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1. Introduction

11

1.2.

Purpose

The purpose of this report is to detail theork that has been done to design and
implement the Portable Bitmap Reader as it was descréued approved in the final
progress reportThis report is the final report to be submittédr this course Included
is detailed technical description of the design and ith@lementations undertaken for

the projects operation

Problem Statement

Whenthinking of a suitable project, the intent was to create a small, handheld
device that allows people to use it for several applications both for personal and
business uses. The Portable Bitmap Reader allows the home user to view slideshows in
the form of kitmap images and allows the business user to easily and quickly show
their presentations to clients.

There is no specific problem this device addresses except trying to make
LIS2 L)X SQa fA@Sa SHFaASNI yR Y2NB Sy dSNII Ay
handheld device. This device can be improved in unimaginable ways. For one, it may
be possible to view movies, connect a camera and view the photos taken, viewing
Microsoft office files and so much more.

Therefore, this pract seeks to achieve this goal, whits to gerate and view
the contents of a USB flash mematyck through a microcontroller and display them

onto a monitor.
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. Objective

The Portable Bitmap Reader is a device whose intent is to allow people to view
the bitmap images stored on a flash memastick without the use of a computer;
instead, one may merely connect this deviceatmy monitor and view the required
images. At first, the intent of this project was to allow the user to view JPEG smage
stored on the flash memory stick; viewing power point presentations, although a very
important feature, requires the presence of an operating system because Power Point,
Excel, Word and such programs are platform dependent. JPEG and Bitmap images on
the other hand are platform independent.

Reading JPEG images require decompression, a process that requires fierce
mathematical calculations and prior understanding of the different process stages.
Therefore, due to sever time constraints, the functionalityttoé device is limited to
viewing bitmap images only due the fact that the image is not compressed and can
therefore be read easily (more details are given in latter chapt®sg to he time
limitations it has been decided to not implement the filgseem of a USB flash

memory stick and instead implement the video signal transmission.

Scope

Since the final progress report, the tasks have been revised so as to reflect on the
actual tasks implemented for the project. As beforee taskswere divided irto three
categories and listed as follows:

1.4.1. Research Tasks
Task 1: Understand theperation of the VDIP2 circuit board

Task 2: Understand the file format of the Bitmap images.
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Task 3: Understand the Universal Serial Bus protocol.

Task 4: Understand the RE2Serial communications protocol.
Task 5: Understand how to connect the microcontroller to W@&A monitor

1.4.2. Hardware Tasks

Task 1: Order the hardware components.

Task 2: Connect the keypad and USB port to the microcontroller.

Task 3: Create the interfacg&rcuit between the RS232 and Universal Asynchronous
Receiver/Transmitter communication protocols (UART).

Task 4implement the interface circuit between the USB flash memory and the
Renesas microcontroller

Task 5implementthe interface circuit betweenhte Renesas microcontrollend the
VGA monitor

1.4.3. Software Tasks
Task 1: Write the code for the keypad implementat&r functionality.

Task 2: Write the code for the RS232/UART interface.

Task 3: Write the code interfacing the VDIP2 chip to the Renesascmidroller

Taskd4: Write the code responsible for reading the bitmap file from the flash memory.

Task 5Write the code responsible for handling the display.

Task6: Write the user menu code.
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1.5. Out of Scope

It was intended to allow the user to be able topy files from a camera and

store them onto the USB flash memory stakview them directly Furthermore, the
AYLX SYSylGlFidAz2y 27F | GaONRffAYy3d GKNRdIZAK

Unfortunately, time did not allow for such implementations to be made.
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2. Solution Summary

This section describes the main requirements Group 1 intends to meet with regards to this

project, The Portable Bitmap Reader.

2.1. KeyRequirements

The main requirements are as follows:
1. Detecting the flash memory device
2. Be able to readhe Bitmap file from the flash memory stick.

3. Display the Bitmap image throughV&A monitor

2.2. Components Included

The project requires the following hardware components:

x Renesas M16C microcontroller x VDIP2 circuit board

x RS232 cabldx) x AVGA monitor

x RS232 cable connectdix) x Red LED (1x)

x 0.1pFcapacitor bx) x A flash memory Any sizg1X)
x HTNK NBRAAG2N x Keypad (1x)

x MAX232 IC chidk) x Connecting wires

x 2 input AND gate (1x) x microVGA

Later chapters in this report describe the purpose of tisted components.
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3. Solution Overview

3.1. Brief Overall System Architecture

| |
: 1 Sage 2
________________ | Keypad [0 L __ T
| : | | : :
1 ' 1 II |
| | I
| l/qu) video! : :
: converter [ |
1 L 1 II !
| / i '\ [ S ,
1 Iy : !
| '
i VGA : i M----- ‘i" Ele——| 8 | VDIP2 USB |« Hash
' monitor :: M 12— S | interface [ Mz:cc:(ry
|
: ¥ ; :
I T T T T T
' Sage4 ! Jage3 | ' Stage 1

Figurel: BriefOverall System Architecture

As seen fronfFigurel, there are four main stages to this proje&tage 1 entails setting up
communication between the VDIP2 circuit board and the Renesas microtlent The VDIP2
chip gives its user the option of choosing between three communication protocols, as will be
seen in latter chapters. One of the communication protocols supported is the UART protocol,
having said that, the communication between the VD#P2 the microcontroller is UART to
UART. Stage 2 entatlse connection of the keypad to the microcontroller and implementing
the keypad functions described in latter chapters. StaBeand 4 entail connecting the
microcontroller to a VGA monitoA detail of the implementation of each stage is described in

latter chapters of this report.
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32 DSYSN}If 5SAONALIIAZ2Y 2F GKS 58S

As a general explanation, this is how the device is intended to work:

1. When a Flash memory stick is inserted in th8BJconnectorthe LED2 of the
VDIP2 device is turned on, whichinturn satsJAy 2y GKS YA ONRO2 Yy
This pin is used tanform the microcontrollerto start requesting the filenames
contained on the flash memory stick.

2. After receiving the fileames, the microcontroller is to display them to the user on
the monitor and wait for the user to choose the file to be viewed.

