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ABSTRACT

This report describes an embedded system which is purposely developed for helping
blind people and people which have very critical visual impaired. It is called (MOD) mobile
obstacle detector. The project is focusing on helping those people in detecting obstacle in front of
them. The project objective is to build one simple device that can easily handle by blind people
and people with visual impaired to detect any obstacles in front of them. The device will be
designed with button as ON/ OFF button. User just needs push one button and then use it like we
use torchlight. The device has a capability to detect any obstacle and warn user about the
obstacle. Before user hit the obstacle the device will warn and alert the user about the obstacle so
user can more alert and avoid the obstacle. The concept is like using torchlight so it provides
freestyle handling with unlimited pointing. For normal people they use torchlight to see in dark
situation. Same goes to blind people, they can’t see, but with this device the obstacle can be
detect and user will be warned. The device will use ultrasonic transducer as a sensor and
PIC16F877A microcontroller will do the computation. Hopefully, this device will help those

people and brings a lot of benefits to them.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND OF STUDIES

Detecting obstacle is one of the important things for blind people cause of their limitation to see.
Blind people tend to detect obstacle for many reasons especially during they walk or move from
one place to another place. The most popular conventional way to detect obstacle is using stick.
Nowadays there are many sensor that can be use to detect thing and obstacle. We have ultrasonic
sensor and infrared. With the recent rapid growth of electronic designs the need to help blind

people to detect obstacle more early can be realize.

The obstacle detector has numerous applications. It can be used for detect obstacle, positioning
of the obstacle and ranging the obstacle. MOD (mobile obstacle detector) was designed to use
together with stick, that’s why it is simple and can be attach at on user’s hand so that user don’t

have any problem to use it together with the stick.

MOD was built using ultrasonic sensor as the sensor and PIC16F877A microcontroller to control
the device operations. It is a stand-alone device that uses ultrasonic sound waves to detect the
obstacle. The buzzer will be the mechanism to alarm the user. The device is safe and easy to use

by all level of people.
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1.2 PROBLEM STATEMENT

Obstacle can be a cause of an accident to blind people. The technique by using a stick to detect
obstacles has the limitation on the range detection. The obstacle only can be detect when the
blind people is very near to the obstacle. There is a need to detect and alarm the blind people

earlier before they get too near to the obstacle.

There are many devices were selling outside for blind people to detect obstacle but they still
comfortable with stick. This shows that blind people still feel more comfortable and secure using

stick to detect obstacle.

With MOD user just need ON the device and aim it anywhere they want. MOD provides
freestyle handling which means it can be pointing anywhere easily. MOD was designed to be use
together with stick, that’s why it is simple and can be attach at on user’s hand so that user don’t
have any problem to use it together with the stick. MOD is just a device to alert user more early
before user become too near with the obstacle. To feel and identify the obstacle user still need

the stick to do it.
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1.3 OBJECTIVES

The main objectives of this project are defined as below:

¢ To help blind people detect obstacle earlier.

¢ To design simple obstacle detector for blind people.

¢ Provide freestyle handling obstacle detector.

* Provide obstacle detector that can be use together with stick without burden the user.
e To reduce accident among blind people.

» To create device that can be easily add function from time to time (for inventor).

¢ To be a foundation for creating device for helping handicapped people.

* To do community service for intended the user.
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CHAPTER 2
LITERATURE REVIEW AND THEORY

2.1 RELATED WORK / CONCEPT / THEORY
Below are some theories that can be using to detect object;

SONAR

SONAR (Sound Navigation and Ranging) is a technique that uses sound propagation under
water (primarily) to navigate, communicate or to detect other vessels. Sonar may also be used in
air for robot navigation while SONAR (an upward looking in-air sonar) is used for atmospheric

mvestigations.

Active sonar creates a pulse of sound, often called a "ping", and then listens for reflections
(echo) of the pulse. To measure the distance to an object, the time from transmission of a pulse to
reception is measured and converted into a range by knowing the speed of sound. Sonar
operation is affected by variations of sound speed, particularly in the vertical plane. Sound

travels more slowly in fresh water than in sea water.

Source: http://en. wikipedia.org/wiki/Sonar
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Echolocation

Echolocation is the biological sonar used by several mammals such as bats, dolphins and whales.
The term was coined by Griffin. Its also called Biosonar. Echolocation animals emit calls out to
the environment, and listen to the echoes of those calls that return from various objects in the
environment. They use these echoes to locate, range, and identify the objects. Echolocation is

used for navigation and for foraging (or hunting) in various environments,

Echolocation works like active sonar, using sounds made by an animal. Ranging is done by
measuring the time delay between the animal's own sound emission and any echoes that return
from the environment. Unlike some sonar that relies on an extremely narrow beam to localize a
target, antmal echolocation relies on multiple receivers. Echolocation animals have two ears
positioned slightly apart. The echoes returning to the two ears arrive at different times and at
different loudness levels, depending on the position of the object generating the echoes. The time
and loudness differences are used by the animals to perceive direction. With echolocation the bat
or other animal can see not only where it's going but can also see how big another animal is,

what kind of animal it is, and other features as well.

Source: http://en.wikipedia.org/wiki/Animal echolocation
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RADAR

The term RADAR was coined in 1941 as an acronym for Radio Detection and Ranging. 1t is a
system that uses electromagnetic waves to identify the range, altitude, direction, or speed of both
moving and fixed objects such as aircraft, ships, motor vehicles, weather formations, and terrain.
Contain 2 major parts, transmitter and receiver. A transmitter emits radio waves, which are
reflected by the target and detected by a receiver. Typically receiver and transmitter will place at
same location.

Electromagnetic waves reflect (scatter) from any large change in the dielectric or diamagnetic
constants. This means that a solid object in air or a vacuum, or other significant change in atomic
density between the object and what's surrounding it, will usually scatter radio waves. To
measure the distance to an object is to transmit a short pulse of radio signal (electromagnetic
radiation), and measure the time it takes for the reflection to return.

RADAR Equation

The amount of power P, returning to the receiving antenna is given by the radar equation:

_ PGAaF!
" (@n)'RIR

Where

o P, = transmitter power

* G = gain of the transmitting antenna

» A, = effective aperture (area) of the receiving antenna

» o= radar cross section, or scattering coefficient, of the target
» [F'=pattern propagation factor

» R, = distance from the transmitter to the target

* R;= distance from the target to the receiver.

In the common case where the transmitter and the receiver are at the same location, R, = R, and
the term R R.* can be replaced by R*, where R is the range. This yields:

. PthA-,-G'F4
" (4m)’RY

Source: http://en.wikipedia.org/wiki/RADAR
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2.2 HOW MOD OPERATES

Start Pulse
JL —
«— _J L

Echo Time Pulse e

Figure 1: Graphical representation of MOD

Stepl:
e Once the switch ON . Transmitter will always emit an ultrasonic sound {cant be hear by

human ears) , and receiver will always ready to receive the reflected waves.

