
 
 
 

 
2) Map Projection 

The map projection for the 1:100,000 scale data is well defined.  The 1:100,000 scale 
data is presently stored in the following map projection: 

 
PROJECTION UTM 
UNITS METERS 
SPHEROID CLARKE1880 
YSHIFT 0.0000000000 
XSHIFT 0.0000000000 
PARAMETERS 
15 00 00 
-8 45 00 

 
The spheroid keyword(Clark 1880) has the following value associations: 
Clarke 1880;  Semi-Major: 6378249.145   Semi-Minor  6356514.86955 
A national defined horizontal datum called “Camacupa” is written on all map sheets, 
however it has not been possible to obtain enough information to properly define this 
datum and use it within the GIS at this time.  Additional assistance from the IGCA and 
also special queries on the internet to map-projection related sites have not produced the 
necessary information.  At this time, it is the viewpoint of the Project Team that no 
horizontal datum be specified.  

 
3) Workflow overview 

The digitizing of the paper maps for the 1:100,000 scale data were carried out using two 
methods.   
Initially, color copies of the original paper maps were made. These color copies were 
used for the checking base. Next the original paper maps were scanned to produce a 
color raster image.  The scanned data were then displayed using in-house created 
software called VecEdit, which allowed new data to be traced or input on top of the 
scanned raster data.  All of the contours, topographic and benchmark  features, as 
specified in the database specifications, were digitized and coded using this manner.  
This finished data was then checked using the color copies of the original maps.  
Quality control and checking at this time was mainly concerned with feature coding and 
accuracy. 

 
Features not collected from the scanned raster images where collected by traditional 
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digitizing methods, with the original paper map as the digitizing source.  Here too, the 
same in-house software was used for data capture and coding.  The finished data was 
also checked using the color copies of the original maps. Here too, quality control and 
checking was mainly concerned with feature coding and accuracy. 

The digitized data were then converted into Arc/Info format. Here the specific 
data layers were assembled and the representative topologic structure created.  
Next the data was transformed and projected using the map-projection previous 
described.  Check plots were again produced and a final check was made. 
At this stage in the Project, no edge-matching of data has been done because all of these 
features will be subject to updating and revision during the next phase of the Project.   
Presently all defined feature capture, topological data structuring, and feature attribute 
coding have been completed and checked at this time.   

 

4) Interim deliverables 
The interim deliverable data products at 1:100 000 scale will be the ARC/INFO Rev 
7.21 formatted data coverages for all collected data,  and sample check plots of each 
sheet within the project area only. The digital data will be delivered on CDROM. 

 

“SPOT” Data Acquisition 55..22..88..  

55..22..99..  

In order to make secular change of 1:100,000 scale digital maps covering 120,000 km2 in the 
next year’s stage, JICA ordered the acquisition of the new “SPOT” images to the agent  this 
year. 
The total scene number covering whole area was 75 with 60 km x 60 km covers each scene  
duplicating 10% each side. During July 1997 through August 1998, 66 scenes were completed 
the data acquisition and another 7 scenes with some clouds were accepted under the condition 
of the submission of archives. As for the remaining 2 scenes were difficult to get good data, 
therefore JICA decided to apply their latest archives (Figure 5.2.7 / Table 5.2.5). 

 
Preparation for “SPOT” Image Interpretation 

For preparing the interpretation key of “SPOT” imagery at the time of implementation of 
secure change, the Study team collected the photos which are cover the items of application 
map symbols from air by helicopter. These photos are compiled as interpretation keys together 
with corresponding existing aerial photos portion and that SPOT imagery. 
Then these interpretation keys are to apply for compilation of secure change of 1:100,000 scale 
digital maps.  

 74



 
 
 

 
Figure 5.2.7    Index of “SPOT” Imagery 
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Table 5.2.5 - 1    Spot Imagery List (Image level; Panchromatic-1B) 
 

No. Spot 
No. 

