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1 Introduction and Background

Most IMS seismic stations consist of at least one digitising device (ADC) and one seis-
mological processing (SP) device. Each seismic station in an IMS seismic monitoring
network communicates with a central Seismic Server which receives data from multiple
seismic stations. In this document, the terms SP or netSP refer to the Seismological Pro-
cessing function irrespective of the hardware platform it is implemented on. Similarly, the
terms ADC or netADC refer to the digitisation functionality. At time of writing the digi-
tisation and SP functionality is implemented on the following IMS hardware platforms:

• Digitisation: GS+ or netADC

• Seismological Processing: GS+, netSP, netSP+ or Generic Computer (PC, Server,
etc.)

Analogue signals sampled and digitised by the ADC are streamed to the SP without re-
transmission or error correction, and so it is important that the link between ADC and
SP is highly reliable and of sufficient capacity (bandwidth/speed) to handle the data rate
required by the sampling rate and number of channels of the ADC. This link is typi-
cally implemented on a few centimeters of PCB trace (GS+), or where larger separations
between ADC and SP are required, using Fast Ethernet (copper 100BASE-TX or fibre
100BASE-FX).
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Figure 1: Block diagram of ADC, SP and Seismic Server components of a seismic sys-
tem. The different colour lines connecting the components represent different types of
communications links.

1.1 Data Prioritisation

A highly reliable and high speed link is usually not available throughout a typical seis-
mic monitoring network, e.g. due to large distances, economic/bandwidth constrains,
infrastructure downtime, etc. For such cases an SP unit is used; its purpose being to
identify, separate and prioritise time slices of the ADC data for transmission across the
less reliable/lower speed link. It does this by running signal processing algorithms (e.g.
STA/LTA triggering) on the continuous stream of ADC data received on the fast/reliable
link, searching for sudden increases of energy, which are typical of seismic events. Such
packets of energy are called triggers or triggered data, and are separated out of the back-
ground (ambient) signal which is called un-triggered data. Un-triggered data is broken
up into chunks, and together with the triggered data these chunks are collectively called
seismograms.

Higher priority is assigned to triggered data than un-triggered data, and priorities of the
individual seismograms within these two classes of data are further determined based
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on signal characteristics of the seismogram such as maximum amplitude, dominant fre-
quency and whether a trigger associates into a seismic event or not (requires real-time
information from Seismic Server). Figure 2 is a block diagram describing this prioritisa-
tion scheme.

Figure 2: Data prioritisation within IMS Seismological Processing (SP) units. Two main
classes of data exist: triggered and un-triggered seismograms. Triggered data has higher
priority than un-triggered data so is sent to the server before, and discarded after un-
triggered data. Associated triggered seismograms are a sub-class of triggered data which
have an even higher priority. Within each of these (sub-)classes of seismograms, finer
grained prioritisation is determined by the SP based on seismological characteristics of
the waveforms such as maximum amplitude, dominant frequency, etc.
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1.2 Data Buffering, Transmission and Graceful Decline

All seismograms are stored in the SP’s internal primary memory buffer using volatile,
random access memory (RAM). Seismograms remain in this primary buffer until either:

1. The seismogram has successfully been transferred to the Seismic Server, or

2. The buffer is full, in which case:

(a) if lower priority seismograms are present in the buffer they are discarded to
make space for the higher priority incoming data, or

(b) if the incoming data has a lower priority than all data in the buffer, it is dis-
carded without ever being stored in the buffer

3. Power is removed (e.g. due to a power failure) or the netSP restarts.

When the availability and capacity of the link to the Seismic Server allows, the pre-
processed ADC data is transmitted from the SP’s internal memory buffer to the seismic
server in descending order of prioritisation (higher priorities are sent first). Where the
link does not provide sufficient capacity or quality for all data to be sent, lower prior-
ity data is discarded in favour of higher priority data. This process of discarding unsent
seismograms from the buffer based on individual seismogram priorities is called graceful
decline.

So every attempt is made to ensure the most important data is sent to the Seismic Server as
soon after being recorded as possible, but there are still cases where even (higher priority)
triggered data may not make it to the server - these cases are rare, and mainly occur when
communications quality is so poor or slow (e.g. due to complete communications failure)
that the buffer fills up with triggered seismograms faster than the data can be transferred
to the server.

