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Control Survey
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The purpose of control surveys is to establish a set of unified national survey datums and basic control
points for surveying and mapping purposes. This provides an important reference for implementing national
infrastructure, planning land use and protecting the rights of the people’ s property. As Taiwan is in a tectonically
active region, the survey results must be regularly inspected to ensure their accuracy. Datums in current use
include geodetic datum, vertical datum and gravity datum.

(— ) RHBEIE GEodOtic DAtUM

RMECERBR MBS LEFENSSIK Geodetic datum serves as a reference for

B KIEEAHSEHREIETE  EE 18 FEEE the calculation of geodetic coordinates. Under the
EBVITAERE 1T E TWD97 BI5 AL = "Fundamental Surveying Regulations", measurements
A B RIS RS (ITRF 94) « 75 from 18 satellite tracking stations were selected as
the basis for the TWD97 National Coordinate System

TREERFER (BIH) £ 1984.0 - 25 HHIKE which incorporates the International Terrestrial
73 GRS80 MRS BUN T « RF1E a=6378137  Reference Frame (ITRF 94), the direction of 1984.0
NR BRE f=1/298.257222101 » BN AE as defined by the Bureau International de I'Heure (BIH)
RERITIRE , ISE 0 BN, SEAERMERR and the GRS80 reference ellipsoid with the following

I EAEE 121 B B AN E S parameters: Semi-major axis (a) = 6378137 meters,
VX 71 [l S Y oo 7y T
and Flattening (f) = 1/298.257222101, Transverse

Mercator projection with longitude difference of 2
degrees. The central meridian is 121 ° E for Taiwan
proper, and 119 ° E for Penghu, Kinmen and Matsu.
Origin of the projection is shifted westward by
250,000 meters, and the central meridian scale factor
is 0.9999. National coordinate systems currently in use
include TWD97 and TWD97[2010]. The TWD97[2010]
system consists of coordinates of 3,013 control points
announced on March 30, 2012.

A KB FEIHDHE

Distribution of geodetic datum stations
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119 B - RELBRRIOAEFR 26 BAR » AR
FHRRELNS 0.9999 - BITERLERKES
TWD97 k& TWD97[2010]12 #& » HEAR 101 £ 3 B
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Kinmen satellite tracking station

( : ) E*EDEEE VEITICAl DALMY e

SENCEESERBIEESRG ISR The orthometric height system has been adopted
RERT 1990 F 1 B 1 HIZEXRIRIEER T » for the height of the benchmark in Taiwan. The

definition of height datum was derived from the tidal

I ER A FE B 1957 2 1991 £ 29 &R
{LBEME » TR 2001 SESEERE (TaiWan
Vertical Datum 2001 - f&# TWVD 2001 ) - January 1, 1990. The height datum was named Taiwan
PRAERESINEET - HAIE MR 3 NEEAE  Vertical Datum 2001 (TWVD2001) and the first-order
—SENERERIEE ) R 105 FE 4 B 12 HAS benchmarks of TWVD2001 have been measured

D 715 B — = KEEL R R » 8B R EK] 4,600 2 three times. The results of the third measurement at
® 2,715 first-order benchmarks were announced on April

information of Keelung Tide Station from 1957 to

1991 under the standard atmosphere environment of

12, 2016, and the length of survey lines measured
approximately 4,600 km in total.

ASENCEREIRIEE The Datum Benchmark of Taiwan

( = ) Eﬂgﬁ Gravity D ATUIN s .

BENEEGIETHMTENDEEDN (HS) REE The gravity datum includes Hsinchu Gravity Base
U E NS, — AR (859 - HSO1) fi7 Station (HS) and its dual absolute gravity points, one of
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RUAH » —RFMTIRIRE (RESR - HS02) IR &R
OCAREEFTEERE  ERERRENL

¥ (40 International Comparison of Absolute
Gravimeters, ICAG) B8 2iB¥IETIRE - E1T
REREDRAIDT - ISECRIERNRIFREIEEIRM L
&g - EAEFIAEZENEEE » BIKBENE
EZHAEMRILE - BRBEREETRIENE »
MBS _OONEDRHK (Grawty System
2009 - & t8 GS2009) - MM 103 E 3 A 13 H
NEHBEIEJIBE 17 Bh - —FE V)3, 683 Bh -
5% 6,084 B » H£5t 6,784 BERSE R 103 &
6 A4 BHAEEEME30M X0WIPRIZES
EARMEERIRE (TWHYGEO2014) HZ5¥ER -
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A EEAEKMRERIEE
The Hybrid Geoid Model

