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1 
 

1. Introduction 

1.1. Purpose  

The purpose of this report is to detail the work that has been done to design and 

implement the Portable Bitmap Reader as it was described and approved in the final 

progress report. This report is the final report to be submitted for this course. Included 

is detailed technical description of the design and the implementations undertaken for 

the projects operation. 

1.2. Problem Statement 

When thinking 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 bitmap 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 

ǇŜƻǇƭŜΩǎ ƭƛǾŜǎ ŜŀǎƛŜǊ ŀƴŘ ƳƻǊŜ ŜƴǘŜǊǘŀƛƴƛƴƎ ōȅ ǇǊƻǾƛŘƛƴƎ ǘƘŜƳ ǿƛǘƘ ŀ ǇƻǊǘŀōƭŜ 

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 project seeks to achieve this goal, which is to operate and view 

the contents of a USB flash memory stick through a microcontroller and display them 

onto a monitor. 
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1.3. Objective 

The Portable Bitmap Reader is a device whose intent is to allow people to view 

the bitmap images stored on a flash memory stick without the use of a computer; 

instead, one may merely connect this device to any monitor and view the required 

images. At first, the intent of this project was to allow the user to view JPEG images 

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 functionality of this device is limited to 

viewing bitmap images only due to the fact that the image is not compressed and can 

therefore be read easily (more details are given in latter chapters). Due to the time 

limitations it has been decided to not implement the file system of a USB flash 

memory stick and instead implement the video signal transmission. 

1.4. Scope 

Since the final progress report, the tasks have been revised so as to reflect on the 

actual tasks implemented for the project. As before, the tasks were divided into three 

categories and listed as follows: 

1.4.1. Research Tasks 

Task 1: Understand the operation 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 RS232 Serial communications protocol. 

Task 5: Understand how to connect the microcontroller to the VGA 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 interface circuit between the RS232 and Universal Asynchronous 

Receiver/Transmitter communication protocols (UART). 

Task 4: Implement the interface circuit between the USB flash memory and the 

Renesas microcontroller 

Task 5: Implement the interface circuit between the Renesas microcontroller and the 

VGA monitor 

1.4.3. Software Tasks 

Task 1: Write the code for the keypad implementation and functionality. 

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

Task 3: Write the code interfacing the VDIP2 chip to the Renesas microcontroller 

Task 4: Write the code responsible for reading the bitmap file from the flash memory. 

Task 5: Write the code responsible for handling the display. 

Task 6: Write the user menu code. 
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1.5. Out of Scope 

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

store them onto the USB flash memory stick or view them directly. Furthermore, the 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ άǎŎǊƻƭƭƛƴƎ ǘƘǊƻǳƎƘ ƛƳŀƎŜǎ ŦŜŀǘǳǊŜέ ǿŀǎ ǇƭŀƴƴŜŘ ŦƻǊΦ 

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. Key Requirements 

The main requirements are as follows: 

1. Detecting the flash memory device. 

2. Be able to read the Bitmap file from the flash memory stick. 

3. Display the Bitmap image through a VGA monitor. 

2.2. Components Included 

The project requires the following hardware components: 

× Renesas M16C microcontroller 

× RS232 cable (1x) 

× RS232 cable connector (1x) 

× 0.1µF capacitor (5x) 

× нтлҠ ǊŜǎƛǎǘƻǊ όмx) 

× MAX232 IC chip (1x) 

× 2 input AND gate (1x) 

× VDIP2 circuit board 

× A VGA monitor 

× Red LED (1x) 

× A flash memory - Any size (1x) 

× Keypad (1x) 

× Connecting wires 

× microVGA 

Later chapters in this report describe the purpose of the listed components. 
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Stage 1 

Stage 2 

Stage 3 Stage 4 

3. Solution Overview 

3.1. Brief Overall System Architecture   

 

 

As seen from Figure 1, there are four main stages to this project. Stage 1 entails setting up 

communication between the VDIP2 circuit board and the Renesas microcontroller. 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 VDIP2 and the microcontroller is UART to 

UART. Stage 2 entails the connection of the keypad to the microcontroller and implementing 

the keypad functions described in latter chapters. Stages 3 and 4 entail connecting the 

microcontroller to a VGA monitor. A detail of the implementation of each stage is described in 

latter chapters of this report. 

 

 

 

Figure 1: Brief Overall System Architecture 
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3.2. DŜƴŜǊŀƭ 5ŜǎŎǊƛǇǘƛƻƴ ƻŦ ǘƘŜ 5ŜǾƛŎŜΩǎ hǇŜǊŀǘƛƻƴ 

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

1. When a Flash memory stick is inserted in the USB connector, the LED2 of the 

VDIP2 device is turned on, which in turn sets a Ǉƛƴ ƻƴ ǘƘŜ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊ ǘƻ ΨмΩΦ 

This pin is used to inform the microcontroller to start requesting the filenames 

contained on the flash memory stick.  

2. After receiving the filenames, 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 is to 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 main menu (viewing the list of files) 

The following flow chart in Figure 2 describes the mentioned operation. 
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Figure 2: 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 

{ŜǊƛŀƭ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƛǎ ǊŜƎǳƭŀǊƭȅ ǳǎŜŘ ǿƛǘƘ ƳƻŘŜƳǎΣ ŎƻƳǇǳǘŜǊǎ ŀƴŘ ƻǘƘŜǊ άƴƻƴ-

ƴŜǘǿƻǊƪŜŘέ ŎƻƳƳǳƴƛŎŀǘƛƻƴΦ !ǎȅƴŎƘǊƻƴƻǳǎ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜƴŀōƭŜǎ Řŀǘŀ ǘƻ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ 

without the transmitter having tƻ ǎŜƴŘ ŀ ŎƭƻŎƪ ǎƛƎƴŀƭ ǘƻ ǘƘŜ ǊŜŎŜƛǾŜǊΦ 5ǳŜ ǘƻ ǘƘŀǘ ŦŀŎǘΣ άǘƘŜ 

ǎŜƴŘŜǊ ŀƴŘ ǊŜŎŜƛǾŜǊ Ƴǳǎǘ ŀƎǊŜŜ ƻƴ ǘƛƳƛƴƎ ǇŀǊŀƳŜǘŜǊǎ ƛƴ ŀŘǾŀƴŎŜέΣ ŀƴŘ ŀ ǎǇŜŎƛŀƭ ōƛǘ ƻǊ 

character must be specified to indicate the end of a transmission. When a word is transmitted 

through the UAw¢ ŀ ōƛǘ ŎŀƭƭŜŘ ǘƘŜ ά{ǘŀǊǘ .ƛǘέ ƛǎ ƛƴǘǊƻŘǳŎŜŘ ǘƻ ǘƘŜ ōŜƎƛƴƴƛƴƎ ƻŦ ǘƘŜ ǿƻǊŘΤ ǘƘƛǎ ōƛǘ 

is used to inform the receiver that data is about to be sent in order for the receiver to 

ǎȅƴŎƘǊƻƴƛȊŜ ƛǘǎ ŎƭƻŎƪ ǿƛǘƘ ǘƘŀǘ ƻŦ ǘƘŜ ǎŜƴŘŜǊΩǎΦ LŦ ǘƘŜ ǘǿƻ ŎƭƻŎƪǎ ŀǊŜ ƴƻǘ ƛƴ ǎȅƴc data may be 

lost. Therefore, the frequency used by the sender and the receiver should not exceed a 10% 

difference from one another [5]. 

