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1. Digital Modes: differences and commonalities

Amateur Digital Voice Systems

70cm primary,
2m, 33cm

No
20% longer
N/A
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wideband
analog
Yes, Kenwood,
Ritron/ICOM
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1. Digital Modes: differences and commonalities

Amateur Digital Voice Systems

TDMA TDMA/4FSK GMSK FDMA/C4FM FDMA
(Phase | was
FDMA)
MBE+2 AMBE+2 AMBE AMBE+2 ANEEﬁ
Vocoder Vocoder Vocoder Vocoder Vocoder
Yes Yes No No Yes/Yes
12.5khz 12.5khz 6.25khz 12.5khz 6.25khz/12.5khz
(dual 6.25khz (dual 6.25khz
slots) slots)
Yes, Public Yes, Yes, Amateur No, Amateur No
Safety Commercial only Use Only
and Amateur
170 623 1100 219 52

DMR

DIGITAL MOBILE RADIO ASSOCIATION

Courtesy Ken Bryant, KIDMR



2.Digital modes:

» Network Infrastructure




2.1 vendor specific

» D-Plus
» WIRES-X

—



2.1.1 D-Plus, ICOM specific

Gateway

Gateway

e 3

UrCall = €QCQCQ

RPT1 = WW6BAY B

M ' Re'ﬂedtOr Voice and Data %
RP2
Voice and Data

% UR = REF014CL

RPT1= WW6BAY B
RPT2= WW6BAY G
& MY = W6ABC

W6ABC = MyCall
TALKING TO K1XYZ

Boston, MA

San Jose

Slide courtesy George Zafiropoulos KJ6VU




2.1.2 WIRES-X, YAESU specific

Every node PC is a reflector
Needs external radio and PC
Many Japanese Stations

x ) =3
I7ANAF) BWE(Y) BR(C) Y—IUT) ALT(H)
+Cuserd  |DTMFID | Act|calir... | oty | State | Freq(MHz) -
DIAIRBY-ND 16279 JAIRBY  Ebina-city Kanaga.. 430.77MM:z
DIAPITND 15577 JAPIT  Yokkaich... Mie 430.78MHz =
DIEIOYN-ND 14504 JEIOVN  Yokoha.. Kanaga... 430.92MH:
DIYMT-ND 15214 NAMT  Atamicty Shauoks 43072MMi | [leer T JSICHT 5 swssessses (W)
, | |Uslisk = Xuva  (ifeR0
AJOSCIEND 12017 JOSCIE  Kagoshi... Kagosh.. 430.76MHz | |pPIisk
A JPTOVH-ND 12005 JPTOVH  Miysko-c... [wate 430.80MM2 Boom =( )
2 N1YDAND 15260 MYDA  Kamae.c Tokwvn 430 GaMHy T
. - d .
AUser 10 | DTM... | calls State | Co... | Freq(.. ~ | [E014/08/23 2:31:20 1D I to V-GH. :
= l Jousun Jory | Jco... | Fraa 214/06/28 29136120 1D X to V-H,
B JA2YSO-ND 15208 JA2YSO  Nagoya-city Achi Jop... e d
Room ALLJA-CO-ROOM(20510) member 13 nodes vzrEm | mcs |1 J ‘

oo J[romwo (e  J[oamevo [ Eiomw | 0
wsen-20€ | [JosciEw0 _ J[Jo1z0p- w0 | [sewi-w | [wooao |
(ovwo __JlweeiiwoJeavswo |

ALLIA-CQ-ROON 2051 013 ALL A CQ ROOM# 1
P ALUACQ-ROOM-2 20509 000  ALL JA CQ ROOM#2

. m : .




2.2 vendor independent

» XREFLECTOR

» CONNECT Plus
> DCS Plus
- DMR Plus
- dPMR Plus
> P25 Plus
> C4FM Plus




2.2.1 Connect Plus Overview

CPS7
CodePlugs

CCS7
DB

Authentication
LTE and Routing

Reflector systems




2.2.2 why CCS77?

4

Other than D-Star all other digital systems do not work with call signs!

