
THE	GOLDEN	CODE	IN	ASYNCHRONOUS	DISTRIBUTED	NETWORKS	
	

1Mrs.	ANKITHA	RADHAKRISHNAN,	2Mrs.	SUMAN	WADKAR	

1Department	of	Electronics,	P.I.I.T,	Email:	ankitharkrishnan@gmail.com	

2Department	of	Electronics	&	Telecommunication,	P.I.I.T,	Email:	spwadkar@mes.ac.in	

ABSTRACT	

Introduced	in	2005,	the	Golden	Space‐Time	Block	Codes	(STBC)	is	a	full‐rate,	full‐diversity	perfect	STBC	that	has	a	maximum	
coding	 gain	 for	 an	 asynchronous	MIMO	 system	 and	 helps	 improve	 its	 bit	 error	 performance.	 In	 this	 project,	 an	 effective	
scheme	 is	 proposed	 to	 achieve	 asynchronous	 distributed	 transmission	with	 the	 Golden	 Code,	 over	 a	 two‐hop	MIMO	 relay	
channel.	And	also	two	detection	methods	are	adopted	i.e.	maximum	likelihood	(ML)	decoding	and	sphere	decoding	(SD)	within	
the	asynchronous	relay	network.In	addition,	full	maximum‐	likelihood	(ML)	decoding	and	sphere	decoding	(SD)	is	adopted	as	
the	detection	approach	within	the	asynchronous	relay	network.	Simulation	results	based	on	end‐to‐end	bit	error	rate	confirms	
that	this	approach	gives	the	positive	results.	

Keywords—	Golden	code	,full	rate,	full	diversity,	maximum‐likelihood	decoding,	sphere	decoding.	

1. INTRODUCTION	

Recently,	 a	 new	 2x2	 linear	 dispersion	 algebraic	 space‐
time	 code	 called	 the	 Golden	 Code,	 first	 proposed	 in	 [1]	
have	been	attracted	by	many	researchers	.It	provides	not	
only	 full‐rate	 and	 full	 diversity	 but	 also	 full‐rank,	 cubic	
shaping,	 non‐vanishing	 minimum	 determinant	 and	
optimal	 diversity	multiplexing	 gain	 trade	 off	 [1]	 and	 [2].	
As	 a	 result,	 there	 is	 an	 improvement	 in	 a	 bit	 error	
performance	and	has	higher	bit	rates.	In	order	to	improve	
link	 performance,	 these	 properties	 of	 the	 Golden	 Code	
should	 therefore	 be	 exploited	 in	 cooperative	
transmission.	However,	most	 previous	 research	 assumes	
synchronous	 transmission.	 Synchronization	 of	
transmission	 is	 a	 major	 issue	 in	 exploiting	 cooperative	
diversity	 in	wireless	ad	hoc	networks	 so	 that	 the	 signals	
arrive	 effectively	 at	 the	 destination	 simultaneously.	 In	 a	
wireless	network,	the	nodes	are	geographically	dispersed	
and	 hence	 the	 inter‐node	 channels	 will	 have	 varying	
strengths	 and	 delays	 [3].	 In	 the	 presence	 of	 such	 time	
delays,	 a	 simple	 Alamouti	 space‐time	 transmission	
scheme	 for	 asynchronous	 cooperative	 systems	 is	
proposed	 in	 [4]	 based	 on	 an	 orthogonal	 frequency‐
division	multiplexing	(OFDM)	scheme.	 In	 [5]	and	 [6],	 the	
authors	respectively	proposed	a	new	2	x	2	delay	tolerant	
code	 based	 on	 the	 Golden	 Code	 and	 a	 bounded	 delay‐
tolerant	STBCs	for	asynchronous	cooperative	networks.	

In	 this	 paper,	 we	 build	 on	 and	 address	 asynchronous	
cooperative	 transmission	 with	 the	 Golden	 Code	 over	
frequency	 flat,	 quasi‐static,	 Rayleigh	 fading	 channels.	 In	
Section	 I,	we	first	develop	the	system	model	and	analyze	
the	 basic	 fixed	 relay	 case	 for	 asynchronous	 cooperative	
systems,	 and	 then	 describe	 the	 differences	 between	 the	
maximum‐likelihood	 detection	 and	 sphere	 detection.	
Section	II	we	are	using	two	methods	for	relay	selection	.ie.	
Maximum‐minimum	 relay	 selection	 and	maximum‐mean	
relay	 selection.	 III	 includes	 the	 simulation	 results,	 and	
conclusions	are	drawn	in	Section	IV.	

