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PREFACE

In response to a request from the Government of Montenegro, the
Government of Japan decided to conduct a study on The Study for
Establishment of Geographic Information for Implementation of National
Physical Plan in the Republic of Montenegro and entrusted to the study to
the Japan International Cooperation Agency(JICA).

JICA selected and dispatched a study team headed by Mr.Kazuo
FURUKATA of Kokusai Kogyo Co., Ltd. between February, 2007 and March,
2009.

The team held discussions with the officials concerned of the
Government of the Republic of Montenegro, and conducted field surveys at
the study area. Upon returning to Japan, the team conducted further
studies and prepared this final report.

I hope that this report will contribute to the promotion of this project

and to the enhancement of friendly relationship between our two countries.

Finally, I wish to express my sincere appreciation to the officials
concerned of the Government of the Republic of Montenegro for their close
cooperation extended to the study.

March 2009

Eiji HASHIMOTO,
Deputy Vice President
Japan International Cooperation Agency



LETTER OF TRANSMITTAL

Mr. Eiji Hashimoto
Deputy Vice President
Japan International Cooperation Agency

We are pleased to submit to you the report on the Study for Establishment of Geographic
Information for Implementation of National Physical Plan in the Republic of Montenegro.

This study was conducted for a little more than 2 years from February 2007 to March
2009 and this report brings together the results of the work carried out during the study to
construct a spatial data infrastructure in Montenegro which is composed of 1:25,000 scale
digital topographic maps and GIS databases, along with the details of technology transfer
also carried out during the process.

Under the study, a spatial data infrastructure was constructed for 70% of the national
land area of Montenegro, receiving cooperation from the two counterpart organizations of
the Government of Montenegro: the Department of Real Estate of the Ministry of Finance,
and the Department of Spatial Planning of the Ministry for Economic Development.

For the remaining 30% of the national land area, the Department of Real Estate is to
construct data to complete the spatial data infrastructure with its own technological
capabilities. In the process of this study, technologies were transferred to the Department
of Real Estate, which are indispensable for the department to establish a stable
technological base and to enhance independent development.

Meanwhile, also during this study, technologies related to the utilization and exploitation
of GIS were transferred to the Department of Spatial Planning which is responsible for
developing plans for the Government of Montenegro and has a role to play as the
representative of users in need of the spatial data infrastructure. Apart from this report,
an instruction manual for each technology transferred to these two departments was
produced in order to clarify the details of technology transfer.

Montenegro is a country which gained independence only recently and is heading for EU
membership. While the country is rapidly advancing social infrastructure construction
and economic development, I sincerely hope that the data and technologies constructed or
transferred during this study will be exploited effectively by the concerned organizations
and utilized as the base for the country’s sustainable development. At the same time, I
hope that the friendly relations between Japan and Montenegro will be strengthened
taking advantage of this study, the first technical cooperation project between the two
countries.

Finally, let me express my sincere appreciation to the Japan International Cooperation
Agency and other concerned organizations, officials of concerned organizations of the
Government of Montenegro and donor organizations for their close cooperation extended to
the team.

March 2009

Kazuo Furukata

Team Leader

The Study for Establishment of Geographic
Information for Implementation of National
Physical Plan in the Republic of Montenegro
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1.1 Aims of the Study

Chapter1 Outline of the Study

1.1 Aims of the Study

The targets of this study are the following three items, as well as a focus on the subordinate gods after
completion of the studly, in close collaboration not only with the counterpart organi zations, the Department of Redl
Edtate (hereinafter DRE) and Department of Spatid Planning (hereinafter DSP), but also with other government
agencies and donors.

1.1.1  Development of spatial data infrastructure

The aims are to make digjtal topographic maps on a scale of 1:25,000 for about 70% (approx. 10,000 kn?) of
the entire country and to develop a GIS database, and a0 to transfer the technologies for the creetion of spatid
datainfrastructure in the course of the above-mentioned work.

" Digital Topographic Maps
83 1:25,000 scale
® 2
B GIS database

- 25,000 leve

1.1.2  Technology transfer
(1) Making of spatial data infrastructure

The technology for creeting digitd topographic maps and GIS database with a focus on independent
deveopment will be established in DRE.

(2) GIS Application

Technology for the gpplication of GIS will be transferred to DRE and DSP by sdecting effective and
gppropriate thematic geographica information with particular emphasis on the operations of DSP, where GIS is
to be mainly used, in order to promote the dissemination of effective spatid data infrastructure to them and

other relevant organizations.
1.1.3  Subordinate goals of the Study

Subordinate gods are those to be pursued after the aims of this study have been achieved. Namdly, dthough
these gods may seem difficult to attain through this study, they indicate the future direction in which the
achievements and technologies gained through this study will be put to use.  The details are given below, and
attention must be given to redize technology transfer in order to approach the above mentioned goas as closdly as
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1.2 Details of the Study

possible.
(1) Goals utilizing the proposed plans

» Latest information of spatia data infrastructure will be creeted for the area covered by this study, and
topographic maps will be updated more accurately than in the pest.

» Thegpatid datainfrastructure will be used asthe basic data for the implementation of the nationd land
devel opment plan.

(2) Goals to be achieved through utilization

»  Development of the spatid data infrastructure will popularize the use of new geogragphic informetion,
including GIS in Montenegro.

»  Technology transferred through this study will dlow the DRE of Montenegro to creste the remaining
portion (about 30%0) of the spatid datainfrastructure and update al of the topographic maps unaided.

»  Utilization of spatid data infrastructure for the implementation of the national land development plan
will ensure the efficient implementation of planned projects for urban development, tourism

development, environmental conservation, and so forth.

1.2 Details of the Study

1.2.1 Works items

The work items to be implemented in this sudy are classified into the establishment of spatid deta
infrastructure, related technicd transfer, and dissemination of geographica information (GIS). Table-1 showsthe
work itemsin esch category.

Table 1 : Work items of the study

Development of Spatial Data . Dissemination of geographical
Technology Transfer and evaluation . .
Infrastructure information (GIS)
No. Work item No. Tecnology transfer item No. Dissemination item
31 Establishment of specification in 41 Setting of pricking points and 5 1 Dissemination of spatial
) conformity with global standard ! measurement of eccentric elements ! data infrastructure

3.2 Photo control point survey 4.2 Photo interpretation using enlarged 5.9 Workshop aimed at
photographs and result summary independent development]|

3.3 Aerial photography 4.3 Aerial trla.ngulatlon, F)EM generation and
contour line generation

3.4 Digital aerial triangulation 4.4 Digital plotting

3.5 Photo interpretation 4.5 Digital data compilation

3.6 Digital plotting 4.6 Field completion work

3.7 Digital data com pilation 4.7 Digital d.ata compilation for field
completion work

3.8 Field completion work 4.8 GIS strucuring

Digital dat ilation for field L
3.9 'gita .a a com piiation for te 4.9 Map symbolization
completion work
3.10 GIS strucuring 4.10 Dissemination of geographic information
3.11 Map symbolization 4.11 Counterpart training in japan




1.3 Schedule of the study and flowchart

122 Seminars/workshops and reports

Table-2 shows workshops/seminars to be held in associaion with the implementation of the work and the

various reports to be compiled in accordance with the progress of the survey.

Table 2 : Contents of workshops/seminars and reports

Workshops/seminars Reports

Seminar 1 Annogncement of th.e study .and . Inception report Implementation policy of the survey
creation of cooperative relationship work
Understanding of PCM scheme usable . Problems regardmg work

Workshop 1 . . Interim report implementation and countermeasures
for implementation of the study .

against the problems

Workshop 2 !Establlshment of PDM for spatial data Draft final report |Survey work in general
infrastructure

Workshop 3 Evaluation of PDM for independent Final report Printing and bookbinding as the final
development report

. Dissemination of the spatial data

Seminar 2 .

infrastructure

1.3 Schedule of the study and flowchart

The overdl schedule of the study conducted for about two yearsisasfollows:

Table 3 : Overall work schedule

2006 2007 2008
2|1 3|4|5|6|7|8|9]|10]11]12] 1 2|1 3|4|5|6|7|8|9]|10]11]12] 1 2|3
First Yea Second Year
T - .| HEE - .
Field work in thelfirst year Figld wark in|the decond yegr
Workshop A A A
Seminar Al A
Work D | | | |
in Japan Work in YJapan in the firgt year Work in Japan fn the¢ second year
Draft final report
Reports A 4 | AI
Inception Interim report Flinal r;port
L L L L

Keys : Hl Fied survey
Work in Japan
A Workshop, Seminar and Compiling reports

The flow chart detailing the study conducted according to this schedule is shown on the next page.
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1.3 Schedule of the study and flowchart

Year| 2006 2007 2008
Month 2 1 3 4 1 5 H 6 7 1 8 i 9 {10 11 12 i 1 2 1 3 4 1 5 H 6 ! 7 1 8 i 9 P10 moof 12 1 1 2 i 3
Work classification Preparatory work in Japan . i . Work in Japan in the first year . Field wor Work in Japan in the second year Field work in the
Field work in the first year Field work in the first second year second year
. A A A
Report submission A IT/R oy DF/R
IC/R PR/R F/R
T T T
A-1 H H H
Prepara ; =
tion in
Japan A-5 A-11
= (re\ezvan Establishmen Additional digital
. A-2 Survey t of editing
g m:z':;‘at related to specification
— < geographic s and L
50 ) al ) standard for Digital editing
;h _8 information map symbols A-12
"{’,_ g A-8 Structuring of GIS A-15 Data file creation
e S A-6 - . A-10 database [
-+ A-3 Control . A-8 Digital plotting . .
Q . Aerial - Fielc completion
=] point survey . . Digital plotting A-9
C = triangulation - "
a 73 Digital editing A-13
~T H Map symbolization
\).’/ g" | A-13 A-14
o Map encoding Verification of data
o Aerial photography pretatio for output map
'&l'_ creation
Iy [ + + A-8 Digital x e
| A-8 Digital plotting, A-9 Digital editing I A%IOt[t)li’;ial | A-11 Additional digital editing A-12 Structuring of GIS database A-13 Map symbolization
\ J editing \ T T T
B-1 .
Establishmen B-6 . ‘st -
t of pricking Encoding editing in Re—ed.ltmg of digital
points and accordance with data with t.h.e results
measurement et B_;S " B-5 the format rule of add|t|qna|
of eccentric OLung rems an Plotting items and observation

method in

B-2 accordance with the
N Photography planning and overlap specifications
ratio control

method in accordance
with the specifications

elements
B-7
Field completion
using edited
topographical maps
and compilation of its
results

B-9
Structuring of GIS
database

B-3
DEM and
contour line
creation

B-10
Conversion of digital
data into printable
forms

B-6
Encoding editing in
accordance with the
format rule

B-10
Conversion
of digital
data into
printable
forms

B-4
Photo interpretation with
enlarged photographs and
orthophotos and compilation
of its results

wajl y4om ASI\JHS
(g) 494sue. | A3ojouyoe |

C-1
Model thematic
database and
analysis

C-2
Effective use of
plotter-output maps

(D) uonew.ojuy
|eoiyde.asosr)
Jo uoneuiwsssiqg

D-4
Workshop 3

D-2 D-3
Workshop 1 Workshop 2
D-5
Seminar 2

(Q) seujwes
/sdoysyiom

3|Npayos |auuos.Iad

D E-1 E-2 E-4 =
©° Explanation of Explanation of Explanation of RISt |
o and and and and
a consultation on consultation on consultation on submission
~ the Inception the Interim the Draft Final KRN
ul Report Report Report Report

2 ] 3 4 5 6 7 8 9 10 nool 1 2 3 4 5 6 7 8 12 1 ] 2 3

.
I

Overall management

Aerial photography

:
H
H
R — s —

- Field survey 1 v v : 0

-Field survey 2

Field survey

Aerial triangulation *
Photogrammetry-

Map encoding

Dissemination of
geographic information

I
il
L
1

Interpreter
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1.4 Outputs of the Study

14 Outputs of the Study

Outputs of this study are given below.

14.1

Study reports

In this study, the following reportswill be prepared during the Sudy period

Table 4 : Study reports

Number of copiesto be submitted .
Report Language Itemsto be described
JCA Montenegro Totd
Study implementation schedule
Inceptionreport <IC/R> | InEnglish 5copies 10 copies 15 copies | including the basic palicy, methods,
work schedule, personnd schedule, etc.
Suggestionsto the counterparts based
Interim report <IT/R> InEnglish 5 copies 10 copies 15copies | ontheresultsof the study and
technology transfer up to this tage
Draft Find report 32% inr? ;z‘:: 18222 izﬁ:: Resulitsof theentire study and
<DF/IR> ) ) recommendations
Man Eng. 5copies 10 copies 15 copies
Summary  Eng. 10 copies 20 copies 30copies | Thereport with necessary additions
Find report <H/R> Summary  Jon. 10copies 0copies 10copies | and corrections madein responsetothe
Main Eng. 10 copies 20 copies 30 copies | counterparts commentson DFR
142  Study output

The reports and output items of this study are as shown in the table below.  Each report will be submitted to
the Montenegrin sde after it has been ingpected for technicd vdidity by JCA, and agreement on the report will

be reached after the report has been explained and discussed with the Montenegrin Sde.

Table 5 : Output items

Output item St Recipient
1. Aerid photographs * Color agrid photos (1:40,000) covering
Film negatives 5rolls | entireareaof Montenegro
Digital detafilesof aerial photographs 1s¢ | Theaerd photogrephs and the output
- obtained from them are the property of
Cortact prinks 1st Montenegro, and thus were returned to
Photographsenlarged by 1.6 times s the Montenegrin side by September 2007
Index map of agrial photographs 1 a the completion of work for eech item.
2. Fidd survey results st The Government of Montenegro
3. Agid triangulation results 1 The Government of Montenegro
The Government of Mont and
4. Digjtal map datafile 2sts | CeA en enegro
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2.1 Background of the Study

Chapter2 Implementation method of the Study

21 Background of the Study

The Federd Republic of Yugodavia was renamed Serbia and Montenegro when the new conditution was
adopted in 2003 and was a federation of two republics (Republic of Serbia and Republic of Montenegro) with a
limited term of exigence until 2006. When the federation was dissolved in June 2006, the Republic of
Montenegro (hereinafter referred to as Montenegro) came into existence.

This small country located in the midwest of the Balkan Peninsula has an area of approximately 14,000 km?
and a population of around 620,000. The ethnic compasition is as follows: Montenegrins 43.2%, Serbs 32.0%,
Bosnians 7.8%, Albanians 5.0%, Mudims 3.9%, Croats 1.1%, and Other 0.5% (based on the nationd census
conducted in 2003).  The land borders on Croatia, and Bosnia and Herzegovina on the northwest, Serbiaon the
eadt, and Albaniaon the south, and faces the Adriatic Seaon thewest.

In 2001, Japan dispatched a JCA economic cooperation study team to this country, then Yugodavia, wherethe
domestic economy had dgnificantly deteriorated due to long-term economic sanctions and air strikes. The
economic cooperation sudy, amed at providing the citizens of this country with assstance for restoration and
recovery of life and economic infrastructure, confirmed that cooperation was necessary in certain priority sectors:
eectric power, public trangportation, hedth care, urban environment, agriculture, and socid wefare. At the
Conference of Donors for Yugodavia held in June of the same year, Jgpan announced these Six sectors as its
priority sectors of assstance.

From 2003 to 2005, in order to bring about the recovery and economic growth of the country, the government
of Montenegro, in cooperation with the UN Development Program (UNDP) and German Technical Cooperation
(Gedlschaft fir Technishe Zusammenarbeit: GTZ), authored a nationd land development program, the pillars of
which include long-term planning, urban planning, culturd heritage conservetion planning, and dissster
prevention planning. However, with topographic maps being the foundation of a dSrategic and efficient
implementation of a nationa land development program, it became clear that the anadlogue topographic maps
made in the 1970s were a mgjor obstacle to the implementation of the development program, and there was a
pressng need to prepare digita topographic maps which were compatible with the Geographic Information
System (GIS).

Therefore, the Government of Montenegro has asked the Japanese Government for technica cooperation for
the establishment of the spatid deta infrastructure of the entire nationd land and for the related gpplied
technologies (GIS modd database devel opment) necessary to implement the nationd land devel opment program.

In response to this, the Japanese Government sent a preliminary study team to Montenegro, and on November
30th, 2006, a Scope of Work (S'W) was signed and exchanged between the concerned parties, where it was
decided to carry out this study for cooperation to establish the spatiad datainfrastructure.
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2.2 Target area of the Study

The two counterpart (C/P) organizations of this sudy are the Department of Redl Edtate (DRE), which prepares
the spetid data infrastructure, and the Department of Spatid Planning (DSP), which puts to use the spatid data
infrastructure.

22 Target area of the Study

The DRE will take aerid photographs of the entire country with the cooperation of the Japanese Government.
The scope of the spatia data infrastructure to be created will be about 70% (gpproximately 10,000 kn?) of the
entire country, excluding the mostly mountainous northwestern part, which will be covered with 92 map sheetson
ascaleof 1:25,000.

Spatid data infrastructure for the remaining portion, approx. 30%, will not be created through collaboration in
thisstudy. Instead, the Montenegrin side will create the spatia datainfrastructure for this portion independently,
using the technologies obtained from the present collaboration.  The exact areato be covered by this study isthe
areaencompassed by the bluelinein Fgure 1, which was prepared in accordance with the SW.

*Aerid photography :
entireareaof Montenegro
*Spatid datainfragtructure:

92 sheats (1:25,000 framework)

Fig 1 : Area to be covered
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2.3 Basic policies for Implementation of the study

23 Basic policies for Implementation of the study

This section describes the basic policies with regard to the aforementioned issues and approaches to their
resolution, as well as technology trandfer, operating methods for the study, etc.  The following chart brings

together the basic policiesaswel asthe subordinate goals of this study. The methods for tackling them arelaid out
on the following pages.

Subordinate goals

= The topographic map will up-to-dated more accurate than in the past, by the latest information of the spatial data
infrastructure created for the area covered by this study.

= The spatial datainfrastructure will be used as the basic data for implementation of the national development plan.

= The development of the spatial data infrastructure will popularise the use of new geographic information including GISin
M ontenegro.

= Thetechnology transferred through this study will allow the DRE to create the remaining portion (about 30%) of the spatial
data infrastructure and update the topographic map on its own.

= The use of the spatial data infrastructure for the implementation of the national development plan will ensure the efficient
implementation of planned projects for urban development, tourism development, environmental conservation, etc.

Purpose of this survey

$

e The development of a spatial data infrastructure covering 70% of the national land of M ontenegro.
* The establishment in the DRE of the technologies for developing and updating the spatial data infrastructure.

Basic policies

[Basic policies on technologies]

1) Establishment of specifications conforming to the global standard (1SO-19000 series)

2) Establishment of technologies for the development and updating of the spatial data infrastructure

3) Improvement and diffusion of the GIS application technologies using a model database

4) Implementation of technology transfer for independent development

[Basic policies on operation]

1) Enhancement of cooperative relationships and sharing of information between relevant agencies,
pivoting on the DRE and DSP

2) Utilisation of the achievements of JICA in the Y ugoslavia region, and thoroughgoing safety measures

i) i) T o

Task 1 Task 2 Task 3 Task 4
N
. Enhancement of cooperative
Preparation of Establlshr’r;fnt of sma:il—scale IrTI1‘proyementhof IGIS relationships and

specifications and rules USERh e sl Gk I ALIERS SFPAGEICH ESECTIES popularization and effective

database building through addition of thematic :

for map symbols technologies information use of the spatial data
L ) infrastructure

Fig 2 : Basic Policies
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2.3 Basic policies for Implementation of the study

231  Approach to study based on the basic policies

Based on the basic palicies, the following approach will be adopted in carrying out the study in order to achieve
itsobjectives.

(1) Establishment of specifications conforming to the interational standard

The very firg thing to be donein this study isto "establish specifications” Thereisavery srong need not
samply for the existing specifications to be digitized, but for them to be in conformity with the internationa
gandard, both in view of Montenegro's desire to join the European Union, and considering the potentia for the
effective use of the data in countries where it is compatible.  The specifications will be established in ajoint
undertaking between the sudy team and the DRE in order to provide the flexibility for the DRE to be able to

revise the specifications on itsown in the future.
(2) Establishment of technologies for the development and updating of the spatial data infrastructure

Technologicd enhancement of the field survey divison in charge of the photo interpretation and field
completion, and of the photogrammetry divison in charge of digital plotting and digital data compilation, is
essentid for the development of the spatid datainfrasiructure.  The cooperation between the two divisonsthat
will be needed after the technologica enhancement will be handled isasfollows:

1) Field survey division

Thiswork isan important part of theinitid stage of digitd topographic map development, and the various
types of information to be displayed on the digita topographic maps will be sdected gopropriately in line
with the specifications, and displayed accurately on the survey photographs (using codes, symbols, &fc.).
Als, because the qudlity of the spatid data infrestructure is greatly affected by the reults of these surveys,
the am will be to enhance technologica cgpabilities while carrying out verification through on-the-job

training.
2) Photogrammetry division

Since this operation includes the congtruction of the GIS database and the development of map printing
data, with regard to the specifications, the technology transfer with the photogrammetry divison must be
done with greater precison than with the fild survey divison.  The work in this stage includes not only the
plotting of topographic features, but dso data classfication for points, lines and planes, and the input of
attribute information; which means that the technology for accurate plotting and data compilation must be
edablished.  For this purpose, the staff must understand the digital photogrammetric survey system, the GIS
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2.3 Basic policies for Implementation of the study

system, and the map symbolization system, etc. provided by JCA, and mester the technology for their
operation. Therefore acombination of lectures, tests, on-the-job training, etc., will be used to establish the
technol ogies needed for the series of operationsfrom plotting to data processing.

3) Cooperation between the two divisions

Sincethe results of thefied surveyswill contain afew errors, accurate judgment is essentia in the plotting
and compilation stages.  In some cases, afollow-up survey of the content of the field survey may be needed,
and 50 the divison of roles between the two divisions involved in the development of the spatid deata
infrastructure and their cooperation based on mutua understanding are important. At the same time, the
congruction of asystem to meet these requirementswill be pushed forward.

(3) Improvement and dissemination of the GIS application technologies using a model database
1) GIS application technologies using a model database

The following two operations, defined in this survey as "the dissemination of spatid data infrastructure,”
will be carried out.
A.1 GIS technology transfer to the DSP/DRE
A.2 Dissemination activities for relevant agencies that need GIS
Asthe core organization for the development of spatiad datainfrastructure in Montenegro, the DRE should
a0 take on the task of putting the various thematic maps into a database.  In addition to tranderring the
GIS technologies to the DSP, the study team will transfer to both organizations the technologies for the
processinvolved in putting themetic informetion into a database.

2) Use of color orthophoto maps for the development of a temporary spatial data infrastructure

covering the entire land of Montenegro

The role of the DSP includes the drawing up of nationa land development plans, in addition to those in
other spheres, such as forest management plans and tourism promotion plans.  However, the development
of gpatid datainfrastructure in this study will cover 70% of the country, and the remaining 30% is expected
to be covered in order to prepare data for the entire country and drawing up nationa plans.

This preparation of datawill be done by the DRE during or after the technology transfer, but is expected to
take some time due to the current limitations of human resources and equipment.

As a workaround to this problem, it is suggested that the DRE prepare a temporary spatia deta
infrastructure from the orthophoto maps that the DRE has created on its own and is utilizing in its ordinary
operationsat present.
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2.4 Composition and Responsibilities of the Study Team

The study team will implement this study in collaboration with the DRE, from the agria photography to
the creetion of the DEM and contour line data.  The cregtion of orthophoto maps from the exising DEM
will take sgnificantly less time than the cregtion of the digital topographic maps.  In particular, Snce color
photographs are to be used in this study, the orthophoto maps themsdlves can be used to provide thematic
geographic information with which to identify the current land usage conditions.

The preparation of the spatid datainfrastiructure for the remaining 30% areais not included in the SW, but
there is obvioudy a high demand for it from the DSP and other agencies in Montenegro.  With the
understanding and cooperation of the DRE as a provison, the study team will provide technica ingtruction
regarding the preparation method. The preparation of data for this 30% within the study period can be
expected to be very sgnificant and effective from the viewpoint of the dissemination of the spatid deta
infrastructure and hastherefore intentionally been included herein the technicd policies.