The DMR-Header has 3 bytes in the air interface as an address space
00 00 00 bis FF FF FF,

This represents a decimal number range between 0 bis 16 777 215 or,
without special coding, (in ASCII) 3 characters.

A public data base correlates the call signs with these numbers

Based on ,MCC" Standard / |TU-T Recommendation £E.2 1?2

(MCC = ,Mobile Country Code")
(http://en.wikipedia.org/wiki/Mobile_country_code)



http://en.wikipedia.org/wiki/ITU-T
http://en.wikipedia.org/wiki/E.212

2.2.3 Structure of the CCS7 number

» Hierarchically structured numbering system:

o

1: Test Networks

2. Europe

3: North-America

4: Asia

- 5: Australia, New Zealand, Philippines etc.
6:
/:
9:

®)
(o)

o]

Africa

South Amerika
World Wide

©)
(®)
®)




2.2.3 Structure of the CCS7 number

» Hierarchically structured numbering system:
» Examples:

310-317 USA

204: Netherlands

228: Switzerland

232: Austria

234/235: United Kingdom
238: Denmark

262: Germany

v Vv VvV VvV VvV vV v

» 311 2528 = Uli, AGOX 262 7506 = Uli, DH6SAB




/ [} DMR-MARC Network X |

=

2.2.4 How are CCS7 numbers assigned?

» To provide a common “phonebook” the DMR-MARC server assigns the
numbers which are then synchronized with the D-Connect CCS7 servers:

T——

C' | [ dmr-marc.net/cgi-bin/trbo-database/register.cgi

Translations: === r = T := F r =

Home

Database

Repeaters About Us Innovators Contact Us

ADD DMR USER

DMR ID Will be emailed to you by the ID Team
Callsign

Full Name (First Last)

Nickname

City

State/Prov Select Country First ¥
EMail Address

Comment

o
il ‘ e GAPTCHA
@

The correct reCAPTCHA phrase includes all letters or numbers
on the white background and those in the image nextto it




2.2.5 CCS7 data bases

DMR-MARC

CCS7
server

cluster

CCSOO0T1

CCS052

CCS002

N

-

Currently

20 redundant
Servers
Distributed
Over the
World



2.2.5.1 CPS7 data base

Digital Amateur Radio Registration System
Sysop-Page

DMR Repeater Registration

Repeater ID: 311256

Repeater mptncn s
settings

Licensee Call:
Admin Callsign: " [AGOX
Admin First Name: ' |Uli
24
4

Admin Surname: Ialtvater
Email Address: i com
Country.  United States
Repeater location:  Naples.
Zip code:

S0 o |
S |

Longitude (+ East/ - West): * / decimal:,

. Transmit Frequency in MHz: (1, |448.57500
Prlvate +/Repeater offsetin MHz &, /5000 |
Antenne height Above Ground Level (my % 100

. Antenna gain (dBi) ¥ 2
Settings i) 3

Latitude (+ North/ - South): ® ' decimal:

Losses (dB): ¥ 2
TX power (W): % 50
Mixed Mode analogue/digital: v |
Color-code / systemcode: v
DMRplus-Features " Zm on Only supporied by Hyters repeaters and DMRplus-VBridgs!

DMRplus
Options:
TS1 Group1 ¥ (defauit ‘v Country’)

TS1 Group2 ¥ (defauit: 1 = Workvide)
= TS1 Group3 ¥ (dofauit: " anguuage Region)
webpsite Ry
TS1Groups ¥ 0|
TS2 Start Reflector o | 4639 USA - Nationwide v
TS2 Reflector Relink Time ¥ &0

TS2 Link control by users ¥ o/ o

Sa 1 [Check| i i changes




2.2.6 reflector systems

» What happens when | push these buttons?