3. The microcontroller would then request the file data of the selected file.

4. Upon receiving the file data, the microcontroller te interpret the data
appropriately.

5. The microcontroller is to then use the interpreted data to display the image onto
the monitor.

6. After viewing the file the user may choose to perform the following operations:

a. Delete the file
b. Close the file
c. Go back to ma menu (viewing the list of files)

The following flow charin Figure2 describesthe mentioned operation.
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System Start

v
Hash Mo
Memory
present?
Yes
Request list of Yes Display Error
files in current —» Error? o nssage to-user
directory .
l No
MCU
receives
filenames
User Display list of
chose <+— filesto useron
TV screen
— 5 DeleteFile
L »  CloseFile
Request T:f'zv,the | ¢ Return to
B — p B
Image data . main menu
onto the TV screen -
Turn Off
Power

Perform respective pand respesEes

h 4

N © request to VDIP2

operation

END <

-

Figure2: General Device Description Flow Chart
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4. A Description of the Different Communication Protocols

4.1. The Universal Asynchronous Receiver/Transmitter Communication
(UART) Protocol

{ SNA I f O2YYdzy AOF GA2Yy A& NB3Idzf I NI & dzaSR g A

YSUg2N] SRE O2YYdzyAOFGA2yd | a8y OKNRyYy2dza (NI ya
without the transmitter having2z aSy R | Of 201 aA3dylrf G2 G§KS NI
ASYRSNJ 'yR NBOSAGSNI Ydzad F3INBS 2y GAYAYy3 LI
character must be specified to indicate the end of a transmission. When a word is transmitted
throughthe UAv¢  o6A G OFfft SR GKS a{aGFNI . AGE A& AyidN
is used to inform the receiver that data is about to be sent in order for the receiver to
ABYOKNRYAT S AGa Ot201 6AGK GKI G 2cTatdinkapbed Sy RS
lost. Therefore, the frequency used by the sender and the receiver should not exceed a 10%
difference from one anothej5].

c2fft2gAy3a GKS af{dGFINI . AGé GKS oAata 2F GKS
significant bit (LSB) senNfa 1 @ ! FGSNJ 6 KS g2NR Kl a 0SSy asSyi
end to allow the receiver to perform a simple error check to ensure the data sent is complete;
0KS a{dG2L) . AG¢é¢ F2ftft26a 6KAOK AYRAOIFIGSaAa GKS Sy
bit in the transmission. The two devices must agree on the transmission format, meaning that
GKSe akKz2dzZ R I3INBS 2y (GKS LINBKaSyoOoS 2F (GKS at | N
CAGE 2F GKS F2ff26Ay3a g2NR A previdauS yard hasibeed 2 2y |

transmitted. If there is not data to be sent the transmission line becomeg5{lle
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For this project UARTO will be useddmmmunicate with the VDIR2nd the Baud

will be 9600 While UART2 will be used to communicate with the display unit (microVGA), and

the baud rate will be 19,200.

4.2. The RS232 Communication Protocol

GhyS 2F GKS FI YAt A-badkd VOisehynie iNEsy tadasshasye® et 2 NJ|

from the R®232 (nowthe EIA o H 0 & (0 | Y 5. TMRRSB2 ro8d was developed by

the Electronic Industries Association (EIA) in the early 1960s. Their intensson

G2 ONBFGS I adlFryRINR AYGSNFI OS o6Si Gl
LIASOS 2F RIGF O2 Y VY6lnAd 8én frdnRgyies, th RSER LI |
connector consists of 9 pins. The functionality of each pin is as fol&ws E:)gnunrszt:oﬁizngz

numbering[6]
1 Pin 1:Carrier Detect, CRthis pin is used to indicate that a connection has

been set up and an awer tone has been received from the remote device.

T Pin 2: Transmitted Data, TX[E Data transmission line from the Data Terminal

Equipment (DTE) to the Data Communications Equipment (DCE).

1 Pin 3:Received Data, RXD Data transmission line from the Datar@munications

Equipment (DCE) to Data Terminal Equipment (DTE).

9 Pin 4:Data Terminal Ready, DER his line notifies the DCE that the data terminal has

fulfilled the required initializations and that it is ready to open a communication channel

and exchangenessages

1 Pin 5:Signal Ground, S§A signal ground.

LIA S
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i Pin 6:Data Set Ready, D@RThis line informs the DTE that the data set has
connection and has fulfilled the required initializations and is ready to exchange
messages.

1 Pin 7:Request to &1d, RT& This line notifies the DCE that the DTE needs to send data.

1 Pin 8:Clear to Send, CTtS his line notifies the DTE that the DCE can receive the data to
be sent.

1 Pin 9:Ring Indicator, R{ This line is used by the DCE to notify the DTE thatithdk 2 y° S
Ad NAYy3IAyITéd 6! SR o0& Y2RSYao

The RS232 uses a serial transmission method by which one data byte is transmitted at a time
through a single wire; the data being transmitted is labeled TX, while the data being received is
labeled RX. Since the RRLINR 12 O2f Aa FaeyOKNRBy2dza AlG R2Say

two systems communicating using this protocol must have the same Baud/Rate

4.3. The Universal Serial Bus (USB) Communication Protocol
Gl yelidKAY3 ySg dzadzZ & KIa&SHdNNBDYMBY 08F 2 INBG

4.3.1. Introduction to USB

One of the main purposes of a USB is to enable users to connect several
peripherals to the same connector. The USB has an asynchronous serial format and
supports three bus speeds:

1 High speed of 480Megabits/sechis became an option with the release of the
second version of the USB specifications.
1 Full speed of 12 Megabits/seanay serve as a replacement to serial and parallel

ports.
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1 Low speed of 1.5 Megabits/se&cused for devices that require flexible a
speed cables. Such devices include mice and keyboards.
Another appealing reason to work with the USB is that its hardware
specifications of the driver, receiver and cable eliminate noise that would cause errors in
data transmission. Furthermore, the USB protocol makes it possible to detect errors and
notifythS &Sy RSNJ (12 Fff2¢ NBIONIyavYAaairzyo ! 002N
Y20AFe@AY3ISX YR NBGONIyaYAGOGAY3I NB G@LAOITf
LINEIANF YYAY3T 2NI[@zASNI AYUGSNBSYyliA2yE

4.3.2. How a USB device and Host Communicate

When a system is powered up the host, in this case the microcontroller, is made
aware of all the attached USB devices by the hubs attached. The host then assigns
addresses to the devices and requests additional information from each device; this
process ixalled Enumeration. From then on, whenever a device is added or removed
the host is notified and it enumerates the newly attached devices. During enumeration
the device will request the bandwidth needed for transmission. If the bandwidth
requested is noawvailable the host denies the request and the device must send another
with a smaller bandwidth requegB]. In the case of this project, one need not worry
about dividing the total transfer time of data into segments because only one device will
be conneted at any given time.

When the host wishes to communicate with a device, the device address is sent
to the connected USB devices. Each device then compares the sent address to their

own, if it matches, communication with the host is commenced and theceesiores
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the data inA (r&2dive buffer and an interrupt is generated to inform the hostt
data has been received. This process is built into the hardware of the devices and is
therefore automatid8].