Step?2
» Microcontroller 16F877A will calculate the obstacle range.
o d=vt/2
Where d = measured distance
v = speed of sound and

t = time from signal is transmitted until it is received back

Step3

» [fthe distances equal the setting distance .Device will beep and warn the user.

Stepd

» After step3 it rely on user how they want avoid the obstacle.
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2.3 ULTRASONIC WAVES CHARACTERISTIC

The term “ultrasonic” refers to sound above the frequencies of audible sound, and
nominally over 20,000 Hz (20 KHz). Basicaily people only can hear from 20 Hz to 20 KHz,
though hearing is gradually lost when someone get older. Sounds below 20 Hz are called

infrasonic. It is still being discussed on how much frequencies in these ranges affect hearing,

The ultrasound speed in air is approximately 344 meter per second (m/s) at 25 Celsius.
An echo 1s the reflection of sound when it bounces back to transmitter. It is also involves with

the reflection and interference characteristics.
Comparison between ultrasonic and infrared.

Ultrasonic
Advantages
e Low cost.
e Small size.
Disadvantages
¢ Pulses bounced off to other object before returning to sensor (called multiple bounce).

* More sound propagates more power dissipates.

Infrared
Advantages
e Low cost.
Disadvantages
o Vulnerable to weather condition.

e Highly susceptible to ambient of light.
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2.4 ELECTRONIC COMPONENTS
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Figure 2: Pin diagram of PIC16F877A

A PIC is a Programmable Integrated Circuit microcontroller, a ‘computer-on-a-chip'. They have a
processor and memory to run a program responding to inputs and controlling outputs. In this
project PIC used to control PING Sensor to transmit ultrasonic waves and receive the reflected
waves. The time taken for transmitting and receiving waves will be taking as an input and
calculate it to produce an output. Vibrator will be the output device. The vibrator will vibrate

once the device detects anything in front of it.

Source: www.kpsec.freeuk com/components/ic. htm
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Figure 3: Ping Ultrasonic Sensor

Features

« Supply Voltage — 5 VDC

+ Supply Current — 30 mA typ; 35 mA max

* Range —~ 2 cm to 3 m (0.8 in to 3.3 yrds)

+ Burst Frequency — 40 kHz for 200 ps

* Burst Indicator LED shows sensor activity

+Size - 22 mm H x 46 mm W x 16 mm D (0.84 in x 1.8 in x 0.6 in)

The Ping))) sensor is a device to measure how far away an object is. With a range of 3
centimeters to 3.3 meters, it's a shoe-in for any number of robotics and automation projects. It's
also remarkably accurate, easily detecting an object's distance down to the half centimeter.

Ping))) sensor's chirps are at 40 kHz, they are definitely ultrasonic, and not audible. It contains 3
pins (GND, 5V, SIG).Pin GND will connect to ground. Pin 5V will connect to VDD and pin SIG
will connect to any input/output pin at the microcontroller.

Source: PING)) Ultrasonic Sensor Datasheet
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CHAPTER 3

METHODOLOGY
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Chapter 3 will focus on the methodology that has been used to implement the project.
The tools and equipment also will be discussed further in this chapter.

3.1 PHASE

The project was dividing into 3 phase which is;
e Planning and Analysis Phase
¢ Design phase

e Implementation pahse
3.1.1 PLANNING AND ANALYSIS PHASE

For the first phase the work including gather information, data, paperwork and theory that
related to the project. Do analysis for each theory and technique that can be use to develop the
project. The analysis was done in order to get best solution and best technique to make sure the

project requirement can be fulfilled. Analysis was done in hardware and software.
3.1.2 DESIGN PHASE

The second phase “Design phase” where technical take part. All data that have been
gathered will be use to start designing the hardware and the software. Firstly hardware was
constructed and tested to make sure the circuit can run smoothly and fulfilled the all requirement.
Once the hardware part done, the software was designed. In this phase a lot of partial testing
have be done for each designed hardware and software before they are integrating with each

other.
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3.1.3 IMPLEMENTATION PHASE

Implementation phase is phase which the hardware and software will be integrating; this
is very critical phase where is the compatibility of the hardware designed and the software
designed will be testing. The device was testing many times to make sure it fulfills the entire

project requirement.
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3.2 TOOLS AND EQUIPMENT

The list of tools and software to complete the project can be separate into 2 parts, the

equipment and the components.

3.2.1 EQUIPMENT

Equipments are things that used during the implementation of the prototype. Below is the
list of the equipment that has been used:

Multimeter Breadboard
Oscilloscope Driller

Function Generator Screwdriver set
Power supply Soldering equipment
Programmer Cutter
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3.2.2 Components

Components are hardware used in the protopy. Below is the list of the components that

has been used to develop the prototype:

PIC16F877A Motor vibrator
Crystal 4,00000 MHz Buzzer

9 volt battery Tape
Ultrasonic PING sensor Wires

Resistor

ON / OFF button

Casing

Vero board

3.2.3 SOFTWARE

Software are used for the programming purpose. For this project PIC C Compiler has
been used to develop the programming of the prototype. PIC C Compiler is the programming
software that is used to generate “.hex” file by coding in C language. The “hex” file will be
downloaded into the microcontroller using programmer. THEre are many software that can be
use to download the “ hex” file into microcontroller such as Bumblee Bee software and Warp 13
software. For this project Win PIC 800 software author by Sisco Bernach Font was used to

download the “ hex file” into microcontroller.
List of software that has been use:

e  Win PIC 800
e PIC C Compiler
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CHAPTER 4

RESULT AND DISCUSSION
4.1 CIRCUIT DESIGN
VoD
CRYSTAL
4.000MHz
ves CLK_IN |||
P VSS by co | A N - 3‘82
LM
VDD vop \‘,’33 VDD
PING)) Sensor
@ 10KiloOhm
VPP
PIN_B2

“Q_

Figure 5: Circuit schematic

Circuit testing:
e Make sure all connections are right.
¢ Circuit connected to power supply and determine there are short-circuit or not.

* Make sure the power supplied flow at each node point until to PING)) Sensor.
Software testing:

¢ Code the coding and compiled it.
¢ Debug all the errors.
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Prototype testing:
e Code was programmed into PIC.

e Attach PIC to circuit and power ON.

* Test the prototype by measuring the distances of a few close-up objects.

* For close up detection, the Ping))) sensor only needs to be roughly above your working

surface (8 to 10 ¢cm).

¢ However, if you are detecting objects that are more than a half a meter away, make sure

to keep your Ping))) sensor about half a meter or more above the floor.

Features:

¢ The obstacle detector will start once the power button is ON

* Four steps of alarm sound to alert the distance.

» Automatically detect obstacle.

* Low power consuming, only required SV supply voltage.

