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57. GISOperationin Angola

What is important for Angola itself to maintain the GIS in the future is to get familiar with the
basic operation of the GIS software as described in the preceding section and also to acquire the
professonal knowledge on the GIS. The GIS software enables an enormous volume of
geographic information database to be jointly used with other ministries and agencies via a
network and it isthe software required for analysis of the database.

In the present situation within Angola, however, MINOPU can make available little attribute data
to be fitted to the geographic and topographic information. It will still take some time to develop
sufficient attribute data.  Therefore, the GIS operators should first acquire the basic concept of
the GIS using Arc/View software of alower level than Arc/Info and then promote the GISto other
engineers and clerical staff in order to expand GIS supporter groups throughout the entire bureau.

Following these efforts, it is important for these engineers to acquire the basic operation of the
Ard/Info software using the Arc/Info manua prepared in this study and to fully understand the
objectives and technology of GIS application. For this purpose, it is necessary, of course, that
the basic training for aperiod of at least two weeks should be furnished to GIS staffs at the time of
installing the GI'S equipment and software.

57.1. Preparation of Attribute Dataand Map Data Revision
In development of the GIS, the attribute data that the concerned with the GIS within MINOPU
should develop promptly isthe following:

(1) Attributesfor 1/1,000,000-scale maps

The 1/1,000,000-scale maps cover the entire national land, and the attribute data to be prepared

isasshown in sample diagrams 5A-12 and 5A-13.

» Control point data from the survey of the entire country (digitized data of triangular points,
bench marks and description of each point)

» Other surveyed data (digitized data of indices for existing topographic maps and aeria
photos)

» Names of mgjor cities and their population datain each province based on the latest statistics

* Classification of mgjor highways in the entire country
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(2) Attributesfor 1/100,000-scale topographic maps
» Names of mgor housing areas and their population data, based on the latest statistics
 Classfication of highways based on the latest data
* Digitization of bridge data (See sample diagram 5A-11.)
» Recordsof naturd disasters (Digitized data of types of disaster and coverage of disaster)
 Survey records of control points and other points (Indices for existing topographic maps
and aerial photos)

(3) Attributesfor 1/25,000-scal e topographic maps
* Digitized data of public buildings and collection of digital building images (See sample
diagram 5A-10.)
« Digitized data of city disaster records (including floods and landdides)
* Traffic-regulated highway data
 Latest city planning data

It is expected that MINOPU can easily make the maintenance of the public buildings and
facilities if these types of data are developed and fitted as the attributes for digital topographic
maps, for example by the method shown in the sample diagram 5A-10. In addition, the
attribute data may serve for analysis of the shortest section between two points on limited types
of road as shown in the sample diagram 5A-14, or for andyss in disaster forecast by
overlaying the urban flood data on the distance from any feature as shown in the sample
diagram 5A-15 as well as on the relief map data as shown in the sample diagram 5A-6. The
development of attribute datais very important because it ensures the future GIS applications to
be established by examining these application methods.

However, the topographic map database that has been developed so far was not based on the
detailed fieldwork, and insufficient data such as topographic features, geographic names and
other names is used. To improve the quality of the data, the database updating system and
procedures should be established as aroutine work.

The common use of the database with other ministries and agencies concerned will be
important not only for cost reduction in data entry but also for the maximum utilization of the

database.

5.7.2. Holding the Database Jointly with Related Ministries
The local activity for this project was delayed due to the restrictions of the fieldwork in this
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fiscd year. In these years in Angola, however, the GIS database development has actively
been implemented for the survey and removal of mines by INAROEE (Institute Naciona de
Remocao de Obstacolas e Engenhos Exlposivos) and for the survey of acreage of mining
districts by Ministry of Geological Survey and Mining. The Statistics Bureau is aso using the
GIS limited to loca areas. In addition, Ministry of Fishery is aso planning the early
introduction of the GIS.

In particular, INAROEE has acquired the rough raster data covering al the areas of the existing
1/100,000-scale topographic maps and it is now developing the method of making effective use
of the GIS.

On the other hand, the engineers of UNDPA (United Nations Demining Program in Angola)
that are supervising the GIS of INAROEE are holding the GIS database covering the entire
country of Angola. It is desirable that MINOPU will coordinate with these organizations for
the joint use of the GIS via a network, economize the work of data acquisition and promote the
positive intercourse among their engineers.