To summarize, the responsibilities of the h@®icrocontroller) arg9]:

x Detect Deviceg The USB hub alerts the host of the devices attached upon power up

x  Provide Power

x Manage traffic on the bug not applicable for this project since only one device will
be connected to the microcontroller.

x HandleError Checking When the host transmits data to the USB device it adds
error-checking bits; when receiving data the erdrecking bits are used to detect
errors.

x Exchange Data with the USB Devices
While the responsibilities of the USB device are:

x Detectthe Bus voltage once the voltage is detected a puilp resistor is switch to let
the host know there is a device present.

x Manage Powec i KS | {. RSQOAOS O02yySOGSR Ydzald fAYA
current.

x Respond to Standard Requesta devicemda & NB aLR2yR (G2 (GKS Kz2ailc

and after enumeration.

x Handle Error Checking
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x Exchange Data with the Hash device connected to the host has an address
allows the host to communicate with the devices. An interrupt is generated to notify
the host that a communication has been established.

x Implement the Device Functions

4.4, UART/RS232 Communication Interface
4.4.1. Hardware Implementation

The MAX232 used in the circuit board is an industry standard chip used to
convert between CMOS logic levels and2R3 logic levels. The MAX32 contains two
full duplex communication links each with two pairs of pins. An LED is present in the
circuit in order to certify that the circuit is working. The following figuFégure 4,

represents the circuit that implements the communication interface.

VvCC
c3 5V
I CccC
0.1pF -
MAX
;Ll @ b
—[ 0.1pF Lt s
P3 P14
Pa

Vce

GND
UART TX
UART RX

ST

o
N
TTTT] 6
o
=

Rs232 J3 J2 J ca
| 0.1pF

e [ ve Pin

C5 5v R1

270N

§LE01

Figured: UART to RS232 Converter Circuit Schematic

Assignment for the MAX232 chip:
Pin 1. C1+ Pin 9: R20UT
Pin 2: V+ Pin 10: T2IN
Pin 3: C1 Pin 11: T1IN
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Pin 4: C2+ Pin 12: R10U
Pin 5: C2 Pin 13: R1IN
Pin 6: V Pin 14: T1OU"
Pin 7: T20UT Pin 15: GND
Pin 8: R2IN  Pin 16: VCC

4.4.2. Software Implementation
The microcontroller being used in this project has three serial ports that can be

used for serial communication; these serial ports are: UARTO, UART1 and UART2. For
this project UARTO will be used. There are two different ways fuement the serial
O2YYdzy AOIF GA2YyX SAUOGKSNI GKNRdzAK | LINRPOSaa
entails the microcontroller waiting on an even to happen, while the interrupt method
allows the microcontroller to perform other tasks till an intept is generated by the
device. For efficiency reasons, interrupts will be used. The software implementation of
the serial communication involves using transfer and receive queues.

When the device needs to send data to the microcontroller an interrupt is
generated and the data sent is stored in the receive queue. Once the transfer is
complete, the microcontroller may then start to d@pieue the data. Therefore, when
the flash memory needs to send the Bitmap image information an interrupt is generated
and the data is stored in the receive queue. When the microcontroller needs to send the
data to the final output device, the data will be stored in the transfer queue and is then
sent.

4.4.3. Testing UARTO and UART?2

In order to insure that any communication errors apablems are not due to
the microcontroller being faulty, hypaerminal was used to communicate with the

microcontroller. The interface used was the RS232/UART interface described in the
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previous section. Furthermore, in order to insure full and undodbhignctionali
code used was that of Dr. Ali who provided the code during the Embedded Systems
course. The tests made provided the following results:

1. Polling methodFigure5)

M

B E Yew Of [reter teo
0@ 8 o9 &

% gamw: Imwﬂﬁ%{l‘)ﬂJmWﬂﬁmﬂ \1"_ " abcdef ﬂll Jklmmstw;?ﬁ
WROPORS TUVHR efghi PR

TZ AT Sbedetohs 1K lanocr s vaa AL 'ﬁf%mlﬁmvznr obcdefghy k1
a'.sw wyzABCDEF GHTJKLMNOPORSTUNHKYZ [N T~ _ abcdef i kl-n s tuwwxyzABCD|

E U?Sl RYZIND &cdef«héklmgﬁp WSIWIDNZI\)‘

abcde dn klmﬁstwmz MSI&AMVZI\)" “abede mah {hlu\opurs

mrﬁwx DPORSTUVNRYZIN]™_ " abcdefghi klmmstw-wz DEFGH LI MNOP

17488 il drcdefohukl-\opws l\l‘ abcdef

y2fB!
HROP! TUMV uvm(
& il e R o
oparst wwxvzldhd mt QRST VZINTS drcdcfghulcl-\opws(u\ums &f ‘3
KUNNOPORSTUVNKYZ [\ ]™_ abcdef&eklm ‘W'%m?l\l JELMNOPORSTUVMNYZINT " _*

dzcdahuklmopnl GIIJ obcdofg;é klmms(w
wxyzABCDEFGHI KL VZl\l“ abcde ttklumow' vziB OPOR
STUVERYZ (N~ abcdof 1ékllnoo-rstw DEFGHTJKLMROPORSTUVHRYZIN D™ ubcd&fug'g
uklmq’stuwxv GHIJKLNNOPORSTUYNKYZIN] " _ abcdefdn kl-nooqrstw

GHIJKLMNOPORSTUVHRYZ TN 1™ abed, ki MWORSNNWZ
l\l &cdel'd\uklln stwmz&shd ﬁm‘ﬂ“‘mﬂll\l cix:defohulcl

EW)('%I} y 5 W"’%‘m'“_ *Cd'fdlnklmwﬂwuvzwf} mfgnvml
R T

Figure5: Testing UARTO/2Polling Method
2. Interrupt method (Figure6)

e B8 Yen CH Daww b
0 03 08 @

Nell?. interruptable world!

<

LW Bty Omat ) ML — LT W

Figure6: Testing UARTO/2Interrupt Method
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5. Descriptions of the File Systems
5.1. Flash Memory Stick File System

A flashmemory card stores data in flash memory chips; the memory isvadetile. It
also contains a controller that handles the reading and writing to the memory.
According toAxelsonrAy KA & 0221 a!{. alaa {02N}3AS¢&z A
system that hoss USB devices one must have the following [9]:
x A microcontroller (or other intelligent hardware) to manage the embedded
aeaisSyQa 2LISNYr A2y A
x A USB host controller. This controller can be either embedded in the
YAONRO2Y (G NRft SNDR&A BANOdAGNE 2N 2y | aSsSL

AAAAA

x I FflakK RNAGS O02yySOGSR (2 GKS Kz2adQa |
Axelson also explains that USB devices support Logical Block Addressing (LBA). This
method entails numbering the blocks capable of storing data sequentially and beginning

at zero. The blocks of a flashSww2 NB |t f KI @S GKS alFyYS &aAil s
FElaK RNAGSQa O2yGNRBfEtSNI ONIryatlisSa SIFOK |

FNN} &8¢ Ay 2NRSNJ G2 o6S lofS (® I O0O0Saa GKS

0«

There are two types of flash memory teaiagies|[9]:
x NOR flashg this form of flash memory has a fast read time but a slow
write/erase time. Hence, it is better suited for storing program code because of
its fast file access and limited writtacks. The NOR flash memory has a low

density whichtherefore requires more storage chips to accommodate large

memory needs.
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x  NAND flaslt this form of flash memory has a fast write/erase time, low
consumption and is cheaper than the NOR flash. It has a high density, which
means that it can accommodatarge memory needs in fewer chips. There are
GKNBS agFrNASGASaeg G2 GKS b! b5 FflakKy

A Old Singldevel Cell (SLC)

A New Singldevel Cell (New SLC)

>

Multi-level Cell (MLQ) this form of NAND flash allows multiple bits
to be stored in each cell. The MLC is veopular due to its cheap
manufacturing.The MLC has a slower write/erase time as compared

to the SLC.