(P ) SREZES Al Velocity Field Monitoring

SR IRMORIIERIZUNT - BREELR 97 &
DR E B R FRZEHER TWDS7 #F2SE
10 B8R > Bl BB U B ELBRRLUR »

which is the Hsinchu main point (point number: HSO01)
located within the station, and the other is the Hsinchu
secondary point (point number: HS02) located nearby
the National Measurement Laboratory. Measurements
taken from long-term observation and analysis with an
absolute gravimeter (with International Comparison
of Absolute Gravimeters (ICAG) certification) were
adopted as the basis for defining the gravity reference
system. The calculation of the basic geodetic survey
was based on the measurements from the gravity
datum, and the environmental corrections were made
if demanded for required accuracy. The results of
gravity datum and system were named as Gravity
System 2009 (GS2009). On March 13, 2014, the
results of 17 absolute gravity points, 683 first-
order gravity points and 6,084 second-order gravity
points were announced for a total of 6,784 points.
In addition, a 30x30 second grid Hybrid Geoid Model
(TWHYGEO2014) for Taiwan was also made available
to the public on June 4, 2014.

A TSRS FEBR

Gravity survey operation on Mt. Jade

Taiwan is located in a tectonically active region
and more than ten years have passed since the

announcement of the TWD97 coordinates of satellite
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( 1 )e-GNSS ENIFENREE ML RIMEE

« SEME TWDI7 BHRALEFR

tracking stations and control points at all levels by
the Ministry of the Interior in 2008. There were clear
signs of displacement in some regions, making the
announced TWD97 coordinates unable to meet the
accuracy requirements of surveying work. Since
2001, NLSC has been using around 400 continuously
operating reference stations (CORS) in Taiwan as
the base data together with the results of satellite
measurement over 6 hours at 1,400 basic control
points for analysis of the horizontal and vertical
displacements which were useful for change analysis
of basic frameworks and coordinate systems and
deemed as part of the initiative to establish a semi-

dynamic national coordinate system.

REAIRETV
National coordinate system displacement
model under TWD97 for Taiwan

Operation and Maintenance of e-GNSS Real-Time Kinematic Positioning System

e-GNSS RAHINEBZ SREZEFLEIK
BENRIEEIAMERE  EXERRIUERE
RS B R B IR BB EE I B2 BEE
i » HRFH” e” RREB 185t &k 118
B = ' GNSS KRB ZERNBEEME
'/ % #f (GPS+GLONASS) - BRIR B 78 £ia
K88 70 fEf@Eih - =HE 24 NRAEETR D i)
BEIRELNS » TBRRERERBES : BIKIEE
EEEENRT (e-GNSS & DGNSS) ~ FZ2EH
ERRRIEEREURBRESFAERETEH
FERRSS

e-GNSS is the name of real-time kinematic
positioning system established by NLSC, which is
based around Internet communications and wireless
data transmission technology. The letter ‘e’ represents
"electronic" and "network-enabled". GNSS refers to
multi-constellation global navigation satellite systems
(at present, GPS and GLONASS). The system
currently consists of 78 primary stations and over
70 backup stations that provide 24-hour continuous
centimeter-precision real-time positioning services. The
main services it provide of e-GNSS include: Real-time
kinematic positioning service (e-GNSS and DGNSS),
GNSS observation data post-processing service and

provision of GNSS observation data.
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Cadastral surveys investigate and survey land boundaries in accordance with the law. The land area of
each lot is also calculated and a cadastral map is produced for land registration and management. Currently, the
cadastral maps being used in Taiwan can be divided into three major categories by the aspect of mapping methods,
named graphic mapping, numerical mapping, and digitalization from original graphic maps. To improve the quality of
survey results as well as promote information sharing and communication, the numerical method is exclusively used
by the NLSC for all cadastral surveys. Current projects include cadastral resurveying, integration and overlaying of
digitized analog cadastral maps and urban planning topographic overlays. The NLSC also undertakes court-ordered

land surveys to help resolve land disputes and protect the property rights of the general public.

(— ) #MEEBEZE A Cadastral Resurvey

SEMERTABIFEMAEHERE > 185
“REFRKEFFEIFE » NERRUB BRI KM
FERBIRERRMA < BB MEMFEEE - LU
EEREAAR - SEHREARBIE © 6HE - (£
FTEEESR  JUREERE - BRITMDE - X
AR ERARFTIUEENSEE  BEE 1
BANIER » FBERMEEDRER -

The originals of cadastral maps for Taiwan
produced during the Japanese Occupation Period
were destroyed by air raids in World War Il. Cadastral
management after the war was therefore based
on framed copies of the originals. This type of
cadastral maps became badly worn due to natural
carbonization, shrinkage, frequent use and repeated
folding of the paper over a long period of time. Lot
sub-divisions, natural topographic changes as well as

AT EE A KR Tt ARINFEAEE
TERR R F B RRENE » TIATEE ARSI
BB BRI » BT U TR EISISTR - {F5
ABRIKTMATEREAIERZRIUL - BRASHEEH

interferencewith boundary markers led to frequent
inconsistencies among maps, land and registration that
had a severe impact on private and public property

rights.

