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Document Revision History

Date Rev  Description
April 2021 0.1 Initial Draft after splitting from original

November 2021 0.2

Updated to include top HAT concept and modules

0.3 Incomplete; needs Packet modem and SDR Link web pages
January 2022 0.4 Updated to Rev D standard, expanded descriptions

0.5 Reworked HTML configuration documentation

1.0 Finalized back end software description

November 2022 1.1

Split into a separate manual

2.0

Updated to new software standard

October 2023

2.1

Rebranded as DDL

Table 1 Revision History

Distribution
Rev Distribution
All For amateur use only.

Table 2 Distribution

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved.

Page iv

Rev 2.1




2 3
Praebius

Communications Inc

Dynamic Digital Linking with AllstarLink™
Reference Documents

[1] gnu.org, "General Public Licence," [Online]. Available: https://www.gnu.org/licenses/gpl-3.0.en.html.
[Accessed 25th February 2018].

[2] Ettus Research, "USRP Hardware Driver and USRP Manual," [Online]. Available:
https://files.ettus.com/manual/page_transport.html. [Accessed 21 October 2020].

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
Page v



2 3
Praebius

Gommunicatians.Ing Dynamic Digital Linking with AllstarLink™

Glossary of Terms

PBX Private Branch Exchange. A node in a telephone network that provides
connectivity for a series of local extensions to a set of trunks.

VOIP Voice over Internet Protocol. A system where telephone calls are placed, and
audio is exchanged using the Internet Protocol.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Intellectual Property Notice

The hardware components and all intellectual property described herein is the exclusive property of
Praebius Communications Inc (“the owner”), all rights are reserved.

The owner grants licence to any Amateur for personal or club use, on an as is and where is basis under
the condition that its use is for non-commercial activities only, all other usages are strictly prohibited.
Terms and conditions are governed by the GNU public licence [1].

No warranty, either express or implied or transfer of rights is granted in this licence and the owner is not
liable for any outcome whatsoever arising from such usage.

Copyright © Praebius Communications Inc, all rights reserved.

Disclaimer

This document is a preliminary release for a product still in development and may be subject to change in
future revisions. The software may be subject to unpredictable behaviour without notice. You are advised
to keep a can of RAID™ Ant, Roach and Program Bug killer handy. Spray liberally on the affected area when
needed.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Release notes

These notes reflect the current software version 2.1.

Bugs Fixed

A bug was discovered in the status display. When Allstar is restarted, it sends a carrier on/carrier off packet
to all nodes, which was interpreted as the beginning of a data stream and caused a header packet to be
sent out. When the hub received the packet, it assumes that the peer was transmitting, and updated the
display, which froze with this information. The fix was not to store the header packet and only process a
status update on the assertion or removal of the carrier status.

The affected module is the bridge implementation layer in the JNI code, which can also be utilized in the
previous version.

New Features in this Revision

The concept of possession of peers has been revisited and reworked. In the previous version, all bridges
and peers had to belong to the same login account. This created difficulty when a repeater owner wanted
to view his telemetry or make a change to his configuration without the account name and password.

In this revision a peer can belong to any login account and bridged by another. Peers can be declared to
be ‘public’ or ‘private’. A private peer can only be added to a bridge owned by the same login, a public
peer can be added to any bridge. Adding a peer to a bridge has also been reworked to choose available
peers from a drop-down box.

In the previous revision only one linking service could be active at a time, as all bridges belonged to one
login. This has now been reworked to accommodate a series of services each implementing a set of
bridges for a specific login. The port number and updating service are unique to each instance of the
service.

No changes were made to the DDL driver, the previous version can still be used with the latest hub
software release.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Digital Linking

The digital linking system for Allstar nodes is a system that replaces older RF based links with a software
component. Linking is accomplished by generating and receiving packets for an IP network using the USRP
protocol. Repeaters can either be linked together on a point to point basis, or on a point to multipoint
basis using a linking hub.