K/J No. 
K / J 

Acquisition. 
Date 

Incidence 
Angle 

Cloud Coverage Image Quality 

1 2 93 / 365 97/09/01 L13.4 Less than 10% Excellent 
2 2 93 / 366 97/09/01 L13.4 | | 
3 4 94 / 365* 98/07/09 L0.86 More than 10% | 
4 4 94 / 366 98/06/18 L0.90 Less than 10% | 
5 4 94 / 367* 98/06/08 L9.00 More than 10% | 
6 4 94 / 368 98/06/18 L09.0 Less than 10% | 
7 4 94 / 369 98/06/18 L09.0 | | 
8 4 95 / 365 98/06/13 L04.9 |  
9 4 95 / 366 98/06/13 L04.9 |  
10 4 95 / 367 98/06/13 L04.9 |  
11 4 95 / 368 98/06/13 L04.9 |  
12 4 95 / 369 98/06/13 L04.9 |  
13 4 95 / 370 98/06/13 L04.9 |  
14 3 95 / 371* 93/12/07 R3.21 More than 10%  
15 4 95 / 375 98/06/13 L04.9 Less than 10%  
16 2 95 / 376 97/09/07 R0.73 |  
17 2 95 / 377 97/09/22 L12.8 |  
18 4 96 / 365 98/06/13 L08.6 |  
19 4 96 / 366 98/06/13 L08.6 |  
20 4 96 / 367 98/06/13 L08.6 | | 
21 4 96 / 368 98/06/13 L08.6 | | 
22 4 96 / 369 97/09/07 R07.3 | | 
23 4 96 / 370 98/06/13 L08.6 | | 
24 4 96 / 371* 98/08/26 L8.64 More than 10% | 
25 4 96 / 372 98/06/13 L08.3 Less than 10% | 
26 4 96 / 373 98/06/13 L08.3 |  
27 2 96 / 374 97/09/07 R07.3 |  
28 2 96 / 375 97/09/07 R07.3 |  
29 2 96 / 376 97/09/07 R07.3 |  
30 2 96 / 377 97/09/07 R07.3 |  
31 2 97 / 365 98/05/30 L4.57   
32 2 97 / 366 98/05/25 R3.57   
33 2 97 / 367 98/05/30 R4.57   
34 4 97 / 368* 98/06/29 R3.21   
35 2 97 / 369 97/09/07 R03.6   
36 2 97 / 370 96/07/18 R2.20   
37 4 97 / 371* 98/08/25 L4.25 | | 
38 4 97 / 372 98/06/13 L12.7 | | 
39 4 97 / 373 98/06/13 L12.7 | | 
40 4 97 / 374 98/06/13 L12.7 | | 
41 2 97 / 375 97/10/24 R11.3 | | 
42 2 97 / 376 97/09/07 R03.6 | | 
43 2 97 / 377 97/07/22 L04.7 | | 
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 Table 5.2.5 – 2    Spot Imagery List (Image level; Panchromatic-1B) 
 

No. Spot 
No. 

