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PRISIFACIY

In response to a request from the Goverament of the Republic of Uganda,the
Government of Japan decided to conduct a Topographic Mapping of Kampala and Jinja
blocks. north of lake Victoria and entrusted the study to the Japan International
Cooperation Agency(JICA).

JICA sent Lo Wganda a study team headed by Mr.Miroyuki Matsuda ,Infrastructure
Development Institute 3 tines between December 1994 and December 1996.

The team held discussions with the officials concerned of the Government of
Uganda,and conducted field surveys at the study area. After the team returned to
Japan,further studies were made and the present report was prepared.

[ hope that this report will contribute to the promotion of the project and to
the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the
Government of the Republic of Uganda for their close cooperation extended to the
teant.

Harch 1998

Kimiro Fujita

President

Japan Internatiecnal Cooperation Agency






March 1998
His Excellency Mrc.Kimiro FUJITA
President
Japan International Cooperation Agency
Tokyo Japan

Letter of Transmittal

Dear Sir:

In response Lo your request, we are pleased to formally submit herewith the f{inal
raport on "Topographic Mapping of KAHPALA ARD JINJA BLGOCKS,NORTH OF LAKE VICTORIA"
which has been conducted since F.Y.1994.

This report generalizes the progress of study and technical aspect. The study was
undertaken by Infrastructure Development Institute in a joint-venture with Pasco
International Inc. from November 1994 to March 1998.

The outcome of study was 40 sheets at a scale of 1:50,000 topographic map for
KAMPALA and JINJA Blocks, North of LAKE VICTORIA on the basis of the 1:60,000
aerial photographs.

We are convinced that the report would, together with study results, be fully
utilized as the basic materials for the region and contribute ta the f{uture
development of Uganda.

We wWish to express my sinmcere appreciation to the officials concerned with the
Covernment of Japan for giving their appropriate direction during the study as
well as to the officials concerned with the Government of Uganda and the Japanese
Embassy in Kenya for their close cooperation during the study.

Very truly yours,

VAN

Hiroyuki MATSUDA

Team Leader

Topoegraphic Happing of
KAMPALA and JINJA Blocks,
North of LAKE YICTORIA

in the Republic of Uganda
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GENERAL REPORT
ON THE TOPOGRAPIHIC MAPPING OF KAMPALA AND JINJA BLOCKS,
NORTH OF LAKE VICTORIA IN THE REPUBLIC OF UGANDA
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i. Introduction

In response to the request of the government of the Republic of Uganda, the Japan
Intemnational Cooperation Agency conducted the topographic mapping at a scale of 1/50,000
in the Kampala and Jinja blocks, noril of Lake Victoria by using newly produced acrial
photographs at a scale of 1/60,000. The four-year work was commenced in November
1994 and completed in March 1998,

‘The study arca has 29,000km’” ranging in latitudes from 0°0" to 1°08° and longitudes from
31°30' 10 34°30".  (c.f. the study arca map in the inside cover of this repor) It includes the
central business district of the nation and the south coast of the Lake Victoria. The arca
include the capital, Kampala and the sccond largest cily of Jinga, ntebbe where the
intcraational airport is located; and other major cites such as Tororo and Bonbo.  The
climate of the highlands is relatively cool throughout of the year, providing suitable living
environment. ‘The arca is relatively populated cven in the outskirts of citics. ‘The
potentiality of commercial and tourism development is high, and the arca is expected to grow
further.

This report was prepared lo explain intermediate outputs during the processes of topographic
mapping at a scale of 1/50,000. Topographic maps, aerial photographs, results of control
point surveys and other output will be useful for development and conscrvation of the region
and uscd for other planning and rescarches. At the same time, we hope (hat this report will

be useful for using the output.



Outline of Work
2 -- 1 Ugandan Governiment Request and Scope of Work

2-1-1 Background of Request

The Government of the Republic of Uganda, considering that the Topographic
Mapping is the most important basic study for preparation of social infrastructores
refated to urban and district developments and for prescrvation of national Jands,
requested undee the Topographic Mapping of Kampala and Jinja Blocks, North of
Lake Victoria to Japan in January,1992, for reasons as follows.

(1) The study arca adjoining the northern coast of Lake Victoria is a very impottant
for district economical development, because it includes such major citics as
Kampala, Jinja and Tororo, as centers of political activitics, and because their
surroundings have formed a major agricultural production area in Uganda.

(2) The Government of Uganda has carncstly promoted many kinds of projects
related to the urban development plan and the industrial devclopment plan as
well as the agricultural rehabilitation plan and the road rehabilitation plan in this
arca bascd on “REHABILITATION AND DEVELOPMENT PLAN 1993/94 ~
1995/96”

(3) The current 1/50,000 topographic maps, which had been preparcd 30 years ago
by air-photographs taken from 1948 to 1962, were too old to be applied for
making plans for recent development or the preservation programs  as
fundamental planning data for the rcason that contents of the maps have
remarkably changed by a lapse of the 30 years.

2-1-2 Requested Work and Agrecment on Scope of Work

In response to the request, Japan International Cooperation Agency (hereinafter
referred to as JICA) dispatched the Preliminary Study Team to Uganda from 20"
February to 23! March 1994,  Dusing this time, field survey and techaical
discussion werc carricd out with Surveys and Mapping Depariment, Ministry of
Land, Housing and Urban Development which was renamed to Ministry of Land,
Housing and Physical Planning (hereinafter referred to as “SMD”), and the Scope of



Work was signed on 16" March, 1994,

The request of the Ugandan Government called for the Topographic mapping of
Kampala and Jinja Blocks, North of Lake Victoria (hereinafter referred to as “the
study”) at a scale of 1/50,000. Conscquently, the Japancse mission discussed the
scope of work with SMD officials in Uganda specifically in terms of the area to be
covered, technical specifications for surveying, flight plans for acrial photography,
applicable map symbols, etc. and agrecement was made in forms of the Scope of
Work and Minutes of Meetings on the Scope of Work. Before the start of the fuil
scale surveying, a preliminary ficld survey was conducted mainly to study the status
of cxisting conlrol points.(See Attachment-2}

2-2 Work Plan and Imptementation

2-2-1 Spesifications
(1) Aecrial photography : Scale of 1/60,000 (by super wide angle camera)
{2) Control pointsurvey @ 10°  (relative accuracy)
(3) Leveling
a. Limit of reciprocal observation for minor order leveling:
Sem 4's S:km

b. Interval of Bench marks for minor order leveling:  Zkm
(4) Mapping

a. Projection . UTM
b. Ellipsoid : Clarke 1880
¢. Sheet lines ;15X 15'in longitude and latitude

d. Contourinterval @ 20m
e. Number of color: 5 color
(5) Mapaccuracy
Based on the mapping specifications as set forth in the Specifications of Overseas
Surveying of JICA.



2--2-2  Work Plans

Bascd on SAW, the topographic mapping of the “Topographic Mapping of Kampala and Jinja
Blocks, Noith of Lake Victoria was planncd as a four year project starting from 1994 and the

work plans for the respective years are outlined below.

1. Fist Year
WorkinJapan @ Planning/preparation
Report writing
Work in Uganda:
Acrial signalization 4 cxisting control points
Aecrial photography  1/60,000 in scale,
approx. 29,000 km® in arca,
approx. 750 photos
Conirol point survey 56 newly sct points
on tand, of which 56 monumented

2. Second Year
Work in Japan : Planning/preparation
Acrial triangulation 720 models
Report writing
Work in Uganda :
Minor order leveling 80 km
Pricking; 56 new control points
cxisting level routes 272 km
minor order leveling routes 950 km
Field verification 28,000 km? (except lakes / swamps)

3. Third Year
Work in Japan : Planning/preparation
Plotting 28,000 km’ (40 map shcets)
Compilation 28,000 km’ (34 map sheets)
Report writing



Work in Uganda

Field completion 28,000 km? {except lakes / swamps)

4, Fourth Year
Work in Japan : Planning/preparation
Scribing/dralting 28,000 km’ (40 sheels)
Printing S colors, 1,000 copics
cach map sheet

Final report wriling

The work flow over the four years is shown in Table 1.



Table 1. Flowehait for the Production of Topographic Maps
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2-2-3

The Work Plans for each year were implemented respectively as foltows.

].

Fir

1) Work period :
2) Field surveys

Implementation of Work Plans

st Year

15 JICA survey team members and

From Nov. 28, 1994
IF'rom Dec. 6, 1994
3) Numbers of personnel miobilized in ficld surveys:

5 SMD counterparis

4) Work planned and actually performed

to March 28, 1995
to Feb. 18,1995

~ Work Process ~ Planned CActudd |
Signalization B 4 points 5 points ]
~ Acrial photography 29,000 km’ 29,000 km’
750 photos 866 photos
Control point survey 56 points 57 points
{monumentation) 56 57
[chon writing 30 copics ~ 30 copies
Second Year
1) Work period From Aug. 17,1995  to Mar. 29,1996
2) Field surveys:  From Sep.3,1995  to Dec. 1, 1995

3) Numbers of personnel mobilized in ficld surveys:

16 JICA survey team members and

8 SMD counterparts



4) Work planned and actually implemented

© WorkProcess | Planed | CAcual
~ Minor order Iciﬂing 22km 320km
- Pricking o -
Control point 57 points 57 points
Existing bench 272km 320 km
Minor order level 950 km 950 km
| Ficld verification 28,000 km? 28,000 ki’
~Acrial Eﬁéﬁ@léllirdrrw 720 models 720 models
~ Report wiiting d0copies 30 copics
. Thire Year
1) Work period ¢ From Aug. 22, 1996 to Mar, 28, 1997
2) Field surveys: From Scp. 28, 1996 to Dec. 26, 1996
3) Numbers of personnel mobilized in ficld surveys:
11 JICA survey team members and
6 SMD counterparts
4) Wark planned and actually implemented
Work Process Planned Actual
Floting 1 000k 36,000 ki
{ 40 sheets ) { 40 sheets)
| Compilation 28000 kny’ 28,000 km?
(40 sheets) { 40 sheets )
Ficld completion 28,000 knmy? 28,000 kn¥’
Report wiiting 30 copies 30 copies




2-2--4
In the course of this mapping project, the following four Ugandan officials of SMD were in

4, Foutth Year
1) Work period

2) Work planned and actually implemented

From Sep.4, 1997 (o Mar, 25, 1998

Work Process Planned ~ Aclual
~ Scribe drawing N 28,000 km2 I N
" Digittdrawing 1 28000km2
Printing 40 sheets o 40 shects
1,000 copics each 1,000 copics cach
mﬂﬁéﬁoﬁfiﬁﬂé - 40 copies B T copics -

Ugandan counterparts' visits in Japan

Japan as part of technology transfer program

Name

Position

Period of Visit

Ms. Nabuma Margarel

Cadastral Sectton

to Mar. 20, 1996

M. Bwogi Justin

Asst, Commissioner

to April 13,1997

Mt. Natalima Charles |

Ms. Kabahuma K. Beatris

Cartography Section

Cadastral Section

39 days from Jan. 8, 1998
to Feb. 19, 1998

| 40 daysf rom Mar. 5, 1997




2 -3 Qullinc of Fourth Year Work

While the contenls of work performed cach year from the First through Third Years are
recorded in detail in the Reports submitted for the respective years, the work conducted for the
fourth year is outlined below.

