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LAND MEASUREMENT

¢ Essential to Urbanization

GPS trainings in
- MNCRj CAR, and Region |l
f“/' .

Frederick Seitz

4 MDAs
for PageNET

Inter-island
hmark connections

https://www.yumpu.com/en/document/read/48819103/namria-commences-inter-
island-benchmark-connections
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https://www.yumpu.com/en/document/read/48819103/namria-commences-inter-island-benchmark-connections

PROPERTY SURVEYING

TECHNICAL DESCRIPTION

1

LINES BEARINGS | DISTANCES (m.) Lo15305
LOT 2 PCS-03-015395 SAM. or s
1-2 N.13° 00’ E. 1591 PCS—03—015395
2-3 S.72°40'E. 11.07 A=185 S0M.
3-4 S.13° 03" W. 14.00
41 N.82932'W. 11.08

Tie-line from BLLM No. 1 CAD 334, Guiguinto
Cadastre to corner 1: N. 447 21'E. 1,847.06 m.

Size? Shape?
Location?
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COORDINATE REFERENCE SYSTEMS

* Local Plane Coordinate System? Pre 1960s
* PPCS-TM/ Luzon 1911? 1960s to 1980s
* PPCS-TM/PRS92? 1990s onwards
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NRMDP 89

Relationship of WGS84 and PRS92

Transformation from PRS92 to WGS84

AX =-127.62195 m
AY =-67.24478 m
AZ =-47.04305 m

n arc seconds
R, = 3.06762
Ry =-4.90291

R =-1.57790

5¢ =-1.060020000000



PGRS MODERNIZATION

Modernization of the
PHILIPPINE GEODETIC REFERENCE SYSTEM

STRATEGIC PLAN 2016-2020

SETBEBIIES ...eoeeeeceeeceemrescueeeeeeeeremusceems seeemsuseseesssseem ceees sees seseseems e e s e s e 5w et e e e 4 R e e e e e e e 7

Densificati f the PageNFT :
Development and Maintenance of the Philippine Geocentric Datum of 2016-- Alignment to the
ITRF/Migration to a Semi-Dynamic/Dynamic GeocentriC Datum ... cecscssercssseesssensmssssnsessnne 8

Development, refinement and valdation Of tNE QETONMIATION MOGE wo..mm.erwsererererrreerresrresmmreereserren 9
Development and Maintenance of the Philippine Geodetic Vertical Datum 2020 (PGVD2020)10

Strengthening of core competencies on geodetic reference frame development and
TTVEITTEETIAINICE ..vrescesereemssssessemsssssessesssseressessseems esss semss o ees e 2s e 82 £ PR 88 SRR 8RR 4200 R 448 0 A 5 RS R0 10
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COORDINATE REFERENCE SYSTEMS

* Local Plane Coordinate System? Pre 1960s
* PPCS-TM/ Luzon 1911? 1960s to 1980s
* PPCS-TM/PRS92? 1990s onwards
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EFFECT OF ITRF TO CADASTRE?

* Local Plane Coordinate System
* PPCS-TM/ Luzon 1911
* PPCS-TM/PRS92

L .
ali -

Size? Shape?
Location?

ITRF:
PPCS-TM/ PGD2020

Changes in the land title including the technical description requires a petition for

correction or rectification in court in accordance with Section 108 of PD 1529 (Pefia,
Pefa Jr, & Penia Jr., 1994).

Changes in the TD due to cadastral transformation may require changes in the land
title, which in turn can be costly for both the government and private owners.
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L.and Sector Modernization

LandS Mode

\4
Three-Dimensional Unified Projection System Cadastral Survey
Cadastre for Lands for Cadastral Data Records Reconstruction
(3DCad) (UPSCad) (CadSRR)
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R&D for PGRS

R&D for PGRS

Component 1: Component 2:
Selection of Most Evaluation and
Applicable Datum Assessment on the

Transformation Scheme Effects of Shifting the

from Local (PRS92) to Existing Cadastre to

Geocentric (ITRF2014) ITRF2014
Datum
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OBJECTIVES:

The UPSCad’s objectives were to provide a methodology, test and
implement, and provide analysis in linking the different
coordinate reference systems used in the country.

