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! Posi%on	and	its	importance	

! Reference	Systems	and	Frames	

! Global	Geode%c	Reference	Frames	

! Modernizing	the	PGRS	

! Modern	PGRS	and	the	GE	

Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



* UN-GGIM infomercial on 
Geographic Information 
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	Accurate	Posi%on 	 	=	BeAer	Decision	
	 	=	Proper	Response	&	Mi%ga%on	
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Posi%on	accuracy	requirement	depends	on	applica%on	
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The flood is up 
to my chest. 
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Ellipsoid	Projec/on	Datum	
A	mathema(cal	figure	that	approximates	the	shape	of	the	Earth	A	standard	reference	point,	set	of	points,	or	surface	from	which	

survey	measurements	are	based	(NOAA)	
Can	either	be	geocentric	(origin	at	center	of	the	Earth)	or	
geode(c	(origin	at	specific	point	on	surface	of	the	Earth)	

A	systema(c	representa(on	of	all	or	part	of	the	surface	of	a	
round	body,	especially	the	Earth,	on	a	flat	surface	(Snyder)	

Center of Ellipsoid/Spheroid  
(Local Datum) 

specific point on the surface of 
the Earth 
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Datum	vs.	Coordinate	System	

Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



Universal	Transverse	Mercator	

PRS92	

WGS84	

Clarke	Spheroid	of	1866	

Philippine	Transverse	Mercator	

Luzon	1911	

ITRS	

Ellipsoid	
Projec/on/	Coordina

te	System	Datum	

Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



Ellipsoid	
Projec/on/	Coordina

te	System	Datum	

Universal	Transverse	Mercator	

PRS92	

WGS84	

Clarke	Spheroid	of	1866	

Philippine	Transverse	Mercator	

Luzon	1911	

ITRS	

WGS84	

GRS80	
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Reference	System	is	the	complete	conceptual	defini(on	of	how	a	
coordinate	system	is	formed		

•  defines	the	origin	and	the	orienta(on	of	fundamental	planes	or	
axes	of	the	system	

•  also	includes	the	underlying	fundamental	mathema(cal	and	
physical	models	

•  For	example:		

Source:	Satellite	Geodesy	by	Günter	Seeber;	Physical	Geodesy	by		Dr.	Bernhard	Hofmann-Wellenhof	



Source:	Satellite	Geodesy	by	Günter	Seeber;	Physical	Geodesy	by		Dr.	Bernhard	Hofmann-Wellenhof	

Reference	Frame	is	the	prac+cal	realiza(on	of	a	reference	
system	through	observa(ons	

•  consists	 of	 a	 set	 of	 iden(fiable	 fiducial	 points	 on	 the	 sky	 (e.g.	
stars,	 quasars)	 or	 on	 the	 Earth’s	 surface	 (e.g.	 fundamental	
sta(ons)	

•  For	example:	

Reference	Frame	

Luzon	Datum	of	1911	 Triangula%on	Network	of	the	Philippines	

PRS92	 PRS92	GCP	network	

WGS84	 WGS84	Frame	

ITRS	 ITRF	



WGS84	Frame	 ITRF	

LUZON	1911	 PRS92		

Reference	Frame	

Luzon	Datum	of	1911	 Triangula%on	Network	of	the	Philippines	

PRS92	 PRS92	GCP	network	

WGS84	 WGS84	Frame	

ITRS	 ITRF	
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-  Propagated	by	
geodetic	leveling	

-  Physical	realization:	
benchmarks	

-  Propagated	by	GNSS	
observation	

-  Physical	realization:	
geodetic	control	points	
(passive	and	active)	

-  Densi>ied	using	
gravity	observations	

-  Physical	realization:	
gravity	stations	

Geodetic	Control	Networks	

Horizontal	 Vertical	 Gravity	

Luzon	Datum	

Philippine	Reference	
System	of	1992	

World	Geodetic	
System	1984	(or	ITRF)	

Mean	Sea	Level	 NAMRIA	absolute	
gravity	station		



The	Geode(c	Datum		for	all	surveying	and	mapping	ac(vi(es	in	
the	Philippines	un(l	1988	

•  Reference	Ellipsoid	
	Clarke	Spheroid	of	1866	

•  Origin	
	Sta.	Balanacan,	Marinduque	

•  Reference	Frame	
	Triangula%on	Network	

A	“local”	network	of	triangula(on								
points	established	using	op(cal														
instruments	and	astronomical															
observa(ons.	