The surveys and Mapping Department of the Government of Uganda requested a change of

drafting from the analogue scribing to digital drafting. The request was accepted and the work
was conducted.

2--3-1  OQuilinc

‘The forth-year work, according to the S/W, was supposed to be analogue scnibing to produce
the five-color printing maps using the original manuscript produced during the previous year.
After the commencement of the work, the Surveys and Mapping Department of Uganda
initiated an updating project of topographic maps and cadastre data editing project “CAMPUS
Project” with a support by French govemment.  As the depariment was rapidly computerized,
the Surveys and Mapping Depariment requested changes in the specification:  the scribing
micthod of drafling was changed to the digital method ~ the original manuscript is scanned and

uscd as a basc map to traced and finalized by using drawing software. The request was
accepted and the work was conducted.

2-3-2  Work Plan

The work for the fowsth year was performed as planned as follows.

Work Period

Preparation (scanning): Early May, 1997 - Latc May, 1997

Digital drawing : Eatly June, 1997 - Latc September, 1997
Checking of output : Barly October, 1997 - Late October, 1997
Checking by SMD ; Late October, 1997 - Late February, 1997
Checking by trainces : Middle February, 1998 - Late February, 1998
Printing : Middle March, 1998 - Late March, 1998
Report writing Early March, 1998 - Late March, 1998

- 10 —



2-3-3  Specifications

1)y Map symbols

Map symbols and marginal information were based on the Bast Africa Specifications in
principle as agreed upon with SMB. They were basically the same as applied in the
lopographic mapping of Southern Kenya and Tanzanian Mapping Project conducted by
JICA recently.

2) Number of colors
The number of colors used and color separations were as follows
Black - Marginal information, annofation, grid lincs, villages,

double-line roads, boundaries, vegetation symbols

Red - Main track, foot paths, paved roads, boundarics

Blue - Rivers, swamps, annotation for water area, water surface
Riparian vegetation

Green - Vegetation, forest boundaries

3} Number of map shects
40 sheets

4) Number of drafting plates

5 color plates

5) Number of printed copies
1,000 copies cach of 5- color map sheets.

2-3-4  Preparation of draft originals

The original plates for printing were prepared not by the color separation conbined negatives,
but by using a newly available drawing software and a personal computer which utilized
scanned original compilation manuscript. The work was conducted in accordance with the
graphic and its application standards, and the base layer was traced as the operator classificd
color and shapes according to the geographic feature that were organized in separate layers.



Power Macintosh, a desk top personal computer, and Hlustiator Ver5.5, drawing soflware,

were the systemused.  The work flow is as {ollows:

1) Contour scribing

TFor the contour lines, the scribing method was used.  This is to eliminate the process of on-
screen tracing (digitizing) and to minimize input error. Thie original compilation manuscript
was print on the scribe sheets and the work of scribing was conducled.  Diazo sensitive
liquid was applicd to the scribc sheets and the conventional mcthod of conlact print was
conducted.

"The scribed contour lines were digitally scanned, the raster data was converted to vector
data. After the conversion, distortion and other errors were correcled and saved as the

contour lines data

2) Preparation of neat-lines and grid data
Latitude / longitude, neat-lines, and UTM grid data for cach map were produced using a
GIS software (ARC/INFQ) scparately for accuracy.

3) Preparation of symbols and marginal information
Symbols and marginal information data werc produced vsing drawing software, and thr

common marginal data was inscrted to the neat-lines and grid data.

4) Annotation data
AH annotalion data was typed and stored in a text format.  Duwiing the process of the

interactive editing, annotation data was placed in graphic files.

5) Scanning of cospilation manuscripts

The compilation manuscripts were scanned and saved as a raster data in the Illustrator EPS
format.  Electric errors in the scanner and other errors, during the scanning process, such as
distortion and scale error, were adjusted and corrected.  Only error corrected images were
used as the base maps.

6) Intcractive Editing

Each data was retricved as it was classified in layers in a file of the drawing software.

- ]2 —



According to the specification of symbols and lincs, the raster base maps were traced,
digitized, as the data was funther separated into finer layer.

7) Inspection of output
After the interactive editing, the data was printed using color plotter.  ‘The contents of the
output was inspected.  The inspection was conducted during the stay of the trainees from

Uganda.

8) Original film output for printing plate making

The film output for final printing plate making was prepared using the inspected and edited
maps. The output was to a posttive film by an image-seiter for high resolution DTP (desk
top publishing) with a laser exposutc devise at a resolution 3,500 dpi.

Digital Drawing Itow Chart

I Planning . I
‘,, e : - T TR _____'L
Manuscript Placing [ Freparalion of 2 Grd Data Layev _J [ scarming th Ociginat Manuserp ]
(Beribing Base)
[ Converting 10 the UTM Prajection ] f Raster Image Pmcess_i_g_g,___l

[ Contour Scribing —]

< | symbolMargina Dyia repersion |

I Scanning ]

[ Raster to Vector File Change | [ Preparation of Arvotstion Tets |~

_ L 4
[ VectorImage Processiog. | [ BordedfGrid Digital £it )

- '—“—"’[ Integration of £ach Data ;* et S

1 Data Adjustment —l

Prclusen of
’ P Anactaten Teat
[ Ineractive Editing 14 e
Color Line Spenifoanon,

Mask Grapphec Farm it
r Output Inspection
[ viFr Raster Editing___| ] Outpus of Colox Separated
EPS./Raw Data Plate Originals
CD-ROM |
TIFF Raster Maps $-color Printing
CD-ROM 1,000 copics cach

- 13 -



2-3-5 Printing

Final topographic maps were printed by ftat bed offsct printing.
1) Preparation of {ilm for platc making
‘The positive fikms for plate making were gencrated 6 sheets for cach map sheets. 'The red
mask administrative boundaty layer was scparated from other red layer plate for its over
printing woik on samce color.

2) Printing Plates

From the positive film, printing plates for the respective colors were made photographically
using aluminum PS platcs.

3) Proof prints

From the printing plates as made above, proof prints were made by an automatic offsct
proof printing machinc.

4) Proofing
The proof prints were checked for the quality of coloring and matching.  Defective sheets

in matching wete corrected and  remade.  Colors were checked by test printing sheets by
SMD ia Uganda.

$) Printing
Printing paper was chosen for physical properties best suited for map printing in terms of

representation and endurance.  High quality printing ink was used that had good color
toncs fcast subject to change.

6) Inspection
Each printed map sheet was checked for any preseince of smears from printing, blurs,

missing lines, matching, color tones, and all. Thosc that passed such rigorous inspection
alone were adopted as final products.

7) Preparation of integrated positive film

One integrated positive film output cach was made for the respective colors for the
convenicnce of future plate making in Uganda.

— 4 -



3. Technical Report
3-1 Survey Planning

3-1-1 Objective

The putposce of the survey was 10 study the present status of the Topographic Mapping of
Kampala and Jinja Blocks, North of Lake Victoria, which was identified as a priority region for
development, and to prepare the topographic maps of the region for multiple applications in
pational development projects and administrative planning. By taking acrial photography of
an arca of some 29,000 km?® of the region at a scale of 1/60,000, and based on the acrial photos,
topographic maps were Lo be prepared at @ scale of 1/50,000. Namely the required surveys
called for:

1. Acrial photography of approx. 29,000 km’at scalc of 1/60,000.
2. Topographic mapping of approx. 28,000 km? at scale of 1/50,000.

Simultancously, through this project, technology transfer of map making in general to
Tanzanian counterparts was to be accomplished to promote close exchange between the two
counlrics.

3-1-2 StudyArea

The study arca that includes the northern coast of Lake Victoria, is defined by 0 00'N - 1 00’N
in latitude and 31 30°E — 34 30°E in longitude encompassing some 29,000 km®. "The arca
covers Kampala of captal and the other main cities.  And also covers the Districts of Mpigi,
Masaka, Mubende, Luwero, Kamuli, Jinja, Iganga, Tororo, and Mubale.

3-1-3 Survey contents
For the purpose of this project, the following surveys needed to be conducted.

1) Aerial signalization
Prior to the commencement of aerial photography, existing control points were to be

signalized to ensure accuracy of locations in acrial triangulation.



2} Acrial photography

By using an acrial camera with a super wide lens of about 9em in focal length, an arca of
about 28,000 km?® that needed to be covered for topographic mapping was to be
photographed at a scale of 1/60,000.

3) Control point survey

Control points were to be newly sct up as required for acrial triangulation and plotting.
Some of them should be monumented o be presctved as permanent national assels.
I ocations should confirmed on the photos by pricking.

4) Minor order leveling
Minor order leveling was to be conducted along some other existing roads which were lack

of cxisting bench mark to establish additional control for control of acrial triangulation.

3) Pricking
New control points as well as existing and newly set bench marks were to be pricked at
their precise locations on enlarged photos.

6) Acrial triangulation

Acrial (riangulation of the study arca was to be conducted based on independent models and
block adjustments.

7 Field verification

Ficld survey was to be conducted to verify on-site actial photo interpretations performed in
reconnaissance to conform with the specifications.  The survey should cover the entire
study area to collect data for keys for interpretation, sclection of features to be represented,
items for annotation, ¢tc.

8) Plotting.
Based on the results and findings of aerial triangulation, field survey, existing control points

and minor order leveling, plotting of topographic details was to be conducted in 40 map
shects by using a precise stereo plotier.
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9) Comipilation
Compilation should produce 1/5000 scale compilation manuscripts for 40 map sheets based
on plotted manuscripts.