R&D with NAMRIA's objective is to provide a methodology of
regenerating cadastral data into the geocentric system.
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INITIAL METHODOLOGY

Data Gathering, Review of Related
Literature

Site Selection, Recommendation for
additional data needed in the
analysis

|

Extraction of Cadastral Data Needed to Provide Local Transformation to Geocentric System

) PRS92, Old Luzon 1911, Local Coordinates
PRS92, Old Luzon 1911, Local Coordinates PRS92, Old Luzon 1911, Local Coordinates  vs! vs. WGS84, ITRF Coordinates of points

vs. WGS84, ITRF Coordinates of Tie Points WGS84, ITRF Coordinates of Common Points

!

Least Square Analysis to obtain local
transformation Parameters

!

Re-plotting of Cadastral lots in
WGS84, ITRF

|

Quantification of changes in
position, direction, distance and
area

]

ProvideRecormnendaticns

extracted from imageries



Dataset from LMB and NAMRIA (2017)

Dataset per
. LMB NAMRIA
Region PTM Zones

CAR
NCR
1

Zone |

Zone |V

==
=[O

12
13 * ¥
arvv

Available Data per Region
B Unavailable Data
* RTK GNSS observations only
**""Data obtained using Transit or TS

#WontYouBeMyNumberTwo
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Rapid Static GNSS position vs RTK-GNSS position

fem 2cm 3cm 4em

I N

Scm

0 fem  2cm dem dem Scm

Applicability of RTK-GNSS for Property Survey Research (2015)
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Methodology

Site Selection, Recommendation for
> additional data needed in the
analysis

Data Gathering, Review of Related
Literature

v

Extraction of Cadastral Data Needed to Provide Local Transformation to Geocentric System

PRS92, Luzon1911, LCPS Coordinates of Tie Points and
Common Points obtained from historical datasets from
land agencies (DENR Regional offices, NAMRIA, LMB) selected areas

GNSS observation of points for at least 2 hours in

Processing of RINEX files using Auspos for
ITRF2014 coordinates

Quantification of changes in

Processsing of .t02 files using TBC for position, direction, distance and
PRS92, Luzon1911, and LCPS coordinates area
l Re-plotting of Cadastral lots in l
PPCS-TM/ITRF2014
Least Square Analysis to obtain Provide Recommendations

Transformation Parameters

o O e —
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Methodology

Key Ingredients:

1.
2.
3.

List of Coordinates of Old Reference Stations

Recovery of Old Reference Stations and PRS92
Reference Stations
. Cadastral Data

. GNSS Rapid Static Observations
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Methodology

B prsoo station

A Old Reference
Station
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Methodology

PRS92 Station
[ with ITRF2014

Based

Coordinates

A Old Reference
Station with
ITRF2014
Based
Coordinates
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Methodology

Four (4) versions of coordinates used in the analysis
1. Luzon 1911 Theoretical
- coordinates based from records

2. Luzon 1911 Observed
-recomputed coordinates based from the adopted fixed points from

Cadastral reference points

3. PRS92
-recomputed coordinates of old points referred from a NAMRIA PRS92

control point

4.PGD2016/2020 (PROPOSED)
-recomputed coordinates using ITRF points obtained using AUSPOS



Methodology

1. Among of the available methods for plane coordinate system transformation, the
Least Squares 3-parameter and 4-parameter (Similarity) transformations are the only
methods suitable for cadastral survey and data transformation.

- Data Build-up and Transformation of Cadastral Data from Different Local Plane Coordinate System to PPCS-TM/PRS92
R&D in Support of the Implementation of PRS 92, Project Component 4 FINAL REPORT
UP TCAGP-NAMRIA 2009
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Two-dimensional conformal method
(Ghilani & Wolf, 2006)
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Methodology

Transformation Strategies

Original Coordinate
System

Transformed Coordinate System

PPCS-TM/ Luzon 1911
theoretical

PPCS5-TM/ PRS92

PPCS-TM/ PGD 2016

PPCS-TM/ Luzon 1911
observed

PPCS5-TM/ PRS92

PPCS-TM/ PGD 2016

PPCS5-TM/ PRS92

PPCS-TM/ PGD 2016
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PARCEL ANALYSIS

Methodology

* Local Plane Coordinate System

TECHNICAL DESCRIPTION
LINES | BEARINGS | DISTANCES (m.)
LOT 2 PCS-03-015395

* PPCS-TM/ Luzon 1911 1-2 N.13° 00 E. 15.91
* PPCS-TM/PRS92 2-3 S.72°40'E. 11.07
3-4 5.13°03 W. 14.00
4-1 N.82°32'W. 11.08

Tie-line from BLLM No. 1 CAD 334, Guiguinto
Cadastre to corner 1: N. 4421’ E. 1,847.06 m.

