 PIC16F84A + PIC16F877A target board
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The target board connection is simulated through PSPICE with the microcontroller
interfacing with the 1/O sensors and DC Motor Controllers. A few sequencing LEDs
were also included to enable program structure flow to be verified. The circuit design

is as folloWs:
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Figure 21 EAGLE schematic for AGR Target Board

4.2.2 Relay controlled motor driver

Design and analysis of the relay controlled motor driver was done with PSPICE and
EAGLE. ERC checks were done on the schematic diagram done in EAGLE as seen in
Figure 22. After analysis was done, the motor driver components were purchased
according to the list stated in Chapter 2. The circuit was constructed and tested on

breadboard before finalization.
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Figure 22 EAGLE Schematic for Motor driver

The resulting circuit constructed on veroboard is seen in Figure 14. The layout has 2
two-pin connectors for motor and power supply (12V) and a three-pin to the PIC. The
motor speed control is done by the optocoupler which receives PWM signals from the
PIC and varies the frequency of the output voltage to the motor accordingly.

Figure 23 Constructed circuit on veroboard
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4.3 Algorithm Building and Coding Generation

There are several algorithms integrated in the path planning of a mobile robot. Few
such algorithms that are included in this project include the obstacle avoidance and
global positioning algorithms. The algorithms are based upon process flow diagrams
that help clarify the sequence of the algorithm looping for the robot.

From the generated algorithms, the coding language C is generated to be used for
conversion to machine language (Hex) to be programmed into the microcontroiler.

These algorithms are explained in this section as follows.

4.3.1 Algorithm for differential drive movement control

The speed and movement control of the DC brushed motors will be done by PWM
signal from PIC as stated in the Chapter 2 of this report. The basic C program created
for the use of PWM signaling is shown in Appendix E. Using the mathematical
formula and theorems stated in Chapter 2; the author has generated an algorithm for

differential drive as shown below:
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START

‘

Set pulse get =
direction [N]

h

Get bearing change

= degree

Value
change?

Y

Displacement?
d=[2nR * (Nz-Ny) ]/ DZ

lN

PWML =PWMR

Check distance, L

Reach destination?
Y

y

STOP

MOVE: new coordinate

I

END

PWML < PWMR

CORRECTION
Case(direction):

{PWML, PWMR}

PWML > PWMR

Figure 24 Algorithm for Differential drive control
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4.3.2 Algorithm for obstacle avoidance

bondie than wnlend myral
1L

Y ikl o
WCHONS t O Ui ©

Vi vusiaviv VOIaaineg a}goi‘itlmi basically funic ‘
a dead end and resulting in collision. This inicgrated intelligence functions separately
from the differential drive and giobal positioning aigorithms as a singie network but
integrates as a system of networks for the robot in path planning. The important
components that will be used in the obstacle avoidance are the ultrasonic sensors

SRF04. 3 sensors will be mounted on the robot as follows:

NG SN
/Gy NSV

Figure 25 Ulirasonic sensor placement

As seen in Figure 25, the sensors are placed 45° angle from the front sensors to allow
180° sensorable area. The sonar beam from the ultrasonic sensor has a +38° wide
area, thus resulting in the total 180° if placed in such a way. The advantage of this
placement is that the robot is fully alert of the surrounding area in front, and will be
able to sense obstacles and walls from thé front and the sides of its path. This will
help the robot to determine which side to maneuver its turn to in cases where a wall is
present on any of its sides. The predetermined action for eaéh case is shown in Figure
18 below. The generated C coding for generating feedback signal from the ultrasonic

sensors are shown in Appendix E.

When avoiding an obstacle, the robot must be able to turn away from the specified
path and turn back into the path when assumed the obstacle is not present any longer.
In most general cases, the robot will turn a full 90° to move to the x-axis and another
90° to return to the y-axis. Then repeat this step to return to the path. This will take up
tremendous time and there is a possibility of the dead-reckoning to have high error
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reading. The maneuvering of the AGR in this project will only require an angular arc
which will be enough to avoid the obstacie and in the case of a dead end or junction,
only then will the robot change direction of x and y-axis. Reminding that the
placement of sensors plays an important part in this maneuver, the robot can
differentiate between a single obstacle and a long wail. The generated algorithm

bubble is shown below;

Get pulse:
81,8283 _
A No
Obstacle
detected?
l Yes
Where?

(Al Inference Tree,
Backward chaining)

h 4

Left

blocked

f

Front
blocked

Right |
blocked

Figure 26

Take curve
lefi/richt

34
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4.4 Troubleshooting and Testing

The establishment of a working prototype would not be complete without proper
troubleshooting and repeated test or experiments carried out. Accuracy and
repeatability is the main criteria in this project and fine-tuning of each variable
control and feedback sensor must be carried out to achieve objectives. The author has
divided the testing into 3 phases which are:

e Mobility Test

¢ Obstacle Avoidance Test

o Path Planning Test
Fine-tuning is done through the C language programming codes. The overall body
structure is tested first to ensure errors do not arise from the motor alignments or
body weight.

4.4.1 Mobility Test

Mobility test is categorized as the physical test of the AGR’s ability to control speed,
turn and move forward. A test grid was created for this test which is shown in figure

below:

Figure 27 Mobility test grid

Turning test are done for left and right turning, and the initiative is to achieve a full
90° turn ratio before returning to forward movement. The main troubleshooting and
modification done in this process is the bearing change reading and how the
controller manipulates the data for the turning process. A few error readings which
would occur could not be troubleshoot and thus repeatability of the AGR has been
reduced to maximum 4 successive test runs. Using the same test grid (Figure 27),
forward movement for the AGR is calibrated. The AGR is driven by 2 DC motors at
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the back, thus a difference in speed or torque in these motors could lead to
misalignment. If the AGR is not able to follow the white line from point A to point B
without the use of sensors, then adjustment would be done to the speed of each motor
according to the displacement. Optional movement including avoidance curve is also
tested and troubleshoot, with the consideration of a 180° ideal curvature. If the robot
is able to displace at waypoint 1 within the grid, missing waypoint 2 and re-entering
the AB line at waypoint 3 then it is considered as a curvature movement. This move
is considered as the hardest to troubleshoot since the movement is without feedback

and only 1:3 ratios of successive runs had been carried out.

4.4.2 Obstacle Avoidance and Path Planning Test

The AGR is able to sense two condition changes when m'oving' which are the
obstacles surrounding it and the North pole bearing change. Using the 3 ultrasonic
sensors, the AGR basically has a 180° view of its area in front and will be able to
avoid any obstacles facing it. There are two alternative ways in planning its next
movement to a proposed end waypoint, which is either using a predetermined path
scheduled by exactly informing the AGR of the obstacles it will face, or by using the

compass bearing of the waypoint.

From its starting point, the distance from its end point could be determined as a
bearing of the North. As seen in Figure 28, it is possible to move from the start point
using the North bearing as a calibrating feedback to the controlled movement of the
AGR. The AGR will move according to this bearing until it reaches the end point
whilst avoiding any obstacles using the ultrasonic sensors as a secondary movement.
When the AGR turns to avoid an obstacle, it will return to the North bearing after
avoiding the obstacle. With this method, it is unnecessary to give a predetermined
path to the controller and this will reduce the amount of error in movement in the case
there are more obstacles present. The downside of this method is that the North
bearing can be changed if there is a magnetic presence anywhere surrounding the
AGR. As stated before, the electronic compass will detect the strongest magnetic
frequency present as the North Pole. This result in error reading, thus the AGR may

not be able to reach its end peint.
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Figure 28 possible path taken by the AGR in an undetermined space

As a second alternative, random approaches are possible using the obstacle avoidance
algorithm. As the AGR moves forward, it is constantly detecting any obstacles in
front of it. An algorithm is developed to actually allow the AGR to move according to
the arrows shown in figure 29 towards the end waypoint. The movement actually
follows the limitation of space of the predetermined area, and it will follow the wall
of which may lead to the end waypoint. When obstacles are detected, the AGR will
avoid accordingly. Any amount of obstacles are possible, thus random obstacles can
be placed in this situation. The AGR will continue moving until it reaches the end
waypoint, which achieves the objective of this project. The downside is that the
amount of time taken for each trial may vary, and may also be very long periods. Thé
AGR may strafe away from the movement example shown and take a longer more
winding route to the end point. This problem could have been overcome with the
implementation of GA which gives the AGR the ability to ‘learn’ the paths it takes
and carry out the best possible solution there is. The author was not able to implement
Al in this project since the span of time allocated for the project was insufficient and

thus the experimentation with GA was not carried out,

7



END
{Stop)
A > <
4
Rl
A
—
v
I_J A
! START ! ! . >
1 i
b e :

Figure 29 possible path taken by the AGR in a predetermined space

The conclusive épproach after testing has been made is using the North bearing as the
primary feedback for path planning. Consecutive test results show that less error is
made using this method and movement from the START point to the END point takes
a shorter period of time. As a reminder, the AGR does not have the ability to
memorize routes because it does not have enough memory and no additional external
memory utilized in the syster. This is due to insufficient time and funding for the
project, thus the feasible objective of this project does not include memorizing routes
in the control system of the robot.
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CHAPTER 5
CONCLUSION & RECOMMENDATIONS

The author has achieved the objectives of the project with the completion of a fully
working prototype by the end of the project period. The author has deﬁeloped 3D and
MATIab simulations to predict the movement of the robot in certain conditions.
Through these simulations and 3D models, the AGR was constructed and configured
to carry out tasks according to the objectives of this project.

The prototype is structurally ready and troubleshooting process was carried out to
fulfill the desired condition. The AI of the AGR dependant on the coding of the
controller has been tested and verified to be able to carry out the tasks of obstacle
avoidance and path planning. The AGR is able to move in a random behavior from
one point and end at a final designated point using limited sensors without colliding

with randomized objects within the path.

With the completion of the project, several recommendations for improvement of this
project have been identified. The AGR control system has the tendency to reset or
receive error spikes from the feedback sensors, thus isolation and protection circuits
should be included to.avoid such occurrence. The main and motor controller circuits
should always be isolated and clean power supply voltage should be supplied using
these protection circuits, thus ensuring safe and trouble-free functionality. In
application of outer-space autonomous exploration, this would be a necessity as no

troubleshooting or parts replacement could be carried out if a failure occurs.

A recommendation of upgrade for the control system is the inclusion of extended
memory architecture using RAM or ROM IC to operate in memorizing application
such as path waypoint planting. The global positioning could be further expanded to
include this algorithm which would enable the AGR to evaluate and perform path
evaluation and also use the saved waypoints to return to its starting point.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices Inciuded in this Data Sheet;

* PID1EFETRA
+ PICIEFET44

= PICICFETEA
= PICIEFETTA

High-Performarnce RISC CPL:

Cnly 35 ingle-word instrustions to leam
£ single~aynle instrustions exoeps for program
Lranches, which ars two-cycle
Coeraling speed: DT - 20 MEz clack inpu

BC = 200 ng instruction wyde
Wt 51« 14 words of Flash Program Mameny.
p to 358 ¥ & bytes of Data Mermtory (RAR,
LR fo 256 8 byfles of EEPROM Data Memary
Fineut compatble to ather J8-pin or 4044-1n
PICECHEN and FIC18FX XY microoortrollers

-

Peripheral Features:

= Timerd: 3-bit tonencounier with 2-oit orescaler
Tier1: 18-bit timerizountar with prescaier,

can be incremented during Slean via exbenal
crystaliokonk

= Timerd: S-bit fienaraounier with 8-bit perisd
ragisier. prescaler and postscaler

Twen Laphare, Tompare, PWA modules

- Captire is 80, max. rasciticn s 12.5ns

- Comoars is 1€-bit, max. resolution is 200 ns
- PN man. cesciution is 10<bit

Synehronous Saral Port {33F) aith SR
{Mester mgde) and PC™ (Masien!Slave)
Unwarss! Bynohroncus Asynohronous Receiver
Tramsritter (JSARTIRCH with 3-it aduress
setaetion

Paraitel Slave Port {FEP) - 8 kifs wids with
exiemnal KD, WR and OF contrals (40:4<-pin anly)
Browa-out delection sirsuitry for

Brown-cut Raset (BGH)

»

.

Analog Features:

= 10-5id, up o E-channsl Analog-to-Tigital

Corvarer :ADY

Broavn-aut Resst (BORY

Arzlog Camparatar module with:

- Two 3naiop comparaions

- ®Programmable an-chio voliaga reference
{WREF) module

- Programmable inout rwiliplexing from devios
inputs. and’ int2imal voitsge reference

- Comparator sutpuls ans =xtarnally ascessibie

Special Microcontraoller Features:

= 100,000 srasednrte oyele Ernanced Flask
program memary fypica!

1,200,000 erasefwrite oyds Data EEPROM
mEmory typics!

[rata EEFROM Ratarton = 41 years
Setfreprogrammatle under soflware contro!

I Cirguit Serial Programming ™ [[C28™)

wia two pins

Single-supply £ In-Choult Senal Pragraniming
Wstshdog Timer (V0T with 3s own on-ship RS
oscillator for relisble opsmton

» Programrsble coda orotactics

= Power saving Slesp mode

» Belactable oscilizicr opions

» In-Cirzuit Debug (K00 via twa ping

CMOS Technology:

Lew-power, high-speed Flash ZEPROM
technalegy

Fullv stafic cesign

Wide oparating woitsge range (2.0% fo 5.5V
Zommercial ard Industrial iemperaiire ranges
Leme-ponaer consumption

Prograr Memory | pata EEFROMI 1bit | cop or Timers
. Al . ioers.