5.2. Bitmap File System

Because the Bitmap file structure was initially created by Microsoft and IBM, the file

A0NHzOGdzNBE A& Go2dzy R BRYy i KENRBMIOKRA ( BIOL dzNB NJZ &

both companies; which means that the Bitmap file format follow the Intel format/Little

Endian forma{1Q].
The Bitmap file structure is divided into three maiarts[11]:

x A header¢ The header contains information abbthe type, size and layout of

GKS oAGYFIL) FA{Sd ¢KS FTANRG G(Go2 o0eidSa 27

the file is a bitmap file. The next four bytes contain the file size with the least

significant bit first. The four bits following the figze are set to zero because

GKS®& IINB dzydzaSRX IyR GKS TFAYyLFf F2dzNJ 0Al

RFGF FNRY GKS KSFRSNE FyR A& YSI ada2NBR
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x A bitmap information headeg This section of the bitmap file structure sp
the dimensions compression type and color format of the bitmap image. The
first four bytes represent the size of the header after which the height and width
of the image in pixels is given. The following two bytes represent the number of
planes in the bitmap image, artle next two bytes contain the number of bits
dza SR G2 aAdyAaATe (GKS aO02ft2NI AyiSyardisSa
A 1¢monochrome bitmap

A 4¢ 16 color bitmap

>

8 ¢ 256 color bitmap

>

16 ¢ 16bit bitmap (high color)

>

24 ¢ 24bit bitmap (true coloy
A 32¢ 32bit bitmap (true color)
The next four bytes hold the compression followed by the image size. The
compression has a value of 0 for a 24bit RGB, and if the image is not compressed
then the image size would be zero. The next eight bytes hold thduttso in
LIAWEStf & LISNI YSGUSNE YR GKS TFAYILIE SyiNE :
YL SYyidNARSa YR GKS ydzYoSNI 2F aA3yATAO!l
x A color tableg This table is not present in a 24bit bitmap image because each
pixel is represented by the R@8lues.
x An arrayof bytes that define the image This section contains byte values that
represent the rows, also known as scan lines, of the bitmap image. The order of

the scan is from bottom to top and from left to right, which means that the start
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J 2

ofthS aoly A& 2y (GUKS o2G02Y tSTi
paddedtoendona3@ Al 02dzy R NBE 2NJ NRdzy RSR dzLJ & 2
To help illustrate the different sections of a bitmap file, a bitmap imaigufe7) was

passed through a hex editofi§ure8). Theresults are as follows:

offset of start of
Size of file Unused image Type of file

L R el T

DESBAS MRS RR ¢ SEE) M| 531 ao
REFQLUOBRROINSHASEIR S8
|25 ey x Ftos 2
00 01 02 03] 04 05 06 07] 08 09 O0a Ob| Oc 0d Oe Of 3 E& b
00000005 | 42 4d{a6 48 B H | e
00000010 01 "
00000020 ] hH
00000030 £f
Figure7: Bitmap image used tc 00000040 it £t | 9999
larify the file structure of 0900p9a0 85 ¥y
clarify 00000060 £f 9999
Bitmap imageq12] 00000070 990
00000080 £f £f 9999
00000090 £f £ ooy b -
00000040 00 00 00 ff ff 999 T
000000b0 £ff ff ff £f £f | 9999
000000c0 £f €£ £f ££ ££ ££ | Y007 Hlmven miam
00000040 f £f ff ff £f £f | 9999
00000000 £f ff £ff £f £f | yyo. nea
Image Data every 32bits 000000£0 £f £f £f ££ ££f | 9999
represent a scan line 00000100 ££ £f ££ £f ££ | Y999
Sty Ot SOO00000T 3 Swe DODOMD (34300 14 34 &3 mmu;um‘:-
Key:

Figure8: Theresult of passing the Bitmap image through a Hex Editor
Color Table - doesn't exsist for this image

M In order of appearance:
1. Bitmap Information Header size
2. Width of the Bitmap image in pixels
3. Height of the Bitmap image in pixels
4. The number of planes (1 plane)
5. The color intensity (monochrome in this case)
6. The compression (0 in this case)
7. The size of the image in bytes
8. The X and Y resolution (pixels/meter)
9. Number of color indexes used in the Color Table
10. Number of important colors
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6. Description of the Hardware

6.1. Microcontroller
For the purpose of this project, the Portabld

Bitmap Reader the Renesas 1Bit M16C
microcontrollerwasused Figure9). Furthermore this

microcontrollerwasusedbefore in a previous courseg

(Emkedded Systemghereby making it familiar

Figure9: Renesas 1:8it M16C
microcontroller Starter Kit Plu$2]

The microcontroller is the heart of the device. ..
is the one connecting all the different components together and synchronizing their
operation.The starter kit used comes with:

a. The M16c 62P Renesas microcong&ol

b. An installation CD that provides the user with a complier, linker, assembler

FYR RS0dzZA3ISNP { I YL S LINR2aSOuta RSY2y
capabilities are also provided on the CD.

c. A debug Emulator known as FOUSB is provided.

The C programming language is usede the software. This microcontroller has
32kB of internal RAM as well as 382kB of flash ROM; it also has a clock speed of 24MHz.
The availability of Timers, communication ports and Direct Memory Access (DMA)

make thismicrocontroller ideal for the projects implementation needs.
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6.2. The Keypad
6.2.1. General Information

The keypad(Figure 10) is composed of 16 buttons that
AyOf dzZRS GKS ydzYoSNER n (2 o=
FYR Wl Qd ¢KSNB IINB y LAVYaE
representing the columns and fouwepresenting the rows. TheFigurel0: The Keypad
schematic of the keypad is shownRigurell; the switches represent the key. When a
switch is pressed, for example SWhe trespective row and column are connected, in
the case of the example, row 1 and column 1 and connected. The connection made
produces an electrical signal that is then passed through to the protruding pins of the

keypad. The method of identifying the kpysessed uses the property described.

