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ABSTRACT

This paper introduces a high speed distributed data acquisition system based on a field programmable gate array (FPGA). The
aim is to develop a "distributed" data acquisition interface. The development of instruments such as personal computers and
engineering workstations based on "standard" platforms is the motivation behind this effort. Using standard platforms as the
controlling unit allows independence in hardware from a particular vendor and hardware platform. The distributed approach
also has advantages from a functional point of view: acquisition resources become available to multiple instruments; the
acquisition front-end can be physically remote from the rest of the instrument. High speed data acquisition system transmits data
faster to a remote computer system through Ethernet interface. The data is acquired through 16 analog input channels. The input
data commands are multiplexed and digitized and then the data is stored in 1K buffer for each input channel. The main control
unit in this design is the 16 bit processor implemented in the FPGA. This 16 bit processor is used to set up and initialize the data
source and the Ethernet controller, as well as control the flow of data from the memory element to the NIC. Using this processor
we can initialize and control the different configuration registers in the Ethernet controller in a easy manner. Then these data
packets are sending to the remote PC through the Ethernet interface. The main advantages of the using FPGA as standard
platform are its flexibility, low power consumption, short design duration, fast time to market, programmability and high
density. The main advantages of using Ethernet controller AX88796 over others are its non PCI interface, the presence of
embedded SRAM where transmit and reception buffers are located and high-performance SRAM-like interface. The paper
introduces the implementation of the distributed data acquisition using FPGA by VHDL. The main advantages of this system are
high accuracy, high speed, real time monitoring.
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1.INTRODUCTION field. ARM has a formidable transaction management
function. It is mainly used in embedded control,
multimedia, mobile applications and other areas. The
main advantages of DSP are its strong data processing
capability and high operating speed[4]. DSP are mainly
used to greatly reduce the control system computation
and band width requirement[5]. The above
disadvantages of the microcontroller and DSP leads to
the development of data acquisition system using FPGA
as the main controller. Flexibility is the most favorable
feature of FPGA’s[6]. The development and verification
of a system can be done using FPGA. Small internal
delay and high clock frequency helps it to realize the
complex circuits using simple control logic and accurate
timing. Parallel processing structure of FPGA is highly
advantageous for implementing complex algorithms[7].
Now a day FPGA is fully equipped with hard and soft
core processors. This helps in the development of low
cost embedded systems design and development.

Data acquisition involves collection of data for the
purpose of analysis or documentation of some process.
Data acquisition using electronic equipments increases
the accuracy and reliability[1]. Analog to digital
converter is the main part of the data acquisition system
as it determines the resolution which in turn fixes the
speed of the data acquisition system[2]. Earlier we used
data acquisition system based on microcontroller unit.
The data that may be in analog or digital form are read,
filtered, processed and sent to different displaying
devices using proper interfaces. In microcontroller based
systems the processing is done using the microcontroller
unit. The main advantages of this system are its low
cost, low power consumption and smaller size[3]. This
system has got several drawbacks such as low
processing speed and poor usage of memory resources.
The embedded field now uses Advanced RISC Machines
(ARM), DSP chips and FPGA as the three main

controlling unit in the data acquisition system. The three
processors have their own advantage in their application
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The acquired data from data acquisition system are
transmitted to the displaying device using serial
communication, Universal Serial Bus (USB), data
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acquisition system plug in board, parallel port and
ethernet. RS232 and RS485 are used for serial
communication system. Transmission distance is the
main limitation in all this communication. R5485 can
support only up to a distance of 5000 feet. Personnel
Computer can be connected to the data acquisition using
parallel port. However the distance between the
computer and the data acquisition device is limited to a
few feet. USB is the new technology in the field of data
acquisition system that supports higher bandwidth than
any other competent in this field[8]. The main advantage
of using computer plug in board is its higher speed as it
is directly connected to the computer. The fourth type of
data acquisition system parallel port technology has the
advantage of higher sampling rate. Remote data
acquisitions make use of ethernet. Its asynchronous
nature and client-server model for the medium access
control make it suitable for remote data acquisitions[10].

