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Fusion from the Inside
Abstract

Å System design

Å Broad examination of System 

Fusion and WiRES-X components

Å What the components do and how 

they interact

Å Public information

Å Reverse Engineering

Å Hams ςHow we can build on 

System Fusion for the future 



Fusion System Design

ÅFit current FM spectral mask

ïTransition from FM to digital

ÅUse established standards ςP25/C4FM

ïAnd modify for Amateur Radio

ÅUser, Access Point, and Network layers



Fusion Subsystems
Å Fusion / C4FM (Built on P25)

ï RF segment

Å WiRES-X (Built on WiRES and WiRES II)

ï Networking segment

ï Nodes (Access Point)

ÅSimplex access or remote repeater access

ï Repeaters (Access Point)

Users (FT1/2/70, FTM-100/400/3200/3207, FT-991)

Gateways (WiRES-X, DR-1/2)  ...

Network (Internet, RF)



Popularity of Digital Voice

Mode NA World MN WI IA IL

Fusion 1,531 1,796 45 34 28 71

Dstar 1,137 2,174 31 27 7 31

DMR 1,189 1,994 22 28 9 45

P25 254 278 2 7 5 21

NXDN 93 93 2 2 3 3

Data from RepeaterBook.comretrieved 13-Sep-2017
Fusion may support FM and digital to various degrees



Fusion Subsystem

Published Standard

Amateur Radio Digital Standards



OTA Modes and Bandwidth

Four modes of operation:

Mode Voice FEC Data

DN1 2,450 1,150 3,600

DN2 2,450 1,150 +1,800 1,800

VW 4,400 2,800

DW 7,200



OTA Protocol DN Modes

Frame

DN1 3,600bps Data

DN2 1,800bps Data



OTA Protocol VW and DW

VW

DW

Note: No FEC on data and no ARQ



Examine OTA Data

ÅUse a receiver to demodulate data

ÅUse software to process the signal

ÅExample

ïDV4mini

ïDV4RX ςGithubG4KLX/DV4RX

ïBuild with VS 2017 Community



WiRES-X

YaesuList
Server

Room / 
Reflector

Node



WiRES-X Node Interface

FTM-100
Main CPU

Display 
CPU

DSPFTM-100
Main CPU

HRI-200
CPU

PC
WiRES-X

HRI-200 CPU takes control
of the node radio in WiRES-X
mode

10-Pin Packet connector
Serial interface

USB Virtual Com Port

Node Radio 
(FTM-1/400)



WireSharkNetwork Captures

List server request and update



Capture: DMR Not Working



WiRES-X Ports

Å Ports forwarded to node/room

Å Each node is a server

Å Every user can create their own 

Room/reflector

Å List Server coordinates 

connections

Port Purpose Destination

46,100 YaesuList Server 49,690

46,110 Node control 46,110     46,120

46,112 Node voice

46,114 Room control

46,120 Room voice

46,122 News control 46,110 46,122

46,190 Web access



Voice Data Capture



WiRES-X Startup ςList Server

Å Load binary configuration file from fixed URL

Å Configuration points to multiple List Servers