5.7.3. MINOPU’sRole on GIS Operation
For the completion of the GIS project by MINOPU, along period of 10 years will be required.
The Minger and the responsible Directors who will form the top management of the GIS
Center should not be satisfied only with introduction of the most advanced digital GIS
technology, but also they should clearly define the purpose and objectives of the GISin order to
budget the continuous education and training project for GIS personnel, and the software
version upgrading and data updating. If not, the continuity of the GIS project could not be
maintained.
For this purpose, it is preferable that MINOPU will closely cooperate with the department of
IGCA that hasthe control of the geographic data, in order to promote this GIS project as one of
the nationally operated projects.
If the change of top management due to reorganization of MINOPU or exchange of the GIS
personnel in charge should decline the situation of GIS support, it would be the worst case for
the future operation of the GIS.  In any organizational changein MINOPU, the staff in charge
of GIS should be reeducated for continuous GI S efforts.
If any political or domestic system problem related to the common use of GIS data with other
ministries and agencies occurs, such problem should aso be solved positively by MINOOU.
For the future full-scale operation of the GISin MINOPU, the following posts and services will
be required:
(1) GISProject Manager

* Planning of the GI S application programs
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» Planning of production of GIS products

» Sdlection of hardware and software

» Consultation to user

» Communications and coordination with users
 Personnel management

* Reporting to top management

(2) Database Manager
» GISdatabase designing
» Database maintenance and updating
» Planning of data output and map output
* GlSdataset creation
» Dataquality control
 Data acquisition planning

(3) Digital Map Engineer
» Updating of digital topographic map data
* Entry of attribute data
 Digital map output

(4) System Operator
» Operation of hardware, software and peripheral equipment
» Consumables management
* Filebackup
» Software libraries and manuals management

(5) Programmer
* Creation of data conversion and format conversion programs
» Development of customized commands and menus
As described above, the continuous operation of the GIS project requires a huge amount of
costs and the active efforts of the engineersin charge. It is desired that this project will
become the full-scale GIS project of Angola established as a nationally operated project of
Angola.
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6. Conception of Geographic Information System (GIS)

6.1 Introduction

GIS is a multi-disciplinary technology, which includes representation of the real world and
computer & information technology. GIS represents the real world similar to the way maps
represent on paper, and it is capable of utilizing computer information technology to conduct

various analyses.

Figure6.1.1 GI S as Multi-disciplinary Technology
Public Service, Utilities, and others
I [

Geodetic Framework Geographic Information System Decision Support System
Sound Geodetic Control Database Design & Development Statistical & Time Series

Data Standardization (Data Integration-Tools) Data Analysis

Data Systematization GIS System Design & Integration Modeling
Data Quality Guidelines Data Automation Guidelines Analysis, Modeling

\ 4
GIS Infrastructure i

Source Data T

Conversion

Procedures

GIS Database

Ground Surveying Topological/Spatial o )
Statistical Analysis Tools

Aerial Photogrammetry Analysis Tools

Image Processing,

Defining GIS is a difficult task, because it has multi-disciplinary nature of the comprising
components; such as, multi-disciplinary technologies, multi-institutional professons. People
with different experience in different professon might have different definition of GIS. An
operationa definition of GIS is that it is a tool for managing and analyzing spatial information
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using a computer system. It is a system which is designed to handle information regarding
gpatial locations. Two magjor functions of GIS in government organizations are planning/policy
support and/or facility management. In database terminology, they may be caled decision
support system and data processing functions.

GIS has a function of integrating source data from different fields. Basic categories of data
sources are computer cartography, remote sensing, computer-aided design, and database. The
inter-linkages of source data, which is also considered as an independent sub-system, makes
definitions and applications of GIS more complex.

Figure6.1.2 Source Data and Overlaps

Computer

Cartography

[\

GIS Database

N

Remote

Sensing

As shown in above diagram, the source data come from computer cartography, remote sensing,
database, and CAD. What was prepared for the Study is mainly the source data from the
computer cartography category. In the first stage of development, existing maps may be
digitized for remotely sensed data is processed to prepare base maps. Field data and Statistical
data are used as attribute data, which can be linked to the spatid data.