Type The distance between device and obstacle Alarm sound
Bi --- Bi --- Bi
1 1.2 — 2.0 meter safe (walking safely)
Bi—-Bi--Bi
2 0.8 - 1.2 meter cautionus  (walking slowly)
Bi—-Bi-Bi
3 0.3 - 0.8 meter dangerous (stop walking)
2 3 R
4 0.0 — 0.3 meter dangerous (stop walking)

Table 1: Type of alarm sound
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4.2 RESULT

SIZE TESTING OBJECT MAX DETECTION RANGE (cm)
SMALL CUTTER 117cm / 119em / 116cm Average:117.3cm
MEDIUM SPRAY BOTTLE 123cm/ 162em/ 147em  Average: 144cm
LARGE HUMAN BODY 163cm/ 158cm/ 168cm  Average: 163cm

WALL 165cm/ 163cm/ 173¢cm  Average: 167cm
MATERIAL
TESTING
GLASS GLASS 125cm/ 154cm/ 139em  Average: 139.3cm
wWOOD GUITAR 163em/ 157em/ 171em  Average:163.6cm
PLASTIC SPRAY BOTTLE 151cm/ 143cm/ 135cm  Average: 143em
STEEL SPRAY CANE 118cm/ 122cm/ 128cm  Average: 122.6

Table 2 : Result of testing on different size and different material.

From the result we can conclude that big size obstacles are easily to detect rather than small size

obstacle. The results not really vary on different material,

For example glass and spray bottle which about in same size was get about only 4cm differences,
the maximum detected range average for glass is (96.3cm) and for spray bottle is (101cm and
100cm).

For different size material it gives so big differences, for example cutter (small size object) with
average range = 74.3, Spray bottle (medium size object) with average range = 101 and lastly
human body (large size object) which can be detected in 120cm far. Tt is showing that range

differences between different kinds of size is more than 15 cm.,
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4.3 WAY OF HANDLING

'\

Figure 6: Way of handling

MOD provides freestyle handling. User can handle the device by hand. This way of handling
was take the concept of using torchlight at dark place. It gives user freedom on where to point
the device. Torchlight use for help user see what in front of them at a dark place and mod help
user to detect and warn the user (blind people or people that have very critical visual

impaired). This type of handling suitable use at home and not crowded place such as park.

For situation where place are so crowded with people. Rather than detect the obstacle, user can
use the device to detect any space for user to walk through. Device will beep if there are obstacle
and silent if there are no obstacles. User can use this signal to detect obstacle and also a space for
them. For example in market, the device will always beeping because it detect object in front of
user, so user can try to aim another direction to looking for empty space so user can pass through

the object.
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MOD was designed not to replace stick. So it was designed to be lightweight, small and can be
attached. This kind of things will help user to use this device during they use their stick, There
are many place that user need to use their stick. The stick has many functions for them. First,
people around will recognize them as blind people, so that they will more aware and give space
for the blind people. Stick also helps blind people to feel what is in front of them. Sometimes the
blind people can’t only rely on the obstacle detector; they need the stick to identify what is in
front of them. Obstacle detector only can warn them there are obstacle but not tell what is in

front of them.
MOD was designed to be placing at middle of the user body (at hand palm). Logically it will

help the detector to detect obstacle efficiently. If the detector placing at high place maybe it will

miss short obstacle and vice versa. Refer to photo to more information.
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Figure 7: High Device placing.

For example, the device was place at a head. If the wave not broad enough, the ultrasonic wave

will miss the obstacle and the device will not detect the obstacle.

The device also have been setting to alert the user if there are obstacle in 1 to 1.5 meter far in
front of them.1.5 meter is enough for them more to avoid or stop before they hit the obstacle.
The obstacle is either a static object or moving object. The object maybe moves towards them.
Maybe the object so big and user can’t avoid, there is where the stick will be use. User can use

their stick to touch and feel obstacle and avoid it.
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Figure 8: Low Device Placing.
For example, the device was place at bottom of the part. If the wave not broad enough, the

ultrasonic wave will miss the hanging obstacle and the device will not detect the obstacle. The

user head will hit the hanging obstacle and accident will occurred.
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4.4 COMPARISON

MOD

Freestyle handling

Unlimited detection point
Lightweight

High mobility

Not replacing stick

Easy to use together with stick
Attachable

Simple shape

PUSHING OBSTACLE DETECTOR DEVICE

®
k\ ~
Pushing type handling
Limited detection point
Heavyweight
Low mobility
Replace stick

Hard to use together with stick
Not attachable
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Why should we help them? Who’s if not us? It’s our responsible to helping those people,
not only blind people but all handicap people. It’s a one way to live happily in this world. Rich
people helping those poor, capable people helping those incapable. Everything will solve if all
people in community live like this. Like old Malays wordé” Berat sama dipikul ringan sama

dijinjing .

This device is one of the ways to show to them how caring us to them. They are not
alone. Community still concern for them. With this we can help their life. There are many
handicapped people can success like a normal people, its show the disabilities is not a obstacle if
they want to success, everything can be done with high spirit and patient. Lastly help them help
us, the world will be better.fdd
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5.2 RECOMMENDATION

Several recommendations are suggested to improve the design of MOD. The casing can be more
compact so the device shape can be more comfortable and easy to handle. Several enhancements
also can be done by put more function in the device such as rangefinder, voice command and

data entry.
The sensor also can be enhancing by putting function detecting the obstacle area either left or

right side. This can be done by adding 2 receivers. The device also can be enhance by makes

more accurate by improve the circuit designing as well as the programming.
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5.3 SUMMARY

Device requirement

e Device will use 40 KHz ultrasonic transmitter and receiver to make it not audible.
e Detect obstacle up to 2 meter far

» Beeping when there are obstacle and silent when no obstacle

e The device must be simple and small for easy to handling.

e Provide freestyle handling.

¢ High mobility.

e Use with stick together.
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Flowchart

Process flowchart,

Appendix A: UML diagram

4

Device ON

5

Transmitter emit
RF waves

h 4

Recetver receive the
reflected waves

Yy

Device calculate the
obstacle range (d)

NO
d<=15m

YES

Device alert user

NO

29|Page



Use Case diagram

User

Use Case Diagram.