Used	as	reference	in	establishing		
project	controls	for	cadastral,		
topographic	and	hydrographic		surveys		



The	reference	system	for	all	surveying	and	mapping	ac(vi(es	in	
the	Philippines	from	1992	to	present	

•  Reference	Ellipsoid		
	Clarke	Spheroid	of	1866	

•  Origin		
	Sta.	Balanacan,	Marinduque	

•  Geoid-spheroid	separa(on:	0.34	meters	

•  Reference	Frame	
PRS92	geode%c	control	network	

A	“local”	network	of	geode(c	control							p
oints	established	using	global	naviga(on	
satellite	system	(GNSS)	technology	

•  With	7	transforma%on	parameters	rela%ng	
PRS92		and	WGS84	(Orig)	





*	Based	on	PageNET	AGS	coordinates	
			ITRF2008		from	APRGP	processing	

Site	ID	 PRS92	 Original	WGS84	 ITRF2008	

La%tude	 Longitude	 Height	 La%tude	 Longitude	 Height	 La%tude	 Longitude	 Height	

PBAY	 16.48313	 121.14163	286.287	 16.48151	 121.14294	324.584	 16.48155	 121.14293	 322.8978	

PCB2	 15.45173	 120.93742	 37.585	 15.45017	 120.93876	 78.501	 15.44606	 120.93881	 76.7968	

PCAN	 13.93374	 121.39541	 65.951	 13.93229	 121.39678	112.329	 13.93233	 121.39678	 110.4624	

PCEB	 10.31921	 123.88844	 67.631	 10.31806	 123.88989	129.334	 10.31811	 123.88989	 124.8694	

PDAV	 7.12732	 125.64188	 28.984	 7.12645	 125.64341	101.715	 7.12649	 125.64341	 98.8607	

PDUM	 9.32289	 123.29860	 28.498	 9.32180	 123.30009	 90.978	 9.32184	 123.30008	 88.3908	

PFLO	 14.98443	 120.49801	 51.300	 14.98289	 120.49936	 92.514	 14.98293	 120.49936	 90.7626	

PGEN	 6.06568	 125.13011	 50.667	 6.06487	 125.13167	124.036	 6.06491	 125.13166	 121.1308	

PILC	 10.76405	 122.55296	 20.404	 10.76284	 122.55441	 77.770	 10.76288	 122.55441	 75.3693	

PLEG	 13.16252	 123.72834	157.954	 13.16117	 123.72973	212.100	 13.16122	 123.72973	 210.0499	

PMRV	 14.43746	 120.48886	 20.347	 14.43595	 120.49023	 63.102	 14.43600	 120.49022	 61.3026	

PPPC	 9.77412	 118.73876	 18.841	 9.77289	 118.74024	 69.018	 9.77293	 118.74023	 65.1462	

PSRF	 14.98340	 120.92629	 29.984	 14.98187	 120.92764	 72.243	 14.98192	 120.92763	 70.5244	

PSTC	 14.28308	 121.41315	 18.869	 14.28161	 121.41451	 64.315	 14.28165	 121.41451	 62.4868	

PSUR	 9.79284	 125.49224	 15.894	 9.79177	 125.49370	 82.751	 9.79181	 125.49370	 80.2945	

PTAC	 11.25103	 125.00281	 21.860	 11.24985	 125.00424	 84.085	 11.24989	 125.00423	 79.7290	

PTAG	 14.53690	 121.03941	 44.613	 14.53540	 121.04077	 88.429	 14.53544	 121.04077	 86.6434	

PTGY	 14.10171	 120.93692	674.062	 14.10024	 120.93829	718.852	 14.10028	 120.93829	 715.3871	

PURD	 16.00576	 120.57429	 45.773	 16.00415	 120.57562	 84.154	 16.00420	 120.57561	 80.4316	
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Local	(Na(onal)	and	sta(c	datums	
(e.g.	NAD83,	Luzon	Datum,	Tokyo	Datum)	