Linking Concepts
A digital link has three logical components:

e Peer. A peer is a platform that can generate and receive audio packets, such as Allstar.
e Bridge. A bridge is a software device that interconnects a series of peers together.
e Switching Backbone. A high speed channel that interconnects bridges.

A bridge can be one of two types:

1. Master Bridge. A master bridge interconnects peers. Any traffic that originates at a peer is sent
to all peers on the bridge, up to 32 peers can be supported, and all MUST conform to the USRP
protocol.

2. Peer Bridge. A peer bridge implements a connection to a remote Master Bridge, or a gateway to
another type of system. It can support analog or digital protocols but can have only one peer.

The switching backbone interconnects bridges. Each bridge has a unique talkgroup which identifies it.
Traffic that is tagged with a talkgroup other than that of its master bridge is routed through the backbone

to the bridge that supports that group. This enables dynamic routing of traffic that can be user selectable.

Figure 1 illustrates the linking concept.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Repeaters 1 and 2 (peers) are connected by an IP network to a master bridge that implements talkgroup
3026. A second bridge connects two more repeaters together using talkgroup 6374. The IP network for
both bridges can be the same or separated, such as the AREDN mesh or public internet.

SWITCHING BACKBONE

| 166374

USRP Bridge

TG 3026 ,
Repeater Group 2

TG 3026

Dynamic Bridge to
Bridge
Routing

TG 6374
F———————» USRP Bridge

| LCE”I Repeater Group 2

TG 6374

Figure 1 Linking Hub Concepts

/!\(/\"

Repeater 1

Voice Traffic

Talkgroup 3026 1
/!\
Repeater 3

(\

>

Repeater 3

Voice Traffic

Talkgroup 6374

Repeater 4

Any traffic from repeaters 1 or 2 tagged with 3026 is repeated to the other peer on the bridge, similarly
traffic from 3 or 4 tagged with 6374 is only repeated between the two. However, if traffic from repeater
1 is tagged with 6374, it will be heard on all repeaters on the system.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved.
Page 2
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Connecting Hubs

Figure 2 illustrates how repeaters on different hubs can be connected together. Hub A has two bridges, a
master which connects repeaters 1 and 2. Hub B has a master bridge to which repeater 3 is connected. A
peer bridge on Hub A is also connected to the Master bridge on Hub B.

Voice Traffic
Talkgroup 3026

Repeater 1

: I I
I | :
: I I
I | :
: I I
I | :
: I |
I | :
i | | |
i | TG 6374 I | TG 6374 |
! USRP Master Bridge | USRP Master Bridge |

TG 3026 » .
! Repeater Group 1 | I Repeater Group 4 & I
I | -
X I I
| TG 3026 | .
: I I
| | w -
i g Dynamic Bridge to | Voice Traffic | 9 I
.3 Bridge | Talkgroup 6374 5 |
| = Routing | s .
-2 I 2 |
| = | -
- | g |
[ 3 I z .
-7 I 2

TG 6374
! EEE— Peer Bridge | Master Bridge TG 6374 |

l—————
! Repeater Group 2 | Repeater Group 3 |
| .
| TG 6374 | |
. Default Route | I
| To Group 1 .
: I : I
[ . Cepenters P |
Hub A Hub B

Figure 2 Connecting Hubs

Traffic on Hub A with talkgroup 3026 remains between repeaters 1 and 2. Traffic tagged with talkgroup
6374 is routed to the peer bridge and then to Hub B, where it is heard on Repeater 3. Conversely, traffic
tagged with 3026 originating on repeater 3 will be routed to repeaters 1 and 3, all other will remain local.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Connecting to other networks

A peer bridge may also be utilized to connect to a different network type, such as a DMR network. The
peer bridge is configured for DMR, which adds additional fields not used in analog applications. Software
such as DVSwitch makes the connection between the networks, and an external AMBE codec does the
translation between the different audio formats.

The DVSwitch software components are listed in Error! Reference source not found., and the bridge
configuration is shown in Error! Reference source not found..