BRI EEFELINTAES RLMAIE « WIRRETE
HiE » IERBEEAER T » SEEMEERE
BB SEERIHEREIIER - WISt B NRIHES
ABRAS  TRREEE K RERMES -

Cadastral resurveys are conducted in
accordance with the relevant rules of the “Land Act”
and ” Regulations Governing the Implementation
of Cadastral Survey” . The land owner upon being

notified by the land administration agency should mark
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ARINVRTEE BRI  AIEERAU - #2)
hEFEBERIFE > £ 62 & 64 Tl ~ 656 X
77TE3HIBEEE T8 FEFEEFE 7T9E Y4
FEEEMBEERRRIBEIER 95 F 103 FihFE
BEASE  REtTH 757 BERELM : 104 2
112 FEMMBEEE R EIESTE - HeTHE 143 8
FTERIEE -

EAIFHN£EE Before

A FERK Loclamplification
FHlEihER (ST IEERT)

After(Save as an electronic file)

A SHRMFEBNRIEE
Result of cadastral resurvey

out their own boundaries by the given deadline and
be present to point out the boundaries. The resurvey
operators then use the above mentioned markers,
other reliable features, and other cadastral information
as evidences to continue succeeding operation works.
High precision surveying equipment are utilized to
determine the locations and shape of land parcel.
Parcel area will be calculated accordingly. All the
results will be proclaimed publically. The description
changes of land parcels and the new cadastral maps
drawing will therefore be followed.

For clarifying land registration and elimination
of boundary disputes, the NLSC has unceasingly
made every effort to support the implementation of
cadastral resurveys. The initial trial between 1973
and 1975, the three phase program over 13 years

between 1976 and 1988, the yearly program in 1989,
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Figure of automated numerical cadastral
map resurvey processing
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the cadastral resurvey follow-up program for Taiwan
Province between 1990 and 2005, as well as the
cadastral resurvey program between 2006 and 2014

have successfully completed cadastral resurveys

(Z) BEREGNEERSES

for more than 7,570,000 lots in total. The cadastral
resurvey follow-up program to run from 2015 to 2023

is expected to resurvey 1,430,000 lots.

Integration and Overlaying of Digitized Analog Cadastral Maps

SEMES 78 FitZERA BB LN IEMFE
BEH > UBEERLERTHREER  HHEL
HFEREIE C EIE R BED S SEMED B LA -
REboiE A EEMEEEIE » SEMFEBER
A% - BB HRRE  RRFEFNFEERT
BEBEREERE  FERRER  WEIITEM
FEHEERE R FETNEZES BRI
FEEBE(CIFE -

BN ECBEIECE - WARERRKERE
FREFNFEBRARMBEZANRER EiE
HARIESME - AhINE 96 FEEERBER L
HEERESEBFR  URELIMNEERER
FEEAIRY TWDO7 £EHIF: ~ 2EMFERERLET
WREMEA - TEFtEEEFREHEN » 12
IEHFEEE R IR ETBIRES « WEMEEIEMH
STEBRIMEEREBEER - iSitzEE « &rhat
EBUBRMTESZ=EEREESEEZIERALE
i BURSINZEEEHR - 96 £ 104 T 55T
B 44 % 6,329 £ - 105 £ 109 FEERETEH
78500021 KEIHEI7E5,000% -

MEEATEEEREEREXRY - AFAE
(BMNBEHAE - BREIE - EMErSBRRIR
FnllE) tEEDIREEBREBES « hFEER
FIL—BERFR  TERBEERLNIN ) &
EARIENT - BREIRESEE - ENREIMFE

The numerical method for all cadastral resurveys
in Taiwan has been adopted since 1989 and cadastral
information with numerical data has then been digitally
stored. Yet, before 1998, land parcels and areas where
had been resurveyed with numerical method were still
of minority. Most cadastral maps were managed with
the consideration basing on the character limitation
of graphic maps drawn on paper media. On the other
hand, as the paper maps became increasingly worn
due to frequent use. To preserve the graphic maps
against further damage that might compromise the
rights of the public, all graphic cadastral maps in
Taiwan were converted to the numerical format
through projects of digitization to establish a complete
cadastral survey database. The cadastral resurveyed
maps drawn on paper media in the earlier years which
had often been used were inspected for the first
conversion contents. Then the other years’ maps
and the maps not ever resurveyed were planned in
sequence. The digitalization project was completed by
the end of 2005.