>
{&J DV4mini Control Panel (Stick ID: F5-08-6F V201.64 @ 127.0.0_.—?2

= | =] h!ﬁ;!ﬂ

o~ = o~ ot -
DV Control | Expert Settings | RSSI_| Reflector Info | FW Update [ Info | o o - :
Personal Settings DMR-PLUS Info
DMR/CCS7 ID: 3112528 4639 USA - Nationwide Eommmachel
- g @ + ® %
Hotspot Callsign AGOX D B DM D P25 123?
) DPMR (experimental) 4602
Location (City) Naples. FL S— | 4603
Z 0 12mW 12 4637 =
QTH Locator:  EL96CE Power: U 4638 L4
4639 =
4 - 4640 < |
Internet Data RX-QRG: 43342518  MHz
Sty TX-QRG: (43342518 | MHz e T
SIMPLEX | CONNECT || DISC. | © Message & Pous
S-Meter. | | A
21:05:21,829 (0000): DMR ... Set Reflector:4640 -~
21:05:21,829 (0000): DMR ... LOGIN #3112528/AGOX 4640 20160128 to Master:[75.151.47.162]
21:05:21,829 (0000): DV4mini ... AGOX D 3112528 M 433425180 433425180 gth:EL96CE town:Naples, FL
21:05:21,829 (0000): ADF ... set RX / TX grg: 433425180 / 433425180
21:05:21,829 (0000): DV4mini .. set mode: DMR
231:05:21,829 (0000): DMR ... Set Dongle ID:#3112528/AGOX
21:05:22,259 (0430): DMR ... Online: MASTER USA-Florida 3112 uli@altvater.com 9.2x 13915 —
Login to USA - Area O I;l
21:05:22,849 (0590): ADF ... set RX / TX grg: 433425180 / 433425180 1
21:05:23,939 (1090): DMR ... from Reflector: RX SLOT=2 GROUP=3 REF_ID=#4640 -
connected to 4640 CCS7 4640: 4640 USA - Area 0 2




2.2.6 reflector systems

» What happens when | push these buttons?

Do you know
11 2528?

lam 311 2528,
Let me in.

Reflector
system

Hi Uli! It is Uli, AGOX

He is fine




= Germany
DCS001

Use

2.2.6.1 DCS (D-Star) &=—

B onid wids
DCS002

B9

Lser

Bepesier 33 reflector
Group Info Systems

“bcsers With
T 26 rooms
Sroup Info each

4

== Dienmark

DCS004
Dl\‘IRPIUS DCS006 CCS gecul‘it}‘_ B"I'Ode ON | Reflector System 7 Status and Contral User
Repeater
DC5006 Reflector System M vi1.7 | DCS Server v12.7_G4Bit
Group User on GROUP Repeater on GROUP Online 34 == — URCALL
=“ha Great Britam
World Wide User Repeater DCS005 DCSO06AL
USA Preferred channel User Repeater 14 DCS006BL
USA Altemate channel User Repeater —== DCS006CL
USA Fusion test User Repeater Repsater DCS006DL
LUSA DR test User Repeater Group Info DCSO0GEL
Available User Repeater DCS006FL
Dv-Mega User Repeater B [y ited States of DCS006GL
Dstar Contest 1 User Repeater America DCS00GHL
Dstar Contest 2 User Repeater DCSO06E DCS006IL
Dstar Contest 3 User Repeater User DCS006JL
USA Califonia User Repeater Repoaior DCS006KL
USA Texas User Repeater DCSO06LL
USA New Yok = s - DCSIOENL
USA Florida User Repeater DCSO06NL
Available User Repeater == MNetherlands DCS0060L
Available User Repeater DCS00T DCSO06PL
Quadnet User Repeater 2 User DCS006AL
USA Colorado User Repeater 1 Repeater DCS006RL
Minnesota User Repeater 1 Srouo Into DCS0065L
Available User Repeater s ——————— DCS006TL
USA lowa User Repeater DCSO06UL
USA ova User Repeater i B ary DCSO06VL
Ragchew channel User Repeater 1 DCS003 DCS006WL
USA Blingual EN'SP User Repeater 4 Iger DCSO0GXL
Emergency Comm User Repeater Bepeatar DCS006YL
Echo USA - Repeater Z D626 | DCS006ZL