Dwice Bytes #E:;:'rﬂ':;md '(E';;Z’::‘ {Bytes) | Lo tohi] 1pviny SP1 M?;éer USART | gug.pit | ~omparators
PICIOFRTIR| TR | &eas . | 12 | 1B 2] & 1 2 [veel v I = [ v 1 2
BICVGFBTAR | .00 | 4086 RN EEE T [vee| Ve | wex | 2 z
FICIoFgiEA | MaK| 8162 | e | 258 | 22| 6 | 2 |ves| Ves | v | =1 B
PILIGFBTIA [ oK | 160 %s | 258 35| 8 | 2 {ves| Ves | ves | o4 2

43



PIC16F87XA

Pin Diagrams (Continued)
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PIC16F87XA

FIGURE {-2: PICIGFET4A/BTTA BLOCK DIAGRAM
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PIC16F87XA
— ____
TABLE 1-2: PIC16F8T3A876A PINOUT DESCRIBTION

. POIR, BQIC, | OFN | LOF Buffar -
Pin Name $50P Pin | Ping | Type Type Description
qzr_-.m_—__"—m:
CIOACLE: 8 2 SToMes Y Decilaior envsta: or axternal clock inpu:.
2% | Qsciflaicr orystsi pus or external aleck source input. 5T
butler when corfigured in RC mode; atherwise SMOS.
Gl 1 Externa! clach sourae input. Alwzys associated with pin
fnotion DECT isee DRCUCLE:, QECHILKO pins,),
QEQCLKG i 7 —_ Csgillator erystat or cicok puipul,
CE02 o) Tecillater arystal cutput. Conreets b= arysial or resonator
in Crystal Osciltater mode.
CLED ] In RS mode, D22 pin ouiputs SLKG, which has 174 the
fraquency of 231 and denotss the instructon syals rats,
MELENER 1 26 3T Master Ctear {inpusi or pregramming vollage fowpats.
MICLR 1 © Master Tlear (Reset)inpat. This pin ie an 3xtive low Seset
e the devies,
WP P Pragraraing voltage ingut.
PORTA is 2 bidirectional 510 pert.
RANEANMD 2 T TiL
RAL KO Cigial tis,
ANG | Anzlog input 5.
RATANT 2 ik T
=AY 5 Cigaat Q.
AN 1 Analog input 1.
RAIAMNRER 4 1 T
CYREF ] Ligital 165,
REZ | Anzlog inpus 2.
AMZ I AC veferen t2 voiage fLow) input.
VREF- e Comparatar VRZ® auspul.
CYRER
RANANVRER: z 2 T
RAZ Hal Digizal 170,
AN ! Analog inpus 3.
VREF+ I AIE referenss weiage [High! npus.
EASTRCRECIOUT B 3 a7
Rid (] Cigital 110 ~ Dpen-drain when configured 45 suiput.
TOTK! | T'mzrl axtemns 2ot inpa.
CIGNT G Comparator 1 oujpur,
RAZIANATESC2OUT H 4 T
RAE [ia Cigisal 160,
AN4 1 Analog inpu? 4.
32 I 5P| slave selec: spus.
eseied Nipy i Conparator 2 owtpul.
Llegend: |=insut 0= ggEput #0 = mputioutzus ¥ = pover

—=Hotused TTL=TTLinput  £7=Scamilt Trigges inpu
Mote 1 This buferis & Schmit Teigger inpus wien configused as the exfarnal aterrust,
2:  This buffer is 2 Zchmitt Trigger input when used in Serial Frogramming mode.
¥ This bufferis 5 Tohmitt Tripger inpui when cenfiguted in R0 Dsciflater moge and 3 SMOS iput staenvise,

T T T S R A S e

DRZOFINE awae D i AR Afiasmakin Teshrslang e
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PIC16F87XA

TABLE1-2;  PICISFE73A/876A PINQUT DESCRIPTI‘CN {CONTINUED]

_— PDIF.SCIC, | GFN | OF Buffer o
Finfame | 5o0P Pint | bin# | Type |  Type Description
FORTE ie a bidirecsional D pori. FORTE can be software
programmed for intemal weak zulb-upe on el inpuds.
RADINT 21 12 TTLsTiH
RED 1% Digita! (2,
INT i External intessupt.
B89 z 12 En) TTL Digital 171D,
maz 23 X {40 TTL Digital WO
RILPGEM 24 2t TTL
Ra3 133 Drigital b,
FGEY ! Low-voliags (singz-suzely I0SP programming enable pin.
R34 23 2 1iQ 7L Difgital #on
R2E ! k] 1 TTL Digits! 12,
RAGPGE 27 24 TTLETE
Rag G igit=i 4.
PG I In-cizzait debugger anc 03 progmameing olock.
RETPGD 23 el TTLETE
RET e Diggital 4.
PRET 73 In-cirewit debugger ang IC5F programiving dsta.
FORTL is & bidirsctiznal 110 cor,
ROTTICEGTISKI 13 & 5T
RO 13 Digitsl Fo
THOSD O Tirrer? gesiizss cutpul
oK 1 Tirrert extemal clock inpue.
ACHTISESCDRS 12 2 3T
ROt 14 Digitsi KD,
T 031 i Timert oscilatzrinpus.
SR e Captured input, Compared oulzut, PWIZ aulout,
RUIICCRY 13 1G &T
AR 1] Tigital K.
Cor [72a] Saptsrel inpur, Compatel sutpat, WM oot
REOIBCRECL 12 n 5T
RCI ] Digital 143,
5CK 153 Syarhronous sedal clook ipriowpst for 35 mode.
el [lia Eymchyenous saial clook inputowiput for 192 mods.
RCASDIS0A 15 12 5T
RC4 14 Digiat 0.
=Rl i 2P gtz .
SCA 14 FC gz i,
RCIEDS 18 13 5T
RTE 133 Diigilal 1.
B00 o BF: date out.
RIBTXICK 17 1 57
RS Ea] Digitai 0.
T o WEART asynchrencus sransmi.
C& 1ag UBART Y synchrancus olook.
ROTIRAIDT 18 18 5T
RGT I} Digisi ¥
RX ) i JEART asynchrongus resstes.
oT G USART synchremous data.
Vae £ 1= 5.6 7 - Ground reference for fopic and ¥0 ins.
VL 20 17 2l - Positys supply Tor iogis 2nd QG pins,
Legand: | =input 0O = guipst 110 = inputtouzput F = power

~=dotused  TTL =TTLingut &7 = Schmist Triggsr input
Mote 1: This bufer ic a Schey%: Trigger ingut when configured as fhs external interrups.
2: This buffer i5 a Sehaite Trigger input when used in Sedial Prograrmming modz.
3z This buffer e & Sohmiy: Trigger input when configured in RC Gscilisior mode and 2 TMOS input othenwise.

A e
e 2202 Microship Techaskegy o, D3308508-page @

Ay



PIC16F87TXA |
TABLE1-3:  PIC16FS74A877A PINOUT DESCRIBTION

. PDIP | PLCC [ FTQFF | QFN | FOP Buffer S
Pin Name Pin# | Pin® | Ping | Pink | Type | Type Beseription
GECNCLEE 13 14 an 5 eyt | Ceclistor 2ryst3| orexternal clack input.

DB | Geoiiator rystal input of extemal ook sourse
impue. 37 buffer when cenfgured in RT mode;
othepmise SMOS,

GLE} i Exiesnal clonk souros inpul. Akways asseaisted
with pin funclios S5C1 (see SRCUDLKY,
CRSANCLKS pins]

CECNCLKG 14 NS 33 - Dscillator arysmal or gk outpat,

OELR [» Cizailator srystal ouspus.

Coaneiaie b crysal or rescoator in Crygetaf
Osci Fter made.

CLED o N RO made, TEC2 pin cutpuss SLED, which
has 1% the frequensy-of 50T and dencies te
ingiustion cycle rate.

KCLEWEE 1 2 2 iz 5T Master Clear (ingul) or progranming weitage (ouipus).

RGLE H Master Clesr {Peseti inpui. This p'n s an azrive
low Retet fo the deyics.

Wap P Programming voliage inpur.

FORTA is 7 bidirectienal KO port.

RACIANG 2 3 18 14 TTL

AT [Re) Bigiat V0.

AME | Araizg input 0.
RATANT 3 4 20 aa TTL

RAT 15 Digita! 10,

AN i Arany input 1.
RAMANZVREF-CVYREFT 4 5 21 N TTL

04 ke Digits} 1250

ANZ 1 Araing inpat 2.

WREF- i AT refersnee valtage fLow) npus.

CURER o Cempanator YREF culput.

RARAMIAREF+ & ] 2 n TTL

RAZ [Re] Cigisl 10,

ANL | Anang inpwl 3.

WREFH 1 & refersnce yoltage {=igh) input.

RA&TOCKNCIOUT & 7 = | 2 5T

/A4 153 Qigiial 10 — Opan-drain wher corfigursd zs
cutpus,

TOCKL I TirerD sxiemal iock inzus

Szt Z Comparaser 1 culgut,

RAGRNAESIC20UT 7 8 M4 | 24 TTL
RAS 150 Digitz? HO.
ARl | Bnalzg inpul 4
53 | 3P slave seiest nputl.
SIS o Cemparaier 2 ouiput,
Legend: |=input < = gutpur HZ = inputicsiput # = power

—aNatugsd  TTLs nput 5T = Sakrvt Trigper inpu:
Mete 1. This bufferis 3 Sehimitl Tringer mput when sorfigured as thie sxtemal intsrrusl.
2:  Thiz buffer is 3 Schitt Trigger input when used i Seral Fregramming mods.
3:  Thie buffer is 3 Bchimitt Trigger input when sonfigsrad in SC Dscillator mogs and a CMOS input ctranwise.

m
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- PIC16F87XA

m

TABLE 1-3:  PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

o FDIF | PLCC | YQFF GFN | LOP Buffer -
FinName Fin# | Pin# | Pin# | Pin# | Type | Type Description
=5 == —

' PORTE is a zidirectional O-port, PORTE can he
safiwars programmed for infersal weak puil-ug on aif
inpuis.

REHINT I | e g 8 Troetil
- RE0 B Bighal KO,
INT Extemal miErruet.
R34 4 a7 ] i3 jites T71 Dhigizal (42,
Agz 3 | osa | 10| u e T Digital kg,
ABIPEU 26 30 11 i TTL
R23 Eg Drigsical BC
=EM £ Low-voitage FoSP programming srnab’e pin.
R34 aF tH 14 4 ¥ T7L Digital 15Q.
e 25 43 1z 2 e TTL Drigizal 12,
RAGPGET g 43 12 M H
#35 iow) Digizal 1O,
FGL i In-zirouit debuagger 2nd TSP programiming <ok,
RETRGD 40 | 4 | a7 [ 7 TroEth
a7 B
70 s
Legend: (= npui S o= oudput 1O = inputiougtpus P-= nowsr
—=Netuged  TTL=TThLingut &7 = Schmitt Triggs: input

Mate %:  This bufzris a Sch
2:  This tuffar s a Sch

3:  This suifer i a Scho?

Trigger input whan sanf pursd as the exbernal intersaps.
Trigger input when used in Serial Programaing mode.
Tt Trigger input whan confipured in RS Gseilizior mode ang & SMOS inpat otherwizs,

M
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PIC16F87XA

TABLE 1-3:  PIC1GF874A/8T7A PINOUT DESCRIPTION (CONTINUED)

. PDIP | PLCL } TQFP | QFN { #OIP Buffer -
Pin Name Pink | Ping | Ping | Pint | Type | Type _ Description
et = i e ]
PLRTC Is 3 Tidirsional 1O port,

ROBITIOSCTICR! 13 18 a2 3 57

=GO R igitsi WG

TIGE0 b Tircer! ozl stor suiput

TICKS | Timar? exiesnal clock incu.
ROHTIOBIICP2 1% 15 25 35 5T

fates | el Cigita1 110,

TIas! 1 Timert cesiator input.

CCP2 kel Caplmel ingut, Compared aupus, POWIH2 cutsat.
RG2S 17 Vi 25 38 3T

02 ) Diisgitss 1.

CCF1 (R Caplure 1 ingut, Comgarel owpus, PYWNT nutout,
RCASCKIBCL 12 b ax ] 7 T

RGC3 1C Drighad oy

ECK L) Synanronous s2rial clock Fputaues for SR

Fitde. .
3¢4 K] Syncrronous s=0al clock inputiouput far BT
g de.

RC4EDIEDa e 25 42 42 5T

R4 e Criggital 0.

31 | 3P dats .

8o [ls] #C dara (10,
RCHE00 24 25 45 42 5T

RCA Ee] gtz 4,

3D e 3Pidatz out.
RCHTAICH 2 g 44 44 3T

RCE ) Cigitad V2.

Tx o UBART asynchasneus transmit.

GK [Hx] LIBARTY synchroncus elock.
RLTIRADOT 28 3 1 1 3T

RET {1a] Crigital #0.

RX 1 USART asynohooncus receive,

o7 15 UBART synchronous data.
Legend: | =ingut O = sutpu: W2 = inputfcuiput P = power

—=HKotuszd  TTL=TTiinpui = 5T = Sonmit Trigger ingas
Note 1. Thie bufaris 3 Sohmitt Trigger Sput when configsred as the extsma! imfEruzt.
2:  This bufferis 2 Sshmitt Trigger input when used is Sanal Fragrammming mode.

3:  This buferis s Schmint Trigger pul when configured in 5 Sscilator moge and & CIOS i cirenvise,

M
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" PIC16F87XA

TABLE 1-3:  PICI6FS8T4ASTTA PINOUT DESCRIPTION (CONTINUED)

. POIF [ PLCC | TGFP| QFN | MOWP Buffer -
Pin Name Pine | Pint | Pin2 | Pin# | Type | Type Deseription
o - PORTE it @ higirectional D pert or Parafal Slave
Port when inlerfssing to 5 mismgrocessor bus.