The numerical conversion of graphic cadastral
maps was to cautiously keep the situation at that time.
However, the conversion left the longstanding issues
such as accumulated internal errors and mismatches
between map sheets unsolved. The NLSC commenced
the integration and overlaying of digitized graphic
cadastral maps with other maps in 2007 by using
TWD97 control points, boundary markers recorded
on cadastral surveys and field surveys to amend the

boundary lines to the extent allowed by the tolerances
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in graphic cadastral maps. Basing on the common
feature points, cadastral maps, urban planning stake
maps and topographic maps were integrated and
overlaid onto the same coordinate system to create
a composite geospatial database. A total of 446,329
lots had been processed in this manner between 2007
and 2015. Planning now calls for 75,000 lots to be
processed every year from 2016 through to 2020 for
a total of 375,000 lots.

The main processes include data investigation,
collection and verification, field surveys (including
densification work of control points, skeleton survey,
urban planning stake joint-surveys and survey of
present utilization), integration of separate cadastral
map overlays, and cadastral/urban planning/
topographic map overlaying. The above mentioned
tasks were carried out by field surveys to correct
mismatches between map and real site and to resolve
differences existing between adjacent map sheets
for realizing the integration and management of all
cadastral maps within land sections. The initiative
also serves as a basis for promoting the use of the
numerical method for land resurvey and to support

other multi-purpose applications.
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Boundary Survey Designated by Judicial & Prosecution Organs

AAIWNMKRSERINE ~ FISERIERIMEER S The NLSC undertakes boundary surveys
BiEEIZET » SIEER « HEMEIET R designated by courts and prosecutors in accordance
HHETEEE RV BRI AL « RS with the Code of Civil Procedure, Code of Criminal
EREURRR <SS - BIERARLIESE reports and maps are also produced to provide the
FIIRFREER (FREME) EEAIRMH reference for judgments or investigation. There are

Procedure and Cadastral Survey Regulations. Survey

300 4 - around 300 survey cases each year.

WIBIEEWT : Services include:
B © L and parcel surveys: Includes land boundary
© ERINFELERENE - SR TIFITERE survey (confirmation of boundary markers, division
HIE (BRI ~ HBYDE - B IREEE of shared object, confirmation on right of passage,
FEEM RELH - BIELE  BFREERIES building demolition for return of land, return of
BEE-) R TiERIRREEE (BRI land, squatting, elimination of infringement and
+TF5EtE-) - compensation for damages, etc.) and survey of current

land utilization (topographic map survey, earthwork

© ERIBET RN TAIETL  SABREITEEME ~ computation etc.).
SEHOERTHIAEREEMAIETRIL - © Boundary point setting survey: Establish on-
site boundaries at the direction of the enforcement

ViEEB Survey map department.
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Topographic and Hydrographic Survey

R EERE/RMNEMN « BREG  ERR LIDAR RirEERE « &E - fRABESETHATR
EpAl BLLEMERBERZINCEIZEE[EN - WEEXBAENREERIE  EREEETEE > fRo
FRETREITERSIBTIEER AN  MITMERZERBERLEEMN  IKEREIFER -

Topographic and hydrographic mappings are made by using aerial and satellite imagery and employing remote
sensing as well as LIDAR technologies to investigate and survey the topography, scope and utilization of sea/land.
Such surveys acquire basic and fundamental geospatial information that can be used to produce a wide variety of
thematic maps through further value-added processing of survey results. Apart from having applications in land

use planning, management and construction, these maps can also be extended to the private sectors for lifestyle

navigation and travel planning.

T .3 . 7 - [ - 3 —.._
Topographic Maps Revising

BERMEERIEHRR EEMERTEERLLAIR
ARg LR - NEBEE « Y REAMIEE
K ERELEFHIREIRATOLZ—  Z8hToL
— hEDZ—RtEBDZ— -

RILERE 84 FEHEEIARERMAZARER
W E - SEPRERERBEZ8 TIF > 95 Tt
ISAIBTEREARINHT - BRINBEHESH

SERANER > BEZANA > B 104 FEMNAEZ
EEREFNEEE T RRENRRLOGEER
L BEMIRE (DTM) AR - BEBREHER
HOIZ B ~ AR ~ TSR - BIIESIHREE
FoREE > TfER e-GNSS BRI ENRITHEER
T EEHIRIE IFZ -

REREERKYERERIL » EXMERER
Hifg b FYHEDEHT - LUmE T IEEUR REDNE
K -

a Al

Basic topographic maps are maps drawn
at scales defined by the central supervisory
administration detailing land surface form, features
and basic geographic data. The map scales include
1:5,000, 1:25,000, 1:50,000 and 1:100,000.