K/J No. 
K / J 

Acquisition. 
Date 

Incidence 
Angle 

Cloud Coverage Image Quality 

44 2 98 / 365 97/07/17 L01.1 Less than 10% Excellent 
45 4 98 / 366* 98/06/29 L0.50 More than 10% | 
46 4 98 / 367* 98/06/29 L0.50 More than 10% | 
47 2 98 / 368 97/07/17 L01.1 Less than 10% | 
48 2 98 / 369 97/07/17 L01.1 | | 
49 4 98 / 372 98/06/24 R07.3 | | 
50 2 98 / 373 97/07/17 L00.7 | | 
51 2 98 / 374 97/07/17 L00.8 | | 
52 2 98 / 375 97/07/17 L00.8 | | 
53 2 98 / 376 97/07/17 L00.8 | | 
54 2 98 / 377 97/07/17 L00.8 | | 
55 2 99 / 367 97/08/07 R00.7 | | 
56 2 99 / 368 97/08/07 R00.7 |  
57 2 99 / 369 97/08/07 R00.7 |  
58 2 99 / 374 97/07/17 R03.9 |  
59 2 99 / 375 97/09/02 R03.6 |  
60 2 99 / 376 97/09/02 R03.6   
61 2 99 / 377 97/09/02 R03.6   
62 2 100/ 374 97/08/07 L00.8   
63 2 100/ 375 97/08/07 L00.8   
64 2 100/ 376 97/08/07 L00.8   
65 2 100/ 377 97/08/07 L00.8   
66 2 101/ 374 97/08/07 L04.7   
67 2 101/ 375 97/08/07 L04.7 | | 
68 2 101/ 376 97/08/07 L04.7 | | 
69 2 101/ 377 97/08/07 L04.7 | | 
70 4 102/ 374 98/06/19 L00.2 | | 
71 4 102/ 375 98/06/19 L00.2 | | 
72 2 102/ 376 97/09/23 L00.8 | | 
73 2 103/ 374 97/07/28 R03.9 | | 
74 2 103/ 375 97/07/28 R03.9 | | 
75 2 103/ 376 97/07/28 R03.9 | | 
       
       
       
       
       
       
       
       
       

 
 There are another archive data for the * marks 
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55..22..1100  Peripheral Maintenance for GIS Equipment 
Peripheral maintenance for GIS equipment is to set up a engine generator and air-conditioners 
at the GIS Operation room in fourth floor of MINOPU. 
At this first plan, the capacity of a engine generator was enough for to supply all electric 
instruments including two air-conditioners, computers and these peripheral instruments at same 
time. However, there was no space founded for the large capacity’s engine generator in 
MINOPU. Finally, the engine generator was changed to a small capacity one, as a emergency 
power supply, which can keep the minimum power supply for the closing of working 
computers at the time of sudden public power cut. 
Accordingly, during the third phase field survey, one set of DENYO/DCA-13SPK(11.5kVA) 
was installed at the terrace room on the fourth floor with the floor reinforcement and the 
exhaust outer pipe. 
Simultaneously, two set of air conditioners were set up in the GIS operation room, then switch 
box and seven wall socket with appropriate cables for computers operation were set up and 
wired with the engine generator. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.2.8   Electrical Design for GIS Room 
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In the case of operation, the public power supply circuit should be connected usually. At the 
time of public power cut, the manual switch of power supply should be change to the engine 
generator, then after this, the engine generator should be worked. 
Conversely, in the case of public power restoration, stopping the engine generator,  manual 
power supply switch should be changed to public power supply side.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.2.9     Illustration of GIS Room in MINOPU 
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5.3. 

55..33..11..  

55..33..22..  

The Third Year’s Work (1999) 
 

Draft Manual for Land-use Classification 
Through this Study, the Land-use Maps of Luanda at a scale of 1:25,000 have to be prepared.  
Therefore, in this working period, the draft manual for land-use classification necessary for the 
successive fiscal year’s fieldwork was prepared.  The classification was classified in 28 
items finally concerning the character of metropolitan area’s land-use. 
In future, if any city district redevelopment work for the urban area is implemented, it is 
necessary to correctly grasp the current circumstances of the city districts. 
In this case, it will be important to investigate not only the natural conditions such as vegetation 
and the conditions of land utilization, but also the actual circumstances of buildings and public 
facilities used as the city functionality. 
The 28 items in this classification were considered to serve as the basic materials for city 
redevelopment planning in the future.  
Then this manual was prepared as a draft.  Accordingly, before commencement the field work 
for land-use classification, this manual should be revised and agreed by Angolan side after the 
consultation with MINOPU. 

