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Abstract

USB devices and flash disks are the most common storage device being used but very little work
has been done on it at university project level. Considering the increasing capacity and popularity of USB
flash disks, it is believed that in the near future they will replace CDs/DVDs and will be used as a primary
storage medium. For this purpose, a USB flash disk duplicator will also be required just as a CD/DVD
duplicator is required today. The aim of the present work is to develop a portable and stand-alone device
capable of copying the contents of one USB flash disk/mass storage device to another USB flash drive
without the use of an intermediary computer.
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1. Introduction

The USB Duplicator is a device capable of copying media from one USB flash disk to
another. USB is one of the most easy-to-use and widely used electronic devices, providing
quick connectivity with a variety of equipment and computing devices. USB has different
versions; the first was USB 1.0 with a lower bandwidth of 1.5 Mbits/sec, which eventually led to
development of version 1.1 which has a full bandwidth of 12 Mbits/sec and finally the current
version 2.0 with a high data rate of 480 Mbits/sec. The further enhancement of USB 2.0, known
as USB OTG (On-The-Go) provides for the additional capability of inter-transmission of media
between two USB OTG devices. It may also be noted that it is faster than USB 2.0. In many
parts of the world, USB 1.1 devices are still in common use. If our storage device is not USB
OTG, then to copy or duplicate one USB’s contents into another USB, a computer is required
because USB version 1.1 does not support inter-transmission of media between USBs. USB
OTG devices are not very popular. There are many devices which do not have USB OTG
function, so for those devices we need a PC to duplicate one USB’s data into another. In
this world of growing technology, and urge for better electronic devices, it is the need of the hour
to duplicate the data of one storage device into the other directly.

The aim of this research is to design a prototype device that will be capable of copying
media from one master USB Flash disk on to one slave USB Flash disk without using computer.
The complexity of the project is the synchronization between the master USB and slave USB.
The cost of the project is expected to be less than the devices which are currently available in
the market.

The current research explains the main components of the USB duplicator design which
includes the USB host controller IC and a microcontroller. All design steps are taken, which
were necessary for the successful implementation of the USB duplicator. A hardware design of
the system is systematically constructed after careful analysis of the previous work in this field.
The components to be used in the hardware are also identified in the design step. The software
is logically explained while programming the appropriate firmware on the host controller
Integrated Circuit (IC) chip. Initial testing of the USB host controller IC was done using PuTTY.
Finally, it is interfaced with the microcontroller. All the components and a prototype of the design
were tested in lab.
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This paper starts off with the background information in relevance to our research,
detailing what devices are available in the market and what research has been conducted in this
field. Key facts about the USB will be explained in Section Il, where technical aspects like power
management, USB protocols, type of USB packets, device limitations etc., are also discussed.
Section 1ll describes the USB duplicator design and implementation. Section IV provides the
architecture, explains the technical aspects of this project, where the hardware used is
discussed and explained in great detail. In Section V, the experimental setup, where selection of
the proper firmware and its programming using appropriate tools is explained. Finally, the
testing of the hardware is discussed in the following section VI which also details the end results
of the approach undertaken in this research. Future work is described in section VII.

2. Universal Serial Bus (USB)

An electronic hardware which is used to store information is known as a mass storage
device [1]. It can store information which can be retrieved as well as edited when required. This
information is stored in files. A file system is needed to organize these files in storage media.

There are many types of storage devices like hard drive, CD, DVD. CD’s and DVD’s
are portable storage devices but if they are not stored in proper safety box and if they are not
handled properly than the data on them can be lost. Data loss occur due to human mishandling
which causes breakage of CD’s and DVD’s A lot of care should be taken in order to keep data
safe. Hard drives can provide a huge storage for files but the only issue with them is that they
are not portable [2]. In order to cover these issues Universal Serial Bus (USB) was developed
by the union of companies in 1990s. It features a master-slave configuration which requires host
(master) and client (slave) [3].

The main characteristics of this technology are the ease of connecting without even
opening the chassis of computer. All peripheral can be connected through a direct USB port [4].
Wired USB technologies can be categorized into following main categories:

A.USB 1.0
USB 1.0 has a full speed of 12 Mbits/sec and a low speed of 1.5 Mbits/sec.