Component Embodiment Function

MMDVM Bridge Software/Python Bridge to DMR radios
Analog Bridge Software/Python Bridge to USRP [2] network
AMBE Codec Hardware/USB Transcoding PCM to AMBE

Table 3 DVSwitch Software

The system as it is currently deployed is illustrated in Figure 3.

Repeater
| USRP Protocol VE6NHM

TG 3026 PCM Packets 927.25

| » TG 6374 USRP .
Bridge All TG’s routed between

repeaters

EERICEVEIN |\ \6rpN-USRP-

[ MASTER

. Repeater
| ] VE6CQM
927.95

Radio Interface
VE6VH
I 927.5

USRPLink Software

[ DV Switch Software

TG 6374 Analog/DMR Bridging ,

USB AMBE
Codec

SWITCHING BACKBONE

| 166374 |

DMR Bridge
VAGEDN-DMR
TG 6374

| Default Route
To VAGEDN-USRP-MASTER

13

I Network
. AMBE Packets to

DMR Software

Y

Figure 3 Connecting to a DMR network using DVSwitch

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Configuring the Hub

Logins and accounts

Repeaters on a linking system can belong to more than one person, so to facilitate more than one user on
a linking network each may create his own login account to manage his repeater. Login accounts are

created from a link the landing page of the web site, Figure 4 illustrates this function.

Please Enter your details:

Callsign: | vebvh

Password: reans

First Mame: |Martin

Last Mame: |AI|:0 ck

Email Address: |\reﬁvh@vaﬁedn—ser\rer.IucaI.

feshphone number: |51 01

Create Account |

Figure 4 Create account page

Once created, the account can be used to log in right away. After logging in, the steps to set up the linking
can be found under the ‘Configuration’ heading, as shown in Figure 5. Follow the links to execute the steps

as required.

Configuration

Configuring Linking

There are three steps required to configure your link:

1. Enter the details of your repeaters (peers) to be linked. Enter peers
2. Create bridges and connect peers to your bridge. Create bridzes and add peers
3. Create any stafic routes between bridges. Add static routes

Show the current peer assignments

Figure 5 Linking configuration page

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved.

Page 5
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Creating a Peer Entry
To enter a new peer, toggle the ‘Add Peer’ radio button and then the ‘Submit’ button as shown in Figure

6. A template will appear for the new peer, fill in the fields as required.

Click here for help
Add Peer: ®no OYes

Subrmit || Cancel

Figure 6 Add new Peer

An example of a peer entry is shown in Figure 7.

Peer Callsign: | VEGNHM | Callsign of peer
Rx Frequency: 80275 | Rx Freq in MHz
Tx Frequency: |92?'?5 | Rx Freq in MHz
Location: | In the shack | Mame of Location
Latitude: |51'UE | (+N.-5)
Longitude: 141 | (W, +E)
Protocol: |Ana|og:‘USRF‘IIPLNK v| Protocol
Radio [D: 302092 | Unique Radio ID
Hardware Type: | Maple Pi with TopHAT Port v | Hardware type
IPAddress: 1127.0.0.1 | Peer IP Address
Visibility: @ private ) Public
Delete Peer: ® Mo O Yes

Figure 7 Peer Configuration Example

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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An explanation of the entries can be found in Table 4.

Entry Purpose

Peer Callsign Legal callsign of the peer

Rx Frequency Peer receive frequency in MHz

Tx Frequency Peer transmit frequency in MHz

Location A description of the peer’s location

Latitude Latitude as a fractional number. Positive for northern hemisphere
Longitude Longitude, same form, negative for western hemisphere

Protocol Identifies the repeater as analog or digital.

Radio ID ID allocated to the radio, must be unique.

Timeslot Only applicable to digital systems, choose 1 or 2.

Hardware Type Type of hardware and telemetry capabilities

IP Address Peer IP address. Updated when the peer configuration is retrieved.
Visibility When private, this repeater can only be added to a bridge owned by the login

ID. When public, it can be added to any other bridge.

Table 4 Peer Configuration Parameters

Creating Bridges

The next step is to create a bridge and add peers to it. This is accomplished at step 2 of the configuration
shown in Figure 5. As with peer entry, toggle the ‘Add Entry’ radio button and then the ‘Submit’ button as
shown in Figure 8.