 

Interpretation Keys for Satellite Images 

In the Study, existing 1:100,000 scale map’s features such as roads, villages,vegetation and their 
topologies were interpreted on the recent satellite images  (“SPOT”).  
The keys necessary for the interpretation of satellite images for their up-data were sampled by 
comparing the existing maps of 1:100,000 scale and existing aerial photographs of 1:30,000 
scale which were prepared pervious year and snap photos from air together with the satellite 
image data.  For those places where interpretation was difficult or significant secular changes 
were observed.  It was best to conduct the field verification. However, in the Study area at this 
time, it was impossible.  If it was possible, there were some areas could not be approached for 
security reasons.  These interpretation keys were collected and generated through the aerial 
verification using a air craft, and extract the typical areas using the “SPOT” satellite images 
within the Study area. 
The interpretation keys prepared at this time were attached to the Progress Report 3. 
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55..33..33..  Interpretation of Satellite Images 
In order to check whether there is any problem on the “SPOT” images leased from JICA for the 
succeeding works in advance, attached information on the image acquisition (time the images 
were acquired, angle, and coverage) and the images were directly displayed on the computer 
using the quick look method.  It was necessary to inspect the coverage state of the Study area 
and the tolerable amount of clouds and to confirm that there was no trouble for the succeeding 
study operations.  If any serious problem exist, it was promptly reported to JICA and the 
measures were consulted with JICA. 
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Figure 5.3.1            Working Flow Chart 
(1/100,000 Scale Digital Maps Updating) 
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 Figure 5.3.2       Satellite Images Used 
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The inspected and confirmed “SPOT” image data were processed for easy interpretation of 
vegetation and planimetric features such as by adjusting the luminance, density, and 
enhancement.  Negatives were generated from the data using the film writing.  From the 
generated negatives, enlarged images was generated for each scene with the scale of 1:100,000 
for the preparation of interpretation keys and the site interpretation of update areas. 
The topographic information and the information on planimetric features such as roads, canals, 
and small substances were comparatively interpreted with the existing topographic maps.  The 
areas with secular changes were identified the images of these areas were interpreted based on 
the SPOT satellite images and the results of the interpretation keys, then classified, arranged, 
and recorded on the printed “SPOT” satellite images. 

 

55..33..44..  Preparation of Ortho-rectified Satellite Images 
(1) Ortho-rectified image 

Ortho-rectified images can be generated either by the same unit as the topographical maps 
(map-base ortho-rectification) or by the unit of the acquired scene of “SPOT” satellite 
images (scene-base ortho-rectification).  In generating the ortho-rectified images for this 
time, the former map-base ortho was used.  The reason was that, for extracting secular 
changes and digitizing the interpreted data on scene-base printed images, which are the 
main purpose of generating ortho-rectified images, generation of map-base 
ortho-rectification was more appropriate for the work because comparison with the existing 
topographic maps was easier. 

 

(2) Generation of ortho-rectified imagery  
1) Orientation work 

An orientation element data of “SPOT” image is generated by selecting more than ten 
spots which are clear on the “SPOT” images, have no secular changes for each scene, 
and are the acquisition units of “SPOT” images, and by reading the coordinates of the 
selected spots on the existing maps, then the orientation work is conducted based on the 
orientation element data for each scene by giving the same ground coordinates of the 
target topographic maps to the “SPOT” image data. 
 

2) Generation of digital altitude model 
Digital terrain model (DTM) was generated by exacting and editing the areas (such as 
water surface) where the altitude is even) on the vector data of topographic data 
digitized by the digitization of existing maps and by inputting the altitude to the GIS 
software as the attribute data through the use of the conversion program. 
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In this case, for the purpose of preventing input errors or missing, each contour line was 
displayed on the screen for each color by paying sufficient consideration to the 
inconformity.  In order check whether the DTM was correctly converted, extraction 
and correction of the locations with inconformity were conducted by generating contour 
lines from the DTM data and compare and inspect them. 
Since the scenes covered by the existing maps and the “SPOT” scenes were not same, 
the a digital terrain model generated from the existing maps will be joined together to 
generate a joined digital altitude model covering the scenes of “SPOT” data. In this case, 
the input contour lines are joined together, but inconformity might occur when they are 
converted to the digital altitude model.  Therefore, a digital terrain model covering the 
SPOT scenes must be generated by editing the digital terrain model while paying 
sufficient consideration to the inconformity. 