Geocentric	(Global)	and	dynamic	datums	
(e.g.	WGS84,	ITRF)	
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February	26,	2015	
UN	General	Assembly	Resolu(on	No.	69/366	

‘A	call	for	the	adop(on	of	a	global	geode(c	reference	frame	for	sustainable	
development’	



Examples:	WGS84	and	ITRF	

*WGS84	and	ITRF	are	‘synonymous’	(aligned	to	cm-level)	

“generic	term	for	a	framework	which	allows	users	to	precisely	determine	and	express	loca(ons	on	
the	Earth,	as	well	as	to	quan(fy	changes	of	the	Earth	in	space	and	(me”	–	UN	GGIM	

GGRF	is	fundamental	for	monitoring	changes	to	the	Earth	
including	the	con(nents,	ice	caps,	oceans	and	the	atmosphere.	
It	is	also	fundamental	for	mapping,	naviga(on	and	universal	

(ming.		
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ITRF IN THE ASIA - PACIFIC 
Country Geodetic Datum ITRF 
Australia GDA94 ITRF92@1994.0 

GDA2020 ITRF20yy (?) 
Papua New Guinea PNG94 ITRF92@1994.0 

Indonesia DGN95 ITRF2005@1995.0 
Ina - GRS2013/SRGI2013 ITRF2008@2010.0 

Japan JGD2000 ITRF94@1997.0 
Taiwan TWD97 ITRF94@1997.0 

Singapore SVY21 ITRF95@1995.0 
New Zealand NZGD2000 ITRF96@2000.0 

China CTRF2000 ITRF97@2000.0 
Hong Kong HongKong2000 ITRF96@1996.0 
Malaysia GDM2000 ITRF2000@2000.0 

South Korea KGD2002 ITRF2000@2002.0 
Viet Nam VN2000 ITRF2005@20xx 

Brunei Darussalam GDBD 2009 ITRF2005@2009.0 
Thailand (Zero - Order Network) ITRF2005@1996.3 

PHILIPPINES PRS92 
Myanmar Myanmar 2000 (?) ? 
Cambodia (Koica Proj in progress) ITRF2000 @1998.9 

Laos LAO97 (local) n/a 
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Global	Geode/c	Reference	Frame	

Examples:	WGS84	and	ITRF	

*WGS84	and	ITRF	are	almost	‘synonymous’	(aligned	to	cm-level)	

Philippine	Reference	System	of	1992	
“generic	term	for	a	framework	which	allows	
users	to	precisely	determine	and	express	

loca(ons	on	the	Earth,	as	well	as	to	quan(fy	
changes	of	the	Earth	in	space	and	(me”										

–	UN	GGIM	

Standard	reference	system	for	all	surveying	
and	mapping	ac(vi(es	in	the	Philippines,	by	

virtue	of	E.O.	45	

A	homogeneous	na(onal	network	of	geode(c	
control	points	(GCPs),	marked	by	survey	
monuments	or	mojons,	that	has	been	

established	using	Global	Posi(oning	System	
(GPS)	technology.	
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Global	Geode/c	Reference	Frame	 Philippine	Reference	System	of	1992	

! Dynamic	
! Global	fit	

! Sta+c	
! Local	fit	

PRS92	Map	

WGS84	Map	

Plate	tectonics	 Earthquakes	(1990-2006)	
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To	develop	and	provide	access	to	an	
authorita+ve	geode(c	reference	system	aligned	
with	a	global	geode(c	reference	frame,	that	will	
serve	as	the	common	reference	for	all	surveying	

and	mapping	ac(vi(es	in	the	country	

Major	Objec/ve:	
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Technical	Working	Group	on	the	PGRS	Moderniza(on	

Government	

Academe	

Private	Sector	
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Philippine	Geocentric	
Datum	of	2020	
(PGD2020)	

Philippine	Geode%c	
Ver%cal	Datum	of	2020	

(PGVD2020)	

Philippine	Geoid	Model	
(PGM20xx)	
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Components	:	

Migra%on	to	a	geocentric	and	
dynamic	datum	(Philippine	
Geocentric	Datum	20??)	