/A

Swicth ON
the device

Swicth OFF
the device

Emitting RF
waves

Receive
reflected waves

Calculate
obstacle range

Warning user

Device
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Appendix B: Example of Range Finder

COUTISDAT AP0
CIRISCLKAST -1
.z
o 57
5PK1 ;:i -fi
L5 AX Py i
KH e [
1-B 190 HNommaltasarabon P
#1.3 @jﬁhibmﬂan
U CYICEAT Ty
np
F‘: VN
sy
o * ! bl :eu..erHq

v _‘f—i = "

TX| O~ SERIA ooy e =
WM 03— P g85% Le ERALARE
ool ,

MEATERL l

LoD 218 J2
[Optianal)

Circuit Diagram — A Simple Ultrasonic Distance Meter from Cypress Microsystems Contest.
Developed by Fabio Piana

A Simple Ultrasonic Distance Meter picture from Cypress Microsystems Contest. Developed by

Fabio Piana
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UltraSonic Range Finger
Author : Bruno Gavand, September 30 2006 —
ptember 20 2 e nA z
. o
. -_)__ E =
See more details on bty s micro-examples ooy 22uF - )
ULTRASOMC TRANSMITTER
T = 14D
03 |
PIC1BFBYTARC2 =L
[ Efm i > I ;
e ha
GG

ULTRASGME RECENER

Circuit Diagram — Ultrasonic Range Finder from http://www.micro-examples.com

The
prototype
board

<~
Component §
- side i

.j Solder side
>

Take care
to aligh as
best as
possibe §
the
transmitter
with the

rorocivor

Picture of Ultrasonic Range Finder from http://www.micro-examples.com
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Appendix C: Ultrasonic PING Sensor Datasheet

500 Menip Drive, Suite 100 General: in‘ofgparaliax com
Rocklin. Casdornia 25765, USA Techmcal: suppot@parallax.com
Office: 918) 824-8323 Web Site: wwrw paral‘ax com

Fax: {#18; 824-2003 Educational: www.stamgsinciass,.com

PING)))™ Ultrasonic Distance Sensor (#28015)

The Parallax PING))} ultrasonic distance sensor provides precise, non-contact distance measurements
from about 2 cm (0.8 inches) to 3 meters (3.3 yards). It Is very easy to connect to BASIC Stamp® or
Javelin Stamp microcontrollers, requiring only one I/O pin.

The PING))) sensor works by transmitting an ultrasonic (well above human hearing range) burst and
providing an output pulse that corresponds to the time required for the burst echo to return to the
sensor. By measuring the echo pulse width the distance to target can easily be calculated.

Features

Supply Voltage - 5 VDC

Supply Current — 30 mA typ; 35 mA max

Range -2 cm to 3 m (0.8 in to 3.3 yrds)

Input Trigger — positive TTL pulse, 2 uS min, 5 us typ.

Echo Pulse — positive TTL pulse, 115 uS to 18.5 ms

Echo Hold-off — 750 ps from fall of Trigger pulse

Burst Frequency — 40 kHz for 200 s

Burst Indicator LED shows sensor activity

Delay before next measurement — 200 us

Size = 22 mm H x 46 mm W x 16 mm D (0.84 in x 1.8 in x 0.6 in)

4 & % & & & = * 8 »

Dimensions

e 1875 7)o € 1547 {41.7mm) ]
e 1.7 (43 2 —-—-p' 3. irm} i‘“ 64
: £18.3mm)
ﬁgT!‘ WV DRIA Ras [am -
RN F i ¥
a8 ; . s &
121 3mm) 3 {18 8mmy {15.3mmj}
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Pin Definitions

GND Ground (Vss)
5y 5VDC (Mdd)
SIG Signat (IO pin)

The PING))) sensor has a2 male 3-pin header used to supply power
(5 VvDC), ground, and signal. The header allows the sensor to be
plugged intc a solderless breadboard, or to be located remotely
thraugh the use of a standard servo extender cable {Parallax part
#805-00002). Standard connections are show in the diagram to
the right.

Quick-Start Circuit

This circuit allows you to quickly connect your PING))) sensor to a BASIC Stamp® 2 via the Board of
Education® breadboard area. The PING})) module’s GND pin connects to Vss, the 5 V pin connects to

vdd, and the SIG pin connects to I/C pin P15.

Ping_Demo.BS2 fisted on page 7.

weww, paraliag, oy

K

This circuit will work with the example program

ooLosooOoQpDE
DROOC0O0OCE

Servo Cable and Port Cautions

If you want to connect your PING))) sensor to a Board of Education
using a servo extension cable, follow these steps:

1.

2.

When piugging the cable onto the PING})) sensor, connect
Black to GND, Red to 5 V, and White to SIG.

Cherk to see if your Board of Education servo ports have a
jumper, as shown at right.

If your Board of Education servo ports have a jumper, set it
to vdd as shown.

If your Board of Education servoe ports do not have a
jumper, do not use them with the PING))) sensor. These
ports only pravide Vin, not Vdd, and this may damage your
PING))} sensor. Go to the next step.

Connect the servo cable directly to the breadboard with a
3-pin header. Then, use jumper wires to connect Black to
vss, Red to Vidd, and White to I/0 pin P15.

15 14 g/ 3 33

X4 | B

Win

Board of Education Servo Port
Jumpert, Set to Vdd
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Theory of Operation

The PING)}) sensor detects objects by emitting 2 short ultrasonic burst and then "listening” for the echo.
Under control of a host microcontroller (trigger pulse), the sensor emits 3 short 40 kHz (ultrasonic) burst.
This burst travels through the air at about 1130 feet per second, hits an object and then bounces back to
the sensor. The PING))) sensor provides an output pulse to the host that will terminate when the echo
is detected, hence the width of this pulse corresponds to the distance to the target.

i ;N*' Loyt M } - s
E‘ Moiporr < Bl gy >

< loyner
e HOST Lour 2 uS [min), 5 uS typicat
s PING tacioose 75008

ayrsr 200 uS @ 40 kHz
i 115 u8

Yaax 185 mS&

Test Data

The test data on the following pages is based on the PING))) sensor, tested in the Parallax lab, while
connected to a BASIC Stamp microcontroller module. The test surface was a linoleum floor, so the
sensor was elevated to minimize floor reflections in the data. All tests were conducted at room
temperature, indoors, in a protected environment. The target was always centered at the same elevation
as the PING))} sensor.
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Test 1

Sensor Elevation: 40 in. (101.6 cm)
Target: 3.5 in. {8.9 cm) diameter cylinder, 4 £, (121.9 cm) tall — vertical orientation
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Test 2

Sensor Elevation: 40 in. {101.6 cm)
Target: 12 in. x 12 in. {30.5 cm x 30.5 cm) cardboard, mounted on 1 in. {2.5 cm) pole
» target positioned paraliel to backplane of sensor

w0 Ll i
20 f 200
a0t 3w
e ] 400
50‘ 503
|
60 &
10 0
sl : ) 8o
e L A ; -

we Ve sSLEY T ITVPEOYT VY F YT EEW

'37'|-Pz'1ge



Appendix D: PIC16F877 Datasheet

MICROCHIP

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

Devices Included in this Data Sheet:

+ PIC16FLTE
+ PIC16F87Y

+ PIC16FE73
+ PICi6F874

Microcontroller Core Features:

High performance RISC CPU
» Only 35 single word instructions o leam
All single cycle instructions except for program
branches which are two cycle
Operating speed: DC - 20 MHz clock input