Cal1 Colz Col2 Cis
SW1 SW2 SW3 SW4
Rowi O O O i |—O o
] ] T2 3
SW5 SW6E SWT SWa
ey == =y —m—
Row?2 [ o O I o © [ o O i |—0 0
4 5 [ 7
SWI9 SW10 SW11 w12
—_—ll 1l =l Tl
Rows 1—0 Oo— 1—0 o— 1—0 O—e |—O O—
B 9 A B
SW13 W14 W15 SW18
Rowd J__i J__E l_g |—'C:)

Figurell: Keypad Internal Schemat[8]

6.2.2. Identifying the Rows and Columns of the protruding pins
In order to check which four pins are the rows and which are the columns, a

voltmeter was used. The voltmeters available in the lab have an option where they

az2dzyR 2FF | WoSSLIQ fA1S az2dzyR oKSy GKS

0
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option, a buttonwas pressed and the presumed row and column were connec
GKS @2t 0YSUSNI LINP6S&a® ¢2 OfFNAFTeée UGUKS ARSH:
CNRBY (GKS aOKSYFIGAO aK2gy AY CAIdzZNBE | ¢S OF
and Column 2. Knawg that, one probe was connected to the first pin on the left
(assumed to be Row 1) and the second probe was connected to the third pin from the
NAIKG 6FaadzYSR G2 6S /2fdzYy Hood {AyOS>T (K!
concluded that the assuntipn made was incorrect and the probes were switched; the

second pin from the left and the forth pin from the right were connected using the
LINPOSadd ¢KS @2t GYSGSNI a2dzy RSR 2 FrostpiKsS Wo S S
represent the columns and thieur rightmost pins.

6.2.3. Connecting the Keypad to the Microcontroller

The connection between the keypad and the microcontroller must be done is
such a way so a® enable the detection and identification of the pressed key. In order
to do so, a Anput AND gate was introduced. The hardware connection of the keypad to
the microcontroller is showin Figure12. The microcontroller pins used for the keypad
connections are the Port 0 pins, where pins PO_0 to PO_3 were used for the keypad

columns and PO_4 to PO_7 were used for the keypad rows.

Key:

B interrupt
B Columns
B Output of AND gate

B Rows connected to MCU
I Rows connected to AND gate

Figurel2: Hardware connection of the Keypad to the microcontroller 6
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6.2.4. Deteding a Pressed Key and Identifying its Value

There are two ways to detect the pressed key. One way is to have the
microcontroller continuously check if a key was pressed; this process is done through
polling. Polling entails that the microcontroller doegthing else but waiting on a key to
0S LINBaaSR®P ¢KA&a YSUK2R Aa y20 STFFTFAOASY
used. The second method with which the microcontroller can detect a pressed key is by
using interrupts. This method allows the micomtroller to perform other functions
until an interrupt is generated by the pressing of a key. Due to that advantage,
interrupts were used for the detection method.

There are two ways to implementing an interrupt, one through software and the
other through hardware. The software interrupt is generated by a code through
instructions such as INT. A hardware interrupt on the other hand is asynchronous and
Oy GKSNBF2NBE 0S 3ISYSNIGSR Fd Fyeée 3IABSY
Because the user can pregkey at any given time the hardware interrupt method has
been chosen so as to not be tied done by the code running. For this design, interrupt
zero (INTO) on pin P8 _2 was used for the detection of the pressedAkéigw chart

representing the process shown inFigurel3.
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Yes

Yes

Figure13: Flow Chart of the Keypad Algorithm
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6.2.5. The Keypad Functionality

The function of each key on the keypad is givethe tablebelow (Tablel):

Tablel: Implemented Keypad functions

Key Function Key Function
1 - 9 -
2 Up Arrow A Get list of files
3 - B Read file
4 Left Arrow C Close file
5 Down Arrow D Delete file
6 Right Arrow * -
7 - # -
8 -

6.2.6. Keypad Debouncing

As with many mechanical devices, when a button is pressed bouncing occurs.
2dzy OAy3a A& GKS aiGSyRSyoOe 2F Fyeée (g2 YSiOlf

Ydzt GALX S aAixdaylta | & [4KBere@2ynd ways ta tackle this S 2 NJ
problem, one through software and the other through hardware. However, since this is
an embedded application we are trying to minimize the total cost of materials which is
why we chose to perform software e@uncing. Software déouncing entails setting a
timer once an interrupt is generated, and that timer is decremented until it reaches
ZERO. Once that happens the value at the outpth®fAND gate is taken.

In order to find out what value we should put for the timer we connect our
system to an oscilloscop® see the bouncing effect. The probes are to be directly
connected to the microcontroller. We then press a button and halt the oscilloscope, we
note down the bounce time and repeat the process several times in order to take in the

greater time (worst casscenario); that time will be the value of the oshot timer.
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6.3. Software Implementation

The software implementation of the keypad and acquiring the key pressed is as follows:

//:::::::::::::::::::::::::::::::::::
I Get the row and column for the keypad
1
//When a button is pressed this function gets the rows. Then re -
/I initializes
/lthe keypad, setting the rows to zero and connecting the columns to the
llpull - up registers.
//:::::::::::::::::::::::::::::::::::
void getRowColumn( void )
{
/I store the value of the rows & columns (p0) in a variable.
unsigned int k=p0;
int i
for (i=0;i<500;i++); /I A delay... this allows us to accurately
get the value of the row
row = k;

/I finding the row number
if (row == 0x70)

{
row = 3;
}
else if (row == 0xb0)
{
row = 2;
}
else if (row == 0xd0)
{
row =1;
}
else if (row == 0xe0)
{
row = 0;

/****************************************

I Keypad Re - Initializations
1
/I Making the Columns Input & Rows Output

B e e e n/

/I Set the direction of the Output port

/'lnput  ->0, Output - >1, rows are bits 7 - >4, columns are bits 3 ->0
// 1111 0000, Columns are input and rows are output

pd0 = 0xfO;

/' In order to find out which column, set the rows to ZERO

p0 = 0;

/[ Pull - up Resistors

pu0l = 0x0; /I disable pull - up resistors for rows

pu00 = 0x1; I/l enable pull - up resistors for columns

/I Negate the value of p1 and AND it with fO

// (0000 0111 ->1111 1000 & 0000 1111 - > 0000 1000)

for (i=0;i<500;i++); /I A delay... this allows us to accurately
get the value of the column

k = p0;
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column = (~k)& 15;
/ I finding the column number
if  (column == 0x8)

{ column = 3;

}else if  (column == 0x4)

{ column = 2;

}else if  (column == 0x2)

{ column = 1;

Ealse if  (column == 0x1)

{ column = 0;

/I Store the value of the pressed key into char key
key = keypad[row][column];

/I The rows and columns can only go from 1 ->4

/I if the row or column is greater than 4 then set the key to NULL
/I Helps with debugging
if  (row>4||column>4)

key = NULL;

}

for (i=0;i<5000;i++); /I A delay
fileNumber = key;
/****************************************

I Keypad Re - Initializations
/I Making the Rows Input & Columns Output
O e e T T e e n/

pd0 = OxOf;

p0 = 0;

pu0l1 = 0x1,

pu00 = 0x0;

for (i=0;i<  10000;i++); /I A delay
keypressed = 0;
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7. The USB Interface
7.1. The Vinculum VDIP2

In order to be able to communicate with the Flash memory stick, an interface between