(4) Implementation of technology transfer for independent development
1) Technology content

Technology transfer will not be a broad, perfunctory exercise covering al aspects of the work carried out
by the DRE. Thosefiddsin which thereis sufficient technologica capacity will not be covered and emphasis
will be placed on the processes necessary for the preparaion of the Montenegro spatid data infrastructure
requested in this study, thus contributing to the sure development of human resources.

In particular, the DRE lacks experience in the spheres of ground survey with regard to photo interpretation
and fidd completion, the cregtion of the medium scale of gpatid data infrastructure (digitdl plotting and
digital data compilation), and photogrammetry to creete the GIS database and map printing data, and so these
will be the high-priority issuesin technology trandfer.

24 Composition and Responsibilities of the Study Team

The composition of the Study team and the respongbilities of each team member are determined as stated below,
based on the basic policies of the study.
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2.4 Composition and Responsibilities of the Study Team

Table 6 : Composition of the study team

Responghilities Name Maintasks
Overal management Kazuo Overal management of the study
FURUKATA Planning and administration of technology transfer
Aerid photography Tomohiko Management and supervison of aerid photography, and
CHIBA technology trandfer
Aeid triangultion /| Kohel ISOBE | e Consultation on specifications and standard of map symbols
Photogrammetry / Digita Management and supervision of digita
platting photogrammetry-related technol ogies, and technology
trandfer
Photo contral survey / Feld | Satoru Conaultation on gpecificationsincuding survey
urvey 1 NISHIO specifications.
Management and supervision of photo control survey, and
technology transfer
Management and supervision of photo interpretation, and
technology transfer
Management and supervision of field completion, and
technology transfer
Photo control survey / Feld | Kazuhiro Conaultation on gecificationsincuding survey
urvey 2 ISHIZUKA specifications.
Management and supervision of photo control survey, and
technology transfer
Management and supervision of photo interpretation, and
technology transfer
Management and supervision of field completion, and
technology transfer
Feld survey Akira Management and supervision of photo interpretation, and
NISHIMURA technology transfer
Management and supervision of field completion, and
technology transfer
Map symbolization Yoshimitsu Technology transfer regarding editing of digital topographic
FUKUMOTO map for printed-map data
Dissemination of geographic | Kazunori Dissemination of geographic information, mainly study and
information (GIS) MASUDA analysis of GISand technology transfer
Interpreter Motoko Interpreting servicesfor explanations and discussons
KATAYAMA
Masahiko Interpreting services relating to technology transfer
OTSUKA

2-7




3.1 Establishment of Specifications in Conformity with International Standard (ISO-19000 Series)

Chapter3 Development of Spatial Data Infrastructure

The development of the spatid data infrastructure included lots of tasks such as aerid photography, ground
surveys, aerid triangulation, digital plotting and digita data compilation, map symbolization, and GIS database
dructuring.  The detailsaregiven in thefollowing sections.

341 Establishment of Specifications in Conformity with International Standard (ISO-19000 Series)

3.1.1  Preparation of Specifications and Format Rules

The basic policies (draft) for designing aspetid datainfrastructure were established as shown below prior to the
discusson between the study team and DRE regarding the specifications.  The specifications were summarized
asthe" Spatid Data Product Specifications.”

(1) Basic policies for establishing the

specifications

The ddiberation and discussons for the
edablishment of secifications were carried
out based on the following four basc

policies:

1)  Inview of ussbility as GIS deta, the Photo 1 : Scene of deliberation and discussions

spatid data infrastructure shdll be regarding specifications
developed in conformity with the

sandardsfor spatia datainfrastructure (1SO-19000 s=ies).

2) The spatid data infrastructure standards to be referred to shdl be the standards by which the spatia
data infragtructure can be expected to be used as mapping data as well as GIS data that can be
digtributed and used more extensively in and out of the country.

3) The sdid data infrastructure shal be established through discusson with DRE based on the
assumption thet the existing format rules developed in the days of the former Federal Republic of
Yugodaviaare used wherever possible.

4)  The specifications shdl be summarized as the Spatial Data Product Specifications including "feeture
definitions™ "spatid reference sysem,” "qudity evauation,” "meta data Specifications,” and "encoding
specifications”

(2) Procedure of specification establishment
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3.1 Establishment of Specifications in Conformity with International Standard (1ISO-19000 Series)

1) Member appointment

The badc policiesfor the specifications development and the structure of the specifications were explaned.
Based on the explanation, members in charge were sdected through discussion with the leeders of the field
survey divison, photogrammetry divison, and GIS divison.  Consequently, expert engineers familiar with
topographic map preparation in each of the divisions were gppointed to participate in the discussons.

2) Finalization of specifications

After dividing the specifications to be made into "festure definitions" "map symbols" "UML data
modeling and data tructures,” "quidity evauation criteria," and "meta data specifications' and using the draft
specifications prepared by the dudy team as the working draft, the process including “explanation,
identifying requirements, summearization of specifications, and confirmation" was repeated until a draft was
completed, which was then approved by the leaders of the divisonsto establish find specifications.

(3) Outline of the Spatial Data Product Specifications
1) Compliance with international standards (ISO-19000 series)

An agreement was reached after it was advised that the data pecifications comply with internationd
sandard specifications for the sake of data exchange, and digtribution at present and in the future.  The
Product Specifications shdl not only include data specifications but aso define how to write the
specifications, meta data, etc., comprehensively, and shdl be revisad to comply with international standard
specificationsin phases.

The Product Specifications have the character of and are positioned as a national socid infragtructure
similar to the internationd standard specifications, such as the 1SO-19000 series (Geographic Information)
by ISOTC211 or the GML specifications by the Open GIS Consortium.  Therefore, the Product
Specifications in compliance with these specifications were established based on mutual agreement between
the two parties.

This definition includes not only the data formats, but aso al the items required for data exchange
including application schema (such asitems and atributes to be acquired), spatid schema (geometrical figure
data modd), graphics (format rules and expressions), and meta data profiles.  However, the grgphicsiin this
lig are secified to edablish rules for exchanging computer-readable gragphics origindly as a portrayd
schema. At present, there are few software applications available that implement these rules, and therefore
it was decided to adopt for the specifications of existing symbols and line types dependent on individua
grgphics.
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3.1 Establishment of Specifications in Conformity with International Standard (ISO-19000 Series)

2) Feature definitions

The feature definitions were examined based on the formeat rules developed in the days of the former
Federd Republic of Yugodavia, "TOPOGRAFSKI KLJUC ZA TOPOGRAFSKI KARTU 1:25000."
By diminating many festures that could be consolidated or no longer existed, the number of festures was
reduced, and the format rules were smplified, o that Montenegro can maintain them by itsdlf in the future.
Since no definition was provided for each of the features, the scope of applications was determined based on
the size of symbols, and o forth.  If these were Hill hard to determine, the gpplication rules for Japanese
1:25000 maps were gpplied.

Fig 3 : Notation in "TOPOGRAFSKI KLJUC TOPOGRAFSKI KARTU 1:25000"
3) Map symbols

Map symbols were discussed based on "TOPOGRAFSKI KLJUC ZA TOPOGRAFSKI KARTU
1:25000" and the dimensions of each symbol were created by measuring the shape of the symbol on the
former topographic map.  The adopted symbols are summarized in the "Definition of Graphics' which do
shows the dimensions, widths, colors, etc. of lines that make up each symbol.  New symbols were cregted
where they did not exist in the former format rules (e.g., mobile phone antenna) after examining the shepe.
The features that were difficult to expressin digital datawere created based on the Jepanese format rules (eg.,
s0il and rock dliffs).

Feature item name Element type Item code Graphics Remarks
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. . color: black
Antennaon Building | point 6083 linewidth: 0.15 mm
J " color: black
MobileAntenna point 6084 £ o linewidtth: 0.15 mm
Meteorologica . color: black
Setion point 6085 : linewidth: 0.15 mm
=

Fig 4 : Notation in "Definition of Graphics"
4) UML modeling and data structure

The organization of features was defined in the UML modeling, and the format of spetid data was
examined in the data Structure.

Fig 5 : Organization of 1:25,000 SDI expressed as a UML class diagram

A notation system for dass diagramsin the UML modeling was used to group feeturesinto severd classes
and define the "spatid attributes” "tempord attributes,” and "thematic attributes.”

Fig 6 : Class diagram of a road network

The spatid data infragtructure is expected to bear an important role as part of the socid infrastructure.
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3.1 Establishment of Specifications in Conformity with International Standard (ISO-19000 Series)

Once built, the spatid data infrastructure is required to continuoudy fulfill the role.  Therefore, the data
structure shal meet the following requirements:

»  Thedaadructure shdl flexibly support an expansion or change of the specificationsin the future.

» Thedata gructure shdl have sufficiently high accessibility and availability at present, and be able to
comply with international standards such as 1SO by way of forma conversion processing in the
future,

»  The specifications of the data structure shal be disclosed to the public to enable data maintenance on
various systems, and data processing by users.

According to the above requirements and for the effective use of the data, topologicd Structure data was

adopted.  Also, inview of future compliance with 1SO, data shal be crested in coverage format of Arcinfo
so it will be possibleto smply convert the data.

Fig 7 : Structure of topological data

5) Quality evaluation

Qudity evauation was defined usng five dements. completeness, spatial accuracy, logica consstency,
tempord accuracy, and thematic accuracy.  After the quality requirements and quality eva uation procedure
were determined for each feature, the details of these five quaity dements were discussed.

As for quality ingpection, visud ingpection and logica inspection were adopted. The former refers to
find results ingpected with origina data and photographs, and the latter refers to data structures and other
items that can be ingected by a program. Furthermore, the quaity evaduation Specifications were
determined to prevent defectsin thefind products.

35



3.2 Photo Control Point Survey

| Are the time attributes (periods) right? |

| Are the subject attributes (classification, name, etc) right? |

Fig 8 : Explanation of five elements of quality evaluation

6) Metadata

Meta data was discussed as follows. IMP 2.0
Overall meta data

defined in Japan was explained in detail and it was Defined in ISO19115

-

’, MMP10  “(
(approx. 70 items) Y

decided to modify the specifications to comply
with the circumstances of Montenegro and define
them asMMP1.0.

Core meta data

JMP 2.0 is a sat of specifications including 50 (approx. 50 items)

essentid items (core meta data) defined as the

information of meta data defined in 1SO aswell as

an additiona 20 items representing the content of Fig 9 : Scope of application of meta data
qudity evdudtion. Montenegro agreed that no
more informeation is reguired so that it was decided to define similar specificationsasMMP 1.0.

(4) Update of Spatial Data Product Specifications

After the Product Specifications were established, some problems were found in the digital topographic map
expressions that led to severd revisons to the Specifications  These updates of the Product Specifications
were agreed upon in the memorandum exchanged between the sudy team and DRE.

32 Photo Control Point Survey
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321 Photo Control Point Survey and Revision of the Survey Standard

The photo control point survey was conducted in the first and second year of the study operation period based
on the conventional survey standard (hereinafter, the former survey standard).  After the second-year photo
control point survey was completed, however, the revision of the former survey standard took shape to produce a
new survey standard (hereinafter, the new survey standard) and DRE and the study team met numerous times to
determine which survey standard should be gpplied in the current survey.  Since the coordinate system was split
into two under the former survey standard, and a common coordinate system for the entire country is desrable
from the viewpoint of developing and utilizing a spatid data infrastructure, it was decided to make arevision to
egtablish the new survey standard compliant with the ITRF (Internationd Terrestrid Reference Frame)-96, an
international standard.  Therefore, the coordinate results of the photo control point survey were dso converted in

compliance with the new survey standard.

Table 7 : Survey standard used to make a digital topographic map

Item Former Survey Standard New Survey Standard
Survey Standard Former Yugoslavic Standard ITRF-96
Reference ellipsoid Bessel 1841 GRS-80
Map projection Gauss—Kruger Zone 6, 7 UTM Zone 34

Zone 6: 18 degrees east longitude
Zone 7: 21 degrees east longitude
Zone 6: X=0, Y=6,500,000 _ _
Zone 7: X=0, Y=7,500,000 X=0, ¥=5,000,000

Scale factor 0.9999 0.9996

Specifications of topographic map Surrounding framework: 7° 30"x 7° 30" | Surrounding framework: 7° 30"x 7° 30°

Central meridian of coordinate syster 21 degrees east longitude

Coordinate origin

3.22 Decision on Number of Photo Control Points

The number of photo control points required for aerid
triangulaion was caculated by applying the Survey Operation
Manua of JCA (for Nationd Base Magps). The formulae
provided in the operation manua used for caculation were as
follows:

» Nh (horizonta control points)

> =4+2[(n-6)/6]+2[(c-3)/3]+[(n-6)(c-3)/30)]

» Nv (verticd control points) =[n/12]c+[d/2]
n : Average number of modd s per course
¢ : Number of courses (the fractiond portion ingde the
brackets[ ] should be rounded up after calculation).

Using the numbers in the photographing plan, n=31 and
c=34, the number of control points were caculated to be

Fig 10 : Existing GPS control points
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3.2 Photo Control Point Survey

Nh=62 and Nv=119, respectively. Since vertica points (Nv) can dso serve as horizontd points (Nh), the

number of control pointswhen only Nv is used was calculated as. 119-62=57.

323 Reconnaissance of Existing Control Points

In this study, a plan was established to make the most of
the many GPS control points that dreedy exis in
Montenegro. Based on the coordinate results received
from DRE and the results of the reconnaissance survey,
the exiging GPS control points to be recognized as photo
control points in this study were accurate enough to be
used as Nh (horizonta control points).  Furthermore, the
exiding GPS control points came with eevation data
resullts which, when checked through indirect leveling by
Totd Sation from nearby benchmarks, were in error by

Photo 2 : Inspection survey using benchmarks

around 10cm.  The study team, assuming that the devations of the existing GPS control points can o be used

for aerid triangulation, decided to usethem asNv (vertica control points) in the same way as benchmarks.

3.24 Installation of Aerial Photo Signal

In principal, when indadling aerid photo signds as horizontal control points, the A-type (Y-shaped), B-type

(square-shaped), and C-type (X-shaped) are used. However, in this ingtance, the existing A-type (Y-shaped)
aerid photo sgnas were usad (see Photograph 1).  Boulders on the ground were painted mainly with lime

powder dissolved in water.  The size of agrid photo signas was 5 meters in length and 1 meter in width in

accordance with the result of the discussion on the specifications.

325  Performing the Photo Control Point Survey

The photo contral point survey was conducted by
three or four groups as a joint effort between the study
team members and the counterparts of DRE. Each
group used either aGPS receiver or Tota Station owned
by DRE according to the observetion conditions in the
fidd. Furthermore, efforts were made to make the
most of the observation data of GPS receivers, JCA
survey equipment, and nine GPS-based reference
dations indaled in Montenegro, and the observation

Photo 3 : Aerial marker in aerial photograph
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method for Red Time Kinematic survey (hereinafter, RTK GPS survey) was adopted.

This work, initidly planned to be completed in
March or April 2007, had to be interrupted after
ingtallation of 36Nh points (including air marking), and
39 Nv points due to an unexpected snowfdl and an
extensve and long power failure. Therefore, changes
were mede in the work plan so thet the photo control
survey was carried out in two separate phases.

It was decided to carry out the photo interpretation
survey in the second phase in late June to late August
2007. Since aerid photography was completed by
then, the rest of the photo control points were handled
in the pricking process ingtead, and the indtdlation of
66 Nh points (62 planned) and 69 Nv points (57
planned) was completed by the end of July 2007.

In the second phasg, it was possible to use the RTK
GPS aurvey, a survey method superior in speed and
accurecy, and therefore it was used on the three new
photo contral points, asfollows:

> GCP63 (T-1) and GCP63 (T-3) were

Photo 4 : Photo control point survey and air marking

Photo 5 : Snowfall on March 21 in Berane

ingalled near the area neighboring the northern border with Bosniaand Herzegovina
» A new photo control point (GCP64) was ingaled because the GPS control point planned near the

northwestern border with Serbiadid not exigt.

»  Likewise, an existing GPS control point neighboring the northwestern border that was to be used as

GCP21l wasmissing. Therefore, anew point wasinstaled nearby.
Consequently, the number of horizontal control points ingtaled in the first and second phases was as shown in

thefollowing teble.

Table 8 : Number of horizontal control points

Photo Control Points for Horizontal Position (Nh)
Phase Existing Control Point Use New Control Point Use
Aerial Photo Signals By Pricking By Pricking
First Phase 36 0 0
Second Phase 0 27 3
Total 36 27 3
Grond Total 66
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3.2 Photo Control Point Survey

The number of vertical contral points of which only the elevation vaue is used for adjustment caculation of
aerid triangulation was cd culated by measuring the relative e evation difference between an exigting control point
or GPS control point, and a pricking point using the Totd Station.  Consequently, the number of vertical control
pointsingalled in the firgt and second phases was as shown in the following table.

Table 9 : Number of vertical control points

Photo Control Points for Vertical Position (Nv)
Phase Existing Control Point Use Exsiting Bench Mark Use
First Phase 17 22
Second Phase 30 0
Total 47 22
Grand Total 69

326 Coordinate Transformation for Control Point Survey Results

Since it was decided to devdop spatid data infrastructure in conformity with the internationd standard
ITRF96 in this sudy, the plane coordinates that had been obtained as a result of the control point survey
conducted using the conventiona survey standard needed to be transformed into planimetrical coordinates in
conformity with the specifications of the new survey sandard. The program used for transformation between
longitudes and latitudes with different dlipsoids was transformation software developed by the Geographica
Survey Inditute of Jgpan.  Furthermore, the transformation from the former planimetrica rectangular coordinates
to longitudes and latitudes, and the trandformation from the longitudes and latitudes to the new planimetrical
rectangular coordinates were conducted using the software owned by Kokusai Kogyo Co., Ltd. as shown in the

following figure:

Longltudesand Iatltudeson Besel eII|p90|ds

ety et e e 8 a3 e P13 e

Fig 11 : Flow of coordinate transformation
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The results of the exising GPS control points used for the control point survey were the planimetrica

coordinate values based on the Gauss-Kruger projection using zone six and seven based on the former survey

dandard.  Therefore, the longitude and latitude results of the GPS control point survey conducted by DRE were

a0 received.

The saven parameters used for 3D transformation of the geocentric orthogona coordinate values on the Bessd
elipsoid to those on the GRSB0 dlipsoid were the val ues shown in the table bel ow, which were calculated by Prof.
Blagojevic (Faculty for Geodesy, University of Belgrade) and adopted by DRE.

Thedlipsoid eements adopted in the process of transformation and conversion are as shown in the table below.

Table 10 : Seven parameters used for

coordinate transformation

Table 11 : Ellipsoid elements

327 Creation of Description for Photo Control Points

7 Parameter Bessel/GRS80 Ellipsoid Semi—major axis Frattening
T1(m) —261.89858 Bessel (m) 6,377,397.155 299.1528128156
T2(m) —221.21591 GRS80 (m) 6,378,137.000 298.2572221010
T3(m) -743.8768
RI (") +4.99487
R2 (") +14.45241
R3I(") -15.13857
D_(ppm) -2.03665

The descriptions for photo control points were cregted for each of the horizonta and vertical control points, as

shown in the figures below, to be used as the control points for aerid triangulation thet follows.  The descriptions

indicate the after-transformation coordinate vaues and their positions, and show aerid photographs and position

diagrams.
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3.3 Aerial Photography and Photograph Data Creation

Descriptions for Vertical Control Point

Descriptions for Ground Control Point DRE /JCA

DRE/JICA

Point No. No. of 1:25,000 May 14731 ? Coordinat:
o | e 5000 Map Oeratedby | 5 Swjnovic &R kistic UTM Zone: 34 No cordinates (m) Elevation (m) Remarks
Type of PhotoSignal | Three vings | _ Date of hstallation 17:Mar-07 Tnspected by K Ishizuka Easting Northing
uTM34 Coordi (m) levation (m) VCP No: 106 316,516 4,699,319 1.062|Coordinates was measured by handheld GPS.
Easting (E) Northing (N) Pillar Ele. i Ele. — o 206 2 424] DRE's Bomch Mark
Main Station (DRE96) 301,700.400 4723002998 1174316 1174190 olrt: s Beneh Mart
Eccentric Point (EP) 01722222 4722983904 Z 1174880 Survey Date: 27-Mar-07 Operated by: Slobo Stojanovic & Rados Krastajic
Site Sketch Map 1:25,000 Site Photo
K
A » 4
k3 A
A
+ ‘ O
v o ot
ing Site Photo Site Photo of Signal

Site Sketch:

No.106

Position on_Aerial Photo

Fig 12 : Description for Horizontal control points Fig 13 : Description for Vertical control points

33 Aerial Photography and Photograph Data Creation

3.3.1  Aerial Photography

Aerid photography in this study was conducted in collaboration with
DRE, the counterpart agency. DRE supplied airplanes and cameras as
well as pilots, photogrgphers, and mechanics, whereas JCA supplied
materias such as film and processing chemicas and aircraft fud to carry
out joint work with the engineers of the study team.

The undulating topography of Montenegro, which ranges from the
coastal area on the Adriatic Seato a mountainous area with 2,500-meter
eevations, reguires caution to perform aerid photography, such as
adjudting the shutter intervals during the flight while checking the rapidly
changing geogrephic features of a target area  If such caution is not Photo 6 : Aerial camera
taken, the required overlgp rae may not be atained. To avoid this
problem and acquire aeria photographs required to make the digital topographic maps, it is necessary not only to
use a photographing method such as the overlgpping rate control, but aso to start making thoroughgoing
preparations from the photographing flight planning phase.
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(1) Flight planning

The flight plan mgp made during preparations in Japan assumed carrying out al the photography in an
eadt-west direction, covering 34 coursesin tota.  As a result of discusson with the DRE photography crew,
however, it was decided to change the plan by reducing the courses in an east-west direction to 31 and adding 15
courses adong theinternational borders with neighboring countriesin order to cover dl the aress.

The reason for this change in the photography courses was thet it was expected to take a long time to obtain
permission from the neighboring countries for the flights. The Republic of Bosnia and Herzegovina granted
permission soon dfter the gpplication was made, but there was difficulty in flying over the other neighboring
countries at the gtart of the photographing processin early May.

Therefore, the east-west courses on the Basnian side included the taking of one photograph beyond the border
while the courses on the Serbian (including Kosovo), Albanian, and Croatian sSides were stopped short of the
borders.  To make up for the blank aress resulting from this change, photographs were taken with new flight
plansadong theinternationa borders.

The photography method and the courses dong the nationd borders was planned by the study team and
findized through discussion with the DRE photography crew.  In the end, permission for flights was given one
after another by the neighboring countries, with the exception of Albaniaand Croatia, and photographs were taken
mostly as scheduled in the plan.

The coordinates required for the actua photography flight for the start and end points of each flight plan were
measured by the study team. Then, a DRE photographer transformed the measurement data into a coordinate
system to be usad for the navigation system, and then entered the transformed data in the photography control
sysem, ASCOT. The DRE photographer had sufficient experience and technicd skills so that there was no
problem in the data entry and initid settings (setting for inserting coordinates, time, and course numbers in

photographs).
(2) Photography specifications

Photographing scde: 1/40,000
Average overlgpping rate  O/L=70%,
SL=35%

> Photography courses L1 to L3l
(east-west), L101 to L115 (dong borders),
atotal of 46 courses

> Panned number of photographs to be  Photo 7 : Photographing aircraft owned by DRE
taken in photographing mode specifying
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principd points 1,064
»  Above-ground leve for photographing: 6,140 m
» Cameafocd length: 153.49 mm

(3) Photography management

The experienced DRE photographer had no problem in handling the camera and ASCOT, and took
photographs while discussing with the study team about detailed settings such as exposures and dtitudes.

