Fusion from the Inside

Chris Petersen, K9EQ
TAPR DCC September 15, 2017



Fusion from the Inside
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A Broad examination of System

Fusion and WiREScomponents

A What the components do and how —

they interact

A Public information
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A Reverse Engineering

A Hamsc How we can build on

System Fusion for the future
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Fusion

A Fit current FM s

I Transition from

System Design

nectral mask

~M to digital

A Use established standardsP25/C4FM

I And modify for Amateur Radio

A User, Access Point, and Network layers



Fusion Subsystems

A Fusion / C4FM (Built on P25)

I RF segment

A WIRESX (Built on WIRES and WIRES 1)
I Networking segment

I Nodes (Access Point)

A Simplex access or remote repeater access

I Repeaters (Access Point)

Network (Internet, RF)




Popularity of Digital Voice

Mode | NA World | MN | WI 1A IL

Fusion

Dstar
DMR
P25
NXDN

Data fromRepeaterBook.conetrieved 13Sep2017
Fusion may support FM and digital to various degrees



Fusion Subsystem

Published Standard

Amateur Radio Digit@tandards

Amateur Radio Digital Standards

YAESU MUSEN CO., LTD.

Control Unit
ransmission

Unit
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Control Unit
ransmission Scope of
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Figure 2-1 System Composition and Scope of Application of these Specifications



OTA Modes and Bandwidth

Four modes of operation:

Mode Voice FEC Data

1,150 3,600
1,150 +1,800 1,800
2,800

Table 3-1 C4FM Mapping
Frequency Deviations(Wide) | Frequency Deviations{MNarrow |

00 | +1 | +900 Hz
10 -1 -900 Hz -450 Hz

-2700 Hz




OTA Protocol DN Modes

CC (Communication CH)
HC (Header) . TC (Terminator)
FN=0 FH=1 FN=7 (maximum)
100 msec (8960 bit) : w100 msec (860 bit) — 1 100 msec (880 bit) —» v 100 meec (960 bit) — o 100 msec (860 bit) —»

Figure 4-6 Frame Composition Drawing

DCH (1) VCH (1) DCH (2) WCH (2) DCH (3) VCH (3) DCH (4) VCH (4) Number

- - - - - ' of bits
72 72 72 72 72 [ 72 Total 960 bit

Figure -8 CC Structural Drawing

MNumber of bits

Total 960 bit
Figure 4-12 CC Structural Drawing




OTA Protocol VW and DW

The structural drawing of the CCO (Sub Header CH) actual voice and superimposed data is shown in Figure 4-21.

FS | FICH DCH (0) DCH (1) YCH (2) DCH (3) Reserved VCH (3)

Figure 4-21 CCO Structural Drawing
The structural drawing of the CC actual voice is shown in Figure 4-22.
F& FICH
40 | 200
Figure 4-22 CC Structural Drawing

Figure 4-15 CC Structural Drawing

Note: No FEC on data and no ARQ

VCH [4)
144 Number of bits
Total 960 bit

MNumber of bits
Total 960 bit

Number of bits

Total 960 bit




Examine OTA Data

A Use a receiver to demodulate data
A Use software to process the signal
A Example

I DVAmini

i DVARX, Github G4KLX/DV4RX

I Build with VS 2017 Community






WIRESX Node Interface
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WireShariiNetwork Captures

Time

B.008808
B.341234
B.449945

A P T ol ] e T

Info

46188 - 49698
49698 - 4610
46188 - 4969

A, P

Frame 1: 123 bytes on wire (984 bits), 123 bytes captured (984 bits) on interface @

Ethernet II, Src: @@:Tf:82:89:17:6c (@@:ff:82:09:1f:6¢c), Dst: @@:Tf:83:09:1F:6¢c (@D:ff:§3:89:1F:6c)
Internet Protocol Version 4, Src: 10.8.06.6, Dst: 180.42.3.138

User Datagram Protocol, Src Port: 46188, Dst Port: 49690
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List server request and update
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CPEBBBB3a
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Capture: DMR Not Working
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WIRESX Ports

A Ports forwarded to node/room
A Each node is a server

A Every user can create their own

Room/reflector

A List Server coordinates

connections

4, S5rc: 59.207.102.158, Dst: 12.8.8.6
Src Port: 46122, Dst Port: 46118

83 89 1f 6c BB @@ 45 @8 ‘. 1..
17 e5 32 cf 66 96 Ba @8 =@

Ry

Purpose Destination

YaesuList Server 49,690

Node control 46,110 46,120
Node voice

Room control

Room voice

News control

Web access

"c: 50.287.182.158, Dst: 10.8.8.6
: 46122, Dst Port: 46112

-E-f--* 83 89 1f 6c 28 @@ 45 e

43CPo0e8 d9 ac 32 cf 66 96 @a @8
P0BO 2090A003

be cc 43 47

U
34 33 43 50 30 3@ 30 38 ',
32 3@ 39 32 41 3@ 3@ 33 83 L)
32 42 38 32 30 30 Jes2

3
5

1493 ZB6208



Voice Data Capture

56.287.182.158 16.8.8.6 5 Len=27
16.8.8.6 58.287.1982.158 Len=152
16.8.8.6 58.287.1982.158 Len=152
6.858878 16.8.8.6 580.207.192.1580
6.989874 16.8.8.6 188.42.3.1306 uop 45198 49698 Len=81
6.948860 16.8.8.6 58.287.1982.158 uop 46118 46120 Len=152
7.818842 16.8.8.6 58.287.1982.158 Uupp 46118 -+ 46120 Len=152
Frame 62: 194 bytes on wire (1552 bits), 194 bytes captured (1552 bits) on interface @
Ethernet II, Src: @@:ff:82:09:1f:6¢c (@@:ff:82:09:1f:6c), Dst: @@:ff:83:89:1f:6c (@@:TT:B3:89:1f:6c)
Internet Protocol Version 4, Src: 10.8.8.6, Dst: 58.207.102.158
User Datagram Protocol, S5rc Port: 46118, Dst Port: 46120
Data (152 bytes)
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ba 71 .q




WIRESX Startupg List Server

A Load binary configuration file from fixed URL

A Configuration points to multiple List Servers