RO0PERE s | o2 | s | o= ETiTTLR

03 2] Digital NG

73R4 W Paralle’ Siave Por data.
RONPEP1 ool omo| s 2 sTrTLiE

/0% W Liighal (5.

#5501 L iag Parallel Siave Par data.
ROXPEPI = I I O N I sTen

RDZ Wo Digizal 1.

PERZ WG Parallel $iave Pori data.
RDATEPE 2z | o2 | 41| g ShTTLI

RO3 [Ei) Dipizal 173,

FEA3 wE Parallet S'ave For data.
ATPTPL | o3 z 2 sTivTLtd

204 o Digieat 1.

=574 WO Parallel 3ave Pos data.
ROSASPE 36 | 3t | 2 5 STTLB

RO i Digital ¥,

 tal i Paralle’ Sizve Poidaia.
RDEPSPE 3| 2} 4 4 sTrTLR

RO e Digital 40,

PSRE s Paralle’ 3iave Pon data.
ROTIPEPT 3| 5] = § BTiTTLA

ROT s Digial k0.

FERT : sl Paraflel Siave Pos data.

PORTE is 5 bidirzcfional 152 post.

REGROVANS a 5 o8 | 28 sTTLR

REQ WO Diigical 119G,

RO 4 Read conmirol for Asryiel Slave Port,

ARG H Anzlog insu .
RELWEANE 8 1w | 2 | = sTiTTLI

2z ) HE “Bligisal 13,

WH Write conirol for Farsle! Blzvs For

NG : Anzlog input &
RETEIANT 0 ik 7 37 STTTLE

RE2 i Drigital 1.

LE H Chip seleat cantrol for Paralle? 82wz Fort.

SMT 1 Anzleg ingus 7.
V5E 12,37 | 3,24 8,26 | 8 350 = - Ground reference for logis and 110 pins.

31 )
Voo Rl Rl B o B ) B - Positive suppy for togiz and #0 pins.
26 28
NS — | LA 243, 3 — — These pinz are ot inlernally connected. Thess pins
22,4035 34 Ehoud me jeft unconnected.
o= guiput RO = inputioutput P = ponsr

3

~=Neiused TTL=TTLinput &7 = Sohesit Triggsr input
Hote f: This bufiaria a Behmit Trigger ingot whan zonf:pursd as the external internsp.
2: Tris bufter i a Sehmit Trigger inpat when weed in Serial Programming mode.
¥ This bufferiz a Sehmin Trigger inpat when configursd In RS Osellztor mode ang 3 CUMOS input othenvics,

M

% 2003 Microckip Technolagy ins. . D&E205326-cage 13

51



PIC16F87XA

8.0 CAPTURE/COMPARE/PWM

MODULES

Each CaplureTompars/PWM ({CCP} motdule containe
a 15-bit register which can operate as a:

+ 16-it Capiure ragister

* 16-hit Compars register

* P Master:Blave Duly Cycle register

Both the CCP1 and CCP2 modules are iderdlcal in
operation, with the exception being the operaticn of the
special event igger. Table 8-1 and Tabve 8-2 show the
resaurces and inferactons of the CCP moduiels). In
the following 2actions, the operation of a CCP moduls
is described with respect o CCR1. CCP2 operates the
same as CCP1 except where noted.

CCPt Modiie:

CaptursfCompare/PWa Register 1 [CCPR1) & com-
prised of two £-bit reaisters; CCPRAL {low twtel and
CCPR1H {high byte). The CCP1CON register confrole
the operation of CCF1. The special event frigger iz
generated by 2 compare match and will resst Timert.

e

SCP2 Module:

Capturs/Compsre/FWh Register 2 (CCPRZ) is com-
prised of wo 8-bit registers: CCPREL (fow byte) and
TCPR2H ihigh e}, The CCP2ZCON register controls
e operation of CCP2. The special event trigger fs
generated by a compsne mateh and witl reset Timert
and sfart an A'D conversion {f the &0 module is
anakiedy.

&gditional information on CCP modules is availaile in
the PICmitret Mid-Range MCU Family Refersnce
Manual [DS33023) and in application note ANTS4,
“Lising the COF Modweist" (DSON534).

TABLE 8-1: CCP MODE - TIMER
RESOQURCES REQUIRED
CCP Mode Timer Resource
Caplure Timert
Compare Timert
U Timer2

TABLE 8-2:  INTERACTION OF TWO CCP MODULES
_i:.‘_f:Px Mode | CCPy Mode Interaction =|
wﬁapture Caplure | Same TMR1 time base — =
Capiure Compare | The compare shouid be corfigured for the speciat event trigger which cizare TMRA
Compars Compare | The compares) should be configured for the apecial event trigger which clears TMR1
P P The PWMs will have the same freguency and update rate (TVMRZ inferruph
PR Capture | None
FiA Compars | Nome

e 2603 Microchis Testnsiony Ing.
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83  PWM Mode (PWM)

In Pulse Width Moduletion moge, the OCPx gin
produces upto a 19-hit resotution PWAL output, Sines
the CCP1 pin s multiplaxed with the PORTC data latch,
the TRISC<2> bif must be cleared fo make the CCR1
pir-an quiput.

CCP mcdu e in PAM made_

For a step-liy-step procedure onhow 1o set up the CCR
mocila for WA operation, see Section §.3.2 “Setup
for PAM Operation®.

FIGURE 8-3: SIMBLIFIED PWM BLOCK

DAGRAM

Bty Sycte Regenars - COFI0ON

[ CORRIL :

_
%___.

LCGPFHH isavey] |
. RCHCOPS
I Sermparator I R G —[‘.‘.-
[ THR2 IiNoia'i.'!I
F L
TRIGD
Ligar T A,
CoP1 gm

Naote 30 Ths £-Bi Nmer Is concatanated wiok 2-0 Inlema! & |

821 SWMPERIOD
The PR period is specified by wiiting o fhe PR2
registar. The PWHL neriod can be caleufatad using the
foflowing formuta;

Foli Paripd = [{FRY; - 1] v « TOSC »

{TAR2 Brazeaie Value)
PWHA frequency is defined as 1PV pericd].
When TMRZ s aquai to PR2, the following three events
noodr on the next increment eyole;
+ TMR2 i3 gieared
* The CCPY pin is sei (exception: if BV dily
eyole = 0%, the CCF1 pin will ot he set)
* The PYWM duty cycle iz latehed from CCPRIL into
CCPRIM

“Hotet " The Time ?:gpostscaier 1see Sectaon ?.1

Teguenty’ hah ihe PWM output

gk, or 2-tits of Ihe prescaier, 1 creale O-£ Ime
tase.

A P output {Figure 3-43 has a time base {period;
anid a tms that the output stays high (tuty eycle) The
frequency of the PUWA i the inverse of the pericd
flfeaiod).

FIGURE 8-4: PWM CUTPUT

1, Peried

L]
i
E
THR2 = Duty Cyele

832 P DUTY CYCLE

The FWM duty cycle ks specified by writing to the
SUPRIL register and to the COPICOH=5:4> bits, Up
o 10-hit resolufion is avaitalle. The CCPRIL containe
he sight M8ks and the SCP1CON=5.4> containg the
two {3bs. This 10-bif volue is represented by
COPRILCIPICON=54>. The foliowing equation is
ussd to calewiate the PV duty oyvcle in time:

PO Dty Creele =fCC BRI COPICON=53) 0
: TO8C # (TMERE Prescaie ¥ aiua}

CCPRIL and COR1CCN<Sx can e written 1o at any
tms, but the duly gyce value is not lotched into
CCPRIN untit after 8 mateh betwaen PRZ and TMRZ
oters fi.e., the pericd 5 compleie). In PWM mode,
ZCPRIHEsa raad-orly register.
The CCER1H register and a 2-bif intemal latch are
used o double-bufer fhe PVWM duty cycle. This
dousle-buffesing in essertial for giitch-fes PWM
cggfatiqn :
When the COPRIH and Z-hit lateh match TMRZ,
soncatensted with an intemal 2t Q tlock or 2 bits of
the TMRZ prescaler, the O OP1 pin i clsarad,
The maxi i PV resolution (Bits) for 3 givea P
fraguency is given iy the folbowing formula.

EQUATION 8-1;

Fosz

Resolution = Fﬂv bigs
1':- g2}

~Note: I the PWM duty cycls vail
RIER "‘the_ F’WM pennd ‘the _

s longer than,
piry will nio be-

& 2003 Microzhip Techrolegy
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BETUP FOR P OPERATION

The following steps should be taken when configuring
the CCF modula for PYYRT opsration:

1. Setthe

P pariod by wiiting to the PRZ register,

2. Set e PWM duty cycle by wiiting 1o the
CCPRAL regieter and COPICONS:4> its.

3. Make the CCPt pin an oulput by clearing the
TRISC 2= bt

4, Setthe TMRZ prescale vaius and erable Timer2

foy writing to T2CONM.
5. Configure the CCP1 module for PYWM operation.
TABLES-3: EXAMPLE PWM FREQUENCIES AND RESOLUTIONS AT 20 MH2
PWM Frequency 1.22kHz | 488 kHz | 19.53 kMz | 78.12kHz | 1563 kHz | 208.3 kHz
Tinwsr Prescaler (1, 4, 18} - 4 1 1 1 1
FR2 Waius gxFFh OxFFh OxFFh 0x3Fh Ox1Fh Txith
Maxitnum Resoiution (bits) 1 10 10 & T 25
TABLE 84:  REGISTERS ASSOCIATED WITH CAPTURE, COMPARE AND TIMERT
" . . . . . Vzlue on: Value on
Address Name Bit ¥ Bit & Bit 5 | B4 Bit 3 Bit2 Bit1 Bit & POR, BOR aFlt! a_ther
esets
DBh.SEh,  |IMTCON SiE T TMBRIE | INTEC L BBF. | oane opox|a000 gocu
10Bh, 128= e b A
ich PiR1 o B | COPUF { TRRAIE| TMRUF {sa00 seno{oooe ooco
00h PRz : sl s ] COPIF [- e wnop]om e ween
8Ch PiET ] CORiE ',T-P-‘!RE-IE TMRUE {0900 2096) 3028 3000
S0k PiE2 i Ceue ] | i e T GOFRE fean e amaf mwew = mmd)
&7h TRISC | |PSRTC Bat Direclicn Register 1111 1111f1tal 1111
BER TMRIL  |Holdng Register for the Least Signifeani Byie of the 18-b3 TMR1 Segister v e g LTI TTIN )
i THRIH ‘-{uidzng Ftegrsterfvthe West Significant Byte of S1e 18-bit TMR1 Ragicter ERHR AT ungy wusy)
102 TICOR |~ [ |Tieerst|TickPEn] TIOSCEN] TIEYHE | TMRICS [TNRIOH |- 20 5200] --un wu
15 CLOPRL Cap'rure ﬁmpaw’?l’xM Fegigter 1 (L38) TOIR Ao | wmm
18R COFRTH: Capture.'Cum;«are'Fﬁ'M Re ey | (MSH) ook xeox)uou gue
1T CCRISOM|: B Pix | geriy | corime Jocm Mz focpwit [eeoimn]- <o noae|--a¢ soca
18k CCPRIL | |Capmire/Sempar=ZWhi Regisser 21L38) oot Moo | wouw wiy
1Ch CCOPRIY |CaptureSom JEJ‘FWM Regis Z{MSE: piwe bivibed BTN T5L IRTTT0A10Y
1Bh cropspoN | - opav. | corama Joceamz|ocean 1luCr“2rﬂ"‘ R T
fegend: x=usknown u= un‘..hanged - F U r1plement—d read 35 'Y, Bhaded 22lls sre notused by Captire ang Timer?,
Note 1 The PSFis neiimplemsnted on 28-pin devizss; dhways maintain theze bits olgan

W
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TABLE. 8-5:  REGISTERS ASSOCIATED WITH PWM AND TIMER2

: . . . , Value on: Yalue on

Addrecs Name git? Bite Bi#S Bit 4 Bit 3 Bit 2 Bit 4 Bita BOR, BOR aliother

_ ! Resets
aBh28h.  IINTOON [ FEE | L] TRAR celaeng 90x(000d ¢30u

0Bh, 3234 : iy

filel AR1 PaeuFith- THRTF |z0oc seacfeocs ooon
OCh PR e e ] COPAF [emen eeifemea --cp
ECh PE] iE | TMREE [ TRIRIIEY 2000 acaoioaen poo
s0a PiE2 B | S e | QORHE fanm cmalfemee —an a
87h TRISC PORTE Hata Direction: Reyister 1111 1111)1141 13131
1th TMAR2 Tirner2 Moduie's Register ALAG J0AC|COGT GOED
“h PR2 TmerE Hodule's Periot Regisier 1131 113111131 R3ia
12h TICON [T f_i:lTCUTP.:3|Tf&JTP5.]’0‘"Tr=1I“GU'PS«JI WR20M | 72cKPS 1 [72ckPS0f-oae acat]-aca ooco
igh CLPRIL  (Caplure/Sompare!®UM Sepister 1 {LEE} RS X [uuny - oy
16h COPR1M Gapiure.‘Cnmparei‘FWM Eegister 1 {(ME2E) WA O [uun uavu
ith CoPtCoNf | = ] CCPIX | CCP1Y | CCPIMB | CCPIME [CERTNA [CLPIME |--00 203¢]--00 coes
iBh CCAR2L Camum omparelF VI Regisier 2 (LIB) AXNK riuuny i)
iCn CCPRIE Captum.‘bcmpamm‘t'm Ragister 2 M3 SR KK |DUNL Ty
1Ca CR2CON| 1 copax | oepey [copava [ copanz[coezmt [Coremz|—-ac scat|- 07 caen

Legend: X = unknoan, u= un\‘hgnged - = un'mplemented, rexd as ‘0. Shaded vele are 0ot ussd by PO and Timerd.
Mote 1: Bis PSFIE and PSPIF are reserved on 28-oin devices; aiways maintan thizse hils giear.