Click here for help
Add Entry: ®nNe Oyes

| Submit || Cancel |

Figure 8 Add new Bridge

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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An example of a bridge entry is shown in Figure 9. The bridge name must be unique, suggested

nomenclature is <callsign>-<protocol>-<type>, where the protocol is either USRP or DMR, and the type is
MASTER or PEER.

Bridge Number: 1

|VEEVH-USF‘.F‘-MASTER Mame for this Bridge

Bridge Name:
Bridge Type: Type of this bridge
Protocaol: USRP ~ | Protocol used

Server Port: 34001

Remote Port: 32001 Remote Tx/Rx port
Talkgroup: B374 Eridge listens on this TG
Timeout: Inactivity timeout

Delete Bridge: ®nNo Ovyes
Figure 9 Master Bridge Configuration Example

An explanation of the entries can be found in Table 4.

Entry Purpose

Bridge Name A unique name for this bridge. Duplicates are not allowed.

Type Type of the bridge; Master or Peer.

Protocol Protocol for the bridge; USRP (Analog) or DMR (Digital)

Server Port Port where the server receives data. Automatically allocated and unique.
Remote Port Port to which the server transmits data.

Talkgroup Talkgroup for this bridge, must also be unique.

Timeout The bridge drops the carrier from a peer after no data has been received.

Table 5 Bridge Configuration Parameters

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
Page 8
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Adding Peers to a Bridge

At the top of the bridge configuration page is a set of tabs, one for each bridge that has been added. The
currently selected bridge is in RED. To add a peer to a bridge, fist select the bridge from the tab, and it will
be highlighted, and some basic information will be shown as in Figure 10Error! Reference source not
found..

VEG6VH-USRP- VE6VH-DMR-P

All Bndges

Return to Home Page

Last Update Status:
Peers on Bridge:

Number of Peers defined:

Mone

VEBWVH-USRP-MASTER

2

Feer callsign

®nNo Oyes

Available Peers:
Add Peer:

VEGCQM Callsign of peer

Peer Number 1:

Delete Peer: ® Mo Oyes

VEGNHM Callsign of peer

Peer Number 1:

Delete Peer: ® Mo Oyes

Click here for help

Subrmit || Cancel

Figure 10 Adding Peers to a bridge

There are two fields on the page, one lists available peers that can be added, which will be those you own
declared as either public or private, or public repeaters owned by other users. To add on, select the
callsign from the drop down box and toggle the ‘Add Peer’ button. To delete a specific peer, toggle the
‘Delete Peer’ button below it. Then click the ‘Submit’ button to perform the action.

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Configuring Static Routes

A static route is one that is always enabled between two bridges. It is configured for a specific bridge by
selecting them as shown in Error! Reference source not found.. An illustration of the entry is shown in
Figure 11. Static routes are optional between analog protocol bridges but are required for a digital bridge
to establish a default return path.

VABEDN-MASTER-USRP ~ | Destination Bridge

Destination:
. 15 Timeout
Timeout:
Alias: 6374 Alias Talkgroup
Delete Route: ®No O es

Figure 11 Static Route Entry

A description of the entries can be found in Table 6

Entry Purpose

Destination One of the user-defined bridges. Select from the drop-down list.

Timeout A timeout in seconds to drop the carrier after no traffic has been received.
Alias The talkgroup to be used by the destination bridge to route return traffic

Table 6 Parameters for a static route

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Checking assignments

Once the setup is complete, the assignments of each peer can be verified by clicking the link on the
configuration page. The table lists the peers that you own, their location and radio ID, the name of the
bridge where they are assigned, and the owner. An example is shown in

Repeater Assignments

 colgr | tocon |  Radod | Asgoment | Owner |
VEBVH Test Bench 40802 Not assigned to a bridge yet
VEBNHM In the shack 302092 WVEBVH-USRP-MASTER vedvh
WVAGEDN In the shack 302095 VEGVH-DMR-PEER vefvh

Figure 12 Peer (Repeater) assignments

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Generating the Linking Service

The linking service is a service that performs the linking in real time. To set it up requires the following
steps:

1. Generate the files to run the bridges as a service
2. Start the service

Generating the files

Files are generated from the linking page under the link as shown below. The location of the files is
dependent on three environment variables that are setup by the web site manager. These are listed in
Table 7.