Criteria

Change in Positions/ Coordinates

Significant change in direction if difference between transformed
and original is >= to 1 angular minute

Significant Change in distance if difference between transformed
and original is >= 1 centimeter

Significant Change in land area if difference between transformed
and original is >= 1 square meter

ITRF:
PPCS-TM/ PGD2020

DAO 2007-29

Section 30. Isolated Surveys - In conducting isolated land surveys, the GE shall be guided by the
following:

a. Original, subdivision, consolidation or consolidation-subdivision isolated survey, shall be
conducted using equipment and methods that will meet the tertiary control accuracy.

b. When conducting Relocation/Verification Survey, the Allowable Position of Error shall not
exceed + 10 centimeters. However, the allowable difference in the area shall not exceed £1

square meters for every 1 hectare.
WORKSHOP ON THE APPLICATION OF
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STUDY AREA

ONE OF

)

2 STUDY AREAS WERE SELECTED
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12,282 PARCELS
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26

WORKSHOP ON THE APPLICATION OF
GLOBAL NAVIGATION SATELLITE SYSTEM



DATA ACQUISITION

N
Guiguinto GNSS Networks A

Legend
Parcels
A Recovered_occupied
[ ] oayt
Day2
. | Day3
Day2_common

2,000 Meters Day3_common
|

PR S

2 HOURS OF GNSS OBSERVATION
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DATA PROCESSING

Trimble Business Center

3 Computed Coordinates, ITRF2014

All coordinates are based on the IGS realisation of the ITRF2014 reference frame. All
the given ITRF2014 coordinates refer to a mean epoch of the site observation data. All
coordinates refer to the Ground Marlk.

3.1 Cartesian, ITRF2014

Point (ARP)

T User Data

Australian Government

—

AUSPOS GPS Processing Report

April 26, 2018

This document is a report of the GPS data processing undertaken by the AUSPOS Online
GPS Processing Service (version: AUSPOS 2.3) . The AUSPOS Online GPS Process-
ing Service uses International GNSS Service (IGS) products (final, rapid, ultra-rapid
depending on availability) to compute precise coordinates in International Terrestrial
Reference Frame (ITRF) anywhere on Earth and Geocentric Datum of Australia (GDA)
within Australia. The Service is designed to process only dual frequency GPS phase data.

An overview of the GPS processing strategy is included in this report.
Please direct any correspondence to geodesy@ga.gov.au

Geoscience Australia

Cnr Jerrabomberra and Hindmarsh Drive

GPO Box 378, Canberra, ACT 2601, Australia
Freecall (Within Australia): 1800 800 173

a5

Station X (m) Y (m) Z (m) ITRF2014 @
ANET 2183701 294 5292776.207 1624920.532 13/03/2018
30 5292697.491 1624315.721 13/03/2018
All antenna heights refer to the vertical distance from the Ground Mark to the Antenna 72 5291935.104 1625442.118 13/03/2018
Ref.
: 24 4373439.991 4098885. 607 13/03/2018
T T T a— 24 5075902.190 2476625.539  13/03/2018
Height (m) 36 3465029.031 1664653.849 13/03/2018
8o TRNSPS085 NONE 0.882 2018/03/15 02:11:00 | 2018/03/15 04:47:00 69 3568363.626 1488904. 400 13/03/2018
80 TRNSPS9ES NONE | 1.131 2018/03/15 02:18:30 | 2018/03/15 04:48:00 98 £386056.892 2399883. 159 13/03/2018
11 5386768.775 2407459.813 13/03/2018
80 TRNSPSO8S NONE | 1.021 2018/03/15 02:10:30 | 2018/03/15 04:46:30
a7 5377187.968 2418617.527 13/03/2018
44 4976994 .552 2647324.009 13/03/2018
b Summary 35  5010439.197 2593842.954  13/03/2018
95 5286624.412 1601158.381 13/03/2018
37 5291065.516 1580418.245 13/03/2018
08 4675665.780 3275369. 267 13/03/2018
85 6039590.007 -1149275.175 13/03/2018
BO Ellipsoid, ITRF2014
in this section, are computed using a spherical harmonic
008 geoid. More information on the EGM2008 geoid can be
.nga.mil/GandG/wgs84/gravitymod/egm2008/.
PTAC T2 32 07.50067 12T 07 26. 75186
SHAD 31 05 58.70758 121 12 01.61570
XMIS -10 26 59.85594 105 41 18.61345

261

psoidal
light (m)
.916

.618

.511

Derived Above
Geoid Height(m)
3.

