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ABSTRACT

Carving decorations manually on pieces of wood demands a lot of time, needs
talented people to perform this operation, without neglecting the high probability of

making mistakes while carving, which may completely ruin the piece of wood.

The carving operation would be more efficient by constructing a carving machine that
moves in the three directions X, Y, Z and implementing a software driving program
that creates and reads images (wood decorations), translates them, and then generates
control signals that automates the carving operation by controlling the carving
machine, and also monitoring the whole operation on the computer screen indicating
the exact point in the carving operation and informing the user how much time is still

needed.

By this approach the carving operation will be faster than before, more accurate,
complex decorations will be feasible, identical copies are also possible, and wood

carving talented people will be no more needed.

Computerized wood carving certainly removed many barriers faced when this process
was done manually, and allowed many other new capabilities that were impossible

before.
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ABSTRACT

Carving decorations manually on pieces of wood demands a lot of time, needs
talented people to perform this operation, without neglecting the high probability of

making mistakes while carving, which may completely ruin the piece of wood.

The carving operation would be more efficient by constructing a carving machine that
moves in the three directions X, Y, Z and implementing a software driving progran
that creates and reads images (wood decorations), translates them, and then geners
control signals that automates the carving operation by controlling

machine, and also monitoring the whole operation on the computer screcr

the exact point in the carving operation and informing the user how

needed.

By this approach the carving operation will be faster
complex decorations will be feasible, identical copie

carving talented people will be no more needec
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1.1 Problem Overview

In the past wood cutting, modeling and decoration was done manually, this
process had many drawbacks such as the process required time, loss of accuracy, and
necessity of talent. Today many products are created by drawing the desired
decoration by computer, adjusting it as needed, and then the carving operation is
accomplished by computer. Computerizing this process; decreases carving time,
increases job accuracy, and removes demand for a carving expert. Only a graphics

talented user is needed.

This project targets the computerization of wood carving and decoration, by
implementing a driving program that controls a carving machine, translating user
drawn decorations to control signals that will automate the machine hardware
components. In other words the user supplies the program with the desired image to
be carved, — on the piece of wood — then the program will process the image,
interpreting it to appropriate control signals; these signals serves as an automating

language for the carving machine.

From the above explanation the project consists of two major subprojects, the
~ construction of the carving machine, and the software application that analyzes
images and controls the machine. A team of electrical and automation engineering
students (Team A) will be working on the design and construction of the carving
machine, while the computer engineering students (Team B) will be working on the
design and implementation of the driving program which will process, understand,
and translate computer drawings to control signals for the machine components. Of
course interfacing circuits between the computer and the machine needs
comprehensive understanding of the software so their design will lay upon Team B

responsibilities. Table 1.1 clarifies each team majors and responsibilities.




Table 1.1: Project Teams

Team A Team B
Major Electrical Engineering Computer Systems Engineering
Implementation of the machine
Responsibilities Carving machme design d'm'n.lg appllcatloq. 1nterfac1?g
and construction circuits, and associated drawing
program

Figure 1.1 shows a block diagram of the project; where the driving program which
resides at the software application supplies the second block (Machine hardware

components) with the needed signals through the interfacing circuits.

=@ =2

Machine Interfacing Software
ngg;t:fts Circuits Application

Figure 1.1: System Block Diagram

1.2 Aim of the project

The project whole idea concentrates on constructing a computerized wood
carving machine where images are supplied to the computer, translated and then

carved by the machine.

In more abstraction transferring an image from the computer screen into a carved
shape on a piece of wood, to achieve this, a group of sub goals must be accomplished

starting from the construction of the carving machine, translation of an image




residing on the computer to the interfacing circuit which in turn generates the motors

controlling signals.

Since the two sub-projects complete each other and have many dependencies, to
achieve the project main goal both teams should accomplish their tasks in time and
with a high degree of professionalism. The figure below shows each team sub goals,

along with the project general goal.

:rTelmB

[ P T

Maching Driving Y

Intertucing

Circuit

/ Soltware
Computerized
Carving
Maching

4

Carving Machine |

Deaign

Team A

Figure 1.2: Project goals

The rest of this documentation will focus on Team B goals, taking in consideration

that Team A tasks shall be completed.

Team B — computer systems engineering team — sub goals of the project will be:
e Software application implementation.
o Make the software as flexible as possible.
o Processing and understanding images; i.e. carve the piece of wood
depending on certain information stored in the image.

o Monitoring machine progress and reporting any encountered errors.




o Design of a drawing program tailored for the creation of decorations

and images that will be carved on the wood.

e Interfacing circuits design and implementation.
o Adjust the received signals from the PC and send them to the
hardware components.
o Send the machine state to the monitoring module, along with any

possible errors that would arise during the carving process.

1.3 Review of literature

The whole system can be classified under Computer Numerical Control machines
(CNC), and refers specifically to a computer "controller" that reads G-code
instructions and drives the machine tool, a powered mechanical device typically used
to fabricate metal components by the selective removal of metal. CNC does
numerically directed interpolation of a cutting tool in the work envelope of a

machine.

G-code is a common name for the programming language that drives NC and CNC
machine tools. It was developed by EIA in the early 1960s, a final revision was

approved in February 1980 as RS274D.

Due to the lack of further development, the sheer variety of machine tool
configurations, and little demand for interoperability, few machine tool controllers
(CNCs) adhere to this standard. Extensions and variations have been added to it
independently by manufacturers, meaning that operators have to know the dialects
and quirks of the particular machines they use, and CAM systems have had to limit

themselves to the lowest common denominator of all the tools that they support.




A group of projects was developed in the same field of our project such as “Building

a mill from a drill” created Jan 31st, 2003 by V.Chan, this project concerns on
controlling a changing a drill machine to a milling machine using a group of stepper
motors. A documentation of this project can be found by visiting the following link

http://www.pathcom.com/~vhchan/cnc/cnc.html

1.4 Project estimated cost

This project consists of both hardware and software components in the first
section we will describe the needed hardware components and their costs, while

software components are considered in section 1.4.2.

1.4.1 Hardware equipments

Hardware equipments are both found in the carving machine, and the
interfacing circuit, here we will consider only the cost of the needed equipments of
the interfacing circuit, the cost of the carving machine equipments can be found in

the documentation of the second team.

Taking a look at figure 3.5 in chapter 3 — system design — shows the needed
hardware components, more details about these parts can be found in chapter 4 —

detailed hardware design —.

Majority of the interfacing circuit components are low cost IC’s, resistors,
transistors, LED’s, push buttons, an ON\OFF switch, wires, and a PIC

microcontroller.




To program the PIC microcontroller a dedicated programmer must be used, but we

will use the university programmers so there will be no need to buy a programmer.

1.4.2 Software Ultilities

Different software utilities will be used in the design and implementation of this
system, but the majority of them are open source programs meaning that they will be
used for free with no need to pay for using them; the list of software we will use is as

follows:

e Microsoft Windows XP Professional: selected for its ease of use, and its

compatibility with the rest of the software utilities used.

e Netbeans IDE: best integrated development environment for implementing
and designing Java applications in addition that it is open source software. It

is used because the driving program will be implemented in Java.

e JDK 1.5: the java development kit which consist of the Java utility classes

and the virtual machine. This software is also free.

e Open office: another open source software used to write and edit word

documents, its functionality is the same of Microsoft office but its free.

e PsPice: an electrical program used to draw schematic diagrams of electrical

circuits, only the free student version of it will be used.




