
DESIGN AND IMPLEMENTATION OF A GENERIC DATA-INTERFACE

Dries Langsweirdt and Yolande Berbers
Department of Computer Science

K.U.Leuven
Leuven, Vlaams-Brabant, Belgium

email: {dries.langsweirdt,yolande.berbers}@cs.kuleuven.be
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ABSTRACT
This paper describes the design and implementation of a
generic data-interface. Minimalistic hardware design and
the embracement of open-source projects turn this inter-
face into a flexible alternative for expensive and proprietary
development boards, or custom build, time-consuming so-
lutions. A prototype of this generic interface was success-
fully implemented, able to continuously stream up to 32
Mbps.
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1. Introduction

Controlling or testing electronic hardware is required
in many application domains, and for reasons of cost-
effectiveness preferentially done with a general purpose
workstation. Examples range from process control to mul-
timedia streaming. Each piece of hardware has its own
interfacing peculiarities, especially if prototypes and cus-
tom build hardware are considered. The former category of
hardware is almost exclusively used in an experimentation
context. Experiments on real hardware, be it parts of a sys-
tem under design, can provide a proof-of-concept, and give
the engineer a better insight on the actual system behavior.
To be valuable, the time it takes to set up and conduct such
an experiment must be in proportion to the obtained results.
However, due to the predominant non-standardized nature
of the interfaces, controlling a prototype with a workstation
can quickly become a daunting and time consuming task.
The problem worsens if the interfacing is designed as a one-
time solution, and redundant work gets done with each new
development case. To tackle the interfacing problem, two
approaches are generally considered:

• A custom solution is elaborated, based on the com-
monly available and standardized interfaces of the
workstation. Examples include USB, Ethernet and
IEEE1394.

• Development boards, measurement cards or equiva-
lent products available from industry are obtained and
adopted.

Although conceptually straightforward, these ap-
proaches have their problems. The former approach suffers

from the fact that a thorough knowledge of the standards
and protocols is necessary for all but the trivial interfac-
ing applications. Moreover, additional hardware and driver
development is frequently needed. The latter method of-
ten proves to be inflexible due to proprietary components.
It can be an expensive solution, still lacking good vendor
support.

As a solution to these problems, a highly configurable
and therefor generic interface was developed, which acts as
glue logic between external hardware and higher-level ap-
plications on the workstation. The interface assures mini-
mal loss in time while exploring new design ideas on real
hardware. Formally, the design of the generic interface was
based on the following requirements:

• Flexibility It must be possible to interface a large di-
versity of hardware in a platform-independent way.

• Throughput Low to medium performance multime-
dia streaming must be possible.

• Transparency Low-level details are completely han-
dled by the interface.

• Openness It must be possible to change or augment
any part of the interface design, be it hardware or soft-
ware.

• Cost Hardware needs must be kept to a minimum.

Next paragraph describes the design decisions that
were made to fulfill these requirements. Paragraph 3 sum-
marizes the results obtained with a prototype of the generic
interface. A case study that illustrates the philosophy be-
hind the use of the interface is subsequently presented in
paragraph 4. Finally, paragraph 5 wraps up this paper by
presenting the conclusions and future work.

2. Design concepts

The design of the interface involves a hardware and a soft-
ware part. Acting as a bridge, the hardware of the generic
interface converts the device-specific interfacing needs to
a standardized workstation bus. The software manages
the board configuration and data-transfers to and from the
hardware. Although the fact that the design of both com-
ponents is tightly coupled, they are presented separately for
clarity.
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Figure 1. The data chain of the generic interface.

2.1 Hardware

The hardware of the generic interface conceptually consists
of four modules, implemented on the same physical board:

• The USB module This module connects the board
with the workstation through the USB 2.0 bus. Using
USB 2.0 ensures ease of use (plug-and-play), work-
station compatibility and high data bandwidth (the-
oretically up to 426 Mbps). The module is imple-
mented using the FX2LP core [1] by Cypress and in-
cludes a 8081 based microcontroller. FX2LP compo-
nents are highly available and their use is well doc-
umented. The microcontroller handles the configura-
tion of the USB-engine and the general setup of the
board. The firmware for the microcontroller can be
uploaded from the workstation, there is no need for
non-volatile memory. Development of the firmware
was based on the FX2LP code provided by the GNU
Software Radio project [2]. The open-source Small
Devices C Compiler [3] is used for firmware compila-
tion.

• The configurable hardware module To support par-
allel and serial communications with external hard-
ware, varying bus width, master and slave mode,
data buffering and different clock domains, a Spar-
tan3 XC3S200 Xilinx FPGA was added to the board.
The Spartan 3 series contain block RAM, and are
the first Xilinx FPGA’s with a Digital Clock Man-
ager (DCM). The DCM allows to statically synthe-
size, within bounds, an arbitrary clock signal from a
given input clock. Block RAM can be used to imple-
ment asynchronous FIFO’s, needed to bridge different
clock domains. Both features ease the development of
flexible hardware designs. The FPGA configuration
data is not stored on-board, but also provided through
the USB-link.

• The I/O and clock module A total of 32 FPGA I/O
lines and two separate clock lines can be used to in-
teract with external hardware. Sixteen I/O lines are
bridged by voltage translators in combination with a
digitally controlled voltage divider. By doing so, the
voltage level of these I/O lines can be adjusted in 0.2V
steps from 1.4V to 5V, making it possible for the board
to interact through multiple voltage standards (TTL,
LVTTL, LVCMOS25...) with the external hardware.
This allows to interact with a broader range of hard-
ware. Only sixteen of the 32 lines provide this func-
tionality. The other sixteen lines are geared towards
speed instead of compatibility by avoiding any addi-
tional components (and therefore RC-effects) on the
data-path.