The Ministry of the Interior began promoting
the digitally aerial photogrammetric mapping for
producing and updating topographic maps since
1995. Responsibility for this task was transferred
to the NLSC in 2006. For improving the efficiency
of topographic map survey updates and reducing
survey costs, the NLSC began integrating the
existing resources. The integration was successful
to contain Taiwan Electronics Maps, National Land
Use Investigation results and LIDAR-compiled Digital
Terrain Model (DTM) to update the features,land types,
contour lines and spot elevations on the topographic
maps and digital terrain models. The e-GNSS real-time
kinematic positioning system was also used to further

refine the control survey for topographic mapping.
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To ensure that the maps are practical and up- administration and private-sector value-added
to-date, the topographic maps will be updated every applications.

5 years to satisfy the requirements for government

hvig:i g} Estereo—mapping

(18

=38 A E T i B Taiwan e—Ma‘p

A THIEHYY) ~ IR ROIE

ZEHEEDTM

Use the airborne LiDAR to produce DTM

e-GNSSENFEN AR E i

e-GNSS Real-Time Kinematic Positioning System

ARSI SR

A T+ —BERMEEBAEIER Refinement of the 1:5,000 topographic map

(Z) EEEBBEFHERBBBR

Production and update of Taiwan Electronic Maps

S EBEREESNESRNNIEEE—EENTR The Taiwan Electronic Maps (Taiwan e-Map)
MEIHE » IENEIRBEENZEETHE is the only national electronic map produced by the
5 EIEEIR « R KT TR B 2 government to cover the whole national territory

ik % ) S
EZR - EHIR  VBEARRS - AlREA all kinds of geospatial information used in daily life
BEESRENMEER  ERIFEZEM - containing roads, railways, waterways, administrative

including Kinmen and Matsu. Taiwan e-Map covers

boundaries, blocks, buildings, landmarks, control points
and color orthophotoes. Due to its high accuracy and

fast updates, Taiwan e-Map is now in widespread use.
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VSEBEAESME Taiwan e-Map

The first edition of the Taiwan e-Map was
compiled between 2007 and 2011 by the NLSC and
continued to be maintained and updated since 2012.
An English version of Taiwan e-Map was produced in
2015 to provide international accessibility. Apart from
the addition of an English interface, instant switching
between English and Chinese maps, and simple locating
function, map coordinates and an English legend are
also available for the convenience of non-Chinese
speakers. An across organization collaboration was set
up after 2016 between the NLSC and the Ministry of
Transportation and Communications to jointly develop
a digital map framework for the transportation network
in Taiwan. When the NLSC updates Taiwan e-Map, the
digital map for Taiwan’s transportation network will
also be produced and updated to eliminate duplicate

mapping works.

Due to the strong demand for a up-to-date Taiwan
e-Map, the map update cycle was shortened from 5
to 2 years since 2014 with an emphasis on important
roadways, landmarks, projects and user reports
of local changes. The collaboration of government
agencies and public participation is combined with
mobile surveying systems (mobile mapping systems
(MMS) and unmanned aircraft systems (UAS)) and
geographic information system (GIS) technologies to
improve the efficiency of map updates and realize the

goal of dynamic updates.
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Hydrographic Survey and Map Integration

SEEHUIEFER - R TEEE TN
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Taiwan is a maritime nation. The actual terrestrial
territory is far smaller than the maritime territories that
surround the island. Hydrographic surveys and charts
are therefore essential to effectively identify, manage
and use these maritime resources. The Ministry of the
Interior began introducing related programs in 2003
with the NLSC directed to conduct basic surveys
of the waters around Taiwan. Bathymetric survey
techniques are now used to map the sea bottom in
order to identify seabed features and navigational
hazards. Related programs include the "National
Fundamental Survey Development Project", "Plan
for Fundamental Surveying and Mapping", "Taiwan
District Administrative Boundary Inspection and
Update Project", as well as the currently conducting
"National Maritime Investigation and Map Integration

Development Plan".