CƻƭƭƻǿƛƴƎ ǘƘŜ ά{ǘŀǊǘ .ƛǘέ ǘƘŜ ōƛǘǎ ƻŦ ǘƘŜ ǿƻǊŘ ōŜƛƴƎ ǎŜƴǘ ŀǊŜ ǘǊŀƴǎƳƛǘǘŜŘ ǿƛǘƘ ǘƘŜ ƭŜŀǎǘ 

significant bit (LSB) sent fiǊǎǘΦ !ŦǘŜǊ ǘƘŜ ǿƻǊŘ Ƙŀǎ ōŜŜƴ ǎŜƴǘ ŀ άtŀǊƛǘȅ .ƛǘέ Ƴŀȅ ōŜ ŀŘŘŜŘ ŀǘ ǘƘŜ 

end to allow the receiver to perform a simple error check to ensure the data sent is complete; 

ǘƘŜ ά{ǘƻǇ .ƛǘέ Ŧƻƭƭƻǿǎ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ǿƻǊŘΤ ǘƘŜǊŜ Ƴŀȅ ōŜ ƳƻǊŜ ǘƘŀƴ ƻƴŜ ǎǘƻǇ 

bit in the transmission. The two devices must agree on the transmission format, meaning that 

ǘƘŜȅ ǎƘƻǳƭŘ ŀƎǊŜŜ ƻƴ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ǘƘŜ άtŀǊƛǘȅ .ƛǘέ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ά{ǘƻǇ .ƛǘǎέΦ ¢ƘŜ ά{ǘŀǊǘ 

.ƛǘέ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǿƻǊŘ ƛǎ ǎŜƴǘ ŀǎ ǎƻƻƴ ŀǎ ǘƘŜ ά{ǘƻǇ .ƛǘέ ƻŦ ǘƘŜ previous word has been 

transmitted. If there is not data to be sent the transmission line becomes idle [5]. 
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For this project UART0 will be used to communicate with the VDIP2, and the Baud Rate 

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 

άhƴŜ ƻŦ ǘƘŜ ŦŀƳƛƭƛŀǊ ŀǎȅƴŎƘǊƻƴƻǳǎ ƴŜǘǿƻǊƪ-based I/O schemes in use today has evolved 

from the RS-232 (now the EIA-нонύ ǎǘŀƴŘŀǊŘ ƳƻŘŜƭέ [6]. The RS-232 model was developed by 

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

ǘƻ ŎǊŜŀǘŜ ŀ ǎǘŀƴŘŀǊŘ ƛƴǘŜǊŦŀŎŜ ōŜǘǿŜŜƴ άŀ ǇƛŜŎŜ ƻŦ ŎƻƳǇǳǘƛƴƎ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŀ 

ǇƛŜŎŜ ƻŦ Řŀǘŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ŜǉǳƛǇƳŜƴǘέ [6]. As seen from Figure 3, the RS-232 

connector consists of 9 pins. The functionality of each pin is as follows [6]: 

¶ Pin 1: Carrier Detect, CD ς this pin is used to indicate that a connection has 

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

¶ Pin 2: Transmitted Data, TXD ς Data transmission line from the Data Terminal 

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

¶ Pin 3: Received Data, RXD ς Data transmission line from the Data Communications 

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

¶ Pin 4: Data Terminal Ready, DTR ς This line notifies the DCE that the data terminal has 

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

and exchange messages   . 

¶ Pin 5: Signal Ground, SG ς A signal ground. 

Figure 3: RS232 
connector pin 
numbering [6] 
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¶ Pin 6: Data Set Ready, DSR ς This line informs the DTE that the data set has a valid 

connection and has fulfilled the required initializations and is ready to exchange 

messages.  

¶ Pin 7: Request to Send, RTS ς This line notifies the DCE that the DTE needs to send data. 

¶ Pin 8: Clear to Send, CTS ς This line notifies the DTE that the DCE can receive the data to 

be sent. 

¶ Pin 9: Ring Indicator, RI ς This line is used by the DCE to notify the DTE that the άǇƘƻƴŜ 

ƛǎ ǊƛƴƎƛƴƎέΦ ό¦ǎŜŘ ōȅ ƳƻŘŜƳǎύ 

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 RS-232 ǇǊƻǘƻŎƻƭ ƛǎ ŀǎȅƴŎƘǊƻƴƻǳǎ ƛǘ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ŎƭƻŎƪ ǎƛƎƴŀƭΣ ƘŜƴŎŜΣ ǘƘŜ 

two systems communicating using this protocol must have the same Baud Rate [7]. 

4.3. The Universal Serial Bus (USB) Communication Protocol 

ά!ƴȅǘƘƛƴƎ ƴŜǿ ǳǎǳŀƭƭȅ Ƙŀǎ ǘƻ ǊŜƳŀƛƴ ŎƻƳǇŀǘƛōƭŜ ǿƛǘƘ ǿƘŀǘŜǾŜǊ ŎŀƳŜ ōŜŦƻǊŜ ƛǘέ [8] 

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: 

¶ High speed of 480Megabits/sec ς this became an option with the release of the 

second version of the USB specifications. 

