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1

Preliminary Notes

1.1

Proprietary Notice

The information in this document is proprietary to Giiralp Systems Limited and may be copied or distributed for
educational and academic purposes but may not be used commercially without permission.

Whilst every effort is made to ensure the accuracy, completeness and usefulness of the information in the
document, neither Giiralp Systems Limited nor any employee assumes responsibility or is liable for any
incidental or consequential damages resulting from the use of this document.

1.2

Cautions and Notes
Cautions and notes are displayed and defined as follows:

Caution: A yellow triangle indicates a chance of damage to or failure of the
& equipment if the caution is not heeded.

0 Note: A blue circle indicates a procedural or advisory note.

1.3

Conventions

Throughout this manual, examples are given of command-line interactions. In these
examples, a fixed-width typeface will be used:

Example of the fixed-width typeface used.
Commands that you are required to type will be shown in bold:
Example of the fixed-width, bold typeface.

Where data that you type may vary depending on your individual configuration, such
as parameters to commands, these data are additionally shown in italics:

Example of the fixed-width, bold, italic typeface.
Putting these together into a single example:
System prompt: user input with variable parameters

Specific references to menu buttons or selections are depicted:

Menu Button

MAN-DIS-0001 7
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2

2.1

System Overview

Discoveryis a graphical application that offers a common interface to a number of
tools that are relevant to three areas of Seismic instrumentation:

1. Instrument connectivity, Network Address Discovery and State of Health
Display

2. QA of a seismic instrument through data analysis

3. Management of data storage and archiving - The Giiralp Data Centre (GDC)

Discovery is NOT an essential for managing Giiralp Seismic instrumentation.
However, it is designed with this in mind and offers a set of tools to make that process
simple.

Much of the function of the application relates to Ethernet connectivity - either
locally (LAN) or remotely via the internet (WAN). The system also supports the
loading and analysis offline data files in the industry standard miniSEED format.

The applications name “Discovery” refers to its goal of ‘discovering’ an instruments IP
address. This is done in a number of ways depending on the connectivity.

A wide range of ‘applets’ are built into the application to assist in verifying an
instrument’s performance as well as an installation’s quality. This in turn offers the
ability to diagnose potential problems.

The third area covered relates to recording and storing data from telemetered
(Network connected) systems. This GDC function come with a set of tools to assist in
the installation, managing and support of both small and large (100’s of devices)
networked arrays of sensors.

Key features

IP Address discovery on LAN
Interface to Giiralp Cloud Registry for IP Address and SOH Discovery on WAN
Software update tools for Gliralp sensors and Digitiser

Analytic tools for sensor seismic data such as PSD, Coherence, Self-Noise,
Correlation Functions, Filter tools

MiniSEED Import

Sensor Response plotting

SOH display, email and text message on event and SOH transitions
Graphical front end for GDC configuration and monitoring

Sensor orientation and rotation calculation

Sensor response and calibration verification

MAN-DIS-0001 8
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2.2 Typical applications

MAN-DIS-0001

Sensor performance verification
Sensor/Digitiser management
IP Address discovery

GDC management

Software update tools

Digitiser System configuration
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3 Network Connectivity

3.1 Operation on a LAN

In Scan Locally mode, Discovery will automatically find and list Guralp devices
connected via the local network(s). Discovered devices are displayed in the Discovery
Main Window, serving as the entry point for the majority of the functionality
provided by Discovery. Below is an example of Discovery finding devices on the local
ethernet and WiFj, including a statically set device outside the appropriate netmasks.

[D Giralp Systems - Discovery - m] *

File Edit Tools Wwindow Help Manuals View Discovery Manual |london Clear Search
> Status Label System Name Firmware Ver  LAN Address Uptime Free storage

O ‘:\the \\ Comet Platinum  Affinity DAS-405555-london 1.0-15811 10.30.0.103 01:34:26

O \ ) ( i | London Artius ART-000C 2.1-1714 55.89.144.233  01:00:18 87.65%

O \\ \ Comet London  Certimus CERT-1460 2.1-28926 10.30.0.49 6days OHrs 75.83%

O \\ ﬂ | London Fortimus FMUS-2169 2.1-28926 1092.168.254.105 07:17:50 68.59%

] \\ ﬂ | Comet London  Minimus MIN-456C 2.1-28932 10.30.0.19 08:16:03  98.62%

] \\ ﬁ | Comet London  Minimus Lite MINL-6411 2.1-19520 10.30.0.113 07:48:28 97.58%

| \\ ﬂ | Comet London  Minimus Plus MINP-3B68 2.1-28926 10.30.0.4 6days OHrs 99.95%
® Scan Locally O Registry Devices Visible: 28 “ \
Cloud server cotﬂﬁgurat\'on Search Results: 7 u ro I p
2.1.3037 | Experimental mode g

Figure 1 Discovery's splash screen, showing various devices

In addition, basic state of health information is presented in this screen, giving a
convenient overview of the health of entire seismic networks in a single window.

A list of network interfaces detected and used by Discovery is shown in the Settings
page under Device Discovery's Local Network section:

Device discovery

Registry
Group identifier: |‘r’0urGr0up|D |
Query interval: 30 seconds ~
End point address: |52.34.40.123 |
Local network

Broadcast on 10.30.0.59
Discover method: Broadcast on 192.168.254.144

Figure 2 Discover methods (broadcast or direct broadcast) listed for each interface

MAN-DIS-0001 10
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3.1.1 To DHCP or not to DHCP

Guralp digitisers default to using DHCP. When coupled with Discovery this works
seamlessly in locating device IPs. This is more often than not the best solution.

Static IP addresses often have hidden side effects and require both the netmask and
default gateway to be set correctly.

3.1.2 Discovering Devices

Discovery makes use of broadcast packets to give the best chance of making contact
with as many instruments as possible. A broadcast UDP packet is sent roughly every
10 seconds addressed to port 11788. Any Gliralp device that receives this packet will
respond with a single packet. This response is a Unicast packet if the device sees the
Discovery packet as emanating from the same subnet. If the device sees the Discovery
packet comes from another subnet, the response will be a broadcast.

This minimises the amount of local broadcast activity but still allows instruments to
be “discovered” even if their IP address is on a different subnet. This would be the
case if an instruments address was simply set wrongly on that connection.

This ability allows an instrument to be “discovered” and then configured even if its
address is set arbitrarily.

From when Discovery is put into Scan Locally mode, regular attempts are made to
probe the local network. This is both to find new devices and to refresh data for
known devices with the latest state of health information.

In addition, Guiralp devices will emit unsolicited network probes to promote detection
with instances of Discovery running on their local network as quickly as possible.
This typically occurs when a system starts up.

Not seeing an instrument respond when plugged directly into the LAN of a laptop can
only be caused by firewall rules in the PC.

3.1.3 Changing IP addresses

Right-clicking the listed device and selecting Edit Network Address offers the option to
set the IP Address. This is possible provided the system is on the same physical
subnet as the computer running Discovery. A broadcast is used to send the new
address so this will function even if the current address does not the computer’s
subnet.

MAN-DIS-0001 11
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—— I v rmrs ey R D et ———

10.20.0.77

Device Serial #:

Update IP configuration:

Network Address: 12 .1 .2 .34

Netmask: [255.255.0 .0

Gateway:

Obtain IP address automatically (DHCP)

® Cancel ‘ Jdok |

FD (MINL-65FD)

|1§.3o.o.41 255.2

Figure 3 Change Network Address applet

3.1.4 Manually Adding Devices

In most cases it is not necessary to have prior knowledge of the network address of a
device. However, different operating systems, subnet configurations, network
topologies and networking hardware can affect the discovery of devices; in some
cases not every device can be automatically found. In these situations it is possible to
manually add a known device IP address to populate an entry in the Discovery main
window.

Select the Edit menu option, followed by Add Device.

Manually adding a device'’s IP address can also be useful where direct
communication is possible but outside of the local network, beyond the reach of
broadcast packets; for example where a VPN has been used to connect to a remote
device.

This is not a common use case.

3.2

Operation over a WAN

Where instruments are not located on the same local network as the instance of
Discovery, the same automatic device detection as outlined for local devices is not
possible. Moreover, network features such as firewalls and Network Address
Translation often prevents direct communication between remotely located Guralp
devices and Discovery instances completely, even if the device's IP address is already
known.

MAN-DIS-0001 12
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3.2.1 Registry Server

3.2.1.1

Even in situations where direct network connectivity between Discovery and Guralp
instruments is not feasible, device discovery and live instrument state of health
updates are still possible. As long as both the Discovery instance and Giiralp device
are able to make outgoing connections to the same WAN (for example, the internet), a
Guralp Registry Server may be used to facilitate communication between them.

A Registry Serveris a publicly accessible server located on the WAN which is
running Guralp’s Responder software as a service.

A single outbound UDP packet is sent from the digitiser to the Registry Server every
10 seconds by default. The destination port number is 11788.

At deployment, instruments can be configured to make themselves known to one or
more Registry Servers. In this fashion, a constantly updated list of instruments, with
their state of health information, is maintained for a distributed network of seismic
stations and devices.

Choosing Registry mode in the Discovery main window causes Discovery to poll the
configured Registry Servers for their listed devices. The Main Window will be
populated with these devices, displaying their identifying information, network
addresses and state of health as if they had been discovered locally.

It comprises a simple binary that runs headless on a computer. A single UDP port
11788 must be open.

WAN Address reflects packet return address in packets received by registry from
devices.

LAN Address reflects the instruments address on its ethernet interface.

Giiralp Public Registry

To allow users to try this functionality before setting up their own Registry Server,
Guralp hosts public Registry Servers for customer use. Only systems that have a
matching “Group ID” are visible to a particular user. This service offers a simple way
to discover the IP address of a system and to see the basic State of Health parameters
of the system.

The default registry address shown below is programmed into all Gliralp digitisers
systems as a default.

52.34.40.123 IP address of Giiralp’s Default Public Registry

To set up your own Registry Server, contact Guralp Systems for further information.

MAN-DIS-0001 13
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3.2.1.2 Setting Up Giiralp Registry

As mentioned previously, registered devices must be assigned to groups, each of
which has a “Group Identifier”. Instances of Discovery must also be configured with a
Group ID and can only display registered devices from the matching group. This
allows partitioning of large networks into smaller administrative domains. It also
makes the simultaneous use of the Giralp shared Registry Server by multiple
organisations possible.

Therefore, to use the Registry, you need to configure both the device and Discovery.
Please follow these steps to set up your Registry.

e First, the address of the Registry Server and the chosen Group ID must be set
individually for each participating device. To do this, first connect the device
to the same network as a PC running Discovery. Then open the webpage and
set Group ID and Registry address from the Network tab. To use the Gliralp
shared cloud server, enter 52.34.40.123.

e Once you have set these values, the device must be rebooted before the
changes will take effect.

e Last, open Discovery and click on Cloud server configuration at the bottom left
of the main window. Enter the Group ID and server IP address in the relevant
fields (“Group identifier” and “End point address”, respectively). Click on Apply.

From Discovery’s main window, click the Registry button and all devices configured
with the same Registry server and Group ID will now appear in the main list.

[0 Discovery X
Basic Advanced
General
[ Show unknown type system in application main device list
[ Use slow draw mede for Data Viewer (for low end computers)
Device discovery
Registry
Group identifier: YourGrouplD
Query interval: 30 seconds ~
End point address: 52.34.40.123
Local network
Broadcast on 10.30.0.59

Discover method: Broadcast on 192.168.254.144
Earthquake early warning
[ Highlight triggering station
[J Automatically clear the trigger on station information update
[ Use sound notifications

Restore defaults Cancel

Figure 4 Cloud Server Configuration window

MAN-DIS-0001 14
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3.2.1.3 Setting Up Your Own Registry

Administrators can create their own registry servers by installing a simple program
on a server. The server itself must have a static IP address and be accessible to all
connected devices, as well as the PCs running Discovery.

In order to create your own registry, Please follow these steps to set up your Registry.

e Contact Giiralp technical support (support@guralp.com) to receive a copy of
the program,;

e Download the file attached to your email;

e Run the binary guralp_responder on a Linux machine with a -d switch using
the command:

./guralp responder -d

e Open the instrument’s webpage and change the Registry IP address on the
Network tab to be the one of the PC where the responder is running. Set a
Group ID using the key you prefer. Repeat for all the instruments you want to
add to the Registry;

e Open Discovery and change the IP address from Cloud Server Configuration on
bottom-left of the window with the one of the PC running the responder;

e From the same window, set the same Group ID you used in the instrument’s
webpage;

e Click on Registry button in Discovery.

You should now see the configured devices appearing in Discovery main window
when you click on Registry button.

In order to make it work, the following network ports need to be open:
UDP 11788

UDP 11789
TCP 11789

Note: The PC with the responder and the PC with Discovery cannot be the
same machine because the same port 11788 cannot be used for different
purposes.

If the instruments and the machine running the responder are in different networks
you have to make sure that the ports in Table 1 below are also open/forwarded.

MAN-DIS-0001 15
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3.2.2 Interacting with WAN Instruments

3.2.2.1

Beyond the information transmitted via Registry Servers, as outlined above, the
functionality available for each instrument in Discovery depends upon network
connectivity between the Discovery instance and the device.

In terms of configuring firewalls, the product manual provided for each Gliralp device
will outline the required open network ports for given functionality.

The most common are:

Table 1 List of the main required open network ports

Port Layer 4 Protocol Description
80 TCP HTTP server

1565 TCP GDI transmission protocol

1567 TCP/UDP GCF transmission protocol

4242 TCP File exchange protocol

4244 TCP Remote console

11788 UDP Remote procedure calls
18000 TCP SEEDIink transmission protocol

The most common and significant hurdle to communicating with remote devices is
Network Address Translation. A number of solutions are here presented.

Right-clicking on the instrument row (on any column BUT the LAN address one)
offers various functions that will all use the WAN address to communicate with the
instrument. So all will function as expected as long as ports are open.

Right-clicking on the LAN address column forces the use of the LAN IP address to
communicate with the device instead.

Port Forwarding

In some cases, depending on networking equipment and topology, it may be possible
to arrange the relevant device network ports to be forwarded by the WAN router. This
allows direct connections to the remote device.

If a device is made available via port forwarding, users should initiate Discovery
functionalities using the WAN address of the instrument. Where multiple network
addresses are available for an instrument, it is possible to force Discovery to use the
WAN address by selecting the WAN Address column of the device entry. Subsequent
invocations either via the Edit menu or the right-click context menu will then utilise
the WAN address. The WAN address is used by default when in Registry Mode

It is common when port forwarding to remap port numbers away from the default
internal device ports when presented to the WAN. Discovery allows for this by

MAN-DIS-0001 16
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3.2.2.2

3.2.2.3

allowing for per device custom port numbers. Right-clicking on the instrument and
selecting Device Port Configuration opens a window to change forwarding ports for an
individual instrument.

[2 MINL-66F9 port configuration - Discovery - l X
HTTP server 80 |
GDI transmission protocol ‘1565 ‘
GCF transmission protocol ‘1567 ‘
File exchange protocol ‘4242 ‘
Remote console ‘4244 ‘
Remote procedure calls ‘1 1788 ‘
|

SEEDIink transmission protocol ‘18000

Restore defaults Close Apply
Figure 5 Port configuration window for an individual device

Router/Gateway VPN

Some WAN routers include a VPN client feature which may allow remotely located
instruments to appear as if they are on the same local network as the Discovery
instance. Setting up a VPN is beyond the scope of this manual.

In some cases it is necessary to manually add devices which are accessible via a
VPN, by selecting Edit > Add Device.

Giiralp Discovery Tunnel

The easiest way to overcome firewall and NAT networking challenges with remote
instruments is to use the Guralp Discovery Tunnel. By combining a Guralp device
running Dig firmware with a Registry Server and Discovery, it is possible to maintain
full connectivity with remote WAN connected instruments without any extra
network configuration (beyond connecting the instrument to the WAN).

This feature allows all network traffic between a Discovery instance and instrument
to be routed via a Registry Server, using only outgoing TCP connections from each
end point (device and Discovery instance). In this way, full communication is possible
through firewalls and NAT routers without special configurations or degrading
network security.

MAN-DIS-0001 17
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’—\ Internet
ISP Modem

. .__'t’g

Registry
Server

-~ Remote Station

\

Tunnelled virtual connection Data User

Figure 6 Discovery Tunnel

To enable this feature, relevant Guralp devices should be assigned to a Registry server
and the Tunnel Auto Connect setting should be enabled. Where multiple Registry
servers can be configured, the first Registry server slot should contain the tunnel
enabled Registry server. For more details refer to the device manual.

To allow connectivity via a Registry server, the tunnel option must also be enabled
when starting the Responder service. For more details refer to the help information
for Responder. Port 8190 TCP is used to make the connection to the remote registry
server from the digitiser — so this outbound port must be permitted in any firewall

rules.

Generally, all that is required is the enable of the tunnel connection within the
instrument by ticking the Tunnel Auto Connect box from the webpage, under the
Network tab.

Discovery Tunnel
Tunnel Auto Connect Tunnel Status Connected Tunnel Protocol Version ]

Figure 7 Discovery tunnel option available from the Network tab of the instrument webpage

In Registry mode, the Discovery Main Window will display the tunnel availability of
listed devices. If this column is not displayed, it can be enabled by selecting Window
- Show - Tunnel Available. Devices connected to a tunnel enabled Registry server

MAN-DIS-0001 18
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(and with tunnel connection enabled) will be indicated with “Available” in the Tunnel
Available column.

Uptime Last Contact Latitude Longitude| Tunnel Available
15days 14Hrs  Just Now 41.2938 -82.1524 | Not Available
247days 3Hrs Just Now -30.8091 22.1089 Not Available
10days 15Hrs  Just Now 28.9985 -13.7498 | Not Available
8days 21Hrs  Just Now 18.9832 -99.2380 | Not Available
9days 4Hrs Just Now 3.5349  -76.8709 | Available
3days 7Hrs Just Now 3.5357  -76.8695 | Available
9days 4Hrs Just Now 3.5354  -76.8689 | Available
14days OHrs  Just Now 51.3609 -1.1632 Not Available
00:07:35 Just Now 51.3608 -1.1633 Not Available

191days 18Hrs 2024-04-30T21:30:50 41.5156 118.8553 | Not Available

68days 16Hrs Just Now 9.7799  -83.8415 | Not Available
5days 13Hrs  Just Now 1.2078  -77.3588 | Not Available
453days 23Hrs Just Now 45,7559 5.4760 Not Available
15days 4Hrs  Just Now 10.2807 -84.9628 | Not Available
1ldays 17Hrs  Just Now 0.0000  0.0000 Not Available

=
glralp™
Figure 8 Tunnel status shown in main device list

To utilise the tunnel connection, simply invoke a Discovery applet with the chosen
device selected in Registry mode. Discovery will automatically default to using the
tunnel network address for all communications with the instrument (unless the user
specifically selects the WAN or LAN fields).

More information regarding the tunnel’s operation is shown in the Tunnel Status
applet available by right-clicking on the entry of a device whose tunnel is enabled.
This provides detailed status and connection information for each tunnel connected
device.
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(CERT-2B69) Tunnel - Discovery X
Registry Address 52.34.40.123 HTTP Web |127.10.43.105:22080
Tunnel Relay  Connected 127.10.43.105:1565
Device Connected
GCF |127.10.43.105:1 567

Remote Console [127.10.43.105:4244

RPC |127.10.43.‘105:1 1788

|
|
|
File Exchange |127.10.43.‘105:4242 ‘
|
|
|

SeedLink |127.10.43.105:18000

01/05/24 10:00:38: Tunnel for device serial #: 11113 New Request. Suggested bind address: QHostAddress("127.10.43.105") [ ~
2131372905 ]

01/05/24 10:00:38: -——--- Attempting to bind sockets to QHostAddress("127.10.43.105") | Attempts left: 10 ——--
01/05/24 10:00:38: HTTP Socket Listening

01/05/24 10:00:38: GDI socket listening

01/05/24 10:00:38: GCF TCP socket listening

01/05/24 10:00:38: GCF UDP Socket listening

01/05/24 10:00:38: RPC socket listening

01/05/24 10:00:38: File Exchange socket listening

01/05/24 10:00:38: Remote Console socket listening

01/05/24 10:00:38: SeedLink socket listening

01/05/24 10:00:38: Created: QHostAddress("127.10.43.105") QAbstractSocket::ConnectedState

01/05/24 10:00:38: - Tunnel Connection made to "52.34.40.123" : 7190

Figure 9 Tunnel status applet
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4 Main Device List Window Overview

4.1 Instrument State of Health Information

4.1.1 State of Health on Local View

The instruments response to the Broadcast discovery packet on the LAN contains a
range of state of health (SOH) information. The instrument’s serial number, software
version, supply voltage, temperature, event trigger status are all included.

To choose which parameters to display on the main window, click on Window - Show
and tick the boxes of the desired parameter.

The displayed values are typically shown with a latency of about 10 seconds. The
time of last contact is remembered so an instrument that stops working or becomes
disconnected from the network will be shown with its last (old) contact time.

Manually clicking the Scan Locally button, or the shortcut key F5, will clear the display

of old instruments, losing the knowledge of the last contact times.
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[ Garalp Systems - Discovery
File Edit Tools Window Help Manuals

Scan Locally Crl+L
Status . Name SEED Name  Firmware Ver  (Identifier) = WAN Address LAN Address  Tunnel Address =~ Netmask Uptime Last Contact
— o Reqgistry Ctrl+R
|° |l @ 1§ e " *-14470 (MINL-6708) 89.213.16.113 10.20.1.89 127.10.103.8 255.255.0.0 14days 23Hrs Just Now
L — & & Show © +

Status
Label 28997 (MIN-A555) 89.213.16.113 10.20.1.82 Mot Available 255.255.0.0 Sdays OHrs  Just Now

4+

Export Overview 28997 (MIN-C768) 89.213.16.113 10.20.1.87 Not Available 255.255.0.0 Sdays OHrs  Just Now

| SUPRT-MIN  Minimus

System

| SUPRT-FMUS  Fortimus 28997 (FMUS-DESB) 89.213.16.113 10.20.0.147  127.10.222.91 255.255.0.0 21days 23Hrs Just Now

Name

O 0000
R T

(B
0
=
3
n
(]
=
o
wr
g
&
3
&

28997 (CERT-E667) 89.213.16.113 10.20.1.92 Not Available 255.255.0.0 Sdays 1Hrs  Just Now
SEED Name

Site Name
Firmware Ver
(Identifier)
WAN Address
LAN Address
Tunnel Address
Netmask
Uptime

Last Contact
Latitude
Longitude
Altitude
Timing quality
Voltage
Humidity

Temperature

R T T T T S

Free storage

Last EEW Timestamp
Last EEW PGA Peak
Tunnel Available
Metwork latency
Data latency

A AN

Cal Date

Battery Charge
Battery Lifetime
Battery Charge Power
Battery Temperature
Stream Connections

Figure 10 Example of some of the available parameters showing instruments state of health

4.1.2 State of Health via registry

Operationally, the available SOH parameters for devices on a WAN are much the same
as above. The information latency is between 10-20 seconds as the data must be
fetched from the Registry server rather than directly from the device. The
information remains on the Registry server for 24 hours (configurable). Restarting the
local Discovery or pressing the Registry button simple re-fetches this SOH information.