DC - 200 ns instruction cycie
Up to 8K x 14 words of FLASH Program Memory,
Up to 368 x 8 bytes of Data Memory {RAM)
Lip 1o 256 x 8 byles of EEPROM Data Memory
Pirout compatible to the PIC18CT3IB/TABITGTT
Interrupt capability (up to 14 sources)
Eight level deep hardware stack
Dirgct, indirect and relative addressing modes
Power-on Reset (POR)
Power-up Timer (PART} and
Oscillater Start-up Timer (OST)
Watchdog Timer (WDT} with its own on-chip RC
oscillator for reliable operation
Programmable code protection
Power saving SLEEP mode
Selectable oscillator options
Low power. high speed CMOS FLASH/EEPROM
technology
Fully static design
In-Circuit Serial Programming™ {(iCSP} via twa
ins
Single 5V In-Circuit Serial Programniing capability
in-Circuit Debugging via bwo pins
FProcessor readiwrite access to program memaory
Wide operating voltage range: 2.0V io 55V
High Sink/Source Current: 25 mA
Comniercial, Industrial and Extended temperature
ranges
L.ow-power consumption:
- < 0.6 mA typical @ 3v, 4 MHz
- 20 WA typical @ 3V, 32 kHz
- = 1 wA typical standby current

»

FY

FY

Pin Diagram

PDIP

L 20 [ e RBTOGH
35 [] sa-—e ABSFGC
3% ] = mBS5

37 ] w— RE

:I - REBIPGH
3% ] = 3B2

34 [+ 3Bt

33 [] *—e RBAANT
33 [ e Vo

3 ] —— 58

s [ w— ROTDERT
26 ] = RDE2SPE
28 [[] = RDEPERE
27 ] =—e RD4/SRL
[] = ROTRXDT
[] s RCETECK
) e ACEISDO
[] e ACH'SOLECA
[ e ROREPY
1] - ROLPEOZ

e Anp == ]
RALVAND —— ]
RATANT -]

RAZARNIFREF: s []
RAMANAMEF= e []
RALTICK! i []
RASHANATE +—e [
REQGROANE e []
REVVIUANE = [
REZTEANT e []
YT [ 4

YEE et [

DSCRCN e [
CECZCLKOUY w—1[ 4
RCIT1DSOTICH: w—e ] 4
RCUTIOSICERE w—a [ +
RE2/CCPT w—w ] 57
REHSEKASOL e []
RDOPESD w—w-[]
RO1PSD! wemem [ 7

Mo =1 Mo B ord 13 b
w
;3

A 0
“a

I AL
PICI1SFB77/674
BRRBY i

EX)
m
ha

Peripheral Features:

Timer0: 8-hit timar/counter with 8-hit prescater
Timert: 16-bit imerfoounter with prescaler,

can be incremented during SLEEP via external
crystal/ciock

Timer2: 8-hit timericounter with 8-bit period
register, prescaler and postscaler

Two Capture, Compare, PWM modules

- Capture is 15-bit, max. resolution is 2.5 ns

- Compare is 16-hit, max. resolution is 200 ns

- PWM max. resclution is 10-bit

10-hit muiti-channel Analog-to-Digital converter
Synchronous-Serial Port (SSPT with SP™ (Master
mode) and FC™ (Master/Slave)

Universal Synchronous Asynchronous Receiver
Transmitter {USARTISCH with &-bit address
detection

Parallel Slave Port (PSP} 8-bits wide. with
external RD, WR and CS controls (40/44-pin only}

Brown-out detection circuitry for
Brown-out Reset {BCR}

¥ 2001 Microchip Technology 'ac.

DS30292C-page 1
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PIC16F87X

1.0 DEVICE OVERVIEW

This document confains device specific information.
Additionat information may be found in the PICmicro™
Mid-Range Reference Manual {(DS33023), which may
he obtained from your iocat Microchip Sales Represen-
tative or downloaded from the Microchip website. The
Reference Manual should be considered a complemen-
fary document fo this data sheet, and is highty recom-
mended reading for a better understanding of the device
architecture and operation of the peripheral modules.

There are four devices (PIC16F873, PIC1E6FE74,
PIC16F876 and PIC16F277) covered by this dats
sheet The PIC16F876/873 devices come in 28-pin
packages and the PIC16FB77/374 devices come in
40-pin  packages. The Parallel Slave Port is not
implemented on the 28-pin devices.

The following device block diagrams are sorted by pin
number; 28-pin for Figure 1-1 and 40-pin for Figure 1-2.
The 28-pin and 40-pin pinouts are listed in Table 1-1
and Table 1-2, respectively.

FIGURE 1-1: PIC16F873 AND PIC16F876 BLOCK DIAGRAM
. Program Data
BPevice FLASH Data Memory EEPROM
PIC16F873 4K 152 Bytes 1268 Bytes
PIC16F876 8K 368 Bytes 256 Bytes
L Dats Bus & FORTA
F—;‘z':I, Program Coun!eri«._ " > RADAND
FLASE Ar A =[] RATANT
Prageam ” - 13 RAZIAN I =g=-
Marrory — RAM M1 1—[] RANANSVRe=s
& Leve! Saac& File RA4/TOCKE
f 2-batj Repgisters . RASIANASE
Program _ i — )
Bus T RAM Adar™ ¢ 3 FORTE ~BOINT
o 2 piad E
Instruction sy e . ,'.Addr wa,. 221
“ Drect Addr 7 || 5 | '"fgg'ﬁ gg:;PGM
= —
Erme e
- REBB/IPGC
. F STATUS reg }oe= RBTIPGT
a,
= 13 ] I FORTC
. RCHTIOSCTICK:
Foveer-up RCUTTOSICCR2
1o Timer RC2CCP1
. Oscilator ; RCIGCKISCL
!lg:gcusﬁ? i | Startup Tmer " RCAHSDYSDA
Control Power-on RC%5DC
Recet RCATKICK
. d RCT/RX/OT
e Timing | Watchdog
= Gene’ragon ] Timer
OSCHCLHIN Srown-out
SBC2CLKIUT Reset
n-Circuit
Debugger
Low Voltage
Fragrammimng
MCLR Voo, Wee
Tinverd Timer! Timer2 1061 AD
A Fal £, 43
_ {] Il
4 Il A
Data EEPROM cortz Syrchionous USART
e e Seriai Pen i
Note 1: Figher order bits 37 fram the STATUS ragister.

% 2004 Microchip Technology inc.
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PIC16F87X

2.0 MEMORY ORGANIZATION

There are three memory blocks in each of the
PIC1EFETX MCUs. The Program Memory and Data
Memory have separate buses so that concurrent
access can occur and is detailed in this section. The
EEPRCM data memory bicck is detailed in Section 4.0.

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
{DS33023).