¶ Full speed of 12 Megabits/sec ς may serve as a replacement to serial and parallel 

ports. 
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¶ Low speed of 1.5 Megabits/sec ς used for devices that require flexible and low 

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 

notify thŜ ǎŜƴŘŜǊ ǘƻ ŀƭƭƻǿ ǊŜǘǊŀƴǎƳƛǎǎƛƻƴΦ !ŎŎƻǊŘƛƴƎ ǘƻ !ȄŜƭǎƻƴΣ άǘƘŜ ŘŜǘŜŎǘƛƴƎΣ 

ƴƻǘƛŦȅƛƴƎΣ ŀƴŘ ǊŜǘǊŀƴǎƳƛǘǘƛƴƎ ŀǊŜ ǘȅǇƛŎŀƭƭȅ ŘƻƴŜ ƛƴ ƘŀǊŘǿŀǊŜ ŀƴŘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŀƴȅ 

ǇǊƻƎǊŀƳƳƛƴƎ ƻǊ ǳǎŜǊ ƛƴǘŜǊǾŜƴǘƛƻƴέ [8]. 

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 is called 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 not available the host denies the request and the device must send another 

with a smaller bandwidth request [8]. 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 connected 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 the device stores 
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the data in ƛǘΩǎ receive buffer and an interrupt is generated to inform the host that the 

data has been received. This process is built into the hardware of the devices and is 

therefore automatic [8]. 

To summarize, the responsibilities of the host (microcontroller) are [9]: 

× Detect Devices ς The USB hub alerts the host of the devices attached upon power up 

× Provide Power 

× Manage traffic on the bus ς not applicable for this project since only one device will 

be connected to the microcontroller. 

× Handle Error Checking ς When the host transmits data to the USB device it adds 

error-checking bits; when receiving data the error-checking bits are used to detect 

errors. 

× Exchange Data with the USB Devices 

While the responsibilities of the USB device are: 

× Detect the Bus voltage ς once the voltage is detected a pull-up resistor is switch to let 

the host know there is a device present. 

× Manage Power ς ǘƘŜ ¦{. ŘŜǾƛŎŜ ŎƻƴƴŜŎǘŜŘ Ƴǳǎǘ ƭƛƳƛǘ ƛǘǎ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ ǘƘŜ ōǳǎΩǎ 

current. 

× Respond to Standard Requests ς a device muǎǘ ǊŜǎǇƻƴŘ ǘƻ ǘƘŜ ƘƻǎǘΩǎ ǊŜǉǳŜǎǘǎ ŘǳǊƛƴƎ 

and after enumeration. 

× Handle Error Checking 
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× Exchange Data with the Host ς a device connected to the host has an address that 

allows the host to communicate with the devices. An interrupt is generated to notify 

the host that a communication has been established. 

× Implement the Device Functions 

4.4. UART/RS232 Communication Interface 

4.4.1. Hardware Implementation 

The MAX-232 used in the circuit board is an industry standard chip used to 

convert between CMOS logic levels and RS-232 logic levels. The MAX-232 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 figure, Figure 4, 

represents the circuit that implements the communication interface. 

 

 

 

 

 

 

 

 

 

Pin  

 

 

 

 

 

 

Assignment for the MAX232 chip: 

Pin 1: C1+ Pin 9: R2OUT 
Pin 2: V+ Pin 10: T2IN 
Pin 3: C1- Pin 11: T1IN 

Figure 4: UART to RS232 Converter Circuit Schematic 
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Pin 4: C2+ Pin 12: R1OUT 
Pin 5: C2- Pin 13: R1IN 
Pin 6: V- Pin 14: T1OUT 
Pin 7: T2OUT 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: UART0, UART1 and UART2. For 

this project UART0 will be used. There are two different ways to implement the serial 

ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ ŜƛǘƘŜǊ ǘƘǊƻǳƎƘ ŀ ǇǊƻŎŜǎǎ ŎŀƭƭŜŘ άtƻƭƭƛƴƎέ ƻǊ ǘƘǊƻǳƎƘ ƛƴǘŜǊǊǳǇǘǎΦ tƻƭƭƛƴƎ 

entails the microcontroller waiting on an even to happen, while the interrupt method 

allows the microcontroller to perform other tasks till an interrupt 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 de-queue 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 UART0 and UART2 

In order to insure that any communication errors and problems are not due to 

the microcontroller being faulty, hyper-terminal was used to communicate with the 

microcontroller. The interface used was the RS232/UART interface described in the 



Portable Bitmap Reader 
 

 

2009 

16 

previous section. Furthermore, in order to insure full and undoubted functionality, the 

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 method (Figure 5) 

2. Interrupt method (Figure 6) 

 

  

Figure 5: Testing UART0/2 - Polling Method 

Figure 6: Testing UART0/2 - Interrupt Method 
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5. Descriptions of the File Systems 
5.1. Flash Memory Stick File System 

A flash memory card stores data in flash memory chips; the memory is non-volatile. It 

also contains a controller that handles the reading and writing to the memory. 

According to Axelson ƛƴ Ƙƛǎ ōƻƻƪ ά¦{. aŀǎǎ {ǘƻǊŀƎŜέΣ ƛƴ ƻǊŘŜǊ ǘƻ ŎǊŜŀǘŜ ŀƴ ŜƳōŜŘŘŜŘ 

system that hosts USB devices one must have the following [9]: 

× A microcontroller (or other intelligent hardware) to manage the embedded 

ǎȅǎǘŜƳΩǎ ƻǇŜǊŀǘƛƻƴǎ 

× A USB host controller. This controller can be either embedded in the 

ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΩǎ ŎƛǊŎǳƛǘǊȅ ƻǊ ƻƴ ŀ ǎŜǇŀǊŀǘŜ Ŏhip. 

× ! ŦƭŀǎƘ ŘǊƛǾŜ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ƘƻǎǘΩǎ ¦{. ǇƻǊǘΦ 

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 flash mŜƳƻǊȅ ŀƭƭ ƘŀǾŜ ǘƘŜ ǎŀƳŜ ǎƛȊŜΣ ǳǎǳŀƭƭȅ рмн ōȅǘŜǎΦ ά¢ƘŜ 

ŦƭŀǎƘ ŘǊƛǾŜΩǎ ŎƻƴǘǊƻƭƭŜǊ ǘǊŀƴǎƭŀǘŜǎ ŜŀŎƘ [.! ǘƻ ŀ ōƭƻŎƪΣ ǇŀƎŜΣ ŀƴŘ ŎƻƭǳƳƴ ƛƴ ǘƘŜ ƳŜƳƻǊȅ 

ŀǊǊŀȅέ ƛƴ ƻǊŘŜǊ ǘƻ ōŜ ŀōƭŜ ǘƻ ŀŎŎŜǎǎ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƳŜƳƻǊȅ ƭƻŎŀǘƛƻƴǎ [9]. 