10) FFicld completion
Field completion should be conducted in the ficld for clarification of questions, unclcar
matters, changes over time that could occur in the course of plotling and compilation, and

the findings were to be incorporated to produce correct original maps.

11} Digital drafting
Drafl originals were to be made for cach color by digital drafting instead of scribing so as to
produce S-color printed sheets on which original maps were to be based.

12) Printing:
Final maps were to be printed in 5 colors by offset printing machine in 1,000 copics for cach

map shect.

Work volumes for the respective processes were as listed in Table 2.



Yearly Work Schedule and Volumes

Year | Job classification | Work volume Remarks
First
Year Signalization S cxisting control points
1994 Acrial photography Scale: 1/60,000 Super-wide
21 courses, approx.3,550 km angle camera
8§66 photos
Control point survey 57 points, GPS observation
57 points monumentation
Reporting Ycarly rcport
Sccond o o B
Year Leveling Minor order teveling: 320 km
1995 Pricking Ncw control points: 57
Existing BM: 950 km
Leveling: 320 km
Ficld verification 28,000 km® Excluding
lake water
Acrial triangulation 720 models
Reporting Yearly report
Third -
Year Plotting 28,000 km’ 40 sheels
1996 Compilation - ditto -
Field completion 28,000 km?
Reporting Ycarly report
Fourth i
Year Digital drafting 28,000 km® 40 shects
1997 Printing 1,000 copies each
Reporting General report

#* The figures of volume shows the actual implementation volumes.
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3-1-4 OQutline of Study Arca

1} Topography

The study arca is surrounded by the Bast African Rift Valleys which caused the formation of
[ake Victoria with an altitude of 1,134 meters.  The hilly arcas about 1,400 meter high
occupics the castern part of the study arca. At the southern border, the Elgon Mountain
(4,730 meter), onc of the volcanocs, is located,  Other than the mountain, the highland
arca’s average altitude is about 1,200 meters.

The Victoria Nile river (the origin of the Nile river) flows to the north from the center of the
Lake Victoria through (ke Roscbery and Buvuma vanals to the Kiyoga lake.  The average
altitude of the study atea is about 1,000 meters.  The study area’s northem parts ate lower
than the southemn parts.

2) Climate and soil condition

The castern part of the study area are in the highland climate and others are in the Savanna
climate. Despite the fact the arca is on the equator, the temperature are relatively low in
the morning and cvening throughout of the year.

The cquatorial-low-pressuic front shifts to the north in the summer of the northem
hemisphere and to the south in the winter.  During the months from March to May, the
rainfall is heavy, and the months of November and December, there are some rain due to the
south-eastern trade wind. Tn the highland arca around Kampara and Tororo, the cloud
development tended to take place and the amount of precipitation is higher than of the
inland arcas. The trend of rainy scasons is becoming unstable duc to the global climate
changes.

Land is mostly covered by red-colored ratelite, but in the northeastern region towaed the

Elgon mountains, soil is black and fertile.

3) Land use

The climate of the coastal area around the Lake Victoria is relatively cool, and tand suitable
for agriculture is available. Built-up areas and village are concentrated outskirts of capital
of the nation, Kampala. The belt of villages spread to the western foot of the Elgon
mountain, forming the biggest belt by the fargest number of village in the country. It is
said that the southern part of the Uganda has relatively high rainfall of about 1,300 mmin a
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year; therefore, year-round agricultural production is said to be possible.  Agricultural
production around village arc banana, maize, cassava which are considered as the stable
food, and supplementary, sugar cancs and peanuts are grown.  Cash corps such as coffee
and tea also produced.  Paddy rice are grown on alluvial deposits, and colton is grown in
the castern central region.  Coftee and tea arca grown in highland arcas at around 1,500

meters in altitude, and pasture land is recognized.

4) "Transpostation

The overall level of road development is not high, bat the major arterial roads along the
coast of the Victoria Lake has been repaired and other major roads have been repaired.
Recently, local roads ate being improved, and the trafiic is beooming heavier,

A railway iline traverse the country from Kenya, an adjacent country, to Tororo expand to
Kasese.  There is another fine from Tororo to northwest to Pakuwachi.

‘The international airport is located within the study area.  There are twelve local airports in

the counlry.

3-1-5 Work Plans

This survey project was planned as a four year project starting from November 1994 to March

1998 and yearly work volumes were set as shown in Table 2.

1. First Year (fiscal 1994)

(1) Acrial signalization

In order to ensute planimeltric accuracy, cxisting first order condral points are to be signalized
for acrial photography.

(2) Acrial photography

The entire study arca of 29,000 km? is (o be airily photographed with a super wide lens camera
at a scalc of 1/60,000.
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(3) Control point survey

In order to ensure accurate acrial triangulation, control points are to be newly set up whete
existing planimetric control is not sufficient. Geodetic coordinates should be detennined by
differcatial GPS obscrvations using multiple units of GPS receivers. Some of the new control
points shoutd be monumented.

2. Sccond Year (Fiscal 1995)

(1) Minor order leveling
Insufticient existing bench marks tn the study arca are, requiting minor order leveling to be
performed atong other existing roads to sct up additional control points.

(2) Pricking
Newly sct control points as well as existing and new bench marks should be identified by
pricking on enlarged photos.

{(3) Acrial triangulation
Based on the pricking results of control points, acrial triangulation is performed covering the

entire study arca. Block adjustment computations based on independent models arc made.

(4} Field verification
Such features, boundaries, and geographical names which nced to be represented but not
clearly identifiablc on the acrial photos are verified on site in accordance with the specifications

and the findings are entered on the photos along with other information as they are made in the
ficld,

3. Third Year (Fiscal 1996)
(1) Flotting

Based on the results of control surveys, field verification and aerial triangulation, the 28,000
km? study arca is plotted by a plotting machine at a scale of 1/50,000.



(2 Compilation

Based on the field swvey resalts and the plotted manuscripts, compilation manuscripts arc

prepated at a 1/50,000 scale for the 40 map sheets in conformity with the map symbol
application rules.

(3) Ficld completion

Field completion is vndertaken 1o address questions and unclear matters that might arise in the
course of detai! plotting and compifation as well as to incorporate changes that have taken place
aftcr acrdal photography. Place names and administrative boundaries to be represented are
checked with Tanzanian officials for their approval. Based on the findings of ficld complction,

the compilation manuscripts are corrected accordingly and made into compited draft maps.

4. Fourth Year (1997)

(1) Digital Drafting
Based on the comgpiled deaft maps, positive films output by digital drafting data are prepared to
make printing plates for S color printing. The digital drawing method by computer is applicd.

For the convenience of plate making and printing, original data are integrated in one composite
positive film for cach color.

{2) Printing
From the composite positive output made by digital map data, printing plates are made

photographically. Printing of 40 sheets of /50,000 topographic maps in 5 colors is donc by
offset pnating. 1,000 copics are printed for each map sheet.

5. Implementation

The survey work was conducted nearty as planned following the work flow as shown in Table
1 and completed in March 1998.



3-2  Aerial Signalization

3-2-1 OQutline
5 existing first and second orler control points were selected and signalized for acrial

photography.

3-2-2 Signalization

A total of 5 points including 2 existing first order control points and 3 second order control
points were signalized. All signals were identificd on the photos.  Most of the first order
control points that were signalized had their monuments damaged or missing but by referring
to data on reference points as listed in the point descriptions, they were sigaalized nearly at

their precise locations. (Figure 1)

3-2-3 Shapeof acrial signals

The shape of aerial signals is 3-winged in principle with cach wing being rectangular
measuring Sm x 1.5m. Depending on the surrounding situations, the shape was distorted of
exposed rocks were used for signal. Some signals are drawn on exposcd rocks with white paint
and at others, small rocks and timber blocks from felted trees were brought in and laid out on

the ground in the specified shape and painted in white.
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3-3  Acrial Photography

3-3-1  Qutline
PHOTOMAP INTERNATIONAL LTD., a Nairobi, Kenya, based air survey company, was
contracted to undeitake the acral photography.

3-3-2  Photographic flights

1) Flight plan

A flight plan was made on the cxisting map which was originally 1/50,000 in scale but
compiled into a /200,000 scale. Considering that the study area include the complicate Jake
shorc-lines and the highland area at the foot of Mount Elgon, flight courses were planned
pastially with 80% overlap to make it casier for selection of better models for this portion,

and fluthermore, supplementary courses were also planned.

2) Air base

The aircraft was based at Entebbe Airport which is in the central part of the study area.
3) Airgralt and aenal camera
Aircrafl Piper Navajo PA31 twin engine turbo charged
Aenal camera : Wild RC-10 with a super-wide angle SAG-11{88mm)
4) Navigation system
Teledyne Ryan Doppler
Sperry C-12 Compass System
5y Photographic film :  Kodak Double X Panchromatic Aerographic Film 2405
6)Printing paper : Kodacrom H RC
7) Implementation

The planned courses were flown at an altitude of 5,400m with the datum plane sct at

1,200m during the period of eady January 1995 to late January 1995. The period
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havpened to coincide with a short rainy scason but fortunately the clouds were not so much

as to hamper photo taking which was made between clouds.

7) Photo processing and chiecking
Photographed film was taken immediately to photo section in SMD for development and
printing. The resulting photos were checked for the following,

a) Adequacy of overtaps and side-laps

b} Cloud volume

c) Deviation from planned courses

d) Tilts of photos

c) Mist volume
Duc to frequent occurrences of clouds particular to the rainy scason, a planned course
sometimes had (o be flown in broken scgmeats.

8) Resuits

The work accomplished the following (scc Table 3):
Number of courses flown : 40 courses

Number of photos taken : 806 sheets

The courses were flown neardy on the planned routes, as seen in the Flight Index Map

(Figure 2).  Only those selected from among the 866 photos taken wete actually used for
subscquent work processes.

