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CHAPTER 3  MAPPING AND SURVEY

3.1

(h

(2)

Aerial Photography and Mapping
Aerial Photography

Aerial photography at a scale of 1:8,000 and covering approximately 64 linc
kilometer in total was started after obtaining permission from the Central Survey and

Mapping ABRI (PUSSURTA ABRI).

The results of the aerial photography are as follows:

Total No. of Films 1 Roll

Total Flight Runs 12 Runs

Total Exposures 156 Photos
Overlap and Side Lap 35% and 35%

The aerial photographs were taken by using Semarang Airport as a base, and
processing of film and printing of aerial photos were done in Jakarta. The aerial
photos were developed for mapping after checking navigation routes. The extent of

the aerial photograph and navigation routes are shown in Fig. 3.1.1.

Uncontrolied Mosaic

Using aerial photographs that are newly taken at a scale 1:8,000 in 1997, uncontrolled
mosaic photo at a scale of 1:10,000 was established for the area of 35 km” in total.

The uncontrolled mosaic area is shown in Fig. 3.1.2.
Photo Control Point Survey

Photo control point survey was conducted by Global Positioning System (GPS), and
spirit leveling started from the photo control points and bench marks (BMs) for the
above-mentioned photogrammetry and the existing national control points and Tanda

Tinggi Geodesi (TTGs). (refer to Fig. 3.1.1)
(a}  Control Point Survey

The control point survey by GPS was executed to determine the X and Y
coordinates of a minimum two (2} existing control points to be wsed for the

photogrammetric mapping, cross section survey, longitudinal profile and
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topographic survey. Final results of all photo control points by GPS are shown

in Table 3.1.1.
{(b) Datum Coordinates

The Indonesian Government changed the surveying datum in 1997 from the
Indonesian Datum 1974 (ID74) ellipsoid to the World Geodetic System in 1984
(WGS 84).

Two (2) existing GPS stations lmifihg the new Indonesian Datum, namely
N1.0259 and N.0004, which were established by Badan Koodinasi Survey Dan
Pemetaan National (Bakosurtanal) in 1994, were chosen and applied as the X

and Y geographical coordinates datum for this study by the JICA Study Team.
@) GPS Observation

At least four (4) satellites were simultaneously observed for one hour for all the
control points. In general, the base line lengths were planned between two (2)
to five (5) km. ' '

{(d) Post-processing

The post-processing was done usin.g GPS survey software to obtain the best
independent baseline solutions for all the GPS sessions, With the existing two
stations (N1.0259, N.0004) fixed as the planimetric control on the modified
WGS ellipsoid and the sarne stations serving as the vertical control for mean
sea level height, the whole GPS network was constrained and adjusted by the

GPS surveying software,
(e) Accuracy of GPS Survey

_ Accuracy of 'trigonometric'ciosurcs for coordinates and height were checked to -
“be less than 10 PPM (10/1,000,000) between the control points (fefef to Figs.
3.1.3 and 3.1.4), | : | - 3

4) | Leveling

Minor order leveling was executed to obtain the heights of control points necessary

for the topographic survey, cross section survey and longitudinal profile survey.
Leveling survey was conducted by means of closed loops and double runs, and

3-2
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temporary bench marks were established at every 2 km interval on the leveling routes.

In addition, temporary bench marks were established at 49 points in Semarang City.

And a total distance of the leveling survey was approximately 105 km.

The leveling works are described below:

(a)

(b

(c)

Datum Height

Government bench marks obtained from the Mean Sea Level of Indonesia as

established by Bakosurtanal are applied for the leveling survey.
Checking of Government Bench Marks

Before starting leveling survey, heights of three government bench marks

namely TTG 446, TTG 449 and TTG 449 were checked by the local contractor.,

Leveling Loops Distance - Misclosure

TTG 44910 TTG 447 4.601 km 14 mm
TTG 447 to TTG 446 5.095 km -201 mm

From the above, it was _iﬁdged by the JICA Study Team that TTG 446 shall be
ignored because TTG 446 had ground subsidence about 20 cm from 1983,

The JICA Study Team decided to use TTG 447 as the bench mark for
topographic survey, river cross section survey and longitudinal proﬁlé survey

in this project.
Accuracy of Leve!ing

As show in Figs. 3.1.5 and 3.1.6, any misclosure of leveling does not exceed
20YS between bench marks and/or control points (S: a single distance between

bench marks in kilometer). Standard division was 3.80 mnvkm.