There are two types of flash memory technologies [9]: 

× NOR flash ς 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 write-backs. The NOR flash memory has a low 

density which therefore requires more storage chips to accommodate large 

memory needs. 
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× NAND flash ς this form of flash memory has a fast write/erase time, low power 

consumption and is cheaper than the NOR flash. It has a high density, which 

means that it can accommodate large memory needs in fewer chips. There are 

ǘƘǊŜŜ άǾŀǊƛŜǘƛŜǎέ ǘƻ ǘƘŜ b!b5 ŦƭŀǎƘΥ 

Á Old Single-level Cell (SLC) 

Á New Single-level Cell (New SLC) 

Á Multi-level Cell (MLC) ς this form of NAND flash allows multiple bits 

to be stored in each cell. The MLC is very popular 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 

ǎǘǊǳŎǘǳǊŜ ƛǎ άōƻǳƴŘ ǘƻ ǘƘŜ ŀǊŎƘƛǘŜŎǘǳǊŜ ƻŦ ǘƘŜ Ƴŀƛƴ ƘŀǊŘǿŀǊŜ ǇƭŀǘŦƻǊƳέ ǎǳǇǇƻǊǘŜŘ ōȅ 

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

Endian format [10].  

The Bitmap file structure is divided into three main parts [11]:  

× A header ς The header contains information about the type, size and layout of 

ǘƘŜ ōƛǘƳŀǇ ŦƛƭŜΦ ¢ƘŜ ŦƛǊǎǘ ǘǿƻ ōȅǘŜǎ ƻŦ ǘƘŜ ŦƛƭŜ ǎǘŀǊǘǎ ǿƛǘƘ ŀ ά.aέ ǘƻ ƛƴŘƛŎŀǘŜ ǘƘŀǘ 

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 file size are set to zero because 

ǘƘŜȅ ŀǊŜ ǳƴǳǎŜŘΣ ŀƴŘ ǘƘŜ Ŧƛƴŀƭ ŦƻǳǊ ōƛǘǎ ǊŜǇǊŜǎŜƴǘ άǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ ƛƳŀƎŜ ǇƛȄŜƭ 

Řŀǘŀ ŦǊƻƳ ǘƘŜ ƘŜŀŘŜǊέ ŀƴŘ ƛǎ ƳŜŀǎǳǊŜŘ ƛƴ ōȅǘŜǎΦ  
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× A bitmap information header ς This section of the bitmap file structure specifies 

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, and the next two bytes contain the number of bits 

ǳǎŜŘ ǘƻ ǎƛƎƴƛŦȅ ǘƘŜ άŎƻƭƻǊ ƛƴǘŜƴǎƛǘƛŜǎ ƻŦ ŀ ǇƛȄŜƭέΤ ǘƘŜ ƴǳƳōŜǊ ƻŦ ōƛǘǎ Ŏŀƴ ōŜ ŜƛǘƘŜǊΥ 

Á 1 ς monochrome bitmap 

Á 4 ς 16 color bitmap 

Á 8 ς 256 color bitmap 

Á 16 ς 16bit bitmap (high color) 

Á 24 ς 24bit bitmap (true color) 

Á 32 ς 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 the resolution in 

ǇƛȄŜƭǎ ǇŜǊ ƳŜǘŜǊΣ ŀƴŘ ǘƘŜ Ŧƛƴŀƭ ŜƴǘǊȅ ƻŦ ǘƘƛǎ ǎŜŎǘƛƻƴ ƘƻƭŘǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ άŎƻƭƻǊ 

ƳŀǇ ŜƴǘǊƛŜǎ ŀƴŘ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƭƻǊǎέΦ 

× A color table ς This table is not present in a 24bit bitmap image because each 

pixel is represented by the RGB values. 

× An array of bytes that define the image ς 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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of thŜ ǎŎŀƴ ƛǎ ƻƴ ǘƘŜ ōƻǘǘƻƳ ƭŜŦǘ ŎƻǊƴŜǊ ƻŦ ǘƘŜ ƛƳŀƎŜΦ ά! ǎŎŀƴ ƭƛƴŜ Ƴǳǎǘ ōŜ ȊŜǊƻ-

padded to end on a 32-ōƛǘ ōƻǳƴŘŀǊȅ ƻǊ ǊƻǳƴŘŜŘ ǳǇ ǘƻ ŀ ƳǳƭǘƛǇƭŜ ƻŦ ŦƻǳǊ ōȅǘŜǎέΦ 

To help illustrate the different sections of a bitmap file, a bitmap image (Figure 7) was 

passed through a hex editor (Figure 8). The results are as follows: 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 7: Bitmap image used to 
clarify the file structure of 
Bitmap images [12] 

Figure 8: The result of passing the Bitmap image through a Hex Editor 
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6. Description of the Hardware 

6.1. Microcontroller 

For the purpose of this project, the Portable 

Bitmap Reader, the Renesas 16-Bit M16C 

microcontroller was used (Figure 9). Furthermore, this 

microcontroller was used before in a previous course 

(Embedded Systems) thereby making it familiar.  

The microcontroller is the heart of the device. It 

is the one connecting all the different components together and synchronizing their 

operation. The starter kit used comes with: 

a. The M16c 62P Renesas microcontroller 

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

ŀƴŘ ŘŜōǳƎƎŜǊΦ {ŀƳǇƭŜ ǇǊƻƧŜŎǘǎ ŘŜƳƻƴǎǘǊŀǘƛƴƎ ǘƘŜ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΩǎ 

capabilities are also provided on the CD. 

c. A debug Emulator known as FoUSB is provided. 

The C programming language is used write 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 this microcontroller ideal for the projects implementation needs. 

 

 

 

Figure 9: Renesas 16-Bit M16C 
microcontroller Starter Kit Plus [2] 
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6.2. The Keypad 

6.2.1. General Information 

The keypad (Figure 10) is composed of 16 buttons that 

ƛƴŎƭǳŘŜ ǘƘŜ ƴǳƳōŜǊǎ л ǘƻ фΣ ǘƘŜ ƭŜǘǘŜǊǎ ! ǘƻ 5 ŀƴŘ ǘƘŜ ǎȅƳōƻƭǎ ΨϝΩ 

ŀƴŘ ΨІΩΦ ¢ƘŜǊŜ ŀǊŜ у Ǉƛƴǎ ǇǊƻǘǊǳŘƛƴƎ ŦǊƻƳ ǘƘŜ ƪŜȅǇŀŘΣ ŦƻǳǊ 

representing the columns and four representing the rows. The 

schematic of the keypad is shown in Figure 11; the switches represent the key. When a 

switch is pressed, for example SW1, the respective 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 key pressed uses the property described. 