Many of the photographs were planned to be taken in
photographing mode specifying principa points (with priorities
on principa point pogtions). However, there was a rik of
extremey smdl overlgps due to the topographic features with
sgnificantly different devations.  Photographing was carried out,
therefore, by switching ASCOT to V/H mode (with priorities on
overlgps) when required by the topography of the shooting aress.
The DRE photographer was wel acquainted with such a
procedure for complementing photogrgphy procedures with
manua operations, so the operation progressed quite smoothly.

The photographer was dso familiar with an efficient and
economica photography method, such as not photographing
aress with obstacles including douds and re-photographing only
these aress in the next flight, making the most of the advantages
of ASCOT that operaed in linkage with the GPS navigation

Photo 8 : Identification of weather

conditions

sysem. The photographer accurately managed photography courses, areas not yet photographed, and areesto

be re-photographed.

As described above, the process up to the actud flight was based on a different system than in Jgpan, and

many of the target areas were in a digtinctive region with an undul ating topography, much coadtline, and many

lakes and rivers from which clouds tended to build up.  For about 1 month from mid-May, it was sunny in the
morning but cumulus-type clouds built up asthe time passed.  Thanks to the experienced photography crew
who collected weether information and accurately determined whether or not to fly, the photography of dl the

target areas was completed by late June.
(4) Processing of film development, scanning, and printing

1) Data processing after film development and scanning
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Exposed films were developed one by one in the DRE laboratory. Later, al the negative films were
scanned and converted into digitd data.

Next, a photograph number table was created based on this data, and printing data was created according
to the plotter resolution.

To prevent erroneous overwriting of the origind image data after scanning, the transformed digita data
was saved to a 1.5-TB HDD brought from Jgpan.  On the other hand, DRE dso made a data backup on

DVDsonitsown to ensure thisorigind datawas saved.
2) Printing image data and printing

A management table was made for the processing and printing of thisset of data. It was decided to write
in this table the file names for photographs that were converted into digitd data, and the numbers for
photographs thet were printed one by one in order to prevent any omissions in data processing and printing.
Later, through collaboration with the DRE engineers, printing was done to produce one s&t each of 1.6-times
enlarged prints for photo interpretation (scae: aout 1:25,000), 1.6-times enlarged prints, contact prints
covering 30% of the survey conducted by DRE, and one set of contact prints for the work in Jepan.

332  Accuracy Control

The DRE photographer was well acquainted with
manual  operation procedures to  complement
photographing, and accuracy control using digitd data
did not turn up any problem either in drift correction or
exposure, €tc., except weather disturbances or in
overlgpping rates, which stood at around 70% of the
plan regardless of topography.

However, the study team requested DRE to retake
seven of the photographs showing some clouds. These
photographs did not pose significant obstacles to digita
topogrgphic mapping, but were retaken in view of

Photo 9 : Accuracy control using digital data

effective utilization in future orthophoto maps, eic.  The details are shown in thetable below.
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Table 12 : List of aerial photography courses and photograph numbers

Carse | No No No - No No - No No - No No - No Toal
1 3167 - 315 9 9
2 3158 3| 9 | P17 - PI8| 2 1
3 3146 - 3157 [ 12 12
4 319 3145 | 17 17
5 3104 - 3IB| 25 25
6 B 0%} 3B [ 28 28
7 06 - A0 | 073 - K| 3 2
8 00 - 05|37 37
9 2948 - 08 | 4 4
10 | 680 - 6617 [ 2006 - 2806 | 3065 - 3072| 8 51
1 XA - XDI26 | B8 - XN X7 53
2 | X5 - 68|20 |86 - 87| R *Three expsures (2875, 2876 2877) affected by daudtote en 61
13 2B - 25| 3 | 56 - X680 | 204 - 85| 2 | IV - B3| 6 60
14 | 2% - 24| 6 | 2R - 5743 | 2799 - 28325 &4
15 506 - XA |36 | 76 - 79| 14 50
16 2461 506145 | 2/ - 2775 | 4 49
17 | 2406 - 244130 | 2444 - 2460 |17 | 270 - 291 | 2 49
18 B8 - 2404 | 37 37
9 B8 2367 | 40 * Ong(1) exposure o ke taken at the westerd (near the borderwith Creetia)  lackof sterecscaoic image 40
20 214 A5 |2 | 210 - 211 | 2 | 214 - 217 | 4 | BB - B¥7 | 5 3
21 00 - 05| 7 | 00 =212 13 | 206 - 20| 4 | BI18 - 2321 | 4 | 326 - 327 | 2 30
2 0% - 00|14 | 071 - 078| 8 | 219 - 22| 4 | 67 - 6P| 3 29
3 2021 00119 [ 2195 - 20| 8 27
24 B 00118 | 203 - 208| 1 19
5 00 - 05116 16
% 2% - 2% |1 11
/4 246 - A5 110 | A% - A% | 1 1
B | A% - A5 9 | A8 - AB | 1 10
D | 2% - 261 6 | 2R - AR | 1 7
30 2166 A7 | 7 7
31 A2 - A77| 6 6
101 3% - 3P| 4 4
1® | 318 - 3% |17 17
18 | 318 - 21114 14
104 | 2031 - 94|17 17
16 | 224 - 21 9 9
6 | 2R 246 | 5 | 277% - Z798| 3 *Three exposures (2244, 2245, 2249 affected by cloudtobe @ken 8
107 | 25 25| 8 8
18 | 248 - 28| 6 6
10 | 2B 28110 10
110 | 28 2B | 9 9
111 29 - BI7 124 24
112 | A8 - 2D |13 13
13 | 267 - 24| 8 8
114 | 20 - 5| 6 6
105 | 258 - 2% | 9 9
%6 1.04
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Fig 14 : Index Map of Aerial Photos
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34 Digital Aerial Triangulation

34.1  Description of Operation

Aerid triangulation was conducted in digital form using the digital photogrammetry syssem.  The use of the
system's automati ¢ measurement function led to the acquisition of efficient and high-precisonresults. The aerid
triangulation method used in the Sudy was asfollows:

Initidly, it was planned that the counterpart agency DRE should conduct aerid triangulation on dl the areas, but
the agency responded that this was difficult to do due to the term of work.  Asaresult of discussion between the
two parties, DRE decided to take on only the amount of work it could reasonably handle, including the technology
transfer (98 out of 1,048 models), and therest of the work was carried out by the study team.

Likewise, the study team a0 handled meking DEMs and contour line data in the areas where spatid data
infrastructure was to be congructed (70% of the totd area) and DRE acquired those in the remaining 30% of the
areaand two sheets rdated to technology trandfer.

342 Process Methods

The equipment and methods used by DRE are asfollows.  Aerid triangulation was conducted in two blocks,
zone 6 and 7; because control points consisted of zone 6 and 7 of locd coordinates system. It was decided to

ensure the congstency between the two blocks by using common photo control points.
(1) Equipment used:

Digitd photogrammetry system, Leica Photogrammetry Suite9.1,
ORIMA9.1 (Montenegro), and Image dation SSK (Intergraph)
(Jepan)

(2) Adjustment caculation

Bundle method with sdf-cdibration that can be used with
RIMA9.1 (Montenegro) and Image stetion (Japan)

In this operation, automatic processing based on image matching
was frequently used to make the most of the advantages of digita
agrid triangulation by effectively using the principa point Photo 10 : Leica Photogrammetry
coordinates for photogrgphing that can be obtained from the GPS mounted on the aircraft.  The measurement
of photographic coordinates (images) such as tie-points was conducted mainly through automatic measurement.
While andlog aerid triangulation was conducted by manually measuring three to five tie-points per photogreph,
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digital aerid triangulation enabled the measurement of amaximum of about 120 points per photogrgph.  Since
extremely numerous points were measured, stable results (solutions) can be expected in subsequent caculaion
or andysis processing, S0 that the latter method is advantageous in terms of accuracy.  In contradt, the photo
control points were measured manualy asin the past.

(3) Creation of DEMs and contour lines

DEMsa intervas of 20m were created using the automatic eevation extraction technology, bresk lineswere
added to donormd points and unrepresentative topographies using a stereo mode, and contour lines were
created based on these DEM s through autometi c generation processing.

343  Executed quantities and results

(1) Executed work quantities

> Number of photographs: 1,096
»  Number of photo control points
(horizontd) : 66
»  Number of photo control points
(verticd): 136
(2) Specifications
Fig 15 : DEMs created through automatic
The limit vaues in the aerid triangulation elevation selection and stereo model
adjusment cdculation results gpplied in the survey
operation comply with the Survey Operation Manua of JICA asfollows:
» Bundleintersection resdud error limit values: 30 um (maximum), 15 pm (Sandard deviation)
»  Photo control point resdua error limit value:  0.04% of photographing dtitude (2.4 m) (maximum),
0.02% (1.2 m) (standard devietion)
The reaults of the agrid triangulation were as shown in the following table and sufficiently met the accuracy

requirements:
Number of reference Number of points X . . Independent model method or bundle method
. excluded from Reference point residual error
points for control . - - X X
calculation Pass—point and tie—point residuals
. . Horizontal location Elevation Horizontal location Elevation
Horizontal Elevation Horizontal Elevation
location location Stﬁl:]dé-lr‘d Maximum Star'lda'rd Maximum Star.]dérd Maximum Star}da}rd Maximum
deviation deviation deviation deviation
m, m m m, mm mm
o | 13 R o ™ [ o [ o o [ om] om
0.09 0.5 0.033 0.10 0.003 0.027
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35 Photo Interpretation

3.5.1  Description of Operation

The photo interpretation was conducted using aeria photographs with the same scale as the 1:25,000 digitd

topographic maps to be created, in order to identify the necessary features to be shown in the digital topographic

maps. The feature items that could not be identified in the field or aerid photographs were supplied via DRE

from the competent agencies of Montenegro.  The specific operations conducted in the study are asfollows:

>

>
>
>

Preparetive operation

Reconnai ssance investigation and photo interpretation
Crestion of aphoto interpretation handbook

Fedd confirmation

352 Implementing Method

Theimplementing method and procedure of operations were asfollows:

(1) Preparative operations

The preparation for the photo interpretation consisted of the following operations:

1) Creation of a photo interpretation instruction

Table 13 : Example of rules applied to photo interpretation

Based on the spatia data infragtructure specifications, the survey items were sdlected and their definitions

and gpplication rulesweredarified.  Furthermore, the usage methods of symbols and codes for showing the
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3.5 Photo Interpretation

photo interpretation results were clarified, and the survey methods were determined through ddliberation and
discussons.  The information thus determined was summarized into an ingruction, which was prepared
both in English and Serbian.

2) Collection of the existing 1:25,000 topographic maps

DRE prepared the exiging 1:25,000 topographic maps (hereinafter, former topographic maps) for the
study area

3) Other preparations

On the printout aerid photographs with an goproximete scale of 1:25,000, the surrounding frameworks
and sheet numbers of former topographic maps were marked in red.  Since the scope of one topographic
map sheet isusudly covered with more than one aerid phatograph, joining lines were marked in red on each
of the neighboring aerid photographs

(2) Discussion with DRE

Thefollowing items were discussed with DRE in order to proceed smoothly with the photo interpretation:
»  Organization of survey team
> Period of survey
>  Explandtion of the survey operdtion ingructions

(3) Reconnaissance investigation

The following reconnaissance investigation was conducted according to the survey operation ingructions
that had been determined upon discussion.  The reconnaissance investigation was conducted by comparing
and checking the feetures in the aerid photographs for surveying againg those in the collected former
topographic maps.

The survey items compared and checked were asfollows.

> Identification of secular change aress

> ldentification of festures to be checked in the fidld (eg. buildings such as public facilities and
factories) in the feature information based on former topographic maps

> Identification of topography and featuresfree of secular changeswhich can be used asthey are, inthe
topography and feature informeation based on former topographic maps

»  ldentification of feature information that cannot be determined in field confirmation or photo
interpretation (e.g. place names and routes of transmission lines) and geogrgphica information that
needs to be confirmed in the former topogrgphic maps (eg. road types, adminigrative boundaries,
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3.5 Photo Interpretation

and nationa borders)

(4) Creation of a photo
handbook

interpretation

A photo interpretation handbook that can be
effectively used for digita plotting and digitd data
compilation was created.  For the handbook, 46
types of fedure items, mainly vegetation, were
surveyed using the following procedures:

»  Sdection of features as survey targets

> |dentification of target featureson
former topographic maps

»  Photography of current-gtatus of
featuresidentified on former
topographic maps

»  Photography of aerid images
corresponding to features identified on
former topographic maps

»  Specification of definitions of festure

Photo Interpretation Key for Land Classifications

DRE/JICA

Feature Code

Category of Feature

Feature Item

7006

Steep slope

Index No. of Map:

130-4-4

Site Photo

Scale :

1:25,000

Date Taken :

Aug, 2007

Definitions

COEA (X, BYEDREMBRISERT 2,

This item should be applied to steep slope topography formed from landslides and such.

Characteristics

COEA [ BRAFBHLTWSHORILBOHFENEZTHD.

This item should be easy to decipher when mapping because of the exposed surface.

Photo No.

2923

Date Taken :

21/06/2007

| Photo Saale :

| 125,000

Fig 16 : Example of photo interpretation card

items and characteritics of agria photograph images

(5) Field confirmation

To standardize and unify the evauation criteria
used by esch survey team for the feature
expressons in the fidd confirmetion, a

prliminay joint fidd confirmation was
conducted by dl the survey teams.  After this
fidd confirmation, each survey team conducted
fiedd confirmetion based on the rexults of
reconnaissance  invedigations and  photo
In padld with the fied

confirmation, the current-status photographs of the

interpretation.

identified fegiure items required to creete a photo
interpretation handbook were dso taken.

Photo 11 : Preliminary photo interpretation by all

the survey teams
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3.5 Photo Interpretation

(6) Request to collect relevant materials

A request was made via DRE to relevant agencies to supply information on the fegture items that could not
be evauated in reconnai ssance investigation and photo interpretation or field survey.  The target feature items
wereasfollows

»  Typesandlocation information of trunk roads (Main Roads and Regiona Roads)
Location information of high-voltage transmission lines (Power Lines)
Curveinformation of along tunnel between Vipazar and Sutomore
Coordinate results of control points (trigonometric points, GPS control points, tc.)
Coordinates of mobile antennas
Dataon nationa borders, adminigirative boundaries, and national park boundaries
Annotation data
Seardaed symbols

vV V V ¥V V V VY

Fountains, wells, weter pipes, €.
3,53 Results of Photo interpretation
(1) Executed quantities

The executed quantities of the photo interpretation were asfollows:
>  Exeouted area About 10,000 ki’
»  Number of sheets: 92 (1:25,000 framework)

(2) Survey results
1) Result of preparative operations

The prepared operation indructions, including the definitions and gpplication criteria of festures to be
expressad based on the Spatial Data Infrastructure Specifications, indication methods for survey results, and
codesand symboals, proved useful in unifying the survey results.

For the survey, a totd of 547 agrid photographs and two sets of 92 former topographica maps were

prepared.

2) Organization of survey teams and survey execution period

In joint work with the DRE field survey division, three survey teams, each conggting of four membersin
principle, were formed to conduct the survey operation.

3) Result of reconnaissance investigation and photo interpretation
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3.6 Digital Plotting

The reconnaissance investigation and photo interpretation identified areas of secular change, and features
to be confirmed in the fidd in the printout aerid photos and former topographic maps.

4) Result of photo interpretation handbook creation

The photo interpretation handbook, in the end consisted of 46 feature item interpretation cards, could be
effectively utilized for subsequent digital plotting and digital data. compilation.

5) Result of field confirmation

Using the aerid photographsfor surveying and former topographic mapsthat indicated the reconnaissance
investigation and photo interpretation results, the places to be confirmed in the field were clearly identified,
enauring the execution of an efficient field survey.

6) Result of collection of relevant materials

Therdevant materids collected through requests to DRE, ended up asfollows:

Table 14 : Result of collecting relevant materials

Relevant Material Supplied by Description of Material
Trunk roads DRE 1:250,000 road maps issued in 2007
High—voltage transmission lines Power company 1:100,000 transmission line management map
Road shape in the Vipazar-Sutomore tunnel DRE Road shape plan map
Reference point coordinate results DRE List of reference point coordinates
Mobile antenna coordinate results Mobile phone company |List of Antenna position longitudes and latitudes
Annotation data DRE Annotation data updated from existing maps
Sea-related symbols DRE Data in existing maps
Fountains, wells, water pipes, etc. DRE Same as above

3.6 Digital Plotting

3.6.1  Description of Operation

Digitd plotting of topography and features was conducted using the results of field surveys and aerid
triangulation. For the digital plotting, expressionsin consderation of characteristics of Montenegro topography
(precipitous landform) were adopted.  The area of digita plotting was identified using the international boundary
data supplied by DRE, and the coordinates in the materids were transformed based on a new dlipsoid and
coordinate system before they were used.

362 Implementing Method
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3.6 Digital Plotting

The digitd
conducted on adigitd plotter using

plotting was
the supplied materids in
accordance with the defined spatid
data
The coordinate
expressed by capturing the XYZ
coordinate vaues on the equi pment
used.

product  specifications

reults were

Care wes taken to use smilar
expressions and symbols for many
of the festures as in the former
maps.

In the plotting of land use data,
the data based on "boundary lines'
and "representaive points' was
obtained so tha a topologicd
structure would be easier to make
in dructuring.

The following materids were

Fig 17 : Making of data on a digital plotter

Fig 18 : Image of land use data based on boundary lines and

used to conduct digital plotting. representative points
Table 15 : List of materials
Materid name Purpose of use

Photographstaken in photo interpretation

Reflect dl theindicated survey resultsin the plotting.

1:25,000 former topographic maps Transcribe the information on some features shown in this materid but no longer
exigent a thetime of photo interpretation.  Furthermore, refer to this materid for any
information not shown in other materids.

Road dassfication mep Refer to thismap for information on the dassification of main, regiona, and locd roads

Tunnd design drawings For long tunnds that cannot be interpreted, enter data while referring to the design

drawings.

Highrvaltage power line position mgp

Refer to thismap for the position of power linesand reflect themin theplotting.

Coordinate vaueresaults Enter the coordinate vaues of triangulaion points, mobile antennas, and GPS control
points.

Interpretation cards Conduct land use dasdfication while referring to cards which consist of combinations
of field photographs, topographic maps, and aerid photographs.

Dataon adminidrative boundaries Use this as reference maerid to make data on nationd borders and adminidrative

divisons
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3.6 Digital Plotting

The data used in the plotting was summarized for each map and visudly checked to ensure that there was no
excess or omission of data.  When there was any excess or omission of data, the plotting data was corrected so
that it would not be necessary to sart over againin the digital deta.compilation.

363 Executed quantities and resullts

Almog dl the items have been turned into data according to the spatia data product specifications.  Thefigure
below shows part of the plotting data.  One problem was that there were some features for which the land use
package could not be interpreted with the interpretation cardsadone.  This problem was solved by using the "field
completion” described later to illugtrate the unknown placesin the field completion materid.

Fig 19 : Plotting data (near Podgorica)
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3.7 Digital data compilation

37 Digital data compilation

3.7.1  Description of Operation

Thedigitd plotting datawas edited to represent format rules and structured to make GI S datamore efficient.

Format-rule digital data compilation included adjusting the layout and angle of symbols, displacing them, and
adjudting the layout of annotations.  Structuring included connecting network data, correcting the consistency of
topological dataof planes, and editing joining.

After digital data compilation, work sheetswere created for usein field completion.

3.72 Implementing Method
(1) Format-rule editing
Format-rule editing was conducted using CAD software according to the following work procedure:
1) Arrangement and adjustment of symbols

Symbols were added to features obtained through plotting.  Features with a direction were provided with
anglesin accordance with either the topography or former topographic maps.

Angle adjustment
of '\Water reservoir |

Fig 20 : Symbol indication and angle adjustment Fig 21 : Displacement of slope symbol

2) Displacement

Sope symbols and smdl low-priority objects that overlapped road and river symbols were displaced.
The pogtion of significant festures such asroads, rivers, and control points were not displaced in the editing

work.

3) Arrangement of annotations

3-27



3.7 Digital data compilation

Annotations were created by the Montenegrin side as digitd data usng CAD software from the former
topographic magps.  Thework in Japan was conducted to capture the annotation data and adjust the szesand
positions of the annotations.

Fig 22 : Displacing an annotation overlapping a river to where it does not overlap other features

(2) Structuring

Structuring was conducted to ensure that none of the following logical errorsexis.

Ingpection of topologica structures:
The following logica inspection of geometric figures was conducted on features defined as figures with
corrdlations.
Item Explangtion
Joining processing There shdl be no un-joined dements.
Undershoot There shall be no undershoot.
Overshoot There shdl beno dangle.
Aressoverlapping There shall be no impermissible overlapping (eg. houses).

Condgtency of domain | Thereshdl beonly one codeto onedomain.

classfication The classfication shal be consistent between frameworks.
Twidting of lines There shall be no salf-intersection.
Twidting of domain There shall be no twisted domains.
Dataredundancy There shdl be no redundant lines.
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3.7 Digital data compilation

Clasdfication accuracy ingpection:
Logica ingpection was conducted on dl of thefollowing items.

Item Explanation

Validity of festure code There shall be no undefined code.
Vdidity of datatype There shdl be no undefined data type.

Data editing was conducted in condderation of network data representing not only connections but aso
non-connections (grade crossings) of roads.

Fig 23 : Network data structures

Topological data of planeswas created with agructure in which there is ways one representetive point of a
feature within a domain surrounded by boundary lines as shown in the figure beow. If, as a result of
ingpection, there is no representative point or more than one point in the domain, or the boundary lines do not
congtitute adomain, detawas edited to have the correct structure.

Fig 24 : Data structure used to create a topology of planes
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3.7 Digital data compilation

(3) Creation of field completion sheets

At the same time as logica ingpection during
dructurd editing, edited data was printed and
visudly ingpected. The visud ingpection
compared the data with the origind materids to
enaure that there is no excess or omission of data,
or defectsin formet rulesand expressons.

The edited data that had been ingpected and
corrected was used to create fidd completion
shets. Two versons of fiedd completion sheet
were cregted: the topogrgphic verson with which
the topography was to be checked;, and the
annotation verson with which the annotations and
administrative boundaries were to be checked.
The image of afidd completion sheet isshown in

o _ Fig 25 : Image of field completion sheet
the following figure FHeld completion sheets
_ _ o _ . (topographic version)
included questions arising during plotting and

editing, and ingtructionsto survey them during field completion.
373 Executed Quantities and Results
(1) Executed quantities

Thework volume and equipment used are asfollows.

Executed quantities (Number of planes): 92 (1:25,000 framework)

Editing software  MicroSiaion V8 (Bentley), NIGMAS (Nihon Computer Graphic Co., Ltd),
PC-Mapping (MAPCOM), and ArcGIS 9.2 (ESRI)

(2) Results

Digitd data compilation was completed according to the oetia data product pecifications.  One problem
was that, due to a short work period before field completion, field completion sheets were created before the
digital data compilation process was completed. It was decided to solve this problem by pointing out the
defects of digita data compilaion during field completion and making necessary correctionsin the digital data

compilation for field completion process.
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38 Field completion

3.8.1  Description of Operation

Held completion is a process in which unknown and uncertain map expression items found during digita
plotting and digita data compilation are additionally observed and corrected on plotted field completion maps.
Furthermore, the study team requested DRE again to supply map-related materials not yet supplied at the time of
the photo interpretation (annoteation materids, boundary materids, coordinate results for exigting reference points,
location information of trangmisson lines, etc.).  Although there was difficulty in obtaining some of the materids
during the survey period, the operation was successtully completed in the end, thanks to the responses after field

completion.
3.8.2 Preparation of Materials

An ingruction manua in Montenegrin was prepared to facilitete understanding of the basic procedures of field
completion by the counterpart agency.

Table 16 : Creation specifications for reference maps

Material map Creation specifications

Created by showing the data of all the feature items except for border data in consideration of the
Additional- field survey

observation map Shows part of the vegetation symbols, etc. in a simpler form according to the purpose of additional
observation

Created by capturing the annotation data entered by DRE based on the former topographic maps and
the plotted and edited feature data

Created by hiding the contour line data in consideration of the inspection of annotations in the maps

Annotation
material map

Shows the annotations with codes so that the annotation types are easier to see

AN

Shows each of the annotation types by the size and color in the annotation specifications

Two types of reference maps for fidld completion were created: field completion maps to be used mainly in the
fied for topography and fegture survey; and the annotation reference maps to be ingpected for updating
annotations.  Two copies each of these typeswere printed out.  Each of the reference maps was created to meet
the following specificationsin accordance with the purposes of field completion.

