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ABSTRACT

The surveying computations in the public land survey has been done in the manual
manner and recorded in the given formats until now. PBLIS(Parcel Based Land
Information Systems) is in the beginning stage of development as the progress of
digitization of the cadastral records and the cadastral maps. Two modules are completed
as parts of the PBLIS, the survey assistant module and the survey computation module.
In this paper, the items of computations frequently used by the KCSC surveyors are
selected, categorized, and listed according to the functional roles in the surveying
computations. The system design, development and some main screens are shown and
demonstrated.

1. INTRODUCTION

Public land surveying (cadastral surveying) in Korea is performed exclusively by the
KCSC(Korea Cadastral Survey Corporation). The KCSC deals with 31,331,000 parcels
of land and 3,420,000 parcels of forest (or forestry land) as of the year of 2000. The
total of 34,751,000 parcels are recorded and maintained in the forms of “cadastral
records” and “cadastral maps’, and also are registered in the local registry offices,
which is under the local courts. (Cadastral records consist of ‘land records’, ‘house
records’, and ‘forest records'; Cadastral maps consist of ‘land maps and ‘forest maps')
And The KCSC isin charge of managing the records and the maps as well as surveying
and updating the parcel maps.

The records and maps have been written and drawn in the manual manner and stored in
the paper forms, then photocopied for the public users until 1990. The land records and
house records in text forms have been typed in from 1982 and completed in 1991 and
began to be provided to the users through the nation-wide networks from 1991. The
digitalization of the maps began in 1999 after a success of a pilot project of the
‘digitalization of cadastral maps in Yusung-gu, Tagjeon’, conducted in 1997, of which
the area were 176 km? and 75,000 parcels. The total number of map sheets to be
digitized is about 750,000, which hold about 34,700,000 parcels. About 182,000 map
sheets have been digitized as of the end of year 2000, and the rest are scheduled to be
complete through 2003.

The KCSC is encouraged to develop a Parcel Based Land Information Systems (PBLIS)
using the digitized records and the digitized maps. The project began in 1997 and parts
of the system (the land surveying session assistant module and the land surveying
computation module) came into being existence, and the test version of the system is



out to the users for debugging purpose. (Figure 2)

In this paper, the items necessary for land surveying measurements and computations
are collected and implemented for the perspective PBLIS. The screens for the data
input, computations, and display are also devel oped.
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Figure 1. The Process of Cadastral Survey
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2.1TEM DEVELOPMENTS

Computation items were developed after interviewing the surveyors in the KCSC.
Almost al the computation items they use in preparation, in field work, in office work,
and in recording and map making are believed to be identified including the frequently
used items, time consuming ones and complex ones. The job procedure for the
surveyors is shown in Figure 1. In the job procedure, “field surveying and recording” is
the one this paper isfocused on. The field surveying can be classified in two categories,
control point surveying and detail surveying, and each of which has 3 and 6 sub-
categories respectively, asin Table 1.

For the surveys listed in the Table 1, the computational functions selected to accomplish
the purpose of the surveys are shown in Table 2. A computation function can be used in
SM(Cadastral  Triangulation), BO(Cadastral Complementary ~ Triangulation),
DO(Supplementary Control Surveying), and/or SE(Detail Surveying). In the case of
complementary triangulation, it uses most of functions for the triangulation and the
supplementary control surveying, but the computational accuracy differs alittle.



Table 1. Surveying categories and the contents

control surveying

Categories |Sub-function Contents
Cadastral The 1% order control survey using control points for topographic surveying
rianqulation and/or control points for cadastral surveying; Distance between points:
9 2~5km; Angles of triangles: 30°~ 120°
Control The control survey using points acquired from the 1% order control survey
; Cadastral g
point to have dense or proper number of known map-base points in the map
; complementary :
surveying | ; sheets. The control survey to improve the accuracy of the supplementary
triangulation .
control surveying
Supplementary [The survey between the control points, 2™ control points and

supplementary control points, with will be the base of the detail surveying

Detail
surveying

New registration

Survey for the newly to-be registered parcels. This is for the land that has
not been registered neither on the cadastral maps nor on the forest maps.

Survey for the registered land, which is on the smaller scale maps and is to

Soer?\l/ztr?tcl)ﬁn be registered on the larger scale maps as the land’ s usage change. The usual
; case isthat aforested land is changed to aland. (from a forest map to aland
surveying
map)
Parcel divisionsurvey to divide a parcel into 2 or more parcels and to acquire new
urvevin boundary lines or new coordinates or new areas for the divided lands. The
eving parcels divided will have new parcel addresses.
Boundary . . .
relocation Survey to stack out in the field to conform parcels according to the cadastral
: maps.
surveying
Reconnaissance [Survey to delineate topographical/planimetric features and/or man-made
surveying structures on the cadastral maps
Survey to assign new addresses, land purpose, area and boundary for the
Confirmation  |land which have been reshuffled by the new land planning projects, new
surveying land partitioning projects, farm land reclaiming projects and/or other land

development projects by the laws

Table 2. Computational functions

: S B D
Categories  |Contents M o o SE
. . . . O O O
Computation of azimuth and distance for known points
Measurement and computation for horizontal angle 2
\Vertical angle measurement e
Angle Distance measurement (EDM M easurements) @19
Distant
M easure- . . . O |0
ments Computation of horizontal distance
Interior angle calculation of triangle (Coordinates/Distant) e
Reduction to center of horizontal angle survey station/points 2
Surveying  |Approximate networklinsertion  network, Central  point  polygon, O (O
Result adj ustment Quadrangular network, Trilateral chains
O O