W
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9.4  PPC Mode

The BASSP module in 120 mods Ay implaments a!
taster and sigve functions (inciuding general ¢all sup-
porty ang provides interrupts o Start and Step bits in
hardware to determine a free bus {multimaster fune-
fion). The MSSP module impiements the standard
mode specifications, as wel a8 F-Lif and  10-bit
addnessing.

Two ping are used for data transfer:

* Serigl glock (SCLY - RCHSCRISCL

* Serial data (804} - RCHSDESDA

The user must configure these pins &8 inputs or otfputs
through the TRISC=4:3: bits.

FIGURE 9.7 MSSP BLOCK MAGRAM
{I*C MODE)
¢ i
Y sk
R2pd—y’ Y, Wite
RC2ASTRECL .
YA

otk ! »-I-—-I—l \ =
Ro&EIY
204
Adar kasteh
atart and G5, Raget
ot Betey [ S, P blis
Slor ot bese SEPLTAT rey)

G.4.1 REGHTERS

The MSSP moduie has six ragisters for I°C operation.
Thase are:

v MESP Control Register (SSPCCGN)

+ MSSP Cordrol Register 2 (SSPCONDY

+ WMSSP Stakus Register (SSPATAT)

v Serinl Receive/Transnit Buffer Register

{SSPBUF)

MSSP Shift Register {SSRPSR) — Mot dirsctly
accessivie

v MESP Address Register (SSPADD)

SEPCON, SSPCONZ and ﬁ&SPETAT are the control
aghd siatus registers @n #°C mwods operation. The
SSPCON and SSPCON2 regieters are readable and
writalle, The fowse aix Bits of the SSPSTAT are
read-only. The ugper two Lits of the SSPESTAT are
readiwrite.

SSPAR is the shift register used for shiffing data in or
out. S5PBUF is the huffer reqister to which dats bhites
are written to or rezd from.

S5PADD fegister hoids the slave device addrass
when the SSP iz configured in 14C Stave mode. When
the 58F 5 corfigursd in Master mode, the Jower
seven bite of SSPADD act as the baud rate gensrator
reioad vahle.

fr receive operations, SSPSR and S55PBUF together
create a doubie-bufferad receiver. When SS5PER
receives a complate yvte, 't is transferred to SSPBUF
and the SEPIF interrupt is set.

Curing warsmission, the SSPBUF iz not double-
buffered. & writa to SSPBUF will write to otk S5PBUF
and SSPSR.

D2305328-page &0
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842 OPERATICN
The MSSP moduls functons are enabled by setting
MSSP Enable bit, SSRPEN (SSPCOM<S5s).
Tha S5PCON register miows controf of the 122 opera-
tion. Four mode selection bife [SSPCOM=2:0=) allow
ohe of e following 12C modes o be seiected:
v 20 Master made, clock = OSCM (SSPADD + 1)
* 13C Slave mode (7-bit address)
v 13C Slave mode (10-bit address)
v 12¢ Slave mode (7-hit address) wilh Start and

Stop bit interrupts enabled
* 12C Slave mode {10:-b% addreas) with Start-and

Slop bit inderrupts enabled
* °C Fimmare Controled Masizr mode, slave-is

Idie
Selaction of any e ribde, with the SSPEN bit st
forces the SCL and SDA ping fo be open-craln, pro-
vided these pine are programmed to inputs by setting
the apprapriate TRISC hits. To ersure proper aperation
of the module, pul-up resistors nwist be provided
externaiy to the SCL and 304 pins,

043 SLAVE MODe

In Slave mode, the SCL and S04 ping rmust be config-
ured as inputs (TRISC<4: 3= geti. The MSSP module
will overrice the input state with the cutput date when
required (slave-transmitier).
The 12C Slave mode hargware wilt always generate an
interrupt oh an sddress mateh. Through fhe nwde
select bits, the user can sleo choose fo indemupt on
Start and Hiop bite
When an address is matched, or the data tranafer after
an acdrees mateh ie received, the hardware automati-
cally il gensrate the Scknowicdge {ACK) pulse and
load the SSPBUF register with the received valus
currently in the SSPSR register.
Any combinafion of the following conditions wil cause
the MSSF module not to give this ACK pulss:
* The buffer fult bit, BF {35PSTAT<D=}, was set
before the transfer was received.
* The overfow bit, SSROY (SSPCON<B>), was st
befors the tranefer was recelved.
In this case, the SSPSR register value is not loadad
irto e SEPBEUF, Lut bit SSPF (FiIR1<3] s s2t. The
BF bit iz cleared by reading the SSPBUF register while
bit S5P0Y is dearad throudh 2ofiwars.
The SCL clock input must have @ nenimum kigh and
Igwi for proger operation. The high and low times of the
I°C specification, as well as the reguirement of the
LSEF module, sme shown in timing parameter #100
and paramster #9014,

9.4.3.1 Addrassing

Once the M3SP moduie has beedy enabled, it waits for
@ Hart condition to occur. Folicwing e Start condition,
the 8 bits are shified finto the SSPSR register. A4 incom-
ing kits are sampled with the rising edge of the ciock
(SCL) Hine. The value of register SEPSR<T:1» ja com-
pared fo the value of the SEPADD register. The
address is compared on the faling edge of the eighth
cicck {SCL} puse. ¥ the addresses naich, and the BF
@vd SSPCN bite are clear, the faliowing events ooour;

1. The SSPSR ragister vaiue is loaded into the
SEPBUF regiater.

2. The Buffer Full 15, BF, is et
3. An ALK puiseis generated.
4. MSSP Interrupt Flag bE, SSPIF (BIR1<3=), is

g2t dinferrupt i3 generated i enabled) on ths
fafling edge of e ninth SCL pulse.

fn 10:b3t Address mode, bao atdress bytes need fobe

received by the slave. The five Most Significant bite

£1Shs} of tha firgt address byte specifyifthis s a 10-bit
siigress. Bit RAW (SBPSTAT2=] must spacify a write
so the slave device will receive the second address
lbyte For 3 th-bit address, the first hyte would equal

‘11110 RO RE O, where ‘20" and ‘BE° are the fwo

Michs of the address. The ssquente of events for

10-kit address & as follows, with steps ¥ through & for

the slave-iransmitier:

1. Recsive first {hight byts of address (bits SSPIF
BF and kit L& (SSPSTAT=1=) are set).

2. Update the SSPADD register with second {low)
byte of address (rlears bit UA and refsases the
5CL linel.

3 Read the S5PBUF register [cisars bit BF) and
clear fisg bit SSFIF.

4. Recazive second dlow: byte of address ibits
BEFIF, 8F and U are sef),

5. Update the SSPACD register with the Erat high)
byte of address. If match relzases SCL line, this
will clear bt LA

6. Read the SSPBUF register {ciaars bt BF and

slear fiag bit 35FIF.

Recsive Repeatad Start condition,

B Recaive first (high! byte of address (bils SSHRIF

and BF are sed).

Read the S5PBUF egister {ciears b BF) and

tlear flag kit SSFIF

™

[2]

T —————————————— e r————————]

z
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G432 Reception

When the S0 bit of the address byte is clear and an
address match oecurs, the RAY bit of the SSRSTAT
register is cleared. The received address is ioaded into
the SSPBUF register and the SDA& ling & held low
{ACK}.

When the address iwte overflow condition exisie, then
the Ho Acknowiedge (ACK) pulss s given. An overfiow
condition is defined as either bit BF (SSR5TAT<0) is
set ar b SEPOV [(SEPCON«8=} i3 sef.

An MSSPE inferrupt is generated for each data transfer
kyte. Fiag bit SSRIF (PIR1 <32 must be clearad in soft-
wane. The 5525747 register iz used fo delermine the
ataiia of the byts,

I SEN i3 enabled (SSPCOMN«D> = 1), ROASCKISCL
wilt bz eld fow {clock streich) folowing sach data trans-
fer. The clock rust be released by sefting b CKP
{SEPCON<d»), See Saction $.4.4 “Clock Stretching”
for more detaic.

o432 Transmission

finen the RAW Lit of the inconsng address byts i eet
and an address maich ocours, the RAFT bit of the
SSPETAT register is set. The received address is 'caded
inta the SSPBUF register. The ATK pulss wil basent on
the ninth Lit and pin RCISCHSCL is held low regard-
f2s5 of SEM {see Section 8.4.4 “Clock Stretching™ for
nare datalf). By sirsiching the clock, the master witl be
unable to assert another ciock pulse unti the slave is
done preparing the franemit data. The tranamit data
st be icaded nfo the SSPBEUF register, which aiso
ioads the SSPSR regisier. Then pin RCHSCIISCL
should e enabled by seiting bt CKP {SSPCOR«d»),
The eight datz bits are shiffed out on the falting edge of
the SCL ingug. Thiz ensures that the SDA signal is vaiid
during the SCL high time {Figure 5-81.
The ATK gulse from the mastes-receiver is laiched on
he riging edge of the ninth SCL input pulse. i the SDA
fine s high {not ATK), ther the data transfer is com-
piete. In this case, when the ACK is istched by the
slave, the dlave 'ogic is reaet (resels SSPSTAT regis-
ter} and He slave monitors for ancther necumence of
the Start it if the SDa line was ‘ow (ACK), the nest
Tranemit data must e inaded into the SSPEUF register.
Again, pin RCHSCKISCL must be enabled by seting
kit CKP.
&n MSSP mbamust is generated for each dats transfer
byte. The SSFIF bit must be cleared in software and
the SEPSTAT reqgister is used fo determine the status
of the: Lyte. The SBPIF bit is set on the falling edgs of
the ninth clock pulse.

m
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FIGURE 9-8:

PC SLAVE MODE TIMING WITH SEN = 0 {RECEPTION, 7-BIT ADDRESS)
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1411 Interrupts

The PIC1EFITYA famity has up to 15 sources of
interrupt. The inferrupt Confrol register {INTOON]
records individual interrint requesis in fiag bits. it also
hasg individual and g]nbal mterrupt enabie hits.

gloha tntermpt enahle hut GIE uINTCqu?’w
enablzs {f sel) all unmasked inferrunis or disables uf
seared) all ternipts. When bit GIE is enabed and an
inderrupt’s fag bit and mask bit are set, the infermugt wil

vactor immediately  Individuat intermupie can be
disgitled through their comesponding snaite hits in
various registers. Individua! ‘inferrupt hits are set
regandless of the status of the GIE bit. The GIE Bt is
Cieared on Resst,

The “refurn from iterupt” instruction. RETFIR, exiis
the interrupt reuting, as well a5 ssis the GIE b, which
re-enables mntersupts.

The RBONNT pininterupt, the RE ﬁm changs interupt
and the TRIRD overflow interrupt fags are somtained in
the INTOON registar,

The peripheral intarrupt flage are contgined i the
Special Function Registers, PIR1 and PIRZ. The
coresponding interrupt enable Bts are containgd in
Special Function Registers, PIET and PIEZ, and the
periphersi intsmupt enable bit is contained in Special
Functice Register, INTCOM.

vhen an interrupt is responded to, the GIE hit is
Clearsd fo disable any furher interupt, He refum
address is pushed onto the stack and the PC is loaded
with B004h. Ones i e Interrupt Service Rosting, the
source(s) of the interrupt can be determined by polling
the-imerrapt flag bits, The imerrupt flag kitis) must be
ciearsd in software before re-enelling intemupls to
avoid recursive intemupts.