1.4.3 Cost and Delivery Schedule

Table 1.2 shows the cost of each component needed in this project, and the delivery

period for each component.

Table 1.2 Costs and Delivery Schedule

Resource Name Type

Cost

13508

- One Pent1um4 PC » _ HW

e o o
T

iPIC Programmer P o HW

iPush Buttons e _HW

e St Tranmstors Re31stors W
and eres :
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'M1crosoft Wlndows XP
I SW
Rnroiessionalii e

6055 'f_l_"_ﬂﬁ,fff_fi;l,:I_
 OneDay '. 1

 Use the un1vers1ty "
~ Programmer
s

2.50$

108

oy
included with PC S

e DB S W]

JDK 1.5

Topeeniy L
 PsPice student version 3w

_ Internet Connection

Internet Connection
Internet Connection

Internet. Connection

Delivery
One Day

OneDay

Several Hours

" Several Howss

Several Hours

Several Hours

Several Hours
Several Hours |
Several Hours |

‘Several Hours
‘Several Hours

The internet connection is the total cost of using the internet to download the

software. The totally estimated cost for this project is 376.45$. But assuming that the

PC already exist as in our case then the total cost is only 26.45$ thanks for using

open source software.

Again the cost of the equipments needed for constructing the carving machine are not

included in this calculation, they will be considered in the cost estimation of the other

team.




1.5 Assumptions and Dependencies

The following assumptions are considered in this project

The physical machine will be constructed with the ability to accomplish its
work precisely. This means that the machine must have an acceptable carving
accuracy, smooth movements, and other properties needed to carve precisely
on the wood.

The wood pieces that will be carved have a flat surface.

Wood pieces will have maximum dimensions of (250 * 200 * 30) cm
corresponding to length, width, and height, respectively.

Users of the machine have a good knowledge in computers and CAD.

Accomplishing our goals depends on the success of the other team (Team A) in

building the machine with all of its required components working properly. For

example we will be able to determine the required control signals after the other team

supplies us with information about the type of motors used and how to control their

motion. Dependencies can be summarized in the following points:

Types of motors used to control the motion of the machine and their
controlling signals.

Accuracy of the machine constructed, will be useful to know how much
accurately an image can be carved.

How errors are reported from the machine, and their types.

How much fast the machine can operate. This is important in maximizing its
operation, which is an efficiency concern.

The minimum size of the carving drill (its diameter) which will be used in the

carving operation, and any others sizes used.




1.6 Development process

1.6.1 Software Engineering

This system will be developed using the evolutionary development process,
which develops an initial implementation and exposing this to user comment and
refining this through many versions until an adequate system has been developed,

rather than having separate specification, development and validation activities, these

are carried out concurrently with rapid feedback across these activities.

Evolutionary development model is choused rather than other software process
models such as waterfall since it’s more effective in producing systems that meet the
immediate needs of customers and the specification can be developed incrementally.

As users develop a better understanding of their problem, this can be reflected in the

software system. Figure 1.3 shows the evolutionary approach.

Outline
description

Concurrent
Activities
T > Initial
ifica < i
Specification version
TR A S Intermediate
evelopmen < versions -
: { : > Final
‘ Validation < i version

S

Figure 1.3: Evolutionary approach
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1.6.2 Language of choice

The machine driving software will be implemented in Java programming

language for the following reasons:

1. Java utility classes: by these classes we will reduce the implementation and
development time. Using C-++ for example instead of Java would waste a lot
of time implementing these utilities that will effect the overall time of the
project. Meanwhile not forgetting the excellent performance reached in Java
applications with its last virtual machine release JDK 5.

2. Our good experience in the Java language.

3. Stability of Java programs, and its good exception handling mechanism
which will be useful in preventing unexpected program behavior.

4. Java graphics support: the Java Graphics2D API has many useful libraries for
image processing and manipulating, with very sleek look and feel interface
which will be helpful and easy for the user to deal with.

5. Write once run anywhere: by Java you can run your program on any platform
(Windows, Linux, Macintosh...) without the need to rewrite the code for each

platform.

1.7 Project breakdown and timeline

1.7.1 Project breakdown and scheduling

The following Table 1.2 shows the main activities needed in implementing
the project the time (in weeks) needed to finish each task, the implementer, and each

activity dependencies. Note that the project will require 13 weeks, approximately 91

days.

Il




Table 1.3: Project tasks

Task

Duration

; PART 1: Background study

Study of Java 2D API’ _

B »Study of PIC ( Perlpheral Interface Controller )
T4 e Interfaclng

PART 2 System Development

_ Programming PIC ml°r°°°ntr°n°r needed programs % A e
18 AlgorithmsDesign o s e
ADeﬁmng software roadmap o o i 2 T8 Team
. PART3: Documentmg L e e BN R
VMO Waitg thedocumentatin - M Tem

e » Reciﬁifemehts gafhering .andvprojleet_pnderstapdin_g ;

. Motor Controlling MethOdolog*eS e

o ‘Des1gn1ng Interfacmg CerUItS and PC connectlon o l/z X :

Dependencies

M

SemmarPreparauon : v Sk T

M
o 0

Implementer

Team

_ Mohd

Omar
Omar

 Mohd

il

Team :

Requirements gathering and project understanding: here we contact the project

supplier (Eng. Mohammad Shobaki), and collect the functional and non-functional

requirements needed in the system then will analyze and classify them in categories,

other requirements will be collected by brainstorming process.

Study of Java 2D API’s: this phase is important since the core of the project

depends mainly on image processing which needs a good knowledge in graphics.

Study of PIC (Peripheral Interface Controller): studying different PIC micro-

controllers’ features and choosing the one that best fits the system needs.

PC Interfacing: studying the interfacing ports in the PC mainly the parallel and

serial ports and how to read and write data bits to these ports, needed for connecting

software with the hardware.
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Motor Controlling Methodologies: how to control the motors motion and speed,

and how to determine their position, we will focus mainly on stepper and servo

motors.

Designing Interfacing Circuits and PC connection: after finishing PARTI, we will
design and draw the circuits needed to interface the PC with the hardware. Some

circuit drawing programs will be used as a simulation.

Programming PIC microcontroller needed programs: the programs needed to
translate data (coordinates) from the PC and generation of motor controlling signals

will be written, loaded to the microcontroller, and tested.

Algorithms Design: designing the algorithms needed for translating and
understanding the images drawn by the user and converting it to an intermediate

language understood by the microcontroller.

Defining software roadmap: a high level view of the software, its interfaces, and
majority of the needed classes since we will use object oriented approach in the

development. UML and data models (i.e. dataflow) will be designed in this phase.

Machine process simulation: a 3d simulation of the machine will be made, showing
the main hardware parts, with the interfacing circuit, this simulation will be designed

using 3d Studio Max.

