
DMR 201 –

DMR Linking, the cBridge
and DMR Gateways



THE POWER OF CHEESE

A CHRISTMAS COMMERCIAL FROM CIRCA 1990





WHAT IS THE POWER OF CHEESE?

A GOOGLE SEARCH FOR THE POWER OF CHEESE

• CHEESE IS ALREADY A POWERFUL WAY TO DELIVER 

ESSENTIAL NUTRIENTS 

• MANY CONSUMERS ARE SEEKING CLEANER LABELS 

AND MINIMAL INGREDIENTS

• THERE ARE MANY VARIETIES OF CHEESE

• CHEESE FOR THOSE THAT ARE LACTOSE INTOLERANT

GOOGLE FAILED TO ANSWER THE QUESTION!  



MY DEFINITION OF - THE POWER OF OUR CHEESE?

• EMBRACE NEW IDEAS AND CONCEPTS

• THINK OUT OF THE BOX

• DARE TO BE DIFFERENT

• CREATE SOLUTIONS THAT PEOPLE NEED AND HAVE A 

PURPOSE

• BUILD STUFF THAT PEOPLE WILL ENJOY

• HAVE FUN!

• FOCUS ON SERVING OUR COMMUNITY

MOST IMPORTANT!    ENJOY THE RIDE … ENJOY THE CHEESE



LET’S LOOK BACK TO 1990

• MUCH OF OUR TECHNOLOGY 

WAS ANALOG BASED

• CONNECTING REPEATERS WAS 

DIFFICULT AND COMPLICATED

• LIMITED INTEROPERABILITY 

BETWEEN OUR REPEATERS

• NO REMOTE DIAGNOSTICS

IT’S NOT WHAT WE DID.  IT’S WHY WE DID IT! 

In the 1990s – No cheese. 



IT’S NOT WHAT WE DID.  IT’S WHY WE DID IT! 

TO 2020 … AND BEYOND

• WE DELIVER BROADBAND TO MOST OF 

OUR REPEATER SITES AND OPERATING 

LOCATIONS

• ROBUST REMOTE DIAGNOSTICS

• DIGITAL VOICE IS EASY TO LINK 

• COMMUNICATION TECHNOLOGY  WE 

DREAMED ABOUT IN 1990

We now have the cheese!  Bring out the Charcuterie Board! 



IP BACKBONE / MICROWAVE

• FIRST IMPLEMENTED BY  RMHAM

• THEN OTHER CLUBS JOINED IN – NCARC, CRA, ARA, LARC, FUN 

MACHINES

• IT’S NOW A GROUP EFFORT

• WE CAN GO TO THE REPEATER SITE WITHOUT GOING TO THE 

REPEATER SITE

• SUPPORTS ANALOG AND DIGITAL REPEATER LINKING

• EXTENDS TO FIELD DAY, WWV SPECIAL EVENTS, ARES 

DEPLOYMENTS AND MORE



A SIMPLIFIED (AND SLIGHTLY OLD) NETWORK MAP 

• EVERY SITE HAS AN IP ADDRESS 

BLOCK OR SUB-NET

• EXAMPLE:

• LEE HILL: 10.30.10.0/24

• THORODIN: 10.30.20.0/24

• SQUAW MT: 10.30.30.0/24

• DURANGO: 10.30.28.0/24

• QRV2: 10.30.251.0/24

• WE JUST SEND IP PACKETS FROM 

POINT-A TO POINT-B

• IS IT REALLY THAT EASY?

WELL, NO. 



DMR TECHNOLOGY 

• WE KNOW THAT ANALOG 

REPEATERS OPERATE WITH ONE 

VOICE PATH IN A 16 KHZ 

OCCUPIED BANDWIDTH 

CHANNEL

• AS WE LEARNED IN DMR-101 

CLASS, DMR TECHNOLOGY HAS 

TWO VOICE PATHS IN A 12.5 

KHZ BANDWIDTH CHANNEL

• DMR IS TIME DIVISION MULTIPLE 

ACCESS



DMR REPEATERS 
• RMHAM USES MOTOROLA SOLUTIONS REPEATERS IN OUR 

DMR NETWORK

• CURRENTLY 40 REPEATERS STRONG ON VHF AND UHF … 

AND GROWING

• SLR5700 REPEATER @ 50 WATTS

• MTR3000 REPEATER @ 100 WATTS

• DMR IS THE RADIO ACCESS PROTOCOL

• MOTOROLA IP SITE CONNECT (IPSC) IS THE LINKING 

PROTOCOL

• BUILT IN NETWORKING OR LINKING USING ETHERNET PORT 

ON REPEATER

• EACH REPEATER HAS AN IP ADDRESS



IP SITE CONNECT 
AND 

THE RMHAM CBRIDGE

“PAY NO ATTENTION TO 
THAT MAN BEHIND THE 

CURTAIN!” 