3.8.3 Discussion with DRE

To carry out the survey smoothly and effectively, the study team discussed the following itemswith DRE:
»  Organization of study teams (four teams consisting of three DRE members for field completion and
one DRE member for annotation inspection)
> Explandion and adjusment of the survey schedule, etc. (the survey period was from mid-June to
mid-July 2008).
»  Maethodsfor field completion and annotation inspection
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3.8 Field completion

384  Methods and Implementation of Field completion

Feld completion was carried out by each of the following four categories into which the process had been
classfied depending on the result of the preliminary ingpection of field completion magps and extraction of data
after digita plotting and digital data.compilation.

»  Solution of questions arising during plotting and digital data compilation

»  Clarification of unknown points extracted in the preliminary ingpection by the fidld completion teams
»  Update and inspection of annotations

»  Update and inspection of adminigtrative boundaries, etc.

(1) Solution of questions and unknown points

The quedtions aising during plotting and digital data compilation, and the unknown poaints in the fied
completion maps extracted in the ingpection by the field completion teams were surveyed.  While clearing up
the causes and reasons for them with the counterpart agency, the study team instructed the counterpart agency
in the evauation criteria used to determine whether, photo interpretation or comparison with the former
topographic mapsis sufficient, or whether field completion isrequired for clarification.

Photo 12 : Additional confirmation of feature Photo 13 : Inspection of place names on

expressions annotation reference maps
(2) Update and inspection of annotations

Since annotation data crested based on the annotations on the former topographical maps had not yet been
ingpected by DRE after the photo interpretation, a request was made to DRE to update the annotations.  The
ingpection required for annotation update was requested based on the annotation type code table in the format
rule pecifications.  The ingpection was conducted with emphasis on the following three points.

»  Checking whether the gpelling and the position of annotations on the map were gppropriate
»  Checking whether the classification codes assigned to annotations were correct
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3.9 Digital data compilation for field completion

»  Checking the effectiveness of annotations after secular changes (such as the names of new or deserted
villages)

(3) Update of boundary data

The latest CAD data on the adminigrative boundaries including national borders and nationd park
boundaries, after being received from DRE, was plotted on the field completion maps and, after being ingpected
by DRE, was updated during digita datacompilation for field completion.

385 Results of Field completion

Infield completion, DRE and the study team acquired the following results:
»  FHdd completion maps showing thefield completion results. 92 sheets (1:25,000 framework)
»  Annotation reference mapsingoected by DRE: 92 sheets (1:25,000 framework)

39 Digital data compilation for field completion

3.9.1  Description of Operation

Digitd data compilation for fidd completion was conducted using the digitaly edited data file and field
completion result.  The compilation consisted of the following: addition of adminigtrative boundaries, missing
features, and control points; correction of type, annotations, and defects in digital data compilation; and visua and

logical ingpection.
392 Implementing Method

Theimplementing method isas shown in thefollowing table:

Table 17 : Implementation method for digital data compilation

Work item Explanation
Correction  of  fidd | Addition of lacking features:
completion sheets Missing features pointed out in field completion were entered on the plotter.
(topography) Correction of type:

Feature types pointed out in field completion were corrected in editing.
Correction of annotations | Annotations pointed out in fidd completion sheets were corrected regarding
typeand spdlling.
Additiond informetion of | Nationd borders:
control points, etc. Officia maps managed by Montenegro were scanned and entered.
Exigting triangulation stations:

The datawas replaced with the officia datamanaged by DRE.
Visud ingpection Using the output sheets, the editing items in digital data compilation for fied
completion were checked.
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Work item Explanation
Logicd ingpection In the same way as for the ingpection conducted on digital data compilation, the
topological structures and the classification accuracy wereingpected.

The datathat underwent digital data compilation for field completion described in the above was converted into
dataformatsoptimal for "GIS structuring” and "map symbolization.”

393 Executed Quantities and Results
(1) Executed quantities

Executed quantities (number of sheets): 92 (1:25,000 framework)
Equipment used:  MicroSation V8 (Bentley), NIGMAS (Nihon Computer Graphic Co., Ltd.),
PC-Mapping (MAPCOM), and ArcGIS 9.2 (ESRI)

(2) Results

Items specified on the field completion sheets were corrected. At this point, the defects in digitd data
compilation were able to be corrected.  One problem was that DRE first supplied imperfect data on the
triangulation points and nationd borders and, at this point, correct datawas supplied and re-entered.  Thiswas
expected to cause adday in the start of the map symbolization process.  Asasolution, the map symboalization
process was advanced with other data, in order to lessen any dday in the process.

3.10  GIS Structuring

3.10.1 Description of Operation

Data files that underwent digitd data compilation for field completion includes al the items required for a
spatid datainfrastructure.  This data set was converted into Arclnfo Coverage format, as specified in the petid
data product specifications, and stored.  This work process consisted of input of thematic attributes, and cregtion
of an Arcinfo geo-database, topologica structures, and of Arclnfo Coverage data.

3.10.2 Implementing Method
(1) Input of thematic attributes

Annotation and higtory information were stored as thematic attributes in the figure data.  The annotation
informeation was entered in the attribute field of figures manualy, while referring to the postiond relationships
with the features to be annotated.
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Contents  Preview I fetadata I

FID Shape Entity Layer T.Name item history
0 |Paint Zh Text 201 4 hill Fetilie 201 4 2O090%
1 |Paint Zh Text 201 4 hill Grbawvac 2014 200903
2 |Paint ZM Text 201 4 hill Tor S0l 4 rO0903
3 |Paint Zh Text 501 4 hill Stepen S0l 4 rO0903
4 |Paint Zh Text 201 4 hill Fia dal 201 4 o090
b |Paint Zh Text 201 4 hill apa 201 4 2O090%
6 |Paint Zh Text 201 4 hill WRal 2014 200903
T |Paint ZM Text 201 4 hill Er"elice S0l 4 rO0903
& |Paint ZM Text 501 4 hill Wiz S0l 4 rO0903
9 |Paint ZM Text 201 4 hill Huma g014 roog0:

10 |Paint Zh Text 201 4 hill h.Ral 201 4 2O090%
11 |Paint ZM Text 201 4 hill W hrije g 2014 200903
12 |Paint ZM Text 201 4 hill Srednje brdo 2014 200903
13 |Point ZM Text 501 4 hill “ala S0l 4 zO0903
14 |Paint Zh Text 201 4 hill Erdo g014 roog0:
15 |Paint Zh Text 201 4 hill bl i 201 4 2O090%
16 |Paint Zh Text 201 4 hill O =ztrik 2014 200903
17 |Paint ZM Text 201 4 hill “weliigrad 2014 200903
18 |Point ZM Text 501 4 hill Obida S0l 4 zO0903
19 |Paint ZM Text 201 4 hill Glavoo g014 roog0:

Fig 26 : Part of entered thematic attribute
(2) Creation of Arcinfo geo-database

Feature data was stored into the Arclinfo geo-database in order to create topologica structures. Since a
geo-database with topologica sructures enables various processes, it was decided to creste one before creeting
Arclnfo Coverage data, and assign it to Coverage data in a one-on-one rdationship.  An Arclnfo Shape file
was d o created from the geo-database.

(3) Creation of topological structures

Fig 27 : Creation of topologies of land use data

Topologica dructures were created for features that required network structures and topologica structures of
planes. Errorsresulting in failure to create of topologica structureswere corrected et this point.
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(4) Creation of Arcinfo Coverage data

Arclnfo Coverage data was created from the geo-database for which topologica structures had been created.
After Coverage datawas created, meta data was created for each data s=t.

3.10.3 Executed Quantities and Results
(1) Executed quantities

Executed quantities (number of sheets): 92 for Coverage data set (1:25,000 framework) and 92 for metadata
Equipmentused:  ArcGIS9.2 (ESRI)

(2) Results

Fig 28 : Arcinfo Coverage data and display on ArcGIS

A GIS database based on the spatid data product pecifications was created successfully.  One problem was
that the GI S database had to be corrected regarding the defects discovered in the topographical mapsin terms of
map symbolization. However, the data was corrected relatively essily because the map symbolization work
was proceeding aheed of the schedule.  Part of the Arcinfo Coverage data that was cregted is shown in figure
28.
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3.11 Map Symbolization

3.11.1  Description of Operation

In the course of GIS structurd ediiting, map data for printing with ascae of 1:25,000 was created using digital
topographic map data, for which the necessary map symbolization processing was completed.  The scope of the
created map datawas about 70% of Montenegro and 92 map sheets.

3.11.2 Implementation Method

From the developed digital topographic map data, map printing data conssting of vector data files put into
layers according to map symbol number for each map was crested.

(1) Map layers

Fles representing layers for each map symbol number were modified by generating and processing line
widths, colars, symbals, patterns, and annotations in accordance with the format rule specifications for spatid
datainfrastructure.  Thisprocess d o included, in consderation of the map expressions. correcting the vertical
relationships of layers, adding layers, and digplacement and fine-tuning of objects

(2) Marginal data

Fig 29 : Marginal data Fig 30 : Synthesis of map layers and
marginal data
This process used margind data that had been determined through discusson with DRE at the time of map
symboalization work in Montenegro.  Map data and margind data were synthesized, and informetion such as
map numbers and titles were entered for each of the maps in order to complete map-by-map printing data.
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(3) Correction

The completed map printing data was printed with a plotter, and the printouts were inspected for
topographies, annotations, etc. When the ingpection found that something needed to be revised, it was
immediately corrected in the printing data.  This correction process was repeated three times per map on

average until flawless printing datawas available.
3.11.3  Executed Quantities and Results
(1) Executed quantities
Map datafor printing (topographic maps+ margind deta): 92 sheets
(2) Results
1) Details of results data

Fleformat: PostScript file (Adobe Illustrator CS3 formet)

Colors used (Map layer): 10 (Black, Gray, Red, Orange, Blue, Light Blue, Green, Light Green,
Yellow, and Brown)

Colormode  CMYK (four-color printing mode)

Finished size (including margina data): 700 mm vertica x 700 mm horizonta (partly 800 mm x 700
mm expanded map)

3-38



3.11 Map Symbolization

Chapter4 Technology Transfer and Evaluation

This study, as described in Chapter 3, "Development of Spatid Data Infrastructure,” does not require the
Japanese study team to develop a goatid data infragtructure for dl the areas, but assigns the respongbility for
developing for 30% of theareato DRE.  The technology transfer required for implementation of the survey on
this 30% and for independent development in the future, is an important dement in this sudy.  To ensure the
technology transfer, JICA provided the necessary equipment such as GPS receivers, digitd photogrammetry
system, map symbolization and GIS software, etc., and carried out a series of technology transfers related to the
development of aspatid datainfrastructure.

The technology trandfer operation was conducted mainly as joint work (on-the-job training: OJT) and d<o as
training (lecturesand practical training).

Since the field survey divison of DRE dready owns nine advanced GPS-based reference gtations, and has a
high leve of technology in the control point survey and cadastra survey sectors, the technology transfer was
focused on the utilization of these GPSbased reference dations and the sectors required for spatid data
infragtructure development, for which the organization has hed little experience in the past.  Lectures and other
training were limited to the initia step of each operation, and most of them were provided by the Japanese experts
onan OJT bass. The operdions, as shown below, were limited to ground surveys needed in the survey process
for the spatid data infrastructure development, such as how to ingtdl pricking pointsin the control point survey,
measure eccentric elements, and conduct photo interpretation and related fild completion.

On the other hand, the photogrammetry divison carries out the main operaions in the cregtion of the digital
topogragphic maps and GIS database, using the ground survey results obtained as described above and the aerid
photographs.  This division was provided with technology transfer programs consisting of lectures and practica
training for the entire set of operations and, using the technology obtained in this process, created two sheets of
gpatia datainfrastructuresin the sudy areaon an OJT basis.

The DRE photogrammetry divison aready has abundant experiencein creating background maps required for
cadastrd management, and large-scale maps such as 1:5,000 and 1:2,500 required by relevant government
agencies and loca authorities to establish development plans, and therefore had the basic technology for
developing a spatid data infrastructure.  However, there are few engineers experienced in the creetion of
small-scae topographic maps, which was conggned to the former Yugodavia Government until independencein
2006. Additiondly, the condruction of a GIS database is included in the technology for a spaid data
infrastructure.  Therefore, many hours were spent on the technology transfer in this sector, asit isimportant and
indi spensable technology for independent development in the future.

To further enhance the effect of this technology trandfer, four engineers (two from DRE and two from DSP)
received training in Japan for about four weeks from August to September, 2008.  This training had a Sgnificant
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4.1 Setting of Pricking Points and Measurement of Eccentric Elements (Photo Control Point Survey)

effect in degpening the understanding about the goplications of advanced technology promoted by Japan, the
necessity of spatid datainfrastructures used for them, their effective utilization, and so forth.

On the other hand, DRE has its own aircraft, cameras, and photo processing laboratories, and took aerid
photographs to be used for this study using the materias supplied by JCA, and conducted joint work with the
study team.  Since the photographers and other crew members had sufficient experience in these tasks, emphasis
was not put on technology transfer, but on accuracy control.

Technology trandfer to the field survey and photogrammetry divisions, and its evauation are described in the
following sections.

41 Setting of Pricking Points and Measurement of Eccentric Elements (Photo Control

Point Survey)

411  Description of Technology Transfer

Aerid photographs in this survey were taken with cameras not equipped with three-dimensiona positioning
equipment such as POS (Position and Orientation System).  Therefore, the accuracy of the photo control point
survey depends on the ground survey and largdly affectsthe qudity of spatid datainfrastructure.

In paticular, the most important technology in the first dep of photogrammetry is to interpret aerid
photographs that have been taken, and identify clear features that can be used as photo control points.
Technology transfer in this study was conducted on an OJT basis after the study team and DRE discussed the
following items, and both the parties understood each other.

(1) Target technologies in technology transfer

Since the enginears of DRE had a sufficient technical level in consideration of DRE's experience in cadastral
and road surveys, the technology transfer conducted in the actual work of photo control point survey included,
how to select pare points using agria photographs, and how to observe eccentric dements.

The technology transfer in the first phase was conducted in a period after the indtdlation of aerid photo
sgndsat GPS control points, and before the start of aerid phatography, by explaining the necessity of working
around falures of aeria photo signals, and ingtructing through joint work based on OJT the importance of spare
points to be inddled in case aerid photo signas could not be clearly identified in photographs, and how to
measure their eccentric dements.  In the technology trandfer, the following three observation methods were
used dueto congraints of DRE survey equipment.

1) Observation method through DGPS survey

The observation method of Differentid GPS (DGPS) was ingructed on an OJT basis by using the two

4-2



4.1 Setting of Pricking Points and Measurement of Eccentric Elements (Photo Control Point Survey)

GPSreceivers owned by DRE, ingaling one at an existing ground control point, and the other &t its eccentric
point, which is a spare point. In this operation, the geometrical coordinates of the spare point were
measured in smultaneous GPS observation for about 15 minutes, and then the planimetrical coordinates
were cdculated usng DRE's GPS andlysis software.

2) Observation method through RTK GPS survey

Thisisthe latest survey method based on GPS-based reference stations ingaled in Montenegro using one
of the RTK GPS survey receivers supplied to DRE as survey equipment.  With nine GPS-based reference
dations dready inddled in Montenegro, and the transmisson of postiona compensation data Sarted,
observation for about 20 seconds was conducted based on the compensation information.  Asaresult of the
initia ingpection survey of 16 existing GPS control points, a high accuracy in terms of standard deviation of
15 mm in horizontd location. and 29 mm in elevation was confirmed.  The gpplication of this observation
method in the photo control point survey in the second phase of this study will achieve asignificant effect in
enhancing the operations of DRE in the future.

Photo 14 : GPS-based reference station Photo 15 : Inspection survey of existing control point using

on the roof of Pljevja city office RTK GPS
3) Observation method using TotalStations

This is a conventiond survey method using Tota Stations owned by DRE.  This method can be used if
the main ground control point and ancther ground point required to determine the azimuth are both visible by
observing the eccentric elements (horizonta angle, horizontd distance, and relative devation difference) to
obtain the coordinates of a spare point.  In Montenegro, where an azimuth marker (reference point) is
ingaled on mogt of the mgjor mountaintop towers, churches, and antennas, the eccentric dements of a spare
point can be easly measured for any of these reference points  The technology transfer progressed
smoothly thanks to the necessary conditions, such as those above, being dready met, and the counterpart

4-3



4.2 Photo Interpretation Using Enlarged Photographs and Result Summary

organization had abundant experiencein thiskind of operation from cadastrd surveys, c.
412  Evaluation

The DRE engineers have abundant experience in ground surveys, and quickly understood the observation
methods for eccentric eements of spare pointsin aerid photographs, showing ahigh level of capatility for ground
surveys.  However, it turned out that there was room for improvement in the GPS analys's, calculetion, and other
tasks fter observation, which became gpparent when there was adelay in obtaining some of the coordinate results
because different groupswere in charge of them.

From the results of the technology trandfer in this studly, it is desirable to reconfirm the technical capability in
each of the planning, observation, and calculation processes, promote further efficiency and quality control of the
ground survey operations, and improve them astasks of thefield survey divison.

42 Photo Interpretation Using Enlarged Photographs and Result Summary

421  Description of Technology Transfer

Photo interpretation requires the field survey division and photogrammetry division to be in close collaboration,
0 it is extremely important that accurate and reliable survey results are confirmed in the field, and successfully
conveyed to the plotting operatorsin the photogrammetry division, which they then use asdements for crestion of
spatid data infrastructures.  Therefore, the technology transfer was conducted taking into consideration the
following items, to guarantee that they were acquired:

»  Underganding of new spatia data product specifications established for the implementation of this
sudy

»  Magering the method of implementing photo interpretation according to the specifications

»  Magering the method of summarizing the results of photo interpretation

The actud operations of the technology transfer were conducted after the study team and DRE discussed and
agreed upon thefollowing items.

(1) Target technologies in technology transfer

» Method for accuratdy indicating on aerid photographs the area of survey including joining with
adjacent photographs
Survey method using symbols and code numbers
Method for displaying the survey results on aerid photographs

Method for summarizing the survey results
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4.3 Aerial Triangulation, DEM Generation, and Contour Line Generation

(2) Methods

OJT wes sdected as the main method for

technology transfer becauseit wasto be conducted

in pardle with the actua survey operations during

the fidd survey period. Before the dart of the

actud operation and technology trandfer, lectures

on the following items were given and then

discussed:

» Format rule specifications for photo Photo 16 : Scene of technology transfer in field

interpretation survey
Process control for photo interpretation
Method of photo interpretation

422  Evaluation

The survey engineers who participated in the OJT-based technology transfer were middle-ranking engineers
who had much experience in cadadrd and boundary surveys, eic,, and were quick to understand the photo
interpretation method that was the subject of the technology transfer, and are considered to have attained the initid
god. Based on the experience of the technology transfer and the survey results, they will be fully capable of
carrying out photo interpretation work on the 30% of the country for which DRE isrespongible.

Their future tasks will be to degpen the technica collaboration between the ground survey and photogrammetry
divisons, to sandardize the photo interpretation and survey results among engineers, and to disseminate the
trandferred technologies to other engineers to enhance the photo interpretation method based on the spatid data
product specifications.

43 Aerial Triangulation, DEM Generation, and Contour Line Generation

431  Description of Technology Transfer

The find god of the technology transfer is that DRE is cgpable of condructing 1:25,000 spdid data
infrastructures independently.  Its accuracy largely depends on aerid triangulation, whose god is to conduct the
processes from preparation to obtaining results and, basad on the results, DEM generation, editing, and contour
line generation without problems.  The following items were discussed between the sudy team and DRE.

The technology transfer was targeted a two middlie-ranking engineers so that DRE could carry out the
operations by itsdf efter the technology transfer was completed.  However, other members of the organization
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4.3 Aerial Triangulation, DEM Generation, and Contour Line Generation

were dso dlowed to attend the lectures for technology trandfer, and the evauation of the technology transfer was
confirmed by testing the two engineers that were sdected.  Thus, an environment was provided in which other
members could acquire the technol ogies when they wished.

(1) Target technologies in technology transfer

» Operdion procedures for the digitd photogrammetry sysem (LPS CORE, LPS ORIMA,
LPS ATE, and LPS TE)

»  Aerid triangulation

> DEM generation and editing

»  Contour line generation

(2) Methods

The technology transfer was conducted in the
form of lectures and practica training on aress
with optima dlocation of reference points
selected from the photography results completed Photo 17 : Technology transfer on aerial
a the gart of technology transfer.  For the scope triangulation
of work of which DRE was in charge, the effects were evauated by having the DRE members conduct aerid

triangulaion for 98 modelsand DEM and contour line generation on two sheets as OJT.
(3) Executed items and descriptions

Method of capturing control point datarequired for aerid triangulation and creating index maps
Method of credting aerid triangulation projects, setting up software, and of conducting interior
orientation
» Method of stereographic-view observation of coordinates such as control points and autometic
mutual orientation
Method of bundle adjustment, error correction, report reading, etc.
Method of setting up DEM generation for various topographies and making large-scale DEMs
Method of correcting DEMs on stereo models and entering break lines

YV V V V

Method of generating contour lines from a DEM and outputting data in a data file format of editing
software

432 Evaluation

DRE conducted aerid triangulation by itself in the two months between the end of the firgt-phase technology
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4.4 Digital Plotting

trandfer and the dart of the second-phase technology transfer.  As a result, DRE was conddered to have the
technica capability required to carry out aeria triangulation independently.

Additiondly, fact-finding surveys (questionnaire and test formats) on aerid triangulation were conducted in
DRE, which showed that many staff memberswere capable of carrying out aerid triangulation (see charts (1), (2),
and (3)). From this reault, the technica level of DRE was found to be high enough to carry out the operations.

However, it aso turned out that the staff members had little experience in using the new equipment supplied by
JCA (seecharts (4) and (5)).

(DHave you ever conducted aerial triangulation? (@Have you ever conducted automatic DEM

generation?
No survey

experience N
0% experience

No survey

Alittle

20%

No Yes
20% 60%

13%

A little
20%
Yes
54%
No
13%

@Have you ever conducted DEM editing and
contour line generation?

@Have you ever conducted aerial triangulation
using LPS?

(BHave you ever conducted DEM generation using
LPS?

experience

ve
e e es
13% / 27%
Alittle
20% Alittle Alittle
13% 204
No
0%
Ye

Fig 31 : Results of questionnaire survey and test on aerial triangulation and DEM contour line

generation

44 Digital Plotting

441 Description of Technology Transfer

The technology transfer was targeted at two plotting operators so that DRE could carry out the operations by
itsdf efter the technology trandfer was completed.  However, other members of the organization were dso
alowed to attend the lectures for technology trander, the results of which were evauated by testing the chosen

two operators.  Thus, an environment was provided in which other members could acquire the technologies
when they wished.

(1) Target technologies in technology transfer

> Digitd plotting
>  Ingpections(logica and visud ingpections)
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4.4 Digital Plotting

(2) Methods

The technology transfer was conducted in the form of lecturesand practical training usng modelsused in the

technology trandfer for aerid triangulation. OJT was adopted for the digitd plotting and data compilation

regarding the scope of work of which DRE wasin charge (two sheets).