The registry server can be configured to send emails or text messages when some
changes happen in the systems in the Registry, such as:

e asystem (which was not in the network) appears into the network

e asystem disappears from the network (lost contact for more than 2 minutes)
e asystem re-appears into the network

e the Status of a system changes

e aneventis detected.

This functionality makes the monitoring of medium-large network easy and efficient.
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4.1.3 Options for sendng Email and TXT messages
The registry server can be configured to run a script on certain status changes.

State of health changes for an instrument such as Voltage below a threshold or the
absence of communication are typical applications. This script can then send TXT
messages or Emails or indeed perform any other tasks.

For help on configuring these options please refer to the Datacentre manual:

Datacentre Manual

4.2 Connectivity
The IP addresses listed can be used to make connection with the digitiser devices.
slinktool -S DG_05656 -v -p min-5656
slinkttool -Q 192.168.1.2
telnet 10.20.1.2 -P 11789
Ping 10.20.1.1
Example of connection to a seedlink server:
telnet min-5656 18000
Trying 10.30.0.7...
Connected to min-5656.
Escape character is ']'.
HELLO
SeedLink v3.0 (MIN-5656 CAP Testing 3) :: SLPROTO:3.0
DG.05656

4.3 Main Window Applets

Right-clicking on a system offers a number of operations that depend on the recognised
instrument type and potentially software version. Some of the available applets are intro-
duced in the following Sections.
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[9 Guralp Systems - Discovery
File Edit Tools Window Help

& Status Label Serial # Firmware Ver Last Contact Latitude Longitude
O |"6"|[f®h\j|"i:|m0 LABEL 0155  2.1-21248 Just Now -59.9000 85.1029
O | @ I @ I ﬁl Yen Testing 115D 2.1-21247  Just Now 513612 -1.1640
O | 0 I CL) | ﬁ"l Tan's Minimus2 6805  2.1-13962  Just Now 0.0000  0.0000
O |°|[ @jl a | FXM A7SB 2.1-25440  Just Now -50.9000 91.6010
O |° I @ ﬂ ) 1an's Minimus 9261  2.1-24257  Just Now 51.3614 -1.1642
u| Qu ®j| ﬂ | NO LABEL e ——ii
i MINP-2163 10.30.0.106
O IQ I @ | Q:I MARIS Control Contre low -50.9000  105.7960
O |°|[®j| ﬂ/'l CERTIS_TEST04 Live View v low 51.3608 -1.1634
O |° I @ | ﬁ"l TestRoom1_CertisTest#0!  Firpware Update y  low 51.3604 -1.1640
O |°| CT) ﬂ | Yen Testing System Configuration low 513612 -1.1641
= Device Port Configuration
n |°| C;) g NO LABEL it Netork Addrace low 51.3612  -1.1639
O IQII @ I ﬂ | Test Rack 3 EIE low 51.3612 -1.1641
O IQ I @ I ﬂ) 3T reference COMETS Tunnel Sistus low 51.3612  -1.1641
O |° I Cl.) I ﬁl NO LABEL i Lol low 51.3606 -1.1634
e View Web Page w

O | 0 I @ | g;l 2024 Freeze Off SG P 51.3601 -1.1641
O |°|[® | ﬂ | FXM Catbration | low -50.9000 104.4570
O |Q I O I ﬂ | SUPRT-FMUS 4D67  2.1-21248 Just Now 51.3606 -1.1633

Figure 11 Right-click menu

4.3.1 Firmware Update

Caution: Do NOT follow these instructions to update the firmware of
Minimus,, Minimus Lite and Artius. To update the firmware of Minimus.,
Minimus Lite and Artius units, follow the procedure in Section 4.3.4.1.

The Firmware Update applet offers automatic download of appropriate versions for
Minimus, Minimus+, Fortimus and Certimus units. The software is then sent to the
instrument where it is verified and stored before installation begins. Network
problems during the upgrade process are therefore NOT an issue. The update is only
performed at the instrument when all information is on the instrument. The update
will continue even if the network disconnects at that point.

System updates do not affect the network settings such as IP address. Other
parameters are typically reset to defaults when the new software starts up for the first
time. Older system settings can be automatically re-applied after the update
completes if the suitable options are ticked in the applet.
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[D MINP-2163 - Firmware Update - Discovery - x

Host name: MINP-2163
IP address: 10.30.0.106
MAC address: 8C:59:3C:41:63:21
Configuration
] Automatically download/upload configuration

(_J Reset configuration

) Apply configuration from file Browse

Firmware

Current firmware date: 20-Feb-2024

Current firmware version: 2.1-23491

Uralp server - stable (online version: 2.1-21248) Release notes Get from server and update
i Guralp server - experimental (online version: 2.1-24522) Get from server and update
) Local file =ffrestelli/Documents/Firmware/DIG_21243.g92 Browse, Update
0%
Close

Figure 12 Firmware Update applet for firmware update of Minimus, Minimus+ Fortimus and
Certimus

Much of the applet is concerned with where the firmware file should be downloaded
from. Typically, this will be from the Giralp webserver. There are always 2 versions
available: the current qualified stable release and an experimental (Beta) build.

The experimental build is typically based on the last stable build but with additional
bug fixes and features. It is generally not recommended to use the experimental
version for active deployments unless directed by Giliralp support.

Once an update has completed successfully from a local file path, it is then possible to
perform multiple updates on other systems in one operation. Simply select a group of
instruments in the devices list and right-click the Firmware Update option. This will
launch multiple update applets that will run in parallel. Each will close as it
completes.

4.3.2 Live View -GDI/SEEDIink

The Live View applet launches the live seismic data viewer and a stream of data is
initiated. Minimus platform systems all support the GDI and SeedLink protocols. GDI
(Guralp Data Interconnect) runs over a TCP connection. It supports the concept of
additional metadata on each stream as well as multiple streams on the same TCP
connection at potentially differing sample rates. The protocol generally has a lower
latency than SeedLink as samples are sent when ready rather than waiting for a full
packet. When several channels are used (Z, N, E, Mass etc) this results in efficient
packets being sent with a mix of the channels depending on sample rates. This
differs to SeedLink where a packet contains only one channels data and must be
filled with that channel alone before transmission.
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The addition of metadata in the connection also ensures that instrument response
and calibration parameters are inseparable from the seismic data. When a connection
1s made the calibration and response and SI Units etc all come automatically. Newest
versions of Discovery also include metadata in the SEEDlink stream, however, in
contrast to active parameter streaming of GDI this is achieved through an automatic
upload of the dataless file. This file is pulled from the webpage of a Minimus-based

Instrument.
Guralp Viewer — Discovery x
Add Device Load, Search Fittoview Normalise Live ® Manual All Recent <> | 3> >>>  Selectrange Goto Ok B 2024/10/24 11:50:35.540
Data Scaling Centring Timeline Teol
Channel List D& MNF85C-1VELED
- ms’ 250sps
- B CERT-FS5C Max  =-108693 |
+ B Power
~ @ Ainstrument
> LI Slintz MNFB5C-1VELE2 TR PR [ YRR TT, W 1 )
’ :}ms ms Ssps ¥ 4||‘r.l|. i P ll‘\‘“,l“‘-.l.,l"‘.‘ 11-,,.-'«1“"""."’.ru-'l"\r""“-‘-N‘-._Mh o s Mt
» V| S1SeisZ O T S WL TN AR W
» | S1SeisN
+ v S1SeisE MNF85C-TVELNO
» V! S1RatioZ 1 250sps
4 SISTAZ =0.52723
r LI SILTAZ
S1CIkDacFreqPull
S1HumidB MNF85C-IVELN2
S1PLLOffset ' 5sps.
S1Pres =0.351201
S1RotPitch
S1RotRoll
STRotYaw _ MNF85C-IVELZO
orB 250sps
» B MEMS _ |Max  =0.0706299

Selectgroupsupto |1
Lkl k MNF85C-1VELZ2
Select All Clear All m.s Ssps.

Min = 0.0705795 n T Y T o gt y
Keep data in memory for Max =0.0706123 o i Wi ' e U i
12 Hours
MNF85C-1RatZ0
Group viewer streams by 9% 1sps
¢ Device ID Stream type Max =238

Reverse sort = = =
20.113005-beta X 2024/10/2411:44:18.820 2024/10/24 1:48:13.803

Figure 13 Waveform viewer main window

The left-hand list of channels can be used to enable the display of the data in right
hand viewer by using the tick boxes. Hovering over the name in the Channel List or

the Channel name box in the viewer will display a help list of the channel’s metadata
as shown below:
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ons Gilralp Systems — Discovery MNF85C-TVELN2 240ct 12:46
Name Value .
— Discovery
M-CAL 2.4400E-7
AddDevice Load, Search | Fittoview Normali [M-CHAINNAME S15eisN >»| >>> Selectrange Goto It B
5 9
Dsta <aling M-COMPONENT |1 Timeline Tool
Channel List B8 | MNF8S{[M-DAC 24400E-7 1462 1:46:10
- B CERT-F85C Win = .4.d|M-DESCRIPTION _[Main seismometer N chain |
~ W Ainstrument Max =-1.4|M-DISPCOLOUR #FFO000
» [ Stz A ==
» [ STintN L:femv :2&5 M-DispNode Ainstrument I
» [ SlinE Scale  =66.||M-GAIN-O 2.4400E-7
» ¥ SiSeisZ =
M-GAIN-1 1.9396E+9
MNF85 M-GAIN-2 1
ms” M-GAIN-3 o
';}'" =-14[M-GAIN-4 -7.54E416
- ) ax =
DackreaPull Avg  =-1.q[M-GAIN-S -1.20E-24
SIPLLOffset Latency =313 M. GAIN-6 -6.51E-32
CiPres Scale =100 ——
S1Pres M-GAIN-7 3.782E420
S1RotPitch
STRotRell M-GROUP 1
STRotYaw M-MODIFIER 1
S1TemprB
» (] Timing M-MODIFIERNAME
» I MEMS 5 |M.POLE-O -63.7927 + 1-90.3864.
+  Power Avg =024 -
» | Environment Latency = 268 |M-POLE-1 Ebs NAANINSoe )
Scale =664 |M-POLE-10 -3.24E+437 4 [*-1.46E+36
M-POLE-2 -755.898 +i*0
MNF85¢ |M-POLE-3 -209.656 + *0
= o.3] [M-SEEDNAME DG.OFE5C.TK.MHN
in =
Max  =0.3| | M-UNITNAME Metres per Second
Avg  =0.31|M-WEBTXT m.s!
Latency =313
ceate ! =326 [M-ZERO-4 -9.50E+37 + 1*3.358E-15
M-ZERO-5 -4.526+21+ i*-2.45E+38
Transform None
MNF8S
i adc-bitweight 2.4400E-7
Min  =0.0|[adc-pga 1
Max =0 I
Avg  =0.0][component N [l
Latency = 268 |data-class primary .“
scale =864 | gimension velocity
Select groups upto |1 - gct-channel-name | MNFE5C-TVELN2
= s _ MNF85 instrument-id CERT-F85C S15eis
Keep data In memory for Min = g,gf [instrument-type high-gain-seismometer
- Max = 0.0]|sensor-gain 1
12 Hours - =
f::‘emy = 9p3 sensor-is-aifterential | aise

Sroup view: reams by
Group viewer streams by Scale  =100%

® Device ID Stream type

Reverse sort
20.113005-beta X 2024/10/24 11:45:43.038

Figure 14 Channel associated metadata
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4.3.3 Web Page (System Browser)

-~ UNDERSTAND
" "‘-....‘
gurc“p OPTIMISE
PROTECT
Minimus
Status Network Setup Trigger Data Stream Data Record Storage Login Help
—
System type: Minimus | Host label: SUPRT-MIN-TEST | Host name: MIN-A555 (10.20.1.82) | Serial number: 0A555
System Status
General Status
Host name MIN-A555 Host label _?llEJ;'_;RTrMINf System type Minimus Product type Minimus
; N N 10.20.1.82 SEED network and DG.DAS55
Serial number 0A555 Firmware version 2.1-21248 IPv4 address (DHCP) station (No site)
Digitiser temperature 29,608 °C Digitiser humidity 25.08% Input voitage 14,267V \?gh‘”’aze‘"” Fthernet 0.719V
; 10:36:52 AM . sckt: 14/60
System time Wed 1-May-2024 Uptime Td 22h 39m 58 |ETH status data: 26
GNSS Status
N ; 2024-05-01
GNSS connection status Connected Last timestamp 10:36:51 _f .
Last lock time Wb 0423 GNSS stability 100% + 5 o s
{ Downs i
Latitude 51.36062 Longitude -1.1635 { —F ). Nationgt
- — - Landscdpe
. Horizontal dilution of oy
Altitude 874 precision 0.99
Trusted ==
GNSS PPS status Pulsing GNSS NMEA stream Input OK ‘f | :
- Used: 10 Report a problem | © OpenSireetMap contributors
GNSS Lock state 3D locked Number of satellites In view: 12
Data Record Status
microSD status Recording ImlcroSD total 60424192 KiB | microSD used 826676 KiB |m\croSD free 98%
Sensors Status
Number of sensors 1
detected
Sensor0 Serial number (0) Firmware ver (0} 8.5-0
Integrator Z (0) 6 Integrator N (0) 5 Integrator E (0) 6
Seismometer Z (0) 61 Seismometer N (0) -236 Seismometer E (0} 478

Figure 15 An instrument’s WEB page

Most Gliralp product’s configuration can be viewed and modified via a Web page,
which can be accessed by selecting the applet View Web Page. This is served by a
HTTP Server within the instrument or Digitiser. This option launches a WEB viewer
from within the Discovery software. This has limited functionality but is more than
sufficient for most operations. The system browser can be launched if an alternative
browser is required for download management and is the recommended option.

An instrument'’s webpage can also be accessed by typing the instrument'’s IP address
in a web browser.
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4.3.4 File Exchange

FMUS-CD5A - File Exchange — Discovery x
File download I
Download file:  /ram/xtaltable.txt = / Receive a file from
Instrument
Download as: Browse
Download
File upload _
Upload file: :_paczek/minimus2_project/Default/minimus2_project.bin| | Browse / Send a file from PC to
Upload as: |fram/minimus2_project.bin Instrument
Make web accessible Upload

|
SIS — SESEIUEIS— e ————aaata

Figure 16 File exchange window

File exchange enables files to be sent to a digitiser or received from a digitiser. This can
be used for log files, station XML etc and software updates of certain systems and
sub-systems.

When sending a file to a digitiser the ‘Upload as’ field specifies the name of the file as
written in the digitiser. This is typically of importance as a number of specific
filenames are known to the receiving systems and are used as the cue to decide what
to do with the new file.

Some examples below:
‘certis.bin’ — software for the Certis instrument

‘femtomus.bin’ — software for Aquarius and Certimus ultralow power internal
digitiser
battery_project.bin — Power Pack Module firmware update
Once the filename paths are set up in the applet, multiple systems can be updated in
one hit. Simply select a group of instruments in the device list and right-click the File

Exchange selection. This will launch multiple applets that run in parallel. The popup
will close automatically as it completes the transfer.

file transfer. Watch the LEDs on the instrument or the device list to

0 Note: This does not mean that an update is fully complete — only the
reflect the new version etc. beforerepowering anything.

The file exchange window can also be used to run a script file that contains a list of
commands to be executed at specific dates and time. This can be used for operations
such as scheduled instrument calibration. For more details, see Section.
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4.3.4.1

4.3.4.2

Minimus:2, Minimus Lite and Artius Firmware Update

File Exchange, specifically the bottom section called File Upload, is also used for
updating the firmware of the Minimus; and Minimus Lite units. The Prepare
Firmware Update option automatically downloads the most recent stable or
experimental build from the web and fills in the columns above, ready for the upload.

Firmware Update for the update process, it is vital that the name next to
“Upload as” remains unchanged. Any alterations will result in issues after
uploading this new firmware.

2 Caution: When using the Stable and Experimental buttons next to Prepare

[ MIMNL-6518 - File Exchange - Discovery = O *

File download

Download file:

Download as: Browse
Download

File upload
Upload file: C:/Users/kkitka/AppData/Local/Temp/kkitka/firmware_update_files/minl_release.bin Browse
Upload as:  /ram/minimus2_praject.bin
[ Make web accessible
Prepare Firmware Update: Stable Experimental Upload

Ck

Figure 11 File Exchange applet for firmware update of Minimus: and Minimus Lite

Sending a Script file

Guralp digitisers or integrated digital sensors are capable of running a script file that
contains commands to execute at specific dates and time. This can be used for
operations such as scheduled instrument calibrations and SD card formats.

The script file is written on a computer as a .txt file. It is then sent to the digitiser as a
file transfer from Discovery.

The scripting capability needs to be enabled (once) on the digitiser. In order to do this,
type the command below in the instrument’s console:

resource add futrcmds 1

The console can be accessed from Discovery by right-clicking on the instrument’s
entry and selecting Console
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[ Discovery — O X

Welcome to MIN-A555 (SUPRT-MIN-TEST), type “help” for a list of available commands

‘resource add futrcmds 1| ‘ Disconnect Send

Typing “help” in the console shows all the possible commands along with a brief
explanation. Any commands available on the digitiser console can be used. The list of
commands to be executed on specific dates and time has to be written to a text file
with the following format:

2024-06-17718:30:33Z example command 1

2024-06-17T718:30: SOZOexamp'I e command 2

0 Note: The circled space is the TAB character. Using spaces instead will not

work.

Time has to be specified in UTC. Please refer to the “System time” that appears on the
Minimus webpage.

Once the text file with the list of commands is ready, it has to be uploaded in
Discovery as a file transfer through the File Exchange applet. From the “File Upload”
box, browse for the text file previously prepared and in the field “Upload as” type
exactly /ram/futrcmds. txt. Click on Upload.
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MINP-2163 - File Exchange — Discovery x
File download
Download file: | [ram/xtaltable.txt -
Download as: | Browse
Download
File upload
Upload file: |/homefoneal/futcmds.txt Browse

Upload as: |fram/futrcmds.txt

Make web accessible Upload
ok
If the file has been uploaded successfully, the next command due to be executed is

displayed in the Network tab as shown below. If this does not show, reboot the
instrument.

~_ UNDERSTAND

¥ OPTIMISE

e M A gUralS™ | QPTME
Minimus

Status Network Setup Trigger Data Stream Data Record Storage Logout Help

System type: Minimus | Host label: SUPRT-MIN-TEST | Host name: MIN-A555 (10.20.1.82) | Serial number: 0A535
Network

. 2024-06-10T14:15:00Z var set
M II Next console command »0:Channel” 5 I

Network Configuration

DHCP Enabled w || Static IP addr | 169.254.148 165 Net Mask 255.255.0.0 |Gdtewa‘,r 169.254.0.1
DNS1 09.244.0.3 DNS&2 [24.200.69.80

The Discovery'’s tool called “Command Scheduler” can be used to produce a text
file with commands to be repeated with the desired frequency (once a day, week,
month, etc.). Section 5.6 describes where to find and how to use the Command
Scheduler.

4.3.5 System Configuration

A Configuration Import/Export tool can be access by selecting System Configuration.
All Guralp digital sensors and digitisers have the idea of configuration files. These
allow the entire system configuration to be copied from a system and reapplied to
another system (or systems).

The config file is in text readable format. It comprises name/value pairs. The names
are the same as they appear on the instrument’s web page. Text values appear as they
do on the web page. Pulldown menus appear as enumerations (index into the list).

The config files can be manually edited if desired. It is also possible to remove items
from a config file. This has the effect of those parameters remaining unchanged
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when the settings are applied. This may be useful when a group of instruments with
unique system and station names require all their channel sample rates changing
without affecting other parameters such as the names, or you can make a file with
perhaps just one parameter that can be sent to a group of systems to change just that
singular setting.

[D System Configuration Import/Expert Tool - Discovery - O X

Cenfiguration source

® Use configuration from one of the devices: | CERT-EB67 (10.20.1.92) ~| | Download configuration
0 Use configuration from file: Ci/Users/frestelli/Downloads Browse
Devices Check the systems that will receive the config file when

Select devices for configuration upload the “Upload configuration” button is pressed.

[ MINP-5158 (10.30.0.74) Note: selecting a group of systems from the systems list
[ MIN-4058 (10.20.0.146) before right-clicking the configuration option will have
Pt e the same effect

[ Select Al

Upload

Upload configuration

Reboot selected

QK

Figure 17 System configuration window

To perform mass configuration, preselect a group of instruments in the Discovery
device list, right-click and select System Configuration. The applet below appears with
the instruments preselected (ticked). Further selection of additional instruments can
be performed before uploading a chosen file to all the selected systems in parallel.
Once the Upload is complete, the Reboot Selected button can be used to restart all the
instruments in one button press.

Loading an old .config file onto a system with newer software is perfectly acceptable.
Any new parameters added in the newer version will simply not be modified by the
upload.
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Figure 18 System configuration import/export tool

4.3.6 Running Scripts

A shell script can be run directly from Discovery. The script receives the instruments
Hostname and IP Address as the first two parameters.

Both Linux and Windows builds of Discovery support this operation. With Windows it
is necessary to install the Linux shell functions of Windows 11 onwards.

Bash or Python or any shell scripts can be run in this manner.

Group selection of multiple systems results in multiple shells being launched to run
each script. An example of this would be to instigate a data download from the
instrument’s web server. These downloads will all operate in parallel for maximum
speed. This is an effective way of offloading systems after a deployment.

In order to run scripts, first configure the folder that contains the script files by
editing the config2.ini file (see Section 9.1 to find out the location of this file). Add the
tag ScriptFilePath= to the folder that contains the script files. Files must be named
“discovery_xxxx" They will appear in the right-click context menu under Scripts:
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D5A CD5A (FMUS-CD5A) 6.0.0.0 16.20.1.26 255.255.0.8|2
€57 MIN-7E63 10.30.0.79 10.20.0.44  255.255.0.0 €
E Control Centre
I CEX
Live View »
658 10.30.0.36 255.255.0.0 @
Firmware Update U
957 ) ) [ e mrrome e
System Configuration discovery_add_to_overnight
Device Port Configuration discovery_annex5
GDI Configuration discovery_beta_daily
Data calendar view discovery_check_cron_Llist
Edit Network Address discovery_daily_beta
File Exchange discovery_deploy
I ) .
z discovery_disable_cal
. Show On Map discovery_disable_cal_1Hr
| View Web Page w discovery_enable_cal
. View Web Page (in system browser) discovery_fullformat
| Show GDI Low Latency discovery_get_response_files
| Sensor test grid discovery_get_time_offset
| Calibration . discovery_gps_on

Figure 19 Script files are listed automatically

The example below fetches all the data files from the digitiser. This is using the HTTP
(WEB Page) protocol to download all the files shown on the file list page of the
instrument. Scripts are only supported on the Linux version of Discovery.

#!/bin/bash

set -x

foo=$(date +%Y-%m-%d)

mkdir $foo

cd $foo

mkdir $1

cd $1

wget -rnp http://%$2/tab9.html
cd

4.3.7 Calibration

Calibration is a procedure used to verify or measure the frequency response and
sensitivity of a sensor. It establishes the relationship between actual ground motion
and the corresponding output voltage. Calibration values, or response parameters, are
the results of such procedures.

Response parameters typically consist of a sensitivity or "gain"’, measured at some
specified frequency, and a set of poles and zeros for the transfer function that
expresses the frequency response of the sensor. A full discussion of poles and zeros is
beyond the scope of this manual. The gain for a seismometer is traditionally
expressed in Volts per ms™! and, for an accelerometer, in Volts per ms-2. Other
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instruments may use different units: an electronic thermometer might characterise
its output in mV per °C.