FIGURE 2-1; PIC16E877/876 PROGRAM
MEMORY MAP AND
STACK
| PCet20m |
TELL, RETURN "‘?s =
RETFIR, ERTLW [ 7
\J
Stack Leve: |
Srack Levei 2
*
4+
&
Stack Level 8
RESET Yecmor 0000h
. P a——
. T J
[ 3
irterrupt Vector 0d0ih
31005h
Page
37FFh
B903h
Page 1
On-Chp
Pregram < 9FFPh
Memery ‘ 1008%
Page 2
17FFh
1800h
Page 2
1FFFh

2.1 Program Memory Organization

The PiC16F5TX devices have a 13-bit program counter
capable of addressing an 8K x 14 program memory
space. The PIC16F877/876 devices have BK » 14
words of FLASH program memory, and the
PIC15F873/874 devices have 4K x 14. Accessing a
focation above the physically impiemented address wiil
cause a wraparound.

The RESET vector is at 00G0h and the interrupt vector
is at 0004h.

FIGURE 2.2 PIC16F874/873 PROGRAM
MEMORY MAP AND
STACK
| PC<12:0> |
CALL, EETURH 12 .
RETFIE, RETLW >
Srack Lavel 1
Srack Leyatl 2
-
-
-
Stack Lave! B
RESET Veclsr a030h
. Kb
[ ]
Imerrupt Vector 0004h
Q005h
Sn-Chip Page i
Program. ;. O7PFh
Kemary 9800h
Pags 1
JFFFh
1000k
1¥FFh
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3.0 [/OPORTS

Some pins for these 0 ports are nultipiexed with an
alternate function for the penpheral features on the
device. In general, when a peripheral is enabled, that
pin may not be used as a general purpose KO pin,

Additional information on O ports may he found in the
FiCmicro™ Mid-Range Reference Manual, {D533023).

3.1 PORTA and the TRISA Register

PORTA is a 6-bit wide. bi-directional port. The cofre-
spordding data direction register is TRISA. Seling 2
TRISA it (= 1) will make the corresponding PORTA pin
an input {i e  put the corresponding output driver in a
Hi-impedance mode) Clearing a TRISA bit {= 0) will
make the corresponding PORTA pin an oulput (i.e., put
the contents of the output tatch on the setacted pin}.

Reading the PORTA register reads the status of the
pins, whereas writing to it will write to the port iatch. All
wiite operations are read-modify-write operations.
Therefore, a write to a port implies that the port pins are
read, the value is moedified and then written o the port
daia latch.

Pin RA4 is muitiplexed with the Timerd module ciock
input to become the RA4ITOCK! pin. The RA4/TOCK!
pin is a Schmitt Trigger input and an open drain output.
All other PORTA pins have TTL input levels and full
CMOS output drivers.

Cther PORTA pins are muitiplexed with analog inputs
and apalog Viees input. The operation of each pin is
selected by clearingfsetting the control bits in the
ADCON1 register {A/D Control Register1).

FIGURE 3-1: BLOCK DIAGRAM OF
RA3:RA0 AND RAS PINS
Lala Data Latc»
Bus
D q
WR Voo
Port . — —,
T c'\.0 TG 10 pinttt
TRIS Latch P“g
o a N
WR
Aralog

Mode l
RD . ! _)
TRIS T T T
nput
P ,-f’l a : Buffer

El

o]

R0 Fon e,

To AD Cenverler

]

Mote 1: 10 pins have protection dicdes to Voo and Woz.

" Note:  On a Power-on Reset, these pins are con-

figured as analog inputs and read as 'l)’. .

The TRISA register controis the direction of the RA
pins, even when they are heing used as analog inputs.
The user must ensure the bits in the TRISA register are
maintained set when using them as analog inputs.

EXAMPLE 3-1:  INITIALIZING PORTA
BCF STATUS, RFQ
BCP STATUS, RP1 ; Banko
CLRF FORTA ; Indtialize PORTA by
; clearing output
; data latchee
133 4 STATUS, KPO ; Selact Bank 1
MOVLW 0X06 ; Configure all pins

MOVWEF  ADOON1
MOVLA AXCE

; aa digital inputsa

+ Walue used oo

; indtialige data
directicn

HOVWE  TRISA ; Set RA<3:0> as inpute
; RA<5:4> as outputa

; TRISA<T:6»are always
; read as ‘07,

FIGURE 3.2: BLOCK DIAGRAM OF
RA4ITOCKI PIN
Cata Data Latch
Bus D =
WR
Pori__| CHA-G \ ’—E-,‘
! _:E ;__{ N 1O pint™
TRIS Latch
=17 G Yoo
Tris
ey sy
Input
e Buffer
et
2 W

RO Pt r\,‘w i —l

i P

TNRE Clock [nput

Note 1: iG pa 235 pretecton gindes to Vss only.
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3.2 PORTB and the TRISB Register

PCRTE is an §-bit wide, hi-directional port. The cofre-
sponding data direction register is TRISB. Setting a
TRISB hit (= 1} will make the corresponding PORTB pin
an input {i.e. put the comesponding output driver in a
Hi-impedance mode). Clearing a TRISB bit (= 0) will
make the corresponding PORTA pin an output (i.e., put
the eontents of the ocutput latch on the selected pin).

Three pins of PORTB are multiplexed with the Low
Voltage Programming function. RB3/PGM, RBEPGC
and RB7/PGD. The alternate functions of these pins
are described in the Special Features Section.

Each of the PORTH pins has a weak internal pull-up. A
single control bit can furn on all the pult-ups. This is per-
formed by clearing bit RBPU {OPTION_REG<7>). The
weak pullup is automatically turmed off when the port
pin is configured as an output. The puli-ups are dis-
abled on a Power-on Reset,

FIGURE 3.-3: BLOCK DIAGRAM OF
RB3:RBO PINS
Ves
REFUIZ !
; k! Weak
— i,
Data Latch
Data Bus "
“ e Tooo =
e
WR Peri cky pint
TRIS Lawch
D o4 d rﬂ- 5
. gt !
WR TRIS e Bufler
IJ
RO TR
- ¢ o
RO Por l
EN
A
2 { _"__‘g T
St Trigger ’
Bufior RD Port
Note 4: O pins have diode protection o Ves and Vaz,
2: To enable weak pylups, se the approprate TR'S
bit{s) and ciear the RBPL kit {OPTICN_REG<T=)

Four of the PORTB pins, RB7:RB4, have an interrupt-
on-change feature. Only pins configured as inputs can
cause this inferrupt to oceur (e, any RB7.RB4 pin
configured as an cuipit is exciuded from the interrupt
on-change comparison). The input pins {of RB7.RB4)
are compared with the old value fatched on the last
read of PORTB. The “mismaich” cutputs of RB7-RB4
are OR'ed together to generate the RB FPort Change
interrupt with flag bit RBIF {INTCON<0=).

This nterrupt can wake the device fromy SLEEP. The
user, in the interrupt Service Routine, can ciear the
interrupt in the following manner:

a) Any read or write of PORTB. This will end the
mismatch condition.
h} Clear flag bit RBIF.

