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Abstract	

Determination	of	 the	 location	of	 the	hypocenter	 is	very	necessary	 to	monitor	 the	potential	 for	 seismic	
hazard.	Positioning	and	seismic	energy	can	help	safety	workers	determine	which	areas	can	be	mined	or	
temporarily	halted.	Earthquakes	 in	underground	mines	are	caused	by	seismic	 induction	due	 to	mining	
activities	such	as	blasting	processes,	hydrofracturing,	vehicle	activities,	etc.	Earthquakes	that	occur	are	
generally	 clustering.	 Earthquake	 events	 generally	 occur	 in	 mine	 openings,	 this	 is	 caused	 by	 mass	
compensation	taken.	The	data	used	in	this	study	are	synthetic	micro-earthquake	data	around	the	mining	
area.	To	obtain	a	high	level	of	accuracy	and	precision,	especially	in	determining	the	location	and	depth	in	
determining	the	hypocenter	using	the	Double-Difference	(DD)	method.	The	results	of	 the	microseismic	
relocation	in	the	study	area	are	well	covered,	as	evidenced	by	the	residual	histogram	and	shift	distribution.	
The	shift	of	the	microseismic	before	and	after	being	relocated	spread	in	all	directions	with	the	dominant	
direction	in	the	NE	–	SW	direction.	The	value	of	the	microseismic	shift	before	and	after	being	relocated	
ranged	from	0.5	meters	to	150	meters	
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INTRODUCTION	

This	study	will	examine	the	first	and	main	problem	in	seismological	studies,	namely	the	relocation	of	the	
hypocenter.	For	areas	with	high	seismic	intensity	such	as	underground	mining,	an	accurate	hypocenter	
determination	algorithm	is	needed,	this	is	done	because	of	the	safety	of	workers	and	underground	mining	
assets.	 The	 problem	with	 the	 hypocenter	 relocation	 methods	 used	 today	 is	 that	 not	 much	 has	 been	
discussed	about	a	clustered	earthquake.	Earthquake	events	that	occur	are	generally	scattered,	therefore	
this	study	will	discuss	an	algorithm	for	determining	the	hypocenter	that	can	provide	the	right	solution	in	
the	field	of	earthquake	clustering	so	that	it	can	mitigate	seismic	disasters	in	underground	mines	as	early	
as	possible.	The	purpose	of	this	study	was	to	obtain	an	accurate	earthquake	relocation	near	the	source	
using	the	Double-difference	Technique	approach.	
	

LITERATURE	REVIEW	

The	main	objective	of	applying	seismic	networks	in	mining	is	the	continuous	monitoring	of	seismicity	in	
mining	areas	(Gibowicz	and	Lasocki	2001;	Mendecki	and	Sciocatti	1997).	Seismic	monitoring	generally	
consists	of	determining	 the	 location	of	 the	hypocenter,	energy,	and	estimation	of	 the	seismic	moment	
(Scales	and	Tenorio	(2001);	Hidayat	et.	al.,	2020).	To	improve	the	accuracy	and	reliability	of	data	analysis	
as	well	as	the	need	to	analyze	very	small	seismic	events	on	a	local	scale,	many	improvements	are	needed	
in	seismic	data	analysis	procedures.	In	this	study,	seismicity	analysis	will	be	carried	out	in	underground	
mines	which	require	a	high	level	of	accuracy	and	precision	in	determining	the	location	of	the	hypocenter.	
Determining	the	location	of	the	hypocenter	in	underground	mines	is	necessary	to	minimize	the	potential	
for	seismic	hazards	in	underground	mines	(Ma,	et	al.,	2020).	
	