GKS YAONRO2y(INRffSNDRDa !!we O2YYdzy AOFGA2Yy LI
communication protocol must existThere are several commercial interface chips on the
marketd KI G gAff LISNF2NY GKAA 2LISNI A2y gA0K 3INIFC
a USB to UART interface chip called VNI&LIFigure14) was faind. According ¢ Dart in his
FNIAOES GLYGSNFIOAYy3I | | {. ,Bd toatller Rded @ Fhe G2 |
AYLX SYSyGlraAaz2y 2F GKS Ay dSNFI Cbre with twim diteét SR | N
YSY2NE | O0Saa o5a! 0 FIyadiA yRelalél oiKMIO/KiFstyNgradf aS 46 S f
co-processor tooptimizedt KS OF f Odzf A2y a FT2NJ 6KS FTA{S aeai
embedded flash program memory and a 4KB internal data SRAN explainghat one of the

appealing features off KA & OKAL) GKS O2RS fSy3aidkK 2F GKS A\

overhead of the core allows much more functionality to be squeezed into thehgneFlash

YSY2 (B¢
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The schematic shown #Figurel4 demonstrates the Vinculum chip connec
GKS tL/ YAONRO2YUGNREESNI FYR  '{. O2yySOi
flash memory stick. The microcontroller takesimformation from the sensors or
G20KSN) a2 dZNODSazNdRIA SA Lk hISIAYME fow/ nX w/ MZ v
convertsthe dataF 2 NI & 6 SF2NB gNAGAYy3a GKS REFEOGF Ay
RNAOSéEéd ¢KS OKALI KIyRfS& (KS nGdatamstarage C! ¢ m
2y GKS ! {. CtlrakK 5NARGBSe¢ IyR 02YYdzyAOl (Sa
USB2DP (pins 28 and 29). The data being read from the Flash drive uses the same pins
FYR A& aSyid FNRY (GKS Ay OdzZ dzy OKARKBR ¢ - 5

[15].

Jumpers

The VDIPZFigurel5) unit is a microcontroller

that utilizes the USB protocol to create an o

ACD

ACYT B
interface that allows its user to communicate ;fo X
ACS
ACH
ACS B

VNCIL Chip
between a USB operated device and an embedded
system. Its controller is # VNC1L chip, also
developed by Vinculum. When bought, the VDIP2 s= g
LED
unit comes equipped on a 40 pin printed circuit 7 S

board. Through jumpers, the user can select one

of three communication protocol$JART, FIFO and

SPI

The FIFO and SPI communication protocdlls w Figurel5: The VDIP2 ModulgL6]
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not be discussed in this report. The VDIP2 module gives the user the ability t
USB devices and communicate with them.
There are also two LEDs that tell the user a number of things depending on the

lighting combination:

Table2: LED Behavior

Description LED1 LED2
Power ON Flash Flash
USB Initialization ON  OFF
USB Ready OFF ON

USB Removed OFF OFF

The commands used to interact with the USB flash memory stick are:
Table3: Commands and theiDescription[17]

Command Description

DIR Get the list files present in the current directory
E 90K2 ol 01 a9¢ 06dzaSR T2
RD filename Read a file

DLF filename Delete a file

CLF filename Close a file

QP2 Query USB port 2

All commandsare followed by a carriage return to indicate the end of the command.

7.2. Communicating with the VDIP2

Communicating with the VDIP2 is rather simple. The connections made are as
follows:

Table4: VDIP connection to MCU

VDIP2 Pin M16C microcontroller Pin
ADO¢ pin 14 (TXD) P6_2 (RXD)

AD1¢pin 16 (RXD) P6_3 (TXD)

AD2¢ pin 17 (CTS) Not Connected

AD3¢ pin 18 (RTS) Ground

This can also be seenhigurel6.
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# ADE

-
ADT B
ACO B
AC1 B CTS M CU
ac2 |8 RXD
| | l— anD [
Yl » TXD
ACa [
ACS I
RS%¥ B
PG¥ B
N N
BDO B
BD1 B
BD2 B
BD3 B
ED4 B
N B
N B
“ NC K

Figurel6: Hardware Connection between VDIP2 and MCU

In order to communicate with the VDIP2, serial communication UARTO is used. A
function was implemented to senthe commands to the VDIP2. Listed below is the

sequence of events that occur once the system is started:

1. Query Port 2. This is done through polling, since the microcontroller will be doing
nothing until a USB flash memory stick is inserted.

2. Once the USHdsh memory is inserted, two bytes are transmitted to the MCU.
The first byte is the device classification and the second byte is always zero. For

the implementation of this project the first byte will be 7.
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3. The directory command is then sent to the VDIBRon receiving the com
the VDIP2 starts sending the filenames available in the directory. Each filename is
followed by a carriage return. That property is used to distinguish between the
filenames received. The filenames are stored in a string array.

4. The filenames are then sent to the display stage of the project. (discussed in latter
chapters)

5. The system will wait for the user to enter the number of the file to be opened.
Once selected the number will be used to scroll through the string array &ir th
specific location. Once there, the filename stored will be used to apply the read file
command.

6. The user then has the option to either close the file or delete it.

The settings of the UARTO were made as follows:

void _init_UARTO()

{
/I UART O bit rate generator i Baud rate set to 9600
uObrg =155;
/I UART 0 transmit/receive mode register
smd2_uOmr = 1; /I eight data bits

smdl_uOmr = 0;
smd0_uOmr = 1;

ckdir_uOmr = 0; /I internal clock
stps_uOmr = 0; /I 1 stop bit

pry_uOmr = 0; /1 Odd  parity
prye_uOmr = 0; /I parity disabled

/[ uart0 t/r control register 0

clkl_u0c0 = 0; I /1 clock selected
clkO_u0c0 = 0;

nch_u0c0 = 0; /[ CMOS push - pull output
ckpol_u0c0 = 0; /I transmite data at falling edge
uform_u0c0 = 0; /[ LSBfir st

crs_u0c0 =0; /[ CTS function selected

crd_ u0cO= 0; // CTS/RTS enabled
[/ uart0 t/r control register 1

te_ uOcl =1; /I enable transmitter

re_uOcl =1; /I enable receiver

[l uart t/r control register 2

uQirs = 0; I select interrupt source

ulrrm = 0; /I select interrupt source
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clkmdO = 0; II'nfa
clkmdl = 0; /I clock output is only clock 1.
/I Setting the priority levels
sOric = 5;
sOtic = 4;
}

When using that communication protocol it is necessary to have an Eni@fisied that
is agreed upon by both communication parties. In the case of this project, the End Bit is
the carriage return.

Because some difficulties were faced when operating the VDIP2 a method was
devised to help identify the problem. The VDIP2 was ected to a computer through
the RS232 interface and Hyperminal was used to communicate with the VDIP2.
However, the RS232 cable uses a Is\order not to damage the chip a simple circuit
was implemented that brings down that voltage to the TTL voltdgeel of

approximately 3V. The circuit is showrFigurel7.

sv |

PINZ ¢

Figurel7. Communication Interface between VDIP2 ahlyperTerminal
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Once communication is established it is known that the VDIP2 would

following information: the version of the firmware, whether a device is detected and if

the device holds any updated firmware, as sé&@m Figurel8.