A mismatch condition will continue to set flag bit RBIF.
Reading PORTE will end the mismatch condition and
aliow flag bit RBIF to be cleared.

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PCRYB is only used for the interrupt-on-change
feature. Polling of PORTB is not recommended while
using the irferrupt-on-change feature.

This interrupt-on-mismatch feature, together with soft-
ware configureable pull-ups on these four pins, allow
easy interface 1o a keypad and make it possible for
wake-up on key depression. Refer o the Embedded
Control Handhook, “Implementing Wake-up on Key
Strokes” {ANDS2).

RBOANT is an external interrupt input pin and is config-
ured using the INTEDG bit {OPTION_REG<6>},

RBOANT is discussed in detail in Section 12.13.1.

FIGURE 3-4: BLOCK DIAGRAM OF
RB7:RB4 PINS
Nizh]
REPU® Eﬂ.‘.eai‘
_\l:‘-' l Puibup
Data Latth
Data Bus 5 o I '__@
WR Port ek pom
TRIS taich
] <
‘MR TRIS TTL - !
BRTRE L —peKy AV
Buffer 37
| S s Buffer
RD TRIS .
LS AR Latzr
- @ C
RD Pet l
EK o}
Set RBIF 1
__<"l—\_l'|_/,._,f_
Fgm other RD Pent
RBT:RB pins |/
El a2
RET:RBE
n Senat Programming Moge
Note 1: (%Q pins have ¢'ade protecton 1o Voo and Vo,
2: To enab’e weak pull-ups, se! the appropriate TRIS
bitts) and clear the REPL b4 [OPTION_REG T,
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3.3  PORTC and the TRISC Register

PORTC is an 8-bit wide, hi-directionat port. The corre-
sponding data direction register is TRISC. Sefting a
TRISC bit (= 1) will make the corresponding PORTC
pin an input (i.e_, put the correspanding output driver in
a Hi-impedance mode). Clearing a TRISC bit {= 0} will
make the comesponding PORTC pin an ouiput (i.e.. put
the contents of the output latch on the selected pin).

PORTC is multiplexed with several peripheral functions
{Tahle 3-5) PORTC pins have Schmitt Trigger input
huffers.

When the C module Is enabled, the PORTC<4:3>
ping can be configured with normal I-C levels, or with
SMBus levels by using the CKE bit (SSPSTAT<6=).

When enabling penpheral functions, care should be
taken in defining TRIS bits for each PORTC pin. Some
peripherais overide the TRIS bit 10 make a pin an out-
put, while other peripherals override the TRIS bit to
make a pin an input, Since the TRIS bit overmide is in
effect while the peripheral is enabied, read-modify-
write instructions (BsF, BCF, XORWF)with TRISC as
destination, should be avoided. The user should refer
to the comresponding peripherai section for the correct
TRIS hit settings.

PORTC BLOCK DIAGRAM
(PERIPHERAL QUTPUT
OVERRIDE} RC<2:0>,
RC<T:5>

FIGURE 3-5:

PORTC BLOCK GIAGRAM
{(PERIPHERAL OUTPUT
OVERRIDE) RC<4:3>

FIGURE 3-6:

PoriPeripheratl Select’™

Peripneral Gata Ou3
Data Bus

C &
WR
Port c g

OJarta watch

up -

WR D &
ms CLD

TRIS Latch
RD — ;
TRIS =
Penpheral -

L S o S

RD EN
Part ﬁl

Pengneral input

Neote 1: i°C pins have diode protection to Voo and Ves.
2: Port'Perigneral select signal seecis cetwesn port
data and peripheral owtpet,
3: Peripheral OF ioutput enab'e) s only ackva'ed if
pe-phera’ select is active.

PoryPeripheral Selectt

Perpheral Data Out

Voo
Data Bus . Y
o 2 i -~
WR - >_| - P
AR
Porg ofn P
:}ata Laich 4 ‘E

D Q

WR
RS || \

-tcw.‘\.a ST :I e
TRIG Latch 7'——’)_4

E'gis <>—C§:}

Perphera;
jar=]] //A

RD 1
Po . {N\)\*

S5P! input

ss

Y

BSPETAT=E=

Note 1; 0D pins have dicde protection to Voo and Vs
2: Fort!Periphera’ select signal selgcts between port ata
and geripharal sutput,
3: Peripheral OF {output enable} is en'y activated i
peniphasal se'est (s active.

43'|Page



3.4 PORTD and TRISD Registers

PORTD and TRISD are not implemented on the
PIC16F873 or PIC16FET76.

PORTD is an 8-hit port with Schmitt Trigger input buff-
ers, £ach pin is individually configureable as an input or
autput.

PCRTD can be configured as an 8-bit wide micropro-
cessor port (paratiel slave port) by sefting control bit
PSPMODE (TRISE<4=}, In this mode, the input buffers
are TTL.

FIGURE 3-7: PORTD BLOCK DIAGRAM
(IN VO PORT MODE)
Data Data Latch BQ pintt
Bus C ) _‘x
w 11X
Fort

TRIS Latch
C: Q
i CK % Schmiti .,
Trigger \\
Input
- Buffer
RO -J
ms |
; c
RB Pert I .—!
* L>'3

Note 1: 0 pins have protection diodes to oo and Vaa.

TABLE 3-7; PORTD FUNCTIONS
Name Bit# Buffer Type Function
RDO/PSFO bitd STATLY inputfoutput port pin or paraile! slave port bitd.
RD1/PSP1 bitt sTTLt inputfoutput port pin or paraliel slave port bitl
RD2/P3E2 bit2 STATUS inputioutput pott pin or parallel slave port bit2.
RD3/PSP3 bir3 sSTATLY inputicutput port pin or parailel slave port bit3.
RD4/PSP4 hita sTATL Inputfoutput port pin or paratled slave port bitd.
RD&PSPA hits STTTUN inputioutput port pin or parallel slave part bits.
RDE/PSP6 hit6 sTATLY inputioutput pott pin or paraliel slave port bits.
RD7/PSF7 hit7 sSTITTLY inputioutput port pin or parailel slave port bit7.

Legend: ST = Schmitt Trigger input, TTL = TTL input

Note 1: Input buffers are Schmitt Triggers when in ¥O mode and TTL huffers when in Parallel Slave Forl mode.

TABLE 3-8: SUMMARY OF REGISTERS ASSOCIATED WITH PORTD
Value on: | Value on
Address | Name | Bit7 | Bit6 | Bit5 Bit 4 Bitd | Bit2 8it1 Bit 0 POR, all other
BOR RESETS
08h PORTD | RD7 | RDS | RD5 RD4 RD3 RrRD2 RD1 RDD | o xooex | wauw wauu
88h TRISD |PORTD Data Direction Register 1111 1313|1131 1111
&9h TRISE | IBF | OBF [IBOV |PSPMODE | — |PORTE Data Direction Bifs | 0000 -112 | 0009 -111

Legend: x = unknown, u = unchanged, - = unimpiemented, read as '0°. Shaded celis are not used by PORTD.
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3.6 PORTE and TRISE Register

PORTE and TRISE are not mplemented on the
PIC15F873 or PIC1EFETH,

PORTE has three pins (REO/RDIANS, RE1ANRIANS,
and REZ/CSIANT} which are individually configureable
as inputs or outputs. These pins have Schmitt Trigger
input buffers.