RESEARCH	METHOD	

The	research	method	uses	microseismic	relocation	with	fortran	language.	The	data	used	is	synthetic	data	
that	has	been	made	into	a	data	catalog.	The	data	consists	of	the	date,	time	of	the	event,	station,	scale,	depth	
and	error	or	uncertainty	of	each	of	the	parameters	mentioned	above.	Synthetic	data	creation	is	done	by	
analyzing	existing	real	data,	but	for	the	sake	of	security	and	permission	from	the	company,	we	cannot	
display	the	data.	Synthetic	data	is	made	in	such	a	way	that	it	resembles	real	conditions.	Synthetic	data	
creation	using	Artificial	Intelligence	Computing	Platform	using	python	language.	
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Double	–	Difference	(DD)	Method	

The	double-difference	method	assumes	that	if	the	distance	between	two	adjacent	earthquake	sources	is	
much	smaller	than	the	distance	to	the	station,	and	has	the	same	velocity	heterogeneity,	 the	wave	rays	
from	the	two	sources	are	considered	to	be	almost	the	same	(Waldhauser	and	Ellsworth,	2000).	Figure	1	
shows	 an	 illustration	 of	 two	 earthquake	 sources	 i	 and	 j	 which	 are	 close	 and	 relatively	 far	 from	 the	
recording	sensors	k	and	l.	

	
	
	

Figure	1.	Illustration	of	the	application	of	the	double-difference	method	used	to	relocate	earthquake	hypocenters	
(Waldhauser	and	Ellsworth,	2000).	

The	arrival	time	of	the	T	wave	from	an	earthquake	source	i	to	an	earthquake	station	is	expressed	by	the	
wave	ray	theory,	

𝑇 𝑖	=	𝜏 𝑖	+	∫𝑘	𝑢	𝑑𝑠	 (1)	
𝑘	 𝑖	

	

where	 𝜏𝑖	 is	 the	 time	 of	 earthquake	 occurrence	 from	 source	 i,	 u	 is	 the	 slowness	 vector,	 and	 ds	 is	 the	
partition	of	the	wave	ray	path.	The	relationship	between	arrival	time	and	source	 location	is	very	non-	
linear,	therefore	linearization	is	carried	out	by	calculating	the	misfit	between	the	observed	data	and	the	
predicted	arrival	time	𝑟𝑖.	

𝑖	𝑟 𝑖	=	∑3	 𝜕			𝑇		∆𝑥 𝑖	+	∆𝜏 𝑖	+	∫𝑘	𝛿𝑢	𝑑𝑠	 (2)	
𝑘	 𝑙=1	𝜕𝑥 𝑖	 𝑙	 𝑖	

Equation	2	is	substituted	with	the	event	from	source	j	received	by	station	k,	then	we	get:	
𝜕𝑇𝑖	 𝑘	 3	 𝜕𝑇𝑗	

𝑟 𝑖	−	𝑟 𝑗	=	∑						𝑘	∆𝑥 𝑖	+	∆𝜏 𝑖	+	∫	 𝛿𝑢	𝑑𝑠	−	∑					 𝑘		∆𝑥 𝑗	−	∆𝜏 𝑗	
𝑘	 𝑘		

𝑙=1	 𝜕𝑥𝑖	 𝑙	 𝑖	 𝑙=1	 𝜕𝑥 𝑗	
𝑙
	

−	∫𝑗	𝛿𝑢	𝑑𝑠.	 (3)	

Assuming	the	two	sources	are	so	close	that	the	rays	of	the	wave	are	nearly	the	same	and	cancel	each	other	
out,	equation	3	can	be	simplified	to:	

𝑟𝑖	−	𝑟𝑗	 =	∑3	 𝑖	𝑘	∆𝑥	 +	∆𝜏 𝑖	 −	∑3	 𝜕𝑇𝑗	 𝑗	
						𝑘	∆𝑥	 −	∆𝜏𝑗	 (4)	

𝑘	 𝑘	 𝑙=1	𝜕𝑥 𝑖	 	 𝑙=1	𝜕𝑥𝑗	 𝑙	
	

where	𝑟𝑖	−	𝑟𝑗	is	a	double-difference	(Waldhauser	and	Ellsworth,	2000).	Double	-	difference	is	the	time	
𝑘	 𝑘	

difference	between	observation	data	and	calculated	data	between	two	adjacent	earthquake	sources	which	
can	be	written	as:	