AV KERAEIEEIBR
Bathymetric survey operations
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Between 2003 and 2014 the coastal waters of
western Taiwan (from Keelung to Chiayi) and Penghu
were surveyed. A total of 633 marine topographic
chart sheets at the scale of 1:5,000 and 80 sheets
at the scale of 1: 25,000 have been completed with a
total area of approximate 4,944 square kilometers. The
hydrographic survey along Taiwan's coastal waters will
be completed by the end of 2019.

Navigation safety has become increasingly
important with the continued development of the
shipping and fishery industries. Electronic navigation
charts (ENC) is now in general use among international
shipping. The previously mentioned marine base charts
provide not only information about the undersea
topography but also be value-added and converted into
ENC for ensuring shipping and sailing safety within our

waters.

KGZEBIEL Bathymetric survey point

2578 Joining of maritime and topographic survey data
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Interpretation and Field Investigation

i

Land Use Investigation is proceeded by digitizing
the area of current land use showing up inaerial and
remote-sensing imagery. Field investigations and
records are also used to establish the current category
of land use. The results of land use investigation
provide an important reference for socio-economic
development and land use planning.

The Ministry of the Interior conducted the first
national land use investigation from 1993 to 1995
to provide a reference for national land planning
policy. Due to widespread demand for information
on current land utilization, the Ministry of the Interior
directed the NLSC to conduct a second national
land use investigation between 2006 and 2008. The
investigation was completed by August 2009 and
continued to carry out further updates by the NLSC.
The investigation of land use map is up to level 3 and

covers 9 major categories, 41 sub-categories and

3) 4)

BRFERBE BRER
Data merge and check Output

SEHER  Level 3

A FTFAEFHESN National land use investigation methods
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103 sub-sub categories including agriculture, forests,
transportation, water, building, public facilities,
recreation, mining/salt production and others. In order
to integrate the land use investigation resources of
all agencies, the NLSC, the Forestry Bureau and the
Soil & Water Conservation Bureau began pooling
their resources in 2012 to jointly maintain the results
of land use investigation split across three areas of
responsibility.

To ensure the timeliness and usefulness of
land use investigation results while taking the cost of
updates into account, update frequency was shortened
to 2 years from 2016 onwards. Investigation results
will also be updated to level 2 in accordance with the
amended land use classification system issued by the
Ministry of the Interior on April 13, 2015.

Land use monitoring refers to the detection of
variation of land use nationwide by interpretation from
satellite imageries with technology of the geographic
information system (GIS). The information of suspect
variation points will be sent to all relevant agencies for

them to dispatch personnel for onsite inspection.

To make effective use of administrative
resources between government departments, the
NLSC consolidated the national land use monitoring
operations of the Construction and Planning Agency,
the ministry of the Interior, the Water Resources
Agency, the Ministry of Economic Affairs, and the
Soil & Water Conservation Bureau, the Council of
Agriculture, to increase the land use monitoring
frequency to every 2 months. The resolution of
satellite imagery was also upgraded from 2 ~ 8 meters
to 1.5 ~ 2.5 meters. The online notification system was
also integrated as well to facilitate online reporting by
each agency. Value-added applications are processed
in response to the operational requirements of each
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The Web-based GIS data
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Field investigators

AT A ERIR

agency in addition to routine satellite monitoring.

In response to the current trend towards land
use master planning, the NLSC not only continues
to conduct regular national land monitoring but also
makes use of big data analytics to analyze high-
risk infringement zones for enhanced enforcement.
The NLSC also cooperates with the operational
requirements of other agencies by developing value-
added applications based on satellite imagery for
land use management. The integrated monitoring and
notification system is continuously being expanded and
updated to facilitate online reporting by all agencies.
Volunteers and non-government organizations are also
invited to help reduce illegal land use and realize the

goal of sustainable land development.

ﬁgﬁﬁﬂcmnge type
g FrpAss BEARE BN
Newly-built Recenlty-exploited Coast line change detection

BB Provisioning of national land use monitoring
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Geospatial Information Integration and Circulation
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Geospatial information forms the core, common
information of the National Geographic Information
System (NGIS). The wide variety of geospatial
information covers results from different periods.
NLSC uses data warehousing, GIS and Open GIS
technologies to set up a national geospatial information
database that integrates 3D spatial information from
topographic and hydrographic surveying as well as

aerial and satellite imagery.

To promote the circulation and resource sharing
of surveying and mapping results and expand the
applications for the national geospatial information
database, the NLSC formulated a mechanism for
communication and value-adding of geospatial
information. In addition, the "Taiwan Map Store" (http://
whgis.nlsc.gov.tw/) was set up to provide browsing
and querying of maps and metadata data. A "Taiwan

Map Service "

(http://maps.nlsc.gov.tw) was also

EAfEBR#% Purchasing Services

A @i HU EIEIJ

ﬁ[ﬂﬂ%ﬂﬁ?ﬁ Web Service

EEmERHRE

National geospatial information service structure
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developed to provide OGC-compliant Web Map Service
(WMS), Web Map Tile Service (WMTS) and Web Map

API services for all managed data.