3.

4.

118

40.
9.
146.
188.
22.
40.
26.
102.
51.
42.
11.
263.

690
474
252
582
154

226

3.3 Positional Uncertainty (95% C.L.) - Geodetic, ITRF2014

Tel: +61 2 6249 9111. Fax 461 2 6249 9929
Geoscience Australia

Home Page: http://www.ga.gov.au

WORKS

Station Longitude(East) (m) Latitude(North) (m) Ellipsoidal Height(Up) (m)

4063 0.018 0.010 0.040

5876 0.027 0.014 0.059

MBM2 0.023 0.013 0.048

BINM 0.008 0.006 0.015

CKSV 0.008 0.006 0.018

| User Stations Reference Stations ] Orbit Type | CNMR. 0.009 0.006 0.015

1060 5876 BENS B CKSV CWNR DAED GUAN TGS final

HKOW HKOR HKSC JUNA LSBO GUAM 0.010 0.006 0.016

A PTRG: SHAD XIS HKOH 0.008 0.006 0.016

HKSC 0.009 0.006 0.0186

HKSS 0.009 0.006 0.018

JUNA 0.009 0.006 0.016

LSBO 0.008 0.006 0.017

HOP ON THE APPLICATION OF
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DATA PROCESSING & SCRIPTING

74 2dConfig - O

E; =kEicos — kNisinf + Tx (Equation 1) .
N2 = kE1sin6 + kNicosf + Ty (Equation 2) Welcome to 2dConfig

whezs:

. . . ) Compute Parameters
NiadE1=the Northings and Eastings of the point on the source coordinate system;

Naamd B2 = the Northings and Eastings of the point on the destination coovdinate system;

k = the scale parameter; Transform Lots
6 = the rotation parameter; and
T% amd Ty = the translation parameters for Easting and Northing, respectively 74 2dConfig — O s [P for NAMRIA

Equation 1 and 2 can be simplified further as shown below: Input a csv file containing the calibration points

Ex=aE1—bN1+ Tx (Equation 3) Calibration Points
Na=aNi1+bE1 + Ty (Equation 4) Output File Directory |Open Output Directory 74 Process Status X
where: Output Residual File |Open Output Residual File
= =ksj ; @& Parameter Calculation Complete!
a =kcosf and b = ksin® (McCov P.E. & Robert, 2012) [ ) Faramete p
- 0.00818, -0.55126
Calculate Transform Lots ‘ Home Page ‘ 028304, 0.08458
0.21055, 0.23723
0.10787, 0.25852
In Section 6.1.2 of DMC 2010-06, it was indicated that the 2D conformal transformation to be -0.04356, -0.03037
implemented between PTM and PRS92 1s as follows:

& 2dCenfig — O s

E=A*X+B*Y+Cz (Equation 5) [ ok |
=B*X+A*Y+Cx (Equation 6) -

Input the Transfermation parameter file (csv) and the lots to be transformed

where: Tranformation Parameters
A and B = scale and rotation constants 74 Transformation ot
Ceand Cx = shift constants

Xand Y = PPCS-TM/Luzon 1911 coordinates .
E and N = PPCS-TM/PRS92 coordinates Iy

CAD File of Lots (R12 dxf)

CSV File of Lots

:' Transformation Complete!

Output DXF File Open Output Directory.

Output Statistics File Open Output Directory.

Transform Compute Parameters Home Page

WORKSHOP ON THE APPLICATION OF
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RESULTS:

COMPUTED COORDINATES FOR GUIGUINTO, BULACAN

POINT NAME]

1640118.420| __ 487051.400)
1642427.500
1641651.460] 486731070

A487375.520

PPCS-TM/LUZOM1911 {OBSERVED)

NORTHING

EASTING

1640118.624

487051193 1640118.974]  487053.740]  1640056.143] 487198.503]

1640741.982

438302.530

1642426.674

487375.390]  1642427.016 1642364.085 487522.632

1642626.215

436191.852

1641651.428

486731375  1641651.791 1641588.834

1640089.657)