The limitations of microcontroller, DSP and ARM leads
to the development of data acquisition system based on
FPGA and the drawbacks of data transmission using
serial communication, USB, parallel port force to choose
ethernet as the standard in remote data acquisitions. The
advantage of FPGA based Ethernet connections is, that
one hardware platform is capable of supporting all
industrial Real-Time Ethernet protocols. Only the
required FPGA configuration and software has to be
uploaded for the selected protocol. This can be made
during the production phase or even later by using the
device CPU. As a result, future Ethernet-based protocol
standards can be supported anytime without changing
the hardware. As another advantage, the device
manufacturers are not bound to one, possibly smaller
vendor. Of course, there is almost no second source
available when choosing a special chip from a specific
vendor, but with a reasonable effort the manufacturer
can switch to another FPGA vendor, since VHDL and
Verilog are standard FPGA programming languages.

High Speed Distributed Data Acquisition System is a
multichannel analog data acquisition system which
acquires data from 16 analog channels at a high speed
and transmits the data using an ethernet interface. High
speed data acquisition system is mainly based on a field
programmable gate array (FPGA). The
components involved in the system are instrumentation
amplifier, analog multiplexer, ADC, DPRAM, FPGA and
an ethernet controller. High speed is achieved by

main
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selecting an analog multiplexer having low transition
time. The DPRAM used in the design provides the
necessary real time requirement. A control and address
generation unit implemented in FPGA provides
required control signals and address for various devices
such as analog multiplexer, ADC,DPRAM. A processor
is designed and implemented in FPGA for achieving the
ethernet interface in an easy manner.

2. HIGH SPEED DISTRIBUTED DATA ACQUISITION SYSTEM

High Speed Distributed Data Acquisition System is a
multichannel analog data acquisition system which
acquires data from 16 analog channels and transmits the
captured data to the displaying device through Ethernet
device. Control logic unit implemented in the FPGA
controls and coordinates the action of the various
devices involved in data acquisition. The main aim is to
develop a distributed data acquisition interface. The
development of instruments such as personal computers
and engineering workstations based on "standard"
platforms is the motivation behind this effort. Using
standard platforms as the controlling unit allows
independence in hardware from a particular vendor and
hardware platform.
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Figure 1: Block diagram of the proposed design

The distributed approach also has advantages from a
functional point of view: acquisition resources become
available to multiple instruments, the acquisition front-
end can be physically remote from the rest of the
instrument. High speed distributed data acquisition
system transmits data faster to a remote computer
system through Ethernet interface. The Figurel is the
block representation of the proposed design.
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Figure 2: Flow chart of the system

The components in the designed system includes
instrumentation amplifier, analog multiplexer, buffer,
Analog to digital converter, DPRAM, FPGA and
Ethernet controller. These additional components
besides FPGA are used for interfacing both the inputs to
the chip and output to the PC. The input voltage
commands are multiplexed, digitized and stored in
DPRAM. The channel selection of the analog
multiplexer is done by FPGA. The data from the selected
channel is given to the ADC. The ADC converts the
analog data to the digital form. The Start of Conversion
signal for the ADC is given by the FPGA. The data from
the ADC is stored in DPRAM in successive memory
locations corresponding to each channel. 16 Kbytes of
memory locations are reserved for the entire 16 channel
i.e, 1K bytes of memory locations are allocated for each
channel. The address of the memory location in DPRAM
corresponding to each channel is generated by the
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FPGA. FPGA’s main task is to generate the control
signals and driving timing signals for the various parts
of the system. In order to meet the interface
requirements of the ethernet controller a processor is
implemented in FPGA. It also provides the software
flexibility to present data from various I/O modules in a
consistent manner. Then the data is the taken from the
DPRAM and it is framed as per the Ethernet protocol.
The data is then transmitted to the data port of the
Ethernet Controller via the data bus. The entire process
involved in this system can be explained using a
flowchart shown in figure 2

3. DESIGN

The design of High Speed Data Acquisition System with
Ethernet Interface mainly involves the design of various
components in the FPGA that are needed both to
accomplish the control of various devices (analog
multiplexer, ADC, DPRAM) and interface of ethernet
controller. The various units implemented in the FPGA
are shown in figure 3.
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Figure 3: Block diagram of the developed FPGA