A calibration procedure is also used to establish the relationship between the input
voltage that a digitiser sees and the output, in counts, that it produces. The results are
traditionally expressed in Volts per count. Giiralp digitisers (Minimus, Minimus+,
Minimus; and Minimus Lite) are programmed at the factory so that they know their
own calibration values. However, when an analogue sensor (e.g. Gliralp Fortis, 3T, etc.)
is connected to a digitiser of the Minimus family you are required to manually input
the sensor’s calibration values.

To enter the calibration values for your analogue instruments, right-click the
digitiser’s entry in Discovery’s main window and select Calibration — Edit Poles &
Zeros. This action opens the Calibration Editor window.

This form has one tab for each seismic component, mass position and a calibration
channel. The instrument's response values should be entered in here. These are:

- The Digitiser Volts per Count (VPC) - the ratio between the input voltage and the
digitised output value (“counts”). This field will be populated automatically with
the correct value for this input channel of the Minimus.

- Analogue Instrument Gain — this specifies the output voltage of the analogue
seismometer per unit of ground motion, as measured at 1 Hertz. This information
is normally provided on the calibration document that is shipped with the
instrument. In the calibration document, this parameter is often referred to as
“Velocity Output V/m/s” or “Acceleration Response V/m/s?" depending on the
analogue instrument. This value can vary slightly across the three components.

- The ADC offset is the quiescent output seen when digitiser input is zero. This field
will be populated automatically with the correct value for this input channel of the
Minimus.

« The Coil constant is the coil constant for the component being calibrated, in
A/ms ?, as given on the analogue sensor calibration sheet. This value is the same
across all three components. This value is not relevant when Minimus is used
with a Guralp Fortis accelerometer or Guralp Certis broad-band seismometer.

- The Calibration resistor is the value of the calibration resistor, in Q, as given on the
sensor calibration sheet. This value is the same across all three components. This
value is not relevant when Minimus is used with a Guralp Fortis accelerometer or
Guralp Certis broad-band seismometer.

- The Normalising factor specifies the value that the transfer function (as specified
by the poles and zeros) must be multiplied by in order to provide unity gain at 1 Hz.
This value is the same across all three components.

- The Poles and Zeros describe the frequency and phase response of the component.
They must be specified in Hertz. This information is normally provided on a
calibration document that is shipped with the instrument. If poles and zeros are
not included in your calibration document, nominal values can be found here:
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https://www.quralp.com/apps/paz/. This value is the same across all three

components.

= - Calibration Editor - Discove —
MIN-A555 - Calibration Edi Di ry m] *

Sensord

Settings

Instrument serial number: TFO164 |

{instrument type}

* Component £ Component N Component E Component X Mass Z Ma 4 ¥

. ~
Units

Customize component input unit

Physical unit: | Metres per Second Squared [m/s7] > | Unit modifier: | nane b

Parameters

Digitizer Volts per count |2.43939992-06 V per count

Analogue Instrument |4.0479999 V per picocount (reciprocal: 0.247036)

ADC Offset |.1 00D | counts
[] Coil constant ~ ran A/m/s®
[ calibration resistor  ran Q
Response

Normalizing factor |1.93362+09

Poles (Hz)
Pole 0 -63 + i* |-20.350999 Hz
Pole 1 -63 + i* |90.389999 Hz
Pole 2 _755.90002 +i* |nan Hz
Pole 3 -208.7 +i* [nan Hz
[ Pole 4 nan +i* nan Hz
[ pole 5 nan +i* nan Hz
[ Pole & nan +i* nan Hz
[ Pole 7 nan +i* nan Hz
[ pole 8 nan +i* nan Hz
[ Pole 9 nan +i* nan Hz
[] Pole 10 nan +i* nan Hz
Zeros (Hz)
[ zero 0 nan +i* |nan Hz
[ Zero 1 nan + i* Inan H=z o
System calibration values
Al ~ | |Export to file| |Import from file

Send instrument calibration to device

Load from device Generate PDF Send to device

Figure 20 Calibration Editor window

Note: If the calibration document is lost, please visit the website to learn
how to request a copy (https:/www.guralp.com/customer-support).
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The calibration parameters for one component can be copied to any other component
of the same instrument, or other instruments. This is especially useful for poles and
zeros because they are typically identical for all three components of all instruments
in a class.

Within the “Component configuration” section, the “Copy:” drop-down box allows the
selection of what to copy: poles and zeros, parameters, or All(tab dependant). The
destination sensor can be set in the “to sensor” box and takes the numeric identity of
the sensor as detected by the Minimus. Finally, the specific components can be
selected in the “to component” drop-down box. Click on the Copy button to copy and
paste the selected values. Finally click on Send axis Z button to send the calibration
values to the digitiser and save them permanently. Repeat this last step for the other
axis. Note that Send axis Z only sends the calibration of the selected axis.

Component configuration

Copy: Al ~ | to sensor to component [ZNE » Copy
All

Poles and Zeros Send axis £
Poles a

Zeros

System ¢

Parameters

Figure 21 How to copy parameters to various components.

The overall system calibration parameters can be exported and saved in a file for
future use by clicking on the Export to file button under “System calibration values”.

System calibration values

Poles and Zeros * | | Export to file | |Import from file

Send instrument calibration to device

Figure 22 How to apply instrument calibration values.

The resulting filename will have the extension “. calconf". Values from an existing
calibration file can be imported using the Import from file button. The associated drop-
down menu allows specification of what to import: poles and zeros, gains, or
everything. Click on Send sensor0Q calibration to device to send the calibration values to
the digitiser and save them permanently.

Note: When using Minimus+, this action will only send the calibration of
the selected sensor. Click on the Send to device button to send the complete
calibration to the digitiser.
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5

5.1

Tools Menu

There are a number of tools and applets available which perform functions that are
not specific to devices. These are available in the Tools menu

CAP Receiver

Instruments can detect local events using a number of algorithms. Typically, an
STA/LTA trigger is used. This is relatively immune to slow changes in background
noise such as day to night.

A trigger can be configured to send a message (CAP — Common Alert Protocol). Giiralp
Discovery includes a CAP receiver. It listens on a specified UDP port for incoming CAP
messages. When one arrives, it can be displayed on a map alongside a table of
information. Furthermore, there is a user defined event window where Discovery'’s
CAP receiver will receive multiple event messages and evaluate them producing:

¢ An event log containing all the raw CAP messages received during the event
e An Event Report PDF listing crucial details from the event messages

e An epicentre based on trigger times of the event messages

e A GeoJSON file for importing the results to third-parties

On generating the above the CAP Receiver will stop listening for CAP messages and
open a new instance that will continue listening for new events. This allows the user
to review the data inside the CAP Receiver if needed whilst still actively listening.

receiver has been started by clicking on the Start button. If you see
instead a Stop button, it means that the CAP receiver is already
listening.

0 Note: In order to receive CAP messages, please make sure that the CAP

Load logfile | |Generate PDF| |Download data Settings

Start Export JSON Locate Clear events

Sender  Timestamp PGA P&V PGD  Latitu
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5.1.1 Network Settings

CAP Receiver Settings - Discovery X

General Events Network Categories

CAP Receiver

Port 11789 \

Forwarding server

Forwarding IP: ‘

Download request range (secs)

4

Offset before event: 2s

4»

Offset after event: 18s

Figure 23 CAP receiver network settings

The CAP receiver window allows specification of the listening port. This is available
by clicking on Settings and then on the Network tab. Each device from which
messages should be received must have this value specified as the “CAP Port” in its
triggering settings (from the Trigger tab of the webpage). The value should be
between 1025 and 65535. You should avoid numbers in the list at
https:/en.wikipedia.org/wiki/List_of TCP_and_UDP_port_numbers.

Note: For full instructions about how to configure triggers using
instruments that run the DIG firmware (i.e. Minimus, Minimus+,
Fortimus and Certimus) see DIG firmware’s manual (MAN-DIG-0001).

If you wish to forward the CAP messages to a server, type its L.P. address into the field
and tick the check-box named “Forwarding server”. An error message is displayed if
the entered I.P. address is not valid.

MAN-DIS-0001 40


https://en.wikipedia.org/wiki/List_of_TCP_and_UDP_port_numbers

Guralp Discovery - Software Manual Tools Menu

5.1.2 Map & Table View

CAP Receiver — Discovery x

OpenStreetMap Load logfile Generate PDF | Download data &~ Settings
7

evenage g Start Export JSON Locate Clear events

\
- e farden
\ (‘"»‘

Sender PGA Network Timestamp
MIN-1000 4 DG 2024-04-16T15:54:07.753

MIN-1007 4.32809 DG 2024-04-16T15:54:08.906
MIN-1004 225342 DG 2024-04-16T15:54:10.160
MIN-1013  2.9618 DG 2024-04-16T15:54:10.993

)
st Albans

e\
NS watlord, Emm,uma\.m.-:
MIN-1005 233658 DG 2024-04-16T15:54:11.316
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MIN-1014 2.54021 DG 2024-04-16T15:54:12.848
MIN-1008 1.63576 DG 2024-04-16T15:54:12.940
MIN-1003 1.61458 DG 2024-04-16T15:54:13.250
Ludgershall
MIN-1002 1.72024 DG 2024-04-16T15:54:13.968
AncoyeL | / denbrids = S
Amestiry y 7 Etie f Horley \ i 7 MIN-1012  1.74012 DG 2024-04-16T15:54:14.162
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]m iin Winchigster Vs Hofallin [P, | oo | -04-16T15:54:14.
10 mi . } A OpenStreetMap contributors v Website and AP! terms
15 Event Messages Close

Figure 24 Discovery's shake map

Each row of the table contains information from a CAP message, such if you have
three devices trigger you will see three rows in the table. If the device is setup to send
Peak Ground data or remote triggers, these will merge with the initial trigger they
relate to. This means after the initial trigger is received the PGA column may be
empty but it will populate when the Peak Ground data comes through later on.

the DIG firmware (Minimus, Minimus+, Fortimus and Certimus. NOT
Minimus2/Minimus Lite). To receive PGA, PGV and PGD information,
the EEW parameters have to be enabled. See DIG firmware’s manual
(MAN-DIG-0001) for more details.

0 Note: PGA, PGV and PGD are available only for instruments running

The column headers in the table are configurable in Settings, giving a range of useful
information from the CAP messages. Colour coding schemes are used for the PGA
column and optionally for the Sender column if Site Fragility is enabled. The list can
be sorted by clicking on the column header.

Clicking on entries in the list will highlight the location on the map — and vice versa.

Each device that has triggered is displayed on the map as a black cross. Red crosses
on the map reflect sensors that have some form of compromised performance —
possible timing inaccuracies or poor connectivity
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5.1.3 Colour Categories — Site Fragility

There is a default colour category for PGA values which will colour the PGA column
of the CAP message table in either green, yellow, orange, or red (for most severe).

An advanced colouring option called Site Fragility can be used to colour the Sender
Name column and optionally be used to colour the PGA column as well.

r

CAP Receiver — Discovery x

o Sty tM . g Load logfile Generate PDF Download data Settings
7 pensStree! ap e og

: Start Export JSON Locate Clear events
Search B - 2
b= TARAS Sender  PGA Longitude Latitude
' MIN-1000 10 -1.06649 51.3918
Henl
Tharne MIN-1004 6.15343 -0.948612 51.4656
\ Maidenhead=—= _
L \ Jou MIN-1001 539111 -1.04568 51264
Emmer Green MIN-1002 518628 118338 51.3178
Readl?gb MIN-1003 515089 -0.956926 51.2829
MIN-1007 511076 -0.990879 51.5142
Hungetiord MIN-1005 5.08086  -0.964054 51.2998
u MIN-1006  4.27 -0.948365 51.2787
Chineham b Farnborough,
Hobge—""
rall Aldershot
Whitchurch H. \ ren Guildford
s Farnham
5 km ’ Godalming
Smi © OpenStreetMap contributors. Tiles courtesy of Andy Allan. Website and APl terms
8 Event Messages Close

Figure 25 — An example of Site Fragility categories overriding PGA categories

In the above example the event table has been ordered by PGA and we can see the
colouring is no longer dependant entirely on PGA but is different per site. Each site
has PGA limits set for it. This can be found in Settings on the Categories tab:
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r al

CAP Receiver Settings — Discovery X

General Events = Network | Categories
V| Site fragility

/home/example/fragility.csv Load

Override standard PGA colourings: v

MIN-1000,8,6
MIN-1001,3.5
MIN-1002, 20,
MIN-1003,6,5
MIN-1004,9.1
MIN-1005,8.1
MIN-1006,4.4
MIN-1007,8,7
MIN-1008,9,7

@®cCancel || FOK |

Figure 26 - Settings, Categories tab

The format of the CSV file is <sender-name>, <red>, <orange>, <yellow>, <green>.
Where the colours relate to a PGA value (it turns red after the PGA reaches <red>).

5.1.4 Event Report & GeoJSON

When an event window closes, or when the user presses Generate PDF, a PDF is built
from the information in the current event's CAP messages. This displays the sender
information, timestamps, Peak Ground data, and latitude/longitude. The example
below uses faked data which is why there are no PGV or PGD values.
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gura

Tools Menu

\\

Earthquake Event Details

First Triggered Station
No. of Stations Triggered
Trigered Date & Time

Timestamp
2024-04-16T15:54:07.753Z
2024-04-16T15:54:11.813Z
2024-04-16T15:54:13.968Z
2024-04-16T15:54:13.250Z
2024-04-16T15:54:10.160Z
2024-04-16T15:54:11.316Z
2024-04-16T15:54:11.785Z
2024-04-16T15:54:08.906Z
2024-04-16T15:54:12.940Z
2024-04-16T15:54:11.332Z
2024-04-16T15:54:14.330Z
2024-04-16T15:54:14.311Z
2024-04-16T15:54:14.162Z
2024-04-16T715:54:10.993Z
2024-04-16T15:54:12.848Z

Figure 27 - Example of an Event Report PDF

MIN-1000

15

2024-04-16T15:54:07.753Z

PGA
4
2.36353
1.72024
1.61458
2.25342
2.33658
2.35855
4.32809
1.63576
2.8991
1.45424
2.70673
1.74012
2.9618
2.54021

PGV PGD Latitude Longitude

O O 000 OO0 0O OoODO0OOoOOoOOoOOoO

O OO0 OO OO0 00O OoO COoCOo

51.3976
51.5173

51.1989
51.2366
51.3814
51.4481
51.2704
51.4047
51.2311

51.2958
51.1928
51.1959
51.1905
51.3702
51.2352

-1.07575
-0.988528
-1.12658
-1.1973
-0.953563
-1.24205
-1.12266
-1.13452
-1.04009
-1.16438
-1.16945
-0.96932
-1.05389
-0.913457
-1.02902

When an event window closes, or when the user presses Export JSON, a JSON file is
built from the sender name, PGA, and latitude/longitude for all current CAP messages.

5.1.5 Download Data

Stream data can be download from the selected instruments by selecting them either
in the table or on the map view and pressing the Download data button.

The time range to download is configurable in Settings allowing a range before the
event and a range after.
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CAP Receiver Settings - Discovery K

General Events Network Categories

CAP Receiver

Port 11789 \

Forwarding server

Forwarding IP: ‘

Download request range (secs)

4

Offset before event: 2s

4r

Offset after event: 18s

Cancel

copied the data across so requesting data with Download data will not

0 Note: Immediately after an event occurs the device will not have
be successful until some time afterwards.

5.1.6 Triggers — Voting

When multiple instruments are deployed within a network, a voting scheme is
typically used to reduce false triggers. Local voting among sensors helps filter out
spurious events, as simultaneous triggers from widely spaced sensors are highly
improbable in the absence of a genuine seismic event.

The voting scheme in Discovery’s CAP receiver is characterised by two parameters:
the voting threshold and the event window. These two parameter can be set from the
Events tab of the CAP receiver Settings.
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CAP Receiver Settings - Discovery X

General Events Network Categories

Configuration

Enable shake map:
Ignore event window:
Spawn new receiver:

[]
Event window:

Voting threshold: 5 =

The voting threshold defines the minimum number of CAP messages that must be
received within a specified time frame (event window) to confirm an actual event.
When a new CAP message is received, the event window is initiated. If another CAP
message arrives within the event window, the timer resets, and the full duration of
the window begins again from that point. If the threshold is not met before the event
window expires (i.e., no new messages extend it further), Discovery’s CAP receiver
terminates the instance, discards all collected messages and takes no further action.

Event window
Event window m Event window
(

Voting threshold = 2

Event window
Event window

time

5.1.7 Triggering Test Tool

In order to see the event locator and logging operate without the need for a real event,
Guralp has written a test tool that generates fake trigger events and sends CAP
messages. with an ‘epicentre’ within the geographic region specified.

The test tool is installed in the Program Files folder under Guralp Systems /
Discovery2. Simply double click ‘thing.exe’
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» This PC » Local Disk (C:) » Program Files » Guralp Systems » Discovery2

~

Name Date modified
e vr e g e s v s S
f thing.exe 16/04/2024 12:57
| unins000.dat 16/04/2024 13:36
v @ unins000.exe 16/04/2024 13:36

Figure 28 Discovery's test tool

First, enter the IP address of the CAP receiver (the computer running Discovery), in
the Destination IP field. To find out the IP address of a Windows computer, key
Windows + R to open the "Run" dialogue, enter cmd and press the Enter key. Type
ipconfig in the terminal. Look for the right network adapter (e.g. Wi-Fi or Ethernet).
The IP address will show next to the IPv4 Address entry.

Testing Utility Tool - o x
FauxData = DataRequests = Hashing Monitoring
Connect
Registry Hostname Groupid Label Station Network IP Address
Add 18.168.216.36 TEST-1234 mine My system 01234 00 10.88.1.2
Delete

Num Sensors Region Lat/Lon Destination IP Port Max PGA
Send CAP 5 51.3611 -11 22000 1789 10

Figure 29 CAP sender Test Tool

The number of instruments can be specified under Num Sensor, such that triggers are
randomly generated from these instruments and create arrival times consistent with
a simulated ‘epicentre’ within the geographic region specified. The maximum PGA
can also be specified.

5.2 Modbus Server

The Modbus Protocol is a widely used communication standard by which
information is sent and received in industrial systems. It operates via the
Client/Server model, in which a requesting device (the Client) may demand
information from a providing device (the Server).

Discovery includes a Modbus server tool, which can be found under the Tools menu of
Discovery’s main window.
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[9 Giiralp Systems - Discavery

File Edit Tools Window Help Manuals

Data Viewer I

CAP Recaiver Name SEED Mame  Firmware Ver  WAN Address
N Modbus Server MIN-4058 2.1-10 0.0.0.0
O & Dacking Station nutes. MIN-B157 DG.0B157  2.1-27920 0.0.0.0
r (@)  Powerboard Control CERT-065F  SK.VALA 2121246 0.0.0.0

— Command Scheduler

O & ‘ MIN-BF57 DG.OBF57  2.1-27004 0.0.0.0
e MiniSEED Extractor
O I\Qll MiniSEED Gap Reporter MIN-C657 DG.0C657  2.1-22576 0.0.0.0
(] |‘°)| MiniSEED to Directory Structure ‘ MIN-646B DG.0646B 2.1-27920 0.0.0.0
O (@ oes ' MIN-5C68  DG.05C6E  2.1-27920 0.0.0.0
O (@ ml CertisQR 2 MIN-676B DG.0676B  2.1-27920 0.0.0.0

The Modbus Server tool within Gliralp Discovery allows for a Modbus TCP Server to
be hosted from a device running the Discovery software. This enables the
communication of information from a Discovery program to an outside client via the
Modbus Protocol. For a connection to be successful, the requesting device (Client)
must know the IP of the hosting device, as well as the TCP port on which the Server is
being hosted.

The maximum width of data that the Modbus protocol can hold in a single register is
16 bits. This means that many types of data, such as text and large numbers, must be
split across multiple adjacent registers within the server to accurately handle the
relevant information. As a result, the client device requesting information from the
server must be aware of how the data is composed within the server, which specific
registers it is stored in, and the expected type of that data in order to accurately
reconstruct it. To demystify this process, the Modbus Server tool in Discovery
displays a Data Layout Table displaying key information about contents of the server
being hosted.
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Data Layout:

Device Name Data Descriptor Data Units Data Type Modbus Server Address Modbus Function code =
SYSTEM SYSTEM ALARM HIGH - Bool 10001 02
SYSTEM SYSTEM ALARM HIGH-... - Bool 10002 02
SYSTEM SYSTEM FAULT ALARM - Bool 10003 02
FMUS-545A Name (UTF8 Encoding) Uint64 30001 04
FMUS-545A Event Timestamp seconds Uint64 30005 04
FMUS-545A PGA m/s”2 Float32 30009 04
FMUS-545A PGV m/s Float32 30011 04
FMUS-545A PGD m Float32 30013 04
FMUS-545A Uptime seconds Uint64 30015 04
FMUS-545A Last Contact seconds Uint64 30019 04
FMUS-545A Timing quality % Uintle 30023 04
FMUS-545A Voltage Volts Float32 30024 04
FMUS-545A Temperature Deg C Float32 30026 04
FMUS-545A Humidity % Uint16 30028 04
MIN-9261 Name (UTF8 Encoding) Uint64 30101 04
MIN-9261 Event Timestamp seconds Uint64 30105 04
MIN-9261 PGA m/s~2 Float32 30109 04
MIN-9261 PGV m/s Float32 30111 04
MIN-9261 PGD m Float32 30113 04
MIN-9261 Uptime seconds Ulint64 30115 04
MIN-9261 Last Contact seconds Uint64 30119 04
MIN-9261 Timing quality % Uint16 30123 04
MIN-9261 Voltage Volts Float32 30124 04
MIN-9261 Temperature Deg C Float32 30126 04
MIN-9261 Humidity % Uintl6 30128 04
FMUS-F661 Name (UTF8 Encoding) Uint64 30201 04
FMUS-F661 Event Timestamp seconds Uint64 30205 04
FMUS-F661 PGA m/s~2 Float32 30209 04
FMUS-F661 PGV m/s Float32 30211 04
FMUS-F661 PGD m Float32 30213 04
FMUS-F661 Uptime seconds Uint64 30215 04
FMUS-F661 Last Contact seconds Uint64 30219 04
FMUS-F661 Timing quality % Uint16 30223 04
EMIIS-FRAT Vinltane Vinlte Flaat3? 224 na -

The Data Layout Table displays the following data:

e Device Name: identifier of the system from which the data is taken

o Data Descriptor: states the type of data stored for a particular device

e Data Units: the units for the piece of data stored in the server

e Data Type: the type into which the raw data is to be converted from the server

e Modbus Server Address: the server address where this piece of data can be found

o Note — the first digit of the server address refers to the type of Modbus
server register being accessed (e.g. 3 corresponds to the Modbus Input
Register type). This is according to Modbus convention.

e Modbus Function Code: this is the function code associated with reading from
this type of Modbus register. It is necessary for correctly accessing the server
data.
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It is the user’s responsibility to accurately extract and process data from the Modbus
Server whenever their client device requests it. The Data Layout Table has been
designed to make this task easier but, due to the complex nature of the data involved,
achieving accurate data reconstruction is not trivial. As such, the user’s post-
processing should be tested thoroughly to ensure it matches the expected results. A
simple demo script can be provided for extracting and processing server data when
set to the default data configuration.