Another case where data in the memory buffer will be lost is if there is a power failure or
an unexpected reset of the SP occurs before the data has been sent to the Server.

1.3 How Much Triggered Data Can I Expect?

Good question. Unfortunately this is not an easy question to answer because it depends
on so many factors and is very application/site specific. Factors such as distance of the
sensor to noise sources (motors, pumps, fans, drilling, machinery, high voltage power
cables, etc.), sensor installation method (grouted borehole sonde, surface mounted sensor
boat, etc.), sensor frequency response, mining activity and seismic activity are just some
of the factors which influence the amount of triggered data.

The following figures can be used as a rough approximation of the maximum amount
of triggered data that an SP can expect. These numbers should be adjusted for the ap-
plication, and should only be used as a guide. It cannot be emphasised enough that each

March 27, 2019



IMS-SYSTEM-DOC-STATION-DATA-STORAGE-201503-GGv1 - Page 7 of 15 -

application is unique and will likely vary over time too, so use these numbers with caution
and always allow a safety factor.

These numbers are based on empirical results of a denser than average IMS microseismic
monitoring sensor network (100 m median nearest-neighbour sensor distance), installed
in a reasonably seismically active, operational mine. Denser sensor networks will be more
sensitive to seismic events and local noise and hence experience higher trigger rates.

Sampling rate [sps] 6000
Maximum expected no. of triggers per day per site 2000

Ave. duration of trigger [sec] 1.5
Percentage of day triggered [%] 5%

Percentage of triggers associated [%] 45%
Total data rate [kbit/sec/ch] 192

Un-triggered data rate [kbit/sec/ch] 182.4
Triggered data rate [kbit/sec/ch] 9.6

Total data size per day [MByte/ch/day] 2074
Un-triggered data size per day [MByte/ch/day] 1970

Triggered data size per day [MByte/ch/day] 104

Note that the above data rates and sizes do not take any overhead into account - they are
raw data rates/sizes. So when planning communication network and storage capacities,
a safety factor of at least 10 (preferably 100 to 1000) is recommended to allow for over-
head, bursts of triggered activity (e.g. during blasting times) and general variability in the
assumptions.

One-bit normalised data

For certain applications, a one-bit normalised continuous data stream is recorded by the
station. The raw data volumes for these data are exactly 32 times less than the Total
data size per day number given in the previous table. Therefore, using the same as-
sumptions as for the above table (6000 sps), the total size of one-bit normalised data is
2074 / 32 = 64.8 MByte/ch/day (excluding compression).

Compression

When seismogram data is stored in the seismic database on the server, the default is to
use gzip compression. Seismograms typically1 have gzip compression ratios of about 3
for triggered, 4 for un-triggered and 2 for one-bit normalised data. These numbers can be

1Typical values are statistical averages empirically determined by IMS using a typical database. Actual
values are dependent on the underlying data and will vary, sometimes widely, between applications or
temporally for the same channel/application. Therefore if these values are to be used to calculate server
storage capacity, a suitable safety factor (e.g. 50%) should be incorporated into calculations to account for
these variations.
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used to approximate the actual storage space used by the seismic database on the server,
but when it comes to communication and netSP local storage volumes, the default is to
use uncompressed data and so these compression factors do not apply.

1.4 How Much Data Can a SP Buffer?

Another good question. In terms of absolute data size, there is a fixed limit depending
on the hardware platform used to implement the SP functionality. Exactly how many
triggers, or genuine seismic events this translates to depends on many of the same factors
affecting the triggered data rate discussed above. The following table summarises the size
of the memory buffer for the most common hardware platforms used, and gives some
estimates of the number of triggers based on some fairly typical assumptions.