B. USB 2.0
USB 2.0 is almost 40 times faster than USB1.0. It can provide full speed of up to 480
Mbits/sec.

C.UsSB 3.0
It is targeted to be 10 times fast than USB 2.0. However it is under development process.

Due to its high bandwidth, bidirectional communication, Plug and Play (PnP) and low
cost, current electronic devices, such as portable storage devices and digital video or audio
devices, are commonly equipped with USB interfaces for connection with computers. Flash
disks, digital cameras, Personal Digital Assistants, and MP3 players are one of its examples [5].
USB provides connection of a computer with up to 127 peripheral devices. It can be found in
over six billion PCs [6].

From the past few decades’ technology, whether it is a processor or storage device is
continuously in the state of evolution because of the need for faster, portable and more efficient
computing devices. Similarly our desire and need for new, fast and portable data transfer
methods associated with USB’s, plays a major role in the development and research towards
USB data duplicator devices.

The work done by Chunping Wang and team in 2007 it is observed that a better method
of Universal Serial Bus (USB) data transfer between the USB host and the USB device has
been provided [7]. Previous version only has a bulk endpoint buffer which handles the data
transfer for all types of data. The problem with the that invention was that the bulk end point
buffer was only responsible for sending and receiving data, the buffer requires repeated
clearance for storage of transmitted and received data, hence delaying the transmission and
degrading the performance of entire system.

Unfortunately the data rate for the device has not been given in their research.

On the other hand, this USB device cannot support bulk-only transmission mode to

transfer the data with a host. But it comprises a bulk endpoint buffer, an interrupt endpoint buffer
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and a multiplexer [8]. The bulk endpoint buffer stores the data to be transferred through a bulk
endpoint of the USB device. The interrupt endpoint buffer stores data transferred between the
device and the host through an interrupt endpoint of the USB device. Multiplexer is responsible
for switching the path of the data.
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Figure 1. Architecture of USB data transfer method [9].

Data transferred between the host and the device is categorized into three categories
including common data, command block wrappers (CBW) and command status Wrappers
(CSW) [10]. Common data is transferred through bulk end point buffer and data belonging to
CBS and CSW s transferred through interrupt point buffer. A microprocessor controls the
operations storage module, the control endpoint buffer, the bulk endpoint buffer and the
interrupt endpoint buffer [11].

This invention uses an interrupt endpoint buffer to manage CBW data and CSW data.
Thus, the bulk endpoint buffer is not required to frequently clear and move the data stored
therein and is dedicated to the transmission of common data. The data transmission bandwidth
of the USB device is thus increased, and the performance of the USB device is improved.
Though the performance is improved even then the buffers need repeated clearance, due to
which optimized speed cannot be achieved. Increasing the buffer size can be one good idea to
optimize the speed but this can reduce system performance [12].

The research illustrates the transferring of data from the USB to the processor and
receiving data from processor to the USB. It is very useful in understanding the concept of data
transfer between the USB host and the device. In case of USB data duplicator this technique
can be useful to receive the data from the source USB in to the host controller where it can
store it and transmit it to targeted USB. In 2008 M. R. Bohm and A. Ghosh proposed that a
single USB device may be shared across multiple USB hosts without needing to be re-
configured each and every time the upstream hosts try to access the USB device [13]. The
multi-host capable device includes separate buffers for each host, and configures itself to
respond to USB requests from more than one host. The device maintains a dedicated address,
configuration and response information for each host. Each host can then establish a dedicated
USB connection with the sharing device. In order to achieve this they divided the USB device
into three segments. The first block comprises a USB interface and other circuitry necessary to
send or receive data. The second block consists of an Endpoint Buffer Block, which is used by
the first and third block to buffer data. The third block comprises the “Peripheral Function” itself,
which has the necessary circuitry for the specific USB device function.

J. Wang with his team member P. Liang invented a system for batched USB data
transfer in 2005. In order to achieve an improved system that reduces the interrupts to
microprocessor and improves the data throughput on USB for a host system having an
embedded USB architecture. The invention comprises a USB host controller system, batch of
USB devices, microprocessor, memory associated with microprocessor and memory associated
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with the host controller system. Host controller is interface between the Batch of USB devices
and the microprocessor.