2. ASYNCHRONOUS	 DISTRIBUTED	
TRANSMISSION	 CONSIDERING	 FIXED	 RELAY	
SCHEME	

We	adopt	a	2	x	2	MIMO	channel	scheme	.Generally	in	a	(Nt	
x	 Nr)	 MIMO	 system,	 we	 consider	 transmitter	 k	 and	
receiver	i.	So	the	channel	voltage	gain	is	given	by	 , 		and	
we	 denote	 channel	 gain	 as		| , | .The	 received	 voltage	
signal	at	receiver	i	from	transmitter	k	is	 , , .	

Figure	1:	The	Golden	code	in	an	Asynchronous	
distributed	Network	

From	antenna	k.	

Let	 us	write	 in	 vector	 form,	 the	 transmitted	 signal	 from	
the	 antennas	 1	 to	 Nt	 is	 given	 by	 															
s= …… 																							(1)	

And	the	channel	matrix	H	is	given	by		

H=… , … ,

, … ,
													(2)	

The	received	signal	becomes	the	linear	combination	of		 	
plus	noise.		

In	general	term	the	MIMO	system	can	be	represented	as,	

X=	Hs+W																																		(3)	

Where	 	 …… 	is	 the	 received	 signal	 and	
…… is	 the	 Additive	 White	 Gaussian	 Noise	

(AWGN).	
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Our	cooperative	scheme	in	general	contains	two	phases	of	
transmission,	a	broadcast	phase	and	a	cooperation	phase	
as	 shown	 in	Fig.	 1.	 The	 system	 consists	 of	 one	 source,	 j‐
relays	 and	 one	 destination.	 There	 are	 respectively	 two	
antennas	at	 the	source	and	 the	destination,	but	only	one	
antenna	 at	 each	 relay.	 Each	 node	 is	 half‐duplex.	 The	
information	 symbols	 are	 coded	with	 the	 Golden	 Code	 in	
the	source	rather	than	in	the	relays.	The	j‐relay	nodes	are	
geographically	 dispersed,	 and	 a	 random	 time	 delay	 T	 in	
the	 cooperation	 phase.	 For	 instance,	 there	 is	 a	 T	 time	
difference	between	 the	 signals	 from	 the	Rl	 relay	and	 the	
signals	 from	 R2	 to	 the	 destination	 node.	 Moreover,	 the	
length	of	the	cyclic	prefix	is	larger	than	or	equal	to	T	and	
the	 subcarriers	 are	 orthogonal	 to	 each	 other.	 The	
channels	 are	 assumed	 to	 be	 quasi‐static	 Rayleigh	 flat	
fading	with	coefficients	hj	and	gj,	which	are	 independent	
identically,	 distributed	 (i.i.d.)	 complex	 Gaussian	 random	
variables	 with	 zero‐mean	 and	 unit‐variance,	 subscript	
denotes	the	j‐th	relay.	

The	Golden	Code	is	a	full	rate	and	full	diversity	2	x	2	linear	
dispersion	 algebraic	 space‐time	 code	 for	 two	 transmit	
antennas	and	two	or	more	receive	antennas	MIMO	system	

[1].	 Based	 on	 the	 golden	 number 	 √ 	,	 it	 can	 be	
rewritten	in	block	

form	as:	

G	=
√

	
	 ̅ 	 ̅ 	

=	
√

																													(4)	

where	S1.	S2,	S3	and	S4	are	the	vectors	of	the	transmitted	
information	 symbol	 constellations	 and		

. 	denotes	 the	 conjugate.

and 1 		 1 ̅ 	where	 .The	| |	is	 set	 as	
unity	 for	 satisfying	 non‐vanishing	 determinants	 and	
ensure	 same	 average	 power	 is	 transmitted	 .The	 table	
shown	 below	 [1]	 gives	 the	 comparison	 of	 minimum	
determinant	 of	 different	 constellation	 size	 S.

	

A) Implementation	at	the	source	

At	the	source,	the	information	bits	are	modulated	as	QPSK	
and	 restored	 as	 vectors	 Sl,	 S2,	 S3	 and	 S4,	 and	 then	

encoded	 with	 the	 Golden	 Code	 matrix.	 The	 encoded	
symbol	 vectors	 are	 Xl,	 X2,	 X3	 and	 X4.	 Each	 block	 of	 N	
modulated	 symbol	 is	 fed	 to	 an	 OFDM	 modulator	 of	 N	
subcarriers.	