The Modbus Server is updated every 10 seconds, and the data in the server can be at
maximum 10 seconds out of date. However, the Server data will also update
immediately upon a CAP event being received from the CAP receiver, after which it
will revert to its 10 second update cycle.

5.2.1 Modbus System Alarms

Under the default data configuration, the Modbus Server will set up three different
alarms, which shall alert the user to a change in circumstances that demand the
user’s attention. These alarms are as follows:

e System Alarm High: this indicates that ground movement (PGA) has been detected
with strength exceeding the user-set safe threshold, but below the danger thresh-
old.

e System Alarm High-High: this indicates that ground movement (PGA) has been
detected with strength exceeding the user-set danger threshold.

e System Fault Alarm: this indicates that a communication, timing, or storage issue
has been identified with one or more of the devices from which data is being put
in the server. It is tied to the state of health information for each device, displayed
in the status column of the Discovery main window.

Each of these alarms takes on a Boolean one/zero (true/false) value within the server.
A value of one (true) indicates the alarm is active, and zero (false) indicates an alarm
is inactive. For visual distinction, System Alarms are coloured dark grey in the Data

Layout Table.
Data Layout:
Device Name Data Descriptor Data Units Data Type Modbus Server Address Modbus Function code
SYSTEM SYSTEM ALARM HIGH - Bool 10001 02
SYSTEM SYSTEM ALARM HIGH-HIGH - Bool 10002 02
SYSTEM SYSTEM FAULT ALARM - Bool 10003 02

An important point to note is that the two vibration alarms, System Alarm High and
System Alarm High-High, trigger based off CAP messages being received from the
various connected devices. As a result, these two alarms are dependent on the CAP
Receiver being run in conjunction with the Modbus Server. Likewise, the thresholds
for these alarms being triggered are not set within the Modbus Server Setup, but
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within the CAP Receiver via the site fragility settings (see section 5.1.3). The different
vibration settings threshold settings relate to the site fragility as follows:

Threshold Site Fragility Colour
Danger Red

Warning-High Orange

Warning Yellow

Safe Green

5.2.2 Modbus Device Information

As well as the System Alarms, the Modbus Server will also maintain up-to-date
information for each connected device. This information is also displayed in the Data
Layout Table and will usually make up most of that table’s contents. Under the default
data configuration, the server will contain a standard array of data for each device.
The standard data array for a device under the default data configuration is as
follows:

¢ Name: device identifier

¢ Event Timestamp: timestamp of last CAP message from this device
e PGA: Peak Ground Acceleration associated with last CAP message
e PGV:Peak Ground Velocity associated with last CAP message

¢ PGD: Peak Ground Displacement associated with last CAP message
e Uptime: time since the last reboot of this device

o Last Contact: time since this device was last successfully communicated with
e Timing Quality: 0 to 100 quality metric for device timing

e Voltage: device voltage

e Temperature: device temperature

e Humidity: device humidity

Within the Data Layout Table, devices are coloured in an alternating pattern of white
and light grey, to clearly mark where the data for one device ends and another begins.
If a device is disconnected from Discovery, that device's data in the Modbus server
will no longer update, and the device will recolour as red in the Data Layout Table to
reflect this. An example of 3 subsequent devices showing the 3 possible colourings is
shown below:
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Data Layout:
Device Name

MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
MIN-3F6B
sapphire
sapphire
sapphire
sapphire
sapphire
sapphire
sapphire
sapphire
sapphire

sapphire

sapphire

Data Descriptor
Name

Event Timestamp
PGA

PGV

PGD

Uptime

Last Contact
Timing quality
Voltage
Temperature
Humidity

Name

Event Timestamp
PGA

PGV

PGD

Uptime

Last Contact
Timing quality
Voltage
Temperature

Humidity

Data Units
(UTF8 Encoding)

seconds
m/s”~2
m/s

m
seconds
seconds
%

Volts
Deg C
%

(UTF8 Encoding)
seconds
m/s”~2
m/s

m
seconds

seconds

uint64
Uint64
Float32
Float32
Float32
Uint64
Uint64
Uint16
Float32
Float32
Uintl6
Uint64
Uint64
Float32
Float32
Float32
Uint64
Uint64
uintle
Float32
Float32

Uint16

Modbus Server Address
30801

Data Type

30805
30809
30811
30813
30815
30819
30823
30824
30826
30828
30901
30905
30909
30911
30913
30915
30919
30923
30924
30926

30928

Tools Menu

Modbus Function code =

5.2.3 Modbus Server Configuration

The Modbus Server tool, when opened by Discovery, immediately displays some
important information. Namely, the port number and the server ID, both of which are
vital when using the Modbus protocol to access the server. To make edits to these
fields, and other settings controlling the server behaviour, it is necessary to open the
Modbus Server Configuration Editor. This is achieved via the marked button in the
Modbus Server UI.

Server status:

Server Configuration:
Modbus port:

Modbus Server ID:

Start server

Stopped

1502

Server Configuration Editor

Once the Configuration Editor is open, the user is able to alter the Modbus Port,
Modbus Server ID, and other server settings by interacting with the labelled fields.
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Reset To Defaults
General Settings:
Modbus Port:
Modbus Server ID:
Server Update Timer (ms):

Auto Start on Discovery Launch

System Alarm Settings:

v Include System Alarms

Alarm Reset: '® On Register Query

On Timeout

Device Settings:

Reset Device List | Include All Devices

Status ) Label
8 v

| NO LABEL

| NO LABEL

| London

| DALHOUSIE_05

.I Skye Tests :)

I’

000600

0o 0!

| NO LABEL

.ILondon

.I Platinum

b
n
-4
-
w

00060

opeoccoecn

| NO LABEL

e

| NO LABEL

| NO LABEL

i

| ALASKA#01

| NO LABEL

r

| ALASKA#03

| 1V testbed

| ULP2

eee0e

| London

Modbus Server Configuration — Discovery

Set Timeout (ms):

System

Minimus
Aquarius
Minimus
Aquarius
Aquarius
Minimus
Fortimus
Minimus
NAM2

Artius

Artius

Artius

Artius

Artius

Artius
Minimus Plus
Certimus

Certimus

1502

10000

10000

Name

MIN-A75B
AQU-0155
MIN-3F6B
AQU-C160
AQU-0260
MIN-9261
FMUS-545A
MIN-456C
sapphire
ART-4321
ART-6E1E
ART-6E02
ART-6DFB
ART-6DF8
ART-6DFF
MINP-6158
CERT-7E66

CERT-F367

<SS

SERARRERE

<

Apply Changes

Include Device

Tools Menu

Cancel Changes

A description of all the editable settings is given below. These settings are split into
the categories of General Settings, System Alarm Settings, and Device Settings.

¢ Reset To Defaults: this reverts all server settings to their default options.

General Settings — these govern behaviour of the server as a whole.

MAN-DIS-0001

53



Guralp Discovery - Software Manual Tools Menu

General Settings:

Modbus Port: 11502
Modbus Server ID: 1
Server Update Timer (ms): 10000

Auto Start on Discovery Launch

¢ Modbus Port: the TCP/IP port with which the client queries the server. This has
a default value of 11502.

e Modbus Server ID: an identifier for this Modbus Server. The Server ID is useful
when multiple Modbus Servers are run from the same IP address. This has a
default value of 1.

e Server Update Timer: under normal operation, the server data is updated at a
regular time interval controlled by this field. Default value of 10000ms (10
seconds).

e Server Auto Start: this dictates whether the server will automatically open and
start running when the Discovery program is launched. Default value is false.

System Alarm Settings — these control the system alarms of the Modbus Server (see
section 5.2.1).

System Alarm Settings:

v Include System Alarms

Alarm Reset: On Register Query

®) On Timeout Set Timeout (ms): 10000

¢ Include System Alarms: this gives you the option to include or exclude system
alarms from the server entirely. By default, system alarms are included.

e Alarm Reset:

o On Register Query: a system alarm, once triggered, will stay active (“on”)
until it is queried by a client, at which point it will toggle back to
inactive (“off”). This is the default.

o On Timeout: a system alarm, once triggered, will stay active (“on”) for a
set amount of time before deactivating itself. The amount of time (in
milliseconds) the alarm will remain active is controlled by the Set
Timeout box. The default timeout is 10000ms (10 seconds).

Device Settings — these control which of the devices visible to discovery will have
data in the Modbus Server. The included devices are displayed visually in the Device
Settings Table. The rightmost column of this table gives a checkbox for each device to
include or exclude that device’s data from the server. Device state of health and other
information is shown in the table for reference when deciding on whether or not to
include a device in the server. By default, all devices visible to Discovery are included
in the server.
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Device Settings:

Reset Device List | | Include All Devices

Status Label System Name Include Device —

Q@ O & v Minimus MIN-A75B v

] ,”'-‘“.®=-»"-. .;rj NO LABEL Aquarius AQU-0155 v

(@ (O @ rowes Minimus MIN-3F6B v

] "H' @Ir_u @ London Aquarius AQU-C160 v

- \\6" T | DALHOUSIE_05 Aquarius AQU-0260 v

) H@ll @ skeTests) Minimus MIN-9261 v

‘ ? )| ﬁ I F NO LABEL Fortimus FMUS-545A v

@ © | @ tondon Minimus MIN-456C v

| - A?ve - | Platinum NAM2 sapphire v

@ | © I @ |nouaee Artius ART-4321 v

'@ (® ) @ nouwes Artius ART-6E1E v

] ;H_‘HIG--’]I f Nouase Artius ART-6E02 v

‘ ? )| ﬁ I T | ALASKA#O1 Artius ART-GDFB v

- BECH .-;' NO LABEL Artius ART-6DF8 v

‘ ? | ﬁ I ? | ALASKA#03 Artius ART-GDFF v

] ;H_ @®© || @ eestbed Minimus Plus MINP-6158 v

‘ ? | ﬁ I ? |ULP2 Certimus CERT-7E66 v

] ;H_ @®© | @ tondon Certimus CERT-F367 v B
¢ Reset Device List: this unchecks every device’s box in the Include Device

column.

Include All Devices: this checks every device’s box in the Include Device
column.

At the bottom of the Configuration Editor, there are two buttons where the user can choose
to cancel or apply their changes to the server. Changes cannot be applied while the server
is running. Both options will close the Configuration Editor after being selected.

5.3 MiniSEED Extractor

The miniSEED extractor serves two purposes:

e When an SD card is quick-formatted, each file is marked as unused but previously
recorded data can still remain in them. Subsequent recordings overwrite these
files from the beginning but, if the previous recording had a longer duration, old
data will remain in the files. When the files are copied from the SD card to a PC,
these older data can cause problems.
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5.4

5.5

e The format used on the SD cards consists of fixed-length, 128 MiB files. Some re-
cordings might not use all of this space. When the files are copied from the SD card
to a PC, this can cause wasted disk space.

The miniSEED extractor reads miniSEED files on the PC and copies them to a selected
Destination folder, keeping track of the latest block time-stamp as it goes. If it encoun-
ters either an unused block or a time-stamp which is earlier than the previous one, it
stops copying, truncating the output file at that point. This guarantees that each out-
put file contains only blocks in time order and contains no wasted space.

To use the tool, select "miniSEED Extractor” from the Edit menu. Click the

first Browse button to select which files you wish to process and then the second
Browse button to select the folder into which you wish the output files to be written.
Finally, click the Trim Files button to extract the valid data from the selected files into
new files in the selected destination folder. When the process reaches 100% the

MiniSEED Gap Reporter

This tool can generate a report of any gaps in the data from the input files. To use, up-
load the desired input and then click Gap Report to view the report of all files or just
selected files.

MiniSEED to Directory Structure

Guralp instruments record data in miniSEED format. These files can be offloaded
from the SD cards. The directory structure on the SD cards is flat and comprises
128Mbyte files.

These file are pre-created and stretched to 128Mbytes. The key reason for this is to
prevent the File Allocation Table (FAT) being constantly updated as the system
records. In fact, a loss of power during the update of the FAT would result in a loss of
most or all data on the card. The pre-stretched files are never extended during normal
operation so a loss of power during a write would result in just one corrupt block in
the middle of a miniSEED file, which is typically skipped over by any reader.

This tool allows you to chop a large miniSEED file in smaller miniSEED files with a
fixed length of 1 hour. It will process the miniSEED files to create a folder structure of
month/day/hour with the hour-long miniSEED files in each folder.
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Load file(s) Load from directory
JNOMENIZIMELIZJCerUmuUsS_ T ES | _UATAJLIVLG-UL-LO0JAWU-EAD I 1U.5U.U, 13/50] &
O0EAB1_S51TemprB 00005_00010.mseed
fhomefhizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.30.0.13/sd/
00EA61_S1ClkDacFreqPu_00005_00009.mseed
fhomefhizmet12/Certimus_TEST_DATAf2024-02-26/AQU-EA61/10.30.0.13/sd/
OOEAB1_STPLLOffset 00005_00008.mseed
fhomefhizmet12/Certimus_TEST_DATAf2024-02-26/AQU-EA61/10.30.0.13/sd/

D0EAB1_S1APG 00005_00007.mseed
fhomefhizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.30.0.13/sd/
O0EAB1_S1ExtPres 00005_00006.mseed
fhomefhizmet12/Certimus_TEST_DATAJ2024-02-26/AQU-EA6110.30.0.13/sd/
00EAB1_S1Voltage 00005_00005.mseed
[home/hizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.30.0.13/sd/
OOEAB1_S1Pres, 00005_00004.mseed
[homefhizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.30.0.13/sd/
D0EAB1_S1SeisXA 00100_00003.mseed
fhome/hizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.20.0.13/sd/
D0EAB1_S1SeisMNA, 00250_00002.mseed
fhomefhizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EA61/10.30.0.13/sd/
O0EAB1_S1SeisEA 00250_00001.mseed =
Clear list

Output location: /home/hizmet12/Certimus_TEST_DATA/2024-02-26/AQU-EABG1

Select location

Cancel
11276

Close

Figure 30 mSeed to Directory Structure window

Figure 31 Resulting file hierarchy
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5.6

Command Scheduler

Tools Menu

Note: This section is closely related to Section 4.3.4.2. Please read them in
conjunction.

The Command Scheduler is a tool which allows the user to easily generate a
formatted file with a list of commands, ready for upload to your device. It also makes
it quick and easy to repeat the list of commands at specific intervals (daily, weekly,
monthly, etc.).

To open the Command Scheduler, go to the Discovery main window, click on Tools

and select Command Scheduler.
To create a single list of commands, use the Single command option:

1. Set start time
Use the “Command quick set up” buttons (Now, Tomorrow, Next Week) or the
date and time selectors to define when the first command should run (top
section). The selected time will be shown under “Command time” field

2. Add first commands
Use the “Command finder” field to enter the desired command, then click Add
to include it in the list

3. Schedule additional commands
To run another command at the same time, enter it in the Command Finder
and click Add again. To add a time gap between commands, either modify

values under “Time increment per line” or manually adjust the Command time

before clicking Add.

4. Save command list
Once all commands have been added, click Save as to export the list to a text
file suitable for uploading to your device using the File Exchange applet
(Section 4.3.4.2).

To repeat the command list at regular intervals, use the Create Batch feature:

1. Build command list
Make sure that “Crate batch” is selected instead of “Single command”. Follow
steps 1-3 above. The commands will appear in the Batch command builder.
2. Set repetition parameters
Define how often to repeat the list under “Time between cycles”, and specify
how many times to repeat it under “Number of cycles”. Click the Generate
Batch button
3. Save command list
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Once all commands have been added, click Save as to export the list to a text

file.

5.6.1 Example: Start and Turn Off Calibration

With the following example, we want to start a sine wave calibration with 1 Hz
frequency and 50% amplitude on the 4™ of October 2024 at 10:30:00 UTC, and turn it off
after 20 minutes. We will then use the Command Scheduler to create a file to repeat
the procedure once a week for a year.

The list of commands to start and terminate the calibration is as follows:

2024-10-047110:30:002z
2024-10-047110:30:002

2024-10-047110:30:002z

var set "0O:Calibration" 7
var set "0O:Lookup generator speed" 5

var set "0O:Lookup generator gain" $41200000

2024-10-047110:50:002

The explanation of each command is described below:

var set “0O:calibration" 7

var set "0O:calibration" O

This command will set the signal type, in this example 7 indicates sine wave
calibration. The number 7 represents the position of the desired type of calibration in

the drop-down menu of the webpage.

Triangle

Deprecated
White Noise
Step

Deprecated

Mass Threshold

Deprecated

Sine Wave

Calibration

var set "O:Lookup generator speed" 5

0: Off

1: Triangle

7: Sine Wave

This will set the frequency of the sine wave. Again, the number 5 represents the
position of the desired frequency in the drop-down menu of the webpage.

support@guralp.com.

Note: If you do not see the all the frequency options as in the figure, the
Minimus FPGA may need to be upgraded. If this is the case, please contact

MAN-DIS-0001 59



mailto:support@guralp.com

Guralp Discovery - Software Manual Tools Menu

| —

Digital 1 [0 ]° |pigital 2 [0 10Hz

Digital & ] Digital 6 E G Hz
[5he
0:10 Hz
4 Hz
: _ ! 1:6 Hz
Sensor type Status LED Idle
Input gain Input range
5:1Hz
Mass Readout £
205

Mass Threshold Recentre Count

Calibration

var set "O:Lookup generator gain" $41200000

This will set the gain to 10% of DAC full range. The percentage on the webpage (e.g. 10)
is a float. In the script though it has to be expressed in hexadecimal notation
(preceded by the character §), or decimal. Some examples:

10% = $41200000 or 1092616192
20% = $41A00000 or 1101004800
30% = $41F00000 or 1106247680

var set "O:calibration”™ O

This command will switch off the DAC creating the calibration signal.

We now use the “Create batch” feature of the Command Scheduler to create the list of
commands in suitable format and repeat it weekly for a year.

Once the text file is ready, it can be uploaded to the desired device using the File
Exchange window (Section 4.3.4.2).
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[ Command Scheduler - Discovery — x
Command time quick s=t Mo Tomarrow Mext Week
Year = - Month = - Day = -
Hour + = Mins + = Secs + =

Time increment per line

Command time

a : Days Hrs

Command finder

Mins

2025-10-10 10:30:00

Enter commands here..

Command help:

Add

o Single command i#) Create batch
Batch command builder
2024-10-04710:30:00Z var set "0:Calibration” 7 ﬂ
2024-10-04T10:30:002 var set "0:Lookup generator speed” 5
2024-10-04710:30:002 var set "0:Lookup generator gain™ $41200000
2024-10-04710:30:00Z var set "iCalibration” 0 "
Time between cycles 7 : Days Hrs Mins Secs
MNumber of cycles 54 [w Clear batch Generate batch
2024-10-04T10:30:00Z var set "0:Calibration” 7 -
2024-10-04T10:30:00Z var set "0:Lockup generator speed” 5
2024-10-04T10:30:00Z var set "(:Lockup generator gain® $41200000
2024-10-04T10:30:00Z var set "0:Calibration” 0
2024-10-11T10:30:002 var set "0:Calibration” 7
2024-10-11T10:30:00Z var set "0:Lockup generator speed” 5
2024-10-11T10:30:00Z var set "0:Lookup generator gain® $41200000
2024-10-11T10:30:002 var set "0:Calibration” 0
2024-10-18T10:30:00Z var set "0:Calibration” 7
2024-10-18T10:30:00Z var set ":Lookup generator speed” 5
2024-10-18T10:30:00Z var set "0:iLookup generator gain® $41200000
2024-10-18T10:30:002 var set "(:Calibration” 0
2024-10-25T10:30:00Z var set "0:Calibration” 7
2024-10-25T10:30:00Z var set "0:Lockup generator speed” 5
2024-10-25T10:30:00Z var set "0:iLookup generator gain® $41200000
2024-10-25T10:30:00Z var set "0:Calibration” 0
2024-11-01T02:30:002 var set "0:Calibration” 7
2024-11-01T09:30:00Z var set "0:Lockup generator speed” 5
2024-11-01T09:30:00Z var set "O:Lookup generator gain® $41200000
2024-11-01T02:30:002 var set "0:Calibration” 0
2024-11-08T02:30:00Z var set "(:Calibration” 7
2024-11-08T09:30:00Z var set "0:Lookup generator speed” 5
2024-11-08T09:30:00Z var set "0:Lookup generator gain® $41200000
2024-11-08T02:30:00Z var set "(:Calibration” 0
20174111 5TNQ: 2007 sar cat "M alibration" 7 hd

Clear

MAN-DIS-0001

Save as

61

Close



Guralp Discovery - Software Manual

Tools Menu

If the file has been uploaded successfully, the next command due to be executed is
displayed in the Network tab of the device’s webpage, as shown below. If this does
not show, reboot the instrument.

MWV-MWW\JV\/«V\N\/LJ\MM/\WWN—MA— gUroIb‘

Status Network Setup Trigger Data Stream

Data Record

Storage

Logout

System type: Minimus | Host label: SUPRT-MIN-CALIBRATION | Host name: MIN-A555 (10.20.1.82) | Serial number: 0A555

UNDERSTAND
OPTIMISE
PROTECT

Minimus

Help

2024-10-04T13:57:00Z var set
E Next console command "0:Calibration" 7
etwork Configuration
DHCP Enabled v ||Static IP addr 169.254.149.165 Net Mask  |255.255.0.0 Gateway 169.254.0.1
DHCP status Good DNS1 [209.244.0.3 DNS2  [84.200.69.80

5.7 Docking Station

Note: The Docking Station tool is applicable only if you are using Artius
units equipped with a docking station. For instructions on how to connect
the docking station to your PC/laptop, please see Appendix 6 of the

Minimus Lite manual.

When the Docking Station tool is launched, the applet displays a visual overview of all the con-
nected Artius nodes. Each node appears as an individual line labelled with its serial number. The

same three status icon as in Discovery’s main window are included.

= 5

_
ol
pc

t

APPOOOCOCOQO
200RROOEEEEE
PEREEBEEBEEBEEBEEEEDR

Scan
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Docking Station — Discovery

Device Name 5D Usage

ART-6CF2
ART-433C
ART-4324
ART-0010
ART-6D7D
ART-6CF4
ART-4327
ART-4334
ART-6CES
ART-4332
ART-6CF1
ART-4330

Progress

Docking Station controls

Logs Probe Offload
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Identify

View

Time Left

Speed

Settings
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A series of action buttons are present:

Offload: initiates data transfer;
Probe: shows SD card usage;

View: after data is downloaded, shows files directory. A data viewer is also opened
should you wish to visualise the downloaded data. Provides option to select by file
or folder;

Logs: shows miniSEED files present in the Artius SD card, download requests and
download outcome (successful or failed);

Scan: looks for new connection or update devices’ status;

Settings: choose if you want auto open (the applet is automatically launched
when Discovery is opened), auto probe, auto offload,;

Identify: force the selected devices to flash a purple light 50 times to help identify
where one is connected.

If none of the Artius units are selected, the action will be performed on all devices. If
one or multiple Artius are highlighted (click on them holding the Ctrl key for multiple
selection), the action will be performed on the selected devices.