Writing the documentation: documenting the final report will be done from the

beginning of the project in parallel with the other tasks.
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Seminar Preparation: a summarizing presentation will be made in the final week to

be shown in the seminar discussion.

Milestones

M1: delivery of all the project requirements.

M2: acquisition of needed knowledge to accomplish the project.

M3: completion of the theoretical part of the system.

M4: documentation of the full project will be ready.

MS5: Seminar presentation completeness.

1.7.2 Project Timeline

The following Figure 1.4 shows the timeline of the project in days, which
extends from Saturday, 7-October-2006 to Thursday, 28-December-2006

Task

| Odober 2006

| November 2006

!December 2006

2 15 |8 (11141720 (23126 129 | 1 |4 |7 (1013 (16 [19 [22(25128 [1 [4 |7 [10[13 116 19 122 125 128

TS
T10
I Ti1

D
Name

1 T
2 ”
3 \E
4 T4
5 15
6 T6
7) 7
8 it
9

10

oM

M

Figure 1.4: Project timeline
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1.8 Risk identification and planning

Risks always exist in any project, anticipating risks that might affect the project
schedule or the quality of the software being developed and to take action to avoid

these risks is very important for the whole success of the project.

Table 1.3 lists the types of risk which may impact the project development process,
showing the risk, its type — Technology, people, organizational, tools, requirements,

and estimation — and a short description about it.

Table 1.4: risks and risk types

Risk type Possible Risks

Hardware which is essential for the prOJect may not be delivered
- on schedule.

- The machine used to carve on wood may no be constructed by the
other team.

The kit used to program the mlcrocontroller may not be available.

 Malfunction of hardware parts (IC’s, Microcontroller, Motors)
" There may be a larger number of changes to the requirements than
..A__,ant101pated |

}wThe time requlred to develop the soﬁware 18 underestnnated
The size of the software is underestimated.

" Time of delivery of the project changed.
Code of the soﬁware is damaged or deleted sudden]y

-Illness of one or more : :

Table 1.4 shows the probability of each risk and a seriousness of it, while table 1.5
considers each of the key risks which have been identified and identifies strategies to

manage the risk.
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‘RS

Risk ID

%m
L

Table 1.5: risk analysis

Risk
Hardware which is essential for the project will

~ not be delivered on schedule.

The machine used to carve on wood will no be

__constructed by the other team.

~ Malfunction of hardware parts (IC 5
~ Microcontroller, Motors)

There will be a larger number of changes o the
__requirements than anticipated.

" Code of the software is damaged“er deleted

~ suddenly.

The kit used to program the mlcrocontroller
will not be ayailable.

The s1ze of the soﬁware is underest1mated

The time requ1red to develop the software is
underestlmated i

,‘ T1me of dehvery of the Dproje ect changed

'RI10

Risk ID

Bl

'R3
R
gRS

BR
‘R9
'R10

Key staffs are ill and unavallable at cntlcal

pimesiiciaian o

Probability

moderate
low
moderate
low
Very loyv‘

low

Low

Low

Very low .

 Low

Table 1.6: Risk Management Strategies

Strategy

Effects

catastrophic

catastrophic

serious

serious

catastrophic
serious
tolerable

tolerable

Tolerable

Ins1gmﬁcant

 Identify the needed hardware as fast as possible and order them..

_ Continue the project development and simulate the machine operation..

Chose a microcontroller that can be pro grammed using the programming

kits available in the umversﬁy labs 4
_ Order spare hardware parts. ;

Derive traceability information to assess requlrements change 1mpact and :

" maximize information hiding in the design.
Ro =
R 4

~ Understand exacﬂy what is needed in the software.

~No strategy

Understand exactly what is needed in the software.

Always save back up copies of the soﬁware (on ﬂash CD s, hard dlsks)

16
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1.9 Report overview
The following chapters will be included in this report:

Chapter One: an introduction to the project, describing the problem, project idea,

and its aims and the software engineering methodology followed.

Chapter Two: a theoretical background study covering the Java2D API, motors, PIC

microcontroller, and the PC parallel port.

Chapter Three: system design, dissecting the complete system into a group of
subsystems, describing the functionality of these subsystem, interfaces between
them, and finally giving a complete overview of how the system works starting from
supplying the program with an image and getting the image carved on the piece of

wood.

Chapter Four: detailed hardware design, describing in more detail the hardware
components of the carving machine focusing on the interfacing circuit components,
showing their functions, the components type numbers, and schematic diagrams of

each component.

Chapter Five: detailed software design and implementation, where the software is
explained as a group of modules, using code snaps, algorithms, flowcharts, dataflow,
and UML.

Chapter Six: system testing, shows the methodologies used to test the éystem

different modules, contains images showing results of testing operations.

17




Chapter Seven: Conclusion and Future Work, conclusions obtained from the system

design, and suggestions and improvements to the system which could be used in

future work.
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2.1 Java Graphics 2d API

Java is one of the most modern programming languages with lot of
precompiled classes, API’s, and reusable components. Since image understanding
and interpretation covers a major need in the project software, then this application
will highly depend on image processing, which is one of the main API’s used in Java

2D.

But why not using MATLAB for image processing? Even if MATLAB have a good
and powerful image tool box which could help in image processing, the software
needs an appealing graphical user interface and an associated drawing program to be
used for the creation of decorations and images. So Java is more adequate than

MATLAB.

Java 2D API enhances the graphics, text, and imaging capabilities for the Java
application development, these API’s contain many graphics related libraries, with
some advanced graphics libraries such as images special effects and transformations,

as well as the creation of read and write filters for both image and graphic files.

The Java 2D API provides a uniform rendering model across different types of
devices. At the application level, the rendering process is the same whether the target
rendering device is a screen or a printer. When a component needs to be displayed,
its “paint” or “update” method is automatically invoked with an appropriate

“Graphics” context.
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2.1.1 Coordinate Systems

Two coordinate systems are used in Java 2D APIL

e User spacé: which is device-independent: it’s a logical coordinate system, this
system is used exclusively inside the Java program, and all geometries are
specified in this space.

e Device space: is a device-dependent, which means it varies from device to
another, according to the device itself, i.e. one computer monitor can contain
multi configurations like 640*480*16 colors, 640%480*256 color, and
800*600%256 colors, or a printer.

User space coordinates are automatically transferred into appropriate device space
when a graphic object is rendered, which is Java2D API responsibility to do the

needed transformation with no user intervention.
Device space will be very useful in this system as we can represent the carving
machine as a “GraphicsDevice” suited for the piece of wood dimensions, so we can
take advantage of the Java2D capabilities for transforming between the two spaces.
2.1.2 Images

Images are collections of pixels organized spatially, each pixel defines the
properties of the appearance of the image at one single point, and images are

represented by a two-dimensional array of pixels called raster.

Images are divided into two main parts depending on the type of pixel definition

used:
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1- Directed colors: used in images that contain more than 256 colors usually,
pixels in directed mode define the color, alpha, transparency, and other
display characteristics, storing these images for sure consumes more memory
space than other image types.