Field Verification

Using two (2) times enlarged aerial photographs, the keys for interpretation required

for plotting and cartography was done by verifying them in the field. The work

quantity was 35 km” for mapping with the scale of 1:2,000 and 1 km? for mapping

with the scale of 1:1,000. The area of field verification is shown in Fig, 3.1.7.

LS ]
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(6)

Aerial Triangulation

The implication and purpose of Aerial Triangulation work are to obtain the
coordinates (X, Y, Z) of the aerial photo points necessary for the orientation process
of each stereo model on the plotting instrument for the purpose of topographic map
on the scale of 1:2,000 and 1:1,000 applying coordinates (X, Y, Z) of ground control
points resulting from field measurement {GPS and leveling) (refer to Figs. 3.1.8 and _ @}

3.1.9). .
(a) Aerial'TrianguEation and Block Adjustment
The sequence of works to be carried out is as follows:

(i) Quantity

119 models of aerial triangulation work was carried out, and the quantity

of models for each flight run was as follows:

Run Number Number of Photo - MNumber of Model

Run t (Semarang Area) 10 PCs 9 Models
Run 2 {Semarang Area) 14 PCs 13 Models
Run 3 (Semarang Area) 13 PCs 12 Models %
Run 4 {Semarang Area) 13 PCs 12 Models
Run 5 (Semarang Area) 13 PCs 12 Models
Run 6 (Semaraing Area) I PCs . 10 Models
Run 7 (Semarang Area) 18 PCs . 17 Models
Run & (Semarang Area) 19 PCs 16 Models
Run 9 (Semarang Area) 17 PCs .6 Models
Run 11 (Semarang Area) 9 PCs 6 Models
Run 12 (Semarang Area) 9 PCs 6 Models
Total 146 PCs 119 Models

(i) Data Collection

All necessary data such as flight index, control point coordinate and

calibration of the aerial photographic camera were collected.
(iii) - Planning . g
Preparation of aerial triangulation was carried out as follows:

Selection of the Aerial Photos

Total sheets of aerial photos for Ungaran Area 12 models

Total sheets of the aerial photos for Semarang Area : 107 models.
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Control Point Selection

Total control points were 22, consisting of 5 horizontal and 17 vertical

control points for acrial trianguation processing at Ungaran area.

Total control points of 74, consisting of 21 horizontal and 53 vertical

control points for aerial triangulation processing at Semarang area.

Preparation
The preparation stages were carried out as follows:

Point selection and numbering

Pass points and tie points were selected within the triple overlap area with

the circle notation on the index model.

" Numbering system for aerial triangulation

Ex. Model number .: 80117

Where:

8011: first two digits show the number of flight run as shown

and last two digits show the number of aero photographs.

'l tie point number

The horizontal and vertical control points were annotated on the index
models as a square, and vertical control points were annotated as triangle.
The point selection and numbering were carried out on the 1:2,000 and 1:

1,000 scale of aerial photographs by' using mirror stereoscope.

Point Transfer

The selected and control points on the diapositive film were marked and
then transferred to adjacent” diapositive film by using Wild PUG-4

instrument. This process was carried out until the last photo.

Index Médc}

The index model on 1:50,000 scale, where all point numbers were plotted

showing the relationship between each point, was produced.
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{vii)

(viii)

(ix)

Measurement of Coordinates

Photo coordinates were observed and measured by using an analytical
stercoplotter Leica SD-2000. All points including fiducial marks were

measured.

Adjustment

The final step of the aerial triangulation is the block adjustment using
PATM-GPS software.

Result

Block adjustment of Ungaran Area

Sigma Naught in the model system is as below.

Sigma naught for horizontal block = 21.064 micron

- Sigma naught for vertical block = 14,773 micron

- Weight root mean square values and check value of residual of

Photogrammetric observations.

Model Points RMS. (meter) RMS. (micron) CHVY VXY/Z
¥ Terrain system Model system Model system
OBS X/Y 0.090 11.216 47.586
OBSz © 0.063 ' 7.888 23.664
Projection center RMS. (meter) RMS. {(micron) CHV VXY/Z
Terrain system Model system Mode] system
OBS X/Y 0.120 14.975 65.532
OBSz 0.094 11.750 73.658

Block adjustment of Semarang Area

Sigma Naught in the model system, is as below, .