Docking Station - 0001 — Discovery x
Here you will find all visible Artius devices. The offload gives two combined progress bars, one for the current file and one for the whole
offload of that device,
Status Device Name  SD Usage Progress Time Left Speed
@ © @) ArT-0010  2.33GiB 48% 20_InstZ_sd {(77%) | 22 min 966KiB/s
A © 8 ArT-4327
A © 8 ArT-6cFO

® © # ArT-607D

Docking Station controls

Scan Probe Offload Logs Identify View Settings

When the offload is initiated, each dock will show a series of information including:

MAN-DIS-0001

SD usage;
Download speed (DL Speed) in KiB/s;
Progress of Current file being downloaded in % on the right;

Total offload progress (Entire offload) in % on the left;
63



Guralp Discovery - Software Manual Tools Menu

- Estimated Time left.

The two loading bars of units actively transferring data act as download progress
indicators:

- Lighter bar: indicates the download progress of the currently downloading file. As
the file downloads, this outer rim'’s grey-coloured section reduces to visually
represent the remaining percentage of the file;

- Darker bar: indicated the overall download progress of the entire SD card. The
inner rim's blue-coloured section decreases progressively as files are downloaded,
reflecting the remaining total download.
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6 Data Visualisation

6.1 Streaming data into Discovery

6.1.1 Streaming protocols

Discovery offers a versatile live waveform/data viewer. To open the Waveform
Viewer, in Discovery’s main window, select an instrument, right-click on it and select
Live View. The menu will then present options for data streaming, either GDI or

Seedlink.
Gralp Systems - Discovery CERT-E667 10.20.1.92
File Edit Tools Window Help Manuals View Web Page W View Discovery Manual | |Searc
o View Web Page (in system browser)
atus ress ress Netmasl ptime
# st Label T AN Address LAN Add N k  Upti
N — jow On Map
O (@O | | Midas RADIAN TEST 5 Console c 200 10.20.0.186  255.255.0.0 71days 4Hrs
b= T —
7 (@) @ Midas RADIAN TEST 6 Live View 8 Gl L .249 255.255.0.0 118days 2Hrs
O (@) @® @ Midas REF-Final Test — v Seedlink 5 56 255.255.0.0 03:20:33
0 (@)((® | @ Midas Radian Rack 14/18 Bl Ml R 100 10.20.0.93  255.255.0.0 12days 6Hrs
— 4 Firmware Update U
O | il  Vidas Radian Rack 24/28 o 2.00 10.20.0.86  255.255.0.0 12days 6Hrs
X = System Configuration
O ( “ \ Midas Radian Rack 3A/3B Device Port Configuration ).0.0 10.20.0.70 255.255.0.0 12days 6Hrs
O (@) | Midas Radian Rack 4A/48 Edit Network Address 2.0.0 10.20.0.50  255.255.0.0 12days 6Hrs
— == File Exchange
O ',gf,"__@,,”\,g,-‘ Midas Radian Rack 5A/5B Quick File Upload 2.0.0 10.20.0.78  255.255.0.0 12days 6Hrs
O (@1 || @ Midas Radian/ Certimus 3T Refc  Apply Serial No N .00 10.20.0.29  255.255.0.0 7days OHrs
0 (@)(®) @ Midas sUPRT FMUS funnelStatus 2.00 10.20.1.85  255.255.0.0 13days OHrs
w (LG )] vices suprr-cmus Show GDI Low Latency 00 1020192  [255.255.00|27days OHrs
e Sensor test grid
0 (@O @ Midas SUPRT-MIN Saripts , 200 1020.1.82  255.255.0.0 Sdays 2Hrs
0 'QJ@J“_QJ Midas SUPRT-MIN e , .00 10.20.1.87  255.255.0.0 7days OHrs
U (&) ® | @) Midas SUPRT-MIN2-firmware te  Centring 2.0.0 10.20.1.94  255.255.0.0 1days 7Hrs
O (@ )®) @) Midas SUPRT-MINL Callbrate DDAC 2.00 10.20.1.89  255.255.0.0 2days 2Hrs

Figure 32 Discovery main window and Live View options

The Seedlink option utilises the industry standard SEED protocol, allowing the user to
stream data from a single instrument or an instance of the Giliralp Data Centre (GDC).
For more information on GDC and Seedlink archive, see Section 8.6.4.

All newer systems support the GDI protocol. The GDI protocol streams data sample-
by-sample and provides a low-latency data link for seismic data, both time-series
(sample) and state-of-health information. These much smaller packets of samples
allowing for a faster time-to-receive and a smoother feeling live stream.

The GDI protocol also allows the sending of each instrument'’s calibration parameters
so that data can be expressed in terms of physical units rather than digitiser counts.
This is discussed in more details in Section 6.1.2.

The main features and controls of the Live View window are introduced in Section
6.1.3.
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6.1.2 Metadata

Figure 33 Example of metadata available by hovering over GDI channel

MN456C-0VELNO

‘ Name ‘ Value

[M-cAL |4.098E-10

[M-CHAINNAME | |S0SeisN

|M-COMPONENT |1

[M-CUSTOMNAME | Reference

[M-DAC |2.44006-6

[M-DESCRIPTION | Main seismometer N chain

[M-DISPCOLOUR [ #FF0000

‘M—DispNode ‘Ainstrument
|M-GAIN-0 |24400E-6
|M-GAIN-1 |2304000
|M-GAIN-2 | 1.6795E-4
[M-GAIN-3 o
|M-GROUP [1
|M-INPUTGAIN [1
|M-MODIFIER |1

|M-MODIFIERNAME |

[M-POLE-0 |-0.00589 + i0.00589
|M-POLE-1 |-0.00589 + i*0.0058900
|M-POLE 2 [-180 + i*0

|M-POLE 3 |-160 + 0
|M-POLE-4 |-80 + 0
|M-SEEDNAME |PG.0456C.01HHN
‘M*UN\TNAME ‘Metres per Second
|M-wEBTXT ms

|M-ZERO-0 o+,

|M-ZERO-1 [0+ .

‘Transform ‘None

|ade-bitweight |2.4400E-6

‘adcfpga ‘1

‘compoment ‘N

‘datafclass ‘primary

‘dimension ‘velocity

‘gcffchanne\—name ‘ MN456C-VELNO

‘mstrumentfid ‘MIN*ASBC.SDSe\S
‘instrument-type ‘high—gain—seismometer
‘sensorfgain ‘1.6795E*4

sensor-is-differential ‘fa\se

GDI metadata consists of name/value pairs of text. The above list shows a typical set
of metadata from a digitiser seismic channel, which appears when hovering on the
GDI channel. Most of the metadata is sent only once on the connection of the channel.

Metadata can be edited using the View/Edit Metadata function, accessible by right-
clicking on the waveforms. Gain and response parameters can be manually
overwritten, but this is lost when a new connection is made. This can be used as a
quick diagnostic tool. The metadata can be modified in a permanent way through the

Calibration Editor.

MAN-DIS-0001
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M-CAL represents the scaling factor used for the conversion from digital counts to
physical units. M-CAL is the product between M-GAINO (the digitiser’s sensitivity
expressed in V/counts) and M-GAIN2 (the sensor’s sensitivity expressed in m/s/V for
a velocity instrument and m/s?/V for an acceleration sensor).

Changing the value of M-DISPCOLOUR will result in the stream being drawn with a
different colour.

A Seedlink stream to a Guralp device will automatically request the dataless file. This
file is the SEED protocol for metadata. On receiving the dataless file the stream will
populate the metadata with units, gains, poles, zeros, etc.

6.1.3 Waveform Viewer

6.1.3.1

To open the waveform viewer, right-click on an instrument in Discovery’s main
window and select Live View.

More than one instruments can be selected by clicking on their entries while holding
down the Shift key (to select a range of instruments) or the Ctrl key (to select each
instrument individually).

Waveform Visibility

The left tree display (Channel List) allows individual streams of data to be made
visible or hidden from view. The Clear All and Select All buttons remove everything
from view and display all the streams, respectively.

Channel List F X

v [m] MIN-456C
~ [m] Ainstrument
[] sointz
[] sointN
[] sointe
[m] SOSeisz
v ] S0SeisN
MN456C-0VELNO
[] MN456C-OVELN2
[®] SOSeisE
[] SORotPitch
[ SORotRoll
[] SORotYaw
v S0SeisX
MN456C-0AUXX0
[] Power
[] Timing
[] Environment

Figure 34 Channel List check boxes control waveform visibility

Right-clicking on one of the channels offers access to filters to apply visibility over all
available channels (also across different instruments). There are three different filter
options presented:
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Channel List F X

v [m] MIN-456C
v [m] Ainstrument
] sointz
[] sointN
[] soIntE
[m] S0SeisZ
v [m] S0SeisN

N
O MN4 Toggle seismic

i Toggle preset » *OVELNO
[m] S0Seist ggle p
[ ] SORotP Toggle custom... *NO

S0RotH *MN456C-0VELNO*
] SORotY View/edit metadata
*S0SeisN*

[] s0Seis} Edit customname
*Ainstrument*
L Power Set as reference
[] Timing
[ Environm Disconnect MIN-456C

Delete MIN-456C

Figure 35 Context menu offers filters

o Toggle Seismic — A quick and simple way to toggle on or off all the seismic
channels (ending Z/N/E). The selection choice is set in a config option
‘SeismicToggleBands’ which can be set in the advanced settings. It is a list of the
acceptable seedname values for the first character in the channel code:

[ Discovery X

Basic Advanced

L show empty entres

Seismic Toggle Bands |CFH ‘

Figure 36 Searching the advanced settings for ‘band’ to edit ‘SeismicToggleBands'

o Toggle Preset — Automatically generated possible searches based on the hierarchy
of the Channel List

e Toggle Custom - A simplified expression search filter where “*” is used as wildcard
and “ is used to add more filters.

Some filter examples:
e *Z - select all channels with names ending in ‘Z’
e *ACCN2, *ACCE2 - select all acceleration channels (tap 2) for horizontal
components
e *Timing* - select all channels with timing information
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6.1.3.2 Channel metadata

As mentioned previously, GDI channels and Seedlink with dataless carry metadata in
addition to the sample stream. This can be displayed by right-clicking on a channel
and select View/Edit.

For GD]J, the values can be modified such that other applets use the new values. The
modifications remain until restarting the application.

MN456C-0VELNO metadata - Discovery - O X
Draw Scale 110000 3
M-CAL |4.098E-10 | Edit
|M-CHAINNAME |505eisN | it
[M-COMPONENT 1 | et
|M-CUSTOMNAME |Reference | it
[M-DAC |2.4400-6 | Edit
[M-DESCRIPTION | Main seismometer N chain | it
[M-DISPCOLOUR |#FFo000 | Edit
‘M*DispNode HAinstrument ‘ Edit
[M-GAIN-0 |2.44008-6 | Edit
[M-GAIN-1 2304000 | it
[M-GAIN-2 | 1.6795E-4 | it
[M-GAIN-3 lo | it
[M-GROUP [ | it
[M-INPUTGAIN I | edit
|M-MODIFIER 1 | Edit
[M-POLE-0 |-0.00589 + i*-0.00589 | it
[M-POLE-1 |-0.00589 + i*0.0058900 | it
[M-POLE-2 |-180 + %0 | it
[M-POLE-3 |-160 + 0 | et
[M-POLE-4 |60+ i*0 | it
|M-SEEDNAME |DG.0456C.01HHN | Edit
[M-UNITNAME | Metres per Second | it
|M-WEBTXT |ms<sup>-1</sup> | Edit
[M-ZERO-0 o+ | it
|M-ZERO-1 Jo+io. | Edit
‘Tra nsform H None ‘ Edit
|adc-bitweight |2.4400e-6 | it
‘adcfpga H1 ‘ Edit
‘component H N ‘ Edit
‘datafclass Hprimary ‘ Edit
‘dimension H\/elocity ‘ Edit
lgcf-channel-name | MN456C-VELND | it
linstrument-id | MIN-456C 50Seis | et
‘instrument-type Hhigh—gain-seismometer ‘ Edit
|sensor-gain |1.6795€-4 | Edit
‘sensorfisfdifferential Hfalse ‘ Edit
Add item Close

Figure 37 Metadata access from Channel List context menu
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6.1.3.3

Selection mechanism

Dragging the mouse with left-click extends the selection. Once a temporal selection
has been made, the channel makeup of the selection can be altered.

Use Ctrl + left-click on other individual channels within the selected region to toggle
their inclusion.

Use Shift + left-click to extend the selection across multiple channels.

When no key modifier is used, dragging the mouse with left-click over a waveform
shows the maximum, minimum and average (in terms of mean and RMS) values for
the selection. These values are typically expressed in physical units, with the counts
shown in brackets.

Guralp Viewer — Discovery x

AddDevice Load, Search | Fittoview Normalise Live ® Manual All Recent | <> [3>] >>> Selectrange Goto | It. B 2024/10/2412:03:33.360
Channel List 3K MNF85C-1VELEO
= ms’ 2505ps
- B CERT-F85C Min  =-1.04949
» B Ainstrument Max  =.104614
Timing Avg  =-1.04905
MEMS

Latency = 264000ns
Environment Scale  =29.6296% AR A At AR b A i T w—" Minimum, Maximum

Power
Main seismometer E chain
and average values of
the selected waveform

12:02:10 12:02:20 12:02:30 12:02:40

MNF85C-IVELNO

m.s 250sps

Min =-0.594867

Max  =0.147781 &, 0.147781m.s-1max (605658)
Avg  =-011822 -0,125607m.s-1mean (-514781) 0.228079m.s-1rms (934748)

Latency = 264000ns
Scale =29.6296%
Main seismometer N chain

© .. ~0.549524m.s-1min (-2.25215e+06)

2024/10/2412.02.14
10.4622Secs (26155amples)
MNF85C-1VELZO
Selectgroupsupto |1 2 ms? 250sps
M =0.0704145
Select All Clear All Voo Raw counts show in ()
Keep data in memory for Avg =0.0706093 | i
- Latency =264000ns MW Wm e
2 Hours | |scale = =29.6296% Yoy ' Units and calibrated values

Group viewer streams by Main seismometer Z chain shown outside parenthesis
* Device ID Stream type

Reverse sort
20.113006-beta X 2024710724 12:02:07.476 2024710724 12:02:47.913

Figure 38 Left-click and drag selection of waveform

MAN-DIS-0001 70



Guralp Discovery - Software Manual

AddDevice Load, Search
Data
Channel List
- @ CERT-F85C
+ B Ainstrument
Timing
MEMS
Power
Environment

Selectgroupsupto |1

Guralp Viewer — Discovery x

. > | > Ol Iit. |2
Fittoview Normalise Live ® Manual Al Recent = <<>» |>»| >» Selectrange Goto | |Q| It. B CERREISIOT
% b T

R
S PR E=C L ET B 12:02:10 2:02:2 12:02:30 12:02:40
ms 2508ps

Min =-1.04949

Max =-1.04614

Avg =-1.04905 ’

Latency =264000ns v -1.04879m.s-Tmax (-4.29832e+06)

Scale =206206% oA B S s itie-1.04949m.s- Tmin (-4.3012e+06)

Main seismometer E chain -1 04909m Tmean (+4:29955e+06) _1.04909m.s-1rms (4.29955e+06)
2024/10/24 12.02.15

—10.5037Secs

MNF85C-1VELNO
cl 250sps

Min  =-0.594867
Max =0.147781
Avg  =-01182

Latency = 264000ns
Scale =29.6296%
Main seismometer N chain

MNF85C-1VELZO
ms’ 250sps
Min =0.0704145

Select All Clear All Max  =0.0706385 & .. 0.0706385m.s-1max (4.34244e+06)

Keep data in memory for
12 Hours

Group viewer streams by

# Device ID Stream type

Reverse sort
2.0.113006-beta

Main seismometer Z chain

Latency = 264000ms. mw 0.070612ms-Imean (4.34081+06)}|0.070612/1:5-Trms (4:34081e+06
~| [scatle  =29.6206% 0()705315ms1m|n(4 33955e+06) M

X 2024/10/2412:02:07.476 2024/10/2412:02:47.913

Figure 39 Use Ctrl + left-click to select two channels not close to each other

Key modifiers (Shift Alf) changes the annotated text to depict different signal

statistics.

e Shift > The mean of the selected waveform if subtracted from the min and
max. The range (difference between min and max) is also shown.

o Alt>

The integral (area between signal and mean), the time in seconds

between min and max and the ratio of min/max are displayed.

Using the Alt key changes the numerical annotation of the selected waveform as
shown below. Using this feature to analyse a seismic instrument’s step response will
display damping factor and estimated long period corner in seconds.

O

Note: This approach to instrument verification is relatively quick to
achieve an estimate of the instruments frequency response but it is
highly broadband noise calibration is performed for a better, more
accurate measurement.

MAN-DIS-0001

71

Data Visualisation




Guralp Discovery - Software Manual Data Visualisation

-0.0569482 RatioMin/Max (-0.0569482)

Mean level of last
10% of step

0.610673m.s-1 Integral (2.50245e+08)

&~ 755 Duration (75)
. 0.669 Damping (0.669)
%, 111.489s Period (111.489)

Figure 40 Step response analysis with Alt Key

6.1.3.4 Saving Files

Portions of waveforms displayed in the Live View window can be saved to your PC in
miniSEED format. In order to do this, highlight the section of waveform you want to
save, right-click on it, and select Save as mseed. Multiple waveforms can also be
selected as described in Section 6.1.3.3.

Various files are saved in the chosen directory, specifically:

¢ One file in miniSEED format for each channel selected, named after the
channel name, which contains the highlighted portion of waveform

e One dataless file

e One file called all.mseed in miniSEED format, which contains multiple traces
from all the channels selected.

If channels from more than one instruments are selected, the files from the different
instruments are saved in folders named after the serial number of the devices. Each
folder contains the same files as specified above.
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6.1.3.5 Window Control Short-Cuts and controls
You can change the display of the waveforms with based on a combination of key-
strokes and mouse wheel and menu buttons. These commands are shown in the
tables below:
Table 2 List of commands to change waveform display
Command Window control

<<>>

Extend view over all available data

>>

Show most recent minute or so of data

>>>

Show most recent few seconds of data

Ctrl + mouse wheel

Pan time-scale right/left

Shift + mouse wheel

Zoom time-scale in/out

Mouse wheel

Scale amplitude of all traces

Mouse wheel — over trace label

Scale amplitude of that individual trace

Right Click Context menu — Zoom
in

Re-zoom whole display to show the selected region only

Right Click Context menu — ReZero

Remove mean from the selected portion of the
waveform

Double left-click over Channel Stats

Magnify that channel

R Key When in Waveform Context

Re-scale and re-zero channels individually to be visible

+ Key When in Waveform Context

Change offset to bring last 10% into view

Mouse Wheel Over Channel Info
Text

Zoom that one stream independently

Mouse Wheel Over Channel Info
Text +Shift

Move that one stream’s offset

Mouse Wheel Over Channel Info
Text +Control

Fine move that one stream’s offset

The overall waveform window scaling and offset of channels is controlled by the
buttons above the waveforms. These change all the channel’s zoom and offset values

in one ‘hit’".
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Guralp Viewer — Di

Fit to view Normalise Live (® Manual | Al Recent <<>> =
Scaling Centring T
=] MNAGBSB-0VELEO
MNAG65B-0VELE-REF
m.s™ 500sps
Min = 2,39979e-05
Max = 3.17545e-05
Avg = 2.80422e-05

Scale

Latency = 311000ns

Main seismometer E chain

Figure 41 Scale, Offset and Zoom controls in Live View window

Table 3 Summary of waveform zoom and offset controls

Button Scale Offset Comments
Fit to view Each channel Set to the A quick way to
scaled to fit channel’'s mean | guarantee
(formally Reset) actually seeing
something
irrespective of
any channel
offset or signal
size
Normalise Reset Zoom to fit | Set to the Useful to
the biggest channel’'s mean | compare relative
waveform. Other size of multiple
channels given instrument’s
the same zoom response to an
event.
Live No Effect Dynamically set | Toggles Live
to the mean of mode.
the channel’s
recent data.
Manual No Effect Call All once. Toggles Manual
mode.
(formally Centre
Streams)
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6.1.3.6

All No Effect Set to Channel'’s Manual mode
Mean only.
Recent No Effect Set to the mean Manual mode

of the channel’'s | only.
recent data.

Window Tools

There are 3 tools available within the waveform window to assist in analysing the
trace data.

Viewer — Discovery

<<>> | >> | >>> Selectrange Gofp 202410/

Timeline

Figure 42 Waveview Tools

From left to right these tools do the following:

1 — Stream Marker Labels - Used to highlight any gaps or overlaps.

Figure 43 Stream Marker Labels showing gap in data
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2 — Vertical Time Bar — Allows user to pinpoint the time of a specific event in the
stream data.

2024/10/24 11:

2024/10/24 11:05:25.704

Figure 44 Vertical time bar being used to analyse a specific seismic event

3 — Connection Events —A live list of connection events. Useful for gaining
understand of what is happening in terms of device connection, disconnection and
re-connection.

MAN-DIS-0001

Connection Events — Discovery X

MIN-725C

2024:10:24-11:54:43 Subscribing to channel RAOO0O-8TMPBO
2024:10:24-11:54:43 Subscribing to channel RAOOQ0-8VOLTO
2024:10:24-11:54:43 Subscribing to channel RAOO00-8ROTYO
2024:10:24-11:54:43 Subscribing to channel RAOO00-8ROTPO
2024:10:24-11:54:43 Subscribing to channel RAOO00-8ROTRO
2024:10:24-11:54:43 Subscribing to channel MN725C-0VINPO
2024:10:24-11:54:43 Subscribing to channel MN725C-0HUMAO
2024:10:24-11:54:43 Subscribing to channel MN725C-0TMPAQ
2024:10:24-11:54:43 Subscribing to channel MN725C-0CVDAC
2024:10:24-12:08:31 Disconnecting from MIN-725C
2024:10:24-12:08:40 Lost GDI Connection, attempting to reconnect
2024:10:24-12:08:40 Establishing GDI connection for
2024:10:24-12:08:41 Connection successful
2024:10:24-12:08:41 Establishing GDI connection to 10.30.0.18
2024:10:24-12:08:46 Subscribing to channel MN725C-0AUXX0
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCZ0
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCZ2
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCNO
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCN2
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCEO
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCE2
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCMS8
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCM9
2024:10:24-12:08:46 Subscribing to channel MN725C-0ACCMA
2024:10:24-12:08:46 Subscribina to channel MN725C-0ROTYO =
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Figure 45 Connection Events Widget

All tools can be enabled/disabled easily via the Wave View page.

6.2 Offline Data

MiniSEED data can be loaded directly into the viewer from files. Open the data viewer
from the Tools menu. Clicking on the Load data option from the top of the viewer
screen opens the file dialog for this purpose.

MiniSEED data can either be loaded from file(s) or from directory. This second option
will be explored in Section 6.2.2. MiniSEED files can also be loaded by dragging them
into the Viewer.

A miniSEED file stores time series data with very limited metadata (time series
identification and simple SOH flags). Therefore, when a miniSEED file is uploaded
alone, the time series is displayed in counts.