 

 

 

 

 

 

 

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 

ǎƻǳƴŘ ƻŦŦ ŀ ΨōŜŜǇΩ ƭƛƪŜ ǎƻǳƴŘ ǿƘŜƴ ǘƘŜ ǘǿƻ ǇǊƻōŜǎ ŀǊŜ ǎƘƻǊǘ ŎƛǊŎǳƛǘŜŘΦ ¦ǎƛƴƎ ǘƘŀǘ 

Figure 11: Keypad Internal Schematic [3] 

Figure 10: The Keypad 
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option, a button was pressed and the presumed row and column were connected using 

ǘƘŜ ǾƻƭǘƳŜǘŜǊ ǇǊƻōŜǎΦ ¢ƻ ŎƭŀǊƛŦȅ ǘƘŜ ƛŘŜŀΣ ǇǊŜǎǎƛƴƎ ōǳǘǘƻƴ ΨнΩ ƛǎ ǘŀƪŜƴ ŀǎ ŀƴ ŜȄŀƳǇƭŜΦ 

CǊƻƳ ǘƘŜ ǎŎƘŜƳŀǘƛŎ ǎƘƻǿƴ ƛƴ CƛƎǳǊŜ І ǿŜ Ŏŀƴ ǎŜŜ ǘƘŀǘ ǇǊŜǎǎƛƴƎ ƪŜȅ ΨнΩ ŎƻƴƴŜŎǘǎ wƻǿ м 

and Column 2. Knowing 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 

ǊƛƎƘǘ όŀǎǎǳƳŜŘ ǘƻ ōŜ /ƻƭǳƳƴ нύΦ {ƛƴŎŜΣ ǘƘŜ ǾƻƭǘƳŜǘŜǊ ŘƛŘ ƴƻǘ ǎƻǳƴŘ ǘƘŜ ΨōŜŜǇΩ ƛǘ ǿŀǎ 

concluded that the assumption 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 

ǇǊƻōŜǎΦ ¢ƘŜ ǾƻƭǘƳŜǘŜǊ ǎƻǳƴŘŜŘ ƻŦŦ ǘƘŜ ΨōŜŜǇΩ ǿƘƛŎƘ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ ŦƻǳǊ ƭŜŦǘ-most pins 

represent the columns and the four right-most 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 as to enable the detection and identification of the pressed key. In order 

to do so, a 2-input AND gate was introduced. The hardware connection of the keypad to 

the microcontroller is shown in Figure 12. The microcontroller pins used for the keypad 

connections are the Port 0 pins, where pins P0_0 to P0_3 were used for the keypad 

columns and P0_4 to P0_7 were used for the keypad rows. 

 

Figure 12: Hardware connection of the Keypad to the microcontroller 
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6.2.4. Detecting 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 does nothing else but waiting on a key to 

ōŜ ǇǊŜǎǎŜŘΦ ¢Ƙƛǎ ƳŜǘƘƻŘ ƛǎ ƴƻǘ ŜŦŦƛŎƛŜƴǘ ŦƻǊ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘŜǎƛƎƴ ŀƴŘ ƛǎ ǘƘŜǊŜŦƻǊŜ ƴƻǘ 

used. The second method with which the microcontroller can detect a pressed key is by 

using interrupts. This method allows the microcontroller 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 

Ŏŀƴ ǘƘŜǊŜŦƻǊŜ ōŜ ƎŜƴŜǊŀǘŜŘ ŀǘ ŀƴȅ ƎƛǾŜƴ ǘƛƳŜ ŀƴŘ ǿƘŜƴŜǾŜǊ ǘƘŜ άŜǾŜƴǘέ ƻŎŎǳǊǎΦ 

Because the user can press a key 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 (INT0) on pin P8_2 was used for the detection of the pressed key. A flow chart 

representing the process is shown in Figure 13. 
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Figure 13: 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 given in the table below (Table 1): 

Table 1: 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 De-bouncing 

As with many mechanical devices, when a button is pressed bouncing occurs. 

.ƻǳƴŎƛƴƎ ƛǎ ǘƘŜ άǘŜƴŘŜƴŎȅ ƻŦ ŀƴȅ ǘǿƻ ƳŜǘŀƭ ŎƻƴǘŀŎǘǎ ƛƴ ŀƴ ŜƭŜŎǘǊƻƴƛŎ ŘŜǾƛŎŜ ǘƻ ƎŜƴŜǊŀǘŜ 

ƳǳƭǘƛǇƭŜ ǎƛƎƴŀƭǎ ŀǎ ǘƘŜ ŎƻƴǘŀŎǘǎ ŎƭƻǎŜ ƻǊ ƻǇŜƴέ [4]. There are two ways to tackle this 

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 de-bouncing. Software de-bouncing 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 output of the AND gate is taken. 

In order to find out what value we should put for the timer we connect our 

system to an oscilloscope to 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 case scenario); that time will be the value of the one-shot timer. 
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6.3. Software Implementation 

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

//=====================================================================  

//      Get the row and column for the keypad  

//     ---------------------------------------  

//When a button is pressed this function gets the rows. Then re -

// initializes  

//the keypad, setting the rows to zero and connecting the columns to the  

//pull - up registers.  

//=====================================================================  

void  getRowColumn( void )  

{  

 // store the value of the rows & columns (p0) in a variable.  

 unsigned  int  k = p0;  

 int  i;  

 for  (i=0;i<500;i++);  // A delay... this allows us to accurately  

get the value of the row  

 row = k;    

 // 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;  

 }  

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

 //      Keypad Re - Initializations  

 //  

 // Making the Columns Input & Rows Output   

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

 // Set the direction of the Output port  

 // Input - >0, Output - >1, rows are bits 7 - >4, columns are bits 3 - >0 

 // 1111 0000, Columns are input and rows are output  

 pd0 = 0xf0;  

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

 p0 = 0;  

 // Pull - up Resistors  

 pu01 = 0x0;  // disable pull - up resistors for rows  

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

 // Negate the value of p1 and AND it with f0  

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

 for  (i=0;i<500;i++);  // A delay... this allows us to accurately 

get the value of the column  

 k = p0;  
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 column = (~k)& 15;  

 / / finding the column number  

      if  (column == 0x8)   

 {  

  column = 3;  

 }  

 else  if  (column == 0x4)  

 {  

  column = 2;  

 }  

 else  if  (column == 0x2)  

 {  

  column = 1;  

 }  

 else  if  (column == 0x1)  

 {  

  column = 0;  

 }  

 // Store the value of the pressed key into char key  

 key = keypad[row][column];  