Raw data are generdly classified into raster and vector data.  Common file formats of vector
dataare DLG DXX and NTF.  Raster data such as scanned photographs and maps may be stored
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inTIFF and GIF. The raw data are further processed.  All the data needs to be transformed to a
common coordinate system. The raw vector data are processed to have topologica structures
that identify nodes, links, polygons and their relations.  Image or raster data can be processed to
classfy land uses, identify features, and produce elevation models. The processed data are
stored in database, usudly in alogical data model of relational database. The processed data are
ready to be searched and analyzed. Types of data retrieval are by location, classification, or
atribute. Patterns or routes or interactions may be searched aswell.  To analyze modeling and
simulation of physical and social phenomena may be conducted with appropriate non-spatial data
added to the system. Output is for communication and visudization. They are in forms of

thematic maps or reports.
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6.2 Application Development

Application development depends on details of data available in the system. Generdly,
smdl-scae-spatial  data are appropriate for regional or environmental applications;
large-scale-spatial data can be used facility management or cadastral mapping. Crain and
MacDonald (1984) identified three stages of GIS development.  The first stage is an inventory
preparation; the second stage is application development for analysis; and the third stage is
management uses of GIS. Current stage of the GIS development in Angolais considered to be
the first stage of development. In other words, spatial data and information in analogue format
are transformed into digital format, and types of land uses or forest inventory are prepared for
organized and easy retrieval of data and information. The query is basically simple, but
efficiency and productivity of search isenhanced. Updating inventory data needs to be planned
and enforced to keep accuracy of spatia data and information. The second stage of GIS
development is more analysis oriented. The accumulated data and information in organized
layers are combined and process to identify features that were not identified in a smple query in
the first stage. The third stage is to develop management functions of GIS. In this process, a
GIS becomes from data processing work to a more advanced decision support system.  Highly
complex data modeling or simulation may be conducted to help make decision on planning and
policies.

In the process of GIS development, it is reminded that primary data acquisition and accuracy of
the primary data are the foundation of the system. The cost and benefit of data itself and the
system shall be carefully planned with maintenance costs of such system is taken into
consideration.

6.21 GIS Software
Different venders developed GIS software.  ARC/INFO, Geo/SQL, and Modular GIS
Environment (Intergraph) are three popular GIS software in the world.  Maplnfo and Atlas
GIS are popular desktop mapping systems. In the Study Arc/Info and ArcView are used to
prepare the data; some of the features of the software are introduced in this section.

! Crain| K, MacDonald CL (1984) From land inventory to land management.
Cartographica 21: 40-6.
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Table6.2.1 Popular GIS Software

Name Type No. Price (US$)
Introduced

Modular GIS Environment GIS 2,500 700

(Intergraph)

Geo/SQL GIS 2,000 9,500

ARC/INFO (ESRI) GIS 1,200 18,000

Maplnfo Desk top 25,000 995
mapping

AtlasGIS Desk top 22,500 2,495
mapping

(The World of Geolnfomatics, p.137 1995, Japan)

6.22 ARC/INFO and ArcView
Software Structure:
The basic structure of ARC/INFO and ArcView isasin the following Figure.

Figure6.2.1 Software Structure of ARC/INFO and ArcView
Arc Macro Language ArcView
GIS
INFO ARC Database Integrator
Latest ver. 3.1
Basic Arc/Info
TABLES ARCEDIT ARCPLOT LIBRARIAN
Extensions
COGO GRID TIN NETWORK
Operating System (UNIX, NT, Intl. NT)

Also available : PC-ARC and ArcView for MS DOS & Windows

160



Basic Software (Latest version : 7.2)
ARC : GIS Manager (All modules are managed by ARC)
INFO : Relational Database Management System
TABLES : INFO table operations
ARCEDIT : Graphic Editing Module
ARCPLOT: Graphic Display & Output Module
DB Integrator : Link with External RDBMS
AML : Arc Macro Language

Extension
COGO : Coordinate Geometry (Field Survey Data Entry)
GRID : ARC/INFO grid sub-system (raster-type)
TIN  : Triangulated Irregular Network (3-D DataAnalysis Modul€e)
NETWORK : Network AnalysisModule

Using ARC/INFO:

To startup ARC, generdly type arc on UNIX or sdect “arc” in the START menu on NT. But, it
can be different depending on the ingtdlation. Contact the system administrator in such case.
The prompt “Arc:” appears, when ARC is started. All the ARC commands can be executed at
the “Arc:” prompt. To use INFO, type Info at the Arc: prompt, then “ENTER COMMAND>"
prompt will appear. Only INFO commands will be accepted at this prompt. Other modules, i.e.
TABLE, ARCEDIT, and ARCPLOT haveto be sarted at the Arc: prompt, aswell. To close any
of those sessions, enter <g> (for INFO, <q stop>) and it will return to Arc. Entering <g> at
“Arc”, the arc session will be closed.