For exfernal interrupt events, such &s the INT pin or
PORTE change intermupt, the internupt latenty will be
fhwee or four insiruction cyvtles. The exact lalency
dapands whan the internupt event ocours, The latency
i5 the same Jor orgs oF two-cyole instiactizns. Individua?
interrupt flag its are 281 regardless of the status of their
comesponding 1mask B, PEIE bit or GIE bl

FIGURE 14-10: INTERRUPT LOGIC
EEF 5
EEIE J
paaEl
PeRIEMt :[:
ALIF
ADE
RCIF TR :E Viake-up (I 1 Sleep model
REIE TMRIE )—"I_F
THF INTF
T"‘!-:E';__' NTE f"'m_le_r‘up’t EEet
e 5 REIF -
338% :E}_—l L REIE
239 S
LepE . PEE -
COPUE ; %
: i

TMRZPL ‘
THRE
THRIIS |
RnEL S

CG?E‘IF:I } |
STREI

-
D

Note f:

BOLIF
BTLIE

bt i
CMiE

F3F [nterrupt is implemented anly on PiC1BFAT4AL774 deviges.
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TABLE 17-16: IXC BUS START/STOP BITS REQUIREMENTS

P‘:.Ir:m Symbol Charasteristie Kin { Typ | Max | Units Conditions

e

20 THUSTS, Ezart 2ondition 100 kHz made 4708 | e | - ns |y relevant for Repeatsd Start
Zetup tme 400 kHzmode | o0 | — | — concitan

21 THECETA Z4ar: sondition 168 kHz mede 4000 | — | - ne  |Afer tis periad, the first clock pulse
He's time 400kHzmede | 800 | — | — i8 generated

22 TEasTo | Zwop conditon 0z mode 4700 | — | — ns
Sptup tme 40 xHz mode 9 | - | -

3 THOETE | Stop condifion 105 vz mede 4000 | -~ — ns
Hess fime 408 kHz mode eh | — -

FIGURE 17-16:  1*C BUS DATA TIMING

Nate: Refer to Figure 17-3 for Joad cendifions.

m
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TABLE 17-11: 2C BUS DATA REQUIREMENTS
P;T:_m Sym Characteristic Min Max | Unils Ci‘._mditians
100 |Trice | |Clock High Time 102 iz mode 49 — | s
1404 ¥5z mode 0.8 — s
{35P Modu's D& Ty -
151 Toow Closk Loaw Time 168 iz mode 4.7 — 1
1400 Kz made 13 - js
J55P Madus 0.5 Ty —_
182 TR S04 and ZCL Rise 108 %5z mode - i nd ns
' ime a0 smemede  [20:C1CB| 30D | ne  |Cob i speched o be fom 10
460 oF
183 {Tr ZDA and 3CL Fall 1680 ¥z mode - 300 s
ime 400 kHzmode |2 -C01CE| 3080 | ms  |CBic specified to be fom 0%
400 oF
ai Toxsta  [Btert Conditon Selug - 10@ iz mode 4.7 - s {Oniy relevans for Répeated Sart
Time 1400 iz emade 0.5 - ps  joondton ‘
&1 THR:ETA  |Starf Candition Hold 100 kiz mode 42 -— Bs - |Afterthis pericd, the firet elack
Time Ja02 %52z mode Y _ s puiEs 5 gemerated
10§ |THDcowr  {Data dnput Holz Tiese {102 %5z mede i - RE
Ja02 sz mode 0 0.6 us
187 {TsUser  |Dats Input Setup Fime [10D kkiz made 250 —— ns  |ihote 2)
R0 XHz made 100 - s
a3 Tawate:  |Ztep Condition Zetup 100 wHz mode 47 - ns
sime |40 372z mode 0.6 — | ns
168 Taa Clripat Walid from 100 -z mode - 200 | ns {{Nole 1)
Clock F400 iz mode —_ — ns
138 [TeuF Bus Free Time 1100 iz moge &7 — ks |Tims the bus must be fee before
1200 v mede i5 — Cps |amew transnuission can start
ZB Bus Capasiive Leading — 0| pF
Kote 1: Asawansmilter, the device must provide this internal ronimum delay time o bridge the undzfred region -"mﬂ 380 ns)

of the falling sdge of SuLt:l aupid urintended generaticn of Start or Step conditions.

T bus devics 2an be used in 3 standan made (100 kH2) FC tue 5 wsien, but the requirement
ease ifthe device does not streten the LOW

2 Afasrmode (430 kHz‘

that, Teubat 2 250 ns, must thern te wet. This will sutoriatically be the o
period of the 2LL signal. i such:a devite ﬂuES stfetm*-z the LOW pasind of the SCL ¢ sonal, it st ouipst fre nent dana oit
250 ns {acrording 10 the standard mods 1250 Sus apacaf zatian),

dothe SN tne, TR MAX, + THLEDAT = 1000 =
tefore the BCL ne is released.

B N e — T —

DR395828-page 102
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PIC16F87XA

40-Lead Plastic Dual Indine {P) — GO0 mil {PDIP}

st 5 | o

L

=
-E- A N L RN N T N_T-1.F- N0
.
o
R dd St bd d B R EY LT AR R T LY LY LT LY F I B
wh
" s
L}
a

viaf...
)
§
i |
1
)
i az *
e wad
- . ? L
| & !
LS
o ¥
Linite. INCHER" MILLIMETERT
Damenslea Limits BIN MO A [ G AN
Marber of Ping 1 4T 4k
e B 1z 2.34
Top Seaing Fang & 163 TS 140 4.0E 4,43 4.33
Molgay Pagkags TNicnges A2 143 R 20 3.56 3.5 4.34
Sans i Sealing Mane A (18 .36
ERaukar Shoukder Width E SRR SL2 E23 311 16,22 1£.28
Molsad Pagxags viklih E1 551 S5 SED 13.4E 13,84 1822
Lwerall Leadgn T 245 2058 255 £1.94 5535 E2.4E
Tpto Hzaking Pians © 122 A2 RE 3.08 3,33 345
Lead Thitknsss o 303 012 L5 9.0 0.2 128
UDTE a3 Wit Ei Ry 0Eay - OTg 2.7E 1.27 378
Laaar wead Wish B oy KepE] B2 - 356 048 2.58
Tuetall Row Szazing 5 £E B == CEC R 1559 797
Mol Draft &ngie Top o 5 13 i3 5 10 i3
Malg Draf Angiz Sattom B 5 z 5 B G 5
ST Comnaling PRamEe
& Bignifican] Chasactaniste
Maotss:
Eimensians I aad EY do rotiFciuds mald fash of proiiusons. Moke ash ar grosrugions shal act excesd
LH0" (0,28
JEDEC Equl

Lraning ¥o. £14-216

m
@& 2003 Microchip Tesrology Mo LEIesEAB-pape 211
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Microcontroller PIC16F84A Datasheet
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18-pin Enhanced FLASH/EEPROM

8-bit Microcontroller
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MICROCHIP PIC16F84A

18-pin Enhanced FLASH/EEPROM 8-Bit Microcontroller
High Performance RISC CPU Features: Pin Diagrams
» Gy 38 single word insiructionss to lesrn POHP. SCHC
- Altimsiructions single-cvele axcept for program L .
branches whizh ali tw:-cycle TR R’!’f ot '.. 18 v FA1
e 3 o BAG = [T 2 17— RAD
+ Operating spead: BC - 20 MAZ clock input : RAETECH) e ] 5 o te[ja—mosoteLEm
2 - 200 ns instruction cyale TR —e 4 B sh— cocoeteouT
+ 1024 words of progrant remory vgs —= I 5 5 wf] =—siin
* 88 bytes of Data RAN REQINT =—-[356 & 3] FE7
- £4 bytes of Cata EEPROM RBT =—=[7 ¥ [l RES
+ 14-bit wide instrugticn words Rez ~—~ [ e ps
FE3 =[] ¢ 10f] - REg
= 8-bitwide data dytes
» 15 Spacial Funclion Herdware registers
+ Eight-leve! deep hardwars stack
* Direct, indirect snd relative addressing moges
» Four internupt sources: 50
- Extemal REGINT pin T
- TMRO timsr overfiow RAZ = [at 20— RAL
) RA3 =] 2 15 [Jwe- RAD
- PORTB<T:4> intarupt-an-shange RALTIOKS -1 3 g 18] e CEDUTLAN
- Draia EEPROM wiite comzlets IR e [ & § ] QRCACLLOUT
. o — 5 @, 4 oy L)
Peripheral Features: E;._,.E : % e 3 — o
13 G ping with individuat direction controf RB&;’; ::g ; :; ::"l:': E:;
+ High-awrent sinkisourse for divest LED drive RE2 =~=[1g 12}] w—e FBES
- 28 ma sink max. per pin RE3 w1 12 H [] == REL
- 35 red SOUrSE Max. per pin
= TMRC: 3-b1 imecoconier with $-bit
programemable presoabar
Spaciai Microcontrolier Features: CMOS Enhanced FLASH/EEPROM
- 10,600 erasefwrite oyoles Snfanced FLASK Technology:

Frogram memery typicat
18,000,000 typical eraselwrite cycles EEPROM
Data raemory ypieal

» Low power, high speed tachnology
« Fuily statis dasign

= EEPRCN Dats Retendon » 40 years * Wide aperaing volage range:
- in-Girouit Sarial Programming™ (GEP™) - via - Commerciat 2.0¥ fo 8.3%
two ping - Industial: 2000 £.5Y
-+ Fower-on Resst i FOR), Fower-up Timer {FWRTY, * Low power consumgtion:
Cooifiztor Startup Timer (D57 « = 2 b tyoical B Y, 4 Kz
. ";'a'atehdeg: Timer {(WET with its 2an Sn-Chip RC - HB A typisal B0 3V, 32 kHz
Gsciﬁa_taﬁ for refiable operafion - < .5 pA typical stardby current £ 2V

Codz protection
Power saving SLZEF mode
Gelectale ascilater options

& 202% Miomchip Technoisqy lne. DSIGECTE-pags 1
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PIC16F84A

My ___..."lm_—.I“ __.....“ __._......II_ —— _.__.........._._I.—

10 DEVICE OVERVIEW

This docunisnt cortaing device spesific information for
the operstion of the PIC16F344 device. Additiona)
information may be found in the FlCmicre™ Kid-
Range Refererce Mahual, {DS33023), which may be
downloaded from the Microchip website. The Refer
ance Manual should be considered 8 complernentary
document o this data shest, and is highly recom-
mended seading for a better understanding of ths
device architzcture and operation of the periphers:
nodules,

The FIC16FE44 belonge to the enid-rangs famity of the
PiCmicre™ microcontroller devices. A block diagram of
the device is shown in Figure 1-%.

The program memory containg 136 words, which frans-
iates fo 1024 Insfruclicns, since each 14-bit program
wemony wordie the same width as each devics instruc-
tior. The data memary (FAM] containe £8 bytes. Dals
EEPROM is £4 bytes.

There are also 13 40 pins that are usar-configured on
apin-to-pin basis. Some ping are multipiexed with other
devics functions. These funelions include;

* Extamal interrupt

* Changs o PORTS interrupt

* TimerD clock rput

Table 1-1 detaifs the pinout of the device with descrip-
tions anc detsils for each oin.

FIGURE 1-1; PIC16FB4A. BLOCK DIAGRAM
15, . Dzta Bys 2.
-- -! > EEPROM Data Mermory
FLASH i hi!
Program J[
Wemoary " EEERAM
i 2 . 2 '."1 — = ] _?J -
#ed 8 Lﬁgﬁﬁ?ﬂ File Regsers FFp ESDATA o Da%g’lfgmry
) fig x 3
F'mgram}”»m = i
Bus 7
o o . 2 =
| Insiruciion Registsr | dr ’M”"”
l 5. Direct Agdr TMRY
_ D raermack:
5, |
P%ﬁ;”" HC Pors
instrugtion | Tiscillator 28
Deeode & F==3| 2aariug Timer :
LRRIne = A @
CYIEI-0T g RALRA
Rr:se?. | RAZRAD
Tming ||| Walchde - 7.
Beneralcn [ Fime:” E “ o
ﬁ % D] msownr
DECTCLOUT MCLR  wvop wss
O3CUGLKIN

o 2001 Micrazsip Techneingy Ine.
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PIC16F84A B
M

TABLE 144:  PICT6FB4A PINOUT DESCRIPTION

" PDIP | SQIC | SSOP | LOP Buffer L
Pin Name No. | Mo, No. | Type Type Description
{OSCUTLKIY 16 16 13 1 sricmoéfﬂ Ozcillator eryatal input’extemal clock aouree input.
CSCHTLROUTT 15 3 13 O — Oscitlator crystal eutput. Cornedts to erystal or E
fresonater in Cryatal Oscifator mode. I RE wiode, -
O5C2 pin owtputs CLECUT, which has 14 the
frequency of 0SC1 and densctes the instarction
cycle rate.
MCLR 4 4 4 [ &T Kagter Clear {Resst) inputiprogramning voltage
input. This pin is an active low RESET o the device
PCRTA Is a bi-directional 112 post.
RAQ 17 (i 15 G T
Rad 18 16 20 o] T
RA2 1 1 1 HO TTL
Ra3 2 z 2 io] TL
RA4TICKI 3 3 3 o) a7 i2an alag e setected to bs the clock inpat to the
TMRD timericounter. Output is open drain tyge.:
PORTB is g bi-directional 0 port. PORTS canbe |
exfhware orogranmmed for nternst weak pull-up on
ali inputs. ’
RBOANT 5 & 7 1o | TTLsT | RBOSNT can aiso be selected as an exiemal
interrapt pin,
RE1 ki 7 8 [9] .
RB2 8 8 9 i TIL
RE3 g o 10 s ] TTL
RBE4 10 1Q 11 e TTL interrupt-cr-change pin.
RE5 11 kb 12 i Tl nterrupi-on-changs pin.
REG 12| w2 13 oo | TTusTR mtermnt-on-changs sin.
Sarial programniing elock.
RE7 4 12 | 14 | vo [ TusT® | interruot-on-change pin.
Serial prograntaing data.
Y35 5 & SE = — Grourd reference for fogic and UG pins.
fhni] 14 14 15,16 & — Pogitive supply for logie and FO pins.
begend: = mput 0= Culpui KO = InputiSutput P = Power
= Mot used TIL = TTL input ET = Schmitt Trigger input

Hote 1: This buffer e & Schmitt Trigger Input when configured as the externa; intermipt,
2: This buffer iz 5 Schmitt Trigger input wihen used in Serial Programnting mode.
¥ This buffer ie a Schinitt Trigger input when configures in RC esclilator mode and a CROS input othervise.

- o S S A
D2 35007 8-page 4 & 2001 Micochip Technalogy inc.
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PIC16F84A

23 Speciat Function Registers The spacial funciion registers can be-ciessified into Two
sets. core and periphsral. Those associated with the
cors functions are described in this section. Those
relaied {0 the opsration of the perigheral fegtures are
described in the section for that specife featurs.

The Special Function Registers (Fiqure 22 and
Table 2.1) are used by the CPU and Periphsral
functons 1o conirgl the device operation. Thess
registars-are afatic RAM.