2.2.6.2 DMR Plus

F'—

V Master in use

sMaster

DMaster

i Repeater/dongle

| OSTERREICH ] | DEUTSCHLAND | | SCHWEIZ

Kurt OE1KBC / Torsten DG1HT




2.2.6.3 dPMR

» Experimental System

x-NET LCDO00]1 Dashboard

R

efle

ctor

Status d Contraol

dPMR Reflector System by DG1HT/DJOABR

Status System v0.1 | LCS Server v0.1_84Bit

Nr. CALL Last Heard Name Group
1 PA3DPS 1h32m13s ECHO 99
2 M1DAZ 1h5 m24s ECHO 99
3 DGBFAX 6h15m5s in use 09
4 DF4UD 12h12m40s ECHO 99
& KA4IGZ 22h26m16s ECHO 99
6 DO2STA 1d3h46mi4s in use 09
7 DO2JZ 1d6h13m46s in use 09
8 N4VBR 1d&h14m1s ECHO 99
9 DL3MX 1d15h57m20s in use 09
10 EATIYR 2d14h56s ECHO 99
11 DOTWO 3d5h32m17s in use 09
12 DM1ER 3d9h32m13s in use 09
13 OK1MSU 3d16h4m14s ECHO 99
14 KALKL 4d2h12m34s ECHO 99
15 DF200 6d3h9m56s ECHO 99
16 MGLSJ 6d6h6m52s in use 09
17 MORDC 7d34m32s in use 09
18 DG2DAD 8d12h11m47s Deutschland 01
19 DBOKX 9d4h59m30s in use 09
20 IUSAVW 10d23h24ma9s ECHO 99
21 DG1FBA 11d15h27Tm22 s ECHO 99
22 PDOADC 13d4h30m23s ECHO 99
23 DHOPAT 18d14h4m51s in use 06
24 OE1KBC 19d5h2m37s ECHO 99
25 DO1PBH 19d5h40m12s in use 09
26 DD1KJ 22d23h26m14s in use 05
27 N3NJI 24d1h4m38s in use 06
28 DJ3OW 24d7h38mb54s ECHO 99
29 VAIDRM 24d17h15ma3s ECHO 99
30 W1RZO 25d2h14mb52s Deutschland 01
31 M30PW 25d7h33m38s ECHO 99
32 MOVTM 26d2h11m43s ECHO 99
33 PDOBEL 28d13h6m16s Repeater 00
34 IWBELN 30d47m in use 05
35 M1BCB 30d1h51mi4s ECHO 99
36 OZ3HLF 31d8h6m12s Deutschland 01

DBOZAV

31d8h1m57s

in use

@
=1




2.2.6.4 C4FM (YAESU Fusion)

» 2 reflector systems with 100 room each:
» FCS001/FCS002

DMRplus FCS002

Dashboard | rericect

or

Status and Control

Fusion Reflector System by DG1HT

Status System v0.1 | FCS Server v0.1_64Bi

HOME Group Group Nr DTMF
TALK USA1 00 A200
USER TALK USA2 01 A201
Alabama 02 A202
L) Alaska 03 A203
Arizona 04 A204
Arkansas 05 A205
California 06 A206
Colorado 07 A207
Connecticut 08 A208
Delaware 09 A209
Florida 10 A210
Georgia 1" A211
Hawail 12 A212
Idaho 13 A213
lllinois 14 A214
Indiana 15 A215
lowa 16 A216
Kansas 17 A217
Louisiana 18 A218
Maine 19 A219
Maryland 20 A220
Massachusetts ral A221
Michigan 2 A222
Minnesota 23 A223
24 A224
Missouri 25 A225
Montana 26 A226
Nebraska 27 A227
Nevada 28 A228
New Hampshire 29 A229
New Jersey 30 A230
New Mexico 31 A231
New York 32 A232
North Carolina 33 A233
North Dakota 34 A234
Ohio 35 A235
Oklahoma 36 A236




2.2.6.5 APCOZ25 (P25)

» 1 reflector system with a second one in Los Angeles currently being installed.