The metadata, including the instrument response, is contained in the dataless SEED
volume. To visualise the time series in physical units the dataless SEED volume is

MainWindow - Guralp Viewer — Discovery x
AddDevlle Load, Sfrch | Fittoview Normalise Live ® Manual All Recent |<<»> >> >»> Selectrange Goto 0 It B
No sample data loaded
Sealing entr Timeline Tos
Channel List @ DG.02269.1LHHZ 1 N e L
§ 200sps 08:00 09:00 11:00
» ¥ Local MSeed Files Min  =-38663
Max = 40520
Avg  =-106462
Latency =15029315109000n
Scale =66.6667%
Selectgroupsupto 1
Select All Clear All
Keep data in memory for
12 Hours
Group viewer streams by
® Device ID Stream type

Reverse sort
2.0.113005-beta X 2024/05/03 07:40:17.839 2024/05/03 11:04:03.358

Figure 46 Load data option from the Live View window

6.2.1 Upload Metadata

Metadata (calibration, gains etc) is loaded from a .dataless file. Choose a file of this
extension and any matching seed channels will display gains, units etc in their
respective metadata from then onwards.
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First, drag into the Data Viewer or upload the dataless file. Then, drag or upload the
correspondent miniSEED file(s). Alternatively, load miniSEED and dataless file
together. Now your waveforms will be displayed in physical units.

The dataless file can be offloaded from any Giiralp digitisers from the Storage tab of

the webpage.
MainWindow - Guralp Viewer — Discovery
Add Device Load, Search Fittoview Normalise Live ‘® Manual All Recent <<>>  >> >>> Selectrange Goto () t. €
Data Scaling entring Timeline To
Channel List =l 5.0F85C.1L.CHE
* ¥ Local MSeed Files T - 71'04935505'35
Max  =-1,04835
Avg =-1.04887
Latency = 514773030000ns
Scale =100%

Figure 47 Upload the dataless SEED file together with the miniSEED file to display the waveforms in
physical units
6.2.2 Directories and Filters

As mentioned previously, there is an option for loading files from a directory (folder).
If this option is chosen, a later dialog will ask if you want to filter the loaded files
depending on the filenames by using the wildcard *.

Some examples:
* > load all the files in the directory
*SeisZ* > load all the Z channel data
EVENT* - load all the files generated as a result of triggers
*Rot* - load all the files with rotation information (yaw, pitch and roll)
DG* - load all the files with network code DG (including dataless file if available)

This feature is based on the matching of the filenames, so the expressions may vary
depending on the instrument.
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7

Data Analysis Tools

Data Analysis Tools

Data analysis tools are available for both real-time data (Live Viewer) and offline data

(Data Viewer).

(see Section 6.2.1).

Note: When offline miniSEED files are uploaded to the Data Viewer tool,
0 remember to upload also the dataless file before performing data analysis

Once the waveform viewer is opened and the desired streams are displayed, selecting
a portion of waveform and right-clicking on it gives the user access to various
processing applets. These generally accept a block of samples from the selected
region and perform a function that may then lead to a graph or dialog. Most of the
applets either accept multiple channels and would overlay results or launch one

instance of the applet per stream, as applicable.

The following sections describe the main applets available.

Decimation

b
Plot » DFT
Analysis 4 PSD Ctrl+P
Windows 4 Spectrogram
Transfer Function
Min PSD
Self Noise
Min Self Noise

Channel Correlate Ctrl+C

ReZero Ctrl+Up

Zoom in

View/edit metadata

Edit customname

Set as reference

Channel Coherence

Save as mseed Polynomial Fit
Ctrl+Q

Ctrl+F
Ctrl+T

Remave all

Find streams

Toeggle sort by stream/device

Filters
Filters+

Transfer Func

Backfill selection (Mot supported)

Setup Calibration Email

Display Mode 4

Figure 48 Right-click context menus
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71 Plots

PSD on: Tue Dec 518:18:58 2023 GMT — Discovery x
PSD on: Tue Dec 518:18:58 2023 GMT

CTS-1205E
| 1 | ——CTS-1205N
i _100 b CT5-1205Z

M PAP' \?-,L-i‘,\\n“"'\«%\w v
' L P Toggle visibility of

| \ gl .
| 5L " ‘ respective graph
) ||
nE L |
-
| § ™ |
T Xﬁ l
175
L

Save as PDF, JSON, or PNG/JPG

Load JSON to create overlay 1.0010-1 1.0010° 100107 1.00102
Frequency (Hz)

NI 2505PS C19261-CertisEQ CTS-1205E Tue Dec 518:18:58 2023 GMT

Save 2505PS C19261-CertisNO CTS-1205N Tue Dec 518:18:58 2023 GMT
2505PS C19261-CertisZ0 CTS-1205Z Tue Dec 518:18:58 2023 GMT

Absolute

|
|
! Load
|
|

Figure 49 Example of PSD of 3 components of an instrument

Clicking on Plot - PSD allows you to plot of the Power Spectral Density (PSD) of
selected data. More than one streams can be selected simultaneously to overlay the
results. The PSDs of your data will overlay the new high- and low-noise models
(NHNM and NLNM, respectively).

This operation deconvolves the instruments response with the poles, zeros and gain
extracted from the channels metadata. The PSD is calculated from the signal in
various, overlapping, finite-length windows within the data selection. The window
function, overlap and step can be set by right-clicking on the selection of data, and
selecting Windows.

The plot can be zoomed in/out by using the mouse and modifier keys as follows:

Mouse Wheel — Change overall zoom
Shift + Mouse Wheel — Horizontal zoom only
Ctrl + Mouse Wheel - Vertical zoom only.
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Clicking on the entry of a specific channel in the legend box will remove that line
from the graph. Click on it again to re-add the line.

PSDs can be saved in different formats, including PDF, JSON and JPG. JSON files can
be loaded into your graph to create overlay.

7.1.2 Min PSD

In order to show the instrument'’s best performance over a period of time, the user
should compute the Min PSD, which can be done by clicking on Plot - Min PDS.

For the calculation of the Min PSD, the PSD is computed multiple times at increasing
time offsets. The power measured in each frequency bin is then minimised across all
the PSDs that have been calculated, so that the effect of local impulse noise is
removed. This presumes that a large amount of source data is selected, typically 12 or
24 hours. This is an intensive operation that takes advantage of multi core hardware.

The statistical spread of the instruments output is represented as is the mode.

Min PSD on: Tue Dec 518:19:30 2023 GMT — Discovery x

CT5-12052
mode

-100 -
. "m”_“'f,lp
25 F - ‘-?"
150 | \
\\\//—_\
175+

-200

Min PSD on: Tue Dec 5 18:19:30 2023 GMT

Magnitude (dB)

1.0010-2 1.00-101 1.00-10° 1.0010? 1.00102
Frequency (Hz)

2505PS C19261-CertisZ0 CTS-1205Z Tue Dec 518:19:30 2023 GMT
Save 6.95283e-310SPS mode

Absolute
Load

Figure 50 Example of Min PSD

7.1.3 Self Noise

The measurement of an instrument’s self-noise requires a second instrument which
is used as a reference. The reference instrument must be precisely aligned with the
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instrument under test. During the computation of the self-noise, the common signal
between the two instruments is eliminated, leaving only the non-coherent signal.
The residual noise is plotted as indication of an instrument’s performance.

To generate a self-noise plot, at least two streams must be selected. The first stream
serves as a reference and corresponds to data from the reference instrument.
Subsequent streams represent the instruments for which the self-noise is being
calculated. Once the data is selected, right-click on the selection and choose Plot >
Self Noise.

7.1.4 Min Self Noise

7.1.5 Spectrogram

A spectrogram is a visual representation of how the frequency content of a seismic
signal changes over time. The Spectrogram function thus generates a spectral plot
over time. It is designed to spot typically anthropomorphic noise picked up by a
sensor such as vibration from motors, engines, vehicles etc.

The horizontal axis represents the time duration of the selected seismic recording.
The vertical axis shows the frequency content of the signal in Hz. This axis of the
spectrogram is linear, with the maximum corresponding to the Nyquist frequency.
The colouring represents the energy at each frequency over time, and it follows a
logarithmic scale.

The plot can be zoomed in/out and modified by using the mouse and modifier keys as
follows:

Mouse Wheel — Change overall zoom

Shift + Mouse Wheel — Horizontal zoom only
Ctrl + Mouse Wheel — Change colour palette
Left Mouse drag — Move X,Y
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Frequency (Hz)

Spectrogram — Discovery

Mains power
induced vibration

Data Analysis Tools

Save

Load

18:25:00
Time (hh:mm:ss)

18:27:30

Figure 51 Example of a spectrogram for a 250sps channel

Absolute

7.1.6 Transfer Function

Phase
o

-100

<150 +

150 -

100 [

A

A

Dialog — Discovery

Magnitude

-30

Save

Load

Frequency

Normalisation: -8e+12
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-0.005893 + 0.0058926
-0.005893 +-0.005893

-200+0
-500+0
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1.00-10-2 1.00-10-' 1.00-10° 1.00-10' 1.00-102 1.00103
Frequency

Absolute

Figure 52 Plot of the transfer function based on metadata poles/zeros

The poles and zeros from the selected channel are plotted as a Bode plot giving phase
and magnitude response of the instrument. Note that this applet does not compute

the poles and zeros, but only plots the transfer function based on the poles and zeros
already supplied.
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7.1.7 Channel coherence

This tool measures the similarity between seismic signals recorded at two different
stations or channels as a function of frequency. Amongst various uses, coherence
results can help to identify common signals (high coherence means that signals are
part of the same seismic event), to assess stations performance (low coherence may
indicate sensor issues or poor site conditions), to assess site amplification effects
(coherence between vertical and horizontal components).

Coherence

1r L

r e a2 w.'--_ﬁ'\“‘ATh

08

Coherence

04

02

0 1 I 1
1.00.10-2 1.00.10- 1.00-10- 1.00.10° 1.00.101
Frequency

Figure 53 Example of coherence plots between the East channels of two co-located seismometers

7.1.8 Channel correlation

This tool performs a time domain correlation between selected channels. To plot the
correlation between two desired channel, select a portion of data from one stream
(which will be deemed the reference) and then Ctrl + Click on the second stream.
Right-click and select Plot = Channel correlation.

The data is windowed (using the Hanning function) before the correlation is
computed. For the computation of the correlation one signal is shifted continuously
towards the reference, and for each time-shift the value of the correlation is
calculated. A peak at the mid-point (marked zero on the output) shows how similar
(correlated) the channels are.

This tool can be used to calculate the time offset between channels even if the data is
not identical. For example, it can be useful in order to measure the time delay
between two seismometer channels. The numerical time offset is displayed in the
text region below the graph.
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Performing this on a single channel plots the autocorrelation function of the data.

The left hand graph shows the same data as the right hand but at an oversampled
(x100) rate. This allows a more accurate, sub-sample time period to be measured.

The graphs can be panned and zoomed with the mouse wheel and control and shift
keys as follows:

Mouse Wheel — Change overall zoom

Shift + Mouse Wheel — Horizontal zoom only
Ctrl + Mouse Wheel — Vertical zoom only
Left Mouse drag — Move X,Y

This applet can be also used to correlate a calibration signal (for example, a sine
wave) and the instrument’s output. The values reported in the text box below the
graphs can be used for gain calculation and phase analysis. For more information, the
reader is referred to Section 7.2.

Corretate Channels — Discovery - @ x

02 02

o1f 01k

Match
o
Match
=)

-01 Measured relative magnitude and delay
of instrument output compared to

excitation.

02} These figures can be compared with a

table provided in a CSV file to verify

.....................

20 30

CI6A65-Calibration_0 CTS-1136Z -250.8 ms Magnitude; 0.174378 Gain: 0.174378

Save

Absolute
Load

Figure 47 Correlation between calibration signal and instrument output

7.1.9 Alignment

This function attempts to align a subject sensor to a reference by rotating the subject
data through a series of angles and comparing it to the reference via their coherence,
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over the specified frequency range. The angle between the sensors is determined by
finding the highest coherence, the mean squared error is used to check for a 180°
offset (coherence is a function of power and therefore will give the same result
whether or not the subject is inverted).

The alignment plot is used primarily to find the yaw (clockwise rotation around the
vertical axis) of the subject. In its most basic form one horizontal channel is needed
as a reference, while all subjects will need both their N/S and E/W channels. With

channels selected in this manner the reference drop down in the dialog will contain
only one possible option and the “Subject Starting Orientation” controls are disabled.

If the both the horizontal channels are selected for the reference the subject will be

evaluated against each in turn, with the final result being the sum of the N/S and E/W
coherences. If all three channels are provided for the subject, you can specify starting
roll and pitch angles (can be taken from the sensors MEMS accelerometer channels if

it has them).
Specify the frequency range over Rotation Entry — Discovery X
which to compare the reference and -
subject via coherence and mean Reference Choose which instrument
squared error. to use as the reference.
DG.05966.1M. MH* -
Defaults to the micro-seismic peak, Frequency Range For Coherence If any of the instruments

only have one horizontal
0.20Hz |+| to 2.00Hz < channel selected this will
be the only choice.

this seems to give the best results
especially from quiet data.

Subject Starting Orientation

Allows you to specify a starting roll Roll 0.0° |5
and pitch for the subject relative to Pitch 0.0° |=
the reference. For example, if the

reference is level this can be read 3D small angle comrection
straight off the subjects MEMS

channels. @ Cancel | & oK

Figure 54 Alignment Dialog

Finally if all three axes for both the reference and subjects are selected, the option to
apply a “3D small angle correction” will appear. This searches for the best total
coherence while rotating the subject around all three axes (roll, pitch and yaw) over a
+4° range.

The reference and subject steams need to have the same sample rates and should
have the same response (poles and zeros) although this is not essential if they have a
good match over the specified frequency range. Comparing sensors with different
unit types (e.g. acceleration against velocity) is not advised as it can give odd results.

Once Discovery finishes processing you will get an alignment plot for each subject.
This shows the coherence and mean squared error versus yaw angle and replots the
selected reference timeseries data against the newly rotated subject.
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Alignment DG.0S066.1M.MH* — Discovery

Figure 55 Alignment plot

The notes section will give you the angle with best coherence found and provide a
quaternion equivalent to this rotation which can be applied directly to the subject
sensor via the transforms tab of its digitizer webpage.

7.2  Setup Calibration Emails

Guralp have developed numerous tools within its Discovery software package that
allow operators to easily verify the performance of their sensors and remain
confident in the data.

One of these tools allows the user to inject a known signal (a calibration signal) and
observe the response of the instrument, making comparisons and analysing
differences in the phase and amplitude to assess validity.

This function includes three main steps:
1. theinstrument gets “excited” with a test signal represented by a sine wave
2. The output of the instrument is correlated with the excitation signal

3. Theresults are tested between limits to decide whether the instrument is
working as expected. An email can be sent to notify the success or failure of
correlating calibration data is sent.

Two measurements are made on the correlation. The first is the time offset between
the excitation signal and the instrument output. This relates to the phase response of
the instrument. The second is the relative amplitude of the instrument’s output as
compared to the excitation amplitude. This relates to the instrument’s gain.
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Thi

Data Analysis Tools

s function is enabled in the digitiser by performing a sine wave calibration. The

action of turning off the calibration triggers the analysis automatically.

1

B] Guralp Viewer - Discovery

Open the Minimus webpage, go to the Setup tab and make sure that the Sensor
Type is set to the right sensor (e.g. 3T).

Enable the calibration channel on the digitizer. To do this, open the device’s
webpage, go to the Data Stream tab and make sure that the calibration channel
(OVELCO) is enabled with the same sample rate as the main seismic channels. If
this channel is not visible, set Display Streams to All using the drop-down menu.
The calibration channel will appear in the Auxiliary Channels section. Enable it
by selecting the same sample rate as the seismic channels. If any modification is
made, perform a reboot.

Open Discovery and individuate a Minimus belonging to the network. Right-click
on it, select Live View = GDI. From the channel list menu on the left, select the
seismic channels with the desired sample rate. Right-click anywhere in the wave
viewer and select Setup Calibration Emails.

Add Device Load, Search Fittoview  MNormalise () Live ® Manual Al Recent PSSy >»  »>> Selectrange Goto T t
Channel List g % MMNA555-0VELED
CTs-1201E
~ [m] MIN-A555 m.s™ 200sps
~ [m] Ainstrument Min =-2.88438e-05
[ sointz Max = 2.07348e-05
[ sointi Avg = 1.63072e-06
[ sointe Latency = 1640000ns
v [W] 50SeisZ Scale = 0.0034
MMNAS55-0VELZO Main seismometer E chain
[ MNAS55-0VELZZ
~ [W] 50Seish
MNA555-0VELND
[0 MNASS5-0VELNZ
~ W] 50SeisE
MNAS55-0VELED
[] MNA555-0VELE2
[] SORotPitch
[] SORotRoll MNA555-0VELNO Web Config
L] sORotYaw . CTs-12000 Remove all Ctri+Q
[ s0seisx m.s’ 200sps
0] Dinstrament o o EEEOE Find streams Ctrl+F
[ Timing Max = 2.63702e-05 Toggle sort by stream/device Ctrl+T
[ Power Avg = -7.76641e-06 View/edit metadata
[ Environment Latency = 1840000ns Edit customname
Scale = 0.0035
: Set as reference
Main seismometer N chain
Backfill (under development)
Setup Calibration Email
Display Mode
MMAS555-0VELZ0
CT8-12017
ms’ 200sps
Min = -5.02318e-05
Max = 5.02342e-05
Avg = 2.1602e-06
Latency = 1640000ns
Scale = 0.0021
= Main seismometer Z chain
[ Select groups up to |1 -
Select All Clear All
Keep data in memary for
12 Hours ~
Group viewer streams by
#*! Device ID ) Stream type

[ Reverse sort
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4. A window will assist with setting up emails to notify the success or failure of
correlating calibration data of ZNE streams, based on the thresholds indicated in
the table. The required threshold can be inserted into the table either manually or

Data Analysis Tools

by loading a *.csv file with 5 columns. These columns will contain:

a. The type and frequency of the excitation (“Signal”)

b. The threshold for the time offset between the excitation signal and the
instrument output in ms (“Delay threshold”)

c. The tolerance of the time offset (“+/-)

d. The threshold for the relative amplitude of the instrument’s output as

compared to the excitation amplitude (“Gain threshold”)

e. The tolerance of the relative amplitude(“+/-")

[ Setup Calibration Email - Discovery — O
Help
Signal Delay threshold (ms) +f- Gain threshold +f- ~
Sine Wave 1 Hz 250 2 0.1 0.02
Sine Wave 2 Hz 250 2 0.1 0.02
Sine Wave 5 Hz 250 2 0.1 0.02
W
Clear table Add new row Save Load new calibraticn details

Log file location Ci/Users/frestelli/Calibration.log

Change Log Location

smitp Server smtp:f'r.-’| gslmta.guralp.com || 25 |
Username |..-_'-EI"‘§""E:J__:EZ-§"'T e.com |
Password | password |
Sender Email |gura|p@gu ralp.com |
Recipients |freste|lf@gura|p.c:|m |
[ Auth Required
Send Test Email
Close Disable Enable

Enter a line for each frequency at which you wish to perform the calibration. Any
lines in the csv file that do not contain 5 items will be discarded. Blank data is
accepted. However, these rows will not be read when reading calibration data.
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column has to be written exactly as it appears in the label of the
calibration channel (for example “Sine Wave 1 Hz", see Note in
step 7). Also note that frequencies below 1Hz are expressed in
seconds (e.g. “Sine Wave 2 s”, “Sine Wave 10 s”).

0 Note: The type and frequency of the excitation in the “Signal”

Fill in the email settings. If your smtp server requires authentication, tick the
“Auth required” box and fill in the “Username” and “Password” fields. If
authentication is not required, do not leave the box un-ticked and the “Username”
and “Password” fields empty.

asWhen addingc emails to the recipients list, separate them with a comma (’,):
someone@example.com, someoneelse@example.com

Once the email settings have been filled in, send a test email by clicking on Send
Test Email. If the test email was successful, click Enable to complete the setup. Your
password will not be stored, so this feature will need to be reenabled if Discovery
is restarted.

0 Note: If this error message appears when trying to send the test

email on a Windows machine, try to run Discovery as
administrator.

[® unable to send email - Discovery X

| Discovery was unable to send the email. The following error code was received:
: (26)

7.

MAN-DIS-0001

Turn on and off a sine wave calibration to verify the generation of correlation
plots and reception of the email. To do this, open the webpage, go to the Setup tab,
look for the entry Calibration and choose Sine Wave using the drop-down menu.
Choose frequency (“Lookup generator speed”) and amplitude (“Lookup generator
gain”) of the sine wave.
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Note: When the calibration starts, the calibration channel should
appear in the Wave Viewer with a label referring to the type of
calibration (i.e. “Sine Wave 1 Hz"). The type and frequency of the
excitation in the “Signal” column of the calibration table (see step 4)
has to be written exactly as it appears in this label.

If you do not see any labels, click on the icon with the symbol in the
figure below (under the Tools section). If you still do not see the
label at the beginning of the calibration signal, you may need to
upgrade the instrument’s firmware. The procedure will not work if
the label is not present.

<<>> | 3> >>> Selectrange gt_

14:52:20

;Sme Wave 1Hz ¢
' 3 Time Re-Sync

:S.egmen‘::: 1055

8. Wait a few tens of seconds and turn the calibration off from the webpage, again
using the drop-down menu next to Calibration.

If everything so far has been set correctly the action of turning off the calibration
signal triggers the Channel Correlation applet, which performs the correlation
between the excitation and each one of the three seismic channels. The results of
the three correlations will appear on the same plot as in the figure below.
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D Correlate Channels - Discovery
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The success/fail email will be sent if the calibration signal (started and switched
off) matches a row in the calibration table. If there are fewer than 10,000 samples
the email will not be sent as the data set will be insufficient.

Below is an example of the curl script used to send the email:

curl --url

me@mymailhost.com'

upload-file

--mail-rcpt

'smtp://mymailhost.com:25' --mail-from
‘whoever@mymailhost.com'

-vv —-—

0 Note: To send emails, curl must be installed on your system

MAN-DIS-0001

Success and failures will also be logged to the location specified in this window to
a fie called “Calibration.log”. The location of the log file can be changed using the
button Change Log Location.

Everything is now configured in Discovery. When any Minimus in the network is
excited with a sine wave, turning off the calibration signal will trigger the
Channel Correlation applet, an email will be sent (see conditions in previous
steps) and the new results will be added to the Calibration.log file.
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7.3

The Minimus is capable of running a script file that contains commands to execute at
specific dates and time. This functionality can be used to automate the calibration
verification procedure to happen every so often, i.e. weekly. The procedure can be
scheduled for all the digitizers in the network to happen with a desired time offset, in
order to avoid more than one device being in calibration mode at the same time.

Please read Section 5.6.1 to learn how create the script, and Section 4.3.4.2 to learn
how to upload the script to your device.

Filters

Filters are an essential tool in seismic data processing. The main types of filters are:

- Low-pass filters: they allow lower frequencies to pass through while
attenuating higher frequencies

- High-pass filters: they allow higher frequencies to pass through while
attenuating lower frequencies

- Band-pass filters: they allow only a specific range of frequencies to
pass through while filtering out the others. A combination of low-pass
and high-pass filter can be used to create a band-pass filter.

Filters are typically used for the following purposes:

- Remove unwanted noise from various sources, such as ocean waves or
human activity

- Enhance signals of interest or different seismic phases

- Spectral analysis to study earthquake source properties and site
effects

- Instrument response removal, along with deconvolution techniques.

Discovery offers both real-time filters and non-real-time filters, as detailed below.

7.3.1 Real-Time Filtering — Inbound Filters

Filter can be applied in real-time to data coming into Discovery (inbound). Either a
low-pass, high-pass, or combination of both can be used. Since these filters are
performed in real time, they are causalin nature. In short, causal filters are filter
where the output at any given time depends only on the past and present inputs, and
not future inputs. This makes them suitable for real-rime processing applications. All
inbound filters will be remembered and applied the next time a stream is opened.