TABLE241:  SPECIAL FUNCTION REGISTER FILE SUMMARY

. . Vaiue on Datails

Adidt Name Bit7 Bit& Bit 5 Bit4 Bit3 Bit 2 Bit 1 gite Power-on
' N REsgT - |00 PAgR

mBanic a
EOh  |iNEF Ugss conients of F3R to address Data Mamory (not 3 physica: register) iR B L
Tlh JTMRO Ecbit Bea™7ime GlookiCounder xxxx xxxz| 20
gzh {RCL Low Order § bits of the Program Counter (PZL SEOR LROD IH
wh Js7arus® | Re T AP [ meo | 10 | FB 1z J oo | € Teemr | 2
S4h  |FER fn :!ire D&ta Me:na:ar, i:ic!'es= Poincer XEEE wxxc) 1
8h |PORIAT - JREUTECK] ReX | RA2 [ RA: | RRD [---x mwow| 18

Bh  [PORTERT RET | RANINT | s s
o) - [Uriiplenidhted locdlion, read a Rk
Tgh  |EELATA ESFROM Dat.m s—{emste* L oxxxx | 13,14

Tih |EEADR EEFRON Address Ragistar xox] 1314
@%h {FCLATH “i|rite Bufer for upper & ks of the 2oll ween gann| 1
gBh [INTCGN INTE | REBE | TOF | W17 | RBF [acoc conx| 10
Bank § . ) :

o JINDF fUses Conients of F3R to zddrass Data Memory {not & physical register’ e mman 1%
2ih JGPTION_REG [ REAU | WTERG | TOCS | TORE | =T | P32 | =G ] P22 |a111 11} . 8
a2h [Pl |Low order & bits of Frogram Sounter (FC) . AL0A oane| .
23h |avatus @ BP | RPi ] RED | To | P | £ | bc| o

2dh  [FSR Indirest data memory adéress cointer O

28h - ITRESA : : ,|f-ca'r-= Data Directien Ragistar

26h. |TRISE

36 |EECONT 7 =anc]| 13
2

th [eEcoN?

|---2 eose| ¥
ange twox| - 10

upmer hyte -Jf tn,e PIOZIAN counder 5 nok ::!lr-v*l,r a.“e=sr'ie~ F’C LATH 2 a slave n—gsst»— for FOT2Es. T“e x,cmtx:m.
of PLLATH can be tranzfersed ta the ¢ uppex Byte of ihe piograr colnter, But the contesis of POC12:8> are never Fans-
fcrred to POLATH,

20 Tre T 20d PD status bits i the 5 'T’,m register are not affzcted by & MCLRAeset.

3 Dtherinon pmar-um RESETE ‘nolude: external RESET through MOLR and e Waichdeg Timsr =?.-,.-sz-:-t

4: On any deviee REEET, thase pins are configured as inguts.

5 Thisisthe valus fhat will be in ;he part cutout latzh.

m

2001 Mierezhip Tethaneiagy Ino. 02350078-page 7
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PIC16F84A

18-Lead Plastic Dual In-line (P) — 306 mil (PDIP)
foste B ]

) R

g E

] EE

E =] EE
! A2
|
- "-
D jelen
nils IMCHES" MILLIMETERS:
DimensionLmts | men Ko AKX it [ HAX

Huricar of 2ins A i 43
preh [ 430 2.5
Tap lo S#alng Piane A 140 153 AL EXE 154 232
hioilec Fackags Thickness A2 115 ] T .82 320 268
| Eaga to Seating Sane A 038 £33
Enoider o Shelder 1o E 530 373 ] TET D 326
Mosles Fackags WIdir: E1 240 250 8L €35 £.35 8,60
Cveral Langn o E80 BE8 365 2261 1230 sz.00
Tip 1o S2aling Piane L A5 33 135 2.8 230 342
Lead TRENRESS ¢ 33 L2 1 ) 328 0.58
Lippar Leac Wi B1 0435 ] ) i34 .45 1.7E
Lot Lagd Width B bis 5iE 227 e 245 2.36
Cuerml Row Spaning % | =E T a7 AT 787 540 10.82
Mo Deatt gz Tag ] I i 15 3 43 13
Mo Srak Angie Seliom : [ g 19 18 & i3 15

*Sonfrading Paramater

§ Sigritioanl Sharacisnstc

Holes: .

Diranelens T and 21 do nod inzlade meid 2agn or poolruslans. kol £38h o 2rolueons $14&7 not excees
OG0® (C.OEdnm) per slga.

JESED Eculvalznt. ME-I0

Drawing Na. GLA-C37

m
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APPENDIX B
MAX232 DATASHEET

MNMAXIM

+5V.Powered, Multichannel RS-232

General Description
The MAK220-14A%249 Tamily df lire driversfrecaivars is
intended for all ELATIA-232E and V.28/V.24 commiunica-
tichs intefaces, particularky applications where =12¥ is
nat available.
Thass pafts are espacially usefd in baltery-powered sys-
tems, since thelr w-power shutdown mede reduces
cver dissipation 1y less thap SpW. The MAXZ2E,
AAX233, MAXZ35, and MAYZ45/MAXZEMAKEAT use
no external camponents and are racommended for appli-
caticngs where printed circuit board space is.crifical,

__Applications

Portable Computers

Leswv-Poswsr Moderns

Inkerface Transkation
Battery-Powered RS-232 Systerns
Multi-Drop RS-222 Newworks

Drivers/Receivers

Features

Superior to Bipolar

+ Operate from Single +5V Power Supply
{+5V and +12V—MAXZ3IT MAX23S)

+ Low-Power Receive Mode in Shutclown
{MAXZ23MAX242)

+ Meet All EIATIA-232E and V.28 Specifications

+ Multiple Drivers and Receivers

+ 3-State Driver and Receiver Outputs

+ Open-Line Detection (MAKX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220ZFE O C b - 70°C 16 Fastic DIF
KARZ20CEE O%C o -707C ‘16 Harmow 510
MAX220CWE O b+ 70°C 1G Wida 503
MaR22000 Db+ 70 Dica®
MAX220EFE 400 o < 85°C 14 Flastic DIP
HANZ20ESE -40°C 2 +85°C 16 Hamow: 50
RAK220EW, B i e 16 Wide 20
M&X220EJE 1 b 285 13 ZERRIP
KAK220MIE -555C b - 12570 16 CERDIP

Ordering Information continued at end of data sheet
Tenract factory for iee specifcarzns.

Selectron Tabie

N, of Norninal SHDM RAx
Fart RS-232 Ne. of Gap.valze & Thres- Astivein Datafste
Nurbsr Drivare!Rx Exl Caps {uF) State SHON  (Kbps) Fagiures
MAXID G2 E] 418 Mo, - [ES) Terio-pewer, nsiiestandard pinaLg
[GER a2t ] [ Wes — 203 LOW-DONER SNLEN
NARIZE MAX21 Y =4 45 1 Lem@ly e ¥ 123 SAAKIAT andd recalers st it shitdisn
Mo i2% &% o — s ¥ i Bglide nED
MEREI0 MAKECD) ) ] L0101 e — 130 5 drisars Wil shindown
MERZIT MAKEDT) 232 2 10005 o — 123 Sandand + 5= 12V of batlery supphes,
Sarme FUNICTS &5 WMAKESR
MEXFAZ (MAKITS 3 E LE00 Mo - IZ3064)  tndusry sandad
MNANZIZA o2 4 oA Ha — 200 Rt sk tame, shall Caps
MAXEIZ AT 22 & - Ha - h edd=mal Cama
[SEAEEkLY 23 [x — i — b elErnal Cacs, high Jewyate
TAXTId MAKZN) 40 q 1.G{0.1% Mo —_ Reflaces 1438
MAYZIS (MEX205) &5 [ - es — W esliEnal CaES
MRS TIE {MAKIOE; 43 4 LG s — Shikdown trea Hats
MAX2TT (WA =5 ] 1000 Mo - Complemarts [2r £C zerla por
AN ZIE [MAKIDS) 4 ] ERoy! A Mo — Beriaces 143€ and 149%
MAX 235 (MAKZDS) & 2 YoM Fic: — Stardard B0 120 or Bablery suppdies
B sngia-packags soulicn for IBR P s3iat past
A 20 +5 £5 4 Lo s - LR of Napack packags
NMAXIE MK} =5 45 ] 1.0 013 ‘s e Lomplele IBM PC 26713l pofl
MaxXzde =3 &2 ) 8.1 Yes ¥ Separdie shutlown angd enalie
N2 +5 2 4 .1 Mo — Jpen-ine detacton Impiles Saring
MES a4 =5 2 4 1 X4 Mo — Hghskw tale
NAXE -5 [ 1d a - R ¥ Mg st raie, Ine caps, fa dudran medas
MO 246 +3 il O - To5 v High skavr tate, lnt. caps, thees shutéosn modez
NEXIAT -5 2] [ — es v High siaw fale. Int.caps, ine opataling modes
ka2 48 +5 wa 4 (R R+ ¥ Hgi stz rale, selecdwe hafcnip enatiss
Mazae -5 [ 4 1.¢ Y5 s Avaliabie N quad fatpatk packags
FJAAXLIN Maximn Integrated Products 1

For free samples & the latest literature. fip./faww.maxim-ic.com, or phone 1-800-998-8800.
For small orders, phone 408-737-7600 ext. 3468,

mn
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MAXZZO-MAXIMS

+5V-Powered, Multichannel RS.232

Dnvers/ﬂecetvers

ABSOLUTE MAXIMUM RAT[NGS-—MAX22012221232N233N242!243

Supply Voltage Voo .. 03V o +BY 16-Fin Namow SO (derate 8.70mW"C abowe +70°C) .. GOSmN

Input Yoltages 16-Fin Wide 30 (derate 8 52mWPC sbove +70°CH......Te2mW
TiM. A0V 1o [\.t'cf“ 0.3A 18- Pin Wide SO (derate 9. 52mWEC above +70°C) ... 762mW
Ry --- . o230V 20 Fin Wide SO {derate 10.00mWC abows +70°C)... 800mW
T flots 1. a5y 20-Fin S30P (derats 5.00mW°C above + 70°C) . ....... BA0mW

Qutput Volaga.» 16-Fin CERDIP [derate 10.00mW"C above +.-[§”C,’1 . BOOmW
TouT--- . 15Y 18-Fin CERDIP idarate 10.53mWPC above +70°C).... S4Z0W
RouT.... D o E\ﬁ‘c;: P KL Cparating Temperature Ranges

Criven' Recemar Chstper Shn‘t Cm:umed to GNO........ Continaosus MAXE _AC _ MAXZ _C_ LGt +70°C

Continuous Power Distipation [Ta = +70°C) MAXZ_ _AE__ MAXZ_ _F_ 40'C 10 +85°C
16-Pin Flaztic: DIP {derate 10.53mWrC above +70°C).. _B42mW MAXE AM__ MAXZ _M_ -55°C to +125°C
18-Pin Plastic TIP iderate 11.71mW/"C sbave +70°C)., . 889mYW Storage Temperattrs Rengs ..., -B5*C o +150°C
20-Pin Plastic DIF (derate B.00mWPC sbove +70°C) ... 440mW Lead Temperature (scldering, lﬂsac} [RSRORIE C. | & i 4

Note 1: Input volterge measured with Tour in high-impesdance state, SHOM o Yoo = OV,
Stessas fevond s fsto unger bSO Maxdnum Ralings™ may Couse DamIGnent Jamegets e deowioe. These ane sness IANGS only, eng functons
qeratinn of the govice 21 Jess oF Bi7 offer Congions Seyond fhose DNHCRIR 10 198 Querstibngl sacions of e specifcanions §s N0t ivplied. Exposure 10
SUSORR M3 WTTING oINS for extanded Canods may 2fert goves Loy

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = <5V 210%, C1-C4 = 0UPF, Ta = Thin to Taax, umless othervise noted

PARAMETER CONDITIONS [N TP UNETS
RS5-232 TRANSMITTERS
Cutpur Voltega Swing All ransmitter autputs loaded with 3kG to GND &5 =8 v
Inpust Lagic Thrashold Lo 14 [k} v
input Logic Threshokl High 2 14 W
Normal operation § 40
. L | Nomm |
Logic Pull-Upfinput Curren: SHON = OV, MAX222/242, shutdonn oY R
: Ve = 5.5, BHON = OV, VouT = £15V, MAX222/242 001 =10
Cuipwt L eakage Cumrent A
e Voo = SHON = OV, Yout = £ 159 TS
Data Rat All except MAX220, niormal speration 200 15 | kbitsf
2 nae MAXZ220 2 ) e
Transmitter Qutput Resistance Voo = Ve =W s B VouT = 22V 305 1084 1
Output Short-Cincuit Curment Vour =0V =7 z22 mh
R5-232 RECEVERS
RE-Z32 Input Votage Operating Ranoe ) =3
) . ' Al sxcapt MAX243 2|y 23] 13
- | Thre: ¢ = -
F5-232 Input Threshold Low Yoo = 8V WMAY2A3 o Nt 2 3 - v
. ) ) & evicapt MAK243 B2 18 2.4
F5-232 Input Threshold High Voo = 8Y — v
_ P 9 < MEXZ43 ROm (NoteZ) o5 o1
) All except MAX243, Vo » 5Y, no hysterestz in shdn. 0.2 [+E] 1
FE-232 Input Hysteresis TIEr 7 v
RE-Z22 Inpust Resistance - k) & 7 Mo
TTLACWMOS Cutput Voltage Low louT = 3.2mA D2 od v
TTLACMOS Qutput Veltage High oyt = -1.0ma 35 VWeo-02 v
S Sourcing Viout = GND .2 30
TTLOMOS Lt Short-Cincuit nt - ma
Cutp e T | kg VauT = Vor wo_w
SHON = Yoz or EN = Vo (BHDN = OV for MAX222), .
TTLICMOS Outpur Leakage Cumant | o7 VouT£Yoe 005 =10 | pa
2 N AXNLAA

o k]