Yer 03.66YDAPF On-Line:
Device Detected P2

No Upgrade
D:\>

Figurel8: Detecting Flash Memory Stick

An instruction was then sent to théDIP2 through Hypeerminal, the response

is shown inFigure19. A very bizarre problem was then encountered; the VDIP2 would

only accept the first ammand entered. Any other command sent would result in the

message seen iRigure20.2 K| 1 Q&4 &2 Ll 1 ftAy3a A& GKI

i GKS

and run; therefore it does not make sense that the second command is not being

accepted. Seeing as to how entering a command on HyperTerminal takes more than

enough time for the VDIP2 to settle aft running the previous command, | see no

reason as to why the second command is not being

accepted. | have tried contacting the developers Ver . 03.66VDAPF On-Line:
Device Detected P2

Ho Upgrade
D:\>
dir
SERIAL™1.C

contacted in an #empt to find out the problem. [SERIAL"2.C
UARTTE 1.DOC

These people have used the VDIP2 before, but EUE;SE"l .Doc

the VDIP2, but they were anything but helpf

Furthermore, people from all over the world wer

2yS LISNE2Y FFOSR Y& L Figure19: Running a Command

they were not able to help.

¥ NI A
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@y mgf - HyperTerminal g@

File Edit Wiew Call Transfer Help

Yer B3.66YDAPF On-Line: o]

Device Detected P2

No Upgrade [gl

D:\>

dir

SERTAL™1.C

SERTAL™2.C

UARTTE™1.DOC

AUD-SE™1.DOC

D:\>

dir

Bad Command

ecs

Bad Command

ipa

Bad Command

DIR [v]
£ i | (>
Disconnecked Auto detect | 9600.8-M-1 SCROLL CAPS | | Capture | Print echo

Figure20: Running the Second Command
7.3. Using the VDIP2 in the projedesign

Because the information sent from the VDIP2 to the microcontroller (firmware
version and so on) is not of interest, and because the LED2 lights up upon the detection
of a device, the LED2 pin was connected to an interrupt port in the microcontrohés
way, only when a device is inserted will the microcontroller start to send the required
information/commands to the VDIP2.
7.3.1. The Commands Used to Interact with the VDIP2

The following are a list of the commands used, their description and

implementaton.

1. Directory Command (DIR)This command is used to instruct the VDIP2
to send the names of the files stored in the flash memory stick. Each

filename is separated by a carriage return. Once all the filenames are sent
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2PSNJ G§KS 02 YY dzféisGénti The g¢hd 6f the/tBuxsm
Ad ARSYOGAFTASR gKSYy GKS ayYéeé Aa NBO23y
to identify the end of the file name list because it is not a valid filename

character.

void keyOperations(  void )

if (key== "A")
{
char f;
int x=0;
DisplayString(LCD_LINEZ1, " Main " );
DisplayString(LCD_LINEZ2, " Menu " )

/I Request VDIP2 to send the file list
sendCommand('D" );
sendCommand('l' );
sendCommand('R" );
sendCommand(0x0D);

/l recieve the filenames

while  (x< 100)

{
f = Q_Dequeue(&rx_q);
if (f== ")
{
/I no more filenames. Therefore,
break!
break ;
filenameBuffer[x] = f;
X++;
fileBufferSize = x - 1; /I Toremove the D of
the D: \>

ListFiles(filenameBuffer);
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2. Reading a File (RD filename)When this command is execute
respective file is requested to be read. The VDIP2 sends the file data in
the form of ASCII hex. The data is then stored indvaffThese buffers

are to be laer used in the display process

if (key== 'B')
int data;
int x=0;
long int y=0;
DisplayString(LCD_LINEZ1, "View prv" );
DisplayString(LCD_LINEZ2, " file " );

sendCommand('R" );
sendCommand('D" );
sendCommand('" );
sendCommand(fileList[fleNumber -1
sendCommand0x0D);

Il recieve the data

/I getting the file type (2 bytes)
fileType = Q_Dequeue(&rx_q);
data = Q_Dequeue(&rx_q);
strncat(fileType,data);

/I getting the size of file (4 bytes)
sizeOfFile = Q_Dequeue(&rx_q);
while (x<=2)

{
data= Q_Dequeue(&rx_q);
strncat (sizeOfFile, data);
X++;

}

x=0;

/I getting the Unused (4 bytes)
Unused = Q_Dequeue(&rx_q);
while  (x<=2)

{
data = Q_Dequeue(&rx_q);
strncat (Unused, data);
X++;
}
x=0;
/I getting the Offset of the start of the

image(4 bytes)
OffsetStart = Q_Dequeue(&rx_q);
while  (x<=2)

{
data = Q_Dequeue(&rx_Qq);
strncat (OffsetStart, data);
X++;

}
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/I getting the Header Size(4 bytes)
HeaderSize = Q_Dequeue(&rx_dg);
while  (x<=2)

{
data = Q_Dequeue(&rx_Qq);
strncat (HeaderSize, data);
X++;

}

X =0;

/I getting the Width of the image(4 bytes)
ImageWidth = Q_Dequeue(&rx_q);
while  (x<=2)

{
data = Q_Dequeue(&rx_Qq);
strncat (ImageWidth, data);
X++;

}

x=0;

/I getting the Height of the image(4 bytes)
ImageHeight = Q_Dequeue(&rx_q);
while (x<=2)

{
data = Q_Dequeue(&rx_q);
strncat (ImageHeight, data);
X++;

}

x=0;

/I getting the number of planes(2 bytes)
NoOfPlanes = Q_Dequeue(&rx_Qq);
data = Q_Dequeue(&rx_Qq);
strncat(NoOfPlanes,data);

/I getting the color intensity (2 bytes)
Colorintensity = Q_Dequeue(&rx_q);
data = Q_Dequeue(&rx_Qq);
strncat(Colorintensity,data);

/I getting the compression (4 bytes)
compression = Q_Dequeue(&rx_q);
while  (x<=2)

{
data = Q_Dequeue(&rx_q);
strncat (compression, data);
X++;

}

X =0;

/I getting the Image Size (4 bytes)
ImageSize = Q_Dequeue(&rx_Qq);
while  (x<=2)

{
data = Q_Dequeue(& rx_Qq);
strncat (ImageSize, data);
X++;

}

x=0;

/I getting the X and Y resolution (4 bytes)
XYresolution = Q_Dequeue(&rx_q);
while (x<=2)

Of orBM
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data = Q_Dequeue(&rx_Qq);
strncat (XYresolution, data);

X++;
}
x=0;
/I getting the number of color indexes used in

the color table (4 bytes)
NoOfColorindexs = Q_Dequeue(&rx_Qq);
while  (x<=2)