Xx-NET PCS001 Dashboard | refiector status and control

P25 Reflector System by DG1HT/DJOABR Status System v0.1 | PCS Server v0.1_B4Bi

HOME Nr. CALL Last Heard Name Group
1 G4TUZ 16s in use 06
USER 2 NC5P 45s in use 06
3 NBGY 1m57s in use 06
INFO 4 WYBE 4m29s in use [
5 GOUZJ Tm47s in use 06
6 N2UFQ 8m41s in use 06
7 KH2PM 31m50s in use 06
8 GOYNM 35m2s in use 06
9 DO3DL 56 m 27 s Repeater 00
10 DL5DAE 1h11m2is Repeater 00
L DF1VB 2h13m39s in use 06
12 DL1BH 3h26m37s Repeater 00
13 WHBFM 5h18m 56 s in use 06
14 G6VBJ 10h21m4ds in use 06
15 VEBEN 12h5m4r7s in use 06
16 DL2FDL 12h59m15s Repeater 00
17 WERW 18h28m15s in use 40
18 VKATUX 18h39m56 s in use 08
19 GYVEPL 1d11h43m31s in use 06
20 KBARW 1d17h41m49s in use 40
21 NFOK 1d19h46m25s in use 06
22 NEVYT 1d21h56m22s in use 06
23 NS2B 1d23h6m11s in use 06
24 WIMSG 2d59s in use 06
25 N2LBT 2d2h41m32s in use 06
26 DG4LX 2d5h33m34s in use 50
27 KNSUPS 2d6h29m46s in use 05
28 KBUH 2d7h50m49s in use 06
29 K1LNX 2d10h42m49s in use 69
30 WB4JGI 2d19h43méls in use 69
il KC7NP 3d2himils Repeater 00
32 KJ4SHL 3d2h28m4d5s in use 06
33 KG5EEL 3d4h42mis in use 06
34 W1KFR 3d6h49m56s ECHO 9
3d7h18mdis Deutschland 01
3d12h39m30s in use 06
3d12h43m34s Deutschland 01




2.3 bridging

» MotoTrbo/Hytera

IPSC Master

CBridge-/
Smartptt

TS1 \

Motorola
Repeater

other
Repeaters =

Motorola
IPSC-Network

ather
Repeaters ™

DMRplus
Master

51

T52

DMRplus

Metwork




2.3 bridging

» MotoTrbo/Hytera

i hrrannag Ok

-

gl IPSC-Server-Control by DGIHT / DL5DI / OF1KBC - vers. 172 lo|@] = |
| System | Master Repeater | Peer Repeater | Matix T51 | Matix 752 [ Dongle | User [info [ new |
MNr Cornection Cal DMRD TS1 752  TS2.TG ONLINE

