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John Westerkamp, W8LRJ

 Always interested in radio and have always been a SWL

 Extra Class Operator and BARC Member since April 2018

 Bachelor of Electrical Engineering from University of Dayton

 Ph.D. in Electrical Engineering from Purdue University

 Specialized in Digital Signal Processing/Communications

 Electrical Engineering Faculty at U.D. for 17 years

 Computers and Networking for 10 years

 Retired and enjoying a great hobby

 LRJ stands for Lori, Rachel, and Jacob (wife and two kids)

 Nephew is Jordan Westerkamp, football player University of Nebraska



Overview

ÅFCC bandwidth mandates

ÅSpectrum efficiency advantages

ÅDMR transmission deep dive

ÅAnalog FM and DMR comparison

ÅDMR Hierarchy and examples

ÅConstructing a codeplug

ÅDMR operating techniques



DMR or Digital Mobile Radio

– How did we get here?

ÅFCC Mandate

ÅBy January 1, 2013, all public safety and industrial land mobile 
radio systems must operate within 12.5 kHz, or equivalent -
efficiency .  

ÅEquivalent-efficiency is further defined as:

ÅOne voice path in a 12.5 kHz channel

ÅTwo voice paths in a 25 kHz channel

ÅData Operations on channels greater 12.5 kHz must employ 
data rates greater than 4.8 kbps per 6.25 kHz channel, 

ÅFCC’s Ultimate re-banding goal is 6.25 kHz



Digital Voice Modes

ÅNXDN – FDMA, 6.25 or 12.5 kHz (Icom/Kenwood)

ÅP25 – TDMA Tier 2 and above (Public Service)

ÅDMR Tier 1 – FDMA 12.5 kHz (ETSI Digital Mobile Radio)

ÅDMR Tier 2 – TDMA 12.5 kHz AMBE+2 (ETSI Digital Mobile Radio)

ÅDMR Tier 3 – TDMA Trunking

ÅDSTAR – FDMA 6.25 kHz AMBE+ (JARL/Icom)

ÅFusion – FDMA 12.5 kHz AMBE+2 (Vertex Standard/Motorola/Yaesu)

ÅETSI – European Telecommunications Standard Institute

ÅJARL – Japan Amateur Radio League

ÅAMBE – Advanced Multiband Excitation (Vocoder)

ÅDSTAR – Digital Smart Technology for Amateur Radio



TDMA vs FDMA

ÅTDMA – Time Division Multiple Access

ÅThere are two time slots and and each time slot can 

handle a conversation (two simultaneous conversations on 

one frequency ).

ÅFDMA – Frequency Division Multiple Access

ÅThe user takes the whole frequency and there are two 

carriers in the channel.  Typically one carrier is used for 

voice and the other for data.



Wideband is 25 kHz

For Amateur Radio



DMR and Analog vs. Distance

Å 30dB SINAD is full-quieting on FM repeater

Å SINAD –Signal -to-Noise and Distortion (receiver sensitivity measure)

Å BER –Bit Error Rate

Digital Advantage



DMR Deep Dive



DMR uses two slots

30 ms total per slot

1.5 ms

Å After overhead, forward error correction, and splitting into two channels, there is 

2,450 bits/sec left for a single voice channel using DMR, compared to 4,400 bits/sec 

using P25 and 64,000 bits/sec with traditional telephone circuits.

Transmit at 9600 bits/sec

(4800 symbols/sec 

using 4 -FSK)



4-FSK Modulation

Bandwidth ≈ 2*outer deviation + 2*symbol rate = (M-1)*2*inner deviation + 2*symbol rate = 6*648 + 2*4800 = 13.488 kHz.
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DMR Timeslots Recording
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Å Recorded on receiver input frequency (radio transmit frequency).

Å Transmitting on Timeslot 2.

Å Timeslot 1 is just noise (no transmission).



DMR Timeslot Data

Å The amplitude determines the frequency deviation (there should be 4 since 4 -ary FSK). 

ÅWith 4800 symbols per second, spacing is about 0.2 ms.
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DMR 4-ary FSK Eye Diagram



Analog FM vs. DMR

Analog FM

 Repeater Transmit and Receive 
Frequencies

 CTCSS Tones (Frequencies)

 Analog FM

 Local Coverage (Echolink & IRLP)

 Multiple Users Share Frequency

 One User At Any Time

 Any Licensed Amateur May Use

DMR Equivalent
 Repeater Transmit and Receive 

Frequencies

 Color Code (Numbers 0-15)

 Digital Time-Division Multiple Access 
(TDMA) FM

 World-Wide Coverage (via Internet)

 Multiple Users Share Frequency But 
Use Talkgroups /Timeslots To Separate

 Two Users Can Share The Bandwidth

 Additionally Requires a DMR ID

 Note that DMR radios generally also 
work with analog repeaters



DMR Talk Groups

 An organizational structure for DMR radio

 Identified by a number (Ohio Statewide Talk Group is 3139)

 Represent a function, topic, or geographical area of interest

 Allows separation of users so not all talking over each other

 Can be static (always on) or dynamic (PTT starts 15 minute timer) on a repeater

 Talk Groups span repeaters!