2- Indexed colors: usually used in images that contain 16 or less colors, in this
mode all the colors are indexed in a colors array, where each pixel is given an
index number, instead of representing each pixel as an object with different
attributes as in Directed color mode — which requires more storage space —,
here each pixel is represented by one byte only, Figure 2.1 shows an array of

colors used in indexed colors mode.

imdex p 1 2 3 4 5 6 7 8 0 10 111213 1415
cotor [ TN RN T I

Figure 2.1: Array of 16 colors, used in Indexed colors images

Indexed colors mode, advantages and disadvantages:
e Advantages
1- Smaller to store in memory.
2- Processing the colored image is done easily with simple algorithms
and requires less time.
3- Flexibility in defining the colors array, where the user can change the
colors in the array easily.
e Disadvantages
1- Limited number of colors: not a drawback in our software application
since there in no need for using a large number of colors, only certain
colors to distinguish between different carving depth levels.
2- Inability to define other display characteristics: also not a drawback
since the images will be aliased; where we only need the color of the

pixel and its position (X, Y) in the image.

22




For the previous advantages, indexed colors mode will be used for dealing with

images in the software application.

2.1.3 Imaging Models

The Java 2D API supports three imaging models:

1- Producer/consumer: also called (push) model, is a simple filter model of
image producers and consumers for image processing. An Image object is an
abstraction that is not manipulated directly. Called (push) model because an
ImageConsumer can never ask for data; it must wait for the ImageProducer to
"push" the data to it.

2- Pip.eli_ne model (pull): also called Java Advanced Imaging model (JAI), this
model is used to add more powerful and advanced imaging features, image
sources such as file or network participate in the "pull" imaging model by
responding to requests for arbitrary areas.

3- Immediate model: this model provides techniques for dealing with pixel
mapped images whose data resides in memory. This model supports
accessing image data in a variety of storage formats and manipulating image

data through several types of filtering operations.

Translating the images to control signals for the motors will need lot of processing,
for colors extraction, pixel manipulation, area specification and many other
processes. The most appropriate model is immediate model as it deals with images
stored in memory fast and efficiently, which will significantly decrease processing
time, “Bufferedlmage” is one of the main classes used in the immediate model,
which makes an instance of the image in the memory, with its other related

information.
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2.2 Motors

The hardware part of the machine will contain mainly a group of motors with
different functions, these motors will be used to enable accurate positioning of the
carving head in the three space directions (X, Y, Z), and drill rotational motion. So
we need three motors for head accurate positioning (Servo motors), and one for
rotational motion (DC motor). In this section we discuss the motors interface and
control operation with no interest about their specific information (i.e. why servos
not steppers, are they suitable for carving wood or not ...etc) since chousing the
motor types was the responsibility of Team A and of course they have their

justifications, at the end of the road for us there is a servo motor that needs to be

controlled which is Team B responsibility.

Sub-section 2.1.1 covers DC motors while sub-section 2.1.2 covers the needed

information about controlling servo motors.

2.2.1 DC Motors

A simple electric DC motor has six parts, as shown in Figure 2.2 these parts are as

follows:

e Armature or rotor

o Commutator

e Brushes

e Axle

e Field magnet

o DC power supply of some sort
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Armature — =}

To Battery

Field Magnet

©2001 HoaStulfWorks

Figure 2.2: Parts of an electrical DC motor

An electric motor is all about magnets and magnetism: A motor uses magnets o
create motion. If you have ever played with magnets you know about the
fundamental law of all magnets: Opposites attract and likes repel. So if you have two
bar magnets with their ends marked "north" and "south," then the north end of one
magnet will attract the south end of the other. On the other hand, the north end of one
magnet will repel the north end of the other (and similarly, south will repel south).

Inside an electric motor, these attracting and repelling forces create rotational

motion.

In the above diagram, you can see two magnets in the motor: The armature (or rotor)

is an electromagnet, while the field magnet is a permanent magnet (the field magnet

could be an electromagnet as well, but in most small motors it isn't in order to save

power).
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2.2.2 Servoe Motors Control

Servomotors - see Figure 2.3 - , are used in most radio controlled model
airplanes and expensive model cars, boats, and helicopters. Because of this hobbyist
market, servomotors are readily available in a number of stock sizes. Servomotors
have many applications in animatronics, robotics, and positioning control systems

where this project can be classified under it.

Figure 2.3 A Servo motor

Fundamentally, servomotors are geared dc motors with a positional feedback control
that allows the rotor to be positioned accurately. The specifications state that the
shaft can be positioned through a minimum of 90° (& 45). In reality, we can extend
this range closer to 180° (x90°) by adjusting the positional control signal. For more

information see appendix A at the end of the documentation.

There are three wire leads to a servomotor. Two leads are for power, Vce and GND.
The third lead feeds a position control signal to the motor. The position control signal
is a single variable-width pulse. The pulse can be varied from 1 to 2 ms. The width of

the pulse controls the position of the servomotor shaft.

A 1-ms pulse rotates the shaft to the extreme counterclockwise position (-45°). A
1.5-ms pulse places the shaft in a neutral midpoint position (0°). A 2-ms pulse rotates
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the shaft to the extreme clockwise position (+45°). The pulse width is sent to the

servomotor approximately 50 times a second (50Hz). Figure 2.4 illustrates the

relationship of pulse width to servomotor position.

0 1.50 ms: Neutral
1
0 1.25 ms: 0 degrees

; |
; 1.75 ms: 180 degrees

Figure 2.4 Servomotor positions with respect to pulse width
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In the system design three servo motors will be used, one for each axis. Control
signals for each motor will be generated from a PIC microcontroller or directly from
the PC Parallel Port if it will be reliable to generate accurate signals; which will

remove the complexity of the interfacing circuit. Each motor will have a dedicated

control line.

2.3 Microcontroller

A microcontroller is an inexpensive single-chip computer. Single-chip

computer means that the entire computer system lies within the confines of the
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integrated circuit chip. The microcontroller on the encapsulated sliver of silicon has

features similar to those of our standard personal computer. The microcontroller is
capable of storing and running a program. The microcontroller contains a CPU
(Central Processing Unit), RAM (Random Access Memory), ROM (Read Only
Memory), I/O (Input/output) lines, serial and parallel ports, timers, and sometimes
other built-in peripherals such as A/D (Analog to Digital) and D/A (Digital to

Analog) converters.

A PIC microcontroller is used to get rid of the bulk of the interfacing circuit,
minimizing its total cost, increasing reliability, and simplify test operation. Its main
functions are reading the machine state, sending control signals to the machine (i.e.
servo motors control signals), and do other needed operations. In this section we

describe the general specifications of the 16C84 PIC microcontroller.