The host controller unit assembles first batch of USB transactions in a memory. It
sequentially execute each of the USB transactions of the first batch in the memory and then
send an interrupt signal to a host processor indicating that the first batch of transactions has
been completed. The processor then executes a single interrupt and sends the required data to
host controller. Host controller stores that data in memory and sends the data sequentially to the
USB devices [14].

In another aspect USB host controller is adapted to receive and assemble information
indicative of a plurality of USB transactions from a host processor but the USB host controller
executes an assembled batch of a plurality of USB transactions upon meeting a certain
condition and then the host processor is informed of the availability of the status of the plurality
of transactions upon completion of the batch. In this way the host controller reduces the overall
resource demand on the host processor during execution of the batch of USB transactions [15].

Though this method reduces the overall resource demand of the microprocessor but it
does not help in copying the data from USB to the processor. The research illustrates the
transferring of data from the processor to USB host controller system. Host controller then
sequentially sends the data to the batch of USB attached. It is very useful in understanding the
concept of data transfer between the USB host and the device.

In 2006, two researchers, F. Loo and C. Kuo provided a data duplication method and
system used between USB devices so that two or more USB devices can perform inter-
transmission of file data without any assistant from a computer [16].

A digital data duplication system is used to control data duplication between a source
USB device and at least a target USB device. The duplication system comprises at least a
Serial Interface Engine (SIE) circuit, a CPU, a LED or LCD, and a data buffer unit. The CPU is
connected to the source USB device and the target USB devices via SIE circuits. The central
processing unit controls the SIE circuits to transmit digital data from the source USB device to
the target USB devices. The data buffer unit is connected to these SIE circuits and the CPU,
and is used to provide memory buffer space required during the digital data duplication process.
LED or LCD is connected to show the statues of the device [16].
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Figure 2. Architecture of Data exchangeable USB devices.

C. Hung with his team members, in 2006, presented an USB data storage device that
can directly accesses another USB device to retrieve or store data without being through a host
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computer. This invention was also equipped with a MP3 decoder/encoder (codec) to play MP3
music. It can also take an analog voice data through microphone connected to the USB port
and store it in a digital voice data form [17]. Another aspect of this invention is that the USB
interface module comprises an USB host core circuit and an USB device core circuit. The USB
host core circuit is activated as an interface to an USB device if the USB host is at device mode.
On the other hand, the USB device core circuit of the USB interface module is activated as an
interface to an USB device if the USB device is at host mode [17]. The researchers give a
detailed description of data transferring between two USB devices without even use of
computer. Serial interface was used for duplicating data of one device to another. This method
given in this research is quiet similar as USB duplicator however the hardware to perform these
functions is different e.g. memory module for storing the MP3 music and A/D convertor for
converting analogue voice data in digital data.

The above mentioned researches are very useful in order to start the USB data
duplicator project. It will use the methods which are described above to transfer data between
the source device and the target device. USB data duplicator is aimed to provide standalone
hardware for the duplication of data between the master USB and the slave USB. It only has
one path on which it has to transfer data. So it does not need any specific memory for storing
the data path for the data. Furthermore speed and performance of the hardware can be
enhanced by attaching a dedicated microcontroller to the USB host which will be responsible for
data handling. It will be smaller in size as it will duplicate data between only two USBs.

3. Methodology

A USB duplicator can copy the contents of one USB to the other without the aid of
computer. The basic architecture of the USB duplicator is simply based on a microcontroller and
a USB controller IC. The microcontroller and USB controller are interfaced with each other.
Type “A” USB sockets are attached to the host controller where the USB devices can be
attached. So the USB devices will be connected to the USB controller with the help of Type “A”
USB connectors. The microcontroller, USB host controller and the USB devices will require a
constant voltage in order to be in working order. Microcontroller issues commands to the USB
controller which handles the actual transaction between the two flash disks.

