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Figure 5: Remote control of a measurement system from a local PC
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IMPORTANT PARAMETERS

SAMPLE RATE AND OVERSAMPLING

Choosing the right sample rate is a crucial criterion to fulfill the Nyquist theorem in order to reconstruct the signal correctly.
Thus, the sample rate must be chosen at least twice as high as the maximum frequency in the signal.

fsamp/erate >2 +fmax
Formula 3: Sample rate selection criterion

This applies for pure sine waves signals, but usually the sample rate is chosen 10 times as high in order to guarantee a suf-
ficient signal quality. This consideration will be depicted with a short example.

Seen in Figure 6 a sine wave signal was generated with 10 V (Vpp) and a frequency of 5 kHz. To show the influence of the
sample rate, the signal was sampled with 200 kHz, seen as the blue signal (Original), with 10 kHz (double the maximum
frequency) seen as the red signal (f_max * 2), and 50 kHz (ten times the maximum frequency) seen as the green signal.
This example illustrates that the sine wave can be reconstructed with twice the maximum frequency as the sample rate,
but it looks like a triangle signal. When increasing the sample rate to ten times the maximum frequency, the sine wave can
be sampled closely to the original signal. In general, it can be said, the higher the sample rate the more information of the
original signal can be retrieved.
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Figure 6: Sine wave with 5 kHz sampled with 200 kHz (Original), 10 kHz (f_max * 2), 50 kHz (f_max * 10)

This should not be confused with the principle of oversampling. When oversampling a signal, a higher accuracy can be
achieved but not more information can be retrieved out of the original signal. Another short example should explain this
(values from DEWETRON hardware and datasheets of a TRION-1820-POWER module). If the measurement range is
+2000 V and the ADC has a resolution of 18-bit, the resolution a signal can be resolved at is 15 mV/bit (Formula 4).

4000V . mV
28 T it
Formula 4: Signal resolution for a measurement range of £2000 V and an 18-bit ADC resolution

The ENOB resolution is about 18.5-bit for a sample rate of 100 kHz. A signal must be oversampled four times in order to get
another bit of ADC resolution. When oversampling the signal, some samples will be averaged in a specific time window to
get the set sample rate. Averaging, consequently, results in a value that might be in the middle of the previously calculated
mV/bit step resolution. Thus, the accuracy increases but not more information is retrieved from the signal. If the sample
rate is set lower, the ENOB resolution has a higher value, since more samples are averaged because of oversampling. Ho-
wever, e.g. for DC power measurements, when averaging the signal in the software, the same results are achieved, since a
higher sample rate leads to more samples in the software which will be averaged then.



&\ DEWETRON

DATA THROUGHPUT AND STORING

Another very important parameter is the data throughput and storing rate. It is a crucial factor whenever high sample
rates are required to transfer all the data to the mainboard and the hard drive, subsequently. Also, for large measurement
systems, which include multiple devices, this factor should be paid attention to. There are differences on which bus is used
to transfer the measured raw data to the mainboard. There is a difference between the PXI and the PXle bus: While one
board of the PXI bus achieves a data throughput of 90 MB/s, 400 MB/s can be achieved when using only one board of the
PXle bus. Thus, data throughput rates of up to 1 GB/s can be realized.

For long term measurements with recording times of hours or even days, the storage plays an important role and should
be chosen accordingly to handle all the data. Let’s break that down to two different examples to illustrate the importance
of this topic.

Example 1: recording of 100 channels on one system with a sample rate of 1 MHz and a resolution of 18-bit with an avai-
lable data storage of 1 TB (SSD). The data throughput sums up to about 287 MB/s, which can easily be realized with the
PXle bus. The time of recording all the 100 channels at this sample rate until the SSD is full can calculated like the following:

1012 1 1
——=* — * —=1hour
287 MEB 60 60

Formula 5: Example 1

Example 2: a complex measurement system with 500 channels, a sample rate of 500 kHz per channel and a resolution of
18-bit shall be realized. Each system has a 1 TB SSD. The channels are split up to 100 channels per system and the individual
systems are connected with DEWETRON’s OXYGEN-NET option. Like this, all the channels are synchronized to each other
and can be configured easily from the master device. A graphical representation can be seen in Figure 7. Additionally, the
raw data of all slaves can be transferred and/or stored on the master device itself. To successfully scale a large system like
this the following calculations needs to be done: A data throughput of 144 MB/s is reached for 100 channels at a sample
rate of 500 kHz per system. The maximum recording time for each system can be seen here:

1012 1
[ —
144 MB 60 60

=2 hours

Formula 6: Example 2

If the data is also transferred to the master device, this adds up to 576 MB/s (4*144 MB/s), which can be realized with a
10-Gbit Ethernet with a possible data throughput of 1.25 GB/s.
If the data of all systems is additionally stored on the master device, this leads to a total recording time of 30 minutes (For-
mula 7) until the maximum storage on the master device is reached.

1012 1

# — =30 minutes
576 MB 6D

Formula 7: Calculation of the recording time
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Figure 7: Example 2 of a complex measurement system

BANDWIDTH

The last topic which should be addressed shortly is the bandwidth. Just as the sample rate must be chosen in the right
manner, also the bandwidth must be considered. This shall be explained with another example. A rectangular signal sweep
is generated from 1 kHz to 30 kHz and sampled with a sample rate of 20 kHz. As we have seen before, the signal can be
reconstructed with a maximum frequency of up to 2 kHz, if the sample rate of 20 kHz stays the same. Figure 8 illustrates
the signal, whereas the rectangular signal can clearly be reconstructed as the beginning frequency is 1 kHz. Already at a
frequency of 2.5 kHz, seen in Figure 9, the rectangular signal is smoothed and looks more like a sine wave. This process
keeps on going until the signal cannot be reconstructed anymore.
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Figure 8: Rectangular signal with f = 1 kHz Figure 9: Rectangular signal with f = 2.5 kHz

A 4
SUMMARY

SAMPLE RATE AND OVERSAMPLING

Designing a complex measurement system implies many different challenges and aspects to consider, which might not be
obvious at the beginning. The careful consideration of the various parameters is for sure worth the time to avoid problems
in the future. This paper gave a rough overview of the general factors which should be paid attention to, but each applica-
tion and project is different and therefore brings different challenges along. The attention to previously discussed points is
not only cost-saving but also future-oriented in this constantly changing world.
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