(3) Executed items and descriptions

>

442

Method of using stereo models, index maps, and materids required to conduct digita plotting, and
using digita plotter goplicationsand feature tables
Method of plotting road facilities and railroad facilities based on understanding of the importance of
agreement of end points and other itemsimportant for the cregtion of anetwork structure
Method of plotting rivers, lakes, and marshes, and sea features (particularly on the importance of
continuity for rivers because network structuring is adopted for them in the same way as for roads
and railroads)
Techniques for plotting topographic expression items other than contour lines with an emphasis on
the expression of rock dliffs of which there are many in Montenegro
Method of plotting small objects such asbuildings
Method of expressing with symbols the smal features difficult to identify in photo interpretation
whilereferring to materials and former topographic maps
Method of printing plotted deta and visuadly ingpecting them for omissions and excessive plotting
using materids and agrid photographs
Method summarizing and managing survey resultsin accuracy control sheets

Evaluation

The technology transfer was conducted, asin the technology trandfer for aerid triangulation, mainly in theform

of lectures and practica training using actudl data However, the persons in charge had experience in digita

photogrammetry and were quick to understand the operations without problems. Fact finding surveys

(quedtionnaire and tet format) into the ate of numerica plotting within DRE, found that many members have

numerica plotting experience (see charts (3), (4) and (5)). As the make up of participants when the questionnaires

were held may not have been entirely gppropriate, there may be some discrepanciesin the results, but the evaluation was

that there were few employees with an understanding of the specifications of products used in thisfield (see charts (1)

and (2)). Knowledge of specifications is indigpensible for preparing a 1:25,000 petid data infrastructure, but it is

difficult to teach thisto al of the employees carrying out thiswork.
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4.5 Digital Data Compilation

(DWhich item is not defined on the Spatial Data

Product Specification Coordinate

13%

(@Which feature definition is not defined on the
Spatial Data Product Specification

®@Have you ever conducted plotting work using the
PRO600?
No survey
experience
Alittle 7%
No o
0%
\Yes
93%

(@Have you ever conducted plotting of 1:25,000
topographic maps?

(B)Can you conduct plotting all the feature items for
1:25,000 topographic maps?

Fig 32 : Results of questionnaire survey and test on digital plotting

45 Digital Data Compilation

451  Description of Technology Transfer

The technology transfer was targeted a two young engineers who understood the spetid data product
specifications, because condderation must be given not only to editing for symbolization, but also structuring.

However, these engineers had little experience in symbolization editing, so the counterpart organization members
specidizing in digitd plotting also participated as supporting personnd.

(1) Target technologies in technology transfer

» Digitd datacompilaion

»  Ingpections(logica and visud ingpections)
»  Creation of fidd completion sheets

(2) Methods

The technology transfer was conducted in the

form of lectures and practicd training actualy usng
the sysem. OJT was adopted for the digitd data

compilation regarding the scope of work of which
DRE wasin charge (two sheets).

(3) Executed items and descriptions

»  Handling of substandard dataand excessve deta

Photo 18 : Technology Transfer of digital data

compilation
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4.5 Digital Data Compilation

>

YV V V V

452

Digplacement of features related to roads and railroads (such as dopes), transfer of symbolsin case of
overlgpping, editing the orientation of features with orientations
Method of editing data of network dructures such as roads, ralroads, and rivers, for which it is
necessary that the lines cong sting them should be connected with each other
Method of editing data that needs topologica structures of planes such as land uses, which requires
that there should be boundary lines and only one representative point within adomain surrounded by
the boundary lines
Method of joining with other maps
Method of editing contour lines created from DEMs
Method of entering and editing annotations and control point vauesto be created during editing
Method of logicd ingpection of data types (plane, line, point, and annotation), logica ingpection of
network data and land uses (topologica data of planes), and other generd logicad ingpection
(sdf-intersection of lines, etc.)
Method of visudly ingpecting digitaly edited data by printing and comparing it with origind
materias
Method of cregting field completion sheets by printing digitally compiled data and writing on the
printouts survey ingructions of unknown pointsidentified up to this process
Method of summarizing and managing survey resultsin accuracy control sheets

Evaluation

The digital data compilation was completed mastly without problems regarding the two sheets on which DRE

worked in the technology transfer.  In order to complete the remaining 30% accuratdly, it is necessary to appoint

staff, besides the operators as ingpectors, and to prepare awork environment where they can ingpect separate from

the other operators.  As aresult of a questionnaire survey and ates, it was found that few staff members were
cgpable of carrying out digital data compilation for a GIS database (see charts (1), (2), and (3)).  Furthermore, it
dso turned out that the staff members had little experience in conducting ingpections, such as visua and logica

ingpections, on the crested data (see charts (4), (5), and (6)).

The suggested solution is often conducted in Japan and does not imply thet there is anything specid about DRE.

Ingpections conducted by persons other than the operators are considered to ensure dimination of defectsin data.
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4.6 Field completion

(DHave you ever conducted editing? (@Have you ever conducted editing of 1:25,000 @Which is the data structure of land uses?
maps?

No survey
experience Network Topology
20% 0% 33%

Yes no
13% [o,
Alittle Alittle No survey
™ N 0% experience
0% 60%
Yes No survey

73%
87% Buffer

@Have you ever conducted logical inspection? (®Have you ever conducted visual inspection? @®What is logical inspection?

Inspection of
map Inspection of

experie
40% Inspection of

Alittle Mo, No
0% 478 27% No survey
Alittle experience

0% 80%

Fig 33 : Results of questionnaire survey and test on digital data compilation

46 Field completion

4.6.1  Description of Technology Transfer

The main god of the technology transfer was that the counterpart organization members specidizing in ground
survey improve their cgpability for reading basic topogrgphic maps, improve the understanding of festure itemsto
be surveyed, and deepen their understanding of the surveysin the entirefield completion.

The characterigtics of secular changesin feeture information on the former topographic maps developed about
30 years ago, and the map expressons used in those times were checked and utilized for the technology trandfer.
On the other hand, the field completion reguired that the uncertain and unknown points on the maps for field
completion must be cleared quickly and effectively.  The technology transfer was conducted by ingtructing the
required survey and ingpection procedures on an OJT basis.

(1) Target technologies in technology transfer

» Maethod of extracting unknown and uncertain expression items on maps for fiedd completion and
ingpecting them
Characterigtics of target featureitemsin field completion
Method of puitting map symbols and code numbers on mapsfor field completion

» Method of ingpecting annotation reference maps by comparing them againgt annotations on former

topographica maps

(2) Methods

4-11



4.7 Digital data compilation for field completion

The technology transfer was conducted on an OJT basis to improve the understanding of the survey manuds
and format rules and carry out technology transfer to counterpart organization membersin each team.

46.2 Evaluation

Through the OJT-based field completion conducted
on topography and features, the method of ingpecting
fidd completion maps and fiedd confirmetion are
congdered to have been undergood.  The future tasks
of DRE will be to devise by itsdf common
specifications and methods based on the spetid data
product specifications and the survey manud, and to
meake improvements in the organization, including the
photogrammetry divison. Furthermore, it is desirable
for the engineerswho were engeged in the operation to Photo 19 : Technology transfer on the feature
pass on the experience of this operdion to other Inspection method
engineers.

On the other hand, the ingpection on annotations was conducted through discussion basad on the annotation
reference maps and the survey manua. The enginears in charge had a good knowledge of place names,
geography, and higtory throughout Montenegro o that the technology transfer was more effective than otherwise
However, the annotation reference maps used in the ingpection, crested by the photogrammetry divison based on
the existing maps, had not been fully checked and therefore had to be re-ingpected by the field survey divison
during thefield completion.

Their future tasks will be to enhance the collaborative survey and ingpection system between the two divisions

inorder to improve the efficiency of field completion and the qudity of the digital topographic maps.

47 Digital data compilation for field completion

471  Description of Technology Transfer

The practica kills used to enter the results of field completion in the digitaly edited data and complete it asa
product and the digital data compilation for field completion regarding the cregtion of input data for mep
symbolization were ingructed in the OJT-based technology transfer.  The technology transfer of this operation,
being modtly the same work as digitd editing, was targeted &t two persons who had conducted digital editing, and
the counterpart members specidizing in digital plotting also participated as supporting personnd.
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4.7 Digital data compilation for field completion

(1) Target technologies in technology

transfer

» Digitd data compilation for field
completion

» Cregtion of input daa for map
symboalization

» Cregion of input data for GIS
structuring

(2) Methods Photo 20 : Technology Transfer on digital data

compilation for field completion
Thetechnology transfer was conducted inthe

form of lectures and practicad training. OJT was adopted for the digita data. compilation for field completion
regarding the scope of work of which DRE wasin charge (two sheets).

(3) Executed items and descriptions

How to read field completion sheets
Digitd editing in accordance with the ingtructions on fidld completion sheets
Method of cregting digital editing data on which field completion is completed before passing the
datato the next process
»  Method of writing and managing survey resultsin accuracy control sheets
»  Method of creating input datafor "map symbolization" and "GIS structuring”

472  Evaluation

Surveys in the questionnaire and test formats were conducted, and the results showed that the operation of
digita data compilation for field completion had never been conducted in DRE (see charts (1) and (2)).
Likewise, it dso turned out thet the DRE gtaff had little experience in conducting the operation using GI S software
(seecharts(3), (4), and ().

When the GIS sructuring or map symbolization process was darted, some defects, athough minor ones, were
found in the daa created in the technology transfer. However, the digitd field completion process was
completed without problems regarding the two map sheets which DRE wasin charge of in thetechnology trandfer.
Although these kinds of errors may occur in the future, it is consdered thet it is easy to ded with them if the
operators collaborate with each other in the process.
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4.8 GIS Structuring

(DWhich of the following processes is not
conducted in digital data re—editing?
Logical

@Which of the following inspections is not
conducted in this process?

Quality
inspection
23%

(@Have you ever created data using GIS software?
(GIS software does not include CAD software such
as MicroStation.)

lo
23%

23%

@Have you ever conducted input and editing of
attribute data?

N

Yes o
9% 23%

No survey

experience:

63% Alittle

5%

®B)Can you explain the difference between CAD
data and GIS data?

Fig 34 : Results of questionnaire survey and test on digital data compilation for field completion and

48 GIS Structuring

structuring

481  Description of Technology Transfer

The technology trandfer was conducted regarding the process of capturing digitaly edited data into GIS

software and adding attributes, generating topological sructures, and registering data to a GIS datadbase.  The

technology transfer was targeted a three engineers, including both middleranking and young ones, who

understood the structure of aGIS database.

(1) Target technologies

transfer

technology

Capturing of CAD datainto ArcGIS

Input of attribute information

Logicd ingpection and topologica

dructure generation

Crestion of geo-databases
Cregtion of Arclnfo Coverage deta

(2) Methods

Photo 21 : Technology transfer on GIS structuring

The technology transfer was conducted in the form of lecturesand practical training.  OJT was adopted for

this process regarding digitd editing data on which field completion was completed in the scope of work of

which DRE wasin charge (two sheets).
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4.9 Map Symbolization

(3) Executed items and descriptions

Method of converting CAD datainto ashapefilethat can be processed on ArcGIS
Method of creating an attribute field in ashapefile and entering athematic attribute
Methods of logica ingpection and error correction on network and topological deta
Methods of storing ashapefileinto an Arclnfo geo-database and creating atopology

vV V VYV V V

Methods of cregting Arcinfo coverage daa, a find product defined in the spatia data product
specifications

482 Evaluation

Since DRE conducted structuring using GIS softwere for the first time, many simple mistakes due to lack of
understanding were encountered during the technology trandfer.  However, the two sheets of maps of which
DRE wasin charge were completed without problems.

In the future operations, it is congdered necessary for DRE to check the result of each procedure to ensure thet
it is executed without mistakes before going on to the next procedure because the study team will not be able to
ingpect the operation results.  Since it is congidered that this problem will be solved if DRE creates GIS data
many times, it is desirable for DRE to create GIS databases in other operations than for the development of GIS
databasesin order to gain more experience.

49 Map Symbolization

491  Description of Technology Transfer

In the development of spatid data infrastructures in this study, map symboalization is the operation for
publishing conventiona topographic maps in an anadlog verson.  The technologies for modifying the data on
which digitd data compilation and GIS database structuring is completed by adding margina data such as line
type, line thickness, and color in accordance with the newly established specifications as well as adjusting the
trandfer of symbols and inclination of annotations must be acquired.  Thetechnology transfer wastargeted at two
staff membersof DRE.

(1) Target technologies in technology transfer

» Badcoperation of grgphic softwareAdobe Illugrator CS3

»  Creation of objects required to creaste map datafor printing (such asthe custom color, paitern, symbol
brush, and line brush)

»  Creation of map datafor printing through editing of actud data
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4.9 Map Symbolization

(2) Methods

The technology trandfer was conducted in the
form of lectures and practicd training on an OJT
bads, the former using the manuas prepared by
the sudy team on its own regarding the basic
operations of Adobe lllustrator and the map
editing process, and the latter usng actud deata
crested by DRE.

(3) Executed items and descriptions
Photo 22 : Technology transfer on map
1) Lectures on printing environments
symbolization
Lectures were provided to nurture the
understanding of the counterpart members about the necessary conditions of map printing datato be supplied
in Dek Top Publishing (DTP), an internationa-standard technology, which condtitute important elements
required to print data exactly in accordance with the image such as "data resolution,” "overprint,” “four-color

separation plates (including printing using characterigtics),” and "link file (image data) conditions.”

2) Basic operations of graphic software Adobe lllustrator CS3

The technology transfer was conducted to nurture the understanding of the functions and basic operations
of Adobe Illugtrator CS3 and its gpplied functions to be used to create map data for printing by having the
trainees actudly operate the software.  The understanding of important technologies was degpened by
giving an assignment to the counterpart members each time to have them operate the software by
themselves.

Fig 35 : Vegetation pattern Fig 36 : Symbol brush

Fig 37 : Line brush

4-16



4.9 Map Symbolization

3) Creation of objects required to create map data for printing

The objects required cregting map data for printing such as vegetation patterns, symbol brushes (marks),
and line brushes (cliffs, boundary lines, etc.) were created in accordance with the formeat rules and registered
to asymbol (swatch) library and a brush library.  This enabled batch conversion of line and polygon data
that has been entered.

Fig 38 : Completed map from map data for printing (Map number: 160-3-2)
4) Creation of map data through editing of actual data

The technology transfer for the map editing process was conducted using topographic data such as line
data, annotation data, and vegetation polygon data developed through digital data compilation and GIS
database dructuring processes. Many files classfied by map symbol number are superimposed on each
other a ascde of 1:25,000 using Adobe Illugtrator.  After layers were put in order, map datafor two sheets
were completed through coloring of objects according to format rules, change of line type and thickness,
change of font, color, etc. of annotations, converson of indicating points into symbol brushes, and
conversion of part of line datainto line brushes, etc. (Map number: 160-3-1 and 160-3-2).

5) Correction

The crested map data was printed in color on the plotter supplied as survey equipment and, using the
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printouts, the counterpart members learned the method for the correction process through visua ingpection
onthelinetypes, line thicknesses, and colors, annotation font types and sizes, and annotation inclinations.

6) Creation of map data for printing through synthesis of map data and marginal data

The counterpart members of DRE learned the basic flow of operations for publishing digita maps by
synthesizing the created map data and margind data, entering information such as the map number,
atainment, and title in each map, and thus compl eting map printing data for each map.

7) Correction of secular changes

The counterpart members understood through lectures and OJT the methods for correcting secular
changesin 1:25,000 map data for printing, which will be required in afew years to come, such as replacing
the layersto be updated and correcting individud datamanualy.

492  Evaluation
(1) Agreement on input of DXF data

Under the current operation environment of DRE, the scaling factor of artwork must be reduced by 40% in
order to enter the DX Fformat output data to Adobe lllugtrator to obtain 1:25,000 scde data.

(2) Handling inconsistencies

When batch tribute conversion is conducted by applying a line brush to the supplied DXF data consisting
of oneline such asadiff or arailroad ling, apartid inconsstency may occur inthe data.  In such a case, the
inconsgstency must be handled by ether dividing the line ssgment and correcting part of it manualy, or using a
command for path smplification (Smplify) that decreases the number of segments (points) without changing
the form of the line ssgment.  As a result of confirming such workarounds through practicd training, the
counterpart members themsdves became able to use a combination of more than one command to handle an
incongstency, demongtrating that they learned the skills for correcting inconsstencies without problems.  In
the future, the counterpart members are expected to acquire more experience in this operation to discover even

more efficient workarounds.
(3) Handling of specification changes

During the operation period, some changesin the specifications were decided on, such as changesin theline
width and color of vegetation polygons and the color of two-laneroads.  However, the map data created in the
technology transfer had aready been registered to libraries, and these registered colors (swatch colors) and the

4-18



4.10 Dissemination of Geographic Information (G/S))

registered patterns based on them had to be changed. However, the specification changes by the counterpart
members themsaves were completed relatively eesily because batch converson of objects was possible.
Therefore, they learned the technologies for handling any specification change required due to a change in the
theme, tc., in the future by changing the registration to libraries.

(4) Evaluation of the two maps created by DRE

Although map data errors were found in the processing stage of the created map data for printing, they were
checked with the counterpart members in charge of digitd plotting and editing in order to solve the problems.
The digital topographic maps were thus completed as printing data with the technologies of the counterpart
membersthemsdlves,

(5) Evaluation of counterpart organization

The two counterpart members trained in technology transfer, having never used graphic software Adobe
[llustrator, learned to conduct by themsdlves dl the processes from creation of objects to be used in maps and
input of actud data (DFX data and vegetation polygon data) up to verification, editing, and correction of the
data. Although the maps created in the technology transfer consisted of only two sheets which covered the
scope of work of which DRE was in charge, the counterpart members have atained levels of understanding
and achievement mostly sufficient for cresting map printing data by themsdves.  If they not only maintain the
skills acquired in the technology trandfer, but dso convey them to other staff members to enhance their
productivity, it is considered possible for the DRE g&ff to create the planned remaining 30% of map data for
printing, by themselves and without any problems.

410 Dissemination of Geographic Information (GIS))

4.10.1 Description of Technology Transfer

To promote effective utilization of the digita topographic maps (scale 1:25,000), the product of this sudy,
technology transfer related to the utilization of GIS was conducted involving three staff members eech of DRE
andDSP.  Theddalsareasfollows:

(1) Description of executed technology transfer

Week 1 (common to DRE and DSP)
» Badcopeation of ArcCatalog and ArcMap
»  Techniquefor displaying data
» Layout digplay
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4.10 Dissemination of Geographic Information (G/S))

»  Addition of map reference systems
> Editing of attribute tables

Week 2 (common to DRE and DSP)
>  Linkageof dtribute tables and externd datatables
»  Digplay of image dataand geometric correction
»  Conditiona search
>  Cregtion of GISdata

Week 3 (common to DRE and DSP)
Congtruction of topologies
Creetion of buffer areas
Re-classfication of attribute data

YV V V V

Analyss of superimpositions

Week 4 (common to DRE and DSP)
»  Generation of topographic data (inclinations and 9 ope azimuths)
»  Andyssfor sdlection of gppropriate locations through spatia analysis and other items

Week 5 (only DSP)
»  Ovedl review
» Review and quiz on gpatid andysis
»  Quedionnaire survey related to GIStraining

Second half of week 5 (only DRE)
»  Creation of land-coverage polygon data
»  Creation of Coveragefilesfrom DXFfiles
»  Cregtion of Illugrator filesfor map symbolization

The technology transfer was conducted for DRE with an emphasis on the part rdated to GIS data structuring
for the digitd topographic maps, and for DSP with an emphasis on the part rdaed to patid andyss. The
trainees of DRE and DSP received training a the same time basicdlly in accordance with the description of the
technology transfer provided above.

The training on the congtruction of a GIS database for the digita topographic maps was provided regarding
the cregtion of GIS data with a topologicd structure in the coverage format of Arcinfo required for DRE.
Then, to creste printed maps from the created GIS data, the staff received training on the creetion of data
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(layers) used to symbolize land use data

Photo 23 : Scenes of technology transfer (DRE and DSP)

On the other hand, the DSP dtaff received training on the basic operations of ArcGIS and the methods for
utilizing oatid analysis.  Since modd GIS databases are required at this time, the following data sets were
prepared for thistraining.

»  Adminigretive boundary datafor dl the areas of Montenegro

»  Populations of men and women and populaions by age group in each adminigrative area (2003
census data)

» Road, river, land use, devation, inclination, and dope azimuth data for two sheets of 1:25,000 maps
(near Podgorica)

Using these GIS modd databases, the GIS training was provided on the andlysis of regiond characterigtics
for dl the areas of Montenegro, and analysis for a selection of appropriate locations for land devel opment near
Podgorica

4.10.2 Evaluation

The reaults of this technology transfer were evaluated usng two methods (1) Giving severd assgnments
during the training period and having the counterpart members create data and maps in accordance with the
assignments, and (2) conducting questionnaire surveys on the technology transfer and having the counterpart
members conduct self-evdudion. The evaudtion results for DRE and DSP are provided respectively in the
following two sections:

(1) Evaluation for DRE

After the GIS training for about one month, the DRE daff mastered the basic operations of ArcGIS and
learned to edit and process digitd topogrgphic map data as circumstances demand.  They are considered to
have an extremdy high level of cagpability in thisregard. They dso mastered gpproximeately al of the sdtid
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andysis functions, and learned to create a desired map by superimposing various data on eech other.  They
aso acquired sills to conduct GIS data structuring and cregte data for map symbolization by capturing DXF
datacreeted on adigitd plotter into GIS.

In Jum, the DRE Q’,aff r’fﬂ’nm‘s Who Q1-1:Umete li objasniti kakav je generalni koncept GIS—a?

received GIS training are consdered not to

have a mgor problem in knowledge of GIS o 35%
O1:umem
and opereting skills for ArcGIS.  However, @ B 2: po malo
0 60% 0 3 :ne umem / ne znam

the result of the questionnaire survey | 5%
conducted a workshops showed that only Fig 39 : Questions about GIS in general
35% of dl the participants thet did not take
thetraining understood GIS.
Q2-1:Umete i objasniti raziku izmediu Arcinfo-a, ArcEdtor-a Q2-2:Umete linavesti  ofjasniti gavne funkoiie ArcMAP~a?

ArcView-a?

020% 020%

1 :umem 1 :umem
=10y |®2:po malo gy | B 2P0 malo
0705 03 :ne umem / ne znam 065% " |O3:ne umem / ne znam

Q2-3:Umete li navesti i objasniti glavne funkcije ArcCatalog—a? Q2-4:Umete li navesti i objasniti glavne funkcije Arc Toolbox—a?

B1:umem 01 :umem

B 2: po malo B 2: po malo

O3 :ne umem / ne znam

03 :ne umem / ne znam

Fig 40 : Questionnaire survey result about ArcGIS functions

GISisawdl established technology, used as atool for needed analysis in the process of projecting and making
plans, o it is conddered to be a necessary technique in DRE.  Therefore, the generd level of knowledge and
skills of DRE needsto beimproved, mainly by the trainees who received this GIStraining.

(2) Evaluation for DSP

DSP s0 far conducted its mgjor operations using CAD and the staff members had little experience in using
GIS. In the initid stage of training, therefore, they were dow to creste the desred data or map for an
assgnment, and often needed assigtance eachtime.  Since this resulted from agenera lack of experience, they
mostly megtered the andysis of regiond characteritics using census data (refer to the figure below) and the
technique for spatid andyss usng various data (roads, rivers, devetions, indinations, and dope azimuths)
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through practicd training provided in thetraining period.

In the self-evduation by the DSP g&ff in the questionnaire survey, they said they had not fully understood the
operations of GIS or ArcGIS.  Asthis evauation shows, they have not yet atained a sufficient level for the
operations.

In summary, continued GIS training will be necessary for DSP.  In particular, the staff members need to

acquire the skillsfor congtructing GIS databases for nationd development plans and conducting patial andysis
required to establish development plan maps.