Source Disk
¢ Transmit
: 5 -—
USB Host
: ’ Receive

Target Disk

Figure 3. Basic Architecture of USB Duplicator

4. Architecture of USB Duplicator
1) Hardware identification

The basic architecture shows that a microcontroller will be interfaced to a USB host
controller which will be further responsible for connecting flash disk with it. Many options were
there for choosing the Host controller but Vinculum’s Vdip2 module was chosen as the USB
Host Controller.
a) VNCILIC

VNCLL is a USB host controller; it supports two independent USB 2.0 host ports. It can
be interfaced with other devices via UART, FIFO or SPI interfaces. Entire USB protocol is
handled on this chip. There are separate DMA controllers for both USB interfaces [27]. It can
not only handle entire USB protocols but the integrated firmware allows reading from and writing
to any FAT format USB device.
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VNC1L-A is only available in SMT packaging. The chip has extremely small
dimensions. Due to these small dimensions it was necessary to use the chip with an SMT to
DIP adapter. The PCB design for this adapter required the trace width to be no more than 9
mils, while the CNC machine available could only create traces of 20 mils or more. Therefore, in
this project | used the VDIP 2 prototyping module of VNC1L-A [27].
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Figure 4. VNCL1L Block Diagram.

b) VDIP 2 Module

VDIP 2 module is used to communicate between the microcontroller and the USB
devices. It is an embedded USB host controller development module for the VNC1L I.C. device
which is attached to two vertically mounted USB Type “A” sockets. USB flash drives will be
attached to these sockets. It has 40 pins and is supplied on a PCB design. This module has
been chosen for the project because it can provide access to the UART, parallel FIFO, and SPI
interface pins on the VNCL1L devices [28].

Figure 5. VDIP 2 Module

For UART interface the VNC1L works at 12Mb/sec [29]. The actual throughput does not
totally depend upon the VNC1L but also on the device attached to the USB port. Factors such
as disk size, format and how full a disk is all impact on the overall speed as the bulk of the
processing time is related to handling the FAT table.

The peak and sustained throughputs of the FIFO interface at any given baud rate will be
similar to the UART interface at the same baud rate due to the architecture of the VNC1L device
[29]. Reading data is faster as the VNCL1L can store the data on the chip before passing to the
monitor port. The peak and sustained throughputs of the SPI interface at any given baud rate
will be lower than the UART interface at the same baud rate due to the architecture of the
VNCLL device [29].
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c) TTL-232-3V3 Cable

A TTL-232-3V3 cable is needed to program VDFC firmware on the VNCI1L I.C. It is
incorporated with FTDI's FT232RQ USB to Serial UART interface IC device which handles all
the USB signaling and protocols. It provides fast, simple way to connect devices with a logic
level serial interface to USB [23].

d) PIC Microcontroller

Any microcontroller which supports UART, FIFO or SPI can be used for this project.
The PICDEM development board includes PIC 16f877A with it, so it was used for project. PIC
16f877A can not only support UART but also have a feature of FIFO and SPI interface. It can be
programmed to send the commands to the host controller by either using its USART, FIFO or
SPl interface.
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Figure 6. PIC 16f877A Block diagram.

e) PIC development board

There were some PIC development boards already available within the university but all
of them had integrated microcontroller on the board. So the development board for this project
will be PICDEM 2 plus demo board. It has onboard microcontroller which can be programmed
and removed from the board for other purposes. It is required to program the microcontroller. It
has an in circuit debugger (e.g. MPLAB) which will also be very useful for testing the
microcontroller.
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Figure 7. PICDEM 2 PLUS Board.

f) Software identification
Two major softwares were used in the compilation of project are PUTTY and MPLAB, as
described below.

g) PUTTY

PUTTY is a free and open source terminal emulator application which can act as a client
for the SSH, Telnet, rlogin, and raw TCP computing protocols and as a serial console client. It is
used for serial communication of devices. It is a replacement for Hyper Terminal. It will be used
for initializing the hardware. After initializing this software will be used in testing the working of
the hardware produced.
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Figure 8. PuTTY Configuration GUI.
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Figure 9. Block Diagram of USB Duplicator
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h) MPLAB

It is tool for programming the microcontroller on the development board. It has built in
ability to convert the C code to assembly code and generates HEX files for programming the
microcontroller.