Sigma naught for horizontal block = 18.890_'fnicr_on

Sigma naught for vertical block = 20.353 micron

Weight root mean square values and check value of residual of

Photogrammetric observations.
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Model Points RMS‘. (meter) RMS. (micron) CHV VXY/Z
Terrain system Model system Model system
OBS XrY 0.094 12,118 51411
OBS z - 0.080 10.273 30.820
Projection center RMS. {meter) RMS. (inicron) CHV VXY/{Z
Terrain system Model system Maodel system
OBS X/Y . 0.254 32,7118 138.809
OBS z 0.130 13.292 30.875

(x) Equipment

The equipment used in Aerial Triangulation is as follows:

Stereoscope _ 2 units
Point transfer Wild PUG-4 ' lunit
Analytical Stereoplotter Leica SD-2000 1 unit
Computer _ 1 unit
PATM-GPS Software 1 unit

(7)  Plotting and Editing

The implication and purpose of stereo plotting and editing work are drawing details
and contour imes using aerial photo dlaposmvcs which are placed on the plate

holders ofthe stereo plotter instrument (refer to I"ws 3.1.10 to 3.1.13).
The sequences of the plotting and editing works are as follows:

{a) Data collection

All the following necessary data were collected and prepared for stereo

“plotting.

¢ . Model index of aerial triangulation
+  Print out of aerial triangulation adjustment

‘¢ Vertical control points and desériptibn on two (2) times enlarged aerial
photographs

+ Field identification on two(2) times enlarged acrial photographs

(b) Planning

Preparation of stereo plotting was carried out as foltows:

(W8]
I
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(i)  Control sheets

Total control sheets of the stereo plotting topographic map are:

» 48 sheets for 1:2,000 scale of Semarang topographic map
(including 4 sheets of sounding survey result); '

+ 4 sheets for 1:2,000 scale of Ungaran topographic map; and

¢ 26 sheets for 1:],000 scale of channel topographic map

(i) Models

Total models of stereo plotting are:

* 52 models for 1:2,000 scale of Semarang topographic map
* 4 modeis for 1:2,000 scale of Ungaran topographic map
* 12 models for 1:1,000 scale of channel topographic map

(¢}  Preparation of Control Sheets

Contro) sheets were produced by block adjustiment result of aerial triangulation

on polyester base material. . : @
(d) Plotting

Plotting manuscript at the scale of 1:2,000 and 1:1,000 were produced from

aerial photos at the scale of 1:8,000 by using second order precision plotter.

The sequences of the stereo plotting works are as follows:

s Inner Orientation;
» Relative Orientation;
» - Absolute Orientation; and

* Plotting of details, spot height, vegetation boundary and contour lines.

Contour intervals for- intermediate contour line are-1 m both maps with the g
scale of 1:2,000, and 1:1,000. )

Editing works was carried out on the plotting manuscript by compiling result of

field identification, such as symbol annotation etc.
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{e) Result

The final manuscript was used for the fair drawing work and the number of

sheets plotting manuscript are as below.

» 48 sheets plotting manuscript at scale of 1:2,000 for Semarang area
(including 4 sheets of sounding survey result)
» 4 sheets plotting manuscript at scale of 1:2,000 for Ugarang arca

¢ 26 sheets plotting manuscript at scale of 1:1,000 for channel area
() Equipment

The equipment used for plotting and editing are:

Computer 2 units
Roland Plotter © - : 1 unit
Stereo Plotter, Wild A-8 - 2 units
Plotter Wild AG-1 1 unit
Stereo Plotter, Leica SD-2000 1 unit
Drafting Table 3 units

(8)  Fair Drawing

The implication and purpose of fair drawing work are drawing details using symbols
and contour lines with tracing method from the plotting manuscript and other

additional data and information.
The sequenée of the fair drawing were carried out as follows:
(a) Data Collection
All necessary déta were collected and prepared for fair drawing such as:

 Plotting manuscript

» Vertical control points and description on two (2) times enlarged aerial

photographs

e Field identification results on two (2) times enlarged aerial photographs
_ ..(b) Planning
| Preparation for fair. dra\ying were éérriea out as follows:
(i) Dm\.ving .she_éts

Total sheets of fair drawing are 78 sheets, consisting of 48 sheets of
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Semarang map (including 4 sheets of sounding survey resuit) and 4 sheets
of Ungaran map at the scale of 1:2,000; 26 sheets of map at scale of
1:1,000.