SP
hardware
platform

Memory
buffer size
[MB]

Number of triggers (at 6000 sps)
tri-axial sensor uni-axial sensor

0.5 second
triggers

2 second
triggers

0.5 second
triggers

2 second
triggers

GS+ 20 555 138 1666 416
netSP 20 555 138 1666 416
netSP+ 30 833 208 2500 625
Generic
computer

100 2777 694 8333 2083

2 SP Secondary Buffer Using an External, Removable
USB Storage Device

As explained above, data in the SP’s memory buffer is vulnerable during times where
the ADC data rate (input) is greater than the communications link speed to the server
(output rate) and during unexpected SP restarts/power failures. For this reason SP devices
can use an external USB storage device as a secondary buffer. USB storage devices are
typically non-volatile, so the data stored on them will survive power failures, and are
readily available in much larger sizes than the internal memory buffer of SP units. Having
an additional buffer of greater size which is non-volatile adds important redundancy and
reliability to the SP data buffering scheme and ensures data is buffered for longer, reducing
the chance that data is discarded by the Sp without making it to the Seismic Server’s
database. As such, IMS strongly recommends connecting a USB storage device to
each SP unit.

Removable USB storage devices are typically compact, portable and operating system
independent and therefore provide the additional advantages of being physically retriev-
able (in cases where data cannot be remotely accessed for whatever reasons) and easy to
use/access by non-technical users.
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If a compatible USB storage device is connected to an SP device, the SP will use the
device to implement a secondary data buffer. The default behaviour of the SP in such
cases is as follows (but can be configured differently if required):

• write every triggered seismogram to the secondary buffer (no un-triggered data is
written)

• use 95% of the total size of the USB storage device for the secondary buffer, e.g.
for an 8 GB USB storage device, use 7.6 GB

• implement a circular, first-in first-out (FIFO) buffer: when the buffer is full, remove
the oldest data to make room for new data

• prioritise data using same rules as for the primary buffer (described in section 1.1)

Note that the write speed of a typical removable USB storage device when connected
to an SP device is typically between 10 - 100 kB/s (80 - 800 kbit/s). Due to this speed
limitation, there is still a chance that not all triggered data will make it to the secondary
buffer. This happens when the triggered input data rate exceeds the USB write speed,
which is extremely rare, in which case higher priority data is favoured over lower priority
data.

These data rates may seem slower than expected seeing as the USB 3.0 standard claims
transfer speeds of up to 5 Gbit/s, but the reality is that the actual write speeds are depen-
dent on how fast the internal storage of the device can actually be written to. You should
also be aware that most operating systems do not immediately write data to the actual un-
derlying storage, although giving the user the impression that they do, so operating system
reported write speeds can be misleading. This is why one should never physically remove
a USB storage device from a PC before asking the operating system to safely remove the
device, at which point any un-written data is flushed to the actual storage - and this can
take some time.

This is different to the way SP units write data to USB storage, where every single byte of
data is forced to be written to the physical storage each time data is sent (or removed) from
the storage device. This helps reduce the chance of data loss and filesystem corruption
due to unexpected restarts or power failures, but can shorten the life of flash memory
devices.

2.1 Recommended USB Storage Device Specs

The following specifications are recommended for removable USB storage devices used
as SP secondary buffers:

• USB flash drive (a.k.a. thumb drive, flash stick, memory stick, pen drive, etc.):
relatively inexpensive, readily available, low power and compact
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• High quality: cheaper hardware is generally poorer quality; some recommended
manufacturers are: SanDisk, Toshiba, Samsung, Kingston and LaCie.

• 8 GB: larger sizes are untested and decrease the efficiency of SP data management

• FAT32 filesystem (this is usually the default filesystem used on removable USB
flash drives): portable and operating system independent

These recommendations are for typical applications and combine convenience, interop-
erability with availability and relatively low cost of storage devices. However, for more
demanding applications (e.g. high data rates, low communications speed/quality or un-
supervised/standalone SP operation), advanced users may wish to use solid state drives
(SSD’s), more modern filesystems (e.g. ext4) and larger disk sizes; contact IMS for fur-
ther details.

3 Monitoring the Status of USB Removable Storage

The IMS System provides realtime information about the status of removable USB storage
devices attached to each SP in the network, via IMS’s Synapse (system monitoring and
control) software. Figure 3 shows how the status of an SP’s removable USB storage
device can be monitored via Synapse.