Fig 41 : Regional characteristic map (left) and planned construction land evaluation map created using

census data and the spatial analysis function (right)

411 Counterpart Training in Japan

Training conducted in Japan, upon a request from Montenegro, proved very useful for the understanding of
technologies required for the future of Montenegro, including not only training on development of spatid data
infrastructures, but aso training on application of data obtained from GIS reference gations to the disaster

prevention sector, and deployment of various service operations using combinations of GIS and information
networks
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Table 18 : Schedule of training in Japan

No. Date Day Time Schedule
1 8/17 Sun = Arrival in Japan
9:40-14:40  |Briefing
2 8/18 Mon 15:00-17:00 |Orientation to the program
Courtesy visit to Geographical Survey Institute
3 8/19 Tue 11:00-16:00 |Courtesy visit to Geographical Survey Institute  |and facility tour (Explanation of roles and
organizations of Institute)
P Training at Geographical Survey Institute (Infrastructure map information, Denshi Kokudo system,
4 8/20 Wed 10:00-16:00 Japanese Standards for Geographic Information, and Clearing House)
Visit to National Institute for Land and
5 8/21 Thu 10:00-12:00 |Infrastructure Management (Study on social capital|Moving
inprovement)
6 8/22 Fr 10:00-12:00 Visit to Natlonlal and Reglonal Pla'nnlng Bureau Kolfulsal Kogyo Head Office (Training on GIS
(Supply of national land information) policies)
1 8/23 Sat = Summary and day off
8 8/24 Sun - Day off (Tour in Tokyo)
10:00-12:00 [Association of Precise Survey & Applied
’ 8/25 Mon 14:00-16:00 [Technology Setagaya ward
10:00-12:00 . Japan Association of Surveyors - Survey
10 8/26 Tue 14:00-1600 Infrastructure Development Institute Technology
10:00-12:00 Kokusai Kogyo Head Office (Training on GIS
1 821 Wed 14:00-16:00 Japan Map Center standaedization and public survey)
10:00-12:00 Co ) Kokusai Kogyo Head Office (Training on advanced
12 8/28 Thu 14:00-16:00 Keio University - Fukui Laboratory research)
. 10:00-12:00 . ) - "y o
13 8/29 Fri 14:00-16:00 Kokusai Kogyo Head Office (Training on markets) |Non-political organization Bigmap
14 8/30 Sat = Summary and day off
15 8/31 Sun - Day off (Tour in Tokyo)
10:00-12:00 , ) . .
16 9/1 Mon 14:00-16:00 Kokusai Kogyo Tokyo Office Kyoritsu Air Co., Ltd.
17 9/2 Tue 10:00-16:00 [Kokusai Kogyo Tokyo Office (Training on production technology)
18 9/3 Wed 10:00-16:00 |Kokusai Kogyo Tokyo Office (Training on advanced technology examples)
19 9/4 Thu 10:00-16:00 |Kokusai Kogyo Tokyo Office (Training on applied technology examples and summary)
2 o5 B 10:00-14:00 |Kokusai Kogyo Tokyo Office(Training on applied |Evaluation meeting : JICA Economic Infrastructure
16:00-17:00  [technology examples and summary) Development Department
21 9/6 Sat - Departure from Japan
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5.1 Dissemination of Spatial Data Infrastructure

Chapter5 Dissemination of Spatial Data Infrastructure and Independent
Development of DRE

This study was conducted in accordance with the subordinate goa's and project purposes defined by JICA.
The subordinate goas were defined in expectation of effective utilization of the new spatid data infrastructure for
the development of the nation.  In other words, the achievement of this god will depend on such dementsasthe
advertisement, public relations, and dissemination activities regarding the content of the spatid datainfrastructure,
i.e, the product of this study, purposes and scope of its usages, specific utilization and acquisition methods, efc.

On the other hand, the project purposes for which technica eements account more significantly can be attained
with certainty, dthough with a varying degree of understanding, through the technology transfer in which the
experts of the study team provide training to a few counterpart members who have been sdlected.  However,
DRE is reguired not only to meet these project purposes, but aso to disseminate and establish the technologiesin
the divison to assure independent development is attained.

The counterpart organizations and the study team collaborated over the past two years not only to achieve the
basic technica agpects contained in the project purpose of promoting development and bringing about the
economic effects expected from effective utilization of the spatid datainfrastructure, but aso in terms of auxiliary
activities to redlize the independent development of DRE to surpass the output of this study and be able to satisfy
new demands.

5.1 Dissemination of Spatial Data Infrastructure

As decribed ealier, the
gpatid datainfrastructure to
be developed in this study
condsts  of digital

topographic maps and a
GIS database.

As shown in the figure
on the right, the digitd
topographic megp and the
GIS daadbase  have
sgnificantly different

contents and  usage
methods.
Effective utilization methods in accordance with the content of these products are described in the following

Fig 42 : Comparison of topographic map (left) and GIS database
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sections.
5.1.1  Application of GIS (in Japan and elsewhere)

The GIS technology which has been making significant progress and development in recent years, mainly in
the form of the database to be developed in this study, will certainly become an essentid tool for many of the
national-government, local, donor, and non-government organizations in Montenegro.  Until now, paper-based
maps created manualy and subjectively to no smdl extent were used to plan or andyze and review various
projects. The use of GIS will dlow the users to obtain objective decisions and conclusions quickly, based only
on the tribute data or anadlyss conditions that have been entered, and therefore achieve profound effects in the
formulation of policies or decison-making stage of dl kinds of plans, which have dready been proved in many
countriesin theworld.

Service formation ewiores s ity Service formation
i - /g"” & s . (mtore an demity
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- *—-’*“ - -
I } D<= Gmundm m P 238
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Fig 43 : Emergency information service

In addition to such adminidrative services, in
recent years generd citizens have developed a close
rdationship with spatid data infrastructure which
they use in their everyday lives. One of the most
popular examples of using GIS is car navigation
systems, which are widdly used throughout the world.
In Japan, services to assg citizens should a mgor
natura disaster occur, such asthe provision of escape

routes, home return routes, and family member Fig 44 : Medical facility search system
contact systems, are becoming common services

provided by multiple private companies However, there have been many instances in the event of a naturd
disagter in Japan where critica services such as gas and water supply and sewerage systems have failed dong with

the al-important eectric power and communication networks when the electric poles or power transmission lines
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weredamaged.  Japan isgiruck every year by natura disasters such as earthquakes, typhoons, and floods, and the
generd trend to base many of the emergency services on a system using apecia radio band belonging to mobile
phones has led to some bitter lessons.  This is because even these generd band mobile phone systems do not
function since, as can be expected, thereis a concentration of phone calls at thetime of adisadter.

Furthermore, GISis used not only in the emergency Stuations described above, but dso in many service sectors
such as public trangport search systems for railroads, arcrafts, buses, ec., tourism and restaurant navigation
sysems, and medicd facility search systems using PCs and mobile phonesas media. It isbeginning to take root
asan important tool in citizens everyday lives with the aim of bringing about more safety and comfort in society.
In other words, GIS is a technology for conventiona specid gpplications such as planning and andlysis, but has
aso obvioudy become an unseen and omnipresent dement of our society, and this has dready become a globd
trend.

One mgor requirement of such systems and services is that they should be &ble to display accurate and
up-to-date geographic information.  In the case of Jgpan, many private companies are updating the geographic
information required on their systems approximately once per year in order to maintainitsrdiability. Mapshave
lives of their own, so-to-gpesk, and are required to constantly show the changes, such as growths and declinesin
ociety.

5.1.2  Utilization of GIS through Dissemination of Geographic Information (Montenegro)

This study was focused on future effective utilization and dissemination of the spatid data infrastructure as
described above.  The technology transfer in this study was thus focused on fostering the understanding not only
of geographic information but o the importance of various survey results, which serve as dtribute information
required for GIS. By disclogng useful information owned by various depatments of the government,
consolidating the information for each sector, and congtructing a common database, including the spatid data
infrastructure, this technology transfer will leed to finding commondaity among different operations conducted by
each of the departments independently up to now. In other words, the technology transfer was aimed a
economic effects through dimination of many redundancies and awareness raising that would improve the
reliability of plans
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Fig 45 : Ideal utilization of GIS

The technology trandfer drew attention to the data of naturd and socid conditions, the former represented by
spatid data infrastructure and the latter by available populaion census data, and nurtured understanding of data
andysis using the software functions as well as the congdruction of a database including various socid and

economic elements and the usefulness of datawhen it is shared among the relevant departments and agencies.

The subordinate goals of this study were defined Public Service sv stem
by JICA as "cregting a spatid data infrastructure in Navigation

System

Shopping Information
. . . . . vent Information
order to disseminate new geographic information RS

Facility Information

including GIS, and efficiently implement planned

Medical Database
Map Database

projects for urban  devdopment, tourism -
. . Town Guide System '. g y @

devdlopment, and environmental conservation.” B _ -

The efforts for stepping closer to this god and

Printing service

redizing various idess and further developing the (|2 reomne> "

technol ogies owned by Montenegro was entrusted to Fig 46 : Public service system

the two counterpart organizations, DRE and DSP,

which are expected to exercise leadership by serving as an engine for the development and modernization of
Montenegro.

5.1.3 Effective Utilization of Digital Topographic Maps

The digitd topographic maps, another product of this study, consist of raster and vector data.  There has been
no mgjor change, with raster data being used asin the pagt, which is ether output to paper or used directly on PCs
viaCAD. However, the previoustopographic mapsin circulaion up to now were developed in the 1970sin the
days of former Yugodaviaand is more than 30 years old, not representing the current status of things.  When it
was used for planning and other purposes, afield survey had to be conducted to confirm its accuracy.

Of course, the new digital topographic maps are significantly revised and contain information that shows the
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current gatus of thingsin detail.  Therefore, there is no longer the trouble of fidd confirmation before it is used
for planning or implementation of congtruction S0 that the rdiability and ease of use will be dramaticaly
improved.

Furthermore, these digita topographic maps come with vector data thet can be modified as desired.  If the
origind data is compiled at reduced scales, topographic maps with scales of 1:50,000, 1:100,000 and 1:200,000
canbeeadly crested.  Undoubtedly, these digita topographic maps can be utilized in more sectors than before,

5.14  Dissemination of Geographic Information through Utilization of Seminars

In March 2007, a seminar was held for the relevant organizations in and out of Japan for the purpose of
dissemination and public relations regarding the details of this study started based on the inception report agreed
and concluded between DRE and DSP and the study team.  This seminar was intended to widely publicize the
description of this study and the details of the products through the participants, to inform that this study not only
concerned making aspatia data infrastructure in accordance with arequest from Montenegro, but aso contained
the technology transfer aimed a future independent development as an important element, that the up-to-date
equipment required for the technology transfer was supplied by JCA, and how useful the spetid daa
infragtructure to be developed will be for the newly established nation, Montenegro.

The seminar was attended by Minister LukSi¢ of the Ministry of Finance to which DRE belongs, and Minister
Gvozdenovic of the Minisiry of Economic Development to which DSP belongs, showing a high leve of interest
on the part of the Montenegrin government.  The two ministers expressed messages that this was the firgt
technica cooperation project for Montenegro, as an independent nation, with Japan, that extremey important
information would be developed for the formation of many development plans required of the new nation, and
that they hoped for the establishment of closer relationships of friendship and cooperation with Jgpan after this
study.

In response, Mr. Tsubota, Frst Secretary of Japanese Embassy in Serbia, representing the government of Japan
in this seminar, gpoke about the usefulness of this study, the economic cooperation conducted by the Japanese
government, and the possibility of new development cooperation.  Next, Mr. Shikano, Director of the JICA
Bdkan Office, ddivered a speech cdling for disclosure of spatid data infresructure and establishment of
technologies required for effective utilization and promotion of such information. In sum, this seminar
successfully deepened the participants recognition and understanding of digita topographic maps and GIS,
extremdly important elements as basic information of anation.
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Photo 24 : Presentation by DRE engineers Photo 25 : Seminar attended by the parties

concemed from the two countries

The participants of the seminar were the members of the relevant organizations of the Montenegrin government
such as the Ministry of Agriculture, Forestry and Water Management, Hydrometeorologicd Ingtitute, road
planning department, eectric power department, Seismologica Observatory, Geologic Survey, dSatidtica
department, and Ministry of Tourism and Environmenta Protection, and many other personnel considered asthe
users of the reaults of this sudy such as UNDP, which is implementing a GIS capecity development project
regarding such themes as GlS-based forest and environment conservation, meteorology and hydrology, and
geologica survey.  Thisseminar is considered to have degpened the understanding of the ussfulness of the digita
topographic mepsand GIS.

In the seminar, presentations were given with a
focus on public rdations. These were mainly
related to the description and utilization methods for
the GIS database because it is one of the products of
thisstudy and, given the current date of GIS usagein
Montenegro, an area which is required to be more
effectively utilized. Consequently, the participants
came to share with each other the recognition of the
necessty and importance of the gpatia daa

infragtructure, the nation's basic information that isa
Photo 26 : Congress co-hosted by DRE, World

Bank, and GTZ

key dement common to dl the independent
operations carried out by each of the organizations.
Even a new concept such as a "nationd GIS center” was heard, which may become possible if each of the
organizations bring together their valuable survey resultsin addition to the spatia detainfragtructure.  Asaresult,
high expectations for early development of the remaining 30% of the spatid data infrastructure were placed on
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DRE, the organization responsible for cresting spatia datainfrastructure.

On the other hand, an executive officer of DRE gave a presentation in a seminar co-hosted by DRE, the World
Bank, and GTZ a the dart of aproject on cadastra survey and real edtate regidtration and management, on which
DRE was going to work with assstance from the World Bank and GTZ, and referred to this study implemented
with cooperation from JCA. This seminar was attended not only by relevant organizations in Montenegro, but
aso by organizations from many of the European Union members. A description, products, and other items of
this study were explained, and not only the effective utilization of the results of this study in the future operations,
but dso the dimination of waste such as redundant investments were discussed with optimism. This was

certainly consdered to be an effective seminar with an effective presentation.
52 Workshop Aimed at Independent Development (DRE)

This study started with the establishment of
specifications in conformity with a globa standard
(1019000 series) for the first time in Montenegro,
and proceeded through wide-ranging operations such
as aerid photography, control point survey, aerid
triangulation, photo interpretetion, digita plotting
and digitd data compilation, field completion, digitd
data compilation for fidd completion, database
sructuring, map symbolization, and utilization of Photo27 : Workshap (PCM)
GIS. At the same time, technology transfer was conducted so that DRE can continuoudly conduct independent

devel opment based on these technol ogies.
521 Creation of PDM

A workshop was held to darify how high a
technica capability had been acquired by DRE,
which must develop the spetia datainfrastructure for
the remaining 30% of the area by itsdlf, to smoothly
and quickly dtain the project purpose defined by
JCA &s "being able to creaste, maintain, and update
digital topographic maps using its own technology in
the future' and to dlow the participants to
Undersend the actu conditionst the sametime. Photo 28 : Discussion for extracting problems

The participants of the workshop numbered 25 to 30 in totd, and mainly conssted of the gaff of the
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photogrammetry division participating in the technology transfer aswell as the engineers and people concerned in
the field survey division who were in a collaborative relationship required to creste the digital topographic maps
and dl the members of the study team.

The workshop was conducted using the Project Cycle Management technique, and incorporated many
opportunities for discussion to dlow dl the participants to share problems from the same point of view and find
cluesto problem solutions and devel opment.

(1) Extraction of problems faced by DRE

A good amount of time was spent discussing the problem extraction process, which alowed the divison
managers and other participantsto talk a length about issues from technica aswell as organizationa and socid
viewpoints regardless of the positionsthey held, and thusidentify problems actualy faced by DRE.

Almog dl of the DRE gtaff members took this rare opportunity to give their opinions on problems, voice
complaints, and idedls that they had held for along time, regardless of organizationd distances or difference of
rank. Thisled to alively discussion and, consequently, many problemswere identified, such asthefollowing.

> Low motivation
> Inaufficdent management to maintan
quality (Process and accuracy)
Insufficient digital plotting software
Obsolete PCsand peripherd devices
Insufficient security system (such as
anti-virus protection)
(2) Creation of PDM for accomplishing
Photo 29 : Workshop
objectives

This study was conducted in accordance with the project purposes as well as the subordinate gods defined
by JCA as "credting a spatid data infrastructure in order to redize wide-spread use of a new geographic
information sysem including GISin Montenegro.”

This workshop endbled dl the participants to a share common recognition regarding not only the project
purposes with a focus on technica aspects, but dso the necessity and feasihility of the above-mentioned
subordinate goas, and the workshop resulted in the cregtion of a project design metrix (PDM) indicating the
activities including solutions to many of the problems that were extracted and objective verifiable indicators,
etc., asshown on thefollowing page.
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Table19: PDM
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5.2 Workshop Aimed at Independent Development (DRE)

522 Acquisition of Technologies with Certainty and Development of Nation-wide Spatial Data
Infrastructure

Thisworkshop was conducted to directly evauate the level of understanding of essentid e ementsfor sustained
development by engineers, who participated in the technology transfer, and also to survey and evaluate how much
the technol ogies had been conveyed to other persons in the same division and had taken root as the technologies
of DRE.

The results were announced on the spot to dlow al the participantsto turn their attention to the problems found
in the evauation, and have further discussion on them regardless of organizationd distances and difference of
positions.  Thisprocess successfully clarified the methods of correction and enhancement.

Furthermore, this workshop was dso conducted so that evauation of achievements could be made until itsend
and gppropriately correct the outputs, activities, and indicators listed in this PDM, and check the conditions of
internal technology conveyance <o that, even after the end of the study, DRE could continue to conduct
evaudions by itsdf usng the PDM-basad evauation method as guideines for conducting gppropriate operation,
while continuing to keep track of the status quo.

It will be necessary to discuss how the organization can be sructured after the end of the study in order to
review the essentid dements (technicd and organizationd) for independent development each time as
circumgtances demand, share among the DRE members the techniques acquired through this study and possessed
by few people, and dlow more peopleto carry out their tasksat will and with ease.

If Montenegro, a newly born nation, intends to take strides forward in socid, economic, and technical agpects,
and join the European Union as early as possible, the creation of basic materids required as the basis of dl kinds
of operations, i.e, the enhancement of the capability to develop a spatid data infrastructure, is indigpenssble.
This operation has been assgned to DRE, the only organization thet can carry out the cadastrd survey, its
principa duty, and supply such information essentid to the nation. It isdesirable for DRE to continuoudy make
independent development while utilizing as the foundation the experience of a great ded of collaborative
operations and technicd transfer conducted in this study.

Photo 30 : Questionnaire and test Photo 31 : Announcement of results
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6.1 Status Quo of Relevant Organizations

Chapter6 Relevant Organizations and Status Quo of Montenegro

The organizations considered major users of the spatid data infrastructure in Montenegro—apart from two
counterpart organizations. DRE, which develops spatid data infrastructure, and DSP, which utilizes the resultant
data to make regiona and urban plans, etc., as its principa operations—are the Montenegro Seilsmologica
Obsarvatory, Geologic Survey of Montenegro, and Public Enterprise for Nationa Parks, etc. The following
describesthe status of their current activities that have been confirmed.

Furthermore, based on the dtatigtical information obtained from the Statistical Office of Montenegro (Mongtat)
and the reault of fidd surveys actudly conducted by the study team, the problems faced by the new nation of
Montenegro pursuing EU membership and tourism development are described in terms of the correlation with the
spatid datainfragructure asfollows:

6.1 Status Quo of Relevant Organizations

6.1.1  Department of Real Estate (DRE)

DRE is the only organization responsible for
the operdtions from cadasrd survey to
settlement and regidration of red edate in
Montenegro. They have dready ingtdled nine
GPS-based reference dations uniformly in the
country in order to improve the speed and
accurecy of various surveys in the ground
survey in pursuit of modernization of its
operations.

On the other hand, the photogrammetry
divison has along history of creating plans and
orthophoto maps required for cadastrd surveys,

and is seeking to modernize its equipment and

use more sophigticated technologies Fig 47 : Five-year plan of DRE
This year, DRE defined twelve tasks in the
medium-term plan (2008-2013) established for itsdlf, and isworking toward the implementation of the plan.
Montenegro is seeking membership to the European Union, and must establish a stable financid foundation.
Tax revenue from real estate, which forms part of the financid foundation together with tourism, is gpparently a

large revenue source for the nation and therefore necessitates quick survey.  Unlike before, however, the survey
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6.1 Status Quo of Relevant Organizations

and regigtration methods in accordance with EU standards must be adopted, so Montenegro is working on the
modernization of operations extending from the understanding of the legd system to the actud detailed clerica
work with cooperation from theWorld Bank and GTZ.

In addition, while DRE used to conduct dmost dl its operations on its own, some of them are gradudly being
switched to private contractors in an effort to improve the efficiency and speed of the operations for the sske of
implementation of the medium-term plan.

This outsourcing dlows DRE to assign many engineers to sectors such as the creation of digital topogrgphic
maps, and thus enhance the previoudy understaffed devel opment operations for various spatia datainfrastructures.
Hence, both the early devdopment of the Nationd Spetid Data Infrastructure (NSDI) and the early
implementation of the "e-Government” initiatives set forth in the Strategies of the medium-term plan can be
expected.

DRE, currently discloses the datus quo of GIS-based red estate ownership in detall through its own web
sarvice as part of itsregular operations, is one of the most advanced government organizationsin terms of GIS.

6.1.2 Department of Spatial Planning (DSP)

DSP is an organization responsible for making
many of the plans to be implemented by the
Montenegrin - Government  regarding,  for
example, urban and regiond development,
tourism development, and environmenta
consvation.  They are mainly engaged in the
following operations based on the nationd
budget and with cooperation from donor
organizetions.
1. Credting and deciding on gate plans and
promoating them in order to redize them.
2. Paticipating in passng, laws and other
regulations about spatid organization

and marine resources.

3. International and regiond collaboration

rdaed to dae plans as wdl as Fig 48 : Long-term plan established by DSP
cooperation  with NGOs  (Non-
governmental organizations).

4. Andyzing and publishing current sate plans.
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6.1 Status Quo of Relevant Organizations

5. Work relating to publishing town planning and technica matters from gate plans.

6. Keeping, classfying, and systematizing state plan documentation.

Theamsin creating these state plans are equa economic development in the areas where effective and nationd
gpatiad development is being undertaken, conservation of nature and biological diversity, promoting residentid
infrastructure respecting sustainable environmenta development principles, and placing particular importance
on the growth of tourism.

The following are some representative examples of the date plans that DSP is currently in charge of
implementing.

(1) Potential survey aimed at tourism development of 17 seaside cities

At present, survey operations are in progress on 17 of 48 candidate areas.  All of these selected areas meet
the conditions that they are located along the coastline on the Adriatic Sea.and dready have accommodation
fecilities The potentid survey required for future development with thematic focus on touriam is being
conducted on the budget specificaly alocated to this operation.

(2) Environmental conservation and tourism development for Skadarsko Lake National Park

Skadarsko Lake, abeautiful 1ake near the capitd city of Podgorica, is split by aborder line gpproximeately in
the center and hdlf the lake belongs to Albania, the neighboring country. It is one of the four national parks
designated in Montenegro with a trove of wild animas and plants, many of which are specified as endangered
gpecies.  DSPis conducting, with the assstance from GTZ, a survey aimed at tourism development at three
sdected places in the lake while presarving the environment.  Many of the operdtions are executed by
contracted private consultants under the guidance of plan establishment experts dipatched from GTZ.

(3) Supervision of comprehensive regional development plan

DSPisdesignated as a supervisor in the comprehensive regiond development plan being implemented by 21
municipditiesin Montenegro with the assistance of UNDP, and is supporting the establishment of the best plan
for each of themunicipaitiesin amanner consstent with the nationd plans

(4) Comprehensive development plan in the mountainous area

At present, the mgjority of tourigts visiting Montenegro come to the coagta areasonthe Adriatic Sea, and are
not much attracted by another natura world heritage site and the area surrounding it.  Consequently, the
accommodation facilities and road and traffic networks are underdeveloped.  To ensure stable revenue from
tourism, it is necessary to develop this area as soon as possble DSP has darted conducting surveys in
collaboration with the Ministry of Tourism and Environmenta Protection.
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For planning operations, DSP mainly employs AutoCAD at present, but is working on the introduction of
GIS using the equipment acquired and the technology transfer conducted in this study with a focus on
establishing more accurate plans.

6.1.3  Montenegro Seismological Observatory
(1) Main operations (Interviewee: Mr. Seizmoloski Zauod)

> Bdkan region and Montenegro:  Selsmic monitoring, seismic wave andyds, saismic
phenomenon study, plate tectonics analysis, forecast of seismic damage, maximum ground
accderation, and maximum saismic intensity, study of models of seismic wave propagetion in
the earth's crugt, evaluation of impacts on buildings, etc.

» Montenegro and surrounding areas Quick and high-qudity information supply for press
reports a the time of amgjor earthquake and web-based information disclosure, etc.