(ii) Legend and Symbol
Legend and symbols used for the map are shown in Table 3.1.2.
(c)  Preparation
The pn;parations were carried out as follows:
(i) Drawing sheets

Drawing sheets were made using computer PC on polyester base. The

sheet’s size is A1 (60 cm ~ 85 cm). Numbering system is as follows:

Sheet number 45-72

Where:
_45 = Total sheets
12 = Sheet numb_er

(d)  Fair drawing

Fair drawing was carried out with tracing method'using. drafting pen and black

ink from plotting manuscript at scale of 1:2,000 and 1:1,000.
Fair drawing works are as follows:

*  Drawing details
. Spot heights and contour lines

*  Symbols and annotatlons on the map symbols must be matched to
legend

e Vegetation boundary

Contour interval for mtermednate contour lles are 1 m for map at scale of

1:2,000 and 1 m for map at scale of 1:1 ,000.
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Results
The results of the fair drawing are:

e 48 sheets of .topographic map at scale of 1:2,000 for Semarang area,
» 4 sheets of topographic map at scale of 1:2,000 for Ugarang area,

¢ 26 sheets of topographic map at scale of 1:1,000 for Channel area,
s 48 sheets duplicate at scale of 1:2,000 for Semarang area,

o 4 sheets duplicat'e at scale of 1:2,000 for Ugarang area, and

» 26 sheets duplicate at scale of 1:1,000 for c_hahnel area.

© The equipment used for the fair drawing works are:

e Computer : 2 units
e -Roland plotter : 1 unit
. Dfafting table :Qunits

¢ Drafting tools -: 9 units

3.2 Ground Survey

(1) River Longitudinal Profile and Cross-Section Survey

(a)

()

Installation of Kilometer Post

Prior to the commernicement of the river longitudinal profile survey, kilometer

posts of wooden pegs were installed on the right and left banks of West

Floodway/Garang river. When the location of a kilometer post is very close to

- such structures as bridges, water intake and water pipes, kilometer posts were

shifted to the center line of these structures. The position of a kilometer post

~was decided by traverse method in the field.

Longitudinal Profile Survey

The river. longitudinal profile survey (the profile survey) by direct leveling was

“executed to obtain heights of kilometer posts for the river cross section survey

and to prepare longitudinal profile sections. Leveling routes were formed by
closed Iobps and double-runs. A total distance of the leveling survey covering

West Floodway, Garang, Semarang, Asin and Baru rivers was 41 km.

The datum height was applied for the longitudinal profile survey including
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(©)

(d)

river cross section survey and auxiliary leveling. The heights of TTGs bench

marks are applied to the kilometer posts by direct leveling.

All results of heights of kilometer posts by the profile survey, the deepest
height of the river cross section survey, names of bridge and others were edited
by Auto CAD syste:ﬁ.. The longitudinal profile sections at a horizontal scale of
1:2,000, 1:1,000 and vertical scale of 1:100 were prepared on the draft plotting

paper sheets using the longitudinal profile data.
River Cross Section Survey

Heights and distance of slope changing points, roads, t_:hannels, ete. along the
cross section lines were measured by using a Total Station System, levels and
Electric Distance Meter (EDM).

Water levels and depths of the rivers were measured using a survey rod, and
the distance of these measured simultaneously. The bridges, irrigation intakes
and water pipes of all rivers were also measured, A total number of cross

sections surveyed are approkimateiy 314.
Checking of Longitudinal Profile

(i} The check results of differences in height closure between the kilometer

. posts did not éxcee_d 20 S (S: length of single run in kilometer) as

specified in the Technical Specifications.
(ii) Checking of River Cross Sections

At the same kilometer posts checked above, river cross section lines were
measured. The check results of height df these cross section line points did
not exceed £50 mm and distancé errors between the cross section line
points are less than 1/300 as specified in the Technical Specifications.
Longitudinal profile and cross-section’ were _sUrveyed along West
Floodway/Garang River, Jatibarang damsite and its reservoir area, and two

{2} tributary channels along Garang River.
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West Floodway and Garang River