OFDM:	 The	 simplest	 form	 of	 multicarrier	 modulation	
divides	 the	 data	 stream	 into	 multiple	 substreams	 to	 be	
transmitted	 over	 different	 orthogonal	 subchannels	
centred	 at	 different	 subcarrier	 frequencies.	 The	 number	
of	substreams	is	chosen	to	make	the	symbol	time	on	each	
substream	 much	 greater	 than	 the	 delay	 spread	 of	 the	
channel	 or,	 equivalently,	 to	 make	 the	 substream	
bandwidth	 less	 than	 the	 channel	 coherence	 bandwidth.	
This	 insures	 that	 the	 substreams	 will	 not	 experience	
significant	 ISI	 (Intersymbol	 interference).We	 get	 four	
OFDM	blocks	are	modulated	by	an	N‐Point	IDFT.	

= , , , , , , … . , , 	,v	 =1,2..4	 and	 	 	 	 	 	 	 	 (.)		
denotes	vector	transpose.																																			(5)	

Then	each	block	 is	preceded	by	a	 cyclic	prefix	 (CP)	with	
the	length	lcp.	We	set	the	CP	length	lcp	to	be	not	less	than	
or	 equal	 to	 the	 time	delay	T,	 and	 lcp	 =	 (L	 ‐1)	 +	 (L	 ‐1)	 +	
Tmax	where	L	 is	 the	number	of	multipath.	The	 first	 two	
vectors	are	broadcasted	respectively	by	the	source	to	the	
destination	through	two	relay	nodes	and	then	the	source	
broadcasts	 the	 other	 two	 vectors	 in	 the	 second	 symbol	
period.	 In	 the	 fixed	 relay	 case,	we	 just	use	 two	 relays	Rl	
and	 R2.	 The	 signal	 received	 by	 the	 j‐th	 relay	 can	 be	
expressed	in	the	time	domain.	

= 		( ⊛ ⊛ 	 	+	 (6)																																

Where 	is	 the	 discrete	 time	 convolution	 and ,	 	 	
are	 the	 channel	 vectors	 from	 the	 source	 to	 the	 relays. 	
denotes	 average	 transmit	 power	 of	 the	 source,	 and	 k	
belongs	 to	1	and	2	which	 is	 the	 	 symbol	 index;	 is	 the	

vector	of	the	additive	white	Gaussian	noise(AWGN)	at	the	
j‐th	relay	in	the	time	domain.	

B) Implementation	at	the	destination	

Due	 to	 the	 timing	 errors,	 there	 is	 a	 T	 sample	 delay	
between	the	signals	from	the	Rl	relay	and	the	signals	from	
R2	to	the	destination	node.	The	signal	received	by	the	i‐th	
antenna	 of	 the	 destination,	 during	 the	 relaying	 phase	 in	
the	time	domain.		

	The	 power	 of	 every	 transmitting	 antenna	 in	 the	 source	
and	relays	 is	given	by	P,	 so	Pt.	=	Pr	=	2A'	where	P	 is	 the	
total	 transmit	 power	 of	 the	 system	 and	 A	 denotes	 the	
number	of	relay	used.	

After	 the	 removal	 of	 the	 cyclic	 prefix	 and	 the	 DFT	
operation	 at	 the	 receiver,	 the	 time	 domain	 operation	 in	
can	be	equivalently	written	 in	the	 frequency	domain	and	
the	time	delay	in	the	time	domain	corresponds	to	a	phase	
change	in	the	frequency	domain	which	in	vector	form.	

C) Detection	methods	

There	are	two	types	of	detection	methods	used:‐	

First,	 we	 adopt	 full	 maximum‐likelihood	 (ML)	 for	
decoding	the	Golden	Code:		
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(i) Maximumlikelihood	detection:‐	

	=	arg || – || ,	xo€Sc																		(7)	

Where	 Sc	 denotes	 the	 collection	 of	 all	 members	 of	 the	
symbol	 constellation	 and	 x	 represents	 the	 estimated	
signal	 vectors.	 Due	 to	 the	 orthogonality	 in	 the	 OFDM	
channels,	 however,	 this	decoding	 can	be	performed	on	a	
frequency‐by‐frequency	 basis	 as	 in	 the	 frequency	 flat	
case.	In	the	AWGN	channel	environment,	the	minimum	bit	
error	 rate	 (BER)	 for	 every	 antenna	 is	 obtained;	 this	
decoding	approach	has	the	best	performance.	But	the	ML	
detector	 needs	 exhaustive	 search	 on	 all	 possible	 data	
vectors	 (in	 an	 m‐dimensional	 lattice)	 to	 find	 the	
transmitted	data.	This	exhaustive	search	is	very	complex,	
especially	for	high	dimensional	constellations		

