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Abstract—In this study, a simultaneous multi-channel data
acquisition system is designed and implemented. The most
significant feature of this system is that it can perform
sampling of input channels without any time skews and
additionally, it is a real-time system. The general
architecture of this system is that the analog signals are
received through multi-channel ADCs which are chained
together to perform the digitalization of these inputs.
Chaining of the ADCs allows the optimization of the
number of lines on which the digitalized data is placed. The
implemented system uses a Field Programmable Gate Array
(Spartan-3, XC3S400 FPGA) and multi-channel ADCs
(Texas Instruments ADS8556). This system has a typical
SNR of 91.5dB and the calculated gain error for this system
which is configured for analog voltage inputs of 0-5v, is
equal to 0.0015%.
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I.  INTRODUCTION

One of the most important parts of every branch of
engineering is measurement engineering and using
measurement instruments to achieve it [1].
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Figure 1. Instrument model. This figure shows different parts of an
instrument. Notice how the last two parts are denoted to Data
Acquisition Systems.

Fig. 1 is a simple example of an instrument model. As
you can see, every instrument is consisted of different
parts.

The last two parts are assigned to Data Acquisition
Systems (DAQs) [2], [3]. As it is displayed in this figure,
DAQs interface with sensors and transducers and
digitalize analog output signals that come from these
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sensors to enable them to be processed and stored.
Generally, DAQs are used for acquisition, processing,
comparison and analysis of data [4].

DAQs are produced for various purposes and
depending on their functionality, can be single-channel or
multi-channel.

Multi-channel DAQs are required for most
applications, for example, the digitalization of respiratory
sound data at the posterior chest wall and air flow which
are measured for the synchronization of pulmonary signal
on the respiration cycle require the use of multi-channel
DAQs [5].

The Positron Emission Tomography (PET) and
Magnetic Resonance Imaging (MRI) systems use
simultaneous multi-channel DAQs to retrieve data
without affecting and conflicting with other inputs [6], [7].
This is a requirement in many similar cases but in cases
such as ultrasound systems which acquire ultrasound data
sequentially, one image at a time, in addition to the
DAQs having to be multi-channel, real-time data
acquisition also becomes a requirement [8].

The definition of real-time differs depending on
different applications because each application has its
own timing requirements which results in different
definitions of the term”real time”. In general, however,
we define real-time data acquisition as the ability to
gather data at the same rate as the user requires [9].

The presented design will cover most of the
applications that require simultaneous multi-channel
DAQs. Depending on the level of real-time data
acquisition required, it can also cover a lot of such
applications as well.

This design uses the Field Programmable Gate Array
(FPGA) technology. This technology has many
advantages including the wide range of supported DSP
operations as well as the ability to upgrade without the
need to replace hardware [4].

The FPGA used in this design is Spartan-3, XC3S400
which has 8,064 logic cells, 294,912 memory bits, 264
user 1/O pins and 116 differential 1/O pairs.

This design additionally uses a Texas Instrument,
ADS8556 with features like 6 low power channels, 16 bit
resolution and 450 KSPs to convert analog signals to
digital.
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In later sections, we discuss materials and methods,
system design and implementation, problems and
solutions and finally results and discussions of the
presented system.

A. Survey A/D Conversion

Recently, processing of the data retrieved from many
operations are performed by Digital Signal Processing
Systems. There for, these data should be digitalized first
for these systems to be able to process them. This
digitalization of data is performed by the ADC.

When we speak of simultaneous multi-channel A/D
conversion, the goal is for the channels to sample data at
the same time. One way to deal with this issue is to
assign a separate ADC to each channel, but this solution
is not very cost efficient not only because we will need
one ADC for each channel, but because the power
consumption of a system with this many ADCs is going
to be very high.

Additionally, synchronizing all the ADCs is going to
require specific methods.

Another common solution is to use a single ADC and
an analog multiplexer which supports the sampling from
all of the channels [4], [10]. This method also has its own
flaws.

For example there is going to be a time skew between
the channels when they are sampling and retrieving the
data.

This system, uses a 6 channel ADC (ADS8556) to
solve this issue and cause the sampling of the channels to
be performed simultaneously without any time skew. The
problem with this method is that there are a limited
number of input channels and if more than 6 channels are
needed to be synchronized, some special techniques need
to be used.

It is worth mentioning however that, these techniques
for synchronization of the channels is not going to be a
difficult task.

B. DAQ System Structure
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Figure 2. General system architecture and interfaces between its
different units.
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Fig. 2 shows the general structure of this DAQ system.
As it is displayed in this figure, in this structure, N input
channels are connected to N/6 ADCs. Sampling from
each of the 6 channels belonging to each ADC is
performed simultaneously only by wusing 3 pins
(CONVST). The control unit performs tasks such as
activation of the sampling process, configuration and
modification of the Vref of each ADC and the range of
the input signals and similar configurations including
how data is placed on the output lines.

The ADC interface is consisted of a bus on which the
data is placed and a clock which synchronizes the FPGA
with the ADCs. This part is described in more detail in
section II/A.

The synchronization unit is tasked  with
synchronization of the ADCs with each other.
Synchronization is done by connecting the CONVST pins
of the different ADCs together and connecting the last pin
to the synchronization unit.