The PORTE pins become the KO contral inputs for the
micropracessor port when bit PSPMODE (TRISE=4~»} is
set. In this mode, the user must make cerfain that the
TRISE=<2:0> hits are sef, and that the pins are configured
as digital inputs. Also ensure that ADCON1 is configured
for digital ¥0O. In this mode, the input buffers are TTL.

Register 3-1 shows the TRISE register, which alsc con-
trols the paralief slave port operation.

PCRTE pins are mulliplexed with analog inputs. When
selected for analog input, these pins will read as ‘0's.

TRISE controls the direction of the RE pins, even when
they are being used as analog inputs. The user must
make sure to keep the pins configuted as inputs when
using them as analog inputs.

FIGURE 1-8: PORTE BLOCK DIAGRAM
(IN /0 PORT MODE)
Data Data Laicr 110 pin®
Bus T Qe e
WR = '_g
TRIS Lawch
- C Q
TR
LR Sehmict |
—E:f‘___ Tﬁugzrt \/
input
1 Biffer
we | T
1 D
EN
RD Port —l

Note:  On a Power-on Reset, these pins are con- Note 1. “C p=s have prosection d'odes to Voo ang Vez.
figured as analog inputs, and read as ).
TABLE 3.9: PORTE FUNCTIONS
Name Bit# | Buffer Type Function
YO port pin or read control input in Paraliei Slave Port mode or analog input:
RO
REORD/ANG | bit0 | STATLMY |1 =1die
0 = Read operation. Contents of PORTD register are output to PORTD
11O pins (if chip selected)
YO port pin or write control input in Paraliel Slave Port mode or analog input;
WR
RE1/ARIANG] hitt STATLN 1= Ide
o = “Afrite operation. Value of PORTD IO pins is fatched into FORTD
ragister (if chip selected)
YO port pin or chip select control input in Parallet Slave Port mode or analog input
- _ [
)
REZCSIANT 1 bz 1 STATLY 12 pevice is not selected
0 = Device is selected

Legend: ST = Schmilt Trigger input, TTL = TTL input

Note 1: input buffers are Schmift Triggers when in I!C mode and TTL buffers when in Parallel Slave Port mode.

TABLE 3-10: SUMMARY OF REGISTERS ASSOCIATED WITH PORTE
val . | Value on
Address | Name | Bit7 | Bit6 | Bits | Bits Bit3 | Btz | Bit1 | Bito Pg&“’;gh all other
! RESETS
st PORTE L — — C— — RE2 RE1 REQ | ---- ~xxx{---- -mmu
89h TRISE IBF | .OBF | IBOV |PSPMODE! —  |PORTE Data Directon Bits | ooeo -111 { 0000 -111
SFh ADCONT | ADFM | 0 — -— -~ | PCFG3 PCFGEI PCFGT | PCFGO [ --0- 0000 | --0- 0000
Legend: x = unknown, u = unchanged, - = unimplemented, read as '0". Shaded cells are not used by PORTE.
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Appendix E: Sample of Source code and pseudo code

//Example code of rangefinder using Ultrasonic PING Sensor

#include <16{876a.h>

#use delay{clock=20000000)

#fuses hs, noprotect, howdt, nolvp

#define use_portb_lcd TRUE

#include<lcd.c>

#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, parity=N)

#byte PORTA=5
#byte PORTB=6
#byte PORTC=7

#define sensor_sig PIN_CO //Pulse trigger input

long range;
long sensor_read();

void main(}

{
set_tris_a(0b00011111);
set_tris_b(0b00000000); //RB as output (lcd kut)
set_tris_c(0b10000000); //(smbung kat sensor kut)

//initialize all ports
porta=0;
portb=0;
portc=0;

led_init(); //initialize lIcd
delay_ms(100});
led_pute("Start.");
printf("Start! );
delay_ms(3000};
led_putc("\f");

do{
range=sensor_read()/10; //read ultrasonics signal
led_gotoxy(1,1); //move to lcd position 1,1
printf(led_putc, "%lu ",range); //display on lcd
printf("%]lu ", range); //send to pc
delay_ms(500); //wait 500ms

Ywhile{1);

}

long sensor_read()

{

long time_out=0;
long sensor_cnt=0;

output_low{sensor_sig);
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}

bit_clear(PORTC,0);

delay_ms(100);

output_high(sensor_sig); //send a pulse out
delay_us(5); //for bus
output_low(sensor _sig); //stop sending
delay_us(600); / /wait for 600us
bit_set{(PORTC,0);

/ /wait for feedback
do{
time_out++;
delay_us(1};
Ywhile(time_out{=400 && input{sensor_sig)==0};

/ /start count pulse
if{time_out!=400)
{
do
{
sensor_cnt++;
delay_us{1};
Ywhile(sensor_cnt!=20000 && input(sensor_sig)==1};
delay_us{200};

if(sensor_cnt==20000){
return{0);

Jelse]
return{sensor_cnt};

}
}

else

{

return{0);

}
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//Souce code for motor vibrator

#include <16f876a.h>

#use delay(clock = 20000000)
#fuses hs, noprotect, nowdt, nolvp

#byte PORTB=6
void main()

set_tris_b{0x00);

//connect b0-L293D, pin 1
//connect b1-1.293D, pin 2
/ fconnect b1-1293D, pin 7

do

/ /forwards motor
output_high(PIN_B0);
output_high(PIN_B1);
output_low({PIN_B2};
delay_ms{2000};

/ /stop motor
output_low(PIN_BOj;
output_low(PIN_B1};
output_low({PIN_BZ};
delay_ms(2000);

/ /reverse motor
output_high{PIN_BO);
output_low(PIN_B1);
output_high({PIN_B2);
delay_ms{2000};

/ /stop motor
output_low(PIN_B0);
output_low(PIN_B1});
output_low(PIN_B2);
delay_ms(2000);

Jwhile(1);
}
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Pseudo code

Device ON
REPEAT
Emit Ultrasonic waves
Receive the reflected waves
Get the waves length
Calculate the obstacle range (d)
Compare the obstacle range
IF 4 <= lmeter
Vibrator vibrate
ELSE
Silent
“End if

Until Device OFF
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Appendix F: MOD Picture
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Appendix G: Project Schedule

Project Schedule

Sep | Oct | Nov | Dis | Jan | Feb | Mar | Apr | May
Project assignment planning X
Analysis/Study of the project
tail_ ' X -
Integrate software and hardware X X
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