However,	 with	 the	 increasing	 number	 of	 transmitted	
antennas	 and	 modulation	 levels,	 the	 complexity	 of	
maximum‐likelihood	 detection	 increases	 and	 becomes	
difficult	 to	 realize.	 To	 overcome	 this	 computational	
complexity	 weakness	 of	 full	 ML,	 the	 low	 complexity	
sphere	 decoding	 (SD)	 is	 applied.	 The	 sphere	 decoding	
(SD)	 algorithm	 restricts	 the	 search	 space	 by	 a	 hyper‐
sphere	 of	 radius	 C	 and	 checking	 only	 the	 lattice	 points	
that	 lie	 inside	 this	 hyper‐sphere,	 reduces	 the	
computational	 complexity	 of	 the	 search	 process	
significantly.	

	
Sphere	decoding:‐	

In	 original	 viterbi	 algorithm,	 the	 important	 drawback	 is	
the	choice	of	the	 initial	value	of	 the	search	radius.	And	if	
this	radius	 is	chosen	too	small,	 there	may	be	no	solution	
for	 the	 algorithm.	 If	 the	 radius	 is	 chosen	 too	 large,	 the	
number	of	 the	 checked	points	may	be	very	high	 and	 the	
algorithm	 will	 be	 ineffective.	 And	 the	 search	 procedure	
repeats	as	the	value	of	radius	C	becomes	large.	So	this	re‐
iteration	 wastes	 the	 computation	 and	 also	 like	 signal	
detection	 in	 fading	 channels,	 the	 choice	 of	 C	 is	 more	
difficult.	

A	 new	 efficient	 algorithm	 is	 introduced	 which	 is	 not	
sensitive	to	the	selection	of	initial	search	radius	known	as	
Sphere	 detection.	 When	 received	 signals	 can	 be	
represented	 in	 a	 lattice	 structure,	 sphere	 detection	 will	
search	 the	 closest	 lattice	 points	 to	 the	 received	 signal	
within	 a	 radius	 c.	 Selection	 of	 c	 corresponds	 crucially	 to	
the	speed	of	this	algorithm.	Once	the	radius	c	is	decreased,	
the	 number	 of	 signal	 points	 which	 are	 searched	 can	 be	
reduced	 in	 order	 to	 increase	 the	 calculation	 speed,	
although	 the	 performance	 of	 the	 decoding	will	 generally	
be	decreased.	

	The	initial	radius	can	be	defined	as		

≜ || – || 	

Szf	denotes	the	initial	estimate	signals,	which	comes	from	
the	zero‐forcing	(ZF)	detection	solution	Szf	=	 y,	where	
denotes	the	pseudo‐inverse	of	A	

A+	=	 	 	

The	 sphere	 decoding	 technique	 is	 a	 fast	 method	 for	
solving	the	problem	of	the	closest	point	in	the	lattices.	The	
derivation	is	shown	in	[12].	

3. ASYNCHRONOUS	 DISTRIBUTED	
TRANSMISSION	 WITH	 A	 RELAY	 SELECTION	
SCHEME	

Our	aim	 is	 to	select	 the	best	 two	relays	 from	 j	 relays	 for	
asynchronous	Golden	Code	transmission	in	a	cooperative	
network	 as	 in	 fig.1.	 Firstly,	 the	 maximum‐minimum	
strategy	 is	used.	Then,	 the	other	 selection	 scheme	which	
finds	 the	 mean	 of	 the	 maximum	 values	 among	 the	
channels	is	considered.	

(i) Maximum‐minimum	selection:	

To	 build	 the	 basic	 2	 x	 2	 relay	 MIMO	 transmission	
channels,	every	relay	node	has	four	channels	 linked	to	 it.	
Therefore	we	 choose	 the	 best	 relay	 and	 the	 second	best	
from	j	relays	to	yield	the	most	effective	transmission.	

Lmin	of	the	j‐th	relay	=	min	{mod	of	the	square	of	the	
individual	value}	

These	values	are	 then	calculated	for	all	of	 the	relays	and	
stored	in	Lmin.	The	relay	corresponding	to	the	maximum	
of	these	minima	is	selected,	together	with	the	relay	which	
has	the	maximum	of	the	remaining	minima.	

(ii) Maximum‐means	selection:	

	The	second	selection	approach	is	based	on	calculating	the	
mean	of	 the	strengths	of	 the	channels	 connected	 to	each	
relay.	The	mean	of	these	four	channels	for	the	j‐th	relay	is	
obtained	as	

	=	 	

This	 mean	 value	 is	 then	 calculated	 for	 all	 relays	 and	
stored	 in	 Lmean.	 In	 contrast	 to	 maximum‐minimum	
selection,	 this	method	can	best	balance	 the	 levels	among	
the	channels,	while	the	maximum‐minimum	selection	just	
depends	on	the	minimum	value	of	one	channel.	