The PIC16F94 belongs to the mid-range family of the PICmicro© microcontroller
devices (see Figure 2.5). The program memory contains 1K words, which translates
to 1024 instructions. Since each 14-bit program memory word is the same width as

each device instruction. The data memory (RAM) contains 68 bytes. Data EEPROM

is 64 bytes too.
| S——
rA2[0 1 18 [IRAI
RA3 < [1RAO
RA4/TOCLKI ‘é" [ OSC1/CLKIN
MCLR ) OSC2/CLKOUT
VSS — ] VDD
RBO/INT ©) [RB7
RBI = [RB6
RB2 B 0 RB5
RB3[) g - 10 [0 RB4

Figure 2.5: 16C84 PIC microcontroller pinout diagram

There are 13 1/O pins divided into two ports, port A with 5 I/O lines and port B with
8 I/O lines. Each port has registers associated with it, the TRIS (Tri State) register
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integrated circuit chip. The microcontroller on the encapsulated sliver of silicon has

features similar to those of our standard personal computer. The microcontrolicr is

capable of storing and running a program. The microcontroller contains a C#U
(Central Processing Unit), RAM (Random Access Memory), ROM (

Memory), /O (Input/output) lines, serial and parallel ports, timer:

other built-in peripherals such as A/D (Analog to Digital) and D/A: {Lbmds
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omplete specifications of the PIC16C84 microcontroller.

yn about this microcontroller can be found in Appendix A.

Table 2.1: 16C84 PIC Specifications

RISC CPU features .

- word instructions
11 single-cycle except for program braches which are two-cycle
speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
rds of program memory
cs of Data RAM
" vtes of Data EEPROM

-1t wide instruction words

WO
Wu
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and the port register address itself. The TRIS register controls whether a particular

pin on a port is configured as an input line or an output line. Once the ports are
configured the user may then read or write information to the port using the port

register address.

Some of the I/O pins are multiplexed with other functions, these functions include:
e External interrupt.
e Change on Port B interrupt

e Timer O clock input

There are two memory blocks in the PIC16C84. These are the program memory and
the data memory. Each block has its own bus, so that access to each block can occur
during the same oscillator cycle. The data memory can further be broken down into
the general purpose RAM and the Special Function Registers (SFRs), which are used
to control the peripheral modules. The data memory also contains the data 64 byte
EEPROM memory. This memory is not directly mapped into the data memory, but is
indirectly mapped. That is, an indirect address pointer specifies the address of the

data EEPROM memory to read/write.

Table 2.1 summarizes the complete specifications of the PIC16C84 microcontroller.

More detailed information about this microcontroller can be found in Appendix A.

Table 2.1: 16C84 PIC Specifications

[ High performance RISC CPU features

St ..

Only 35 single word instructions
All instruction single-cycle except for program braches which are two-cycle
Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle
1024 words of program memory
68 bytes of Data RAM
68 bytes of Data EEPROM
14-bit wide instruction words
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8-bit wide data bytes
15 special function hardware registers
Eight=level deep hardware stack
Direct, indirect and relative addressing modes
Four interrupt sources:
- External RBO/INT pin
- TMRO timer overflow
- Port B <7:4> interrupt on change
- Data EEPROM write complete

[Peripheral Features

13 I/O pins with individual direction control
High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 25 mA source max. per pin
TMRO: 8-bit timer/counter with 8-bit programmable prescaler

"Special Microcontroller Features

10,000 erase/write cycles Enhanced FLASH program memory typical

10,000,000 typical erase/write cycles EEPROM Data memory typical

EEPROM Data Retention> 40 years

In-Circuit serial programming™ (ICSP™) — via two pins

Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up Timer (OST)
Watchdog Timer (WDT) with its own On-Chip RC Oscillator for reliable operation
Code protection

Power saving SLEEP mode

Selectable oscillator options

The MPASM cross assembler will be used to write and develop PIC programs, it will
take our source code file which would have been created using any text editor and
assemble it into the machine code which will be executed by the PIC. The file

produced is in a format suitable for being sent to the PIC.

The final stage is to download the machine code file generatéd by the cross
assembler to the PIC16C84, a special programmer software will be used to send —
write— the machine code (.hex file) to the PIC 16C84 microcontroller embedded in

the development kit.
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2.4 PC Parallel Port

The Parallel Port known as the printer port is the most commonly used port
for interfacing computers with home made projects. This port allows the input of up
to 9 bits or the output of 12 bits at any given time, thus requiring minimal external

circuitry to implement many simpler tasks.

The parallel port, as implemented on the PC, consists of a connector with 17 signal
lines and 8 ground lines. The signal lines are divided into three groups: 4 Control
lines,

5 Status lines, and 8 Data lines.

As originally designed, the Control lines are used as interface control and
handshaking signals from the PC to the printer. The Status lines are used for
handshake signals and as status indicators for such things as paper empty, busy
indication and interface or peripheral errors. The data lines are used to provide data
from the PC to the printer, in that direction only. Later implementations of the
parallel port allowed for data to be driven from the peripheral to the PC. Figure 2.6
shows the parallel port pinout.

31




sz -1t =

{SNEEYSEERENENENREE|

D7|D6|D5|D4|D3|D2|D1|DO

z@éeoeeeéo
@@@@@@@@

S7|s6|s5|s4|s3

C3|c2|c1|co

Figure 2.6: Parallel Port Pins

Accessing the parallel port differs between programming languages for example in
Ansi C, there is some built in functions which are used for reading from and writing
to the port. In Java there are not such as functions so we will need to use JNI (Java
Native Interface) and use native methods to communicate with the port. The native
methods will load a dynamic link library file named junpout32reg.dil, which have
function calls to access the parallel port.

The software will use the following native methods to read and write data to the

parallel port.

public native void Out32 ( short portAddress, short Data)
public native short Int32 ( short portAddress)
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3.1 System Requirements

As any project this project has a group of requirements that should be

considered and satisfied during the design and implementation process, these

requirements consist of functional and non-functional requirements.

3.1.1 Functional and Non-Functional requirements

The functional requirements that should be considered are as follows:

The machine shall be able to carve on a piece of wood.

The carving head shall have the ability to be positioned precisely.

The machine shall report any encountered errors during the carving operation.
The machine shall carve in the three directions X, Y, Z.

The carving head can be changed to other diameter sizes.

The driving program shall understand images drawn with some format and
convert them to control signals to the machine hardware components.

The software shall allow the user to draw and edit images and decorations.
The driving software shall show progress of the carving process.

If the carving process stops suddenly for any reason, the machine shall
continue the carving process from the point it stopped.

The software shall allow the user to define the dimensions of the piece of

wood.

The non-functional requirements are:

The carving must be of a high quality and precision.
The machine should terminate the carving operation as fast as possible.
The use of the software driving program and drawing program must be as

easy as possible.

The software must be reliable and robust as much as possible.




After defining the functional and non-functional requirements user and system

requirements will be considered.

3.1.2 User and System requirements

The user requirements are specified on the demand of the machine owner, and can be
summarized in the following:

e Carve a predrawn image on wood

e Give the user the ability to define the piece of wood dimensions in different
metrics (cm, inch ...) and margins.

e Scaling the image to fit on the wood size

e Carve the wood at different depth levels, these depths should be specified on
the original image using different colors.

e Move the carving head manually, using keyboard arrows or mouse.

e Monitor the carving process and indicate the progress on the image.

e Save the progress, this is needed to enable the machine to continue its process
in the case of a fanlt preventing the machine to continue carving is
encountered (i.e. power turns off).

e Possibility to change the drill heads with different diameters.

s Control the speed of motors from the software application depending on the
carving area if possible.

e Associzte the driving program with a drawing program tailored for drawing
decorations and manage them

e Control the machine manually
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After defining the functional and non-functional requirements user and system

requirements will be considered.