1643252.184

1643252.479 1643189.481 485918.042

1643790.728

1644247590

1640893.430

1641801.563

434421.610

*AS LISTED OM OLD TRAVERSE LIST

*PROCESSED IN TBC WITH
MBM25-MBM23-MBM2 AS BASE

*PROCESSED IN TBC WITH BLM3027 *ITRF2014 GRSE0 LAT-LOMNG
AS BASE PROJECTED TO PPCS-TM

WORKSHOP ON THE APPLICATION OF
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RESULTS

DERIVED PARAMETERS
Luzon 1911 Luzon 1911
Cadastre |Parameters| theoreticalto observed to
PRS92 PRS92
Guiguinto  |Scale 0.99991036 0.99998472
Rotation (") 44 8.2
Tx (meters) 81.022 55.653
Ty (meters) 136.972 44875
Cadastre |Parameters tl?umnt;lgtll: L;m“ 1311 PRS92Z o
eoretical to |observed to PGD 2016
PGD 2016 PGD 2016
Guiguinto |(Scale 0.99992 (.999945 0.999935
Rotation (") 1.3 3.2 95"
Tx (meters) 126.232 187.85 230.263
Ty [meters) 81,988 -20.012 -52.6

WORKSHOP ON THE APPLICATION OF
GLOBAL NAVIGATION SATELLITE SYSTEM
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RESULTS

Luzon 1911 Luzon 1911
Cadastre Parameters theoretical to observed to
PRS592 PRS592
Northings: 0.339 | Northings: 0.213
Guiguinto | A Position (m) Eastings: 2.607 | Eastings: 2.460
A direction >=1' None None
. Yes for sides >110 | Yes for sides = 750
A distance >= 1cm
meters meters

Aarea »=1 sqgm.

Yes for areas

Yes for areas

=6500 sqm =30000 sqm
L 1911
ot S th "Z:,’“ Lo pgp | LuZon 1911 observed | PRS92 to PGD
adastre arameters eoretical to to PGD 2016 2016
2016
Northings: -62.589 | Northings: -62.802 | Northings: -62.939
Guiguinto | A Position (m) Eastings: 152138 | Eastings: 147.182 | Eastings: 144.649
A direction »=1' None None None
) Yes for sides 130 None None
A distance >= 1cm
meters
Yes for areas =6500 | Yes for areas 16000 Yes for areas
Aarea »=1 sqm.
sqm sqm »25000 sqm
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RESULTS
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Snapshot of the cadastral data of Guiguinto in Luzon 1911,

PRS92 and PGDZ2016 plotted in QGIS
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SUMMARY & CONCLUSIONS

— The Philippines has several coordinate systems existing and being used by the
land surveyors

— Migration to a geocentric system such as ITRF is one of the strategy in the
PGRS Modernization by NAMRIA

— NAMRIA, DENR-LMB and the UP TCAGP conducted joint researches to link all
the coordinate systems and show the effect of the migration to a coordinate
system based on ITRF to the cadastral data (output of property surveys)

— Basic Data needs include cadastral data and reference points related to the
cadastral data

— GNSS Rapid Static/ Static Observation is a needed pre-requisite in linking the
different coordinate systems and in relating to ITRF2014
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SUMMARY & CONCLUSIONS

— The research was successful in relating the different coordinate systems
through the 4 parameter similarity transformation

— The land agencies were given several transformation strategies to choose from
(e.g. using the recorded old coordinates to the new system or recomputed
coordinates to the new system)

— While the rotational parameter does not affect technical descriptions
significantly, it was observed that the scale parameter affects side distances
and areas of parcels at a certain level

— Regardless of coordinate reference system wused, technical descriptions
(bearing/ azimuth/ distance and land area) remained the same at least in the
majority of the lots in the study area
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RECOMMENDATIONS

— DENR Regional Offices may consider adopting the methodology
provided, if migration of Cadastral data to ITRF is decided

— Rapid Static/ Static GNSS Survey is recommended in the
reoccupation of old reference monuments

— Transformation parameter determination must be obtained out of
several iterations that will provide the least effect on scale and
rotation

— It is suggested that database for both old and recomputed
coordinates of the reference points be kept in the database of the
respective land agencies
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Results of LandS Mode Research Project submitted to the Director
of DENR-LMB together with the researchers and DENR-LMB
personnel
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Try not to become a person of success, but rather try to become a
person of value - Albert Einstein
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