Examples:

(1) Arc: tables
Copyright (C) 1982-1997 Environmental Systems Research Ingtitute, Inc.
All rights reserved.
TABLESVersion 7.1.2 (Wed Aug 13 07:45:00 PDT 1997)

Enter Command: q

Leaving TABLES...
Arc:
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(2) Arc:Info
INFO EXCHANGE CALL
23/06/1998 17:45:26
INFO 942 11/11/86 52.74.63*
Copyright (C) 1994 Doric Computer Systems International Ltd.
All rights reserved.
Proprietary to Doric Computer Systems International Ltd.
US Govt Agencies see usage restrictionsin Help files (Help Restrictions)
ENTER USER NAME>arc ~ --—--—--- -> please note the entry of arc here

ENTER COMMAND >q stop
Arc:

ARC/INFO Coverage and Workspace:

The coverage is the framework for vector data storage in ARC/INFO. It generally represents
asingle set of geographic objects such as roads, parcels, soil units or forest stands in a given
area. A coverage supportsthe geo-relational mode - it contains both the spatial (location) and
attribute (descriptive) data for geographic features.

An ARC/INFO workspace is the work area used during an ARC/INFO session.  Within the
computer file system, the workspace is a directory containing one or more geographic data sets
(e.0., coverage, tin, grid), alocal INFO database, and other supporting data. More than one user
can read data from the same workspace, however, it is strongly recommend that only one user
access aworkspace for creating or updating data (RW access).

Figure6.2.2 Workspace
Workspace
I I I
................ Soil Contour Land Use Info

162



Naming Convention

Coverage names can be from 1 to 13 characters long. Item names in feature attribute tables are
limited to 16 characters. The limit of 13 characters for coverage names allows ARC/INFO to
append the -ID extension for the Cover-ID item. There may also be some operating system
limitations on the length of coverage names (8 characters on PC). On UNIX operating
systems, coverage names are converted to lowercase for directory storage.

To facilitate enterprise computing, sdlect a file-naming convention which mesets the

requirements of all platform types.

DataMode:-
Figure6.2.3 DataMode
|dentifier Identifier
o1 [« a2
Coordinates Feature Attribute Table
xxX.PAT: Polygon (Point) Attribute XXX.AAT: Arc Attribute Table

In the above figure, xxx stands for a user specified “ Coverage Name”. When the user specifies
a coverage name, ARC/INFO uses that name to create a directory (coverage directory) in the
current Workspace. All the Locational Data, as well as the data from Feature Attribute Table
are stored under this coverage directory. The Feature Attribute Table schema and the path name
for the data are stored under INFO directory.
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ARCEDIT Operation Procedure:
Figure6.2.4 ARCEDIT Operation Procedure

Start ARCEDIT

Set Device

Set Coverage to edit

CREATE EDIT BACKCOVERAGE

Set Drawing Environment

MAPEXTENT DRAWENVIRONMENT

— p{SetFeature to edit

Select Feature to edit
SELECT

Use Editing commands

ADD V MOVE EXTEND and others

Yes Next feature of same class to edit ?

Yes Next feature class to edit ?

Next coverage to edit ? Yes

Close Arcedit:  Quit

NOTE : Coverage Topology MUST be updated usng BUILD or CLEAN command
after editing
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7. Final Resultsof this Sudy

Thefina products delivered to Ministry of Public Works and City Planning (MINOPU) of Angola were
asfollows:

(1) Aeid photos
1/30,000-scale black/white aeria photo negative films 1 st

1/10,000-scale color aerid photo negative films 1 st
1/30,000-scale black/white aerial photo contact prints 3sts
1/10,000-scale color aerid photo contact prints 3sts

(20 Sadliteimages
“SPOT” and “IKONOS’ output images 1 st

(3)  Ground survey products
Ground survey product books 1t
(GPS control point survey product books and
leveling product books)

(4  Aerid triangulation
Aeria triangulation product books 1t

Aerid triangulation point postive films and contact prints 1t

(5)  1/25,000-sca e topographic map data
Digita data (CD-ROM) 10 sets

(6) 1/25,000-scaleland-use map data
Digita data (CD-ROM) 10 sets

(7)  1/100,000-scd e topographic map data
Digita data (CD-ROM) 10 sets

(8) 1/1,000,000-scale map data
Digita data (CD-ROM) 10 sets

(90 Multi-color printed maps
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1/25,000-scal e topographic map prints (11 map sheets) 1,000 copies per sheet

(10) Reports
Yearly Report (English/Portuguese) 10 copies each
Main Report (English/Portuguese) 10 copies each
Summary (English/Portuguese) 10 copies each
GIS Operation Manual (English/Portuguese) 10 copies each
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