Work ltem | Vol Drawing Remark
r e
0 um No. of Sheets Scale emarks
Longitudinal ] H=1/2,000 .
Profile 9.598 km 5 V=1/100 Sheet Size: Al
Cross-Section . H=1/200 .
2 :
Survey 204 sections 104 V=1/100 Sheet Size: Al
Jatibarang Damsite and Reservoir Area
Work It Vol - Drawing Remark
or frem olme No. of Sheets Scale emarxs
Longitudinal i R H=1i/2,000 .
Profile 6.049 kin 3 V=1/100 Sheet Size: Al
Cross-Section . H=1/200 .
Survey 42 sections 42 V=1/100 Sheet Size: Al
Cengkek River (tributary of Garang River)
. Work Item Volume Drawing Remarks
No. of Sheets | - Scale
Longitudinal H=1/1,000 .
Profile 0.499 km ! V=1/100 Shegt Size: Al
Cross-Section . H=1/200 o
Survey 15 sections 8 V=1/100 Sheet Size: Al
Kalito River (tributary of Garang River)
‘ _ : Drawing
Work Item Volume Remarks
No. of Sheets_l Scale
Longitudinal T H=1/1,000 L
Profile 0.498 km 1 V=1/100 Sheet Size: Al
Cross-Section . H=1/200 .
 Survey 12 sections 6 V=1/100 Sheet Size: Al

Topographic Survey

Topographic survey was carried out for Jatibarang damsite, Simongan Weir, Asin
Pumping Sté\t’i_on, West and East Bandarharjo Pumping Station, West and East
Bandarharjo Drainage area, a bridge across Semarang River and a water gate at Baru

River.

The work quantities carried out are as follows:

-13
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3.4

()

(2)

(3)

(4)

()  Scale 1:200

Simongan Weir 9.0 ha
Asin Pumping Station 9.0 ha
West Bandarharjo Pumping Station 6.0 ha
East Bandarharjo Pumping Station 3.0ha
Bridge (Semarang River) 0.5 ha
Water gate (Baru River) 1.0 ha

{b} Scale 1:500

Jatibarang Damsite o £5.0 ha
West Bandarharjo Drainage Area 2.8 ha
East Bandarharjo Drainage Area 32ha

-{e)  Scale 1:1,000

| Jatibarang Damsite : 15.0 ha J :

Sounding Survey
Location and Quantity

The location of the ar_eé for the sounding survey is shown in Fig. 3.4.1. The work -

~ quantities are 3 kin?, consisting of 16 survey lines and | km per line.

Setting of Base Survey Line

Base survey line was established along the coastline for 3 km castward from the
mouth of West Floodway by GPS, traversing and spirit leveling.. All control

monuments were set at 200 m interval along the base survey line.

Misclosure of leveling does not exceed 20 /S between bench mark and control

points (S: a single distance in kilometer between control points).
Measuring Interval of Survey Line

From the control point, water depth of each line 1 kim offshore were measured at 30 m

interval. Water surface was also measured.
Equipment

Echo sounder and survey rod for water depth measurement, GPS and Total Station

3. 14
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Surveying System for positioning werc used.

Chart Drawing

Charts were interpolated in the 1:2,000 scale topographic map.
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Table 3.1.1
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Table3.1.2 (1/3) Map Symbols

Triangulation Point

Market

(GPS Point Transformer house
Bench Mark TTG D Bank
Minor Order leveling Gas station

Spot elevation

Telephone office

Minor order BM Government office
Hqusé/Building Hotel
. Féct-dry Ma.in road
Public hall Road.>2m
Public station Road 1-2m

Sl B GEC IR iacl =

Mosque szzzzzizz | Road under construction
Chure | === Footpath
Temple — Median strips
R . 9 s
Hospital e Road and strips
. . IIELLVIIT . :
Fire Station —— T | Cutting and embankiment
Post Office :\/‘____\i Iron and concrete bridge
N A
School —

Wooden bridge




Table3.1.2 (2/3) WMap Symbols

W

—>———<—| Foot bridge Cultivation land boundary
bamboo bridge

% Culvert Rice field
Railway Farm/cultivated

Railway bridge

Sugar cane

Station

Pahm plantation

Intersecting railway

Rubber plantation

Water/Oil Pipe

Teak plantation

1 Water/Oil Tank

Coffee plantation

Automatic waterlevel gauge

Cacao plantation

Orcﬁard

El.ectricity power

| Wall hedge/fence | Other plantation
Monument Bush
Moslem graves Grass field

Christian cemetery

Trees/Forest

Chinese ‘graves

Dead trees

k.

Buddha graves

Bore iand

Vegetation b‘dundary

>

Bamboo copse

B V3]
(5]




Table 3;1.2 (3/3) Map Symbols

River(a), rivulet(b),
direction(c)

et

Kecamatan boundary

Channel

Water fall

Small/large revetment

Small/large weir

Small/large watergate

Sand(a), shore line(b)

Saltarn

Fishpond/Pond, Lake

Swamp |

Depression

Rocks

Precipice, Land slide

Cliff

—.,_j' Contour
A Storages
4 — - —-+| Kabupaten boundary
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