To add a filter to data streamed to the Discovery Live Viewer, right-click on the
channel summary and select Inbound Filters.
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Figure 56 Right-click to apply real-time filters

This action opens the “Inbound Filters” widget.

D Inbound Filters - Discovery
Channels

v [@ MIN-A65B

[ MNAG65B-0VELZO
MNAG5B-0VELNO
[ MNAG65B-0VELEQ

Select All

Composition

[[] Highpass Lowpass

0.00000 S Hz 1.00000 T Hz
1st < order order

Note: Inbound filters are applied to data coming in to Discovery, meaning any
analysis done on a filtered channel will be done on filtered data

Clear All

Cancel Apply

Figure 57 Inbound filters widget

Remove
View/edit metadata
Edit customname
Unset as reference

Go to device web page
Inbound Filters

Data Analysis Tools

All channels visible in the Data Viewer will be listed and the one used to open the
widget will be automatically selected and checked. Multiple channels can be selected
by ticking the relative boxes. The Composition section of the widget allows the user to
choose which type and order of filters to apply to the selected channels. A
combination of high-pass and low-pass filters can be used to achieve a band-pass
filter. When Apply or OK are pressed, the current composition will be applied to all

channels in the list that are checked. After setting a filter on a channel it will show up
on the channel summary:
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Latency = 310000ns

Scale = 0.0022

Figure 58 Channel with filter applied

means that any analysis done on a filtered channel will be done on

0 Note: Inbound filters are applied to data coming into Discovery. This
filtered data.

7.3.2 Non Real-Time Filtering — Filter+

The Filter+ applet allows you to apply filters to non-real-time data. These data can be
either miniSEED files loaded into the Discovery’s Data Viewer (together with the
relative dataless file — see Section Error! Reference source not found.), or a selection o
f data streamed to the Live Viewer.

To select a section of time-domain signals on one channel, right-click on the
waveform and drag to make a selection. To then select multiple channels, click on
them while holding the Ctrl or Shift key. Once the desired data have been selected,
right-click and choose Filter+. This action opens the “Filter+” widget. The Replot
button is used to re-plot the data after any filter or other options have been selected.
Click on the Replot button also to visualise the data upon opening the Filter+ widget
(otherwise, no data is displayed).
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Figure 59 Filter+ widget

Tick the Use Cal box to visualise the data in physical units rather than digital counts.
When this box is ticked, the data is scaled using the scaling factor represented by M-
CAL (see Section 6.1.2). Tick the Auto Scale box to automatically optimise the view.
Tick the Remove DC box if you want to plot the data centred around zero. If multiple
streams have been selected they may overlap, making it difficult to distinguish the
features of each waveform. Tick the Spread box to centre the data from each channel
around different values, ensuring all waveforms are visible simultaneously. Note that
when this box is ticked the vertical label loses its meaning.

[ Filter - Discovery

Highpass  Order

00050 ~ O - original

Lowpass Order CERTE667-1VELNO
00300 = |0 : ——— CERTE667-1VELN2
CERTEBG7AIVELZO
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LoadMatch | | SaveMatch |2 < log Power
[#] RemoveDC [] Deconvolve

[ Use Cal
[[] HighPass Linear Phase [] Auto Scale

1 = Stat:
[[] LowPass Linear Phase  [] Spread L

Replot
Gain Time Offset Create sum
e rmpmtbrepeta st et pleniob s dsmaeurnao st g e
10000 |+] [0.0000 2 Sum
psd [ jw
10000 || @ In ) Out pdf
Response All Ok Time(s)

Figure 60 Ticking the Spread box allows you to visualise multiple waveforms simultaneously
without overlaps

At the top-left of the Filter+ window, low-pass and high-pass filter options (hence
band-pass filters) are implemented. The order of the filter can also be set. The Linear
Phase check boxes are used to perform symmetrical (forwards and backwards, or
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acausal) filtering, which ensures that the timing of edges for picking remain the
same.

Both the original input and filtered output can be displayed as shown below.
Individual traces can be hidden or revealed by clicking the names in the legend on
the top-right.

Figure 61 Filter+ Applet displaying original and filtered traces

The Deconvolve check box performs a deconvolution of the time-domain data using
the instrument’s response (poles and zeros). Typically, for a seismometer this is a
bandpass response. This results in a boost for the low and high frequencies as the
plot below demonstrates.

Figure 62 Low-pass filter and Deconvolution with cursors

Waveform statistics can be displayed by ticking the Stats box. To view true peak
ground motion, use the Cal option and the Deconvolve option. Typically, also the
Remove DC option is used to eliminate instrument drift when looking at the PGA of
an event.

See below for an example.

MAN-DIS-0001 97



Guralp Discovery - Software Manual

Data Analysis Tools

Filter — Discovery - o x

MNAGS5B-OVELN-REF

Figure 63 Stats display to the right of the waveforms

A PDF report can be generated for Filters+ with the pdf button. This will catalogue the
filter options used, including: timestamps, deconvolution, and any pass filters applied.
It also displays the plot of waveforms followed by a table for each waveform detailing
the min/avg/max and, if they are from seismic channels, the PGA/PGV/PGD. An

example output follows.

Filter Analysis

Filter Settings

g

guralp™

Selection start time
Selection end time

2025-01-14T13:46:34Z
2025-01-14T13:46:49Z

MCal applied Yes
DC removed Yes
Deconvolved Yes

Highpass

1st order, 200s 0.005Hz

CERT1460-1VELEO

CERT1460-1VELNO

Max: 1.7294e-05 m.s? Max: 1.1501e-05 m.s?
Avg: -1.99022e-22 m.s? Avg: -1.38661e-21 m.s?
Min: -1.62019e-05 m.s* Min: -1.28524e-05 m.s?!
PGA: 1.12085e-05 m.s? PGA: 1.08221e-05 m.s?
PGV: 1.7294e-05 m.s? PGV: 1.28524e-05 m.s!
PGD: 8.61775e-06 m PGD: 5.91176e-06 m

Figure 64 PDF report for applying M-CAL, DC removal, deconvolution, and a first order high pass

filter to a selection of two streams.
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Filter+ also allows you to select a time window within the Filter+ widget and
automatically highlight the corresponding data segment in the Data Viewer. To do
this:

e Hold down the Ctrl key and left-click at the desired start time. A red line will
mark the selection start.

o While still holding the Ctrl key, right-click at the desired end time. A yellow
line will mark the selection end.

¢ The same time window will automatically be highlighted in the Data Viewer
as shown in the image below.
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Figure 65 Time selection of data in the Filter+ widget and corresponding data in the Data Viewer

A possible application of this feature is related to the computation of an instrument’s
PSD (see Section 7.1.1) for performance assessment. For an optimal performance
evaluation of the instrument, data should be selected from quiet periods. Usually,
nighttime data are used, when human activity is at its minimum. Applying filters
before computing a PSD can help in selecting the best data. In fact, filtering the data
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can emphasise transient events (e.g. spikes and glitches) that would otherwise not be
visible.

The figure below shows an example of how filtered data (green) can reveal spikes that
are not visible in the original waveform (grey).

[D Filter - Discovery - [m] X

Highpass  Order
[oooso &[4 B

Lowpass  Order
[o0z00 F[4 =

Median Rank Chomp

Match Filter
LoadMatch | | SaveMatch D\ag [ Power

RemoveDC [ Deconvolve [ Use Cal
[1 HighPass Linear Phase  [] Auto Scale
[ LowPass Linear Phase Spread

Stats

Replot

Gain Time Offset Create sum

1.0000 ¥ [0.0000 - Sum
psd jw
10000 % ®In ) out pf

Response Al Ok

Figure 66 Example of filtered data revealing spikes not visible in the original waveform

For the computation of a PSD for performance analysis, a time window which
excludes the spikes should be selected. This can be done in the Filter+ widget as
explained above. This action will highlight the corresponding time selection in the
Data Viewer, which can then be used to compute the PSD.
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8 Guralp Data Centre (GDC)

8.1 Concept & Purpose

Guralp Systems Data Centre software package (acquisition software package) consists
of several applications with the primary purpose of acquiring, saving and re-
distribute miniSEED data. It also provides system state of health monitoring and
distribution, with remote configuration capabilities.

8.2 Software Components

- IRIS ringserver
- slinktool
- slink2dali
- Guralp Data Centre controller service
- Guralp Data Centre monitor service
- Guralp responder service
- Guiralp Discovery application (NOT Deployed on GDC server)
Optional components:
- Earthworm client

- SeiscomP3 client

8.3  Operating System Compatibility

Guralp Systems Data Centre software package has been tested on the following
x86_64 platforms:

- Red Hat Enterprise Linux 8 (or equivalent, e.g. Rocky Linux 8 or AlmaLinux 8)

- Amazon Linux 2
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8.4

Open Ports

The GDC requires access to the network to operate correctly. Please make sure that
the system security settings allow the network traffic to and from the machine on
ports specified in the table below. It also might be needed to configure SELinux
features in relation to the mentioned requirements.

Table 4 Ports that have to be open for GDC

Port Protocol Description

11788 UDP information by system components and

Used for sending and requesting state of health

Discovery desktop application.

11788 TCP Discovery desktop application to configure data

Configuration exchange protocol used by

streaming connections.

DataLink data transmission protocol connection

16000 TCp to IRIS ringserver.
SeedLink data transmission protocol connection
18000 TCP to IRIS ringserver for both incoming and outgoing

data streams.

8.5

GDC Configuration

8.5.1 IRIS ringserver

IRIS ringserver does not require any specific configuration unless change in either
default storage location (/var/cache/guralp/miniseed/) or time for which the data is
kept on the hard drive is required. Application runs as an operating system service
and listens for SeedLink connections on TCP port 18000. If required listening port is
different to 18000 please contact support@guralp.com for instructions.

8.5.2 Ringserver miniSEED files storage location configuration

IRIS ringserver storage location is configured by the home directory of ringserver user
and if required can be changed by system administrator by editing the user
properties. This can be done via SSH into data centre. Newly selected directory should
have sufficient permission and ownership. The steps below show how to modify the
home directory of the ringserver user in Red Hat Linux environment (please note that
commands may require elevated permissions).

a. Copy tmpfiles.d guralp-miniseed.conf file to /etc system location

cp /usr/lib/tmpfiles.d/guralp-miniseed.conf/etc/tmpfiles.d/guralp-miniseed.conf
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b. Edit the copied configuration file and append a new line specifying the new storage

location:
d /run/guralp/etc 0755 root root
F  /run/guralp/etc/iris-ringserver.conf 0640 root ringserver -
MSeedWrite %%n_%%s_ 3%l %%c_%3Y %%].mseed
d /var/cache/guralp/miniseed 0775 root ringserver 3d
d /mnt/new/storage/directory 0775 root ringserver 3d

c. Save the changes made to the file

d. Modify the ringserver user home directory

usermod -d /mnt/new/storage/directory ringserver

e. Reboot the system to apply the changes.
Please note that only the following top directories can be used: /home /media /mnt Jopt /srv /var

8.5.3 Ringserver miniSEED files storage auto-clean configuration

IRIS ringserver storage is controlled by system tmpfiles clean timer and can be configured
by editing guralp-miniseed.conf file. To change the configuration of time that historical
data is kept in the system please follow the steps below.

a. Copy tmpfiles.d guralp-miniseed.conf file to /etc system location

cp /usr/lib/tmpfiles.d/guralp-miniseed.conf/etc/tmpfiles.d/guralp-miniseed.conf

b. Edit the copied configuration file and change the age of storage location to the required

value.
d /run/guralp/etc 0755 root root
F  /run/guralp/etc/iris-ringserver.conf 0640 root ringserver -
MSeedWrite %%n_%%s_3%%1 %%c_%%Y %%j.mseed
d /var/cache/guralp/miniseed 0775 root ringserver 3d

where 34 is the age of temporary files (read more:
https://www.freedesktop.org/software/systemd/man/tmpfiles.d.html).

c. Save and reboot the system.

8.5.4 Slinktool

Slinktool process runs as a service with parameters provided through the service name
in a form of a ‘@ separated list of values. Under normal operation there is no
requirement to manually configure (enable/disable or start/stop) the service, this task
is performed by the Data Centre controller on remote request from the Discovery
desktop application.
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Manual service configuration can be performed but it is not recommended. To do that,
please log in to the Data Centre computer and use systemctl command to
enable/disable and/or start/stop the Slinktool service. Slinktool service is run with a
set of parameters:

slinktool@NN@ST@LLCHA@CONNECTION@PORT service

where;

- NN is the SEED network code.

- ST is the SEED station code.

- LLCHA, is SEED location and channel codes.

- CONNECTION, is the connection IP address or hostname, for latency monitoring in
the Data Centre this is set to 127.0.0.1 (localhost)

- PORT is the connection port of the Seedlink data.

Wildcard character for SEED location and channel name can be used and is
represented by ‘_’ character. Also, a list of location and channel names can be provided
to a given service and should be separated with ‘-‘character.

Example:
slinktool@DG@O585A@. @I127.0.0.1@I18000.service, will connect to station

0585A of DG network, subscribing to any channel (wildcard selector of 5x ‘_’
character).

slinktool@DG@O0585A@0ONHHZ-ONHHN-ONHHE®127.0.0.1@18000.service, will

connect to station 0585A of DG network, subscribing to ON.HHZ, ON.HHN and
ON.HHE channels.

8.5.5 Slink2dali

8.6

Slink2dali process runs as a service with parameters provided through the service
name in a form of a ‘@’ separated list of values. Under normal operation there is no
requirement to manually configure (enable/disable or start/stop) the service, this task
is performed by the Data Centre controller on remote request from the Discovery
desktop application.

To configure the required connection (slink2dali and Slinktool services) use the
Discovery desktop application described below.

GDC Discovery Interface

After primary installation and configuration, the GDC is intended to run as a headless
server. Further configuration, maintenance and SOH monitoring can be accomplished
though Discovery. The purpose of GDC is to record data streams from multiple
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sensors. This archive of miniSEED files is then available to applications on the Linux
environment.

The system also runs a SeedLink server that is capable of re-streaming any of the
streams that are being recorded. Any SeedLink client can connect to this server to
retrieve data.

Discovery can be used as a SeedLink client also. In this mode, data can be viewed live
without the need to pull a second stream directly from the device.

8.6.1 Configuration - Adding a Station

e Open Discovery desktop application and change the view to “Registry” mode.

¢ Right-click on the Data Centre instance.

e Select Configuration option.

¢ In the configuration widget, if not preloaded with configuration, click on “Restore”
button to retrieve the Data Centre configuration.

{ london - Data Centre Configuration — Discovery x
General settings

Registry group identifier:

Monitoring period for latency channels:
Monitoring period for active channels:
Monitoring period for active devices:
Filter for active channels monitering:

Filter for channels latency monitoring:

Registry servers

30

60

120
nmmnm

nNIMMONTT?

127.0.0.1 Remove

52.34.40.123 Remove

52.66.185.185 Remove
Add server

Station subscription list

nm

DG.0725C (127.10.114.92:11785)

Restore

Remove

Remove

Use tunnel connection

Use tunnel connection

Add station from discovered | Add station manually

Cancel Apply

Figure 67 Data Centre Configuration Controller

e From here Devices on the same registry server can be added from ‘Add station

from discovered.
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¢ To apply configuration changes to device, choose ‘Apply’. Ensure that when adding
devices that ‘Use tunnel connection’ is selected.

8.6.2 State of Health

The Data Centre state of health can be monitored in the real time either in the
Discovery desktop application main window by checking the status indication icons,
and/or by accessing the dedicated Data Centre state of health widget.

[ ® Garalp Systems - Discovery
File Edit Tools Window Help
Status Label
B @8 comet Fen_TesT UG
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Figure 68 Access to GDC state of health from Discovery's window

=~

guralp™ |

The state of health dashboard widget is divided into 4 main parts as shown and
described in the following Figures.

Figure 69 Top-left widget is a latency graph displaying the highest historical latency value for up to

last 30 minutes.
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® guralp - Data Centre Health Dashboard - Discovery
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Figure 70 Top-right widget is a disk usage graph displaying the disk free space in MB (blue graph,
left y axis) and disk used space percentage (red graph, right y axis)
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Figure 71 Bottom-left widget displays the state of services running on the Data Centre and allows to
configure the logfile and output data file for activity log and latency/disk usage data respectively.
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Figure 72 Bottom-right widget displays the activity log based on state of health information packets
received.

Log line contains the following information:
- Timestamp
- Latency value
- Sample latency value
- Number of active channels
- Number of active devices
- Latest sample timestamp
- Available disk space in KB
- Disk used space in KB
- Percentage value of free disk space

And is logged as single line in the following format:

{[Timestamp]} Latency: {Latency valuel}s; Sample latency: {Sample latency
value}s; Active channels: {Number of active channels}; Active devices:
{Number of active devices}; Latest sample timestamp: {Latest sample
timestamp}; Disk available: {Available disk space in KB}; Disk used: {Disk
used space in KB}; Disk free: {Percentage value of free disk space}%;

Example:

[Fri Jul 9 13:50:34 2021] Latency: 1.50s; Sample latency: 1.81ls; Active channels: 26; Active
devices: 2; Latest sample timestamp: Fri Jul 9 13:49:43 2021; Disk available: 73364480; Disk
used: 54698232; Disk free: 25.44%
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8.6.3 Advanced redundancy configuration

It is possible to have two data centre servers running concurrently. For advice on this
more advanced configuration please contact Gliralp at support@guralp.com

8.6.4 GDC Restreaming

Discovery can fetch live data directly from the GDC ring buffers.

File Edit Tools Window Help

» Status Label System Name ~
ai'\\:@:nii“m:met DALHOUSIE 47 Aquarius  AQU-EA61
54\\6‘I\:i‘\wmet NO LABEL Certimus  CERT-1150
6\\ @/H i/\tcmet Test Rack 4 Fortimus FMUS - 1F5A
Eluxé}\_&i |Midas SUPRT-FMUS Fortimus  FMUS-4D67
au®nﬁ ESSI Fortimus  FMUS-DASB
5\@@' TunnelTest Minimus MIN-6B55
Q\\le(!/luu LABEL Minimus MIN-BESA
o’\\‘®’|\‘a'\M1da5 Radian/ Certimus 3T Reference  Minimus MIN-9C57
i:u‘@:ﬂ"ﬁ | Comet NO LABEL Minimus MIN-9C66
é:H ®I\ﬁ | Comet 3T reference COMETS Minimus MIN-A65B

Serial #

EABL

1150

1F5A

4067

DASB

6855

BESA

9c57

9C66

ABSB

Firmware Ver (Identifier) WAN |
2.1-17878 (AQU-EAB1) 89.21:
2.1-23391 (CERT-115D) 89.21:
2.1-22576 (FMUS-1F5A) 89.21:
2.1-21246 (FMUS-4D67) 89.21:
2.1-11027 (FMUS-DASB) 181.13
2.1-22166 (MIN-6B55) 81.14¢
1.2-8713 (MIN-BESA) 37.76.
2.1-11027 (MIN-9C57) 89.21:
2.1-23391 (MIN-9C66) 89.21:
2.1-21242 (MIN-A65B) 89.21:

u 6\\ DATC@Iondon,equest-z.computednternal london 18.168.216.36

o I o || &= | DATC@oregon, us-west-2.compute, internal Data Cent State of health dashboard

Configuration

MSeed

Figure 73 Context menu when selecting a GDC server

-1

(DATC-OAFBDO4EF29E) |18. 164

(DATC-0ABFOGDOEF79) 52.34,

Selecting the Mseed option will connect to the SeedLink server at the GDC instance
and start live streaming of data into the Discovery Viewer.

Dataless files for instruments re-streamed from the GDC can be placed in a folder:

Linux:

~config/Guralp Systems/Discovery/dataless/

Windows:

C:\Users\<username>\AppData\Local\Guralp Systems\Discovery\dataless

These files are read when a stream is first created.

Alternatively, manually loading a dataless file using the Load Data button in the
viewer has the same effect. The units and calibration should then appear in the
viewer. Hover over the stream status to view the metadata associated with that

channel.

MAN-DIS-0001 109


mailto:support@guralp.com

Guralp Discovery - Software Manual

AddDevice  Search ForStream  ResetScale Normalise Scale | Centre Streams | Live Centre v

Channel List DG.IFSA.0).HCA
e v 200sps
N F;gzafsi“"k Min  =-5.11025e+06
: Max  =-511023e+06
» B ISKUKS o =

Avg =-5.11024e+06

Scale =6.8

DG.1FSA.0J.HNE

t. <©> | >> >>> Loaddata, SelectTimeRa

Tt L

DG.1F5A.0.HNN
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Figure 74 Channel metadata originating from dataless file

Giiralp Data Centre (GDC)

8.6.5 Viewing Instrument/Digitiser WEB configuration via GDC

Typically, digitisers are connected to the GDC via a tunnel. This circumvents NATs
and makes the connection more secure. Guralp digitisers have an inbuilt tunnel that
can be enabled in the Network tab of the instrument.

When such tunnels are implemented, the GDC retrieves Seed data using the SeedLink

protocol. This travels via the tunnel.

Access to the instrument’s web config page and other services can also be made via

the same tunnel connection.

When running Discovery as a local client, the tunnel is not terminated locally.
Accesses to the WEB pages need to be forwarded through the GDC server. This is
handled automatically. Right-clicking on the Tunnel column forces the local
Discovery to access the instrument via the GDC. This avoids to need for separate port

forwarding or additional
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Figure 75 Instrument Access
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9 Discovery Configuration

9.1 Config file

Discovery reads a configuration file during startup. This file contains multiple
configurable options and parameters. The configuration file is updated when
parameters are modified or when Discovery is closed. Therefore, any manual edits to
this file should be performed only when Discovery is not running.

0S Location

Windows | C:\Users\<username>\AppData\Local\Guralp
Systems\Discovery\config2.ini

Linux ~/.config/Guralp\ Systems/Discovery/config2.ini

The configuration file can also be modified within Discovery by selecting File >
Settings and clicking on the Advanced tab. This view displays the configuration
contents as key-value pairs. Not all settings are shown: certain entries are
intentionally hidden, such as non-standard value types and device port definitions. A
search bar in the top-right corner is available to help locate specific settings. Changes
made through this interface do not require Discovery to be closed.

Discovery x

Basic Advanced

[] Show empty entries ‘Sealchm ‘

Analogue Power Board

Auto Switch Off Timeout When Acoustic Comms
Auto Switch Off Timeout When PSU On

Auto Switch Off Timeout When Power Board Timer
Auto Switch Off Timeout When Pulse From Shore
Next Switch On Timeout J10

Next Switch On Timeout J11

Next Switch On Timeout J12

Next Switch On Timeout J13

CAP Receiver

CAP Receiver Alarm System false v

Restore defaults K

H

Cancel
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9.2 Command-Line Interface

Discovery on Linux supports optional command-line arguments that can be used to
automate specific actions. The available command-line options are listed below.

-h, --help

Displays this table.

-a, --add

Adds one or more devices by IP address (space-separated).

-f, --file

Opens the Data Viewer and loads the specified miniSEED or
dataless files.

Opens the Live Viewer, waits for discovery of the specified
devices, and begins streaming. The arguments may be device
names or IP addresses (space-separated). The stream type is GDI.

/discovery -1 MINL-1234 FMUS-2345 11.22.33.44

Opens the Live Viewer, waits for discovery of the specified
devices, and begins streaming. The arguments may be device
names or IP addresses (space-separated). The stream type is
SeedLink.