 

55..33..55..  Digitization of Update Date 
The main process flow of this updating work involves displaying a section of the ortho-rectified 
image on the screen, overlaying that image with previously collected digital data (data created 
fiscal 1999) and then updating the existing digital data based on the change areas visible on the 
image. 
Before beginning this work, the ortho-rectified images are cut into quarters so that their size is 
smaller.  This allows for faster display (roaming and zooming operations) by the software.  
These quarter section images retain their geo-referenced qualities. 
These images are then displayed using specialized software created in-house for such updating 
and editing work.  The software, VecEdit, provides rich functionality within a graphic 
interface (GUI) for display, updating and verification of the digital data. 
To assist with the updating, changed areas and features were indicated on miler film, one per 
map sheet.  This cursory interpretation was carried out by expert trained in image 
interpretation and provides a visual aid for the data input technician while they are looking at 
the screen.  This miler film, a check plot of the digital (GIS) data and the original base map are 
then examined in unison before the technician edits the existing data. 
The GIS data for this project is grouped into related layers.  These layers contain either points, 
lines, polygons or a combination of polygons and lines.  However, during the input of all this 
data, a combined feature layer of polygons and lines was created to make the complex task of 
data creation more easy. This layer has been designated as the “working cover” (cover meaning 
GIS layer in software terminology).  This “working cover” contains all vegetation, hydrology, 
road, rail and built-up area features. 
The individual data layers are then made by automatically extracting a specific group of data, 
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based on a range of feature codes, from the working cover and then finalizing that layers 
structure with some additional processing commands within the GIS system. 
The major importance of the “working cover” is to allow all of the dependent data features to 
exist within one common “cover” that can be easily edited and updated by the technician. This 
reduces the amount of time needed to update the features, but more importantly reduces or 
improperly structured data at the time of editing/updating and thus eliminates the task of editing 
each layer independently. 
Working on a per/sheet basis, the new data features or changed areas are then edited using the 
VecEdit software. These new features are added directly into the “working cover” based on 
each feature’s coding scheme. After completion of the initial updating for the sheet the data 
from the “working cover” are extracted and placed into their individual layers. This operation is 
performed by using the GIS software. Next, check plots of all the data for the sheet are made 
and feature checking and quality assurance is performed.  Any mistakes or incorrect features 
are then re-edited and the layer extraction, check plot and feature checking are performed again.  
These tasks were performed for all of the sheets in the entire study area. 
The study team identified that the most significant areas of change between the original base 
maps and the ortho-rectified image data was in Luanda and the surrounding areas.  Since there 
was such a significant amount of change, it was decided that the updates for Luanda and 
surrounding sheets be based on data collected during the air-photo part of this project.  Thus, 
1:25,000 scale vector data of Luanda was generalized and used as a new base to update the 
1:100,000 scale map sheet.  Vegetation and features for the surrounding area of Luanda were 
extracted from the ortho-rectified imagery. 

 