𝑟 𝑖	−	𝑟 𝑗	=	(𝑇 𝑖	−	𝑇 𝑗)𝑜𝑏𝑠	−	(𝑇 𝑖	−	𝑇 𝑗)𝑘𝑎𝑙𝑘𝑢𝑙𝑎𝑠𝑖	 (5)	
𝑘	 𝑘	 𝑘	 𝑘	 𝑘	 𝑘	

	

The	difference	in	arrival	time	(𝑇 𝑖	−	𝑇 𝑗)𝑜𝑏𝑠can	be	obtained	by	cross-correlation	of	the	waveform	or	from	
𝑘	 𝑘	

the	absolute	 time	difference	of	 the	earthquake	catalog	data.	Zhang	and	Thurber	(2005)	developed	the	
TomoDD	code	based	on	the	HypoDD	code	developed	by	Waldhauser	(2001).	Equation	3	can	be	applied	to	
iterations	and	written	in	matrix	form	as:	

𝜕 𝑇 

3 
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𝑄𝑑𝑑	𝐴∆𝑥	+	𝑄𝑑𝑑	𝐶∆𝑀	=	𝑄𝑑𝑑	∆𝑇.	 (6)	
	
FINDING	AND	DISCUSSION	

The	DD	method	uses	relative	arrival	times	(cross-correlation	data	or	differential	catalog	data)	as	well	as	
absolute	 data	 to	 simultaneously	 relocate	 earthquakes	 and	 calculate	 3D	 velocity	models.	 Figure	 2	 is	 a	
histogram	of	the	residual	travel	time	in	data	subset	1.	The	distribution	of	residuals	before	being	relocated	
is	in	the	range	of	-3	ms	to	2	ms.	The	histogram	of	relocation	shows	a	better	distribution	value	than	before	
being	relocated	with	a	value	range	of	-2	ms	to	2	ms.	The	residual	travel	time	is	calculated	relative	to	the	
model	used.	The	results	of	the	relocation	on	the	histogram	which	show	a	high	frequency	close	to	zero	(0)	
statistically	indicate	that	the	relocation	has	a	good	accuracy	of	the	results.	

	

Figure	2.	a)	Histogram	of	the	earthquake	before	being	relocated,	b)	Histogram	of	the	earthquake	after	
being	relocated	

	
The	distribution	of	earthquake	relocation	and	the	dominant	direction	of	its	distribution	depends	on	the	
data	used.	The	shift	vector	before	and	after	being	relocated	is	shown	in	Figure	3a.	The	relocation	results	
show	a	shift	from	0.5	meters	to	150	meters	(Figure	3b).	The	distribution	before	and	after	relocation	in	
subset	1	is	shown	by	a	rosette	diagram	(Figure	4).	Figure	4	shows	the	distribution	of	data	before	and	after	
being	relocated	in	all	directions	with	the	dominant	direction	being	NE	-	SW.	The	distribution	of	events	
before	and	after	relocation	can	be	seen	in	Figure	5.	The	green	dot	is	the	distribution	of	all	earthquake	
events	 before	 being	 relocated,	 while	 the	 blue	 color	 in	 the	 event	 that	 has	 been	 relocated,	 while	 the	
observation	station	is	indicated	by	a	red	triangle	(Figure	5).	
	

	
	

	
	

a	 b	

Figure	3.	a)	Histogram	and	(b)	Vector	shifting	before	and	after	being	relocated	to	the	data	
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Figure	4.	Rose	diagram	relocation	

	

Figure	5.	Location	and	relocation	hypocenter	(green	dots	are	distribution	of	location	microseismic	
events,	b.	distribution	of	microseismic	events	after	being	relocated)	

	
CONCLUSION	AND	FURTHER	RESEARCH	
The	results	of	the	microseismic	relocation	in	the	study	area	are	well	covered,	as	evidenced	by	the	residual	
histogram	and	shift	distribution.	The	shift	of	the	microseismic	before	and	after	being	relocated	spread	in	
all	directions	with	the	dominant	direction	in	the	NE	–	SW	direction.	The	value	of	the	microseismic	shift	
before	and	after	being	relocated	ranged	from	0.5	meters	to	150	meters.	
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