Repeater #1 
Montgomery 

County

Repeater #2 
Greene County

Repeater #3 
Cuyahoga 

County
Ohio Statewide Talk Group 3139



DMR Hierarchy and Definitions

 Add Talkgroups and Digital Contacts (Import Worldwide Database)

 (Optional) Add Receive Groups (RG) (Collection of Talkgroups to 
receive) and Scan Lists

 Add Digital Channels (One for each Talkgroup on a Repeater)

 Repeater Frequency, Offset, and Color Code (CC)

 Timeslot, Talkgroup, and Receive Group

 Add Analog Channels (One for each repeater)

 Repeater Frequency, Offset, and CTCSS Tone

 Add Zones (A collection of Channels organized however you wish)

 All of this together with your DMR ID, Callsign, and various radio settings 
are saved into a Codeplug using CPSsoftware (Customer Programming 
Software ).



DMR Hierarchy Analog

Zone 1

Greene County 

Analog

Channel N

W8GCA

Channel 2

W8XRN

Channel 1

W8DGN

Repeater Frequency2, 

Offset2, and Tone2

…

Repeater Frequency1, 

Offset1, and Tone1

Repeater FrequencyN, 

OffsetN, and ToneN
…



DMR Hierarchy Digital

Zone 2

GRE N8NQH 

Repeater

Channel N

TS1/TG 91 

N8NQH (WW)

RG N

Channel 2

TS1/TG 3139 

N8NQH (Ohio)

RG 2

Channel 1

TS2/TG 310557 

N8NQH (Local)

RG 1

Repeater Frequency, 

Offset, and CC

…

RG is Receive Group

(Optional)

CC is Color Code



DMR Hierarchy Mixed Analog/Digital

Zone 3

Greene County

Channel 2

W8XRN

Channel 1

W8DGN

Repeater Frequency2, 

Offset2, and Tone2

…

Repeater Frequency1, 

Offset1, and Tone1
…

Channel N+1

TS2/TG 310557 

N8NQH (Local)

RG 1

Repeater Frequency, 

Offset, and CC

Channel M

TS1/TG 91 

N8NQH (WW)

RG N

…



N8NQH DMR Repeater

 Owner/Sysop Tim Procuniar (N8NQH) in 
Bellbrook just north of the HS

 Sysops John Westerkamp (W8LRJ) and Roger 
Parrett (NQ8RP)

 Operating mixed mode (analog and digital)

 Analog: 444.8750+ (PL 94.8)

 Digital DMR: 444.8750+ (CC 13)

 Weather Alerts on DMR TG 310557

 Note: This is a Brandmeister Repeater so users 
can call any Talk Group, not just those listed.

 Tim-Yvonne.com/ham/ dmr

Static vs. Dynamic Talk Groups



DMR Programming

 You need to apply for a DMR ID at radioid.net – it’s free 
and painless to apply for online, and you’ll get it in less 

than 48 hours. The DMR ID you get will be programmed 

into your radio, and will show up on anyone else’s radio 

who happens to be listening to the Talk Group you are 

transmitting on.

 A DMR ID can be used to initiate “private” 

communications (your DMR ID is also a Talk Group), and 

is how you send Text Messages to a specific operator.



Getting Your DMR ID



DMR Programming

ÅTry connecting to the radio without loading a driver for the cable.

ÅFirst, read the existing codeplug from the radio and save it!

ÅThen start editing the codeplug or importing an existing codeplug.

ÅFirst, change the Radio ID to your DMR ID and callsign .



DMR Programing
CPS – Customer Programming Software



DMR Programming – DMR ID

Å Radio ID must be your assigned DMR ID

Å Name can be anything, but use your callsign



DMR Programming – Talk Group



DMR Programming – Digital Channel



DMR Programming – Analog Channel



DMR Programming – Digital Zone



DMR Programming – Analog Zone



DMR Programming – Mixed Zone



DMR Operating Techniques

 You need to keep the conversation short. Typically a 

DMR radio has a green light to show that the frequency 

(not just the Talk Group) is in use

 You can actually send Text Messages with DMR, though 

the delivery is not assured. You would need to devise 

your own (manual) protocol for critical messaging.

 Programming a radio is not difficult. But the instructions 

leave much to be desired. 

 Start with an existing codeplug and add repeaters and 

Talk Groups as you become comfortable.

 Use the Parrot Talk Group (Private TG 9990) to test your 

audio and whether you are reaching the repeater.



DMR Operating Techniques – continued

 Pick your Talk Group responsibly. No need to select 

“North America” to chat with your friend across town.

 Announce your Talk Group. Some people may be 

monitoring several Talk Groups and may wish to join in 

the conversation – so they will need to know which TG to 

set their radio to when they press the PTT.

Wait for the green light to go off or you may disconnect 

somebody on another Talk Group.

Wait for 2 seconds after hitting PTT to allow distant 

repeaters to come up.



K4USD NetWatch



Brandmeister Hoseline