Variable Contents

docbase Base directory for the file template and services
servicedir Sub-directory where services are to be installed
templatename Name of the generation template. Same for all services.

Table 7 Environment variables for file generation

To create the file, click on the link. The process is automatic and will list the files generated, and show a
link to return.

Linking Service

Generate the linking service files

The response is a single page that lists the files that have been generated to start the linking service. An
example is as follows:

Files Generated for veb6vh
/home/martin/linking/services/config ve6vh.xml
/home/martin/linking/services/run veévh
/home/martin/linking/services/link veé6vh.service

Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Starting the service

Before installing the service permanently, it is recommended to start a temporary one to complete the
configuration. Launch a terminal at the server, then change the directory to that where the files reside as
shown above. Start the link with the following commands:

cd /home/martin/linking/services
chmod +x run ve6vh (use the appropriate filename generated)
./run_ve6vh

The service with then retrieve the configuration data and the console will show the following:

4 CLI args specified

Using XML file config ve6vh.xml

Acquired JSON configuration database from server
Loading JNI...MeshLinkHubJNI

JNI Successfully loaded

Creating Master Bridge: VE6VH-USRP-MASTER

Adding peer VE6CQM (127.0.0.1) at In the shack
Adding peer VE6NHM (127.0.0.1) at In the shack
Adding peer VE6VH (10.93.13.103) at Test Bench

Creating Peer Bridge: VE6VH-DMR-PEER
Adding peer VAG6EDN (127.0.0.1) at In the shack

Found IP 10.66.49.34:
Checking Key status..Valid key found, expires on 2023-2-12

Started switch VE6VH-USRP-MASTER
Started switch VE6VH-DMR-PEER

From the above it can be seen that the two peers, VE6CQM and VE6NHM have IP addresses that are on
the local machine, therefore they need to be configured.
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Installing the service

The final step is to start a permanent service that will restart if the hub is rebooted. Revisiting the terminal
that was started in the earlier step ‘Starting the service’, stop this service and replace it with the following
steps:

1. Ensure that you are in the ‘services’ directory, and that a file with the name ‘link_xxxx.service’ is
present, where xxxx is your login callsign.

2. Loginas asuper user. (sudo su)

3. Enter the following:

cp link xxxx.service /etc/systemd/system
systemctl enable link xxxx.service
systemctl start link xxxx.service
sytemctl status link xxxx.service

The response will show the service as being ACTIVE and the same log as was seen when run from the
console:

® link veé6vh.service - link .service
Loaded: loaded (/etc/systemd/system/link veé6vh.service; enabled; vendor preset: enabled)
Active: active (running) since Mon 2022-11-21 11:41:36 MST; 1min 44s ago
Main PID: 3322 (run_ve6vh)
Tasks: 18 (limit: 4915)
CGroup: /system.slice/link veé6vh.service
F—3322 /bin/bash /home/martin/linking/services/run ve6vh
L3323 /usr/bin/java -cp /home/martin/linking/bin:/home/martin/linking/lib/* MeshLink -
1 MeshLinkHubJNI -X /home/martin/linking/services/config ve6vh.xml

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh[3322]: Adding peer VE6NHM (10.48.197.219) at In
the shack

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh[3322]: Adding peer VE6VH (10.93.13.103) at Test
Bench

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh([3322]: Creating Peer Bridge: VE6VH-DMR-PEER

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh[3322]: Adding peer VA6EDN (10.93.13.114) at In
the shack

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh[3322]: Found IP 10.66.49.34:

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh[3322]: Checking Key status..Valid key found,
expires on 2023-2-12

