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ABSTRACT

In this thesis project an input/output technique under Tcl/Tk was designed and developed.
To demonstrate this technique implementation of “Vehicle Simulation using X/Y Plotter”
was chosen. The system uses the pen of an XY Plotter to simulate the movement of a vehicle.
Control of the ’vehicle’ is via an I/O Board hardware mounted inside the P/C, driver software
to communicate to the I/O Board, and the Tcl graphical user interface (GUI). Control inputs
would be provided through the Keyboard and mouse to the system.

The signals are processed into the proper form by the Tcl control program, and then
passed to the driver software and I/O hardware for communication to the plotter. The GUI
was made to provide the facility of controlling the vehicle without direct observation of the
plotter.

The whole software is developed under the platform of the Linux operating system.
The driver program to communicate to the I/O board was developed in C. An utility called
mktclapp which simplifies the task of building a program that uses both C/C++ and Tcl/TK,

was used in mixing the Tcl/Tk and the C program.
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Chapter 1

Introduction

TCL/TK is a language that runs under both Microsoft Windows and Unix (Linux) operating
systems, and is useful in constructing a Graphical User Interface (GUT). In many engineering
projects, it is necessary to construct a GUI to control electronic equipment. Compatibility
with C/C++ programming language makes the Tcl/Tk script language unique. For the
under taken project Tcl/Tk is used extensively in developing the software under Linux

operating system.

1.1 Objective

The Objective of this project was to design and develop an Input/Output technique under
TCL/TK for a P/C environment. The requirement of this project was to design a control
mechanism to control an electronic equipment from a P/C, running a Graphical User In-
terface (GUI) using the TCL. This control mechanism would be achieved by interfacing an
existing I/O board with a TCL/TK GUI front end and a hardware back end. The I/O board
is memory mapped to the I/O space of the CPU. The “Vehicle Simulation using XY Plotter”

was selected in demonstrating this technique.

1.2 Theory and Implementation

The system uses the pen of an XY Plotter to simulate the movement of a vehicle. Control
of the ’vehicle’ is via the I/O Board hardware, driver software, and the Tcl graphical user
interface. Control inputs would be provided through the Keyboard and mouse to the system.
The signals are processed into the proper form by the Tcl control program, and then passed to

the driver software and I/O hardware for communication to the plotter. The block diagram



of this whole system is illustrated in Figure 1.1.
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Figure 1.1: Block diagram of the entire system

It was made possible to control the vehicle without direct observation of the plotter.
This was achieved by having a driving field, which corresponds to the printing area of the
X/Y plotter, in the GUI of this system. An image of a car would be placed at the starting
point of the Driving field. The User would use the arrow keys of the keyboard to move the
car around the driving field. While the car is moving in the driving field on the screen, the
pen of the X/Y plotter would draw the driving course of the car on the paper of the plot-
ter. In this way the user does not need to look at the X/Y plotter to control the movement
of the pen. The image of the GUI with driving field is illustrated in the Chapter 2, Figure 2.1.

Making the Tcl/Tk control program and driver software in C which in turn communicate

8



to the I/O board, is an important issue in this project. The reason to write the driver
program in C code is that it is not possible to provide the same functionality purely in Tcl.
Especially it is impossible to write a program in Tcl/Tk to communicate to an input/output
hardware for which the programming interface to that device is through a set of C procedures
that initialize and manipulate the state of the device, as it is in the case of the EELAB I/O
board.

One solution to this problem is to write stand-alone programs in C and use the Tcl exec
command to run these programs. However there is additional overhead in running an exter-
nal program as compared to invoking a Tcl command that is part of the same application.
In this project the the driver program is called interactively and it has to be invoked repet-
itively. Therefore to solve this problem a utility called mktclapp which simplifies the task of
building a program that uses both C/C++ code and Tcl/Tk was used.

The detailed implementation and design issues of this project are analyzed and illustrated
in the following chapters of this report. In chapter 2, the implementation of Tcl/Tk GUI and
the control program is described in detailed. Chapter 3 describe the EELAB I/O board and
its features. The prgrmming issues of analog outputs of the I/O board is analyzed in detail.
The driver software which was Implemented using C and the relevant issues are discussed
in chapter 4. The last chapter (chapter 5) is dedicated for the utility mktclapp in which the

facilities of this utility and how it was used in this project are discussed.



Chapter 2
The GUI Tcl/TK Control program

In this project the Tcl/Tk was used not only to design the Graphical User Interface but also as
programming language to implement all the algorithms needed to control the the movement
of the pen of the XY plotter and to control the car icon in the GUI simultaneously.

2.1 Features of the GUI

As mentioned earlier Chapter 1, any operations performed on the GUI will have a corre-
sponding effect on the XY Plotter. Once the program starts, it will display a welcome window
and it will ask the user to press the Return key to begin the game. This is illustrated in the
Figure 2.1. Once the Return key is pressed the GUI representing the driving course of the
game appears on the screen. The GUI is presented in Figure 2.2. This GUI has the following

features:
1. Start button
2. A sliding bar to change the speed
3. Arrow buttons (Up, Down, Left & Right)
4. A help button

5. A quit button

10
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Figure 2.1: Welcome Window of the GUI

2.1.1 Start Button

To begin the game, the user has to click on the start button, which will automatically set

the speed to one and place the car at the origin (bottom left corner).