WHAT DO I NEED TO KNOW ABOUT IPSC?
WHY DO I NEED TO KNOW ABOUT IPSC?

• AS A NETWORK PLANNER, YOU MUST KNOW EVERYTHING! 

• AS A USER OR OPERATOR, YOU ONLY NEED TO KNOW A FEW 

THINGS

• A SINGLE IPSC (A BASIC GROUPING OF REPEATERS) IS LIMITED 

TO ABOUT 15 REPEATERS

• LINKING MORE THAN 15 REPEATERS REQUIRES MULTIPLE IPSC 

AND A CBRIDGE

• IP CONNECTIONS FROM OUR RMHAM MICROWAVE BACKBONE 

TRANSPORTS THE DMR SIGNAL FROM SITE TO SITE

• LINKING IS EASY!

Remember the cheese?  Behold the power of cheese!



IP SITE CONNECT (IPSC) CONFIGURATION

A sample of some (just four) of our IPSC networks

• In this illustration, 

• the first repeater in each IPSC is the MASTER 
repeater

• Subsequent repeaters in each IPSC are PEER 
repeaters

• The MASTER repeater is responsible to collect and 
distribute the IP routing information for each 
repeater in the IPSC

• When a DMR voice or data call is established, the 
source repeater establishes a direct IP connection 
(using the IP address) to all other repeaters in the 
IPSC

Repeater Type IP Timeslots

Buckhorn MASTER 10.16.8.10 TS1 TS2

cBridge 1 PEER 10.30.20.30 TS1 TS2

Ft Morgan PEER 10.30.21.10 TS1 TS2

Eldorado PEER 10.30.80.10 TS1 TS2

Horsetooth S PEER 10.30.44.10 TS1 TS2

Akron PEER 10.30.24.10 TS2

Cheyenne WY PEER 10.30.85.10 TS1

A sample hypothetical routing table



A SAMPLE CALL ON MT THORODIN – CENTRAL (TG 720)

• Mt Thorodin is part of the RMHAM Central IP Site Connect

We now place a call on Mt Thorodin, TG 720, TS2

• Thorodin is locally repeating the DMR voice call using the repeater receiver and 
transmitter

• Thorodin is sending ten (10) parallel IPSC streams to the other repeaters in the IPSC

• Each IP voice data stream is about 50 kbps

• Important Note: 

• All repeaters on a IPSC operate together as one

• Whatever talk group used on the source repeater is sent to all 
repeaters on that IPSC

• Think of this as a DMR version of the Rockettes 

But is the call only on the RMHAM Central IPSC repeaters?



A SAMPLE CALL ON MT THORODIN – CENTRAL (TG 720)

• Mt Thorodin is part of the RMHAM Central IP Site Connect

• But Central (TG720) spans multiple IP Site Connects The cBridge routes the DMR call to 
multiple IP Site Connect systems within 
RMHAM

• RMHAM Central (10 repeaters)

• Lookout Mountain UHF

• Westcreek UHF

• Rangely UHF

• Lookout Mountain VHF

• Multiple QRV vans operating 
portable

19 total repeaters?!?!

How does the call bridge across 

multiple IP Site Connect (IPSC) 

systems ?



WHAT’S HAPPENING WITHIN THE CBRIDGE?

• A SAMPLE OF SOME (JUST FIVE) OF OUR IPSC NETWORKS  (THIS CALL IS ON TG700)

• The DMR voice call is bridged to the other IPSCs in our network using the cBridge

• This happens using Bridge Groups  

TG 700 Bridge

TG 720 Bridge



BRIDGE GROUPS – A SIMPLIFIED VIEW

• WE IDENTIFY EVERY “LINK ID” THAT HAS THE APPROPRIATE TALK 

GROUP (TG), AND TIE THEM TOGETHER IN A “BRIDGE GROUP”

• THE RESULT IS THE BRIDGE GROUP ROUTING TABLE SHOWN 

TO THE RIGHT

• OUR CBRIDGE USES BRIDGE GROUPS TO LINK MULTIPLE IPSC NETWORKS TOGETHER



BRIDGE GROUPS CONFIGURATION - THE BIG PICTURE



A SAMPLE CALL ON MT THORODIN – CENTRAL (TG 720) UNDEFINED TG 777

• Mt Thorodin is part of the RMHAM Central IP Site Connect

• But Central (TG720) spans multiple IP Site Connects The cBridge routes the DMR call to 
multiple IP Site Connect systems within 
RMHAM

• RMHAM Central (10 repeaters)

• Lookout Mountain UHF

• Westcreek UHF

• Rangely UHF

• Lookout Mountain VHF

• Multiple QRV vans operating 
portableExtra credit question –

This example shows a call on the Central IPSC using TG 720 on TS2.