Each of the modules is explained in detailed as below.
3.1 16 bit processor

16 bit CPU has a 64K address space. It has 16 bit address
bus and a separate 16 bit data bus. The CPU is a
synchronous design therefore it is provided with
external clock input and reset signal. To ease
communication between CPU and memory or I/O
peripherals there are some control signals like write
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enable (WE_O) to indicate a write operation and read
enable (RE_O) to indicate a read operation . The top
level diagram of the processor is shown in figure 4.
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Figure 4: Top level diagram of the processor

The two main parts of the 16 bit CPU are the datapath
and control unit. The datapath unit shown in figure 5
consists of functional units like ALU, Shifter etc and
registers: PC, SP, FLAGS, General purpose registers,
along with several other units, registers and muxes. The
datapath inputs are control signals like registers load
control signals, muxes data select signals, operation
select signals of ALU and Shifter, Clock input. The data
bus is used for both input and output operations. The
control unit of current implementation of CPU-16 is
implemented as big synchronous Mealy Machine with
23 states. All the state transitions are performed on next
rising edge. The control unit generates various control
signals like, data select lines of multiplexers, clock
enable of registers, operation select signals of ALU and
Shifter and Bus control signals. The processor is mainly
implemented to realize some FIR filter to reduce the
bandwidth of the incoming data, configure the registers
of the Ethernet controller in a easy way and to store and
transmit the data using some special instructions such as
movestring.

3.2. Random Access Memory (RAM)

Memory is required to hold programs, perform
operations, and execute programming instructions.
CPU-16 has 2Kbytes of internal RAM. This memory
block is mainly configured as data memory and hence
primarily used to store data. Data memory is used for

Copyright © 2012 SciResPub.

program calculations, look-up tables, and any other
memory used by an algorithm. Data memory is
normally written to during the execution of a program,
where the program might use the data memory as
temporary storage for calculation variables and results.

There is a set of data lines and a set of address lines. The
data lines serve for both input and output of the data to
the location that is specified by the address lines. In
addition to the data and address lines, there are usually
three control lines: chip enable, read enable and write
enable. In order for a microprocessor to access memory,
either with the read operation or the write operation the
chip enable must be active low. The write operation can
be done by asserting the write enable signal low and
read operation can be done by asserting the read signal
active low.

Figure 5: Data Path unit

3.3 Read Only Memory (ROM)
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ROM contains the circuit of pre stored words, being the
one selected by the address inputs presented at the
output. Since it is a read only memory no clock or write
enable is required.2K bytes of memory location is
reserved for internal ROM .The pre stored words are the
encoded instructions that are to be executed in a
particular algorithm. In this system ROM mainly
contains the encoded instructions for the initialization
of the ethernet controller and transmission of the data
packet.

3.4 Address Decoder

Address decoder is mainly used to generate the chip
select signal for the internal RAM, ROM and the
external interfaces.

It makes use of the upper address lines to generate the
chip select signal. It also determines driver of the data
out bus at a particular instance making use of the upper
address lines.

3.5 Control Signal and Address generation unit.

This unit generates the address required by the analog
multiplexer for selecting one of the sixteen input
channels. It also provides the start of conversion signal
for the analog to digital converter and the address for
the dual port RAM. It generates the control signals and
address by making use of the timing information of the
various devices. The timing diagram for the various
control signals are shown in figure 6
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Figure 6: Timing diagram for the control and address

generation unit

3.6 Bidirectional buffer

A bi-directional buffer can be an input or output buffer
with high impedance capability. Here output data from
the CPU-16 is given as the input and write enable signal
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as the control signal to the bi- directional buffer and at
the output we get the bidirectional data bus. This data
bus provides data to be transmitted to the Ethernet
controller and receive the data from the Ethernet
controller