+8V.Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241 (continued)
{(MAXZZH2RN2I2ZIA2I6/23IW2A4Y, Voo = +6V 210; MAXZINMANZSS. Yoo = GV =5%, C1-04 = 101F; MAXZIUMAX239,

MAX220-MAX249

Voo = 5V £ 10%; Ve = 7.5V 10 FL2V: TA = T to TMax: uniass ctherwise notad )

PARAMETER CONDITIONS MIN YR MAX | UNITS
Nt mat operation
SRON = 5 (MAX223) 0.8 1.2
o + SHDN = OV {MAXZINZ36/2400741
RS-232 Input Threshold Low Ta = 25°C, ¢ ) v
Yoo = 59 Shutdown (MAX223)
GHON = 0V, Y 16
EN = 5V (R4, REm)
Normal operation
SHDN = sv {MAXZ23) 17 24
T = +25°C SHON = OV (MAX235I236/2400241)
RS-222 Input Threzhold High n ' v
Ve = 6 Shutdown (MAX223}
FAON = OV, 15 24
EN = 5¥ (R4, RSN}
R5-232 Input Hysteresis Yoo = 5V, na hysteresis in shutdown 0z as 12 v
R5-232 Input Resistance Ta = +28°C, Voo = 5V 3 5 7 K
TTLACMOS Qutput Yoltage Low our = 1.6mA (MAX23HW2321233, Iour = 3.2mA) 04 v
TTLEMOS Cutpu Veltage High | lour = -1mé 35 Vgoo-04 v
OV < Royt Voo EN = OV {MAX22D);
TILCMOS Quiput Leakage Currant B = Yoo (MAXZ35-241 ) 1131 Yy ) Ha
. . Norrmat MAXZ23 as]
Receiver Cutput Enable Ti .
eiver Guput nsble Time operation MAX2352 36/ 230740524 o m
MAXZZZ 8O0
Receiver Outpat Disable Tine Norma.l A ns
operation MAXZ35236/2392400241 260
RS-232 1o Nermal operation 0.5 10
Propagation Delay TTLICMOS OUT.| BHGH = ov tPHLS 4 AG 1]
Ct, = 180pF [MAX223; tPLsS & 40
MAXZ2MAXZIOMANZI4-241, Ta = +35°C, Voo = BY,
Rt = 32 to Thak, &y = 50pF to 2500pF, measumd fom 2 .1 e ]
Transition Region Slew Rat «3% 1o -3V ar -3V o « 3V . v
ransiion Feghn SRw Rate MAXZIHMARZIZMAX 233, Tp, = ~25°C, Ve = BV, s
AL = Mt to ThiL, CL = SO0pF to 2500pF, measurad from 4 %
+3V to -3¥ or -3V to + 3V
Transeniter Output Resistance Voo = Ve = V- = OV, Vour = 22V 30 a
Transmiieer Outpue Shom-Ciroul
Current =1Q ma
8 MAXLA

72




+5V-Powered, Multichannel RS-232

Drivers/Receivers
Typicaf Operating Characteristics
MAX223/MAX230-MAX241
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+5V-Powered, Multichannel RS-232

Drivers/Receivers
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Figure 5. MAXZPOMAXZIZAFAX2I2A Fir Configuration aad Typical Operating Circuit
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APPENDIX C
SRF04 ULTRASONIC RANGE SENSOR DATASHEET

' 59 Menio Deive, Sute 100 Ganerai: milbgeamTar com
Reaewiin, CILMIG 35765, USA Tochnieal GUppOTEEarElzR.com
] Otfice: (916} 624-3333 Wab Stbe: www.paralize cam

Fax;: {916) §24-8003 Educabonal: wwa stampsnclass com

Devantech SRF04 Ultrasonic Range Finder
(#28015)

The Devantech SRF04 ultrasonic range finder provides precize, non-contact distance measurements from
about 3 cm (1.2 inches) to 3 meters {3.3 yards), it is very easy to cannect to BASIC Stamps or the
Jlavelin, requiring only two IfO pins.® The SRF04 fbrary makes this device very simple to use and is an
ideal component for robotics applications.

The SRFQ4 viorks by transmitting an ultrasonic (well above human hearing range) pulse and measuring
the time it takes to "hear” the pulse echo. Qutput from the SRF04 is in the form of a variable-width pdes
that corresponds to the distance to the target,

The SRF04 is designed and manufactured by Devantech, who provides additional technical resourees for
the device. Their web sit= is hitp:/fwww.robot-electronics.co.uk,

Features

Voltage -5 v

Current — 30 mA Typ. 50mA Max.

Frequency — 40 kHz

Max Range -3 m

Min Range - 3 cm

Sensitivity - Detect 3 om diameter broom handle at > 2 m

Input Trigger — 10 uS Min. TTL level pulse

Echo Pulse - Positive TTL level signal, width proportionzl to range.

Small Size - {1.7 in x & in x .7 in height) 43 mm x 20 mm x 17 mm height

- % % 9 & B % ¢ @

* For & Javelin Stamp apgiication nnte s2e www javalnstamp.com,

Parallax, Ine. + Devantech SRF04 Ultrasonic Range Finder [E28015) » 1052003 Page 1
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SRF04 Timing Diagram
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APPENDIX D
CMPS03 ELECTRONIC MAGNETIC COMPASS DATASHEET

This compass module has been specifically designed for use in robots as an aid to
navigation. The aim was to produce a unique number to represent the direction the
robot is facing. The compass uses the Philips KMZ51 magnetic field sensor, which is
sensitive enough to detect the Earths magnetic field. The output from two of them
mounted at right angles to each other is used to compute the direction of the orizontal
component of the Earths magnetic field. We have examples of using the Compass
module with a wide range of popular controllers.

Comections to the compass module

Pin 2.- v Ground
* Pin @< No Connect
. Pin 7~ S0 0H:
FiRE- Calibralg
. Pin§-No Coninct
Pin 4~ PWN
© Pin:3-8DA
F‘In 2-' SCL
Pin 1= +5

The compass module requires a 5v power supply at a nominal 15mA.

There are two ways of getting the bearing from the module. A PWM signal is
available on pin 4, or an 12C interface is provided on pins 2,3.

The PWM signal is a pulse width modulated signal with the positive width of the
pulse representing the angle. The pulse width varies from 1mS (0° ) to 36.99mS$
(359.9°) — in other words 100uS/° with a +1mS offset. The signal goes low for 65mS
between pulses, so the cycle time is 65mS + the pulse width - ie. 66ms-102ms. The
puise is generated by a 16 bit timer in the processor giving a 1uS resolution, however
I would not recommend measuring this to anything better than 0.1° (10uS). Make
sure you connect the I2C pins, SCL and SDA, to the 5v supply if you are using the
PWM, as there are no pull-up resistors on these pins.

Pin 2,3 are an I2C interface and can be used to get a direct readout of the bearing, If
the 12C interface is not used then these pins should be pulled high (to +5v) viaa
couple of resistors. Around 47k is ok, the values are not at all critical.



Stat  COmMpass uses atdess DGO iila The register rim ket that Repeated

B 4 1 500 0 0 0 o YO ant 1 read from Start o
Tl AT [AS TATAS [AZ TR Rav ack_[D7T0E] D504 6T 0o piTomkex 1]
i

! TLZLI3 _ 5] _[7 9 TL 3L 4] {5 61 7109 T

Write address wilth bit0 et - OxCH N
1 1 0 6 0 0 @8 1 Rend one of more 1egisters Stap bi

Tl fATaeTas [aa iz 1Az A1 v lack (o7 PRI REpal balos [piloahek__ iIT
FMLELRLEAL B RLFLE L. FLEL RLBLE FLFLELE. T

I2C communication protocol with the compass module is the same as popular
eeprom'’s such as the 24C04. First send a start bit, the module address (0XC0) with
the read/write bit low, then the register number you wish to read. This is followed by
a repeated start and the module address again with the read/write bit high (0XC1).
You now read one or two bytes for 8bit or 16bit registers respectively. 16bit registers
are read high byte first. The compass has a 16 byte array of registers, some of which
double up as 16 bit registers as follows;

__Register | Function
0 [Software Revision Number
1 [Compass Bearing as a byte, i.e. 0-255 for a full circle
23 |Compass Bwiug as a word, i.e. 0-3599 for a full cﬁﬂe,'repfesemiﬂggﬁgg degrees,

4.5 |internal Test - Sensorl difference signal - 16 bit signed word
6.7 |Internal Test - Seusor2 difference signal - 16 bit signed word
8,9 {Interna} Test - Calibration value 1 - 16 bit signed word

10,11 |Internal Test - Calibration value 2 - 16 bit s word
12 JUnused - Read as Zero
13 |Unused - Read as Zero
14 |Unused - Read as Undefined
13 |Calibrate Command - Write 235 to perform calibration step. See text,

Register 0 is the Software revision number (8 at the time of writing). Register 1 is the
bearing converted to a 0- 255 value. This may be easier for some applications than 0-
360 which requires two bytes. For those who require better resolution registers 2 and
3 (high byte first) are a 16 bit unsigned integer in the range 0-3599. This represents 0-
359.9°. Registers 4 to 11 are internal test registers and 12,13 are unused. Register 14
is undefined. Don't read them if you don't want them - you'll just waste your [2C
bandwidth. Register 15 is used to calibrate the compass. Full calibration information
is here.

The I2C interface does not have any puli-up resistors on the board, these should be
provided elsewhere, most probably with the bus master. They are required on both the
SCL and SDA lines, but only once for the whole bus, not on each module, 1 suggest a
value of 1k8 if you are going to be working up to 400KHz and 1k2 or even 1k if you
are going up to IMHz. The compass is designed to work at up to the standard clock
speed (SCL) of 100KHz, however the clock speed can be raised to IMHZ providing
the following precaution is taken; At speeds above around 160KHz the CPU cannot
respond fast enough to read the 12C data. Therefore a small delay of 50uS should be
inserted either side of writing the register address. No delays are required anywhere
clse in the sequence. By doing this, I have tested the compass module up to 1.3MHz
SCL clock speed. There is an example driver here using the HITECH PICC compiler
for the PIC16F877. Note that the above is of no concern if you are using popular
embedded language processors such as the OOPic. The compass module always
operates as a slave, its never a bus master.
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Pin 7 is an input pin selecting either 50Hz (low) or 60Hz (high) operation. I added
this option after noticing a jitter of around 1.5° in the output. The cause was the 50Hz
mains field in my workshop. By converting in synchronism with the mains frequency
this was reduced to around 0.2°. An internal conversion is done every 40m$ (50Hz)
or every 33.3mS (60Hz). The pin has an on-board pull-up can be left unconnected for
60Hz operation. There is no synchronism between the PWM or 12C outputs and the
conversion. They both retrieve the most recent internal reading, which is continuously
converted, whether it is used or not. Pin 6 is used to calibrate the compass. The
calibrate input (pin 6) has an on-board pull-up resistor and can be left unconnected
after calibration. Calibration is identical to the CMPS01 Rev7 procedure. Full
calibration information is here.

Pins 5 and 8 are No Connect. Actually pin 8 is the processor reset line and has an on-
board pull-up resistor. It is there so that we can program the processor chip after
placement on the PCB, ‘

PCB Drilling Plan
The following diagram shows the CMPS03 PCB mounting hole positions.
[
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APPENDIX E
C CODE GENERATED

Master Microcontroller PIC16F877A Code

Testing program for obstacle avoidance and path planning
of Autonomous Guided Robot (AGR)
Created by: Mohd Azlan Shah Bin Abd Rahim (5146)
Electrical & Electronics Engineering Deportment
University of Technology PETRONAS

NOTES:

PIN_BO = triggering output to ultrasonic sensor front
FIN_B1 = triggering output to ultrasonic sensor left
PIN_B2 = triggering output to uvitrasonic sensor right
PIN_A2Z = input pulse from ultrasonic sensor front
PIN_A3 = input puise from ultrasonic sensor left
PIN_A4 = input pufse from ultrasonic sensor right
PIN_B4 = output to servo controller (bit G)
PIN_B5 = output to servo controfler (bit 1}
PIN_B6& = output to servo controller (bit 2}
PIN_B7 = Input from servo controller
PIN_C1= CCPT PWM LEFTWHEEL output
PIN_C2 = CCP2 PWM RIGHTWHEEL output
PIN_E1 = LEFTWHEEL direction control output

" PIN_E2 = LEFTWHEEL direction controf output
PIN_C4 = RIGHTWHEEL direction control output
PIN_C5 = RIGHTWHEEL direction cantrol output
PIN_DO = Sequencing LED 0
PIN_D1 = Sequencing LED 1
PIN_D2 = Sequencing LED 2

N 0 - N B W R

—
_—

#include <16F877A .h>

fluse delay(clock=20000000)

#fuses HS,NOPROTECT,NOWDT, NOBROWNOUT, NOPUT, NOLVP
#include <16F877A h>

#use delay(clock=20000000)

#fuses HS,NOPROTECT,NOWDT, NOBROWNOUT, NOPUT, NOLVP
ffuse 12C(master, sda=PIN_D0, scl=PIN_D1)

fidefine slow 30
#define medium 70
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
30
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

#idefine fast 110

int32 value;

int32 distance;

signed int16 direction]2];
signed int16 difference;
int16 degree;

int32 frontsense;

int32 rightsense;

int32 lefisense;

int front;

int left;

int right;

int action;

void motor(int32 LEFTLint32 RIGHTT)