9) Editing of photographed film
[n accordance with the insteuctions from SMD, cach film negative was annotated at the
bottom (south side) with the name of area covered, photographic scale, date of the photo

taken, which along with serial numbers starting from west and  going east were printed on
the final contact prints,
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Table 4 Aerial Photograph List

Run No| Bare [Counter No, | Photo | Qty JRun Nel Date [Counter No.| Photo | Qty

R [RNUN | SR -

B L {Jan. 132333 - 21045 1 - 82| 82 { R 9A|Jaun 1G}2913 - 29755 33 - 1| 33

R- 2A|Jam, 13[2470 - 2542| 73 ~ 1 % || R- OB[Jan. 19(3142 - 3448 & - 7} 7

R 2Bflan 15|2739 - 2744 1~ 6] 6 | R 9C|Jan 22|3507 - 3513 1 - 7| 7
1

24

R 2C|Fan. 193398 - 2403 1 - 8| 8 [ R 9D|Jan. 17[3139 - 3162| 24 -

R 3A|Jan. 152747 27810 | - 38| 38 || R-10A]Jan. 1612978 — 3000 1 - 23] 23

R- 30| fan. 223330 - 3582] 33 - 1] 33 | R-10B|}an, 17|3028 - 3039y 12 - 1] 12

R O1Ap)an 152699 - 2734 36 - 1| 36 || R-11 [Jan. 1T|3041 - 3069 24 - 1 29

BB |Jan. 1412570 - 2611 1 - 33 33 | R-12 |Jun. 17]3073 ~ 3088 1

R- A Jan. 14(2614 - 2677) 64 - 1] 64 [ R-13 {Jam. 13}2442 - 2409] 1

26| 26

18( 18

R- 5BiJun 22[3384 - 3595 12 - 1] 12 { R-14 [Jan. 13(2424 - 24404 17 - 1] 17

R- 5C|Jan. 1913407 - 3411 5 - 1| 5 | R-15 [Jan. 193352 - 3361 10 - 1 10

R- 84| Jen, 112683 - 2690 1 - 8| 8§ R-16 {Jan. 12}2311 - 2321} 1 - 11| 1

R- 68| fan. 19]3369 - 339 1 - 27) 27 [ R-17 |Jan. 1973341 - 33508] 10 - F} 10

R- 6C|Jun. 223603 - 3618 1 - 16| 16 || R-18 |Jan. 22(3496 - 3504| 9 - 1] S

R- GD|Jan. 2213527 - 35487 1 - 22| 22 || R-19 |Jan. 22|3483 - 3494| 12 - 1| 12

R- 7A[Jan. 16(2858 - 2000| 43 - 17 43 | R-20 |Jan. 2293472 - 347 1 - 4| 4

R- TB|Jan. 1582792 - 28107 | - 19] 19 | ®-21 |Jan 213461 - 36373 1 - 7} 7

R= 7C| Jan 193421 - 34251 } - bf 5

R- 83} Jan 16(2906 - 2940 1 - 35] 35

R- 8B|Jon. 1913424 - 34407 11 - 1] 14

R- 8C|Jan. 223515 - 3823 9 - 1} 9

R- 8D|Fan. 15]2812 - 2825} 14 - 1| 14

R- 8E|fan. 19]3362 - 3366f 5 ~ 1

N

607 259

Total |866




34  Control Point Sumrvey

3-4-1 Oulline

Control stations were newly set up at 57 points (see Figure 1) which were clear points on the
photographs for observations by static differential GPS and geodetic coordinates necessary for
acrial triangulation and plolting were determined from the analysis of vectors derived from the

simultancous obscrvations of the existing first order control points.

3-4-2  Monumentation
Control points were selected at such locations where they were clearly identifiable and
accurately pricked on the acrial photos.  The material for monumentation and the size of the
monuments were as follaws. They were chosen for case with which they could be handied.
"The monumeats were built with their tops at the ground level so as not to altract oo much
attention of local people in an attempt to avoid vandalism.

a. Material 1 Aggregates and concrete reinforeed by iron bars at four comers.

b. Size: 25cm X 25cm X 60cm

c. Top: Nailed with a rivet

3-4-3 GPSobscrvation
Cbservations were made simultancously at 4 points using four units of Trimble 4000SSE as
receiving devices and connecting to S triangulation points.  Figure 3 shows the combination

of the obscrvation points.  These sessions of 4 points were total 31.

1) Observation

At atotal of 57 newly set control stations including 5 existing first and sccond order control
points (S9X1, UP65, 72X6, UPS0, 64X7). The obscrvations took place from December
30, 1994 to January 28, 1995,

Satellites SV2, 4, 5, 7, 14, 15, 16, 18, 19, 24, 26 ,27, 29 and 31 were obscrved at altides
of 15° and higher. Obscrvation in each session usually lasted for 2 hours at one time

and it was attempted to simultancously observe S or more satcllites in cach session.

2) Processing of observed data
Satellite orbital data used for analysis were based on the boadcast ephemeris and the



quantity of scssion data were 1,000 to 1,400 with 30 sceond interval.  Computations for
analvsis were made according o Trimble's bascline analysis program and the geocentric
coordinate system that corresponds to the satellites' reference cllipsoid WGS-84. From the
values of four points obtaincd by simultancous cbservation, this analysis program computes
coordinate differences between two points, or vectors, and by obtaining and cxamining
closure differences from four side line vectors involving four points, the quality of
observations can be judged.  The closure differences obtained in this study were as Table 4
and the closure differences of “Block™ shown on Figure 3 were as Table 5.

3) Computation

Wilh existing control points (UP30, UPGS, 59X1, 64X7, 72X6) as given and also referring
leveling data of 22 GPS points, coordinate differences between two adjacent points were
computed, and net adjustment was performed simultancously fixing the coordinates of all
the given points. 'The reference cilipsoid of saicllites is WGS-84 whereas the Ugandan's is
Clarke 1880. The two cllipsoids, however, have their thiee spatial axcs parallel to cach
other and therefore WGS-84 based GPS observed values can be strictly dealt with in the
geocentric coordinate system referred to Clarke 1880 cllipsoid.  Adjustment computations
were finalized by Pug-U (Universal Program for Adjustment of Any Geodetic Network), a
geodetic network adjustment computation program developed by PASCO Corporation.
Heights of other points than the given points were computed relative to the 29 points
surveyed by direct leveling in the scoond year’s field work.

Table 6 shows the standard deviations of finalized values for each stalion.

The before-mentioned two reference ellipsotds have the following dimensions respectively.

WSG-84 : a=6,378,137.000m  1/{=298.257
Clarke 1880 : a=6,378,249200m  1/f=293.466
(Revised)

- 30 —



Fil ] el g oo Jo‘

“ i _

| | W

| | | A

i : ! i
| _, UOISSOS UONBARSAQD SO ¢amfiy

| |

B A 7

; 1

M | |

| |

e ! i

w _

_

¥ 30078

J— 31 —_



Table 4 Vector Closure of GPS Observation Session
Session | Total site | Closure | Scssien | fotal site | Closuwre
length (o) ratio{ppm) Yengtdi (a) ratio(ppm)
- 71 ) 737?7, ?7‘1;178178” wt .‘"SOO.‘) ) 17 o ”71'170, 475. 086 1 [. 0358
2 101, 817, 383 0.0114 18 127,374, 191 0. 0105
3 117,728, 713 0. 1595 14 115,012. 866 0.8175
i 5%, 121, 527 0.0110 20 117, 770. 906 (. 0780
5 65, 880, 314 0. 06019 21 129, 578. 191 0, 6706
4] 111, 301, 924 0.01416 22 61, 725. 983 0.0192
7 121, 272, 259 (. 0351 23 91, 001. 766 ¢. 0055
b 93, 103. 610 0. 0121 24 100, 936. 010 0. 0107
g 119, 107. 261 0.0116 22 177, 293. 626 0.0210
10 85, 152, 4R7 0. 0309 26 128, 510. 293 0.0272
11 109, 913, 243 0.4179 27 161, 919, 700 0. 3263
12 112, 769. 112 0. 1757 28 111, 312,301 0. 0314
i3 80, 716, 567 0. 0152 29 127, 960. 282 0. 0555
B 137, 693. 309 0. 0238 3 100, 032. 902 1. 0310
1a 112, 026. 301 1.1282 31 111, 869, 838 0. 0387
16 119, 117. 667 0. 005_3__
Table S Closurc of Block Site
i Observed sites { BLOCK ) Ax Ay Az Tetal site Closure
{) () (w) length (w) {ppm)
BLOCK 1(5101-»0641 « » « —5401)| -0.213 0.022 | -0.081 323, 699. 053 0. 7083
BLOCK 2(0675—0621 - » - —»0625)| 0.117 | -0.128 | 0.139 | 343,492.133 | 0.8471
i BLOCK 3(0513--06L%+ + « —>0813)| 0.189 0.255 0.032 318, 413. 505 1. 0017
BLOCK 4(0602-20601 - » « -20602) | -0.076 | -0.094 | -0.016 432, 245. 204 0. 2817
All BLOCK (5101- 0611 » - 5401} | 0.0317 0.055 0.074 936, 014. 094 0. 0995




Table 6-1

Standard Deviation of GPS points

St.Na, Standard Deviat 1A0'n G(‘Oi(l_— B H.ei ght ]
L SN (m) 1 {n) I {m) height {m) | =bove sea level
589Gl 0. 0319 0. 0101 {. 0910 7. 350 1,008, 12
buGk2 0. 0396 0. 0151 0. 1102 6. 235 1, 398. 16
_mecr3 | o.0338]  0.0301]  o.osos] 5003 1,182 53
HuGk1 0. 0377 0. 0169 4.621 1, 238. 088
586P5 0. 0265 0. 0337 7.122 I, 111. 510
600611 0. 0394 0. 0473 0. 0933 6. 068 i, 083. 42
60GE2 0. G376 £. 0461 0. 0763 1. 671 1,079. 18 |
60613 0. 0362 0. 0430 3. 245 1, 122, 766
606 0. 0426 0. 0569 0. 0883 b. 315 1, 076. 14
61GP1 0. 0379 0. 0158 3. 744 1,137. 385
B1GPS 0. 0383 0. 04162 0. 1037 3. 876 1, 088. 07
616P4 0. 0125 0. 0506 4. 174 1, 073. 650
62611 {. 0398 0. 0481 3. 543 1, 064. 205
6262 0. 0239 0. G338 3.176 1, 074, 124
652GP3 0. 0206 (. 0298 0. 0648 1. 625 1, 124. 71
62GP4 0. 0361 0. 0185 0. 573 1,152. 180
626PH 0. 0429 0. 05316 I. 845 1,067, 482
63GP1 0. 0111 0. 0538 1. 043 1, 086. 523
63GP2 0. 0331 0. 0163 0. 168 1, 113. 291
636P3 0. 0289 0. 0385 -1.285 i, 087. 093
636P1 0. 0408 0. 0537 0. 0774 . 566 1,113. 10
64GP1 0. 0387 0. 0514 0. 759 1, 150, 769
61GP2 0. 0314 0. 0452 0. 361 1, 260. 310
646P3 0. 0320 0. 0420 -0. 452 I,119. 228
640’5 0. 0342 0. 0183 0. 0378 1. 933 1, 377. 20
64GP6 0. 05641 0.0723 0. 1464 3. 869 1,477. 95
B9GP 1 0.0412 00474 1.859] 1,283.611
H9GP2 0. 0421 0. 0189 0. 0729 3.324 1241. 30
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Table 6-2

