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Introduction	

- 	Guus	van	Dooren	
- 	PE1PLM,	Full	license	since	1996	
- 	Industrial	Engineer	
- 	1990	–	1997,	Compact	disc	development	at	Philips	Eindhoven	
- 	1998	–	2000,	Project	leader	payment	systems	at	
Schlumberger	
- 	2000	–	today,	Owner	of	Dooren	Electronic	Solutions	



Goal	DVMEGA	project	

- 	Learning	Digital	Voice	modes	and	protocols		
- 	Stimulate	homebrew	of	ham-related	products	
- 	Provide	affordable	DV	related	kits	
- 	DV	node	adaptor	for	high	power	radiohotspot	
- 	Low	power	DV	radio	hotspot	
- 	Direct	Digital	Voice	Device,	DV	IP	radio	
- 	Arduino	based	



Arduino	
- 	Easy	programming	using	Arduino	studio		
- 	No	special	programmer	required	
- 	Lots	of	I/O	
- 	Standard	libraries	
- 	Low	cost	



DVMEGA	evolution	
May	2013	 August	2013	 October	2013	August	2013	

PIC	based	DV	node	
(GMSK	modem	for	D-Star)	

ATMEGA328	based	DV	node	Arduino	based	DV	node	



DVMEGA	evolution	
November	2013	 March	2014	January	2014	

Arduino	based	radio	hotspot	 ATMEGA328	based	radio	
hotspot	for	Raspberry	

Arduino	based	dualband	
radio	hotspot	



DVMEGA	evolution	
July	2014	 December	2014	September	2014	

Arduino	based	DV	node	
factory	pcb	

ATMEGA328	based	dualband	
radio	hotspot	for	Raspberry	

Arduino	based	AMBE3000	
codec/packet	mode	



DVMEGA	evolution	
January	2015	 September	2016	October	2015	

Stand	alone	AMBE3000	
dongle	Drirect	Voice	Device	

Fusion	support	added	DMR	support	added	



Development	challenges	
ATMEGA328	core	specification	
	

	-	8	bit	architecture	
	-	16	Mhz	speed	
	-	32	kB	Flash	
	-	2	kB	SRAM	
	-	1	kB	EEPROM	
	-	2	external	interrupts	



Task	list	CPU	
- 	Radio	server	
- 	Serialport	handler	
- 	State	machine	
- 	Algorithm	

	Viterbi	
	Golay		
	Hamming	
	Block	Product	Turbo	Code	
	Interleaving	
	CRC	computation	



Radio	server	
- 	Serve	RX/TX	radio	data	interrupts	
		from	ADF7021	radio	
	
- 	Configuration	of	
		ADF7021	chip		



Serve	radio	TRX	data	interrupts	

9600	INT	per	sec.	
	
150	uS	per	INT	
	
62,50	nS	per	instruction	
	
2400	single	clock	
instructions	per	INT	
	
!	Fusion	and	DMR	=	9600	INT	p/s	for	D-Star	4800	INT	p/s	

TX	

RX	



Serialport	handler	 -	MMDVM	protocol	
-	115200	baud,	8,	N,	1	
- 	Max	252	bytes	payload	
	
	
	
Message	
	
	
	
	
Example	of	Set	Mode	



DV	protocol	example	
DMR	as	example	
4FSK	
4800	symb	sec	
9600	bits	sec	
TDMA	2	timeslots	
2	x	2450	voice	
2	x	1150	FEC	
2	x	1200	embedded	data	



DMR	TDMA	burst	



Voice	initiation	



Voice	terminator	



LC	(Link	Control)	header	



LC	header	data	



LC	data	
à	



Block	Turbo	Product	Code	 à	

Calculate	Hamming	bits		
		
- 	Horizontal	15-11	
- 	Vertical	13-9		



Block	Turbo	Product	Code	 à	

H_R1(3)	=	R(2)	^	R(1)	^	R(0)	^	I(95)	^	I(93)	^	I(91)	^	I(90)	
H_R1(2)	=	R(1)	^	R(0)	^	I(95)	^	I(94)	^	I(92)	^	I(90)	^	I(89)	
H_R1(1)	=	R(0)	^	I(95)	^	I(94)	^	I(93)	^	I(91)	^	I(89)	^	I(88)		
H_R1(0)	=	R(2)	^	R(1)	^	R(0)	^	I(94)	^	I(93)	^	I(92)	^	I(88)		



Interleaver	 à	



Radio	voice	header	
à	



Voice	superframe	

A	=	216	bit	voice	and	48	bits	sync	
B..F	=	216	bits	voice	and	48	bits	embedded	signaling	



Embedded	signaling	
Frame	A	
- 	Syncword		
	

Frame	B..F	
- 	EMB	
- 	Embedded	
			signaling	



Embedded	signaling	



Voice	

- 	Voice	has	no	additional	FEC	
			or	interleaving	
- 	System	use	AMBE’s	
			data	protection	and	FEC	



Under	development	
- 	DVMEGA	Dongle,		 	use	D-Star,	DMR	and	Fusion	digital	networks		
																														 	with	only	a	AMBE3000	and	host	integrated		
																														 	mice	and	speaker.	
		
- 	DVMEGA	Cast,							 	direct	connect	to	D-Star,	DMR	or	Fusion		
																														 	digital	networks	using	standard	mice	and		
																														 	speaker.	
	
- 	DVMEGA	Handy,			 	handheld	WIFI	device	with	integrated	host	
																														 	to	connect	D-Star,	DMR	or	Fusion	networks	
																														 	direct.				
	
- DVMEGA	Host,			 	stand-alone	DV	host	based	on	ESP32	



WWW.DVMEGA.AURIA.NL	

Made	in	the	Netherlands	