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

 // if the row or column is greater than 4 then set the key to NULL  

 // Helps with debugging  

 if  (row>4||column>4)    

 {  

  key = NULL;  

 }  

 for  (i=0;i<5000;i++);  // A delay  

 fileNumber = key;  

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

 //       Keypad Re - Initializations  

 // Making the Rows Input & Columns Output   

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

 pd0 = 0x0f;   

 p0 = 0;  

 pu01 = 0x1;   

 pu00 = 0x0;  

 for  (i=0;i< 10000;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 

ǘƘŜ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΩǎ ¦!w¢ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǇǊƻǘƻŎƻƭ ŀƴŘ ǘƘŜ CƭŀǎƘ ƳŜƳƻǊȅΩǎ ¦{. 

communication protocol must exist. There are several commercial interface chips on the 

market ǘƘŀǘ ǿƛƭƭ ǇŜǊŦƻǊƳ ǘƘƛǎ ƻǇŜǊŀǘƛƻƴ ǿƛǘƘ ƎǊŀŎŜΦ ¢ƘǊƻǳƎƘ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ DǊƻǳǇΩǎ ǊŜǎŜŀǊŎƘ 

a USB to UART interface chip called VN1CL-1A (Figure 14) was found. According to Dart in his 

ŀǊǘƛŎƭŜ άLƴǘŜǊŦŀŎƛƴƎ ŀ ¦{. CƭŀǎƘ ŘǊƛǾŜ ǘƻ ŀ tL/ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊέ, the controller used in the 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ƛƴǘŜǊŦŀŎŜ ƛǎ άōŀǎŜŘ ŀǊƻǳƴŘ ŀ ŎǳǎǘƻƳ ǇǊƻŎŜǎǎƻǊ core with twin direct 

ƳŜƳƻǊȅ ŀŎŎŜǎǎ ό5a!ύ ŜƴƎƛƴŜǎέ ǿƘƛŎƘ ŜƴŀōƭŜǎ Ŧŀǎǘ Řŀǘŀ ǘǊŀƴǎŦŜǊ ŀǎ ǿŜƭƭ ŀǎ ŀ άон-bit numeric 

co-processor to optimize ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴǎ ŦƻǊ ǘƘŜ ŦƛƭŜ ǎȅǎǘŜƳέΦ ¢ƘŜ ŎƘƛǇ ŀƭǎƻ Ŏƻƴǘŀƛƴǎ ŀ спY. 

embedded flash program memory and a 4KB internal data SRAM. Dart explains that one of the 

appealing features of ǘƘƛǎ ŎƘƛǇ ǘƘŜ ŎƻŘŜ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΦ άwŜŘǳŎƛƴƎ ǘƘŜ ŎƻŘŜ 

overhead of the core allows much more functionality to be squeezed into the on-chip e-Flash 

ƳŜƳƻǊȅέ [15]. 

 

 

 

 

 

 

Figure 14: The VNC1L chip and Interface Circuit [15] 
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Figure 15: The VDIP2 Module [16] 

The schematic shown in Figure 14 demonstrates the Vinculum chip connected to 

ǘƘŜ tL/ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊ ŀƴŘ ŀ ¦{. ŎƻƴƴŜŎǘƻǊ Ψ!Ω ǿƘƛŎƘ ƛƴ ǘǳǊƴ ƛǎ ǳǎŜŘ ǘƻ ŎƻƴƴŜŎǘ ǘƘŜ 

flash memory stick. The microcontroller takes in information from the sensors or 

άƻǘƘŜǊ ǎƻǳǊŎŜǎ Ǿƛŀ ƛǘǎ ƎŜƴŜǊŀƭ-ǇǳǊǇƻǎŜ Lκh Ǉƛƴǎ όw/лΣ w/мΣ w!н ƻƴ Ǉƛƴǎ фΣмлΣммύέ ŀƴŘ 

converts the data ŦƻǊƳŀǘ ōŜŦƻǊŜ ǿǊƛǘƛƴƎ ǘƘŜ Řŀǘŀ ƛƴ ŀ άǎǘǊŜŀƳ ǘƻ ŀ ŦƛƭŜ ƻƴ ǘƘŜ CƭŀǎƘ 

ŘǊƛǾŜέΦ ¢ƘŜ ŎƘƛǇ ƘŀƴŘƭŜǎ ǘƘŜ C!¢мнΣ C!¢ мс ŀƴŘ C!¢он άŦƛƭŜ ŎǊŜŀǘƛƻƴ ŀnd data storage 

ƻƴ ǘƘŜ ¦{. CƭŀǎƘ 5ǊƛǾŜέ ŀƴŘ ŎƻƳƳǳƴƛŎŀǘŜǎ ǿƛǘƘ ǘƘŜ ŘŜǾƛŎŜ ǳǎƛƴƎ ǘƘŜ ¦{.н5a ŀƴŘ 

USB2DP (pins 28 and 29). The data being read from the Flash drive uses the same pins 

ŀƴŘ ƛǎ ǎŜƴǘ ŦǊƻƳ ǘƘŜ ±ƛƴŎǳƭǳƳ ŎƘƛǇΩǎ ¢·5 όǇƛƴ омύ ǘƻ ǘƘŜ ƳƛŎǊƻŎƻƴǘǊƻƭƭŜǊΩǎ w·D (pin 5) 

[15].  

The VDIP2 (Figure 15) unit is a microcontroller 

that utilizes the USB protocol to create an 

interface that allows its user to communicate 

between a USB operated device and an embedded 

system. Its controller is the VNC1L chip, also 

developed by Vinculum. When bought, the VDIP2 

unit comes equipped on a 40 pin printed circuit 

board. Through jumpers, the user can select one 

of three communication protocols: UART, FIFO and 

SPI 

The FIFO and SPI communication protocols will 
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not be discussed in this report. The VDIP2 module gives the user the ability to mount 2 

USB devices and communicate with them.  