{

}

set_ pwml_duty(LEFTI);
set pwm2_duty(RIGHTI);

servoctrl(int action)

{

switch{action)

{

case 1: output bit(PIN_B4,0);

output_bit{PIN_BS5,0);
output_bit(PIN_B6,0);

break;

case 2; outpui_bit(PIN_B4,1);

output_bit(PIN_B5,0);
output_bit(PIN_B6,0);

break;

case 3: output_bit(PIN_B4,0);

output_bit(PIN_BS,0);
output_bit(PIN_B6,1);

break;

case 4: output_bit(PIN_B4,1)
output_bit(PIN_BS5,1);
output_bit{PIN_B6,0);

break;

>

case 5: output_bit(PIN_B4,0);

output_bit(PIN_BS5,1);
output_bit(PIN_B6,1);

break;

case 6: output_bit(PIN_B4,1);

output_bit(PIN_B5,0);
output_bit(PIN_B6,1);

break;

case 7: output_bit(PIN_B4,1);

output_bit(PIN_B5,1);
output_bit(PIN_B6,1);

break;
defauit: break;
}

f/direction 0

/fdirection -60

/{direction 60

//direction ~45

/fdirection 45

/feurve 45

[feurve 45

81




67 |}
68
69 | int16 compass()
70 |4

71
72 i2c_start();
73
74 i2¢_write(0xC0);
75
76 i2c_write(0x01);
77
78 i2c_start();
79
80 i2¢c_write(0xC1);
81
82 direction[1] = i2¢_read(0);

83 difference == direction[ 1] - direction{0};

84

85 if (direction[1] >= 63 && direction[1] <= 65) 90degree
86 {

87 degree = 90;

88 H

89 if{direction[1] >= 191 && direction]1] <~ 193)

90 {

91 degree = 270;

a2 }

93 if{direction[1] >= 66 && direction[1] <= 190) /fmore than 90degree
94 | {

95 degree = 180;

9 | }

97 if{direction[1] >= 31 && direction[1] <= 33) /l45degree
98 {

99 degree =45,

100 | }

101 § if{direction|[1] >= 223 && direction[1] <= 225) /{-45degree
102 {
103 degree = 315;

104 | }

105 ¢ if{direction[1] =) // Odegree
106 | ¢

107 degree = 0;

108 }

109

110 |  i2c_stop();

33 direction[0] = direction{1};
112 |  return degree;

113 | }
114
115 | void forward()

116 | {

117 | output_high(PIN_E1);
118 | output_low(PIN E2);

119 | set_pwml_duty(medium);
120 | output_low(PIN_C4);

121 output_high(PIN_C3);
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122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
in
172
173
174
175
176

set_pwm2_duty{medium);
}

void backward()

{
output_low(PIN_Et1);
output_high(PIN_E2);
set_ pwml_duty(slow);
output_high(PIN_C4);
output_low(PIN_C5);
set_pwm2_duty(stow);

}

void stop()
{
output_low(PIN_E1);
output_low(PIN_E2);
output_low(PIN_C4);
output_low(PIN_C5);
¥

void turn_left()
{
output_bit(PIN_D0,1);
output_bit(PIN_D1,1);
stop();
servoctrl(3);
backward();
delay ms(1000);
stop();
servoctrl(2);
delay_ms(1000);
forward();
while(1)
{
if(compass()==270) break;
else motor(slow,slow);
}
servoctri(1);
motor(medium,medium);
output_bit(PIN_D0,0);
output_bit(PIN_D1,0);
}

void turn_right()
{
output_bit(PIN_D1,1);
output_bit(PIN_D2,1);
stop();
servoctri(2);
backward();
delay_ms(1000);
stop();
servociri(3);
delay ms(1000);
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177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231

forward();
while(1)
{
ificompass()==90) break;
else motor(slow.slow);
}
servoctel(1);
motor(medium, medium);
output_bit(PIN_D1,0);
output bit(PIN_D2,0);

H

void curve_left()
{
servoctri(6);
while(1)
{
i(input(PIN_B7) == 1) break;
else motor(slow,slow);
}
servocirl(4);
delay_ms(1000);
servoctrl(5);
while(1)
{
if{compass()y==0) break;
else motor(slow,slow);
}
servoctrl(1);
delay_ms(1000);
motor(fast,fast);

}

void curve_right()
{
servoctrl(7);
while(1)
{
if(input(PIN_B7) == () break;
else motor(slow,slow);
}
servoctrl(5);
delay ms(1000);
servociri(4);
while(1)
{
if{compass()y==0) break;
else motor(slow,slow);
}
servoctrl(1);
delay_ms(1000);
motor(fast,fast);
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232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286

int32 ranger1()

{

value = {);
output_bit(PIN_B0,1);
delay us(10);
ouiput_bit(PIN_B0,0);

while(1)
{
if(input(PIN_A2) == 1) break;
else;
1
while(1)
{
if(input(PIN_A2) == 0 || value > 36000) break;
else
{
value++;
delay_us(1);
}
}

if(value>0 && value<36000) distance = value/36;
else distance = 0;

return distance;
delay ms(10);

}

int32 ranger2()

{

value = 0;
output_bit(PIN_B1,1});
delay_us(10);
output_bit(PIN_B1,0);

while(1)
{
if(input(PIN_A3) = 1) break;
else;
}
while(1)
{
if{input(PIN_A3) == 0 |} value > 36000) break;
else
{
value++;
delay us(1);
}
}
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287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
31
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
i3
332
333
334
335
336
337
338
339
340
341

iffvalue>0 && value<36000) distance = value/36;
else distance = (;

return distance;
detay ms(10);
}

int32 ranger3{)

{

value = 0;
output_bit(PIN_B2.1);
delay us(10);
output_bit(PIN_B2,0);

while(1)
{
if(input(PIN_A4) == 1) break;
else;
}
while(1)
{
if{input(PIN_A4) == 0 || value > 36000) break;
else
{
value+t;
delay us(l);
}
1

if(value>0 && value<36000) distance = value/36;
else distance = {;

return distance;

delay_ms(10);

}

int obstacle front() //obstacle in front algorithm
{

frontsense = ranger1();

if(frontsense>0 && frontsense<=3)

{

output_bit(PIN_D4,1);

return 1;

¥

else if (frontsense<=0 {| frontsense>3)
{

output_bit(PIN_D4,0);

return 0;

}

else;
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342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
3T
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396

}

int obstacle lefi()  //obstacle left algorithm

{
leftsense = ranger2();
if{lefisense>0 && lefisense<=3)
{
output_bit(PIN_DS5,1);
return 1;
}
else if (lefisense<=0 || lefisense>3)
{ .
output_bit(PIN_D5,0);
return (;
}

else;

}

int obstacle_right{)  //obstacle right algorithm

{
rightsense = ranger3(};
if(rightsense>0 && rightsense<=3)
{
output_bit(PIN_D6,1};
return 1;
}
else if (rightsense<=0 || rightsense>3)
{
output_bit{PIN_D#6,0);
return 0;
3

clse;

void obstacle_avoidance()
{
int32 xtra = 0;
front = obstacle_front();
left = obstacle_lefi();
right = obstacle_right();

if(front—1 && left=—=1 & & right==1)
{
output_bit(PIN DO, 1);
}
else if{front==1 && right==1 && left==0)
{
stop();
delay_ms{1000};
turn_lefi();
avoidleft: do {
Heurve lefi;
xtrat+;
right = obstacle_right();

{/tong wall detected

{fobstacle front+right
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397 }while(right=1);

398

399 if{obstacle_right()==1) goto avoidleft;
400 else turn_right();

401

402 output_bit(PIN_D1, 0);
403

404 while(xtra!=0)

405 {

406 obstacle_right();

467 if(right==1)

408 {

409 output_bit(PIN_D2, 1);
410 forward();

411 motor(260,260);

412 }

413 else

414 {

415 output_bit(PIN_D2, 0);
416 turn_right();

417 while(xtra!=0)

418 {

419 forward();

420 motor(2350,320);

421 xtra—;

422 h

423 turn_left();

424 }

425 }

426

427 }

428 else if{front=1 && left==1 && right==0) //obstacle front+left
429 {

430 stop();

431 delay_ms(1000);

432 turn_right();

433 | avoidright: while{obstacle left()==1)
434 {

435 curve_right();

436 Xtrat++;

437 }

438

439 if{obstacle_lefi()==0) tum_lefi(};
440 else; // goto avoidright;
41

442 output_bit(PIN_D1, 0);
443

444 while(xtral=0)

445 {

446 if(cbstacle_left(y==1)
447 {

448 output_bit(PIN_D2, 1);
449 forward();

450 motor{250,320);

451 }
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452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475

476

477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505

else
{
output_bit(PIN_D2, 0);
turn_Jleft();
while(xtra!=0)
{ .
forward();
motor{250,320);
Xtra--;
}
turn_right();
3
}
}
else if{front==1 && left==0 && right==0) //obstacle front(take curve)

{

if{obstacle_front()==1) motor(310,104);
else motor(250,320);
delay ms(100);

while(obstacle_left(}==1)
{
output_bit(PIN_DO0,1);
iffranger2(>0 && ranger2()<3) motor(260,140);  //taking right curve
//(dampening effect to keep distance from object 5cm)
else if(ranger2()=3) motor(200,200);
else if(ranger2()<0 && ranger2()>3) motor(140,260);
3

motor{104,310);
delay ms(500);
motor(260,140);
delay_ms(200);
motor(260,260);

output_bit(PIN_D0,0);

¥

else

{

forward();
motor(200,260); //motor control forward

}
}

void main()

{

setup_ccpl(CCP_PWM);  //setap PWM pins CCP1 & CCP2
setup_ccp2(CCP_PWM);

setup_timer_2(T2_DIV_BY 16, 127, 1);

stop();
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506 | delay ms{2000);
507
508 | while(1) //continuous loop of program
509 {
510 forward();
511 commpass();
512 | obstacle front();
513 obstacle_lefi();
514 | obstacle_right();
515 obstacle_avoidance();
516 }
517 H
Servo Slave Microcontroller PIC16F84A Code
Testing program for obstacie gvoidance ond path planning
of Autonomous Guided Robot (AGR)
Created by: Mohd Azian Shoh Bin Abd Rohim (5146)
Electrical & Electronics Engineering Department
University of Technology PETRONAS
NOTES:
PIN_B0 = oulput to master controller
PIN_B4 = input from master controller (bit 0)
PIN_B5 = input from master controller (bit 1}
PIN_B6 = input from master controller (bit 2)
PIN_A1 = output to servo (left)
PIN_AZ2 = output to servo fright)
1
2
3 | #inclide <16f84A h>
4 | #fuses XT,NOWDT NOPROTECT NOPUT
5 | #use delay (clock=4000000)
6
7 | int delay, count;
8
9 | void servocurve(int dir)
10 | {
11 if{dir==1) //left curve
12 {
13 for{delay=1350;delay<=1800;delay++)
14 {
15 for(count=0;count<=48000;count--+)
16 {
17 output_bit(PIN_A2,1);
18 output_bit(PFIN_Al,1Y;
19 delay us(delay);
20 output_bit(PIN_A2,0);
21 output_bit(PINq_AI,O);
22 delay ms(20);
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
43
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

}
}

Yelse;

if(dit==2)} //right curve

{
for(delay=1350;delay<=810;delay--)
{
for{count=0;count<=48000;count++)
{

output_bit(PIN_A2,1);
output_bit(PIN_A1,1);

delay us(delay);
output_bit(PIN_A2,0);
output_bit(PIN_A1,0);
delay_ms(20);

}

}

telse;

}

void standard()

{
if (input(PIN_B5)==0 && input(PIN_B4)=0 && input(PIN_B6)==0) //standard 0
{
output_bit(PIN_A2,1);
output_bit(PIN_AL,1);
delay us(1350);
output_bit(PIN_A2,0);
output_bit(PIN_A1,0};
delay_ms(20);
3

else if{input(PIN_B5y=0 && input(PIN_B4)==0 && input(PIN_B6)==1) //standard 60
{

output bit(PIN_A2,1);

output_bit(PIN_A1,1);
delay_us(1950);
ouiput_bit(PIN_A2,0);
output_bit(PIN_A1,0);
delay_ms(20);

}

else if(input(PIN_B5)=0 && input(PIN_B4y==1 && input{(PIN_B6)==0) //standard -60
{

output_bit(PIN_AZ,1);

output bit(PIN_A1,1);

delay_us(750);

output_bit(PIN_A2,0);

output_bit(PIN_A1,0);

delay ms(20;

}

else if{linput(PIN_B5)==1 && input(PIN_B4)y==0 && input(PIN_B6)==1) //standard 45
{
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78
79
80
81
82
83
34
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114

output_bit(PIN_A2,1);
delay_us(810);
output_bit(PIN_A2,0);
delay_ms(20);

}

else if{input(PIN_B5)==1 && input(PIN_B4)=1 && input(PIN_B6)=0) //standard -45
{

output_bit(PIN_A2,1);

output_bit(PIN_A1,1);

delay us(1800);

output_bit(PIN_A2,0);

output_bit(PIN_A1,0);

delay_ms(20),

}

else if(input{PIN_B35)=—=0 && input(PIN_B4)==1 && input(PIN_B6)==1) //curve ~45
{

servocurve(1);

output_bit(PIN_B0,1); //if finish change to standard -45

}

else if{input(PIN_BS)y==1 && input(PIN _B4)===1 && input(PIN_B6)==1) //curve 45
{

servocurve(2);

output_bit(PIN_B0,0); //if finish change to standard 45

}

else;

}

void main()
{
while(1)
{
standard(); /feontimuons loop
¥
}

o