1. Can we initiate a call using TG 777 on Central IPSC on TS2?

2. Will the call on TG 777 be routed to all repeaters? Or just some?
When you have completed the exam please give your test booklet to Prof Willem



A SAMPLE CALL ON MT THORODIN – ROCKY MT (TG 700)

•As with the previous example, Mt Thorodin is part of the RMHAM Central IP Site Connect



A SAMPLE CALL ON MT THORODIN – ROCKY MT (TG 700)

•As with the previous example, Mt Thorodin is part of the RMHAM Central IP Site Connect

•Actual case for Rocky Mt (TG700) spanning multiple IP Site Connects

The cBridge routes the DMR 
call to multiple IP Site Connect 
systems within RMHAM

• 37 DMR repeaters

• 19 cBridge connections

• And more in 2024 with 
new sites and QRV units





HOW DO I PROGRAM MY RADIO FOR DMR REPEATER USE?

• FIRST, DOWNLOAD A CODE PLUG FROM WWW.RMHAM.ORG

• SECOND, IF YOU WANT TO MODIFY THAT CODE PLUG THEN REFER TO THE RMHAM UNIVERSITY 

PRESENTATION BY MIKE, K0NGA 

• IF CREATING YOUR OWN, REFER TO THE INFORMATION ON THE RMHAM WEB SITE

• EXAMPLE FOR CENTRAL TALK GROUP 720

http://www.rmham.org/


WHAT HAPPENS IF ONE OF THE MICROWAVE LINKS FAIL? (PG 1 OF 2)

WHAT IF THE LINK FAILS AT THE CONTINENTAL DIVIDE?

• TALK GROUP IS CENTRAL TG720

• OUR CENTRAL IP SITE CONNECT WILL FRAGMENT INTO TWO 

(OR MAYBE MORE) SEGMENTS



WHAT HAPPENS IF ONE OF THE MICROWAVE LINKS FAIL? (PG 2 OF 2)

WHAT IF THE LINK FAILS AT THE CONTINENTAL DIVIDE?

• TALK GROUP IS CENTRAL TG720

• OUR CENTRAL IP SITE CONNECT WILL FRAGMENT INTO TWO 

(OR MAYBE MORE) SEGMENTS

THE RESULT

• THE TWO SIDES OF CENTRAL TG 720 ARE FRAGMENTED

• WHAT WAS ONCE A BIG ISLAND OF COVERAGE BECOMES AN 

ARCHIPELAGO 

• LOCAL USE ON EITHER SIDE OF THE “BREAK” CONTINUES 

• COMMUNICATION FROM “EAST TO WEST” IS NOT POSSIBLE



OTHER 
NETWORKS



LOTS OF DMR NETWORKS

Images from tapr.org, a presentation by: Jason Johnston – KC5HWB

We made the list!

In the beginning there was DMR-MARC

Then Brandmeister was the next big thing

What’s next?  
Everybody knows, “What’s on second.” 

Q: Can RMHAM interoperate with other networks?

A: Certainly. 

But we need to play by the group rules. 

And we need to coordinate Group and Radio IDs.



RMHAM supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM partial support

FROM HTTPS://WIKI.BRANDMEISTER.NETWORK/INDEX.PHP/WHAT_IS_BRANDMEISTER

“I know what you are thinking.”  With all of these features why is RMHAM not fully linked to BM?



RMHAM supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

RMHAM NOT supported

FROM HTTPS://WIKI.BRANDMEISTER.NETWORK/INDEX.PHP/WHAT_IS_BRANDMEISTER

RMHAM DMR is a purpose built network that uses non-Internet links whenever possible.

Brandmeister is Internet based using remote servers.  

CONS

• Private calls dedicate a shared resource 

to a small set of users. This is confusing to 

the most casual of observer. 

• Automatic transmission of GPS 

information, remote control of devices or 

SMS is not identified as per FCC rules 

and thus not compliant with Part 97. 