Development	and	
Maintenance	of	the	Philippine	
Geode%c	Ver%cal	Datum	2020	

Strengthening	of	core	
competencies,	R&D	and	IEC	
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"  	41	sta(ons	opera(onal	
"  6	in	Region	III	(PCB2,	PFLO,	PMRV,	

PSNR,	PSRF,	PTAR)	
"  3	IGS	sites	(PTAG,	PPPC,	PGEN)	
"  2	MGM-Net	sites	(PLUZ,	PMIN)	
"  1	REGINA	site	(PTGG)	

"  6	AGS	for	installa(on	this	year	
"  Tandag	City,	Surigao	del	Sur	
"  Pagadian	City,	Zamboanga	del	Norte	
"  Maramag,	Bukidnon	

"  6	sites	for	reconnaissance	in	2018	

The	country’s	network	of	
permanently-installed,	con(nuously	
opera(ng	geode(c	reference	sta(ons	

PFLO	

PTAR	

PCB2	
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Connect	PAGeNet	to	ITRF	and	compute	coordinate	solu(ons	
using	Bernese	Sokware	

hlp://www.igs.org/	

Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



Site	
	May	2015	–	August	2016	 	May	2015	–	March	2017		

dN	 dE	 2D	 dU	 dN	 dE	 2D	 dU	

PTAG	 								0.006		 					(0.035)	 0.035	 					(0.005)	 								0.012		 					(0.048)	 0.049	 					(0.013)	

PPPC	 					(0.026)	 								0.035		 0.044	 					(0.005)	 					(0.024)	 								0.049		 0.055	 					(0.003)	

PGEN	 					(0.009)	 					(0.017)	 0.020	 					(0.012)	 					(0.014)	 					(0.025)	 0.029	 					(0.004)	

PBAS	 								0.035		 					(0.056)	 0.067	 								0.001		 								0.053		 					(0.081)	 0.097	 					(0.002)	

PTUG	 								0.035		 					(0.059)	 0.069	 					(0.004)	 								0.050		 					(0.084)	 0.098	 					(0.007)	

PBAY	 								0.031		 					(0.052)	 0.060	 					(0.005)	 								0.052		 					(0.083)	 0.098	 					(0.024)	

PCAT	 								0.035		 					(0.024)	 0.042	 							0.001	 								0.052	 				(0.040)	 0.065	 								0.006	

PILC	 					(0.017)	 								0.001		 0.017	 					(0.001)	 					(0.019)	 								0.004		 0.020	 					(0.000)	



PFLO:		24.21	+/-	0.17	mm	(NW)		 PMRV:	32.30	+/-	0.24	mm	(NW)		

PCB2:	32.34	+/-	0.24	mm	(NW)		 PSRF:	33.39	+/-	0.24	mm	(NW)		

in	ITRF2014	



Completed	re-observa(on	of	the	zero-order	geode(c	control	
points	
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Completed	re-observa(on	of	the	zero-order	geode(c	control	
points	
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Preliminary	results	
In	WGS84	(Orig)	

Ongoing	re-observa(on	of	the	1st-	and	2nd-order	GCPs	

Modernization of the Philippine Geodetic Reference System 
44th Annual Regional Convention – Geodetic  Engineers of the Philippines, Inc. Regional Division III 
Otel Pampanga, San Fernando City 
16 – 17 March 2018 



Preliminary	results	
in	WGS84	(Orig)	