Standard Deviation of GPS Points

St No. [ Standard Deviation | Geoid l[eighmﬂ
SN () Wi {m) H(m) hieight () Jobore sea devel
6961’3 0.0100]  0.0160 0. 0658 1. 334 1,222.51
BaGIt 0.0376]  0.0434 0. 0507 i. 156 1, 151. 61
_ 69065 0. 0373 0. 0133 3. 207 1,210. 882
6966 0.0349 0. 0105 2.822 1,295, 985
7061 0.04100 0. 0159 0. 0662 2.008] 1,248.72
0612 0.0110 0. 0169 i. 251 1, 206. 015
70603 0.0102 0. 0160 0. 05668 1. 091 1,138.36
70GP4 0. 0435 0. 0524 1. 98] 1, 195. 657
10GPs 0.0112 0. 0470 0. 0848 2.798] 1,124, 60
71602 0.0321 0. 0340 1.975]  1,155. 957
71GP3 0. 0463 0. 0522 0. 714 1, 167. 365
71604 0. 0536 . 0509 0. 1783 -0. 0241 1,151 48
71695 0. 0263 (. 0270 0. 0785 0. 205 1,179. 91
11686 0. 0240 0. 0252 ~0. 016 1, 210. 309
72601 0. 0260 0. 0314 0. 788 1, 186. 084
12G6P2 0.0311 0. 0373 0. 0743 0. 293 1, 167. 67
12GP3 0. 0354 0.0122 0. 0873 1. 305 1, 137. 44
72GP4 0. 0357 0. 0425 0. 0885 -1. 053 1, 140. 54
72GP5 0.0314 0.0102 0. 0725 -1 474 1,134. 90
12GP6 0. 0310 0. 0104 0.0619 0. 167 1,133. 41
72617 0. 0295 0. 0368 0. 0582 0.378] 1,307.12
73GP1 0. 0410 0.0199 0.1174 1.0O30] 1,146, 46
136P2 0. 0339 0. 0139 0. 0676 1. 186 1,170. 17
7461 0. 0310 0. 0441 1. 554 1,179. 329
79GP1 0. 0555 0. 0673 0.000] 1,227.798
J9GP1 0. 0292 0. 0379 8.186] 1,021.674
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Table 6-3

Standard Deviation of GPS Points

St.No. Standard I)eviélio.nm ] Gooid Height

B SN (i) $E (m) 1 () height (m) | above sea tevel |
54611 0. 0565 0. 0718 0. 1485 4. 4401 1, 5641, 33

T16P 1 0. 0651 0.0782 2. 042 1,172,128
_736P3 0.0109 0. 0335 0. 0839 1. 746 1, 148. 74
59X1 0. 0729 7.277 1, 1441, 60
61X7 0. 0783 1. 010 1,261, 35
72X6 (. 0833 0.899] 1,258, 97
P50 ¢, 0813 0.818]  1,301.19
L7165 0. 0472 1. 755 1,175. 33
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Table 7-1

GPS Points Coordinates

e g e e
| St.No. Latitude Longitude N{m) E{m} H{m)
5961 o 56 327a00] 310 arrosvose|  1o1,181.37]  335,192.72| 1,098.12 |
596P2 07 41227391 317 307157764 81, 763. 47 333, 566. 641 1, 398,17 |
59GP3 0 40" 117972] 31° 45°30749% 74, 064. 97 361,845.G8] 1,182 53
59664 0" 47 237590] 31" 56537391 87,312.96 382,559, 37| 1, 238, 03B
59CP3 1° 00 047950) 310 41°587422 110, 700. 63 355,300.67] 1,141,540
60GP1 0° 59107772 32" 01°23°202 109, 623, 03 3586,863.39] 1,083.42
606P2 07 49" 317567 32° 147317082 91, 235, 08 415,654. 681 1,073, 17
6063 0" 24087329 32" 170878313 62, 889. 71 411, 252. 94 1,122. 765
| 6064 0° S8 21°738] 32" 19567066 107, 510. 63 423,702. 74| 1,076, 13
616P1 0 43 117914] 32" 31°39°2%4 79,575. 34 447,434, 28] 1,137 385
6163 0 55°527420] 32" 52'107244 102, 919.51 485, 481. 63| 1,088.08
61604 0" 59'117609] 32" 41°22°671 109, 032. 89 465, 464. 91] L, 073. 650
62611 O 59'567114] 33" 09487179 110, 401. 11 518, 178.05] 1, 064. 205
626P2 0" 51°067710] 33" 03' 157075 91, 147.99 506,029.17] 1,074.124
62GP3 0" 39°317163] 33" 097537903 72,794.96 518,356.51] 1,124. 71
626P1 0 37°077369] 33" 28537755 68, 382. 603 553, 688. 331 1,152,180
62GP5 0" 515875221 33" 22°55°586 101, 266. 85 542,514. 64] 1,061. 482
63GP) 0" 59°37°794] 233 35147168 109, 845. 01 570,904. 21] 1,088.521
63GP2 0" 46'367280] 33 37237781 85, 850. 88 569,412. 721 1, 113. 291
63683 0 32 2772684] 3¥ 51127283 59, 788.42 600, 528.63] 1, 0B7. 093
6364 0’ 59°537731F 33" 547137506 110, 341.32 600, 555.73] 1,113.10
61GP1 0" 59 13°016] 317 09577864 109, 10D. 2% 629, 746. 93] 1, 150. 769
64GP2 0" 537037709] 34" 10°377590 a7, 760. 59 630,918. 72] 1, 200. 310
64GP3 0" 46°077339] 34" 017467702 81,971.05 614,571.08] 1, 119.228
616P5 0" 48’ 29"613] 34" 22’ 387670 89,351. 05 633,278.48] 1,377.18
61G6P6 0" 557 247751] 34" 217257952 {02, 098. 63 651,020.76] 1,477, 94
695G 0" 29°577978] 31° 30’ 287931 55,216.72 333,956, 31| 1,283.811
6562 0 16°287632] 31° 36'217030 a0, 380. 02 344, 849.341  1,241.3)




Table 7-2

GPS Points Coordinates

§t. No, Latitude Longitude N 1 E H

| 65GP3 | 07 02°317346] 317 32 157065 4,647,814 337,241, 76] 1,222,53
696P4 0° 04" 8°629] 31" 49'197534 7,631.53]  368,916.92] 1,151.62
6I6PS 0 26" 4°213] 31" 56°287256]  48,031.40] 382, 174.62[ 1,210, 882
63676 0" 28°307086) 31° 42°447016] 52, 512.95]  356,693.29} 1,255,965
70GP1 0 13'377737] 32" 03077114 25,107.97| 394, 502.79] 1,248 72
70GP2 0°_00' 97012] 32" 00° 487381 276.70] 390, 213.07} 1, 206. 015
706P3 0" 03'49°2011 32" 15387201 7,037.04]  417,720.87] 1,138.34
706P4 0" _13'267016) 32" 20'03"396 24, 746.35|  425,919.25| 1,195.657
706P3 0" 24°307747| 32" 14°5471417 45,1565.79]  116,361.08] 1,124.60
716P1 0" 29°487037] 32 31187096 51,891.60] 446, 807. 78| 1,172,128
T16P2 0" 20°307823] 32" 7' 307144 37,787.04] 458, 276.04} 1,155, 957]
7603 0" _05°537270| 32" 30°077034 10,845 73]  444,578.33] 1, 167.365
71684 0077 317223] 32" 41'25°759 13,852. 73|  465,558.44]| 1,151.49
7163 0" _12'547741] 32" 46"477544 23, 784. 71| 475,505, 11} 1,179.94
716P6 0°_17°017858] 32" 55'447942]  31,371.02] 192, 116.18] 1,210.309
72601 0° 27°307680] 33" 13°067725|  50,676.20] 624,317. 16} 1, 185.084
72682 0'_157497732] 33" 08'527637 29,156.84] 516,463.78] 1,169.01
726P3 0 17°097143) 337 137007421 31,594. 87 524, 122.76] 1, 137. 4
72694 0 13°077222] 33 15°527527f  24,167.93) 529, 442.75] 1,140.54
72605 07 17147077) 33 24'017395]  31,746.89| 544,553.71) 1,134.90
12606 0" _21°157755] 33" 26°41°865)  39,166.82{ 549,513.61] 1,133.40
12607 0" 22217792 33 15°067930)  41,193.31] 528,032.93] 1,307. 11
236P1 0°_10°417368] 33" 33 437685 19,690.92| 562,553.32] 1,146.07
73602 0" 19'537675] 33" 48'26"922]  36,649.44| 589,855.20| 1,170. 17
746P1 0°_19'197937] 34" OU'517155]  35,615.83| 614, 717.18] 1,179.329
74GP1 -0 21" 67068] 31" 33'34”122| - 38,880.60] 339,689.19] 1,227 798
49601 17 07427646] 31" 35'41°336] 124, 760.93] _ 343,649. 74] 1,091.674
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Table 7-3

GPS Points Coordinates

§t. Yo. Latitude Longitude N (m) By | H(e) |
| 540P1 1" 00°30°076] 317 24" 87083 111,476.89 656,029.22{ 1,571.88
Co3cp3 | o0 13'147367] 33 53 237869]  24,390.00)  $99,035.68| 1,148.74 |
| sox 1 | o se's2va06] 31 33 14%470f n04,790.41] 339, 100.43) 1,144.61
61X 7 0" 32327949) 347 o7 01757 59,966.94)  624,306.66] 1,251.33 |
72X 6 O 22 237708] 33' 10’ 107917 52,301.04] 519,811 18] 1,253.96
LP 50 0" 28'087928} 237 37387481 51, 853. 17 589,809,371 1,301.19
UP 65 0" 32°38"128] 32" 51'477821 60, 114. 64 484, 787.28) 1, 17532




3-8 Pricking

‘The new controf points and bench marks established in the first and second years were pricked
at their precisc locations on the acrial photos to make them serve as control points for acrial
triangulation.