Generation of the Topology Data for 1:100,000 Scale Digital Maps 55..33..66..  
This section will describe how the topological data for the 1:100,000 scale maps has been 
generated. 
As described in section 5.3.5, much of the data preparation has taken place in the “working 
cover.”   The GIS data for this project is grouped into various related layers. These layers 
contain either points, lines, polygons or a combination of polygons and lines. However, during 
the input of all this data, a combined feature layer of polygons and lines was created to make 
the complex task of data creation more easy.  This layer has been designated as the “working 
cover” (cover meaning GIS layer in software terminology). 
This “working cover” contains all vegetation, hydrology, roads, rail and built-up area features.  
The individual data layers are then made by automatically extracting a specific group of data, 
based on a range of feature codes, from  the working cover and then finalizing that layers 
structure with some additional processing commands found within the GIS system. 
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The major importance of the “working cover” is to allow all of the dependent data features to 
exist within one common “cover” that can be easily edited and updated by the technician. This 
reduces the amount of time needed to update the features, but more importantly reduces 
incorrect or improperly structured data at the time of editing/updating and thus eliminates the 
task of editing each layer independently. 
The working cover is made up of points and arcs.  Each of these points and arcs have specific 
codes as defined in the database schema.  After editing of the “working cover” is complete,  
data is extracted from the “working cover” to form some of the other individual map data layers.  
For example, road data is extracted, by code, from the “working cover” in the form of arcs 
(lines), and then processed within the GIS and topological road layer data is created.  In 
another example, hydrology data is in the form of both polygons and lines is created by 
extracting arcs and points from the working cover.  The points are then processed in the GIS to 
become the “label points” or “centroids” of polygon water features.  Where there are no points, 
the arcs that make up single line water features (small rivers and streams) remain.  Uncoded 
polygons which may be formed inside the outline of the sheet are coded automatically to zero 
(0) because there was no initial label points extracted from the “working cover” for those areas. 
Other data layers which are not inter-related to those features in the “working cover” are created 
separately. Examples of such layers may be independent point (symbol) features,  or special 
text label points. These layers are still checked using the same rigorous quality control 
procedures as the other data layers, yet because these features are not part of the “working 
cover” their creation and management is considerably more simple. 
Edge-matching of the data is performed on line and polygon layers. The majority of 
edge-matching work takes place in the “working cover” because of the number of layers 
present.  Edge-matching work is normally carried out after edited features have been finished 
and verified. To facilitate edge-matching map sheets are merged into blocks of a manageable 
size, either 2 x 2 or 3 x 3.  Edgematching is then performed manually by the technician 
between the previous sheet boundaries, within these new blocks.  After edge-matching and 
polygon verification is complete, the blocks are split into their respective single sheets.  
The structure of the final deliverable data will be in the form of a “map library.”  This “map 
library” form is specific for the GIS software used in this project [Arc/Info Rev.7.x by ESRI Inc. 
(Redlands CA, USA)].  The concept behind the “map library” is to allow large amounts of tile 
based data to be more easily managed, viewed, plotted and queried.  The data is only put into 
the “map library” once all of the edge-matching, checking and quality assurance tests have been 
completed.  The map library uses a similar grouping found in the database to manage the 
different layers of data.  The “working cover” is not inserted into the “map library”, but is 
provided in the final delivery as a starting point where future updates to the data can made.  
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While it is possible to edit data within the environment of the “map library” within certain 
software packages, it is usually easier and more robust to extract data from the “map library” 
make edits and updates, then process and re-insert the data back into the library.  The 
functions for this set of procedures is contained within the “library management module” of the 
GIS software. 

 

Map Data Composition on 1:100,000 Scale Digital Maps 55..33..77..  

55..33..88..  

Table 5.3.1, 5.3.2. provides a brief description of the contents of each of the data layers in the 
GIS database. This brief description will serve to highlight the various types of data for each 
layer. In the table, the “layer description” shows the main layer group description and also 
provides information on the type of data, being points, lines, shapes, complex (lines and shapes), 
and text data, etc. In the center of the table is the coverage name for the represented group. This 
is the official named datafile within the GIS database. Finally, the “data contents” section serves 
as a listing of the major types of feature data found within the representative layer group. 
References or notes describe any special characteristics or requirements of the data features 
within the respective layer. 
A more comprehensive description of the entire GIS database can be found in Table 5.3.3 ~5.3.5 
and additional Abbreviation Codes, Table 5.3.6 ~ 5.3.8. 

 

Preparation of Draft Operation Manual for GIS 
Draft operation manual for GIS was prepared for use in “Learning Arc/Info” as a part of 
Technology Transfer.  This manual will briefly explain conceptual background, as well as the 
usage of project specific functions of GIS-Software Arc/Info.  The data compiled in previous 
phase at a scale of 1:1,000,000 covering the whole country were used for exercises. The 
training data and this manual will be available for the counterpart agency for use in their 
“self-study”. 
This operation manual was prepared as draft, therefore should be revised and added additional 
items at the final stage. 
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