{
data = Q_Dequeue(&rx_Qq);
strncat (NoOfColorindexs, data);
X++;

}

x=0;

/I getting the number of important colors (4

bytes)

IMPcolors = Q_Dequeue(&rx_q);

while (x<=2)

{
data = Q_Dequeue(&rx_q);
strncat (IMPcolors, data);
X++;

}

x=0;

/I getting the color table (4 bytes)

ColorTable = Q_Dequeue(&rx_q);

while (x<=2)

{
data = Q_Dequeue(& rx_q);
strncat (ColorTable, data);
X++;

}

X =0;

/I getting the Image scan line data (each scan

line is 32bits - 4bytes)

while  (y < ImageSize)

ImageDataly] = Q_Dequeue(&rx_q);
while (x<=2)

{
data = Q_Dequeue(&rx_q);
strnc at (ImageDataly], data);
X++;

}

y++;
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3. Deleting a File (DLF filename)When this command is execute
respective file is deleted from the flash memory stick. Upon receiving the

command, the VDIP2 handles the deletion process.

if (key== '# )

{
DisplayString(LCD_LINEZ1, "Deleting" );
DisplayString(LCD_LINE2, " file " );

sendCommand('D" );
sendCommand('L' );
sendCommand('F' );
sendCommand('' );
sendCommand(fileList[fileNumber]);
sendCommand(0x0D);

4. Closing a File (CLF filer@ng This command simply closes the file and
returns the user to the main menu. Upon receiving the command, the

VDIP2 handles the file closing operation.

if (key== ")

{
DisplayString(LCD_LINEZ, "Closing " );
DisplayString(LCD_LINEZ2, " file " );
DisplayString(LCD_LINEZ1, "Reading " );
DisplayString(LCD_LINEZ2, " file " );

sendCommand('C' );
sendCommand('L'" );
sendCommand('F' );
sendCommand('" );
sendCommand(fileList[fileNumber]);
sendCommand(0x0D);
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8. The Video Graphics Array Signal
8.1. A GeneralOverview of How a TV System works

The standard T¢et has a built in vacuum tube with an electron canon shooting at a
phosphor screen. When the electrons from the canon hit the screen light is generated due to
the phosphor. The electron beam can be benthvthe use of magnets; this method is used to
allow the canon to shoot electrons on different parts of the screen. An image is drawn on the
screen through controlling the direction of the beam and its intensity. Ideally, the screen is
redrawn 25 times pesecond on a Phase Alternating Lines (PAL) system. The PAL system uses a
method known as interlacing to reduce flickering effects. Interlacing involves drawing the odd
horizontal lines first followed by the even horizontal lines. This allows the imagedollde NJIi A | £ £ &
dzLJRF GSRé pn GAYS& LISNI aSOHFR AyaiaSIR 2F up GA
The video signal sent to the electron canon has to include key information. This key
information includes where the electron beam is to be located and its intensity. In ¢oder
control the location of the electron beam a synchronization pulse is sent at the start of each
scan line to tell the system that the current scan line is finished and to move on to the next line.
In order to inform the TV system that new image datarnsvang, a special synchronization
pattern is provided. Furthermore, to inform the system of whether the information sent
corresponds to even or odd lines, a vertical synchronization pattern is Ebatintensity of the
beam is controlled through the valge levels of the video sigraB].

The voltage levels can be divided into three leaslseen in the table belo{@able5):

Table5: Voltage Levels of the Video Signal

Level Voltage Description
Level 1 ov Synchronization Pulses
Level 2 0.3V Black
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Level 3 1v White
Voltages between 0.3V and 1V are characteri:
as Grey Scale.

7 A

In order to generate more colodNR Y { K ofF Ol ko KAGSKkINBe aArdyl f
signal for NTSC television systems or a 4.43MHz for a PAL television syiteBy [doing so, the

amplitude and phase of the added signal leads to the generation of more colors.

8.2. The Scan Lines

As discussed earlier iearlier sectionsevery image is divided into scan lines. Typically, a
scan line is 64 long[13]. That time is divided as follows:
1. 4'i for sending the synchronization pulse. This is done by setting the voltage level to
0V, as seen fromable5. This is to inform the system that a nesean line is starting.
The synchronization pulse here is the Horizontal Synchronization Pulse.
2. 8'i delay to allow everything to settle into place.
3. 52'i to transmit the image data. The image data is drawn from left to right. As
mentioned earlier, the itensities are obtained from the voltage levels of the video
signal during that time.

Figure21 shows an example of a video signal with its various stages.

1
updated during an image |
scan line, the better the |
1
1
1

Sps 5 S
' horizontal resolutior{14]
Image data .

Hus
H5ync

Figure21: An Example of a Video Sigr{aB]

There are two main types to a video signal:

1. Composite Baseband Video Signal (CVBS)
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2. RedGreenBlue Video Signal (RGB)

The CVBS signal is impossible to create using the M16C microcoriienlerse the generation
of its information requires the microcontroller to generate the 3.58MHz or the 4.43MHz signal. The
RGB signal on the other hand can be easily created using the microcontroller.

For an RGB signal the color information is broken doevass four wires:

1. One wire for the synchronization pulses

2. One wire for the Red color component

3. One wire for the Green color component

4. One wire for the Blue color component
Because the color information was divided as described, the 3.58MHz or the 4.4MiE aie no
longer needed.

For a high resolution and high quality television image the voltage must be updated ten million
times per secondl14]. However, the M16C microcontroller used for the implementation of the
display can by no means provide such eshe Fortunately, the 24MHz provided by the
microcontroller are sufficient enough for this project design.

To insure the stability of the displayed image two key pieces of information must be known:

1. The start of the image line
2. The start of the field (infanation that states whether the image data is for an even or
odd line)

As seen from the previous section, the horizontal synchronization pulse is embedded in the
video signal. The vertical synchronization pulse on the other hand, is not. The vertical
synchonization pulse tells the television system whether the image data being sent is for an even or

odd line. The pulse patterns for the odd and even lines are different and cagemeinFigure22.
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Figure22: Vertical Synchronization Patterns for Even and Odd Fi¢ldd
l O0O2NRAY3 (G2 DSNISGATX a¢KS ydzYo $eNdlugom APALYhge Ay St
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8.3. Implementation of theSignal

The microcontroller used in this design has the ability to provide a 5V digital output.
However, in order t@enerate the RGB signal a maximum of 0.7V can be Ursedder to do so,
the simple concept of voltage division is applied. As seen frignre 23, for the Red signal
resistors R1 and R3 are used for the voltage divider circuit. Resistor R2 is used to provide a DC
offset. The transistor T1 is connected as an emitter follower and resistor R4 is used to provide
GKS aAra3aylrlt 6AGK (KS uiredp[K]. PhdzsamkimplenantaidiRway dbBe NI |j

for the green blue signals and synchronization signals.

Figure23: Display Circuit for Solution e