3.1.2 User and System requirements

The user requirements are specified on the demand of the machine owner, and can be

summarized in the following:

Carve a predrawn image on wood

Give the user the ability to define the piece of wood dimensions in different
metrics (cm, inch ...) and margins.

Scaling the image to fit on the wood size

Carve the wood at different depth levels, these depths should be specified on
the original image using different colors.

Move the carving head manually, using keyboard arrows or mouse.

Monitor the carving process and indicate the progress on the image.

Save the progress, this is needed to enable the machine to continue its process
in the case of a fault preventing the machine to continue carving is
encountered (i.e. power turns off).

Possibility to change the drill heads with different diameters.

Control the speed of motors from the software application depending on the
carving area if possible.

Associate the driving program with a drawing program tailored for drawing
decorations and manage them.

Control the machine manually with no need of a computer.

System requirements:

Process and analyze input image then translate them to appropriate control




signals.

e Define device coordinates, user coordinates and transform and scale images
between these two modes.

o Define multiple colors in the image where each color specifies the depth that
the Z-motor will move, i.e. black color means a 5 mm depth level, and green
color means 7 mm.

e Ability to control the motors manually by mouse or keyboard by defining
appropriate signals related to each key, or mouse direction of move.

e Read feedback signals from sensors connected to the machine to report
encountered errors during the carving operation.

e Ability to pause the carving process or even stop it and postpone the work for
later, in case of emergencies or any other user requirements.

e Generate signals with different frequencies, so the motors speed is alternated
depending on these signals.

Fault tolerance by providing sensors on edges of the wood to stop the motors if they

overpass the allowed area.

3.2 Objectives

The objectives of this project can be divided into two main parts, the machine
driving software objectives and the carving machine objectives.
The machine driving software objectives are:
e Ability to process a predrawn image, analyze it, and generate suitable signals
for the machine hardware to carve it.
e Provide a dedicated drawing program to the user, to create drawings and
decorations.

e Allow the user to see and modify the texture (on screen), before carving it on

wood.




o Speed up the carving operation, and carving quality through multiple carving

passes.

o Supply the user with a monitoring system, used to show the progress of the

carving operation.

e Report errors encountered during the carving process.

The machine objectives are:
e Carve the piece of wood based on the signals sent from the software
“application.
o Increase carving quality and accuracy by moving the carving head smoothly
and precisely.
e Send feedback signals from sensors to the software application, about the

state of the machine and encountered errors.

3.3 System Parts

To satisfy user and system requirements — listed in section 3.1 — the machine

should consist of the following hardware and software parts.

The hardware parts:
e X direction servo motor, used to move the carving head in the X direction.
e Y direction servo motor, used to move the carving head in the Y direction.
e 7 direction servo motor, used to move the carving head in the Z direction.
o Drill, a drill dedicated for carving on wood.
e Drill Motor, used to rotate the drill in order to carve on the piece of wood.
e Wood holder: a place to mount and fix the piece of wood on it
e Edge detection sensors used to signal a 5v signal when the carving head

exceeds the allowable displacement in both X and Y directions.




e Wood detection sensor which is used to signal a 5v signal when the piece of

wood is mounted on the machine and Ov when there is no wood on the

machine.

e Manual control mechanism to control the machine manually.

‘o An interfacing circuit, described later in this chapter.

The software parts:

e Image loader and analyzer, used to open a user defined image, scale it to fit
the device coordinates, and then analyze it.

e Control Signals generator, generates signals to move the motors in different
directions.

e Error detector, a dedicated module for error detection and sensing.

e Monitoring system, used to display progress of carving operation, different
machine parts and their states, and report detected errors.

e Drawing program, used to enable the user to draw images, decorations and

edit existing ones. Also it should be responsible to manage and store images.

3.4 System Modeling

The system can be modeled as a set of subsystems and relationships between
them, this decomposition is based on the functionality of the subsystems with no
distinction between hardware and software components (i.e. a subsystem may consist
of software and hardware components). In section 3.4 hardware components will be

grouped in one subsystem called the interfacing circuit.
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Figure 3.1: Subsystems of the carving machine

The system is decomposed of a group of subsystems in order to satisfy user and
system requirements mentioned in section 2.5, the subsystems can be either hardware
or software or a combination of them, and are specified as follows:

e Carving subsystem.

e Manual Machine Controller.

e Half Automatic Machine Controller.

e Image Analyzer.

e Monitoring subsystem.

e Drawing subsystem.

o Software program.

Table 3.1 shows a brief description of each subsystem




Table 3.1: Subsystems functionality

Subsystem Description

Carvmg subsystem o - A machme for carvmg on wood

A keypad to control the carving machme

Manual rnachme controllers
o L SR e manually, mounted on the 1nterfac1ng circuit.

Half automatlc machme controller Controls the machme usmg the computer

Analyze an image and generates control s1gnals

IIna e analyzer
g 7 (folcanvelit i e

Monitors the carving operanon and repoﬂs

Monitoring subsystem
Drawmg subsystem v A user fnendly drawmg env1ronment

Contains all subsystems soﬁware in one

SOﬁwarepmgr B brogram

The software program is not a stand alone subsystem; it serves as a software
container for all subsystems. As it can be noticed it has relations with the Image
analyzer, drawing subsystem, half automatic machine controller, and the monitoring

subsystem. It will contain all the software of these subsystems.

The following subsections will explain these subsystems in more details concerning

on the hardware components and circuit block diagrams, detailed information about
the hardware circuits and schematics are provided in Chapter 4 (Detailed Hardware

Design), while detailed information about the software is presented in Chapter 5

(Implementation).

3.4.1 Carving subsystem

The carving subsystem consists of a group of motors that make the machine

capable of carving on different pieces of wood, three motors are used to place the




carving head in a precise location in the three directions X, Y, Z, and another motor

is used to rotate the carving head.

The positioning motors are servo motors controlled by a position control signal. The
position control signal is a square wave signal; the motor will rotate in specific
degrees by depending on the number of signals it receives. The fourth motor which is

a DC type is used to rotate a drill mounted on it, its control operation is only on/off.
The complete construction of this sub system is under the responsibility of the other
team — Team A —.
3.4.2 Manual Machine Control

This subsystem allows the user to control the machine manually — with no
need for a computer —; it contains a keypad with different function buttons where

each button generates one of the various machine orders.

The user will be able to generate the following commands using this subsystem:

Il Move the carving head in the X direction.

2 Move the carving head in the Y direction.

3 Move the carving head in the Z direction, downward and upward.
4 Spin the carving head.

The figure below shows a block diagram of the manual machine control.
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Figure 3.2: Manual machine control diagram

The circuit consists of a 16F84 PIC microcontroller, with the following
configuration:
e Port B (PBO- PB5) configured as input lines, (PB6, PB7) configured as output
lines. :

e Port A (PAO- PA3) configured as output lines.