The surveying and mapping results available from
the "Taiwan Map Store" include topographic maps,
land use investigation maps, Taiwan e-Map, cadastral
district maps, cadastral maps, control points, aerial
orthoimages, remote-sensing satellite imagery and
archives of digital cadastral maps. This system
that integrated with data purchasing and electronic
payment allows users to efficiently search, browse and

purchase map information online.

The " Taiwan Map Service " developed proprietary
technologies for map tile storage optimization,
dynamic map tile zooming and fast attribute searching.
Users can use different types of computer systems
and mobile devices for rapid Web 2.0 geographic
positioning, full text and address searching. The

system can also recombine and publish three WMS
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services (EPSG:3857, EPSG:4326, EPSG:3826)
based on the requested WMS scope and scale, greatly
reducing the amount of data storage needed and

enhancing the standard of map services.

The "Taiwan Map Store" currently attracts
70,000 visitors per year, and the " Taiwan Map
Service" serves around 700,000 visitors average
monthly. The achievements on the promotion of
geospatial information circulation have received
widespread recognition from all parties. In response
to the urgent demand for big data and temporal
data, a professional geospatial information value-
added service and OGC Web Feature Service (WFS)
is being developed. Meanwhile, a massive geospatial
information cloud storage center is planned to build.
The NLSC will continue to expand the circulation of
geospatial information and applications by establishing

an open, integrated and innovative platform.
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Taiwan Map Service screen shot — Taiwan e-Map overlaid on land use investigation map
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Surveying and Mapping Technology Development
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Taiwan experiences frequent tectonic changes and typhoons. Maintaining stable survey benchmarks and
precise control points is therefore an important but challenging mission. To expand our support for research and
domestic infrastructure applications such as sustainable land planning and management, disaster prevention and
response, mapping and maritime services, the Modern Surveying and Mapping Technology Development Program
was launched by the NLSC in 2015 to boost surveying technology as to enhance the precision and efficiency in

national land surveying and mapping.

ETENTEBDNBERRMNEEAEFIESR The program consists of 6 key items: the
(E¥ \SRIEALIFE BTS2 RE S ER development of modern basic control framework
A T AR « BT RAD operations, vertical control modernization, integration
HEEMERRE S RIAMIIEIFRT 6 18F% » BAl

and application of national control point results, UAS
surveying and mapping operations, mobile mapping
DESUNNE systems, and calibration of aerial and remotely sensed
systems. Current accomplishments are as listed

below:

o =L B 2001 = i 5 12 &2 ¥ (Taiwan Completion of the Taiwan Vertical Datum 2001
Vertical Datum 2001 » f§# TWVD 2001) &&
BE EIJ_IIE A T -

(TWVD 2001) and high-precision orthometric height

inspection of Mt. Jade.

@) EHAPIBE A HIBER o-GNSS U R HEE -
HEBRIERRLITRAME » RHRESIERER
B EEA -

Regular maintenance of basic control points and

e-GNSS stations to keep the national framework and

coordinate system up-to-date for further applications

and surveys.
A SEMERSZ EWILIE GNSS B2 EEERIUG

The GNSS satellite continuously operating

reference station on the north peak of Mt. Jade.
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Integration of national control point databases and
promoting the communication about control survey
results between government agencies. Application
tools such as automated kinematic positioning
resolution systems, control survey APP system,
3D network adjustment calculation and precision
verification program, online geodetic undulation
calculation services were also developed for
processing, analyzing and calculating large amounts
of observation data to quickly supply horizontal and
vertical positioning results, or to support the execution

of field surveys.
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AFARTEHE
Unmanned Aircraft System (UAS)

The first fixed-wing UAS for the use of governmental
affairs was acquired in 2011 to carry out updates of
regional maps, monitor designated areas and provide
geospatial information for disaster prevention and
rescue. The new system makes up for shortfalls
in satellite imagery and traditional manned aerial
photography, improving the efficiency of map updates
as well as the supply of maps for disaster prevention

and emergency response.