/discovery -s CERT-1234 MINP-2345 11.22.33.44

Switches to Registry mode, waits to discover the specified Data
Centre, opens the Live Viewer, and begins streaming. The
arguments are the registry address, the login username, and the
login password. The stream type is SeedLink.

Jdiscovery -r 12.34.56.78 username password

-L,-S,-R

Behave the same as '-1', '-s', and '-1', respectively, but display only
the Live Viewer in full-screen mode. Discovery’s main window is
not displayed.

AddDevice

Deprecated. Previous version of --add.

LoadMSEED

Deprecated. Previous version of --file.

9.2.1 Providing Command-Line Arguments in Windows

While these arguments are documented for Linux, equivalent functionality is
available on Windows by supplying the arguments through the application startup
configuration. To do so, follow the procedure outlined below.

1. Launch Discovery and pin the Discovery icon to the Windows taskbar.

2. Close Discovery.
MAN-DIS-0001
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3. Right-click the Discovery icon on the taskbar, then right-click Discovery2, and select
Properties.

Open
Run as administrator
Pin to Start

Unpin from taskbar

Properties

(® Discovery2

3R Unpin from taskbar

o L O . E Q€

4. In the Target field, leave the existing content unchanged and append the required
command-line arguments, followed by any applicable device identifiers or parameters.

Example:
"C:\Program Files\Guralp Systems\Discovery2\discovery.exe" -L MIN-ABCD CERT-1234
F |
ﬁ) Discovery? Properties
Security Details Previous Versions
General Shorteut Compatibility Digital Signatures

Discovery2

Target type: Application
Target location: Discovery2

Target: liscovery2\discovery.exa” -L MIN-ABCD CERT-123

Startin "C:\Program Files\Guralp Systems|\Discovery2™

Shorteut key:  |None

Run MNormal window
Comment
Open File Location Change lcon Advanced

OK Cancel Apply

5. Select Apply, then Close.
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10 Appendix 1 - Guralp Discovery
Installation

Guralp Discovery is a software package for Microsoft Windows and Linux, which
facilitates the identification, configuration and management of Guralp digitisers and
instruments.

Guralp Discovery has a conventional .msi -based installer. Once installed, the
software can check whether it is the current version and can update itself using a
button on the Help—About menu.

10.1 Installation in Linux

The Linux version of Discovery 64-bit is delivered in a self-contained package.
To install Guralp Discovery:

1. Open the terminal

2. Visit www.guralp.com/sw/download-discovery.shtml to download the appro-
priate installation script or use the command

wget http://www.guralp.com/download/discovery/Discovery.run
3. Make the downloaded file executable using the command

chmod +x Discovery.run

4. Run the script with the -h option to see the installer's help message:
./Discovery.run -h
Online installer for Guralp Systems Discovery application
Usage: ./Discovery.run [parameters]
Parameters:
-h : this message
-1 : perform installation

-0 <directory> : output directory (default
/opt/guralp/discovery)

5. Execute the script, either accepting the default installation directory
./Discovery.run -i
or providing your own, alternative location

./Discovery.run -i -o /usr/lib/discovery
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The script proceeds through the following installation stages:

L.

A confirmation prompt:

Guralp Discovery will be installed in:
/opt/guralp/discovery. [Clontinue/[A]lbort

Type to continue installation in listed directory, or to abort and
change directory using the -o execution parameter

Downloading. The following message is printed:

Downloading Discovery from Guralp Systems server
[Downloading]

This step downloads the discovery package from the Guralp server. It is around
50 MiB in size so downloading may take a long time if you have a slow Internet
connection.

Next, the following message is printed:
Creating installation directory: /opt/guralp/discovery [OK]

This step creates the installation directory. If an error occurs at this stage,
please make sure that the user running the installation script has permission
to create the specified directory.

The downloaded archive is now unpacked into the specified installation direc-
tory. The following message is printed:

Unpacking Discovery to /opt/guralp/discovery [OK]
The next step removes the downloaded file from the disk.
Removing downloaded Discovery archive [OK]

A this point, the installation is complete. The message

Discovery is now installed in:
/opt/guralp/discovery/discovery

is displayed and the application is available in the specified directory.

10.2 Installation in Windows

To install Gliralp Discovery on a Windows machine:

1.

MAN-DIS-0001

Download the appropriate installer — 32-bit or 64-bit — from

https://www.quralp.com/sw/download-discovery/

Double-click the downloaded file. You may be asked whether you wish to con-
tinue: answer yes.
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3. The following screen asks where, in the Start Menu, you would like to place
the Discovery short-cut. The default location is normally satisfactory but you
can change it from here if you wish.

@ Setup - Discover —

Select Start Menu Folder
Where should Setup place the program's shortouts?

ﬂ Setup will create the program's shortcuts in the following Start Menu folder.
=]

To continue, dick Next. If you would like to select a different folder, dick Browse.

ralp Systems\Discover| Browse...

ctice ] ey W or ey O o comtinue

4. The next screen asks whether you would like to place an icon for Discovery on
the desktop:

(D] Setup - Discover —

Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform whilz installing Discover,
then dick Next.

Additional i

Tick the check-box if you wish and then click , key i or key
+m to continue.

5. The installer then offers a last chance to change any of your decisions:

MAN-DIS-0001 117



Guralp Discovery - Software Manual Appendix 1 - Guralp Discovery Installation

@' Setup - Discover —

Ready to Install
Setup is now ready to begin installing Discover on your computer.

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location:
C:\Program Files (x88)\Guralp Systems'\Discover

Start Menu folder:
Guralp Systems\Discover

< Back Install Cancel

Click , key i or key +n if you are happy with your

choices or click | = B3k (or key +B) if you wish to revisit any of
them.

6. Once you have clicked , the installation begins and a progress

screen is displayed:

{® Setup - Discover -

Installing
Please wait while Setup installs Discover on your computer.

Extracting files...
C:\Program Files (x&88)\Guralp Systems\Discover\Qt5Webkit.dll

Pressing or keying now will remove all of the installed files

(except the installer itself) and reverse any changes made so far.

7. Once installation is complete, the following screen is displayed:
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@' Setup - Discover —

Completing the Discover Setup
Wizard

Setup has finished installing Dizcover on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

Press , key i or key + to close the installer and

launch Discovery.

Note: Discovery for Windows 64-bit requires Microsoft Visual C++ 2015.
Discovery may ask to install it if it is not installed yet.

10.3 Configuring Windows Firewall

Windows Firewall can interfere with Discovery’s ability to send information to
instruments and/or receive information from instruments over the network. If you
use Windows Firewall, you should make special provision for allowing Discovery to
communicate, as described in this section.

1. Click in the “Ask me anything” search box at the bottom left of your Windows
screen:
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2. Type “allow an app”

B L @

Best match

i ‘. Allow an app through Windows Firewall
Control panel Q

allow an app
Help from Microsoft

Web

L allow an app - Search the web

L allow an app through windows 10 firewall
£ allow an app through windows firewall

L allow an app through firewall

allow an app

3. Select “Allow an app through Windows Firewall” from the search results.
4. Windows will display the “Windows Firewall Allowed Applications” screen.

This displays a list of applications in alphabetical order. Each application is
provided with three check-boxes which indicate whether the application can
communicate with networked devices in the “Domain” profile, the “Private”
profile or the “Public” profile. (Profiles are also known as “network locations”.)
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A ﬂ <« Windows Firewall » Allowed applications v D Search Control Panel

Allow apps to communicate through Windows Firewall

To add, change or remove allowed apps and ports, click Change settings.

What are the risks of allowing an app to communicate? !;Change settings
Allowed apps and features:
Mame Domain  Private  Public ™
Core Networking
Cortana
Delivery Optimization
DiagTrack
DIAL gr sl I ]
discovery
[ Chstnbu = | O
Dropbox
Email and accounts
Feedback Hub
[ File and Printer Sharing O O
W] Films & TV e

Details... Remove

Allow another app...

oK Cancel

@ Allowed applications — O

X

o

The “Domain” profile applies to networks where the host system can

authenticate to a domain controller. The “Private” profile is a user-assigned
profile and is used to designate private or home networks. The default profile
is the “Public” profile, which is used to designate public networks such as Wi-

MAN-DIS-0001

5. First click the

Fi hotspots at coffee shops, airports, and other locations.

For a more complete discussion of this topic, please see

http://www.tenforums.com/tutorials/6815-network-location-set-private-

public-windows-10-a.html or your Windows documentation.

& Change settings buttons to activate the interface.
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6. Highlight the “discovery” line and then click the | P€2lls=  hutton. The “Edit
an app” window is shown:

Edit an app x

You can allow communication with this app fram any computer, induding
those on the Internet or just from computers on your network.,

Mame: @ discovery

Path: | C:'program files\guralp systems'\discovery\discovery.exe

What are the risks of unblodking an app?

You can choose which netwaork types to add this app to.

Metwork types... Cancel

7. Click the  MNetwork fypes... button. The “Choose network types” window is
shown:
@
4 @@ <« Windows Firewall » Allowed applications v D Search Control Panel »

Allow apps to communicate through Windows Firewall

Teo add, change or remove allowed apps and ports, click Change settings,

What are the risks of allowing an app to communicate? !;'Chaﬂge settings

Choose Network Types X
Allowed apps and-£==4 -

I Allow this app or port to communicate through Windows X1
e A
Name Firewall for the selected network type: pte | Public

Core Netwer  You Domain: Metworks at a workplace that are
W Cortana tho attached to a domain

[1=]

Delivery Optit o Private: Networks at home or work where you
DiagTrack know and trust the people and devices on the

DIAL protoco P28 network

discovery | yhg Public: Networks in public places such as airports
[ Distributed Tr or cafés

Dropbox

[ Email and ace
¥ Feedback Hub——|

File and Printer Sh Cancel
Films & TV

Remove

El

NORNREOEOEEEREF

Allow ancother app...

oK Cancel
8. After making appropriate changes, click first in the “Choose net-
work types” window, then in the “Edit an app” window, then in the “Windows
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Firewall Allowed Applications”. This closes the Windows Firewall “Allowed
Applications” tool and saves the changes that you have made.

10.4 Update

If a PC running Gliralp Discovery has an Internet connection, Discovery can check
whether an update is available. To initiate this, click About from the Help menu or

type + followed by :

(® Giiralp Systems - Discovery

File Edit View Help

¥ about

Status System Name Firmware Ver  WAN Address
Yoy
1 @ ® .I_o FERE Minimus ~ MIN-BOS6  1.0-1271 95.6.57.152
e, s
: @ # | salesDEMO Minimus ~ MIN-8256  1.1-1022 80.213.16.117

|ﬁ5hyNhM NAMZ SUPRT-NAMZ 1.0-15757 89.213.16.113

3

4 _) “leurray Minimus Flus MINF-6158  1.2-8599 89.213.16.113
5 fil NO LABEL Minimus Flus MINF-EG58  1.2-8563 89.213.16.113
6 ) \I‘\ G)IIfiI MO LABEL Minimus Plus MINP-DD58  1.2-8555 89.213.16.113
7 @Irallfil MO LABEL Minimus Plus MINP-E558  1.2-8563 80.213.16.113
8 | (] |Ir6||,i| MO LABEL Minimus Plus MINP-E058  1.2-8555 80.213.16.113
9 | (] |Ir6||,i\| NO LABEL Minimus Plus MINP-6458  1.2-8563 80.213.16.113
10 |;|IIEIII?\I NO LABEL Minimus Plus MINP-E958  1.2-8563 80.213.16.113

A screen like the following is displayed:

o Discovery About - Discovery - O X

Discovery is provided by Giiralp Systems Limited

Head office:

Giralp Systems Limited,

Midas House, Calleva Park, Aldermaston, Reading
RG7 8EA, UK

. Tel: +44 118 9819056
" . Fax: +44 118 9819943
urol E-Mail: sales@quralp.com
Support: support@quralp.com

www. quralp.com

Discovery version 0.5.840 (Windows 64-bit Experimental, Qt v5.9.2)

Up to date.
Update

a

Release notes for Guralp
Discovery

Change log

2018-02-14 : release 0.5.840 This is a general maintenance release with some
minor bug-fixes.
« Responder protocol extension - the percentage free space in the storage
device is now included
» Calibration page editor - changing values is prohibited until all calibration
values from digital instruments are fully retrieved
+ The Status display has been updated and a problem with the "last contact
time" has been fixed M

[s3
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The currently installed version is shown. If this is the most recent version

available, the screen will say Up to date and the ﬂ button will be
disabled, as shown above. If a newer version is available, the screen will look like
this:

{® Discovery About - Guralp Discovery - O >

Discovery application is provided by Guralp Systems Limited.
Head office:

Guralp Systems Limited,

Midas House, Calleva Park,

"'-...,‘ Aldermaston, Reading.
RG7 BEA, United Kingdom

L] ] “‘\._\-
| IrOI Tel: +44 118 981 9056
E-Mail; sales @guralp.com

Discovery version: Experimental 0.1.351
Update to version 0.1.662 is available online, Please use "Update™ button to download the installer,

Update
Ok

If you wish to proceed with downloading the newer version, click the ﬂ
button. This does not commit to an immediate upgrade: it just downloads the

installer. If you do not wish to download the installer, click L to close the
“Discovery About” dialogue.

If you clicked ﬂ, you may see the following warning if the previous
installer is still in your download folder:

Midas House, Calleva Park,

\\ Aldermaston, Reading.
¥ 2 N DT REA Linitad Kinadam
: ] @ E
@. {® File already exists. - Guralp Discovery * taller. |
File already exists - overwrite? te
C:/Users/fish.GURALP/AppData/Local/Temp/Discoverylnstall.exe s Netma
255253
Ne 255.255
Close this window automatically when finished. 255.255
Cancel Ok 235.235
L1 T
ouird

Simply click or key i to continue: the download will start

immediately.
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While the download is in progress, the following indicator will be displayed:

{® File download - Guralp Discovery — m} x
Downloading discovery instaler.

Completed in 41%

(123356148 of 29530541B)
Close this window automatically when finished.

Cancel Ok

When the download is complete, the following screen is displayed:

Midas House, Calleva Park,
Aldermaston, Reading
RG7 BEA, United Kingdem

urol Tel: +44 118 9519056
E-Mail: sales@quralp.com

{® Downlead completed - Guralp Discovery X
L% Filedownload leted. Would you like to update d ? friocd thenstaler.
. File download completed. Would you like to update discovery now?
! This will close Discovery application and run installer. Update
Installer file location: C:/Users/fish. GURALP/AppDatarLocal Temp/ bl he
Discoverylnstall.exe
255
255
Yes No 25
255
o | 255
12 Active NO LABEL Minimus MIN=6655 726197 TOB0-12885 TBT.TS035.105 71030045~ 255
13 Active MO LABEL Minimus MIN-T755 30349 080-12786 8115033105 1030.088 255
an Locally Active 10 LABEL Minirmus MIN-8555 32131 0.80-12786 8115035105  10.30.08 755,

If you wish to complete the installation immediately, click g If you

would rather defer the installation, click w and run the installer at a more
convenient time.

Once the upgrade is complete, start Discovery in the usual way. Windows,
recognising that the program has changed, may ask you to specify how you wish
Discovery to interact with the Windows Firewall. Because Discovery requires
network communication in order to function, it is important that you understand
the options available.
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The following screen is displayed:

@ Windows Security Alert =

@ Windows Firewall has blocked some features of this app

Windows Firewall has blocked some features of discovery on all public, private and domain
networks,

® Mame: discovery
Publisher: nknown
Path: C:'\program files (x86)\guralp systems\discovery
\discovery.exe

Allow discovery to communicate on these netwarks:
Domain networks, such as a workplace netwerk

Private networks, such as my home or work network

Public netwarks, such as those in airports and cafés (not recommended
because these networks often have lithe or no security)

What are the risks of allowing an app through a firewall?

&) sllow access [ Cancel

Wi

The screen provides three check-boxes which indicate whether Discovery can
communicate with networked devices in the “Domain” profile, the “Private” profile
or the “Public” profile. (Profiles are also known as “network locations”.)

The “Domain” profile applies to networks where the host system can authenticate
to a domain controller. The “Private” profile is a user-assigned profile and is used to
designate private or home networks. The default profile is the “Public” profile,
which is used to designate public networks such as Wi-Fi hotspots at coffee shops,
airports, and other locations.

For a more complete discussion of this topic, please see
www.tenforums.com/tutorials/6815-network-location-set-private-public-
windows-10-a.html or your Windows documentation.
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11

Appendix 2 — I.P. Address Configuration
on PC or Laptop

With APIPA (Automatic Private I.P. Addressing), a laptop or PC can automatically
configure itself with an LP. address in therange 169.254.0.1t0169.254.255.254.
The default subnet mask is 255.255.0.0.

Connect you Gliralp device to the laptop or PC using the blue Ethernet cable and
power it up.

11.1

On Linux

On your Linux computer, open the terminal and type the command

sudo bash

Key i and provide the appropriate password. Then, enter the command

ifconfig

to identify the Ethernet network interface to which your device is connected. Once
you have identified the correct interface, connect the device, power it up and enter the
commands

ifconfig wlp2s0 down

ifconfig wlp2s0 up
replacing wlp2s0 with the name of the appropriate interface on your PC.

Enter the command i fconfig again to verify that the IPv4 address of the Ethernet
adapter is now included in the network 169.254.0.0/16 - ie. the address begins
169.154...

wlp2s@ flags=4163<UP,BROADCAST,RUNNING,MULTICAST= mtu 1500
inet 169.254.139.29 netn 55.255.0.0 broadcast 169.254.255.255
ether 9 :9c:ab:3c:9%a elen 1008 (Ethernet)

RX packets 556837 bytes

RX erro @ dropped 8@ o runs @ frame @

TX packets 320424 bytes 42811910 (48.8 MiB)

TX errors @ dropped @ overruns @ carrier @ collisions @

In the example above, the interface has been allocated address 169.254.139.29,
which is in the correct network.
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11.2 On Windows

On a Windows computer, key ﬂ+ﬂ to open the "Run" dialogue, enter ncpa. cpl
-
and key '

Right-click on the network adapter which is connected to the device and select
“Disable” from the context menu. Right-click on the same adapter again and select
“Enable”. Close the network settings window.

-l
Key =+B and type emd,, then ' This opens a command window. Type the
command ipconfig and verify that the IPv4 address of the Ethernet adapter is
included in network 169.254. *. *,

EX Command Prompt — O x

Windows IP Configuration

Default Gateway .

In the example above, the interface has been allocated address 169.254.139.29,
which is in the correct network.
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12 Remote Deck Unit for Aquarius

The Discovery instance running on a Deck Unit can be used by other Discovery
instances on the network to control an Aquarius and communicate with the acoustic
modem remotely. This is useful if you want the Deck Unit and modem left on the
deck of the boat while you use a Discovery from inside somewhere more comfortable.
For this to work the Deck Unit Discovery broadcasts a discover packet, just like Guralp
digitisers, allowing other instances of Discovery to see it.

There are two config options required to be set. These can be found in File > Settings
- Advanced, or by editing config2.ini directly.

DeckUnitMode Allow a connection to be setup for local loopback and
acoustic modem transmission. This required on both
Discovery instances to setup the needed connections.

BroadcastDiscoveryPing | Send the discover packet that allows the software to be
seen by other Discovery instances.

If the IP address of a Deck Unit is known then a connection can be made through the
Sonardyne Debugger and commands can be sent to it. For this go to Tools > OBS >
Sonardyne Debugger, then enter the IP address of the Deck Unit and connect.

[ Sonardyne Debugger - Discovery - pe

1030029 Connect 5910 hd Init Defaults : <FFT:A16,FON256 Crnd

—————— 35 -: . —H E Hello, warld! Dbg Msg Try to push data now
Local modem W FS WS S SC PORT | A US  MS  OFT

Remote modem MR FS Vs s sC PORT ALS us MS OPT

{ "New loopback connection from IP address 127.0.0.1 port 54350"
{ "New intranet connection from IP address 10.30.0.77 port 54354"
‘<P

">FV:5608,FV3.13.01.03.PV2.05\"\n"

"<MR:5910:W1\
“>MR:5910;0K[XC35,5NR71,DBV-9,TELNONE]\r\n"

A=A

5910 Ready Range: N/A XC: 35 SNR: 71 DBV: -9

When right-clicking on a Discovery in the list, you are presented with only a select
few Aquarius related options. These are hybrid actions, you select a Discovery and an
associated Aquarius from the list and perform them remotely.
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[ Guralp Systems - Discovery - [m] b4
File Edit Tools Window Help Manuals View Discovery Manual .|D Clear Search
» Status Label Syslsem Name SEED Name Site Name Firmware Ver WAN Address LAl
O ‘7 Active ) Comet Platinum Affinity DAS-405555-london 1.0-15811 0.0.0.0 10.]

{ us ART-4336 DG.04336  No site 2.1-2807 0.0.0.0 10

ck-davgurelpocal me« dev 1030029 m-.
Foimus  FMUS-2169 085 Command & Conyol {28997 0000 10
Minimus MIN-456C Dt Pawer board control .l 28997 0.0.0.0 10.
O re (9' ( I Comet London Minimus Lite MINL-0C64 i O8Stoster li21055 0000 10
O [é@‘ Comet London Minimus Plus MINP-3B68 DG.03B68 Continuous Testing 2.1-30798 0.0.0.0 10.7
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13  Appendix 3 - Operation with 3™ Party
Products

Discovery and GDC supports systems that source data using SeedLink protocol. This
is a well-defined ‘Industry Standard’ protocol that is supported by many
manufacturers.

The streaming protocols are standard yet typically the mechanism of discovering and
finding the IP address of a device is manufacturer specific.

In order to allow Discovery and GDC to access data from 3rd party devices, Guralp has
added a mechanism to add an entry for that device in the Devices list in Discovery.

Once we have made the Discovery aware of the existence of the device, we can
perform a number of operations on the device — such as viewing the WEB page or
streaming data.

There are two mechanisms of adding a ‘fixed’ device to the device list:
1. For Local devices (ordinarily found by Scan Local) we can Edit/Add Device.

This should largely be used to test a connection. Using this to add a Guralp
product is NOT recommended as the normal automated discovery
mechanism should work. If not, other problems will likely follow!

These manually ‘added’ devices are not saved as their use is only
transitory.

2. For Remote devices an entry can be added to the Cloud registry. This is a
permanent addition as the details are saved on the registry server. They
can also be individually deleted.

This operation is performed from the Giiralp “Test Facility” application.
This is available from the Start menu/Guralp Systems on Windows
systems. On Linux the executable ‘Thing’ should be run.
Testing Uty Tool - 5
Faux Data Data Requests Hashing Monitoring
Registry Hostname Groupid Label Station Netwark IP Address
Add 18.168.216.36 TEST-1234 mine My system 01234 00 10.88.1.2

Delete

Num Sensors Region Lat/Lon Destination IP Port Max PGA
Send CAP 5 51.3611 -11 22000 1789 10

Figure 76 Test Utility

Use the Add button to send a packet to the Registry (IP Address specified) thus
registering the present of such an instrument.
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Assuming that the device is a SeedLink server, specifying Station and Network code
and the devices IP Address, will give Discovery sufficient information for it to request
SeedLink data or instruct a GDC to request SeedLink data.

Leaving the Station and Network blank will cause Discovery to probe the system for a
list of Stations when a GDC connection is requested.
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14  Revision History

A 2022-03-11 Initial release
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