4.SIMULATION RESULTS

The simulation of VHDL code is done using the Libero
IDE 9.1 software. Initially the programmable reset is set
for a period of five clock cycle and the inputs, including
the clock are applied to the system through the test
bench. Then simulation is run and at the end of the run
time, we get the output waveforms. Simulation of
behavioral models described using VHDL is done for
output to conform to requirements. The edge triggered
clock(clk_i) is given. Reset signal is given a logic ‘0
value thus prevents the processor reset. Acknowledge
signal(ack_i) becomes high whenever the read or write
cycle is terminated. Interrupt signal (intr_i) becomes
high when there is a external interrupt request from the
peripheral devices. Select output (sel_o) indicates the
location of valid data during the read and write cycle by
outputting a value “11”. Strobe signal (stb_o) becomes
high when there is a valid data transfer occurs. Cycle
output signal(cyc_o) shows valid bus cycle progression.
The write signal(wr_o) and read signal (rd_o) shows a
valid write and read signal respectively when it outputs
a logic’0’ wvalue. Interrupt acknowledge signal
(inta_cyc_o) shows a interrupt acknowledge signal and
it shows a high value when the processor acknowledges
the high value. The signals i_cyc_o, d_cyc_o, c_cyc_o
shows a logic ‘1" value when there is a instruction fetch
cycle , data load cycle, constant fetch cycle respectively.
The chip select signal for external devices is indicated by
csiol and csio2. The csiol signal is the chip select for the
ethernet controller. The addresses above “0x2000” in
the address space produces a chip select for the ethernet
controller. The signal csiol shows a logic ‘0" value
whenever an address above “0x2000” comes. Address
bus(adr_o) shows the address bus. The data bus (dat_io)
indicates the data bus and it is a input/output bus. It
outputs data whenever there is a valid write cycle.

The simulation results are shown below. The data from
the DPRAM is taken by the FPGA and moved it to the
data port of the Ethernet controller using the move
string instruction of the processor. The address bus
outputs the address of the instruction to be fetched from
the ROM . The steps corresponding to each instruction
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took place and the data is outputted in the data bus
whenever the write becomes low. The chip select
corresponding to Ethernet controller is enabled during
the configuration of the registers and the transmission of
data. The simulated waveform for the configuration of
registers, transmission of data and the generation of the
control signals for the ADC, DPRAM and analog
multiplexer are shown in figures 6,8 and 10 respectively.
FPGA implementation of the proposed design are
shown in figures 7 and 9.The design is verified in the
FPGA by checking the write signal with respect to
address and the clock signal.
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Figure 8: Simulated waveform of the transfer of data
from the FPGA to the data port of Ethernet controller
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Figure 6: Simulated waveform showing the initialization
of ethernet controller (configuration of registers)
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Figure 9: Waveform of data transfer obtained from the
scope after programming the FPGA
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Figure 7 : Waveform of configuration of registers
obtained from the scope after programming the FPGA
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Figure 10: Simulated waveform showing the generation
of control signals for the ADC and address for the
analog mux and DPRAM
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5. CONCLUSIONS

This paper mainly presents the implementation of a
high speed data acquisition system with Ethernet
interface. The system mainly involves a multichannel
analog data acquisition system which acquires data
from 16 analog channels and transmits the data to a
using ethernet An
acquisition rate of 632.9 kSPS is achieved. Control and
address generation logic unit is implemented in FPGA
for generating the control and address signals for the
ADC, analog multiplexer and DPRAM. DPRAM is
essential for meeting the real time requirement of the

remote computer interface.

system. A 16 bit processor is designed and implemented
in FPGA for providing the necessary
requirements of the ethernet controller. The processor

interface

provides the buffering needed for the higher level
operating system. The main advantage of implementing
processor in FPGA is increased flexibility, design
content ownership, and fewer board-level components.
Ethernet comes handy for remote data acquisitions. It
also increases the transmission and reception speed of
the data. Ethernet is asynchronous in nature and
medium access control can be achieved by client-server
model. Using a standard network as the interconnection
scheme allows independence (in hardware, at least)
from a particular vendor and hardware platform. The
main limiting factor of the speed in the system is the
delay introduced by the ADC and analog multiplexer. It
has got wide application in real time monitoring,
communication, data transmission, radar, telemetry,
remote sensing etc. Its accuracy, reliability and
versatility make it prominent to play a leading role in
modern electronic instruments.
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