RMHAM partial support

PROS

• RMHAM does support DMR site roaming

• RMHAM does support interoperability 

using our Regional Groups to BM

Network Considerations

• BM servers are remote and require Internet 

connectivity

• RMHAM servers and cBridge is within our 

microwave network

• RMHAM desires to be Access Technology 

agnostic

• We are investigating ways to interoperate 

across analog and digital modes

• Interoperable links require coordination of 

Talk Groups and Radio Identifiers

WE HAVE LIMITED CONNECTIVITY WITH BRANDMEISTER
PROS AND CONS OF BRANDMEISTER (BM)



RMHAM SUPPORT FOR BRANDMEISTER

• RMHAM HAS SOME LIMITED CONNECTIVITY TO 

OUTSIDE NETWORKS - SPECIFICALLY 

BRANDMEISTER

• TALK GROUPS ARE LIMITED TO THE RMHAM 

REGIONAL NETWORKS

• RMHAM TALK GROUPS ARE NOT DIRECTLY 

SUPPORTED ON BRANDMEISTER – THUS WE NEED 

TO TO TRANSLATE 

• PROVIDES INTEROPERABILITY WITH HOT SPOTS

• AN OFFICIAL RADIOID.NET RADIO NUMBER IS 

REQUIRED! 

• NOT WIDELY USED, AND CONSIDERING 

ALTERNATE SOLUTIONS

RMHAM Talk 

Group 

RMHAM TG# Brandmeister 

TG#

Northern 

Regional

TG 721 310813

Central Regional TG 720 310801

Southern 

Regional

TG 719 310816

Rocky Mountain TG 700 Not Supported



INTEROPERABILITY 
WITH NON-DMR

MODES
(LIKE ALLSTAR)



GATEWAY TO ALLSTAR, COLCON AND FUN MACHINES

• RMHAM CONTROL OPERATORS HAVE ACCESS TO EQUIPMENT THAT 

CAN BRIDGE OUR DMR NETWORK INTO ALLSTAR (COLCON AND 

FUN MACHINES.)

• A SIMPLE MOBILE RADIO OPERATING ON ONE OF OUR REPEATERS

• HAS AN ALLSTAR INTERFACE BOARD (EITHER RTCM OR URI-X + PI)

• DMR VOICE CALLS ARE DEMODULATED TO BASEBAND AUDIO AND 

SENT TO THE ANALOG SYSTEM ... AND VICE VERSA. 

• USED DURING

• EMERGENCIES FOR ARES AND AUXCOMM

• MONTHLY ARRL COLORADO SECTION NET

• EOSS LAUNCHES

• INVESTIGATING AN UPGRADE TO A DIGITAL TRANSCODING 

SOLUTION … LIKE DMR LINK OR SIMILAR



HAVE YOU HAD 
ENOUGH ? 

ONLY 8 MORE SLIDES

genväg



SAMPLE NETWORK DIAGRAMS 
FOR OUR DISCUSSION

• HUB AND SPOKE

• LOOP 



SAMPLE NETWORK DIAGRAM – HUB AND SPOKE WITH VPN

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

Brandmeister



SAMPLE NETWORK DIAGRAM – LOOP MICROWAVE WITH VPN

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

µ

W

Brandmeister



SAMPLE CALL 
FLOW 

DIAGRAMS



SAMPLE IPSC CALL FLOW – NORTHERN TG 721

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

Repeaters: 2

Active IPSC: 2

Talk Group: TG 721

cBridge: not required



SAMPLE IPSC CALL FLOW – CENTRAL TG 720

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

Repeaters: 5

Active IPSC: 1, 4

Talk Group: TG 720

cBridge: Required 



SAMPLE IPSC CALL FLOW – ROCKY MOUNTAIN WIDE TG 700

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

Repeaters: 8

Active IPSC: 1, 2, 3, 4

Talk Group: TG 700

cBridge: Required 



Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

Repeaters: X

Active IPSC: X,Y,Z

Talk Group: TG XXX

cBridge: Committed 

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

µ

W

SAMPLE IPSC CALL FLOW – ROCKY MOUNTAIN WIDE TG 700



SAMPLE IPSC CALL FLOW – NORTHERN TG 721 WITH BRANDMEISTER

Repeater B

IPSC 1 - Peer 

Repeater A

IPSC 1 - MASTER
Repeater E 

IPSC 2 – MASTER

Repeater C

IPSC 1 - PEERRepeater F

IPSC 2 - PEER

Repeater D

IPSC 1 - PEER

RMHAM IP Backbone

RMHAM cBridge

Repeater G 

IPSC 3 – MASTER

Repeater H 

IPSC 4 – MASTER

TS1: TG 700

TS2: TG 720

TS1: TG 700

TS2: TG 721

TS1: TG 700

TS2: TG719

TS1: TG 700

TS2: TG 720

µ

W

µ W

RMHAM 

VPN

Brandmeister

Repeaters: 2

Active IPSC: IPSC 2

RMHAM Talk Group: TG 721

Bransmeister: TG 310813

cBridge: Required

TG 310813



QUESTIONS?