5. Experimental Setup

As mentioned above that VDIP 2 module has been used as the USB host controller. It
has on VNCL1L I.C on it; which handles all the USB protocols. The Vinculum VNCI1L device has
two USB host ports as well as a combined serial UART, SPI or FIFO interface. The combined
interface is selectable using a pair of pins connected to either pull-ups or pull-downs.

5.1 VNCI1L Firmware

The firmware for the Vinculum VNCL1L allows a command Monitor port to be active on either the
combined interface or one of the USB Ports. The main function of the Monitor is to allow an
embedded device to communicate via the VNC1L's UART, parallel FIFO or SPI interface port
with USB peripheral devices [30]. Several classes of device can be connected to this I.C. There
is different firmware for each class. Each version of firmware code allows a different
combination of devices and monitor ports. There are several pre-compiled firmware codes
available online.

VDAP (disk and peripherals).

VDIF (disk and FTDI Interface).

VMSC (music player).

VDPS (disk, PC monitor and slave port).

VCDC (communication class device).

VDFC (disk and file copier).

Table 1. VDFC Command Set

Command Function
A: Select Source Disk
B: Select Target Disk
IMS Create Snapshot Image of source disk
IMS file Create Snapshot image of a file of source disk
CPS Copy source disk to target disk
CPS file Copy file from source disk to target disk

The VDFC firmware was used in USB duplicator project because it not only allows
device interface but also allows file copying. Command set of the firmware can be seen in Table
1.

a) Firmware Setup

The VNCI1L boot loader uses the UART interface to load new firmware into the
Vinculum Flash memory. This was done using TTL-232-3V3 cable. Pins of TTL cable and
VDIP2 module that were used while programming the firmware are shown in table 2 and 3
respectively.

RED

BLACK

CABLE 1.8m

BROWN
Figure 10. Generic Cable connections of TTI-232-3V3.
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Table 2. Pin Signal Description of TTL-232-3V3 Cable.

Color Name Type Description

Black GND GND Device Ground Supply In

Brown CTS# Input Clear to send control
input/Handshake signal

Red VCC Input/ Power supply output/Input

Output

Orange  TXD Output Transmit Asynchronous Data Output

Yellow RXD Input Receive Asynchronous Data Input

Green RTS# Output Request to send control output/handshake signal

b) Firmware Programming

TTL cable was connected to VDIP2 according to the pin description given in table 2 and
3. To enable the boot loader, the PROG# pin of VDIP2must be driven low and VNC1L must
then be reset by driving the RESET# pin low then high. Run mode can be enabled by driving
the PROG# pin high and then resetting VNC1L by driving the RESET# pin low then high. This
was done by toggling one of the output pin of the microcontroller using delay functions. VPROG
application was used to program the VNCI1L. The COM port is selectedon which the VDIP2
module is connected through TTL cable and the ROM file for the desired firmware is then
selected and is programmed on to the VNCI1L.

Table 3. Pin Signal Description of VDIP2.

PIN no Name  Type Description

12,13, GND GND Device Ground Supply In

15,26

2,39 VCC Input Power supply output/Input
14 TXD Output Transmit Asynchronous Data output
16 RXD Input Receive Asynchronous Data Input
17 RTS# Output Request to send control output/ HS signal
18 CTS# Input Clear to send control input/HS signal
30 RS# Input Reset
31 PG# Input Used in combination with pin 30

Table 4. Jumper Configurations

Parameter I/0 Mode
Baud Rate 9600
Mode Asynchronous
Parity No Parity
Number of data bits 8

c) VDIP2 Setup

As mentioned in section 4.2.1.2 that VINC1L achieves it maximum data rate when
UART interface is used because UART mode transfers data using 8 bit data packet where as in
SPI mode data is transferred serially bit by bit. So using UART mode 8 bits can be send at
a time. Therefore VDIP2 was used in serial UART mode. Its jumpers have to be adjusted in
order to use its serial UART.

d) Microcontroller Setup
USART of the PIC16f877A microcontroller was used to communicate with the USB
controller. The USART has to be initialized before any communication can take place.
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Initialization includes setting of the Baud Rate, number of data bits, parity and enabling the
transmitter or receiver depending upon usage.
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Figure 11. PIC16F877A pin configuration

Table 5. USART Setting of Microcontroller

ACBUS6 ACBUSS I/0 Mode
(VNCIL PIN 47) (VNCIL PIN 46)
Pull down Pull down Serial UART
Pull up Pull down SPI
Pull down Pull up Parallel FIFO
Pull up Pull up Serial UART
ithe

Figure 12. Code flowchart 1
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Pin 25 (Port C pin 6) and pin 26 (Port C pin 7) are the USART transmit and receive respectively.
The USART was used with the settings as shown in Table 5 below. Working of the code written
is explained in the flowchart presented in Figure 12 and 13.