The buttons for moving the carving head in the three directions are push buttons, so
that the command will be executed as long as the button is pushed, if the button is
released the command terminates. The last button is used for spinning the drill and

i’s an ON/OFF switch. The table shown below describes each of the signals

generated by the buttons with a brief description.

Table 3.2: Manual machine control buttons

Input/Output Command Command Description

- Command name: Positive X Move
PRO Input +XM 5 volts: no control signal generated |
| 0 volts: move carving head in the positive X direction |




; Command name: Negative X Move
PBI Input -XM S volts: no control signal generated
' 0 volts: move carving head in the negative X direction
Command name: Positive Y Move
PB2 Input +YM 5 volts: no control signal generated
- ’ 0 volts: move carving head in the positive Y direction
: Command name: Negative Y Move
PB3 Input -YM 5 volts: no control signal generated |
SR ’ ~ 0 volts: move carving head in the negative Y direction |
_ Command name: Positive Z Move |
PB4 Input +ZM 5 volts: no control signal generated
~ ~ 0 volts: move carving head down
| Command name: Negative Z Move
RBSE = Input -ZM 5 volts: no control signal generated
’ 0 volts: move carving head up.

. PAO Output = X-pulse A clock pulse signal to control the X Ser\}on motor
. e S0 0 e Direction of the X motor CW or CCW '
PAl Output X-Direction 5 volts: CCW translated to backward motion
s ... Ovolts: CW translated to forward motion |
_PA2  Ouput  Y-pulse A clock pulse signal to control the Y servo motor
T d R Direction of the Y motor CW or CCW
PA3 G Output Y-Direction 5 volts: CCW translated to backward motion
B o 0 volts: CW translated to forward motion e
PB6  Ouput  Zepulse A clock pulse signal to control the Z servo mofor |
PB7  Output Direction of the Z motor CW or CCW |

Z-Direction 5 volts: CCW translated to backward motion
~ Ovolts: CW translated to forward motion
. Riecontrol Command name: Rotation Control

0 volts: stop the rotation of the carving head
_ 5 volts: start the rotation of the carving head

% R-control signal is directly connected — from the keypad — to the DC signal
without passing through the microcontroller. The rest of the keypad buttons are i

connected to Port B of the microcontroller and depending on these values the PIC {

will generate output signals for each motor.




PIC microcontroller will be programmed to control manual operation; it will read
Port B values and then generate control signals and output them on PAO — PA3, PB6
and PB7. Figure 3.3 shows a flow chart diagram of the program operation.

Sleep mode

5 Yes
s PBY high
No

PIC wakeup

A

Is PBO High

] —
s PB1 High Yes

?0

?.

Yeas Negative Y move

i

Yes Positive Z move |

&

No

4
CA

See Table 3.2 for more details about each signal

Figure 3.3: Manual control program flow chart




After starting the program it will check which buttons are hold generating the

corresponding control signals. And then go back to the beginning of the program and
check the buttons again.

If two buttons are pressed at the same time and from the same category — like both
buttons for moving in the X direction — it will move only in one direction ignoring

the other direction.

The reason for allowing the user to manually control the machine is for testing and
debugging the different operations of the machine, not using it for carving, since
accurate positioning can’t be obtained using manual control. In other words when the
user holds a button for moving the carving head in the X direction, the head will

move but there is no mechanism to allow the user to specify how far it will move.

3.4.3 Half Automatic Machine Controller

The half automatic controller controls the machine as the manual controller
does, but this time the control is generated from the computer with no need for
external buttons for the commands. Using this subsystem the user can carve more

precisely, but it’s still difficult to carve images using it.

Half automatic carving generates the same commands generated in manual control
in addition to specifying how much to move in each direction (i.e. move 5 steps in
the positive X direction). In this mode there is no need for external circuitry, only 8
output lines of the parallel port (DO — D7) are used to generate the four motors
control signals as shown in table 3.3. Using the half automatic mode the user can

enable and disable the HPE (hardware protection enable) line through the parallel
port D7 line.




Table 3.3: Parallel port output lines and their corresponding motor control signals

Parallel Port Line  Corresponding Motor

D0 Xmotorcontrolpulse

R oorcontollpulse” T T

D2 Zmoorcontrol pulse
i D3, & Controlhng the on/off opera’uon of the DC rotat1on motor »
‘ D ; . For controlling the rotation direction of the X servo motor,”
B __whether it’s Clock Wise or Counter Clock Wise.

D5 : - For controlling the rotation direction of the Y servo motor

o ~__ whether it’s Clock Wise or Counter Clock Wise.

"For controlling the rotation direction of the Z servo motor
~ whether it’s Clock Wise or Counter Clock Wise,

" HPE, hardware protection enable. Used to enable or dlsable

D7 SAi _ the hardware protection if an error is encountered.

The half automatic mode can be used for testing both the hardware and software
operation of the machine, in addition to carve simple shapes which can be easily

understood by the user such as squares and lines.

3.4.4 Image Analyzer (Full automatic mode)

This subsystem is responsible for reading an image; scale it if needed, analyze
it, and then generate the control signals to the interfacing circuit which will cause
the motion of the different motors. Only the hardware needed for this subsystem is

explained here, the software implementation is described in Chapter 5.

This subsystem is full automatic where the user provides an image to be carved, and
then the subsystem will analyze it using a group of algorithms — described in chapter
5 —. After analyzing the image it will generate 7 control signals through the parallel

port lines DO-D6 for controlling the motors as shown in table 3.3.




3.4.5 Monitoring subsystem

Responsible for monitoring the whole operation of the machine, showing
carving progress on the computer screen, reporting and notifying the user about any

errors encountered, and providing a hardwired protection mechanism in the

machine.

The monitoring system is a hybrid of software and hardware, its software part shows
the carving operation on the computer by drawing the image pixel by pixel and
shading the completed areas of the image, another part of this subsystem is the
notification of errors, more details about the software implementation of the

monitoring system are described in chapter 5.

The hardware part of the monitoring subsystem consists of a circuit for reporting
errors to the software part, a hardware solution used to stop the machine if an error
exists, and a LED’s panel that indicates which line is active during the carving

process. Figure 3.4 shows the circuit used in this subsystem.

Another part of the monitoring subsystem is responsible for sending feedback
information from the three servo motors notifying the software program that the
motors has reached the destination point, these signals are considered as

acknowledgments.
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Figure 3.4: Monitoring System Circuit

As shown the state of the machine is signaled to the monitoring system through 4
input lines, sent to the computer through the parallel port input lines (S3 — S6).
However the number of inputs from the machine is 10 but the parallel port has only 5
input lines, so an encoding circuit is used to encode the 10 different lines to 4 bits of
data sent to the computer. Using 4 bits give the opportunity to up to 16 distinct inputs

that are enough for 10 input lines.