1) Control points

Control points were pricked at their precise locations on the 4-time enlarged photos as they
were identified on site. At the same time an cecentric point for each principal poinl was
pricked at a point clearly identifiable on the photos and ils clemenis of cccentricily were
micasured. This eccentricity survey involved measurement of azimuthal angles by summary
solar obscrvations and computation of coordinates of cocentric points. Data of both
principal points and eccentric points were used in acrial triangulation to cnsure accuracy of

their locations.

2) Existing bench marks

To provide a reference for the aifitude on the topographical map, the bench marks in the
district provided by the DOS (British survey body during the colonial cra) were confirmed
in the field based on the “Point Description” and the photographs were pricked (sce Figure
4). The total length of the existing leveling route was about 950 km, but on one part of this
route along the raitway (approx. S0 km), the railway mile posts which are the basis for the
location of the existing bench marks had been reinstalled, so that it was impossiblc to refer
to the point descriptions and the existing bench marks could not be continned.

Because almost all exisling points are buried approximatety 50cm under the ground, it was
possible to confim only 92 existing bench marks in the study arca during the field work
period (see ‘Table 8).

3 -6 Minor Order Levering
To supplement the elevation control, minor order leveling was conducted for theee proposed
routes spanning some 84 km in tofal and set up auxiliary bench marks. At the same time, of

the 57 GPS control points set up in the previously year, 29 points were surveyed for elevation
by minor order leveling basced on neighboring existing points (scc Table 9), thus making the
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total distance of leveling routes about 320 km (see Figure 1).
Minor order teveling was conducted by double running observations starting from an existing
point o close at another existing point or the staiting point with an allowable closure crror sct
at:

Closure:  withinSemy S (Skm; length of observation route)
In addition to the three new routes as above, with respect to the existing points used as the
starting points for minor order feveling of relatively long roules in addition to the three new
routes as above, leveling was conducted in relation to the neighboring points to ensure their
AcCuracy as given points.
Heights obtained from the minor order leveling were identificd approximately every
2 km and pricked on the 2-time enlarged photos.
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Table 8-1

Lxisting Bench Marks Confirmed

oM lneightm ] BM {Height(m)| BM  [Height@n) | BM | lHeight(n)
1/12 | 1,157.208]  8/29 | 1,160,186} 30/15 | 1,161.046] 34/42 | 1, 167 559
1720 | 1,127.380] 8732 | 1,145.031] 30/17 | 1,175.802| 34/43 | 1,132 264
1731 | 1,095.601y 9719 | 1,073.1531 30/18 | 1,212.086] 40/ 3 | 1,241 743
1/38 { 1,130.206] o9/21 | 1,065.837] s0/21 | 1,164.502] 40/ 9 | 1,194.207
o/ 3 | 1,148.678] 9/22 | 1,085.1950 30723 | 1,197.008] 44/ 5 | 1,111, 164
2/24 | 1,162.235]  9/24 | 1,087.643| 30/27 | 1,179.720| 44/ 6 § 1,125.953
9/27 | 1,146,021 9/29 | 1,070.622] 30/32 | 1,183.889] 44/17 | 1,136.252
Nakalama| 1,125.630] 9732 | 1,068.217] 30/34 {1,160 190] 44/18 | 1,171.219
3/ 1 | 1,050.249] 9733 | 1,080.352] 30/35 | 1,183.589] 44/22 | 1,287.356
3/ 8 ! 1,050.4730 9731 | 1,089.075] 30/36 | I,156. 137 44/23 | 1,264.360
/16 | 1,065.184] as36 | 1,100.800] s0/41 | 1,190.885] 44725 | 1,261.430
3/26 | 1,001.556] 10/ 3 | 1,151.505] 30/42 | 1,162.703| 44/29 | 1, 184.393
/21 | 1,007.742| 10/10 § 1,187.026] 30/43 | 1,157.327] 44/30 | 1,138.005
5/16 | 1,122 586] 10/35 | 1,184.968] 30744 | 1,149.538} 44/31 | 1,129.383
5/32 | 1,063.3400 10/41 | 1,182.452] 30745 {1,149.921] 44/34 |1,151.943
5/35A 1 1,068.433| 10748 | 1,149,828} 30/47 | 1, 166.177] 54/12 | 1,181.067
5742 | 1,121,777 Jinja | 1,176.064] 34/ 1 | 1,256.934] 54/15 | 1,159.877
8/ 2 b, 183.903] J. 34 1, 171.758] 34/11 1, 158.206] 54/18 1, 162. 706
Buteba | 1,198.895| 20/17 1} 1,172.786] 34/19 | 1,127.252] 54/19 | 1,176. 868
6/10 1,099.264] 20/18 1, 176.015) 34/22 1,138.706] 54/22 i, 151. 428
6/12 | 1,158.532) 20720 | 1,156.859] 34723 | 1,130.662| 54/25 | 1,147 163
6/20 1 1,190.692] 20722 | 1,184.687] 34/26 | 1,195.717] 54/26 | 1,184.180
6/21 | 1,212.742] 30/ 4 | 1,161.0m) 34/27 | 1,169. 981
8/14 | 1,164.808] 30/ 9 | 1,195.797| 34740 | 1,213.229
8/27 § 1,192.388] 30714 | 1,197.774] 3441 | 1,158.978




Table §-2

Pricked Points connected with the Existing Bench Marks

Pt No. Height{m) Pt. Ne. Height {m) Pt. No, lleight (s) |
1/12-1 1,157.269]  9/33-1 1,079. 116 34/19-1 1,127. 826
1/29-1 1,127.678]  9/31-1 1,089.168]  31/22-1 1, 139. 248

/311 1,095.610{ _ 9/36-1 1,100.072]  34/23-1 1, 131. 362
1/38-1 1,130.799] 10/ 3-1 1,151.565]  34/26-1 i, 195. 628
2/ 3-1 1,148.319]  10/10-1 1,186.886)  34/40-1 1, 214. 286
2/24-1 1,163.368]  10/35-1 1,185.568]  34/41-1 1, 158. 403
2/21-1 1,145.557]  10/41-1 1,182.610]  34/42-1 i, 167. 164

FBM Nakalama 1,125.530]  10/49-1 1,150.660]  34/43-1 1, 131. 920
3/ 1-1 1,049.641]  J.34-1 1,170.615) 40/ 3-1 1,239.071
3/ 8-1 1,052.780]  20/17-1 1,173.130] 40/ 9-1 1, 195. 301
3/16-1 1, 067. 254} 20/18-1 1,176.555) 44/ 5-1 1,117. 941
3/26-1 1,092.338]  20/20-} 1,157.243] 447 6-1 1,121.913
3/27-1 i,008.585] 20/22-1 1,185.693  44/17-1 1,133,182
5/16-1 1,123.6721 30/ 4-1 1,161. 760}  44/18-1 1, 173. 691
5/32-1 1,063.767] 30/ 9-1 1,195.920|  44/22-1 1, ?88.519
5/354 1,068.433]  30/14-1 1,194. 140]  44/23-1 1, 266, 873
5/42-1 1,122.591]  30/15-1 1,16).626|  44/25-1 t, 263. 924
6/ 2-1 1,183.383]  30/17-1 1,176.693f  44/29-1 1, 183. 696

FBM Buteba-1 1,198.974]  30/18-1 1,212.785]  44/30-1 1,134.119
6/10-1 1,099.522]  30/23-1 1,197.215]  54/12-1 1, 181. 028
6/12-1 1,159. 166]  30/27-1 1,180.466]  54/15-1 1, 160. 977
6/20-1 1,191.809]  30/32-1 1,184.387f  54/18-1 1,162. 838
6/21-1 1,213.191]  30/34-1 1,161.004]  54/19-1 1, 179. 092
8/14-1 1, 164.070]  30/35-1 1,185.796|  54/22-1 1,152. 486
8/21-1 1,191,854}  30/36-1 1,159.202}  54/25-1 1, 146. 672
8/29-1 1,154.050]  30/41-1 1,190.952|  54/26-1 1, 184. 095
8/32-1 1,145. 4741 30/42-1 1, 164. 631
9/19-1 1,074.417]  30/43-1 1, 154.611
9/21-1 1,066.543]  30/44-1 1, 148.939
9/22-1 1, 066.805|  30/45-1 1, 153. 599
9/24-1 1,087.518]  30/47-1 1, 167. 586
9/29-1 1,070.730] 34/ 1-1 1, 257.877
9/32-1 {,068.814]  34/11-1 1,159. 640
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Table ©

GPS Point Heights by Diceet Leveling

S Point{levelled BM(origined) |Route Lengthtkm} Height(m) Rewarks
89GP4 44/25 2.0 1, 238. 088
89GS5 414/34 25, 8 1, 141. 640
60613 14/ 5 8 3 1, 122, 766
61611 8/14 3.5 1, 137. 385
616P4 9/36 36. 1 1, 073. 650
62611 B82GP2 20.6 1, 064, 205]New leveling route
6262 1 2.7 1,074, 124|New leveling route
62603 3/16 6.9 1,124.710
62604 2/ 3 0.7 1, 152, 180/ {Lost)
62615 632-2 34. 4 1, 067. 482|Lost route of BM
63GP1 6306P2 24.7 1, 086. 523[New leveling route
636P2 5/42 10. 4 1, 113. 201 |New leveling route
63603 1/12 5.0 1, 087. 093
646P1 20/17 7.4 1, 150. 769
646P2 20/20 2.6 1, 200. 310
64GP3 5/16 0.1 1, 119,228
69GP1 FBY Mubende 17.3 1,283, 611 (Lost)
680Ps 10/ 9 5.4 1, 210. 882

_706P2 30/47 5.8 1, 206. 045
70G6P4 /2 0.8 1,195, 657
716P1 8/27 1.0 1,172,128
71GP2 10/49 6.4 1, 165. 957
7iGP3 54/19 2.1 1, 167. 365] (Lost)
716P6 10/35 11. 8 b, 210. 309) (LosV)
T26GP1 2/24 0.4 1, 186. 084
746P1 6/2 25. 5 1, 179. 329|New leveling route
49GP1 59GPD 13.1 i, 021. 674
T49G6P1 31/14 0.4 1,227. 798
69G6P6 H9GP5 33. 2 1, 255. 965

¥atermark 54/25 0.2 1, 134. 418{For water level on photes




37 Aerial Triangulation

3-7-1  Outline

In acrial triangulation, coordinates of pass points, control points and tie poinis connecting flight

courses, which were to be used for plotting, were measured by a stereo comparator using acrial

photos printed on dia-positives, and then by block adjustment computations based on

independent modcls, anatytical acrial tiiangulation was exccuted to obtain oricntation clements

as well as (he geodetic coordinates of pass points (Figure 5).