» For achitecturd desgns and plans.  Supply of information from the viewpoint of
anti-earthquake measures regarding seismic intengity coefficient, disaster prediction information,
and ground stability at the target points and surrounding areas

> Report to the competent agencies and the Montenegrin government

(2) Status quo of operations using geographic information

> For the digplay of regiona seismic data, analog topographic maps with scaes 1:25,000 and
1:100,000 are used.

» Fom the viewpoint of anti-seismic and anti-disaster measures in urban aress, andog
topographic maps with scalesfrom 1:1,000 to 1:10,000 are used for area classfication.

(3) Spatial data infrastructure

> Digita topogrgphic maps are basc information for al the fidds, including seismology,
geophysics, and geology.  Furthermore, DEMs are required for spetia andysis.

» Spdid planning conducted by the national government, municipalities and private sector aso
need informeation on river systems, road networks, and boundary lines between municipdities.

(4) Collaboration and information sharing with other organizations

» Anti-saismic measures have many adjoining and rdaed fields such as spatia planning, civil
engineering and condruction planning, and risk management so that the Observatory should
enhance cooperation with organizations specidizing in such fields.
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>

The Observetory serves as an organization of a representative nation (under a rotation systemn)
in the Western Balkan region for regiona planning under the NATO Partnership for Peace.

(5) Utilization of GIS

>

The Observatory is not utilizing GIS but has sent four staff membersto the GIS training course
of UNDP.

The Observatory highly evauates the gpatid datainfrastructure project of JCA.

The tasks for the time being are the development of a topographic meap database, the
congtruction of assismic monitoring systemn, and the crestion of hazard maps.

It is desirable to create both amonitoring system and hazard maps not only for Montenegro, but
for the entire Bakan region in accordance with the common specifications (pursuing the EU
standard).

Obsarvation data acquired a ten meteorologicd dations indadled in Montenegro is being
trangmitted to the Observatory and managed on computers, but has not been associated with
GISyet.

Technology trangfer on the hazard map andysisusing GISisrequired.

Active information exchange with the neighboring countries is in progress regarding ssismic
monitoring, hazard maps, GIS, etc.

A planisin progressto introduce software gppropriate for the purpose such as ArcGIS, ArcView,
and Maplnfo using the budget of the Observatory.

6.14  Geological Survey of Montenegro

(1) Main operations (Interviewees: Mr. Nikora Cadjenovic, Mr. Dragon Radojevic, and Mr. Slobodan

Radusinovic)

>

Development of comprehensive geological maps, geotechnica and hydrogeological survey, and
regiond geologic survey

Geologica censusfor congruction plans that require authorization by the Ministry of Economic
Development and hydrogeological audit on minera resource exploration

(2) Status quo of operations

>
>

Analog topographic maps are used in daily operations.
Although the indtitute has abundant materials, many of which are analog-based, deterioration
and lossis unavoidable, and quick searchesare not possible.
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(3) Spatial data infrastructure

> Itisurgently required to creste comprehensive geologica maps based on the latest geographica
informetion.

> Itisdesrableto develop digital geologica mapsfor dl the land of Montenegro and link them to
the geology-rdated information on planning and design of individud buildings.

(4) Collaboration and information sharing with other organizations

» Thereislittle collaboration with other organizations because the materids and information are
and og-based.

> It is dedred to condruct a fredy accessible database center (such as geologica survey,
hydrology and geology, and geotechnology).

(5) Utilization of GIS

» The sdff participated in the OSS-based GIS training courses (each two weeks long) offered by
UNDP.
Converson from raster datato vector data.and plotting of datausing CoralDraw isin progress.
No digital dataexcept raster imagesis owned.
Although the indtitute has a history over 60 years, al the maps are paper-based. It isdesirable
to convert theminto digit datausing GIS.
Itisdedrable to use GIS mainly to creste 1/500 minerd resource distribution maps.
There is a high expectation for the 1:25,000 GIS data and digitd topogrgphic maps to be
developed inthis study for such uses asfuture field surveys and database construction.

> It hasdready been determined to introduce GI S to the Geologic Survey field in order to observe
the principles of completeness and diversity of survey.

6.1.5 Public Enterprise for National Parks of Montenegro
(1) Main operations (Respondent: Mr. Slobodan Stijepovic)

» This public enterprise manages the four nationd parks Durmitor, Biogradska Gora, Lake
Skadar, and Lovéen. It carries out operations such as protection and development of these parks
and expansion of the designated naturdl and cultura assets.

> It dso manages information on these parks and other designated natural and culturd assts as
well asinformeation related to tourism expansion.
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(2) Status quo of operations

> Information on the conservation, development, eval uation, usage, and expansion of the naturd
and cultura asts in the nationd parks in Montenegro is made available to dl the users who
need it.

(3) Spatial data infrastructure

> In the area-gpexific and comprehensive consarvation of natural and cultural assets, which is
required by law, the geographic information plays an important role, but the problem is that the
map information is obsolete and ingppropricte.

» It is dedred that some types of information are completely converted into eectronic form.
However, thereis only little data that has been converted into eectronic form.

(4) Collaboration and information sharing with other organizations

» Thereislittle collaboration with other organizations because most of the datalis ana og-based.
» Through the congruction of a network between the nationa parks, the public enterprise will
pursue sharing of the same informeation between the center and thefidld.

(5) Utilization of GIS

Modernization of informeation through collaboration with UNDP

Thetop priority is placed on the congtruction of anatural and culturd assat database.

Spatid plan

It is desrable to use the patid data infrasiructure as the foundation to ensure an effective and

vV V VY V

modern use of the exigting and future data in order to atain protection and expanson of the
nationa parks.

6.2 Status Quo of Montenegro

The nation of Montenegro came into existence when it gained independence in 2006 from what was formerly
Serbiaand Montenegro based on the resilt of the national referendum, and has an area of around 13,812 km? and
apopulation of around 620,145 (2003 census shown in the table below).

Since Montenegro is literdly “a smdl nation with a small government,” these advantages should be made the
most of by redlizing prompt decision-making and quick responses, which are congidered to be important elements
for Montenegro to make drametic advances as an independent nation.

As shown in the table 20, alarge part of the population in Montenegro is currently concentrated in the capita

6-7



6.2 Status Quo of Montenegro

city and its suburbs, with about 40% of the people living in about 25% of the totd area, asin any other country.
This heavily populated area is positioned as the center of palitics, economics, and commerce and indugtry. While
the other aress, rural and farming and stock raising zones and seaside tourist-business zones have low population
dendities

Table 20 : Populations, areas, and population densities of municipalities (Source: Census 2003)

No. Municipality Population Area P.Density
Total Percentage Area Percentage P/km2

1 Andrijevica 5,785 0.9% 283 2.0% 20
2 Bar 40,037 6.5% 598 43% 67
3 Berane 35,068 5.7% 717 5.2% 49
4 Bijelo Polje 50,284 8.1% 924 6.7% 54
5 Budva 15,909 2.6% 122 0.9% 130
6 Danilovgrad 16,523 2.7% 501 3.6% 33
7 Zabljak 4,204 0.7% 445 3.2% 9
8 Kolasin 9,949 1.6% 897 6.5% 11
9 Kotor 22,947 3.7% 335 2.4% 68
10 Mojkovac 10,066 1.6% 367 2.7% 217
1 Niksic 75,282 12.1% 2,065 15.0% 36
12 Plav 13,805 2.2% 486 3.5% 28
13 Pluzine 4,272 0.7% 854 6.2% 5
14 Plevla 35,806 5.8% 1,346 9.7% 217
15 Podgorica 169,132 27.3% 1441 10.4% 17
16 Rozane 22,693 3.7% 432 3.1% 53
17 [Tivat 13,630 2.2% 46 0.3% 296
18 Ulcinj 20,290 3.3% 255 1.8% 80
19 Herceg Novi 33,034 5.3%) 235 1.7% 141
20  [Cetinje 18,482 3.0% 910 6.6% 20
21 Savnik 2,947 0.5% 553 4.0% 5
Total |Montenegro 620,145 100.0% 13,812 100.0% 45
[vapan 127,419,000 377,835 337

It is a wel-known fact that "tourism" is an important element in the financia foundation of Montenegro a
present.  In the Balkan region that historically experienced numerous disturbances of war, Montenegro with its
natural scenic beauties caled "black mountains' has retained abundant natural and historic spots.  The deep
mountains covered with deep forests, after which this nation may have been named, and the peaceful Durmitor
Nationd Park that expands at the foot of these mountains has been designated asaWorld Naturd Heritage site.
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Table 21 : Current state of tourism (Source: Census 2003, Monstat Web site)

c Year Rate of Increase
ountry

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 [ 220+ | 29057 | 2096
Total 555,040 | 541,699 | 599,430 | 703,484 | 820,457 | 953,928 | 1,133,432 117% 116% 119%
Domestic tourists : 446,232 | 405,539 | 457,643 | 515,424 | 548,452 | 576,130 | 149,294
Foreign tourists from : | 108,808 | 136,160 | 141,787 | 188,060 | 272,005 | 377,798 | 984,138
Serbia 0 0 0 0 0 0 389,428
Albania 0 0 5,068 8,853 13,234 37,801
Austria 978 1,393 1,509 2,062 3,193
Belgium 556 1,179 1,479 2,970 1,179
Bosnia and Herzegovina 32,403 25,887 29,559 32,706 46,838 101,394
Bulgaria 525 935 4,612 1,953 1,571
Greece 355 561 714 665 669
Denmark 377 411 457 399 630
Italy 2,479 3,633 3,295 5,642 11,435 37,211
Luxembourg 41 47 157 101 99
Hungary 1,875 1,957 3,917 4,425 6,243
Germany 2,517 11,789 14,328 19,873 18,352 17,891
Norway 1,216 1,770 1,816 2,152 3,801
Poland 1,339 3,977 1,898 2,394 3,040
Republic of Macedonia 4,206 5,266 5,415 10,187 14,940 22,543
Romania 1,316 747 1,097 1,190 896
Russian Federation 10,054 11,742 10,115 16,270 41,011 102,350
Slovakia 5,973 12,703 9,080 6,707 8,442
Slovenia 6,189 6,491 6,813 10,114 | 13,659 20,663
United Kingdom 1,060 1,673 2,597 5,462 7,817
Finland 133 177 249 169 1,192
France 981 1,370 1,510 2,047 11,300 30,279
Netherlands 634 1,229 1,687 1,852 2,477
Croatia 4,420 4,352 3,952 5,368 7,543
Czech Republic 9,672 19,763 16,842 | 24,356 | 23,517 33,100
Switzerland 747 1,181 1,061 1,653 1,820
Sweden 902 1,029 889 5116 4,994
Other Europen countries 13,664 8,229 5213 5,600 9,704
Australia 198 245 250 425 592
Canada 411 617 501 590 870
USA 1,853 2,389 2,156 2,764 3,432 7,426
Japan 135 196 171 257 381
Other non—Europen countries 1,599 3,222 3,374 3,738 7134 184,052

On the other hand, the coadtline that extends dong the Adriatic Seawith incomparable beauty in any other part
of the Bakan region is dotted with many higtoric sites, including the fortress city of Kotor, designated as a World
Cultura Heritage site and condtitutes the mogt important areafor Montenegro asatourism-oriented date.

Furthermore, this area, centered on large resort facilities complete with degp blue sea and beautiful beeches,
dlows vidtors of dl ages to enjoy themsdlves in wide-ranging ways, such as marine sports and sightseeing in
historic Stes, and is visited by numerous tourists every year from Russa and East European countriesin addition
to the neighboring countries.  As shown in the table 21, the total number of tourists, which exceeds the
population of this country, and the year-on-year growth rate, areincreasing steadily.
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However, the actud satus of touriam is as follows  About 90% of the tourigts are concentrated on this
coadtline and less than 4% of the tourists visit the mountainous areawhere there is a World Naturd Heritage site.
When attention is paid to the places of accommodation and stay for these tourists (refer to the right column of the
table 22), the concentration on the coasta area becomes even more obvious.

In other words, most of the tourists who visit the mountainous area do not stay in the area and the mgjority of
them are based in the coastd area, and come to the mountains on a one-day tour or s0.  What's more, these
numerous tourigts vist the country mostly in summer in aconcentrated way and hardly provide a stable source of
revenue throughout ayear.  Thisisthe current problem to be solved for Montenegro.

Table 22 : Main places of accommaodation for tourists in 2007 (Source: Monstat website)

Arrival Structure Structure Nigh
e of Total Type of Tourist Resort of Total e
] ] Arrivals P Nights ] ]
Foreign | Domestic Total % % Foreign | Domestic Total

984,138 149,294 1 1,133,432 100.00 Total 100.00 | 6,443,485 851,045 | 7,294,530
40,200 5,388 45588 4.02 Repulic’'s Capital 1.44 80,200 24,786 104,986
901,229 109,513 ] 1,010,742 89.18 Coastal Resort 95.43 | 6,263,434 698,010 [ 6,961,444
21,377 17,781 39,158 3.45 Mountain Resort 1.45 45,167 60,725 105,892
21,040 16,602 37,642 3.32 Other Tourist Resort 1.67 54,357 67,514 121,871
292 10 302 0.03 Other Resort 0.00 327 10 337
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Chapter7 Conclusions and Recommendations

71 Conclusions

Asdtated above, Montenegro is striving to become atourism-oriented nation, and the nation is making effortsto
develop and enhance the infrastructure dong its coadtlines, and the efforts are picking up speed currently.  In
order to edtablish a stable fiscd base, however, it is a prime task for Montenegro to develop its abundant natural
environment in the northern mountainous region, where a UNESCO-designated World Natural Heritage dteis
located, while giving consideration to environmental consarvation.  In other words, it is important to develop
tourism and the socid infrastructure indigpensable to attract tourigs. roads, waler and sawerage systems, power
supply, and tdlecommunications.  Also, DSPis the organization in charge of formulation of plansin thisfidd in
Montenegro. The spatid data infrastructure congtructed in this study will play an important role in the planning
processto achievethisgod.

Color agrid photos covering the nation’s entire areawere converted into digita data as basic datato support the
congruction of the gpatid datainfrastructure, and these aerid photos can be utilized for various purposes.  Inthis
dudy, a digitd devation modd (DEM) a intervas of 20m was aso developed for the targeted area (70%),
enabling DRE to produce orthophoto maps eadily.  In short, in addition to the digital topographic maps and GIS
databases which are the output products of this study, different types of geographic information such as agrid
photos and orthophoto maps have become availablein Montenegro.

These output products of this study developed in a digitd format can dso be aranged and converted into
different forms of geographic information (changing contents and scales) and, in that sense DRE, as the nation’s
only organization that creates and provides maps, needs to respond gppropriatdy to users who want to find
geographic information mogt suitable to their purposes

If technologies trandferred for about 2 years since February 2007 are disseminated widdly, and if such
technologies are edtablished as the technological base of DRE, DRE will be able to develop new geographic
information on their own and will be able to respond to arange of requests coming from concerned organizations.
Therefore, great expectations are placed on DRE sfuture efforts.

7.2 Recommendations
Based on the above conclusions, recommendations for each areaand for DRE are developed asfollows.
721 Recommendations on National Policy Position

In Japan there is an organization smilar to Montenegro's Department of Red Estate (DRE), the Geographicd
Survey Indtitute, of the Minigtry of Land, Infrastructure and Trangport.
The Geogrgphica Survey Indtitute is responsible for formulating the national survey law to promote survey
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policy, land register surveys, surveying excluding red estate adminigtration, development of geographica
information, and so on, and is currently operating under the following policies. (The following main points were
taken from the Geographicad Survey Inditutes homepage)

kkhkkhkkkhkhhkhhhkhhhhhhhhhhhdhhhhhhhhhhhhhhhhhhhdhhhdhhhdhdhhhdhhhdhhhhhhhhhhddhhdhhhhddhhhhhhhkdhxdkixsx

(1) Role of the Geographical Survey Institute (Mission)

® To provide to the whole of society an infrastructure of basic geographic spatial information, prepared and
adminigtered through national and international cooperation, for the purpose of clearly specifying and of
adminigrating national territory, disaster prevention, and other matters of national respongihbility.
® To promote geographic spatial information policy as the government agency for national surveying and
mapping.
(2) Meatters of importance

® Making a safe and secure society through national safety management, risk management, disaster
prevention and so on.

® To accderate the use of geographic gpatial information in improving the standard of living and for
regional revitalization.

® To promoteinternational service by making good use of technical capability.

Meanwhilein Montenegro, based on the ‘ Law on State Administration’ in July 2004, DRE, under the finance
minigtries oversight, is the only state run agency responsible for cadasiral surveys, red edtate registration and
adminigtration, surveying, aerid photography, geographic information, and GIS. DRE and Japan's Geographic
Survey Inditute carry out dl the same tasks as mentioned above, bar disaster prevention and land register
surveys, and fulfills a role indispensible to nationa development. Thus DRE is in a podtion where it is
responsible for avery important role in Montenegro, so | make the two following recommendations regarding
gtatepalicy in order that it can easily implement thisrole.

(1) DRE's position regarding the development of basic spatial data

Formerly DRE's main tasks were cadastral surveys, red edtate registration and administration; however with
independence in 2006 and the above mentioned decree, it now has a new task to develop and provide
geographic informetion in the same way as Japan's Geologic Survey Inditute. Regarding cadastral surveys and
red estate adminigtration which it has a long history in, a technology base has been established with modern
GPS dectronic datum points that make highly precise and efficient surveys possible,

On the other hand, as the development of topographic maps was the charge of former Serbian Federetion,
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there wasinaufficient technology for making smal to medium scale maps.

In recent years, not only topographic maps, but GIS is now the mainstream of geographic information, and
for thisa high level of ill is necessary when compared with the andog days.  This Sudy has trandferred to
DRE technicians the skills and new technology over the last two years to make the petia data infrastructure,
which isacombination of thedigita topographic maps and GIS database, establishing atechnology platform.

As mentioned before, within aspatia datainfrastructure thet can be used seamlesdy throughout the country,
one can expect an increese in demand in various fields, such as socid and economic development, foreign
investment, citizens, and in al government agencies.

Congdering this, DRE has a mgor respongbility to expediently complete the remaining 30% that was not
part of this studies scope, and we hope that they tackle it asanumber onepriority.  Further, it isaso important
to make changes to keegp the completed spatia datainfrastructure up to date; and so it is hoped that the updating
work can be implemented systematicaly, such asin the following way.

1. Every 4to 5 yearsin economicaly active cities

2. Every 810 10 yearsin mountainous areas and surrounding areas
(2) DRE's position within state policy

A spdtid data infrastructure is a mgor and indispensible factor in among others 'meking a safe and secure
society, and improving the standard of living,' and as discussed above, this is the same in Montenegro and in
Japan.  DRE undergtandsthis, and has tarted working toward the expeditious completion of godsset outina
mid-term plan it made in 2008 and its plan for the 2009 fiscd year. However it cannot be sad that its
personnel or equipment are sufficient. Because a spatia data infrastructure is important and indispensible
information for nationa devdopment and improving citizens lifedtyles, the mogt essentid task for the
Montenegrin government to ensure that the timely completion of the remaining 30% is possible, is to provide
the sufficient environment such as the budget, systems, personne, and infrastructure to DRE, the only agency
designated to make maps.

These measures will make possible the provision of avariety of geographic information, such as, the high
precison spatia datainfrasiructure and red estate information that society congtantly requires of DRE, and dso
the precise location information obtaingble from GPS datum points, which iswhy it isamatter that needsto be
advanced with state policy.

722 Recommendations on Survey Standard (DRE )

Cadadira surveys and the creation of topographic maps are DRE's main respongihilities and these tasks were
previoudy conducted based on the Gauss-Kruger Projection.  Asthis covers both the coordinate systems zone 6
and 7, which divide the nation into two in the esst-west direction, impeding the planned development of a gpetia
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data infragtructure, new specifications were established in this study based on the globad standard ITRF96, and a
spatid data infrastructure complying with the UTM system 34 was congtructed.  These specifications are based
on the new Law on State Land Survey and Red Edtate Cadadiral enacted in May 2007, however under the
trangtion period the old specifications, Bessdl dlipsoid and Gauss-Kruger, are dlowed to be used.

In DRE's policies, it is planned that a large amount of data accumulated a DRE, including results of past
cadastra surveys and associated data such as topographic maps and plans, will be integrated and converted into
the UTM format in the near future.  In the meantime, however, the above 2 methods will coexit, and therefore
DRE needsto pay close attention in performing any of its responghilities

Whet the advancesin theleading VLBI surveying techniques have reveded about the dimensions of the earth,
namely more accurate lipsoid parametersthat are being adopted in many countries around theworld, and it is
widdy know thet they are starting to replace the old specifications

To enaure that Montenegro keeps up with this change, this study took this opportunity to establish the spatid
datainfrastructure based on theworld standard, ITRF96.  However, until the necessary technicd infrastructure
and system are in place to change over the massive amount of topogragphical mapsand survey results, including
redl edtate cadadtrd, there will be atrangtion period where, asin the past, the two syssemswill continue to be used.

In particular, astheresults of red estate cadastrd determine the areaof land, thisis dearly linked to the owner's
asets  More gecificaly, the upmost attention needsto be paid when undertaking dl kinds of surveying inthe
future when there are two datum point results being used a the sametime. It cannot be denied thet thereisarisk
of it leading to amagjor sociad issue.

These two specifications, which have this sort of problem, need to be integrated as soon apossible, and it isbest
to convert the survey results from the past, and confirm the land area under the new specifications.

723 Recommendations on Ground Surveys (DRE)

In Japan, where many precious lives and assts are sacrificed in naturd disasters every year, programs for
accurate meteorological observation and weather forecadt, crustad movement surveys, and naturd disaster
prediction and warning systems have been rgpidly advancing.  In particular, to prepare for earthquakes that can
cause extensive damage, gpproximately 1,200 GPS-based reference dations have been sat up throughout Japan to
improve anti-earthquake measures, by observing and recording red-time movement of faults to understand the
mechanism of how disagters occur as wel as developing advanced surveying technologies to enhance the
prediction accurecy.  Those GPS-based reference stations employed in Jgpan are used aso in anumber of other
public surveys in addition to the surveys for disagter prevention, and they are contributing to the acquisition of
uniform and highly accurate information and to an improvement in efficiency of public service operation. Déata
collected from these gations will be combined using advanced technologies in various fields, not limited to
technologies of disaster prevention and survey fidds, to redlize a safer and more comfortable socid environment
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in Japan in the future.
Meanwhile, athough in Montenegro, a nation that gained independence only recently, risks of naturd disasters
are not so high, it isawdl-known fact thet, as dready stated, the nation needs to urgently advance development
and environmenta preservetion.  One of the important factors playing an important role in making plans for
these purposes is a spatid data infrastructure, and the regpongbility to congruct such infrastructure has been
delegated to DRE.
DRE dready has nine GPSbased

reference gaions, and can conduct RTK

GPS surveys (virtud reference Station ‘ -
method: VRS) usng GPS supplied by JCA
a sudy equipment.  Although, when
compared to the datic method, it is less
accurate (error of +2 to 4cm) and hes a
dissdvantage that it requires data

communication expenses, the VRS method
aso hasanumber of advantages, for example,

it can shorten the time necessary for — 4
observetion and can save labor as it can be Fig 49 : VRS method
managed with fewer personnd.

The VRS method has dready been put to practical use in public surveysin Jgpan and it is often used in GPS
surveys such as engineering surveys for which the accuracy reguirement is not extremely drict.  In this study,
technol ogy was not transferred to many staff membersand, therefore, it is necessary to disseminate the trandferred
technol ogieswiddy within DRE 0 that the base of itstechnological cgpabilitieswill be expanded.

724 Recommendations on Digital Photogrammetry in General (DRE)

Digitd photogrammetry is the most important technologica factor in technology transfer conducted in this
sudy and it is aso important for DRE's independent development.  As there are different dements in the
different processes of digitd photogrammetry, recommendetions are provided for each process as follows.
Elements for which recommendations are made are sdlected based on the reaults of tests and reviews made by
Japanese daff during OJT and questionnaire surveys conducted during workshops.