1 |INTERLINK  |IPSCirk  |143853 |MOT |ON ONLINE
2 |INTERLNK  |IPSCink  |126201 [MOT  |ON ONLINE
3 |INTERLNK  |IPSClnk  |134553 [MOT  |ON ONLINE
4 |MOT OETXTT  |232703 |MOT  ON  |Refl. 4197 ONLINE
5 | MOT OETXBl  |232702 |MOT  ON  |Refl. 4197 ONLINE
6 |MOT OE7XLl  |232709 |MOT  |ON  |Refl. 4197 ONLINE
7 |MoT OEIXDE  |232101 |MOT  ON  |Refl. 4183 ONLINE
8 |MoT OEIXKC  [232304 |[MOT  ON  |Refl 4193 ONLINE
3 |MOT OE4XUB  |232401 |MOT  ON  |Refl. 4191 ONLINE
0 |[MOT QETXZH  [232701 |MOT  ON  |Refl. 4197 ONLINE
1 |[MoT OEBXKK  |232108 |MOT  ON  |Refl. 4198 ONLINE
12 |CBRIDGE OESXIK  |232893 |MOT | OFF ONLINE
13 [HYT OESXV)  |232991 |[HYT  ON  |Refl. 4199 ONLINE
14 |[HYT OESXIG  |232606 |HYT  ON  |Refl. 4196 ONLINE
15 |[HYT OESXGL  |232502 |HYT  ON  |Refl. 4193 ONLINE
16 |HYT OEIXTR  |232391 |HYT  ON  |Refl. 4191 ONLINE
17 |HYT OESXCD  |232605 |HYT  ON  |Refi. 4191 ONLINE
18 |HYT OEGXBF  [232604 |HYT  ON  |Refl. 4196 ONLINE
19 [HYT OE7TXLH  [232708 |HYT  ON  |Refl. 4197 ONLINE
0 |HYT HESBO 228391 |HYT  |ON  |Refl. 4060 ONLINE
21 |HYT OETXQU2 [232193 |MOT  ON  |Refl. 4191 ONLINE
2 |HYT OESXAG  |232607 |[HYT  ON  |Refl. 4196 OFFLINE
23 |HYT OEIXAR-S (232197 |OFF  |ON  |Refl. 4000 ONLINE
M4 |HYT OE1XQU7 |232192 |HYT  ON  |Refl. 4180 ONLINE
5 |HYT DBONG  |262400 |HYT  |[ON  |Refl. 4006 ONLINE
2% |MOT OESXAR  |232603 |MOT  ON  |Refl. 4196 ONLINE
7 |HYT OESKEC ~ |23288% |HYT  ON  |Refl. 4000 ONLINE
22 |MOT OEIDATA [232010 |MOT |ON  |Refl. 4000 ONLINE




J

Iz
HES

DL

110

OE

DACH

EU

DOE3XQA
1P SClink
1P SClink
1P SClirnik
232703 [OETXTT
232702 |[OETXBI

HB3BO

30 |232153 | OE1HGQU-2

QEZHXSW
QEGHAG
QETHEH

20 |232108 |OEBXEKK

QE3XTR
26 |232605 |OEGXCD

QESXWI

QE3XDE

232304 | OE3XKC
QE4XUB

23 | 232606 |OEBXIG

QESKLL

232602 |OEGXBG
232302 |OE3XRB
232303 |OE3XHB
2325

232100 |OE1XAR
232502 |OESXGL
232708 |OQEVXLH
232607 |OEBXAG

32 |232197 |OE1XAR-S

232010 [OE1DATA

232709 |OE™XL
232893 |OEBXIK

232104

Call
0
232102 [OE1Xau

2322
2326
143859
126201
184553
2321
2324
2327

D

Mr

33 (232192 | OE1XGQU-7
34 |262400 |DBOMG

35 (232603 |OEEXAR
36 (232888 |OEBKEC

22| 232593
25 | 23237
27 | 232604 |OEGXBF
23 | 22837

2
3
4
5
13
7
2
- |
10
11
12
13
14
15
16
17
18
15
21
24
28
31
37

|Syﬂem I Master Repeater I Peer Hepeaterl Matrix TS'[ save Matric ][
W

ol IPSC-Server-Control by DG1HT / DL5DI / OE1KBC - ve... | = =

1.

2.3 bridging
» MotoTrbo/Hytera




3. Hardware




3.1 hardware optimized for multiprotocol
hetworks

Torsten, DGTHT




3.1.1 DVRPTR1-3

nuw:ymrnn

cicocd DBSF
DCSERL P 8289

Thomas/Uln




3.1.2 DV4 mini: first all mode dongle
with 70cm transceiver




3.1.3 DV4 home: stand alone all mode
with transcoding and wireless




3.1.4 DV4mobile: all digital protocol mobile
transceiver for 144/222/440MHz

D-Star

C4FM

DMRplus

dPMR

P25

LTE

Code plug in the cloud

FRONT PANEL

A

A 4

NF CONTROL + MIC

A

v AMBE
LINUX CPU < > T
A A AE= >
AMBE
Z
y \ 4
A/D + ATMEL A/D + ATMEL
Meter 70 cm
A v A

FM
2Metﬂr/70 cm

A 4 A 4

A 4

HF + PA




Questions?

—



See us in Dayton at booth #
NHO172

—