Our	 aim	 is	 to	 compare	 the	 results	 of	 the	 two	 detection	
methods	 and	 the	 two	 relay	 selection	 strategies	 i.e.	 BER	
(bit	error	rate)	V/s	Power	 ,to	 find	which	method	can	act	
better	 than	 the	 other	 in	 terms	 of	 error	 and	 simulation	
speed	so	as	to	increase	the	efficiency	of	the	system.	

4. SIMULATION	RESULTS	

	

Figure	3	:	presents	the	comparison	of	performances	of	
the	Golden	Code	in	the	asynchronous	distributed	system	
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with	maximum‐likelihood	detection	and	the	sphere	
detection.	

Figure2	presents	 the	 comparison	of	performances	of	 the	
Golden	Code	in	the	asynchronous	distributed	system	with	
maximum‐likelihood	 detection	 and	 the	 sphere	 detection.	
Clearly,	from	0	dB	to	12	dB	of	power,	the	performance	of	
SO	 is	 slightly	worse	 than	 the	ML.	 However,	 the	 slope	 of	
the	 SD	 curve	 decreases	 rapidly.	 Therefore,	 when	 the	
power	 equals	 to	 approximately	 12dB,	 the	meeting	 point	
with	 these	 two	 curves	 occurs,	 and	 after	 that,	 the	
performance	of	SD	can	reach	the	performance	of	ML.	The	
speed	 of	 calculation	 of	 sphere	 decoding	 is	 considerably	
faster	than	the	ML	decoding.	In	simulation	on	a	quad	core	
PC	 under	 Windows	 8	 and	 MATLAB12,	 the	 simulations	
presented	in	Fig.	2	would	take	more	than	6	hours	with	full	
ML	whereas	this	time	is	halved	with	SD.	

	

Figure	4:	Performances	of	no	selection,	maximum‐
minimum	and	maximum‐mean	relay	selections	in	
asynchronous	distributed	system	with	the	sphere	

detection	

In	 Fig.	 3,	 the	 BER	 performances	 are	 compared	 for	 the	
fixed	 relay;	 maximum‐minimum	 relay	 selection	 and	
maximum‐mean	 relay	 selection	with	 the	 Golden	 Code	 in	
the	 asynchronous	 distributed	 system	 over	 sphere	
decoding.	 Obviously,	 the	 BER	 performance	 of	 the	 fixed	
relay	 scheme	 is	 worse	 than	 those	 based	 on	 relay	
selections.	 For	 example,	 the	 BER	 reaches	 10^‐2	 and	 the	
power	must	reach	19dB	 in	the	 fixed	relay	scheme.	While	
in	the	relay	selection	scheme	in	which	we	select	two	from	
four	 relays	 using	maximum‐minimum	 selection	 strategy,	
it	 can	 achieve	 the	 same	BER	with	 only	 15dB	power.	 For	
the	relay	selection	cases,	we	use	the	dashed	curve	to	show	
the	performance	of	maximum‐minimum	strategy	and	the	
solid	 curves	 present	 the	 maximum‐mean	 strategy.	 The	
performance	 of	 maximum‐minimum	 selection	 is	 worse	
than	 the	 maximum‐mean	 selection	 1dB	 to	 2dB	 power	
generally	with	the	same	BER,	such	as	BER	equals	to	10^‐3.	
Moreover,	 when	 the	 number	 of	 participating	 relays	 is	
increased,	the	performance	is	further	improved.	

5. CONCLUSION	

We	 realized	 distributed	 transmission	 using	 the	 Golden	
Code	 in	 asynchronous	 wireless	 relay	 networks	 and	
proposed	 a	 simple	 approach	 to	 overcome	 asynchronism	
within	a	two	hop	MIMO	relay	channel.	As	in	synchronous	
wireless	 relay	 networks,	 the	 maximum	 of	 the	 channel	
parameter	means	selection	was	shown	to	still	achieve	the	
best	performance	for	the	relay	selection	through	bit	error	

rate	 simulations	 with	 computationally	 efficient	 sphere	
decoding.	 The	 improvement	 is	 because	 this	 approach	
performs	 an	 overall	 channel	 strength	 tradeoff	 at	 every	
relay	node	to	select	the	best	two	relays.	

Further	 analysis	 of	 this	 scheme	 and	 extension	 to	
frequency	selective	channels	is	the	subject	of	future	work.	
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