(1) Digital aerial triangulation

Through workshops and questionnaire surveys, it was found that there are atotal of 6 gaff memberswho can
conduct aerid triangulation. Based on thisfact, it seemed that the technology transfer made to C/Pswould be
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dissemninated adequately to other staff members. Mogt of the staff members, however, have experience in
aerid triangulaion using conventional software and it was reveded that they have not much experience in
handling the new type of equipment provided by JCA. It is desrable, therefore, that DRE actively use the
new equipment aso in works other than the development of the 1:25,000 scale spatid data infragtructure in

order to accumulate experience.
(2) Digital plotting

Although there are quite a large number of staff members who have experience in digita plotting, there are
few staff memberswho can understand the product specifications established inthisstudy. It isvitd thet those
in charge of digitizing maps in the photogrammetry department understand the specifications in order to
congruct a 1:25,000 scae spatiad datainfrastructure in the future.

In order to congtruct aspatia detainfrasiructure accurately, therefore, it is considered that the best solution is
to let the C/Ps who were the recipients of the technology transfer organize and offer study sessons on both the
product specifications and the work methods at DRE.  And, these C/Ps workload of offering such sessons
can be reduced if they are charged with different parts of the sudy sessons depending on their knowledge and
«ill.

(3) Digital data compilation

Many staff members have some experiencein digital data compilation to create digital topographic maps, but
only avery smdl number of them can conduct digita data compilation for GIS databases. It was dso found
that they have only a little experience in verification of the created data, such as visud ingpection and logicdl
ingpection.

It is necessary for other staff members to magter technologies required for “digital data compilation with
dructuring in mind,” under the guidance of C/Ps who were the recipients of the technology trandfer.
Concerning “ingpection,” it is considered necessary to set up adivision specidized in ingpection and to establish
asystemn to conduct ingpection accurately, not just meking staff members master how to conduct ingpection.

(4) Digital data compilation for field completion and structuring

At DRE, there have not been many cases in which digitd data compilation for field completion and
sructuring were conducted, and as aresult DRE gtaff membersare dso virtudly inexperienced in using the GIS
software necessary for thiswork.  The content of digitd data compilation for field completion is dmost the
same as that of digital data compilaion, and if the issues found in digitd data compilation can be resolved,
digital data compilation for field completion will be carried out without aproblem.  Asfar asgraphic editingis
concerned, there are no large differences between the CAD software familiar to DRE's engineers and the GIS
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software used in structuring.

When inputting atribute data, however, it is ds0 necessary to understand the structure of GIS data, and
athough it isbest to have as much experience as possible in work in which GIS softwareis used, the number of
software availableislimited. It is consdered, therefore, that one of the solutionsiis to introduce GIS software
availablefree of charge viathe Internet to promote understanding of the GI S database structure.

(5) Application of fundamental materials (aerial photos)

At present at DRE, work is underway on 1:10,000 scale orthophoto maps covering the whole country using
the aerid photos taken by this study, in response to requests from various government agencies beginning with
the Department of Satigicsand thepolice.  The use of these orthophoto maps for the foreseeable future will be
for the population census planned for this year.  As the census covers dl citizens living in dl corners of the
country, it is clear that the orthophoto maps based on the aeria photos taken in 2007 will greetly increase the
accuracy, and lead to ahighly reliable population census.

Evenif thisisthe extent of its use within government for sometime to come, by undertaking fidd surveyson

a dmilar scale as with digital topographic maps, and adding public buildings, landmarks such as ruins,
adminigtrative names, roads, rivers, lakes and such, o that the orthophoto maps can be used by anyone, they
will be ableto be sold. Orthophoto maps like these produced with digita data, such asdigita topographic maps,
can be adapted to suit specific needs by adding content or reducing the scale, and can be used in many different
fidds, one of DRE'stasksisto kegp developing products to meet the market needs.

725 Recommendations on Map Symbolization (DRE)
(1) Technology
1) Establishment of a strong technological base

In order to maintain and further develop the know-how of map symbalization for mep publishing that has
been acquired through the technology trandfer, it is important to gather experience while being engaged in
actud work.  Thetechnologiestransferred are basic and typica that will alow the users to perform the work
without fail, and if the users are to learn how to put these technologies into practice they need to keep
acquiring experience through actud work.  Also, it is indispensable for the C/Ps to upgrade their killsin
thisway, so that through saf-hdlp efforts they can find solutionsto the issues they encounter.

Tha means it is best to implement the development of the spatid data infragtructure for the remaining
30% of the nationd area immediately and, at the same time, it is desrable that digital plotting and data
completion be continuoudy conducted.
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2) Productivity

Currently, there are only 2 C/Ps at DRE who are skilled in mgp symbolization for map publishing. In
order to improve productivity, it is essentid either to promote dissemination of the technology widdy within
DRE by these 2 C/Ps or to employ new personnd. Meanwhile, it is necessary to implement capital
investment in both hardweare and software.

(2) Effective utilization of output products

1) Development of compilations of reduced scale maps

By editing the latest data obtained through this study, maps
similar to 1:250,000 scde print maps that DRE currently owns
can aso be updated or converted into other forms.  One such
exampleis the 1:50,000 scale topographic maps of the western
coast areaof Montenegro, which were delivered to participants
of the second seminar, and these topographic maps now can be
created by DRE on their own by utilizing know-how acquired
through technology trandfer. The work procedures are
summearized below:
»  To change specifications and to select itemsto display Fig 50 : Road map owned by DRE
»  Toreducethe scale of databased on the scaleratio
»  To create composite maps (by trimming each map to compose or by joining objectsin adjacent aress
to create new maps)
To organize annotations

To prepare new margina information
2) Utilization in maps of Montenegro’s entire area (print maps) owned by DRE

DRE-owned magps of Montenegro's entire area are vector data in the CordDraw format and they are
compatible with data developed in this Sudy. Because of this, this exiging data owned by DRE can be
updated using the latest information, if reduced-scale dataisincorporated from the spetid detainfrastructure.

3) Printing and publishing

Dataof the digitd topographic maps developed in this study were created on the assumption that they will
be printed as high-quality print maps and, therefore, it is recommended that this datais not just printed on a
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regular computer printer, but be widdly offered and sold in the form of printed maps.  In doing so, however,
since thisdataiis currently set for 4-color printing (CMYK), it is best to designate additiond plates sdlecting
Gray (mainly for roads) and Brown (mainly for contour lines) from pre-registered colors (swetch colors) to
print mapsin atota of 6 colors.

4) Preparation of various thematic maps

Dataof 1:25,000 scale print maps can be dtered or reduced to compile avariety of thematic maps.

Even hazard maps or mountain maps can be created by linking with GIS datebases and smulation.
Whether excdlent quality print maps can be created or not depends on the design, and it is highly expected
that DRE will generate good design ideasin the future.

726 Recommendations on Dissemination of Geographic Information and GIS (DRE & DSP)
(1) DRE
1) Continuation of GIS training

As clearly indicated in the results of questionnaire surveys conducted by study team during workshops,
GIS has not necessarily been dissemninated widdly at DRE, apart from the GISDivison.  Inorder for DRE
to effectively utilize the digital topographic maps congtructed in this sudy, however, GIS technology will no
doubt play an important role.

Therefore, it isdesrable that GIS training be held within DRE regularly, mainly offered by engineerswho
have dreedy dtended the GIS technology trandfer training course held as part of this sudy, and thet
GlS-rdaed technologies and knowledge be dissemninated among al concerned staff membersat DRE. 1t
is recommended that DRE review the annud schedule for GIS training and develop sample data and

manuasfor thistraining.
2) Quality control

It was found through the GIS training that engineers at DRE have afairly high level of GIS technology.
Undergtanding of the various functions taught in the technology transfer was high, and work was extremely
smooth and fast, however, ometimes there were errors.

As it is expected that GIS data condructed at DRE will be the most important basic data for
Montenegro, and this datawill be used by alarge number of domestic and internationa organizations, quaity
control isavery important issueat DRE.

Taking the above Situations into account, it is necessary to prepare a checklist for each step and to congtruct
highly reliable datawhen developing GIS data
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(2) DSP
1) Continued utilization of GIS

At DSP, the utilization of GIS has just begun and Gl S-related technol ogies and knowledge owned by DSP
arenot a a high enough level.  As DSPis a key organization responsible for planning, it is desirable that
GISbe utilized at DSP as atool to create arange of maps (future planning maps, laws and regul ations maps,
natural resource protection maps, forest conservetion maps, etc.).

It is recommended, therefore, that GIS technology and manuass obtained through the technology transfer
in this study be utilized effectively and such utilization of GIS be promoted in day-to-day operation. It is
aso recommended that DSP staff members attend the GI S training offered by UNDPto improve Gl Srelated
ills

2) The role of spatial data infrastructure in DSP

» The scde 1. 25,000 digitd topographic maps will be indigpensable to DSP in the dreedy
underway documentation inthefield of gpatia land-use planning

» These maps will represent a base for creating a GIS database for the fidd of planning, space
organizetion and congtruction.

3) Construction of national-level GIS databases for the National Development Plan

At the GIS technology trandfer in this study, data composed of 2 digita topographic mep shedts of a
suburb of Podgorica were used to condruct a modd GIS database of mgor roads, major rivers, eevetion,
inclination, aspect, current state of land cover, etc. In addition, training was offered to link nationwide
adminigtrative boundary data and the 2003 Censusresuilts.

In order to work out nationa-scae development plans, it is necessary for DSPto expand deata sequentidly,
including data on nationd roads rivers, schools, medicd facilities, conservetion aress, and laws and
regulations, based on technol ogies obtained through thisstudy. It isaso recommended that DSP congtruct a
database of attribute information of these roads, rivers, and other facilities, dong with a database of
geographic information.  Although technologies required for implementing these tasks have aready been
trandferred to DSP, it is desirable that DSP keep refining ther skills, because their level of technologicd
cagpabilitiesisnot high enough.

(3) Entire nation of Montenegro

1) Dissemination of geographic information
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As part of this study, questionnaire and hearing surveys were conducted to understand the status of GIS
utilization a concerned organizations in Montenegro. A hearing survey was conducted at the Geologicd
Survey of Montenegro and the Montenegro Seismological Observetory, and it was found thet at these two
organizations GIS had not been utilized on afull scdle.  But, currently, they are active to send staff members
to GIStraining courses offered by UNDPto improve their technologica capabilities.

The Geologica Survey of Montenegro plans to digitaize vauable geologica maps they have stored for
more than 60 years and to produce maps of meterials and resources didribution utilizing GIS. At the same
time, they recognizethat the digital topographic mapsto be constructed in this Study are highly important.

Meanwhile, urgent issues for the Montenegro Seismologica Observatory are the condruction of a
Gl S-basad system to monitor earthquakesin the Balkan region and the production of hazard mapsthat cover
both Montenegro and its neighboring nations.  In order to achieve thesg, it is clear that the spatid data
infrastructure, or digital topographic maps contained in it, be utilized as the base data and, therefore, it is
desirable that the output products of this study be exploited extensively.

Accordingly, if the digital topographic maps congtructed in this study are to be utilized effectively by the
concerned organizations in Montenegro, DRE needs to lead the way in promoting the utilization of this data
through seminars and workshops or through itswebsite,

2) Sharing information

In order to work out gSrategic nationd development plans for the entire nation of Montenegro and to
effectivdly and efficiently congdruct GIS databases indigpensable for that purpose, information and data
owned by different organizations needs to be shared.  For promoting the utilization and exploitation of GIS
in Montenegro, it is highly important to establish a“ GIS explaitation and utilization promotion committeg’
(tentative name) to be composad of various concerned organizations to discuss how to construct a GIS deta
st required by the nation. It is anticipated thet efforts like these will promote the sharing of informetion.
It isdso possble that participantsin UNDP's GIS training courses and this study’s GIS technology transfer
will be utilized in common by concerned organizations, and new GIS training courses will be developed in
which those experienced participants act as resource persons.

727 Recommendations on PC and Database-related Safety Measures

During this study, a number of computer viruses were found in computers at DRE including those provided by

JCA. Althoughtheleve of threet was rather low at the beginning, and at one point the situation got to the point

where the plotting system for the technology transfer wiould not even start-up, and asaresult, work often had to be

discontinued.  After conducting ingpection within DRE, it was found that viruses were widespread not only

among compuiters used for the study, but aso among virtualy dl of the DRE's computers connected through its
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LAN.

For avoiding the risk of being exposad to the threat of viruses that can corrupt data or cause important
informetion leeks, it is necessary to teke highly reliable security measures.

DRE understood the importance of this problem and it took measures from the second hdf of 2008, at the same
time asinvesting in equipment such as computers and software. - Thanksto thet, at the time of writing this report,
antivirus programs had areedy been ingdled in each computer in DRE, and that helped in establishing a good
base for further system protection.

However, computer viruses have become a globd problem, mainly because they spread very fadt, o it is
expected that every employee take care of their own computer.  Regarding the fact that not only the engineers
participating in this Sudy, but the entire DRE gaff use computers, it is hoped that, adequate messures will be
taken, such as making updating virus software compulsory and ensuring that eech DRE employee understandsthe

importance of taking antivirus measures.
728 Recommendations on Information Disclosure

As aerogpace technology advances rapidly, less than 1-meter high-resolution satellite images can be obtained
fredy by any individua from around the world.  As a result, confidentidity of topographic maps has been
diminishing and, not surprisingly, information such as topographic maps is increasingly disclosed in many
netions around the world.

In Montenegro, diverse laws and regulaions have been revised following the nation's gaining of
independence and in preparation toward EU membership and, as a reault of the “Law on Free Access to
Information’ enacted in 2005, geographic information such as topographic maps and aerid photos formerly
controlled by the military sector has been put in the hands of DRE.  As areault, a present such information
can be utilized fredy by any individud. However, only a limited amount of geogrgphic information was
offered for sdle in the past and information contained in the gpatia data infrastructure constructed through this
study is positioned as the firg geographic information to become a product for sde.  If the information is
offered at reasonable market prices, it is expected that investment in diverse fields will be promoted, not only
domedticdly but dso from various countries-mainly from Europe and the U.S., and that such informetion will
be utilized effectively dso by atotal of 1 million tourigts viditing Montenegro every year, who are one of the
mgjor income sources for Montenegro.

In Montenegro moving toward EU membership, compliance with EU standards is imperative in arange of
aress and the nation’s diverse organizations including DRE are aso reguired to comply.  Specifically, DRE
ams a improving its operations such as cadadtral aurveys and regigiration service, receiving support from the
World Bank and GTZ. In this sense, it is desrable thet the spatid data infrastructure and aerid photos
developed and technologies transferred under this study be effectively exploited to generate synergies.
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Meanwhile, UNDP's project for forest and environmenta preservation is currently implementing its second
phase and receiving a patnership fund of the Jgpanese government. In the project, mainly capecity
development of GIS technology is promoted using open-source GIS software, and various naturd condition
information that will be needed in the future are compiled asadatabase. It issaid that UNDPisaso planning
to implement another project to address naturd disaster prevention in the next phase. UNDPwill disclosethis
information and database through its website in the near future, targeted at enabling various organizations in
Montenegro to utilize the informetion effectively.

In addition to these naturdl condition databases, information that has been collected by various organizations
is extremdy ussful as socid condition information, including information gathered through the population
census conducted by Mongtat.  For thisreason, it iscdear that more extensive utilization will be possibleif such
information islinked with a3-dimensiond spetid datainfrastructure. At the sametime, it isanticipated that in
the near future, the need to set up a nationd information center will come up as a topic of discussons in
Montenegro.

Taking these Stuations into account, it is dso dedrable that DRE make efforts to inform the public of the
spatid datainfragiructure and other information congtructed through this study seizing every opportunity, so that
theinfrastructure will be exploited effectively asabasefor the nation’s further development.

Whether thisinformation can be fregly accessed or not boils down to the precision and high religbility of the
information and products. In the recommendation 7.2.9 below, in the same way as the aerid surveying
department, appropriate accuracy management isindispensible in theland surveying department aswell.

At the gart of this study origind specifications for Montenegro were established based on the Jgpanese
spexifications shown at the beginning of this study and various European countries specifications, soit is hoped
the survey department in charge of this work is improved soon, and d<o the ingpection process to ensure the
precision of each Sage of the survey process can be maintained, indluding planning, surveying, caculaing.  If
this is improved, the credibility of the many different results of land surveys and topographic maps obtained
through aerid photography will increase, and will be used in many more fields than they currently are.

729 Recommendations on Strengthening of DRE’s Organizational Structure toward Independent

Development
(1) Field survey division

DRE has atotd of nine GPS-based reference stations, which can be viewed as advanced technology. By
aso utilizing 2 totd sations equipped with GPS receivers provided by JCA to implement this study, it is
possible to increase the gpeed and accuracy not only of control point surveys, but aso of cadastrd surveys—the
most important task of DRE. It is expected there will be no problem here as DRE has a high levd of
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technology in place.

However, an extremely large amount of vauable data accumulated by the field survey divison, including
various ground control points and benchmarks and reaults of cadadral surveys, has not been organized
aopropriately.  Itisrecommended that the digitalization and database compilation of such databe accel erated.

It is ds0 necessary not only to maintain this valuable data using database software, but aso to organize them
appropriately so that they can be linked with the spatia data infrestiructure.  As aresult, users will be able to
retrieve data fredy, and even third party users requestsfor datawill be efficiently fulfilled.

(2) Photogrammetry division
1) Dissemination of technology

During the 2-year period of this study, technology transfer was conducted to only a limited number of
engineers because there is limited equipment. It is desirable that those engineers disseminate the acquired
technologies to other members to further improve the production base of the DRE. In particular, for
condructing the petia data infrastructure, it is required not just to acquire conventiona CAD data, but to
enable practices such as digita plotting, digital data compilation, and datadignment targeted a GIS database
congruction and digital printing. Accordingly, a top priority is to enhance the technica cgpabilities of the
photogrammetry division.

2) Establishment of a new Cartography Division

It may be said thet in the pre-independent days, Montenegro’s topographic maps were totdly in the hands
of Belgrade and DRE had virtualy no technological capabilities to create and publish maps.  Amongst
others, the know-how of desk top publishing (DTP) transferred through this study, which is amainstream of
modern day publishing solutions, was totdly new to DRE.  The creation of the remaining (30%) of spatia
data infrastructure and updeating the digitd topographic maps for the whole of Montenegro will not be
completed successfully unless the process is advanced significantly by creeting anew division specidized in
thetak. DRE can not afford to be stisfied with the fact that the new technology was trandferred to 2 C/Ps,
and it isdesirablethat thelevel of engineers technicd capabilitiesisraised.

3) Creation of a new Inspection Division

It is impossble to diminate dl human errors, however accurately we understand the specifications and
however correctly we plot and edit maps  If data verification is not conducted rigoroudy and accurately,
problems will dmost dways occur in the downstream processes such as the congtruction of GIS databases

and map symboalization.
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In short, it is indigpensable that verifications are conducted and ingructions for correction be given by
engineers who can correctly understand the content of the digital topographic maps, the database structure,
and fundamental specifications. It isaso necessary for DRE to set up a system for this purpose as soon as

possible
4) Early completion of spatial data infrastructure for the remaining 30%

Many domestic and internationa users hope that it will be passible to capture the entire nationa areaasa
single and seamless piece of datato be utilized in diverse development planning, environmentd preservation,
and management, and they hope that DRE will make effortsin thisfield.  In order to satisfy such demands,
there will be no dternative to DRE finding solutions to the above three issues as quickly as possible, and
engineersin variousfieds need to make continuous efforts through mutua cooperation and competition.

5) Development and sale of new products exploiting output products of this study

As gaed in the earlier section “5.1.3 Effective Utilization of Digital Topographic Maps,” DRE will not
need to creste a new database of maps on scaleslessthan 1:25,000 in the future.  Thismeans, DRE will be
able to reduce the scale of data obtained through this study and to dter and edit the data to creste geographic
information on scales of 1:50,000, 1:100,000 and 1:200,000.

In addition, DRE will be able to offer and sdl agrid photos in the form of digita data as they are or by
processing theminto orthophoto maps usng aDEM.

(3) DRE as awhole
1) Formulation of strategies

The completion of this study will be the garting point for DRE to make new efforts and it cannot be
denied that how DRE can reinforce its cgpabilities of “planning,” “implementing,” “maintaining,”
“managing,” and “offering for sdl€” will affect the future devel opment of Montenegro asanation.

It is desirable that DRE act in the future by recognizing that the enhancement of efforts to develop the
spatid datainfragtructure is one of its key strategies dong with other trategies such as the enhancement of
cadadtra surveys and redl estate management formulated based on the existing medium-term plan.

2) Establishment of appropriate sale prices

As indicated in the above words of “maps are living documents” maps as part of the spetid data
infrastructure will play avitd rolein and offer benefits of providing fresh information to many users.  Atthe
sametime, mapswill lose freshness as time advances and they need to be updated.
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Updating maps is naturaly one of the missons DRE is given, and in order to regularly update mapsit is
important for DRE to set gopropriate sdes prices to increase sdes and to cover the cods of software and
hardware maintenance as well as costs of upgrading.  This means, if prices are too high, there will be no
large sdes and if they are too low, maintenance and upgrading costs cannot be covered. For setting
reasonable prices DRE may need to seek examples in neighboring European countries.  In particular,
because digital data is vulnerable to unauthorized copying, it is necessary to carefully study and st prices,
while establishing alegd system and pend regulaionsfor the handling of thistype of data

DRE has madeit clear it will provide free of charge or for the cost of materidsto the various nationa and
locd government agencies, donor agencies and 0 on; however, regarding a sale price for usars such as
tourigts, private companies, and the generd public, and are currently conducting a price survey in
neighboring countries and have just sarted deliberating an gppropriate price. The following teble is for
reference showing the sales prices ascartained by this study team in neighboring and European countries and

Japan.
Table 23: Sale Price in Neighboring Countries & Japan: from each countries map making agencies

web site (Unit: Euro)

) Bosnia and| Bosnia and
125,000 Herzegovina| Herzegovina:
Topographic Slovenia Croatia ‘Republica | Bosnia/Croa Macedonia | Hungary Italy Japan
maps Srpska t Federation
Printed Maps 9.96 50.00 35.00 2.50 7.00 9.36 225
4 colors 3 colors
Raster Data 2.59 92.96 100.00 10.00
TIFF TIFF
Vector Data 2.78 160.00 62.50
Each Layer Each Layer Each Prefecture
265.60 35.00 62.50
25mX25m 1/3 of country
Orthophoto Maps 8.50 25.00
307x30”
Thematic Maps 25.00
Topography,
Hydrology,
Agriculture

Asyou can seethey are not uniform, each country and agency has set sdlling prices according to there own
cdculaion methods and viewpoint.  In order to set an gppropriate price, not only will the remaining 30%
need completing, but the total cogt, including that of updating the entire areain future will need to be added
up.

In addition, various cost calculations are necessary, such as for media like CDs or DVDs that the data is
sold on, consumables like the roll paper and ink etc. used in printing, and possibly the cost of high qudity
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printing or thelike if used rather than regular printing.
There are many unclear points such asthese, but the study team recommends the following price settings.

1. Printed maps (mass produced): Around 3 Euros

2. Output maps (printed on demand): Around 10 Euros

3. RasaDaa(CD/DVD): Around 5 Euros— Discounted by volume
4. Vector Data(CD / DVD): Around 50 Euros— Discounted by volume

3) Publication and dissemination via website

DRE has dready disclosed information on red edtate through its webste.  Mainly, they have made
available information on red estate for which cadastral surveys were completed and cadastra maps were
edablished. It isdesirable however, that in the future DRE disclose to the public components of the gpatia
data infrastructure, too, including aerid photos, orthophoto maps, digital topographic maps and GIS
databases.

The spatid data infrastructure will be offered to and used fredy by the government of Montenegro and
concerned organizations such as donors, but the issue for DRE in the near future will be how to offer it for
sde and how to callect the charges from generd users.  As the internet becomes incressingly popular, we
now are in an era where we can place an order to purchase a wide range of products from home or from
anywhere around the world through PCs and mobile phones.  DRE cannot get away from these situations
and, therefore, it is dedrable that DRE make vigorous efforts to advertise and disseminate the atid data
infrestructure.
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