(104 FRBRUTHAS 1 SESRIURTAT
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The first government owned mobile mapping system
was acquired in 2015. The system accelerates the
gathering of terrestrial spatial information and is
immune to the effects of weather. It also reduces
the risks of field surveys and the captured imagery
can be permanently preserved for the use of related

applications. In the future, the mobile mapping system

will be used in conjunction with the UAS to provide

ASBFBHPIE R Mobile Mapping System (MMS)



the geospatial information updates needed by disaster
area rapidly, and meet the update requirements of land
use investigation map, Taiwan e-Maps, and topographic

maps in real time.
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The NLSC is actively developing calibration technology
for aerial and remote-sensing equipment to guarantee
the quality of aerial imagery. On February 16,
2016, the NLSC was certified by both the Taiwan
Accreditation Foundation (TAF) and International
Laboratory Accreditation Cooperation (ILAC), making
the NLSC the first laboratory providing the calibration
of aerial and remotely sensed systems in Taiwan.
Calibration certification for the aerial and remotely
sensed systems by the independent third-party will not
only provide an effective guarantee of mapping results

but also increase public faith in maps.

AMMZAERTHRIEIFEZETEBE Calibration of aerial and remotely sensed system
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Planning the future work, the NLSC will process
the data from e-GNSS base stations and national
continuous GPS observations, orthometric height
survey of Mt. Jade and first-order benchmarks in
subsidence regions, control survey planning and
verification system, research and testing of multiple
sensor usage to acquire geospatial information,
studying the MMS-assisted map update procedure, as
well as testing and analysis of calibration flights for
UAS small-format camera system. These projects are
aimed to achieve the rapid acquisition of geospatial

information and new levels of mapping output.

AR F{EZEIER Operation of calibration
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Survey Instrument Calibration
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Survey Instrument Calibration Laboratory (SICL)
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Calibration Laboratory
2218

After the Land Surveying and Mapping Act
took effect in March, 2007, its sub-law "Fundamental
Surveying Regulation" explicitly requires instruments
used for control surveys to be regularly calibrated by
the National Measurement Laboratory or a laboratory
accredited by an organization with International
Laboratory Accreditation Cooperation (ILAC)
membership. The Taiwan Accreditation Foundation
(TAF) is a recognized member of the ILAC. The
"Survey Instrument Calibration Laboratory (SICL)"
was established by the NLSC in 2008 to enforce the
instrument calibration regime and conform to the
relevant regulations. The ISO/IEC 17025 international
standard for calibration laboratories was also
introduced. On March 30, 2010, SICL received its
first calibration laboratory certification (Laboratory
ID: 2218) from the TAF and formally began offering
calibration services on April 2, 2012. TAF regulations
require the certification to be renewed every 3 years
with at least one supervisory assessment for every 2

renewals.

The laboratory currently offers calibration
services for electronic distance measuring device
(EDM), theodolites, GNSS receiver and aerial
photogrammetric cameras. To improve service
efficiency and calibration quality, the laboratory
has set up the "Survey Instrument Calibration
Laboratory Service Website" (http://sicl.nlsc.gov.
tw/) to process online applications for instrument
calibration, calibration progress inquiries, calibration

report downloads and an online management platform
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for survey instruments. The "Survey Instrument
Online Management Platform" was also developed that
registered members can use for online management of
their instruments’ usage record. Through this system,
users can use the QR-Code to set a usage record to
the public based on their operational requirements.
General users and the public can also use the QR

Code to realize the instrument usage record on smart

= Survey Instrument Calibration Laboratory
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Simple Calibration of Survey Instruments
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devices.

To maintain the precision of EDM and theodolites,
the NLSC survey teams must send their instruments
to the TAF-accredited NLSC calibration laboratory for
calibration once every three years. A simple distance
calibration field has also been set up within each
survey team’s jurisdiction area. The standard distances
at all fields are regularly checked by certified EDM
and theodolites. All survey teams are required to bring
their instruments to the fields for testing every month.
And the field calibration method for angle calibration is

used to ensure the quality of survey results.

The NLSC lists the simple distance calibration
fields set up by local land administration units on
the SICL website. Online "distance calibration" and
"angle calibration" functions have also been added
to the website. They are free of charge to offer
other agencies for basic instrument calibration. To
promote awareness on the need for regular instrument
calibration and enforce the survey instrument
calibration regime, the relevant information and
regulations about SICL’ s various calibration functions
are now available online. Users can therefore send
their instruments to the SICL for periodical calibration.
They also can follow the operating procedures by
bringing their instruments to the simple calibration
fields setup by NLSC and/or local land administration
units to calibrate instrument’s distance and angle
measurement functions. The website is at: http://sicl.
nisc.gov.tw/Member/CorrectHandle. All agencies are

encouraged to make use of this service.
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Simple distance calibration field query diagram on the SICL website