There are also two LEDs that tell the user a number of things depending on the 

lighting combination: 

Table 2: 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: 
Table 3: Commands and their Description [17] 

Command Description 

DIR Get the list files present in the current directory 
E 9ŎƘƻ ōŀŎƪ ά9έ όǳǎŜŘ ŦƻǊ ŘŜōǳƎƎƛƴƎ ǇǳǊǇƻǎŜǎύ 
RD filename Read a file 
DLF filename Delete a file 
CLF filename Close a file 
QP2 Query USB port 2 
All commands are 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: 

Table 4: VDIP connection to MCU  

VDIP2 Pin M16C microcontroller Pin 

AD0 ς pin 14  (TXD) P6_2  (RXD) 
AD1 ς pin 16  (RXD) P6_3  (TXD) 
AD2 ς pin 17  (CTS) Not Connected 
AD3 ς pin 18  (RTS) Ground 

This can also be seen in Figure 16. 
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Figure 16: Hardware Connection between VDIP2 and MCU 

In order to communicate with the VDIP2, serial communication UART0 is used. A 

function was implemented to send the 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 USB flash 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 VDIP2. Upon receiving the command, 

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 for that 

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 UART0 were made as follows: 

void  init_UART0()  

{  

  // UART 0 bit rate  generator ï Baud rate set to 9600  

  u0brg =155;  

  // UART 0 transmit/receive mode register  

  smd2_u0mr = 1;   // eight data bits  

  smd1_u0mr = 0;  

  smd0_u0mr = 1;  

  ckdir_u0mr = 0; // internal clock  

  stps_u0mr = 0;  // 1 stop bit  

  pry_u0mr = 0;    // Odd  parity  

  prye_u0mr = 0;  // parity disabled  

  // uart0 t/r control register 0  

  clk1_u0c0 = 0; // f/1 clock  selected  

  clk0_u0c0 = 0;  

  nch_u0c0 = 0; // CMOS push - pull output  

  ckpol_u0c0 = 0; // transmite data at falling edge  

  uform_u0c0 = 0; // LSB fir st  

  crs_u0c0 = 0; // CTS function selected  

  crd_u0c0 = 0; // CTS/RTS enabled  

  // uart0 t/r control register 1  

  te_u0c1 = 1; // enable transmitter  

  re_u0c1 = 1; // enable receiver  

  // uart t/r control register 2  

  u0irs = 0;   // select interrupt source  

  u1rrm = 0;   // select interrupt source  
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When using that communication protocol it is necessary to have an End Bit defined 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 connected to a computer through 

the RS232 interface and Hyper-terminal was used to communicate with the VDIP2. 

However, the RS232 cable uses a 5V. In order not to damage the chip a simple circuit 

was implemented that brings down that voltage to the TTL voltage level of 

approximately 3V. The circuit is shown in Figure 17.  

 

Figure 17: Communication Interface between VDIP2 and Hyper-Terminal 

  clkmd0 = 0;  // n/a  

  clkmd1 = 0;  // clock output is only clock 1.  

  // Setting the priority levels  

  s0ric = 5;  

  s0tic = 4;  

}  
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Once communication is established it is known that the VDIP2 would send the 

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

the device holds any updated firmware, as seen from Figure 18. 

 

 

 

 

Figure 18: Detecting Flash Memory Stick 

An instruction was then sent to the VDIP2 through Hyper-terminal, the response 

is shown in Figure 19. A very bizarre problem was then encountered; the VDIP2 would 

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

message seen in Figure 20. ²ƘŀǘΩǎ ǎƻ ǇǳȊȊƭƛƴƎ ƛǎ ǘƘŀǘ ǘƘŜ ŦƛǊǎǘ ŎƻƳƳŀƴŘ ǿŀǎ ŀŎŎŜǇǘŜŘ 

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 after running the previous command, I see no 

reason as to why the second command is not being 

accepted. I have tried contacting the developers of 

the VDIP2, but they were anything but helpful. 

Furthermore, people from all over the world were 

contacted in an attempt to find out the problem. 

These people have used the VDIP2 before, but not 

ƻƴŜ ǇŜǊǎƻƴ ŦŀŎŜŘ Ƴȅ ǇǊƻōƭŜƳ ŀƴŘ LΩƳ ŀŦǊŀƛŘ ǘƘŀǘ 

they were not able to help. 

Figure 19: Running a Command 
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7.3. Using the VDIP2 in the project design 

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 microcontroller. This 

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 

implementation. 

1. Directory Command (DIR) ς 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 

Figure 20: Running the Second Command 
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ƻǾŜǊ ǘƘŜ ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƭƛƴŜΣ ŀ ά5Υ\έ is sent. The end of the transmission 

ƛǎ ƛŘŜƴǘƛŦƛŜŘ ǿƘŜƴ ǘƘŜ άΥέ ƛǎ ǊŜŎƻƎƴƛȊŜŘΦ ¢Ƙŀǘ ǇŀǊǘƛŎǳƭŀǊ ŎƘŀǊŀŎǘŜǊ ƛǎ ǳǎŜŘ 

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_LINE1, "  Main  " );  

  DisplayString(LCD_LINE2, "  Menu  " );  

  // Request VDIP2 to send the file list  

  sendCommand('D' );  

  sendCommand('I' );  

  sendCommand('R' );  

  sendCommand(0x0D);  

  // recieve the filenames  

  while  (x< 100)  

  {   

   f = Q_Dequeue(&rx_q);  

   if  (f == ':' )  

   {  

    // no more filenames. Therefore, 

break!  

    break ;  

   }  

   filenameBuffer[x] = f;  

   x++;  

  }  

  fileBufferSize = x -  1;  // To remove the D of 

the D: \ > 

  ListFiles(filenameBuffer);  

 }  
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2. Reading a File (RD filename) ς When this command is executed, the 

respective file is requested to be read. The VDIP2 sends the file data in 

the form of ASCII hex. The data is then stored in buffers. These buffers 

are to be later used in the display process. 

if  (key == 'B' )  

 {  

  int  data;  

  int  x = 0;  

  long  int  y = 0;  

  DisplayString(LCD_LINE1, "View prv" );  

  DisplayString(LCD_LINE2, "  file  " );  

  sendCommand('R' );  

  sendCommand('D' );  

  sendCommand(' ' );  

  sendCommand(fileList[fileNumber -  1]);  

  sendCommand(0x0D);  

  // recieve the data  

  // getting the file type (2 bytes)  

  fileType = Q_Dequeue(&rx_q);  

  data = Q_Dequeue(&rx_q);  

  strncat(fileType,data);  

  // 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;  

  // getting the Unused (4 bytes)  

  Unused = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (Unused, data);  

   x++;  

  }  

  x = 0;  

  // getting the Offset of  the start of the 

image(4 bytes)  

  OffsetStart = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (OffsetStart, data);  

   x++;  

  }  

  x = 0;  
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  // getting the Header Size(4 bytes)  

  HeaderSize = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (HeaderSize, data);  

   x++;  

  }  

  x = 0;    

  // getting the Width of the image(4 bytes)  

  ImageWidth = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (ImageWidth, data);  

   x++;  

  }  

  x = 0;  

  // 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;  

  // getting the number of planes(2 bytes)  