• The power supply module The USB 2.0 standard al-
lows a device to draw 500 mA of current from the
workstation at most. This is not enough to cover all
possible applications. Therefor, the board relies on
an external power supply. The module converts the
common external voltage between 11V and 30V to the
four internally needed voltages: 1.2V, 2.5V, 3.3V and
5V. The module can continuously deliver 1.5 A to the
rest of the board.

Avoiding all non-volatile memory on the board keeps
the hardware needs to a minimum, and so the cost of the
board. At the same time the reconfigurability is maximized,
leading to high flexibility during use. Appropriate software
support is needed for this process to work, as described
in the following section. Figure 1 shows the normal data-
flow from the external hardware to the workstation, or vice
versa, through the aforementioned modules. Figure 2 illus-
trates how these modules map to the physical board layout.
Several generic FPGA designs were elaborated as a start-
ing point for further developments. An example is provided
in paragraph 4. They can be used to change or extend the
existing functionality of the board. An eight bits wide par-
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Figure 3. Modular decomposition of the OpenUSB (left) and SDL (right) libraries.

Figure 2. Mapping of the modules on the board layout. (1)
Power Supply Module, (2) USB Module, (3) Conf. Hard-

ware Module, (4) I/O Module.

allel bus and an I2C interface form the bridge between the
FPGA and the FX2LP. The parallel bus is asynchronously
clocked, yielding a maximum throughput of 57 Mbps. This
is currently the bandwidth bottleneck of the board. Syn-
chronous clocking leads to a theoretical bandwidth of up to
254 Mbps, but involves a more complex FPGA and soft-
ware design and was therefore not foreseen in the first de-
sign iteration.

2.2 Software

The workstation software was written with portability in
mind, to ensure that the user of the generic interface is
not bound to a particular platform. Currently, a C/C++ so-

lution exists for Linux 2.6 and Windows NT based plat-
forms. In order not to compromise the modifiability of
the design, supporting the openness requirement, the soft-
ware development heavily relied on open-source projects.
OpenUSB [4] is used for platform independent USB con-
nectivity. In the context of multimedia streaming, an exten-
sion point for data visualization and/or sound reproduction
was foreseen with the adoption of the Simple DirectMedia
Layer (SDL) [5] library. Figure 3 illustrates how these li-
braries both attain platform-independence through the use
of different back-ends.

Shortly after the generic interface board is connected
to the USB bus of the workstation, the software recognizes
the board, claims it and uploads the firmware. Depend-
ing on the desired functionality, the software selects the
appropriate FPGA configuration file and uploads the data
to the FX2LP. Its firmware is able to serially configure the
FPGA. This configuration process can be re-triggered by
software at any point in time during operation, allowing
the board to change its functionality dynamically. As such,
a complex controlling application can be emulated by sub-
sequently loading less complex and more cohesive FPGA
designs, supporting design re-use.

To increase data throughput, the software was imple-
mented as three loosely connected threads. The user inter-
face and configuration functions are decoupled from the vi-
sualization and persistent storage threads to retain respon-
siveness at all time. The latter two threads share the same
data if they are both active, and proper synchronization is
needed.

3. Results

A prototype of the generic interface was implemented and
is currently used as a research tool at MICAS [6]. Sev-
eral tests were executed to asses the performance of the
design. The tests mentioned here were performed on an In-
tel Celeron 2.4 GHz desktop with 1 GB of internal memory
running Ubuntu 8.04. The results are platform dependent.

Because the board contains no non-volatile memory,
configuration is needed on each hard reset and subsequent
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reconfigurations. Uploading the firmware typically takes
less than 0.5 seconds. The configuration of the FPGA an-
other 5 to 6 seconds (200 kbps).

To quantify the maximum bandwidth of the full data-
path, random data was transferred to the workstation while
minimally processing it. On average, a maximum speed
of 32 Mbps was achieved. Further tests revealed that the
discrepancy between the achieved results and the hardware
supporting 57 Mbps can be explained by time consum-
ing context-switching on the workstation. This context-
switching is mainly induced by the platform independent
OpenUSB library, operating in user-space.

4. Case Study

Figure 4. Controlling a stepper motor with the generic in-
terface.

To make it possible for someone without noteworthy
programming skills to use the generic interface for basic
controlling applications, an extension on the basic design
was elaborated. With this extension, it is possible to de-
scribe the subsequent output states of the board’s I/O-pins
in a plain text file with hexadecimal characters. This file
can be fetched by the workstation software. After selecting
the desired clock rate and bus width in the software user
interface, the data is downloaded to a FIFO-buffer on the
FPGA and appropriately clocked out to the external hard-
ware. To demonstrate this procedure, a bipolar stepper mo-
tor was controlled at different speeds and sequences with-
out writing a single line of true code. Figure 3 shows the
setup of this experiment. Besides the external power sup-
ply, the generic interface and the bipolar stepper motor, two
L293D H-bridge motor drivers are shown. They are needed
because only 20 mA can be drawn from each I/O-line of the
generic interface.

5. Conclusion and future work

It can be concluded that the design of the generic interface,
as described in this paper, fulfills the requirements as stated
in the introduction. It offers an extensible platform that can
be used to quickly develop interfacing applications, without
the drawbacks commonly encountered with other methods.
As future work, the data throughput can be improved by re-
placing the OpenUSB library with a kernel-space driver for
the board. This would bypass a large fraction of the expen-
sive context-switching. Another interesting improvement
would be to augment the hexadecimal way of specifying
the interactions, as mentioned under paragraph 4, with a
more versatile mechanism. An easy to use scripting lan-
guage would be more appropriate in this context, making
the interface also an interesting tool for educational pur-
poses.
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