Ongoing	re-observa(on	of	the	1st-	and	2nd-order	GCPs	

Province	
Average	2D	
Displacement	

(m)	
Direc/on	

Aurora	 0.32	 NE	

Bulacan	 0.25	 NW	

Bataan	 0.23	 NE/NW	

Nueva	Ecija	 0.48	 NE	

Pampanga	 0.74	 NE	

Tarlac	 0.51	 NE	

Zambales	 0.38	 NE	
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Bohol	GCP	re-observa(on	aker	the	M7.2	October	2013	
earthquake	
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"  	Sub-TWG	on	Deforma(on	Modelling	
"  NAMRIA,	Phivolcs,	UP	and	Fea(		

"  3-day	Dynamic	Datum	Course	with	Newcastle	
University	(UK)	

"  Prototype	deforma(on	model	created	based	on	3	
years	PageNET	data	

"  Model	to	be	supplemented	with	campaign	data	
from	NAMRIA	GCP	re-observa(ons	and	Phivolcs	
campaign	sites	(1996	to	present)	
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Deforma(on	Modeling	Training	for	Geodesy	Division	Personnel	
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HSU_I				101		
KREEM		129	

PHVOL			141	



Note	:	PGM2016	is	available	for	download	at	
namria.gov.ph;		
Featured	Site-	Philippine	Geoid	Model	

"  	Densifica(on	of	gravity	sta(ons	
"  To	date:	3,383	sta(ons	Universe:	41,000	

"  Re-computa(on	of	the	Philippine	Geoid	Model	2014	
"  PGM2016	already	available	

"  Ongoing	re-levelling	campaign	to	troubleshoot	level	
network	

"  200	of	1,000	target	benchmarks	surveyed	in	Luzon	(FY2017)		
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Re-submiled	proposed	Execu(ve	Order	on	
the	Philippine	Geocentric	Datum	of	2020	

(PGD2020)	to	the	DENR	

Amendment	of	laws,	policies	and	guidelines		
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Complimentary	subscrip(on	to	PAGeNet	services	for	DENR	
regional	offices	and	GNSS	suppliers	
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Free	15s	(2018	only)	and	30s	(2008-2018)	RINEX	data	for	
download	
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#  A	‘world-class’	PGRS	=	A	‘world-class’	GE	
Consistent,	Accurate,	Up-to-date	and	Interoperable	
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#  More	equipped	to	deal	with	the	changing	Earth	

PGD2020	
φ	=	14°32'7.43"N	
λ	=	121°	2'26.78"E	

PGD2020	
φ	=	14°32‘7.54"N	
λ	=	121°	2'25.95"E	

GEs	have	access	to	posi+on	data	that	reflects	real	world	condi+ons	
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#  Surveying	made	easier	

Internet 

Availability	of	reference	sta+on	data	24/7/365	through	the	PAGeNet	
No	need	to	put	up	a	base	sta+on	

Ongoing	densifica+on	of	PAGeNet	to	bring	correc+ons	closer	to	stakeholders	

DCC 

Internet 
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#  Surveying	made	easier	
A	4-D	geode+c	reference	with	unified	control	points	

Eleva+on	measurements	using	GNSS	and	the	Philippine	Geoid	Model	

#  Latitude	
#  Longitude	
#  Ellipsoidal	height	
#  Elevation	(AMSL)	
#  Gravity		
#  Multi-temporal	
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#  Surveying	made	easier	
Online	portal	for	viewing	geode+c	reference	sta+on	data	

Web-based	transforma+on	u+lity	(PRS92									ITRF								WGS84)	
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#  Opens	the	door	to	a	world	of	applica%ons		
Accurate	and	up-to-date	posi+ons	at	the	palm	of	your	hand	
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!  Map	Projec(on	and	Coordinate	Systems.		
	Emmanuel	P.	Sambale.	November	2006	
	hAps://www.slideshare.net/esambale/projec%ons-eps	



cvdcayapan@namria.gov.ph	
+	63	2	884	2840	