2.1.2 Arrow buttons

The arrow buttons help to navigate the car through the driving course. The user has option of
using the arrow keys on the keyboard or to use the mouse to click on the arrow buttons. The
advantage of using the arrow keys on the keyboard over the mouse is that car will continue to
navigate through the course if the proper key is held down, while, with the mouse, the user

has to keep clicking on the arrow buttons constantly. The car can also traverse the driving

11



Figure 2.2: GUI for Vehicle Simulation
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course diagonally by holding down the [t key while using the Top or Down arrow buttons to
traverse Up Right or Down Right and by using the same buttons while holding down then

trl key, the user can traverse in the Up Left or Down Left directions. In the keyboard,
these It & trl keys in combination with the arrow keys could not be used because they
were already in use by the U IX (LI UX) system to change from one screen to another in
the multiple screen environment. Therefore the t key is used in conjunction with all four

arrow keys to achieve diagonal motion in all directions.

2.1. t r buttons

Among the rest of the buttons, the sliding bar allows the user to adjust the speed, the help
button provides the user with guidance on how to operate the GUI by popping up a help
window and the quit button provides the user with the option to exit the program. The help

window is illustrated in Figure 2.3

Figure 2.3: Help Widget
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2.2 Control al orithm implemented in Tcl T

As mentioned earlier, for the purposes of this project all control algorithms were implemented
using Tcl/Tk. The logical control ow of this algorithm is illustrated as owcharts in the
Figures 2.4/5/6/7. All the four owcharts combine to form one algorithm while connected

in the right sequence. The following variables are used in the program:

x:value for X-Channel of I/O board

y: value for Y-Channel of I/O board

gx: x coordinate for GUI Driving Field

gy: y coordinate for the GUI Driving Field

speed: value to increase or decrease the x,y coordinates
gSpeed: value to increase or decrease the gx, gy coordinates
max: maximum value for x & y (255)

min: minimum value for x & y (0)

gui_max: maximum value for gx & gy (length)

gui_min: minimum value for gx & gy (0)

Once the start button has been entered, the speed will be set to one and relative speed of
the car displayed on the GUI will bw calculated using the appropriate function. The relative

speed is calculated as follows:

The Tcl function to perform this calculation is listed below:

14



Depending on the user moves, such as Up/Down/Left/Right arrows, the program will
choose the appropriate Tcl/Tk functions to be executed. Before executing the user moves,
the control procedures on the user input will perform a check to determine if the car has
exceeded the GUI dimensions. For example, suppose if the user hits the up arrow key, before
increasing the y_coordinate by the amount of speed at that time, the control algorithm will
check whether if the car has hit the upper wall and if it is so it will not be increased but it
will be set to its maximum and the Tcl script will invoke the system bell. Similar procedures
are followed before motion in any direction. At the end of this procedure, the function to
place the car at the corresponding coordinates will be executed. And also the corresponding
x & y values will be passed to the driver function written in C which will write to the analog
outputs of the I/O board to which the XY Plotter is connected. The Tcl function to execute

upward motion is illustrated below:

In Tcl windows the origin starts at top left hand corner, therefore to compensate for
this change in position the y_coordinate of the GUI is subtracted from the maximum value,
gui_max. The function of placing the car at the appropriate coordinates of the GUI is listed

below:
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In the case of diagonal motion, the control procedure gets a little complicated. Suppose, the
user move is Up Left, it has to be made sure that the top and the left walls will not overrun.
Here, if it won’t hit the upper wall, the y_coordinate will be increased by its present speed
and if it will not hit the left wall, the x_coordinate will be decreased by its current speed.
The Tcl procedure for Up Left is listed below:

16



Similarly all the control mechanisms are implemented in this way. The complete code
implemented in Tcl/Tk for this project is attached in the Appendix B
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Figure 2.4: Flowchart (1) for Tcl/Tk Control Algorithm
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Figure 2.5: Flowchart (2) for Tcl/Tk Control Algorithm
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ADDRESS FUNCTION BIT ASSIGNMENT

(Hexadecimal)
MsB ) LSB
0X302 Digital-Analog Output ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
(Output channel select T
depends on DASEL at 303) 7 0

Analog output is proportional
to the COMPLEMENT of the
digital word (00000000 is the
maximum output)

0X303 D/A output channel select.

|
Channel selectionis COMPLEMENT
of the digital word... DASEL: 0= Channel 2, 1= Channel 1
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P >
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Software Hardware
Screen Screen
. . Screen
Device Driver Interface
K eyboard Keyboard -
. . Keyboard
Device Driver Interface
UNIX/LINUX - A
P ) 0] 0
Application Operating ) PPy ) |nt§?gce Floppy Drive
Software Sytem Device Driver
Hard Disk Hard Disk ]
Kernel . i Hard Disk
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