After the digitalized data is received by the FPGA, it is
sent the processing center so that the necessary
processing, comparison and analysis is performed on the
data, and is placed on an external PROM which is
connected to the FPGA, after which the data and the
processing result is stored on an SD card or transferred to
the host PC depending on the data requirements.

I1l.  SYSTEM DESIGN AND IMPLEMENTATION

The design and implementation of this system is
consisted of a hardware and a software. The software is in
the form of Verilog code for the FPGA. This code is
generated using the SYSGEN toolbox which is a
MATLAB add-on developed by XILINX.

This section covers the details about how the different
parts of this system are designed.

A. ADC Interface and Control Unit

1) ADC Interface:

The ADC used in this design (ADS8556) is used with
an internal clock with the frequency of 36MHz and is
connected to the ADC interface to synchronize the FPGA
with the ADC so that the sampling of the data, their
placement on the bus and their retrieval are all performed
based on this clock.

Using the BUSY pin we can monitor the starting time
of the conversion, ending of the conversion and the time
when the data of the 6 channels are latched on to the
output registers.
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Figure 3. ADC interface connection. SDO_X, SCLK and BUSY pins
are all connected to the ADC interface of the FPGA.
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These parts are assigned to the ADC interface. Fig 3
details the connections between the FPGA and the ADCs
as part of the ADC interface.

2) Control unit:

3 pins, sel_A, sel B and sel_C, are connected to the
Control Unit and if this unit sets all the pins to high, the
data of the 6 channels will be transferred using the 3
output lines. If we need the data of the 6 channels to be
transferred only on one output line, only the sel_A pin
needs to be set to high.

ADC FPGA
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wlB—< Control
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Figure 4. Control unit connection. The CONVST X, Sel X and FS
pins of all of ADCs connect to the FPGA's control unit.
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Figure 5. Flow diagram

Since it is aimed in this system that the sampling on all
the channels occurs at the same time, therefore
CONVST_A, CONVST_B and CONVST_C are
connected to each other and only take up one pin on the
FPGA. Rising edge in this pin will command the start of
sampling. After the sampling is over, the data is placed
on the line and setting the falling edge of the FS pin will
then signal the beginning of the data transfer.
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All of these commands are issued through the Control
Unit.

Fig 4 shows in detail the connections between the
ADC and the FPGA in regard to the control unit.

B. Timing and Flow Diagram

In the previous sub-section, the role of the ADC
interface and Control Unit were explained individually.
In this sub-section, we will explain how these two units
work together.

The combination of these two units is displayed in Fig
5, from sampling to transferring of the digitalized data in
a single cycle. Data conversion starts by setting the
CONVST to high.

It should stay on high until data conversion is finished.
During this time, the ADC interface checks the BUSY
pin, and when it reaches the falling edge, FS and
CONVST are both set to low by the control unit. By
setting the FS to low, the data retrieval from the SDO_X
begins on the first rising edge of SCLK. Fig. 6 shows the
timing diagram of this process.

IV. PROBLEMS AND SOLUTIONS

Designing and implementation of this system
encountered some problems, the details and solutions of
which will be covered in this sections.

A. The First Problem

Since the ADC has an internal clock, it is assumed at
first that the entire FPGA should use this clock in which
case other 1/0O pins will be in sync with the ADC because
they also use the ADC clock. This would have been a
good method if the clock generated by the ADC was
perfect. In reality however, this clock does not have this
characteristic and therefore using this clock for all of the
FPGA will cause errors. On the other hand if the FPGA
uses a crystal oscillation which creates a perfect clock,
the problem will be solved. This clock should be a
multiple of 36MHz. The internal clock of the ADC will
be used solely to synchronize the ADC with the FPGA.

B. The Second Problem

It is claimed in this design that it is possible to have as
many channels as needed whereas the FPGA has a
limited number of 1/O pins and so it can limit the number
of input channels that can be incorporated in the system.
This problem is resolved using Daisy Chain Mode. This
mode can be activated by setting the DCen to high after
which it is possible to chain the ADCs together. Fig. 7
shows this structure.

In this mode, the output of each ADC is placed on the
DCIN-X of the next ADC and this next ADC will place
the data on its DCIN-X pins onto its output lines in
addition to its own output data and this chain continues
until the last ADC transfers the data of all the ADCs to
the FPGA using only the 3 lines of SDO-A, SDO-B and
SDO-C.
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Figure 7. System structure with daisy chain mode
V. RESULTS AND DISCUSSION
REFERENCES

There are two important attributes related to DAQs:
speed and resolution. These two attributes are usually
inversely proportional to each other [11].

The presented system has a resolution of 16 bits and a
speed equal to 450KS/s. This system is configured for
unipolar inputs and the valid input voltage range is 0-5v.
The resolution voltage (Vres) is 76.291v in which case
the calculated gain error is equal to 0.0015% whereas its
typical value for the used ADC is £0.25 with a unit
of %FSR. The typical SNR for the used ADC is 91.5dB.

VI. CONCLUSION

The need to use simultaneous multi-channel DAQs in
many applications indicates the importance and necessity
of these systems.

The main purpose of this study is to design and
develop a multi-channel data acquisition system which
can sample data from multiple channels simultaneously
and without any time skews which can also cover the
real-time data acquisition and digitalization needs in
many applications.
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