3-7-2  Work contents

1) Specilications

Photo scale

Number of courses

Number of models:

Numbers of controt points :

Adjustment computalions:

2) Instruments used
Pricking device:
Stereo-comparator :

Computer :

3) Specifications of acrial camera
Model :
Focal length:
Lens:

Approx. | 1 60,000

{ttight altitude above ground : 5,400m)

19

720

Horizontal ; 58

Elevation ; 118 (Elevation of take swrface at the time
of Night also used)

Based on independent models (PAT M-43 program)

PUG-4 (Wild)
Stecometer (Zeiss Jena)
FACOM 160072 (Fujitsu)

Wild-RCi0
EBmm
SAG-11 No.2147
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3-7-3  Work procedure

Acrial triangulation was performed in the following procedure.

Confirmation of control points on photo;
selection of pass points and tie points

Pricking of above points

lReading of photo coordinates of the

above points and fiducial marks

Inner orientation

Computations of model coordinates
by relative orientation

Block adjustment computations based
on independent models

Computation of orientation elements of
each model for plotting machine and
coordinates of pass points and tie points
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3-7-4  Work of Actial Triangulation
Six pass points were sclected in every model.  ‘The measurements for phioto coordinates of
geodetic control points, pass points, and tic points were performed twice independently.
Tolerance of discrepancy of measurements was 0.02mm, then average values were adopled.
Orientation and adjustment computations were exccuted within the following tolerance
requircments.

Residuals of fiducial marks; .03 mm

Residuals of relative oricntation; 0.02 mm

Discrepancics of pass points and tic points; 2.7 mm

As a result, standard deviation of control point residuals weie 2.16 m horizontally and 3.78 m
in etevation,

Table 11 Acrial Triangulation Models

fun No. | Execution No. | Model Qty| Run No. | Execution No. | Model Qty
R- 1 2 -89 -179 67 R-9A 2 - 32 30
R-2A 1 -567-73 64 R-9B 1- 7 6
R-2B 1 -8 5 R-9C 1 - 6 5
R-2C 1- 8 7 R-9D 1 - 22 21
R-3A 2 - 38 36 R-10A 2 - 22 21
R-38 1 - 32 31 R-10B 1 -1 10
R-4A 2 - 36 34 R-11 2 - 26 24
R-4B 2 - 32 30 R-12 2 - 2l 19
R-5A 1 - 26 25 R-13 5 - 17 6
R-5A 33 - 63 30 R-14 i - 15 5
R-5B 1 -12 i1 R-15 1 -9 8
R-5C 1- 5 4 R-16 2- 9 7
R-6A 2- 8 6 R-17 2- 6 4
R-68 1 - 27 20 R-18 | 6
R-6C 1 - 16 15 R-19 1 - 12 11
R-6D 2-20 18 R-20 0
R-7A | - 43 42 R-21 0
R-7B 1 - 18 17

R-7C 1 - 5 4

R-8A 2 - 35 33

R-8B 1 - 14 13

R-8C 2- 9 T

R-8D 1 - 12 11

R-8E 3- 4 1

Total 720 Models
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3-8 Ficld Verification

3-8-1  Outline

Ficld survey involved verification of features to be represented and geographical nanies
according to also the application ules of map symbols, and their findings were noted on 2-time
enlarged acrial photographs and bluc copics of existing maps.

For this purpose, the 2-time entarged photographs with cither odd numbets or even numbers
werc applicd totaling 283 sheets of photographs..

3-8-2  Applicable map symbols
Map symbals and their application rules were determined after consultation and agreement
with SMD officials responsible for map symbols based on the proposed map symbols

compiled by the Study Team from the Bast African Map Symbols (1/50,000 Topographic
Map).

3-8-3 Implementation
The survey was conducted in cooperation with SMD counterparts using 2-time enlarged acrial
photos and duplicate copies of existing maps to survey the following.

- verification of geographical names and features as listed on the aedial photos in the

previous survey as well as of vegetation as interpreted from aerial photos

- Road, railways, public buildings, rivers bridges, fords, wells ete.

- Existing control points

- Vegetation, terrain features

- Coltection of geographical names and their verification in the field
Administrative boundaiies and forest reserve were shown on the blue copies of the cxisting
maps by SMD and handed over to the Study Team at the end of the survey.
Ofticial names of citics and village were coltected according to the data resulting from the 1991
~ 1995 survey conducted by Statistics Department of Ministry of Finance and Economical
Planning. ‘The names collected of rivers and hills were entered in the blue copies of the
exisling maps. The rest of findings such as symbols for features, notation for facilities,
vegctation symbols, ete, were shown in red ink on the 2-time enfarged aerial photographs.

- 49 S



3.9 TPioting

3-9-1  Outline

Based on the results of acrial triangulation and ficld surveys, geographical data and information
to be represented in the topagraphic maps were measured and delincated by a precision ploiter
to produce restitution manuscripts. Plotting was done in Japan. The arca to be mapped was
28,000 km’ and the arcas covered by the respective map sheets and their names are shown in

Figure 6.

3-9-2  Specitications

a. Acrial photo scale 1:60,000

b. Plotting scale : 1: 50,000

¢. Plotting area : 28,000 ki’

d. Number of map sheets 40

e. Neat lincs East-west15' x  North-south 15'
f. Projection : UTM (Zone No.36)

¢. Contour intcrvals : 20m

Index ling; 100m
Auxiliary linc ; 10m  (on flat land)

h. Sheet used : Polyester base #500
Control point over-lay,  Polyester base #300
Size ; 60cm x 80cm
i. Instruments  Plotters : DSR-12/DSR-14 (Zeiss)
Autograph-A10 (Wild)
Stereo-Metrograph G (Zeiss)
Aviomap AMH (Wild)
"Topocarto D (Zeiss JENA)
Coordinategraph : XP-1100 (Daini Seikosha)
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3-9-3  Plotting of contro! points
Neat lincs, grid lines, control points, existing geodetic control points provided by SMD, as well

as pass points and tie points were plotted by coordinate-graph with plotling errors not to exceed
0.2imm on the map.

3-9-4  Oxrientation

Oricntation was performed using the results of acrial triangutation as follows.

1) Relative orientation of cach model was performed by using 6 pass points with residual

parallax not to excecd 0.02mm on the contact film positives,

2)Absolute orientation was made using pass point and fic point results
from acrial triangulation as well as control points including pricked points, pricked bench

marks, with tolerances of 0.3mm or less for planimetry on the map and Sm or less for
elevation,

3-9-5  Detail plotting

1) Detail plotting involved measurement and delineation of linear features such as roads,
rivers, railways and housing, vegetation, contour lines, in that order, bascd on the map
symbol rulcs as agrees between the Survey Team and SMD and on the ficld verified photos.

2) Colors used for plotiting are as follows.
Black - Double line roads, railways, other lincar featutes, buildings,
outcrops, vegetation symbols
Red - Light vehicle roads, enclosures, small objects, covers,

Indication points for specialized features, cte.

Purple - Coast lines, rivers, lakes and ponds, riparian vegetation.
Green - Vegelation boundaries.
Orange - Contou lines.

3) Buildings were delincated truly without gencralization even in concentrated areas,
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4) Contour fines were delineated in such a manner as to mainfain clevation accuracy and not
to affect ground features.

5) Since acrial triangulation was impossible for the istarcds of R20 and R24, they were
oriented as single models.

6) Control point dala sheet
Control points contained in the respective map sheets were entered separately and
collectively on the overlay sheets to make the conrol point data sheets in the following

manner.

a. Control points were represented with the applicable symbols with their names,
identification numbers and clevations.

b. Bench marks were plotied at their locations by a plotting machine with their
identification numbers and heights shown. Pricked points for height in minor order
leveling were treated as spot heights for checking,

¢. Spot heights were measured two times and their mean values were shown in melers.

d. Measurements of spot heights were taken at such places as:

- Major mountain tops and saddlcs
- Major interscetions of roads

- Knick points of slopes

- Points typical of an area

- Bottoms of depressions, and points necessary for clarification of topography, ctc.



310 Compilation

3-10-1  Outline
Based on the plotted manuscripts and by incorporating the findings of the field verification and
the research of existing data, map representations were compiled into the compited manuscripts.

The arcas covered by the respective map sheets were the same as for the plotted manuscripts.

3-10-2  Specifications

a. Compitation scale : §:50,000
b. Arca: 28,000 km?
“c. Number of sheets ; 40
d. Neat lines : 15'x 15" (UTM 36 Zone)
e. Sheet : Compiled manuscripts;  Polyester base #500

Cther datasheets;  Polyester base #300

3-10-3  Preparation
Neat lincs, control points, etc. were again plotted on paper specified for compitation sheets by a
coordinate-graph, as similarly but separately done for plotted manuscripts.  Errors in lengths

of neat lines and diagonal lines were limited to less than 0.3mm and 0.4mm respectively.
3-10-4  Implementation

1) The compiled manuscripts were prepared in accordance with the map symbols as agreed
with SMD. In order to maintain the uniformity of map represeniations, a manual was

prepared to ensure technical people involved comply with the same work rules.

2y Compilation was made by the oveslay method. Planimetry and contour lines were
compiled on the same sheet with annotations scparately on the annotation sheet. To ensure
accuracy of representations and matching with adjoining sheets, four types of data maps
were separately prepared: the road data sheet, vegetation data sheet, water system data sheet
and control point data sheet.



3) Tick marks of longitudes and latitudes were entered on the neat lincs at every ' and,
inside the neat Hnes, UTM grid tick at every Thm.

4) The names and sheet numbers are as shown in Figure 6.
S} The color classification for compiled manuscripts were as follows.
Black - Double line roads, raitways, buitdings, bench matks, vegetation symbols
Other lincar feature,  valucs of contour lincs
Red - Light vehicle roads, ad ministrative boundarics, small
objects, enclosures, sub-symbols
Green - Vegelation boundaries, play grounds
Orange - Contour lines
Purplc-  Coast lings, rivers, ponds and other water bodics
3-10-5  Details
1) Al roads and railways were eprescnted as symbol roads and railways.

2) Small lanes and pedestrian bridges were not represented as agreed by SMD.