Input

Encoded

Table 3.4: Encoded signals

Description

name

EX2

EYl

‘Bzl

EZ2

xeack
yack

- z-ack

EY2

value

If the Carving head exceeded the maximum allowable X direction

1
O 11 it will be 5v and 0 otherwise.
0110 If the Carving head exceeded the minimum allowable X d1rect10n
" itwill be 5v and 0 otherwise. v
I TR Carvmg head exceeded the maximum allowable Y d1rect10n
0101
~ . itwillbe 5Sv and 0 otherwise. :
01‘0'0  Tfthe Carvmg head exceeded the maximum allowable Y d1rect1on
~ . itwillbe 5vand 0 otherwise. ‘
. Ifthe Carving head exceeded the maximum allowable Z dlrectlon
0011
. itwill be Sv.and O otherwise. 7
: 0010 hhe Carvmg head exceeded the maximum allowable Z d1rect10n ,
. itwillbe 5v and O otherwise. e
HOOA(‘)I_’ 5 Volt signal when there is no piece of wood mounted in the :
L
1101 Y motor acknowledgementline
1100 Zmotor acknowledgementline

A group of LED’s are used as indicators for the user; they will notify the user about

the values sent during the carving operation these LED’s are specified as follows:

IL)IZ DL serve motor indicator; it will be on when the carving head is moving in

the X direction. And turn off otherwise.

1.2: Y servo motor indicator; it will be on when the carving head is moving in

the Y direction. And turn off otherwise.

1.3: Z servo motor indicator; it will be on when the carving head is down (i.e.

in carving process), and turn off when the Head is not carving.

L4: Drill Motor indicator; it will be on when the drill of the machine is

rotating, and off when it’s stopped.
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e L5: no piece of wood indicator; it will turn on when there is no piece of wood

mounted on the machine.

e L6: direction of the X motor.

e L7: direction of the Y motor.

e L8: direction of the Z motor.

e L9: X direction error indicator; it will turn on to notify the user that the
carving head is outside the allowed X position.

e L10: Y direction error indicator; it will turn on to notify the user that the
carving head is outside the allowed Y position.

e L11: Z direction error indicator; it will turn on to notify the user that the
carving head has exceeded the allowable depth.

e L12: X acknowledgment.

e L13:Y acknowledgment.

e L14: Z acknowledgment.

e L15: power on.

e L16: operation mode, notifies whether the control is from the computer or

from the keypad.




3.4.6 Drawing subsystem

A utility program that allows the user to open, edit, and draw images to be

carved later on the computer, this subsystem will be tailored for creating images and

decorations to be carved on wood.

No hardware is used in this subsystem, so it will be described in more detail in

chapter 5.

3.5 Interfacing Circuit

The interfacing circuit interfaces and connects the different subsystems, it can
be considered as an interpreter between the software part of the system and the
hardware part; it will read signals from the sensors of the carving machine and send
them to the computer, and output control signals from the computer, adjust them to

the needed voltage value, and send them to the motors.

The interfacing circuit depends mainly on the PC parallel port (printer port) for all
the Input/Output operations, this decreases the needed hardware components in the
circuit minimizing the total cost and simplifying the control operation. The circuit in

figure 3.5 shows the whole interfacing circuit.
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Figure 3.5: Interfacing circuit block diagram

The interfacing circuit contains hardware parts of the subsystems which are the
manual control, monitoring system, image analyzer, and half automatic. So the

circuit parts related to these subsystems are not described in this section.

Control signals passed to the motors are generated using the PIC in the machine
manual control mode and carried on lines PAO — PA3, PB6 PB7, or by the PC
parallel port and carried on the lines DO — D6 in the half automatic and automatic
modes. But it’s not allowed that the control signals are generated by both parts at the
same time — PIC and parallel port —. So the circuit must be able to determine if the

motor control signals are on (PAO — PA2, PB6, PB7) or (DO — D6) lines, and then

pass them to amplification stage. This is done using a multiplexer with ,MCE




line for its selection when MCE is low (0-volts) it will pass (PAO — PA2, PB6, PB7)

values, and pass (DO — D6) values when M CE is high (5-volts).

Since motors operate on 24 volts an amplifier IC is used to amplify the 5-volts
control signals to 24-volts and sending them to the motors, after the generation of the
24-volts control signals the data will propagate in other circuits that are implemented

by the other team.

The tri-state buffer IC (74LS368A) is used in the interfacing circuit as a hardware
protection circuit when errors are encountered, when there are no errors control
signals will pass through it normally. If an error is encountered the EO line of the first
encoder will be high which will be ANDed with the HPE line — which is high in
common — and so disable the tri-state buffer preventing the control signals to reach

the motors, and so stopping the operation of the machine.

Note that the HPE line is connected controlled by line D7 of the parallel port, if D7 is
high the hardware protection circuit is enabled, but if D7 is low the hardware
protection circuit is disabled, allowing control signals to be sent to the machine even
if there are errors. This is important to allow the machine to recover from errors, and

receive new control signals to position the carving head to the starting point.

As scenario suppose that while the machine is in a carving process, the carving head
had exceeded the maximum allowable x distance, at this point the hardware
protection enable circuit will buffer the control signals, and prevent them from
reaching the carving machine, at the same time the user will be notified about that

certain error. At this point the user has to reinitialize the machine, but to send signals

he has o disable the HPE line and then send the initialization signals.




3.6 How the system works

In chapter one — introduction — we have described how the system should
work at a high level of abstraction where an image is provided for the driving
program on the computer side, and then control signals are sent to the motors to

carve this image on the piece of wood after analyzing the image.

In more details to carve the image into the piece of wood the system should pass

through the following steps:

o Get the image that the user desires to carve on the piece of wood.

o Specify the Dimensions of the piece of wood we wish to carve the image on
it.

e Scale the image by a factor where each pixel in the image will correspond to
a hole carved in the wood by the drill of the machine. for example if the
image is of size 400 * 300 pixels and the piece of wood is 80 * 60 cm and the
drill diameter is 3mm. then the image should be scaled by a factor of 2/3 so
that each pixel in the image will correspond to a circle of 3mm diameter on

the piece of wood. Figure 3.6 shows this operation.
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Figure 3.6: Scaling an image to device coordinates

e Analyze the scaled image, first it will analyze the outline of the shape and
carve it, then it will dissect the interior of the shape it into a group of
horizontal and vertical lines and store them in a data structure. The machine
will first carve the horizontal lines and then carve the vertical lines. Note that
horizontal lines would be enough and complete but adding vertical lines will
result with a better carving quality.

e Carving the lines should be done in a systematic way, with a big concern for
the order in which lines are to be carved; in order to decrease the total time
needed to accomplish the carving process. So after carving one line the head
will move to the nearest line to its current location and saving time by doing
so. And then store the sequence of lines to be carved in a file.

o Translate the sequence from the file to three ON/OFF on the parameters of
the line segments, each signal will be used to control the motion of the X, Y,

7 servo motors, and store them in a file. Figure 3.7 shows an example for

these signals.
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Figure 3.7: X, Y, and Z motors control signals

e Initialize the machine to start a new job moving the carving head to location
(0, 0), and turn on the DC motor which will rotate the carving drill.

e Read the needed control signals generated in point 6 and output them on the
parallel port data lines DO-D6.

o Amplify the Sv signals generated by the computer to 24v using an appropriate
amplifier circuit and send the values to the motors.

e The motors will then start their operation and carve the image on the piece of
wood.
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