6. Testing
6.1 VDIP2 Test with PUTTY

USB host controller IC was tested separately first, by interfacing it with PC's PuTTY
application using the TTL cable. After programming VDFC firmware the firmware was tested by
issuing it different commands. The responses from these commands were required for writing
the program for the microcontroller.

PUTTY was used with the settings as shown in Table 6 below.

Table 6. PUTTY Settings

Parameter Value
Baud Rate 9600
Mode Asynchronous
Parity No Parity
Number of data bits 8
Flow Control Hardware

Testing the VDIP2 with the hyper terminal has provided a great ease in programming
the microcontroller as it gives the response we would receive serially from the VDIP2 whenever
an event is going to occur. Figure 31shows the message which is seen on PUuTTY whenever it
detects a device on the VDIP2 Module.

Figure 13. Code flowchart 2

Buletin TEI Vol. 1, No. 4, December 2012 : 263 — 278



Buletin TEI ISSN: 2089-3191 m 275

e e

et
4 ,?isz‘f
e

Figure 14. USB Duplicator Schematics

VDIP2 MODULE

Figure 16. Code flowchart 1 with LCD interfacing
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Figure 17. Code flowchart 2 with LCD interfacing

6.2 PIC16f877A Test with PuTTY

To test the serial UART of the PIC16f877A was connected with PuTTY using the TTL-
232 USB cable used for serial communication. Sample data was sent to the PuTTY and
received from it to make sure that the UART was configured properly. The same PUTTY settings
as that for VDIP2 were used in this case.

6.3 Schematics
Finally the microcontroller was interfaced with VDIP2 which is shown in Figure 16.

7. Conclusion

The final hardware is capable of copying contents of one USB Flash drive to other USB
flash drive. The project has helped in understanding the serial communication of devices with
computer. It also helped in finding the ways to interface and communicate microcontroller with
the USB host controller which in this case is VDIP2 Module. Complete understanding of using
MPLAB environment was carried out for writing the serial code for microcontroller.

After the initial setup the microcontroller waits for the signal that both the devices has
been connected to the VDIP2

Module and are ready for the data transfer. Once the data transfer has been started it
cannot be stopped unless or until any error occurs. If the target disk has the same files then
they will be overwritten. If the target disk ran out of space while data is being transferred then
the data transfer is stopped. The files that have already been copied are not deleted. The data
rate using UART mode is 12 Mbits/s. This was mentioned in the datasheet of the VDIP2
Module.

The effective cost for developing this project was around £20. An additional cost was
the PICDEM 2 demo board that was used to program the PIC to perform project specific
functions, which was £66. This is a very cost effective solution as compared to what is available
in the market at the moment. The investment in the PICDEM 2 board is a one off cost, which is
able to program many PICs so this greatly reduces the cost of the device itself.

8. Future Work

The research discussed so far is implemented on the bread board and it only checks
whether the USBs have been attached to the Module before issuing the data transfer command.
If sufficient time was available it would have been given a PCB design and a LCD would have
also been attached to the microcontroller for displaying the current status. The block diagram
after interfacing the LCD with microcontroller is shown in Figure 16 and 17 respectively.
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Interfacing the LCD with the microcontroller can also be used for showing an error
message if any error occurs. The Module has already been tested for the type of errors which
can occur during data transfer. In case of error VDIP2 module writes the error message on its
status register. Microcontroller can be programmed for checking the status register of the
module using polling techniques i.e. continuously checking the status register of VDIP2 module.
By reading the status register of the Module during file transfer microcontroller can display the
current status on the LCD.
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