Nov 21 11:41:39 martin-Virtual-Machine run ve6vh
Nov 21 11:41:39 martin-Virtual-Machine run ve6vh
Nov 21 11:41:39 martin-Virtual-Machine run ve6vh
Nov 21 11:41:39 martin-Virtual-Machine run ve6vh

3322
3322
3322
3322

Starting web socket on port 0
Started switch VE6VH-USRP-MASTER
Started switch VE6VH-DMR-PEER
Starting web server on port 8101

]
1:
1:
]
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Configuring Peers

7’

To complete the configuration, the next step is to verify the configuration at the peer using the ‘getip

shell script.
getip -s <server> -r <peer> -u <user> -m <mode>

This parameters as detailed in Table 8.

Flag Parameter Req/Opt Purpose

-s Server name or [P IP address or name of server

-u username Log in username

-r Peer call Required | Callsign of the peer

-m Mode ‘json’ dumps the output in JSON format, ‘conf’
in the configuration file format

-la latitude Updates the coordinates of the peer. Positive

-lo longitude Optional = for northern hemisphere, negative for

western hemisphere.
Table 8 Peer Configuration node configuration parameters

The response is a copy of the peer parameters in JSON format:

{
"Node": {

"BridgeName": "VAG6EDN-MASTER-USRP",

"Protocol": "USRP",

"ServerIP": "10.179.203.27",

"SvrPort": 34001,

"RmtPort": 32001,

"TalkGroup": 3026,

"PeerInfo": {
"Location": "High River",
"RadioID": 302124,
"Latitude": 51.143871,
"Longitude": -114.176788

}I

"HwID": |
"description": "Maple Pi HAT Module",
"idVendor": "1000",
"idProduct": "0100"

}

}
}

And in ‘conf’ format:
remoteaddr=10.179.203.27
remoteport=32001
myport=34001
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Configuring Allstar

Linking Allstar systems requires first that the linking driver is installed, and a local node is defined. The link
is enabled by connecting to the local node. When a hub is used, routing between systems can be based
on a ‘talkgroup’ which identifies the destination. Systems within the same group are always linked, and
others are accessed by changing the group identification. For this purpose, up to 32 different local nodes
may be defined, each with a unique talkgroup number.

The first step is to install the linking driver in the asterisk module directory, and enabling it in the
configuration file modules.conf. The configuration is in three parts: one for the driver, and the second for
the repeater application, and the third to add the local nodes.

Configuring the DDL Channel Driver

The following is an example of the IP linking driver configuration file, /etc/asterisk/ddl.conf. The remote
connection field can be automatically generated by using the ‘getip’ shell script in the ‘conf’ mode and
saving the response to a file. The fields are shown in Table 9.

; Sample configuration file for IP network linking driver

; Remote connection
7

[ipconnection]

remoteaddr=10.66.49.34 ; address of the remote system
remoteport=34001 ; port where he listens

myport=32001 ; port where I listen/transmit

; Audio Formats

4

[audio]

allow=slin ; default is linear PCM
;allow=ulaw ; uncomment to allow Ulaw PCM
;allow=adpcm ; uncomment to allow ADPCM

7
; link information
7

[linkinfo]

radioID=40802 ; change this to your radio ID

timeslot=1 ; configure appropriately

callsign=VE6NHM ; station callsign

[dtmf]

outbound=false ; set to true to generate RFC4733 packets
inbound=false ; likewise to process inbound RFC4733
Copyright © 2019-2023 Praebius Communications Inc. All rights reserved. Rev 2.1
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Parameter Default Purpose
remoteaddr 127.0.0.1 Delay from onset of COR to setting local PTT
remoteport 34001 Address of the remote telemetry server
myport 32001 Receiving port at the telemetry server
allow=slin Enabled Transmit using linear PCM. Requires highest bandwidth.
allow=ulaw Disabled Transmit using pLaw PCM. Medium bandwidth
allow=adpcm Disabled Transmit using adpcm. Lowest bandwidth.
radiolD 40201 Digital Radio ID
timeslot 1 Configure appropriately for digital networks.
callsign Nocall Callsign
outbound False Send and receive DTMF using out of band signalling as in RFC4733
inbound False instead of in band audio.