Figure 3: Monitoring the status of an SP’s USB storage is done by viewing the SP’s
properties sheet in Synapse.
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3.1 Issues with USB Removable Storage Devices

Unfortunately, due to inherent reliability issues associated with flash and most other non-
volatile mass storage technologies (hard disks, solid state disks, etc.), this type of storage
is less reliable than the SP’s internal memory buffer (which is implemented in RAM), and
as a result is more vulnerable to data corruption or loss. Because of this, the SP software
will require that a filesystem check of the USB storage device be run every so often -
at time of writing, at least once every 5 weeks or when filesystem errors are detected
(whichever happens sooner).

The filesystem check can only be run after restarting the SP because the SP cannot use
the secondary buffer while checking its filesystem, and because large amounts of system
memory (RAM) are required to do a filesystem check and run SP simultaneously - more
than is available on some SP hardware platforms. As such, the SP needs to be stopped
while the check is underway. When a filesystem check is required, the SP device will not
automatically restart until the user issues the restart command. If a restart command is
issued, or the SP restarts for any other reason, the filesystem check will be run before the
SP starts normal operation. Important to note is that the filesystem check can take more
than 20 minutes to complete, during which time the SP will not be available for normal
seismic monitoring tasks.

Issues and important information relating to removable USB storage devices attached
to SP’s, if detectable, are displayed to the user via the Synapse Info Monitor and Issue
Monitor - see figures 4 and 5 for displaying issues in Synapse.

Figure 4: Issue Monitor and Info Monitor in Synapse.
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Figure 5: Displaying the issues of a SP device is done by right clicking on the device in
Synapse and selecting Display Issues.

Where possible, USB storage related issues are automatically resolved by the system
without any user intervention. As with other types of system issues which require user
intervention, an issue message is displayed in Synapse with a description and other useful
information such as hints on what may have caused the issue and how to resolve it (right
click and select Show Hints).

If the issue can be resolved through Synapse, then the issue will have a resolver action
in Synapse which can be run from the Issue Monitor. See figures 6 and 7 which describe
how a resolver for a USB storage device which needs to be checked is run.

Figure 6: Invoking a USB storage related issue resolver from Synapse Issue Monitor.
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Figure 7: The resolver action requires the SP device to be restarted, for which the user is
asked for confirmation.

The following table summarises the various USB storage related conditions which will
cause messages to be raised in the Synapse Issue Monitor (or Info Monitor).

Description of Issue Probable Cause(s) Possible Solution(s)

SP has not detected
(mounted) USB storage

A USB storage device has
not been connected to the SP

Connect a compatible USB
storage device

The attached USB storage
device is damaged or
incompatible

Try a different, compatible
USB storage device

The SP device is damaged Contact IMS support

USB storage’s
filesystem needs to be
checked

Time since previous
filesystem check is more than
5 weeks

Restart SP

Filesystem errors have been
detected

Restart SP

USB storage is not
writable

Filesystem errors have been
detected

Restart SP

USB storage check is
busy

Filesystem check has been
running (at least) since the
SP last restarted

Wait until check completes;
if check does not complete
after 30 minutes, contact
IMS support

USB storage general
error

Unspecified / other Contact IMS support

4 Summary and Conclusions

• SP’s are used to prioritise, buffer and reliably transfer data across (oftentimes unre-
liable) communications links.

• Data prioritisation is used to ensure that the most important data is transferred first
and discarded last (graceful decline).
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• During times of extended loss of communications quality, the graceful decline al-
gorithm may delete triggered data from the SP’s internal primary memory buffer.

• Removable USB storage devices are less reliable than internal RAM memory, but
provide larger more cost effective and longer term storage of data.

• Removable USB storage devices can be connected to SP devices to increase the
amount of triggered data which can be maintained by the SP in a circular, secondary
buffer. This storage is non-volatile, which protects data from inadvertent loss during
power failure or unexpected SP restarts.

• IMS strongly recommends ensuring all seismic stations have compatible removable
USB storage connected.

• Synapse software provides tools to monitor the status of removable USB storage
devices, and displays messages via Issue Monitor and Info Monitor to assist the
user with keeping USB storage devices in a healthy, operational state.

• Contact IMS for further information.
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