  NoOfPlanes = Q_Dequeue(&rx_q);  

  data = Q_Dequeue(&rx_q);  

  strncat(NoOfPlanes,data);  

  // getting the color intensity (2 bytes)  

  ColorIntensity = Q_Dequeue(&rx_q);  

  data = Q_Dequeue(&rx_q);  

  strncat(ColorIntensity,data);  

  // getting the compression (4 bytes) -  0 f or BM  

  compression = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (compression, data);  

   x++;  

  }  

  x = 0;  

  // getting the Image Size (4 bytes)  

  ImageSize = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(& rx_q);  

   strncat (ImageSize, data);  

   x++;  

  }  

  x = 0;  

  // getting the  X and Y resolution (4 bytes)  

  XYresolution = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  
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   data = Q_Dequeue(&rx_q);  

   strncat (XYresolution, data);  

   x++;  

  }  

  x = 0;  

  // getting the  number of color indexes used in 

the color table (4 bytes)  

  NoOfColorIndexs = Q_Dequeue(&rx_q);  

  while  (x <= 2)  

  {  

   data = Q_Dequeue(&rx_q);  

   strncat (NoOfColorIndexs, data);  

   x++;  

  }  

  x = 0;  

  // 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;  

  // 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;  

  // getting the Image scan line data (each scan 

line is 32bits - 4bytes)  

  while  (y < ImageSize)  

  {  

   ImageData[y] = Q_Dequeue(&rx_q);  

   while  (x <= 2)  

   {  

    data = Q_Dequeue(&rx_q);  

    strnc at (ImageData[y], data);  

    x++;  

   }  

   y++;  

  }  

 }  

 



Portable Bitmap Reader 
 

 

2009 

41 

3. Deleting a File (DLF filename) ς When this command is executed the 

respective file is deleted from the flash memory stick. Upon receiving the 

command, the VDIP2 handles the deletion process. 

if  (key == '#' )  

{  

 DisplayString(LCD_LINE1, "Deleting" );  

 DisplayString(LCD_LINE2, "  file  " );  

 sendCommand('D' );  

 sendCommand('L' );  

 sendCommand('F' );  

 sendCommand(' ' );  

 sendCommand(fileList[fileNumber]);  

 sendCommand(0x0D);   

}  

 

4. Closing a File (CLF filename) ς 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_LINE1, "Closing " );  

 DisplayString(LCD_LINE2, "  file  " );  

 DisplayString(LCD_LINE1, "Reading " );  

 DisplayString(LCD_LINE2, "  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 General Overview of How a TV System works 

The standard TV-set 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 bent with the 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 per second 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 image to be άǇŀǊǘƛŀƭƭȅ 

ǳǇŘŀǘŜŘέ рл ǘƛƳŜǎ ǇŜǊ ǎŜŎƻƴŘ ƛƴǎǘŜŀŘ ƻŦ нр ǘƛƳŜǎ ǇŜǊ ǎŜŎƻƴŘ [13].  

 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 order to 

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 data is arriving, 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 sent. The intensity of the 

beam is controlled through the voltage levels of the video signal [13].  

The voltage levels can be divided into three levels as seen in the table below (Table 5): 

Table 5: Voltage Levels of the Video Signal 

Level Voltage Description 

Level 1 0V Synchronization Pulses 
Level 2 0.3V Black 
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Level 3 1V White 
Voltages between 0.3V and 1V are characterized 
as Grey Scale. 

In order to generate more colors ŦǊƻƳ ǘƘŜ ōƭŀŎƪκǿƘƛǘŜκƎǊŜȅ ǎƛƎƴŀƭ ǿŜ άǎǳǇŜǊƛƳǇƻǎŜέ ŀ оΦруaIȊ 

signal for NTSC television systems or a 4.43MHz for a PAL television system [14]. By 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 in earlier sections, every image is divided into scan lines. Typically, a 

scan line is 64‘ί long [13]. That time is divided as follows: 

1. 4‘ί for sending the synchronization pulse. This is done by setting the voltage level to 

0V, as seen from Table 5. This is to inform the system that a new scan line is starting. 

The synchronization pulse here is the Horizontal Synchronization Pulse. 

2. 8‘ί delay to allow everything to settle into place. 

3. 52‘ί to transmit the image data. The image data is drawn from left to right. As 

mentioned earlier, the intensities are obtained from the voltage levels of the video 

signal during that time. 

Figure 21 shows an example of a video signal with its various stages. 

 

 

 

 

There are two main types to a video signal: 

1. Composite Baseband Video Signal (CVBS) 

Figure 21: An Example of a Video Signal [13] 

The faster the voltages are 

updated during an image 

scan line, the better the 

horizontal resolution [14] 
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2. Red-Green-Blue Video Signal (RGB) 

The CVBS signal is impossible to create using the M16C microcontroller because 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 down across 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 4.48MH signals are no 

longer needed. 

For a high resolution and high quality television image the voltage must be updated ten million 

times per second [14]. However, the M16C microcontroller used for the implementation of the 

display can by no means provide such speed. 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 (information 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 

synchronization 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 can be seen in Figure 22. 
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!ŎŎƻǊŘƛƴƎ ǘƻ DŜǊŀŜǘǎΣ ά¢ƘŜ ƴǳƳōŜǊ ƻŦ ƭƛƴŜǎ ƛƴ ŜŀŎƘ ŦƛŜƭŘ ǊŜǎǘǊƛŎǘǎ ǘƘŜ ǾŜǊǘƛŎŀƭ resolution. A PAL image 

Ŏƻƴǘŀƛƴǎ ŀōƻǳǘ рсл ǾƛǎƛōƭŜ ƭƛƴŜǎΦ !ƴ b¢{/ ƛƳŀƎŜ Ŏƻƴǘŀƛƴǎ ŀōƻǳǘ птл ǾƛǎƛōƭŜ ƭƛƴŜǎΣέ ώмпϐ. 

8.3. Implementation of the Signal 

The microcontroller used in this design has the ability to provide a 5V digital output. 

However, in order to generate the RGB signal a maximum of 0.7V can be used. In order to do so, 

the simple concept of voltage division is applied. As seen from Figure 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 

ǘƘŜ ǎƛƎƴŀƭ ǿƛǘƘ ǘƘŜ трҠ ƻǳǘǇǳǘ ƛƳǇŜŘŀƴŎŜ ǊŜǉuired [14]. The same implementation was done 

for the green blue signals and synchronization signals.  

 

Figure 22: Vertical Synchronization Patterns for Even and Odd Fields [12] 

Figure 23: Display Circuit for Solution 1 