Table 9 IPLink driver configuration

Configuring the Repeater Application
To operate the repeater application, four items need to be configured in rpt.conf:

Local and link nodes must be defined.

Parameters for the link nodes must be defined.

Link nodes must be associated with specific talkgroups.

Local node must be configured to use the fpga channel driver.

PwNPR

Defining local and link nodes
The following lines define the local and link nodes:

[nodes]

; Note, if you are using automatic update for allstar link nodes,

; no allstar link nodes should be defined here. Only place a definition
; for your local nodes, and private (off of allstar link) nodes here.

1000 = radio@127.0.0.1:4569/1000,NONE ; IPLink 1
1001 = radio@127.0.0.1:4569/1001,NONE ; IPLink 2
<local> = radio@127.0.0.1:4569/<local>,NONE
; This must be changed to your node number
; and iax port number if not the default

The above adds two local nodes for linking purposes.
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Defining Link Parameters

The following must be added to the configuration file to define the basic parameters of a link node, the
explanation is embedded as comments.

; template for link nodes
[link node] (!)

14

duplex = 0 ; 0 = Half duplex with no telemetry tones
hangtime = 0 ; squelch tail hang time 0

althangtime = 0 ; longer squelch tail hang time O

holdofftelem = 1 ; Hold off all telemetry when signal is present

; on receiver or from connected nodes
; except when an ID needs to be done and
; there is a signal coming from a connected node.

telemdefault = 1 ; 0 = telemetry output off.
telemdynamic = 0 ; 0 = disallow users to change the local
; telemetry setting with a COP command,
linktolink = no ; disables forcing physical half-duplex
;operation of main repeater while
; still keeping half-duplex semantics (optional)
nounkeyct =1 ;Set to a 1 to eliminate courtesy tones
; and associated delays.
totime = 180000 ; transmit time-out time (in ms) (optional,
; default 3 minutes 180000 ms)
functions = link funcs ; Link Node Function stanza
hangtime = 1000 ; squelch tail hang time (in ms) (optional,
; default 5 seconds, 5000 ms)
althangtime = 3000 ; longer squelch tail

totime = 180000

4

This definition has to be entered once to define a link node type, it can be reused for one to many link
nodes.
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Configuring the link nodes
The link node configuration is as follows:

; DDL node for TG 6374
[1000] (1ink node)
rxchannel = DDL/1000:6374 ; set this to be the same as the node
; number: the config file does the rest...
; DDL node for TG 3026
[1001] (1ink node)
rxchannel = DDL/1001:3026 ; set this to be the same as the node
; number: the config file does the rest...

The above defines two nodes that are realized in the driver. Connecting to node 1000 uses talk group
6374 and connecting to 1001 uses talk group 3026. Note that only one should be connected at a time.

Configuring Extensions

The following lines should be added to extensions.conf, to identify your primary node and the private
nodes for linking.

[globals]

HOMENPA = zzz ; change this to your Area Code
NODE = xxxxxx ; change this to your node number
TGO = 1000 ; node number for TG 0

TGl = 1001 ; node number for TG 1

[radio-secure]

exten => ${NODE}, 1, rpt, ${NODE}
exten => ${TGO0},1,rpt,${TGO}
exten => ${TGl},1,rpt,${TG1l}
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Connecting the link

To initiate the link enter the following at the asterisk console:

rpt cmd <your node> ilink 3 1000

to initiate the link on node 1000, however any of the defined nodes can be utilized. To disconnect:
rtp cmd <your node> ilink 1 1000

Ensure that you disconnect from one link before invoking another, to ensure that only one data stream to
the link hub is generated at a time.
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Viewing Link Status

The status of the linking system can be viewed from ‘Linking’ page at the linking hub site. It shows each
peer and its current status. The fields displayed are shown in Figure 13.

The page is dynamically update when the status changes, there is no need to reload it and it can be kept
static. The page should be closed when not in use.

. Link status :.