Computations

Precise
adj ustment

networkl

3 knowns 1 unknown; 4 knowns 1 unknowns




Elevation calculation

Computation unknown points using network

Traverse bearing and distance measurements

Azimuth calculation

Resection

2 point resection, 3 point resection

Intersection points networks (X, Y, H, A, Complex type)

Ol O] o] of ol o

BL ~ XY Coord. transformation, Conversion to datum point coord. system

Boundary point measurements and Coord. Computations; field note generation o
Fixed Angle; 2 parallel side fixed; 1 upper side fixed; O
Conditional 1 lower side fixed
partitioning Triangle apex fixed; Triangle side fixed; Arbitrary O
partitioning
4 points; 3points/1 azimuth; 2 points/2 azimuth ©
2 points/2angles; 2 points/2 distances ©
Intersection point o
computations Perpendicular with a distant; Perpendicular to a point
Intersection of base line and perpendicular sight line; o
Perpendicular intersection of base line and fixed
distance line
Extended_ pol nu2 points; 1 points/1 azimuth ©
computations
Boundary Triangle inner angle, . A O
Point computations Zpoints/2sides; 3 sides
(Computations Parallel movement  |Parallel move; 2 line move; Point fixed move o
Inverse computations |Polar to/from rectangular ©
Street center points; Curve center points ©
! . O
Compitations ofS' mple curve; Circular curve
block corner points Circle and line intersection; 2 circles intersection ©
Rectangular shapes, Polygon shapes ©
. . : O
Coords/Area IArea with points; Distance btw 2points
computations /Area Comparison — btw parcel sum and the whole O

boundary of a block

3. SYSTEM DESIGN

Based upon the requirements of the field surveyors, the system has been designed asin
the Figure 2. The computational module is combined with the surveying assistant
module, and the two modules use the same database. While the survey assistant module
and the graphical part of the computational module adopted a tool named * Gothic’ by
Laser Co, Inc., which is an Object Oriented DBMS and will be the engine of the final
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PBLIS, the attribute part of the survey computation module used the ‘Oracle’ relational
DBMS. All the queries can be placed in the standard SQL.

Support Systemsfor
Cadastral Surveying

Computation Systems for
Cadastral Surveying

OODBMS for Support
Systems

Cadastral

Pre-Surveying map Triangulation

Preparation

RDBMS for Computation
Sys. and Surpport Sys

Figure 2. System Configuration

The survey computation module consists of 4 sub-modules. Triangulation Module,
complementary control point surveying module, supplementary control point surveying
module, and detaill surveying module. Each module has routines to print out the
computation results in the forms designated by the KCSC. In Figures 3, 4, and 5, the
flow of computational menus implemented in the system can be seen, and also the name
of output formats for every calculation. The lines in the figure imply the flow of the
data, that is, the previous steps have to be completed and the resulting data are
necessary to perform the job in the current step. The final products (output formats) are
shown in the right most boxes.
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Figure 4. Supplementary Control Point Surveying Module
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Figure 5. Detail Surveying Module

4. SYSTEM DEVELOPMENT

The survey computation program has to be operated with the main execution file, output
format file, and reference drawing control file. The execution file works with the
Win32S environment, and output format file uses the ‘ Enhanced Metafile’ format. The
reference drawing control file is produced in ‘ActiveX Control’ and uses the OpenGL
library provided with the operating systems. The requirements for the operation of the



system are as follows;
OS: Windows 95/98, Windows NT 4.0, Windows 2000
Main Memory : 32MB(minimum), 128M B(preferred)
Hard Disk: 30MB or more

Data can be handled in both the project files and the DB. That is, the system can be
operated in stand-alone mode (without DBMS) because the data are collected in field
condition and some computations have to be done in field to check the data.

— Project Files
— Data from the triangulation, complementary control point surveying,
supplementary control point surveying and detail surveying are stored.
— Thisisin the binary format. The different project name should be assigned
for the different jobs.
— To share the data, the job has to be connected and registered to the DB
through the network.
— Survey DB
— DB Connection: to update the data in the DB, the survey computation
program has to be connected to the Survey DB through the network.
— ODBC(Open DataBase Connectivity) are used.
— Job Selection: Project manager of the program is to be provoked after
running the program, and then the project name has to be selected.

5. PROGRAM DESCRIPTIONS

Some screens are shown here, In the 2™ tool bar in Figure 6, there are 5 buttons, saying,
assistant, triangulation, complementary, supplementary and the detail. By pressing a
button, for example, ‘triangulation’ button in the figure, the screen shows the sub-
routines for any computations as a menu tree.
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Some sub-menu screens under the ‘triangulation’ button are shown in Figure 7. (a)
shows the selection of known points from the DB and inputting windows for unknown
points. (b) shows some data collected by the horizontal angle measurements. (c) shows
the network adjustment setting, and (d) shows the results of the adjustment.



(©) (d)
Figure 7. Dialog boxes for Triangulations

Figure 8 is the screens of sub-modules under the ‘ supplementary’ button

T8

Figure 8. Dialog boxes for Supplementary Control Point Surveying

‘Detail’ button has screens asin Figure 9.
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Figure 9. Dialog boxes for Detail Surveying



6. CONCLUSIONS

Iltems of cadastral survey computations, as parts of the PBLIS, are developed and
modules are implemented for inputting data, computation and adjustment, and
outputting in certain formats. The process adopted in the development is resembling the
process currently being used by the KCSC surveyors in the manual manner. It is found
to be necessary to revise the way of data collection, input and output formats (by
revising the provisions of laws) because there are many cases that the old method are no
longer valid in the new era of computers and DB environment. The cases are: logarithm
calculations for the trigonometric a functions, repeated steps and writings of the
calculations, rounding offs after every calculations and significant figures problem, and
the provisions of sketch maps. Also, GPS data collection and process must be
considered and included in the modules.
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