3) Annotations for destinations were finalized at the time of ficld completion in

consultation with the counterparts.
4) Generalization of villages was made according to the symbol rules.
5) Dotted buildings were distributed to suit their environs.

6) Administrative names were based on data provided by SMD and district offices
concemed.

7) Small viltages were annotated only for those with a school or other public buitdings.

8) Administrative boundaries and forest reserve area were entered by SMD at the time of



ficld completion.

9) In matching with existing map sheets covering adjoining area, 1o attempt for matching
was made of such light vehicle roads and vegetation whose changes over the years werc so
obvious, as agreed by SMD. For matching with exisling map sheets andd among newly
prcparcd map sheets, polyester base duplicate maps were used.

10)Magnetic declinations to be noted on cach map sheet were computed by the international

formuta using the latest international magnctic distribution cocflicients IGRFY5).

{Annotations for respective map sheets were compiled on scparate shects. Lettering sizes,
spacing, style, and positioning were sct as specificd. But with respect to the letter types that

were not available in Japan, other similar types in use in Japan were chosen with approval
of SMD.

12)The following four types of data sheets were prepared for each map sheet in addition to
the annotation data sheet.

a. Road data shect

Roads were classified by colors representing paved roads, all weather roads, dry season
roads, light vehicle roads, ete. as specified for symbols,

b. Vegetation data sheet

For those map shects that required preparation of mask sheets for forests and plantations,
the vegetation dala sheet was prepared.  Vegetation were classified by colors on the
map printed on the compiled manuscript polycster base.

c. Waier system data sheet

The water system data shect was made for those requiring mask sheets similarly as for
the vegetation map sheet.

d. Control point data sheet

Control points, bench marks and spot heights were shown,

These data sheets were used for checking of map representations as well as for ensuring
matching with adjoining sheets.
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3-11  Preparation of Test Print Magp

3-11-1  Outline

Prior to the ficld completion, a test print map was made of one map sheet for presentation at a
meeting on drafting and printing to be held with SMD officials at the time of fickd completion,
for SMD agrecment on color tones, etc.

3-11-2  Implementation

Of the 34 map sheets, "70/4 ENTEBBE" was chosen for the test print map sheet as it was
considered typically representative with a reasonable corcentration of villages. It was printed in
five colors by a flat bed oftset printer using the same type of paper 1o be used for final printing.
The brown for contour lines and the green for forests wete prepared in three slightly different
color toncs for each to be examined by SMD officials at the mecting which took place on site
at the time of ficld completion.



3-12  Ficld Completion

3-12-1  Outling
It involved final confirmation in the ficld of important map representations such as ground
features, landforms, place namcs, and clarification on sile of queslions raised in the course of

plotting and compilation. Major changes that had taken place after the acrial photography were
surveyed and added to the manusceripts.

3-11-2  Implementation

Ficld completion was donc on site in the following manacer, equipped with duplicate sheets of
compited manuscripts.

1) Mainly geographical names and village names were reconfinned. This resulted in many
changes with respect to annotations; some were changes in their paositions, others deleted,
and new ones were added.

2) Double line roads and its destination were double-checked.

3) Reconfirmation of important features and clarification of questions raised at the time of
compilation were made in parallel with the survey of geographical names and village
names.

4) Forest rescrve area, national park area and other specified area were plotied on the copies
of manusciipts based on the data of SMD.

5) Administrative boundaries and were plolted on the copies of compited manuscript sheets
based on the data supplied by SMD.

6) The annotation lists preparcd for the respective map sheets at the time of the field
verification were modified according to the findings of the field completion.

7) The resulls of the field completion were checked by SMD and their approval was
stamped on the field data sheets.

3-12-3  Cortection of compiled manuscripts
The results of the field completion were incorporated onto the compiled manuscripts in the
forms of corrections and additions, and after double-checking, it was finalized as the original

draft maps. Simultancously corresponding changes were made to other data sheets like the

road data sheets as necessary for drafting and printing.



J- 13 Digital Drawing / Diafling (Cartography)

3-13-1  Outline

Drafting was carricd ot by drawing software on computer.  The raster image data digital
scanned original compilation manuscripts were digitized head-up digitize system.  After
completion of digital drawing / digitizing, the positive films for print plate making wete
produced by high resolution image-setter,

3-13-2  Instruments and software for digital diawing

Instruments and others for this work were as follows;

1) Scanner
a, HF-80 RENATUS (Dai Nihon Screen) ------ monochromatic
b. Serchical SPECTA (Vidar System Corporation)
2) Computer |
a. EWS (UNIX)
SUN Ultra / SUN $5-20 (Sun Micro Systems) etc.
b. PC(Window95)
Endeavor ATX-7000 (Epson)
¢. Macintosh
Power Macintosh 76007132, 7600/166, 8500/180, 96007233 ctc.
3) Color plotter
a. HP-750C (Hulet Packerd)
b. Tech JET 5500 (NS Cal Comp)
4) Image-setter
a. Genasett 3100 (Dai Nihon Screen)
5) Software
a. lllustrator Ver. 5.5 (Adobe)
b. [Imagine (USA Imaginc)
¢. Are/Info (Esry)
d. Excel (Microsost)
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3-13-3  Implementation

Digital drawing (drafting) was exccuted by means of computer drawing software.  The rough
skeleh, digital scanned data of compilation manuscripts were composed with the neat line and
grid data gencrated by Arc/lnfo, then corrected the raster image distortion.

Drafting by drawing software was implemented classifying more than 100 layers based on the
map symbols (Figure 8). Finally, the same color symbols were composed a same layer in
compuler.  ‘Then, the positive films for printing were generated by high resolution image-
sciter.  However, the red colored positive films for administrative boundarics were prepared
separalely from other red color laycrs because of the over priating work on whole color.

Each color positive films were as follows;

1} Black sheet
a. Marginal information, annotations, building symbols
b. Grid lines, grid values, longitudes/latitudes
¢. Vegetation symbols (mask)
d. Ground features (scribed)
¢. Urban area (mask)
2} Bluesheet
a. Drainage annotations
L. Drainage
¢. Water surface (mask)
d. Swamp {mask)

¢. Mangrove (mask)

3) Redsheet- 1
a. Annotation
b. Light vehicle
¢. Road (mask)
d. Boundary (mask)

3) Redsheet--2
a. Administrative boundary
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4} Green sheet:
a. Forest (mask)
b. Forest reserve boundary {mask)
¢. Scrub{mask)
¢. Plantation (mask)
d. Swamp (mask)

5) Brown sheet:
a. [levation value
b. Contour line

¢. Sand area (imask)

3.13-4  Preparation of composite positive film

Composile positive films without mask of cach sheet were produced for easy black and white
additional copies in Uganda.

3-14  Printing

3-14-1  Outline
The topographic maps were printed in 5 colors by offset printing, Printing is the final process

of map making Before going to the press for final printing, proof prints were made and read,
and also inspected.

3.14-2  Plate making

¥rom the negative film for each color based on the scribed draft criginals, printing plates were

made by photo lithography using aluminum PS plates.

3-14-3  Proofpnnts

Proof prints were made from printing plates by a flat bed printing machine. The proof prints
were checked carefully for the quality of coloring, matching, dimensions, linear elements.
Defective sheets were corrected against the scribed originals and re-made.  After final preof
reading, map sheets were printed to make final products.
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3-14-4  Printing paper
Map printing paper of about BO in size and 90g/m2 in basis  weight was uscd. The paper was
chosen for its quality that is resistant to folding, tension, tearing, bursting, and free from

contraction { expansion.
3-14-5  Printing
1,000 copies each of the map sheets were printed by offset printing.
3-15 Final Results
‘I'he followings were submitied to JICA as final results.
1. Signalization
1) Airsignal and pricking points description 1 sct

(include location map, cccentric point survey note, actial photo indicated)

2. Acrial Photography

i} Negative film 5 rolls
2) Contact positive film {2 cases
3) Conlact paper print 8 cases
4) HFight index map I set
5) Flight record 1 set

3. Control Point Survey
1) Survey note 2 sct
(include observation note, observation record, calculation note)

2) Control point results, Point description, Location map 1 sct
4. Minor Order Leveling (attached at Control Point Survey)

1) Observation note 1 sct
2) Calculation note, final results 1 set
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3) Pricking point description, location map

. Pricking (attached at Signalization)

1) Pricking point description

2) Feeentric survey note & caleulation note
3) Aciial photos indicated

4) Location map

Acral Triangulation

1) Final results and index map

2) Contact positive films indicated pass-points, tie-points
3} Contact paper prints indicated pass-points, tie-points
4) Residual error table and discrepancy table of tie-points
5) Observation note

above 2), 3) were enclosed  with Aerial Photography

Field Venfication

1} 2-Time enlarged photos described the results

Plotting
1) Plotting manuscripts
2) Control points over-lay

3) Orientation record

Compilation
1) Compilation manuscnpts

2) Annotation data sheets

10 Field Completion

1) Annotation, administrative boundaries data sheets approved

11.Digital Drawing

1) tustrator format original map data (CD-ROM)

1 set

1 set
1 set
1 set
1 set
2 set
1 set

set

i
1 set
1 set

16 cases

40 sheets
40 sheets

1 sel

40 sheets
40 sheets

1 set

1 set



2) Composite color out-put I sct

3} Composite positive film 1 sct
12.Printing

1) § Color print map 40 sheets X 1,000 copies

2) Composite positive fitm for plate making -1 set

3) TIFF format raster map data (CD-ROM) 1 set
13.Report 1 sel



Attachmaents

1. Bigital Drawing Symbaols - - ()
2. Scope of Work & Minutes of Mectings on Scope of Work - - {n
3. Minutes of Meetings - (33)
3-1  Minutes of Mectings on Plan of Operation of the First Year’s Work
(December 1994) - (33)
3-2  Minutes of Mectings on Progress Report of the First Year’s Work
(February 1995) - S TR (59)
3-3  Minutes of Mcetings on Plan of Operation of Second Year’s Work
(September 1995) -+ oo (63)
3-4  Minutes of Mceetings on Progress Report of Second Ycear’s Work
(November $998) oo (83)

3-5  Minutes of Mectings on Plan of Operation of Third Year’s Work

{October 1996) - oo R REETTETPEPI R S RCRRERTTTETTPRIT PR (89)
3-6  Minutes of Mceting on Progress Report of Third Year’s Work

(December 1990) - omrrr (105)



1. Digital Drawing Symbols
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