WP oz Reeii{Egdiiizzal Uptime State Source Subscriber Destination
Master Systems Info

VEGNHM (P 10.48.197.219)
EEE i eeE | 59 7h 54m Idle
VABEDN-MASTER- VEGCQM (P 10.231.254.77)
USRP 51.143871, 114176788

TG0 VEGVH
(IP 10.93.13.103)
....... A 6h 3m 465 Idle

WL e Calbhn)(IMRIE] Uptime State Source Subscriber Destination
Peer Systems Info

VAGEDN-DMR- VEGEDN (id: 302095)

PEER
TG 6374 51.143871, 11441

6d 23h 59m ldle

7d 0h 39m ldle

Figure 13 Linking Status

Status Fields

The fields for the USRP Master bridge and DMR Peer status are shown in Table 10.

Field Type Purpose

Master Systems USRP Name of each master bridge

Peer IP & Info Master Callsign of Peer, IP address, latitude and longitude

Peer Systems DMR Name of DMR Peer Bridge

Callsign & Info Peer Callsign of Peer, DMR ID, latitude and longitude

Uptime Time online in days, hours and minutes

State All IDLE, RX or TX

Source Subscriber | Types  Radio ID and callsign of signal sent to peers. Red if the originating peer
Destination Destination talk group as defined in the inbound message

Table 10 Analog Bridge Status fields
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USRP Protocol Specification

The USRP protocol uses the User Datagram Protocol (UDP) for its transport, which is connectionless. Each
packet consists of two fields: a header which is the same for all packets, and a payload, which can vary in
length.

The packet header fields are shown in Table 11.

Field Name Size (Bytes) Type Value
Eye 4 byte ‘USRP’ in ASCII
Sequence 4 Sequencer counter
Memory 4 Memory ID or zero
Keyup 4 , 1 to indicate transmitter keyed, 0 otherwise
unsigned
Talkgroup ID 4 integer ID of the current talkgroup
Type 4 Packet type, see Table 12
MPXID 4 Multiplex ID
Reserved 4 Reserved for future use
Table 11 USRP Header fields
There are 7 defined packet payload types:
Packet Type Definition Contents
0 Voice Voice coded as 16-bit linear PCM in little endian format
1 DTMF DTMF coded as per RFC4733
2 TEXT Text message
3 PING Ping message
4 TLV Type-Length-Value packet
5 ADPCM Voice coded as adaptive delta pulse code modulation
6 ULAW Voice coded using G711 plaw

Table 12 USRP packet types

Currently three packet types are used by MaplePi:
e Linear PCM voice packets
e DTMF Packets
e Text packets

All packets that do not have voice coded payloads are sent as TLV types; voice payloads contain 20ms of
speech and vary in length depending on the coding method. The first three bytes of a TLV payload contain
the following:

Byte Size Content
1 8-bit Type field
2 unsigned Length
3 integer Value field, up to 255 bytes
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TLV Packet types
There are 13 different types of TLV payload types currently defined:

Payload

Begin transmit tag
AMBE coded voice packet
End transmit tag
Tune

Play AMBE packet
Remote Command
AMBE_49
AMBE_72
Information packet
IMBE

DSAMBE

File transfer

12 Telemetry
Table 13 TLV packet types
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Two packet types are currently implemented, the information (8) and telemetry packets. Table 14
illustrates the fields in an information packet.

Field Size (bytes) Contents

radio ID 3 A unique radio identifier
reserved 4

talkgroup 3 Talkgroup ID

timeslot 1 Timeslot; 1 or 2

rxcc 1 Receive color code

callsign 16 Station Callsign
Table 14 Information packet fields

All transmissions are prefixed with this packet, which is followed by any number of voice packets. Only
the radio ID, talkgroup and station callsign are used by the USRPLink software. The key up field in the
header must be set to FALSE.

All voice packets are 16-bit linear PCM, and represent 20ms of speech, all voice packets must have the
key up field set to TRUE.

The last packet should have the key up field set in the header set to FALSE, and may contain audio, silence,
or a combination of the two.
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